*As otiginally filed Process for production of ionically crosslinked polyner
m crospheres The present invention relates to a process for the production
of m crospheres ‘conprising an ionically crosslinkable polynmer and to a
system for carrying out the process. In this application the termionically
crosslinkable polyner refers to a soluble polyionic polyner that is capable
to instantaneously forma sparingly or insoluble gel on contact with a
gelling solution conprising divalent, nultivalent or polyval ent ions having
char ges oppggéﬁgih v hRge of the ionically crosslinkable polyner. Polyionic
polymers th T&§-§ki14ﬁg oyed in the present application conprise
pol yani oni ¢ and pol ycationic polynmers of natural or synthetic origin. In a
first enbodiment the polyionic polynmers are natural or synthetic polyani ons
whi ch can be crosslinked by di-, nmulti- or polyvalent cations. Natural
pol yanions are e.g. polysaccharides conprising carboxylic acid or sulfate
groups (e.g al gi ArecessHfer arodugfinn afdpmgallys cresstipkesRoiymer girospherstim  pect i ns,
cel lul ose sul phate, and dextran sul phate). Synthetic pol yanions are e.qg.
poly (nmeth)acrylic acid, polystyrene sulfonate and copol yners thereof, or
pol ymer s of group o yphosphazenes. In ar i . the
crosslinkable polyner is a natural or synthetic polycation which can be
crosslinked by rmulti- or polyval ent anions. Natural polycations are e.qg.
am no functionalized pol ysaccharides like chitosan, amno -2- 5 dextran, or
pol ypept i desTheipkeseptioventionacla®y tn dpracessfot the prodwgompbmisrgsphprsby (al | yl ami ne
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group of ioqﬁ&%giy crossl i nkabl e pol yani oni c polynmers are

In this application the term ionically crosslinkable polymer refers to a soluble
polyionic polymer that is capable to instantaneously form a sparingly or insoluble
gel on contact with a gelling solution comprising divalent, multivalent or
polyvalent ions having charges opposite to those of the ionically crosslinkable

polymer.

Polyionic polymers that may be employed in the present application comprise

polyanionic and polycationic polymers of natural or synthetic origin.

In a first embodiment the polyionic polymers are natural or synthetic polyanions
which can be crosslinked by di-, multi- or polyvalent cations. Natural polyanions
are e.g. polysaccharides comprising carboxylic acid or sulfate groups (e.g alginic
acid, some forms of carrageenan, gellan gum, pectins, cellulose sulphate, and
dextran sulphate). Synthetic polyanions are e.g. poly (meth)acrylic acid,
polystyrene sulfonate and copolymers thereof, or polymers of the group of

polyphosphazenes.

In a further embodiment, the crosslinkable polymer is a natural or synthetic
polycation which can be crosslinked by multi- or polyvalent anions. Natural

polycations are e.g. amino functionalized polysaccharides like chitosan, amino-



*10 ahioni ¢ pol ysacchari des which are copol yners of nonosacchari des
conprising a carboxylic acid group, herein referred to as "anionic

pol ysaccharides".” Anionic polysaccharides have found w despread application
in fornul ation technlques A particularly useful characteristic of nmany

ani oni ¢ pol ysaccharides is their abilit¥-to 15 be readily soluble as free
acids and/or salts of nonoval ent cations while formng strong gels on
contact with dival ent or ponvaIent cations. Wthin the present

appllcatson nstant anequsl rmgels by
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occurring unbranched binary copo uronic "acid (G and its G5

epi mer rranmth@mdc)andlmls(amde polyhmslekmmhlcﬁrbummet hat the G and Munits are
joined together in a blockw se fashion. The salts of alginic acids are
generally naned al ginates. 25 Alginates are extracted in Iarge anDunts from

brown seaweed i
di stribution g?EG gﬁ% E%Fggﬁ&qﬁﬁﬁo Cﬁggfg%%?kﬁhgg&2&§ Wothe source of the

al gi nat ¢0( Claniogr bohydrates in Europe 1996, 14, 6- 31). 30 In nost
applications alginate gel formation is achleved with calciumions. However,
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Gunits in the Gblocks. 35 -3- 5 Crosslinked alginates are used, for

exanpl e, as patisoladyysefohehapictertitic of wasy amignic polysaccharides is their ability to

15  be readily soluble as free acids and/or salts of monovalent cations while forming
strong gels on contact with divalent or polyvalent cations. Within the present
application, anionic polysaccharides which instantaneously form gels by reaction
with divalent or polyvalent cations, are called “ionically crosslinkable anionic
polysaccharides”.

20
Alginic acid is a naturally occurring unbranched binary copolymer of guluronic
acid (G) and its C-5 epimer mannuronic acid (M). It has been found that the G- and
M-units are joined together in a blockwise fashion. The salts of alginic acids are
generally named alginates.

