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100202073-1 1 5 10 METHOD OF MAKI NG M CROCAPSULES
UTI LI ZI NG A FLU D EJECTOR BACKGROUND Descri ption of
the Art [0001] M cro-encapsul ation techni ques are
increasingly being utilized in such diverse areas as
drug delivery systens, cosnetics, agricultural,

chem cal, and food industries to enhance the
169R929¢31 veness of a particul ar conponent at the 15

| owest possible cost. CGenerally, mcrocapsul e drug
delivery systens are intended for oral, inhalation
parenteral, ocular, or topical use. The rel ease of
orally adm nistered nedications may occur in the ora
cavity such as for buccal or sublingua

adm ni stration, or may occur in the gastrointestina
tract after the oral dosage formis swallowed. There
are, for exanple, capsules and tablets that 20 contain
m crocapsul es to release the drug in the stonach
enteric-coated formulations that rel ease the

medi cation in the intestinal tract of the patient. and
c METHOR@F MARNGMIRQGAPSHLES) CELIINE A BHIREIEHECR
drug in both the stomach and the intestines. Sone

mi crocapsul es rel ease BPGECRPUME | ower intestina
tract _including theDegsionehtedfybfil e and kinetijc
pat t[2P9f goM@quPﬁ@p@Hletwrae@a@euqsaar@ ingreaginghsbeing HHzsE N

s@&ﬁdlﬂé‘rséﬁ@é@"é@%‘rué aéclm;@ féh%cé‘&‘h%t%s déb‘?i%ﬂlﬂﬁaloﬁhérh@al and
nat ure and olo% the shell nmateri al

faodldrgyisirieatty ﬁghem@ the eifectivensss Gha marticlian compenant at then
lowRaf ;%js'sﬁﬂﬂat Sosti Gahé‘raﬂf‘ @nu&r‘éb@p@@drﬁ@ Qeftf) byst@he hiedhtended

Furt her, ny individuals suffer fromchronic health
fop eEi 'ewatt%aqareraaw rsUaR O foRiRAl Wee HifnielRase OhPIaN of

adRhistSEE me%aca@brsﬁﬁ\g?%cémmthe%r@hceb@ zﬁﬁ:h a@'fbretﬁ@cﬁlsor
epi | epsy, 30 heart probl ens, AlDS, even cance

swzi,lqgval @dﬂwastfaé@m %rrm%@q%wheﬂaﬂr%@ﬁgt@a' e alerpe ora
dé@éé'eqmﬁtsﬁvdlléwwt Tlﬁ“é“rte GG x@mpl, KhysIdVAid thBIBE that
cgnetglln?nqgrog;psfulleﬁo release the drug in the stomach, enteric-coated
formulations that release the medication in the intestinal tract of the patient, and
controlled release dosage capsules that release the drug in both the stomach and
the intestines. Some microcapsules release drug in the lower intestinal tract
including the colon. The profile and kinetic pattern governing the release rate of an
entrapped active component from a microcapsule depends on the nature and
morphology of the shell material encapsulating the active component, and
formulation ingredients within the core and the shell material. Further, many
individuals suffer from chronic health problems that require the regular
administration of medicaments. Diseases such as diabetes, allergies, epilepsy,
heart problems, AIDS, and even cancers require the regular delivery of precise

doses of medicaments if patients are to survive over long periods of time.
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2 [0002] Unfortunately, conventional oral dosage forns
suffer froma nunber of disadvantages. Typically, to
effectively handl e and di spense snmall doses a
consi der abl e anpbunt of adjuvant material nust be added
in order that the final dosage formis of a
manageabl e size. Thus, typical nethods for 5
10929207T@tt uri ng i nclude the m xing of the pure drug with
vari ous ot her substances anvnly referred to as
excipients or diluents that“are therapeutically inert
and acceptable by regul atory bodi es, such as the
Feder al % Adm ni stration N? % nost
s TR I ARG PN TR
nGHhBdr df isabigahtades. Myplcama RS Bifétigéld 8Sndld AAd lars@aﬂbe small
distribution in mcrocapsul e SIZ? E ﬂéﬁJﬂ) thth
defesra eqnsiderableamawndiod Agiuyays eaierd! gis E?P igqrger that the
fnﬁ’a@%@%e fbfin %dé*'atmgﬁ‘age'able@'iéduﬂﬁ:% typicgiah&thod@for abi | ity
in dissolution rates and, thus, decreases the contro

mgpefactureg inghisle ity mbing efithe prretdieg With yaniousiqiensyagtangss

c&lﬁﬁ*bﬁl&‘?@ferr&@?d’ §s Lcigiénts BEGiRRAtNHatRE %ér@pelﬁleéﬂyf ifért bhe
d absor pti on Brocess to sustain adequate

q %reakl@g:w odies sugh e the frpdsra) rPge@iAfﬂm'féstﬁé'Pné%DA)

M%ﬁy [fggpﬁl)stTrH@r@é{ﬁddp%bildr{ t)écl‘?rflqlké%ﬁjelrhbra@é H®rétR disteibition of
systens that provide an_ optinal arlpgdosaetob

mifspGaperle$izes. dhp équadaﬁtabut@m"é MiGio¢aps U HRF BgKeFehMe S f
dlfﬁcﬁﬁ ﬁ??&%kﬁt&x@%ﬁ@ﬁ& 5@6ﬂﬁnél%rl)beéd’sabé Mt 84bitiohN® prdticks Y

to control rel’ease of an aCtIVG

greatap yALsility ingtisselution rr@}éaga@: |tausyideprsasesitiespaEphpver the
l?gl}ﬂﬁtfow 3@ #thd g'r%gg?ﬁ fHéQody € IrPédd"th”ﬁler@lsCHnQSbrﬁaémg need to

tion of the active conponent in the body

ceniiel thesirig ebsaiptandragnss to sHtaIn adeqyaley aesueff%%ﬁsﬂrug levels

O\Lérlygrggngémwe plaﬁod hese probl ens persist, many new
and potentially life saving benefici al drugs wi ||

either be inpractical or have limted effectiveness

in q BGoﬂOSﬁ%eaJa%my SIS dryg éé’lﬁ/b}yas%féms tﬁﬁt prB@de an
demands for nore efficient and | ower "cost drugs

optimalidfigedosage o bavdelieeedty adeattigiprisie dethelogy Qyme&ﬁ'ﬁ Obr
m%r?&g%fi‘l@rdo@ég%e fopRe Ry \%r@ﬁmﬂé‘d | MRS Aadly 1 \6ore! APextend the

es specificall the 1 ntended target organ,
rejgrseef PR @Fbestampanget fCH@ @me@paasul%wﬁh%eg}vww modifying
tHe QRUERIHE oft oriaFhiSRERaB N of the active component in the body after
administration and absorption is also extremely limited today. If these problems
persist, many new and potentially life saving beneficial drugs will either be
impractical or have limited effectiveness in the dosage forms currently available.
As the demands for more efficient and lower cost drugs continues to grow, the
demand to develop systems or drug carriers capable of delivering the active
molecules specifically to the intended target organ, while increasing the therapeutic

efficacy will continue to increase as well.
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100202073-1 3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004]
Fig. 1 ais a cross-sectional view of a fluid ejection
devi ce according to an enbodi nent of the present
invention. 5 [0005] Fig. 1 bis a graph illustrating a
normal i zed drop-volune distribution of a conventiona
fluid ejector. [0006] Fig. 1c is a graph illustrating
1082020THRAl | zed drop-volunme distribution of a fluid
ej ection device according to an enbodi nent of the
present invention. [0007] %ig. 2a is a
cross-sectional view of a mcrocapsule according to an
10 enbodi nent of the present invention. [0008] Fig. 2b
IS a cross-sectional view of a mcrocapsul e accordi ng

to an alterpRiEr pEBOHIPRION OF THEDRASHRIES | nvent i on.

