1 Pharmaceutical conpositions containing nanocapsul es. The present
‘invention relates to new pharmaceutical conpositions, and nore particularly
t o-phar maceuti cal conpositions for oraI adm nistration, in the formof a
col:l oi dal suspension of poly(al kyl -2- cyanogcryl ate) nanocapsules in an
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external hydrophobic phase, consisting of a water immiscible organic
solvent, for example chloroform, toluene or ‘isooctane, and containing a
surface-active agent. In Example 1 of this patent application, the
internal phase is an aqueous solution of methylene blue, the external
organic phase is a mixture of chloroform and toluene and the
biodegradable monomer is methyl 2-cyanocacrylate. After polymerization,
the nanocapsules are separated from the external phase; to this end, the
obtained nanocapsules are centrifuged off, then washed copiously and
lyophilized, in order to free them of all undesirable organic solvents.
The powder so obtained must fihally be reformulated in order to give a
composition suitable for administration in view of a therapeutical use.
Japanese patent application No 61521/85 discloses microcapsules
with particle diameters of between 1 and 500 micrometers, encapsulating
an aqueous phase containing a drug dissolved or suspended in an aqueous
solution of a.biocompatible.polymer such as albumin, dextran, gelatin or
collagen. These microcapsules are prepared by adding under stirring an

alkyl 2-cyanocacrylate wherein the alkyl radical has 1 to 8 carbon atoms,



2 which is not dissolved in a solvent, to a water-in-oil type enul sion,
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sol-vent, which, optionally, can contain a surfactant. After the alkyl
2-'cyanoacryl ate has polynerized at the intefface between the two phases,
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suitable for oral administration, is made.

The pharmaceutical compositions prepared according to the
aforementioned processes have several important disadvantages.

Firstly, it is well known that, in order to obtain satisfactoery
absorption of therapeutically active substances through the
gastrointestinal tract, it is desirable that the particles encapsulating
such substances are as small as possible. It is the reason why
particles having a diameter of less than 1 micrometer are most suitable
to prepare a pharmaceutical composition intended for oral
administration. However, the microcapsules prepared accoxrding to the
process described in the Japanese patent application, always have a
particle diameter greater than 1 micrometer and, generally, a diameter
of between 1 and 500 micrometers.

Secondly, the organic solvents (isooctane, alkalinized methanol,
chloroform, toluene and petroleum ether), which are typically necessary
to prepare the capsules, are pharmaceutically unacceptable on account of
their high toxicity. Thus, the so prepared capsules cannoct be
administered directly after preparation. This gives rise consequently to
the implementation of a delicate supplementary step which includes the

separation of the capsules, for example by filtration on a membrane
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not suffer the aforementioned disadvantages of the known pharmaceutical
compositions.

Indeed, this type of administration in the form of submicroscopic
capsules is necessary, principally in the case of medicaments which can
be degraded in the stomach, such as drugs with a peptide structure.

Particularly, the submicroscopic capsules should be formed from a
biodegradable material, they should be sufficiently small for there to
be a good prospect of satisfactory absorption in the gastro-intestinal
tract and, at the same time, the capsules should encapsulate an
important amount of pharmaceutically active substance. In addition, if
such compositions were suitable for administration directly after
production, without the need for subsequent isolation, purification and
reformulation steps, this would constitute an important technical
simplification and a not insignificant advantage.

Applicant has now discovered new pharmaceutical compositions in
the form of nanocapsules which fully attain all these objects.

Thus, according to the present invention, there is provided a
pharmaceutical composition in the form of a colloidal suspension of

nanocapsules, which is characterised in that it comprises an oily phase



| nportant anount of pharmaceutically active substance. In addition, if such
corfpositions were suitable for administration directly after production,

wi t hout the need for subsequent isolation, purification and reformnulation
steps, this would constitute an inmportant technical sinplification and a
not insignificant advantage. Applicant has how di scovered new

phar maceuti cal

to quggl?rﬁ%%is(s)&&igpla{ e ?fngI;an}llOJongg‘{]nqgapc?llélsglsve\ghizl'?er}:‘et ylly attain

. < na
all these object's accordi ng e present 1 nvention, there is

provi ded a phawrfacbant eadl, coaposietli drerein t herFurrbityf of eobtaristdes dugpensi on

of nanocapsul @gametBi Gt h&sLRALAGHBI A=3BHletdtst Nalial farcRMY U188 S rRBpAl1laY 1 R aGE
4 consisting essentially of an oil containing dissolved therein a

y . . v .
surfact ant anBISOUE RIMGBCIRLPEINE, P PFiAANi P5 20F AL £F st BSPRRRiCRgeH 2
di anet er of | els&abbaticadly Rapore kaksansaidhdNa e 8dh e Sine REBS Uliedsengy an

aqueous phase, consi sting. essenti all f sol ution or suspension of_a
t her apeuti cal H/esag??"{/egnshbasﬂt% aﬂ’cézgﬁn%lgss?ajfr o élﬁ?%a_ﬁ’s?/\g se#?Pn %%Iémef)i s
bet ween 1 andedly (aberindtwrnohcwydrte nahersipstheallel pgdfaeiness fir benéacarbon
pol y(al kyl 2-gyapoacrylate) wherein the alkyl radical has 1 to 6 carbon
atonms. The present invention relates also to a process for_ preparing the
phar maceuti cal conPSPEPBTFhEFERhLYE T6e35ES BEP SR RRPITSI £ RAFRGHERY | ey
in that it copjurnaesitiohl JeRpEHLl oY hRReativeodsscpilnmrasdBic iiBg essential ly

of a solution_or _a_ sus gnsig of,.a therqgeutically active substance and a
characteris in ﬁ.lt C?ﬂ?{ls s
osée p I'és