25  Alginates are extracted in large amounts from brown seaweed. The proportions of
G and M in the polymer, and the distribution of G and M blocks in the polymer,
depends on the source of the alginate (Cf. Carbohydrates in Europe 1996, 14, 6-
31).

30 In most applications alginate gel formation is achieved with calcium ions.
Howeyver, alginate form gels with most di- and multivalent cations. Monovalent
cations and Mg”* ions do not induce gelation while ions like Ba** and Sr** will
produce stronger alginate gels than Ca**. The gel strength is dependent upon the
guluronic acid content and also on the average number of G-units in the G-blocks.

35



"wound dressings or for immobilizing materials such as plant cells, manmalian
cells, yeasts, bacteria, vaccines or food products. Al ginate gel formation
is achieved with calciumions in nost applications. 10 A nunber of
different nethods for the inmmobilization of biomaterials in alginate beads
have been devel oped. A commonly used way-to form al gi nate gel beads is by
addi ng an al ginate solution dropwise to a solution of gelling ions, for
exanple calciumchloride. The droplet size will determ ne the size of the
spheres. A ' f t Q0. | gi nat e
droplets? Fg%%%gggmfg E%%?g%qﬁﬁgﬁéﬂgggﬁﬂé%ggw?gﬁyfﬁgggfdggw?%ggsyringe

needl e di ameoaihd dfdsihfiCoros imbbiYizi rhdi€riflobuthiadplant Adlsamiagimdlian beads with
a dianeter of less than 1 mmare difficult to produce. Reduction in bead

si ze has beésllsayeastppbacterisy vadeings of foadipdusindlginateigel fosmatien is(M yawaki et

al ., Agric. Bi.ol. em, .1980, 44 86 .el ectrostatic pulses (EP O 167 690
Bl) or vi br5&?‘?\&%@&?@?“%@%1{“%?&gpgl,ldaﬁlfm%hem Technol . Bi otechnol. 1985,
20 35B, 198). There is a denmand for mcrospheres with a nean di aneter of
about 10 m since stable non-sedinenting suspensions nay be prepared

conpri silbg A oumbgrivd deferaft mdthods fer the imenobilizeteusibinmareoislshe nkesndtavi ng a

di aneter of 10 or . less may pbe 25 taken up by cells_ allow ng re
ef ficient dPE@iSH’]éI"%B%Eé‘ CHEIPH%‘P@EWIEIHPW uped wey %@gﬁ,alavataﬂalt%ea B4 5Y1996,

477-482). Fi I ' ' ] by using a
spray head, ag(gng 3{?21 oazeegi,lu@r&éggﬁg}ug? §QEH%8§gé§§I¥g @§§q§ﬁ§{%§ﬁ% 465, 226.
Al gi nat e parkhlcitineshlodde. The idagplét siicanititdetermineathobize 80he BphereaPOsiring®0 m have
been obtai ned by the above nethod. Ca-al ginate mcrospheres may al so be
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Reduction in bead size has been attempted by air jets impinging on the needle
(Miyawaki et al., Agric. Biol. Chem. 1980, 44, 2865), electrostatic pulses (EP O
167 690 B1) or vibrating needles (Hulst et al., J. Chem. Technol. Biotechnol. 1985,

20 35B, 198).

There is a demand for microspheres with a mean diameter of about 10 um, since
stable non-sedimenting suspensions may be prepared comprising microspheres of
this size, and because microspheres having a diameter of 10 um or less may be

25  taken up by cells allowing a more efficient drug release inside cells (D. T.
O’Hagan, J. Anat. 189, 1996, 477-482).

Fine droplets of an alginate solution may be generated by using a spray head, as
disclosed, for example, in US 5,387,522 and US 6,465,226. Alginate particles
30 having a diameter of about 200 pm to about 300 um have been obtained by the

above method.

Ca-alginate microspheres may also be obtained by using emulsification methods.
Poncelet, et al., Appl. Microbiol. Biotechnol 1995, 43, 644 have described the
35 production of alginate microspheres by emulsification/internal gelation of alginate

sol dispersed within vegetable oil. Gelation was initiated within the alginate sol by



-4- 5 reduction in pH releasing calciumfrom an insol uble conplex. Al ginate
m crospheres with nean dianmeters ranging from50 mto 1000 m were obt ai ned.
Even finer algindte mcrospheres having a diameter of about 10 m have been
obtained by further optimzing the effects of various operational and
formul ation 10 factors in the enulsifichtion technique (D. Lenpine, et al.,
I nternational Journal of Pharmaceutics 1998, 176, 9). Emulsification
techniques for the generation of alginate mcrospheres are using oils
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15 |nconpat| or organic solvents of oils and/or
or gani c soMans@eies@nitlah@hmalhmmr@raﬁgmgéfocﬁs50 fnatot 1900 pus werkbbtaiaedpl et e
process. Therefore, there is a need for a process for the manufacture of
m crospheres nmade froma crosslinkable anionic polysaccharide having a size
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conpletely free of oils and/or organic solvents nay be obtained by
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sol ubl e anl de into a streamof a gas and subsequently

i ntroduci ng F‘Pl%n eyt ﬁﬁﬂggga@gs&)conpri sing these droplets into a gelling
solution conprising gel-formng cations. Therefore, in one aspect, the
invention relates to a process for preparing 30 mcrospheres conprising an
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aerosol droplets (13) froma_ so]ution (3) nprising an _ionically
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solution (1 rrsin I ons ereby
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Therefore, there is a need for a process for the manufacture of microspheres made
from a crosslinkable anionic polysaccharide having a size of about 3 — 20 pm and

20  being devoid of traces of oils and/or organic solvents.

