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can be crosslinked by multi- or polyvalent anions. Natural polycations are e.g. amino
functionalized polysaccharides like chitosan, amino-dextran, or polypeptides like protamine.
Synthetic polycations are e.g. poly (allylamine hydrochloride), poly(ethylen imine), poly
(diallyldimethylammonium chloride) and polyamide-polyamine-epichlorhydrine.

A particularly preferred group of ionically crosslinkable polyanionic polymers are anionic
polysaccharides which are copolymers of monosaccharides compriéing a carboxylic acid
group, herein referred to as “anionic polysaccharides”. Anionic polysaccharides have found
widespread application in formulation techniques. A particularly useful characteristic of many
anioni¢ polysaccharides is their ability to 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
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been developed. A commonly used way to form alginate gel beads is by adding an alginate
solution dropwise to a solution of gelling ions, for example calcium chloride. The droplet size
will determine the size of the spheres. A syringe needle has been used for the formation of
alginate droplets. However, reduction in bead size is limited by the syringe needle diameter
and the viscosity of the solution. As a result, beads with a diameter of less than 1 mm are
difficult to produce. 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 0 167

690 B1) or vibrating needles (Hulst et al., J. Chem. Technol. Biotechnol. 1985, 35B, 198).

There is a demand for microspheres with a mean diameter of about 10 pm, since stable non-
sedimenting suspensions may be prepared comprising microspheres of this size, and
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is a tedious and incomplete process.

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 ym and 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 droplets from a solution of a
water soiuble 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.
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(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).

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 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 determined.
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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.

Particularly preferred crosslinkable natural polyanions are Na*-, K-, NH,*-, 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 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.
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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 example, Pb*, Be*, Ca**,
Ba®, Sr**, Zn®, Cu®", Mn?*, Co*, Fe?*, Fe®, A”** 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*", Sr**, and Ca*,
Most preferred cation for crosslinking alginate is Ca®.

Gel-forming polyvalent cations are, for example, poly(allylamine hydrochloride),
poly(ethylene imine), poly(diallyldimethylammonium chloride), polyamide-polyamine-
epichlorhydrine, chitosan, amino-dextran, and protamine sulfate.
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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).

The gelling solution may additionally comprise polyelectrolytes which stabilize the
crosslinked microspheres by a surface coating.

The alginate microspheres prepared by the method described in the invention are the first
microspheres in the low micrometer range which are produced without using an emulsion
method. Thus, no oil or non polar organic solvent is needed which might interfere with
biomolecules or living cells. Therefore, no subsequent tedious purification steps are required
to remove any residual oil or non polar organic solvent.



It is understood that the gelling solution has to be
adapt ed according to the gelling characteristics of a

W@ p®sif99co cr ossl i nkabl e pol yner. A person ski | PEHEP2905/001850
the art knows how to sel ect sgltabl e dival ent or
pol yval ent cations or anions:®The gelling solution is
preferably essentially aqueous, but nmay conprise up to
25 % by weight, preferably 0 to 10 % by wei ght of one

Small algimaee mmadpherdsscanﬁei ddalebieéo solstidnsdetgs juices medicinal drops) without

secharRrt apiha ERaeoLs Spetanaiopk 3 oq BPneed) 4R dgihare
micAitbHe®, cahde ;ﬁ&pzmeue di met hyl formamide. Preferably,

he gelling. sol on conprises up to 1.0.9% i gh
Addprgl. e ctithiBRed b oA EdSe Wis 2 oy Y@ ger BEpHAT0 km can be
tak&rlnp Bg baell whishidliawt e sorefetitdian dsugiretsast drsicexatipl e,
pol yoxyet hyl enesorbitans (e.g., TWEEN(r)),
pol yoxyet hyl at ed gl ycol nonoethers, or surfactants
Furthermbtes tHegsize dﬁbmbktlmahe/ ridrosgheeddprbdinesddyy itle peasdhoprocess is

verpeion: ana ot Eldtoa O AP fa 4 wh Wi BT UEi3e dlamter of

aboR08 Yitr) ey aipayd et @t} nsathbdd deszribeipl litaraieed. PréfEWHRNG 95 % of the

m'CB)&}’DQVTegiD{‘?ﬂclﬁi? b t@ﬁ?’:’&%tﬁé@t?pé?ﬁ%ﬁ?@% %Iéip s gV of T 315 20 pm. This

narm\l\ﬁé@éialbﬁibaﬁorb@‘f the algirfaA€ Micrositiongs guﬁmwtaé gim@ktéiomogeneous
Cro Fegeres arr_ d bg/lﬁélge met hod described in the

loag ?ﬂ/@'ﬂ sgrd o PYspheres in the | ow

m cr omet er range whi ch are produced w thout using an
n, met h Thus, no oi

For Scieplned So6 delaase ia der RRrnt I P & @naiap eiosse fate to avoid
ovePbPiifle? Gubifg. TF atHisiendlisc gkibBt cohfrer &ifts surfate 16 wbRaRUGAb of the