surfactant in water, ween 1 and 7; b) adding slowy and
under stirring dai frogueessnprseus rheserropsistiph aseenadlstafng sgbhen alr| y

of an oil and a sugfagbamndiofi s6al vedabberiehiiy GheiddinGapadehasiirring to
the water-in-oil type emulsion so obtained at | east one al kyl
2- cyanoacryl at e whereiRfitdHe 11AFPTr 38PEAIPPhAEes PRYe8™ ca®BB ‘at ons, j ust as

it is, in the ahseat®nefshwiplam@ntndeal bolrifg tdaea ddaeodd kidse?inyanraacim at e

to polynerize at apbient tenperature. for,.a sufficj er.i of . ti.ne to
bol et 76 { he. addBeg) Psiaayh ke Pl of B bEL 308 PRULALR: dilBolRa | o
process a suspensi tereant he oily phase of

¢) adding under stirring to the water-in-oil type emulsion so
obtained at least one alkyl 2-cyanoacrylate wherein the alkyl
radical has 1 to 6 ca;bon atoms, just as it is, in the absence of

a solvent, allowing then the alkyl 2-cyanocacrylate to polymerize

at ambient temperature for a sufficient period of time to

polymerize the added alkyl 2-cyanocacrylate and recovering as’
product of the process a suspension in the oily phase of
nanocapsules having a diameter of less than 500 nanometers and
which encapsulate the said aqueous phase.

The oily phase of the pharmaceutical compositions according to the
invention consists essentially of a neutral pharmaceutically acceptable
0il containing a dissolved surfactant. Said oil can be a vegetable oil,
a mineral oil or any oily compound, insoluble in water, such as benzyl
benzoate or glycerides of higher Cg to C18 fatty acids. Among the
latter, use is preferably made of MIGLYOL, for example a MIGLYOL 812,
which is a neutral oil formed from a mixture of saturated fatty acids
triglycerides, with chain lengths essentially of about 8 to 10 carbon
atoms.

The aqueous phase, contained in the central cavity of the
nanocapsules of the pharmaceutiéal compositions according to the
invention, consists essentially of a solution or suspension of a water-

soluble or insoluble therapeutically active substance, and contains also



nanpcapsul es having a dianeter of |ess than 500 nanoneters and which
encapsul ate the sai d aqueous phase. The oily phase of the pharmaceutical
conpositions according to the invention consists essentially of a neutral
pharmaceutical |y acceptable oil containing a dissolved surfactant. Said oil
can be a vegetable oil, a mneral oil or any oily conpound, insoluble in
wat er, such aa hen—zytaﬂ]enzmhea@e@hyﬂeséd&&tainmpgmram 20s&£18 cbaddin

aci ds. Am)ngthelat fer bl e of MGY, X le a
M GLYOL 812, which I's %thﬁg°fr aﬁ ?o?‘ %f%ﬂgmfgm?r]\ux ufe gf&%‘at gr%rge)d
fatty acids t F!Fg‘f%ﬁ@evl@eyorwrnhld:hahﬂ drengft lod edwenti ahigh ohy dvoadddl to 10

carbon at ons. fheRAAUEOYR.00aSE, pxseafaaalpeﬁetu@ef h%oc,ﬁmaaallo@avmt ¥>e9f it ke

nanocapsul es of the phar naceut i cal conposi tions accordi ng I nventi on,
consi sts essefiPf AW PRaED AR d‘}’i’rﬁrpr&ﬁ%’fféﬂg r JiFtHPey Z\S\&tfelr an%él"ﬂb*l”e per ml
i nsol ubl e t hepapsist hewdduy @iedskeve substance, and cont ai ns aI o) 5 a

surfactant. This a yeous ase. cant ai ns préf fer y..al so certain a t of
et hanol , whi ch has fﬁer ?2‘0'[ e lnvﬁntmnt he I?I sf i taﬁ‘ee"rlfgn }baasﬁsfll? g,gﬁ
rigid. The ansdistef %t lrakeden Wfﬁn@ih7 riwymb@sadﬁed pharmageuttiga v sicpbpted le | s

preferably bepueen 100 da81L [ru@Btk, 1000 Lxhfle B medhs At meac@gwe%u%fm%%e
and, nore preferably, between 200 [err] and 500 [err] pe of the aqueous

phase. Accor dPRFYS #RE PRVAti off, CRhEHEEGEIE e vakife8fis? 'pl’ih%éilé‘ﬁﬁ‘iﬁrd"ﬁe
adjusted to behaveeps&lémdbt?aahyd nNe@BsdHBoa fRhakndmee WHaChRiy Evas GRRbAD @ eatdd

or suitable b%l{‘f fnc‘)lrcrgée rgpl e by neans of an acetic buffer to provide a
pH of 4. 3. exceeds a value of 7, the dianeter of the capsul es

obt ai ned exceeds 5@@e meﬁmyevsl%doweemeom@é}ﬁee Gretheepritth@hasme

mcrometer. The.fahbo, BY ¥ OAeléCISerPfl 1812 284 URQYSo RRAs EfnoEQ €Ay, Pase
preferably Iies between 1:100 and 20: 100 and, nore preferably, is between

5:100 and 15: PBEFeeRh2: 00r #2E£8m%® whi ch can be used in the pharmaceuti cal
conposi tions, accomﬂe rhg:rffectiaheslvm\ientdaanbaruee@ha:r BRe gHbiakhyiaccept abl e

surfactants. The cI ude_nat yre aI fact ants, such.as deo }/cafl |y| c_aci gbl%r

OS ons COoY e invention, are ax aceu acc
ot her blleaC|f’1m or fRerT Tt erlvalves and sy hhltn P

surfactants They include natural surfactants, such as deoxycholic acid
or other bile acid salts or their derivatives, and synthetic
surfactants. In the latter case, an anionic type (such as sodium
laurylsulfate or sodium dioctylsulfosuccinate), a cationic type (such as
quaternary ammonium salts), or a non-ionic type (such as fatty acid

" esters of sorbitan or of polyoxyethylene sorbitan, for example Span 80,
or mixed derivatives of ethylene oxide and_propylene glycol, for
example, Pluronic F68) can be emploved.

