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(54) Titre : NANOCAPSULES LIPIDIQUES, PROCEDE DE PREPARATION ET UTILISATION COMME MEDICAMENT
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¢ (57) Abstract: The invention concerns nanocapsules, in paticular with an average size less than 50 nm, consisting of an essentially
o Yipid core liquid or semiliquid at room temperature, coated with an essentialty lipid film solid at room tempesature having a thickness
€~} of 2 - 10 nm. The invention also concerns a method for preparing same which consists in producing a reverse phase of an aqueous
€F) emuision brought about by several temperature raising and lowering cycles. Said lipid nanocapsnles are particularly designed for

producing a medicine.

g {57) Abrégé : La présente invention concerne des nanocapsules, en particulier de taille moyenne inférieure 3 50 nm, constituées d™un

coenr essentiellement lipidique liquide o semi-liquide 4 températare ambijante, enrobé d*un flm essentiellement Fipidique solide a
températire ambjante d'épaissenr 2 - 10nm. Elle conceme £galement un procédé pour leur préparation qui consiste en 1*inversion de
phase d une émulsion huile/eau provoquée par plusieurs cycles de montée et de descente en température. Les nanocapsules hp:d:ques
de Finvention sont particulidérement destinées A 1a fabrication d’un médicament.
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LI PI D NANOCAPSULES, PREPARATI ON PROCESS AND USE AS. NESig?yQHI The present
I nvention relates to |ipid nanocapsules, to 5 a proce orpreparing them

and to thelwoueg/ismazganuf acturing a rredl canent i nt engadrePAgYoddy to be
adm nistered by injection, orally or nasally. In recent years, many groups
have devel oped the 10 formul ation of solid l'i pid nanoparticles or lipid

nanospher es (Mitpes wRibEasooLbENeREPAENT RCPRIGHIN Ay fsihay maCeUL | Cs
and Bi opharmaceutics, 41(1): 62- 69, 1995 Gasco, MR, Pharnaceuti cal

Technol ogy Europe: 52-57, DecenbefE R@WE@ 605 497). This is an 15
alternative to the use of |iposones or polyner particles. These lipid

particles h a heing formulated in the absence  of
sol vent . Thg¥8aFPSSgg¥hg%§%§§6§&I ASGNCS Hott AL SFRaCAR é‘ﬁr&shya:roophi lic

product £ i nat eréer $i% offqronpp?@pmmgortbmrrmmd 200 Cakai ki ud% eloral .
S.T.P. Phar 2(6) L t | .
H§n§§béﬂﬁ§§ng $) mettamet %—nd%gs %%% f&ég) 2 -

I nternational  Journal of Pharnmaceutics, hese
particles nﬁgmbéls*é?éﬁfiebﬁoﬁnﬁ8?§F8¥1ry@éﬁ%:LYnOFh%aS@tb‘sfénce of light, at 8C
(Freitas, C. and Miller, RH, 25 Journal of Mcroencapsulati on 1 (16):

59-71, 1999@ Two te hn| %es are commnlﬁﬂused to prepare lip
nanoparticl e8: A& 25430t of " hot TERIPS| oﬁa(’gch\%ﬁrfloeedet they gl .
Jour nal 1of fommnd)hteanebéasesola(al 3196, nk9ardildies, BrH latpial .

Eur opean Jngﬂgg £ reBhalfms giuan ce:ﬁal cs, I\ll\(f]llﬂ{%ana
1995) or of g]e:?rulg %% hi n% (R%ql g% SRR () zi e,
:53: 552- 555of19©18arm%eEP1@@5 argiz) Bl@phtammaqagmnsof 4l M cr ogAHEd,on in the
presence of 1968;surgact aghgcsych wss but apakrmdh8ueh 251 0F Adhgndyapgparticles
obtained is %ener al | y %r eat er than
rope: -27, December 1997; 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



2 SEP 2C04 2 100 nm (Cavalli, R_et al., European Journggp oy,
. Pharmaceutics and Bi ophar maceutics, 43(2): 110- 115, 1996; Morel, 'S. et .
aI | nternational Journal of Pharmaceutics, 132: 259--261, 1996). Caval li -,
et al. (I'nternational Journal of Pharmaceutics, 2(6): 514-518, 1992; and
~Pharmazie, 53: 392-396, 1998) desciibe the use of a nontoxic bile salt,
t aur odeoxychol ate, by injection for“the formation of nanospheres greater

than or equalydf qp ??%b&lfizetLThStp ent?hpé§ggho%dg¥ntfsﬁ%o

nanocapsul es rather an nahospheres He nanocapsu means
particl es corfhasimagewfios cand t RAepharmpgengies., sd@i(R) qui 318t roon1

tenperature, 1t exhod f Mordi, MBINaE als, SBht8rahc16QA t §ARCHARU €

opposed to heres, .whic tr] partlcles e particles mhose
entire nass EE?Q%Ff qﬁ%hogg%|%§§ HMain a pharmaceutical ]y
active principle, thIS actlve principle is flnely di spersed in the solid
mat ri x cant 2] e _term.'room
tenperaf%ggbn%ééﬁgzgﬁ ﬁ% gfd?%“%%¥%een an%fzggﬁrEﬁgeﬁgbgét of the
present 4 iflent $ohplivi 282 nanodapbairewzig,t th3m 392r39e, si2esof |ess than”

150 nm QELHANS0!Y cess ddan 109 nm andngpegpref epably | egggthan 50 nm
The nanogﬁﬁ¥ales each consi st of an essentj all I pI core thét is liquid

seni I eaxyduhhatemebyt Uil ectdnh edorwi %/‘he arfaagadiiamal PF |ipid film:

that i Ste0ldgbiaires apedtepeailicr: <gusan a5 nwd 46, dile hanocapsul es of -
the invention are <colloidal lipid particles. The pol ydi spersity index of
t he nanocapsul es of the invention may advantageously be between 5% and 15% .
2 SEP 20t present invention relates to nanocapsules rather ‘