. tedjous urificat'on sarere uired to.re
ot §a 4 RGeSy L SHTALE 16 FEbed o (SR e I the 2k
dlstﬁﬂ)lﬁldhaﬂ'ﬁuéﬂaq{db&)ﬂr@i@&is@@ﬂ’qc?ﬁre@?l@ﬁﬁdda_t r@p&xtajb?ble@mf$ge t®volume ratio

ci.n ops) w t hout sedi nentation. us, a

and’rf@ﬁ@@@%%o'?gﬁ‘é% IF(?F? ZJf a drug entrapped in an
al ginate mcrosphere can be prepared. Additionally, as
nentl oned above m crshe es w th a mean di aneter

nlesprep Algina % a cell which allows a
A 1%@56[%@%@6&% H@lrfa@é @Qfﬂal fﬂﬁh%ﬁavﬂﬁhlbée macrocystis pyrifera (kelp),

low viscosity) in ultra pure water is filled into the nebulizing chamber (2) of a system

according to Fig. 1. The temperature of the radiator coil (4) is adjusted to maintain a
temperature of from 25 to 30 °C in the nebulizing chamber. The transfer tubing (8) is dipped
into an ulira sound bath (35 kHz) which is filled with 1500 ml of a gelling solution of 5 % by
weight of CaCl, and 0.1 % by weight of TWEEN 20 (Poly(oxyethylene)20-sorbitane
monolaureate) in water. The pressured air is adjusted to produce a slight stream of air
bubbles through the CaCl, bath. Then, the ulira sound generator is turned on for 30 min. The
precipitation bath turns turbid which indicates the formation of alginate spheres. To remove
very 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 ym screen cloth.

The alginate microspheres are separated from the CaCl, bath by centrifugation (10 min,
1000 x g) and decanting of the supernatant. The size of the alginate microspheres was
determined to be between 5 and 10 um by microscopy imaging (see Fig. 3).



Furthernore, the size distribution of the m crospheres
produced by the present process is very narrow and

WO e@sohect bl e (generally about 2 to 15 mm w t PCEREP2005/001850
average di anmeter of about 8 mn) conpared to other
met hods described in literatufe. Preferably, > 95 % of
the m crospheres produced by the present process have
a diameter of from3 to 20 nm This narrow size
di stribution of the alginate m crospheres guarantee a

nor e _hopogeneous | padi ng and rel.ease of drugs or _
TherAIRABUIEL e Ao oM Freds gterainedetitha Brer spaftgring
paridBo8iEé aﬁtriﬁgﬂoﬁ 3Nﬁy@r¢lﬂ4_|0_~9ﬂ aﬂ’ﬁ_mf Hblﬂﬂﬁ etd. K@/@tto!; Oi;?m.i Al {efrejtctiv‘e index
over or under dosing, To, achigve is, A contro
of 136 ¢ HeC T i 8078 DIt Piee: (o5 theRGOK eftbE SHas 88 afeom a renge
of 5AE483MAWIth tHveralgd ac®uiqFigobune ratio is detern ned
by the size distribution. Thus, a narrow size
di stribution results in a reproduci ble surface to
volune ratio and finally a controlled drug rel ease.
Exanpl e: Preparation of Alginate Mcrospheres A 1% wt.
sol ution of sodiumalginate (Sigma, frombrown al gae
macrocystis pyrifera (kelp), low viscosity) in ultra
pure water is filled into the nebulizing chanber (2) .
of a systemaccording to Fig. 1. The tenperature of
the radiator coil (4) is adjusted to naintain a
tenperature of from25 to 30 OC in the nebulizing
chanber. The transfer tubing (8) is dipped into an
ultra sound bath (35 kHz) which is filled with 1500 n
of a gelling solution of 5 % by weight of CaCl2 and
0.1 % by weight of TWEEN 20
(Pol y(oxyet hyl ene) 20- sor bi t ane nonol aureate) in water.
The pressured air is adjusted to produce a slight
stream of air bubbles through the CaCl 2 bath. Then,
the ultra sound generator is turned on for 30 mn. The
precipitation bath turns turbid which indicates the
formation of al ginate spheres. To renove very |arge
particles which are generated by condensati on of
aerosol droplets on the walls of the transfer tube,
the alginate - CaCl2 mixture is filtered though a 50
mm screen cloth. The al ginate m crospheres are
separated fromthe CaCl2 bath by centrifugation (10
mn,