Tests effected by the applicant have shown that surfactants must
be present simultaneously in the aqueous phase and in the oily phase, in
order to ensure that the nanocapsules according to the invention have a
diameter of less than 500 nanometexrs and, preferably, one greater than
80 nanometers.

The surfactants, respectively, are dissolved in the appropriate
ligquid constituting the internal aqueous phase or the external oily
phase. In the aqueous phase for example, suitable surfactants include
sodium laurylsulfate, sodium dioctylsulfosuccinate, polyoxyethylene
sorbitan fatty acid esters, mixed derivatives of ethylene oxide and
propylene glycol or polyoxyethylene glycol and, preferably, sodium
laurylsulfate. In the oily phase, the surfactants include sorbitan fatty
acid esters or soluble salts of bile acids and, preferably, sorbitan

mono-oleate (Span 80) or deoxycholic acid.
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The therapeutically active substance, used in the pharmaceutical
compositions according to the invention, is contained in the aqueous
phase present in the central cavity of the nanocapsules. Any drug, -
including those which are soluble in water and those that are sparingly
soluble in water, can be used in these compositions. The new
compositions according to the invention are particularly suitable for
encapsulating polypeptides, such as calcitonin, somatostatin or insulin
and polysaccharides such as héparin. It is well known that these
compounds are very rapidly degraded by the proteolytic enzymes present
in the gastrointestinal tract, after oral administration.

On the contrary, the compositions according to the invention
containing the same compounds show significant pharmaceutical activity
when they are administered by this same route, thanks to encapsulation
of the active principle.

The pharmaceutical compositions according to the invention and the
process for preparing the same as described hereinabove, provide

considerable advantages over the prior art, including the following :



or in adm xture, given that the walls of the nanocapsul es can consi st of
pot ymers or copol yners.of al kyl 2-cyanoacryl ates. The al kyl 2-cyanoacryl ate
is added to the polynerization nediumjust as it is, wthout any sol vent.
According to the invention, this polynerization can be carried out at

anbi ent tenperature for a period, preferably, of between 3 and 8 hours. The

“therapeutical | y- aghbMRnsbhsh288 @beisRd hdvd Bedmaeémaeutds@atha}ow@si ti ons
according to the invention, is cogt ained in tgegoagg hase Rresen
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particularly suit encapsul at | ng ge ptides, such as_cal citonin,
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known that these ganpainds @reeca&@wtg apkéilap dewradeit bylddies phaiaglonki C
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principle. The pharnaceutlca ositions according to the invention and
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t he nanocapsul es obt ai ned have a djaneter of SS th n nanonet e

preferably, one oflBE ohsE*REHmERE sts rnesuﬁl R§ ‘fnnegili:ae Ferﬂmun% c’(%Jr pt| on
t hrough the int estrleaa&mnracm&hrmsnbnmlactlct Beogkdnocapsul es have excel | ent

physical stabili t3é19¥§rali‘ Her Lo ?guéq,ttsl ?&Sit W IO N2 AlanROf hadabiAt

temperature and [€ In Vview o conpl'ete absence of organic sol vents
during the prepar &bpesn Gron RbarmaTeRRired e ScarRt bl e t P ShMRGeTacElft PERfess of

conposi tion, | abort'l’xguﬁw%ﬁ@%rﬁﬁréﬁﬂta% |&Hélﬁ‘olrﬁaxhloanoﬂfa teeiyrasasapsul es in
order to renove arrg%(? traces any ther apeut i cal i nconpatible saolvent is

‘no_longer necessa ama‘ieﬁt*/‘iaév\i: OF hiet R 8 BT RAET SRSl 65 ot ~ani mal
origin, such as Thus, the resulting composition can be administered directly by

oral route, (or possibly also intramuscularly) without any need

for prior isolation, purification and redispersion in a suitable

medium of the nanocapsules. Further, the compogsition of the
invention can be used directly in gelatine capsules for oral
administration ;

- the pharmaceutical composition is prepared by a process which is
simple and can easily be transposed to an industrial scale.

The examples which follows are given in order to illustrate the
invention without limiting it. Examples 1 to 5 and 8 relate
particularly to the process for preparing a suspension in oil of
nanocapsules encapsulating an aqueous phase and examples 6, 7 and 9 to
16 illustrate a pharmaceutical composition in the form of nanocapsules
encapsulating a therapeutically active substance.

The physical stability of the pharmaceutical preparation so
obtained is determined by direct observation of the absence of
appearance of two distinct phases, aqueous and oily, after several
months storage, as well as by measurement, at reéular intervals, of the
average size of the nanocapsules dispersed in the oil. The average size
of the nanocapsules is measured by means of a Coulter Model NAMD

Sub-micron Particle Analyser.



al bumn or dextran, there is no risk of undesirable i munol ogical reactions
(such as anaphyl actic shock) ; - since all the constituents (oil, water,
surfactants) have been chosen from pharmaceutically acceptabl e substances,
t hee process of the invention results in thg formation of a ready-to-use
pharmaceutical conposition whose innocuous nature is ensured. Thus, the
resul ting conpesiplean can be admi ni stered dlrectly by oral route, (or

possi bly also i nt r scul ar | wi.t hou nee% i sol ati.on,
purification and rg?fhspgr sciu(%%&si r?c%ltlscu%‘t‘?%%e i U J é: %%RSEE%SUI és.

