- 1 - SPECI FI CATI ON o/ w o EMJLSI ON CONTAI NI NG LI GNAN COVPOUNDS AND
COVPCSI TI ON CONTAI NI NG THE SAME TECHNI CAL FI ELD [ 0001] The present

I nventi.on relates to 0/ WO enul sions containing |ignan-cl ass
conpounds and conpositions containing the same; nore particularly,
the present invention relates to conpositions that are inproved in

t he amount of bodily absorption of |ignan-class conpounds. BACKGROUND
ART [ 0002] Li gnan-cl ass conpounds have been reported to have a variety

of in vivo actions. For exanple, j scl oses the
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treatment and prevention of all gpgesisIdg ciumsabeonchi al asthma. The
assi gnees of the subject application also confirmed various
physi ol ogi cal actions of |ignan-class conmpounds and, to date, they
have reveal ed such effects as the bl ood cholesterol |owering action
(Japanese PRCBWMICMNO.FIXEI® 589), the action of inhibiting
A5-unsauration enzynes (Japanese Patent No. 3070611), the action of

i nprovi ng hepatic f fhe inesenFapavestirateptates BOPFYZFY) emulsions
chol esterol depression (Japanese Patent No. 3075360), the action, of
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compositions that are improved in the amount of bodily
absorption of lignan-class compounds.
BACKGROUND ART
[0002] Lignan-class compounds have been reported to have a
variety of in vivo actions. For example, USP 4427694
discloses the effectiveness of sesamin in alleviating the
symptoms of alcohol intoxication and/or alcohol or tobacco
withdrawal, and JP 2-138120 A discleses the effectiveness of
sesaminol and episesaminel in the treatment and prevention of
allergosis such as bronchial asthma. The assignees of the
subject application also confirmed various physiological
actions of lignan-class compounds and, to date, they have
revealed such effects as the blood cholesterol lowering.action
{Japanese Patent No. 3001589), the action of inhibiting
A’-unsauration enzymes (Japanese Patent No. 3070611), the
action of improving hepatic functions (Japanese Patent
No. 3075358), cholesterol depression (Japanese Patent
No. 3075360}, the action of preventing sickness from drinking

(Japanese Patent No. 3124062), the action of inhibiting the

metabolism of cholesterol and bile acid, as well as lowering



- 2 - cholesterol (Japanese Patent No. 3283274), the carcinogenesis
suppressing action (Japanese Patent No. 3183664), the breast cancer
suppressing-action (JP 05-043458 A), as well as the action of
suppressing the generation of |ipid peroxides (JP 05-051388 A), and
the action of scavenging active oxygen (JP 06-227977 A).

[ 0003] However, |ignan-class compounds arg hardly soluble in water
and, what is nore, they dissolve to only sonme extent in organic
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wat er - sol ubl e conposition that conprises coenzyne QLO, a specified
pol ygl ycer PA-222487Y Brid nonoester, etc. and which is markedly

i nproved in bodily absorption by adjustlng the average particle size
to 110 nm &PO8ARI | erHOW%otlﬁéPaéxaﬂrﬁF% companndsy e hagddy| sgbeble
carotinoids containin 1g{)osmlon co r|S|n an oil phase that has
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average particle size of the oil phase t m or “smal | er

the other Bamflg @asEPPav=tdRd daubhe fwirsgfwﬁl on (0/WO;

oil-in-water-in-oil enulsion) is sonmetinmes adopted for the purpose of
i mprovi ng fheof|avorasind mpaihaidabif] fiingrovisy pilieIsidigyt A®sorption of
deterioration of fat-soluble substances. Specifically, JP 5-130843 A,
for exanpl Eatdéstibbessulrs tgincesn- Wat bas | peen | propdssid itedmeke Hinémt
micelles of fat-soluble substances (render them in finer
particles). This exploits such a nature of fat-soluble
substances that the smaller the gize of their particles, the
more advantageous they are in terms of absorption by the
digestive tract. To give a specific example, JP 2004-196781 A
discloses a coenzyme Ql0 containing water-soluble composition
that comprises coenzyme Q10, a specified polyglycerin, fatty
acid monoester, etc. and which is markedly improved in bodily
absorption by adjusting the average particle size to 110 nm or
smaller. As another example, JP 9-157159 A discloses a
carotineids containing composition comprising an oil phase
that has carotinoids dissclved in c¢il or fat and that is
emulsified in a water phase containing a polyglycerin fatty

acid ester, lecithin and a polyhydric alcohol and which has

the bedily absorption of a sparingly soluble substance,



conposition that has egg yol k and a saccharide incorporated in a
wat er phase as a product that can solve the problem (oiliness) with
t he conventional 01Wenul sion having only egg yolk incorporated. In
addition, JP 7-313055 A shows that if DNA susceptible to oxidative
deterioration is incorporated in the internal oil phase of an O/ WO
emul sion, the DNA is covered with the fidmof the enmulsified phase to
ensure that it is sufficiently protected agai nst deterioration in
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mai ntai ned to survive storage a prolonged tine. [Patent Docunent

[Patent Dogyggsi 1] oltnd/SRid427894, IR ReddB120 Ra [4Bakeat Document
3] Japanese Patent No. 3001589 [Patent Document

emulsification {O/W/0; oil-in-water-in-o0il emulsion) is
sometimes adopted for the purpose of improving the flavor and
palatability or suppressing the deterioration of fat-soluble
substances. Specifically, JP 5-130843 A, for example,
discloses an oil-in-water-in-oil emulsified oil or fat

. composition that has egg yolk and a saccharide incorporated in
a water phase as a product that can solve the problem

" {oiliness) with the conventional O/W emulsion having only egg
yolk incorporated. In addition, JP 7-313055 A shows that if
DNA susceptible to oxidative deterioration is incorporated in
the internal oil phase of an O/W/0 emulsion, the DNA is
covered with the film of the emulsified phase to ensure that
it is sufficiently protected against deterioration in quality
to provide a product having good flavor and palatability.
Further in addition, JP 2004-97113 A shows that by forming an
O/W/0 emulsion of fat-soluble vitamins, the activity of the
vitamins can be maintained to survive storage for a prolonged

time.
[Patent Document 1] USP 4427694
[Patent Document 2] JP 2-138120 A
[Patent Document 3] Japanese Patent No. 3001589
[Patent Document 4] Japanese Patent No. 3070611
[Patent Document 5] Japanese Patent No. 3075358
[Patent Document 6] Japanese Patent No. 3075360

[Patent Document 7] Japanese Patent No. 3124062



4] Japanese Patent No. 3070611 [ Patent Docunent 5] Japanese Patent
No. 3075358 [Patent Docunent 6] Japanese Patent No. 3075360 [ Patent
Docunent

[Patent Document 8] Japanese Patent No. 3283274

[Patent Document 9] Japanese Patent No. 3183664 (JP 04-
159221 A)

[Patent Document 10] JP 05-043458 A

[Patent Document 11] JP 05-051388 A

[Patent Document 12] JP 06-227977 A

[Patent Document 13] JP 2004-196781 A

[Patent Document 14] JP 9-157159 A

[Patent Document 15] JP 5-130843 A

[Patent Document 16] JP 7-313055 A

[Patent Document 17] JP 2004-97113 A
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006] The present inventors have conducted studies with a
view to enhancing the bodily absorption of lignan-class
compounds. And they first found that when an oil-in-water
emulsion prepared by emulsifying in a water phase an oil phase
having a lignan-class compound dissolved therein was
administered perorally, the time to maximum blood level (Tmax)
was markedly shortened compared to the case where the lignan-
class compound was simply dissolved in o0il oxr fat (PCT/JP
2006/306845). This improvement in the rate of bodily
absorption is particularly useful in the case where the effect
of the lignan-class compound is desirably exhibited soon after
it is ingested, for example, in the case where the
effectiveness in preventing sickness from drinking or the
effectiveness in scavenging active oxygen is wanted.

[0007] On the other hand, the investigation by the present



7] Japanese Patent No. 3124062 - 4 - [Patent Docunent 8] Japanese
Pat ent No. 3283274 [ Pat ent Docunent 9] Japanese Patent No.
3183664 (JP, 04- 159221 A) [Patent Document 10] JP 05-043458 A [ Patent
Docunent 11] JP 05-051388 A [Patent Docunent 12] JP 06-227977 A

[ Patent Docunent 13] JP 2004-196781 A [Patent Docunment 14] JP

9-157159 A s

inventors has revealed that the above-described means excels
in its ability to improve the rate of bodily absorption but
does not improve the amount of bedily absorption. To state
specifically, whether a lignan-class compound was administered
perorally as an oil-in-water emulsion or as a simple solution
in fat or oil, the area under the blocd concentration-time
curve (AUC) was the same (see [Reference Example] herein).
[0008] Therefore, the present invention particularly
focuses on the amount of bodily absorption of lignan-class
compounds and aims to make it greater than it has been in the
prior art.

MEANS FOR SOLVING THE PROBLEMS

[0009] The present inventors conducted intensive studies in
order to enhance the amount of bodily absorption of lignan-
class compounds; as a result, it was surprisingly found that
when a lignan-class compound as dissolved in the internal oil
phase of an O/W/0 emulsion was administered perorally, the
amount of its bodily absorption could be improved over the
prior art. Conventionally, double emulsification has been
performed for the purpose of improving flavor or palatability
or suppressing the deterioration of fat-soluble substances and
it has not been known at all that it is capable of improving
the bodily absorption of fat-soluble substances.

[0010] In short, the present invention provides a double
emulsified lignan-class compound, more particularly, an O/W/0
emulsion composition having at least one of lignan-class
compounds dissolved in an internal oil phase, as well as a

method of improving the amount of bodily absorption of lignan-



[ Patent Docunent 15] JP 5-130843 A [Patent Docunent 16] JP 7-313055 A
[ Pat ent Document 17] JP 2004-97113 A DI SCLOSURE OF THE | NVENTI ON
PROBLEMS TQ BE SOLVED BY THE | NVENTI ON [ 0006] The present inventors
have conducted studies with a view to enhancing the bodily absorption
of lignan-class conpounds. And they first found that when an

oi | -in-water enul sion prepared by emnul siefy_i ng in a water phase an oil
phase having a |ignan-class conpound di ssol ved therein was

adm ni stered perorally, the tinme to nmaxi nrum bl ood | evel (Tnax) was
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herein). [0008] Therefore, the present invention particularly
compound .is dissolved in the same olil or fat as the internal

0il phase and administered perorally under the same
conditions; the present invention further provides a process
for producing such 0/W/0 emulsion composition.

[0012] A test for checking to see if a certain O/W/0
emulsion composition (test preparation) has a greater AUC than
a reference preparation can be designed as appropriate by any
skilled artisan through adjustment of the test and like
factors,

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] [FIG. 1] FIG. 1 is a graph showing the time course
of the total sum of sesamin and episesamin levels (sesamin +
episesamin level) in the blood of rats administered with the
composition of the present invention or a comparative
composition.

[FIG. 2] FIG. 2 is a graph showing the amount of bodily
absorption (AUC) in rats administered with the composition of
the present invention or the comparative composition.

