1 GALEN C APPLI CATI ONS OF SELF- EMULSI FYI NG M XTURES
OF LIPIDI C EXClI PI ENTS A subject-matter of the
invention is novel pharnmaceutical fornmulations which
make it possible to inprove tthe intestinal absorption
of orally admnistered active principles, their
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surfactants and one or nore cosurfactants for

i nhibiting efflux punps tive principles are
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medi H%k@ver@‘}% Ofis: et agsekbeﬁanvcgfyo&eﬁwen 5 and
8; chemcal or enzymatic deconposition of the active

15 pranchpteeidy tde idicg@stinvepl éact the of fdnveeafs tife
active principle at the intestinal epitheliumvia a
punpprepgha asoP-gld) cipr apeil acat Nomes DUt pighregacipésnter in
formul ati ons have been provided in order to overcone

t he probieasiol with gpsoPpt MRS fHelskCtagProacie SM6ePhg
based either on nodification. of the |oIo of t he
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of the medicafpil, Jd3gkloliaiesdded 9 %%41\96 sb8¢bed
General ly, the 1rcrease iR sorption
temporasy dodi fiLat;er at ibhe characterlstlcs of the
10 A number of factors may be responsible for
this poor absorption:
e low solubilitY'in the gastrointestinal medium in
regions where the pH can vary between 5 and 8;
e chemical or enzymatic decomposition of the active
15 principle in the digestive tract;
e efflux of the active principle at the intestinal
epithelium via a pump, such as P-glycoprotein.
Numerous approaches for formulations have
been provided in order to overcome the problems of
20 absorption, these approaches being based either on
modification of the physiology of the gastrointestinal
route or on modification of the form of the medicament
itself inside the digestive tract.
Generally, the increase in the absorption by
25 a temporary modification of the characteristics of the
gastrointestinal tract involves:

e either the use of abscrption promoters which act
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gastrointestinal tract involves: either the use of
absorption pronoters which act 2 via a paracellul ar

pat hway by opening a tight junction (Liu, D. Z et

al., J_ Pharm Sci., 1999, 88 (11), 1161- 1168;
1169-1174; Thanou, M et al., J. Pharm Sci., 2000,

90 (1), 38-46), 5 or additivés which inhibit

esterases in the gastrointestinal tract and thus
enhance the stability of the prodrug (Van Cel der, J
etvid 2 IBH@RGR! RS P 1y EPEniTERE 1040t VdHction

ly
Gel der, et al., ug Metgb Dispo., 2000, 28 (12),
1384 9386%- £F % adl AT W o e £ hél)' 1161-
transport. of Cti conpoynds_ whi.ch i di at ed, by
P o prata T RGO, Yot SR AL cy i i edic?

Ther... 96,.,59 (3),., 297-303; Zhang, Y. et al., Drug
I\/Iét%é)k())'Dijgg)po(.l,) 19667536 (4), 360-366. Sol dner, A et

o PR D RS A9 €l ATBZATO): A

alternative strategy | I'sposition of

:?25?9%%QHié%QH%%Ppkﬁak%sB%%.Eﬁ%s QRIS IRalh i1ty

is sufficient: to increase the stability of
CRFPRURAS rWiely afan %@1@1@%@ ¥ tS@Ubl @HAmatgls by
e

various methods which can : - the use of

salgbi, | sl Ng)exaiopisentoa o Saba, GBldeet, &lt. alEYr prdig Metab
Pharm Bi opharm, 2000, 50, 403-411), 25 - the
pDépaat i aooof,: 28 (12), 1394-1396),

e or additives which modulate the transport of
active compounds which is mediated by P-glycoprotein
(Chang, T. et al., Clin Pharmacol Ther., 1996, 59 (3),
297-303; Zhang, Y. et al., Drug Metab Dispo., 1998, 26
(4), 360-366; Soldner, A. et al., Pharm. Res., 1999, 16
(4), 478-485).

An alternative strategy is to modify the
disposition of the active principle inside the
gastrointestinal tract. It is sufficient:

e to increase the stability of compounds which are
not very soluble in water by various methods which can
be:

- the use of solubilizing excipients (Saha, P.
et al., Eur. J. Pharm. Biopharm., 2000, 50,
403-411),

- the preparation of:

* gs0lid dispersion formulations {(Perng, C-Y

et al., Int. J. Pharm., 1998, 176, 31-38;
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" solid dispersion formulations (Perna, CY et al.
Int. J. Pharm, 1998, 176, 31-38; 3 Chowdary, K P.R
et al., Drug Dev. Ind. Pharm, 2000, 26 (11),
1207-1211), mcroenulsion formulations (Komuru, T.R
et al. , Int. J. Pharm ZOQé, 212 (2) , 233-246; 5
Pouton, C. V. et al., EBur. J. Pharm Sci., 2000, 11,
S93-S98; Cershani k, T. et aI Eur. J. Pharm

Bi opharn, 2000, SY R . 188?1,,190%%5@5%9 Pharm.

fornulatlons ri cyclodextrln

din. 2@@@nlzghqﬁl qu%q }91§2(4) 265- 269; Uekana
K. et al. harn1 Sci 72(11), 1338-1341),

to reducest 'ﬁﬁc%o%%uqfs 1‘&3?19 fB%Fnh'l%'t@%n%FkaH\%ruA T.®L
al ., Drug Dev. Ind. Pharm, 2000, 26(5), 567-570), to

r edi reclc e, n&dlltcamentpszamvvar deospeenbi(e)si bes -24% ;of
t he gastr0|ntest|nal tract in order to evade

pr ot eolpysitsnof ct.lvese tmedi.cament s gy phatest isedl. , 2000,
esterases (Bai, JP et al., Crit. Rev. Ther_ Drug

Carri en1Sysn3,-S2895cet2hbd) k, 339- 821xl. Theue .sti.l IPharm.
exists a need to find novel 20 nethods which make it
possi biBe ophairmpr, 02€00he50i(ht esii7Aal8absor pti on of

medi canments whi ch have received authorization for

pl aci ng dh thepkaxkeg &prmuwhathonseinncyhéodeukseénof
devel opnent. In particular, nunmerous nedi caments

exhi bi €Lany oiSoeal abi- oavai FABIFi Ppars- hEBadse £ABY are

substrates of such as
25(4), 2@5?869; Uekama, K. et al., J. Pharm. Sci.,

1983, 72(11), 1338-1341),

e to reduce the size of the particles (Farinha, A.
et al., Drug Dev. Ind. Pharm., 2000, 26(5), 567-570),

e to redirect the medicaments towards specific sites
of the gastrointestinal tract in order to evade
proteolysis of these medicaments by intestinal
esterases (Bai, JP et al., Crit. Rev. Ther. Drug
Carrier Syst., 1995, 12 (4), 339-371).

There still exists a need to find novel
methods which make it possible to improve the
intestinal absorption of medicaments which have
received authorization for placing on the market or
which are in the course of development. In particular,
numerous medicaments exhibit a low oral bicavailability
because they are substrates of pumps, such as

glycoprotein. For this class of compounds, efflux by

these pumps constitutes the limiting stage of the
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-1 _yccprctein. For :his class of conmpounds, efflux by
these punps constitutes the limting stage of the 4
absorption process. According to the present

i nvention, the absorption of such active principles
Is significantly inproved by the application of
certain self-emulsifying 5 m %t ures of exci pi ents
which nake it possible to inhibit efflux punps. Novel

pharmaceuti cal conpositions conprising these m xtures
h ?ﬁﬁﬁf?ﬁnﬁ?ﬂ&éﬁ%&cording to the invention

Sel f-emul sifying systens qr SEEDS (Self 10 Emul si.fying
Drug Del i verpyyccé%éfl etaor etq%eolptfﬁs of G O d- Y

S 't j G or i.] -1n-.\wat.er, emul si ons .ofr.
A T S AR WS T sy

Ofinﬁﬂ}cﬁ%ﬁgwntgregifa li\éyéq:rlorn )E)tfu:]cgs}.‘t%;lr‘l isﬂiil%—eml.%lsifo;fing

exclpients “a urfactants a appropri at’e,

151608 d A fanGS: i1 i QR ALRG J ﬁw@ﬁ% ical

conposi tions including active principl are

substinatee e fHl u&f fhump sPUMRS e 1€ PHaShRRE ®ical compositions
m croenmul sions are forned when these m xtures are in

C @dirgati sWirlgh t&le s cA G &BUS e Biak® bekkeh eapllRRd according
gastrointestinal fluid, and 20 the efflux punps are

i mi hited nvehitdlbnmakes it possible to increase the

i ntestinal absorption of the active principle. The

i nvention t Bed fappliles fyeny pastecs| arl $EEDS dStilfe
principles known for being weakly absorbed after ora
admuapdfvanboRraad DRl vBeyn§ystbst r ares seflutibnef dfurils

pgggsbf surfactants which form oil-in-water emulsions or
microemulsions when they are brought into the presence
of an aqueous medium. When mixtures of lipid excipients
and of surfactants and, if appropriate, of
cosurfactants are incorporated in pharmaceutical
compositions including active principles which are
substrates of efflux pumps, emulsions or microemulsions
are formed when these mixtures are in contact with an
aqueous medium, such as the gastrointestinal fluid, and
the efflux pumps are inhibited, which makes it possible
to increase the intestinal absorption of the active
principle. The invention thus applies very particularly
to active principles known for being weakly absorbed
after oral administration and for being substrates of
efflux pumps.

This inhibition additionally results, if

appropriate, in an increase in the solubility and/or
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this inhibition additionally results, if appropriate,
in an increase in the solubility and/or 5 the
protection of the active principle against cheni ca
deconposition in the digestive tract. The result of
the use according to the invention is a significant
increase in intestinal 5 ab§orption. The type of
formul ati on according to the invention al so nakes it
possi bl e to reduce the doses in nparison with a
cBH@eRFPBﬁSF +Por Rfil aPFoRCF Yt Hélgﬁi’@let paprapeht Feemical

effecti veness, i ndeed gven the same plasna 10

eQﬁSgﬂpgslﬁhPEhlPeaﬁﬁe 1YREC LSt 55 %Fhe fornul ati ons
di to, th t | d
?ﬁg\% ' ond Bat kerbltEcot vErS i agi APelal Rakhly i
t h | h
S DMOCE AT S

egﬁggpp@lg*oduct 15 conventional |y adm ni stered
parenterally (such as, for exanple, intravenously or

subcutaneOU§ﬁa)t§§b @préﬁﬁﬁl§®1@ﬁ dbE BB aLL | VBe
principle orally.” The nmechani smfor pronoting

| DE@Sh ¢ N\eth aps"ésrﬁzglﬁ’eéslﬁjtiﬁ‘oés@llﬁklmefé&ﬁé@nt@é 8B8es in
exci pient 20 according to the invention with the

bt rhegt Labn systliem cathett 1wl t foBfiul M @asLotr Nnth8esame
solubility. This is because, as is shown in the
exdiperapent &t pafdcasventese | etedR| @ven ttiee admos pp i1 @sma
Is less than 1% when the active principle is prepared

i exBMBO e f orh exanpdyced Wvercadiorughihdi Soymultdieions
solvent in which the solubility

according to the invention can also be applied to known
and marketed active principles, thus making it possible
to create novel pharmaceutical forms which exhibit an
increased intestinal absorption or to extend a product
conventionally administered parenterally {(such as, for
example, intravenously or subcutaneously) to
application of the same active principle orally.

The mechanism for promoting intestinal
passage 1s due to an interaction of the excipient
according to the invention with the biological system
rather than to an increase in the solubility. This is
because, as is shown in the experimental part as
described below, the absorption is less than 1% when
the active principle is prepared in DMSO, for example,
even though this is the solvent in which the solubility

is the highest.

This mechanism has never been demonstrated
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is the highest. This nechani sm has never been
denonstrated 6 wth regard to the prior art. It nakes
it possible to envisage nunerous possibilities for
improving the oral bioavailability of active
principles, the absorption of . whichis [imted by the
action of an efflux punp, such 5 as P- gl ycopr ot ei n.
The nmechanism for pronoting intestinal absorption of

the systens according to the invention thus invglves
L G T RSB Cof: o B TR TSunp,t st possible to

i R R R R R R

valiues .qh 1e iitgzt g&t LAgS ,an ‘f'g’r% Lifs R.q &%J%t ia%%g%%%i@ of

deconmposition™b I'gestive enzynes. ec

‘ > s . ' L .
gefégﬁ.ﬁgvﬁgﬁh%%dl% Q%% %%?1P%p%§|%%f%%%1%& g#wg? §HCh

-emul’si fyrng mxtures of I'ipi exci pi

sg@f@ggqgggpgg@eigﬁ appropriate, of cosurfactants, as
define elow, in order to inhibit efflux punps. As

i's shown inthheexpahiERNFalk Leshdt 19esahiked ikalhow,
the lipid excipients, in conmbination 20 with one or

mabeogptfiaat afit $handyskbmappeepidahng, toneher iflieat ion
cosurfactants in a self-enulsifying mxture, act on
onauer ipobevkactaes inespansbhl eff anh efi€lpaopump, such as
absorption. The pharmaceutical conpositions according

t 8-g2gcbheopeésent fi appmbponatkus iaké spt ipysdivielse ano
Iggggggse in the solubility at the physiological pH
values of the intestines and/or the protection against
decomposition by digestive enzymes.

A subject-matter of the invention is thus the
application of self-emulsifying mixtures of lipid
excipients, of surfactants and, if appropriate, of
cosurfactants, as defined below, in order to inhibit
efflux pumps.

As is shown in the experimental tests
described below, the lipid excipients, in combination
with one or more surfactants and, if appropriate, one
or more cosurfactants in a self-emulsifying mixture,
act on one or more factors responsible for the poor
absorption.

