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PREPARATI ON PROCESS AND USE AS MEDI CAME T[tlned_p’fgséx nvent'i én relates to
l'i pid nanocapsules, to 5 a process for preparing themand to their use for
manuf act uri ngg@ eELé£3PENt i nt ended lﬂmmﬂﬁmnmmw‘g be %ﬁ-@f}@@lﬁ@*

injection, orally or nasally. In rec ! ny groups have devel oped

the 10 formulation of solid |ipid nanopamtsi«cl es or |ipid nanospheres
Miuller, RH a ARean %1[56@ e c n

-(Bi ophar maceut i CgﬁﬁﬁﬁﬁOGCiﬁ%, 1995; , %@ioﬁﬁﬁ@ %ﬂ%?r%%e%?i cal

Technol ogy Europe: 52-57, Decenber MEBICANENEO5 497). This is an 15
alternative to the use of |iposones or pol yner Sarticlhes. bThese |}p| d
articles have the advantage of , being fornul ated in the absence o

Eol vent . Theyﬁéﬁ IREFESEhe RESPELPAL Fﬁgaéﬁsbéph IiPdshrmanacaaai I8gr dphi i ¢
products Bn tde prercases 'tfam) pp'gﬁpar%?g emaémlgg |%I’2g (éagaviﬁll'l_biirRRlS?t lﬁ%r,

S. T.P. Pharma_Scignces,. 2(6): z 92; a valli,, R et al.,

| nt er nat i onal "2"J0 %talfrjcﬂé Pﬁar%@%ﬁ?ﬁ“‘é@? TH-enied o gSPefgga)ly Thasde
particles myedeinsitdted floy Seiecaloyeassalhytde nabsebge of light, at 8C
(Freitas, C. and Muller, RH , 25 Journal of Mcroencapsulation, 1 (16):
59-71, 1999). Two techni ques are commonly used to prepare lipid

nanoparti cl est? hoh®gRnt zavFahSef Hamt cMeupPwdHn (SEAwadevetoped 30tk . |
Journal of Comdrmallpdidiel egse, s301d83198id 198hopMillienesR Hy ety td

Eur opean Journal of Pharmaceutics_and Bi gpharmaceutics, 41(1): 62Z-69,

1995) or of A'THWPHGAASI BOYRF - Mhflenangd MgRgert, European 'Journal

of Pharmaceutics and Biopharmaceutics, 41(1): 62-69,

(U
o 1995; W., Gasco, M.R., Pharmaceutical Technology

Europe: 52-57, December 1997; EP 605 497). This is an
15 alternative to the wuse of liposomes or polymer
particles. These lipid particles have the advantage of
being formulated in the absence of solvent. They allow
the encapsulation of both lipophilic and hydrophilic
products in the form of ion pairs, for example
20 (Cavalli, R. et al., S.T.P. Pharma Sciences, 2(6): 514-
518, 1992; and Cavalli, R. et al., International
Journal of Pharmaceutics, 117: 243-246, 1995). These
particles may be stable for several years in the
absence of light, at 8°C (Freitas, C. and Miiller, R.H.,
( i 25 Journal of Microencapsulation, 1 (16): 59-71, 1999).

Two techniques are commonly used to prepare lipid
nanoparticles:
- homogenization of a hot emulsion (Schwarz, C. et
30 al., Journal of Controlled Release, 30: 83-96,
1994; Miller, R.H. et al., European Journal of
Pharmaceutics and Biopharmaceutics, 41(1): 62-69,
1985) or of a cold emulsion (Zur Mithlen, A. and
Mehnert W., Pharmazie, 53: 552-555, 1998;
35 EP 605 497), or
- the quench of a microemulsion in the presence of
co-surfactants such as butanol. The size of the

nanoparticles obtained is generally greater than
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'NEhr'lert W, Pharmazie, 53: 552-555, 1998; 35 EP 605 497), or - the quench
of a mcroenulsion in the presence of co-surfactants such as butanol. The

size of the nanoparticles obtained is generally greater than HI1I111111Y
eve *000002* - 2 100 nm(Cavalli, R etsal., European Journal of
Pharmaceuti cs and Bi opharnaceuti cs, 43(2? 110 115, 1996; Morel, S. et

al ., Internationalyghoyppal Cagglflﬂar neceudti cs; | 13%ur%‘%,%a%61, o&?ﬁgl %618

Caval i et al. (Internatlonal Jour nal of Pharnaceutlcs 514-

-1992; and Phar mazif'a R Ceigolafye anh g Pl ORI Qﬁélttlrfégrusé%ﬁ‘ &t nomtxi ¢
bile salt, taurodaskycredeat eMo:be/l; n§ecetonlf or Ih#&@rfngﬁ:%tdaqn FfurndL

nanospheres greate %gn or uaI :gé (r}g% %’ e present invention
relates to nanocapsful rrn}ﬁ%eur qﬁ.(aﬁl n %2%% % g erm "nanocapsul es”
means padticles consisting of a core that is liquid or 15 semliquid at

room t enper atdérv%llﬁtoaettedai"‘ t@%ﬁtékﬁﬁ’c%@ﬁ‘él J8P§8F\id ot PhX %p[ erca%,mur €, as
opposed to nanospheres are matfi x i € par ose
entire mass i2s 634l i k4 vk th&%am@@hé’de%rmmﬂ,m h3a ﬁﬁér—&@@euth&%)l y

active princigseritdd s 3G actiygapripgiplg | sngh@gk)_[cdl sggrl%ed iy the solid

matrix. In the context of the present i nvention term "room
t enper at ur " GRERSeLRYSHSE A qUr eP Het%@bﬁcﬁlso%n(f%cth% @n@“%’ﬁb?’éctoﬁ)f t he

present 10veman@sphe N eaaRfid e hat tdr asgaveregessime oi Less. than 150
nm preferably
The present invention relates to nanocapsules rather
- than nanospheres. The term "nanocapsules” means
particles consisting of a core that is 1liquid or
15 semiliquid at room temperature, coated with a film that
is solid at room temperature, as opposed to
nanospheres, which are matrix particles, ie particles
whose entire mass is solid. When the nanospheres
contain a pharmaceutically active principle, this
20 active principle is finely dispersed in the solid
matrix.

In the context of the present invention, the term "room
temperature” means a temperature between 15 and 25°C.

25

( ? One subject of the present invention is nanocapsules

with an average size of less than 150 nm, preferably
less than 100 nm and more preferably less than 50 nm.
The nanocapsules each consist of an essentially lipid

30 core that is liquid or semiliquid at room temperature,
coated with an essentially lipid film that is solid at
room temperature.

Given their size, the nanocapsules of the invention are
35 colloidal lipid particles.

The polydispersity index of the nanocapsules of the

invention is advantageously between 5% and 15%.



| ess than 100 nm and nore preferably | ess than 50 nm The nanocapsul es
each consist of an essentially lipid 30 core that is liquid or semliquid
at roomtenperature, coated with an essentially lipid filmthat is solid
at roomtenperature. Gven their size, $he nanocapsul es of the invention
.are 35 colloidal lipid particles. The pol ydi spersity index of the

nanocapsul esTak thBickAwesti eff i shadvastageoyshy bekvweaavayrandolady - 3
The thicknesg 8f t he soh%f filn1is advantg%eo%él between 2 and 10 nm It
is al so abouPS&HESTert R ThdMyi Lhet&r 3PS %‘bﬁ't?’&? eseNBhTRE e of
t he nanocapsdiasetenmsioft $hespanttiiallles.of a fatty substance that is liquid
or semliquid at room tenperature, for exanple a triglyceride or a fatty

acid ester, representing 20%to 60% and preferably 25%to 50% by wei ght
of the nadnocdpsulcese 1O Thize sohhdchpbmlesatdong itdis neswerpsal kg pfefer abl y

consi sts ess kgl | i il 1C. syk a : | e lLecithin
whose propor'?igt(%lrl;’?ofé/uﬁ%%b%%lto?ge:tch%i Eéhlﬁlghbgﬁ/efg%&i&%ﬁg% 80% r%%:lan solid
15 filmmay &FBBeEaktaen & oKy drepmile @ suiriakYesride opr axdapky Seligt ol (r)

HS 15. The hydrephi lidpsadctant 20ant@b nedsi midepselriedabillym 2 €9ationg the
nanocapsul es BQegerabLy represents between 20 2% and 10% by "wei ght of the
nanocapsul es?Vpr 8YeFSBEPTt Qbolt e8P MPEEPSH1GiSyceri de constituting the core

of the Imnocapsules is chosen especially fromC8 to Cl2 25 triglycerides,
(o, pramle SAEC1SRon oRRUML! 8oL ! AL VESEiER. 100, BLurERLAY <O
consists essentially of a lipophilic surfactant, for
( example a lecithin whose proportion of
phosphatidylcholine is between 40% and 80%. The solid
15 film may also contain a hydrophilic surfactant, for

example Solutol® HS 15.