[FIG. 3] FIG. 3 is a graph showing the time course of the

total sum of sesamin and episesamin levels (sesamin +



focuses on the amount of bodily absorption of |ignan-class conpounds
and ains to nmake it greater than it has been in the prior art. MEANS
FOR SOLVI NG THE PROBLEMS [ 0009] The present inventors conducted
intensive studies in order to enhance the anmount of bodily absorption
of lignanclass conpounds; as a result, it was surprisingly found that
when a |ignan-class conmpound as dissolyep_jn the internal oil phase
of an O/WO0 enul sion was adm ni stered perorally, the anmount of its
bodi |y absorption could be inproved over the prior art.
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adm ni st er &Y @esssiating sandkles ahel eAsligqmem-aflasisgrampohnads in oil or
conpounds to be absorbed with a greater AUC (preferably with an AUC
at |least 1faB t¢ mepany @ gighenablgsatconpmind A5 spilydsg dvewidore
preferably at least 1.5 tinmes, and nost preferably at [east 1.6
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0/WO prepare an O/W/0 emulsion.

[0015] Lignan-class compounds

The lignan-class compounds to be used in the present
invention include sesamin, sesaminol, episesamin,
episesaminol, sesamolin, 2Z-(3,4-methylenedioxyphenyl)-6-(3-
methoxy-4-hydroxyphenyl)-3,7-dioxabicyclo[3,3,0]octane, 2,6-
bis-{3-methoxy-4-hydroxyphenyl)-3,7-dioxabicyclo(3,3,0]octane,
and 2-(3,4-methylenedioxyphenyl)-6-(3-methoxy-4-
hydroxyphenoxy)-3,7-dioxabicyclo[3,3,0]octane; these compounds
may be used either alone or in admixture.

[0016] The above-mentioned lignan-class compounds are in no
way limited with respect to their foxrm, the process for their
production, and so forth. For example, one may use the
extract from sesame oll as obtained by a known method (such as
the method comprising adding hot methanol to the sesame oil
for extraction, removing the methanol from the extract, then

adding acetone to the residue for extraction (this method is



enul sion conposition (test preparation) has a greater ABC than a

ref erence preparati on can be designed as appropriate by any skilled
artisan through adjustnent of the test and |ike factors. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0013][FIG 1] FIG 1 is a graph show ng
the tine course of the total sum of sesam n and epi sesamn | evels
(sesamin + episesanmin level) in the blogd _of rats adm nistered with
t he conposition of the present invention or a conparative

conposi tion. graph show ng.t he anount of
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MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0014] The conposition of the

present i nyedtddterdaniee flavor may sometimes be evaluated as being
unfavorable from an organoleptic viewpoint, so it is preferred
to use the tasteless and odorless extract from sesame oil that
contains a high proportion of lignan-class compounds or the
purified product of such extract. Another problem with the
use of sesame o0il is that the content of lignan-class
compounds 1s so low that if one attempts to incorporate a
preferred amount of lignan-class compounds, the compesition to
be formulated that contains the lignan-class compound
containing oil-in-water emulsion needs to be ingested in an
excessive amount that might cause some inconvenience in
ingestion. Therefore, from the additional viewpoint of the
need to ingest only a small amount of the composition, it is
preferred to use the extract from sesame o0il that contains a
high proportion of lignan-class compounds or the pure form of
lignan-class compounds that have been isolated and purified.
It should be noted here that the extract from sesame seeds and
the like that contain a high proportion of lignan-class
compounds has the good smell of sesame, so if it 1is used in
the food or beverage for animals according to the present
invention, the aroma of sesame can be imparted to it.
[0017] Lignan-class compounds can also be cbtained by
synthesis, EXemplary methods include the method of Beroza et

al. for sesamin and episesamin (J. Am. Chem. Soc., 78, 1242



produced by a process conprising the following steps: 1) dissolving
at | east one of lignan-class conmpounds in oil or fat to prepare a

| i gnan-cl ass conpound dissolving liquid; 2) emulsifying the

| i gnan- cl ass conmpound dissolving liquid in a water phase to form an
OlWemul sion; and 3) further emulsifying the 0O1Wenulsion in an oi
phase to prepare an 0/ WO enul sion. [0015]Li gnan-cl ass conpounds

The |ignan-cl ass conpounds to be used 11 the present invention

i ncl ude sesam n, sesam nol, episesam n, episesam nol, sesanolin
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commercial sesane oil (in I|oU|d forn) can al so be used. However, if
sesane oi | [P81%ked, Q4O DR sonetines be
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preferred extract frgnrse Fane oi.l that cont

Pt opor £ on G928 T gnarHs 62 s (BUGRRSE oYLt HPARA o SFolTEg: DPFHa MRS
conpounds Lpat, haye pesndisel ted apd. puri flhed. Lcshoul d,bey got ed

here t hat RxtFa ronrsesane seéds an I'Ke contain a
hi gh propog {hofinddt Iganamr:C kﬁ%SO?ﬁwomlw ao?@og%qoﬁnel bnof
sesame, so if It is used in the food or beverage for animals
accordi ng igtéheaPresSephaseyaest kofetihés afei®rreia $0Saket8an” Penermost
inparted to it.

0il phase." Specific examples of the "inner oil phase" in the

present invention include not only sesame ©¢il and a sesame o0il
extract containing a high proportion of lignan-class compounds
that remain dissolved in sesame o0il (sesame oil concentrate)
but also a sesame extract, as well as refined lignan-class
compounds and other powdered forms (solid forms) of lignan-
class compounds that are dissolved in fat or oil.

[0021] The fat or oil in which lignan-class compounds are

to be dissolved is not limited in any particular way and those



[ 0017] Li gnan-cl ass conpounds can al so be obtained by synthesis.

Exempl ary net hods include the nethod of Beroza et al. for sesam n and
epi sesamn (J. Am Chem Soc., 78, 1242 - 9 - (1956)), as well as

t he net hod of Freundenberg et al. for pinoresinol (Chem Ber., 86,
1157 (1953)) and the nethod of Freundenberg et al. for siringaresinol
(Chem Ber., 88, 16 (1955)). [0018] Furt{gr. the lignan-class
conpounds can be used in the formof glycosides and, in addition

t hese can he used either alone or in suitable conblnatlon
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"internal oil phase" as used herein neans, except in a special case,
the oil phaseidoacdegtielnotibe aﬁﬂeamsdllp,ardvemﬁntghprl{nif%@eeamislmreat
conposition. The internal oil phase is sonetines referred to as the
"i nner nostgerin qilaseornSpadi f Fentkewst esilof s@lfélowaneridi | wplmule'odiln
the present invention include not only sesane oil and a_sesane oi
extract ccﬂ&%HQNQﬂ§:acﬁﬁéﬁerbbork?kﬁﬂ(ﬁuq|Q$%an9€ﬁa§s5@69p@h%d§“¥%%&
remai n dissolved in ses% ,? %iesane oi | concen ratﬁ) but al so .a
aS'reff
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L
powdered T.of [ c{i 0 's%sla%”g%ﬂl q%ilgr}g%nlcnealss Hﬁonﬁg\l\ﬂ a oana 0il

di ssol ved Th n-class
conmpounds @& damia nut oil, shea butter, mango butter, kokum butter,

whale oil, sardine o0il, and squid o0il; and synthetic oils or
fats such as margarine; while fat or o¢il that contain as a
main ingredient the diacylglycercl contained in the above-
mentioned olive oil and the like, as well as fat or oil that
contain as a main ingredient the middle-chain fatty acid
triglyceride (MCT) contained in palm kernel oil and the like
can also be used, those oils or fats which contain large
amounts of saturated fatty acids are particularly preferred
since they are not readily oxidized. 1In addition, not only
fats or oils that are liquid at ordinary temperatures but also
those which are mixed with semi-solid oxr solid lard, tallow,
hydrogenated fish oil, margarine, shortening, and the like may
be used. When the lignan-class compounds or the extract that
contains a high proporticon of lignan-class compounds is to be
dissolved in fats or oils, they may, depending on the need, be
heated for dissolution or otherwise treated.

[ooz2] The "water phase" as used herein means, except in a

special case, the water phase of the 0/W/0 emulsion



to be dissolved is not Iimted in any particular way and those - 10
- which can be added to foods or pharmaceuticals and can dissol ve
| i gnan; cl ass conpounds may be used either alone or in adm xture of
two or nore species. Specific exanples include: natural oils and fats
such as alnond oil, safflower oil, apricot kernel oil, avocado oil,
evening prinrose oil, wheat gerntoil,_cgin_oil, sunfl ower oil,
safflower oil, walnut oil, olive oil, castor oil, kukui nut oi
gr ape seed 0|I cocoa butter coconut oi |, soybean oi l, rapeseed oi
peanut oi |COBRAsItdion. sdEgnewaEeT PRagen e MOt dimited| #MofBY j oj oba
oil, nacadanla.n t 0| butter 0 butter, kokum butter
T

sh
whal e of | BREFHESOMEY ATdLeR8i 85 of b it ARREREE BOGEIR: (rqilples
h f di
such as MRYGaNACH ik gheok ghh ctbt?éoesortto%rtﬁgg 2,781 B pog edl ent

t he di acyl cerol con ove-nmenti o rve ol and t he
like, as we&f A 13 a@feBub abﬁﬁkgoaﬁéarhgm%damealartﬂggeﬂiﬁ@t
m ddl e-chai n fatty acid triglyceride (MCT) contained in pal ntierne

oi | and therinike GarbdheteBedusslls, tE@SS i1k, 0kokAl $kWNEehe£D M Alinks,
| arge anounts of saturated fatty acids are partlcularly preferred

si nce theyceff=enotgreeaditey , o¥tdi zeand |al auddiltiicobeveoageal y fats or
oils that are liquid at ordinary tenperatures but also those which
are mxed WP ken Ifodegizedsodi dolueblizizd egenkyurygeaateded itgh the
oil, nargarlne shortenln% and the |like may be used. Wen the

| i gnan- cl a%ate% MRt o8 bﬁepﬁiP?§%t°§tﬁﬁCQﬁﬁﬁﬂ&En§hﬁ H?ﬁﬁe$ﬁcﬁﬁﬂﬁﬁﬂﬁn
of lignan-c oun S to be dissolved in fat 0 hey
ey, depen#aﬁl%r}ft HidoqiLobBAES: ef A o 501 AP oo Bt hr R s

t t ed. t
ot e L08Rl ShcRisafy gRRC LA, RS, BXcE 02
"vat er phaéébcﬂé%ﬂ&@é 'hﬁthQghP ANYoRAIS | (UIAr 62818811 01 B0l ! dria

an aqueous medi um exanpl es include not only water and’ aqueous

sol uti ons maMnidas3g .a variety of aqueous drinks such as common dri nks

| i ke juice drinks, carbonated drinks, cows mlk, soymlk, cereal
drinks, cof0@&nt] gr edhet darmel'oil phalsa! cxhalsed beveiagesang 0023jdft in
desired, a solubilizing agent may be added to the water phase for the
pur pose ofaispaaiadi v@sehe tper edht phase emcatfed Ha itheepnbernds$t e of
Exanpl es of such sol ubi l'i zi ng agent include propyl ene glycol,

et hanol , - &HVQMgﬁéééﬁapl8@§P°%h61%ﬂmﬁﬂT@9 @GHOPQaEQ @aYsQﬁQﬁqﬁﬂlY

litol d t 00241 The t d_he,

Tians ex ERISTINGY BobrekErratoro i it anBERRE, iy BRsthe © A the
t t t

gencr ol |y COREATAE b E8: PEabtar G Re Vel By £F8) el i il

the "oil phaatout NitlgaRiB5CAL laﬂﬁﬂééQﬁzJ%P$1HYB§ €2l PRatiS€sh ve
without Iimtation as long as it iS oil or fat that can be added to

food or negidddes Fodavbirchedaoinsyll sd Wit waheemphaseyi thahiLtert he
internal oil phase has been emulsified (01Wenulsion); a single type

of oil phagmasmnirberhisdd theonsternal pbik gihidse bfast ppes eanlbef sbdd/mW
adm xture. Specifically, the various types of oil and fat that have
been descr ¢ Fovie & ﬁlpﬁéeeiﬁpan‘afl@ﬁcﬁhaﬁ?e capnber gafdoprlopmaea

may be used
y plurality of types can be used in admixture. Specifically,

the various types of oil and fat that have been described
above in the explanation of the "internal oil phase”" may be
used.