Further, the g¢mriesiadeshc gicidhe gi nasith Bivetate Begusediwi chbadigeih 5gel at i ne
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‘nanocapsul es éncapsu at|ng an aqueou$ exanpl e
illustrate a pinedamsuibtdly voighbstax Eﬁlqﬂn theotbitenofoneapbradps (fran 80).
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‘'t he pharmaceutical preparation so obtained is determ ned by direct
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‘and oily, af tx@d’noﬁx@ﬂ@]ﬂbwéﬂ)mbh&l@tMa&gEfarﬁSM’l\ﬂdlhua& bya nsRapeHs@ B Nitn, oaI of

Iregul ar interyvals era .28 9f .the nanocaps s, diLsper in the
loil. The averagné’c‘gl Szuélegf‘ﬁ}lﬁé %nzf%g%lglﬁgﬁl%sa?%eoﬁga%rsg Lgygn%eaﬁg of % a’Coul ter
IMbdel NAMD SubiametenrpfPafs nahemenprs ysethereby Posapled-1. 1 nl of aqueous

lacetic buffer at pihébe3 néxméaﬁﬁﬁegoaaogst téxanb:gJ agt i gRLALhR: dakfhd o 150di UM
.acetate 2 g, sodiumchlorid %é dem neralized water to 1 liter)

‘containing 5 %/'bzﬁyaﬁ\"éirgﬁ‘fmﬁ‘@f* %I Bhe-eBFt JGareRhtrall PFSIRYL EPPERFRePd at

slowy at anbient tenperature, with vigorous stirring (1200 rpm) to 10 m
M GYCOL 812 (peytral, oil consisting of a mixture of C8 to Cl0 saturated

fatty acid tri gff“?cerl des) containing 15% by wei ght per volume of sorbitan
mono- ol eat e ( Span B@jocapsules are prepared using the process described in example

1, but the aqueous acetic buffer is replaced by an aqueocus phosphate
buffer at pH 7 (buffer composition : 39 ml of a 0.2 molar solution of
NaH2 e H20, 61 ml of a 0.2 molar solution of NazHPO4 2H20 and 100 ml of
distilled water).

The resulting nanocapsules which encapsulate an aqueous phase,
have an average size of 422 nanometers.

Example 3.

The same conditions are used as in example 1, but in addition, the
aqueous phase contains 0.25 mg of a water-insoluble coloring agent in
suspension (FDC Blue 2 HT Aluminium Lake, cert. n° AA2041, Colorcon).

The nanocapsules so obtained encapsulate an agueous suspension of
the coloring agent and have an average size of 246 nanometers.

Example 4.

Nanocapsules are prepared using the same process as in example 1,
but this time, the oily phase is MIGLYOL 829 (oil consisting of a
mixture of C8 to Clo'Saturated fatty acid triglycerides and 15 to 20% of
succinic acid).

The resulting nanocapsules which encapsulate an agueous phase,

have an average size of 246 nanometers.



The suspension is stirred under the sane conditions for 15 m nutes, then
100 [err] of n-butyl 2-cyanoacryl ate are added and pol yneri zati on of the
nmononer allowed to take place for 240 m nutes. A suspension-in oil of
nanocapsul es whj ch encapsul ate an aqueous phase and have an average

di aneter of 255 nanoneters is thereby obtai ned. These nanocapsul es do not
exhibit any siegamdliecant variation in size after storage for at |east 18

months at ordinary tenperature_and at [err]. Exanpl e 2. Nanocapsules, ate
ropareq usi ng ¢ o aioereat o &8 fhr (Ll LralR TR B o RIS BRRLERSAT
buf fer is replkatethebp-utvqirevarcasivsirate depieesd by rphefv)l( Buffagpacrylate

composi tion : .38 gHi1yREriEafich BRIl AN Wl 04keOb14& Edr Blndlrs0f a 0.2 nol ar
solution of [err] and 100.nm of distilled water). The resultin

nanocapsul es whi ch T8ACEFSUF % PP ARt EG s i s BICREVER A FarSRYE BRats of
422 nanonet er favEeanpleade dize shze3 coindinét«rias arme plgadcals skabiaiappd e these

but in additiqn, the ueQus. p cont ai ns. 0. of. . ter-.insol uble
col oring agentn"’lf“r’lCZ11 ﬁgp%nélso%xc %Br ulgo %1%?162%% %fjlmatt%k\g% gﬁeerltr. “teri f
'AA2041, Col or chasrvefhafteanoeapgelfes abo lehshildetordhes agfs ardirary rfeageeshvge.
-suspensi on of ghg1Gokori ng agent and have an average size of 246

'nanonet ers. Exanple 4. Nanocapsul es are prepared usi n% the sane process_as

iin exanple 1, but {THFPHIREITS A FFPS HAatt GodlMee VT B2 2@t TuscBisiss it iy

of a mxture ebnfeims] 110w ferdf] csntivemied fatty acid triglycerides and 15 to

;20% of succinic aCiTng'na-L%gags%ﬁ.gL .tsion ' a%g%g%%gla?ns awa%g sei’%a@‘i'ﬁt € an
~aqueous phase, have an average size 0 nanoneters.” anmpl e 5.
‘Nanocapsul es areoysteparasd tecomaialg phrsphecnsréeed shereiaxtnrdrdes thput the
‘n-butyl 2-cyangaeitshahe is replaced by n-hexyl 2-cyanoacrylate and

pol ynerization is allowed to take place for 8 hours. The resulti

. ] n
nanocapsul es whi ch TBRCANSHFH: 853 LARNSTuEPfifaBRRocapsules is Sxcellent ; there

is no significant variation in their size after at least 12 months
storage at ambient temperature or at 4°C.
Example 7.