Surprisingly, it has been found that microspheres of crosslinked anionic
polysaccharides having a diameter of about 3 to 20 pm which are completely free
of oils and/or organic solvents may be obtained by generating fine liquid aerosol

25  droplets from a solution of a water soluble anionic polysaccharide into a stream of
a gas and subsequently introducing the stream of gas comprising these droplets into

a gelling solution comprising gel-forming cations.

Therefore, in one aspect, the invention relates to a process for preparing
30 microspheres comprising an ionically crosslinked polymer, the process comprising:
(a) producing liquid aerosol droplets (13) from a solution (3) comprising an
ionically crosslinkable polyionic polymer into a continuous gas stream by using an
ultrasonic nebulizer;
(b) transferring the gas stream into a gelling solution (10) comprising di-, multi- or
35 polyvalent ions, whereby crosslinked polymer microspheres (14) are formed,

(c) separating the microspheres from the gelling solution, and



(c) separating the microspheres fromthe gelling solution, and -5- 5 (d)
optionally, filtering the m crospheres through a screen. |In another aspect,
the invention rel'ates’'to a systemfor preparing mcrospheres conprising an
ionically crosslinked polymer, the systemconprising (a) an ultra sound
generator (1) situated in a nebulizing-Thanber (2) whichis filled 10 with
a solution (3) conprising an ionically crosslinkable polyner; (b) a radiator
coil (4) attached to the nebulizing chanber; (c) optionally, nmeans (6) for
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chanber (2) 15 (e) a vessel for the gelling solution (9), equipped with
agitation nmeans (11); and (f) a transfer tubing (8) attached to the

nebul i zi ng dharaleer aspeshitbe invARfIANISLatgs AP A§ysterh dprrrepaing rpsEaspheresvher ei n t he
tubing is adapted to subnerge into th ellin soluti.on (10). 20 The
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the invention. Fig. 2 is a size distribution of alginate m crospheres
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det er m ned. cKaybgrdR}) atef predetermisddsconstanlavel] t rasoni ¢ nebul i zer. A device as

being used in air . conditioning systems for air noistening may be used. A
sui t abl e neléd) 3 gasrinkes(7) pHigched to the'nebulizing chamber (2)

15  (e) a vessel for the gelling solution (9), equipped with agitation means (11); and
(f) a transfer tubing (8) attached to the nebulizing chamber, connecting nebulizing
chamber and vessel, wherein the tubing is adapted to submerge into the gelling

solution (10).

20  The agitation means (11) are selected from tools which are known from the

formation of dispersions or emulsions. Preferred agitation means is ultrasound.

Short description of the drawings:

Fig. 1 is a schematic picture of the system for the production of microspheres

25  according to the invention.
Fig. 2 is a size distribution of alginate microspheres manufactured by the process of
the invention.
Fig. 3 is a picture of alginate microspheres manufactured according to the process
of the invention wherein the diameter of selected microspheres has been

30 determined.

Key part of the system is an ultrasonic nebulizer. A device as being used in air

conditioning systems for air moistening may be used. A suitable nebulizer is, for

example, the air moistening device SCA 1000, manufactured by Stulz GmbH, D-
35 22457 Hamburg.



"exanpl e, the air noistening device SCA 1000, manufactured by Stulz GvbH D
35 22457 Hanburg. -6- 5 Preferably, the radiator coil (4) is connected to
nmeans for keeping the tenperature of the solution to be nebulized at a
predeterm ned range. Preferred tenperature ranges of the solution to be
nebulized are of from1l5 to 50 C, in pérticular of from25 to 35 C 10 It
is preferred to dip the tubing connecting nebulizing chanber (2) and vessel
(9) as deep as possible into the bath of the gelling solution (10) to all ow

the aer 03 ol P{&EI%Bi f r%&l’}t)or ?Péfg i§ !: eltbd §os}nl 5}[%318} Eem?)ﬁl%tﬂg n{lpefétﬁ'lteer act with

the di-, rlons o 1on to form

crosslinked omt@%ﬁmi@ﬁrtese néﬂtﬂﬁzed&ﬁaﬂ)&dd:tém’ﬁmédﬂﬂ epreferred that the | ower
part of the tubin (g whi ch subnerges into the ng sol ution conpri ses

