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NANOPARTI CLE CARRI ERS FOR DRUG ADM NI STRATI ON AND
PROCESS FOR PRODUCI NG SAME Field of the Invention The

wo BDwenbizen rel ates to nanoparticle carriers fopcDrakeso00012
adm ni stration of nedically active conpounds and/ or
ot her conpounds. Background to the Invention The
spray-drying techni qgue has seen wide application in
the preparation of pharmaceutical powders, nostly for

NancARTRYE cARRIEHS LR birullsiAbRRAS TRATBN AR BROUESS For

wel | - establ i shed nepradDUCING SAME Ng sol i d powder by
atom si ng suspensions or solutions into droplets

foll owed by a drying process in flowi ng hot air.
Al t hough nost often considered as a dehydration
process, spray-drying can al so be used as an

Field of tlhheprsvenionon net hod where active substances are
entrapped in a polyneric matrix or shell. It is
reported that several colloidal systens such as
enul sions or |iposomes were successfully spray dried
with preservation of their structure using._drying-ai

The invegdtign srelqﬁ%\sf ta panepariicle raariersJSoe Aral admipistation g FtﬂdEQﬂ"V active
compo@iis SAEBAbMRE compounds.

Background to the Invention

The spray-drying technique has seen wide application in the preparation of
pharmaceutical powders, mostly for pulmonary drug delivery, with specific
characteristics such as particle size, density and shape. It is a well-established method
for producing solid powder by atomising suspensions or solutions into droplets followed
by a drying process in flowing hot air.

Although most often considered as a dehydration process, spray-drying can also be
used as an encapsulation method where active substances are entrapped in a
polymeric matrix or shell. Itis reported that several colloidal systems such as emulsions
or liposomes were successfully spray dried with preservation of their structure using

drying-aid agents, particularly sugars such as lactose, sorbitol and trehalose.

One of the merits of the spray-drying technique is that it is a cost effective and quick
drying process applicable to a broad range of pharmaceutical products and leading to

the production of a free flowing powder, characterized by very low water content,
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One of the nerits of the spray-drying technique is

that it is a cost effective and qui ck dryi ng process
wappbiesal e to a broad range of phar maceut i cal pqrnsr00$/600012

and |l eading to the production of a free flow ng

powder, characterized by very | ow water

content, preventing therefore the degradation of the

active. This is neaningful for the devel opnent of

. -t t abl tl th
preventyfil Hiraite | B o Sebradalifn bk dhe. aHiE gbls doomeanBaldlyfor the
develograént sfaofg téme stabis ca’r’rﬁbfsVﬁ]d‘s‘ﬂWéMﬁeéé chﬂﬁe ﬁbF@IHQF\e range of

interest. Recently, it has been shown that
nano sgake ﬁgslg@@ﬁnmﬁ%ﬂqaém forr Breudelivean of sagtive compauinds at the site of
mterestpa”' cles and solid lipid nanoparticles | oaded with
ctive agents to be used as delivery systems for
puI nonary airways. It is worthwhile to note that in
nost cases where this technique was applied to produce
solid nanoparticles, it was, in fact, a drying process

Recentlyf it DA ldh@&nﬂbiaaltrﬁ@dp@y dryimgr tebﬁﬁlﬁﬂb%#hsproduce nano scale
Thereafter the suspensiogn of the nanoparticles was

solid pgralsjeéc@@@ qoadémicbylaapgawgesﬁﬁa@eci iy peliveopgentsite baaised as
dellver)prsggt'éﬁ{é 8t Bhinfaky %Ilrﬁr%gw ghsv\%ﬁh\p iRty Hloté tﬁﬁnlgemost cases

mnano to mcron siz e pr esence o
where thisstecbhiguiedeas appligdytopgoducs spnlldmanaparttd&s ﬁtcwamhmfaoo,ra drying

n it vva ted, th
procesg 8 Fagtpealiey B4R b ergoeBRiadey THEREST wiesushipnsion o
the nandpagicleWab Subjectetbodprayldirg. TR $é$1ﬂtbdcd¥féfnﬂh e Brdeifétion of
particles with very broad size range from nano to micron size, despite the presence of
disaccharides as drying excipients in the formulation.

Recently, it was reported the spray drying of a liquid colloidal system in the drug
delivery field, where a single emulsion (water-in-oil emulsion) containing DNA
encapsulated in poly(lactic-co-glycolic acid (PLGA), was successfully spray dried.
Another report was made on spray drying of a double emulsion (oil-in-water-in-oil or
O/W/0), in the presence of lactose, aiming to preserve orange oil and in both cases the

particles produced were in the micron size range.