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%



3 The thickness of the solid filmmy advant ageously be Qﬁ{\ﬁ@gn 2 and 10
nm |t can al so be about one tenth of the dianeter of tﬁe particles. The
core of the nanocapsul es nay consist essentially of a fatty substance that
can be liquid or semliquid at room tenperature, for exanple a
triglyceride or a-fatty acid ester, gepresenting 20%to 60% and preferably
25% to 50% by wei ght of the nanocapsules. The solid filmcoating the

nanocapsul Ese hycpiaisebabine s@@f@iﬁtlm-mayﬁ%%%ﬁﬁ&?g[éo}ﬂsg & [ipophilic
: surfactant tfwoge 2exardrpl e a lecithin_whose proportion b _

phosphat i dY1CRET i he s Detedh FTUPARY BOGPOThensor¢uth BF| themmy’ al SO
contain a didtiepht o€ tHe fratddled or exanple Solutol (r) HS 15. The
hydrophilic surfactant contained in the solid film coating the
nanocapsulrlg_lsse preferably represents between 2% and 10% by wei ght of the
nanocapsul ¥ SEF Sakibe napaRareslephaanr iapnsderti deszonsitaltlyt iofy 4 he core
of the glespelessty SRV h S L al from.C8 tg C12 '
triglycerides, ?gjrﬁsg:xa Itet%ggp?%glng%dag%rlﬁ i¥)6: LAY Y afc &9¥es  and
m Xt ur es tﬁf@?%‘fa‘?“fﬁwe?%ﬁ 1SEake exstierighyceridhosrnaffant@8 daidCl8 fatty
acid est esstef Or reyaspbRt BAGY ORI #0 t 308 HAY pbrdRalg 1y 5Byl Nyristate,
" isopropélgogngis‘} at (o] )Qdodec | nyristate, and m xtures thereof. The
fatty aci d estef ?]sget&’éf th5 PaBP@APSHERS The nanocapsul es may :

particularly be suitable for formul ati ng pharnaceutical active. L
princi pl esphd Bdifics fGase cddt@nd it@@@ia'ﬂo“éa?ﬁﬂlf@é:tr@dé} oY tageously _
be solid at 20C and liquid at about 37C SEP- 2004 - eﬁ%\ﬁ@ o
: consists- essentially - of a lipophilic surfactant, for
example a lecithin whose proportion of

phosphatidylcholine is between 40% and 80%. The solid

film may also contain a hj{droph‘ilic 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 ffom Cs to Cyy |
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. ‘ |



- 4 The .anount 'of ljpophilic surfactant contained in the solid f|Im
coatlng the nanocapsules may -be set such that the |iqui ® SERtX0k

subst ance/ sol i d surfactant conpound nmass ratio is chosen between 1 and 15,
;preferably 5 between 1:5 and 13 and nore preferably between 3 and 8.

Anot. her aspect of the present invention provides a process for preparlng

..t he nanocapsul es described above. 16 Hhe process- of the invention is based

.‘on the phase . inversion of an oil/water enul sion brought about by several
“dycl es of RS HEOWNE Péwerintphidiser anafactane provesmed tine thwention
consi sts i wolgdafilm q@aepaglmgp aanocaﬂ)éwSBisemaQHBéSééH\ cenatahning an oily

.fatty phas oni oni ¢ o] gtant, a lipophilic surfactant

“that - g_‘hed 3?’ Eb% aﬁf’g:y tgﬁhﬁkﬂ}cﬁy iﬂﬁac@ﬁ?féﬁtﬁyt gempeundi nci pl e-
t.hat |s somelsise @Rtibspes sidilose?) betweenoi iy Aast y19hasere frdb1y ,
h t I d bl in the
aucous. . phacaiebn 75 SRaCiaEh fk ek EePRbLD BafusPnad AnctoBl/ vat er

agueous . bringi ng ase’1nv i 8doBl-/ wat er N
enul si on by i ncreasing the 25 tenperature up to a terrperature T2 above the -

phase invembeﬁeieasﬁé@i use €RE TprkQeRbt @h@eﬁtl&@t}?{%\%de&rﬂl sLon, #DOWEO'

by a reduction in e tenperature down to a fenpefature pRqeg SPI
T2, 30 - c&’FP??ﬁE%&theaf‘a‘I‘%‘?sﬁsuéﬁé Sessribedt ehperature cycles around the
phase inversion zone between T1 and T2, until a translucent. suspension is

observ. qu tJ I/water erruIS|on at a, 35 tenperature in the
F egi onﬂgf %\@ ?P‘?%%% Iyqegﬁéaté‘ VEREAORL, tPo RBied n gt abhe mimrapsul es.

2SEP2004 1nver51on. of an oil/water emu131on brought about by
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



* The aver

- 5 The nanocapsul es obtained according to the process of the invention
may advant ageously be free of co- surfactants, for i nst’anEB ¥ c4 al cohol s.
The nunber of cycles applied to the enul sion may depend on the anount of
energy required to formthe nanocapsul es. The phase inversion may be

vi sual i zed by canceling out the conductivity of the formati on when the
water/oil enmulsion is forned. Tﬁéfbfbcess of the invention may conprise

two steps.. T ' ep .consi st _of.,.weighing.all the constituents,
heati ng eer_rtllII Eg%%%/%eééu]t%esnpcégg%{ﬁ?%ngc\ﬁorrﬁlmé‘eg‘f‘? eQQFi MIHFSF oPLfexanpl e
_nagneticFQﬁilPVFﬂEﬂOQuﬂiy pHEAnIdcmdl] e chodd g EBem to a tenperature T1
(TL, <T2)surAfdflansCeithbd Anl¥AReL of & enpeiaidye cycles, a water/oil

enul si on may be obtai ned. The phase [ hversion between the oil/water
emul sion and the water/oil enulsion can be reflected by a reduction in
t he condifet Pyesr Wifenyehes tannidedt be ethenemedsesn undy ldepehdi 6n cancel ed out .
tﬁg@é&&ﬂg&{%&ure of the Rhaag in%ersion zone may correspond to the
Nt SrpEPSEIYe T PEBETFY $Re LorBakfLatPrdncoPstlessystemin the -

phase inversio :
form of nanocapsul es can be reflected visually by a-. change in the

appear a j 0t al Is ges, from apague-white to _
.transl lr}g%nﬁ;l}gv\%n]%t%ar..wél'}h%s‘:ﬁﬁgaﬁg%emngg%pgl%gggﬁag’g A r@%re bel ow t he:
PIT. Thithe { eapdratiy et anfydita alfoympsiont vidkeen 6 tied W&Cebebdw the PIT.
Tl may bemulisgrperiat Foemati . Whi ch the conductivity is at |east equal to
90-95% of the conductivity neasured at 20C. T2 may be the tenperature at

whi ch the conductivity becones cancel ed out. 2SEP2P11 -6- The second step
may const&} RFPCESE efddlicc d8VPRGiqmay comprise two steps.

