Title: LIPID NANOCAPSULES, PREPARATI ON METHOD AND USE ﬁf EFQMQ NE
Abstract: The invention concerns nanocapsules, in parti 3 ar“wth an

average si zrol esgetBag 50 nm consisting of an essen@g@ﬁggdﬂﬂ@qtgyne _
liquid or semliquid at roomtenperature, coated with an essentially lipid
filmsolid at roomtenperature having a thickness of 2 - 10 nm The

invention al soLcensenasoeasBtNed, f oke PARRAT GO REFES MGY waNsi$ts in
producing a reverse phase of an aqueous enul sion brought about by several

tenperature raising and | owering PEAMERT § |j pi d nanocapsul es are
particularly designed for producing a nedicine. 2SEP2004 WD 01/64328

PCT/ FROI/ 00524 |l BL D NANTGABSYES . RRERARAT! QY BROCESS ANDLYSE AS,
5 a process for preparing them and to their use for
manufacturing a medicament intended especially to be

administered by injection, orally or nasally.

In recent years, many groups have developed the
10 formulation of solid 1lipid nanoparticles or lipid
nanospheres (Miiller, R.H. and Mehnert, European Journal
of Pharmaceutics and Biopharmaceutics, 41(1): 62-69,
138%95; Ww., Gasco, M.R., Pharmaceutical Technology
Europe: 52-57, December 1897; EP 605 497). This is an
15 alternative to the use 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 vyears in . the
absence of light, at 8°C (Freitas, C. and Miiller, R.H.,
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; Muller, R.H. et al., European Journal of
Pharmaceutics and Biopharmaceutics, 41(1): 62-69,

1995} or of a cold emulsion (Zur Mihlen, 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 butancl. The size of the

nanoparticles obtained is generally greater than



MEDI CAMENT The present invention relates to |ipid nanocageplg® to 5 a .
process for preparing themand to their use for manufacturing a nedi canent .
i ntended especially to be adninistered by injection, orally or nasally. In-.,
recent years, many groups have devel oped the 10 fornulation of solid lipid"-
_nanoparticles or |ipid nanospheres éhhller R H and Mehnert, European :
Journal of Pharmaceutics and Bi opharmaceutics, 41(1): 62-69, 1995; W,

Gasco, MR, c Teghnol pg Eur 57 cenmber. 1997; EP
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and hydr ophi | roduct s or. on _pairs, for exanple 20
(Caval | i, Oe'ic Pa{frma§eﬁtlicsphg§\?a 19°%) - 514- 518, 1992; and
Caval li, R et al., International Journal of Phar maceutics, 117: 243-246,
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to prepesdiitid napopandde! esse hor@ge“ﬁéﬁEéi?{‘cOf ﬂlﬁ?gt e%‘é&? on (Schwarz,: -
C. et 30 al Journal of Control] ed Rel ease, Mul I er,
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W, Pharmazie, 53: 552-555, 1998; 35 EP 605 497), or the quench of a .
m croenul sion in the presence of co-surfactants such as butanol. The size .
of the Thnopaeseokesimitndiitad irelgérer atdy rgmeatagrsullean 2aBERr2C04 2 o

than nanospheres. The term "nanocapsules" means
particles consisting of a core that is 1liquid or
- 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 -nanbspheres,
contain a pharmaceutically active principle, this
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.

One aspect of the present invention provides 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
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 ére
. eolloidal lipid particles.

The polydispersity index of the nanocapsules of the

invention may advantageously be between 5% and 15%



100 nm (Cavalli, R_et al., European Journal of .Phar macéegél;i Q?I#and
Bi ophar maceutics, 43(2): 110- 115, 1996; Morel, 'S. et al"., International
Journal of Pharmaceutics, 132: 259--261, 1996). Cavalli et al. :

(I nternational Journal of Pharmaceutics, 2(6): 514-518, 1992; and

Phar mazi e, 53: 392-396, 1998) describe the use of a nontoxic bile salt,
t aur odeoxychol ate, by injection for the formati on of nanospheres greater

than or eqmad thochbesdbE 1R éelia'ftalﬁrﬂ@?ef&tivhﬂélé‘g}gohg ngl ates to
: nanocapsulbeqz rat her.  than nanospheres. The term 'nan{‘)géapsul es" neans

particl es ‘conaratt f§%ft° & ork t4arlre B9 ghPe: sne sentl pfuthe at room

t enper at uradi ameEad et M tiHe pdddivldat s solid at roomtenperature, as
opposed to .nanospheres, which are matrix particles, ie particles whose
entire rrasiﬁ_@i s solid. Wen the nanospheres. contain a pharnmaceutically
active prifd fi¥e Gf $hexgEnpeansHEspmay sdnsielty edissparisdad v oft ke sol i d
matrix. | MY sent Li:nvention, the .term"room
tenperatu;fg"&r%r]eans a EneC(r%fpettrlrl!e%lt%url%re'—:1 g)t%mée:%ufgf and ngt]:?]@?@ QP the
present i VMR POV RS aramiishsul esl ghwedr bde aver agdagitze aufid ess t han
150 nm predesebl yepkesenthag 20@ N aBdsmsed PLekaiallys J ess.than 50 nm
The nanocaé)ééjléas e%co é:?ltéﬁof an essentially lipid core thatis liquid
or semliqguid & ¥% ﬁeﬂg lﬁ’ra&‘)ca&?éﬁﬁf' with an essentially lipid film
that is-solid at roomtenperature. Gven their size, the nanocapsul es of

the inventien sanga aalinpicdalt igPitthe Makicdlagtu1Ehe e} Méf%%{a%l | ndex of _
etwe

the nanocapsul es of the invention may advantageousl’y -be n 5% and 15% .
2 SEP 2004 shfet RPERRESILLY  tafe 9ol 1ipphid hay svExtageoys|fybe
between 2 @ntgi® NM At canedishibe abophogae tenih,of the, of

phosphatidylcholine is between 40% and 80%. The solid

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

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

The triglyceride constituting the core of the
nanocapsules may be chosen especially from Cs to €y, |
triglycerides, for example capric and caprylic acid-

triglycerides. and mixtures thereof.

The fatty acid ester may be chosen from Cz to Cyp fatty acid
estei:s, for example ethyl palmitate, ethyl oleate,
fathyl myristaté, " isopropyl myristate, octyldodecyl
myristate, and mixtures thereof. The fatty acid éster
is preferably Cg to Cia.