The hydrophilic surfactant contained in the solid film
coating the nanocapsules preferably represents between

20 2% and 10% by weight of the nanocapsules, preferably
about 8%.

The triglyceride constituting the core of the

nanocapsules 1is chosen especially from Cg to Cis
’ 25 triglycerides, for example capric and caprylic acid
( E triglycerides and mixtures thereof.

The fatty acid ester is chosen from Cgs to Ci;g fatty acid
esters, for example ethyl palmitate, ethyl oleate,

30 ethyl myristate, isopropyl myristate, octyldodecyl
myristate, and mixtures thereof. The fatty acid ester
is preferably Cg to Ci,.

The nanocapsules of the invention are particularly

35 suitable for formulating pharmaceutical active
principles. In this case, the lipophilic surfactant may
advantageously be solid at 20°C and liquid at about
37°C.



esters, for exanple ethyl palmtate, ethyl oleate, 30 ethyl nyristate,
i sopropyl nyristate, octyldodecyl nyristate, and m xtures thereof. The
fatty acid ester is preferably C8 to Cl2. The nanocapsul es of the
invention are particularly 35 suitable for fornul ating pharnaceuti cal
active principles. In this case, the lipophilic surfactant may

advant ageousiphebeam@hhtl af 20Cpapdiliaui shdtacbomt B3ACaihk@ afRuUAt Hf
| i pophilic surfactaﬁt contained 1n the solid filmcoating the nanocapsul es
t

is set such A thblPi GREEING t TS uBANIAPIdiS $8r P&t aRECR orRbéiind

mass ratio i $hehosegubet veebt} asbdSandes 61 bl sl hrivvgen bompithdl3 and
nor e prefera%& Sbetra en 3.and g. A sqﬁ%gct of #hggg{eaggt inv%nti is also
a process for preparing the HaRdcapstf €4 dBscr above. PI§ " ffé& ocess
of the invenbietween Basednoh therghasere ipnefestayl wibetrwedn / vadred &mul si on
brought about by several cycles of raising and | owering tenperature. The
process of the invention consists in 15 a) - preparing an oil/water

emul si on confaisiRieeh i |Yheg aprgsphisdneeniciionie Ridrophi irocess
surfactant, o peRiYarit s WHAH AN cAdW1ds de%c&flﬁa@d AYvand optionally a

pharmaceutically™ active principle that is soluble or dispersible 20 in the
oily fatty phase, or a pharmaceutically active principle that is soluble

or dispersi bivde i probesaquepushehasventDbhndifigpakedt bhe (@S phiaReer sion
Cerpor ature TS SBGIEN ha Tpre S Th/APaBn PURGEAARur SEEBRS (P UEk aPH o
wat er/ oi | ensleyiega,l foyldlesedhyrad sieducrnidnawer e tenperature. down to a
HmmmauneTL
The process of the invention consists in
15 a) - preparing an oil/water emulsion containing an
oily fatty phase, a nonionic hydrophilic
surfactant, a lipophilic surfactant that is
solid at 20°C and optionally a pharmaceutically
active principle that is soluble or dispersible
20 in the oily fatty phase, or a pharmaceutically
active principle that is soluble or dispersible
in the aqueous phase,
- bringing about the phase inversion of said
oil/water emulsion by increasing the
f 25 temperature up to a temperature T, above the
L phase inversion temperature (PIT) to obtain a
water/oil emulsion, followed by a reduction in
the temperature down to a temperature T,
T:1 < PIT < Ty,
30 - carrying out at least one or more temperature
cycles around the phase inversion zone between

Ty and Tz, until a translucent suspension is

observed,
b) quenching the oil/water emulsion at a
35 temperature in the region of T;, preferably

greater than T;, to obtain stable nanocapsules.



Tl < PIT < T2, 30 - carrying out at |east one or nore tenperature cycles
around t he phase inversion zone between T1 and T2, until a translucent
suspension is observed, b) quenching the oil/water emulsion at a 35
tenperature in the region of Tl, preferaply greater than T1l, to obtain
stabl e nanocapsul es. The nanocapsul es obtai ned according to the process of

the inventi ophar &, AEHEAdCISbYt b RB8AOTa O rHiHd acbarhe poEcéHst dFce
Cl-C4 al cohols. 5 The nunber of cycles agglled t'o the enul'si on depends on

the amount of-P&ner dPVEBGEPPed 888F or AFVABCAIRBESPYUI e$TCFhe PhaseCPiver si on
may be vi suakhzgdcByneéancebirndnettancehe, sopdicdévéty. of the formati on when
the water/oil 10 emulsion is fornmed. The process of the invention
conprises two steps. The first step consists in weighing all the 15

const i t uent s Theeatimbg rt lcfmcafodess aappeniret dtairehd2emnt bigentkepestsr onng (f or
exanpl e magnet.i.c L.rei ng) t [ | 1 0qQhJ t

Comperature T1o CTLLTS) SEapfistoy SERuIRHORE buip Tld i s
wat er/oil enul sion is obtained. 20 The phase inversion between the
oi | /wat er emphai hARd 1 dhe- Wederhel | peMYighen ii-%d &y eshRdePyng beduction
in the conductivity when the tenperature increases until it 1S canceled
out. The avef&fe FHPAFEIUHeY oP Lt hen®5 LoFaed 1R eVREBN Y¥heWabrEESddnds t o
t he phaseyi neefdisédn tigngeratkdr.e ' (Pl T). The organi zation of the systemin
the form of nanocapsules is reflected visually by a change in the
appearance of the initial system which changes from opaque-white to

t ransl ucent - Whiet prothiss 8@ chandeveakdesnplcamprdtses terpertana.e bel ow t he
PIT. This

U

‘es, a

The first step consists in weighing all the
15 constituents, heating them above a temperature T; with
gentle stirring (for example magnetic stirring) and
then optionally cooling them to a temperature T;
(T1<T2). After a certain number of temperature cycles, a
water/oil emulsion is obtained.
20
The phase inversion between the oil/water emulsion and
the water/oil emulsion is reflected by a reduction in
the conductivity when the temperature increases until
it 1s <canceled out. The average temperature of the
25 phase inversion zone corresponds to the phase inversion
(,: temperature ' (PIT). The organization of the system in
the form of nanocapsules 1s reflected visually by a
change in the appearance of the initial system, which
changes from opaque-white to translucent-white. This
30 change takes place at a temperature below the PIT. This
temperature is generally between 6 and 15°C below the
PIT.

T; 1s a temperature at which the conductivity 1is at
35 least equal to 90-95% of the conductivity measured at
20°cC.

T, is the temperature at which the conductivity becomes

canceled out.



tenperature is generally between 6 and 15C belowthe PIT. Tl is a
tenperature at which the conductivity is at 35 |east equal to 90-95% of
the conductivity neasured at 20C. T2 is the tenperature at which the
conductivity becones canceled out. The gecond step consists of a sudden
cooling (or quench) of the oil/water emulsion to a tenperature in the

region of Tlrnerefsepldy %Q‘é EbnaWisitly Meanety C sudfddn | RGo 1Rl [ Ng it
bet ween threefol d an?‘ﬁ‘ie é? 061 SI ng dei on| zed water at 2C 1 added to
ti

the fine emIUSNGH i YL SN KkEPL Xt FPRPREREBES §n
mnutes. In ahe pf@cﬁﬁdiﬁedaﬁnbp,dl @S&Iétf,eﬁalbﬁyf agbyvehase iwitehf alaignetli® acid

triglyceride, the.soli lic surfact ant lecjthin and t

hydr ophi | i ¢ SUPF&dE St y ‘%ofﬁ{—’b? Bry % d@?r?%‘g%Jeécaﬁal ttle&%]ﬁdTl =
60C, T2 =585QGsdmg déeomindar mfteccyceh’es 2°s aqudlC tad@ed1%olThehéi fdine
subst ance/ sol rfact r et

preferably bg%n%%‘% %‘ 5 lg{r.]% Q%PP ggﬁogékgﬁé%eram%se%eé)m)éﬁ? rlng g £I'h
oi | / wat er emd Hilomt&dvant ageously contains 1%to 3% 20 of |ipophilic

surfactant, 5% to 15% of hydrophilic surfactant, 5% to 15% of oily fatty

subst ance and 64% to 89% of water (the percent ges are expressed on a
wei ght basi s)I? P5eTRFafisfiad tsePedientuetloe faktYi Bhraer ast ¢ fabdvance,

t he hi gheo tb@ll@ll"létﬁﬁgg@\tﬁrsﬂdﬁg ttﬁ{ﬁ)%@tmell@ﬂphhﬁlcotsh@fahfﬁﬂﬂt tléeaHLBh
val ue of the.fat subst gnc o] ot ear_t e .an.influence. an the
size of the LK% 5%‘& su?gg %(5 ﬁ%d W{Eﬁpf %he - %@cgfant eltsrl‘é?@ég?il e end
gr oups HS15. Under these conditions, T; = 60°C, T, = 85°C and

{ the number of cycles is equal to 3.