A need has been identified for spherical nanoparticles having a narrow size distribution
range, typically from 180 to 250 nm. Ideally such particles should have a substantially

smooth surface and be free flowing.
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encapsul ated in poly(lactic-co-glycolic acid (PL&),
was successfully spray dried. Another report was nmade

wo@eospesy2 dryi ng of a doubl e emrul si on PCT/Z.A2008/000012

(oil-in-water-in-oil or WO, in the presence of

| actose, aimng to preserve orange oil and in both
cases the particles produced were in the mcron size
range. A need has been identified for spherical
nanoparticles having a narrow size distribution range,
typically from180 to 250 nm Ideally such particles
houl] d have a substantially snooth surface and be free

s
SummanyRf the In¥aatien of the I nvention The invention

provi des a process for the production of nanoparticle
carriers for drug delivery, said nanoparticles being
produced by: - preparing a double emnul sion of

The in%&iﬁé'@hgiagggaférdggg% ﬁd} ﬂ%qggo%u%figq\ng% g’lg?\glpéal’%[q \églricerr]s for drug
deliveryh lsaitchar@pahticiel bging prévucéalpyver ed i nto one or nore of

t he emul si on phases; - doping either the oil-phase or
r r ith a carhohydrate; and - spray
Aol 51 SOAE PSSR 1 bt SRS HLRLS) ohocor, e imer
vehaich fartres thiezsasié oftthé pahopartioe chd@ernm to 1000 nm  The
anapartigl es thug rI\J’r oduced may be nul tifunctional
bﬁ‘%ﬁ'gﬁgmq aqugst_o be delivered into one or more of the emulsion phases;
doping either the oil-phase or the outer-water phase with a carbohydrate; and

spray drying the emulsion to form nanoparticles of a narrow particle size
distribution of 100 nm to-1000 nm. )

The nanoparticles thus produced may be multifunctional nanoparticles.

The carbohydrate may be a saccharide.

The saccharide may be a disaccharide.

The disaccharide may be lactose, maltose, isomaltose, mannobiose, trehalose,
cellobiose, or the like.

The saccharide may be combined with a cationic biodegradable muco-adhesive

polysaccharide.



The carbohydrate may be a saccharide. The sacchari de
may be a di saccharide. The di saccharide may be
WO zob/0ee92 mal t ose, i somal tose, nmannobi ose, tr arEE/DE®N8/000012

cel |l obi ose, or the like. The saccharide nmay be
conmbined with a cationic bi odegradabl e nmuco- adhesi ve
pol ysacchari de. The pol ysacchari de may be chitosan or
derivatives thereof. The oil -phase of the emul si on nay
e doped with a surfactant, The water-phase of the

The PogﬁﬂF%'F%\‘.’erFﬁW be CBH%@F of dervativentheseef. The surfact ant
may be a nonionic surfactant. The surfactant nay be
based on acetylenic diol chem stry. The surfactant nay
be a pol yneric nonionic surfactant. The polyneric

aneni. qni [ - y be
The oil 8 the el AR bR JOHEd RER sBHRBRRET cod. e
pol ymer max be in the oil-phase of the emulsion. The
The watey-phase ofiihe gaulsion prayde degedwitbisarfactant.
(poly(lactic-co-glycolic acid)). Both oil-phase and
5 wat er - phase pol yners may be present.

The surfactant may be a nonionic surfactant.
The surfactant may be based on acétylenic diol chemistry.
10 The surfactant may be a polymeric nonionic surfactant.

The polymeric nonionic surfactant in the water-phase may be polyvinyl alcohol (PVA),
partially hydrolysed.

15  The polymer may be in the oil-phase of the emulsion.
The polymer in the oil-phase may be PLGA (poly(lactic-co-glycolic acid)).
Both oil-phase and water-phase polymers may be present.

20

The drug may be added to the oil-phase.



The drug may be added to the oil-phase. The drug may be
a hydrophilic drug which is added to the interna
wowrdeneybase. The drug may be hydrophobi ¢ and PEE/ZA2008/000012
optionally be added to the oil phase. The drug may be
Ri f anpi cin, |soniazid, Ethanbutol, or Pyrazynam de.
The outer water-phase of the enul sion may include
pol yet hyl ene glycol (PEG. The oil-phase may incl ude
stearic acid. The nanoparticles thus fornmed may be
substantially spherical. The particle size
di stribution of the nanoparticles nmay be from 180 nm
The drugpm2y®enarhydrapbiie drugimbiaeis @addpd ite theointernblodatesphese.

whi ch follows should be interpreted broadly and not to
limt the scope of the invention. SPECI FI C DESCRI PTI ON
OF EMBODI MENTS OF THE | NVENTION 1. Obj ect of

S

Experinent, For this experipent, antj-tuybercul osi
The drgs Ayt PYLOPIRAIGANA GG ORI GO BE P IdR s Bl BBRSe.
(ETH), pyrazynam de (PZA) and Ri fanpicin have been
successfully | oaded in polyneric core-shell
nanoparticles of poly DL, lactic-co-glycolic acid

, - bi -adakhl j Lhl e
he arbF TR AR QARS8 ERGARS, B OB
solid particles of PLGA incorporating INH (or Eth or

PZA or RIF) have been obtai ned by

The outer water-phase of the emulsion may include polyethylene glycol (PEG).
The oil-phase may include stearic acid.
The nanoparticles thus formed may be substantially spherical.

The particle size distribution of the nanoparticles may be from 180 nm to 250 nm

diameter.