The pharmaceutical compositions according to
the present invention thus make it possible to improve

the intestinal absorption of active principles

exhibiting one or more of the following parameters
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ti intestinal absorption of active principles
exhibiting one or nore of the follow ng paraneters 7

conflicting with optimum absorption: |ow
transepithelial passage in the direction of the
absorption under the action of efflux punps, |ow

solubility at the physiologid@l pH values in 5 the

i ntestines, chemcal or enzymatic deconposition in

t he i,gestive tract. A subject-matter of the
iﬁ@@ﬁﬂﬁ%ﬁlpg HED SRS P57 5P AT - enul si fyi ng

m xtures of 1ipid. 10.excipients, of rfactants and,
Tt Spprgr APEE g CRBLIr T aBREREDS 17t by B ardtioon U
Phacmageutieal, camoshiions. hich can he admpcst ered
orally irncFudi'ng ~oné or nore active principles Having
the,ef fegt Sah,pEARRRCLRY (HRE HHIESH RAl- DS R AR <Of;
t he sa?% altive 15 g?ﬁnci%legkg% a nggﬁgnighlin&gﬁfiﬁg
I RREDELeRQfegef f I UX punps. Anot her subject-matter of
the invention is the application of self-enulsifying

M Xbur epeRfi chilPod e®%¢mBiebt Secompsritachanhs caed, if
appropriate, of 20 cosurfactants in the preparation of

phageeeeuti eabctconpositions including one or nore
active principles having the effect of enhancing the

i ntestinal Aabsbriptiomaotetrhefsahd acvewneipni nsi phes

by a nechanism involving the inhibition of efflux
peppsiandian 25 srdéfeaselisnfyhegsoiybiicesyobf lipad
active principle.

excipients, of surfactants and, if appropriate, of
cosurfactants in the preparation of pharmaceutical
compositions which can be administered orally including
one or more active principles having the effect of
enhancing the intestinal absorption of the said active
principles by a mechanism involving inhibition of
efflux pumps.

Another subject-matter of the invention is
the application of self-emulsifying mixtures of lipid
excipients, of surfactants and, if appropriate, of
cosurfactants in the preparation of pharmaceutical
compositions including one or more active principles
having the effect of enhancing the intestinal
absorption of the said active principles by a mechanism
involving the inhibition of efflux pumps and an
increase in the solubility of the active principle.

Another subject-matter of the invention 1s

the application of self-emulsifying mixtures of lipid
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Anot her subject-matter of the invention is the
application of self-enmulsifying mxtures of lipid 8
exci pients, of surfactants and, if appropriate, of
cosurfactants in the preparation of pharnaceutica
conpositions including one or_nore active principles
havi ng the effect of enhanciﬂﬁ i ntestinal absorption
of 5 the said active principles by a mechani sm

i nvol vin i nhibitiaon of effl ux pu@p and an increase

i FRHS T i 19T o ANETES 1A prli nsé‘ipéﬂréﬂrﬁattt‘?e ©

gastrointestinal, tract. A further suybject-matter. of
tr?ébsu“rﬁfq@rﬁ B S ¢ F6S Ré RFgACaT & armaceutical

S%lof ] %%ltsilofr%{sl ng]chu)éitilﬁr e%n%f olrI Pnloq:]@ %)é: IiQ/Ieeg)trSihcolf les
strfactant's and, "G 1 “appr 6pri ate, ot “Cosurf &ctants in

.t'?l%]vﬁrn%pacﬁm%t lHE R RIRALIBGRL G lint%%@%%i%t ia?)%%rtprt]: jon of

i ncl udi'ng one or more active principles having

eh%%ckaQE %%E@%%iB&ihﬁﬁph%%e%&i%ahe%ﬁaﬁﬁ%Q{BhR%ﬁvﬁkg

the said active principles by a nmechanism invol ving

t heniphichich oF effreliikl purpdmasd an iRekease innthle
solubility of the active principle and an increase in

t Beaptiahichi b @het hetagki yeipeipteplie ikhe the
gastrointestinal tract. 20 A nore particul ar
subseebimmkkeninall thacti.nvention is the use of

sel f-emul sifying m xtures of |ipid excipients, of

sur f act ant sRamdrthkrappbdpriaterteof ofosbef aavantsonnis
order to inhibit the activity of P-glycoprotein. 25

Atber dbpgirettihe PhAveriifoamuihefsenpveixtures of lipid
excipients, of surfactants and, if appropriate, of
cosurfactants in the preparation of pharmaceutical
compositions including one or more active principles
having the effect of enhancing the intestinal
absorption of the said active principles by a mechanism
involving the inhibition of efflux pumps, an increase
in the solubility of the active principle and an
increase in the stability of the active principle in
the gastrointestinal tract.

A more particular subject-matter of the
invention is the use of self-emulsifying mixtures of
lipid excipients, of surfactants and, if appropriate,
of cosurfactants in corder to inhibit the activity of
P-glycoprotein.

According to the invention, the active
principle is in particular picked up by P-glycoprotein

and may be soluble or insoluble in the gastrointestinal



principle is in particular picked up by P-glycoprotein
and may be soluble or insoluble in the
gastrointestinal 9 tract or stable or unstable in the
gastrointestinal tract. The choice of the excipients
and the choice of the ratios of these various
excipients to one 5 another i€ nmade in the foll ow ng
way: one of these excipients is an excipient of lipid
nat ure and another excipient |s a surfactant and/or

andtHer ¥xcFipieht 9% Wt rHetidit  JafieraHysstinal

anﬁlents are added in aratio such that, for a
[ Factive principle, the mxture 10 forms a

self emul si f.yin stem, The m xt.ur.es accor di tqQ the
i nventi on ca%h11 gcc}qoc}/ GO | co‘?ﬁacrllps]ee%sstﬁ ﬁiq"ge ce

ag, @l gf%o{%g%soro 69\@ o, & L KIdMe: Sq%,'gle% | sid y'”

syste ood t o nean a or SO

sQlHsdrY fior nedidf; n acﬂécrfoqbe | In%)o ty a%% Opyd %ae'éev

of a surfactant which an ic (that

S il npedriephid 'e@«(c1ﬂl|69ﬁp|&|f| '19L(pti@ %@Q%r[eHla%]d 'a‘?lother
greater than 10) or hydrophil HLB <10) and/or of

hyeddicapiiidntC i®y a2@ud MReRRint %ln@(?%li’f Lackart whig! fe?lrt:”'is a
oil-in-water enulsions, with particle sizes o
bekmm&ﬁa&thnandanﬁOtMes@re&bhph@nﬁ@ta&eﬁbaﬁéaﬁﬁthpﬁétio
with particle sizes of less than 100 nm when it is

adtel thain fagueows vemdiaanivei pedhkypde,othei dexthee
physi ol ogi cal 25 nedi um
forms a self-emulsifying system.

The mixtures according to the invention can
additionally comprise a solvent, such as glycofurol or
DMSO.

The term "“self-emulsifying system” is
understood to mean a liquid or solid solution formed of
a lipid excipient and optionally of a surfactant which
can be lipophilic (that is to say, the hydrophilic/
lipophilic balance [HLB] is greater than 10) or
hydrophilic (HLB <10) and/or of a hydrophilic or
lipophilic cosurfactant which forms oil-in-water
emulsions, with particle sizes of between 0.1 and
10 uM, or oil-in-water microemulsions, with particle
sizes of less than 100 nm, when it is added to an
aqueous medium, directly or outside the physiological
medium.

A subject-matter of the invention is

preferably self-emulsifying mixtures of lipid
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A subject-matter of the invention is preferably
self-emul sifying mxtures of |ipid 10 excipients, of
surfactants and, if appropriate, of cosurfactants
which formoil-in-water m croenul sions when they are
added to an aqueous nedi um q_rectly or outside the
physi ol ogi cal nmedi um Accordi g to the 5 invention,
the particles formed after interaction with an

TR PO RN B S
d t L. I
SFS%%#F% cfshartiall Tl b e Sce?fm&;%oea#uaﬁwns
3{}% rEezler a%éd’qtd ijﬁcol%%%%ol?r%l an{js’dlrectl

co I pl and sterols. ing to the ‘i nventi o

' faﬁldgnm@ t@@r@s%l%g%%lc sl ¢ Bl yerd des, the

fatty acids and” their derivatives, phospholi pids,

glivsRidmids aMé Hhatienelss folhird efffer] ity IRt h
i s understood to nean, according to the invention,

pref efqalotis ndieer )élnd| iimolp@atrd cusdeh tas Maicsidt@l fluid
35-1(r) (Gattefosse), 20 glyceryl nono-ol eate, such
ahaReceols(ize (fGAtctsef adm@) 100ghyceryl |aurate, such as
Gelucire 44/14(r) (macrogol -32) (Gattefosse),
gl yceryl ol G&eetleirmol*éaped suchpasn@’i csnefudprst2sd to
pol ygl yceryl -3 ol eate, such as Plurol d eique(r)
mean in particular glycerides (mono-, di- and
triglycerides), fatty acids and their derivatives,
phospholipids, glycolipids and sterols.

According to the invention, the lipid
excipients are chosen from glycerides, fatty acids and
their derivatives, phospholipids, glycolipids and
sterols.

The term “lipid excipient” is understood to
mean, according to the invention, preferably:

e glyceryl linoleate, such as Maisine 35-1®
(Gattefossé),

e glyceryl mono-oleate, such as Peceol®
(Gattefossé),

e glyceryl laurate, such as Gelucire 44/14°®
(macrogol-32) (Gattefossé),

e glyceryl oleate/linocleate, such as 0Olicine®,

e polyglyceryl-3 oleate, such as Plurol Oleique®

(Gattefossé),

¢ soybean oil,
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(Gattefosse), soybean oil, 11

capric/caprylic/lauric acid triglycerides, such as

Capt ex 3500 (Abitec Corporation), and ol ei ¢ aci d.

The term "surfactant” is understood to nean 5 an

anphi philic substance conpri%jng two parts, one with

a hydrophobic nature and the dther with a hydr ophi lic

nature, and which acts at a water/lipid or water/air
even at

interface b ower i.n he interfacial, t.ension
: ow °conccaé)rﬁlklcezﬁaé?{ylf%ehsad’rrfl§ctaéﬁdcitsrﬁqlé’d’pﬁﬁli@ecs i fSYHe as

10 HLB A tefe t han 10 d_hydraphilic if it is

| ess t%a}nt%rfggﬁco RICR gnotrl?gfiaﬁ:\}é)ﬁ})i’orﬁn he

sur factant; i n particular be hydrophilic.
Accordingjfb%?ﬁéiinvention, the surfactant 15 can be

I'i pophilic, qife %@Hﬁpp%bﬁ&%ctégﬁorqkn%ﬂd%ﬁggﬁﬂ%/to mean

invention, the term "surfactant” is pre

URGE LHPAGHIQ 1D s tARYEe Eyh %a@&mbakakgg%&%kﬁ’dﬂé”%ith

as Labrasol (nacrogol-8) (Gattefosse),
pal hoxiyephybere nghyger ahdt Ehel ekthekedtien SUGRY@Sphilic

Crenophor EL(r) (BASF), and sorbitan pol yoxyethyl ene
ohesuee,sacd ahiTtheant80at Zheaternlipedubhachart'/ais
understood to nean a substance which has the
pioperfiaes by dowarfiagt ahe 2btamflavhiathtaaksonn then at
presence of a first surfactant by
low concentration. The surfactant is lipophilic if the
HLB is greater than 10 and hydrophilic if it is less
than 10.
According to the invention, the surfactant
can in particular be hydrophilic.
According to the invention, the surfactant
can be lipophilic, if appropriate.
According to the invention, the term
“surfactant” is preferably understocod to mean:
* glyceryl caprylate/caprate, such as Labrasol®
(macrogol-8) (Gattefossé),
¢ polyoxyethylene-glycerol triricinoleate, such as
Cremophor EL® (BASF), and
e sorbitan polyoxyethylene oleate, such as Tween 80.
The term “cosurfactant” is understood to mean
a substance which has the properties of a surfactant
and which acts in the presence of a first surfactant by

stabilizing the mixture formed by the surfactant and a

lipid excipient.



stabilizing the m xture forned by the surfactant and a
lipid excipient. 12 The term"cosurfactant” is
preferably understood to nean, according to the

i nvention: di et hyl ene gl ycol nonoethyl ether, such
as Transcutol (r) (CGattefosse), 5 propylene glyco
monocapryl ate, such as Capry® 90(r) (Gattefosse),
absol ute et hanol, and macrogol 800 to 300. According
to the invention, the self- 10 emulsifying m xtures of
I|p|d exci pikR £t " QEFHAHR "ar® HYE EHOf i at e,

cgsurfac ants are as fol]l ows: System 1. Gelucire

Gk “taaé}rq@a%r/dmﬂé:r%&heoﬂ(q‘ﬁ%m in
h 5 ar bet ween 50
SLSpEBdlf%%gér%ogﬁlv% r%f%et%é{ o 180 Skt em
2: GEI %@(r Plur elque(r)/
Transcut&n% yco G 6° Broportions whi ch can
r e 1 d._25, 15 20
eSREct i lwggn%%m 153 18,200 2

44/ 14/ leabras ql@@ﬁ/QM@QteEgSS@roportlons whi ch can
respectlvely vary between 65 ‘and 85, 15 and 25, and 5

and 15 gbs8Y $it@Med ha@Rl1UC g _ _
44/14(r)/LabrasoI(r)/glycofurol in 25 proportions

whi éh eakrogspesgbioveby 3var.y betmeen 65

Ut

According to the invention, the self-

10 emulsifying mixtures of lipid excipients, of
surfactants and, if appropriate, of cosurfactants are
as follows:

e System 1: Gelucire 44/14®/Plurol Oleique®/
Transcutol®/DMSO, in proportions which can

15 respectively vary between 50 and 60, 15 and 20, 15

and 20, and 5 and 15,

e System 2: Gelucire 44/14®/Plurol Oleique®/
Transcutol®/glycofurol, in proportions which can
respectively vary between 50 and 65, 15 and 25, 15

20 and 25, and 5 and 15,

e System 3: Gelucire 44/14®/Labrasol®/DMSO, in
proportions which can respectively vary between 65
and 85, 15 and 25, and 5 and 15,

e System 4: Gelucire 44/14®/Labrasol®/glycofurol, in

25 proportions which can respectively vary between 65

and 85, 15 and 25, and 5 and 15,

¢ GSystem 5: Maisine 35-1®/Cremophor EL®/DMSO, in
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and 85, 15 and 25, and 5 and 15, System 5: Mai sine
35-1(r)/ Crenophor EL(r)/DVMSO, in 13 proportions which
can respectively vary between 40 and 50, 40 and 50,
and 5 and 15, System 6: Maisine 35-1(r)/Crenpphor
EL(r)/glycofurol, in proportlons whi ch can
respectively vary between 5 140 and 50, 40 and 50, and
5 and 15, Systen17 Soybean oi | / Mai si ne

35-1(r§/ phor bé / ethanol /DVMSO, in proportions
whi ch ﬁ’POF %88&. F €8Pyr8§£>ﬁ€éﬁ"2%¥aﬂar35 epgegRd4 0
25, 25 n d_5 and_15, 10 System 8:
Soybeai™ §|EPNB glﬁg (P?acﬁeﬁﬁ hor EL(r)/

ethanog§ @OEurﬁgéekﬁeDEQP bt ogég gﬁépgéyc§gurol

respect var ween

and 351n5p9 0}5% ?? wﬁléﬂdcé§E£?§¥§£§g%gly beagetween

| / Mai si he Cr enophor

Transcy@o&ﬁa)é@mmﬁb aﬁdps@gogﬁa0§saﬁﬁl £ can
respectively vary between 25 and 35, 25 and 35, 25

ande 35gy §t@ﬂd715So?BQa§ @ﬁﬁ/ﬂ§1s1§y3£@ﬂldPCréﬁaBﬁéP EL®/
oi | / Mai sine 35-1(r Cr enophor

EL(r) /dtlassUtmmgo) / gh ysodpo ot i ohd 291 & 0poRt i ons
whi ch can respectively vary between 25 and 35, 25 and

35, 25respkd5ivéalandaip, batkdn arsl add. 3 Accos dim@ £9, 25
the invention, the self- enulsifying mxtures of lipid
exci piam 35 of5 25ndurf acarahts antl, 19 f appropri ate, of
cosurfactants are
System 8: Soybean oil/Maisine 35-1®/Cremophor EL®/
ethanol/glycofurol, in proportions which can
respectively vary between 25 and 35, 25 and 35, 25
and 35, 5 and 15, and 5 and 15,

* System 9: Soybean oil/Maisine 35-1%/Cremophor EL®/
Transcutol®/DMSO, in proportions which can
respectively vary between 25 and 35, 25 and 35, 25
and 35, 5 and 15, and 5 and 15,

* System 10: Soybean oil/Maisine 35-19/

Cremophor EL®/Transcutol®/glycofurol, in
proportions which can respectively vary between 25
and 35, 25 and 35, 25 and 35, 5 and 15, and 5 and
15.

