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US- A-4 ?0 %gi?l?andS; PQ Cor pn) discl oses addi ng organic solvents to 20

di sper si .on'sﬁé I'mformng solids, before the suspensions are spray-dri e

to form hol | ow m crospheres, but the solvents (for exanple cellosolv
or diglyne) were less volatile than water. W have now found
that, by i ndhadactghat aivbubblesinthepmdydanbe used£orechacapdiographythasibeeni ch i;\
spray-dried, m crfoca sules with inproved properties can be formed, in %
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10 WO 92/18164 discloses the spray-drying of a solution of a wall-forming
material, preferably a protein such as albumin, to form microcapsules. In WO
94/08627, the pressure at which the solution is sprayed into the heated chamber
is reduced, to form larger microcapsules, or the half-life of the microcapsules
in the bloodstream is increased, for example by including a surfactant in the

15 solution which is sprayed, or the microcapsules are targeted to a selected part
of the body, for examplé by suspending them in a solution of an electrically
charged compound.

US-A-4 420 442 (Sands; PQ Corpn) discloses adding organic solvents to
20 - dispersions of film-forming solids, before the suspensions are spray-dried to
form hollow microspheres, but the solvents (for example cellosolve or diglyme)

were less volatile than water.

We have now found that, by including-a volatile compound in the aqueous
25 solution which is spray-dried, microcapsules with improved properties can be

formed, in higher yield, with narrower size distribution and thinner shells.

.,

One aspect of the invention provides a process for forming microcapsules
comprising (i) providing a solution of an aquéeously-soluble material ir

30 aqueous solvent and (ii) spraying the said solution into a gas such t/
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One aspect of the invention provides a process for formng mcrocapsul es
conprising (i) providing a solution of an aqueously-soluble material in 30-

\e}\%uggy%gﬁ\b%hsﬁqd (ii) spraying the said solution into a gef,cw%lz‘we
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sol vent evaporates, thereby form ng hol | owym crocapsul es,
characterised in that the aqueous sol ution cont ains aliquid of greater
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as a solvent for the wall-formng naterial and be m scible w th water
at the ratios thaadwater.10 The proportion of the aqueous solution which is
the volatile liquid wll vary according to the identity of the

vol ati |l e conpound, the concentration and Identity of the wall-form ng

material, t t | yeit i '
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10 The proportion of the aqueous solution which is the volatile liquid will vary
according to the identity of the volatile compound, the concentration and
identity of the wall-forming material, the temperature and pressures at which
the solution is to be sprayed, and the microcapsule product desired. Typically,
between 0.1% and 80% v/v, preferably 1-50% v/v and most preferably 5-30%

15 v/v, for example about 20% v/v, of the solution is the volatile liquid. Mixtures
of volatile liquids may be used, in which case these percentages refer to the

total content of volatile liquid.

The spray-drying may be a one step process such as to provide the desired
20 - microcapsule product immediately. Alternatively, the immediate product may
be subjected to further process steps, for example heating to further cross-link
and insolubilise the protein shell of the microcapsules. This constitutes a two

step process.

25 For a product which is to be injected into the human bloodstream, for example
as an echogenic contrast agent in ultrasound diagnostic procedures (which is
one intended use of the product), the total process is preferably carried out
under sterile conditions. Thus, the protein solution is sterile and non-
pyrogenic, the gas in the chamber is first passed through a 0.2 um filter, the

30 spray-drier is initially autoclaved and so on. Alternatively, or as well, the final
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simple amino acids or fatty acids can be used, for example lysine, mannitol,

dextran, palmitic acid or behenic acid.

15  Techniques for expressing HA (which term includes analogues and fragments
of human albumin, for example those of EP-A-322094, and polymers of
monomeric albumin) are disclosed in, for example, EP-A-201239 and EP-
A-286424. All references are included herein by reference. “Analogues and
fragments” of HA include all polypeptides (i) which are capable of forming a

20 microcapsule in the process of the invention and (ii) of which a continuous
region of at least 50% (preferably at least 75%, 80%, 90% or 95%) of the
amino acid sequence is at least 80% homologous (preferably at least 90%, 95%
or 99% homologous) with a continuous region of at least 50% (preferably 75%,
80%, 90% or 95%) of a nature-identical human albumin. HA which is

25 produced by recombinant DNA techniques may be used. Thus, the HA may
be produced by expressing an HA-encoding nucleotide sequence in yeast or in
another microorganism and purifying the product, as is known in the art. Such
material lacks the fatty acids associated with serum-derived material.
Preferably, the HA is substantially free of fatty acids; ie it contains less than

30 1% of the fatty acid level of serum-derived material. Preferably, fatty acid is
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undet ect abl e i senténcesixefer to the totak cantesb of veall-forming snaterisber si on i s
preferably 0.1 to 50% w v, nore preferably about 1.0 - 25.0% w v or
5.0 - 30.0% W v protein, particularly 5 when the material is al bum n.

ngﬂgeg: 1i5n%vxh%ﬁl%ﬁ.§§§}atlt%g'l tﬁe%éﬁ?{ gesﬂfaﬁmﬁﬂé&i"ag?bstdm@ég]dmcgg% elr'i@éeémirne%/er
to the (olf0 CRRnfing mirchal) WaldrAAQ VoNIEiifuid. Thus, Heeaquesuy phise mizy be (
sprayed may contain substances other than the wall- 10 formng naterial,
wat er and vol acontain 120% byTweight ofavatgrreolublehydnophilic compounds like sugars
and polymers as stabilizers, eg polyvinyl alcohol (PVA), polyvinyl pyrrolidone
(PVP), polyethylene glycol (PEG), gelatin, polyglutamic acid and
polysaccharides such as siarch, dextran, agar, xanthan and the like.
15
Functional agents may be included, for example at 1.0-40.0% w/w, such as X-
ray contrast agents (for example Hexabrix (ioxaglic acid), Optiray (ioversol),
Omnipaque (iohexol) or Isovice (iopamidol)) or magnetic resonance imaging
agents (for example colloidal iron oxide or gadolinium chelates, eg gadopentetic
20 acid). |

Similar aqueous phases can be used as the carrier liquid in which the final
microcapsule product is suspended before use. Surfactants may be used (0.1-
5% by weight) including most physiologically acceptable surfactants, for
25 instance egg lecithin or soya bean lecithin, or synthetic lecithins such as
saturated synthetic lecithins, for example, dimyristoyl phosphatidyl choline,
dipalmitoyl phosphatidyl choline or distearoyl phosphatidyl choline or
unsaturated synthetic lecithins, such as dioleyl phosphatidyl choline or dilinoleyl
phosphatidyl choline. Other surfactants include free fatty acids, esters of fatty
30 acids with polyoxyalkylene compounds like polyoxypropylene glycol and



contain 1-20% by wei ght of water-soluble hydrophilic conmpounds |ike sugar
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Among the useful additives, one may cite compounds which can
15 “hydrophobize” the wall"in order to decrease water permeability, such as fats,
waxes and high molecular-weight hydrocarbons. Additives which increase
dispersibility of the microcapsules in the injectable liquid-carrier are
amphipathic compounds like the phospholipids; they also increase water
permeability and rate of biodegradability.  Preferably, however, the
20  microcapsules do not contain additives which increase the dispersibility of the
microcapsules, as we have found that they are unnecessary, at least when the

microcapsules are made of albumin.

The quantity of additives to be incorporated in the wall is extremely variable
25 and depends on the needs. In some cases no additive is used at all; in other
cases amounts of additives which may reach about 40.0% by weight of the wall

are possible.

The solution of the wall-forming material is atomised and spray-dried by any

30 suitable technique which results in discrete microcapsules of 0.05 - 50.0 pm



pol yoxyal kyl at ed; nono-, di- and triglycerides of saturated or unsaturated
fatty acids, glycerides or soya-oil and sucrose. Preferably, however,
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PCT/ GB95/ 026 7gpherical, then the diameters referred to above relate to the diametét af®i er .
These figures refer to at | east 90% of the volunme of -m crocapsul es,

10  corresponding spherical microcapsule having the same mass and enclosmg the

same volume of hollow space as the non-spherical microcapsule.

The atomising comprises forming an aerosol of the preparation by, for
example, forcing the preparation through at least one orifice under pressure
15 into, or by using a centrifugal atomizer in a chamber of warm air or other inert
gas. The chamber should be big enough for the largest ejected drops not to
strike the walls before drying. If the microcapsules are intended to be injected
into the bloodstream for diagnostic imaging, then the gas or vapour in the
chamber is clean (ie preferably sterile and pyrogen-free) and non-toxic when
20 administered into the bloodstream in the amounts concomitant with
administration of the microcapsules in echocardiography. The rate of
evaporation of the liquid from the protein preparation should be sufficiently
high to form hollow microcapsules but not so high as to burst the
microcapsules. The rate of evaporation may be controlled by varying the gas
25 flow rate, concentration of protein in the protein preparation, nature of liquid
carrier, feed rate of the solution and, most importantly, the temperature of the
gas encountered by the aerosol. Small size distributions are achieved by spray-
drying in which there is a combination of low feed stock flow rate with very
high levels of atomisation and drying air. =~ The effect is to produce

30 microcapsules of very defined size and tight size distribution. Several workers
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Clearly, for any given nozzle design, the droplet size is most affected by the
relative velocity at the nozzle and concurrently the mass ratio of air to liquid.
For most common drying uses, the air to liquid ratio is in the range of 0.1-10
20 ° and at these ratios it appears that the average droplet size is 15-20 um. For the
production of microcapsules in the size range described herein we generally use
air to iiquid ratios ranging from 20-1000. The effect is to produce particies at
the high ratios which are exceedingly small by comparative standards, with
very narrow size distributions. For microcapsules produced at the lower ratios
25 ofair to liquid, slightly larger particles are produced, but they still nevertheless
have tight size distributions which are superior to microcapsules produced by

emulsion techniques.