The description of embodiments which follows should be interpreted broadly and not to

limit the scope of the invention.
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spray drying straightforward a typical double enul sion
water-in-oil-in-water (WCOL/V). In the fornul ation,
w@hioboesam a cationi c bi odegradabl e muco- adhesP@BEZA2008/000012
pol ysacchari de, was enpl oyed as absorpti on enhancer
whil e | act ose nonohydrate was used as spray
dryi ng-aid. PVA was considered as the main stabiliser
conmponent of the doubl e enul sion, while PEG was
incorporated to increase the bio-circulation of the
carrier. Surfynol 104 PG50 (tm, as a co-surfactant,
pl ayed a big role in decreasing the particle size
SPECIEWE&@RIR@'I@N@EH\ABD&IM&EW OF BHE ANVENIHONy
narrow ng the size distribution.2. Mterials and
Met hods 2.1 Materials The frontline anti-tubercul osis
drugs were purchased from Sigma. Poly, DL, Lactic-co-
& cal i %Am d, PLGA) 50: 50 (Mw~ 45000- 75000) and
1. t 85% deacetyl at ed, were both supplied
by Sl gma. Pol yV| nyl al cohol (PVA) (Mwx 13000-23000 and
partially hydrol ysed (87-89% was al so obtai ned from
Sigma. Stearic acid suppl ied by Merck, Surfynol 104

. . , . j o) s
For thlg %xé%né%’%ya%-@%r ént@’q‘? gfﬁﬁ&p&ﬁéa@{)m IE]Eé)ethambutol
(ETH), bngﬁgﬁﬁdmﬂgz,@p?mgﬁfgmdcﬁmhﬁﬁé\%eﬁ:bammﬂﬂly lbadddinepolymeric
r at £ Sy ie rck, . was a
core-SHilc| RABRETTRES h1alr R b, IBCHSF-abiEtls o a5l (PLGASO:50), a
blodeg%bﬂﬁ'ahﬂ' biecormpatide W&méﬂde)&l’é’ﬁsqvél{/%a 48 € cariP. Submicron
solid particles of PLGA incorporating INH (or Eth or PZA or RIF) have been obtained by

spray drying straightforward a typical double emulsion water-in-oil-in-water (W/O/W).

In the formulation, chitosan, a cationic biodegradable muco-adhesive polysaccharide,
was employed as absorption enhancer while lactose monohydrate was used as spray
drying-aid. PVA was considered as the main stabiliser component of the double

emulsion, while PEG was incorporated to increase the bio-circulation of the carrier.

Surfynol 104 PG-50 ™, as a co-surfactant, played a big role in decreasing the particle

size towards the nanosize range while significantly narrowing the size distribution.



supplied by Merck. 2.2 Methods 2.2.1 Formul ati on The
preparati on of nanoparticles was achieved by the
waoredobacs7based on the interfacial polyner precipit/ah208000012

froma double enul sion WQOL/V subsequent to the
evaporation of the organic solvent. In this invention,
the step of solvent evaporation and dryi ng was
conmbi ned in one step by applying the spray drying
techni que.Briefly, 50nmg of INH was dissolved in a 2m
of phosphate buffer solution (pH7.4), which was added
to a solution of 100ng of PLGA (50:50) dissolved in

2. Matdtidls @hdtMethwdsani ¢ sol vent (DCM or ethyl acetate). An
optional 2m of 0.2%wv) of stearic acid can al so be
di ssolved in the sane solvent (DCM or Ethyl acetate).
A drop of Surfynol 104 PG50 (tm was intentionally
added either to the PLGA oil phase or to the externa

2.1 Matgfialdus phase containing PVA. The mixture was subj ect
to emul sification using the high speed honpgeni ser
(Silverson L4AR) at 5000 rpmfor 3mn to produce WO
enul sion. This first emulsion obtained was then

mhe RBP4 Ak SRoPRYSEHS S VL EER B, vt
Glycolig/ ACIngPLWé)nS@:Bd (Mt GEED0058003 @l ¢hitosan now Mw, 85% de-
acetylated were both supplied by Sigma. Polyvinyl alcohol (PVA) (Mw: 13000-23000
and partially hydrolysed (87-89%) was also obtained from Sigma. Stearic acid supplied
by Merck, Surfynol 104 PG-50 ™, a Gemini diol type surfactant, was supplied by Air
Products. Polyethylene glycol (PEG) (Mw 9000) was purchased from BASF Chemicals.
Lactose monohydrate supplied by Merck, was used as an excipient.

Dichloromethane, ethyl acetate and acetonitrile, analytical and HPLC grades were also
supplied by Merck.

2.2 Methods
2.2.1 Formulation

The preparation of nanoparticles was achieved by the method based on the interfacial
polymer precipitation from a double emulsion W/O/W subsequent to the evaporation of
the organic solvent. In this invention, the step of solvent evaporation and drying was

combined in one step by applying the spray drying technique.
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volume ratio, and enulsified to formthe double
emul sion WC7/W agai n by neans of the high speed
whoomwgeshzer (Silverson L4R) at 8000r pm for S5npar/zAR®s/000012

final enul sion obtained was directly fed through a

spray dryer to produce nanoparticles using the

conditions specified in Table 1. Spray drying A Bchi

m ni spray dryer nodel B-290 (Bchi Lab, Sw tzerl and)

with a standard nozzle (0.7 nmdianmeter) was used to
produce the dry powders of the various fornulations.