[ OOCtﬁboﬁl OFig31d 8 aPerbssP¥eclbd v 6ffa fuidrBfebsh ¥vice according
manuf act uri ng m Crocapsul es according to an

togRraPeRimeNtyT the aregertday@ntiPmyent i on. 15 DESCRI PTI ON OF
THE [6btd1ERRED) tﬁ%/t%(%? ;NEMsftre{tﬂQbmorﬁbﬁearoﬁé@obluma\lmnbmmn
111

advanta eousl zes a fluid ejection 20 device to
ofg geiiveq Qﬁ?éﬂwf’ eigCk¥eci se voI ume of a fluid, that

' nC'[Ud@Q x.gw@is%vgrs;sh mbstﬁe@iﬁ@@ﬁfbﬁhahﬂeﬂtdﬁorﬁv@l@m@mﬁttnbutlon
fluid and generates n crocagsul e in the second

ofa {iid ejectipn ﬁe\t'%a@afdénmamra oy RS St Pf@ﬁ%'ab%\i?ﬂg%d

W t fjodo#h eF@ T4 REAREH-Ectidha? vieW 6FsEmicrddapsulé a6corRy to an
utilize a wde varletr% of fluid ejection devices

emRedimerhef e PrPseBURYENABus and drop on demand types of

f1 uidoed) eCl‘-“llt;OZb HVdreessectiBhal SIS £mickda F)Ehﬂé %Bbdrdlng to an
act i vat ed ej ection devices, piezoelectric,

aléﬁf@@l@telnlboﬂliﬁ@f\?é)fﬂ@rpr%‘@ntW!P'Pt'oé‘s others may be uti I i zed
in Bﬁosﬁf eﬁ?”ﬁ is M&P&'a?l%m J}*E?m@fh%a%mndnﬂfé%ﬂlnh?nas

pro |des boTh for vol unmes as wel
MéfrecaPsties 8AETAING 4 aR em@eé'ateabpﬂ the presgnt igY@Iiodol une
with its correspondi ng narrower distribution of drop
vol unes than typical mcrocapsule form ng techniques.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] The present invention advantageously utilizes a fluid ejection
device to eject drops of a precise volume of a fluid, that includes a core material
component, into a second fluid and generates a microcapsule in the second fluid,
with the core material component encapsulated within the microcapsule. The
present invention may utilize a wide variety of fluid ejection devices including both
continuous and drop on demand types of fluid ejection devices. For example,
thermally activated fluid ejection devices, piezoelectric, and acoustic activation as
well as others may be utilized in the present invention. The present invention
provides both for smaller drop volumes as well as greater control over repeatability
of drop volume with its corresponding narrower distribution of drop volumes than

typical microcapsule forming techniques.
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30 100202073-1 4 [0011] For purposes of this
description and the present invention, the term core
mat eri al conponent may include, sem conductor, netal,
bi oactive, inorganic, organic, and polymneric
mat eri al s havi ng an advant ageous property or utility
encapsul ated as nanoneter or mcroneter sized capsul es
10920208t i cul ates. The 5 term "bi oactive" as used with
fluid, conposition, substance, or agent, nay be a
conposition that affects a Diological function of a
living organismincluding plants, invertebrates or
vertebrates directly or as a result of a nmetabalic o
he

cherdPOH] FRSURASSES Ptaw's@eeéswt@n@@dm Rresat IByemAAN.d

cdrE%éfér‘?dl B&inpSReHt MY TR de, SEMIcONAURbIE metd), ROAGA0E| |N@'gan|c
may 1 ncl ude anéﬁghar maceut i cal substance, TQ'

orggnlg, M@Iywlc‘crﬁat@ga vigg a@,%ﬁnt?ge%stpgpp%{ty or utilit

erﬁﬂé\@ulgie‘agis‘}%'noﬁﬁféﬂ'o? hidroRbtenBizE8 SaFYLTES orPaetituRSes? The
disease. A bioactive fluid is nmeant to include any

tefPpioaetivar ag userbMiti: BYiF IPMAREHIPR aTHRRIRNCE \AT AFRAthMay be a
cdHbdditfonQRaY af@b‘ﬂ%ﬁi IQBIBQEaI leﬁcti@hrdﬁé ligingReHMENM hh@tudln@ plants,
esigned to affect a biol ogical funct]
'n\\f@rtq%t@apéveﬁqbéat%fiw% Y PA8E %\f@sq'tso fa ’§6taﬁ%'5:rﬂr Cﬁsm'ca'
moBfitatR a%@b!cuat%bl RithaRe BrgaRishiéH i’ Qi cindlll enviRinmentr F@:Cbxbmple
i nsecticid pestici des, or herbicides 15 designed

a hiopetiee Widmagy aga'ttdﬁawmefm%ﬁ?ut%éﬂ%tam SRR ARG whieh
mfal/ BeGivRhaS bitéa BR)sidIicHD ortdtdn dT@ dPGarkiénh | JueR @stadisease.

prepare m CI‘OC&pSU| es accordi ng?éito the present

Aibinastive Biid issmeant fe inclide @ny typeLT drugs giedication. gnegdicament,
vitamifi] flitritibRal duppleent, %ﬂf@r eBRbourfd thbds H§§|§hé/cptof afﬂelsﬁa

In a body portlon 20 of _fluid ejection device
bigleatcal fﬁgct@nqu astertebiatel Te-er AagHes’s a'sedv%fm& '@P'.UQP any

sdtatdRe i lk')luﬁlt\&(ﬁnilt@d?o sReeiddds, Beslicides Ubrthertisigey oi 1
118|sf ui di cal coup led to a substrate 120 via

designed tp @ffaet ap%i@@ﬁ'ﬁé' f!M'OnDependl ng on the particul ar
fluid ejection device utilized generally substrate
120 is attached to device body 122. In alternate
embd8PHIntAn embpdimeat of f&@bem%tgwnm(ﬂcadQZ itht @garYaQee‘&'“ZEd to

p@E?&%kﬁﬁéaB&ﬁeé@&coﬁcﬁnd’rﬁ%Hé %Fiss%ﬁt |F1\9bﬁfi€ﬁ'is |ll§st|%@é'ﬂ'"ﬁﬂé )éross-

erred to as carrier (n shown) ,
segtipad tviaw, froFigd éa: tfvethﬁ@mmﬂmentﬁh@ SRV Imzldoody porﬂon