The nanocapsules may particularly be

+ 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. ‘ |



di aneter of the particles. The core of the nanocapsul es may consi st _
essentially of a fatty substance.that can be |iquid or 86PI12Yuid at room *
t.enperature, for exanple a triglyceride or a-fatty acid ester,

representing 20%to 60% and preferably 25%to 50% by wei ght of t he
nanocapsul es:: The solid filmcoating the nanocapsul es may preferably

_-.consist--- .essenti ally of a I'i pophitH d surfactant, for exanple a lecithin

. “Whose proport ion of ~phosphatidylcholine is between 40% and 80% The solid -
il mnay 2hso *BeRBE nod Hyikamitilic surfactant, dentabxedplie Schetol (r) HS
15. The hyeodpti filn swatang aitte canbaiped dsn mhbebs okdd dichMm pgoating the

. hanocapsul ferahl y_represe bet 2% and 10% by wei ght of the
“nanoeapsul Z:Emp iéflg? bl ottt §§/§H?ﬁ2693|1 g yeeFfastenhst¢empowedt he core

of the nanrawpsurbésorrays b@tﬂmenbespeenal I1y éﬁ@mﬁg tcb}_c;;gerabl

tri-glycer r 1€xa a C tr cerd){asand'.
m;?u?/eg!t gitgofe% 1T‘)F?e art ?/%éélidm(gg ESQQ%XI%él %EEHE‘PPLJ ¥€8 t|§ -C18 fatty -

acid esters, for exanple ethyl palmtate, ethyl oleate, ethyl nyristate,

" i sopr opynBYRESt akectochy| dage boot! kb8hesofnd oy 65 Lhereol - cIhe
fatty acid ester. is preferably . _.The nanocapsul'es y
particul ar By BT LA (45 BARFR VRS ﬁ??%b&ﬁaﬁhﬁtéut i cal active.’

princi ples. In this case, the- lipophilic’ surfact ant may advant ageousl y

be sol{g atp,20 Lauyl about .37C. SEP- 04 - 4 The .anmount ' of
| i pophi (?il ctrs% %9? Jf c%r??a%rl\%d lnvetrﬁelonso?‘?d "ﬁ c&% | RBet haERocapsul es
may be set idyefrstileat ohean quil/watey swbsisinge/ balougihsur dBsLaNtHEONMPoUNd

several cycles of raising and lowering temperature.

The procéss 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 pharmaceuticaliy
active principle that is soluble or dispersible

20 in the oily fatty phase, or a pharmaceutically
active principle that is 5oluble or dispersible
in the aqueous phase,
- bringing about the phase inversion of said
oil/water emulsion by increasing the

25 temperature up to ~a temperature T; above the
phase inversion temperature (PIT) to obtain a
water/oil emulsion, followed by a reduction in -
the temperature down to a temperature Ty,
T; < PIT < Ty,

30 - carrying out at least one or more temperature
cycles around the phase inversion zone between
Ty and T, until a translucent. suspension is
observed, ’

b) quenching the oil/water emulsion at a
35 temperature in the region of T4, preferably

-greater than T;, to obtain stable nanocapsules



mass ratio is chosen between 1 and 15, preferably 5 between 1:5 and 13 and
more-preferably between 3 and 8. Anot her aspect of the ﬁégémﬂ I nvention
provides a process for preparing the nanocapsul es described above. 10 The -,
process-of the invention is based on the phase inversion of an oil/water
enul si on brought about by several cycles of raising and Iomerlng
tenperature The process of the ivert i on conS|sts in 15 a). '- preparing an

‘oi | / wat.gyr. ta 0 atty e, noni oni ¢ hydrophilic--
sur f act ane, a géé%l lﬁ?l c éu#%gn?(gn cl’i’é:t @l gg‘ tprﬂfé%dogpt ionally a - _
phar maceuts &3VF9 “ﬁtﬁﬁveaévan%ﬂgﬂqysﬂbabe|fxéﬂﬂdubbe or dispersible 20 in the -

Oy ! alduf phasas0r PBALERGEM! LB Va1 ddiie principle that is soluble
or dispersible in ‘t he aqueous .phase, - bringling about the phase inversion.

of said oil/water emulsion by |ncreaS|ng the 25 tenperature up to a

tenperaﬂﬁﬁenq@b%mGV%CWﬁb6®ha£éAﬁdveosthﬂ1awaapébﬁhmned@Béﬁa &9 obtain a

. mater/0| enuIsH%T gcﬂ & %dg ion in the tenperature down to a
tenperatureaﬂf P egpfgg Feauige ErF?FWg thet ngpocapstilese or nore

tenperature cycles around the phase inversion zone-between T1 and T2,

nt il @ S AGE T SHRENSRD B8 (ABRENYEAy Wl AUSICh g, the oi | / wat er

emul sion at 'a 35 tenperature 1n the region of greater t han:
T1, to 6%5a|ﬁ0§@%5FEVh@hoe£p§uvésfoz&apzoon Whé&l'the nambeapeﬂles obt ai ned
accor di rgnileitdie ipr Feoemedof the invention may advantageously be free of

co- surfactants, for instance G -C4 al cohols. The nunber of cycles applied

to the emul sion may depend on
The process of the invention may comprlse two steps

The first step may consist of weighing all the

constituents, heating them above a temperature T, with
-gentle stirring (for example magnetlc stirring) and
then optionally cooling them to a temperature T
(T1<T2). After a certain number of temperature cycles, a

water/oil emulsion may be obtained.

The phase inversion between the oil/water emulsion and
the water/oil emulsion can be reflected by a reduction in
the conductivity when the temperature increases until
it is canceled out. The average temperature of the
phase inversion zone may correspond to the phase inversion

"~ temperature " (PIT). The organization of the system in
the form of nanocapsules can be reflected visually by a
change in the appearance of the initial system, which
changes from opagque-white to . translucent-white. This
change may take place at a temperature below the PIT. This

temperature can generally be beﬁween 6”aﬁa“i§5C below the PIT.

T, may be a temperature at which the conductivity is at

least equal to 90-95% of the conductivity measured at
20°C.

T; may be the temperature at which the conductivity becomes
canceled out.



- cancel e

t he amount of energy required to formthe nanocapsul es. The_ phase inversion

.may be visualized by canceling out the conductivity of 2% REP 8P mati on when

the water/oil emulsion is formed. The process of the invention may

conprise two steps. The first step may consist of weighing all the

constituents, heating them above a tenperature T2 with gentle stirring

(for-exanpl e magnetic stirring) and® then optionally cooling themto a’

tenperature T1 gTL '<T2r%l.é’ After a certain_nunber of tenpefature cycles, a

wat er / oi T eMTCSPEnS 1R 6e GBRSHTe®T FhEugfer€ooRiass(@h bet ween the

0i | / wat equearatl)si ofi &ihd olillgwadiedr /emidl HBH StEN acagb,p‘_gefﬂlllfgt qq, by a -

reducti 3:%4 nre% 8nc%}du§t i Vi ng\é\/@eﬁ t he g enperature increases until: it is - -
out. The averag¥ tEnperaf tE AP¥e TphadtthyvBrenskigfone may