The conditions used are conpiled in Table 1:Table 1

Briefly, S0nay otIINH megisplissobasi incn it Dbphdﬁprﬁte?ﬁﬁﬁacﬁblutﬂdm(pH7 4), which

wss R B bR DO b U8 o oo

IventABXTM @k @thyl alctald)OXn | dptiBhal( 2t el 294(RY F 3k
solven /1‘%)0(: (53- %3(: ailgér)essudyctel f%r at om Sé{(I ’our?} 6_§,7é5r%§9dcan also be

dissolveghimihegsaree sprvenbRyMadEth acetate).oh dpn obBueme 104 PG-50 ™
was mtEHﬁ&r?H?lgl acﬂfe%' (ﬂf?\%ﬂj td ﬂ)egptGﬁ\noi?éﬁ%aéngmo {h%cé))l/tgweél 9ubbSs phase

€ recelver Vvess reducé
containaghle¥Aon of t he

The mixture was subject to emulsification using the high speed homogeniser (Silverson
L4R) at 5000 rpm for 3min to produce W/O emulsion. This first emulsion obtained was
then immediately poured into an aqueous phase volume of a known concentration of
PVA (1 or 2% wiv), PEG 0.5% w/v, chitosan and lactose aqueous solution in a defined
volume ratio, and emulsified to form the double emulsion W/O/W again by means of the
high speed homogenizer (Silverson L4R) at 8000rpm for 5min. The final emulsion

obtained was directly fed through a spray dryer to produce nanoparticles using the
conditions specified in Table 1.

Spray drying

A Bichi mini spray dryer model B-290 (Biichi Lab, Switzerland) with a standard nozzle
(0.7 mm diameter) was used to produce the dry powders of the various formulations.
The conditions used are compiled in Table 1:
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product on the wall of the drying chanber. 2.2.2
Particle size and size distribution Particle size and
w@aoobiled7e2 si ze di stributions were nmeasured by BYTARR2008/000012
Laser Scattering or Photon Correl ation Spectroscopy
using a Mal vern Zetasizer Nano ZS (Ml vern | nstrunents
Ltd, UK). For each sanple 3-5ng of spray dried powder
wer e prepared bysuspending the particles in filtered
water (O0.2mmfilter), vortexing and/or sonicating for
2 mn if necessary. Each sanple was neasured in
triplicate. 2.2.3 Zeta potential The zeta potential of
Table 1t Sprayaditying psocess cenditiondofBi299 BilchiMirdSpray D¥e0 ZS
(Malvern Instruments Ltd, UK). For that a sanple of

Yo of the spray dried ™™ Fes—was—suspended—n
Conditi -2m of de-ioni sed wat e?ﬂg%dﬁ(%t#e‘n vortexed or
soni cated before the neasurenent. Each neasurenment was
taken in triplicate. 2.2.4 Scanning el ectron
m croscope Surface norphol ogy of spray dried

AtomiziRg 2@R@ldrhétrieFlowaate/ | sual 1gewiNpyh scanning el ectron
m croscopy (LEO 1525 Field Em ssion SEM). A snall

anount of nanoparticle powder was nounted on a brass
_ Stub using a doubl e-sided adhesive tape and
Feeding gateum coat ed with a thi n1.0ageiminf gol d by sputtering.

Aspirator rate 100%
Inlet (outlet) temperature 90 -110°C (563-63°C)
Pressure for atomisation 6-7 bars

The spray dryer was provided with a high berformance cyclone, designed to get an
excellent recovery of the material in the receiver vessel and reduce the adhesion of the

product on the wall of the drying chamber.

2.2.2 Particle size and size distribution

Particle size and particle size distributions were measured by Dynamic Laser Scattering
or Photon Correlation Spectroscopy using a Malvern Zetasizer Nano ZS (Malvern

Instruments Ltd, UK). For each sample 3-5mg of spray dried powder were prepared by
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2.2.5 Drug incorporation The anount of the hydrophilic

drug Isoniazid that was entrapped in the particle
w@owdaos7af t er t he nanoencapsul ati on process WaBCT/ZA2008/000012

measured in triplicate using a spectrophotonetric

met hod (UV-Vis, Therno Spectronic Heliosa). The

encapsul ation efficiency of INH in nanoparticles was

deterrri ned as the nass ratio of the entrapped INH to

suspenggyg %ES&% éé%%l' gﬁerﬁa%tg{ an;éraﬁtg% ve[ttggﬁq%rn oal}rs%tmcap ing for 2

min if né@e%&?@é’&ﬂsérﬂ 1BQvad mghsGRIdanitgsItatat er
centrituged(10 OOrprri 10C/5m n) to renove the

un- encapsul ated drug and the supernatant was subj ect
to UV-Vis Spectrophotoneter, read at | = 262nm for | NH
assessnent. The encapsul ated anount of | NH was