Nanocapsules are prepared according to the process of example 1,
but the n-butyl 2-cyanocacrylate is replaced by n-hexyl 2-cyanoacrylate
and the agueous phase contains in addition 1100 IU of calcitonin. After
4 hours of poljmérization, nanocapsules in which the agqueous phase
contained therein includes the'medicaﬁent, and having an average size of
211 nanometers, are obtained. The physical stability of these capsules
is excellent, there is no significant variation in their size when
stored for at least 11 months at ordinary temperature and at 4°C.
Example 8.

The procedure of example 1 is followed, but the agqueous phase
contains 400 pl of ethanol.

After 4 hours of polymerization, nanocapsules which encapsulate an
agueous phase and have an average size of 211 nanometers are obtained.
The physical stability of these nanocapsules is excellent ; no
significant variation in their size is apparent after at least 12 months
storage at ambient temperature or at 4°C. '

These nanocapsules which encapsulate a small amount of ethanol,
have a greater wall rigidity than the nanocapsules prepared in example
1, which do not contain ethanol.

. This wall rigidity is determined by a centrifuging test, in which

a suspension in oil of the nanocapsules is subjected to a centrifugation



have an average size of 213 nanoneters. The physical stability of these
nanocapsul es is excellent ; no significant variation in their size is
observed after storage for at |least 12 nonths at ordinary tenperature.
Exampl e 6. The procedure of exanple 1 is foqllowed, but the aqueous phase
al so contains 1100 U of calcitonin. The nanocapsul es so obtai ned have an

average size of ;b7dod2RONRIEESs BE HiRGL &HLOBhopbAS e TROMaabERRul L HRbPared
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Example 12

Using the process of example 8, nanocapsules are prepared in which
the aqueous phase contains 11,000 IU of calcitonin. The average size of
the nanocapsules in suspension in this.preparation is 211 nanometers.
Deoxycholic acid dispersed in Miglyol 812 is added in order to obtain a
0.02 molar concentration of deoxycholic acid in the mixture.
Example 13 .

The process of in example 12 is followed, but the aqueous phase
contains 110,000 IU of calcitonin. The average size of the nanocapsules
so obtained is 225 nanometers.

Example 14.

The purpose of this example is to compare the effectiveness of
different calcitonin preparations administered to rats by different
routes: oral, duodenal, ileal and intravenous.

The physiological response, to the administration of calcitonin in
an organism, is revealed by a reduction in the level of calcium
circulating freely in the blood.

The suspension of nanocapsules encapsulating calcitonin from
example 132 is given to male Wistar rats (weight: 200 = 20 g),
anaesthetized with pentobarbital (60 mg/kg), at a dose of 20 IU of
calcitonin per animal, by oral, duodenal or ileal administration.

For comparison, the same dose of calcitonin is administered

intravenously in aqueous solution to control rats.



at 20,000 revolutions per mnute for 2 hours. The nanocapsul es prepared in
this exanple are able to stand up to this test w thout damage. Exanple 9
Usi ng the process of exanple 8, nanocapsul es are prepared in which the
agqueous phase is a solution of 0.025 % (wei ht per vol unme) of nethyl ene
blue in water. The nanocapsul es so obt ai ne& have an average size of 205

nanoneters. The pepggdd adfpidls £ QEkJ}Q aegl%mgpquméwaqgeﬁoﬁeémgaaﬁ%em

Exanpl e 10 Using the process of exanp 8, nanocapsul es are prepared
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“admi ni stration., For, conparison, the sane dgse of calcitqnin is_adnjinistered
. The act1v1ty obtained by oral administration of a pharmaceutical

composition according to the invention, therefore, is as good as that
observed after administration of the same preparation by the more
delicate intraduodenal or ileal routes.

Example 15

The process of example 1 is followed, but the aqueous acetic
buffer at pH 4.3 is replaced by an aqueous acetic buffer at pH 3.6"
(buffer composition: 46.3 ml of a 0.2 molar solution of glacial acetic
acid, 3.7 ml of a 0.2 molar solution of sodium acetate and 50 ml of
distilled water). Further, the agqueous phase also contains 780 IU of
bovine zinc-insulin and
200 nl of ethanol.

The nanocapsules so obtained encapsulate an aqueous phase and have
an average size of 260 nanometers.

Example 16. Influence of ethanol on nanocapsule rigidity.

The observations of example 8 as to rigidity of the walls of the
nanocapsules in the presence or in the absence of ethanol in the aqueous
phase are confirmed by the test carried out in this example.

Using the test conditions described in example 14, the composition
prepared in example 12, which contains 400 pl of ethanol and 0.02 mole
of deoxycholic acid, and a composition prepared according to the same
process as described in example 12 but without any ethanol, are

administered orally to rats. The results obtained are compared, as in



i ntravenously in aqueous solution to control rats. Bl ood sanples are
taken at regular intervals froma caudal vein. After coagulating and
centrifuging the blood, (2 x 10 mnutes at 6,000 rpn), the sera are diluted
and assayed for calciumusing an atom c absorption spectroneter. The assay
results for each node of adm nistration arel2hen plotted on a graph
representing the percentage of calciumin the serumas a function of tine.
The areas undeerxaf“ﬁ e Fésﬂﬁg?’nbhecﬁfm ot as D St Wy v erudndt MsSER R i°6n2hy t he
oral, duodenalidentid=galogc0utemlat enial Dlhgtathsanciedspared with the area
under that derived £J.0M4figs @Rllich LOL SRTAAYERANS, QAT NLSLEALS Qb )] €
gi ves the maxi mum activity observed and ich is ar |trar|?y ef i ned as
100% act i vi t y.Tabhe gizsglthe peduchiare ipergrsesthoW Eirmseyuthcatsiunf tevelshafter
calcitonin prepatatdy@s. has been adm nistered to the animal, either orally
or directly into the duodenumor ileum there is found, in all cases, a
reduction in the serumcal ciumlevel corresponding to 73% of the effect
produced by intravenous adm nistration oftapime i1same dose of calcitonin. The
activity obtained by oral adm nistration of a pharmaceutical conposition
according to the inventdoinistheriehore, Asouwas gbod as t hatalebeerved after
adm ni stration of the sane paration e re deljcate_intraduodena