ofIRMEEBEI N SRS SHIaiR'S FiRY ISRt MdI MRS a core material to be
encapsulated in a second fluid. Fluid reservoir 118 is fluidically coupled to a
substrate 120 via fluid inlet passage 124. Depending on the particular fluid ejection
device utilized generally substrate 120 is attached to device body 122. In alternate
embodiments, substrate 120 may include integrated circuitry and may be mounted
to what is commonly referred to as a chip carrier (not shown), which is attached to
device body 122. The substrate 120 generally contains an energy-generating
element or fluid ejector 126 that generates the force utilized to eject essentially a
drop of fluid held in chamber 132. Fluid or drop ejector 126 creates a discrete
number of drops of a substantially fixed size or volume. Two widely used energy

generating elements are thermal resistors and piezoelectric elements. The former
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el ement or fluid ejector 126 that generates the force
utilized to eject essentially a drop of fluid held in
chanber 132. Fluid or drop ejector 126 creates a
di screte nunber of drops of a substantially fixed
size or volunme. Two widely used energy 30 generating
el ements are thermal resistors and piezoelectric
100beneAt s. The forner 100202073-1 5 rapidly heats a
conmponent in the fluid above its boiling point causing
vaporization of the fluid %onponent resulting in
ejection of a drop of the fluid. Wiile the latter
utilizes a voltage pulse to generate a conpressiv
rapistiycleeaimacRgPeNetdn ﬁ‘@ﬂ&'!d{ e iits b°@P%EP'Pb??r{E°'f"9avatﬁ’PB{)at'8f‘

oﬁth@ ﬂﬂlb%‘gﬁgoﬁé’ﬁt rBRithd iR eRICHBY bOAdRP of 8id MG Whﬂ@ﬁ@ﬁ@érs
['1ze dr op-on-denmand fluid ejecti op%éart gnes

utﬁléés StVéEﬂQ?rPLFtse toieaerath a pompresgive foreqap tholinid (Fsaitigg

eBLRAUSH . dP5YN Bt PRABRE Ifbtr nfr& fHiétati6h oﬂ véff&fsf tedhsBucEs utilized
esearc 200{(2 and nore particul aré:yP or thermal
e}

inj dragp-en .d@maundélu iention cgrridass sge StertsRdn Popdehh by, [aliet
Téggﬁolg&yraga g?l Wg@b?%]oé@;eﬂ@%@m% BK&Q%P %y an@@ﬂ‘ésearch

2¢€ébrmryomgwhcu1avly[f@dmgqma$u‘dﬂﬁf daviee @bnolewggftﬁaw’ Srtaehﬁn
A&g‘]pet 5]03' fk &hlrd)he n I-ﬁﬂ?l?érﬁr%l ﬁaﬂ.?et PriatHe a8, HtWkttPRKard

generallTy referred to
J@uzmaij ‘ecdt‘tﬁ naehdg. 4045, @hiﬁ%ﬂg%yer 130 forns the side
wal I s of chanber 132 and substrate 120 and nozzl e
| ayer 140 formthe bottom and toB of chanber

r es 180131 ePybstrateet20, chambper layasd 8 de?ZﬁeéaX%ﬁépdﬁﬂzél?Sﬂﬁ%
aP@EtﬂQﬁb@f cf(éw %n%haﬁmﬁﬁ forH"wﬁé\'@ @r@?@l@' refitted tB |a§' 'eféctor head

e] ection nozzle densit

1%z@h@9b@rdayqrr1§ﬂ formwté% é'lde walfs Oéﬂta@?h?&ﬂéZ éﬁBGHP%tR 420
ahPAGI e Q?&SMO' d’tt@ﬂgﬁncftbﬁ'?i\‘ ehathid 182 Neselvelp where

over er |nc Ition, In

th
thervbatrate g corﬁw@zercbtha &pté@mmtt\ec%\amehs'ndh@lemh%wwpf&vd
efel:ﬁ’drfjdtegﬂléofd?rhatsq %I FRs @ of 300 r%zkl%s ﬁbﬁﬁ&l@%ovdé@éﬁher

ernate ment’s, each S]] ect or may
alternateznbedirents, @08z feasitienmay, gangﬁﬁroeha singlechqzgle up to over

af\ﬁgﬁ ésplncﬁaﬁ%o?ﬁbhviﬂtthng Rnf¥bd i"f‘né‘nlt LHOQZISJI%? %O E&%Hm& ®nk N

ecti on reC|se quan It in the
nomenperfﬂuet@ectpl‘f@rotgghavmmfltdd tsredgst thnwpwer tﬂ‘raitﬁmﬂt%ct ed

embodiments, each fluid ejector may utilize multiple nozzles through which fluid is
ejected. Each activation of a fluid ejector results in the ejection of a precise
quantity of fluid in the form of essentially a fluid drop with the drop ejected
substantially along fluid ejection axis 148. Each fluid drop may include primary
drop 146 as well as possible secondary drops 144. Both the generation and size of
the secondary drops depends on various parameters such as the firing frequency
of fluid ejector 126, the surface tension of the fluid being ejected, the size and
shape of nozzle 142, and the size, shape, and location of fluid ejector 126 to nozzle
142. The number of times the fluid ejector is activated, in this embodiment,
controls the number of drops ejected. In this embodiment, fluid ejection device 102

operates at a frequency of greater than about 10 kilohertz for each fluid ejector or
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substantially along fluid ejection axis 148. Each
fluid drop may include primary drop 146 as well as
possi bl e secondary drops 144. Both the generation and
size of 25 the secondary drops depends on vari ous
paraneters such as the firing frequency of fluid
ej ector 126, the surface tension of the fluid being
100p@01%xd, the size and shape of nozzle 142, and the
size, shape, and location of fluid ejector 126 to
nozzle 142. The nunber of ®inmes the fluid ejector is
activated, in this enbodi nent, controls the nunber of
dr ops ejected In this enbodlnent fluid eject]
enRsgy generatingxlempel 4 aleraateeribadiments. fluig ‘31647t VIeHSR
hé\%&ct%@ ch'bw@)h ﬁﬁég?atfe@ lbn@8B&trdié Wpel nﬂy%&@te Qf frequencies

energy generating el enent. aII ternate
greates Hanedtt |§|°h¢’lt%|| HU@JW'PBH‘?H@Q/T'%WPGQGWW rog 'dti ve

dlgbréféw drop-byHr§9 hrahRér tAB eﬁe‘éﬁ&ﬁ 6 fuid REIdRghAesrat32. &For
requenci es reater than 20 kilohertz. Fluid eheCtla?n

m@es/inesmation en 3@p§@nr@at|@a sep dpsexample. Jginae He Bahgratez et
L%e?ﬁ%ﬁ’ga%ﬂé’lq@f Rekt PitRing) I@&klé&’ﬁa@lﬁaré Jbliar vBIehsi Ad1, pg.

nore_ 1 nformation on drop ormatlon

9dé&eFetrparyh0aprreVillipa AeByskirkehal dlexglopmepy of a High

RE&S & onCRHEPRLARKEt Pritth&ld, HewietEbadkatd\Surid@Wdttdo, Ra.ck dgd
_J——1—I_7l!ourna 5, no. I, pg 9-17, February 1994; or