The first step may consist of weighing all the

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 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 between 6 and 15°C below the PIT.

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

least equal to 90-95% of the conductivity measured at
206°C.

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



- ol | 'wat er

guench) of the oil/water enulsion to a tenperature in the re jon of Tx,
.preferably above T1,, with magnetic stirring, by dl|ut|2né 1 t*“et ween
threefol d and tenfold using deionized water at 2C 1C added -to the fi ne )
enul sion. The particles obtained may be kept stirring for 5 minutes. In one™
preferred enbodi nent, the fatty phase may be a fatty acid triglyceride,
the-solid |ipophilic surfactant mayebe a lecithin and the hydrophilic’

surfacta,ﬁ% may ﬁg Sé)l utol (r) HS15. Under these conditions; Tl = 60C, T2 =
85C and “thETTRBeT T "BYcFERstHn He2etidden $oplizte(oy qui d
. subst anpedredi)i dofuthacbddl/waepowith Y<ild® €8N Pere &E‘uP&t yeen | and 15,

-prefer n 5 and r r ef er abl tween 3 and 8:. The .
a&{é/ p?é?%ﬁ r?wjafy alr %gggougﬁy agtﬁfa?n T104 { té'% mggneitiephi | i c

. surfact a‘J‘rerIB%Gtro %%blufhylm ophi betwesuor faateariolb%h@ to¥refiqoily fatty

"substan%ﬁ;i §4%n1 2e9%neh weger pbthe pere SpArg expessed on a
wei ght basi.s The h| her. the HLB f:ue gf&tﬁag:E T qui e 8 yfdfBst ance, the:

hi gher t$1& %’f‘iﬂﬁlﬁénﬁ}é'f%‘tr{%dema@lb% H"eePtofSﬁéFr*WCfort he HLB val ue
of the fsafni_ijutSéH).StanCE does not appear to have an influence on the size of
the nariocapsules. Thus, when the size of the triglyceride end groups

I ncreases, their HLB val ue decreases and the phase inversion tenperature
decr easé. OFh@HSEBryaf (RIbagimbntlr dpifei IFrcLY | popte mbycbbad daeey 1S as

defi ned i | r Idions, TECHN QUES DE
L1 NGENIaE%J% &2 di%%@?ﬂ&e rth-g Saﬂéﬁl ? gﬁglgj z%ﬂl 5‘&%33%6% FXtk&n %t he proportion

of hydtephitine anéuF]P%cltﬁ%fPPhhé*‘éaﬁsﬁa&hdnthﬁenlxeh801m@]pﬂ)rt i on of
surf act 1815 .( foreaaphihé Se asendi@oBRE) 1 @) = 60°c, T, = 85°C ang

the number of cycles can 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%

“*  of 1lipophilic surfactant 3% 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 HLB value decreases and the phase
inversion temperature decreases

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



I ncreases. Specifically, the surfactant brings about a 5 decrease in the
Iinterface tension and thus a stabilization of the system 2v$gfcbidpr onot es

. the production of small particles. - Mreover, the particle size

i ncreases when the 10 proportion of oil increases. According to one
‘preferred enbodi nent, the fatty phase " nmay be Labrafac(r) W 1349, the

| i pophilic surfactant may be Lipoidr) S 75-3 and the nonionic hydrophilic
surfactant may be gol utol (r) HS 15. These conpounds have the follow ng '
char act erif& i P2rtighrarat1e ) degsiae WhemagheGaprepessdonSapsit - Pri est,

France) . hifiropls bk O IsueFaleeaed of icaiaddes 20 AW caphis acikfo(C8 and
Cl10) mediumchai.n triglycerides.. Its. densi, Is from. 0,930 to 0.960 at

200 1ts BEORE 48 $EEk SGnts Rygkppaisies ynd phieoehkirc)

Ludwi gshdfremmeasts .Clprmmiybicalilyoi dfhg Su¥badtantr eésfionds dlsogeyhean _

| eci thi n.g3qyhean | egit hign contaj out 9 hosphat i dyl chol i ne. and 9%

phosphati dyl e t.hano_l?gm' nl’Hé]!é ‘%hg%'{lg?ggt hu%élgﬁu/%?lgct aaﬁrf&co STnds® This

const i t uétiaRislizatdopn| yof cokbei t yeimtathat ¥Bighl | prm@Z=<C ahtleat room 30

t enper at > ducditm oI ewkati parchtilks . commonly used for- the fornul ation of
i njectable particles. Solutol(r) HS 15 (BASF, Ludw gshafen, Germany). This
I s a polyethylene glycol-660 2-hydroxystearate. It thus 35 acts as a

noni-oni ¢ Moo, | ctBer f patrdriiclien t hezef orindddoss | tyhdy bendsed by
I nj | Or | e v RO ' L.ce LD50 > 3.16 g/kg, inrats 1.0 < LD50
G B e 5 eyl

< 1.47 € 'aqueous phase of the oil/water enulsion -
may also contain 1%to 4% of a salt, for instance sodium chloride.

Changi ng Adiaaldy QAN rpEé fdrFER BRLBAIABAYL the fattv 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 69%
phosphatidylcholine. and 9% phosphatidylethanolamine.
They are thus surfactant compounds. This constituent is

o

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—hydr6xystearate. It thus

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



a shift in the phase inversion zone. The higher the salt2sgpcmpiration,
‘the I ower the phase inversion tenperature. This phenonmenon may be

- advant ageous for encapsul ati ng hydrophobi c heat-sensitive - active
principles. Their incorporation may be performed at a |ower tenperature.
Anot her aspect of the present invention provides a use of the nanocapsules
for the manufacture of a nedi canenB administered by injection, especially
i ntravenous, i njection, orally or nasally. Wien the active principle is .
spari ngFhesAANGoNS Phage il thyhasdl/Hagesol emntshey bavadskso for exanpl e -
N, N deshtayhacesantde. 4Fhenanpcansiy es €50 ng;gt%éi c%@{ be suitable -