or ileal routes. Exanple 1§8% e procesg 0 %2x2§g|e 1qu&?éﬁfg&%ﬁ?gbut t he
aqueous acetic buffer_at pH 4 3 is replaced hy an aqueoud®abtic buffer at
pH 3.6 (buffer conposition:;, 46.3 nl of a 0.2 nmolar solutiogy of glacial
acetic acid, 3.7 m of a 0.2 1ol ar sol ution of sodium acetate and 50 ml of
distilled water). Further, draed aqueous phas® al so cont ai ns4&80 | U of bovi ne
zinc-insulin and 200 [ergl of ethanol. The nanocapsul es sg gbtained
encapsul ate an aqueous phase and: have an average size of 80 nanoneters.
Exanpl e 16. Influence of ethanol on nanocapsule rigidity. The observations
of exanple 8 as to Thigi BHkly sHows hHehapathes cofipashbiqmandeimdsddess nph dopbain
presence or i Rchio12DSRNE Gaeseh NI INENAUMGEANSARASE 13461 GINF4 | HREDY

the test carried qQut in this exa L .
four hours, whereas the compositicon ‘containing alcchol produced a

reduction of 48%.

This difference may be explained by the fact that the ethanol free
nanocapsules have less rigid walls. Therefore, a large number of these
nanocapsules are ruptured, during their passage through the stomach,
where a significant amount of calcitonin is released and digested by the
action of proteolytic enzymes. Thus, a smaller quantity of calcitonin
only reaches the intestine, where it is effectively resorbed, inducing
therefore a physiological response of less intensity.

Example 17. (comparative).

Using the process of example 8, 'an attempt is made to prepare
nanocapsules in which the aqueous phase contains an increasing amount of
bovine serum albumin (BSA n° A-8022, marketed by Sigma Corp.) equal to
50, 100, 150 and 300 ng per nmilliliter of the agueous phase.

Using the process of example 12, an attempt is also made to
prepare nanocapsules in which the aqueous phase contains 300 mg/ml of
BSA. '

In all cases the resulting preparation contains two populations of
capsules, which have different average sizes.

Table II gives the average gsizes of these capsules and the
percentage of each of the two capsuls populations obtained as a function

of the bovin serum albumin content in the agueous phase.



Using the test conditions described in exanple 14, the conposition prepared
i n-exanple 12, which contains 400 [err] of ethanol and 0.02 nol e of
deoxycholic acid, and a conposition prepared according to the same process
as described in exanple 12 but wi thout any ethanol, are adm nistered orally
to rats. The results obtained are conpared, 43s in 12 exanple 14, wth
the effect obtained by intravenous injection of an identical dose of
calcitonin in agqueous solution. The results obtained are set out in Table

. Colum 3 of this Table gives the redu%ikﬁﬂﬁhn percent of the serum

cal ciumlevels after four hours. TABLE I: T stration _ Amount of

_Cal ciumroute 7 o%%;ﬂaml [erc':al.citoniﬁi)gvelAv(eg:‘aeéjeu%léeO%fl n P%%ceQ’tgge

I nt ravenous (mg/ml) (IU) 100 Fapsulpgblmmishows that the
conposition, which does nQt, contain ethanol, only cau a reductign in the

serum cal cium | evel of 7% "after four hours, whereas the conposition
contai ni ng al cohol produced a reduction of 48% This #¥WXference ndy be
expl ai ned by the fact that,,the ethanol free nanocapsulgs have | esgorigid
wal I s. Therefore, a | arge nunber of these nanocapsul es are ruptured, during
their passage through the stomach; where a significant®®nount of ¢4 citonin
is released and digested {3y the action of proteolytic spezynes. Thwes, a

smal ler quantity of calcitonin only reaches the intesig%e, wher e 5 IS
-effectively resorbed, inducing therefore a physi ol ogi 3 response of |ess
intensity. Exanple 17. (cmgparative). -Using the proces=msof exanple28, an
attenpt is made to prepare nanocapsul es in which the |yeous phasggcontains
an increasi ng amount of bovine serum al bum n (BSA [er?ﬁ'A—8022, mar ket ed by
Sigma Corp.) equal to 50,3¢6b00, 150 amto®B00 ng per mll235iter of th& aqueous
phase. Using the process of exanple 12, an attenpt is,&,S0 nmade tgg

The results of Table II show that_if a biopolymer, such as bovine
serum albumin (BSA), is present in the aqueous phase (as described in
Japanese patent application 61521/85), the resulting composition is not
according to the invention because it does not contain a homogeneous
population of nanocapsules having an average size of less than 500
nanometers. The percentage of nanocapsules decreases as the amount of
BSA present in the aqueous phase increases and is practically nil when

this amount is equal to 300 mg of BSA per milliliter of agqueous phase.