. cor r espditd- 119 nhe hadblutisey sibnbetweper athuee (IR TAnd Thengbgani zati on of

the systgmrd q&b n pseles ¢ap he | ect vigyally by a
change in tf?; a pg%%%@e?%%:g?hg&?n_?t?a? gygt ganqée\?é]i gﬁ %%hedngégefrom
opaque- \ﬁfﬂ“tlélt%ﬂ, P NRITIdGHes- GhFaiRedTRAY PR HegRte skayriekday ace at a

t enper asumeniedsow the PIT. Thi.s tenperature can generally be between 6 and
15C below the PIT. Tinmay be a tenperature at which the conductivity is at

| east equal to 90-95% of the conductivity neasured at -20C. T2 nay be the

t enper alBr @natPrpieshed Rnheganent i whey fbetprmisasec magebech ditty2SEP2P11 - 6-
The secgpgg st Si 1. | J [_guenc of the

oi | / wat er erru%]'g%gfg@% t%tﬁpgééﬁj?g%%ﬁﬂltiﬁg éfl[e%a%%agg "B 5r&f erabl y above
T1,, wi tRcHEyeRe the|hydueghibic diunfechgnt tmaetbwesnlutwl®f ol d and tenfol d

using deislN.zegthd@t efhéde 26ond{t 8688d T] 0=t ki id nep, emyséon, The particles. .
obt ai neghmaﬁ/ e kegt stirri ng for 5 i nut es.
e Humbe&r Of cycles cafl be equal to 3.
The liquid substance/solid surfactant compound ratio can be
chosen between 1 and 15, preferably between 1.5 and 13
and more preferably between 3 and 8.

The ocil/water emulsion may advantageously contain 1% to 3%
"7 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).

The higher the HLB value of the liquid fatty substance,
the higher the phase inversion temperature. On the
other hand, the HLB value of the fatty substance does

not appear to have an influence on the size of the
nanocapsules.

Thus, when the size of the triglyceride end groups
increases, their HEB value decreases and the phasé
inversion temperature decreases. '

The HLB value, or hydrophilicklipophilic balaﬁce, is as
Qefined by. C. Larpent in Treatise K.342 of Editions
TECHNIQUES DE L‘'INGENIEUR.



In one preferred enbodi mnent, the fatty phase may be a fatty acid
triglyceride, the-solid lipophilic surfactant may be a | egi3f# epdand t he
. hydrophilic surfactant may be Solutol (r) HS15. Under these conditions, Tl = -
60C, T2 = 85C and the nunber of cycles can be equal to 3. The liquid :
".substance/solid surfactant conmpound ratio can be chosen between |I and 15,
-preferably between 1.5 and 13 and hore. preferably between 3 and 8. The
oil/water emJI si on y advant ageously contain 1%to 3% of lipophilic
sur f act arft?® 58PS 1836, oF1HS drdHFAIES sutvertt &lwe, BRPPertigmof ofi |y fatty

: substancexyii?nb;ﬁﬂ%ldo &%%f@fct\amter ﬁ&i&ﬁdﬁe@enta&ﬁf argn&xpregged on a -
wei ght baS| 3 The hgher HLB ngggr e liqujd faftg substance, the
t i

_hi gher tHKeS Ot sTHR ?%‘fr%‘é‘f‘% éc (ﬁ r1hBABDILRE) HLB val ue

~ of the fdmnoreassst.afipedddsali, a;ip@asurﬁahaaatammlmfcjwmanat he size of
the sariQeaRsides hu e Lri eri.de _end_groups

i ncregses, t hei reeHLJBHva%l?e denggggéhéndQ{%AQE%asegarl}/c?]verg\ Uoh t@rrperat ure
decr easesStafid 133t ipR uet or thgdr spftam/ | |‘¢bpﬁhl i pordwdtasce, the as

defined pproductidmpert sna1lr pakkse1Ks342 of Editions. TECHNI QUES DE :
L' INGENI EUR. 2 SE 200k - 7 The particle size decreases when the proportion -
of hydrophilic -surfactant increases and -when the proportion of '

surfact atergdwadr,ophthe c padtiiciephi sieg iimcwassss Sp@edf | cahky, the

surf g} og; lg)?_utoﬁ Inde w% %§e inthe interface tension and thus a
stab ti e system prormt es the production of small :
partlcl es. - I\/breover the particle size increases when the 10 proportion

of oil | NUIRASEHg AL Wil NSrd Pe PRE PERHSHLRNENDTidTALL & he faLty phase
may be Labrafac® WL 1349, the lipophilic surfactant may be
Lipoid® 5 75-3 and the nonionic hydrophilic surfactant
may be Solutol® HS 15. These compounds have the following
characteristics:

- Labrafac® lipophile WL 1349 (Gattefossé, Saint-
Priest, France). This is an oil composed of caprylic
20 and capric acid (Cs and Cig) mediuﬁ—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,
25 Germany). Lipoid® S 75-3 corresponds to soybean
lecithin Soybean lecithin contains about 692
phosphatidylcholine. and 9% phosphatidylethanolamine.
They are thus surfactant compounds. This constituent is

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

o

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 < LDgy <
1.47 g/kq).



may be Labrafac(r) W 1349, the lipophilic surfactant nay?lgg? tgopoi d(r) S

"75-3 and the nonionic hydrophilic surfactant may be Solutol (r) HS 15.

- These conpounds have the following characteristics: Labrafac(r) |ipophile .
W. 1349 (CGattefosse, Saint- Priest, France). This is an oil conposed of

caprylic 20 and capric acid (C8 and Cl10) nediumchain triglycerides. |Its.

density is from. 0.930 to 0.960~-aB 20C. Its HLB value is about 1.

Li-poi d(r%i S 75-3 (Lipoid GrbH, Ludw gshafen,, 25 Gerrrany) Li poid(r) S 75-3 .

cor r espofiis aﬁb‘%%ﬂ?oe%‘ﬁ@%cptfh&he S@}&é&'ﬁtle@c@mmhsr,mt aiays absot 69% :

phosphatosyhehol ine:tandiD%phosphald dy) e' gdanof %&? afr e thus
' y cons uent that is

sur f act aﬁg rt‘ggour&glﬁl This constituent is the on
solid at™37 t9%nd ‘AP ELRIh BT CBMPerRIFU TRE LPRecTDmingt dlont |t i s comonl y
used for stH&t obnultdte ophase i jpeetmatilon pabhecl e:she Sali ghel( rghdiS 15 (BASF

Ludw gs n, (S a;pol vet ene col - 660
2- hydro%s/l%?ea(r:gﬁégﬁgﬂtﬁgn 35tié§t 1891 ¥: Q: onlé% o5 Qr f act ant in

the foffBPRERBATe}t Ty bbe%'@!lobymﬁm]e%tadoﬁn(:&gaomdmien vV route in mce
LD50 > anégpgﬁkgtlh@ I atipydrdbifodd®0 < hdaéls (?:4591)_1 vé SE? 211_904 -- 8 The

aqueous hase i, /'wat er enul sj on may contai n 1% 10 4% of a
sal t, ?ﬁ%?g‘ﬁ% ?B&Flfmlrtﬂﬂ’%)rqwl%aﬁﬁyn da heesgprmednednta ati on can
bri ng abweratempératunréhe phase inversion zone. The higher the salt .
concentration, the |ower the phase inversion tenperature. This phenonenon. -
may be advant ageous for encapsul ati ng hydrophobi c heat-sensitive - active
pri nci p¥esheThaisperhc arfportzt | presmt binpardiohmgdoatidads l0Wede t §FPERHAL U €.