According to the invention, the self-
emulsifying mixtures of lipid excipients, of
surfactants and, if appropriate, of cosurfactants are
i particular as follows:

e System 1: Gelucire 44/14%®/Labrasol®/DMSO in
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in particular as "follows: System1l: Gelucire

44/ 14(r)/ Labrasol (r)/DMSO in 14 proportions 72/18/10;
System 2: Gelucire 44/ 14(r)/Labrasol (r)/glycofurol in
proportions 72/18/10; System3: Celucire

44/ 14(r)/ Labrasol (r)/DVMSO in_ 5 proportions 80/ 20/ 10;
System 4: Gelucire 44/14(r)/E&brasol (r)/ gl ycofurol in
proportions 80/20/10 System 5: Celucire

44/ 148/ Pl urol QA e| %@b/ Transcutol (r)/DVBO in
propor§F6ﬁ§”§&fK§71 050 System 6: Gelucire

44/14( [ Pl ur ue r)/Tra scu ol (r)./ cofurol .in
pr opor 5&? %4/%%ﬁf% % a%ﬁigggéYCOfurOl in
35-1(r / nmphor Oin proportions 45/45/10;
15 Sy ? ﬁPg Ve gbé §§Q¥Br)/C1enDphor

EL(L)/%§¥%% BQlGeﬁﬂggg%??%t q@Z%é% é%éé%/f?é%?ten}g:

Soybean~oi | i sine

et hano PriiBnRr 8BokbI/91S 27/27/28 8/7.2/10; System
10: So%éggﬁ oﬁ Pwhls?ne/SS 1(r)/ 20 Crenophor

EL(:)/ggl@,@em Lgl yeolr ek h@/@&@?@gbw@%l@/ cofurol in
27127/ 28.8/7.2/10; System 11: Soybean oi ?Ng|5|ne

35- 1(r pkopSreavpBosoFEROrYbTranscut ol (r)/ DVBO in

proportions 27/27/28.8/7.2/10; 25 System 12: Soybean

oi | # VaBgnem35- 1Ge)llicire 44/14®/Plurol Oleique®/
Transcutol®/DMSO in proportions 54/18/18/10;

e System 6: Gelucire 44/14®/Plurol
Oleique®/Transcutol®/glycofurol in proportions
54/18/18/10;

e System 7: Maisine 35-1®/Cremophor EL®/DMSO in
proportions 45/45/10;

e System 8: Maisine 35-1®/Cremophor EL®/glycofurol
in proportions 45/45/10;

e System 9: Soybean oil/Maisine 35-1%/Cremophor EL®/
ethanol/DMSO in proportions 27/27/28.8/7.2/10;

e System 10: Soybean oil/Maisine 35-19/

Cremophor EL®/ethanol/glycofurol in proportions
27/27/28.8/7.2/10;

e System 11: Soybean oil/Maisine 35-1¢/

Cremophor EL®/Transcutol®/DMSO in proportions
27/27/28.8/7.2/10;

e System 12: Soybean oil/Maisine 35-19/

Cremophor EL®/Transcutol®/glycofurol:

27/27/28.8/7.2/10;
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Crenophor EL(r)/Transcutol /glycofurol:

27/ 27/ 28.8/7.2/10; 15 System 13: Soybean oil/ Mi si ne
35-1(r)/ Crenophor EL(r)/Transcutol (r)/DVSO in
proportions 27.2/27.2/29.2/7.4/9; System 14: Soybean
oi | /Maisine 35-1(r)/ 5 Crermphor

EL(r)/ Transcutol (r)/glycofurd® in proportions
27.2127.2/29.2/7.4/9; System 15: Celucire

44/ 14( [Plurol_ deique(r)/, Transcutol(r) | ycof ur ol
in pro St’ﬁed‘hsl355lsﬁyqbf§‘/ o1l /Mpdisdmel 35 ée('{/gcire

44/ 14(r) /[ Pl r ol &l que(r)/ 10 T anscut ol /DMBO i n
pr oportcl) ]:1%11 (ns)ﬁr‘rﬁtoﬁer/ ptoeﬁ't](ﬁnst he
i nventi Lon j/sg %ﬁﬁl’gng I conposi t| ons including an

active pr|n0|p & and ‘a? If errulsn‘yl ng m xture of

l'i pi,d s(e})gﬁtre?{aelqts,s&fbe%%r P@ﬁt %1‘%‘%0" Rs ®€7ppr opri ate,

of 15 ¢ ctants d “above experi ment al

exanpl%%e FroT EY /%Q%n@%h%ﬁl@gg'y%@fh%o§035¥e

principles such as nolecule ester 0

(25)-2 Rynsl 2subphenyl/asi Bo)- %é o4- (2-
(1, 4,5, 6-tetrahydropyrim din-2-ylcar am)yl)ethyl) 20

benzoylsgEiea) propiceniueizel dy /@@@thllg%heoﬁel ue®/
((2S) - 2-benzyl oxycar bonyl am no- 3- (4- ( 3- g

tetr ahmana¢Utmﬂ@|/glgzc¢EQabmal_myb}pp@@yh@w) Bbenygl/)m /9 ;

propi onic acid), which are conpounds of the famly of

t hee" Osyetelmass : AdhésicomeRee ¢pt 8y PAntragooi et gie23

(OA RA) developed in the context of the prevention
Transcutol®/DMSO in proportions 55/18/18/9.

Another subject-matter of the invention is
pharmaceutical compositions including an active
principle and a self-emulsifying mixture of lipid
excipients, of surfactants and, if appropriate, of
cosurfactants as defined above.

As experimental examples, these systems were
applied to active principles such as molecule A (ethyl
ester of (2S)-2-(naphthyl-1-sulphonylamino)-3-(4-(2-
(1,4,5,6-tetrahydropyrimidin-2-ylcarbamoyl)ethyl) -
benzoylamino) propionic acid) or molecule B
((28) -2-benzyloxycarbonylamino-3-(4-(3-(1,4,5,6-
tetrahydropyrimidin-2-ylcarbamoyl) propyloxy) phenyl) -
propionic acid), which are compounds of the family of
the “Osteoclast Adhesion Receptor Antagonists”
(O.A.R.A.) developed in the context of the prevention

and treatment of osteoporosis, such as are defined in

International Patent Applications WO 99/32457 and
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and treatnment of osteoporosis, such as are defined in
I nternational Patent Applications WO 99/32457 and 16
WD 99/ 37621. The pharmaceutical conpositions according
to the invention are prepared in the foll ow ng way:

1. Addition of the Iipid excipient, of the 5
surfactant and, if appropriate, of the cosurfactant.
Sem solid excipients require preheating. 2. MXxing by
Stifr il a honbgeneous solution is obtained. 10
3_Ou9$2%ﬁ§?ﬁdn of the active principle in a solvent,
such as DVBQ, g rol .or._gne of t.he excipient
partiCipatiﬁ%eih%%%%%cgg&ﬁggltFSWPSFlFﬁSHSW&F§P Hgngn&o
Ot hENG 1 Iheh BBMUL ST 008 pa B gt AHLL e way
disso!ag aét?Ve pr?ncPS%gd %8 ?ﬂg E?Eg§§35 fWFVbid
exci pi ent, ;suniRGtakh 8Fdchel 13PREORK AL S ent, of the
cosurfactant. 5. |If appropriate, heating or ultrasound

20 treatment UuBlirfa2tReRDGRAE0YS BB AS, of the
obt ai ned. The pharnmaceuti cal conpositions according to

the invention @@@ub@a@t@ﬁhde@ehﬁsb&ﬁaoéicﬁﬁﬁ@&ts require

according to circunstances: 25 as a hard gelatin
capsul e fill edpwehkathagsem -

2. Mixing by stirring until a homogeneous
solution is obtained.

3. Dissolution of the active principle in a
solvent, such as DMSO, glycofurol or one
of the excipients participating in the
composition of the emulsions and of the

microemulsions.

4. Addition of the dissolved active principle

to the mixture of lipid excipient,
surfactant and, if appropriate,
cosurfactant.

5. If appropriate, heating or ultrasound
treatment until a homogeneocus solution is
obtained.

The pharmaceutical compositions according to
the invention can be provided in various forms,
according to circumstances:

®* as a hard gelatin capsule filled with the semi-
pasty, pasty or ligquid mixture of excipients

¢ as a soft capsule filled with the semi-pasty,
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pasty, pasty or liquid mxture of excipients as a

soft capsule filled with the sem -pasty, 17 pasty or
liquid m xture of excipients as a sealed vial filled

with the liquid mxture of excipients as a container
of syrup bottle type filled with 5 the liquid m xture
of excipients. In addition td*heir activity allow ng

the intestinal absorption to be enhanced, other
advantages may be enphasi zed. The fornul ati ons

accor digrsttw ahel i tioH U Mlakex¢ipiRiisible to
enhance the apparent perneability of an active

prirfci e 3 PRy dl ddthlad (rridm e Lpichimisrdere of

towards the basol ateral side) and to reduce that in

t he BA T EUG Y (fromthe basolateral side towards

t he apl cal side) .in co arison w t a contr
f or nul &9 ¢h (F#t Apsp}’etrﬁléi Xt errFé’Reorf?hﬁ]aei‘? S
accord| ta t he |nvetnt| on . al SO maket it possible to

enhance e ﬂwutrace:ﬁ}? ular OfaéacxuC At1oh of an active

principle i pgjr%?re S%QP tggot %Q{le\& f%[l{('ﬂgvﬁtﬂgonche

(Figure 4, |naIy, t he
pQ§§t'é§t%rIacl Satb'%k?ﬂrl t4%n Q)%t I AL Rltghd N atch%ntages
intestinal fluid (for exanple duodenal 1 uid)

PrRteHd %ﬁﬂ&%ﬁ@d.ve principle fromenzymatic

hydrol ysis (Figure 5,  Appendix 1). 25 Furthernore,

SONe exci pi gMeS faFe@NAitidns0 sldi@rding to the invention
make it possible to enhance the apparent permeability
of an active principle in the AB direction (from the
apical side towards the basolateral side) and to reduce
that in the BA direction (from the basolateral side
towards the apical side) in comparison with a control
formulation (Figure 1, Appendix 1).

The formulations according to the invention
also make it possible to enhance the intracellular
accumulation of an active principle in comparison with
a control formulation (Figure 4, Appendix 1).

Finally, they make it possible to stabilize
an active principle in the intestinal fluid (for
example duodenal fluid) by protecting the active
principle from enzymatic hydrolysis (Figure 5,

Appendix 1).

Furthermore, some excipients according to the

invention can be used by injection to inhibit the

P-glycoprotein of cancer cells in order to enhance the
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i nvention can be used by injection to inhibit the

P-gl ycoprotein of cancer cells in order to enhance the
18 <cellular penetration of active principle into the
tunour cells. A subject-matter of the invention is
thus the application of selfenulsifying m xtures of
lipid 5 excipients, of surfactants and, if

appropriate, of cosurfactants in the preparation of

aQelLiutel%trag) %lgtsr% Yt om, ph G S &S di oss'nbc oF tth

i nhi coproteln 0 ncer an
enh Qggjjﬁellular penetrat|on of actlve principle
intot 10 tunour cells. The foll ow ng exanpl es

'||UStrate %h%uﬂ'@ﬂﬁnﬂdﬁiéyigyngheITHM@H%’oﬂiﬂgtﬂHH% the
it. Appllcatlonal exanpl es 1) Procedure 1)

Malopaulces iamd ool fatdnins ﬁwqﬂge 6hidt ulytélse @ﬂ q itid

Forrmul ations for in vitro study The nol ecule A
f exdilpdlend’s bEr sRE act avitlsr andst udy aippridpe iadle ,aks

shown in Table 1. Table 1. Ml ecule A formnul ations
usedurt aclhiant20 inn tyiet peephudy i onngifedneihs easadlat 1%
in the Formul ati on Conposition donor sol utions
( HBSSLHBEREShbohf erkeBVBEO DVBO1ibGey tof undl bEty chfur o
P-glycoprotein of cancer cells and to enhance the
cellular penetration of active principle into the
tumour cells.
The following examples illustrate the

invention without, however, limiting it.

Applicational examples

1) Procedure

1.1) Molecules and formulations studied

a) Molecule A: Formulations for in vitro study

The molecule A formulations for the in vitro
study in the rat are shown in Table 1.

Table 1: Molecule A formulations used in the

in vitro study.