5961 | Petaber 1988skirk et al., Devel opnent of a High
Resol ution Ther rral I nkJ et Print head, Hew ett-Packard
Journal , vol. 55-61, October 1988. 10
[ 00129143 Lﬁluldeq;empn 6ﬁVl§%\1/8£ée$er@@stb¢ PERSENt iAverHien can

e%f’c?d%%m y érﬁ:r%ﬁéﬁl lg(?}o# PRhE bmf Yrof‘h%o'h? b iabliver ?d S5dut

rops roma atto-liter to about
1 ploprlu,ers |dep@rrd3,ngj@rptmdqaﬁ@n©tﬁr8t qféhq)&w@ﬁ@pmrsdwcq $Hehasine

sn?%gﬁ%gg&ngﬁy b3k EES@Fé’tsar&mfd tha 3Rl e?ék‘gorgﬁfér@ier AhPdedrnitéry

aroun uid ejector, si ze and
oftbe fleidrejects, amd thﬁélzfel ardpesmedy o theingziendn ap akeraate

eﬁ%ﬁ&iﬂﬁ{gw uﬂ%ﬁd{"ﬁh&qg gér?eral,yr}e@?reﬁltts 8% Baliifect %HWQIUTBEé]éctlon

uti nera erred to as a "direct
deligey gitopfs| umitrte repee,frpmraboeltei/ att@lltedt%qipm h0Q piso-litargalse Mman

b%‘Bfﬁlﬁ‘ed m’i‘é%d?tq negé i oﬂqe"?‘%%%dr’h%t{'d?cgas Mr%f 3ngé HBmEbut 5

tion, 1 n st di ment
fetrtofiters to allout i arigre- Imqrcalﬁoab@yjbe gtilized. Fde ejectlon device 102

differs from conventional fluid ejectors such as hydraulic, air assisted, or ultrasonic
nozzles in that rather than forming a spray of fluid having varying drop sizes, this
embodiment, utilizes a drop generator that creates fixed-sized drops that are
discretely ejected. Fig. 1b is a graph describing the normalized distribution of drop
volume for conventional fluid ejectors utilizing hydraulic, air assisted, or ultrasonic
nozzles. The particular drop volume distribution depends on the nozzle type and
generally varies from one type to another. In addition, other factors such as the
fluid properties, nozzle capacity, and spraying pressure also effect the drop
volume. As is illustrated in Fig. 1b conventional fluid ejectors generally have a
broad distribution of drop volumes. Fluid ejection device 102 differs from

conventional fluid ejectors in that rather than forming a spray of fluid having varying



10

15

20

25

30

fento-liters to about 1 mcro-liter also nmay be
utilized. Fluid ejection device 102 20 differs from
conventional fluid ejectors such as hydraulic, air
assisted, or ultrasonic nozzles in that rather than
formng a spray of fluid having varying drop sizes,
this enbodinent, utilizes a drop generator that

100e@A8t%s fi xed-sized drops that are discretely
ejected. Fig. 1 b is a graph describing the normalized
di stribution of drop vol uneé for conventional fluid
ejectors utilizing hydraulic, air assisted, or
ultrasonic 25 nozzles. The particul ar drop vol une

drgbs velumesi amtivatigneef@sor sieetne 12fhgonesatey ﬁ!éb%ﬁ?i'a"bg%éir%ﬁ y

dr’éﬁg 'tr?a'i afd &Q&r@fé‘f‘y éjé!&@d t Pluﬂﬂé}éaﬁh -delide 30d| dri ﬁh@ ottdrih@hd

factors such fluid properties
udizpne .rme;;hochﬂfoprgifmaﬁ %‘@etﬁ sized GF@Séh%t@r%frﬂsE?"‘{eeﬁ‘Sy giegisd

fr?!rﬂ'a%‘ﬁhcd‘a?r rlozlk lukitishd @Pﬁﬁlcmar fiuli@ ejedtol wh HRIHtAIANGla narrow
l'ui'd ejectors general have a road distribution of

dr@pcyplum diptEbution 35 @Oéjnéeﬂgoﬂ(:dhw%t'%oﬁ'edﬁf ouy rop ¥glyme

Tl 95185 bacH Ming & tbman e t
PRSI e ens b g 4Bt L IR it

any frigd 'Wpﬁﬁ%@t%’/&éﬁm#&t?ﬂwsb‘f A <3 R N GOMPSENg Figs: 18

alﬁ?dla NETHRL B Esent BvbAiSH sl & vdrl n8flo d&eibulle® BSdrop @bludfed and
di scretely ejected. Fluid ejection device 10

may fhaye Raywhere from 3 2%, 3K AR vea NP NaFRUes WﬁdeéE}ee‘i' %“'Dutw"

th%h%%ﬂveq{tleﬁﬁ fluRpdie@bR. iIMRPERESIINEN, Bicaahgslin dropudlame is
particul ar nozzle utilizing a partlcul ar fluid ejec or

gewaraley witlim{ Qpaicag! of thialeraripbomTRESTIOR VA 3af SPAPHYE?
st%?ﬁ é&?\QH\BBé i ilgrbal%?ut 6'&@9’1%# the 'i‘argét@& vERE' @‘é’cé’tﬁéépof the

Istribution i's mai ntained over nultip
narow (rear gaifdm distribytion ekgiegted drops diom fyid eiestor dg\ﬁ@p 102, the

dlgfri'bﬁﬁloﬂ S‘HREEQQ %P?Pleymlefocabéﬂl’ést AHRRH $oh thEjdctd Bi8ps, @\%Ue a

npari ng he present i nventi on has
C@rreﬁ@pydlnanamwdi%muﬂbmm @2e. ofhugr the Rretankiyentian hagdhe

a@@\/ﬁo Q%Sfy%bgﬂeﬂgé 3 flary inAading a%&%r}nm@ﬁ@l d%ﬁ{ﬁoﬁéﬁtrwﬂf 2P

utton 10 than conventi onal
pait pet willion to @ par per bilisodicaedey. This is Wlarw @Wé@tagwmre

whén dgﬁé‘ﬁsrcﬁgi/éa o¥ricBd fhai-ga\%eé ﬁ@ﬂ&réﬂarétlbﬁ dodf. 9&restaple,

speci ue and under st state conditions is
mat&rhISrSL@b@atceBalpmf@telmﬁ refptidess hpangaSeantmttqé, argcieapiive

f|lgES LOR, dq‘l%rrrg ?(Wné Hgf%ﬁ'al FBJU fs'm sgér?%é ;;H'I*fngvggfef@b fyed

rops rom ul d e EC eV|ce I stri t|on
digpensied anidfernisd lnﬂ@enlmwamwhygg stg arfldidfejestion Fevice. In

2GS B SHRPRy A8 Pedsion is advantageous when dispensing

concentrated substances, such as pharmaceuticals with high potency.