15 The liquid substance/solid surfactant compound ratio is
chosen between 1 and 15, preferably between 1.5 and 13

and more preferably between 3 and 8.

The oil/water emulsion advantageously contains 1% to 3%
20 of 1lipophilic surfactant, 5% to 15% of hydrophilic
surfactant, 5% to 15% of oily fatty substance and 64%
to 89% of water (the percentages are expressed on a

weight basis).

’ 25 The higher the HLB value of the liquid fatty substance,
(- the higher the phase inversion temperature. On the
other hand, the HLB wvalue of the fatty substance does
not appear to have an influence on the size of the
nanocapsules.
30
Thus, when the size of the triglyceride end groups
increases, their HLB value decreases and the phase

inversion temperature decreases.

35 The HLB value, or hydrophilic/lipophilic balance, is as
defined by C. Larpent in Treatise K.342 of Editions
TECHNIQUES DE L'INGENIEUR.



i ncreases, their HLB val ue decreases and the phase inversion tenperature
decreases. 35 The HLB val ue, or hydrophilic/lipophilic balance, is as
defined by C. Larpent in Treatise K 342 of Editions TECHNI QUES DE

L' I NGENI EUR. The particle size decreasesywhen the proportion of
hydrophilic surfactant increases and when the proportion of surfactants

(hydrophi|i ¢ sapd ?a&‘%@.@llej ChizbNCHERSEAseSPeFhELCALAY, g%{lﬁ:éf‘éiéﬁta&f
brings about a 5 decrease in the interface tension and S a
st abi | i zat i oR Y AHEL lSh&t en§ LR CFRRE onpi BSLEABESpr 08BEL | oivhem sneihe

particles. Myrpwitidheopakuiréaetsinze | Ney@asesi whenahhe 11 g Pt i on of
oil increases. According.to ope giiferrﬁd enbodi nent, the fatt¥#Phase i's
Labr af ac(r) V&E‘%e@est’hes??ﬁbgh? YsufFPEctSHitaEant pbrapes 8Pesits aind t he
noni oni ¢ Bydrdephidd=se sudhact ané 15 ritserdas ol tehsHSNnl5. afleset g@spounds

have the fol | Qw . racteristics; -_Labrafac(r), l.i pophile W 1349
(Gatt ef osse, S%\z,aglb% -l%rl es , rkanctee. %ﬁ?geﬁé a&l%'ﬁh coﬁﬁ%‘SEeSf ﬁbﬁ’yl iC
20 and capri ereduEiIic afd )l meditimdmin triglycerides. Its density is
fromO0.930 to 0.960 at 20C. Its HLB value is about 1. Lipoid(r) S 75-3

(Li poid GwbH, Ludw gshafen, 25 Germany). Lipoid(r) S 75-3 corresponds to
soybean | eciMHi&PVeoybekhel ecPRRFHCEDNnt ik abdDErE9®Esphoshperat i dfiechol i ne

and 9% phosphatdgbitatdrangd ai Neincrd@year e thus surfactant conpounds. This
constituent is the only constituent that is solid at 37C and at room 30

tenperature in the fornulation. It is comonly used for the fornulation of
i nj ectabl e p@ddoddisg -tGobneobik)ebdSetd (idASH mdidw grbaffant yCeHmy )

-I;h'vs s a p(?dsye&.g%lr%%c% y%&l -§§99%- hiquéoxlﬁg S £1 £ Istu}PéJcstant is
Lipoid® S 75-3 and the nonionic hydrophilic surfactant
15 is Solutol® HS 15. These compounds have the following

characteristics:

- Labrafac® lipophile WL 1349 (Gattefossé, Saint-
Priest, France). This is an o0il composed of caprylic
20 and capric acid (Cs and Cjg) medium~-chain triglycerides.
Its density is from 0.930 to 0.960 at 20°C. Its HLB

value is about 1.

- Lipoid® s 75-3 (Lipoid  GmbH, Ludwigshafen,

o 25 Germany). Lipoid® S 75-3 corresponds to soybean
( lecithin. Soybean  lecithin  contains  about 69%
phosphatidylcholine and 9% phosphatidylethanolamine.

They are thus surfactant compounds. This constituent is

the only constituent that is solid at 37°C and at room

30 temperature in the formulation. It is commonly used for

the formulation of injectable particles.

- Solutol® HS 15 (BASF, Ludwigshafen, Germany). This
is a polyethylene glycol-660 2-hydroxystearate. It thus

35 acts as a nonionic hydrophilic surfactant in the
formulation. It may be used by injection (via the iv
route in mice LDsy > 3.16 g/kg, in rats 1.0 < LDsy <
1.47 g/kqg).



35 acts as a nonionic hydrophilic surfactant in the fornulation. It may be
used by injection (via the iv route in mce LD50 > 3.16 g/kg, inrats 1.0
< LD50 < 1.47 g/kg). The aqueous phase of the oil/water enulsion may al so
contain 1%to 4%of a salt, for instancegsadium chloride. Changing the
salt concentration brings about a shift in the phase inversion zone. The

hi gher the 513 tagea6Es! rpﬁiais%_n,ofh%Hé)VﬁilyﬁthPa%ndlrﬁ/i%rﬁiHQFI also
tenperature. This ,phenqmenon | be advant.ageous for, encapsulating

| v
hydr ophobi ¢ FEAEAdEhsits véFoacYX:%ve oLrignciSfilds. B r infd@nss atSsH Uy be
per f or med atdhldnmﬁﬁ.t@hﬁm@ﬁm@rehel%émﬁié@ﬁ&%ﬁ&@&t%@nobr&h?sl?M?ﬂh!on may
advant ageousl copt ai.n ap, active pri.nciple and na m part. o e
conposi tion 5‘? 3hh€§1i C‘-e{heﬁ{‘et &W“gdﬁpﬁﬁg‘éép& T)?/ngi nﬁr@@t i ’Bhghégpetg]@m ly
i ntravenolis isaléct icomcartatdtyian, I1Sheashbwyr Wiae tbeaa@tiwawyﬁsﬂﬁﬂqe is
sparingly sol j e ' 0S nt_is for e e
NN d ot hy IREEr P RSy B ind PaBERRFaatBhe TR
particul ar | y ens@psagiad ingr  t héyahwiphiodtircat i olesft tsen fidliweni ng aadtiivee

principles: ZyincApiiddf ephé oHs iagHodratidildhdg aat ifg@fff&f d 2gents and
antibiotics, .- anticancer agents, active principles intende or the
Central Nervd@¥eISySMBRTAMILST nust cross the bl ood-brain barrier, 30 such
as anti papki nson agents and nore generally active principles for treating

neurodegener%%gvenagggggggiés of the invention may advantageously

contain an active principle and may form part of the
. composition of a medicament to be administered by
- injection, especially intravenous injection, orally or

15 nasally.

When the active principle is sparingly soluble in the
oily phase, a cosolvent is added, for example N,N-
dimethylacetamide.

20
The nanocapsules of the invention are more particularly
suitable for the administration of the following active
principles:
o 25 - antiinfectious agents, including antimycotic
(,} agents and antibiotics,
- anticancer agents,
- active principles intended for the Central Nervous
System, which must cross the blood-brain barrier,
30 such as antiparkinson agents and more generally

active principles for treating neurodegenerative

diseases.