Ingredients used at 1% in the Formulation Composition
donor solutions

(HBSS/HEPES buffer)

DMSO DMSO
Glycofurol Glycofurol
Macrogol 300 Macrogol 300

Gelucire 44/14%®/Labrasol®/DMSO A 72/18/10




Macr ogol 300 Macrogol

300 L Gelucire

44/ 14/ Labrasol (r)/ DMSO A 72/ 18/ 10 19 GCelucire

44/ 14(r)/ B 54/18/18/ 10 Pluro

A eique(r)/Transcutol (r)/DVSO Cel ucire 44/ 14(r)/ Pl urol

A eique(r)/ C 54/18/18/10 Tr
Mai si ne 35-1(r)/ D 45/45/10

C‘n\lhoan oi--Maisi-ne—35- 1/r\/ E

e

27/ 27/ 28 8/

nophor
Cr

gscut ol (r)/d ycofurol
EL(r)/ DVBO

mophor
nMphol

p

35-1(r)/ F 27/27/28.8/ Cr enophof
E:LEclru)r/oir ahstmas)/ (fram%el?/ DS

ErL(r)/ Et haaphd{RMSQ, /1 489/ 10 Soybean oi | /E;vau si ne

54/18/18/10

Soybean oi | / Mai si ne

35-1(r)/ G 27/ 2
5 rey ‘§/4c/olf4u

d

8.8 Cr
f‘“b‘j{ %Fé‘g‘gﬁp@gn& For mil

r EL(r)/Transc
ation

Jt ol fq)els/lo

Cremophor EL®/Transcutol®/

Glycofurol

[ n Vi vqr§ﬁwoihggm&@%g A formul ati ons for he in
rvo —study—Tntherat—are—showh—+n—Table—2: Tabre 2
Mol ecul e Avlafmrlmml a$+1d¥xs for thel] S in wvo study4snas/10
the rat. | ati on redients Conposition dyc/W
vcofur%1f<7 er %10/ PEG Mact ogol 300/ Wat er| 30/ 70
f>oy/ y J 451 35t 1(r)/ 27.2/27.
& em)gg %O?%?Mar%ﬁ{sg% Fh ho 217. 80" @ vk Coree o/
el utﬁetymprﬁed Bb@!lﬁtﬁhﬁolmomw 5518/ 18/ 9 7.2/10
Soybean oil/Maisine 35-19/ F 27/27/28.8/
Cremophor EL®/Transcutol®/DMSO 7.2/10
Soybean oil/Maisine 35-19/ G 27/27/28.8/

7.2/10

b) Molecule A: Formulation for the in vivo study

The molecule A formulations for the in vivo

study in the rat are shown in Table 2.

Table 2:

in vivo study in the rat.

Molecule A formulations for the

Formulation Ingredients Composition
Glyc/W Glycofurol/Water 50/50
PEG Macrogol 300/Water 30/70
Soy/Glyc Soybean oil/Maisine 35-19/ 27.2/27.2/
Cremophor EL®/Transcutol®/ 29.2/7.4/9
Glycofurol
Gelu/Glyc Gelucire 44/14%9/ 55/18/18/9
Plurol Oleique®/Transcutol®/
Glycofurol
Gelu/DMSO Gelucire 44/14%/ 55/18/18/9
Plurol Oleique®/Transcutol®/
DMSO
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Plurol O eique(r)/Transcutol (r)/ dycofurol Gelu/ DVSO
Gelucire 44/14',/ 55/18/18/9 Pl urol

A eique(r)/Transcutol (r)/ DVSO 20 c) Caco-2 strains
The Caco-2 strains used in the tests are Caco-2/TC7
clone cells. This line is usg% to optimze the

formul ations and to investigate the nechanismor 5
nmechani sms of absorption in order to identify the
quaqgggLﬂi 'ggfgéthe i ntestinal passage of active
pri‘nci ples. ese cells were cultured and mai nt ai ned
according t thods . n illed_in_the
1o art. 1. o) Berer ratanior MRELarlst friee 2re
MRIREHIE A7 11 R 145 SOl § 5 Fae s80h iy iely e i mi ze
mol ecul’é A is determned in purified water and-in
V&lHeO 4 f 1R S RX BN N9 nid k3 gh@leUediel 3RGNHA% i sm_ or
between 1.2 and 8 (1.5, 2.5, 3.5 7 4.5, 5.8, 6.8, 7.4
an@ cBa@)i-smk0 oFY a®fs IFRIraekl 8@ nAczte radded gear 1y hef
aqueous sol ution. The suspensions are stirred at 25C

f parazet24 Nawis iagd téke ithlhestcanlr bhegade blieaanrmuat
of nolecule Ain the supernatant is determ ned by
HerCnanglielse pH of the supernatant is checked.

These cells were cultured and maintained
according to methods known to a person skilled in the

art.

1.2) Determination of the solubility of molecule A in

various solvents

The solubility of molecule A is determined in
purified water and in various buffers exhibiting pH
values ranging between 1.2 and 8 (1.5, 2.5, 3.5, 4.5,
5.8, 6.8, 7.4 and 8.0).

10 mg of molecule A are added per 1 ml of
aqueous solution.

The suspensions are stirred at 25°C for
24 hours and are then centrifuged. The amount of
molecule A in the supernatant is determined by HPLC and
the pH of the supernatant is checked.

The apparent solubility of molecule A in the
various oils, surfactants, cosurfactants, DMSO and
glycofurol was also determined. Small amounts of
molecule A are added to 1 g of each vehicle.

Dissolution is carried out by ultrasound treatment at
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The apparent solubility of nolecule Ain the various
oils, surfactants, cosurfactants, DMSO and 25

gl ycofurol was al so determ ned. Snmall anounts of

nol ecul e A are added to 1 g of each vehicle.

Di ssolution is carried out b% ul trasound treatnent at
21 25C. Dissolution is confi‘tned visually and by
optical mcroscopy. The solubility is estimated to

i.thi out o, 1.3) Pr. ti. f th )
pdavh aPoo 1t T o, Yon SRRl ot B, by 1Pt
. l.at i d.to.study .th hani. .of
" Hic tled N i A HRA 00 MRS AR abouc

C?qu./TCV cell nodels In order to evaluate the scale
of 10 perneability of nolecule A dissolved in DMSO as

ay .fsqn@x@%x%ft 1€ FORGRNFHARL ibHE $RsHdOnS: e .

p : ,

14GcW-2 mMReaddesd iis 4hd ¥alQ-2M the second, to
which I4Cmannitol wlill be added, is 5 x 10-2M 15
Thes FobiMtQazalonlsl aBedate stREequaet npclahilsadoti n a 25
nv HBSS/ HEPES buffer (pH 7.4) to which 0.4 G /m of
l#p€Ermenbiifldityoo fOmélekRGlenh ofitholregualrd Ao kakel | ed

wi th 14C has been added (corresponding to 7 M, so as
t Gagbt-3VACli gallcowdedsr ati ons of 20 nol ecule A of 7,
10, 50 or 100 MM The final concentration of DVSO in
each donor Izobytesntpsesdlustedthe 6c8Ue of

permeability of molecule A dissolved in DMSO as a
function of the concentration, two solutions are
prepared. The first, to which molecule A labelled with
c will be added, is 4.3 x 10°2M; the second, to which
Mc-mannitol will be added, is 5 x 1072M.

These DMSO solutions are subsequently diluted
in a 25 mM HBSS/HEPES buffer (pH 7.4) to which
0.4 puCi/ml of C-mannitol or 0.4 uCi/ml of molecule A
labelled with '*C has been added (corresponding to
7 uM), so as to obtain final concentrations of
molecule A of 7, 10, 50 or 100 uM.

The final concentration of DMSO in each donor
solution is adjusted to 0.5%.

Donor solutions comprising 0.5% DMSO but
comprising no compound are used as controls.

To analyse the role of P-glycoprotein in the
mechanism of the transport of molecule A, donor

solutions comprising 10 uM of molecule A and 100 uM of



Donor sol utions conprising 0.5% DVSO but conprising

no conmpound are used as controls. 25 To anal yse the

role of P-glycoprotein in the nechanismof the
transport of nolecule A donor solutions conprising

10 M of nol ecule A and 100 pM of 22 verapaml,

ni cardi pi ne or progesterone 8fe prepared and the
perneability of nolecule A is evaluated and conpared
with that obtalned wi t hout the P-glycoprotein

NYGFRRESE L }CEFﬁé§F§eo@rthéog%ﬁﬁﬁﬁﬁ@ﬁLR%&iEW?E%ﬁ?d and
perneablllt% 5 a Caco-2/TC7 cell nopdel To study

t h&SePrERES aé—lgyyeéfra%?%h% %fls n%@ldg%tre%o@%rmrﬁ@red

PSSERS Do S OpiTER Lot oot el S Thvor
103 Th 19.8ub Ly d
Rl PG e Pl 1.
1 G A

% Cﬁg ng7gg§ ggeﬁ1agove?0 ?ﬁuosder ?oeobfaiﬁnt

donor S°|UtT8n§th cHli b ekhe,f bpal panents abian "

mol ecule Ais 15 M an nt ent of

gh¥eebYbe! 368 &% theMVBEeRELBiAi LS QES%@&&@lenA
macrogol 300 in order™ to obtain 0.3 x 10-3M or 10-3M

sol wtimBsectneynaig qsybseqea@nthygliybdk@dolNianorder to
HBSS/ HEPES buffer to which 0.4 Cl/ni of 14C- nanni t ol

or 0.4obtamh of32Q poferure sAX abetn esb Wit 1od4C Tivee are
been added (see above), in order to obtain donor
sol ut i enbséqgnenthychiilheefli hal tbenEBRASYBEPBA bfif fer to
nol ecule Ais
which 0.4 pCi/ml of *C-mannitol or 0.4 uCi/ml of
molecule A labelled with '*C has been added (see
above), in order to obtain donor solutions for
which the final concentration of molecule A is
50 uM and the final content of glycofurol is 1%.

e Molecule A is dissolved in macrogol 300 in order
to obtain 0.3 x 10M or 107°M solutions. They are
subsequently diluted in an HBSS/HEPES buffer to
which 0.4 puCi/ml of *C-mannitol or 0.4 uCi/ml of
molecule A labelled with '*C have been added (see
above), in order to obtain donor solutions for
which the final concentration of molecule A is
50 uM and the final content of macrogol 300 in the
donor solution is 5%.

¢ The control donor solution comprising 0.5% DMSO

and 5 x 10°°M of molecule A is prepared as

indicated above.
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50 M and the final content of macrogol 300 in the
donor solution is 5% 25 The control donor solution
conprising 0.5% DMSO and 5 x 10-5M of nolecule Ais
prepared as indicated above. 23 <c¢c) Effect of the
formul ati ons on the perneabil |ty of nolecule Ain a
Caco-2/ TC7 cel| nodel The various formul ations are
prepared by mxing, under appropriate condltlons t he

t.h factant and t
co u% a(rzllt";E q;q*ezlqo&'f\tg“&s oy N gé’r% &%tﬁ%ﬁﬁf%ldrt}?(?f
Tabl i pients are
3%%1%(6 &Aarlgl sso\écg(} E fco 1han eo(inloa vvater bat h
at 50C. Bef%%% 1dﬂ§ﬂ#dﬁﬂ %Fl%RJe gl é%;g% by

di ssol ved in or gl ycofur inor

e v t rat i.ens
i T e e i G s it et‘l’% TR et

Wiebcld 1 b4 En@ise @ﬂ@e@ukgabﬁgnﬁs3aﬁdeh%Nb%%h¥¥b%Q%ntsso
that the theoretical concentration of nolecule Ais 15

5£x116wdNl b40vEgbirbuef st4Crimpnirbel 3ar ecadead t@athe 1)
5 x 10-3M sol uti ons. Each of the sol utions thus

obhannedmisolsdbseqietthy sdalret edeldn theynbxkuBessolved
under consideration of |ipid excipients and of
sbefarthand 20 andatetr bpphopti abec.of cosurfactants,
giving formulations conprising the solvent (DMSO or

gl ycof ur ol ) Baforgosardiavinatat ecA, amobegul®- AMis
dissolved in DMSO or glycofurol in order to obtain, in
each solvent, solutions with concentrations of

4.3 x 107°M or 5 x 1073M. 40 uCi/ml of molecule A
labelled with **C are added to the 4.3 x 10°>M solutions,
so that the theoretical concentration of molecule A is
5 x 10°M. 40 pCi/ml of C-mannitol are added to the

5 x 10°M solutions.

Each of the solutions thus obtained is
subsequently diluted in the mixtures under
consideration of lipid excipients and of surfactants
and, if appropriate, of cosurfactants, giving
formulations comprising the solvent (DMSO or
glycofurol) at 10% and molecule A at 5 x 10 *M.

These formulations are diluted in 25 mM

BSS/HEPES buffer to give the donor solutions, the
final concentration of molecule A of which is 5 x '107°M,

which comprise 0.4 uCi/ml of molecule A labelled with

M0 or else 0.4 uCi/ml of *C-mannitol, and the
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These fornmulations are diluted in 25 M HBSS/ HEPES
buffer to give the donor solutions, the 25 final.
concentration of nolecule A of which is 5 x'10-SM
whi ch conprise 0.4 G /m of nolecule A labelled with
14 Cor else 0.4 CG/mM of 14Cmannitol, and the 24
proportion of |ipid excipient?of which is |less than
1% In order to evaluate the effects of the
formul ati ons, apical side, on the transport of
MRARPESE 10Bn@ToR 1PRE EXEADPERE OfF whREEURE Aeﬁﬁ thenBAS -
direction, 5 placebo sol utions conprising th
for mul at i ondTh&E ﬁ6ttonﬁV@&HPEeAtﬁér§f§F§GSpP§p§P§d
%PFor | ati ons studied.i,n vivo
I

bas Banrir S ari O NOFeEURe PACTRBBF el fweR™ c01
Ll 5ol Dhectedoinon: 10 2018004/ . n}é%Ofgg"' LYRLE on,
5F

furs & CORCBRL Fabi of
C%égLLEfyco EFg?BEeﬁB%ﬁg§sEB Pﬁﬁeﬁg?k %BQ'fght not

was choséen _
”ﬁ5§éc99gshbk§réh§lQQ”FQFQQEQHIon of the desired
amount of active princ

( wtithin the limts 15 of

tae ﬂaxmawatyehgnstmhheh ¢anvheoagnl phat gped
intravenously to the rat (1 m/kg). 2) Oral

adm ni stratipn Thettereubati easial ecpaepaned as
indicated in Table 2. 20 Mblecule ATabelled with 14C
(220 G) isMoléeesiedhssabyetednwDbMBC ar igl Yedlkudteld tio a
produce solutions at a final concentration of 5 ng/m
50/50 (v/v) glycofurol/water mixture at a concentration

of 1.5 mg/ml (145.9 uCi/ml), which corresponds to the
pharmacological dose. Glycofurol was chosen as the
solvent which makes possible the administration of the
desired amount of active principle, within the limits
of the maximum volume which can be administered
intravenously to the rat (1 ml/kg)

2) Oral administration

The formulations are prepared as indicated in
Table 2.