{0025] Te produce the lignan-class compound containing
O/W/0 emulsion composition of the present invention, any known

methods may be used as long as the lignan-class compound is



[ 0025] To produce the lignan-class conpound containing 0/14/0 emnul sion
conposition of the present invention, any known nethods nmay be used
as long as the lignan-class conpound is - 12 - dissolved in the
internal oil phase, but it is preferred to adopt the two-stage

emul sification nethod. Into the oil or fat that serves as the oi
phase, an internal phase 01Wenul sion that has been prelimnarily
prepared in the usual nmanner may be ré-thuTsified to obtain the 0/WO
type enul sion conposition. Hereinafter, the process for producing the
0/ W0 typedessssiraah igorpesiintenndy ¢hl sphiame stexge ienibspfefatreh to
met hod is described. [First-stage enulsification treatnent: 01W

enul si on] adopt Therigiearsd agike empgpifledtican maihednd dafeathengib/ong 0
enul si on conposition of the present invention, the first-sta

enul si fi caf@bnti3efAaFRs a8 6Bﬁdaé%emh%%ﬁ-p@é’pé1néﬁeé”ﬁaé1wl@%|8?"6n.
0026] The first-st | sificatiop treatment starts wt '
S aui i TR THatMAs DPASERNBIE 1Y @reearsBale: haS| T har
il ph | ' 2.l iqui i ' t
ke’ sopaieflbiine RIEhA98az,8 SN 0 BRI CObe Sfuiditn

powder ed fo5mhodi{idNaNEe333 naePRPUNEHdB- R s2dded b?ohﬁgtiﬁg![i&%‘to/w/'o

or fat and m¥xed, preferably agitated with heating so t I

fully di ssefyedemiiigdi dipdeitabhObPetiertwdie taigénafutkasscaeiground
and the fat or oil varies with the type of the |ignan-class conpound

and t he sohetindéd fisd derscaiilbednd it can be set appropriately in
consideration of this fact; generally, lignan-class conpounds are
fully di ssbFiesitviti@ge legudisafidcatient ixegimentasi i) ebailoben]

| i gnan-cl ass conpound and oil _or fat is such that the |ignan-cl|ass
conpound to sol Temrepanes the ApgRAN1ChasD RANPAHNE: EPABAIILRG R/ W/ 0 5

&gtégo' -eééﬁéi éﬂ%%? %%f?féhngftphé ﬂfgégﬂgﬂiﬂ¥énteg%?etﬁgtE&Eg¥{stage

emulsification treatment is conducted to prepare an O/W
emulsion.

[0026] The first-stage emulsification treatment starts with
preparing a liquid in which a lignan-class compound is
dissolved (the internal oil phase). As already mentioned, a
liquid having sesame oil or the like dissolved therein may be
used as such or, alternatively, a powdered form of lignan-
class compound may be added to the solvent oil or fat and
mixed, preferably agitated with heating so that it is fully
dissclved. The blending ratio between the lignan-class
compound and the fat or oil varies with the type of the
lignan-class compound and the solvent fat or oil and it can be
set appropriately in consideration of this fact; generally,
lignan-~class compounds are fully dissolved when the blending
ratio (by weight) between lignan-class compound and oil or fat
is such that the lignan-class compound to solvent ratio is

about 1:15-2000, preferably about 1:15 to 100.



phase and honobgeni zing the mxture to emulsify it, there is obtained
an 0/ Wtype enul sion having the oil droplets dispersed in the water.
[ 0028] The m xing ratio (by weight) between the internal oil phase and
t he water phase can be set as appropriate; for exanple, the ratio of
the internal oil phase to the water phase can be set at 100:2-200, or
alternatively, at 100:5-50. [0029] The_physical techniques for

achi evi ng honogeni zation are not limted in any way and may be
exenplified by the nenbrane enul sification nethod suing a porous
menbr ane, bQﬂﬁy'&]he a§irt ﬁ‘tlﬁéﬁgnﬁlflh%dlllﬁﬁlﬂ'@lsﬁéﬁ BR8P pYt B usheavaler
agitating emulsifie a h| ressure, _honogeni zer, a ultr oni c ,
ool o1 11 orShahe arkk ompeaniZiRs t‘&%l’Fd‘itdlrr?il% eﬂB&Es%gan { othefe 1s

v el oY el o Y EUbE Sl 410 IVIRGRRRUB ST S UL

enmul si on |é&%#gy’edAyg TRY S9QPELi mes decrease In order to obtain a

honogeneous Wenmul sion, a surfactant nmay advant ageously be added to
the water piwss andrae hfiﬁmgtﬁaﬂﬁ{» @y wWRhase) BHthachaths iMdehiRl
sel ected as appropriate for the types and anounts of |ignan-class
conpounds,ofls pitise andothe watef aplsdsecemipbes semchEdepptyeeiaire f Eotry
acid esters, sucrose fatty acid esters, sucrose acetate isobutyrate,
sorbitan fesampleci dhestratip pf oplyd elretegingdoloifiaphyisactd de erater
calciumstearyl |actate, bean saponin, lecithin, wheat protein

di gest, gd?QESQ1Ca@aPBoﬁ?ﬁeﬁéyl%@?? Yhe orc adpekPAELHGLE el #1| P 5-50.
sodi um guHi bIC xant um ar.abi nogal actan, ,dextrin, casein

and casei nt&d um FH@SBQYSi Al _techy n §rnﬁ§hbﬁvﬁ§%dh%WQ9ﬁﬂl%ﬂt&ﬁg
or in ad”’%&¥ﬁﬁ: IH%iQEﬁS |nw§ﬁ%ors g%yeb%onflr in t tq§10/vv
it SrchBErRLeg kY,

enul si on coipo ron-can ing g acid

esters or Wﬁed%aaggmgaﬁwﬁ%&ﬂc%'mh@ angoktaag méfbRHd | Ghladr

a honogeneous OMO enul'sion conposition can be obtained when

decagl ycerine Myitlat4bhCmaehddess fig i sudts e appaeakuan®bead dgitatinghe
average particle size of the oil droplets of the internal oil phase
is not |irenedgifieanyaphiyjheptassweay asudgend zag, i ani sletdsmiiove in
ensuring that the composition, when adm ni stered perorally, enables
at | east oyigfifiiegnannchassacoipdiunds o codlabdombad. wiA¢cer Gimsatter
AUC t han when the sanme quantity of that |ignan-class conpound is

di ssol ved ?hﬁtqﬁ¥¥§§n§YoFPeoPr?%%n%leWﬁ?qoﬁﬁerH§InBlFOBﬁ%%%PQHﬁj
adm ni st ered_perorall ditions; according to t

der th |
|nvestlgat?TH}ﬁﬁﬂHd&Etéﬁgﬁﬁgghéaﬁ? é: e HSPETE R FERPHHEY © ©oil
absor pt | O”%:roaalleetss gyl ERGSE%%{I %‘%’ egs&z 'eg%’flcfw%%gogﬁﬁﬂ%%ls nd&%é‘a&%;; b4

emul si ons ng aver age par

nm \Wen po&Rar itad obRa 1R/ W Rofighe s Atk By Qﬁu&‘é@oﬁt ag es @l Si d1C glalyOn
method, it is inportant that the first enulsified sSystembe renderéd

suf fi ci entdwAitalfedus19 bBi 5a884d, td ltliss wadeepRAdedahBAbr t Hif: Gidternal
droplets of the internal oil phase in the first enulsified system

have aver agiel pdrasiec| e Ssrfestafitnatayre sellawt008snappFopt hetrartior, the
is preferred that the oil droplets of the internal oil phase are so
prepared t¥ERes [éidr aAPEPA§echal g BiasE COMPATNHES @ﬁaVﬁJeheasp@rléS

size of the porous nenbrane that sed in the ste
re- enuIS|f?QéLQQﬁ?’ PﬁaQBE?Fiﬁﬂ?l?ée YgETdPa ey t Knﬁghdt?ﬁﬁerﬁf;ﬂycrose

fatty acid esters, sucrose acetate isobutyrate, sorbitan fatty
acid esters, propylene glycol fatty acid esters, calcium
stearyl lactate, soybean saponin, lecithin, wheat protein
digest, gelatin, carboxymethylcellulose,
carboxymethylcellulose sodium, gum arabic, xanthan gum,

arabinogalactan, dextrin, casein, and casein sodium; these



with the decreasing particle size, the surface area increases, thus
contributing to increased electrostatic stability and inproved

di spersion stability. Therefore, in order to obtain a honbgeneous
enul sion, it is also effective to reduce the particle size of oi
dropl ets that conpose the dispersion phase (i.e., render themfiner).
Specifically, the average particle sizeg,f oil droplets may be

adj usted to 1000 nm or | ess, preferably4500 nmor |ess, nore
preferably 300 nmor less. At 300 nmor |ess, the enul sion can be

| eft to sEHAfagtarbsnmeenprritast eitheroadape ofF thdwRIESINey The

segregation of the oil, phase, thus show.ng satjsfac di sper si on
Stabi Ity BIponas] TALCREOLT Tutun EPLA BN Lhoh T BV ERIDEoBy

m Xi ng the intec o] S ] e i,Zi ng
X NG ¢ S ohBhEE DRk Obdy PIESE VLIS e MBLEE BRSE- AN NP US,
above- desggiRed biNgnirhe &Ringﬁéséﬂ %%ﬁeaQVEé@%mr&délﬁﬁ' 2§ nof
1000 nmor less, preferably 500 nmor Fess, nore preferably 300 nm or
| ess, a peueys cIBAb! agenhdydditkcud/MoONMERLLE1Sh ZEonFys 138 iMelaaysd to
performthe menbrane enulsification nmethod or, alternatively,

prel i m napptainkdi Fheat dermadhaieionsotibdaatiai acihd) ddeemwiils asddval ee
phases may be followed by a neans of further enulsification (main

emul si fi c&xrop)euhtill the average particle size of the oil droplets
conmes to be within the above-nentioned ranges. [ 0031] The menbr ane

enul si ficati onThet ABAF 23S RRF tieIhisdifeacpotbaisoHbrdramiketiss ofl 4bed
ARG T i e GO S
phase) anqdohieal! St (2 ed S { R G50 nidhi@shBond flte (RndoU0YER ! Dfen
menbrane by Su€h “- 1% ° fmeans as hitrogen-gas. The porGus Tve Dr ane
may be | ngﬁﬂﬁﬂ?gtgfe&)rﬂ@fﬁﬁ% | WGARs bt NESa s Wi WM RYnanS i 8ss

(the term™unitorm pore size" "as used herein assunes the case where

the pore sbmBo@hdsNeo PO CASsJRIEE FiQh & §HEAtdPARUE NEhdiPhehl ZBe same
(4i10) at which the pore volune accounts for 10% of the total vol une,

as di vi dedqubyntihg pdrehst zZB ¢nd0)clais swebmbpotihd ordi ssod el dacahat S
for 90% of the total volume, on the relative cunul ative pore

di stri but semecaiteor sfak tag rthehdntergelopil rprasdoand ladwindisdered. 5) ;
exanpl es that can be used include the CaO B203-Si 02- Al 203 based
porous gl REEOTRALY | Unde% IR ctpne, copddsiongs gagcofding to the

Ca0O B203-Si 02- AL 203- Na20 b d | d.