Anot hery aspagh, i t PLESeRllfvention provides a use of the nanocapsules
for the manu?a%t ur ePg(;]? Eﬁé |I(1:‘laﬂr%len SdFniost Ga‘Bﬁnt administered by

injection, espe01ally intravenous injection, orally or mnasally.

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

dimethylacetamide.

The nanocapsules c¢an more particularly be

suitable for the administration of the following active
principles:

- antiinfectious agents, including antimycotic
agents and antibiotics,

- anticancer agents,

- active principles intended for the Central Nervous
System, which must cross the blood-brain barrier,
such as antiparkinson agents and moré generally

active principles for treating neurodegenerative
diseases.

‘The pharmaceutlcally' active prlnc1ple may be flrstly
soluble or dispersible in an oily fatty phase, and 1n.
this case it can be incorporated in the core of the

nanocapsule. To do this, it can be incorporated at the

stage of the first step of preparing the oil/water ' i

emulsion which may also contain the oily fatty phase, a



I njection, especially intravenous injection, orally or nas?lsky.m?ﬁhen t he
active principle is sparingly soluble in the oily phase, "a cosol vent may
be added, for exanple N, N dinethyl acetam de. The nanocapsul es can nore
particularly be suitabl-e for the admmnistration of the follow ng active
principles: antiinfectious agents, including antinycotic agents and

anti biotics, anticancer agents, actiwve %rdinciples intended for the Central
Nervous System which nmust cross the blood-brain barrier, such as

anti parki ns&RTGRACs rgiramtel ljeher ghrfackentve gndnciapl edipophidéat i ng

neurodegener%}tr}f\égtag{ sﬁgg%e%ag;rggi%q%ngl Fg&jf(gal |y active principle may be

firstly sol e or dispersible tty phase, and in this case
it-can be incorporated in the core of the .nanocapsu.le. To do this, it can
be incorpor dhed phathecewtiagalyf bbeiter Yroieipnd pagbagisg e gl /water
‘ermul si on whi . S0 _CO l.o.the oily fatty..phase, a 2 SEP 2DX 9 )
noni oni ¢ hygggﬁh?—%ioghggref ag%ghgean Ta i S@ﬁﬁﬁyﬁt@e sut ac®@nt 2BHEPUFay be
solid at 20@haPke. aphdmeseht & ceddey iacmpy ebgricnzidpke tmy al so be of

wat er - sol ublsg #Falder 10Tl SPEISIdPYLalds an PIUSPYS Se; LR.syuch a
case it.-my -he bound {o the surf%:e of th%fganocass%se%lnﬁfax‘)ﬁgf’et he
final phase®fof PhFRpEFIHg thife StaBle MmaARREHRINERS- Sfuictn wat eater— sol ubl e
active prinsiofiubleny digticle anyrivedipBe mag§l udig BEOL &Iis, REPhLides.

ol i gonucl eot;i DNA, plasmids., Such an.active. principle may bé
..attached to%%éﬁ_dgg‘%f PIOtsinde BEBLESR 8%lg§?nl'1ﬁllg85€rﬁeﬁg and dPHBt i ve
principle i Rlasnids s Gughi an dgtiMel phiveiplH sper bedatisiciledetpafcapsul es
obtai ned af @i flal@ RJFOGERS nanocapsules by introducing said active

principle into the solution in which are disperséd

stable nanocapsules obtained after the process.

The presence of a nonionic hydrophilic surfactant can promote the

interaction bonds between the water-soluble active pfinciple and

the free surface of the nanocapsules.

The water-soluble active principle may also be
introduced into the aqueous phase during the first step
of initial oil/water preparation.

The invention is Jillustrated by the examples that
follow, with reference to Figures 1 to 4.

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

Figure 2 shows the change in the average particle size

as a function of the proportion of hydrophilic
surfactant (Solutol®).

Figure 3 shows the change in conductivity as -él 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.



The presence of a nonionic hydrophilic surfactant can pronpte the

I nteracti on bonds between the water-sol uble active princi p?eSEffnan'*t he free
surface of the nanocapsul es. The wateri@olubl e active principle my al so be
i ntroduced into the agqueous phase during the first step of initial

oi | / wat er pFapukationshdle itheenthenges i | ther atedidnt itk exafiplags t hat

follow, wth; C Fi « 1ot Lgure_1 4 hot ograph of the
nanocapsul eglg?&tg{ﬁgg ?‘rﬁ/@r%t i%ﬁi% lt(f:l;{i1 nggéfﬁﬁﬁggnglne Elf{.sar%lge s%:'al 85 d1cmto

50 nm Fi guf8ngtiRBusCfhetBfanbemparakeray ez Blrr pathied e adicdes aofa

function of rhheipgopHd | q_ram@frilal\gdrgﬁgi |ﬁé}antflﬁ_€‘é apktieehut g (g Figure
3 shows the gbgnge I n conductivity as a function of the tenperature for

various 3al £2chncentrations. In curve 1, the salt concentration is 2.0% by
weight. In curve 2, the concentration is 3.4%by weight. 2 SE P 2004 - 10

- Fi he. | d LVL f .. 0il/ 0/
el Si on do Sepls ¥ NARNEALy1 08 BERUERL RInG, aBRuv RELPETEIS affor

three cycles of raising and |owering the tenperature between 60 and 5

85C. Exanpl a)lprbpaeaspey! 82 eAk aaAbahpkigegctive principle A) Preparation
of the panocapsules 10 5 g of an enulsion containing 75 ng of Lipoid(r)

575- 3, 1804 ng of Labrafae(r) W. 1349 |ipophile, 504 ng of Solutol (r) HS
15, 3.829 gs5ofy vat esinaBfud8ity @ontedinumy ciy Q:[dd d@’f af,epPi a@ared 315 The
n

tirring. 00 P aBbl i CAPAACFES Wenpoi ot urs RSRAE s Hadifod She.
;systemis aBbdwedl® 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 nancocapsules are indeed
solid at a temperature of 25°C.