With an albumin concentration of 5.0-25.0% in water, an inlet gas temperature
30 of at least about 100°C, preferably at least 110°C, is generally sufficient to
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of at |east about 100C, preferably at |east 110[err]C, is generally
sufficient to .

In the two step process, if the wall-forming material is a protein, the

intermediate microcapsules comprise typically 96-98 % monomeric protein and
retain the same water solubility as the wall-forming material itself. They have
15  alimited in vivo life time for ultrasound imaging. They may, however, be used
for ultrasound imaging, or they may be stored and transported before the
second step of the two step process is carried out. They therefore form a

further aspect of the invention.

20 " In the second step of the process, the intermediate microcapsules prepared in
the first step are fixed and rendered less water-soluble so that they persist for
longer whilst not being so insoluble and inert that they are not biodegradable.
This step also strengthens the microcapsules so that they are better able to
withstand the rigours of administration, vdscular shear and ventricular pressure.

25  If the microcapsules burst, they become less echogenic. Schneider er al (1992)
Invest. Radiol. 27, 134-139 showed that prior art sonicated albumin
microbubbles do not have this strength and rapidly lose their echogenicity when
subjected to pressures typical of the left ventricle. The second step of the
process may employ heat (for example microwave heat, radiant heat or hot air,

30 for example in a conventional oven), ionising irradiation (with, for example,
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aerosol is delivered and on the liqujd content Qf . the protein preparation,
t he out Rgents efﬁpsearass:h@%pa&ewnmgﬁ%&ametérpgasrrgn ihe aab%aa@ﬂiy dry
tenperature i R r 40- eLr S
been found to%%ﬁ%‘?%ﬁ‘é&gg%smé]f%#ﬁén {}\%ﬁ)‘?i g%B p?g%g'sas,pu#?g%lﬁé Jf@ugﬁ‘
wal | - formag, ﬁﬁEﬁfdaBkul% irfa Mhﬂi@iﬂ“whlélﬁthe microtzﬁisﬁ[di‘%i‘é Foluble! ﬁﬁ%i@hi;ﬂé
conprise typically 96-98 % nononeric protein an retain the sanme

wat er sol ubi | iatspitablet sodvent! | Infthe winegtemyversien of theeprfoceds; @ycroas<dinking agent
l[imted in vivo life ti for ultrasound i ver,

gi ng. They .may, ho be
used f osuch as glwaraidehyde; may ber sprayed Agte ‘gé s?F@?{'éHY‘QBCF RS ey

before the . 0, . ' Il t ey
therefore for %ednég&g&%f ﬁ\&‘sﬁ}eer ﬁ%@%@cﬁ%ﬁ% Jﬁ%ﬁ&cgﬁ of %ﬁg Xﬁghne‘egs;géond
step of the pmt‘e?ﬁﬁﬁivél?? thet esriperatiie ThCHHeC aharitRy ML HeLhigh enough t6e
first step are fixed ahd rendered | ess water-soluble so that They persist
for 10 ongmsolubiliss theotictasapsules. i nsol ubl e and inert that they are not
bi odegr adabl e. This step al so strengthens the m crocapsul es so that
they are better able to w thstand the rigours of adm nistration,

vascular Shesor il SHbANA A TERE el s BT SR,
27, 134-139 sheyrdfionetwidhed cotisist DFthicrb&dpsaledUiliving a diameter of 0.1 to 50.0
pm, but volume ranges of 0.1 to 20.0 um and especially 1.0 to 8.0 ym are

15 obtainable with the process of the invention and are preferred for
echocardiography. One needs to take into account the fact that the second step

may alter the size of the microcapsules in determining the size produced in the

first step.

20 - It has been found that the process of the invention can be controlled in order
to obtain microcapsules with desired characteristics. Thus, the pressure at
which the protein solution is supplied to the spray nozzle may be varied, for
example from 1.0-20.0 x 10° Pa, preferably 5.0-10.0 x 10° Pa and most
preferably about 7.5 x 10° Pa. Similarly, the flow rate of the liquid may be

‘25 varied. Other parameters may be varied as disclosed above and below. In this
way, novel microcapsules may be obtained. We have found that microcapsules
formed from feedstocks containing volatile compdnents provide more intact
hollow capsules, with smoother surfaces, and are smaller than capsules formed

in the absence of a volatile component.
30



m cr obubbl es do not have this strength and rapidly |ose their echogenicity
when subjected to pressures typical of the left ventricle. The second
step of tlw 96/15814 PF OCESS may enpl oy heat (for exanple m crpwReBodieRys . .
radi ant heat Yt hot air, 30 for exanple in a conventional oven), 1onising
irradiation (wth, for exanple, WD 96/ 15814

PCT/ GB95/ 02643 10 9 a

10. 0-100. 0 kGy dose of gamma rays) or chem cal cross-linking in solve

i , f . t 1 i e o
agents for orBuBeftioyt R pPOMt avihi | WY BEHHEE: of KEHCRA Ml (ot
dry I nt esedhelesf Rvall-Foaning anatepialiednay! béeobtaired. St dfor examplsy a

suspension of such 5 mcrocapsules in a liquid in which the mcrocapsules
are i nsol ubl ehomogensauspisuspension &fuil3amg/mlolof emicrocapsuies fan prepidgedsi on

Sprayed i nt o THASCENINB ) MR aRERRung of af et °T (P "Hfgheritfontilust

i . . . t i . o M
protel n PIEpaiahl 13l ey bPYnREaaly, A APFAKCRGEA Srqund -0.7 10 0.5 is

Al ternatively, rature Irnt nber my bDe enough to
i nsol ubi | i se ¢tdhevemientocapsul es. The final product, neasured in the
sane way as the internedi ate m crocapsul es, may, if one w shes,
consi st of mcrocapsul es having a dianmeter of 0.1 to 50.0 [err]m but

15 "obt i nabi BRPYnal st S0% (4P (e PRAciB R (o walls ofcty mierbeafie 1" ©
echocar di 09" apRks. ffked"PfTerlaBly, Hiedst 78 IR 95 0B TP%, 9B %! dreoggcon

st ep- may a z the m crocapsules in eérmni ng the size ‘

produced [(n t fi@e protein isi sufficiehdy.cros2linked tdde resistant aoexttaction twith ar b%ess
of the invention can_be controlled in order . . to obtain mcrocapsul es
with desired Hitirselution fan 2 singiess Extnacted proseincisdetected using the Coomassie

Blue protein assay, Bradford. The degree of cross-linking is controlled by
varying the heating, irradiation or chemical treatment of the protein. During
the cross-linking process, protein monomer is cross-linked and quickly becomes
15 unavailable in a simple dissolution process, as detected by gel permeation
HPLC or gel electrophoresis, as is shown in Example 3 below. Continued
treatment leads to further cross-linking of already cross-linked material such
that it becomes unavailable in the HCI extraction described above. During
heating at 175°C, HA microcapsules in accordance with the invention lose
20 about 99% of HCl-extractable protein over the course of 20 minutes, whereas,
at 150°C, 20 minutes’ heating removes only about 5% HCl-extractable protein,
30 mins removes 47.5%, 40 mins 83%, 60 mins 93%, 80 mins 97% and 100
mins removes 97.8% of the. HCl-extractable protein. To achieve good levels
of cross-linking therefore, the microcapsules may be heated at 175°C for at
25 least 17-20 mins, at 150°C for at least 80 mins and at other temperatures for

correspondingly longer or shorter times.

The microcapsules of the present invention can be stored dry in the presence
or in the absence of additives to improve conservation, prevent coalescence or

30  aid resuspension. As additives, one may select from 0.1 to 200.0% by weight



which the protein solution is supplied to the spray nozzle nmay be varied}g
for exanple from1.0-20.0 x 10[err] Pa, preferably 5.0-10.0 x 10[er§]
Pa and nosyo 9615814 Preferably about 7.5 x 10[err] Pa. Sinm | arcyicHde fl ow
rate of the liquid may be 25 vari ed. Qther paranmeters may be varied as

di scl osed above and below. In this way, novel m crocapsul es may be
obt ai ned. W& have found that m crocapsul es]] formed from f eedst ocks
containing volatile conmponents provi de nore intact hol | ow capsul es,

wi th snoot her o?“ﬁv%&ﬁ'f‘s%luﬂedﬁﬁ%flobgédlgf dcb%ag%y%gmuhaf idh as mandit! he

absence of a volatile conpohe .

PCT/ GB95/ 0267 galactose, lactose or sucrose or hydrophilic polymers like dextran, xahthan,
particul ar, a product_ having i gh degree of reflectivity, relative to the
anount of wal [A8AGISKANEY, RMPern@ygqu%awcw&x@mﬁmIﬂc (tglm gelatin, The
honbgeneous s 40N, [ f: 1M le5.: Vil .
reflectivity 't{%g@ﬁ;‘f%@%]ﬂlﬁgs@gﬁh%&% lperuégirggﬁkggféc}?‘@l g eérﬁ*i.agg’ i8 the
reflectivi§i epepiod dutip which dRFubechopRastie Sindls é']?‘bbﬁemﬂL @&k b¥icbiitrolled

around -0.7 t0 -0.5 1s conveni ent. Preferably, at |east 50% of
t he protein i toflast freml & fexy ninates torseyapal unesthis siependingrass thel naeidsrthis can

Preferably, at |east, 75% 90% 95% 98.0% .98,.5% or, 99% of 10 ..the pr.0fein |
is sufficientl ‘g?ﬂ?sl& F?E‘FK "‘(t)got Eé;)qrgilﬂbtg&ﬁ‘l’ iy 09?(#?%1"&??‘&?’%* hngng%f the §

Coommssie Wil TPt Bhraditiels Ch e noNol by BR6EAY iy’ 1R wall: |
control | ed by forming’ ¥ateriglst ied HRIItiVG, ahd "B iadjustiRgOtheCodfioration rak! ARA!

of the protein. Durlng the cross-1linking proceSs, protein nononer is
cross-1ink@d demperatute in thecspray-dryingicambérabl e in a sinpl e dissol ution
process, as detected by gel perneation HPLC or gel electrophoresis, as
I's shown in Exanple 3 bel ow. Continued treatnent leads to further

cross-1inking @l gt ﬁ%ﬂ%\iﬁ{i&sﬁyj A gHi6cheT R SH bfthe WiEocapsules, the microcapsules

can be milled with a suitable inert excipient using a Fritsch centrifugal pin mill
equipped with a 0.5 mm screen, or a Glen Creston air impact jet mill. Suitable
15 excipients are finely milled powders which are inert and suitable for
intravenous use, such as lactose, glucose, mannitol, sorbitol, galactose, maltose
or sodium chloride. Once milled, the microcapsules/excipient mixture can be
suspended in aqueous medium to facilitate removal of non-functional/defective
micrdcapsules, or it can be placed in final containers for distribution without
20 - further processing. To facilitate subsequent reconstitution in the aqueous phase,
a trace amount of surfactant can be included in the milling stage and/or in the
aqueous medium to prevent agglomeration. Anionic, cationic and non-ionic
surfactants suitable for this purpose include polokamers, sorbitan esters,

polysorbates and lecithin.
The microcapsule suspension may then be allowed to float, or may be
centrifuged to sediment any defective particles which have surface defects

which would, in use, cause them to fill with liquid and be no longer echogenic.