di spenser hclﬂr@fgrrq @)npemurﬁéartge@nédxeabbm@n tQ b@nthbé are of fropel§ indht i on may
be carried QQ |f% ren# ally crosslinkabl e polyners. 20
Preferred cr SE]IR N2y %O%g] anions are selected fromthe group
consisting of an alginic acid, a carrageenan, a cellul ose sul phate, a
dextran sul phate, a gellan, a pectin and water soluble salts thereof. Mst
preferradd aniisprefenoel lyoshpdieaubidg cbmecahgheﬁudizmgiottiambexa(ZV\ancbvessejI(ledse sal t

thereof. 25 Parti cul Iy preferred cr ssl i nkabl e nat pol yanl ons are
Naw K- . Keemas posifle Ele bgtavfé heoge lgrggsqmttona{i% aa'lilewwaeraero , and NH4+-

salts of geh& t BESH ﬂﬂ&ﬁi t Eith Yor the liquid
to be nebullfgge ?ﬁ ngrﬁggcn% crg P Hﬁa@ﬁ{a%g%u?aﬁ{gg %ﬁﬁié%lon in a
concentrati (pbl)@fﬂef]r ainferibndof e gelinsbitiog t@fvim dpesstinicad raicbyspbére$ rom 0. 75 %
to 1.5 % by wei ght.
(14).
15 It is further preferred that the lower part of the tubing which submerges into the

gelling solution comprises dispenser holes (12).

As mentioned above, the process of the invention may be carried out with different
ionically crosslinkable polymers.

20
Preferred crosslinkable natural polyanions are selected from the group consisting of
an alginic acid, a carrageenan, a cellulose sulphate, a dextran sulphate, a gellan, a
pectin and water soluble salts thereof. Most preferred anionic polysaccharide is
alginic acid or a water soluble salt thereof.

25  Particularly preferred crosslinkable natural polyanions are Na*-, K*-, NH4*-, and
Mg?*- salts of alginic acid and Na*-, K*-, and NH,*- salts of gellan, carrageenan

and cellulose sulphate.

Preferably, the liquid to be nebulized (3) comprises the crosslinkable natural

30 polyanion in a concentration of from 0.1 % to 5.0 % by weight, particularly of from
0.75 % to 1.5 % by weight.
A particularly preferred liquid to be nebulized comprises of from 0.75 % to 1.5 %

by weight low viscosity sodium alginate.

35  Preferred crosslinkable synthetic polyanions are selected from the group consisting

of linear or branched polyacrylic acid, poly (meth)acrylic acid, polystyrene



"A particularly preferred liquid to be nebulized conprises of fromO0.75 %to
1.5 % by weight | ow viscosity sodiumalginate. 35 Preferred crosslinkable
synthetic polyani‘ans are selected fromthe group consisting of |inear or
branched polyacrylic acid, poly (meth)acrylic acid, polystyrene -7- 5

sul fonate, polyanions of the group of pbtyphosphazenes, and copol yners and
wat er soluble salts thereof. Preferred crosslinkable natural polycations
are selected fromthe group consisting of amno functionalized

pol ysacchari i i I NG~ i i

protaning aﬁ %g%%igggﬁﬁhféﬁ@gﬁ?gb?ﬂgggéb§&%?§@§$%gggé¢%§§f§n gg%égsynthetic
pol ycat i ons salublesaltetteesdf.f rom t he group consisting of poly allylam ne,
poly(ethylen i mne), poly (diallyldinethylammonium chloride),

pol yam de- pol yam ne- epi chl or hydri ne, (am no-)dextrans, polypeptides and
water 15 s | e. sal ts, thereof . The stream of be generated by
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before usage. 20 The gelling solution conprises a salt of a gel-formng di-
or nul tilQal dike pretamowe and watarisolublepalty thetesit cati on or anion, e.g. water

sol ubl e salts of polycations or polyanions, depending on the nature of the
crosslinkabl e polynmer. 25 The gelling solution for natural or synthetic
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cation in a concentration o romO0.1 % by weight up to saturate
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The stream of gas may be generated by pressurized air. However, other gases, in
particular inert gases, for example nitrogen or argon, are also well suited. The gas
should be purified before usage.

20
The gelling solution comprises a salt of a gel-forming di- or multivalent cation or
anion, polyvalent cation or anion, e.g. water soluble salts of polycations or

polyanions, depending on the nature of the crosslinkable polymer.

25  The gelling solution for natural or synthetic polyanions comprises a salt of a gel-
forming di-, multi- or polyvalent cation in a concentration of from 0.1 % by weight
up to saturated solutions.

Preferred concentrations of the salt comprising a gel-forming di- or multivalent
cation are 0.5 to 5 % by weight. Gel-forming di- or multivalent cations are, for

30  example, Pb**, Be*, Ca®*, Ba™, Sr**, Zn**, Cu**, Mn**, Co®™, Fe**, Fe**, AI** and

Sn**,

In the case of the formation of alginate microsperes by the present process, it is
preferred to apply a gel-forming cation selected from the group consisting of Ba*,
35 Sr’*, and Ca®™".