1000 x g) and decanting of the supernatant. The size
of the al ginate m crospheres was determ ned to be
wheiders?7d and 10 nm by microscopy i magi ng (seRCFHER2005/001850
3). The size distribution of the alginate m crospheres
is determined with a laser scdtteri ng particle size
di stribution analyzer (LA-910 from Hori ba, Ltd. Kyoto,
Japan). A refractive index of 1.35 is used for the
Claithgi nate m crospheres. Morre than 90% of the spheres
are in arange of 5to 13 mMmmwth the average at 8 nm
(Fig. 2).Clains: 1. A process for preparing
1, N‘p?ddé%@ftﬁrpﬁiépeﬁ'mgpﬁlbwsﬁ@eré@cbmpns}r&g by iohica®$ bidakieked polymer, the
t he process conprising: (a) producing |iqui
prO%%%S&QmPf'aﬁnep| ets (13) froma solution (3) conprising

(a) prodLSIRg ﬁ@JIH )éefds@ﬁ@ﬂoblél‘ea(ﬂ BPfr@ﬂ'aydetloﬁ (BPd:dfﬁlﬁismgWérOloﬂlcally
cont i nuo 8 tream by using an ul trasoni

crossuBkaYe Bolyio 5P W%t@@rq%‘aw 9§§§tf§9m&yﬂqqn}9@1 yltrasonic
nebgﬁidri ng solution (10) conprising di-, rrul t| - or
valent i ons, whereby crosslinked

(b) ﬁ?’ﬁf%ré'ﬁﬁ thegag gigam ke P(QPWBQJI solpiign @Qbﬁ?’ﬁ?“?ﬂ@g flipgmulti- or PO'Wa'ent

iondT e Bsy te6 inkdDpBIyIEr RFdsbRres ¢ Mtdr@ Fornrdg (d)
optlonall , filtering the mwgq%ﬁlﬂeres t hrough a

(c) ssnagRiing the migraspfiesesiemile g¢! WNepBY m 1, wherein

(d) bm@nbnmrn:f@l.d@/th@rrﬂ@%pm&?abhﬁom &8&keh.S a pol yanionic
pol ymer and wherein the gelling solution conprises a

pol yval ent cation. 3. The process according to claim

2. Phe pogES dbcbftﬁhd%' dzy ﬁ\' \eW\Fhe%lﬁ l'MO@iEaltyr@oQﬁhkékﬂ@polymer is a
solution is selected fromthe group consisting o

pol y
polyagianin AN AWIVRRIAINGRe geling 1) rispg a.nﬁwebent cation.
poI y(dial 'yl di met hyl ammnl um chI oride),
ﬁ?ﬁ yam de- pol yam ne-epi chl orhydri ne, chitosan,

HRCRRSACAIING IR RINGE, Avierin g Rolialen catinneo! e geling solution is

sele%?é%ﬂ?&hﬂib uS'C@hﬁkﬂng dﬁb@fﬁb%lérﬁxﬂe'h?ﬂﬂo%ﬁlbh&e poly(ethylene imine),
cr.ossl i nkabl ynmer jis a E{o yani oni c | ymer and

POl RO MBS PONAE ARSI P ehisdine cahitosan,

amiRI¥XPre Bhd pRdth@iie suffatelhe process according to claim
4, wherein the polyanionic polynmer is selected from

t he
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.

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 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.

7. The process according to claim 6, wherein the anionic polysaccharide is an alginic acid or

a water soluble salt thereof.



group consi sting of anionic polysaccharides, a |inear

or branched pol yacrylic acid, and pol ystyrene
waeiosormare. 6. The process according to clai mBCT/EP2005/001850

wherei n the anionic polysaccharide is selected from

the group consisting of an altinic acid, a

carrageenan, a cellul ose sul phate, a dextran sul phate,

a gellan, a pectin and water soluble salts thereof. 7.