prepar, g ranocapsul es in which the aqueous phase contains 300 ng/m of BSA
In all cases the resulting preparation contains two popul ations of -

capsul es, which have different average sizes. Table Il gives the average

sizes of these capsules and the percentage of each ogubgﬁtdt%hgepsqla%/gg
popul ati ons obtained as a function of the.bovin serumalbumn content

t he aqueous phase. 13 TABLE II. BSA 14 Cal ci toni n g

size of  Percentage (mg/m) (10" Hl“ﬂgm(“m mlmm

- 294 75 3000

215 CLMI40 70 150 520
22 1930 1. oﬁ%maceutlcal composition in the ford2Rf a 2
2610 98 30 1100 225 1
4690 99 Terlkakdak sSllfﬁPeRaﬁall@ 19f e aanaulias, g APRIGISIMAS | such

as bovine serum al hym SaN #%?% as

descri bed in Japanese paj([f%% appl I ca % onLnt’adlér'}Z$t Clﬂ?ﬁg%rfg% "t%llnlg
conposition is not Gmmxnxhxmgtdnsduiveduhhenymxbenanmmfadtaﬁmeanmbt contain a
honbgeneous popul ation of

n ules h e si ze .of |l ess than
500 nanoneters. Thes’b%‘???éq'nefcia'g‘ Sﬁhnf?cé’?éiﬁ%s&% cfi"é’stulJr@ amount  of

BSA present in the ragpeeysa MBsidk(SRsas Anchdrs FUAHeMdterd,] when this
anount is equal to 300 ng of BSA per milliliter of aqueous phase

Substitute sheet - 9% /MANACRRYYeWS encapsulating an aqueous phase
consisting essentially of a solution or a

suspension of a therapeutically active substance
and a surfactant in water, whose pH lies between
1 and 7, whereby the walls of-said nanocapsules
are formed from a poly(alkyl 2-cyanoacrylate)
wherein the alkyl radical has 1 to 6 carbon

atoms.

2. A pharmaceuticai composition as claimed in claim
1, wherein the therapeutically active substance

is a polypeptide or a pblysaccharide.

3. A pharmaceutical composition as claimed in claim
1, wherein the therapeuticélly active substance

is calcitonin, somatostatin, insulin or heparin.

4. A pharmaceutical composition as claimed in claim
1, wherein the aqueous phase further contains
between 100 pl and 1,000 pl, of ethanol per
milliliter thereof.

5. A pharmaceutical composition as claimed in claim

4, wherein the aqueous phase contains between



1. A phar maceutical conposition in the formof a colloidal suspension of
nanocapsul es, conprising an oily phase consisting essentially of an oi
cont ai ni ng di ssolved therein a surfactant and, suspended therein, a
plurality of nanocapsul es having a diameter of |ess Bhpbtifle shveeeia3398
sai d nanocapsul es encapsul ati ng an aqueous phase consi sting essentially of
a solution or a suspension of a therapeughgqlly active substance and a
surfactant in water, whose pH lies between“l and 7, whereby the-walls of

o IR ' AR Mol OO i i
clainmed in claiml tivesetn the therapeutically active substance 'Sca | w5 %

pol ypepti de or a pol ysaccharide. 3. A pharnmaceuti cal conposition as
claimed in claiml, wherein the therapeutically active substance is

calcitonin, sgato | '@gﬂyi ordﬁﬂggd ol ey,
conposi tion as cl a?inzéc}&%]méc al n%d]tél vﬁ'ue el nlt?lhoen aaqsuedé'ua?'qgé;]d;ggl f ulrat%?lder
cont ai ns bet ween 100, [whedeiandhe @A [iey rd ,vefetstbianailpera minedalt er

t hereof . 5. A pharnpceuti cal. .conposition as cl.ai in.claim4, wherein
the aqueous phase cUHt ai'hEhétilee O?p%ifﬁgﬁet%lﬁcet efg‘iom bfé’/ziy/r%8 -15- 200
[err] and 500 [err]badzeitwnald RAlydddilddd tef HiyHeaoffathy acAds.
pharmaceutical conposition as clained in claiml, wherein the oil is a
vegetable oil, a mineral oil or an oily conpound selected from benzyl
benzoate and gj ycera qss, ofs dditi&la 1l UdnbABt%n as <1 iMEY TBC UlGA!
conposition as clained in claim -

1, wherein the ratio by volume of the aqueous

phase to the oily phase is from 1:100 to 20:100.

8. A pharmaceutical composition as claimed in claim
7, wherein the ratio by volume of the aqueous
phase to the oily phase is from 5:100 to 15:100.

9. A pharmaceutical composition as claimed in claim
1, wherein the surfactant in the aqueous phase
is selected from the group consisting of sodium
laurylsulfate, sodium dioctylsulfosuccinate,
polyoxyethylene sorbitan fatty acid esters,
mixed derivatives of ethylene oxide and

propylene glycol and polyoxyethylene glycol.

10. A pharmaceutical composition as claimed in claim
1, wherein the conqentration of surfactant in
the aqueous phase is between 0.1% and lQ%, by
weight of surfactant per volume of aqueous

phase.