- for the ﬁggigigtr%%ﬁon.of the follow ng active principles: antiinfectious
agent s, SHHRFUAF hg “HAPPITRE dth S2LfertRcetridakhpn bFast ikrdnoambdwancer agent s,
active prishdififl esni rfhendelaser inve rGdatr akohier vorse fighem Md ch nust

cross the;pl ogdnRLALp,PRLLT er hesuigg%%ngqﬁéﬁﬁg)inson ents,_and norée

general [y "active principles for tr erdtVe"1 ¥ seases. The
phar macE8tPeERFYract iThd sppherinsnennmgy bee fadvenkggesed lre or di spersible in

an of | yehGkpyuphasty anthydeodHitsi & ase idscanbe; Liworporgled n the core
of the .nangcapsu. | To do this, 1t, can be 1 ncorporated a the stage of .
the firBt*8Yeh' 6 'p&gﬁéﬁlﬁ?qﬂﬁPQﬁqu%%emaYeﬁﬁisp%thhmeﬁ mky @l so contain
t he oil yovartt yeppasature2 SEP 2DO4 9 noni oni ¢ hydrophilic surfactant and a .
1ipophilic surfactant that may be solid at 20C. The. pharmaceutically :
active principle my also be of water-soluble nature or dispersible in an
aqueoushtnother aspect of the present invention provides a use of the

nanocapsules for the manufacture of a medicament administered by

injection, especially intravenous injection, orally or nasally.

- 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 pharmaceuticall§' active principle may be firstly
soluble or dispersible in an oily fatty phaée, and in
this case it can be incorporated in the core of the

.nanocapsule. To do this, it can be incorporated at the T
stage of thé first step of preparing the oil/water R 2

emulsion which may also contain the oily fatty phase, a



phase, and in such a case it may be bound to the surface C?SEE%D'»
nanocapsul es only after the final phase of preparing the stable

nanocapsul es. Such a water- _ soluble active principle may be of any
nature, . including proteins, peptides, oligonucleotides and DNA plasm ds.
Such an active principle nmay be attached to the surface of the

nanocapsul es by introducing said acti-v® -principle into the solution in
which are di spersed- stable nanocapsul es obtained after the process. The
presence of NRTAGHIEni chydermpHiid ¢ surfactant caangr ompt elipephidfier action
bonds betwe -sol uble acti.ve principle and the free surface of
the.nanocap?ﬁrggst%e{v%ﬁ% magogibﬁoehélc?fp'vggp% nci ple may al so be :
‘introduced into the aqueous phase during the first step of initial

oi | /wat er pfMéparphaomaceitel dabgnt hodive iptisdipiednly thesgxaywl gg that .
follow, wt ef erence-.t0 FEi S to 4 Figure 1 is a photograph of the’
nanocapsul eg;arc'):'rt gﬂ%?)rl]%englagﬁggbt aine %Sﬁ’eé%&ﬁgﬁee P THa scaflBePY¥sS1 cmto
50 nm Fi gurehaBeshend irheuchangede ithwanvies agendacbi €he size as a
function of SheREORA LR . : idignisu ant, I . Figure
3 shows.t he -change in, cg%uﬁriié\}?/%&g%éa ?ﬁ%%t%%%gko%ehgg Jtrg%r%e‘(”é%%?e for
vari ous 'sal P¥coREEREFERY orfde | ﬁta%ﬁ?vé‘all}oct’%%]a@% céiedint Bat wahes 2. 0% by
wei-ght. In seldubde?, ddiFeonoerinaipDs | may. 4%dY Wi ghiny 2 REcfre2004 - 10

- Figure 4 .he change in the conductiyity of ~an_ _oil/water (0/W
..emul si on deggl%\lﬁ%gé%n pé?ar'{%ﬁlng’1,peé?st]aé]e’?’un8¥%8§n8FlFR§19§ﬁpér"h‘i uPBRaf t er
three cycl eplafmidai Sugh amcadtower prgneil < ampebat atadieivwesn: g and 5
85C. Exanpl gukralanemransid %Maﬁﬁm& HH9 iﬁc&rrlo\ﬁ%carnlgncézpa{c? 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.



A) Preparation of the nanocapsules 10 5 g of an emul sion containing 75 ng
of Lipoid(r) 575-3, 504 ng of Labrafae(r) W 1349 | pophi EeSEP5d84 ny of
Solutol (r) HS 15, 3.829 g of water andi®8-ng of sodium chloride are
prepared. 15 The ingredients are conbined in the sane beaker and placed
under magneFigusei rd i ahowbkedthe schppbeedininthe acortdnperatty eopf a85C i s
reached. Thg; i OV@rﬁf o] : enper. of . 60C_wi_t h
magneti c 20%§?¥t§%|€% S('I'Oﬁl/:ws) cyc leéj(()%rgt %glﬁgégﬁga% %pﬁse })'er?(s)rr‘?ed unti |
a cancel i ngf8aftéPnt hefcokBact FonPgrakure faklker orthfee hevadmper @fure is
observed (Firgikend) -andhadwased N¥RESI indakas: Rl agetabkar 0 eqLycl es.
At the %i\r,]\g%,, ooling, quenching is carried out by adding 25 12.5 m of
distille er*at 2C 1Cto the mxture at 70C. The systemis then

mai nt ai ned under magnetic stirring for 5 mnutes. The particles obtained
under the. Lt LLORS ' 0 o] atter three tenperature cycles,
have a meanﬁggg 16 E43ﬂ§§8%5nggﬂﬁglgrn§?zégiﬁo ’98%28e?‘§ﬁ‘y’ei§]‘?b'}6#e

Transm ssion el ectron m croscopy using phosphotungstic acid made it

possi bl e toajepeabapaklibsl 82 $hkhnanBBaPsusbge Of about 50 nm (see Figure
1). Moreover, an 35 observation nmade by atomc force m croscopy in contact
node (P-'aﬁ]k Scientific Instrunents apparatus, Geneva, Switzerland) shows

that the nasocppstil @6 amalsndaedonselindndt 75 bRIMSE ?LSJ%)@iQ@ %g;fér—% SEF 2004

11 B) Chan in the_pr rtions, of hygg hilj.c surfactant Table el.ow

shows di ffeggﬁt Mgor Rl a(t?”lgg’ﬁ?fgf:% ndhdc ‘ﬁ% eshé?"%?g‘&ﬁ?d witdt Wi & e

.concentrati 8pdusbl® Hydadphil.id2SBw fatt aater 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.