30 The microcapsule suspension may then be remixed to ensure even particle



that it becones unavailable in the HO extraction described above. During
heating at 175[err]C, HA m crocapsules in accordance with the invention

| ose 20 %8%/1&%@ of HC -extractable protein over the cour sgreiBesitisrs .

m nut es, ereas at 150[err]C, 20 minutes' heating renoves only about
5 % HC - extract abl e protein, 30 mins renoves 47.5% 40 mns 83% 60
mns 93 % 80 mns 97% and 100 m ns rgnoves 97. 8% of the.

HCl - extract abI e protein. To achieve good |evels of cross-Iinking

therefore, p d

17-20 m ns, ?%ﬁf'gﬁ&] @%sﬁ?da q eas({]ﬁg ﬁrﬁl ﬁé %m@kﬁt[rr L@f#b?ét@?rpér a Etrp@s?,st for
cor r espondi nglikjebQON ShclPas RBRIHi©MmanhiteE - The suspendion ﬂi&)ﬁb@ﬁﬁ@mtb@foﬂfreéiw

pr esent |nvent|on can be stored dry in the presence i n'the absence

of additives tdmymgpand/eubsnmxent/alenbusatxqm byerfor @uamhegmmrxrmhamm dry

-l

resuspensi on. addi tiyv one. may select from0.1 to 200.0% by wei ght
WO 96|/O 15814 heatmg or eth)?lene oxxed y o Dy g
PCT/ GB95/ 02673 11 of

wat er - sol ubt e physi ol ogi cal |l y accept abl e conpounds such as mannit,

gal act ose, | ad@sterhative rmeétodr féry deaggliomeration Yore tite lindslubitised aor fisesal han
agar, starch, PVP, pol f/gl utam c acid, polyvinylalcohol (PVA) and gelatin.

‘The usef umicrocapsulesds ¢ suspendi theocdisecthen an aqueousrmedum containjoB &
carrierphase, ie the 5 erlod duri.n i ch usef ech C als are
observed, can Bga@]ﬁrﬁqrfﬂq » for °WBP1F§%°W]WB?HS S‘P Hl"ﬁ h‘@f 9’3‘?&5

nont hs depend| SR ﬁﬁ'{ﬁ

porosity, sol ugapﬂﬁy or e‘g'ﬁg"ea‘%? cl}?@v of %Xs lé?ﬂhbd@ﬁdese

par anet er §0ocan be controlled by pr operl y sel ectl ng the wall - form ng
materials and additives and by adjusting the evaporation rate and 10
t enper at ur e |ﬂ'hmenwpoegpsu}w|sn§)mmmenay then be | allowethrtot float omimay e

I t f t I h d
W'Tn 8 Sui t abICBMHOEE 43 PN R ArCRVEPRTEIRY 28 ADPYe-aped Ffhe? frosted &

above.

15 Inapreferred embodiment of the invention, the product of the heat fixing step

is de-agglomerated by milling as above.

Although the microcapsules of this invention can be marketed in the dry state,
more particularly when they are designed with a limited life time after
20 injection, it may be desirable to also sell ready-made preparations, ie

suspensions of microcapsules in an aqueous liquid carrier ready for injection.

The product is generally, however, supplied and stored as a dry powder and is
suspended in a suitable sterile, non-pyrogenic liquid just before administration.

25 The suspension is generally administered by injection of about 1.0-10.0 ml into
a suitable vein such as the cubital vein or other bloodvessel. A microcapsule
concentration of about 1.0 x 10° to 1.0 x 10" particles/ml is suitable,
preferably about 5.0 x 10° to 5.0 x 10°.

30 Although ultrasonic imaging is applicable to various animal and human body

(



equi pped with a 0.5 mm screen, or a Gen Creston air inpact jet mll.
Sui tabl e 15 excipients are finely mlled powders which are inert and

sui tabl e 4 i ntravenous use, such as |actose, glucosepciyggsytol,
sorbitol, ga?act ose, naltose or sodiumchloride. Once mlled, the

m crocapsul es/ exci pient m xture can be suspended i n aqueous nedi umt
facilitate renoval of non-functional/defeci4ve m crocapsul es, or it

can be placed in final containers for distribution wthout 20 further

R Trace anounCrBfif by SESHRM pRAFGIERS i (lelutng HRas MR |

t he aque@gguaggﬂw,@{ er Bidodaflewop@ietns On. Anionic, cationic and
non-ionic surfactants suitable for this purpose i ncl ude pol oxarmers,
sorbitan esters, pol ysorbates and | eC| t hi n. The m crocapsul e

suspensi on ma hen be allowed to fl oat, m centrifuged to

sedi ment any technigugs use GEasampe é‘FP‘WAQ& eqgy coasistipg of a scagper.and

woul d, in gsey o)

30 The m Tr ocg%g}hiaéé}gg%‘r%y on é%r%‘wbb#e‘hbg&&eergn%%e'@f %ﬁgé%s%bﬁeéﬁ&gﬁ? cI e
WO 96/ 15814  grea, in this case the heart region of a human body. Typlcallg the transducer
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di stribution, isplaced directiyeom the $kiut<m=rithe areautof be imagedabTbefseannentheusesious
I njection such as | Srﬁ? ni ¢_manni t ol e suspensi on“]arrgg/d be alj uot ed for

f reeéI e t’@.%%%‘lfﬂ@ﬂ’t‘e'gf é‘?‘i Pﬁ’@& UCRThp
I rradiation, g{g uces u fggwggefm&ibﬁgrﬁﬂsﬁg seétc}r. scag’a&' ﬂ{e ﬁéz{}?trb%l I

met hod f or de oner a € i nso m Cr oC

is to suspénd mbemtfhsbmtwvwwwfwmws Rel iviiriog poetictis"ef the heart mbl e
surfactant, for exanple pol oxaners, sor bi tan esters, polysorbates an

| eci thin. Deaggdare ractived byythe weceivingtransducer and processad inatgacerdance with
homogeni ser . pulse-echo methods known in the art. After processing, signals are sent to the

imaging apparatus (also well known in the art) for viewing.

15 In the method of the present invention, after the patient is “prepped” and the
scanner is in place, the microcapsule suspension is injected, for example
through an arm vein. The contrast agent flows through the vein to the right
venous side of the heart, through the main pulmonary artery leading to the

- lungs, across the lungs, through the capillaries, into the pulmonary vein and

20 finally into the left atrium and the left ventricular cavity of the heart.

With the microcapsules of this invention, observations and diagnoses can be
made with respect to the amount of time required for the blood to pass through
the lungs, blood flow patterns, the size of the left atrium, the competence of the
25 mitral valve (which separates the left atrium and left ventricle), chamber
dimensions in the left ventricular cavity and wall motion abnormalities. Upon
ejection of the contrast agent from the left ventricle, the competence of the
aortic valve also may be analyzed, as well as the ejection fraction or percentage
of volume ejected from the left ventricle. Finally, the contrast patterns in the

30 tissue will indicate which areas, if any, are not being adequately perfused.

L
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10 The m

crocapsul e suspension may then be allowed to float or may

centrifuged to sedinent the defective particles, as above, and further
treated asyogs/n1ssfdoVve. 15 In a preferred enbodi nent of tieI/GBesM26730N,
the heat fixing step i s de-agglonerated by mlling as

t he product of
above.

Al t hough the m crocapsules of this invention can be market

In the dry state, nore particularly wpgn they are designed with a

limted life t

ime after 20 injection, it nmay be desirable to also sell

be

ed

ready- made preﬂ%@ﬁ?ﬁ?@; sih a pattePy DPSEEE Will help CTifpiiRe WnkSul bladd Fowous

liquid carrier
however, suppl
sui tabl e steri
suspension is
a suitable vei
m cr ocapsul e

I'njection. The product is generally,
¢ledtacteristi¢o withim then helary, palwdlar compétence, chambep sings anidrwall
|l e,., non-pyrogeni ¢ liquid just before adnmnistratjon. 25
wotienarng ‘&‘é‘npfﬂVé‘ﬂeeFdQPtW‘qT ﬁp@e@qosm?dnya%fha&ﬂe USIPng yf |
n such as the cubital vein or other bloodvessel. A

concentration of about 1.0 x 10[err] to 1.0 x 10[err]

particles/n§ I¥héwmicAdtapsules mayPpérnsit &t Heﬁbﬁhhgﬁnglcfrémjiﬁhﬁiréﬁoﬁﬁnﬁcﬁohs.

10[err]. 30

and human bodyThe albuiméh 9fict6&psules, when injected into a peripheral vein, may be

PCT/ GB95/ 02673
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Al't hough ultrasonic inmaging is applicable to various ani

eapable of (trapsprimenary, Passagen ofhis eyt riag&g&gwﬁi%e@%g

opacification of the left ventricle (LV) cavity as well as myocardial tissue.