Most preferred cation for crosslinking alginate is Ca™.



"Sna+ In the case of the formation of al ginate m crosperes by the present
process, it is preferred to apply a gel-formng cation selected fromthe
group consisting'of Bat+, 35 Srz+, and Cat+. Most preferred cation for
crosslinking alginate is Cat+. -s- 5 Gel-form ng polyvalent cations are, for
exanmpl e, poly(allylam ne hydrochl oride)8- poly(ethylene imne),

pol y(di al I yl di met hyl ammoni um chl ori de), pol yam de-

pol yam ne-epi chl or hydri ne, chitosan, am no-dextran, and protam ne sulfate.
10 The gelling solution for natural or synthetic polycations conprises a
salt of a gel- formng nulti- or polyvalent anion in a concentration of from
0.1 % by wei@hfortfing pélydénticatiart 236 fot éxantple, poly(dI514mhing hydtbthlvadent ani ons
are, for exanple, phosphate, sulfate, citrate, 15 oxal ate, borate.

Gel - f o mi ng POBISHdPwImIBs BHy(disllsIdimeylamsmoriupnsblanydes pplyamnide: d,

pol ystyrene sul fonate, .dextran sulfate.. I't. is understoad that the gelling
Sol Ui on: hadobEmBe S OBIOARE oflend Fine Hek B MR OLEREs lfls: ot &6 of '
speci fic crosslinkable polyner. A person skilled in the art 20 knows how to
sel ect suitable divalent or polyvalent cations or anions. The gelling

sol uti oh0i s The gelbinglsdlptien amiaiuadl oy syrfbetmpolydationneomprisapa saleoflpgdlo 25 % by
wei ght, pref.erabl .to 10 % by wei ght of aone or re | vents. Suitable
cosol vent s if%Pﬁ%lé‘ugf'éBWB yér,afep “é‘kg‘rﬂ)‘foé‘,celgfqtu‘%d?f,g% %E%B&WGF% tYPycol s, and
25 gl yceri n; , xanpl e, ethyl acetate; or am des, for exanple,

di et hyl fg?%%%?ﬁgfo%@g?irably, the gelling solution conprises up to 1.0 %
by weight, in particular of from0.05 to 0.15 % by weight of a surfactant.

Sui tabl e surfactants are, for 30 exanple, polyoxyethylene-sorbitans (e.qg.,
TVEEN(r)), puiyonyes mpltiaieat anigapare, for example, phosphate, sulfate, citrate,

15  oxalate, borate. Gel-forming polyvalent anions are, e.g., poly (meth)acrylic acid,

polystyrene sulfonate, dextran sulfate.

It is understood that the gelling solution has to be adapted according to the gelling
characteristics of a specific crosslinkable polymer. A person skilled in the art

20  knows how to select suitable divalent or polyvalent cations or anions.

The gelling solution is preferably essentially aqueous, but may comprise up to 25
% by weight, preferably 0 to 10 % by weight of one or more cosolvents. Suitable
cosolvents include alcohols, for example, ethanol, isopropanol, glycols, and

25  glycerin; esters, for example, ethyl acetate; or amides, for example, dimethyl

formamide.

Preferably, the gelling solution comprises up to 1.0 % by weight, in particular of

from 0.05 to 0.15 % by weight of a surfactant. Suitable surfactants are, for

30 example, polyoxyethylene-sorbitans (e.g., TWEEN®), polyoxyethylated glycol
monoethers, or surfactants comprising a block copolymer of ethylene oxide and/or
propylene oxide (e.g. poloxamers or poloxamines). A particularly preferred

surfactant is poly(oxyethylene)20-sorbitane monolaureate (TWEEN® 20).



nonoet hers, or surfactants conprising a block copol yner of ethyl ene oxide
and/ or propyl ene oxide (e.g. poloxaners or poloxamnes). A particularly
preferred surfactant is poly(oxyethyl ene)20-sorbitane nonol aureate
(TWEEN(r) 20). -9- 5 The gelling solution nay additionally conprise

pol yel ectrol ytes which stabilize the cr9sslinked microspheres by a surface
coating. The al ginate m crospheres prepared by the nmethod described in the
invention are the first mcrospheres in the |ow m cronmeter range which are

ducedswi t - | i b s |
or gani oS0l v 2EReTL R B PRl e PO Rl SRl aBER RSP ) P ng

cel | s. Ther et@klénkedanistooplegerchit a surfade ookinguri fi cation steps are required to
renove any residual oil or non polar organic solvent. 15 Small al ginate
m crospheres can be added to solutions (e.g. juice, nmedicinal drops)