2.2.3 Zet potentiall by subtracting INH in the supernatant from
total initial INH anbunt. INH stability assessnent
using HPLC The stability of INH spray dried powders
was assessed by reverse phase-high perfornance [iquid

chr omat ogr aphy- anal ysi s (RP-HPLC), usi ng Shi ma
The zefpotPAi tf dpf Padicls HoPRAasUrosHsing thg ZeiBiger danscz (Malvern

Instrunﬁi‘lengﬁie 'nlg’gﬂ ?giglﬁitgé: mﬁhb%g%&)?\ﬁiéfgt#%p{ﬂgifﬁne@ nggﬁlorigﬁlcles was

suspengledsia d)f2r15|%f( dexgnised twater antethent vorgHsd( ov spnibatedebefore the
measurl}elamentOéaSIQ measurement was taken in triplicate.

2.2.4 Scanning electron microscope

Surface morphology of spray dried nanoparticles was visualized by scanning electron
microscopy (LEO 1525 Field Emission SEM.). A small amount of nanoparticle powder
was mounted on a brass stub using a double-sided adhesive tape and vacuum-coated

with a thin layer of gold by sputtering.
2.2.5 Drug incorporation

The amount of the hydrophilic drug Isoniazid that was entrapped in the particle powder
after the nanoencapsulation process was measured in friplicate using a
spectrbphotometric method (UV-Vis, Thermo Spectronic Heliosa). The encapsulation
efficiency of INH in nanoparticles was determined as the mass ratio of the entrapped
INH to the theoretical amount of INH used in the preparation. For that, 50mg of

precipitated particles were re-suspended in 20 ml of deionised water, centrifuged

10
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6.8), at aflowrate of 1 m/mn and at a tenperature

of 300C. The detection was perfornmed using PDA at |=
wQ@z®amps7on a total injection volunme of 20//1. BCT/ZA2008/000012

Results and Di scussion Al spray drying runs produced

nanoparticles with a size ranging from approxi mately

220 to 800nm The concentration of the liquid feed did

not show any influence on the size of parti cles as

(10 oodpis E/BHER 14 beindvd B S Rsposyia ot A ¥ Shkfdiant was
subjectaﬁd U$UVT§/ Bplect8ghdtcmeter( r&dd %@W%Qﬂhﬁ%rallﬂﬂ OHHsks&mBAt. The

on the size and the norphol o
encapsnmﬁ@baﬁmd)mte@‘ INHhtwase detengined gmsstubgﬁ@tlrtg dNHoin theesupernatant

from togzma@%éﬁﬁ]%ﬁéaﬁnt added to the oil phase, drastically

'zé and the size distribution of the
product, irrespective of either the type of organic
sol vent or the concentration of PVA During all the
sets of experinents beside the tenperature, all other

INHstéﬁh%@és‘érﬁénﬁh‘ﬁnﬁﬂﬂﬂﬂcdfyef were kept constant. The
mass rati o PLGA: H (2:1) was al so unchanged. The

addition of |actose inproved significantly the shape
of nanoparticles. This effect was pronounced when
di chl or onet hane was used as organi c sol vent. The

The styabitit;dsofolet-lhepm\/\ddedfpowdens as faesenﬂedt byngeverse phase-high
performance tllqg%t c%roma%graphybaenarly?sqg R&Il-ﬂC) ﬁ19 Shimadzu machine
supplied with Photodiode Array (PDA) detector.

The following characteristics were applied: a Column Phenomenex [(C18 (5um); (250 x
4.6mm ID)], a mobile phase of 5% (v/v) acetonitrile with 95% (v/v) buffer NaH,PO4 (pH
6.8), at a flow rate of 1 ml/min and at a temperature of 30°C. The detection was

performed using PDA at A= 259nm, on a total injection volume of 20ul.

3. Results and Discussioh

All spray drying runs produced nanoparticles with a size ranging from approximately
220 to 800nm. The concentration of the liquid feed did not show any influence on the
size of particles as illustrated with sarhples where the PVA concentration was changed
from 1 to 2%. Only the addition of lactose and Surfynol 104 PG-50 ™ demonstrated a
significant impact on the size and the morphology of nanoparticles. Interestingly, just
one drop of the Gemini surfactant added to the oil phase, drastically reduced the size
and the size distribution of the product, irrespective of either the type of organic solvent
or the concentration of PVA.

N
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The residual water content of sel ected sanpl es,
determ ned by thermal analysis, showed a very | ow
wo eaehi0sop2 noi sture (-3% . Results obtained froraH2AL008/000012
i ndi cated the degradation of INH, possibly due to
interaction with |l actose. This chall enge was overcone
by capping the functional groups of |actose with
chitosan, prior to their incorporation in the
formul ati on. The encapsul ation efficiency of INH is
approxi mating 60% 3.1 Effect of solvent on particles
si ze and nor phol ogy The nost commonly used organic
During sﬂltmlersbts bﬁﬁxbnrhhentemdsﬁjdeomet teaﬂfeiratum,wlemh)er pa{]ameters of the
or oret hane and et cetate . _Thus,
spray iU KaptrOmRIeDr. L mass dai B 1R (45 g a0 inchanged.
The adaRidAPSF factdseSimprovéd %idhifidaRfy W@ aRhe B! idipartidlest! This effect
cases, when ethyl acetate was used as organi c sol vent,
was prqmmegwwlghl@wr@@hanﬂwsmgast@ﬂamﬁ sgyeatt of a
transi ent stable enulsion, this observation being

based on the |l ess m | ky appearance of the enul sion
when corrpared to the one obtained with DCM EXA