Besides the scanner briefly described above, there exist other ultrasonic
scanners, examples of which are disclosed in US Patents Nos. 4,134,554 and
4,315,435. Basically, these patents relate to various techniques including
dynamic cross-sectional echography (DCE) for producing sequential two-
dimensional images of cross-sectional slices of animal or human anatomy by
means of ultrasound energy at a frame rate sufficient to enable dynamic
visualisation of moving organs. Types of apparatus utilised in DCE are
generally called DCE scanners and transmit and receive short, sonic pulses in
the form of narrow beams or lines. The reflected signals’ strength is a function
of time, which is converted to a position using a nominal sound speed, and is
displayed on a cathode ray tube or other suitable devices in a manner somewhat
analogous to radar or sonar displays. While DCE can be used to produce
images of many organ systems including the liver, gall bladder, pancreas and
kidney, it is frequently used.for visualisation of tissue and major blood vessels

of the heart.

The microcapsules may be used for imaging a wide variety of areas, even when
injected at a peripheral venous site. Those areas include (without limitation):
(1) the venous drainage system to the heart; (2) the mybcardial tissue and
perfusion characteristics during an exercise treadmill test or the like; and (3)

myocardial tissue after an oral ingestion or intravenous injection of drugs

The
nt o

mal
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ti ssue and perfusion or blood flow patterns. The techni ques use
ul trasoni ¢ scanni ng equi pnent consisting of a scanner and 5 I magi ng
appar at us J;g;lsgﬁui pment produces visual imges of a predetmmﬁ
area, in this Case the heart region of a human body. Typically, the
transducer I's placed directly on the skin over the area to be i nmaged
The scanner houses various el ectroni ggconponents including ultrason
transducers. The transducer produces ultrasoni c waves whi ch perform

sector scan o he heart reqi SO &4 ed by
the various p%‘?‘ﬁggﬁ{s]mo‘f‘cf%gg r‘?i‘g"r‘% hg_‘é\’g@)ﬁe%&{'g‘aﬁﬂd @%‘W&%?’é{f‘t&&ﬁ@ '
recei ving tramadWetiseRiltindeiiRatfg changdaciar s ififootirdial tissue perfasiondhe .
met hods known ih the art. After procesSing, signals are sent to the

i magi ng appar mteryeations sugh las i vweoronanyherteryt veinograftingj € cororary |amterye

met hod of the pr.esent i.nyention,.after the patjient (s ..pre ' and .t he
scanner is i nARHIgRlasty; Iﬂ@\f Blr@'ééa‘&hpg %G%@W@B@F‘?@i @)gﬁégg?%’c'ﬂm%‘?(lém& e
th h ' t 4 ' . i ght
Vonone st @ o FBeHS Rpuck s SPitpidiahaR038 diss Ve UBAOHCBotdiBry Sirftricd; T4 D7
| ungs, acr osspérfgsibn tidfects bf ehahgdshdue fpa lrecentdreart attaekl he pul monary vein

and 20 finally into the left atriumand the left ventricular cavity of the

heart . Wth the mcrocapsul es of this invention, observations and
di agnoses can

. , ; i
be made W th respect to the anmount, of t required for {
the bl ood to FHGbermPtscat the timeyaf B Rronany aagiogram, (of 3 digital subracion of |
the left atripms. Of ' . ' es \
the left atri SWoRHTERTROEANSFoPlhe Microtopeid il pYBE Wik RERRAEOT |
ventri culHy cessueypefiskiofcharmtdristicsthar wuld ia@gmehband complempretlieodataf
the contrast agent fromthe left ventricle, the conpetence of the

aortic val ve obtainedefromethenangjogram procedure,awhichddentifies anlyr thganatomy of
per cent age of ,vol

u ejected fromthe left ventricle. Finally, the
cont r ast pattgﬁenlélopq‘feﬁﬁquo tissue will indicate which areas, if any, are
not bei ng adequately perfused.

Through the use of the microcapsules of the present invention, other non-
15 cardiac organ systems including the liver, spleen and kidney that are presently
imaged by ultrasonic techniques may be suitable for enhancement of such
currently obtainable images, and/or the generation of new images showing
perfusion and flow characteristics that had not previously been susceptible to
imaging using prior art ultrasonic imaging techniques.
20 -
Preferred aspects of the present invention will now be described by way of
example and with reference to Figure 1, which is a partly cut away perspective
view from the front and one side of suitable spray-drying apparatus for the first

stage of the process of the invention.
25
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14 In
sumary, wégsﬁsﬂgttern of images will hel p di agnose unusu%cgbgggozy,@w

characteristics Wwthin the heart, valvul ar conpetence, chanber sizes and

wal | notion, and wll provide a potential indicator of mnyocardi al

per f usi on. 5 The mcrocapsules may perpgt left heart inmaging from

i ntravenous injections. The al bumin m crocapsul es, when injected into
a peri pheral ' e capabl e of transpul nonary passage. This
results in ecE§%§¢6¥gé%3phic opacification of the left ventricle (LV)
cavity as well as nyocardial tissue. 10 Besides the scanner briefly
descri bed above, there exist other ultrasonic scanners, exanples of

.
u

whi ch are di sdpra¥-drying s Nos. 4,134,554 and 4, 315, 435.
Basically, these patents relate to various techniques including

dynam c cross-sectional echography (DCE) for producing sequential two-

di mensionak i - [ sty [ NRS by
15 .maanssof r%lgﬁﬁtaagz)euﬁgﬁéﬁer f/{gi%ur?ryrrg@faﬂa@gf ?I%(klrll %{@to en‘g‘mw’
dynami c Soebory,| Pehimank aindep then grade glesignatiyp ¢Mobile Mozt LsThe ispraed
in DCE are generally called DCE scanners and fransmt and receive
short, sonic plyegomprises a resemwoirol fptotherprotein splutian and picedling aite

reflected signals' stgyength is a function of .ti ich &s. converted
Lo o posi t1 on diueReTE MR bl EElsSntroh of £ oit Sy pHfSrR: S e o

cat hode ray t : ' | '

anal agous o 3 Gttt diund e Fhady RIS or Rgpetenilo ZS%S"-‘%' (o Sxample type

i mages of 18anyMe02f/BMinet)edesivien dyuah aiy tutbiné avan airgpreksure afdnin 4 Qe @l
and ki dney, it is frequent Iy;ahused for visualisatjon of tissue and

maj or bl ood veipste max 6.0 bags At Orhasian atomizer wheel speed,pf approxs3d.080 fam pe

ner onar a "vori EERHE TYARE o, U RS s 30 ot i e )
the venous dr %éﬁﬁ%ﬁd’?ﬂ@%%eggﬁ theRistrunfent phAd] wwﬁflmxﬂnu&ﬁ eSnsanfptibn

perfusion characteristics an exercise' treadm test or the I1ke;
and (3) 30 ofycomprssed airstouthe atomizerris d7aNm’flyat ri pressureioft §.8varouall
i njection_qf drugs -

: 13 coming into contact with the liquid feed and powder are made of stainless

steel AISI 316, except for the pump feed tube and the atomizer wheel, which
is made of stainless steel AISI 329, made to resist high centrifugal force.

The machine has steps 5 for access to the chamber top and a switch 6 for an

20  air valve for activation of a pneumatic lifting device when raising the chamber
lid.

The drying chamber has an inside made of stainless steel AISI 316, well
insulated with Rockwool (Regd TM), and covered outside with a mild steel

25 sheeting. The roof of the drying chamber is made inside of stainless steel AISI
316 and outside of stainless steel AISI 304.

An air disperser 2 made of stainless steel AISI 304 is used for distribution of
the air in the drying chamber in order to achieve the best possible drying effect.
30  Anair duct 4, made of stainless steel AISI 316, provides lateral transportation
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to.increagpdy@e@d flowto the tissue. Additionally, the m qicaaedsu

be useful in delineating changes in the nyocardial tissue perfusion due
I nterventions such as (1) coronary artery vein grafting; (2) coronary
artery angi opl asty (balloon dilationypf a narrowed artery); (3) use:
t hronbol ytic 5 agents (such as streptokinase) to dissolve clots in
coronary artefd.es; ' e I WhiaD -a receryt
heart att ack.Of the exﬂﬁﬁgéf&%%%trl%l}%:ﬁﬁ%iétﬁ%t |{:1€&Ic’)¢e Z’ cor on%ﬁ?agﬁgftggrlgm (or
digital subt repeliLISI 316 aﬁmaésigﬁ@drlo 86pdraiecthiel powddr drldeaiwi cr ocapsul es may
provi de data with respect to 1 ti ssue perfusion characteristics that
woul d augnment and conpl enent the data obt ai ned from the angi ogram

PSSO o oot 7 5 bl AR b e RS BERLAS,,
15 o 1 5° ARPIRPAREES BB BAbE S s BN 5PNty e

enhancenment cahe gyélone into £powder d:ollewhghglﬁsl jar 8 tighely pleced/ wiider itiee gyulonet i on
of new i nages show ng perfusion and fl ow characteristics that had not

previ ousl y béwhmeans @f@i spring device. | nmging using prior art ultrasonic
I magi ng techni ques. 20 Preferred aspects of the present invention wll
now be descri bed by way of exanple and with reference to Figure 1,

V\Ih. h . “ : Y f .
ich is a pagt ééhtiaﬁlg?%aﬂ?f FAE 90 Yfade, of s?’ll'l%gd‘i‘ﬁ ;\ﬁslt'iﬂ tilﬁhi{eo%ulﬁ‘égctﬂgi

side of suitable’s ng apparatus for stage o
process 4l t hfotory €125 kW,24nd V-belt drive with belt-guard, draws air and powder

through the drying chamber and cyclone. A damper 11 controls the air flow.

An air heater 12 heats the drying air by means of electricity (total consumption
7.5 kWh/h, infinitely variable) and can give inlet air temperatures of up to
15 about 350°C, although this is genei‘ally too high for preparing the

microcapsules of the invention.