'11. A pharmaceutical composition as claimed in claim



1, wherei:n the ratio by vol ume of tThe aqueous—phase to the oily phase is

from1:100 to 20:100. 8. nposition as clained in claim
7, wherein the ratio by vol unmmnmamuﬂﬂ(uwmase to the oily phase is
fromb5:100 to 15:100. 9. A pharbradeuti cal Ttonposit iSubstitutd shéatd 16/37b8 M
1, wherein the surfactant in the agqueous phase is selected fromthe group
consi sting of sodium |l aurylsulfate, sodiu eploctylsquOSUCC|nate

pol yoxyet hyl ene sorbitan fatty acid esters m xed derivatives of ethylene

oxi de and propylene gl d X ne_g

phar naceut i cal conpoé|¥ﬁ§%eg§ E ai%§d¥$%P%P§i LHﬁh%?’JeYripl??\%ecb?\centratlon
of surfactant in thseaqutedsfpbmsthésgbeupeesndidttngdotO8orbytagi ght of
surfactant per voluge of agueous ghase. 11. A Eharnaceutlcal conposition as
claimed in claim T3hb¥tpEtteeshees andepaloble galtsiofipblein the
surfactant in the ogkygphase is selected fromthe group consisting of
sorbitan fatty acid esters and soluble salts of bile acids. 12. A
pharmaceutical conposition as clained in claiml, wherein the concentration

of surfactant t b 1% and 0% b t.of the
sur f act ant perigoluﬁes%%¥mQP %%% 8§@E§§3g%%%e§§ e l%ﬁ pﬁ |% %P

phar maceuti cal conpbgsi wheneas thald@dceﬂtﬂéaiom1of09@rfa6t£mm =)
prepari ng an aqueou i-St] essentlall of _a solution or

? hase co srstlngg
suspension of a the EgeHF'XaP $58ctf eEH%%?aﬂc% a%%da2%%r?%CW%ﬁgh¥n wat er
whose pH lies betwegf &nhanfu¥factant per volume of oily phase.

13. A process for preparing a pharmaceutical
composition as claimed in claim 1, comprising:

a) preparing an aqueous phase consisting
essentially of a solution or a
suspension of a therapeutically active
substance and a surfactant in water,
whose pH lies between 1 and 7;

b) adding slowly and under stirring said -
aqueous phase into an oily phase
consisting essentially of an o0il and a
‘surfactant dissolved therein, in order
to form a water-in-oil type emulsion;

c) adding under stirring to said water-
in-0il type emulsion, at least one
alkyl 2-cyanoacrylate wherein the
alkyl radical has 1 to 6 carbon atoms,
just as it is, in the absence of a
solvent,'allowing the alkyl 2-
cyanoacrylate to polymerize at ambient
_temperature for a sufficient period of

time to polymerize the added alky 2-



b) addrng_syohdy and under stirring said aqueous phase into an oily phase

consisting.essentially of an oil and a surfactant dissolved therein, in

order to fo -in=0jl type enul sion; c) addi ng under stirring to
sai d wat er - ﬂ“ mwhﬂﬂﬂl sion, at |east one al kyl Sabstitutreastiegh at16/3/98
wherein the s 1 to 6 carbon atons, just as it is, in the

absence of a solvent, allow ng the al kyl _ 7_pyanoacry|ate to polynerize at
anbi ent tenperature for a sufficient period of tine to polynerize the added

al ky 2- Substitute sheet -_16/3 -7 -_cyanoacrylate, and recovering
as product of the process a sT% Ii%é‘fg’g%l?%e’t e ﬁ?/cop‘ﬁars%‘%fasﬁanocapsul es
havi ng a dianeter of |ess thasrddicthand e ererss vl dusyeraiisid dle t he
sai d aqueous phase. 14. A process as clainmed in claim 13, wherein the

pol ymeri zation of the alkyl 2tRSf=ERA3RR % RBRGFARFWDIARS MAViRDeri od of
between 3 and 8 hours. 15. A procassc&s &f aldRd ¢Hiuf! M nlshoni&dy& N the

therapeutically active substance is calcitonin, somatostatin, insulin or
heparin. 16. A process as cl aamgdvhick|encapsilatterdia saisl apwms phase
further contains between 100 erré and 1,000 J[err] of ethanol per
mlliliter thereof. 17. A pr 2% as claimed in claim13, wherein the
surfactant in the aqueous phase is sodiumlaurylsulfate.

14, A process as claimed in claim 13, wherein the
polymerization of the alkyl 2-cyanocacrylate is
carried out for a period of between 3 and 8

hours.

15. A process as claimed in claim 13, wherein the
therapeutically active substance is calcitonin,

somatostatin, insulin or heparin.

16. A process as claimed in-claim 13,'wherein the
aqueous phase further contains between 100 pul

and 1,000 ul of ethanol per milliliter thereof.

17. A process as claimed in claim 13, wherein the
surfactant in the aqueous phase is sodium

laurylsulfate.

18. A process as claimed in claim 13, wherein the
concentration of surfactant in the aqueous phase
is between 0.1% and 10% by weight of surfactant

per volume of aqueous phase.

19. A process as claimed in claim 13, wherein the

surfactant in the oily phase is sorbitan mono-



18. A process as claimed in claim 13, wherein the concentration of
surfactant in the aqueous phase is between 0.1% and 10% by wei ght of -
surfactant per volunme of aqueous phase. 19. A process as claimed in claim
13, wherein the surfactant in the oily phase is sorbiSstit®teosheet - 16/3/98
Substitute sheet - 16/3/98 -18- oleate. 20. A process as clained in claim
13, wherein the concentration of surfacta ? in the oi

0.1% and 20% by wei ght of the surfactant 3

Ay—phaseis—between

r vol une of, o A
phar maceut i cal corrpoi t{:on in the formof a coll oidal Hm fmg Eﬂm Ill
nanocapsul es subst a®tFarfy as herein described with re : ge

Exanpl es. 22. A process for preparing a pharmaceutical conposition as

claimed in claim1l substantlally as herein described with reference to the
Exanpl es. 20. A process as claimed in claim 13, wherein the

concentration of surfactant in the oily phase is
between 0.1% and 20% by weight of the surfactant

~per volume of oily phase.

21. A pharmaceutical composition in the form of a
colloidal suspension of nanocapsules
substantially as herein described with reference

to the Examples.

22. A process for preparing a pharmaceutical
composition as claimed in claim 1 substantially
as herein described with reference to the

Examples.