to cool to a tenperature of 60C with magnetic 20 stirring.sﬁhqﬁﬁcycle
(between 85C and 60C) is perfornmed until a canceling out of t

conductivity as a function of the tenpgrature is observed (Figure 4). The
phase inversion takes place after three cycles. At the final cooling,
quenchi ng i B)c@hahgd dnt thy pddpogt2bnid’of hydeépHikiél begfaetentat 2C 1C
to the mxture at 70C. The systemis then nmintai ned under magnetic
stirring for 5 minutes. The particles obtai ned under the. conditions

descri bed 36babovel afhaskont hr sbowenpedafiieeenycl eSormalat romean ofi ze of 43
7 nm Thei rn8haeaBehydbS R sided SuQeR g riliANSESALOR: PLEFLAQN JB CT 0SCOPY
usi ng phosphotungsti ¢ acid nade it possfﬁie to reveal parficles with a
nmean size BVdQBBUﬁlSG ﬁHFFé@EaFFgure 1). Moreover, an 35 observation nade
by atom c force mcroscopy in contact node (Park Scientific Instrunents
apparatus, Ceneva, [SWtzerland) Shows thal [he nanocapsul es are indeed
solid at artenperatdreof 25C 2 SEP 2004338 *R) Change in the propbrtions
of hydr oph| Ligoisur f act.ant {Fabhe [4.bel dw.shola ¢ f{erant| { anmul atsionf of
nanocapsulag Qgppared with variable concentrationg of p hydrphilif
surf act ant | -Whss Y%oHipot-e41-—541514-541 544511 . 541. 5111 51 S75-3
Labr af ac( r) r.d6xa#83®. 08108 J80009E10. 0810008 () 168d80| 08. 04| 1849 [Sod.wko] (r)
5.007. 5010 Qg;éggogg 0022.}5025. 0030. 00 HS 1%

Wt er 81. 65910766671 6866864 1861685668
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 geing 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 1II below shows formulations of nanocapsules
20 prepared with various surfactant concentrations.



NaCl 1. 761. 761. 761. 761. 761. 761. 761. 76 TABLE

of Sol ut ol (
(Figure 2).
Sol utol (r)

respectivel

Decr easi ng txhgeppogpent
ry HS 15 results

Mean sizes going from 23-t12128 nmare thus observed f
proportions going from30%to 5% of the total fornulati
y. The size thus depends on the concentration of hydrop

rati on

10 in an increase in the nean particle size

or
on,
hilic

surfactant. 15 C) Changes in the proportlons ofualgqusl d(r) and SoI u';)]ol (r)
sur f act ant g—Tabtet+1+—betowshowg—formutattops—oi—tHanocapstt-es repar ed
with variols surfactant concentrfationd 2 SEP 2008 - 12 |Mass ABC Lifpoi d(r)
S75-30.78°dL§é%@d@5%qgagrafac(r) W 5194910. 0894 4. @i 0. 08%)§055%0I(r) HS
155. 229%40. : (1 : Otﬁ%ﬁ.mv\h0¢zo%.:”T:ummamNUOn
of 6.009%d1| BabaRTan® i 349 nt 4 TAR-H9Y | per eb@i 883 t he| pridhdta% on| of
surfact ant ssbllutBe® mg @l ati gn bi pgg about poreghictipn 14 ¢de nean
Si ze. SpecfiicalTy, Tormulati on|A gi VES par{icies w tira mean ST Ze of 85
7 nm (P = 1W¢§ﬁ¥ For formulatidns Cl thébned%h sibesl 43 7 nm
(P =0.071 Naagi 29 8 nm (P = (. 14&),769esp¢>cti\1el736, 10 D) ¢hagge i|n the
NaCl conce1%rat|o . labl e TTT Dbelfo WO 10 T ons of_ nmanocapsul es
prepared w tA°PRE Pngﬁent condent ?aﬁﬁ%n l\iagj 5% 18.00%
surfactants
TABLE I1II
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.
Mass %
Lipoid® S875-3 1.73% 1.70%
Labrafac® WL 1349 5.76% 2.84%
Solutol® HS15 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-



15 salt. Mass % Lipoid(r) S75-31.73%..70% Labrafac(r) W 13465P 2802. 84%

Sol utol (r) HS152.88%. 680 Water87. 61%86. 36% NaC 2. 02%3. 40% TABLE ||

Changi ng the salt concentration bringslabeut a shift in 20 the phase

i nversion zone. The higher the salt concentration, the | ower the phase

i nversi on ©semsditdvVier aqtHivpupr igiciplleiss Penonensromiddatien adwanieageous

for the encapsylatieen f hydrRRheRLSDE8]; -4 SEP 2004 - 13 sensitive active

principles. Their incorporation may be performed at a | ower tenperature.

Wth these formul ations, particles simlar in size to 5 the previous sizes -

may be obt aiwmet, tlespit €okhalatibhe] eplarsall econcRmrAt i pRsciExanpy e 2:

Encapsulgt i o1} of a | i.poLPh'i lic active princi %I e, Sudan |11 10 The .

for mul at T on “C6r r d§5onds 1 o THatS ofm%‘ian%fae potaigedyr desnitier i diheenul sion

are prepar edififf eweinghisag towtoncéhtagtdbnki.poi d(r) S75-3, 504 ny of

Labrafac(r) lipophile and 504 ng of Solutol(r), 3.829 g of water and 88 ngy

of 15 sodiumchloride. 200 ng of Sudan Il dissolved in liquid petroleum

jelly are a&@@@pPlehe %i xt Bpeapsuladighed ofut an tlipophidikealesrtiaral pl aced

under magneirigcSiplle,l Badaldeatrri s applied until a tenperature of 85C is

reached, . The systemis allowed to cool to a 20 tenperature of 60C with

magnet i j!:Osti rring. This cycle (between 85C and 60C) is perforned three

tinmes. At (e ffm:aﬁulzom&mgcoagegpecﬂﬁﬁlihlﬂ@ athat0GF SEGARPEEd 10Uts Py adding
. 1C. _The

12.5 m of gfﬂéﬂéeqn@%ﬁgﬁi%mu sion are prepared by weighing -out
75 mg of Lipoid® S75-3, 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 gquenching at 70°C is carried out
by adding 12.5 ml of distilled water at 2°C # 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® 875-3, 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



systemis then maintained under magnetic stirring for 25 5 mnutes. The
encapsul ation of Sudan Il made it possible to obtain parkt SEf 8ot a
simlar size to the particles of Exanphe-1, for the same proportions of
surfactants and 30 of fatty phase, ie 45 12 nm (P = 0.138). To the naked

eye, the samnb;euaﬁpeifag 5walig:méa0bmtpiitk.tﬁgar§ah@ ﬁéeeﬁ&?@pﬁﬁha}ﬂl@béﬁ
progesterone_35 The _fornmul ati gn_cQrrespon tq that . anple 1: 5 ¢
the initial ué]%uelrsi gﬁggFglﬁreﬁgﬁgﬁlBﬁ'V\e%&ﬁi%ng ‘Sut @ lﬁgxof‘mlfilﬂoi &r)
S75-3, 504 wgmpkrhabref ad( r§51¢ pophideachand She ngyotemolist all(rgwed. 829 g
of water ang,88 Jug 0f odi u ' 10 opr o erqne are added.
The 2 SEP 2084 -@14 tn?x%ur?%@%%?fﬁ% oﬁ?gi %BE Ee g‘ﬁ% b &SI A pl aced
under meynefitéT¥ERgr i nFhiseatcalappllheiiesn i | 832°Ct eapdr atlre)of 86C is
reached. Thges¥staed S thlreaned i COOAt t OtRet eFPRLAL ULEaf ,GO0C Wi h .
magnetic 5 sti rrhn%. Thi s7c%cl e (between 85C and 60C) is__perforned three
tinmes. At t RESPPRANICEN i Y .C ahS GRERLRANG U Pab *9ding a2t edmduehy addi ng
12.5 m of ddisstiillledd watetr att2C2°LCt THe.syThem isysithan impi ffrgined under
magneti c Stirrl far nu .10 The.encapsul atLon, of progest erone nakes
it possi bl eh?cl)htggﬁbgfinﬁggl%i %‘?é?e%%csf‘s ' Fﬁ?’ngi fgg IL’omi'Wét Articles of