The pharmaceutically active principle may be firstly
35 soluble or dispersible in an oily fatty phase, and in
this case it will be incorporated in the core of the
nanocapsule. To do this, it 1is incorporated at the
stage of the first step of preparing the oil/water

emulsion which also contains the oily fatty phase, a



The pharnmaceutically active principle may be firstly 35 soluble or
dispersible in an oily fatty phase, and in this case it will be
incorporated in the core of the nanocapsule. To do this, it is
incorporated at the stage of the first ?tgp of preparing the oil/water
emul sion which also contains the oily fatty phase, a nonionic hydrophilic.

surfactant. aﬂépﬁo'n'i@phh%afopﬁi'{IéCt @Jrﬁa@c%dts SQEHd al 296 oﬁlﬁlic
pharmaceuticall'y active principle nmay also be of wat er - sofubl @ nature or
di spersibl e ﬁﬁréﬁ%q\@éoﬁélaﬁhwe,sof}fﬁa?/iaﬁ f@cl¥-a case it will be bound to the
surface of the nanocapsules only after the final phase of preparing the

st abl e nanocgpsul es. Such a water- soluble active_principle my be of any
nature, 10 iﬁgﬁué? Mrotebhsal hbepfictdde oPF4BRLR!Bottes 2af8 DA ©f

pl asni ds.5 Suahtam-aolluv@ epr inadiydes icr atdbahersilel ¢ heinsushacaqekotire

nanocapsul es pntr ci,ng said active principle into _the saolution in
whi ch are diggéﬁgéd g&#aﬁ1 ﬁ&ﬁgcébsﬁ%§$ obtai a Fbrb?ﬂﬂdpf%%e§ €15
accordi ng tosuhéacevatft idre Theopapsehee ohly rditieonitthe hfidnaphiphiace

surfactant ppe I nt o on th er-solubl e active
principle ang Pﬁéfégégﬁngpr ége%g%%%%e ﬂ§%8§§%§ﬁ?§§: gamﬁﬁeahagggggoluble
active princeplebhgy aA%oitre PhLR6HREEd MY the agfeousnphasetddeing the

first step ehcilidting fiddaaier ﬁé?@%é&io@-li&%ddl}é%ﬁiidé% i gnd! bigt r at ed
by the exanpl es th%% 5 follow, wiith reference to Figures 1 to 4. Figure 1
is a photogngﬁS@F he HHibcaPsaréd V& Hqﬁﬁc¥$H%n%PoﬁLﬂﬂQQQﬁxF?ntéﬁanple
1. The scal esugfacemdfo tid nanodBpkulesebs shmwodle ithasgedi actheeaver age

?arti0|e Sizgri%%i%l%ung%kgn fetrg%fﬁéggﬁthﬂp %ﬁﬁﬂ%ﬁr%@%ilhgspersed
‘ stable nanocapsules obtained after the process
15 according to the invention. The presence of a nonionic
hydrophilic surfactant promotes the interaction bonds

between the water-soluble active principle and the free

surface of the nanocapsules.

20 The water-soluble active principle may also be
introduced into the aqueous phase during the first step

of initial oil/water preparation.

The invention 1s 1illustrated by the examples that

25 follow, with reference to Figures 1 to 4.

Figure 1 is a photograph of the nanocapsules of the
invention obtained in Example 1. The scale is 1 cm to
50 nm.

30
Figure 2 shows the change in the average particle size
as a function of the proportion of hydrophilic
surfactant (Solutol®).,

35 Figure 3 shows the change in conductivity as a function
of the temperature for various salt concentrations. In
curve 1, the salt concentration is 2.0% by weight. In

curve 2, the concentration is 3.4% by weight.



surfactant (Solutol(r)). 35 Figure 3 shows the change in conductivity as a
function of the tenperature for various salt concentrations. In curve 1,
the salt concentration is 2.0%by weight. In curve 2, the concentration is
3.4%by weight. - 10 Figure 4 shows the f£hange in the conductivity of an
oil/water (O'W enulsion described in Exanple 1, as a function of the

tenperature afierd haeesrfacf‘é eengl oA ngnﬁn@hé OWRIHGG tliRA thenper afjr e

bet ween 60 and_ 5 85C 1. Nanocapsul es not contalning active

principle A)qq%ﬁ¥%§ﬁ4cﬁpéw tﬁ@uﬁéﬁééa@§ﬁ4£9QQﬂSl@ sxagwplemul si 88 a

I cont alhn: ng gggﬁ:tqfod-' éb&‘ d(tlhl)e SE%H era&%éggga&ftéi?br@igx%%( e e]§4%f

i pophi | e, 0 utol (r of water an
SOSIEW] chIoF@dgHé¥% g ai%%ér%391' q n&?@@@é t§r§reb85Wﬁ?ﬂed69nf¥K% sane
beaker anfl plsdced under magnetic stirring. Heat is applied until a
tenperature of 85C is reached. The systemis allowed to cool to a
tenperature of 60C with magnetic 20 stirring. This cycle (between 85C and
60C) is perExampded:i Nanasapmiliesy okt edntdiningdactive tpriscipléuncti on
of the tenperature is observed (Figure 4). The phase inversion takes place
after three cycles. At the final cooling, quenching is carried out by
addi ng 25 127 Rreparatian |ofy the H2anqcarsuleSto the nixture at 70C. The
systemisothen maintai ned under nmagnetic stirring for 5 mnutes. The

particles obtalned under_t he condltlons desc bed 30 apove aft r three
temperature cyd e3f ABvEMW STt yng ﬁfg TRG TS 55 i%spersity
is 0.071. 504 mg of Labrafac® WL 1349 llpophlle, 504 mg of

. Solutol® HS 15, 3.829 g of water and 88 mg of sodium
chloride are prepared.
15
The ingredients are combined in the same beaker and
placed under magnetic stirring. Heat is applied until a
temperature of 85°C is reached. The system is allowed
to cool to a temperature of 60°C with magnetic
20 stirring. This cycle (between 85°C and 60°C) is
performed until a canceling out of the conductivity as
a function of the temperature is observed (Figure 4).
The phase inversion takes place after three cycles. At
the final cooling, quenching is carried out by adding
25 12.5 ml of distilled water at 2°C + 1°C to the mixture
( at 70°C. The system is then maintained under magnetic
stirring for 5 minutes.

The particles obtained under the conditions described

30 above, after three temperature cycles, have a mean size
of 43 * 7 nm. Their size polydispersity is 0.071.
Transmission electron microscopy using phosphotungstic
acid made it possible to reveal particles with a mean
size of about 50 nm (see Figure 1). Moreover, an

35 observation made by atomic force microscopy in contact
mode (Park Scientific Instruments apparatus, Geneva,
Switzerland) shows that the nanocapsules are indeed
solid at a temperature of 25°C.



Transm ssion el ectron m croscopy using phosphotungstic acid made it
possible to reveal particles with a nean size of about 50 nm (see Figure
1). Moreover, an 35 observation made by atomic force m croscopy in contact
nmode (Park Scientific Instrunments appargtus, Geneva, Switzerland) shows
that the nanocapsules are indeed solid at a tenperature of 25C. - 11 B)
Change in th@)pichadigd A e Brbpiiilds V¥ MRfdSEniEid Csdr PEL YR ENOWS
different fornulations of nanocapsul es prepared wth variable
concentrations of 5 hydrophilic surfactant. Mass % Li poi d

1.511.511. 51Tamlk 511. 518ebdd. 51si59%s 3 hﬂbﬁﬁéﬁéﬂﬁ) formulations of

10. 0810. 0810.0810..0810. 0810. 0810, 0810..08 W 13%? Solutolé{% £

5. 007. 5010. 0850625 . B55B0530. g THsVigtable concentfations of
mater81.6579h&@ﬁﬁmﬁﬁlﬁxﬁ8ﬂwrﬂﬁﬁb®rm861.6856.68

NaCll. 761.761.761. 761. 761. 761. 761. 76 TABLE | Decreasing the concentration
of Solutol (r) HS 15 resturts—310—+n—an—tncrease—+n—the—frean—partiecte—s ze
(Figure 2). Mean sizes going from?23 to 123asm%re thus observed for

Sol ut ol (r) wasegﬁré'onsl. inglfsrlorr §05{° %%%oof p Lhe | 1qtall f a”“'dﬁtggg{'a

respectivel e si zp thus| depends he concentratlon of “hydr | ic
surfactant. 8856 Cha,ges in the roportlons of Lipoid(r)l and Solutol|r)
surfactants| paprafac® | 10.08 | 10.08 | 10.08 | 10.08 | 10.08 | 10.08 | 10.08 | 10.08

WL 1349

Solutol® 5.00 7.50 10.08 | 15.00 | 20.00 | 22.50 | 25.00 | 30.00

( HS 15
Water 81.65 | 79.10 | 76.60 | 71.68 | 66.68 | 64.18 [ 61.68 | 56.68
NaCl 1.76 1.76 1.76 1.76 1.76 1.76 1.76 1.76

TABLE I

Decreasing the concentration of Solutol® HS 15 results
10 in an increase in the mean particle size (Figure 2).
Mean sizes going from 23 to 128 nm are thus observed
for Solutol® proportions going from 30% to 5% of the
total formulation, respectively. The size thus depends
on the concentration of hydrophilic surfactant.
15
C) Changes in the proportions of Lipoid® and Solutol®
surfactants

Table II below shows formulations of nanocapsules
20 prepared with various surfactant concentrations.