[0015] In the present invention microcapsules may have a variety of
structures. For example, some may have a substantially spherical shape with a
substantially continuous core region or core material 250 surrounded by
substantially continuous shell material 252 as illustrated, in a cross-sectional view,
in Fig. 2a. Although Fig. 2a depicts microcapsule 210 having a substantially
spherical shape, microcapsule 210, in alternate embodiments, also may be formed
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15 correspondi ng narrow di stribution in size. Thus,

the present invention has the ability to accurately

di spense a fluid including a core material conponent

with a part per mllion to a part per billion

accuracy. This is particularly advantageous when

di spensi ng substances that have a high preparation
1000%2073-For exanple, materials such as certain

proteins, peptides, hornones, antibiotics, and

bi oactive 20 fluids derived®from sone natural products

in scarce supply may be effectively dispensed and

formed into mcrocapsules utili zi ng such a
hayjirg-mpesrolialeick erolata strugteiesiasivell; e addier: 589“%985 shell 252

aPb&GERY WFIbSZé‘ﬁé(@Qhﬁ@lﬁﬁ’Hﬁchh%@ KowdVRRSH BBernate embodlments
concentrat ed substances, such as pharpaceutical s

th
cantigroysothedl @52 as9 mayhae hath ?rYé”?ﬁOé‘é'é sbell tﬁ\%ﬂ?-‘fsdwth'“ -

siRgIE MACRRSHHLESadW¥Il BV SriaRoN&ini ticknedE fropt SrECinibresapsiieto
exanpl e, some may have a substanti all y é'gql’%erl cal sha

angtieer naicrosapsitenfiethenexasiple eficrecapalle it siavade fogn
ﬁ]ﬁhﬁﬁh@bre%é@t |ﬁ\¥€fﬁ|@h‘f¥d@r¥$ Mlng%m%éﬁlhﬂ g”édrﬂetﬁﬁ[&ntd‘tﬂﬁg@

material 252 as illustrated, in
nembey<f seafl .dmmﬂtsor payticles Af hhpgorez@ateﬂﬁkq%m@eﬁ e ose

mQ?eQIbPi%) @@E%@%Mﬁrﬁs%ﬂ@naﬂéﬁ’dl P82 & oHAMiadEaFHUle/2 BDas
spherical shape, mcrocapsule 210, in alternate

illastEasen ineherass-seatignalev s '?'%r%Ped 100202073-1 8 havi ng
nore oblate or prolate structures as well. In
addi tion, continuous shell 252 as depicfed in Fig. 2a

has [Qolﬁil A flaw gk 0§ 3 geRgrakbmethod |°ﬁm§Pt*'fé‘FWHf‘%

OR8 Socordf | AAUMISodihEtlof BeZpradei® lrWBMtldiﬁVsesHWhhn
a variation in ell thickness within a

sin
Figi 3r Gbighaigrter a@nvmg pragespaiflds Hiied *%p&omd&m%eés'rﬁ#om
afBEntBf %h@@?@ﬁé{hrﬁtlété’s ﬁmeﬂfr"@é fb@r"mn@‘ d?éc%@l@ﬁd'd@peﬁ%%ﬁ‘tﬂé

exanp a m crocapsul e that may

p@nlpwlarzw@ of fiid pieator Htilizedy Bk PATHIS t'aﬁ@ahﬁw ﬁ{?%ﬁs utilize

pL(qEése Fally %QHEBFdér%PQ?éW Hild?g-sé‘codalﬁ"ib@ura%n §miding a high to
et s or particles of the core materi al }?gr@ronent

nr@ider@te eusrant withimaderate zd@pedm@éogwr% forrigzosiesiric fluid

I
o I g R e gt hincisony

highergraitage pulsegy ehlertsostatistdion] O@ﬂewandty&@tﬂu f?igctors in contrast,
utilize high voltage, low-power pulses, whereas acoustic fluid ejectors utilize radio

frequency pulse bursts. Continuous fluid ejectors generally utilize three different
sets of pulses, a low-power pulse for charging each nozzle through which drops
are ejected, a periodic pulse of moderate power to synchronize drop break up, and
a low power higher voltage pulse to deflect the fluid drops. The deflection of fluid
drops is utilized to select which drops are recirculated and which drops are ejected

from the device.

[0017] Fluid drop ejection process 392 is utilized to generate the force to
eject a drop of fluid from a nozzle. Fluid drop ejection process 392 also depends
on the particular type of fluid ejector utilized. For example, a thermal fluid ejector
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m crocapsul es, according to an enbodi nent of the
present invention, is shown in Fig. 3. Fluid ejector
activating process 390 is utilized to provide the
desired anount of energy that initiates the drop
form ng process and depends on the 15 particul ar type
of fluid ejector utilized. For exanple, thermal fluid
100p@01BYs utilize pulses generally on the order of a

few m cro-seconds in duration providing a high to
noderate current with moder®te vol tage when conpared
to piezoelectric fluid ejectors utilizing |onger

timed pul ses providing very |ow current but noderate
rapislly heaisaconppoeref el fuidsabauedishofiag Rpint caisig \porization

oﬂﬁgﬁf]ﬂ &@%néﬁt%eﬂe%uﬁ&%Wu%ble'v&ho%@ Riparion réSuits ih the?§ection

I"ow power pul ses, whereas acoustic fluid

ofeg gr@mf the fuid. é@lqzaglp@mcfrﬁ@%ﬂ}@ﬁwn $hg Qlbephang; ytilizes a
cgﬁp% gméelf& gbhdtald §bcﬁﬁ;§r@§§ve9f%?&€&ﬂ ih¥ fiuld rebding Wé?&tlon ofa

rent “sets of pul ses, a | ow power pulse

dionaf herfyicbthonher oaaic Hn@ggtmam.centlwwwdaeu@t@qr%%%a
ﬂl@d Rg{g' lﬁgbpgﬁgétﬁs rf; cﬂ?rqﬁér‘ﬂaﬁ r%%zzfeoor%\o&fbr BFth a9ui jep

oW power her volta pul se to
thaegercarallyt Uitizéd pezmlaptec vilpratorcadtpred f|°@nW@|’f ofithg ciarpiger to

oS5 47 AT I BB, ps, e
flde ejector dpvioasyinagbaiudlizéddp tta rresent wnvsnwet@@g@z qr@p ofa

f
it 1 RSl SRR ol o A Frctiol A PE e BR 32
al so depends 30 on the particular type of fluid

ej e ut " _
100;8@{)8,13 Mlcb&%gsulg ﬁénﬁég@bgc%% népdgﬁé ﬁ’@ﬁzgp 1! Lcﬁimelnecﬁé or
satomdluict 8 ”m°“°bam'q°“’ahm°'ue\%‘lhﬁ@Oﬁmterlalaan core casppanest.