Exanpl 2@, ie 45 12 nm (P = 0.112). The progesterone is not found in the
aqueous phaggcate g ggﬁq%lit-r%t oy ' Lty i.fi.cally, a
centrifugati or? at ° 00 ,OOC:)LOr pm fo%é% %nt\’/%ff%%és ‘3?91\‘/%"% g{:l ?béjﬁt?a%ﬁgcitﬁ)l tate
whose conpoSPiAdR ki Eiiidised® by sEElarhisd zesecipi th ePadtasiast afont ai n
progest er ongxafipnee 19r agesf®rone2 i m (br tual Iy 2ins alebl§-d gt ad&ine t hi s
~indicates an _20 i ncgrgorat.i on_of the active principle into the
'nanocapsulegs not "Ifoind in the aqueous phdse at a concentration

15 above its solubility. Specifically, a centrifugation at

of

200 000 rpm for 30 minutes gives a light precipitate
whose composition was studied by DSC. This precipitate
does not contain progesterone. Since progesterone is
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/md)

The first step of the encapsulation of busulfan
consists in dissolving it in N,N—diﬁethylacetamide. A
30 solution containing 24 mg of busulfan per ml of
N,N-dimethylacetamide is thus prepared. 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
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



Ex | e 4: Encapsul ation of a busul fan suspension 25 A) SQ@spEhidén . of

busul fan (at a concentration .of 0.25 ng/m) The first step of the
encapsul ati on of busulfan consists Lnjgissolving it in _
N, N- di met hyl acet am de. A 30 solution containing 24 ng of busulfan per m of
N, N- di et hylvacht amdgle=ti 5c t BtiS rpiepar echisl 78yAUeof (BdiweersOBBPCOmmMY € t aken

and added tQn5 ~of Labrafac .18 of_.Li poi d(r. 75-3,. 504 ng of

Sol utol (r), %8_ ggQr%’ o?erﬁ%¥%?ga%§?r§§ r‘fgmge% -sdfr uﬁgﬁhl(fr&%’iaie 4 %o wei ghed

35 out. Theahniqueslchdmd saton7PS8Ct hss catrrd ecomoent bat adding 12..88 miy/ g of

enul ston. TBe At £ S AR COgbl ¢ L -che saIe Regkar fod dldeed under
' Heat | re o

magnetic stirring. i's applied until a tenperat _ C is reached.
The system M3igkRéRed twndesl negngtienmsdiaming ofos08 pigERe200he 15 with

magneti c st ifh kMg cohlbles tekElion( bateveatt 85 Guandni®R0) tradPard adred,J hree
times. At the f%nal cool i n%,S an quenchl ng at 70C71s carried out by adding
12.5 M of 4tEFiPPed *Raleralf928L-1C. The systemis then 5 maintai ned

under magnetic stirring for 5mnutes. The final concentration, ie after .

guenchi ng, t J:s, to say, diluti.on is.0.25 my/m. The. si,ze of the
particles o ng r#é%ei S°§| ¥8ﬁt L HaichgqeerS ﬂ}gt? I331‘%§1Jt At Sg‘flgllzq%&%plleaﬂgeorn account
of the WP gh&hapr opbati opfof Ekampyephdsecfi63acGomny. ¢#§ fidre priogest er one,

busul fan i spRepbokeyRd | Rt heraqueoushafhasesat 2 caencephrati gﬁgye its
solubility. P S%gci fically, no cr ysttizll% ar e?v?asi bl e%by%gl)t'i ca%nl m cr oscopy

in the aqueBHSIERESECOREY er PEAEASSDI alf 0Ot NGWUNS néd btRel fagieqws

virtually iphakebl eatn wat etoncthtgathdhcatasowrn | Rgar possthom ofy t he
‘busul fan intQ t@e nanocapsul es. 20 32 Sus ension.%f buiylfan (at” a
Concentratigﬁegﬁ iga gwa/ﬁﬁ3 crystals are visible y 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 is 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 is then

maintained under magnetic stirring for 5 minutes. The



A particle suspensation at 0.50 ng/l is prepared under the sane conditions,
as above after dissolving 50 ng of 25 busulfan in 1 m of, . o .0

N, N- di met hyl acet am de. 175 ng of thisjgolution are takenzac‘ﬁd 58ded to 504
ng of Labrafac(r). 75 ng of Lipoid(r) 575--3, 504 ng of Solutol(r), 3.829
g of water AidaB8cagcehtsadiom cheokifderan@enlcsangyeirgaediguto Hag initial
enmul sion is _ILPH‘ElglIl lgo cg)gcen rftlon of 1.76 ng/m of enul sion. The

i ngr edi ents ar é conbi ned the’8anme beaker and. pl aced under magnetic
stirring. Heat is applled unt|I a terrperature of 85C is reached. The

systemls akl tg.co e r atyre W netd
stirrin te Q(be'?%/\l/gﬁe'ﬁegg% gﬁ@ G%I)é i 2‘ tgl%rgfofa%d %r egatcﬁti

the final c3BPPRERCanRgtRACKIATE %nYﬁEs?'an'&ﬁnPEEaéﬂ%‘eby addi ng 12. 5 m of
distilled water at 2C 1C The systemis then maintained under nagnetic
stirring foi g n% @ The 16 2 Sql;P 004 fi nal concentra_.tlon ie after
quenchi ng, tA3t3+e OJC}I | SRS . EBPRFrPRdEcaREYd 18 aGid yence of
t he nature btlg}hgcéaidgs Smuer@sH:Eecﬁ)nwﬁhh rﬁm@ | fvbd Seetetenpeartat ur e

Labr af ac(r)?ﬁg éﬁgm%ci@oégdé% %\a]{orl:ﬁearlq_lt%pr?/ t8%ré:3' altg%%I%yg%i des, is

conpared w acid est was p055| S | uence
of the ] zetbﬁlIoetlﬁegr‘-‘Oéné gPotibe phasiee iptveesres diaw dregipmrattemper @rur e, An

i ncrease injfhbheephase ihnvens orbﬂe@@@er%%és%hh tid e%%%% siggqpf the
groups is observed, Thus, in_th nyristate series, the change In

appear ance teCEPerbPe SéFe69f5éhmeorgrPHé’setJ+§yIo@ﬁré’red tTh‘PP 5@ dhe he 15
i sopropyl eﬁyeﬁsaadeatse&ae‘ésc fitie t bﬁaﬁ@byhdod@ﬁyéar@ﬁé@r is TR} iK1 ease

Tae 3 TowehCH B Al e Hor T8 pattv cF -vaeci Arcalbys Chi P it
pronounded LbEppphblilc ®atere dnd ngs abBoutb°an for the octyldodecyl
ester. This 1increase 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 Cis and Cig). It appears, however, that the
- double bond present 1in ethyl oleate substantially

increases the phase inversion temperature.