Evaporative capacity

20 [ Drying Air | Inlet Air | Outlet Air | Evaporative
Temperature Temperature Capacity
85 kg/h 150°C 80°C 1,3 kg/h
85 kg/h 170°C - 85°C 11,7 %gm I
80 kg/h 200°C 90°C 2,5 kg/h “
80 kg/h 240°C 90°C 3,4 ke/h
25 | 75 kg/m 350°C 90°C 7,0 ke/h ﬂ

Equipment for two-fluid nozzle atomization may be added, which is made of

stainless steel AISI 316, consisting of entrance pipe with nozzle holder and
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1 SWoénsEi¥i Ny equi pnent 5 A suitable spray dryer etrgposodsysi s
avai lable fromA/'S Niro Atom zer, Soebor g, Denmark under the trade
designation "Mbile Mnor". The spray dryer conprises a reservoir 1
for the protein solution and a ceiling aing di sperser 2 which ensures
effective control of the air flow pattern. Swirling air is directed
around the ro a ' i | &ai ' | e

1 021'8 M nor) RS, 8 e Blacell e GBAETIAL dhying ChEHAEE! TTh auiplgent.
and up t ¢ncladesS.dn oilwakr Segarimr, asdudtion aaivenvandl pressare qfaugppfarx
33,000 rpm i s reached. Turning, on and of f the conpressed ai r,to&hge
atom zer is deempsgssed air tathedwerflaid ngzzle. \Consumption gt compressed #ir:p8rldl o

The maxi num cQnsunpti on re | I e atom zer is 17
Nmferr]/h at j‘gﬁggémswgfgiﬁ??mﬂrﬁa%ﬁ ﬁmgalé'bm ng into contact with
the |iquidgfeed and powder are nade of stainless steel AlISI 316,
except for the punp feed tube and the atom zer wheel, which i s made of
stai nl ess stedA sbitable3fied pwrdp for tramspert of wallkforming ypreparfationcfeed to the The
machi ne has steps,5 for, access o the chanb%r top gnd a switch 6 for an 20

air val ve for aRmizgrdeyiceds aperitaltignump, fkhe pumpys provided with & motq

chanber | J Th Vi, [ I IS4 l.L4 ess
steel AlSI 31@‘, (}%QM’ 50 HZT ?s% aff@g &n@?&%ﬁ%&'ﬁw @g%r?qun@{rc%gpgﬂd
outside wi th gdjistiesnt.eH feed pipe made of silicone hose leads from a feed tank (local

10 supply) through the feed pump to the atomization device.

An absolute air filter, consisting of prefilter, filter body in stainless steel and
absolute air filter, is used for the treatment of the ingoing drying air to render
it completely clean.

15
Process

A 10.0% w/v solution of sterile, pyrogen-free rHA in pyrogen-free water
(suitable for injection) with 25.0% v/v ethanol was pumped to the nozzie of a
20 two fluid nozzle atomiser mounted in the commercial spray drying unit
described above. The peristaltic pump speed was maintained at a rate of
approximately 4.0 g/minute such that with an inlet air temperature of 220°C

the outlet air temperature was maintained at 95°C.

- 25 Compressed air was supplied to the two fluid atomising nozzle at 2.0-10.0 Bar
(2.0-6.0 x 10°Pa). In this range microcapsules with a mean size of 2.0-3.0 um
are. obtained.

Typically an increase in mean particle size (by reduced atomisation pressure)

30 led to an increase in the amount of microcapsules over 10 um in size (see Table



25 sheeting. The roof of the drying chanber is made inside of stainles§ .
steel Al S 316 and outside of stainless steel Al SI 304. An ai
di sperser wooopgipf stainless steel AISI 304 is used for diptr/iceods on of
the air in the drying chanber in order to achieve the best possible dryin
effect. 30 An air duct 4, made of stainless steel AISI 316, provides

| ateral transportation WO 96/ 15814 19

PCT/ GB95/ 02673 - 17 of the
exhaust air any, the powder to the cyclone 7, which is made of stain
steel AISI 316 and designed to separate the powder and air. A

closing valve of the butterfly valve type, also nade of stainless stee
AlSI 5 316 and having a gasket of Si|| bber, is used for powder

di scharge under the cyclone into a‘éﬁﬁdé collecting glass jar 8
tightly placed under the cycl one by neans of a spring device.
centrifugal exhaust fan 10 nmade of S|Iun1n mnth 3- phase qu|rreI cage 10
notor, O0.2% kW EFE VIS ) 3 R ;

A

An air heater QIR Rap UL !
consunption 7.5 kV\h/ h | nf| ni teI y vari abI e) and can g| ve | nI et air
tenperatures of up to 15 about 350[err] C aIthough th| s is general I y t oo
hi gh for prepgpe==ee e e PR = 5 . =

s £

} Atomxsatlon Pressure .‘ - % Frequency over 10 um
| (x 10° Pa)
o | 6.0 0.8

5.0 3.0

|
|
3.5 6.6 ?n

15
A pressure of 5.0 x 10° Pa was used to generate the microcapsules in this

specific example.

In the second step of the process, 5 g of microcapsules were heated in a glass
20  beaker using a Gallenkamp fan oven. A temperature of 175°C for 1 hour was

sufficient to yield microcapsules with 100% fixation as determined by HPLC.

The effect of this heat fixation was to increase the in vitro echogenic half life

from a few seconds to in excess of 30 minutes. By altering the temperature

and length of incubation it is possible to vary the degree of fixation between
25 about5% and 100%.

Following heat fixation, the microcapsules were deagglomerated and dispersed
into water in one of two ways. Method 1 involved first mixing the heat fixed

spheres with an equal weight of finely milled lactose (mean diameter 5 um).



Evaporative capacity 20 Drying Air Inlet Ar Qutlet Ar

Evaporati ve Tenper at ure Tenper at ure Capacity 85 kg/h’
150[ err] C wo 96/15814 80C 1,3 kg/h 85kg/ h  PCT/GB95/02673
170[err]C 85[err]C 1,7 kg/h 80 kg/h 200[err] C
90[err] C 2,5 kg/h 80kg/ h 240C

90[err]C 3,4 kg/h 25 75 kg/h 20 350[err]C

90[err] C 7,0 kg/h Equi prrent for two-fluid nozzle

at om zat i on nmifhebmixtdeeias whers passed nimbmghfa Fritschdentrifugab milleeith Al (B85 @i,
consisting of entrance pipe with nozzle hgl der and 33{15 14

PCT/ GB95/ 0267 3creen and 12 tooth rotor. The milled spheres were co\ﬂgg and passed o

b I d L : _ .
ol udes. an oithrsRSPEIICE sBbvid a8 RO BP0 Blete IS B MR Softred. (The
conpressed ai rmiflRd! pGwaeOwak théh Pesisbendddoits Wakir' €oht&inif THM@Smet Mironid- 15
kg/h at a pressure of 0.5-2.0 bar (0.5-2.0 x 10[err] Pa). 5 A suitable
feed punp Hor H6Ba(Regd TM). vEypicdlly 10rg of microcapsules fanddactosehwas added to
atom zer device is. a peristalt]

c punmp..Jthe pynp |s, provided with g notor (1
x 220V, 50 Hz,109 mé of\yatgrand Blgwonis B4R fl\ﬂsﬁmda%ﬁer geageloperation Jpvolves
adjustnent. Af i d fesSld ] e r . cal
10 “supply) ¢ iR S Bt FRCRAt b HRGHREanRE, OO i o fer Wi 10
mg of Pluronic F68. The microcapsules were dispersed using a Silverson
homogeniser (model L4R with a 2.54 cm tubular homogenising probe and a

10  high shear screen) and homogenising for 60 seconds.

The resuspended spheres were separated into intact (gas containing) and broken

spheres using a flotation technique. The gas-containing spheres were seen to

float to the surface over a | hour period and were decanted from the sinking
15  fraction which does not contain the gas required.

The separation process can be accelerated by centrifugation. A 30 second

centrifugation at 5000 x g is sufficient to separate the two fractions.

20 Following separation the intact microcapsules were freeze-dried in the presence
of lactose and Pluronic F68. Optimal conditions for freeze drying involved
resuspending 30 mg of microcapsules in 5 ml of water containing 50 mg of
lactose and 5 mg of Pluronic F68. The freeze-dried microcapsules can be

redispersed in a liquid (eg water, saline) to give a monodisperse distribution.
EXAMPLE 2

Microcapsules were prepared as in Example 1 but under the conditions detailed
below.
30



An absolute air filter, consisting of prefilter, filter body in stainles
steel and absolute air filter, is used for the treatnment of the

i ngoi ng dwWo sej1s&i4 t o render it conpletely clean. 15 PCT/GB9#ess
A 10.0% w v solution of sterile, .pyrogen-free rHA in pyrogen-free water
(suitable for injection) with 25.0%v/v ethanol was punped to the nozzle o
a 20 two fluid nozzle atoniser nounted i @lthe comrercial spray drying unit
descri bed above. The peristaltic punp speed was maintained at a rate of
appr oxi mat el y A4100g4mil0umg/mbicolitiont ofii stérilen pyrbgen-fiee serupederived huims

220[err] C the qutlet air, tenperatur naj nt.ai ned . a 5C. 5
Com[:)r es]sed ai Alopmindnpyrogen-feee; %@vé“ﬂ%f%&t‘%@?%wﬁ@zg % ,&t’“’z?‘gﬂm 0
Bar (2.0-6. [err . | & ge microcapsules with a nmean
size of 2. 0-3.‘“’3‘58‘5@]%%‘% sbpgrgddggg%@&sw Typically an increase in

mean particle size (by reduced atom sation pressure) 30" led to an increase
in the amount of mcrocapsules over 10 [err]min size (see Table WO
96/ 15814 5 . Using a peristaltic pump, the albumin feedstock was pumped@at/acRes 06 4633

19 b 1.5 g/min such that, with an inlet temperature o}-@oEil 0.5°C, an outlet
temperature of 80 + 10°C was maintained.