CaO B203. P55 A G051 RA KRN 1RE By fBPoRESSPAL YRR % 1 SEPEYER?
JP 61-408 4 , . i | RG.

by anc. SBsBrRPE8 EbL: M e ANy BLEFOPOR D) dA LR ip each
i 50l 050 o eAB 2RA20 3024 Hoingl Wy oFRTR' BBEEAU Sh1 1 E21JON GO0,

which is known to permt the size of particles to be designed in
accordance3oi hit,t BRASPECidm C UERN ipTedaRlifgdUthé 0D/ W/ ®REH dilvat bgathe
advant ageously be used in the present invention. It should al so be
not ed t hattwbfs&agé assu st bisa tnienbmertdodn ¢ isdinperttmdr rhhiad dbed as
the porous nenbrane, the 01Wenul sion can al so _be prepared by such a
met hod t h&LT#iEt Anpheifiedivyism he agndered| st Ghent by tH@bdpl-i nder

the 119U d,(9) b3 hPLeE LD Leomine oulside by shoh TEaNS S e

0 be obt ArearahaSH TARHE A [heie st BihL SR Foa okl Aot phal

0.1-5 p. Mpa2R9ciBr 85 PE&TSF Yy iU h8nl1000 Ad. - Furthermore, it is
preferred that the oil droplets of the internal oil phase are
so prepared that theilr average particle size is smaller than

the pore size of the porous membrane that is used in the step

of re-emulsification. 1In addition, it is generally known that



0.3 m Another consideration that may be taken is that the size of
the particles in the enmulsion to be forned is generally equal to the
pore size af the nenbrane tinmes 3.25. [0033] The thickness of the
porous nenbrane is not limted in any particular way but it is

usual ly about 0.1-1.5 mm In the nmenbrane enul sification nmethod, the
pressure required to force in the liquiig (a) can be set as
appropriate for the type of the disperse phase (internal oil phase),

the t f.th ti h ; ter _ph vl t d

concent ralt o BRS (AT S CIELE, SRR | 110 CHRAT SE SR 0RoEERE
to about %hNEac?:&PP:‘.?bﬂ rt@?.n%?é'a%fi' ERLE AR S P TRLD lé%&?%fﬁgr med
under heat’ing. Fof ‘éxafrple, In the present rnvention, an nenbr ane

Wi th poreiﬁbz%e@fdfﬁ%&ﬁsibnl-s&-a%iwﬂ?y bendrondAed 18N rdee to obtain
wat er - phase conponent is allowed to flow on one of its sides as it is

heat ed; ah hbfoga@Eoids NMmuldion, gRalisChass €OFgALinG Gantralddcagthe

oi | - phase conponent (internal oil phase) is heated at about 80-90 C
and t he hpattiticte | siphmsef cdiipaivepileits phateconprder thecsidspersdonhat
it is forced into the SPG nenbrane heated at about 80-90 C, whereby
an 0/ W (oPhasewki 8 ), erandarofheayitagepar t i Specihiaal 157, dbsupverady. g
pm can be obtained. The thus aobtained |ignan-c|ass conpound

cont ai ni n2ERLFLS oL %f 19F il SXPRLPERCEARNYS Al e (e L0R8, PEURR as
crystallization of_th ion particles or the parti.cl joinin
Copet her teeRaverrier s o, B0 BE 1pR=oonere e tanid ahel ok has
extrertel ¥ 1009 by 4 thy Q4E1y J4oTe 1 LOQREI L1 NEuPWd ALIaN cBELBOL oo
t he apparatus that can be enployéd 1's not Timted in any particul ar

way as | opgo@Stéhpdfaturd &or Qaﬁag_%ew%hbﬁgkbaﬁ@ﬁfh aQigraljh®RoANds the
speci fic exanples include those ich were already nentioned for the

honogeni zbAy ph&sé Netusnthari®esatpsrhceorPydididr Appakcahbsestas an
agitating emulsifier, a high-pressure honogeni zer, an ultrasonic
ermul si fiefP03a®] ul t rEheriSdarst-agtdge OFW| endlsidn .calygiteatpiroduceddbyi ons
may be set as apgropriate for the type and shape of the apparatus

used, as MEKIngstheclpregprl iddd Bhasguuhih ttheofvater ebjpset apé be

agitated (the m xture qf oil and water phases) and they are_typically
Ut 10- BEMRITR Bt i 40660 LPeprRrEr s S uge G06mSAB5BR Y pm

[0036]|n EggtgfﬁlﬁgigﬂE”%ﬂQJEJd%Q%rEEgH_Piggségfidroplets with an

average particle size of 1000 nm or less, preferably 500 nm or
less, more preferably 300 nm or less, a porous membrane having
a uniform pore size may be employed to perform the membrane
emulsification method or, alternatively, preliminary
emulsification that consists of mixing the oil and water
phases may be followed by a means of further emulsification
(main emulsification) until the average particle size of the
0oil droplets comes to be within the above-mentioned ranges.
[0031] The membrane emulsification method is one in which a
porous membrane is placed between a ligquid (a) that provides a
disperse phase (internal oil phase) and a liquid (b) that
provides a continuous phase (water phase) and the liquid (a)

is forced into the liquid (b) through the membrane by such



honngenlzer honngenizers capabl e of honogeni zation at, for exanple,
9.8 MPa (100 kgf/cnR) and above [including, for exanple,

M CRCFLUI DI.ZER (trade nanme of M ZUHO | NDUSTRI AL CO., LTD.) and GORI N
HOMOGENI ZER (trade name)] nay be enpl oyed. The conditions for
preparing the 0/ Wenul sion using these apparatuses nay be sel ected as
appropriate and it is desirably prepareg at a pressure of, say, about
9.8-245 MPa (100- 2500 kgf/cnR), preferably about 49-196 MPa

(500-2000 kgf/cn®), at room tenperature or under optlonal heat i ng.
[ 0037] [ SeLeRYE s%%db“e‘:rﬂﬂeéﬁ fRSat | SRt PRERHRMEeMREAREOTEY pE eFrBPE?

|

BT o emit! SFOTEHpA a Y &' ?ﬁehsgzé‘zﬁlf%i%ﬁf@;"“Ef-ﬁe?% F{e“ age
| sif f.al

ol Si 1 cobhElotd SHIE N ac o) LU hOYel faaihibi BEA0R5e whore the

second- st ggee AL Sidf GAHd %rbh@aﬁlgﬁﬂfané % GLMEag @ReO bﬁé nggzd N

the first stage is mxed with the oil - - phase and t
emul si fi edoby) hansgarihz the pbeenwlmme,addt&ﬂﬁupaart mes;eofStmtmmﬂd

an 0/ WO enul sion conposition having the droplets of the 0/Wemnul sion

di sper sedvehundée @§ |diidREObTheha rong shte o §O0y wti ghiyhbthewssord he

orw -volume accounts for 90% of the total volume, on the relative
cumulative pore distribution curve is within the range of from
about 1 to about 1.5); examples that can,K be used include the
Ca0-B;03-510,-A1,0; based porous glass that is disclosed in JP
62-25618 B, the Ca0-B;0;-5i0,-3A1,03-Na,0 based porous glass and
Ca0-~B;03-510,-41,0,-Na,0-Mg0 based porous glass that are
disclosed in JP 61-40841 A (USP 4,657,875), and the
microporous glass (SPG membrane; Ca0-21,0;-B,03;-5i0, based
porous glass membrane) that is disclosed in JP 2002-302414 A.
The membrane emulsification metheod, which is known to permit
the size of particles to be designed in accordance with the
specific use, is a production process that can advantageously
be used in the present invention. It should also be noted
that if a glass porous membrane in cylindrical form i1s used as
the porous membrane, the ¢/W emulsion can also be prepared by
such a method that with the liquid (b) being circulated within
the cylinder, the liquid (a) is forced in from the outside by
such means as nitrogen gas.
[0032] The average size of the pores can be chosen as
appropriate for the average size of the particles in the O/W

emulsion to be obtained and it is usually about 0.1-10 pm,

preferably about 0.1-5 um, and more preferably about 0.1-



enul sion and the oil phase can be appropriately set; for exanple, the
ratio of the O/ Wtype enmulsion to the oil phase can be set at

100: 10-100Q, or alternatively, at 100:25-500. [0040] The physi cal

t echni ques for achi eving honogeni zation are not limted in any way
and may be exenplified, by the agitation nmethod using such an
apparatus as an agitating enulsifier, g,high-pressure honogenizer, an
ultrasonic emulsifier, an ultra-mxer, "or a colloid mll;
alternatively, a liquid (c) that serves as a continuous phase

(ext er nal Q081 MBhas®}O 8L KENHiderasdoRnthahdnay \Wekfkerod sj $hpe the
enul sified,in t a% hase by. t he n%gprane epul sificatjon t hod,

wher eby t fi&%8/ OF 0P RA LT G &5 e THPeBRRERLOT { Lo RS TP e dndfed here
that the Ligui ) i S e_extern i may .pbe_oil ,Qr
ot to wAPORESLH edRL) Q0% ReBerHLEE S Blg qRRIRATE 805" 5
added. | n hhesfemrang ARdisddCall eRMBLRGs ddifo i 4 ABRI Mimitea
prepared O/Weimul sion is forced into the liquid (c) through the
above- desghi Bff pyPELOI1PORRS RRMBEARNE, u¥hET BY RSb U &Y .6 -i1S 50Rkal neg
an 0/ WO enul sion characterized by a uniformsize of emul sion

parti cl esthenméhbsamasemuXdief ialaddendasthod e dtliey peredsyrer aegutieatr ame
havi ng a uniform pore size nay be used; if a glass porous nenbrane is
to be useficasesimhtivenbiguial (ieie chol bewial 3 eapprdmriatieodod bhe type
taken: the gl ass forous menbrane is inherently hydrophilic, so in the
case of pPEpERendlspRrTy WhRsemiistesnattoil rRARE) 4 the Aype gfipfhet ed
to a variety,of surface treatnments so,.that its surface is rendered
hydr ophobFEPEOPBFEs JIR=S JOUAIFFREPETE) aghne| SRS 1 EOPGFRS TR AT OB cOF
chosen as p I or e erage._s) the rtd cles i

51w o emuf BEoREPEAGES; e ] RUTHR0E: L8R Sy | NI 2, RrE g bl
preferabl ¥ gpgut 0.3-5 pm and nore preferably about 0.5-3 pm

Anot her consideration that may be taken is that the size of the

particl es[postipe emembihd eriasignardios P€NEFatdnaaguperEerhbe pore
size of the nenbrane tines 3.25. [0042][Other additives and the |ike]

Asi de frommtiae héavingentianecampderanicl s mosgpeundinvenition, f ab, SPG

wat er - based sol vent, and the surfactant, the 0/WO0 enul sion

conposi t | BAMbTaRfewhkleskamte Sivest PEnahayt cOnt a9 2 rinx vt her provided

vitamn C,_vitamn E, d-a-tocopherol, ellagic acid, erythorbic acid,

sodi um er $PROFRSt B2t &F 1Bhasfe FoAwORENEt i‘“éa@g]c?‘&e%cﬁﬂ %o PuRne oPE  its
and the | ke as

di butyl hydroxytol ueng, .sodi L-asgcorbat e, . pheral i

ant oxi daReast ope hE Fr Rt 3T E08NF ARG HRM T LoneRaebesary,

sweet ener 0B a1 A ROW13080Le BoRbLATEL f{ flrAldal 06! LKEIPY
C . i 1= e co t 1

be added. f@8§§?§Vt% the 6’e%u?5|on C np05|tq%n1%¥h the pr se%€?