Molecule A labelled with **C (220 uCi) is
first dissolved in DMSO or glycofurol to produce
solutions at a final concentration of 5 mg/ml
(488.9 uCi/ml). These solutions are subsequently added
to lipid mixtures in order to obtain the formulations
described in Table 2, the final concentration of
molecule A labelled with **C being 0.45 mg/ml.

A control solution is prepared by dissolving



(488.9 Ci/m). These solutions are subsequently added
to lipid mxtures in order to obtain the formul ations
25 described in Table 2, the final concentration of
nol ecule A labelled with 14C being 0.45 ng/m . A
control solution is prepared by dissolving 25
mol ecul e A labelled with 14C4220 CG) in nacrogol 300
at a final concentration of 0.5 ng/m (44 Ci/ni)
Bef e an adm ni stratj,on to the rat,

PG ik g?%eh%?%t%t% £wd 298| ufdd &b W&Fé99015300
The control. solution gol 300,is uted i
wat erd éﬁn%% T%n%%?5¥%th9?|%§ %HE%H?}a??%n”%$/mb)15
mg/ M (13. 2 |ations and the contro

t hus preparedga%.% a?yﬁ%g%fﬁ? T{Qﬁ%ﬁﬁﬁ?ﬂ%?e?o t?%kY%%
| { Q0 10
e S WA G N
5 AP %&&f@ﬁdséfhéf&téﬁqﬁ&oﬂdgéf Sig C&H%}&g in

passage 12 to 32 are deposited at a denS|ty

10 et | A idd aro I oM pel picarbonat e fddersh VE’}f_t h a

di ameter of 12 nmin nultiwell dishes (Transwel
Cas iy Jmg /Hie €ed |5 jatie/minculat eth@atu13G iy 2l 1the28
days in conplete medium supplenented with penicillin
( HG thldImMmanhregiarent ampel nd B <g/olle Hd mantiganr,
20 A group of 6 wells is used to deternine the
peroreediel Iristty, Vialsuesy /g nol ec ulcd uke( iof tikessABMein BA
direction) for each solution given.

10 10 ml/kg.

1.4) Study of the transport

a) The cells and the apparatus used
In the transport studies, cells at passage 12
to 32 are deposited at a density of 5 x 10° cells/filter

15 on polycarbonate filters with a diameter of 12 mm in
multiwell dishes (Transwell®, Costar). The cells are
incubated at 37°C for 21 to 28 days in complete medium
supplemented with penicillin (100 IU/ml) and
streptomycin (100 pg/ml) (Invitrogen).

20 A group of 6 wells is used to determine the
permeability values of molecule A (in the AB or BA
direction) for each solution given.

b) The formulations and the solutions used
When AB transport is studied, the basolateral

25 medium is replaced with fresh HBSS/HEPES buffer

(1.5 ml) and the apical medium (0.5 ml) with the donor

solution.
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b) The fornul ati ons and the sol uti ons used Wen AB

transport is studied, the basolateral 25 nediumis

replaced with fresh HBSS/ HEPES buffer (1.5 m) and the
apical medium (0.5 m) with the donor solution. 26

When BA transport is studied, and with the exception

of the lipid forrmulations deséribed in Table 1, the
api cal nmediumis replaced with fresh HESS/ HEPES
buffer and the basolateral mediumwi th the 5 donor

sol ution. | A& tiortSRBF Y Hes eftfustitasd ofanchevith gile

formul ations on the perneability of nolecule Ain the

BAXHGRICHIbIRT & hontimuid fisimn lattisgnodafidhnd W at
PSRN o S BT Si1d SR CECROHo | R
P e B Sn e S R 17 2o 56 B o {ehéhe
QUSHRE SRR 13 oo, Wt B el U S it

fQ&pl%Qﬁ@ﬂ%ul%éﬁ%%slo%a%ﬂkeg%§meghﬁaqE§MQﬁi%ﬁg%%%ﬁe A in

basol ateral side and a 250 sanmple Ts

f Lo Bhe Jarieedli osi, dg fc%ttrr]ts@ shydyiak i'btﬁ_eongl_o@%@lu@é A

transport respectively. The sanples are Iimmedi ately

r epl aoegmwithh ahr esls/BEBEEEBESFbuf tempehisi4Q W.kbk e
pl acebo fornulation (in the case of experiments with
| DpsO fier addatli ons the bheoBAtedhlestidenhnd a control’
solution is added on the apical side.

c) Withdrawal and treatment of the samples

At T = 0, 100 pl of the radiocactive solution
are withdrawn in order to quantify the initial
radiocactivity.

Every 30 min for 120 min, a 500 ul sample is
withdrawn from the basolateral side and a 250 ul sémple
is withdrawn from the apical side for the study of the
AB and BA transport respectively. The samples are
immediately replaced with fresh HBSS/HEPES buffervor
with the placebo formulation (in the case of
experiments with lipid formulations in the BA
direction) .

The samples are measured by counting the
B scintillation, after addition of a scintillation
liguid, Aqueous Counting Scintillant (ACS, Amersham,
Buékinghamshire, UK), with correction for quenching in

simple labelling mode (LKB Wallac 1214, Broma, Sweden).
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The sanpl es are nmeasured by counting the
scintillation, after addition of a scintillation 25
l'iquid, Aqueous Counting Scintillant (ACS, Anmersham
Bucki nghanshire, UK), with correction for quenching in
sinmple | abelling node (LKB Wa|lac 1214, Bronma

Sweden). 27 For the studi es ©f the transport in the
AB direction with 7 pMand 100 M of nol ecule A, the

T S oL BB ot
e tm@rﬂz@wq@@sn wene of the Gaeo2

&%$%%%g£¥%ééub ﬁ?’ﬁ%ﬁﬁ? resi stance using an Endhom

) equi pped el ectrodes. This value is
of 3t f ot (128 fJpent nmonol ayers
ofd)@@oﬂ%ﬁ%c’é@ﬁ Q‘ conf I%(renlt]rg:%éff fer ent i at ed
Caco-2 cel | Seeaffc?rélse%%ﬁ Ui o dt! AIGRA PNt S.

At the end of each transport ‘study, the |ntegr|ty of

t heonelrRyercd srgaidrsLonfddined Ry bor ikasyd g the
val ue of the transepithelial electrical resistance.

TheaRifirane Hentegdhid b oft Hehe XGaeepd tHaindl1aarledtSrical

regarded as being conprom sed when the value of the

t rensepianeel alinel ect Enckont gSIPIt) arke i pgeet eases dlyanar

nore than 25% and when the apparent 20 perneability to

medrictalodies .griddtse vatlivan 5006 ¢ines ordeyr Cdl Goat® ormdffor

the flux Under equilibriumconditions, the values of
confluent monolayers of Caco-2 cells. Only confluent
and differentiated Caco-2 cells are used for the
transport experiments.

At the end of each transport study, the
integrity of the monolayer is again confirmed by
measuring the value of the transepithelial electrical
resistance. The membrane integrity of the Caco-2
monolayer is regarded as being compromised when the
value of the transepithelial electrical resistance
decreases by more than 25% and when the apparent
permeability to mannitol is greater than 10°° cm/s.

e) Calculation of the flux

Under equilibrium conditions, the values of
the unidirectional fluxes in the AB direction and the
BA direction are calculated using the following
equation:

J = dQ/dt x 1/A

dQ representing the amount of active principle
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the unidirectional fluxes in the AB direction and the
BA direction are calculated using the follow ng 25
equation: J = dQdt x 1/ A dQ representing the anount
of active principle 28 (counts/nin) accurul ated in
t he receiver conpartnent r|ng the time interval dt
and A being the exposed are f the nmonol ayer (1.13
ch) f) Calculation of the apparent perneability 5
ar perneability. (Pap of mannitol or of
ol R e SRR b %rﬁeo‘?erle"c‘ﬁ SRR RAT
by AR fO||OMAn uat| PaPp = J/Cl C |s
thde [ m%/ 'ﬂ% Sert'o erc?’ountcg:/ rﬁn tbn L5k d}
fﬁgyég“oﬁﬂt 'ﬂdﬂéﬁ of; t@bcgp rapolated absorbed
Bgﬂa sor ed fractlon IS

fraction e extra t ed

ceﬂ)cwaatceﬁﬁqw HNGHO ddiaLaHa et al.,
J. Pharm Sci., 2001, 90, "1608-1 19) 15 O 00 Fa =

+100 | 0g Pappe. 2bR4nkr pexhed® 1ThG, @ 9PO) @LEdns to1

absorbed fraction is calculated for thé™studies of
t kansyFomndo lidd ke 2AB s dibteGihedn ot e cassuitdeit itdhatl

neither the solubility

flux by applying the following equation:

Papp = J/Cy

C; is the initial number of counts/ml in the donor
medium,

g) Calculation of the extrapolated absorbed fraction

The extrapolated absorbed fraction is

calculated according to the equation (Pontier et al.,
J. Pharm. Sci., 2001, 90, 1608-1619):

Fa = 0-100 +100

+(logPapp ~24.064
-5.595

The extrapolated absorbed fraction is
calculated for the studies of transport in the AB
direction on the assumption that neither the solubility
nor the degree of dissolution nor the efflux mechanism
nor the stability in the gastrointestinal tract is a
barrier for oral absorption.

1.5 Study of the intracellular concentration:

a) Determination of the flux and of the intracellular
accumulation

The intracellular accumulation of molecule A
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20 nor the degree of dissolution nor the effl ux
mechani sm nor the stability in the gastrointestina
tract is a barrier for oral absorption. 1.5 Study of
the intracellular concentration: a) Determ nation of
the flux and of the intracellular 25 accunulation The
intracel lul ar accumul ati on of°wlecule A 29 is
eval uated in parallel with studies of transport in
the AB and BA dlrectlons using either a control donor

f drsmAVRiWT St 1 RHoH L atitdh SEofESsifg transport in
fornulatlon B, each of these formul ations conpr|5|ng 5
n&f&lﬁ% and %M%&%W%@% s LERRY. S CAffepl don

qﬁlon Bis te nlth BA dlrectlon t he

b ?&”&’t a1 %e % ?rsegé’ St rcéimpr&o‘sr?&g sol uti on

pi cal, si de |s i.lled th th | acebo of
fc%?or uglta%&r? B’As afcor Ott; ran\s%dpc))orr 85 CO rlhSlrlg

t h4 W % th di
CoERie 'El%q fﬁzi%%eﬁﬁe% 47 30 g eac% e me Lum

A tota I's1s used ornulatlon in
each d'reCtM%%n_&%kmgﬁ%%f%hn@t'%nt%%t%%elkl%&%5B%5

Sanpl es of the mediumare withdrawn at T = 30, 60,

129 rerd i 580 whRUtRSOo18ithen hiaw thapapisedl a ' sioge ron
fromthe basol at er al side, in order to determ ne the

vabues eblilieohl whas thien apPMae.ik): i tfhe 1eABwanth BAe
directions, as described above. 20 [2] Determ nation
oplakhebbnbifaceltullation B. As for the transport studies,
the combined ingredients do not exceed 1% of the
medium.
A total of 24 wells is used for each
formulation, in each direction.
[1] Determination of the fluxes
Samples of the medium are withdrawn at T = 0,
30, 60, 120 and 180 minutes, either from the apical
side or from the basolateral side, in order to
determine the values of the fluxes (in DPM/cm®’.h) in the
AB and BA directions, as described above.
[2] Determination of the intracellular
accumulation
In parallel, for each of these times, 6 wells
are completely emptied of any medium and the
corresponding filters are recovered and washed in PBS
(Phosphate Buffered Saline) at 4°C.

These filters, which carry the Caco-2 cells,

are introduced into a tube comprising 1 ml of a 50/50
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accurmul ation In parallel, for each of these tines, 6
wells are conpletely enptied of any nedi um and t he
corresponding filters are recovered and washed in PBS
25 (Phosphate Buffered Saline) at 4C. These filters,
which carry the Caco-2 cells, are introduced into a
tube conprising 1 mM of a 50/%b 30 (vol/vol) m xture
of HESS/ HEPES buffer and of ethanol (95 vol% . After

resuspending the cells by ujtrasoynd treatnment for 1
i OLRE ! e ceh TGP 15 biet0 2 Gt e ariol
A Xpréanple of supernatant is withdrawn and the
ra |oaé%{6i1y is counted with a scintillation

ter. Th I pressed in-disintegrations
igluge?r i nute“A efrt%%gr\#bfssé%{ cpﬁeéﬁ%geﬁ%}en CIfﬁ l%)pé’r éﬁ% rcaeﬁq;;d
Vol AR S8, &
f %r t hén ecPlI:taljfcul at imolﬁie'oft(ﬂtﬁlh(@e&\éﬂ\g:kfiﬁfj1 rrzl%og% %tgl%l%%a%r S:

eaehyocqf Irof & B2 cylinder, the height of which is
17.9 pmand the dianmeter of which is 13.3 pm and

each nonol ayer ob5 QORI %Sok-%u?e%%@t%?kl§sp%ﬁt%ﬁgawn
al ., .

as has been reported (Pontier e Pharm Sci .