Additional spray-drying conditions were as follows: air flow, S0 + 2%;
10  atomization pressure, 8.0 + 0.5 barg; drying air flow, 9 + 2 mmH,0.

The microcapsules produced were heat-fixed at a temperature of 176 + 2°C
for 55 + S minin 5 + 1 g aliquots in 250 ml stainless steel beakers.

15 Following heat-fixation, the microcapsules were deagglomerated. Glucose was
added to the pooled microcapsules at a ratio of 2:1, mixed and milled with a

Glen Creston air impact jet mill.

The deagglomerated microcapsules were filled into glass vials, and the vials

20 purged with nitrogen, sealed and capped. The product was terminally sterilised
by irradiating at a dose of between 25-35 kGy.

EX : ASSAY MON RI
MICROCAPSULES

A 1 ml volume of ethanol was added to 100 mg of microcapsules in a 20 ml
glass bottle and sonicated for 30 seconds. To this suspension 19 mi of H,0O

were added.

30 The mixture was centrifuged in a bench-top microfuge (Gilson) for 20 seconds



5 EFFECTS OF ATOM SATI ON PRESSURE ON FREQUENCY OF

M CROCAPSULES OVER 10 [err] M I N DI AMETER At omi sati on
Pressure wo 96/15814 % Frequency over 10 [err]m PCT/GB9S/02673
10[err] Pa) 10 6.0 0.8
5.0 3.0 3.5

6.6 2.5 22 8.6

2.0 13.1 15 A pressure of 5.0 x 10[err]

Pa was used t oagénie alear tfiuctioncassayeds uThe assayt was performeddsy foadiregk 50hEbof
In the second step of the process, 5 ¢ m crocapsul es were heated in, a

gl ass 20 beakdhe traction automatically epta &ﬁg{m%dzu LCoAHBLS: andclipomatographing
for 1 h fficient .to vield ni | ' % £ i Xal k.
ot er i nod by @BECTSK B! RiriaripB b h af aCAQR Rt bET i iilnd@ s i, °°

the in vitro e Bﬁﬁﬁit biffel (b E0). froma few seconds to in excess of 30
m nutes. By al ?grlng %he te eratl)Jre and | ength of incubation it is

possi bl e toSvary the degree of fixation between 25 about 5% and 100%

Fol | owi ng héat fixation,, the m crocapsyl es were deaggl onerated,an
di sper sed Thet beakoheights, represepfing, the fs MORAMET(Were soenrded am%r uged to

ot oSe. (mean- Beigriigs the skPfpiSn t oyitudihg § Shatldard Cutld Beckvelhf S

PCT/ GB95/ 02673 10 mgml* monomeric HA.

—

10 The %-free monomeric HA was calculated by measuring the monomer
concentration in the fixed microcapsules and representing this figure as a

percentage of the monomer concentration of the unfixed microcapsules.

Heating of the spray dried microcapsules in an oven (as described in Example

15 1) results in a decrease in the amount of monomer that can be detected. This
decrease in detectable monomeric HA is due to the denaturation and
crosslinking of monomeric HA into insoluble polymers that cannot be assayed
by the aforementioned HPLC method.

20 - Using the HPLC method to assess HA monitor levels, it is clear that after 15
minutes incubation there is no free monomeric HA present in the HA
microcapsules. However it is still possible to further crosslink the HA

microcapsules by heating for fonger periods.

25 This prolonged heating results in an increased level of microcapsule
crosslinking which in turn produces microcapsules of increasing strength which

are correspondingly more resistant to pressure.

By careful control of temperature and time of incubation, it is possible to

30 produce microcapsules with a controlled range of crosslinking (and hence



20 The m xture was then passed through a Fritsch centrifugal mll
with a 0.5 mm screen and 12 tooth rotor. The mlled spheres were

col | ect edwiyw§/egased through the mll a second tine t@cmesysp- conpl e e
m xi ng had occurred. The mlled powder was then resuspended in water

containing 1 ng.m[err] Pluronic 5 F68 (Regd TM. Typi cal
m crocapsul es and | actose was added to 23 100 m of water
F68. Method 2 for deaggl oneration invol ves adding 5 g
heat - fixed m pregg@mestesREivity).100 nl of water containing 100
Pl uroni c F68. The m crocapSul es were di spersed using a Silv
honogeni ser (nodel L4R with a 2.54 cm tubul ar honobgeni si ng
hi gh shear scpes 2 180i.si.na.. f.9r .60 _second

spheres wer e ST RO AN c AL A A%
using a flotation techni que. The gas-contai ning spheres wer

1

y 10 g of
and Pl uronic
of the
ng of
erson
probe and a 10
The resuspended
ken spheres
e seen to

float to the surface over a 1 hour period and were decanted fromthe
sinking 1% .f Ascidvantage ofithd qrrocesstofothetinventiditishat itashiable3tthe median size
separation process can be accel erated by centrifugation. A 30 second
cent ri f ugat i oandisizeahigtribution of she micregapsules 4o bercontrolled. tHoweves tangrean

20 Foll ow ng

presence

drying involv
cont ai ni ng 50

30

15

20

FAT Al ORPogRE 1 O BAEGR (08 SABPRIEL b, TRy LA,

S ' 30 ) r&ggas | s ol f waﬁ_er
ﬁgn‘ﬁ‘og?"eéﬁ Hﬁggﬁgg@%gn@l@ﬁgﬁ%%%l ur oni ? h@g\g&%ﬁgﬂhsgetg e-dried
m crocapsul esgserficefaster thar sifalidrgrarticles dus to tslover density Ghorsendapsilaicd
gi ve a nonodi sperse distribution. 25 EXAMPLE 2 M crocapsul es

wer e preptd edair} of thelarger partiles. uHenee,: by allowing ithe dispersioncte stand, the ow.

particle size distribution will change at any level of the solution with respect to

time.

Microcapsules were dispersed in 2000 ml of aqueous solution containing 6%
w/v sodium chloride and 0.1% w/v Pluronic F68 (Regd TM) in a glass bottle
giving a liquid column of approximately 165 mm. A sampling tube was placed
50 mm below the upper liquid surface to enable removal of samples at timed

intervals.

- By altering the standing time and sodium chloride concentration, it was possible

to produce a variety of particle size distributions and classify microcapsules

down to 2 um.

Other wet techniques for classification include hydrodynamic chromatography
and field flow fractionation. ‘Dry’ techniques using the principles of elutriation

and cross flow separation are commercially available in the form of the

Microsplit (British Rem.), Zig-zag (Alpine) and Turbo (Nissuin) classifiers. -
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PCT/ GB95/ 02673 21 A 100 10
mg/ M sol woesissidsteril e, pyrogen-free serumderived hunanPCT/GEISRATEN in
pyrogen-free water (suitable for injection) with 25% w w et hanol was
used as the spray drying feedstock. 5 Using a peristaltic punp, the

al bum n feedstock was punped at a rate of 24 1.5 g/mn such that, with
an inlet terrperature of 220 O 5[err C, an outl et te erature of 80 +
10C was mmi nt EXAMP] ; CHAR DERISAHION O] XNEAGN it 171439
follows: air MO at oni zatlon pressure 8 0 0.5 barg, dry| ng
air flow, 9 The m crocapsul es produced were heat-fixed
at a tenperature of 176 2C for 55 + 5 mnin5 1 g aliquots in 250
m stainless steel beakers. 15 Follow ng heat-fixation, the

m crocapsul es Thé Roll6RIMicroes . pridduced bythé method af dhel m\mﬁthm haveltedn
mcrocapsul es at a ratio of 2:1, mxed and mlled with a A en Creston

ai r inpact 5 etfoundito be such thahamemggnbnﬁmlleﬁormxogdnetpml usedvin production
into glass vials, ials 20 d wwth.nitro eal
cappeg The pr’&dﬁms“gmgﬁ'eyw n@PPy‘h?F g&l@\é\nﬂw"md"‘ S ‘iﬂﬁé\sag“ﬁ Wose

of between 25-gn it mean size and improvements in the shell charactensucs. However,

despite this the echogenicity of the microcapsules is superior to that produced
previously. This novel characteristic is measured and expressed as decibels
10 (dB) of echogenicity per microgram/ml of albumin. Echogenicity can be.
defined as the ability of a material to reflect or “backscatter” ultrasound waves.
The intensity of the backscatter is quantified by image analysis in terms of
decibels. The greater the intensity of the signal, the more echogenic the
sample.
15
All water used for the assay was pyrogen free and drawn two days before use,

allowing it to degas by exposure to air.

To a 400 ml polypropylene test beaker (Fisons Scientific Equipment, UK), 350
20 ml of water was added and any air-bubbles allowed to float to the surface

before use.

A Hewlett Packard Sonos 1000 uitrasound machine was used and the controls

were set as follows: TGC (total gain control) #1, #2, #3, #4, #5, #6, #7, all
25 = 128; Compress = 128 dB: and Transmit = 60 dB. A 3.5 MHz transducer
' ‘was used at a depth setting of 8 cm.