w t hout sedientation. Thys onpge uspgnsi.on . a dr entrapped in
an al gi nat éﬁ%aﬁ Ht(l)astf)ﬁlérrgspc_gﬁesg)éébﬁeepgﬁggﬁleig)(sﬁli(fefcc{hbgrf‘illﬁheénggﬁﬁ%%ed above,
i cr ospher eshéMifshmAcroghBred iR fmRIEW niietodtdiGang® wisibh Re Oﬁr@dﬁﬁ:@d wathdyt a cel |
which allows a nore efficient drug rel ease inside 20 cells. Furthernore,

t he sizd0di sisinglanteimpsiof methodnTlausos@ b vegoppolduengdnibyolivhet ipnesdedt  process
is very narrqw.and reprqduci.bl.e neral | y .abo to.15 m wth an average
i aet or of UL HeaghguReobSREkEPr hufRotls Shedireat sulsanedr ac o o, 95
Preferably, (38R forftfcalibtPsiBhsCiO SRRES B RERVY bis) Bf process have
a dianeter % fr%ﬁr)‘rn ??atéc}?szgém %\a]i S narrg%/ s?ggreg?ﬁgtfr}?butllﬂ%ﬁﬁ%? the al ginate
m cr ospher eorganie suitene a nor e honogeneous | oadi ng and rel ease of drugs or

bi onol ecul es. 30 For a controlled drug release it is very inportant to have
a constant release rate to avoid over or under dosing. To achieve this, a

tight cqgtr cgma(ﬂ( aléilﬂgteﬁﬂigo%ﬁﬁerésocaﬁ%elﬁﬂﬁed to solutions (e.g. juice, medicinal drops)

without sedimentation. Thus, a homogenous suspension of a drug entrapped in an
alginate microsphere can be prepared.

Additionally, as mentioned above, microspheres with a mean diameter below 10
um can be taken up by a cell which allows a more efficient drug release inside

20 cells.

Furthermore, the size distribution of the microspheres produced by the present
process is very narrow and reproducible (generally about 2 to 15 pm, with an
average diameter of about 8 pm) compared to other methods described in literature.
25  Preferably, > 95 % of the microspheres produced by the present process have a
diameter of from 3 to 20 pm. This narrow size distribution of the alginate
microspheres guarantee a more homogeneous loading and release of drugs or

biomolecules.

30 For a controlled drug release it is very important to have a constant release rate to
avoid over or under dosing. To achieve this, a tight control of the surface to volume
ratio of the microspheres is necessary. The surface to volume ratio is determined by
the size distribution. Thus, a narrow size distribution results in a reproducible
surface to volume ratio and finally a controlled drug release.

35



'rati'o of the mcrospheres is necessary. The surface to volune ratio is
determ ned by the size distribution. Thus, a narrow size distribution
results in a reproducible surface to volune ratio and finally a controlled
drug release. 35 -10- 5 Exanple: Preparation of Al ginate Mcrospheres A 1%
wt . solution of sodium al gi nate (Si gna,10f-rom brown al gae nmacrocystis
pyrifera (kelp), low viscosity) in ultra pure water is filled into the
nebul i zing chanber (2) of a systemaccording to Fig. 1. The tenperature of
the radiato o I ' . i in a tenperature of from25 to
30 Cin ?heltffg%lg 5 Efe%a!i‘éngﬁlé‘?@?‘eﬂ.‘gre(’q rég.%lszf er tubing (8) is dipped into an
ul tra sound Abadhwi( sSutidizdf sodiveh algittd (Sligresl fiinh Brola04gad madroeysgel | i ng
solution of 5 % by weight of CaCl2 and 0.1 % by weight of TWEEN 20
( Pol y( oxyet Byriteseiketn) slonnyiseasisy)ns wbrapire sater 15 flledint the pRulizitgessured air is
adj usted to _produ sl ight stream gf ai bbl hr h .the Cl2 bath.
Then, the ul® ?Iggesrgg%(gf agsl@'r%%ma S rd?@ tto(lﬁl%‘gld trg?ﬂ?ng?e?%a}erﬁtﬁﬂgrﬁﬁ%’t%cgﬁ ipitation

15 bat h tur ng) it ddjabed Whinaihtdin ditGap@stutd ¢f ftdth 186 80 °Cfin BleHieBaliAingpheres. To
renmove very large particles which are generated by condensati on of aerosol

dr opl et 400on chimgbaraThetransferttuleng (s fipped intean vl sqhgd bath €35 kida)otRichi xt ure is

filtered thou D creen | ot h. .The I nate m crosphe re
separated T o RuiteASAS HEER erfing seliriog G St BhVE 2B UG AN G30B Y g) and
decanting ofydk t i } i } S was
determ ned t\%etl%g Oﬁgmgﬁ 2@2?113@%36%&%36)%6é?@égigioﬁan%g?ﬁ‘ga ﬁ{gitghgirhg. 3). The
si ze di stri lpudssurad air i¢ ijusatdiomadduceiaclightrtienmasof iaf bidbles throegh the aCh, | aser

25 scattering particle size distribution analyzer (LA-910 from Hori ba, Ltd.
Kyoto, Jap&dth Then. dhe wlipsgund gegesatesss turmpd qngfor; 3@ gipobhe Mecipityfiofat e
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the average a
large particles which are generated by condensation of aerosol droplets on the walls

of the transfer tube, the alginate - CaCl, mixture is filtered though a 50 um screen

cloth.