Tﬂég ﬁf&gmgﬁﬁtd&gﬂ H%ﬁtl&?#?%hgm}@ﬂ?%ﬁh Eleg&'th’tﬂe

€ e ec
rnmreczamuleCtlm pne ew@n@m&ra cmplema@ewevom@mlesslﬁqcuiSzVél%ere
loYﬁ:l GA ﬁ/gte'i' golﬂﬁ@iﬂoﬁrﬁer@ I’ﬁ:&g&rlﬁ 'téf?o fRPMCLIiREY, t he
resu In e ection o of the UId

polgmeutith masezczall@1 a Icnmpbmcpa@trvaie cEﬂlt ¢>1th% & Wateginsoluble

CSR3EREr A PAERD ey Ul G i
dlshatsmgeagentaﬂorrylngta firstAlei. arhei fiestdleiddocluding thedispassed

m%tgltu ch)g? EomS‘?r}\@# lm@ ena Ilg% %?eao'm%ﬁpteﬂgecgﬂﬁbefh@ts%#%eﬂwd to

ron (18eE e ] et rea
fatmcgrsemdisipn of coreesaderial in the second aqueous based solution utilizing

fluid drop ejection process 392. In this example the second fluid is an aqueous
gelatin solution held at a temperature of 35-65 °C that contains a buffer solution
maintaining the pH of the solution between 4.0 and 5.0. While maintaining the
temperature above the melting point of the gelatin a polyanion polymer (e.g. natural
or synthetic) may be added to the emulsion containing the core material and gelatin
to form a complex coacervate. In this example a negatively charged polymer like
gum arabic may be added to the heated emulsion. Cooling the solution to room
temperature allows the gelatin in the coacervate to gel forming microcapsules of
the bioactive core material surrounded by the rubbery gelatin shell. Although such
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fluid ejector devices may be utilized in the present

invention to eject a drop of a 10 fluid that includes

a core conponent or core nmaterial into a second fluid.

[0018] M crocapsul e generating process 394 is utilized

to form in the second fluid, a mcrocapsul e that

i ncludes the core nmaterial or core conponent. The
10020207&ul ar process depends on the particular chem stry

utilized to formthe 15 m crocapsule. In one

enbodi nent, a conpl ex coacdPvati on process occurs

wher e cationlc and ani oni ¢ wat er-sol ubl e pol yners

interact in water to forma liquid, polynmer rich, .
misiierapse!as have a cenfifyres 9e'atit éfﬁ}'gf"éneq:%ﬁ’” °ée materials,

g8y the §9él“|§|n%t urkifer R it HaRABSNT Déﬁﬂnafn'gfdn tﬁél ‘bbm@ﬁlaa
bi oactive substance is dispersed using

apRyieationt ip WHiIGhEhe nflq:rpgqpsme@,ade utilizgd ftlar'%ot mF‘Y Re 6‘61? ?%@’l ng

intRRsd &mr@gﬂm Qhé GoIBlinEhel of BeemRITRPHAES bwmrmer fbating
ej ected or dispensed into the second fluid to

tr@rmlpgacansws with a crassdinking agentsHeh ag glyirialdgiidsy dn Bé‘gh%“f

péé? |tr‘é5fn%ht o fh'eI rﬁlbf&apédléﬁ WitrfureB aﬂh@&h‘la‘lﬁbhpﬂ@ Gﬁd:‘é‘r ashic
his exanple the second fluid is an aque

C@iﬂ“&ﬁ“ﬁ rm%/dwwti"é@ﬂ fpdneregse T&‘etréﬂﬁéf‘%ﬁ efrtae BFCFS@aPéB'eé % hat
sﬁ&[‘ﬁg{"i‘nrbsmalsﬁh'é Eﬁ\?lro‘hme‘#& | Iﬂrhltefﬁ'té‘érﬂbéﬂhmgnishﬁnemmyah|ohhe

i on between . | e nalntalnln
pelumpEmaY be @dg%tﬁbthﬁ tfaést ﬁﬂ'ﬁtthﬂgnfﬂdﬂeuﬁtth%#'swfée% @Sg'l“L %‘Pfe

c&rﬁbéﬁ%‘h‘t 8hd Qfét:ﬁéﬁ‘?r'ito e &coﬂé‘?luﬂa'ThlsCHmﬁdd'lh&ﬂtdhﬁﬂndt@é/thb%tep
ded to the enul sion cont ai ni n%yt e core rmterl I and

o@@dmg the polyapign to thecasmysian fragd Oy eipcling the qispess
5}‘885%?15 inYc'?Lh% %@@ﬁcﬂﬁgd p@hbﬁ'ﬂ?erx dohl‘éi"vat%%év B LRizEBYo *b@m

to t eated emul sion. Cooling the solution to
microeAPstiemeEManKfieligs.| ows the gelatin in the coacervate
to gel formng mcrocapsul es of 30 the bioactive core
materi al surrounded by the rubbery gelatin shell.

Al t HO0#M sGemplencoacayvation uiilizesitwp GeBRSEIVEharaadepolymers,
i.&, @édt@Hf&%d%' dHidri f&é%‘és v&HérréTS&h apesias aFéTﬁc&rEér%ted into the

materi a gener a the shel iS not uniformin

midrbeapseles Havsyendn ay aktmnatﬁ@nwmm@m twio inGosMatiBletROBNGrR
ng'n‘?ér} EH'&II &té ?cﬁr‘?ﬁﬂic?o%aﬁ&ﬁeé%é \Lvélf- eifjor' éxaﬁ"p?eo fdf%ré)e

I NnCrease t st reng ge atin
mekerlals that arla@Iegtasied@&ﬁﬂlbyéempemw@m@frmr%a@ negeysthe e of

R/EHP&F@ Lé%%gcl%%ﬁn@ éﬁé 9c§r§ nlndtémll Rihy 2RI perdeh) uifig an

utara
approprlate dlspersmg agent, in a cyclohexane ethycellulose solution and ejected

into a second solution of cyclohexane including a non-polar polymer such as
polyethylene to form a two phase system with a common solvent. When the
system is cooled the ethyl cellulose solidifies and the microcapsules may be
separated. Aspirin and potassium chloride are two examples of core materials that
may be formed into microcapsules utilizing polymer incompatibility as a micro-
encapsulation technique. A biodegradable shell utilizing poly(d, 1-lactide-glycolide)

also may be prepared using this technique.
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post treatnment of the m crocapsules with urea and

f or mal dehyde under acidic conditions nay be utilized
to increase the resistance of the mcrocapsules to
swelling in a noisture environment. In alternate
enbodi nents, the polyanion polyner may be added to
the first fluid that includes the dispersed insol uble
10920207310 conponent and ejected into the second fl uid.
Thi s enbodi nent elimnates the step of adding the

pol yanion to the enul sion f19r ned by ejecting the

di spersed core conponent into the second fl uid.
Conpl ex coacervati on may be utiLized_to form .