The B4 Bo4E L ACHY, EOSHAGY RS R IF 85 of 0

70%. EA were hi ghI y di npl ed and wri nkl ed before addition of
| actose. Smal | doughnut - shaped particles were al so
observed

The residual water content of selected samples, determined by thermal analysis,

showed a very low level of moisture (~3%).

Results obtained from HPLC indicated the degradation of INH, possibly due to
interaction with lactose. This challenge was overcome by capping the functional groups
of lactose with chitosan, prior to their incorporation in the formulation.

The encapsulation efficiency of INH is approximating 60%.
3.1 Effect of solvent on particles size and morphology

The most commonly used organic solvents in double emulsion technique are
dichloromethane (DCM) and ethyl acetate (EA).

Thus, we decided to monitor the size and the morphology of nanoparticles by varying

the organic solvent. In all cases, when ethyl acetate was used as organic solvent, the

12
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3.2 Effect of additives 3.2.1 Effect of |actose on
particle size and norphol ogy The size and the shape as
wowdob/1e9sur f ace nor phol ogy of nanoparticl es WeCEZA2008/000012
strongly affected by the conposition of the phases. As
the initial concentration of |actose was increased
from5 to 10%w v, the particles shifted from highly

wrinkled to nearly snooth spheres. The fraction of

nut - shaped partijcles dec sed sens
frst. erRAGGIaR PRgIeh BrRSRetb ars GIBEL Cfca dratNeTapietie EBylsion, this
observatiohf HElr?d BAaSSd bR thé tbssTRillgNsbgearditiEyethe dMH@BioRONSen compared
surface snoot hness has been observed with DCMin the
to the ope abtaingd wilb&¥eMt i on. The particle size decreased as

we conpared with fornmul ati ons without addition of
| act ose, regardl ess of the type of organic sol vent
used. The decay was nuch nore pronounced in case of

| ustrated b Fi 2:
EA sappisss potusy VBhE IBROuaF: sutaie whopBotkoy, Baledrad B, sametes
prepareﬁz\ﬂi@w DONI 0P 4rsiereR froth €A Wafd Righlyvdimphariast Weinkle@ before addition

fornmul ation. Zeta potentials were in the positive range
of lactope.c3malk donghmy-shapsd peeiciss Wafe ¥SaRbFervere

formulation. Its initial concentration was vari ed

between 0.05, 0.1 and 0.3% (W v) and the optim sation

of the fornul ati on was done with chitosan 0.3% which
3.2 Effé&tof dcRfitives @ hi gh positive zeta potential ~ +45nV.

3.21 Effebt of lactose on particle size and morphology

The size and the shape as well as surface morphology of nanoparticles were strongly
affected by the composition of the phases. As the initial concentration of lactose was
increased from 5 to 10% w/v, the particles shifted from highly wrinkled to nearly smooth
spheres. The fraction of doughnut-shaped particles decreased sensibly, regardless the
type of solvent used, as depicted by SEM pictures in Fig. 1C and D. However, much
more surface smoothness has been observed with DCM in the scale of observation.

The particle size decreased as we compared with formulations without addition of
lactose, regardless of the type of organic solvent used. The decay was much more
pronounced in case of DCM as illustrated by results presented in Figure 2: the z-

average size of particles dropped from more than 1200 nm to 450nm, when lactose was
added to the formulation.
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3.2.2 Effect of Surfynol 104 PG 50 (tmon particle
size and yield Nonionic surfactants, based on

waowdyéses ¢ di ol chem stry, represent a uni querCl/28®08000012
surfactants providing | ow surface tension and good
de-foam ng and surface wetting characteristics.
Contrary to nost surfactants that orient vertically at
the water/air interface, the acetylenic diol

rfactants orient..horizontally dug,to their | ecul ar .
Zeta polgy biEge T toe, S5V rafde bleatise Bf e’ otrseace M ichidsan in the
formulatibgr ¢ eitidlrgoncapiraion Wast\Riedbetiveari®b5r @4i &fd 0.3% (whv) and
provi ding | ow val ues of the dynam c surface tension )
the optinpiggtjon of thea formuliationewas ianer With £hitasarn et %1 sdighaesglted in a
. 4 G e iyon of 2.10 6rmol. cm 3, the DST
high pogﬁl{m pa f(# @tgﬁ{rﬂ% ~3r]$54 \'

roppe ynes.cm1l. It is, indeed, this
specific property of significantly decreasing the
surface tension which notivated us to select it as a
co-surfactant in our formulations. Surfynol 104 PG 50