'Tablle Il bel ow shows fornul ati ons of nanocapsules 20 prepared with various

surfactant concentrations.

12 Mass ABC Lipoid(r) S75-30.78%.51%. 35%

Labrafac(r) W 134910. 08940. 08%940. 08% Sol utol (r) HS 155.22%10. 08%45. 65%
Wat er 82. 16%76. 60%4.0. 16% NaCl 1.76%1.76%11E§%3Pr0p0rtiOn of 6.00%1.59%8. 00%

surfactants TABLE Il Increasing the proportion of surfactants in the 5
formul ation brings about a reduction in the nean size. Specifically,
formul ation A gives particles wtphanean—stzeof85—F—nmm(P=—0-124) .
For fornulations B and C,_ the nean sizes beconeMa®s & nm (P = 0.071) and
29 8 nm(P|= 0. 148), respgctivgl y. 10 pz Chapge inpt he NafCl copcentrption
Tabl e |11 betrowshows two fornmuiaptons of manpcapstures—preparet—wth| t wo
different cafi®eid®;8%5-3t Nadl |15 @al8% Maks o1BA&i d(r) S2538% 73pd. 70%
Labrafac(r) \ﬂab%@%.ﬁglg@s_ol ut ohbr.bg!gSISZ. 8%@;@% WAL e_rﬁyo.@eh?%BG 36%
ShiTt in o) SOPRRUBHS A8 ot an Bonds- 38k hi pherld 8%y 15-65% |
Water 82.16% 76.60% 10.16%
NaCl 1.76% 1.76% 1.76%
Proportion of 6.00% 11.59% 18.00%
surfactants
TABLE II
‘ Increasing the proportion of surfactants in the
( 5 formulation brings about a reduction in the mean size.
Specifically, formulation A gives particles with a mean
size of 85 &+ 7 nm (P = 0.124). For formulations B and
C, the mean sizes become 43 + 7 nm (P = 0.071) and
29 £ 8 nm (P = 0.148), respectively.
10
D) Change in the NaCl concentration
Table III below shows two formulations of nanocapsules
prepared with two different concentrations of NaCl
15 salt.
(.E Mass %
' Lipoid® 575-3 1.73% 1.70%
Labrafac® WL 1349 5.76% 2.84%
Solutol® HSL5 2.88% 5.68%
Water 87.61% 86.36%
NaCl 2.02% 3.40%
TABLE III
Changing the salt concentration brings about a shift in
20 the phase inversion zone. The higher the salt
concentration, the lower the phase inversion
temperature (Figure 3). This phenomenon will be

advantageous for the encapsulation of hydrophobic heat-



concentration, the |lower the phase inversion tenperature (Figure 3). This
phenonmenon will be advantageous for the encapsul ati on of hydrophobi c heat
- 13 sensitive active principles. Their incorporation may be perforned at
a lower tenperature. Wth these forrrul_atj'S ns, particles simlar in size to
5 the previous sizes may be obtained, de %ite the different salt

concentratio e. 2, :Enc l.atkon of,a.lipophilic active rincipl e,
Sudan 111 10%%Wnul%%H)%gcgﬁgggé%gg'tfghfalﬂllgt lwoépgrﬁ?l%éof Y, Pt he
initial enul PONferreehrapar etowyr veemppéngtone. 75 ng of Lipoid(r) S75-3,
504 ng of Labrafac(r) lipophile and 504 ng of Solutol(r), 3.829 g of water
and 88 ng of 15 sodium chloride. 200 ng of Sudan |11 dissolved in [liquid
petrol eum j elWy*tar Ehgagedormiel ahibanfre Partigighedinitlam imesdame teaker
and placed undes prEAebL§ SkiikzeisNgmdjeatpbds apphigdqyNt |dles§,itt%rrpetr@é ure

of 85Cis reaé:l.gﬁd. Tl‘g s%/_item is allowed to cool to a 20 tenperature of 60C
with magneti BT hy. STt SCWFREIIBERIRen 85C and 60C) is performed
three tines. At the final cooling, an quenching at 70C is carried out byd
addi ng 12.5 i stplle e 2 1 The stem.is then nmaintaine
undergmagnet :—ﬁgﬁg-fr-uh-n%f oﬁk#%%‘%%h?is. gf’he %nci%gﬁPg]ﬁllbﬁ of 2R 11|
made it possiRtineirleptI3ndamakIIclies of a sinmlar size to the particles of
Exanpl e 19 for the sane proportions of surfactants and 30 of fatty phase,
ie 45 12 nm (P =_0.138). To the naked eye, the S%E| e appears a uniform
pi nk. Exanpl e''® EREBPSAFAPN oSBT 9FRSEEkt kDnEhas Evampd atilon 5 g
corresponds tdf t BAe GfnidaPl 8mbls®of are prepared by weighing out

75 mg of Lipoid® 875-3, 504 mg of Labrafac® lipophile
(- and 504 mg of Solutol®, 3.829 g of water and 88 mg of
15 sodium chloride. 200 mg of Sudan III dissolved in

liquid petroleum Jjelly are added. The mixture is
weighed out in the same beaker and placed under
magnetic stirring. Heat is applied until a temperature
of 85°C is reached. The system is allowed to cool to a
20 temperature of 60°C with magnetic stirring. This cycle
(between 85°C and 60°C) is performed three times. At
the final cooling, an quenching at 70°C is carried out
by adding 12.5 ml of distilled water at 2°C t 1°C. The
system is then maintained under magnetic stirring for
25 5 minutes.

The encapsulation of Sudan III made it possible to
obtain particles of a similar size to the particles of
Example 1, for the same proportions of surfactants and
30 of fatty phase, ie 45 + 12 nm (P = 0.138). To the naked

eye, the sample appears a uniform pink.
Example 3: Encapsulation of progesterone

35 The formulation corresponds to that of Example 1: 5 g
of the initial emulsion are prepared by weighing out
75 mg of Lipoid® S575-3, 504 mg of Labrafac® lipophile
and 504 mg of Solutol®, 3.829 g of water and 88 mg of
sodium chloride. 10 mg of progesterone are added. The



of the initial enmulsion are prepared by weighing out 75 ng of Lipoid(r)
S75-3, 504 ng of Labrafac(r) lipophile and 504 ng of Solutol(r), 3.829 ¢
of water and 88 ng of sodiumchloride. 10 ng of progesterone are added.
The - 14 mxture is weighed out in the Sane beaker and placed under
magnetic stirring. Heat is applied until"a tenperature of 85C is reached.