Mass % Lipoid 1.511.511.511.511.511.511.511. 51 S75-3 Labnagge Ofigh

10. 0810. 0810. 0810. 0810. 0810. 0810. 0810. 08 W. 1349 Sol utol (r)

5.007.5010. 0815. 0020. 0022. 5025. 0030. 001 HS- 15

Wat er 81. 6579. 1076. 6071. 6866. 6864. 1861. 6856. 68

NaCl 1. 761. 7B). Thangélin6thébprdpdrEhonABLE hylecpRitiaUshhEastagentrati on
of Solutol(r) HS 15 results 10 in an increase in the nean particle size
(Figure 2). Mean sizes going from23 to 128 nmare thus observed for

Sol utol (r) PBebpertibns kpiowy f sewd0% ddfiesrehtt hefoatmbeit:ifcmsrul aiﬁ on,
respectivel t égyggpd n e h||ic
surfactant. Maggg?p%H§§8e3H§% t he p?éggrf%gﬁé QQLP%%?%%P?aQIdQ utol (r)
sur f act aht sPYSBPBhEL1EePERE2RBABLF or mul at i ons of nanocapsul es 20 pr epar ed
wi th various surfactant concentrations. 2 SEP 2004 - 12 Mass ABC Lipoid(r)
S75-30. 78%.. 519%. 35% Cabratac(r) W 154910 U874 0. 0891 0. 08% Sotutof () HS
155. 2294.0. 08%4.5.65%MAt er 82 1697660040 1¥88NAC 1 769% 769 76% Proborti on

of 6.00%1| 899k 00%1.51 }1.51 |[1.51 |1.51 |1.51 |1.51 |1.51 |1.s1
875-3

Labrafac® | 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 i.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.



surfactants TABLE |1

formul ation A gives particles with anean- size of 85 7 nm (P = 0.
For fornulations B and C, the nean sizes becone 43 7 nm (P = 0.071) and
29 8 nm (P = 0.148), respectively. 10 D) Change in the NaC concentration

Table 111
di fferent
Labrafac(r
Nadl 2. 0293
shift in
t he | ower
be - advant
sensitive
| oner tenp
the previo
concentr at
Sudan |11

10

15

20

I ncreasing the proportion of surfactagts g4 the 5.

formul ation brings about a reduction in the nean size. Specifically,

124) .

bel ow shows two fornullati ons of nano ukes. prepared w

th two

concentrations ofNati—15—satt—ivss—Y ipO%ﬂﬁ;}—S¥5—3%—73%i 70%
W. 13495, 76%2. 84% Sa¢l ut ol fr) HS152. 88F. 680 Mat er 87. 61%B6. 36%
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ation,

habﬁﬁﬁa@@ Weddit®n  fenpkd-f8% e (Fi gl® 0% . Thi slpifonelnon wil |

Ageeutol @ Hrasencapsyl at 5opagf hydrophogas hept ¥5 ¥y 2004 - 13
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at a
eto 5

UNagllzes nmay be obtained, 1dgspi tejtheq dighferent sabis

ggpogzégggl gfz: Encapsul %t L3Y of {a |i{)o§)&il IC aC:IEBI voe pr
N

surfactants

i nci pl e,

TABLE II

Increasing the ©proportion of surfactants in the
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.
D) Change in the NaCl concentration
Table III below shows two formulations of nanocapsules

prepared with two different concentrations of NaCl
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

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-



The fornul ation corresponds to that of Exanple 1: 5 g of tZh&kP D& al
emul sion are prepared by weighing out 75 ng of Lipoid(r) S75-3, 504 ng of
Labrafac(r) |ipophile and 504 ng of -SaButol (r), 3.829 g of water and 88 ny
of 15 sodiumchloride. 200 ng of Sudan Il dissolved in liquid petrol eum
jelly are ad¢¢s¢itiNe modivee prsinadgilgised Thetiy nindversanstikeakery and pl aced
under nmaghefd I 1539 . Ij%q%i | ntil a tenperature of 85Cis
reached. Th?gggﬁéliedr%ﬁir g&glal owe J:t %e@x@%kaﬁgrg.zo tenperature of 60C with
magnetic stirring. This cycle (between 85C and 60C) is perforned three :
tinmes. At thHel itids€0o8bigla8loAYSNehirtd cAks7AG S Har fhediout by adding
12.5 nm gf Lstilled water at 2C 1C. The systemis then maintai ned under
magnet i ¢ stiTri ng For-°95 5 hHut €52Y Th@®enCrp&dR&dr on 45P3d@an 49 made it
possi bl e t odidlfteaiemtp@atlitclcencehtaasimvnkar size to the particles of
Exanple 1, for the same proportions of surfactants and 30 of fatty phase,
e 45 12 nm (P = 0.138). To the naked eye, the sanple appears a uniform
pi nk. ExanpExamplencapsy| Eocepsvlapiogestadi one 33 iPlephfidicul sdtoive
corresponds ghi@ idighi e0f Seemplrgrl: 5 g of the initial emulsion are prepared
by wei g{f ng out 75 ng of Lipoid(r) S75-3, 504 ng of Labrafac(r) lipophile
and 504 % of Solutol(r), 3.829 g of water and 88 ng of sodium chlori de.
10 my of hpra@%tﬁjﬂi&lﬂﬁmmdfeﬂrzgﬂﬂﬁn&ds SEB 2004 -of 1fxafpxbune is gwei ghled |
out in the aker..,and placed. under nagnetic, stirring, ,Heat i's applie
until a ter%r)p%renf%l?%rén& lé‘gc (?r%u‘ﬁresejaoéhea?eﬂ?é‘%%eéim}i’% é\’PIlgRéHg tB¥tcool to a
t enper at ur e 7¢f TGO Lhpobg®etdTo-3,s1504 imy. oThiLabeythe®( beipwan 186C and
60C) is pers thy eect i t ' 0] i enchi at 70'C
is carrjed gt??{,l?;%ad |n(gf1§.g%ﬁ%?f§1’ @e_gfjwaé §0°L508x a B9 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