The results are given in the table below.



the other hand,

allow nanocapsules to be obtained.

the use of charged molecules did not

20 accentuation of the hydrophobic bonds between the surfag#a yand the
oil, and nore energy is thus required to invert this syst reover, the
carbon chain length of the fatty actdldoes not influence the partlcle
size, or the phase inversion tenperature 25 (between Cl4 and Cl18). It
appears, however, that the _double bond present in ethyl oleate
substanti al byygi Ncreaseg tﬁgmlpgn@scg:-irvg&%ﬁn te rg. Jhe resulls are
given in the table below. | SE? 240k |- Is?ﬁ%ﬁ dé %%?%Tﬁe
‘changePart | cl e car bonsbdndsFREPRS (f 4t lbynéél ) appéar ance (C) %¥am)
Labrafac(r)8/10077. 043 f| {eddtgopBidp |Et hyl 1606323 ¢anda [pal m tate Ef hyl
ol eat e18171.541 f 5 Et hyl 14069.535 13 nyristate Isopropyl14071 544} 23
myristate Betyhdodecyl14086.542 16 gyristate TAH E) |V The H®lal ub, of
the fatty sobsiafee® doeq not sgppear tlo § afffect t7he parjti che sijze
significanthy EBle g: Influence gf the nature of thg lipophilic
sur fact ant uup?ﬁé Stze—gf—thenanecapgsues— 1) Vari-odus-tyipes—of lecif hin
whose phospRakyUyl choline prdgortions range|frores40%tq 9G% were used. The
nmean part E,ggnﬁaztee I ncrjeases as the |phosphati dyI choling content ip the
| ecit hin i [ICreases ( Tapte—Vbetrowy—Speci¢atty—For—40% phesphaty dyl
chol i ne, thBtBykelsate 18 71.5 A1 £ 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
The HLB value of the fatty substance does not appear to
5 affect the particle size significantly.
Example 6: Influence of the nature of the lipophilic
surfactant on the size of the nanccapsules
10 Various types of lecithin whose phosphatidylcholine
proportions range from 40% to 90% were used. The mean
particle size increases as the phosphatidylcholine
content 1in the lecithin increases (Table V below).
Specifically, for 40% phosphatidylcholine, the size of
15 the nanocapsules 1is 35 * 8 nm, whereas it is,
respectively, 43 * 7 nm and 78 * 12 nm for a proportion
of 75% and 90% phosphatidylcholine in the lecithin. On



15 the nanocapsules is 35 8 nm whereas it is, respectivel

Py 43 7 nm and
for a proportion of 75% and 90@6phosphat|dylc Bok gm?n t he

78 12 nm

lecithin. On the other hand, the use ©f charged nol ecules did not allow
nanocapsul es to be obtained. 2 SEP 2004 - 18 Type of |i poi d% of
phosphati dyi - Mean particle cholinesize (IM Lipoid(r) S454035 8 Lipoid(r)
S75-36943 | 7,L1 poi. d( 09048 _12. LI poi 8 TZ TipoLd(r)] EB08072
18 TABLE V| EX3Rpl 8 % ik 9 n%n%g R0F gé?%l" hat 9§0PBEI8 i@ aclive
principle attached to thelr surfacem&@@nmg of a fi spesizen (af}l i pi d
nanocapsul ilggad@pgggglnlnc actlve pgbn0|ple ap descré§ep dn Exanple 1

are prepar
masse Labr
76. 6 mas

of 43 7 fmi 50

diluted in
aqueous so
France) fo
fromcalf

cont ai ni ng

10

15

20

25

ed uallla the—fottagw-ng—formutat+oer—0r5—+Hpotre{+)—S—+5t 3 :1.51

hLapei P SIS : 10. 08 mass¥%9Sol utol (r) HS 1543 19.D8 massp - Water
aglpygg@,slbd76 mgss% The | ppid nanocapsules7gbqaiaed have a size

the grspersiton_of—tiprd—panocapsutes—obtainpd are
ippi | 20 incub88ed with gentle $tidrilBg with{an
wh pbeRd’E HP@i ni ng 50 pg of gpPNA (pSV O} galacﬁgsqdqge Pronega,

one Nour in the presence_of _a_m xture of —trstones obtal ned

thymus (Boehringer Mannh@PRLEG¥r many). Lipid nanocapsul es
DNA

Example 7: Lipid nanocapsules with a water-soluble
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:

- Lipoid® § 75-3 : 1.51 mass%
~ Labrafac® W1.1349 : 10.08 mass%
- Solutol® HS 15 : 10.08 mass%
- Water : 76.6 mass$
- NaCl : 1.76 mass$

The 1lipid nanocapsules obtained have a size of
43 t 7 nm. 50 mg of the dispersion of lipid
nanocapsules obtained are diluted in 1 ml of water and
incubated with gentle stirring with an agueous solution
containing 50 pg of DNA (pSV f-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
molecules condensed with the proteins, adsorbed onto
their surface, are obtained.



25 nol ecul es condensed with the proteins, adsorbed ontoSéEh LI surface, are
obtai ned. 2 SEP 2004 WD 01/ 64328 PCT/ FRO-1/ 00621 - 192 SCfA 1.

Nanocapsul egowpize@aB2gver age size of less than 150 @ AR | ess
than 100 nm and ?rore 5 preferably |ess;§han 50 nm consisti %S’r‘%fq’lzén

essentially lipid core that is liquid or semliquid at roomtenperature,

coated with an essentially lipid figgRfjlppt is solid at room tenperature.
10 2. The lipid nanocapsules as clainmed in claiml1, characterized in that
their polydispersity index is between 5%and 15% 15 3. The lipid