2608 20e 16Q8oLELIityTHe appatedt wiehuaesefinkhelation
nonol ayers growing on a 1.13 cn® pol ycarbonate filter
| sothérrl. 24 x 10-2 cnB. At each tine, the
correspondi ng nean of the counts of the 20 6 wells
(i n DPM cnBYhes resludtlsated. expressed in disintegrations
per minute (DPM) accumulated in an apparent cell volume
of 1 cm’. The following assumptions are made for the
calculation of the volume of the monolayers: each cell
forms a cylinder, the height of which is 17.9 um and
the diameter of which is 13.3 um, and each monolayer
comprises 1.1 x 10° cells per cm?, as has been reported
(Pontier et al., J. Pharm. Sci., 2001 90, 1608-1619).
The apparent volume of the monolayers growing on a
1.13 cm’ polycarbonate filter is then 1.24 x 1072 cm’. At
each time, the corresponding mean of the counts of the
6 wells (in DPM/cm’) is calculated.
b) Evaluation of the permeability through the apical
and basolateral membranes

In order to calculate the values of apparent
permeability from the intracellular compartment towards
the basolateral side (CB) and from the intracellular

compartment towards the apical side (CA), for the

control formulation and for formulation B, it is
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b) Eval uation of the perneability through the apica
and basol ateral nenbranes In order to calculate the
val ues of apparent perneability fromthe
intracel lular conpartnent towards 25 the basol atera
side (CB) and fromthe intracellular conpartnent
towards the apical side (CA)P]for the contro
formulation and for forrmulation B, it is 31 assuned
ues obtained in the sifudie

that_the, fl | ; |
P AT HE AR B B R GRS o ddte tudies of
t f f the insjde of. th I's t d
S, TR A, e s T T Gt he
5 i ti i i ) . f th

a pﬁ%a f{rlc c§5 ef‘D P%a(_rs]stAl%e%gArkg}ér g ﬁ clgqﬁa ° ?’%Bk)hgg ircrﬁ3 g1 rl?snmt cWards
DR R dbiad éiscr?éé%mttqleatb%%otl%@exfahle IR and 1BA

fluxes are both dependent on the intrac ul ar

coneentiatdions CEARLanty G Bokexhressedd M B pi0a1

cal culated fromthe intracellular accunul ation

exjield My T AN el rewt ich pafaldeingv i 3/ cm?. h) .
correspondi ng transport studies, in the AB and BA

di recti ons rnespectdleel poskmlblities ¢hse, thiee Pt uxes JB»
measured in the AB direction (JAB) and in the BA 15
difdectkisomrel BALhadepequdaintt ont heef Luxesckidml tire
inside towards the outside of the cell at the
basvicansralt iomsmisk Znentl €B)* drapatsshd api D&M/ medbr ane
(JBA) _respectively. The nenbrane perneabilities are
c§PeGrarEgd f@"oﬁ’cé%lledilﬁgrﬁéeﬂﬁéléauaﬁpgmgiatiOH

experiments carried out in parallel with the
corresponding transport studies, in the AB and BA
directions respectively. In this case, the fluxes
measured in the AB direction (J*®) and in the BA
direction (J°®) are equal to the fluxes from the inside
towards the outside of the cell at the basolateral
membrane (J®) and at the apical membrane (J)
respectively.

The membrane permeabilities are calculated

according to the equations:

PappCB — JAB/CCAB - JCB/CCAB
and

pappCA = JPR/C B JCP/C B

|
I

CE

C Ch
P app

and Papp” are the mean membrane

permeabilities in the CB and CA directions
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PaPP CB _ JAB/ CcAB _ JCB/ CcAB and PappCA _ JBA/ CcBA _
JCA/ ccAB 25 PappCE and PaPpCl are the nean nenbrane
perneabilities in the CB and CA directions 32
respectively. The val ues of the nean nenbrane
perneabilities are cal cul ated using each of the 24

wel I's corresponding to the cordition studied. The 5
val ues of the nmean fluxes and of the nean
intracellular concentrations are al so cal cul ated
usTSRPEChDfY t he 24 wel I's corresponding to the

condi ti on stulqdi ed.. The fISt a}}ndard devi ati on of the
popul ati on off§ REBE T $his meas ST @St ed. 10

1.6) Stabilit. f I | A i h duod I .1 i d
F R e 7S s ol oD BT U o e 9

| f h | i d , i j at
SHR el TR ANAREIR od B SR MUY e

faradpdride T t resemling fcys.
Thea 15 pﬁofﬁﬁ\é&:&ﬁpgﬁrﬁgﬁtﬂ%%&f&te a\to 6. 40 byllular

aqaiAd et r0f; WS D farsd 12aQ Uiy RBSHEMElaca ol
simlar to the nmean value of the pH of the fresh
duadepall d Icwr@sgmdqe@ eAthe donsakves igtudVeQ .ante
either diluted directly in HESS HEPES buffer

( GARin®Rind devidl iprepdr ethel Popha ataomlodt itbrs 2aeferds is
dilution in HESS/ HEPES in order to obtain a

madrsee malsiudrt ethe

1.6) Stability of molecule A in human duodenal liquid

For each stability test, the necessary volume
of a sample of human duodenal liquid frozen immediately
after withdrawal is defrosted. Centrifuging at 1000 g
for 15 min removes the substances resembling mucus. The
pH of the supernatant is adjusted to 6.40 by addition
of MES buffer (1250 mM in PBS-CMF), a value similar to
the mean value of the pH of the fresh duodenal liquid.

Molecule A is dissolved in DMSO and either
diluted directly in HBSS/HEPES buffer (control) or
prepared in the formulations before dilution in
HBSS/HEPES in order to obtain a microemulsion. The
final concentration in both cases is 107'M.

The formulations, preheated to 37°C, are
added to the duodenal liquid, maintained at 37°C, in a
1/1 {(v/v) ratio and are immediately mixed, in order for
the final concentration of molecule A to be 5 x 10 °M.

At T = 0 (immediately after mixing) and at
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final concentration in both cases is 10-4M The
formul ati ons, preheated to 37C, are added to the
duodenal liquid, maintained at 37C, in a 25 1/1 (v/v)
ratio and are imedi ately mxed, in order for the
final concentration of nolecule Ato be 5 x 1-0 5M

At T =0 (imediately after APxing) and at 33 T = 5,
10, 15, 30, 60, 90 and 120 m nutes, 100 pl sanples of
each preparatlon are withdrawn and mxed wth the

sane Vol ufe df°-acét-orfd® at®04@no 178 Mifwd esenAffatilc

gzs%%%; 155 ai/ §I\E ﬁr%&:ﬁ%@%%%%ﬂgﬁgwwn ead] @i a
TSy ePerge & 16K T KAy e

1' g{ \%n{ §i& Jo ‘i%)n %%%h sngkﬁ%' Nge320% z‘%%ﬁ%%ﬁ& 13nd

a stan ard | abor a i Xture
VJI e, Fran d. f
depr FRLCERR Sdho 9°f Eh?éu?‘?ﬁ AL8 (AEdoprlntiant 0

t%%%%b &&O%D%alg%ﬁg%% i@?ﬁb{M@gmétﬂgée of nolecule A
1.5 el ther oral 10 m/kg) or 15

IQtUQVQﬁO&&bﬁ Gtudh/ kg) . The fornul ations used in the
i T vivo study are described in Table 2. For ora

adm ni str at i@nspeaguecbuweeof raagh (18fat beelbr,est
formulations tested is mxed with 20 2 vol unes of
wakemadand suirgar aubkysiei, r Fednceh, oedeh weigbhhgi Boa -

honogeneous enul si on conprising nol ecule A at
320 g and fed with a standard laboratory mixture

(UAR 113, Villemoisson sur Orge, France), are used.
After being deprived of food for 18 hours, they are
divided into 6 equal groups, before receiving a dose of
molecule A of 1.5 mg/kg, either orally (10 ml/kg) or
intravenously (1 ml/kg).

The formulations used in the in vivo study
are described in Table 2.

For oral administration, one volume of each
of the three formulations tested is mixed with
2 volumes of water and vigorously stirred, in order to
obtain a homogeneous emulsion comprising molecule A at
a concentration of 0.15 mg/ml. The final concentration
in each of these formulations is identical to that of
the control formulation with PEG, that is to say
0.15 mg/ml (14.67 pCi/ml)

Each formulaticon is subsequently administered

to four groups of rats by force feeding. The
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a concentration of 0.15 ng/m . The final concentration
in each of these fornulations is identical to that of
the control fornmulation with PEG that is to say 25
0.15 mg/mM (14.67 pCG/m). Each fornmulation is
subsequent |y adm ni stered t% our groups of rats by
force feeding. The 34 adni ni>$tration vol ume (10
n1/kg) i s adjusted to the body wei ght in order to

v Se of 1.5 other u an| | s
réacé'fl\flel%h tcléjﬁ)tr& 351 /(El%)c/ d?éﬁg C{ ¢he

cHE eZEnao%%he‘Egréﬁ%s%%ehabf;1‘E‘eXe. Ol
f%rtrﬂéra#magﬂorfa%m% oY e Y aed 'c%n%%legoq tgl%

incision of ‘the carotid artery at tinme 5

hb&g%?% %Hrdd@% Q%%eEa@ﬁ%ﬁp%e1%h%tbEOQ%S%QQHJ955 18 /xg

are collected at O. 1, 2 and 4 hodrs

bﬁnr@tmglghglbgl1whghﬁgawal at 6 hours mnthdramal is
carried out by incision at the carotid artery. The

sanpl es ar e rFe@l kachedrovee fubepst WBAted hawet R eldetiRiedm

heparinate and are stored at 4C. The 15 plasna is

separ &bedufl raiohhe niirakenblusag, by hecedbodf ug rglatcted

2000 g for 10 mn at 4C. The radioactivity present in

t by phagsaohr aft tbrschsotndasutedywathtamgcbntuilnl at i on

counter. The concentration of nolecule A | abelled
Wi(PR084Ch) n Fhe Q@lthgnﬁthgreﬁFPé§§edthﬁ Rgoed/ samphes

ercent age of absorption (fapO of
P (0.2 9 are collegted ag p %

1, 2 and 4 hours
by retro-orbital withdrawal; at 6 hours, withdrawal is
carried out by incision at the carotid artery.

The samples are collected over tubes treated
with lithium heparinate and are stored at 4°C. The
plasma is separated from the whole blood by
centrifuging at 2000 g for 10 min at 4°C. The
radicactivity present in the plasma fractions is
measured with a scintillation counter. The
concentration of molecule A labelled with '*C in the
plasma is expressed in mg.eq/1l.

The percentage of absorption (f,°°°) of
molecule A after oral administration is calculated as
indicated below:

£.°°° = (AUCP °/AUC! Vpean) X 100

AUCP° is the area under the curve of
concentration in the plasma from 0 to 6 hours after

cral administration. AUCi'Vmean is the area under the
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nol ecule A after oral admnistration is cal cul ated as
i ndi cated below. faP = (AUCP/ AUC "nean) x 100 25
AUCPO is the area under the curve of concentration in
the plasma fromO to 6 hours after ora

adm ni stration. AUC "nean is:ﬁye area under the 35
curve of concentration in the plasma fromO to 6 hours
after intravenous adm ni stration. For these

c | at i .0n it is assuned that . the total clearance
o?é L%:lﬁ'ée roa%i%%% TUWESH T tHe tshaené?la%“%fg]f%%ecf t_t‘?leém“ours
r%teexof-J&qlt'Q ']%gsat | o of prpduct (orally or
intraveﬁbus_f&% eé%raé?fgﬁggﬁgorbed is calculated
for each anipml andd he meanand St andard , deyiad o .

are subsequently cal cul ated for each group of animals
regRl Wdth 1an 1Alad @ BH atHeo-adiQ 2k iRasY tis dreamin,
1: Molecule Aln a control fornulation, 'nolecule Ais
Suljaeched: thaAHUTRL IJfC ddaRSRAMa twid o FdepRN g Rt
15 the concentration, PaPPBA from 15 to 24 tines
gr(eatadr vt lan iPappABnddsgyne ITheAgperdiidxnl)absBibed is
effect is nodul ated by verapam | or nicardipine
( Eiadyngd a2 ed Apperdich Bnimafl and hbse deent endhetacidaai
of P-glycoprotein, which opposes the transepithelial
20epagsagn et sabgiequenitdy oflichd agkslofpti eachf group of
nol ecule A

animals receiving an oral formulation.

2) Results

Example 1:

Molecule A

In a control formulation, molecule A is
subjected to asymmetric transport with, depending on
the concentration, P from 15 to 24 times greater
than P,,° (Figure 1, Appendix 1). This effect is
modulated by verapamil or nicardipine (Figure 2,
Appendix 1); it is thus due to the action of
P-glycoprotein, which opposes the transepithelial
passage in the direction of the absorption of
molecule A.

Moreover, the solubility of molecule A is low
(0.4 mg/ml) in an aqueous medium at a physiological pH
of the intestines.

Finally, molecule A is unstable in human
duodenal liguid (Figure 5, Appendix 1).

The combination of these three factors - low
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Moreover, the solubility of nolecule Ais low (0.4

mg/ M) in an aqueous nedi um at a physi ol ogi cal pH of
the intestines. 25 Finally, nolecule Ais unstable in
human duodenal liquid (Figure 5, Appendix 1). The
conbi nation of these three f ors - |low 36
perneation, |low solubility, instability - results in a
very | ow absorption of the active principle orally:

| ess-ddan Ao fram &, syspens ‘?’t& ffgct of the . o in a

fornul ations on the action of gl'yc proteln on t

t RANSPOIdw b JIHACHE & %)heEfafcec%tveorbxtJ}Fc:]tﬂlaé”%‘}oﬂl)Pf

nol ecul e A through the Caco-2 nonolayer

exReld s 100 AP YdsgdiQugh the nonol ayer where
the fornmulations tested are in the 10 donor sol ution,
PIRpBX festf edliatk SFudniaRRARBNSS o UHRASRE i oM IJE
respect to the control. The solvéents used to0 prepare
t resd yicopmatatimors),  tdley dafamsplorand fraeiegalle 3000,
have no effect on the P,pP values (Figure 3, Appendix
1p) BfdeRdppeBA/tPappABusport of owollycrlemal thriomghb the
4.7, depending on the fornulations used, whereas it is
18agofr-@r momeleyeer ol , indicating that the active
efflux of nolecule Ais affected by the fornulations.
b) Effect oAt REPEALF&EER| gnatrapenputathonpueh the

nol ecule A in the Caco-2 nonol ayer 20 The

i H‘PPQE@VFE WRexEc il APFBHLBE | ROFCEAFESA aFabAR) Ehe

w,th 14C ltohe Elu&xthrou uce%g A s were

donor So u app 18 re Papp ~ 1s increased

with respect to the control. The solvents used to
prepare these formulations, glycofurol and macrogol
3000, have no effect on the Pa.pp values (Figure 3,
Appendix 1). The Pap,/Papy” ratio is only from 1.8 to
4.7, depending on the formulations used, whereas it is
18.3 for the control, indicating that the active efflux
of molecule A is affected by the formulations.
b) Effect on the intracellular accumulation of
molecule A in the Caco-2 monolayer

The intracellular accumulation of molecule A
labelled with *C and the flux through the cells were
measured in parallel in experiments on transport
through the Caco-2 monolayer.