ni crl882sunes aernammppeitieat an inerfarial gpatighraybe induced
atc&%e(ﬁg Qe Yt Arbﬁ B8R clelraPP R ASidiefd YorC Ik g%g@' ¥ WRtes,

a cationic and ‘an anionic Specl es wher e oth
m@p@@lb@scoaﬁ eompRsnp igud ingludas a W%@mq&P@ﬁeaﬁ%MP% core

cé’r‘ﬁﬁ\ﬁ%é%’f liquid PR pariSlIAhEnGREXQMiZENWil depnd & tENsHrtidule

lymers  also may be utilized, to form m crocap sul es

amllcamr] in whigh tg ARenoeaPsuiss Withbe Usedvarious @O'E‘?fﬁ?rsz%“@ as
|sg€ﬂ{n%§£da6]8 bﬁl@ﬁ&e@é{s WEIMREEGhbihstone or AixtGs6f Adhokiérd AIE

use o sol vent such as cycl ohexane the core
My erytiizedralfemorel Fapeensatliauid isriecder intgd pegandaageous

s&ht’f&?ﬁ%ﬂ lﬂgué‘&e@&o réé@:ta'?ht £/ hE PREREARR a8HEY fethé @bRS@®mponent
solution and ejected into a second solution of

liqujch | B*meﬁ%rrﬁeacr«m reagisnthatha GrneBIes At theiNtRERCSIeIAMAE

rrmba'a%bnélsﬁerr Tﬁ’e Bm.amar édA@a@daas&u.ﬁa@a@;mnwoh tRe BEXHDWEN
sol vent. \We systemis cooled the ethy

meapmar @g%ol\sqq in ahef P8 camgoneny ligyidy M@W%gh%@f%@eés
beteh %E %ﬁjm?@é& ddctar®BRg Qﬁfséﬁﬁéarté@ FBhehE L Qrafdastafolyamide

exanpl es of core materials t may be formed into

shallgs faraed betweeantan aming goseaciant And e @eiskehiasideirpgnomerag A
|
o8 i RanEBREPPY) S ORLEENRL} e rfad s gdabl conlii
cpreastant andi gn ingcyanate MeopMEY ulé thaseoagepwhere the cprs020]
coi @r[)én@h\ta rﬁﬁﬁ%n%@gum&tﬁ)ﬂﬂe H?)‘h@ﬁ'\fef?‘f%' g%nefa‘ﬂ?‘éh'aﬁﬂne or

e uce at or on the surf ace of op ejected
om%mu@ous §Plyblejreenasner apdthegeraactant is dmotélled in AN bl e

nﬁﬁ&ab@mﬂﬁggth s%l;‘br?’d iig! udes a mononer dissolved in
t

e core conponent [1quid. The particular nonomer
utilized will depend on the particul ar

[0021] In still other embodiments, the second fluid, into which the ejected
drops are dispensed, may be stirred or flowed across the face of the fluid ejector
device in a direction perpendicular to the fluid ejection axis (see fluid ejection axis
148 in Fig. 1) with the nozzle or nozzles of the fluid ejector device disposed either a
pre-selected distance above the second fluid or inserted into the second fluid a pre-
selected amount. For example, a fluid ejection device may eject drops onto a thin
fluid sheet that may be flowing past the fluid ejector device. In still other
embodiments, the second fluid may remain stationary while the fluid ejector device
is scanned or moved laterally over or within the second liquid utilizing mechanisms
similar to those used in ink jet printing devices. In an alternative embodiment, the

second fluid into which the ejected drops are dispensed may be provided as a mist
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5 application in which the m crocapsules will be used,
vari ous nononers such as isocyanates, acid chlorides
as well as conbinations or m xtures of nononers al
may be utilized. The core conmponent liquid is ejected
into a second aqueous solution that includes a
co-reactant to the nononer added to the core conponent
100R@RATE1 The co-reactant reacts with the nononer at the
interface to forma 10 nicr%capsule shell. The
particul ar co-reactant uti1zed depends on the
particular nononer dissolved in the core conponent
liquid. Ap eépyurea shell is formed between an am ne

smasea@ﬁaﬁ?t Y 2pPINYBE plateaeTeViReh BrBidifiepfyRe deyicg or
chRbragbAE ecﬁ&?&r’ othér rﬁé’éﬂ?ﬁ'ﬁ \Amﬁ?hvfﬁ@ thistls &P@dﬂ;ﬂj into or across the

co-reacta an acid | ori de nononer.

path 10§ drast 'H’&n(ée% ﬁ@| YLy swbaw%hwmmna m'r% of tigcsecand

i@k nday é??é}’éte& QfizHgH MEd &2 chidh d&AE! siMliarad thatidescribed in
I socyanate nononer. In those cases where the core

Figoiip whers thedesaryall anéa'%thﬁéﬁé% Wl ution the monomer
is generally an am ne or other aqueous sol uble
nmonomer and the co-reactant is dissolved in a water
i i [9822 elnsal exemplary embedigepbaithe IPrasgnt ipvention Mmigropapsule

gShdrhfind¥rBEL S%%I‘If@@hﬁosém@aléﬁfﬁ%%gté Hl&océﬂéhfés\@@' ch

the ejecte are di spensed, may be stirred
en¢apgie etedmr@%ohme:eﬂ%@@zwﬂe% I ofhef; piglagiicat m@lecuwéwe%f i

cd%oq,t'iJng(flt\ét‘?ﬁ‘auﬁ’tgfn@%lgé&mtﬁbf th@ btd’&glcfdl HaRraPh @ESUISY) 1AXhiS

(see f d ejection axis 48 ig. 1) with the
embedlrr@nb rsoﬁ@ml@ga@fls fiﬁéolku"uaréﬁ@dﬁ%lﬁ sqlirR eoRipigds ed
h&hb88hindn t ?@%r@:‘ﬁta%@ufji§§r§%ﬁlték?@‘éSodt%Oﬁ%ﬁgﬁtef ltgli d

or Tnserte he second sel ect ed

obtatiumfinal F@mceémtm of sogium alginats @@tbpéw gewaightphpodip@ct
%fr%ﬁasto J*Erﬁbgléﬂlh‘hﬂuﬁhe elthetﬁé?ﬁcuiﬁ?lén%nf bi¥dnihlobin

e] ect or evi ce. stil ot her
u@lrzbdainen@ison mn@ag@el@h applicatien Iﬁdghlqhethﬁunﬁcrgﬁ%ﬂﬁumw be

W}b PP Qoiutish § tﬁér?&&c%r d td8Vd e8ervb® of5§ ﬁﬂlﬁ%ﬂec@ér d&e &ind
tera i

over or wthin the second liqu utiljzing
theecﬁj@qﬁecsmsdrogs iitp aseeend anyeeus g cprmtalnm@ qm,ipsaﬂ ipde Ryge

fr?ﬁ]\ljéibgﬁlﬁ% L Vﬁb@kér% B8b4tve g@éﬂ%@ﬁbﬂﬁ&t Tﬁé&rﬁ&laﬁwﬁt of

he ejected drops are di spensed nay
chitospn otilizedwith dependi ant varioop paarEiers sachsag thegdorpge time of the

evufegse h%?anpyurﬁ’oﬁﬁérﬂngWn BbAb @nlipaif&d, ARt Wrdter &1e tyPe
microcapsules are simultaneously or subsequently treated with calcium chloride.
In addition, the chitosan solution includes 0.1% hydrochloric acid. In this
embodiment, the chitosan solution also contains a 0.005 M CaCl, solution and the
pH of the entire chitosan, hemoglobin, CaCl; solution is adjusted to have a value in
the range from about 4.0 to 6.0 with 1M NaOH. In an alternate embodiment, other
salts having divalent or trivalent cations such as magnesium chloride, barium
chloride, and aluminum sulfate also may be utilized. The chitosan alginate
microcapsules are allowed to gel and harden for approximately 30 mins in the
presence of the CaCl, before being isolated. In an alternate embodiment, the