distilled water at 2C 1C. The systemis then naintained under magnetic
stirring for 5 nminutes. 10 The encapsul ati on of progester dn8ERelf¥s it
possible to obtain particles of sinm.lff sizes to the particles of Exanple
1, ie 45 12 nm (P = 0.112). The progesterone is not found in the aqueous
phase at a momtemer ald oReiShefovaiti tin Sehubiddrey . b&Spest f kaal lptacka

centrifugation at 200 000 rpm.for. 30 m nutes .gives a.ight precipitate
whose conpoéllnplegn \Iﬁggn?gﬂl&i ed "By *HES: r'ltbi]iegttpré ipi""lpé’{rjL edjo&@tidt @ntain

pr ogest er onéemBemesupeogdst &5 thelss revichiedal IThd nspstdaheibn aldicdred t hi s

i ndi cates ap,20 JJaGor pQy ati on | VEePripej-pl g.ihto the .
nanocapsul es.O_Ex_o:z)e 4B%Enc%p35€&'a?lé%%t‘g]fcéa §Esu:6pglr% sﬁéggnsimoaﬁnfgl,&‘)
Suspensidn S&ErBhEglf afhigt Fxdhfcenthetvern . 085°0. 28ndy/ K0 CThe ifs rst step

of the encapsuifatrined OfthiHesul fdeLONsAst sthy disgaghvi @goilt_-migr) an .
N, N- di met hyl acet gm de. Af)oo solution containing 24 ng of busulfan per m of
N, N- di met hy F4EBCEMde 3t This F eparsdeds PtnPioradding 34t at Mdn ofr e t aken

and added t adis@4ligdof whaktaf ac(r R2.°C #5 17g.0f ThiepOisdlsh)enS7 %3, tifedh gy of
Solutol (r), . . f er _and,. 88 .of .sodi.,um chl ori de are al so wei ghed
35 out . TheHL?'rll?lfz'lg‘é’ egrrﬁp\é?%nm?gngﬁﬁg gfg‘lﬁrwﬁctﬂfrgtlf‘bﬁuﬁ?s‘o. 88 ny/ g of
enmul si okfQ The ingredients are conbined in the sane beaker and placed under

nmagnetic Stbh%i@%caﬂéﬁﬂéﬂf%naQﬁ§i o it Ghd SREL tyge J %g | §.4 eached.
The systemis allowed to cool tolg t_%@rrper ature o? %Og 2p%|§§§ 5. %:-O 15 wth
magneti c st PPERAG. PRt GRS o beiRddAarssezand too0)ei papsitdesedt hr ee
tines. At tEeakipnal 1Godld ngs + ame quangki By Al 159C iIthL HrdfhiUtodyy adding
:12.5 m  of .di stillgd V\gter a% 2C 1C. The systemis then )
- 15 not Iound 1in 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 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



5 mai ntai ned under nmagnetic stirring for 5m nutes. The 2f 8Eral2ld
concentration, ie after quenching, that is to say dilution, is 0.25 ng/m.
The size of the particles obtained is gkightly larger 10 than that of
Exanpl e 1 on account of the higher proportion of fatty phase (63 5 nm. As
for progeswethnegadiustid agtis riol.f opiik | Bythe agw@usen pPhgse aind
concentrati %oﬁ?o%% i teSrEC())J:Ianbi I |t§ . Epeci fical ll\{ nQ..crystals .are visible
by opti cal | crids BpFE TRt Re éﬁgo S5Tasd af FRF  Ei&0s ARSI, Now,

si nce busul Enaguepahimauatt y7PAiSoisblerini egatmrt, byhkeddingi d&t.&s ndn

i ncorporati gg afsdiiel PugUlLRRA ML Ade NANRCAPEHL 0%y A0P) ; SUShENST ON Of

busul fan (at a concentration o 0 /)" A partié’l_e Ssuspénsati on at

0.50 ny/? iBappEpared umAsr MRENShIE cdddindingnsfer Sbmiauatser Wissol vi ng
50 mg of 25fbdsul tenckhtlamicef, Ne\Nativdht ey, denak/I St Plsay Ni s

sol ution are. agen and agdgg to 504 ng of " Labrafac(r). 75 ng of Lipoid(r)
575--3, 504 Pré)u fO8g| gfoP( Ay, ™93M29 g of water and 88 ng of sodium
chloride are also weighed out. The initial enulsion is thus at a 30

concentrati of_..1, 76 f ul-sion,. . The ingredi.en are conbined in
the sane begagr “and. p?gg[etge ﬁjr?deegrgcrrlaegsne?l?%als ?Clrlr' ﬁg.s%%@i‘t%lﬁ’s S%d until
a tenpkl at Ghenof tBBE i 9fr eBrhwnleThé syst emcesumt | owed the doojhdm a

t enper at ur e ,@hLRBQEi Wnt h JEgNetiiG, 3 LLri Thi sccy (betne 5C and
60C) is pe?f oPrredlt hree ti %ﬂﬁAt 5%1?1%% ng 3c06l i r?g, %gnﬁ ) q%gncﬁgbné at 70C
is carried BECIEFLEIIPRg 1DUSUAL2Bf 1qi S19h | £Pupst einat the aavieou® system

is then maphkaenedatinder negnebh€ratibhi NGidfe 5 HLBUt eSol B 1t 16 2 SEP
12004 final %%2%%%&%%'f¥} |§6afé§§sggfgchggg, %q%&bﬁ% t 3§a%mmical
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



dilution, is 0.50 ng/m . Exanple 5: Influence of the nature of the fatty 5
substance on the phase inversion tenperature Labrafac(r), 1¢ conposed
of capric and caprylic acid triglycerigles, is conpared MZ T ty acid
esters. It was possible to reveal the influence of the size of 10 their

end groups Sinahecphasetraveos oflet afpetrabuetchAfg,i Rebease itk i phase

I nversion t h.~i NCreasing size of the groups is observed.
Thus, in thgﬂPS£f£Hta%§Aée?oes /?ge change in appearance is visible at

69. SC for the ethyl ester, at 71.5C for the 15 i sopropyl ester and at 86.5C
for the octygl ylg.es | Rgr e hatygan 4Qid - i er

emul si on |s—n%$g§§ea% kgg%ggﬂgé wﬁgn t ”%%R%g% agf?o&gt HL | ue (nore
|'i pophi 9 C)S“EEE%PF?CQPI§hetHP§sen%?@eﬁFbﬁBuﬁéﬁﬂeF?EBﬁﬁlI|c nature brings
about an 20 accentuatlon of the hydr ophobi ¢ bonds between the surfactant
and the oiI e ener |s thus required.to invert thi,s system

Mor eover , FBS@ éﬁ@ﬁpﬁﬁdtﬂ FEPL}Cadld FG8LYHC i@Fidence the
particle S|te;gbycehedphase3|mwmmnredtemphmﬁaﬂﬁyZﬁbi@eeﬂceﬁsCHQRand C18).