i nventi ongsURBa0fa dabi sbodieldd-Re of |l ad 1A Helatlelie 09hl pRRES Ecomponent

contributes to yielding a conposition of good shape retenti on whereas

use of a hkgpilaeédi nmgdear lpressuie isbt €naal i0i s phasaed anitol kHeespt o

affording a conposition characterized by suppressed taste, odor, etc.

of the i nmemhbzbneihephedteat about 80-90 °C, whereby an O/W (oil-in-
water) emulsion having particle sizes of about 0.3-0.8 um can
be obtained. The thus obtained lignan-class compound
containing emulsion will not experience any change with time,
such as crystallization of the emulsion particles or the
particles joining together to have their size wvaried; in other
words, the emulsion has extremely good stability over time,

[0035] In the agitation method, the apparatus that can be

employed is not limited in any particular way as long as it is



[ 0044] Uses The present invention contributes to inproving the - 21 -
absorbability of l|ignan-class conpounds in the |iving body. Hence,
the O/ WO enul sion conposition of the present invention can be used
in the formof various food conpositions or oral pharnaceuti cal
conposi tions which can benefit fromthe inprovenent in the anount of
absorption of lignan-class conpounds.. Tge_food conpositions of the
present invention also include those in the formof drinks. The food

conpositions of the present invention can be forml ated as fopd with
Tt ont FERRETB P AT SPega B0t aLhut, 1P RREHTLY SEaTOREa  LRCTHR)

Ut Ongho SURRLEIPNar DAL R hake s 5014 ERPULC noRbGenl 0045 The

rati o (by mefg ich %nu si'on conpos on~o he

pr esent igyg%ﬁﬁégkighdﬂdeQ%thB%&@Eeﬁoﬂg §ﬁHH"5ﬂﬂHf%%u%Es°%§|an

pharmaceutical conposition can be appropriately set for the purpose
of incorpggatdithd %dlls&&%@,aaswgﬂpgbwsﬁe hoiRYengdegonggnt rati on
e

in a desired anmount and it may rang romabout 1 to 100 wt% In

addi ti on, ul tead @ik comaSiftie@n ah Qlataphitdmcaenid @alkcodppdsniidn of
the present invention may use a variety of acceptable additives, such
as exci pi dgttationderondiitsiomsegrynbe sebrasaupropodaiteg fagehhe type
suspendi ng agent, enulsifier, stabilizer, preservative, and buffer.

[ 0046] | n &R@ shmreedediticc APPASAPBSI BFoR- oIS tWed lpeSsdhe PROBATLLRS amke

anount of the |ignan-class conpound as the active ingredient, the
durati on BRAFELEEER A8 PRICEH, TanBer RELTR Vdhepaasare of oil and

adri nf ot 9L NS he S8 138,2RREORLBLE [P JIE. 3925 hendbLecLe

Wel € Subj ect to be treate and

other fackgp§-3zo00@Zpm,! YUELTAB1$URE 6606 Q2080 Rphhe Tood

conposition or oral
[0036] In the method involving the high-pressure

homogenizer, homogenizers capable of homogenization at, for
example, 9.8 MPa (100 kgf/cmz) and above [including, for
example, MICROFLUIDIZER (trade name of MIZUHO INDUSTRIAL CO.,
LTD.) and GORIN HOMOGENIZER (trade name)}] may be employed.
The conditions for preparing the O/W emulsion using these
apparatuses may be selected as appropriate and it is desirably
prepared at a pressure of, say, about 9.8-245 MPa (100-

2500 kgf/cm®), preferably about 49-196 MPa (500-2000 kgf/cm?),
at room temperature or under optioconal heating.

[0037] [Second-stage emulsification treatment: O/W/0 type
emulsion composition]

To prepare the lignan-class compound containing O/W/0
emulsion compesition of the present invention, the first-stage
emulsification treatment is followed by the second-stage
emulsification treatment to prepare an O/W/0 emulsion.

[0038] In the second-stage emulsification treatment, the

O/W emulsion obtained in the first stage is mixed with the oil



pharmaceuti cal conposition of the present invention may be applied is
humans or aninmals. The term"animals" refers to industrial aninals,
pets, ,and l.aboratory aninmals; specifically, the term"industrial
animal s" refers to animals that need be bred for industrial purposes
and they include farmanimals such as cattle, horse, sw ne, goat,

sheep, etc., poultry such as chicken, dygck, quail, turkey, ostrich,
etc., and fishes such as adult yellowail, young yellowail, red sea
bream co | ,. carp

h k i nb trout, | ,, etc; the t
brean conmen, horgS MmokSt el APy r LAt Lol el et the term
dog, cat 1wHE{—£‘i9§rcg+ ’stﬂér’%ftr & @b&%&n@ﬁ”ﬁﬁ%/w&?!é?ﬁdl?&gﬁ%f&m%o&@@i&&r m

"| abor at oryani ers to rat, guined pig, ni ature

pi g, rhesysyimpkeve SFAAA 03 tABNEPN  eils M &1 speir¥eksS ihhehe 5 £1 .
subj ected to research in such fields as nedicine, biology, agronony,

phar nacy, [eb8s ] [ 0048]dvkiibathOfragval By i Weight) Hdtwde@naneCcbaws
conpounds are adm nistered orally according to the present invention,
AUC i s i npnovetomsambngsr ed 1t phhke casebeeperdiheiataly senpl Yor

di ssolved in fat or oil and adm ni stered under the sane conditions.
Such an i aptopkererthd rraisodfaliihei OyWi fivee témulsodn donthe evdl paassl
by nmeasuring the |level of lignan-class conpounds in blood over tine.

[ 0049] TheCpBVRe R |3 :A0adS00enpBuREE TR HIEIY .c &t BECHEPaPPY ned
by the follow d .. bl.ood js.collected and bj ected t .
cont 11 ughPOEbEY ol | T RivGeA, SachRadies < achiy Mg BAmPYehTrAAom
i nt | L a YU - 23 - .E i
A LT N i

sol | d- phagg. et L6 LhdhaPTEly RAEK! B0 BHANS(S Go FPSlbatkEng

produced by Waters Corpora and the Tiquid extract I's

concent r aged1 sNEREr v af High -Pie se0ReeAbhé§en 1 fert heth Fpasdadci n

nmet hanol , passed through a filter, and subjected to LC-MS/ M5 for
quant i fi cemubsifier heard iraa—eolizes . conpaurakloideEA;n alkervateveiher e
a plurality of lignan-class conpounds are used, the total sum of

t hei r bl oddli@wid s(gaythst Slegvesdaggai pertinymismdaseC (egternihe?l) or
eval uati on purposes.. Sinultaneousl.y with AUC, Chax and_ Tnax may _al so

be det er nPRete) [R5 NG PEAYIHES BBAnbPe LRI IFHON HE Per AL BT EiRA

in that phase by the membrane emulsification method, whereby
the O0/W/0 emulsion can be prepared. It should be noted here
that the liquid (c) serving as the external o©il phase may be
cil or fat, to which a lignan-class compound or any other
additive may be added. In the membrane emulsification method,
the preliminarily prepared O/W emulsion is forced into the
ligquid (c) through the above-described type of porous
membrane, whereupon there is obtained an O/W/0 emulsion
characterized by a uniform size of emulsion particles. 1In
this case, the above-described type of porous membrane having
a uniform pore size may be used; if a glass porous membrane is
to be used as such membrane, the following precaution should
be taken: the glass porous membrane is inherently hydrophilic,

so in the case of preparing the O0/W/0 emulsion, it is usually



particle size as used herein neans, except in special cases, the

medi an size (the particle size corresponding to 50% on a pl us-nesh
distribution curve; sonetines referred to as a 50% particle size) and
this can be known by the method of l|ight scattering, particle size

di stribution neasurenent. The nmet hod of dynam c, |ight scattering,
particle size distribution neasurenment,gay also be adopted. [0052] On
the foll owi ng pages, the present invention is described nore
specifically by showi ng working exanpl es and conparative exanpl es but

it shoul FHRISHES % 8d VERALTY het pPeskifie ithratmeshsi §obihab ns

limted to the fallow ' | es.. [ 0053] [ EXAMPLE 1

Plr (r)ndugti o%u% ‘%(ﬁ %%@@g}é@%ﬁ@ﬁgﬁé&?%?ef ey E) 1362- g p!)rti on of
] t of T..Co. d._ i i ]

Sesam 1 (PSRRLEL OlmEAENOLONChk b SAT (D ot cn B AADLER! o T

been heat gghtsph Bt 3G the avepsgsi Sizdasr adld pbedibobs20n MKWi®sA/0

until the sesam n dissolved uniformy. Subsequently, by the nenbrane
emul si fi cahidioretfodeusbiginelydi@pht | i£ WShiadlaguaBeneus. & ass mEPG
menbr ane (product of SPG TECHNOLOGY Co., Ltd.; pore size, 0.2 pm, 12
nmL of thepotfarmtdiy abawitng.BhB gesaamd nhss giredérabéyeanodti perBSam.
phase) was continuously enulsified in 20 nL of pure water having 1.0
wt % of a Auethan aensdidesatden thetenay (komakeods fhatefhewhbzefon a
sesam ncont ai ni ng wat er-sol ubl e emul sified conposition SOIW enul si on)
was obt ai W39 Pt kaies FRobesemihsian riRyitfy duig generalipLansd
applied. Further in additi r.ane §mi| sification nmethod
G

b
using a hyArdhdise ﬁée@%Fﬁﬁgm%ﬁB%ﬁ%t BESSEG“PECHNOLOGY - Co.
Ltd.; por F% ,L.Z]e, 1'{%511%’ Sﬁﬁﬁ%gé i trrpesqlitkierig sesam n- cont ai ni ng

wat er - sol ubl e ‘enul sifie ositron (disperse phase) was
continuously efBildgd féreth kRelabble OhetidifedilidhanlBladsOcohdota a o1l
condensed hexagl ycerin ricinoleic acid ester (SUN SOFT No. 818SK;
product obr TEty,0 weagakbacad, sbident di &0 0ird silrgaeitantcobhé NOIOND
phase), whereupon 30 nL of a sesam n-containing oil-soluble

emul si fi esimclonipes icompe siddoobofi bed. presdrit sinyeotées, may esd taih ng
pressure of 0.4 MPa was applied. Note that the SPG (Shirasu Porous

d ass) uskiked thfreipy FAPpBinsCa phidln d ask oard@eoPherPL heekRShI ¢

ash shirasu, and has a_yni que_poroys structure in which a |ot of pores

i ntertw n&gtFt ‘?’%’@W&F’g& gFSQedS%‘guﬁ“ ik %BGFe EEDELGRE LHATHRE can

Do ot S Bl HRES, Al 3G Bky 5 fobs > flun
L-ascorbate, pherol and the like as antioxidants for the
purpose of preventing oxidation. If necessary, a sweetener, a
seasoning, & sour agent, a pH modifier and the like may be
added.
[0043] With the O0/W/0 emulsion composition of the present
invention, use of a high-melting oil or fat in the oil phase
contributes to yielding a composition of good shape retention
whereas use of a high-melting oil in the internal oil phase
contributes to affording a composition characterized by
suppressed taste, odor, etc. of the internal oil phase.