3.2.2 Efféed of'BarfpAdPd 04 P G150 ™ e barticleidizeARasiaaf or e
i ntroduction of the drug agueous phase. "The product

obt ai ned was characterised by a very small particle

si ze about 230nm and the experinmental results were

reproduci bl e. The size distribution was equally very
Nonionigegurtastgrits,| haseshen sicedylemid adiol(¢hain)istry,Orepreshnt a unique class of

st ESHETH, o, Mg EIER b oL e ics weting

charactétistiosl ¢ aci d on nor phol ogy

Contrary to most surfactants that orient vertically at the water/air interface, the
acetylenic diol surfactants orient horizontally due to their molecular structure. A compact
molecule of this surfactant can migrate very rapidly to the interfacial region providing
low values of the dynamic surface tension (DST). It was reported that for a Surfynol 104
PG-50 ™ bulk concentration of 2.10mol. cm™, the DST dropped around 35 dynes.cm™.
It is, indeed, this specific property of significantly decreasing the surface tension which

motivated us to select it as a co-surfactant in our formulations.

Surfynol 104 PG-50 ™ was added to the internal oil phase before introduction of the
drug aqueous phase. The product obtained was characterised by a very small particle

size about 230nm and the experimental results were reproducible.

The size distribution was equally very narrow (PolyDispersity Index (PDIl) ~ 0.1) due
presumably to the capability of Surfynol 104 PG-50 ™to prevent aggregation.
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It is well established that polyethylene glycol (PEG

is extensively used in drug delivery strategies in
woe@enoi7ee generate entities which are | ess easPdTZA2008/000012

recogni sed by macrophages and hence exhi bit prol onged

circulation times in the blood. On the biol ogical

| evel , coating nanoparticles with PEG sterically

hi nders interactions of blood conponents with their

523 el e ind SUa oMl 7 o

carrier interaction with opsonins and sl ows down their
capture by the reticul o-endothelial systens (RES). PEG
was i ntroduced together with PVA in the external phase

It is wellestiblished tiadt @W&Wlérﬁ@blyeﬁl (‘F"E@) |§°@9&é’nsnFHI)$ §Ql?d' gﬁgh]gf delivery

de-i oni sed wat er we conbi ne the presence o
strategipg-cin 00MSIRS Wig) gmﬁratmeﬁmktleéxméwﬁal arghdess agabilgnirectgnised by

macropﬁﬁgé'é 0 yﬁireﬁcégeé{%%gjr@gggané H{ugagt{é) he&'lel?nylrﬁqﬁjeq'?/%l On the

blologlcaDIEVBGcsmtlogrl)anoaalstio@prsi Witic ATEG istericaile himdersfinteFections of blood

comporitd 3y el Sste, 55, SRS BnASELSh S e wi

PEGyIa%dZﬁam’Spaﬁrbﬂéts WQ@F@\)@nishdﬁlgVﬁrﬁeﬂﬁfeer& o \ﬁftﬁ b?%ﬁlﬁ@ nd slows
-0.2). ocess for the production o?

down thﬁ’ﬁrﬁﬂ@&ﬁ"’ﬁ té‘edﬁF'ﬁ?lF'@'re@dpg\e"G'rﬁ)’@t% (REBY, said

nanoparticl es bei ng produced by:

PEG was introduced together with PVA in the external phase at an initial concentration

of 0.5%wl/v, dissolved in de-ionised water

As we combine the presence of 5ml of PEG (0.5% w/v) in aqueous external phase and
2ml of stearic acid (0.2%wi/v) added into the oily phase of the polymer, as a co-
surfactant together with Surfynol 104 PG-50 ™, a significant improvement of the surface
morphology was observed, as depicted in Fig. 3. The reading on Zetasizer provided

smaller particles size of about 270nm with a very narrow distribution (PDI ~0.2).
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- preparing a double enulsion of water-oil-water
i ncl udi ng one or nore polynmer which forns the basis of

wo b@onesreparticle carrier; - blending the drugp¢nzR£0s/000012
delivered into one of the enul sion phases; - doping
either the oil-phase or the outer-water phase with a
carbohydrate; and - spray drying the emulsion to form
nanoparticles of a narrow particle size distribution
of 100 nmto 1000 nm 2. A process as clainmed in claim

Claims) \wherein the nanoparticles thus produced are

mul tifunctional nanoparticles. 3. A process as clai ned

. A rprotedsnfdr ¢he praductidn sthaaropartitle carribehyetr diwgy idelivery, said

sacchﬁri de. 4. A rocg)ss as claimed in claim 3,
nanoParticles Reing PEOLHAeEPY s a di saccharide. 5. A process

as clainmed in claim4, wherein the disaccharide is
preparingd doubte tdreulgiooupl waterwiliwatel aclwlieg omel dros®re polymer
I somal t ose, mannobi ose, trehal ose, and cel | obi ose. 6.

WIEP BRI e AL IDG NEROBRJOBHETBRT: ol ai e 3 (o o,

BieRrdiRg thé BRIGRBAElIVEPed MtE R bNBd évhiilBiod fhisksni C

bi odegr adabl’e _nmuco- adhesi ve pol ysaccharide.7. A
danirg:siherdhe odlinhageion the auter-w/aterrhasewitha carbohydrate; and

éb%y S@r%ﬁartﬁéjeer{‘nﬁlsfow %@ aﬂgﬁcﬂfarticles of a narrow particle size
distribution of 100 nm to 1000 nm.