When the apical compartment (that is to say,
in contact with P-glycoprotein) comprises
formulation B, the mean of the intracellular

accumulation of molecule A labelled with *C (C2® and
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nmeasured in parall el
t hrough the Caco-2 nonol ayer.
is to say,
P- gl ycoprotein) conprises formnmulation B
accumul ati on of nolecule A | abelled

conmpartnment (that

the intracell ul ar

I n experinments on transport

when t he api cal
25 in contact with
t he nean of

with "C (CCAB and 37 CcaA) fhcreases with respect to

the control,

it d.S greater

aﬁd
n.the apical

sBPEtf&ﬁe€élg@6€%BEfe tﬁﬁBﬁEﬁFFs
a factar of 4.2
iRt ﬁ BySpLhi jBEpRb: g1k
%R Iat on B
Papp8§
L apRAr kS,
app

FQBHH£81'981899550|055 Cbﬁgoﬁ
./ x 106 2.6 X 10

p ence
1%'2app
active

accunul ati on and

mhatever
factor of 8.5 in the AB direction
bylacrséese Wi th3respReEhEOBRhE| FEREFER / (TQBF@V§Y
conpart nent conprises a

ngFeéFeﬁrFﬁéﬁrP

By, =T R3ER
cenpartnent,
i ndi cating that

ek

e%&%u%@%wB
1236

abﬁ
e sane

ion
are t

he acti,v
hec ﬁOEOﬁPPa

3§p|cm

SLILAP LB To e
DPM ced
(%%%Wchﬁgh

cont

the direction of the transport;

gﬁpé

rt of

8r of

ggl%ular

ecu

8§§6a1f&égérpaﬁp@1ﬁcﬂééiuée7oﬂ ﬂﬁe6ac€14ext%9nspéré &f

0-6 2.3 x 10-7 Caa (DPMcm)

9.2 x 105 5.3 x 10

3méléc&@é Adbd ®-30Ocodede £ DPM enPebnt 23s625in26B8 16

000 783 PappC'

(cm's) 7.1 x 10-6 7.9 x 10-

1.3 x

1PréseBc@ &f 10oamulat BEbfieBt inf thdeapocaill adbmpastoanthe

solubility of

and PappB

CA
Papp

are the same,

transport is inhibited.

indicating that active

Table 3: Intracellular accumulation and

apparent permeability of molecule A.

Formulation Control B

c.*® (DPM/cm’) 2.0 x 10° + 2.6 x 10° 1.7 x 10° + 2.6 x 10°
J® (DPM/cm’.h) 1236 + 98 8856 + 1401

Papp > (cm/s) 1.7 x 10° + 1.4 x 107 | 1.4 x 10° + 2.3 x 1077
¢ (DPM/cm?) 9.2 x 10° + 5.3 x 10° 3.4 x 10° + 4.5 x 10°
J* (DPM/cm’.h) 23 625 + 2630 16 000 + 783

Papp " (cm/s) 7.1 x 10° + 7.9 x 107 | 1.3 x 10°° + 8.2 x 10°°

2) Effect of the formulations on the solubility

of

molecule A

The solubility of molecule A in agqueous

solutions is very low at physiological pH

In glycofurol and macrogol 300, used in the

formulations tested,

(0.4 mg/ml) .

the solubility of molecule A 1is

6 mg/ml and 2 mg/ml respectively.




15 nol ecule A The solubility of nolecule A in aqueous
solutions is very |low at physiological pH (0.4 ng/m).
In glycofurol and macrogol 300, used in the

formul ations tested, the solubility of nolecule Ais
20 6 ng/mM and 2 ng/n1 respectively. 38 3) Effect of
the formul ati ons on the stabﬂﬁlty of nolecule A The
stability of nolecule A in human duodenal |iquid was
measured. In a control formnulation, 30@6of 5 the

a@) B fimdth@fplthe Sarpplations om ghe) mFahidiitsr of |
contrast, at the sane time, 100% and 85% of nol ecul e
Anglecylq |A present mﬁth fornulations B and F
respectlvely Ef f he fogﬁr |on§10n t

h
absor ption of %ﬁﬂ i Je§%°dena1

orlglﬂl Svag%a;ﬁeéﬁrbr Lllgllsjsap%o@: rltotjhéit' oqrsmu( bl g, 2)30J rbf

e a SOFp ion I's onl

2 b '
° F 3R .131%2"&225&”% '(?la% Ayl %ﬁ“@f?tfefp*é?ciﬁ‘{ligletesf

10

a%‘)&f@g a"Q afd Yane) e Odmor@)'/Starrﬁlf igeny, ofr t he

f |ons ‘to the rat. 6 h) Formul ation

(AR1&¥TY A sdd @%11@%@635@9@4 &fi/t8 WerfnRltions B and F

respectively.

4) Effect of the formulations on the absorption of

molecule A

Molecule A was given orally to rats in
various formulations (Table 2). In a solvent system
such as PEG, the absorption is only 25%. The absorption
is 100% for each of the three formulaticns used
(Table 4) .

Table 4: Percentage of absorption (£,°°°) after

oral administration of the formulations to the rat.

AUC (0-6 h)

Formulation (mg.eq/ml) + sd £,2-°
(CV%)
Water/glycofurol:
0.68 + 0.13 (32%) -
50/50 (i.v.)

PEG 0.173 + 0.046 (46%) 25.4% + 6.8
Soy/Glyc 0.76 + 0.16 (37%) 111% + 24
Gelu/Glyc 1.00 + 0.11 (19%) 147 + 16
Gelu/DMSO 0.94 + 0.11 (21%) 138% + 17

5) Molecule A: Summary of the results

The result show that the formulations
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0.68 0.13 (32% - 50/50 (i.v.) PEG 0.173 0.046 (46%
25.4% 6.8 Soy/dyc 0.76 0.16 (37% 111% 24
Gelu/G@yc 1.00 0.11 (19% 147 16 Celu/DVSO 0.94
0.11 (2199 138% 17 5) Molecule A: Sunmary of the
results The result show that the fornul ations 39
according to the invention neice it possible: to

i ncrease the apparent perneability in the AB

directhgn and tqQ reduce that in the BA direction wth
r ¥ & drits ot THIHMATAIBTE (i gResRles

Appendi x %Q to increase the intracellu

J .
accumul A8 i G2 S ot (RP 3K Stk f??xé%ep?&’tla’{té’ £ oris B
f | af.i ( FI 4 di . 1 tahill .
ng{ggLi%§€§%ﬁ#ﬁ %Hggé:eﬁgﬁﬂgﬁing%%/lligj%?g?%éifﬁ%f?*ﬁ?
. Al . D g
Aopendi ) PR S L eyl QO LRI S,

ani mal appherieas )it is only 25%in a solvent system
such as PEG 300 and whereas the absol ute

bi oavaidahliddriaastd the i8%saldean vh%:f HBEnsIEs RS ian
(Table 4). Exanple 2 Molecule B Results for transport

t hr oughdike ulaco- &1 tMoRelspyets tehew ddiirdwlesWw8 &8 ion
under goes efflux by
(Figure 4, Appendix 1)
e to stabilize molecule A in the duodenal fluid by
protecting the active principle from enzymatic

hydrolysis (Figure 5, Appendix 1)

¢ to obtain complete absorption in the animal,

whereas it is only 25% in a solvent system such as

PEG 300 and whereas the absolute bicavailability

is less than 1% from a suspension (Table 4).
Example 2
Molecule B

Results for transport through the Caco-2

monolayers show that molecule B undergoes efflux by
P-glycoprotein. This is because, in a formulation
comprising 0.5% of DMSO, the following results are

obtained:

Paop in the AB direction: 4.4 x 10’ cm/s

P.pp in the BA direction: 2.1 x 10°° cm/s

A formulation including 1.7% of
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20 P-glycoprotein. This is because, in a fornulation
conprising 0.5% of DVBO the followng results are
obtained: PaPP in the AB direction: 4.4 x 10-7 cm's

25 Papp in the BAdirection: 2.1 x 10-6 cms A
formulation including 1. 7% of 40 Gelucire

44/ 14(r)/ Labrasol in the propdttions 80/20 in the
transport medi um nakes it possible to nodul ate the
passage of nolecule B through the Caco-2 nonol ayers in
t Hee F ot i oo Ay Wa Y/ Labrasel Rake the tprorerhteo? t 89 A2 Q9 htn
AB direction (direction of the absorption) by a

f actort AN E Yt e H YR SPRIERS tF PRt uhe | He | TR MR o2 5okhe
of DVMBO, the arent_perneahilit Popp) changing .
f r S ?fl‘ﬁfﬁ?)&é‘fﬂt% B roigh gis ‘(&Hfgg TP ey 10
Permeabi/jty. of nolecule Ain the two directions (AB
an&méig)iﬁ)ﬁﬁﬁ%PgﬁéTs of Caco-2 cells. Figure 2

Modyl at4 [ 1d f. 15 .
12 S Al 16, O o TS s

directi ms.‘cé%%i%}g cﬁAttH/e Vaﬁ]sgﬁgmilon)ni raglﬂékgna% 53. 9

progesterone at 100 M1in onor ‘solution. Figure

Ef fect yafe v ard guiseof (g ald BRs AhdiRRiialy RErFEaN Imdp,
of nol ecul e A through the nonol ayers of = Caco-2 cells
in the theo (Pg=a&itoperiBd1d iBA (P.y,) changing from
4.4 x 1077 cm/s to 2.6 x 10°® cm/s.
Figure 1
Permeability of molecule A in the two
directions (AB and BA) in monolayers of Caco-2 cells.
Figure 2
Modulation of the permeability of molecule A
through the Caco-2 cell monolayers in the two
directions AB and BA by verapamil, nicardipine and
progesterone at 100 uM in the donor solution.
Figure 3
Effect of various formulations on the
permeability of molecule A through the monolayers of
Caco-2 cells in the two directions AB and BA.
Figure 4
Intracellular accumulation of '¥C-molecule A
(50 uM) in the two directions AB and BA with a control
formulation (0.5% DMSO) and formulation B.

Figure 5
Stability in human duodenal liquid of



Figure 4 Intracellular accunul ati on of 14C nol ecule A
(50 M in the two directions AB and BA with a contro
25 formulation (0.5% DVMSO and fornulation B. Figure 5
Stability in human duodenal liquid of 41 nolecule A
fornmulated in DVMSO or in fornulations A, B or F. 42
CLAI M5 1. Application of sel flenul sifying m xtures
(SEEDS: Self Enmul sifying Drug Delivery Systen) of
l'ipid excipients, of surfactants and, if appropriate,
ofo3 &5 Fadaiitid dtied He pMSParcat ilgn fermulations A, B
phar maceutical conpositions which can be adm ni stered
o4l Fy, including one or nore active principles and
having the effect of enhancing the absorption of the
active principle or principles by a nmechani sm

i nvolving 10 inhibition of efflux punps. 2.
Application according to claiml1, characterized in
that the m xtures additionally conprise a solvent,
such as DMSO or glycofurol. 3. Application of

self-emul sifying mxtures 15 (SEEDS) according to
either one of clains 1 and 2 in the preparation of
phar maceuti cal conpositions which can be adm ni stered
orally having the effect of enhancing the absorption
of the active principle or



10

15

20

25

principles by a nmechani sminvolving: 20 - inhibition
of efflux punps and - increase in the solubility of
the active principle. 4. Application of

sel f-emul sifying m xtures (SEEDS) according to either
one of clains 1 and 2 in the preparation of

phar maceuti cal conpositions Wi ch 25 can be
adm ni stered orally having the effect of enhancing

t he absorption of the active %rinciple or principles
by a mechani smi nvol vi ng: $32IM3hi biti on of efflux

punps and increase i-n the stahili of the active
principle Hn t h& PP SAbiite iﬁﬁﬁ%fF sifying mixtures

j i f [.f - |.sifyi ' S. (SEE .
2OR5ELL 15 AL 5] DSBS 5, 3,59 15010
g%%%g#?n%g%éfggpgéﬁﬂﬂ&%%kkgaan@ggH%SF%%%%%F &N gan

orally having ef enhidncing

t e Ab$ARLRRR Qf the ackbugaRhbACHR! gh%ma%h;e -:crages

by a nmechani sminvolving: “10 - inhibition of efflu
PUBRBOsT tiBekea$8 chn chiie baokuRiihi kY «Eat Beaagli ve
principle and - increase in the stability of "the

aghtvedphgnenpl er mdrkhacgaskr pirihespilBal ahhaehviky €he

Application according to any one of clains 1 to 5,
charaetepifzedhbanctihat thheakbblpxipdnpfi 8he active

P-gl ycoprotein. 7. Application according to any one of
principle or principles by a mechanism involving
inhibition of efflux pumps.

2. Application according to claim 1,
characterized in that the mixtures additionally
comprise a solvent, such as DMSO or glycofurol.

3. Application of self-emulsifying mixtures
(SEEDS) according to either one of claims 1 and 2 in
the preparation of pharmaceutical compositions which
can be administered orally having the effect of
enhancing the absorption of the active principle or
principles by a mechanism involving:

- inhibition of efflux pumps and
- increase in the solubility of the active principle.

4. Application of self-emulsifying mixtures
(SEEDS) according to either one of claims 1 and 2 in
the preparation of pharmaceutical compositions which
can be administered orally having the effect of

enhancing the absorption of the active principle or

principles by a mechanism involving:
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claims 1 to 5, characterized in that the particles 20
formed after interaction with an agqueous nedium and in
particul ar the duodenal fluid have a size of |ess than
100 nm 8. Application according to any one of clains
1to 7, characterized in that the |lipid 25 excipients
are chosen from gl yceri des, #Qtty acids and their
derivatives phosphol i pi ds, glycolipids and sterols.