[0044] Uses

The present invention contributes to improving the



- 25 - ester (SUN SOFT Q 12S), decagl ycerin nmononyristic acid ester
(SUN SOFT Q 145), pentaglycerin nonooleic acid ester (SUN SOFT
A-171E), and enzyne-deconposed soybean lecithin (SUN LECITH N A-1),
each being available from Taiyo Kagaku Co., Ltd. [0054] The thus

obt ai ned sesami n-contai ning oil-soluble enul sified conpositions were
checked for their honpbgeneity under a g&croscope and, whi chever
surfactant was used, the 0/WO enul si on"was confi rrred to have been

formed. Particularly in the case where the decaglycerin nonol auric
acid est efbseEbaREH. LY (ffy & igagnobL asAedomPPWIdN GrefbiesiléNingt hodyml |
particle SI ze and hi gh uni formt 0055 EXAIVPLE 2] Sesamin's Bodjly
Absor pti o e‘?‘é%t /W(S’ EH’HIl§EL8 compo té‘/e\ApéeéﬁBFs?-Bﬁ%ntlon

produced in ?15 esam -cont ai ni c%ag e enul si
produced BY" u3| n e e §’Eglr %%‘ctjrif] og‘pgf %035 g Oral
surfact a”{;%@gﬁ%@f&éf%&@o@ﬁgéﬁg‘ﬁ ?clpocgérl YoeHRFI P ELBR ﬁ:ﬁ?} (test

sanpl e) . conpari sesam n (product o AKEMOTO

O L & FATifiProvddicht MAShaUSheRHedoENalSopiid oF ! ngth&Bag had
been heated to 80 C and the suspension was agitated 20 m nutes

until thecomsaumds di I3 fedduebhpo sl ¥ide ngmriaid \pe:esaﬁml ehveh00&Y] SD

(IGS) male rats (9-week ol d) were purchased from
also include those in the form of drinks. The food
compositions of the present invention can be formulated as
food with nutrient function claims, food for specified health
use, health food, nutritional supplement, health drink, soft
capsule, etc,
[0045] The ratio (by weilght) at which the 0/W/0 emulsion
composition of the present invention is blended in the food
composition or oral pharmaceutical composition can be
appropriately set for the purpose of incorporating the lignan-
class compound at a desired concentration in a desired amount
and it may range from about 1 to 100 wt%. In addition, the
food composition or oral pharmaceutical composition of the
present inventlion may use a variety of acceptable additives,
such as excipient, binder, disintegrant, lubricant, coating
agent, suspending agent, emulsifier, stabilizer, preservative,
and buffer.
[0046] In the pharmaceutical composition of the present
invention, the amount of the lignan-class compound as the
active ingredient, the duration of its administration, and the
interval between administrations can be set as appropriate for
the specific object, symptom, the age and body weight of the

subject to be treated, and other factors.



R P

CHARLES RI VER LABORATORI ES, JAPAN, INC. and acclinmatized in the test
environment for a week; the aninmals that were shown to have grown
normal |y were subjected to the test. The rats that were fasted

overni ght were divided into two groups, each consisting of 6 ani mals,
and using a stomach tube, they were - 26 - perorally adm nistered
with the finely ground |ignan-class conpound contai ni ng agueous
solution as the test sanple or the ofi $é-di ssol ved fat or oil of
sesamn as the conparative sanple at a dose of 9 ng/10 nL/kg. At 1,
3, 5, 7, boedd] 24 htwe sulljeet thewhichtthd faed mogpoatitdon OF ooxklvas
wi thdrawn fromthe tail vein of each animal, collected into a

hepari ni zBgaBNZRR1 Hitale ompgsiihen afdthemresanjed nveoddopphfy 198 ni n)
to obtain es. After ~adding an internal standard, the

| asma sanpl . ! *
solid pha@gp%\?é%de%& AP Rt ARERRLS . HB S e T he anigails eXFFSES Yas
concentrate der. vac, t he concentrate s _suspended i n et hanol ,
passed th%%&'é%g 'RH Yffnellrﬁ]uag}?q ?ﬁﬁfec?%g {%bcﬁfl /5"|\/ul§mt|%(')“‘3l Jantitate
sesamn aggeé%éiéagﬂ 2 ’th%o't%%ﬁaa“hﬁdué%féﬂ'a{aﬁr&a‘is@h%&%}%ﬂ@ tJeL 081 s
t he amounts of sesarin and epl sesamn were determ ne romthe ratio

bet ween t bgapedde @A e ¢22MiNARELLPLF ?gﬁﬁ‘ﬁdbe%n‘&nthhB?aKn@I@@e of
the internal standard YUDESM N ( Funakoshi Corporation). The

condi t i onsafmran{mdds Machnalsysastde p b, naliow, @dREC) skekpmetce. ,
Devel osil C30-UG5 (5 pm 2.0 0 x 50 mm product of NOVURA CHEM CAL
CO., LTD. pobtry ss\pilass chicHesti fiuek, walarl, Bunketyharsitriéh, 1€0c .M
ammoni um acetate in water Flow rate: 0.25 nL/mn G adi ent: Linear
gradi ent 8pRstiiheR) BIC af gdrds Weihows2akl viarng ¥rd1e8teilui xpdsea

followed by 3 mnutes with fluid B changing from55%to 60% but fluid
D renai ni Hée%&" 1 h A TEenagkese v FAFR LitPBUONatgPRY - f #oht 6%t o

0 . Co 0 i i
85% but fl:ﬁlt!.‘.dttg"rﬁ enﬁaé!tnsl”n%e%%réo o So-gglled pet animals or companion

animals such as dog, cat, marmoset, little bird, hamster,
goldfish, etc.; the term "laboratory animals"” refers to rat,
guinea pig, beagle, miniature pig, rhesus monkey, crab-eating
monkey, and other animals that are subjected to research in
such fields as medicine, biclogy, agronomy, pharmacy, etc.

[0048]) Method of evaluation

If lignan-class compounds are administered orally
according to the present invention, AUC is improved as
compared to the case where they are simply dissolved in fat or
oil and administered under the same conditions. Such an
improvement in absorbability into the body can be evaluated by
measuring the level of lignan-class compounds in blood over
time.

[C049] The level of lignan-class compounds in blood can be
determined by the following procedure: blood is collected and
subjected to a centrifugal operation to obtain a plasma

sample, to which is added an internal standard (e.g., YUDESMIN



(Ms/ M5) Measurenment node: Monitoring of selective reaction Detection:
sesamn (about 5.0 mn of retention tine); precursor ion, mz = 372
([ MFNH4] +) , generated ion, mz = 233. : episesamn (about 5.4 mn of
retenfion tine); precursor ion, mlz = 372 ([ MFNH4] +), generated ion,
mz = 233.

- 23 -
produced by Funakoshi Corporation); thereafter, the solid
phase 1s extracted with a solid-phase extracting polymer
packing agent (e.g., Oasis HLB produced by Waters Corporation)
and the ligquid extract is concentrated under vacuum; the
concentrate is then suspended in methanol, passed through a
filter, and subjected to LC-MS/MS for guantification of the
lignan-class compounds,
[0050] In the case where a plurality of lignan-class
compounds are used, the total sum of their blood levels may be.
plotted against time and AUC determined for evaluation
purposes. Simultaneously with AUC, Cmax and Tmax may alsc be -
determined.
[0051] It should be noted here that the term average
particle size as used herein means, except in special cases,
the median size (the particle size corresponding to 50% on a
plus-mesh distribution curve; sometimes referred to as a 50%
particle size) and this can be known by the method of light
scattering, particle size distribution measurement. The
method of dynamic, light scattering, particle si:ze
distribution measurement may alsoc be adopted.
[0052] On the following pages, the present invention is
described more specifically by showing working examples and
comparative examples but it should be understood that the
present invention is by no means limited to the following
working examples.
[0053] [EXAMPLE 1] Production of O/W/O Emulsion Composition
A 0.1362-g portion of sesamin (product of TAKEMOTO OIL &

FAT Co., Ltd.; sesamin/episesamin = 51.1:48.2) was suspended



YUDESM N (about 2.6 mn of retention tine); precursor ion, mz = 369
([ MFNH4] +), generated ion, mz = 298. lonizing nethod: ESI nethod
FIG 1 shows the tinme course of the total sum of sesam n and

epi sesamn |l evels (sesanmin + episesanin level) in blood. The maxi mum
val ue (Cmax) of sesamin + episesamn |level in blood was 20 ng/nL in
t he conparative sanple ingesting groupzgut 35 ng/nL in the test
sanpl e ingesting group. The tine (Tmax) to the maxi num val ue ( Crax)

was 5 hows ddh $ACh0LILE LES! LRI LIGGSLLOGA! BUPeAN: LB cpe. |

conpar ative ‘sanpl e 1 ngést | ng gr6up. rmore, .
absor pti af,{flHQ)i oM wadehgifhPed £6PM I InfPnuke@Ndnkt1VWefe f Q4blh {0 be

about 1.6 tines higher in the test sanple 1 ngesting group than in the

conpar at i ¢4 AR unAgeshil §y SaPsPqudiiis8] Ay shewneinBrahe foregoing,
the group that ingested the test sanple (the conposition of the
present ienwdntiificptfiieat meeébodnhahrgda dogwphidbsospiresy Pdmsis Glass
suggesting their capability for efficient ingestion of sesamn.

[ Ref er encESESdamsmdrangs dppefivuat TeEtSEG TEEHNOEOGY Co. . Chtd gr apnxns
sesam n (product of TAKEMOTO O L & FAT Co., _Ltd.; sesam n/episesanmn

= 51. 1 485.1253'V\/69825l!1‘§‘ﬁené|§dm¥'n°%0ﬂ§e gilive oil having the sesamin

dissolved therein (disperse phase) was continuously emulsified
in 20 mL of pure water having 1.0 wt% of a surfactant
dissolved therein (continuous phase), whereupon a sesamin-
containing water-soluble emulsified composition (O/W emulsion)
was obtained. In this process, an extruding pressure of

0.6 MPa was applied. Further in addition, by the membrane
emulsification method using a hydrophobic SPG membrane
(product of SPG TECHNOLOGY Co., Ltd.; pore size, 1.3 um),

15 mL of the resulting sesamin-containing water-soluble
emulsified composition (disperse phase)} was continuously
emulsified in 15 mlL of olive oil having 1.0 wt% of a condensed
hexaglycerin ricinoleic acid ester (SUN SOFT No. 818SK;
product of Taiyo Kagaku Co., Ltd.} dissolved therein
(continuous phase), whereupon 30 mL of a sesamin-containing
oll-soluble emulsified composition was cobtained. In this
process, an extruding pressure of 0.4 MPa was applied. Note
that the SPG (Shirasu Porous Glass) used in this Example is a
porous glass made from the volcanic ash shirasu and has a
unigque porous structure in which a lot of pores intertwine.