‘nanocapsul es.as mhabgBRgsiiDes! aiilHl @h 2ave£h@e agtield zgd ireddatihe

t hi ckness of the ﬁ lid filmis ?tmeﬁn 2 ang 10 Eg\ 4. The lipid
nanocapsul es as &P3i FBd i REGAETBPLY| alfSS 26080t 0180 Bar #8Cer MA@ i n t hat
the coreé of the pamfeapbliyeslesnsi shaness6nningl | yoakiatfiagt y ofsubst ance, |
such as a trigly LAde.Qk g f . ACI ste epresenting 20%tao 60% an
preferably 25% %géég%gglgel gﬁﬁﬁo t%énﬁeanoc%gséul et® ZSlléglngge 19 i d
nanocapsul es as EPBiLAREULE cdti mopn Elapscesnirzed ¢ortddt witeh t rngl yceri de

constituting theeggefrablipe n8poaaperlfs iitar Chiaserndyiom Gt t o Ghe
triglycerides, for exaggLE?SO capric and caprylic acid triglycerides, and
pi d

nmi xt ures t her eof *eBPEF nanocapsul es as claimed in claim4,

characterized in that the fatty acid ester 35 constituting the core of the
nanocapsule%_ls The 1ipid 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 is
chosen from Cs to Ci» 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 is
chosen from Cg to C;g3 fatty acid esters, for

example ethyl palmitate, ethyl oleate, ethyl



chosen fromC8 to CIB fatty acid esters, for exanple ethy? $&X 2t at e,

-ethyl oleate, ethyl 2 SEP 2004 - 20 nyristate, isopropyl nyristate and

~ octyl dodecyl nyristate, and m xtures thereof. 7. The |ipid nanocapsul es as
clainmed in claim6, characterized in that the fatty acid ester is C8* to
Ce . 8 The |lipid nanocapsules as claimed in one of clainms 1 to 7,
characterized in that the solid 201 m consists essentially of a I|p0ph|||c
~surfactant. 9. The nanocapsules as claimed in claim8, characterized in --
that the fmymjistetibst ahgepropwbhimyeistatectamd cmnﬁxidmﬂ&@ylo is chosen. .-
bet ween | apdriacapkef ghabhyxPel¥gephdracrand 13 and nore preferably bet ween” %
.3 and 8. 10. The I|p|d nanocapsul es as clained in claim8 or 9, ;
characterized in that the lipophilic surfactant is a lecithin whose
phosplrat i dytieholiiped propsddpules et weeaidlWw and 98%ikl. ¢ The |ipid

_nanocapsule |.al.ned i. e, of | ai 0, haracterj.zed in that
the solid n1§%s%1280nt ns % n ﬁ?og?EtRQd?%ﬁ %'éhr*%cFﬁnt for.

- exanpl e Sotnléh(*) HS 15, representing 2% to 10@6by wei ght of t he _
nanocapsul es. 12. The lipid nariocapsul es as claimed in ene of claims 1 to
11, characterlzed in that they contain a pharnmaceutically active :
princidpl e: The 1APifo@abecrppuprapasi fdaiRedhdfo s Wlschetvsdi ng to any
one of cI ai msol TP Jcalazvdutealhlz@tpl yas thatopenati 898igongi shi ng 'n a) - :
preparing an_ai ma%eg eEu i! ntiLnlnﬁ.iD i | fattxtphase -
. noni oni ¢ ﬁﬁ&?&ﬁﬁl CESstra %n? 4 TTROBAIHIC. SRarPEERRST that is solid at!
20C and. optionally a pharnaceutlcally
9. The  nanocapsules as claimed in claim 8,

characterized in that the fatfy_

substance/lipophilic surfactant compound ratio is

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 é,
characterized in that the lipophilic surfactant is
a lecithin whose phosphatldylchollne proportion is
between 40% and 90

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

12. The lipid nanocapsules as claimed in oné of claims
1 teo 11, characterized in that they contain a

pharmaceutically active principle.

13. A process for preparing the nanocapsules according to any one of

claims 1 to 12, which involves the operations consisting in

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. opticnally a pharmaceutically



2 SEP 2004f - 21 5 10 the tenperature down to a tenperatu El [mgctlve
principle that is soluble or dispersible in the oily fattél%é %

pharmaceutically active principle thaiiis soluble or dispersible | n the
aqueous phase, - bringing about the phase inversion of said oil/water
emul si on by increasasgitéeprinapplat uhatuast@oaubgﬁpﬁﬁ:aﬂu%@e}%lﬁlléve t he

h ' ' t Pl T)_.t I foll d
by o reduct i on i n TEi<epETod s attde ARG O PrapmmsE itdY: he 15

t enperature | east oaetdve rrprenCember dhate isplsadebileversidispaasdbiet ween a

transl ucent suspensign chi the oil/water T1 and T2, observed,
until enul sion at aiﬁntjtl%egérl%g":ﬂg% %?Q%?Lf preferably greater than T1, to
obtain stabl e nanocapBtfegingo akputrhghgr edse adnyeasien |of clsaim 13,

characterized in thal/heeeily &atiyiphase by a (_;Lglgrcéagjl% trighyceride,

for exanple capric and caprylic acid triglycerides an mxtures t hereof or
Lo o 18 Crarty LERBSESREFe T Eearl SCBBRTRTRZF bat 005 Sy,

ol eate, ethyl nyrisphtee isoEmyidn Nyemséasieuror (PCryl dﬁde@ytaﬂyrlastate,
and mi xtures thereo&at%?/olﬁeeﬂ{agﬁ% a?a&if%dgﬁj' 0 Cl%é uc%lon 1n
10 the temperature down to a temperature T,
T: < PIT < Ty,
- carrying out at least one or more temperature
cycles around the phase inversion zone between
Ty and T;, until a translucent suspension is
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 o0ily fatty phase is a Cg3 to Cyp
triglyceride, for example capric and caprylic acid
triglycerides and mixtures thereof or a Cg to Cig
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.

16. 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,



characterized in that the nonionic hydrophilic 30 surfact grggpi sgopol ut ol (r)
HS 15. 16. The process as clained in one of clains 13 to 15, characterized
in that the |ipophilic surfactant is- 2z lecithin whose phosphatidyl choline
proportion is 35 between 40a and 90% for exanple Labrafac(r) W. 1349. 2
SEP 2004 - 22. 1TheTheopesecess aslximsdieich ioneonef oflaims nE318ct 0616

characterized in s OL |/ erlggﬂlsi coutaj.ns;: 1%t o,3% of
| i pophilic surfagégg%?£gglgé§tgq%%@6o yd?%%hi??%9gﬁ§?5ct§ﬁP}Slgﬁ)to 15%
of oily fatty suBSnhatBdsS: 64%to 89% of water, the percentages being

expressed on a wekghb Beshs. 11PopBi1TResnrpseesn@s cl aimed in one of clains
13 to 17 chara geriziﬁoin that the oil/water enulsion also contains from
1%to 4% of a saPf, tSulR®a8fsBUFtRAPhLLIGr FAEEa452RY, The process as cl ai med
in one of clainm5%3tbo138, ofcbalgcEettzedubstihes, the Iipophilic surfactant
is solid at 37C% 20 A§§£OC Ss Eor prepari ng nanocapsules as clainmed in
20 one of clains®13 £3 ° Bhal'actérized in that a water-sol uble
phar maceuti cal | ythet peecpniagepl beiing aspoebsedooh oathei Jhitebssid ace of the
stabl e nanocapsul es obtained after step b). 25 21. The use of the
nanocapsul es as clained in one of. clains 1 to 12, for the manufacture of a
nedi canght &8mi nTBEePESCEP S FiSecthiaimedsigecong | 92 glaimsr ddefoud 7i,nj ecti on,
orally or nasall ¥haracterized 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 f£free surface of the stable
nanocapsules cobtained 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.