The alginate microspheres are separated from the CaCl, bath by centrifugation (10
20  min, 1000 x g) and decanting of the supernatant. The size of the alginate

microspheres was determined to be between 5 and 10 pm by microscopy imaging

(see Fig. 3).

The size distribution of the alginate microspheres is determined with a laser
25  scattering particle size distribution analyzer (LA-910 from Horiba, Ltd. Kyoto,
Japan). A refractive index of 1.35 is used for the alginate microspheres. More than

90% of the spheres are in a range of 5 to 13 um with the average at 8 pm (Fig. 2).



*-11-"5 Cains: 1. A process for preparing mcrospheres conprising an
ionically crosslinked polyner, the process conprising: (a) producing liquid
aerosol droplets '(.13) froma solution (3) conprising an 10 ionically
crosslinkabl e polyionic polynmer into a continuous gas stream by using an
ul trasonic nebulizer; (b) transferringlithe gas streaminto a gelling
solution (10) conprising di-, nmulti- or polyval ent ions, whereby
crosslinked polynmer mcrospheres (14) are forned, (c) separating the
m crosphereghipg the gelling solution, and 15 (d) optionally, filtering
the m crospheres through a screen. 2. The process according to claim1,
wherein the ionically crosslinkable polyner is a polyanionic polyner and
wherein the gelling solution conprises a polyvalent cation, 20 3. The
process accdr d} Pces fer pieparmg miseqseheres epampriigg,a opicabyueiosyinked t he gel i ng
solution is | ect [ t up consisting of poly (allylamne
hydr ochl ori §§?“§ﬁ§?9%§%ﬁ§P§ﬁ%gﬁ"ne), pol y(di al I yl di net hyl anmoni um
chloride), p&lptodicies liquad ¥aBid Srdéts (1) rrwsla kd1Btiors (8) c8mPAsin@@h No- dext r an,
and protaniﬁ@lgulfggz.@g% 4, Théggiogégs accordingh?o g?ain?l, wherein the
i oni cal 19 cnoEedliyrdedsliekabts gotpipnicpol ymgsantpartiootingous ghy stegamabidusibgaei n t he
gel l'i ng soluﬁion.congrises di-, multi- or polyvalent cations. 30 5. The
process accASAYCHEOUIZEEm 4, wherein the pol yanionic pol yner is sel ected
fromthe gr IS ¢ Fatall : [ 14 Be I opranched
polyacrylicqggfgsﬂﬁg %%%§§§§%g%gﬂgﬁF?gggggﬁ&%?ﬁ?ﬂgﬁg?%%gégﬁg%ggkg?ng to
claimb5, wheobivalehhions wheniby cpasslisiedqiolymaenicespldrectidylare formed,

(c) separating the microspheres from the gelling solution, and

15  (d) optionally, filtering the microspheres through a screen.

2. The process according to claim 1, wherein the ionically crosslinkable polymer is

a polyanionic polymer and wherein the gelling solution comprises a polyvalent

cation.

20
3. The process according to claim 2, wherein the polyvalent cation of the gelling
solution is selected from the group consisting of poly (allylamine hydrochloride),
poly(ethylene imine), poly(diallyldimethylammonium chloride), polyamide-
polyamine-epichlorhydrine, chitosan, amino-dextran, and protamine sulfate.

25

4. The process according to claim 1, wherein the ionically crosslinkable polymer is
a polyanionic polymer and wherein the gelling solution comprises di-, multi- or

polyvalent cations.

30 5. The process according to claim 4, wherein the polyanionic polymer is selected
from the group consisting of anionic polysaccharides, a linear or branched

polyacrylic acid, and polystyrene sulfonate.

6. The process according to claim 5, wherein the anionic polysaccharide is selected
35 from the group consisting of an alginic acid, a carrageenan, a cellulose sulphate, a

dextran sulphate, a gellan, a pectin and water soluble salts thereof.



*35 fromthe group consisting of an alginic acid, a carrageenan, a cellul ose
sul phate, a dextran sul phate, a gellan, a pectin and water soluble salts
thereof. -12- 5 7. The process according to claim6, wherein the anionic

pol ysaccharide is an alginic acid or a water soluble salt thereof. 8. The
process according to any one of clainsi12-to 7, wherein, in step (a), the 10
pol yani oni ¢ polyner is present in a concentration of fromO0.1 %to 5.0 % by
wei ght. 9. The process according to any one of clainms 4 to 8, wherein the
ion of the gelling solution is a netal cation selected fromthe group

consi sting of Pb2+, Cue+, Bat+, 15 Sr2+, Cd2+, Cat+, Zn2+, Coe+, and Nit+.