$ oy fRBITLL2 260 R amk one S.f eﬁ't S are

Chosen E&%g&the f %é?%%nglgoggougdghe ag §¥1nc1ple

| i nol éare ono- ol eat €, -

| eat el I s I at e,
ot 1 ol s pasbnsegy gt

Capr'C/Capf£|'C/h$%ﬂh%a%€b% b%'%%i%eEhﬁ§§uf§H% Tmixtures
ol eic acid. 10. Application according to any o%e

cl@®s) bechraahdr et eniczed bhet Bat chhemsunf aghant 9
are hydrophilic. I5 11. Application according to any

OR@eObrepadiafi oh b phagharacterhiedompokiat chBewhich
surfactants are lipophilic. 12. Application according
t caanpeonemihistered orally having the effect of
enhancing the absorption of the active principle or
principles by a mechanism involving:
- inhibition of efflux pumps,
- increase in the solubility of the active principle
and
~ increase in the stability of the active principle
in the gastrointestinal tract.

6. Application according to any one of
claims 1 to 5, characterized in that the efflux pump is
P-glycoprotein.

7. Application according to any one of
claims 1 to 5, characterized in that the particles
formed after interaction with an agqueous medium and in
particular the duodenal fluid have a size of less than
100 nm.

8. Application according to any one of
claims 1 to 7, characterized in that the lipid
exclipients are chosen from glycerides, fatty acids and
their derivatives, phospholipids, glycolipids and

sterols.
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claims 1 to 7, characterized in that the surfactants
20 are chosen fromthe follow ng conpounds: - glyceryl
capryl ate/ caprate, - Crenophor EL(r), and - sorbitan
pol yoxyet hyl ene ol eate. 13. Application according to
any one of 25 clains 1 to 7, characterized in that the
cosurfactants are chosen fré the foll ow ng
compounds: - dlethylene egcoI nonoet hyl et her, 45

propyl ene gl ycol ca L | at e, bsolute et hanol , _and
macr ogol 800 ‘to §@@ pPLERE 6H9a580FEVh§nFoC§ny
0 Ialns ¢har.act e hat. the

n?g 8&5 1% coﬁpg%aagcgeéé ﬁg|%8 &h?§4f / Iﬁr

Oe%qg%h)c/s Jea@%gw' E%DM?Q 1181,2p8" sfgg\g%g\é@' ch

can respectively vary between 50

15 anglggerﬁpdlgngfgatQS 10 1s. Appllcatlon accordlng
to any one of clalns to 7, characterized in that

the mgxyaseyl Smo§@@p§§@1e of Gelucire 44/14(r)/ Pl urol
A ei que(r)/ Transcutol(r)/glycofurol in proportions

whi chyDpderyBspredt oLl inybsyrbet ween 50 and 65, 15 and
25, 15 and 15 25, and 5 and 15. 16. Application

aecorglinigetwl ayuosee 0f clains 1 to 7, characterized
in that the mxture is conposed of Celucire

44/ 144o)ydlabraspol {3 )IMBE, i n

- soybean oil,

- capric/caprylic/lauric acid triglycerides, and
- oleic acid.

10. Application according to any one of
claims 1 to 7, characterized in that the surfactants
are hydrophilic.

11. Application according to any one of
claims 1 to 7, characterized in that the surfactants
are lipophilic.

12. Application according to any one of
claims 1 to 7, characterized in that the surfactants
are chosen from the following compounds:

- glyceryl caprylate/caprate,
- Cremophor EL®, and
- sorbitan polyoxyethylene oleate.

13. Application according to any one of
claims 1 to 7, characterized in that the cosurfactants
are chosen from the following compounds:

- diethylene glycol monoethyl ether,
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proportions which can respectively vary between 65 and
20 85, 15 and 25, and 5 and 15. 17. Application
according to any one of <clains 1 to 7, characterized
in that the mxture is conposed of Misine

35-1(r)/ Crenmophor EL(r)/DVMBO, in proportions which
can respectively vary bet weerf %40 and 25 50, 40 and 50,
and 5 and 15. 18. Application according to any one of
clains 1 araﬁ;erizedir1that the m xture is 46

tq 7,
cdhpo%gﬁggae@@ é@ﬁ?@ ARPERFERGYASES¢r ) 1 gl ycof urol , in

proporti i can respectively vary between 65 and
85, 1 gngﬁighgn & Ogndafg. 19. Application according

tQ_anxagQ%ggﬁ s%ock%ig%gl to 7, characterized in that

the mxture is conposed of Maisine 35-1(r)/ Crenophor

EL(r) /gl ycofyyr ol addl 1 JHORSY t d/ﬂ'HQCI'EOC%&/ Spe of

respectively vary between 40 an 50,7 40 an 0, and 5

ard alitms 20.t AP IGRIRR 3GGRIIRY th tAMhePNE >xHfurell s
claine 1 to 7, characterized in that the m xture is

C @ERPsee b saeiern rei lalyaia®i/ma u3%:11 01 Giamphor

EL(r)/ ethanol/DVMSO, in proportions which can

r especicurell /DSy et peepo2t iand 3&ickb card r3%pe2l ively
and 35, 5 and 15, and 5 and 15. 15 21. Application
avearydbegweenaly end 60, d¢babnsl 20t01P%, acklaract emdzed and
in that the mxture is conposed of soybean

oitP/-Mai si ne 35-1(r)/ Crenophor EL(r)/

et hanol / gl ycofurol, _in E(oportions whi ch can

15. Application according to any one of
claims 1 to 7, characterized in that the mixture is
composed of Gelucire 44/14®/Plurol Oleique®/
Transcutol®/glycofurol, in proportions which can
respectively vary between 50 and 65, 15 and 25, 15 and
25, and 5 and 15.

16. Application according to any one of
claims 1 to 7, characterized in that the mixture is
composed of Gelucire 44/14®/Labrasol®/DMSO, in
proportions which can respectively vary between 65 and
85, 15 and 25, and 5 and 15.

17. Application according to any one of
claims 1 to 7, characterized in that the mixture is
composed of Maisine 35-1%®/Cremophor EL®/DMSO, in
proportions which can respectively vary between 40 and
50, 40 and 50, and 5 and 15.

18. Application according to any one of

claims 1 to 7, characterized in that the mixture is
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respectively vary between 25 and 35, 25 and 35, 25 and
20 35, 5 and 15, and 5 and 15. 22. Application
according to any one of <clains 1 to 7, characterized
in that the mxture is conposed of soybean

oi | / Mai sine 35-1(r)/ Crenophor EL(r)/

Transcutol (r)/DVBO in propor%QOns whi ch can
respectively 25 vary between 25 and 35, 25 and 35, 25

and 35, 5 and 15, and 5 an 5. 23. lication )
acCUIRASRI tF i W ord 14d®d%la?91‘%a510]ﬁ§o}397%ycofur01r in
characterized in that the mxture is conposed of

SOV G o 81 FIRGRAUpHG DELYAxY between 65 and

Transcut ol [ gl.ycof urol, 1in, proportions which can
r espect vely Vary“betineen” 25 and 35, 25 and 35, 25 and

5> 35, 5 and 1195’ %ga%l%caarkqiojhaaczc%r il}%q‘gir%cgaurg&%%ange of

conposi tion i'ncluding an~ active pri

S@ﬁﬁ%EMQ&yﬁwg?ﬁﬁ&%ﬂéggﬁhtﬁ&é%ﬂ@ | plents,

of surfactants a appropriate, of cosurfactants

A% AR def iﬁ%éi@in@j@—@r&nﬁ%h@ Et®/glycofurol, in

Phar maceuti cal conposition incl ng an active

PlorGiote omRd wh i%e] fca@i“ﬂe%ﬁe)ﬁtﬂgréﬂ)ﬁ(tvlé&f@y RERRN 4 ana

i pid excipients, of surfactants and, if appropriate,

ofs 0g ogur faaet s aasl defandedsi.n clains 14 15 to 28.

26. Pharmaceutical conposition according to clains 24

and 25, charact erippdd cian ithatcicoreXinst $casny dnar dbf

gelatin capsule filled with the sem -pasty, pasty
claims 1 to 7, characterized in that the mixture is
composed of soybean oil/Maisine 35-1%®/Cremophor EL®/
ethanol/DMSO, in proportions which can respectively
vary between 25 and 35, 25 and 35, 25 and 35, 5 and 15,
and 5 and 15.

21. Application according to any one of
claims 1 to 7, characterized in that the mixture is
composed of soybean oil/Maisine 35-1®/Cremophor EL®/
ethanol/glycofurol, in proportions which can
respectively vary between 25 and 35, 25 and 35, 25 and
35, 5 and 15, and 5 and 15.

22. Application according to any one of
claims 1 tec 7, characterized in that the mixture is
composed of soybean oil/Maisine 35-1®/Cremophor EL®/
Transcutol®/DMSO, in proportions which can respectively
vary between 25 and 35, 25 and 35, 25 and 35, 5 and 15,
and 5 and 15.

23. Application according to any one of
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or liquid mxture of excipients. 20 27. Pharnmaceutica
conposition according to clainms 24 and 25,
characterized in that it exists as a soft capsule
filled with the sem -pasty, pasty or liquid m xture of
exci pi ents. 28. Pharnmaceutical conposition according
to 25 claims 24 and 25, chafdcterized in that it
exists as a sealed vial filled with the liquid

ure exci pients. 48 29. Pharnaceutica
08 6?§t|oﬁoageoF@Pﬁ@cFGr&FEﬁn§n2Eh§ﬁdt@@ mixture is

char acter. z exi.st.s as_a_gcantai ner of

o
s§PH OSSFth Fbﬁ@eﬁplPéa/%PﬁﬁlPﬁe3P|&u/&reWP?PGFF gg/

® h t ne in
CHELALE0L 3070 PorTTCal ook sombanLLon, v n

ure COf |ng t%ncpg

CP%E?@E@EV@?% erthQEWEBS §§t5M8 lenﬁgpandl§5€h§5 and

ester

(25) 5~ RAPREIYLakL- sULRRORY] am no) - 3. (4-(2- (1, 4, 5, &
t et rahydropyri m di n-2-y[ car banoyl ) et hyl ) benzoyl ami no) -

10 pr0p|°n|§4aC|ﬁha§$a0§h9§8§§e@&hﬁ§£199890§h51Ealng an
according to claim30, characterized in that

nhat Uve pBisenposedndoh el océhel 44£1HE) hPkiolk (SEEDS)
A eique(r)/Transcutol (r)/DMSO in proportions

5df 1Bi 484 18xc 1151 S2t s Phaf newetié ¢ €aht € 0apaQsi L £on
including the mxtures according to clainms 24 to 29,
chepracperazed oh codatfadieanics i ¥ greé ndepleedsin
(25) - 2- benzyloxycarbonylan1no 3-(4-(3-(1,4,5, 6-
claims 8 to .

25. Pharmaceutical composition including an
active principle and a self-emulsifying mixture (SEEDS)
of lipid excipients, of surfactants and, if
appropriate, of cosurfactants as defined in claims 14
to 23.

26. Pharmaceutical composition according to
claims 24 and 25, characterized in that it exists as a
hard gelatin capsule filled with the semi-pasty, pasty
or liquid mixture of excipients.

27. Pharmaceutical composition according to
claims 24 and 25, characterized in that it exists as a
soft capsule filled with the semi-pasty, pasty or
liquid mixture of excipients.

28. Pharmaceutical composition according to
claims 24 and 25, characterized in that it exists as a

sealed vial filled with the liquid mixture of

excipients.
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tetrahydropyri m di n-2-yl car banoyl ) propyl oxy) phenyl ) -
20 propionic acid. 33. Pharmaceutical conposition
according to claim 32, characterized in that the

m xture is conposed of Gelucire(r) 44/14/Labrasol (r)
in proportions 80/20. 34. Appllcatlon of

sel f-emul sifying m xtures 258 (SEEDS) of excipients as
are defined according to any one of claims 1 to 23 in

t he preparatlon n bIe sol uti.on which kes
it possi bl e 40 | ﬁﬁﬂaqﬁ# 6UﬁF6Fbﬁ?FQﬂrén%9 to

h t.h [ t.
S A T e A
LSRG IR 0500 R FRAPN M

acaondi g Jr0 Y ARG, f claims 1 to 23, characterized
in that it conprlses steps of: - addition of the lipid

exci pi ent, afp t hersunfaet@ntalarempbl i 2RRORHA L ¥ the
the cosurfactant, semsolid 10 exCipients requiring

h@&@@&b@gaCCo&U&h@Qt@ycabhh%lQg Wt blo, a erRYeReQUSEd in
solutlon is obtained; - dissolution of the active

pthaci phe laﬁtav‘éOb\.tﬁlﬂlhlpléuﬁh aseDVBOy19kyeehung or

one of the excipients 1.5 participating in the
cdapositi(anpathiyhie 1epull phonglaatdodf 3tHa- (2-(1,4,5, 6~

m croenul sions; - addition of the dissolved active
ptehtkplydropyrhaidinxPuyécetrbhinpiyd) exbiypid berhzoylamino) -

surfactant and, if
propionic acid

31. Pharmaceutical composition according to
claim 30, characterized in that the mixture is composed
of Gelucire 44/14®/Plurol Oleique®/Transcutol®/DMSO in
proportions 54/18/18/10.

32. Pharmaceutical composition including the
mixtures according to claims 24 to 29, characterized in
that the active principle is
(28) -2-benzyloxycarbonylamino-3- (4-(3-(1,4,5,6-
tetrahydropyrimidin-2-ylcarbamoyl) propyloxy)phenyl) -
propionic acid.

33. Pharmaceutical composition according to
claim 32, characterized in that the mixture is composed
of Gelucire® 44/14/Labrasol® in proportions 80/20.

34. Application of self-emulsifying mixtures
(SEEDS) of excipients as are defined according to any
one of claims 1 to 23 in the preparation of an

injectable solution which makes it possible to inhibit
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appropriate, cosurfactant; 20 - if appropriate,
heating or ultrasound treatnment wuntil a honbgeneous

solution is obtained.

49

the P-glycoprotein of cancer cells and to enhance the

cellular penetration of the active principle into the

tumour cells.

35. Process for the preparation of self-
emulsifying mixtures (SEEDS) of excipients as are
defined according to any one of claims 1 to 23,
characterized in that it comprises steps of:

- addition of the lipid excipient, of the surfactant
and, 1f appropriate, of the cosurfactant, semisolid
excipients requiring preheating;

- mixing by stirring until a homogeneous solution is
obtained;

- dissolution of the active principle in a solvent,
such as DMSO, glycofurol or one of the excipients
participating in the composition of the emulsions
and of the microemulsions;

- addition of the dissolved active principle to the
mixture of lipid excipient, surfactant and, if
appropriate, cosurfactant;

- if appropriate, heating or ultrasound treatment

until a homogeneous solution is obtained.