The systemi s, 4 ds .t {0 t ur, f .6 W th etic,5
stirring. Thi%nsla}lcéyc e %Be?’v?g e&?tseg%dqgggﬁélssgggrf%e?aﬁ{e%rtﬁpgggh'%esq At
the final coolidRy arRgRflehehi figlerig: C Heatar dised apptl ileg additrigl 122 5

of distilledeiicaiiyCor 16s-ENS SYpLaMNES. AR IRLOLR! BRO 4iNdREeq
magnetic stirring for 5 mnutes. 10 The encapsul ation of progesterone nakes
it possible t® oRaln partRcl éemprersitinear 2f ze80t6 tWétglartméth&tJoi

Exanpl e 15 | ethrriky nmTiis Ocyd2y. ThRtRReeStgsane ahg nebpeigundi d n the
aqueous phase at_a co ce%gatl 0£,15 abovy |é§]sol gbl Iity. Spiem ically, a
centrifugati e =°F 0B ¢Ppm FORS80 nf ‘%ut Qi vesna| i GROPNEei pidtat e
whose conposiduesrchiasy sétudi7@dCby sDSGrAtes pueciy tédcﬁngioez.ﬂotnlcojf;]al n
rogest er one. ;.9§,nce O%fﬁ o] I S,oNi[t ly ipsoluble in water, this

p 198 &Y ra.lég t ! Sped .faé AR gyﬁﬁgg t He then

i ndi cates an I'Acor po on of the active princrpl

nanocapsul es maEndragined) urRlrgapwdnst ion ofizrius uféans suspenss on 25 A)
Suspensi pp of busul fan (at a concentration of 0.25 ng/m) The first step
of the encapsul ation of busulfan_consists in dissolving it in

N, N- di net hyl 8§ BRRPS A BpLep| afi progestarensy makes of passibae pger nl of

N, N- di met hyl agaim deaisiéhels Brepamed.arl 751 #8s0fc ot hife BAkKHELOBsATSF taken
and added toé¥£%6¥£(¥,Lfgrgga%(ﬁa'nm (P = 0.112). The progesterone
(. is not found in the aqueous phase at a concentration
15 above its solubility. Specifically, a centrifugation at
200 000 rpm for 30 minutes gives a light precipitate
whose composition was studied by DSC. This precipitate
does not contain progesterone. Since progesterone 1is
virtually insoluble in water, this indicates an
20 incorporation of the active ©principle into the
nanocapsules.

Example 4: Encapsulation of a busulfan suspension

25 A) Suspension of busulfan (at a concentration . of
0.25 mg/ml)

The first step of the encapsulation of busulfan
consists in dissolving it in N,N-dimethylacetamide. A
30 solution containing 24 mg of busulfan per ml of
N,N-dimethylacetamide 1is thus prepared. 175 mg of this
solution are taken and added to 504 mg of Labrafac®.
75 mg of Lipoid® S575-3, 504 mg of Solutol®, 3.829 g of
water and 88 mg of sodium chloride are also weighed
35 out. The initial emulsion is thus at a concentration of
0.88 mg/g of emulsion. The ingredients are combined in
the same beaker and placed under magnetic stirring.
Heat is applied until a temperature of 85°C is reached.

The system is allowed to cool to a temperature of 60°C



75 ng of Lipoid(r) S75-3, 504 ng of Solutol(r), 3.829 g of water and 88 ny
of sodiumchloride are al so weighed 35 out. The initial enmulsion is thus at
a concentration of 0.88 ng/g of enulsion. The ingredients are conbined in
the same beaker and placed under nmagneti;g stirring. Heat is applied until

a tenperature of 85C is reached. The systemis allowed to cool to a

tenperature gf+60G 5 : M ; I CpfE LI rd NG Thi e 85C
an:jrp 600) isggérﬁf (%Féh%%é%h%metest&tl?qnggs'AtT?%g ﬁ){%e cgg%}:ﬁé%h aér?%\é\%g% ng at
70C is carri €8 6t 5y pevfaymed. shyee ofimgsti Rtedhfat BEnal 2eoligg,The

systemis thgn FusidMidigesk undee magneii£isdi butngf ogdoﬁir_xq nypes. pihe
final concentration, je after quenchlr\%e thaf is to'say dilTution 25

mg/ m . The sPfe G¥Sthbledr hadisds 8bt & dedtis Sf i gha ySyakger 19:LOt§"I$|@f1 t hat

of Exanpl® lmatinaadawdl widéhembigalen cproporiimy Forf o tiyi phese. (G3e 5 NN .
As for prog stegone usul fan is .,not found in the aqueoug éghgse at a
t

b
concent r at i of “2BovETES ANt y-© detd I %o £Pe st8réHNisible

by optical 1Biktiosgopy iOn2thegaqleous phase after encapsul ation. Now,
since busulfan is virtually insoluble in water, this indicates an
incorporation of the busulfan into the nanocapsules. 20 B) Suspension of
busul fan (at TAecsricent et itbe dfartpiGesigrhtrinegarits csbighisbendargenr at

0.50 nu/io i stRRAPaEgdtunder Ek?ﬁﬁiﬁ”‘élcoﬁﬁi thersuas aBeverakt egg@hﬁ%&ol ving
O ]

50 nmg of 25 busulfan in 1 m i met hyl acetam de. 175 hi s

sol ution ar ePEEREALAAA added %3FB04 Ry2d® ~ ((8Br afi'ac?E’r) gk, %Aéf Ergoi d(r)
S75-3, 504 nprofeSeokubok(r)busd1828 gisf net erfaunsd 88my tofe Saguesushl ori de
are al so me%gggg Ouét TQF igg%%%kt%ggﬁgkon égoégus j.%tsa solubility.
(', Specifically, no crystals are visible by optical
15 microscopy in the aqueous phase after encapsulation.
Now, since busulfan is virtually insoluble in water,
this indicates an incorporation of the busulfan into

the nanocapsules.

20 B) Suspension of busulfan (at a concentration of
0.50 mg/ml)

A particle suspensation at 0.50 mg/l is prepared under
the same conditions as above after dissolving 50 mg of
25 busulfan in 1 ml of N,N-dimethylacetamide. 175 mg of
this solution are taken and added to 504 mg of
Labrafac®. 75 mg of Lipoid® S75-3, 504 mg of Solutol®,
3.829 g of water and 88 mg of sodium chloride are also
weighed out. The initial emulsion is thus at a
30 concentration of 1.76 mg/ml of emulsion.  The
ingredients are combined in the same beaker and placed
under magnetic stirring. Heat 1is applied until a
temperature of 85°C is reached. The system is allowed
to cool to a temperature of 60°C with magnetic
35 stirring. This cycle (between 85°C and 60°C) is
performed three times. At the final <cooling, an
quenching at 70°C is carried out by adding 12.5 ml of
distilled water at 2°C + 1°C. The system 1is then

maintained under magnetic stirring for 5 minutes. The



30 concentration of 1.76 ng/m of emulsion. The ingredients are conbined
in the sanme beaker and placed under nagnetic stirring. Heat is applied
until a tenperature of 85C is reached. The systemis allowed to cool to a
tenperature of 60C with magnetic 35 stirrdng. This cycle (between 85C and
60C) is perfornmed three times. At the final cooling, an quenching at 70C

I's carried oy adHdkhthatidl, ofe LFSLE!Y ‘?g?gggﬁ?hﬁtthgg i LC.p Trl%fystem

is then nmintained under ﬁetl C stl rring tes. The - final
concentrat i ol v imeri e mkhat is to say dilution, is 0.50 ny/n.
Exanpl e 5: Influence of the nature of the fatty 5 substance on the phase

i nversion tenperature labr , conposed of caprlc and caprylic
acid trigl ygmg o]{riﬂér %‘t I"P at??/eacf‘ﬂtgﬂ’er?f | tthaa£afdski bl e

t o reveal 5t hesubstamse oroftHd pmste infveksiditi tenipsr HEWEPS on t he phase

i nversion tenperature. An increase in the phase inversion tenperature with

i ncreasing size of the groups is observed. Thus, in the nyristate series,
t he change i dadppdac®ceansoiilsichmposad 6% S@puict Aedethprydderaciat 71. 5C

for the 15 isqpr ef¥aé§ and %B ?grégfﬁgtﬁhfaeﬁ yg%%&mg%t g%ter Thi s

i ncrease means thdt an oil’-in-wate emulsion IS re readi f ailned when
the oil has #29 oRefsHpbevdluereWere IGhsophRElgpncspeef f ithsl I§/lZ©h|05f nor e

pronounced | igpephli ldri natdiss ki ngse al«},eaﬂn@@ra%ﬁnwﬁbb%tgfret hen
hydr ophobi ¢ honds between the surfactant and the oil, and nore energy is

thus requi r eBTEdTvert? t hFResyBN@Fe MorBIRATLON het EBPBEALUERA] Wiltdngt h of
the fatty aciihcdeesimat d$ifd uehcehd hg?rom‘ﬁtiﬁ 6bsktZ¢edOr Thie,Phasehe

| nversi on teqRerAlure 25 £PEL WeRRCH ANML CHY) oo ABREAY S5 NURYRN, t hat

{ at 69.5°C for the ethyl ester, at 71.5°C for the

15 isopropyl ester and at 86.5°C for the octyldodecyl
ester. This increase means that an oil-in-water
emulsion is more readily obtained when the oil has a
lower HLB value (more lipophilic). Specifically, this
more pronounced lipophilic nature brings about an

20 accentuation of the hydrophobic bonds between the
surfactant and the o0il, and more energy is thus
required to invert this system. Moreover, the carbon
chain length of the fatty acid does not.influence the
particle size, or the phase inversion temperature

25 (between Ci4y and Cig). It appears, however, that the
double bond present in ethyl oleate substantially
increases the phase inversion temperature.