10. The pr ogeIhedpcRESAddorditk © ifi 6, whhéh elenidifc Pl lcclatideqdadf t he
gelling solution is selected fromthe group consisting of Bat+, Sr2+, and

Cat +. 20 11 algihie apider @sxatersobibll salf thereef. ai m 10, wherein the netal cation of
the gelling solutionis Cat+. 12. The process according to any one of
clains | to 11, wherein the gelling solution additionally conprises up to |

% by weight gofrig gw&@g&cafmng %San}%nexhaaﬁﬁ@@ﬁosﬁ VAREGR ShRepl(@), fhedi M 12,

wherein the surfactant 1s present in an anount of fromO0.02to 1.0 % by
wei ght , 10r efpelyabiloypicqiol ymeris Pre@énttim a Godcentratinn ofvfedrg Otl. %30 514% byhe process
according to claim12 or 13, wherein the surfactant is selected fromthe
group consi é’qugjﬂj- of pol yoxyet hyl ene-sorbitans and surfactants conprising a
bl ock copol ynmer of ethyl ene oxi de and/or propyl ene oxide. 15. The process
according to any one of the clains 1 to 14, wherein the 35 tenperature of
the sol uti oM. dfhetpiecesOmicondihg/toingshk onklatthes pos, yiwnéia tikoloy 5 the gelling

solution is a metal cation selected from the group consisting of Pb**, Cu**, Ba*,

15  Sr**, Cd*, Ca**, Zn*t, Co*', and Ni>".

10. The process according to claim 9, wherein the metal cation of the gelling

solution is selected from the group consisting of Ba>*, Sr**, and Ca®*.

20 11. The process according to claim 10, wherein the metal cation of the gelling

solution is Ca®*.

12. The process according to any one of claims 1 to 11, wherein the gelling
solution additionally comprises up to 1 % by weight of a surfactant.

25
13. The process according to claim 12, wherein the surfactant is present in an
amount of from 0.02 to 1.0 % by weight, preferably of from 0.05 to 0.15 % by

weight.

30 14. The process according to claim 12 or 13, wherein the surfactant is selected
from the group consisting of polyoxyethylene-sorbitans and surfactants comprising

a block copolymer of ethylene oxide and/or propylene oxide.

15. The process according to any one of the claims 1 to 14, wherein the

35 temperature of the solution of the ionically crosslinkable polyionic polymer



-13-*5 according to step (a) is kept within a tenperature of from15 to 50
C, preferably wthin 25 to 35 C 16. The process according to claim4,
wherein, in step'(a), the solution conprises of fromO0.75 %to 1.5 % by
wei ght | ow vi scosity sodium al gi nate, wherein the 10 cation is Cat+; and
wherein the gelling solution conprisesi8f- fromO0.05 %to 0.15 % by wei ght
of pol y(oxyet hyl ene) 20-sor bi t ane nonol aureate. 17. A system for preparing
m crospheres conprising an ionically crosslinked polynmer, the system

conpri sing d i zi ng
chanber 12) 2o he At [ RALIAAER Ericplule by st KE040 . cRerBRBY 20Ty
crossl i nkabathpoPytess °.b) a radiator coil (4) attached to the nebulizing
chanber; (c) optionally, neans (6) for keeping the gas-fluid level (5) in
the nebulizing chanber (2) at a predeterm ned constant level; 20 (d) a gas

inlet (7) attaghed to the nebulizing chanber (2 e) a vessel for the

gel 11 ng sot dPr e PafsntoRlo IR SR ah R g te JoliiOT Rmbfies' o
transfer tulfRem(@)s 8 tach @sibylt wefgr]aelo@@biyéds&y BediGMaATERALe, WRIBRAGKE NY
nebul i zing chanber and vessel, erein the tubing iTs adapted to subnerge
i nt o t héOgelchtiomis Gadl; and whexeirOdhe g2Bing solution comprises of from 0.05 % to 0.15

% by weight of poly(oxyethylene)20-sorbitane monolaureate.

17. A system for preparing microspheres comprising an ionically crosslinked
polymer, the system comprising

15  (a) an ultra sound generator (1) situated in a nebulizing chamber (2) which is filled
with a solution (3) comprising an ionically crosslinkable polymer;
(b) a radiator coil (4) attached to the nebulizing chamber;
(c) optionally, means (6) for keeping the gas-fluid level (5) in the nebulizing
chamber (2) at a predetermined constant level;

20  (d) a gas inlet (7) attached to the nebulizing chamber (2)
(e) a vessel for the gelling solution (9), equipped with agitation means (11); and
(f) a transfer tubing (8) attached to the nebulizing chamber, connecting nebulizing
chamber and vessel, wherein the tubing is adapted to submerge into the gelling
solution (10).

25