It is characterized by a uniform pore size which yet can be
controlled. The following four types of surfactant were used

to emulsify the disperse phase: decaglycerin monolauric acid



- 28 - olive oil that had been heated to 80 C and the suspensi on was
agitated for 20 mnutes until the sesam n dissolved uniformy. The
resul tiing solution was cooled to about 70 C and poured under
agitation into an aqueous sol ution prepared by m xing and di ssol vi ng
25 g of enzyme-deconposed lecithin (SUN LECI THI N VA-1; product of
Tai yo Kagaku Co., Ltd.; 33.3% active._i ggr edi ent; obtained from
soybean) in 1000 nL of water that had been heated to 70 C, and the

m xture was enul sified at 6000 rpmfor 15 mnutes with D strom x
(product BFERTECTRSNTCR-1260d. feFRelEren ) Mapemyirdgitdcwasifepiten

VX W Nt T ot 4 Ve PBERATGEET L JFonits 10 AEa AueeRoEnE ST CRR T
part running, a) 20000 JoBANAeEBRoICLRHL AR, Yecl2R00 (RGN LEEIARA o

sesamni n- cont ai ni‘ng, wat olu conpositio

(sesam n- g0} ai dUdH belidy iaaiahBlie CRHbR PAyddaRRAcRed fegmple 1).
The average particle size of the obtained sesam n-cont ai ni ng,

oi | -i n-wategs£nul siThie idtasmedsiadd s ébarh re- shntaTnd nlgi ghll-s6aabee i Ng
nanoparticle size anal yzer Mdel LB-550 of HORIBA, Ltd. and the
resul t wasm@s8fimgd Jdd@E@liEdeonsowpaei slveckdd fmy dhedeshpimngépedtiict
of TAKEMOTO O L & FAT Co., Ltd.; sesam n/episesamn = 51.1:48.2) was
suspendeduRde B R Migiossiopee apll vhachewer pauifasdanddwas geedanthe he
suspensi on s agitated for 20 mnutes until the sesam_n di ssol ved

uni f or m yO(®& $3RR g ceNEirne8of 3 PeemEgEMEdabsor pti on

D (] | 9- k ald h d
AR ES FVER TAEGHTOR B5° SABANTITRE, oo SR AR Do o R0 b
the test goyiroEBOLIO0RaCeerbNGa@NolR Sidd'dh W OSQBMS_{?% g?l\égl

grown normal Ty were subjectéd to the test. The rats that were

over ni ght syel 2 gMided ig1z@ twa HigHPSnifAGHLtGPNSI sting of 4 animals,
and using a stomach tube, they were perorally adm nistered with the
sesan n- cpoess hi ng, [ EXAMPALENZ eSesaui sl onBedi Samserptabnt lest on

ol ive-dissolved fat or oil of sesamin as the conparative sanple at a
dose of 10/Wif Enuwlsiap At 1, 3, 5 7, 9 and 25 hours after the start
of adm nistration, blood was withdrawn fromthe tail vein of each

ani mal, col | eARPY ithe L/ WParPHLEEe™ B BERAYAG dét EgmpdBel - afle
centrifuged (8000 rpm. 10 m o,0obtain plasm sanples, After di ng
o nt er aFSUTEE R ol B 4O hERe SRR BeEaCR: Y S Hes rite

and the | kgui c enLk gt Y centrate
and he | RIS FLAE At SRRCHELAL BRI ILYE fRROCN 2
LC- M5/ M5 §@p fRatdd 1R @ SRIAMLA'aNEohl By | S4Bt iR $RIRM(ResfCEASH NI
to the usual nethod, the anbunts of sesam n and epi sesam n were

det er ni negloés®M t hergmtdompaetivean bhe gesk suwmiof (pesaute of

epi sesam n and the peak area of the internal standard YUDESM N

( Funak os hTAKEM@IRSY £Q1ilord) FATh€oconlidi preas orudrends/dVEnanal. 9sgsofirelive

shown bel ow.
0il that had been heated to 80 °C and the suspension was
agitated for 20 minutes until the sesamin dissolved uniformly
(comparative sample).
[G057] SD (IGS) male rats (9-week o0ld) were purchased from
CHARLES RIVER LABORATORIES, JAPAN, INC. and acclimatized in
the test environment for a week: the animals that were shown
to have grown normally were subjected to the test. The rats

that were fasted overnight were divided into two groups, each

consisting of 6 animals, and using a stomach tube, they were



[ 0061] (HPLC) Col umm: Develosil C30-UG5 (5 m 2.0 0 x 50 mm product
of NOMURA CHEM CAL CO., LTD.) Mbobile phase: A distilled water; B,
met hanol ; D, 100 mM ammoni um acetate in water Flow rate: 0.25 nL/mn
Gradient: Linear gradient consisting of 2 mnutes with 55% - 30 -
fluid B and 10%fluid D, followed by 3 mnutes with fluid B changi ng
from55%to 60%but fluid D remaining af, 10% then 2 mnutes wth
fluid B changing from60%to 85% but fluid D remaining at 10%

(Ms/ M5) Measurenent node: Monitorjng of selective reaction Detection:
sesam n (@SR 1Y AfRiBEsEerehtYoi thheefinely ground lignan-class

compound containing agueous solution as the test sample or the
olive-dissolved fat or oil of sesamin as the comparative
sample at a dose of 9 mg/10 mL/kg. At 1, 3, 5, 7, 9 and

24 hours after the start of administration, blcod was
withdrawn from the tail vein of each animal, collected into a
heparinized blcod collecting tube, and centrifuged (B000 rpm,
10 min) to obtain plasma samples. After adding an internal
standard, the solid phase was extracted with Oasis HLB and the
liquid extract was concentrated under vacuum; the concentrate
was suspended in methanol, passed through a f£ilter and
subjected to LC-MS/MS to quantitate sesamin and its isomer,
episesamin. According to the usual method, the amounts of
sesamin and episesamin were determined from the ratioc between
the peak area of sesamin or episesamin and the peak area of
the internal standard YUDESMIN (Funakoshi Corporation). The
conditions for LC-MS5/MS analysis are shown below.

(HPLC)

Column: Develosil C30-UG-5 (5 um, 2.0 @ x 50 mm; product of
NOMURA CHEMICAL CO., LTD.)

Mobile phase: A, distilled water; B, methanol; D, 100 mM
ammonium acetate in water

Flow rate: 0.25 mL/min

Gradient: Linear gradient consisting of 2 minutes with 55%
filuid B and 10% fluid D, followed by 3 minutes with £luid B
changing from 55% to 60% but fluid D remaining at 10%, then

2 minutes with f£luid B changing from 60% to 85% but fluid D

remaining at 10%.



precursor ion, mz = 372 (fMtNH41+), generated ion, mz = 233.
cepisesamn (about 5.6 mn of retention tine); precursor ion, mz =
372 ([ MENH4} +), generated ion, nmz = 233. : YUDESM N
(about 2.8 mn of retention tinme); precursor ion, mz = 404

([ 14+NH4] +), generated ion, mz = 249. lonizing nmethod: ESI nethod
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(MS/MS)
Measurement mode: Menitoring of selective reaction
Detection: sesamin (about 5.0 min of retention time);
precursor ion, m/z = 372 ([M+NH;]+), generated ion, m/z = 233.
: episesamin (about 5.4 min of retention time):
precursor ion, m/z = 372 ([{M+NH;]+), generated ion, m/z = 233.

YUDESMIN (about 2.6 min of retention time);

precursor ion, m/z = 369 ([M+NH4]+)., generated ion, m/z 298.
Ionizing method: ESI method

FIG. 1 shows the time course of the total sum of sesamin
and episesamin levels (sesamin + episesamin level) in blood.
The maximum value (Cmax) of sesamin + episesamin level in
blood was 20 ng/mL in the comparative sample ingesting group
but 35 ng/mL in the test sample ingesting group. The time
(Tmax) to the maximum value (Cmax) was 5 hours in each of the
test sample ingesting group and the comparative sample
ingesting group. Furthermore, the amount of bodily absorption
(AUC) was determined from FIG. 1 and it was found to be about
1.6 times higher in the test sample ingesting group than in
the comparative sample ingesting group.
[0058] As shown in the foregeing, the group that ingested
the test sample (the composition of the present invention)
featured enhanced sesamin absorption, thus suggesting their
capability for efficient ingestion of sesamin.
[Reference Example: Absorption Test-1>
Samples

One gram of sesamin (product of TAKEMOTQ OIL & FAT Co.,

Ltd.; sesamin/episesamin = 51.1:48.2) was suspended in 50 g of



FIG 3 shows the tinme course of the total sum of sesam n and

epi sesamn |l evels (sesamn + episesanmn level) in blood. The maxi num
val ue (Cnax) of sesamin + episesamn level in blood was 48 ng/niL in
the sanple 1 ingesting group but 20 ng/nL in the conparative sanple

i ngesting group. The tinme (Tmax) to the maxi mnum val ue (Cmax) was
about one hour in the sanple 1 ingestingsgroup but about nine hours

I n the conparative sanple ingesting group. Furthernore, the anount of
bodi Iy absorption (AUC) was determned fromFIG 3 and it was found
that ther g r?&ldtflfﬂér BABePPAN tRATRDH R 88 %b%‘%ﬁ pilgrEuspension was
[0062](EXANP§ %] For atlon %Pre on 1) psul es. Gel ati n60. Q%
d yceri n3¢*%%* dsf“ t Byt ﬁa aﬁéﬁa‘_{‘%% Bpytved unirormly.

par aoxybe eatr%% LN pﬁggpggﬁm wa cTJl' @txo%ehlt' U ( %{wgp%&ea

sesam n CO al ning ol conposi tion

emul si on) d%ﬁ%rogbﬁEQQQOhn139805Qaﬁﬁﬁ%dﬁéI%oﬁﬂﬁlgﬁtBQQBQfeéa@§”ﬁix1ng

preparation described in Exanple 1, except that 1.362 g of sesam

(product oindAEMITQiGYL 2& §AIE Conzyrkd-Becom®oaBiniepi sRSAN| SUN
51.1:48.2) was suspended in 100 nL of olive oil that had been heated
to 80C. THeEQITHIOS VRI-an pasdtbenof iTdiad KaigaksoCt.capsdl es3df3yacative
shell consisting of the above-nentioned ingredients by a conventi onal
met hod t o Jnayeaiiendof obtapsafiefrenciryhsapli g 1000 ml of water that

had been heated to 70 °C, and the mixture was emulsified at
6000 rpm for 15 minutes with Distromix (product of ATEC JAPAN
Co., Ltd.) The emulsified liquid was held at 50-60 °C and
processed with a high-speed agitating emulsifier (CLEAR MIX
W-Meotion, product of M Technigque) for 40 minutes with the
rotor part running at 20000 rpm and the screen part at

12500 rpm, whereby a sesamin-containing, water-soluble
emulsified composition (sesamin-containing, oil-in-water
emulsion) was obtained (sample 1). The average particle size
of the obtained sesamin-containing, oil-in-water emulsion was
measured with the dynamic light scattering nanoparticle size
analyzer Model LB-550 of HORIBA, Ltd. and the result was

97.8 nm.

[0059] For comparison, 50 mg of sesamin (product of
TAKEMOTO OIL & FAT Co., Ltd.; sesamin/episesamin = 51.1:48.2)
was suspended in 50 mL of olive o0il that had been heated to
80°C and the suspension was agitated for 20 minutes until the
sesamin dissclved uniformly (comparative sample).