It appears, ng%oeofsﬂtltéat%éhqr%aoatibl Ehgor}ﬂtﬁ sent ?urélheyﬁgl g:t

substantlal % ncr eases Seé i NVérsion enper8
gi ven i1 t heheabl engepsaups eevtmOphasH ingid rsunTh drempfe@eiiirel  An

changePar ti ¢hergasbonghondsidisi gea£L at ty e%%ﬁppe@e (run)
Labr af ac(r) 8/ 10077.043 £ 7 1ip %a I'e Ethyl 16069, 0 mge"%g%tawtleth
increasing size of the groups is observed Thus, in the

myristate series, the change in appearance is visible
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 1increase means that an oil-in-water

ts are

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.



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 nanccapsules

Various

particle
content
Specifically,
the
respectively,
of 75%
the other ha

types

size

in the

nanocapsules

and 90%

increases

lecithin
for 40%
is 35
"

43

nd,

7 nm and 78
phosphatidylcholine in the lecithin.

the use of charged molecules did not

~as th

increases

phosphatidylcholine,

+

8
+

e
(Table

nm,

12 nm for a

allow nanocapsules to be obtained.

were used.

whereas

Influence of the nature of the lipophilic

of lecithin whose phosphatidylcholine
proportions range from 40% to 590%

The mean

phosphatidylcholine

V below).

the size of

it is,
proportion

On

Et hyl ol eatel8171.541 f 5 Ethyl 14069.535 13 nyristate Is ﬁgpa 4071. 544
23 nmyristate Cctyl dodecyl 14086.542 16 nyristate TABLE | V4T val ue, of
the fatty substance does not appear tol75-affect the particle size
significantly. Exanple 6: Influence of the nature of the lipophilic
surfactant _on the size of the nanocapsules 10 Various types of lecithin
whose phosphaigdyl choline NQEQQQQ;'or Sahge %1 D% vere used. The
nmean part|cle size incrleases as t % ospha |dyhﬁ$ﬁ§ cw&eﬁt N t he
‘lecithin ihcreases (Tablle VCEEIP?}W). SIB’QEFI?'I ¢al | yinfor 40% pfhvsaphat dyl
choline, the size of 15 [t igattgnacagpyl es is IpHdaRAhcdhereas it is
respectively, 43 7 nmdgnd 78 12 nmifor a pfroportion df 75% and 9p%
phosphat i d{-ehet+ne—in—tthetecithi-n-—1On—the othdrChand | the(®™e of char ged
nol ecul es dLdbrofac®l | oW nanaydpsul eg togbe ¢btaimyed. 2 |SEP;2004 - {18 Type
of |ipoi d% QEPBBBiRQatidyi Mean partlcle chol i nesize (I|M Lipoid(r
S454035 8tiporatty—S+5-—36943—7tHipotref+)—$106090+8-12 Lipoid{+) FPCI861
12 Lipoi d(FtE8D8072 18 TABLE®V Exanpl e07: Li idamanocapswres msth a
wat er - sol ubLginp AGtive jprinciple attached t¢ their surflace

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



500 ng of a dispersion of |ipid nanocapsul es not contai ni E% %ﬁ)l ve
principle, as described in Exanple 1, are prepared u5|n e | I owi ng
formulation: 10 15 -Lipoid(r) S 75-3-:1g51 nasse Labrafac(r)W. 1349 :10. 08
mass% - Sol utol (r) HS 15 :10.08 nasse -Water : 76.6 masso -Nad : 1.76 nmass%
The |ipid nanocapsul es obtai ned have a size of 43 7 nm 50 ng of t he

di spersionjo l_pi nanogaps |l e talned. ar [ufed 1n 1 wat er and
20 incubatad&%o?hoge% Pe §t|r%|n§ ﬁn?ﬁpgﬁgééﬁgou ﬁPlBﬁrtéﬁﬁPaln ng 50
pg of DNA (pSV 0-gal act osi dgse, Pr awddne France for sage Hem) in the
presence of 1.8 g&g\@ﬂsqlg)of hi{st ones obgéu ned from calf tiyqpsa(Boehr nger

Mannhei m Eertrany) rprd—ngnocapstut-es—contarnrg—bBNA—Z>—+teeut-es
condensed NL@QOFH@’éﬁﬁﬁéﬁns adsorbedé®nto their surfat®,tdte obtaj ned. 2

SEP 2004 WDLgﬁbgééﬁﬁﬂﬁﬁﬂlFFK)1/00621 90 19 CLAIMS 1. N@nqcagsules M th an
average si ye of _tess ttam §50-nm plﬂlelaU|y reps—than—106—rmand re 5

preferabl y|LéReidEBD nm lconsistind8of an  eskentialfyH Agid corg that
is liquid )Llpgga@lmqujd at roon1tenp§0ature coated mh§h+aqg essentially
lipid filmThat T35 solfid at room gggrature 102 —Theftiprdmanotapsul es

as clained in claimi, characterlzg L& ¥hat their pol ydispersity index
I's between 5% and 15%

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

20 incubated with gentle stirring with an agqueous soclution
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

25 molecules condensed with the proteins, adsorbed onto
their surface, are obtained.