The process according to claim®6, wherein the anionic

ol ysaccharide is an alginic acid_or a water soluble L

8. L ProoRet eBPIdNT e ypisue e ddp d HSIHn i $teBw) e Polyanionic
polfrhéY i8BrebehPin & coMeBhiPatibn df frofit G&F % & 5.0t @yRAJigHNI oni ¢

pol ynmer is present in a concentration of fromO0.1 %to

5.0 % by weight. 9. The process according to any one

9. Phe plRESBackotdinGto MESRI & ddids 4QD 8Qivhéredh Biglidd BiGthe gelling solution
solution is a nmetal cation selected from}he up

ro
is adpeta| eation gelsrtedpam thegreup pansisting0p Pb™ clyd+, Be%ﬁr , Cd™", Ca™,
Zn?Zsft, daadzs, and Ni 2+, 10. The process according to
claim9, wherein the netal cation of the gelling
solution is selected fromthe group consisting of

10. BAtstprogstaccBitfh dR2ctaimld; - whEREin BHOR 8P catfomQlt dhdelliy solution is
claim 10, wherein the netal cation of the gelling

selegipd trpmihe grogpeensising qfiga”nPceddd G&8cording to any one
of clains 1 to 11, wherein the gelling solution
additionally conprises up to 1 % by weight of a o
11. sTher preeess accenlingrioeciyimot yderain tednelg! easiop|chths getling solution is
cag¥herein the surfactant is present in an anmpunt of from
0.02 to 1.0 % by weight, preferably of fromO0.05 to
0.15 % by weight. 14. The process according to claim

12. FPhbroddes aSIcRigHoldHy SHAIGBBIALY 16 %1586 IAe bERAB S4ietion

roup consi sting of pol yoxyethyl ene-sorbitans an
ad«ﬁ@pﬁ PQUPRIISEE HRTP i1 S vy BTt OE R SHBRBRYter of et hyl ene
oxi de and/ or propyl ene oxide. 15. The process
according to any one of the clainms 1 to 14, wherein
13.t He preppEsrancardingio qae o mhereyhthersurfatanbigipeegany in an amount of

frork DS K b EweighY bRstE @b YRT 0.85 §96 45 bl YeiiRP ()
Is kept wthin a

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 temperature of the
solution of the ionically crosslinkable polyionic polymer according to step (a) is kept within a
temperature of from 15 to 50 °C, preferably within 25 to 35 °C.

16. The process according to claim 4, wherein, in step (a), the solution comprises of from
0.75 % to 1.5 % by weight low viscosity sodium alginate, wherein the cation is Ca®*; and
wherein the gelling solution comprises of from 0.05 % to 0.15 %'by weight of
poly(oxyethylene)20-sorbitane monolaureate.



tenperature of from15 to 50 OC, preferably wthin 25
to 35 0C. 16. The process according to claim4,

wob@se7970 in step (a), the solution conprises PET/EPOF/001850
0.75 %to 1.5 % by weight |ow viscosity sodi um
al ginate, wherein the cati om 1% Ca2+; and wherein the
gelling solution conprises of fromO0.05 %to 0.15 % by
wei ght of pol y(oxyet hyl ene) 20-sor bi t ane

17. rweyétamrfeﬁ;bnepdﬁng rAicsyspheresfoamppisiap ani iogcatly orasspiiesdgsolymer, the

r|3|n an ionically crosslinked polyner, the
sysge% rising (a) an ultra sound generator (1)
(a) &h Ulﬂl@tﬁfdmd yeferatd Yl ) stivagddhameeulizrid) chainiken (2)sviich Iseiled with a

| uti I
solgiop afedmeing Bubyal PRy Pkie BPurer co 1’ ()
(b) atidaoreoit @) hn@:rmehulthezmmnzih@ﬁb@ﬁber( c) optionally,

() BRI PhsreaRERe 0 8 EShicgtel e thurlgenimoer 2) ata

rebﬁyﬁhme(ﬂ donsdargdsvel:nl et (7) attached to the nebuli zing

| f th | | ut 9
(@ SRS Pl Sl YRR Sl oL 00 501 Ut on (9),
(e) b ybBsYfdr e Qélﬁ@:é'tﬂ@hdnqggwfwumb@ it Ia@@atﬂih&ﬁ@@’fs (11); and

connectin er . an sel wher e
) & @ G tp@%g:@ ﬁ?qr;%stﬁsrpg gélg,lr]grﬁ é cggpqacftwg ne?)ullzmg chamber
andS@sbéll \Qﬁer(eﬂr\ot}le tubing is adapted to submerge into the gelling solution (10).