. A process as claimed in claim 1, wherein the nanoparticles thus produced are

multifunctional nanopatrticles.

. A process as claimed in claim 1 or claim 2, wherein the carbohydrate is a

saccharide.

. A process as claimed in claim 3, wherein the saccharide is a disaccharide.

. A process as claimed in claim 4, wherein the disaccharide is selected from the

group including lactose, maltose, isomaltose, mannobiose, trehalose, and
cellobiose.

. A process as claimed in any one of claims 3 to 5, wherein the saccharide is

combined with a cationic biodegradable muco-adhesive polysaccharide.
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derivatives thereof. 8. A process as clained in any
one of the preceding clains, wherein the oil -phase of

wa eo/eosadsi on is doped with a surfactant. 9. AQI/DEESE000012

as clainmed in any one of the preceding clains, wherein
the wat er phase of the emulsion is doped with
surfactant. 10. A process as clained in any one of the
precedi ng cl ai ms, wherein the surfactant is a

Ao BT P PR el P

SRAISES therdot: A pr ocess as cl ai msd in cI ai m 10,
wherein the surfactant is a polyneric non-ionic

surfactant. 13. A process as clainmed in claim12,
wherein the polynmeric non-ionic surfactant in the
wat er - phase is PVA. 14. A process as clained in any

. Amprocdsstdweclpineexk th agy ohaiofﬁhe whexeding clhiang wiserain the oil-phase

nth has the emul si on. 15. A process
‘gﬁl‘éem%%a" fsn&?ﬁeai W&rlﬂs fatn the pol ynmer in the
oi | -phase is PLGA (poly(l actl c-co-glycolic acid).

. A process as claimed in any one of the preceding claims, wherein the water-

phase of the emulsion is doped with surfactant.

10. A process as claimed in any one of the preceding claims, wherein the surfactant

is a non-ionic surfactant.

11.A process as claimed in claim 10, wherein the surfactant is based on acetylenic

diol chemistry.

12. A process as claimed in claim 10, wherein the surfactant is a polymeric non-ionic

surfactant.

13. A process as claimed in claim 12, wherein the polymeric non-ionic surfactant in

the water-phase is PVA.

14.A process as claimed in any one of the preceding claims, wherein there is a

polymer in the oil-phase of the emulsion.
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16. A process as clainmed in any one of the preceding
clains, wherein polyners are present in both the
wobdoophbaase and t he wat er- phase. 17. A process asCTkEAa2008000012
in any one of the preceding clains, wherein the drug
Is added to the oil-phase. 18. A process as clained in
claim 17, wherein the drug is a hydrophilic drug which
is added to the internal water-phase. 19. A process as
claimed in claim17 or claim18, wherein the drug is.
15. APRessaas eaimesl in ¢laige d4swhsrein én%alymerarmth%ﬁé-pgase i PLGA
i Q- ' mherein the drug is selected from
(Eubsggngﬂu'%?%g’f&?gﬁfgz ‘d, Ethanbutol, or Pyrazynanide. 2
1. A process as clainmed in any one of the preceding
claims, wherein the outer water-phase of the emnul sion
i ncl udes pol yethyl ene glycol (PEG. 22. A process as
16.Alt§mbcmsld émclarmed)mlealgj ohbef Mﬁ@pa{ﬁedg\ggglaim,,wlMlei‘rEbdslymers are
the oi l-phase ipcludes stearic acid.23. A process as
PSR R s bR o be UGB RNASE o1 a1 . whor e 1
t he nanoparticles thus forned are substantially
spherical. 24. A process as claimed in claim 23,
wherein the particle size distribution of the

17.A'16H?88@srst 5& lcf‘a?miea iﬁra‘h'}“ 31%59 ofthd %rgc%%ir{’{jncmirﬂg,eevﬂﬁrein the drug is
added to the oil-phase.

18. A process as claimed in claim 17, wherein the drug is a hydrophilic drug which is

added to the internal water-phase.
19. A process as claimed in claim 17 or claim 18, wherein the drug is hydrophobic.

20.A process as claimed in any one of the preceding claims, wherein the drug is

selected from Rifampicin, Isoniazid, Ethambutol, or Pyrazynamide.

21.A process as claimed in any one of the preceding claims, wherein the outer

water-phase of the emulsion includes polyethylene glycol (PEG).

22.A process as claimed in any one of the preceding claims, wherein the oil-phase

includes stearic acid.
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25. A process as clained in claim1, substantially as
herein described. 26. A new process substantially as
wdegoeios7eescri bed. PCT/ZA2008/000012

23.A process as claimed in any one of the preceding claims, wherein the

nanopatrticles thus formed are substantially spherical.

24.A process as claimed in claim 23, wherein the particle size distribution of the

nanoparticles is from 180 nm to 250 nm diameter.

25.A process as claimed in claim 1, substantially as herein described.

26.A new process substantially as herein described.
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