15 3. The lipid nanocapsules as clainmed in claim1 or 2, ._characterized in
that the thickness of the solid filmis between 2 andzf(g?n 4. The lipid

nanocapsul egoag1¢kghkppd in one of clains 20 1 to 3, P@i?’h‘%tl &%q in that
the core of the Srﬁanocapsul es consists f§s_entially of a attygrdsu St ance,

such as a triglyceride or a fatty acid “ester, representing 20%to 60% and
preferably 25% to 50% by wei ght of éhenganocapsules. 25 5. The lipid
nanocapsul es as clained in claim4, characterized in that the triglyceride
constituting the core of the nanocapsules is chosen fromC8 to Cl12

‘triglycerides, fmanexapphes0 wiid i anangveapgy! it RCi drtrigddycerigdes, and
m xt ures t hereof ' '

. _The |lipid nanocapsul es _as clained in claimd4,
“characterized i nléﬁaf’mf hepF§F?§a§EVd 2§i3§r §gaé‘on§9|ﬁ?8f“i ng"the MG of the
nanocapsul es i s prhéseablyoml€8st otB2B f &0t yimaci doasteringf Obf exanpl e
ethyl palmtate, . oh'egt e, I P 2 - 20 nmyristate, isopropyl
nyristate and oc?%%g%{gé%ﬁgwr}%{zﬁe, %zf% i g?‘é}:es ther eordUHA T9F | pi d
nanocapsul es as EFBiLAREULA cdfai MM deapacasnirzed coatdédt whthfaty acid
ester is G8* to EkBent8a1TPe 1ipid napprapses a8 dained Jin (}ﬁ%m()f cl ai ms

a

1 to 7, characterized in that the solid film consists essenti y of a
|'i pophilic surfatFRREX2§YT¢he nanocapsul es as claimed in claim 8,

characterized in that the fatty substance/li pophilic surfactant conpound
ratio is chosenyQet weep; hand dfua RL A& a0y BRLYCEN L2 c1aim 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



and 13 and nore preferably between 3 and 8. 10. The lipid aditdcdPsul es as
-clainmed in claim8 or 9, characterized in that the |ipophilic surfactant

_is a lecithin-whose phosphatidyl choline proportion is between 40% and

90% 11. The |lipid nanocapsules as clained in one of clains 1 to 10, o
characterized in that the solid filmalso contains a nonionic hydrophilic.
surfactant, for. exanple Solutadt§r) HS 15, representing 2% to 10% by

~wei ght of the nanocapsules. 12. The |ipid nanocapsul es as clained in one of ..
clains 1 myristatkar atseproryili myhdtatey awht stetwldphecyhceutical |y

active pripeiikeatd3. aAdPLPEESSe5OLhOEERAL i Ng the nanocapsul es according to
.any one-of “clains 1 to 12, which involves the oper ati‘ons consi sti.ng in: a) -
- preparing an oil/water enulsion containing an oily fatty phase, a j
.noni gni ¢ ydr opbpidc wandaadAales aas pephimea surfachant shat is solid at .
.20C and. optionally.a phar euticall LSEP_2004f - 21 .5 10 the

t enper at ur & (]):\?A%tf%lge@el gfta ‘%‘%egﬁ ,)fé—“c%;:ttlyveaﬁ} n&S5eE tHat SFs soluble or

- dispersibl&o Cm2the oily fatty phase, or a pharmaceutically active )
principle that is soluble or di'spersible in the aqueous phase, - bringing
about the phase inversion of said oil/water enulsion by increasing the

t enpeBat ur €hgp 1ipid neppsrreuLesTasaFdRdmere i ohvelaion t enperature

(PIT) to ohtaks a7, waliRidsiteramdesi an, tRhktoweHebys@iigdugiign in T1 < PIT
< T2, - carrying,out at . . i o
consists essentially of a lipophilic surfactant. :

9. The  nanocapsules as claimed in claim 8,
characterized in that the fatfy
subétance/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 phosphatidylcholine proportion is
between 40% and 90%. a

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 thét is

solid at 20°C and. optionally a pharmaceutically



cycles around the 15 tenperature | east one or nore tenpera%%ﬁﬁ ?ase
I nversi on zone between a translucent suspension is b) que 'naﬁ he

oil/water T1 and T2, observed, until gpulsion at a in the region of T1i
preferably greater than Tl, to obtain stable nanocapsules. 20 14. The

process as clai med astttai pridciphar apher izedolublehak hepeidsypfiatty phase
is a CBto Cl2 triglycgeride,.fq xanpl e capric_and caprylic acid
triglycerides and n??tgﬁ?sqﬁ%&%ﬁﬁé%%r%%%iﬁtooflg F%?ngcégﬁﬁcggggr, f or
exanpl e et hyl pal m aatéye2prénbyplel ehat, ist lsplluimlei siratdd spiesepbdpy|

nmyristate or octyldodegyl Ligkabgas@nd m xtures thereof. 15. The process
as clained in clain1§3 or ?§¥ cﬁgéa%%efized in that the nonionic

hydrophidic 30 surtalranging haittol thye Hhase isverséopr aekssadsd cl ai med

in one of clains 13s310/%@tercharagbesiggd i npyhat fﬁg%ég§yﬁgﬂl I gpgur fact ant
Is a |lecithin whose ﬁhos Fatidylcholine %ro ortion is_ 35 between 40a and
90% for exanpl e Labf PﬁE% YCgy UP 3kg B &EPPSgghuren 2 1300VHe theocess as

clained in one of cphase Ehverslifn thapacieiireedpPin)t i tbeadnl Awat er

emul sion contains: %’ % li hi |4 ¢ -surfactant, 5%t0o 15% of
hydr ophi | i c surfactg% %£9o§f %Huls&%%, féiléﬁe&“by a’ reduction in
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,



5%to 15%of oily fatty substance, 64%to 89% of water, tPesg@Qggent ages
bei ng expressed on a weight basis. 10 18. The process as clained in one of
clainms 13 to 17, <characterized in that2the oil/water enulsion also
contains from1%to 4% of a salt, such as sodium chloride. 15 19. The
process as tlVai nBlei proressf asl ailwsinkdl tim ke chachsiesi z8dtonlishat the

| i pophilic surfa L So-a I d.at 20 pr far preparing
nanocapsul es as % %?%%Eéfﬁégéo 5%% gﬁ&% ai%%éESO?%9?%FeEhaFg§ﬁ§%P?ed in
that a water-sol @bhtaphds maceutically active principle is adsorbed onto

the free surfacelgf tbhesstablepopanecapsylescobhai ned after step b). 25 21.
The use of the nggﬁggpigles as claiped. in one of clains 1 to 12, for the
° [

manuf actlre of a reff BUAFAPBLLEGJSBYLRATREI on, especially by

I ntravenous i njeB&i b, 168abEyocdlyndsaatlysubstance,
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 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.