The transducer was introduced to the water to a depth of 1.5 cm and the
magnetic follower set at 75 rotations/minute. A background recording of the

30 backscatter intensity was initially made. An image analyser (Seescan,



EXAMPLE 3: ASSAY OF FREE MONOVERI C ALBUM N I N M CROCAPSULES 25
1 mM volune of ethanol was added to 100 ng of mcrocapsules in a 20 ni
gl ass’ bot Woeee;ssaasoni cat ed for 30 seconds. To this suspensi BET/EBISH ' of

Herr]O wer e added. 30 The m xture was centrifuged in a bench-top
m crofuge (G lson) for 20 seconds WD 96/ 15814
PCT/ GB95/ 02673 25 22 and the

clear fraction assayed. The assay was perfornmed by |oading 50 ni of
the fracti on Gambmsgec IIK) wastused tShtecand the aitrasepnd sean fonde2wecendsphi ng

on a TSK gel perngatjon colum, at.a fl]ow r.at f.1l m_nut rrg usin
sodi um p Egﬁéﬂi‘ Feqorgpig ’i'.‘te)i.(? 1gdxv1§ua?ﬂme%gpeﬁ.ei g%aé e wa
representing R Aty aﬂﬁﬂﬁém ne the
concentrati onéo ygr#;nfogr}rer US(I: ng g_“fse?‘gmﬁg%?‘g tg'g?sve etafv\geesrllmi can 10
mgm [err] nononeric HA 10 The % free nmononeric HA was cal cul ated by
nmeasuri ng the nononer concentration in the fixed m crocapsul es and

repr esent ihg: Ahhentaggneeusayolume of suspendedgmierocapsulesd iwae carefllynadded on
f the unfixed ni les.. . i f th dri ed

i or oapsul e<aYaiding B antreddetianof sip bibPlesEomify s Ade s Fich that afier

d in t f t Thi

o et oot ab) oA SmRTENort WERRIBEanelft cORGIAILA HRhfF thel Dltfasound ERSCALOC

of nonomeric Wasiing I0%mo Mhelmicpotapsales wéretallowedadb disperss eyenly throughout

the water before a real time ultrasound scan was “captured” using the image

10 analyser and the backscatter intensity measured.

The ultrasound instrument was calibrated by reference to a stainless steel
reflector and a series of increasing echoreflective tissue mimicking silicone
rubber blocks supplied by ATS Laboratories Inc, Bridgeport, CT 06608, USA.
15 A calibration curve was drawn and subsequent measurements of Video Display
Units, determined below, converted back to dB from the calibration curve
produced. The assay was repeated three times and the averagb intensity

measurement calculated.

20  The protein content of the human serum albumin microcapsules was determined
using a modified Kjeldahl assay. The assay determines the nitrogen content of
a sample of microcapsules which is then calculated in terms of the total protein
~ concentration; from this result the protein of a fixed number of microcapsules
and in particularly the protein content of the sample added to the echogenicity
25  assay can be calculated.

The microcapsules were digested using a Tecator Digestion System 12 with any
carbohydrate present in the sample being oxidised by hydrogen peroxide. Any
protein, and thus the nitrogen present, is converted during the digestion to

30 ammonium sulphate. This in turn is converted to ammonia by steam distillation



by the aforenenti oned HPLC net hod. 20 Using the HPLC nethod to assess HA
nmonitor |evels, |t Is clear that after 15 m nutes incubation there is
no free qpagﬁq HA present in the HA m crocapsul es. poBYSAR6TBt I.S
still possibl'e to further crosslink the HA m crocapsul es by heating
for | onger periods. 25 This prolonged heating results in an increased

| evel of mcrocapsule crosslinking wbéch in turn produces

m crocapsul es. of increasing strength which are correspondi ngly nore

resistant to jfRsaWaline condmorﬁY ThE ﬁbh‘i'atéd’%ﬁﬁémﬁfis EQMS@BUEBS&B&I iatge of
I ncubation, it Is possible to produce mi crocapsul es with a control | ed

range of crodwrinkcidoandatic amaunt absorbatDdeermiretby titration thh hydrochloric
PCT/ GB95/ 02673 ressur e

resistivity).acid. This-progsdure w3y W@S@L‘E‘uﬁsgﬂﬂmﬁ‘m 1030
d f
S 50 O e e A e B O BB AR

However, @ne @@d¢ulated. further select desired sizes if one wi shes, for

exanple by -flotation. In a honobgeneous di spersion of m crocapsul es,
| arger particles will rise to the surface faster than smaller

particles due_to the r densi re enc ul at.ed ,10, . ai,r
o Ger part i CFEA thE1RtE BroyeIA Aralibis B SmanS e arotrin agded 46 the edhogericity
test cell was determined. The number of microcapsules administered was

calculated as a weight of protein adde& and therefore the echogenicity per

10 microgram/ml of microcapsules determined.

Table 2: Echogenicity Versus Weight of Microcapsules

Batch No Echogenicity | Concn of Microcapsules | Total VDU
(VDU) Added (zg/ml) pg/ml

mlcrocapsules

AIP101/941 _

15 | AIP101/942 26 12.29 2.11
AIP101/943 25 13.80 | 1.92
AIP101/944 26 12.47 2.09
Mean Result - - 2.02310.09

20 | Batch No Echogenicity | Wt of Microcapsules dB/ug/ml

(dB) Added (pg/mi) microcapsules
T R N I
AIP101/942 7.4 12.29 -0.6
AIP101/943 -7.3 13.80 -0.53
AIP101/944 -71.4 12.47 -0.59

25 Mean Result - - 0.57+0.04




particle size distribution will change at any level of the solution with'
respect to tinme. M crocapsul es were dispersed in 2000 m of
aqueous sVQEEEBI¢ont ai ning 6% 15 w v sodi um chl ori de and SCT/GROFNZ
Pluronic F68 (Regd TM in a glass bottle giving a liquid colum of
approximately 165 mm A sanpling tube was ;5’|7aced 50 nm bel ow t he uppe
liquid surface to enable renoval of sanple$’at tined I nterval s. 20
By altering the stand| ng tinme and sodi um chl oride concentration, i
pOSS| bl e h ALE 6: ;OPTIEMISAIGON OF SPRA BRYING 9"1\1’4, k
classify mcra ‘ .

for classifi catromiuae tratoay oo — Ao AT =
fractionati on.%m ques usi ng the pr| nci pI es of el utrl ation

and cross flow sep ron are commercially available in the formof the
Mcrosplit (British Rem), Zig-zag (A pine) and Turbo (N ssuin)

classifiers, WO 96/ 15814 .
PCT/ GB95/ 09673We describe above the production of smooth, spherical andyhglow 5.

CHARACTERI SATI M i;‘ | %#é I 0
m crocapsul es Wﬁgﬁ@k @gﬁé‘t@#gg% émm g.g‘b]ﬁet "ﬁn&$ "
to be such thajyhber Wcﬁé M4Pgdr fHah"b NBmNBAE th GhaxinfiSe ithe RiuptbET bP Bas-

is considerably less thHan that used in previous production nethods due to

smal | er mean scomtaining hollowparticles. iAseries shexperithents stere performed himder the,
conditions described in Example 1 to é:‘té_mine the influence of liquid feed rate

10  on the yield of intact spherical particles. We found that increasing the liquid
feed rate decreased the number of intact microparticles formed during the initial
spray drying (Table 4). The mean particle size and overall pressure stability,
ie thickness of the shell, do not change but the total echogenicity does, as the
liquid flow rate is increased from 4 to 16 ml/min. We find that slower rates

15  of evaporation (at higher liquid flow rates) lead to fewer intact gas-containing
particles being formed. |

Table 4
20 | Flow rates (ml/min) 4 8 12 16
Mean size (4m) 3.08 | 3.04 | 3.13 | 3.07
Echogenicity (video density units) 22 21 14 10
Echogenicity after pressure (video 20 18 10 8
density units)




despite this the echogenicity of the mcrocapsules is superior to that

pr oduced previously. This novel characteristic is neasured and
expressed @ oggedipe! s 10 (dB) of {erieGHBETIHAR W&N I cr ogr aptricaosnmbdpum n.
Echogeni city can be defined 4s t heRBRUAGEDy of material to reflect or
"backscatter" ultrasound waves. The |ntensity of the backscatter is
quantified by image analysis in terms of deci bels. The greater the
intensity of the signal, the nore echogeni c the W“Ilﬂurlmullmmmu Al l
wat er used for%say was pyrogen free and dra use,
allowing it to dégaS by exposure to air. To a 4060 H Pol ypriopyl ene
test beaker (Fisons Scientific Equipnment, UK), 350 20 m of water was

added and any air-bubbl es I wed, to float to the surfag‘e ‘bef ore .use.
A Hew ett Packhrd SBmrece: prmingJuirgosansuies comprising () previding 2 splutien s

a1 25 2128 Corfh éﬁa&@ n g8 shfveh b 55 spigbing dhe Sgid Gluciod:

transducer § y ts\h ag sﬁclﬁj‘iﬁéthth'éei%dd&s(%l\%n@@va?orates, thereby' fomiirger

was i ntroduce er to a depth .5 cm and magneti c
fol | ower set at 75 hmilaw inicsdcapsules, charwengedmﬁaﬂhcaqmmy solutiorecatains

backscatter intensit initiall | ma e anal yser (Seescan,
WO 96/ 15814 )‘lqm of greater VXIartlﬁty than wa g y (

PCT/ GB95/ 02673 25
Canbridge, UK) was used to record the ultrasound scan for 1.2 seconds a

then divide the, recarghoess dticordingitd Cdir Uakhéreit® tHe volatile lguid Has arboiling
10 point lying between 20°C and 100°C at atmospheric pressure. ‘

3. A process according to Claim 1 wherein the volatile liquid is ethanol or

methanol.

15 4. A process according to any one of the preceding claims wherein the

volatile liquid constitutes 0.1-80.0% v/v of the aqueous solution.

5. A process according to Claim 4 wherein the volatile liquid constitutes

5.0-30.0% v/v of the aqueous solution.