The results are given in the table below.



doubl e bond present in ethyl oleate substantially increases the phase

I nver si on tenperature.

The results are given in the table bel ow

17

Q | sNunber of Doubl eT changeParti cl e carbonsbondsi nsize (fatty

aci d) appearance (C)(nn) Labrafac(r)8/10

15 palmtate Ethyl ol eatel8171.541 f 5

gg7.943 7 lipophile Ethyl 16069. 037
hyl 14069.535 t 13 nyristate

| sopropyl 14071.544 f 23 nyristate COctyl dodecyl 14086. 542 16 nyristate TABLE

|V The HLB varue, of the fatty substanpe does not—appear—to— S5 affectythe
particle siz&@idignificant |y NusbarpPE 6/ DawbleenceT othanige ratPaxtisflet he
| i pophilic |surfactant on|theadpeasof 1 hgop@diotapsulgs 10 |Varignug types of
| eci thi n whagse phosphati dyl choline  prpportions range from 40%to 90% wer e
used. The mdan particle &iFatr¥ce es as the| fPBEPRARFRIyYI chol i ne cpntent
in the lecithin increases|(Table V bel pw). Specifieg}ly, |for dado
phosphat i dylichol i ne, -the §ize of 15 thf napocapsules s 33 8 nm Wieleas
it is, respgfgfeg?§@ 43 |7 nngéHé 78 |12 fim fpr a’prBportli ort3 & 775% and
90% phosphat|ildydagdialliene ip the lecithipn. On the other hand, the use pf
char ged nnle%thi di d not aIongnanocapsu&es [ O b%gog)talred.37 : 15
palmitate
Ethyl oleate 18 1 71.5 41 £ 5
Ethyl 14 0 69.5 35 £ 13
) myristate
. Isopropyl 14 0 71.5 44 + 23
myristate
Octyldodecyl 14 0 86.5 42 + 16
myristate
TABLE IV

10

15

The HLB value of the fatty substance does not appear to

affect the particle size significantly.

Example 6:

surfactant on the size of the nanocapsules

Various type

proportions range from 40%

particle
content in

Specifically,
the
respectively,

of 75%

size
the

nanocapsules

s of

increases
lecithin
for 40%

is 35

+

43

lecithin

7 nm and 78
and 90% phosphatidylcholine in the lecithin.
the other hand,

~as

.|.

8
+

whose
to 90%
the
increases

phosphatidylcholine,

were used

(Table

nm,

whereas

Influence of the nature of the lipophilic

phosphatidylcholine
. The mean

phosphatidylcholine

V below).

the size of

it 1is,

12 nm for a proportion

On

the use of charged molecules did not
allow nanocapsules to be obtained.



- 18 Type of 1ipoid%of phosphatidyl- Mean particle cholinesize (nm
Li poid(r) S454035 8 Li oid(r) S75-36943 7 Lipoid(r) S1009078 12 Li
oid(r) EPC9861 12 Li oid(r) E808072 18 TABLE V Exanple 7: Lipid _
nanocapsules with a water-soluble 5 actjye principle attached to their
surface 500 ng of a dispersion of |ipidnanocapsules not containing active
principle, as described in Exanple 1, are prepared using the foll ow ng
formul ati on: 10 —=—trpord{T) 75=3 —5t—mass%—tabrafac{+)—W-—31349—
10. 08 mass%| YRR P r%lm% %1@f®mhw&1duler . Moad pasdiicl® - Nad
1. 76 mass% The |ipi d nanocapsyl es obihiighehave a pize Qfize#3nmj "M 0 MY
of the dispers on,_ of 11 pid mnanocapsutes obtained@re drtuted—Tm 1t of
water and 20 51ReMHPed4vith gentle stir49ng with ap aqueod® BoBution

cont ai ni ng EQJ#b£&@ﬂ¥MGQBSV 3- galact0§9dase Pronega gﬁapc¢) for one

hour in the |presence of m xX{ure of nhistones obtaimed fronrcatf—thyfus

( Boehri nger EﬁﬁﬁﬁdggnﬁlﬁéLnnn‘) Lipid $%nocapsul ek cont d8nitng 2DNA_25

nol ecul es conﬁgmaﬁﬂ@m@pb the proteins, gglsorbed onto their ssynface, are

obt ai ned. (§§8 EST/FRU 700621 ~-_19 CCAIrvVy
p01 E 80

72 + 18

TABLE V

Example 7: Lipid nanocapsules with a water-soluble
5 active principle attached to their surface

( 500 mg of a dispersion of 1lipid nanocapsules not
containing active principle, as described in Example 1,
are prepared using the following formulation:

10
- Lipoid® S 75-3 : 1.51 mass$%
- Labrafac® W1.1349 : 10.08 mass$%
- Solutol® HS 15 : 10.08 mass$%
- Water : 76.6 mass%
15 - NacCl : 1.76 mass$%

The 1lipid nanocapsules obtained have a size of

43 = 7 nm. 50 mg of the dispersion of lipid

(o nanocapsules obtained are diluted in 1 ml of water and
20 incubated with gentle stirring with an aqueous solution
containing 50 pg of DNA (pSV P-galactosidase, Promega,

France) for one hour in the presence of a mixture of

histones obtained from calf thymus (Boehringer

Mannheim, Germany). Lipid nanocapsules containing DNA

25 molecules condensed with the proteins, adsorbed onto

their surface, are obtained.



1. Nanocapsules with an average size of less than 150 nm preferably |ess
than 100 nm and nore 5 preferably I ess than 50 nm consisting of an
essentially lipid core that is liquid or semliquid at roomtenperature,
coat ed vvith IIyI|p|df|Imthat is solid at ture.
10 2. The I|p| d nilo“cgépggul es as clained jn claiml, ﬁé%%e"r#f@a t hat
their polydispersity index is between Swgand 15% 15 3. The lipid
nanocapsul es as clained in claim1l or cﬁmzngar acterized in that the
thickness of the solid filmis betwee d 10 nm 4. The lipid
nanocapsul es as clained in one of claims 20 1 to 3, characterized in that
the core of the ngpge ﬁgﬁﬂg onsi.sts_ess y Qaf att tance,
such as a trlglycerl &féﬁxgat§b|8g 5? fgé%eﬁ%ésengl ¥36@6Q§1 B0% and
preferably 25% t ol BD%by m@fﬁr@ﬁthelﬂaﬁocapsul e510025m5 dffe Iniquie
nanocapsukes as claidmd-4in ¢l al &g, ghAT agbehfnzedclo Lhat e tf’l %rycerl de
constituting the core of the nanocapsules is hosen From

triglycerides, foreS&hpialBo dﬁ#ﬁéian&oéﬁprthétaC|Hstrlkﬂqwkﬁldé@f and

m xtures thereof. demilhieydidi dtnareeapsubApeastalkal, "edohfeq! iKW, an
characterized in that tthe fatty. am% 8‘Eter 3§,hacc:onst|tut| ng the core of the
nanocapsul es is cHossH o o8 1 b d Bt 131G 02t xRt e
ethyl palmtate, didmgemdmate, ethyl - 20 nyristate, isopropyl nyristate
and octy} godecyl

2. The 1lipid nanocapsules as claimed in claim 1,
characterized in that their polydispersity index
[ is between 5% and 15%.

15 3. The lipid nanocapsules as claimed in claim 1 or 2,
characterized in that the thickness of the solid
film is between 2 and 10 nm.

4. The lipid nanocapsules as claimed in one of claims
20 1 to 3, characterized in that the core of the
nanocapsules consists essentially of a fatty
substance, such as a triglyceride or a fatty acid
ester, representing 20% to 60% and preferably 25%

to 50% by weight of the nanocapsules.