[0060] Sesamin's bodily abscrption test

SD (IGS) male rats {(9-week 0ld) were purchased from

CHARLES RIVER LABORATORIES, JAPAN, INC. and acclimatized in



250 nmg. The thus prepared soft capsul es each contain 2.5 ng of

sesam n. (Preparation 2) Mayonnai se Egg yol ks10 Sodi um chl ori del6 g

Must ar d25 g Pepper3 g Vi negar 150 cc After fully agitating the

above-nentioned ingredients, 1000 cc of a 0.1% sesan n cont ai ni ng

oi |l -soluble enul sified conposition (0/WO enul sion) and 500 cc of an

edi bl e vegetable oil were added dropwi S L0 a water phase under

agitation, followed by honpbgeni zation Wi'th a stirrer to obtain

sesam ncont ai ni ng mayonnai se. (Preparation 3) Butter 1% sesann

Containin@hgipe§g|ggvgronmggi_for a week; the animals that were shown
to have grown normally were subjected to the test. The rats
that were fasted overnight were divided into two groups, each
consisting of 4 animals, and using a stomach tube, they were
perorally administered with the sesamin-containing, oil-in-
water emulsion as sample 1 or the olive-dissolved fat or oil
of sesamin as the comparative sample at a dose of
10 mg/10 mL/kg. At 1, 3, 5, 7, 9 and 25 hours after the start
of administration, bloocd was withdrawn from the tail vein of
each animal, collected into a heparinized blood collecting
tube, and centrifuged (8000 rpm, 10 min) to obtain plasma
samples. After adding an internal standard, the solid phase
was extracted with Oasis HLB and the liquid extract was
concentrated under vacuum; the concentrate was suspended in
methanol, passed through a filter and subjected to LC-MS/MS to
quantitate sesamin and its isomer, episesamin. According to
the usual method, the amounts of sesamin and episesamin were
determined from the ratio between the peak area of sesamin or
episesamin and the peak area of the internal standard YUDESMIN
{Funakoshi Corporation). The conditions for LC-MS/MS analysis
are shown below.
[0061] {HPLC)
Column: Develosil C30-UG-5 (5 pum, 2.0 ® x 50 mm; product of
NOMURA CHEMICAL CO., LTD.)
Mchile phase: A, distilled water; B, methanol; D, 100 mM
ammonium acetate in water

Flow rate: 0.25 mL/min

Gradient: Linear gradient consisting of 2 minutes with 55%



emul sified conposition (0/WO enulsion)5 g Butterfat95 g Tocopher ol
acetatel.2 g To 95 g of butterfat separated frombutterm |k by
the churning step in the process of butter production, 5 g of the 1%
sesam n containing oil-soluble enulsified conposition (0/WO

emul sion) and 1.2 g of the tocopherol acetate were added and the

m xture was worked until a honmpbgeneous {exture was obtained, vyielding
butter containing the conposition of the present invention.
(Preparation 4) Margarine Vegetable oil or fat (hardened soybean oi

m xed wi t 1t 8neB8d 18F| $3910(0s IoANNes RYCAnRAPRFRY i th SoUi &
ol o1 o) Sk S80S FIRLORAR A L SERIAg Lt 2t
2 minutes with fluid B changing from 60% to 85% but £luid D
remaining at 10%.
(MS/MS)
Measurement mode: Monitoring of selective reaction
Detection: sesamin {(about 5.2 min of retention time);
precursor ion, m/z = 372 ([M+NH.]+), generated ion, m/z = 233,

:episesamin (about 5.6 min of retention time):

precursor ion, m/z = 372 ([M+NH.]+), generated ion, m/z = 233.
YUDESMIN (about 2.8 min of retention time);
precursor ion, m/z = 404 ([M+NH,]+), generated ion, m/z = 249.

Ionizing method: ESI method

FIG. 3 shows the time course of the total sum of sesamin
and episesamin levels (sesamin + episeéamin level) in blood.
The maximum value (Cmax) of sesamin + episesamin level in
blood was 48 ng/mL in the sample 1 ingesting group but
20 ng/mL in the comparative sample ingesting group. The time
(Tmax) to the maximum value (Cmax) was about one hour in the
sample 1 ingesting group but about nine hours in the
comparative sample ingesting group. Furthermore, the amount
of bodily absorption (AUC) was determined from FIG. 3 and it
was found that there was no difference in the amount of
absorption.
[0062] [EXAMPLE 3] Formulations
(Preparation 1) Capsules

Gelatin 60.0%

Glycerin 30.0%



Sodi um chl ori de0. 8 wt % To the nolten vegetable oil or fat, the
1% sesam n containing oil-soluble enulsified conposition (0/WO

emul sion) and the glycerin fatty acid ester were added and the

m xture was stirred; thereafter, the skimmlk powder and the sodi um
chloride as dissolved in water were gradually added and the
ingredients were stirred under heating gt 50-60C to forma mxture.
The m xture was quenched to plasticize, yielding nmargarine containing
the conposition of the present invention. -33 - Clainms 1. An O/WDO
emul si on W&l PP6ﬁ°ﬁ§ PRECEES | east on@ &P?¥| i gnan- cl ass conpounds

di ssol VEdgjr% er n?%e |CIJa hase. Q? 0/WO0 emul sion

conmposi ti on EX P8|ﬁ cFa T 1, mherelh ﬁe | i gnan-cl ass conpound
i's sesam g R/ or episesamin. 3. The O[WO0 emul si on conposition
according to claiml1 or 2, wherein at Igast one of the internal oil
phase, water phﬁietﬁnﬂimlﬁﬁﬁmif Y Il%pBagsmmné@ﬁf@nﬁrﬁgﬂofﬂds@ﬁhbw
an amount effective enulsification. 4. The 0/WO0 enul sion

conposi t i @mudeddhdingoipoaiiyi e /ol &mﬁmsioﬁl wheradtra e iimt er nal
oi | phase has an average particle size of 1000 nmor smaller. 5. The
0/ WO enulasicorrdeprporithothacusiitid @it sampye opeepdrat tomelekc3ibed in
wherein the internal oil ghase has an average particle size of 500 nm
or smal | eExangleThe exgeRL cthatiloB6CoMposi epdambe careRditr t @faMPKEHETO
of claims 1-3, wherein the internal oil phase has an avera e artlcle

size of 308Infh ERTsHELt ekTd- 7 SEAHIS RIREEIPIR 0N Bt - ity

pharnaceutlcal 05|% Qnt ai n.t W mul
conposi ti or‘fsgcggr 'ﬁﬁ 0 anél ?neo(io V< éﬂngﬁ 9 a&) been %eaq:e‘i to 80°C.

The composition was then filled into soft capsules of gelatin
shell consisting of the above-mentioned ingredients by a
conventional method teo prepare soft capsules each weighing

250 mg. The thus prepared soft capsules each contain 2.5 mg of
sesamin.

(Preparation 2) Mayonnaise

Egg yolks 10

Sodium chloride 16 g
Mustard 25 g
Pepper 3 g
Vinegar 150 cc

After fully agitating the above-mentioned ingredients,
1000 cc of a 0.1% sesamin containing oil-soluble emulsified
composition (O/W/0 emulsion) and 500 cc of an edible vegetable
0oil were added dropwise to a water phase under agitation,
followed by homogenization with a stirrer to obtain sesamin-
containing mayonnaise.
{Preparation 3) Butter

1% sesamin containing oil-soluble



8. An O/WO0 enul sion conposition conprising an internal oil phase
which is emulsified in a water phase to make an 0/ Wemnul si on
conposition-which in turn is enulsified in an external oil phase, the
internal oil phase containing at |east one of |ignanclass conpounds.
-34- 9. An 0/WO enul sion conposition having at |east one of
| i gnan-cl ass conmpounds di ssol ved in an 3nternal oil phase in a
clinically effective anount, said conposition optionally containing a
surfactant_|i .amount _effectin sification, which conposition
when adni rﬁmé'{l&%g&egg%f"g??§7‘,?l%rha@?§£%atemf"25§?n n of Iignan[gglgass
conmpounds 4.qhesglgsorbed with a greater area under the bl g
concentration-tine curve (AUC) than when the sane quantity of” that
|'i gnan- ¢l af%oppepedndckeagissol ved in the same oil or fatyas 4 he
internal oil phase and adm ni stered perorally under the sane
condi tions. 10ToA9pr §CesSbhbtepfawluRipagateli gham- BhBBSrHOI BiNdhe
cont ai ni ng conposition conprising the follow ng steps: 1) dissolving
at | east arimirhiggastepass toheporowss mifobhtderf ptodocpi@par®e g of the
l'i gnan-cl ass compound di ssolving liquid; 2) enulsifying the
| i gnan- cl dss sesapanndontasning il ispiivdlen emuhai Eiephegrpasi fignm an
O/Wenulsion; and 3) . further enuls%%ying the O/W enulsion in an oi
phase to ﬁFHEHPEGHHlB}VVt)%%%I%i%nﬂ 1."hfe L PFEERITOL RGP bR 1Ry MeE el ai m
10, wher el fy 41° ha9RA0" SL285r S RO TR 35321 " RS SRY SANLD:

was obtained, yielding butter containing the composition of

the present invention.

(Preparation 4) Margarine

Vegetable oil or fat (hardened soybean oil

mixed with cottonseed o0il) 72 wtd

1% sesamin containing oil-soluble

emulsified composition (O/W/0 emulsion) 10 wt¥
Glycerin fatty acid ester 0.2 wt$
Skim milk powder 0.5 wt%
Water 17 wt?
Sodium chloride 0.8 wtd

To the molten vegetable o0il or fat, the 1% sesamin
containing oil-soluble emulsified composition (0O/W/0 emulsion)
and the glycerin fatty acid ester were added and the mixture
was stirred; thereafter, the skim milk powder and the scdium
chloride as dissolved in water were gradually added and the
ingredients were stirred under heating at 50-60°C to form a
mixture. The mixture was quenched to plasticize, yielding

margarine containing the composition of the present invention.
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Claims

L. An O/W/O emulsion composition having at least one of lignan-class compounds

dissolved in an internal oil phase.

2. The O/W/O emulsion composition according to claim 1, wherein the lignan-class

compound is sesamin and/or episesamin.

3. The O/W/O emulsion composition according to claim 1 or 2, wherein at least one
of the internal oil phase, water phase and/or external oil phase contains a surfactant in an

amount effective emulsification.

4. The O/W/O emulsion composition according to any one of claims 1-3, wherein

the internal oil phase has an average particle size of 1000 nm or smaller.

5. The O/W/O emulsion composition according to any one of claims 1-3, wherein

the internal oil phase has an average particle size of 500 nm or smaller.

6. The O/W/O emulsion composition according to any one of claims 1-3, wherein

the internal oil phase has an average particle size of 300 nm or smaller,

7. A food composition or an oral pharmaceutical composition that contain the

O/W/QO emulsion composition according to any one of claims 1-6.

8. An O/W/0O emulsion composition comprising an internal oil phase which is
emulsified in a water phase to make an O/W emulsion composition which in turn is
emulsified in an external oil phase, the internal oil phase containing at least one of lignan-

class compounds.
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9. An O/W/0O emulsion composition having at least one of lignan-class compounds
dissolved in an internal oil phase in a clinically effective amount, said composition
optionally containing a surfactant in an amount effecting emulsification, which
composition when administered perorally, enables at least on of lignan-class compounds
to be absorbed with a greater area under the blood concentration-time curve (AUC) than
when the same quantity of that lignan-class compound is dissolved in the same oil or fat

as the internal oil phase and administered perorally under the same conditions.

10. A process for producing a lignan-class compound containing composition comprising
the following steps:

1) dissolving at least one lignan-class compounds in oil or fat to prepare a lignan-class
compound dissolving liquid;

2) emulsifying the lignan-class compound dissolving liquid in a water phase to form an

O/W emulsion; and

3) further emulsifying the O/W/ emulsion in an oil phase to prepare an O/W/O emulsion.

11.  The process according to claim 10, wherein the lignan-class compound is sesamin

and/or episesamin.