20
6. A process according to any one of the preceding claims wherein the
material is a protein.
7. A process according to Claim 6 wherein the protein is albumin, collagen
25 or gelatin.
8. A process according to Claim 7 wherein the protcixi is albumin.
9. A process according to any one of the 'preéeding claims wherein the
30 | material concentration in the solution is 1.0-25.0% w/v.
This Sheet Has Been Repl
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anal yseU!m}m!{LuwﬂLlluw intensity and the statistical resu.l ts ca.l. culat d..
5

A honogeneous vol unme of suspended m crocapsul es was carefully added

avoi di ngwdesiseia oducti on of aiy me addedPCE/GBSSAh t hat
after admi ni stration, the- -mMTHBSHPETIHASCRIACeNt ration within the
ul trasound test cell was 1|x 10[RERAGED. The'!mni crocapsul es were

al l owed to di sperse evenly throughout 29 the water before a real tine

ul trasound scan was "captured"” using the inage 10 analyser and the
backscatter 10} end processaceerding to Clairi® wheréinsthermaterial roomeeatration
calibrated by reference to a stalnless steel reflector and a series of
I ncreasi ng echor ethegelutientis Ss0d 5:0 % Mvng silicone rubber bl ocks
supplied by ATS Laboratories Inc, Bridgeport, CT 06608, USA. 15 A
calibration curve was drawn and subsequent neasurenents of Video D splay
Units, deterqgyned : b SE H hékia: e

pr oduced. Thgl éssgg%mg%s?g%é}gf%hgﬁ ﬁrggkto?‘ges arﬁjﬂﬁggﬁg‘\%?ﬁa@%?‘%ﬁgfﬁy
nmeasur emefit. cal cubelutidn addifiondlhe comprises anoXimayt coritrdst agentron asmagnetic

al bumi n m crocapsul es was_ det erm ned using a nodified Kjel dahl assay.
The assay det er mi FRSOPNARES HNAZINGCOTHEAS Agentof a sanpl e of mcrocapsul es
which is then calculated in terns of the total protein concentration; -
fromthis result the protein of a fixed nunber of m crocapsul es and in
particul arly {phe ?3&& padd mS A Ghd Y 25
assay can be l%él c&f ted. S%b%hﬁ% ?nﬁfr‘%‘ggﬁg?“gg wer!e!fgdibgestg‘gﬁﬁgﬁlgb%
Tecat or Di gesti on nfigsocapsules vire fuather processed tbefyrly ase, foreexamplenby Heat

sanpl e bei ng oxi di sed by hydrogen peroxide. Any | protein, and thus the
ni t rogenl®resent, m‘féeh\/é@tﬁﬁ'ﬂ\?&rm#‘@l‘%MESQJIi‘béstIﬁC%BS ; gmfaaxm to

sul phate. This i ns&e‘f‘flf‘se' ecrﬁﬁ\fgéatp%gléso amoni a by steamdistillation

13. A process according to any one of the preceding claims wherein the
process is so carried out as to yield a sterile, intravénously injectable
15 product.

14. Microcapsules prepared by a process according to any one of the

preceding claims.

20 - 15. Microcapsules obtainable by a process according to any one of Claims
1 to 14.

16. An uitrasound contrast agent comprising hollow microcapsules

characterised in that the microcapsules, when suspended in degassed

25 water at 20°C to give a homogeneous microcapsule concentration of
13.0 ug/ml, have a reflectivity to 3.5 MHz ultrasound of at least -1.0 -
dB.

17. A pharmaceutical composition comprising sterile, dry microcapsules

30 - according to Claim 14, 15 or 16 in a sealed vial. -
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WO 96/ 15814 PCT/ GB95/ 02673
26 under al kaline conditions. The |iberated pDni a i s condensed,
absor bedwgwepssl4 boric acid and t ) rbd det erromeBbSIRg6?3 ‘-

titration with hydrochloric 2
Kj el tec’ Auto 1030 anal yser. 5i ng_2ppropri ate standards the anount of
protein present in a sanple can be caBQul at ed. Fromthe total
protein analysis, the amount of protein added to the echogenicity t est
cel | was detggm nad. gﬁmmw oforfip6sition P oonfrising Bteriler aflictocapsules
calculated as a weight of protein added and therefore the_echogenicity per
10 mcrogram m mcmdmgomaﬁémneé%dﬁemdﬁwspended in aaterilepintryienguslyci t y
Versus Wei ght of M.cr psul.es Bat ch No Echogenicity Conen of
M crocapsul es %qtglg}gunedwm . (VDU Added
([err]g/m) 1 [err]g/mM

m cr ocapsul es Al P101/ 941 26 13. 23

1.97 15 5 ALRO1/ %ﬁethod of providifig an 1mage of a part of d.hitfhan or ammal patient,2. 11
Al P101/ 943 3. 80

ACTELs L0 b§p,

Al P101/ 944 compnsmg (i) introducing nygrocapsules according to Ctamgl4 15 orpean
Resul t 3 Bat ch
No Echogend @ iRtp the patigat, (i} passingradiation mt%ﬁ[p@f‘w (i) Creating

dB Ad f MG spsre
(a8 8 Trip€ abeld B the reflELViRy, A0 BEnfiSsibility or¥eSoenca o the
12. 29 microc@psules in the%d?d(pbﬁ'ﬂéﬁthe patient.7. 3 13. 80
-0.53 Al P101/ 944 12. 47 _ ‘
-0.59 25 Mean Result

0.57]e€

Terrio-04—
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WD 96/ 15814 PCT/ GB95/ 0267

27 EXANEhﬁng'4CPTINISATICN OF SPRAY DRYI NG CONDI TI ONS THE

MAXI M SE THE NUMB ﬂ OF | NTACT GAS- CONTAI NI NG 5 W descr im,@ﬂg)é t he
production of snooth, spherical and hol | ow m croparticles for use in
echocontrast imaging. It is desirable to mnimse the nunber of

particles larger than 6 [err]mand to f
contai ning hollow particles. A serieg
t he conditions described in Exp
liquid feed rate 10 on the vyi¢l Al t spherical particles. W found
that increasing the liquid = decreased the nunber of intact

m croparticles formed during the init]} spray drying (Table 4). The
mean particle size and overall presstfdfstability, i e thickness of the

ixiypy se the nunber of gas-
experinments were perforned under -

i to exam ne the influence of

shell, do not change but the total ecligpenicity does, as the l'iquid
flowrate is i.ncreased fronpd to M _{ind that slower rates 15 of
evaporati on ‘(at hi gher quuia\flo raﬂes) fewer intact

gas- cont ai ni ng parti cl ] i Table 4 20 Fl ow rates
(ml / mn) : s N\ : Mean size
([err]m —fe ~“E3\03 13 Echogeni city
(video density uni 2 21 .} hogenicity after
pressure (video 184 (, RSy Y ~ densi%i\ nits) 25

AN i
\
K Gy 8 ‘
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CLAI'NVS process for formng m crocapsul es conprising

) L .93 i P

aqueous %ol Yent aporates, thereby formng

m crocapsul es, characterlsed I n that thggqueous gol ut ng
aliquid ofv\g@mvolatllltythan Watgrg 2 b%%i@g

to Claim1l he ‘volatile liquid has a boil§ ng—10 nn&ntlymg
bet ween 20[err] C and 100[err] C at at nospheric pressure. 3.
process according to Claiml| wherein the volatil

-5 t-hanel
th | . 1 4. I ai ns
Mherain ine B %A prooRisTRR RIS NI 5a 2%6?%{'3%69%(2@?8&“@%9%@“
aqueous sol ution- of a material if\aRrRfRdEs 3ebntiand (‘il? f H%Qh&"%%l@k&uh%ﬂ
V 0

volatile liquid constitutes 5. 0-30. 0% e aqueous
sol uti on. 520 1®fo a gapsuate that abhe aqlicogs tsolveny evapomites, htheppbyc fstintiag
clai ns vvherelnthe material is_.a protein.

hollow microcapsules, characterised in-that the aqueous solution coiftains

a liquid of greater volatility than water.

2. A process according to Claim I wherein the volatile liquid has a boiling

- 10 " -point lying between 20°C and 100°C at atmospheric pressure.

3. A process according to Claim 1 wherein the volatile liquid is ethanol or

methanol.

15 4. A process according to any one of the preceding claims wherein the

volatile hiquid constitutes 0.1-80.0% v/v of the aqueous solution. -

5. A process according to Claim 4 wherein the volatile liquid constitutes

5.0-30.0% v/v of the aqueous solution.

20
6. A process according to any one of the preceding claims wherein the;
matenial is a protein. '
7. A process according to Claim 6 wherein the protein is albumin, collagen
25 or gelatin.
8. A process according (o Claim 7 wherein the protein is albumin.
9. A process according to any one of the preceding claims wherein the

30 matcrial concentration in the solution is 1.0-25.0% w/v.

accordi ng



7- Ap accordi ng to Claim6 wherein the protein is al bumn,

col | agenM 8. A prdc ] Caim?7

wher ei n t@gmﬂﬁ”‘mﬂ"ﬂm 9. A pr¢ i 9EEET |any one
[ei n the 30

of the pre riar cohcentr?tion in

t he solut|0n|5102530%vw’v 28 APR 1998 | 10. A
process according to Caim9 wherein the9material} dqoncentration in'
the solution is 5.0-15.0% w v. 11. A process gccording to any one of the
precedi ng ¢l ai n5 wherein the sol ution additijonal |y conprises an X-ray
cont r ast &éent A Pracessgpraarding to Claigs fandercindlefga cescerigation in 12
A process accor, t.o an precedi ng clainms wherein the
m cr ocapsul es &ﬁésglﬂtf%f‘ygﬁgig%cw Yefore use, for example by heat
treatment to further insolubilise the mcrocapsules, or radiation to
sterilise the m crocapsul es. 13. :A process according to any one of the
precedi ng 14l ai % proeesy acéchemgbto anf) 8RE T dh% Hrecsding! @diflytwRérel® hdel d a
sterile, intravenously injecta pr oduct .

solution additionally comprises an X-ray contrast agent or a magnetic

resonance imaging contrast agent.

12. A process according to any one of the preceding claims wherein the
microcapsules are further processed before use, for example by heat
treatment to further insolubilise the microcapsules, or radiation to

sterilise the microcapsules.

13. A process according to any one of the preceding claims wherein the
process is so carried out as to yield a sterile, intravenously injectable

product.

14.  Microcapsules prepared by a process according to any one of the

preceding claims.

~15.  Microcapsules obtainable by a process according to any one of Claims
1to 14.



]
14. M crotapsul es prepared by a p éés{%;ﬁdl ngy ifin any
precedi ng cl ains. 15. M crocapsut es obtal nabl e -_,‘.,.’:I <
\ J',

any one of ¢ ains 1 to 14.
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