25
(>} 5. The 1lipid nanocapsules as claimed in claim 4,
characterized in that the triglyceride
constituting the «core of the nanocapsules 1is
chosen from Cg to Ciz triglycerides, for example
30 capric and caprylic acid triglycerides, and
mixtures thereof.
6. The 1lipid nanocapsules as claimed in claim 4,
characterized 1in that the fatty acid ester
35 constituting the core of the nanocapsules 1is

chosen from Cg to Cj;g fatty acid esters, for

example ethyl palmitate, ethyl oleate, ethyl



nyristate, and m xtures thereof. 7. The |ipid nanocapsules as clained in
claim6, 5 characterized in that the fatty acid ester is C8 to Cl2. 8.
The |ipid nanocapsules as clained in one of clains 1 to 7, characterized
in that the solid film 10 consists esserdjally of a lipophilic surfactant.
9. The nanocapsul es as clainmed in claim®8, characterized in that the fatty

subst ance/ | i pophi |i.¢. t ant d iqis. 1 osen e and
15, preferably betﬂ\/%reﬁg.%&' arr}dSWrmﬁglpér)ce%%? agﬂrf/(i]be%%&%ﬁa%%& 10.
The |ipid nanocapSiH&isStatel anediixteres ni8eeeod, characterized in that

the lipophilic surfactant is 20 a | ecithin whose phosphati dyl choli ne
proportion is7 bet ween 40% and 90% 11. The lipid nangcapsul es as cl ai ned

in one of cldins 1§ ot®IChIPROCEPSHES nafhatlehBedol 11 f$13dMI B 25
contai ns & noni onichdnaittophizéd snr fracitanthe f gattexaapi® Sekutoli(d ) cHS 15,
representing 2@6th} % by weight of the nanocapsules. 12. The |ipid
nanocapsul es as claimgd in one of clains 30 1 to 11, characterized in that
they contain a pharmaceutically active principle. 13. A process for

preparing NagoCcapsifesy ; i Ahand AYOLYLSs LS OREIALLONR, ERASIH G ik 35 2)
- preparing an oil/water enulsion containing an oily fatty phase, a
noni oni ¢ hydr ophi 1% ¢ tosurfacclAracaeripeghi Lnc shatacthmt 3deidi Silgolid at
20C and pptional | yeghdihardracastical 1% -oRla BEbdMeL PLENSLPESLRAL . TS
soluble or dispersible in the oily fatty phase,” or a pharnaceutically
9. The nanocapsules as claimed in claim 8,
4 characterized in that the fatty
G substance/lipophilic surfactant compound ratio is
15 chosen between 1 and 15, preferably between 1.5

and 13 and more preferably between 3 and 8.

10. The lipid nanocapsules as claimed in claim 8 or 9,

characterized in that the lipophilic surfactant is

20 a lecithin whose phosphatidylcholine proportion is
between 40% and 90%.

11. The lipid nanocapsules as claimed in one of claims
1l to 10, characterized in that the solid film also
25 contains a nonionic hydrophilic surfactant, for
example Solutol® HS 15, representing 2% to 10% by
weight of the nanocapsules.

12. The lipid nanocapsules as claimed in one of claims
30 1 to 11, characterized in that they contain a
pharmaceutically active principle.

13. A process for preparing nanocapsules, which
involves the operations consisting in:
35
a) - preparing an oil/water emulsion containing an
olly fatty phase, a nonionic hydrophilic
surfactant, a lipophilic surfactant that is

solid at 20°C and optionally a pharmaceutically



active principle that is soluble or dispersible in the agueous phase, 5 -
bringi ng about the phase inversion of said oil/water enulsion by
increasing the tenperature up to a tenperature T2 above the phase

i nversion tenperature (PIT) to obtain a_water/oil enulsion, followed by a
reduction in 10 the tenperature down o2 tenperature T1, T1 < PIT < T2r -

carrying out at |east qgne or nore tenperature cycles around the phase
i nversi on zone bet we&f-Ff &H&nﬁip%ﬁu$ha f?aﬁgiﬂkiﬁtO§u§ﬁé@ﬁ§i¥h%§ 15
observed, b) quenchidg tttee ovilwafattemplsise) adraa perReRaicwtd dal liyhe

region of T1r preferahl gr er. t-han_.T. btain_stabl e nanocapsul es.
20 14. The process agggi¥%n§¥¥ﬁgﬁﬁ%ﬁrﬁq%; %%aggiPéEFzgﬁ ﬂlﬁpﬁﬁﬁﬁ e o!ly
fatty phase is a C8 tio Che aguegpuscetiads, for exanple capric and caprylic

acid triglycerides ang qinxhiweshHagEe IMQrE%ag% t?n%%@sigﬁttgfa%%qdeSter’

for exanple ethyl palm_tate, Z5 ethyl ol eat et hy ristate, isopropyl

nyristate or octyl dGdedVRUFri st SIBLSdR ni xtUr es (RETESSINDG. Th&Spr ocess

as claimed in clain1t%m@brh%urechapaqkﬁrbze@bégbﬁgﬁﬁréh@hnqwﬁéwé(3the _
hydrophilic 30 surfactant js Solutol (r) HS 15. 16. The process as cl ai ned
in one of clains 13 PGPS IRV ateRr SLORSER TR (RET1 i fGpnPPER1IBUAf act ant

is a lecithin whosewphesphdtli dyuwcheal dme pommowbﬂomwiSa35ebebm@©ﬂl49963nd
00% fOEramPLS Labigkacky o A, godf, B0, IN° dissan g sl red
T, < PIT < Ty,
- carrying out at least one or more temperature
, cycles around the phase inversion zone between
{ T; and T, until a translucent suspension 1is
15 observed,
b) quenching the oil/water emulsion at a
temperature in the region of T;, preferably

greater than T;, to obtain stable nanocapsules.

20 14. The process as claimed in claim 13, characterized
in that the oily fatty phase is a Csg to Ci,
triglyceride, for example capric and caprylic acid
triglycerides and mixtures thereof or a Cg to Cip
fatty acid ester, for example ethyl palmitate,

25 ethyl oleate, ethyl myristate, isopropyl myristate
or octyldodecyl myristate, and mixtures thereof.

15. The process as claimed in claim 13 or 14,
characterized in that the nonionic hydrophilic
30 surfactant is Solutol® HS 15.

l6. The process as claimed in one of claims 13 to 15,

characterized in that the lipophilic surfactant is

a lecithin whose phosphatidylcholine proportion is

35 between 40% and 90%, for example Labrafac® WL
1349,



contains: 1%to 3%of lipophilic surfactant, 5 5%to 15% of hydrophilic
surfactant, 5%to 15%of oily fatty substance, 64%to 89% of water, the
per cent ages bei ng expressed on a wei ght basis. 10 18. The process as
clainmed in one of clainms 13 to 17, characterized in that the oil/water
enul sion also contains from 1%to 4% of““a 'salt, such as sodium chloride.

15 19. The prqpesgnﬁ§d§%ggggg Lo 8Tglﬁ£8C|3'§§E§%§% %?imscggr% t%kgzed in

that the lipophilic s actant TIs rocess
prepari ng nanocapsilamd=erizadredinn thetondhsd coalﬁwalsrtoemm131on _
characterized in td{cs et er - sol ubl e pharnmaceutically active principle is
adsorbed onto the free surface of the stable nanocapsules obtained after
step b). 25 21. THE §& B thel iRaRtEE I B BCt@Mi ned in one of claims 1
to 12, fog the mars¥ ant Urs® ff anydishroanentsadfdcdier ed by injection,
especially by i ntsrgavenolq% oné eocltl'fnfat r al I%stanngés,al ly.

64% to 89% of water,

the percentages being expressed on a weight basis.

10 18. The process as claimed in one of claims 13 to 17,
characterized in that the oil/water emulsion also
contains from 1% to 4% of a salt, such as sodium
chloride.

15 19. The process as claimed in one of claims 13 to 18,
characterized in that the lipophilic surfactant is
solid at 37°C.

20. A process for preparing nanocapsules as claimed in

20 one of claims 13 to 19, characterized in that a

water-soluble pharmaceutically active principle is

adsorbed onto the free surface of the stable
nanocapsules obtained after step b).

25 21. The use of the nanocapsules as claimed in one of
claims 1 to 12, for the manufacture of a
medicament administered by injection, especially

by intravenous injection, orally or nasally.