chitosan alginate microcapsules are formed in the chitosan 0.1% HCI solution and
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conpression ejection or other neans in which the m st
is directed into or across the path of drop 146 (see
Fig. 1a). In still another enbodinent, a m st of the
second fluid nmay be generated utilizing a fluid
ejection device simlar to that described in 5 Fig. 1la
where the reservoir contains the second fluid. [0022]
10opo2ars-exenpl ary enbodi nent of the present invention
m crocapsul e generating process 394 utilizes chitosan
cal cium al ginate m crocapsdl es to encapsul ate
henogl obin, cells, enzynmes, or other biological
~nol ecul es under _rri Id 10 conditions th.at rrai nt ai ns the
isglatqdy i thy isglated anigiogprsyiesaare thedrtsaigcdwith 8 9.005M
scﬁmdﬁbta pi @5 UntiRkiay RADH. 'ﬁwé%a?ﬁ&]lé’r%ncérﬂraﬂans and the

aqueous sol ution containing henoglobin in the ran 9
partightarapid at whish gieam@mqapwe% ereafemﬂd ‘Q'@G'ea?%‘h%? fhegrarticuiag

aﬁ’é?ltcéﬂld?w ift V\lecﬂﬁhe FREYS A SLRIS VAN be Litilfzed ipeBh@edtha @h@ra@tfenstlcs
bout 1.8% wei ght of sodium alginate to volu

oﬂéﬁ@@ﬂ@@nﬁowpwa\tﬁ]beqﬁeuwh'nf&qﬂnaﬁ% theeamegle Beimeabilty
ohﬁgﬂgér‘al‘:’éﬁéui’e@ LItto'r bkéﬁﬂe aee %Bﬂﬁor@ﬁsé&é‘ﬂy AsH, tdn@%&écular

ﬁ ication in which the nlcrocapsu es W|
walght efAbe chifgsan seavirach effee! theearmaakiity efdhe mécr%ayépk?& in

stﬁlf otﬁerf én%ddmﬁéﬁgttﬂé a@%@t& ﬁn@a&psmeg Phafi b%orhﬁﬂerafea@éopm

a second queous contalnlng C |tosan in the

@Imlr@'éfnef whigh avibparden §team¢§er|§é1re" P themiergcapssias any RIPYAM
a%ﬁﬁé ﬂg{tsﬁ%ig'g”}?a RfGtk islutigs, amount of  chitosan utilized
epe

on various paraneters such as the storage
time of the 20 capsul es, the anobunt of henogl obin

be' tgﬂcaiﬂ | Aehithte goéf%‘:éhr&‘rthé Bfésemlﬁﬁé?ﬁaﬁ%Hllt&%nare

eously or su uently treated wth cal cium
caJmeralgieate riprogapsuescaTe fermeddhienernsulatopigtainand peptidges

Qlﬁg%é?%% gﬁ&hﬁtﬁ%&n tog%\zgmall@ aﬁ%@ndmw&gs i ¥fe

chitosan cont al ns
gawtaintegimabiegionfitorai-pdsinistesed ninjthis egthodiraeit, a 2% (Wiv)
BRI, CHSH 50 L1l Sl eyt e
mixedzandhe pHredthe soiioniivredivstedtnes. Intis embedimagt, bovine

| i il tdibsk fvaribie Br H'Bretlde
SEhfE3 6hin G oY Shodel R REErtith) oF Pl RERERLMT pept
drgy thes mayi be enodpsatated c Examplen ohprgtaing Wat may be ¢ilized| 9é§
' Vas¥s, 3d
R, P s B B0 il 2, BN, TR
dome‘a@ eExammﬁ%wf reptidesthatmanbe diiliredare goradeopins tlisinanril,

e v h 1

c%\)o: E#&Iﬂﬁs oie'ﬂ'%ﬁg‘g’ﬁ@we' Sn RGBTy bddtfes AL SEMaR,
bovine serum albumin solution is then added to the reservoir of a fluid ejector
device and ejected as drops into a second aqueous fluid. The second aqueous
fluid includes a 1% (w/v) chitosan solution dissolved in a 1% (v/v) acetic acid
solution at room temperature. The second aqueous fluid is then diluted with an
aqueous 3% CaCl, solution and the pH adjusted to 4.5 to obtain a second aqueous
fluid having chitosan in the range from about 0.2% (w/v) to about 0.8% (w/v). The
microcapsules are obtained by filtering, washing with distilled water, and then

allowed to air dry. In still other embodiments, muitilayer microcapsules may be
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100202073-1 13 isol ated. The isolated m crocapsul es
are then treated with a 0.005 M CaCl 2 solution having
a pH of 5.4 utilizing NaCH The particul ar
concentrations and the particular pH at which the

m crocapsules are formed will depend on the particul ar
application in which the m crocapsules will be
10920207¥®ed because the characteristics 5 of the chitosan
sol ution have been found to influence the henogl obin
perneability of the n1crocépsu|es For exanple, the
sol ution viscosity, pH, and nol ecular weight of t he

chitosan may each effect the pernmeability of th
forned B gﬁgmgeapd washingtthe initially &rn@ﬁ%gmﬁ@pﬁ%es Wlﬂ‘edlstllled
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po ysi ne den_the quter s eII of
r atnﬁé frﬁ%?%‘éﬁs@%@ gheyt %Pé#’e ﬁ'ihe chifosangleingte wHIangl i ng

midochapailey bfe heh whahsmrred 028]5% Cadl aalibSlisédlion for about 10
enbodi nent of the present invention chitosan
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enzymatic attack and acidic hydrolysis in the

gastrointestinal region if orally admnlstered In

thi s{O@fﬁ]Odlh'E‘ﬁf‘bnotﬁerQeﬁM&Mént Iﬁﬁlb%“@éhébfené&ﬂin%mm

alginate and a 1% (w w) solution of bovine serum
algingtemsdutioneare gisparsesifepn Adhgsmabinkiehd |h sledice o water

cé\fﬁbuHFﬁb%@lc‘lﬁn §h|él'ldé ﬁhér@byspr%Hf%?ﬁ’d AR capBQEs BEntamfigtm
I'bumin is utilized nodel” representative o

ewpﬁwa@ddwwseqehs ohcaomﬂcﬂlaé acigpriyys endt-astahagiivs bulgaricus
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utilized are 20 interferons, Interleukins,

intestinelsisordars, anstarawe ke afatal cep 6ot of abeutitvat@sin aguitable
l féﬂﬁl%i’o ot ﬁléleFn H}}Sﬂﬂt Fgreﬁl \H@% céipé/odﬁﬁné‘tdeh 'cﬁﬁﬁs and

€ gona tro I NS I SI NnO toni n, ocreotl de,
ClU@QEIaCﬁ brgken aﬁdg glsu&@l@@hbndqrﬁucp ap@;wamblewﬁ! Sodium

al?lngté;étg‘r?amsﬁg‘éh{b%la%gé Hmj ﬂ{eﬁ%‘d@d #R6 460 Al of ﬁe%‘agﬂre%‘éféi‘ial

eservolr e] ect or deV|ce
greptie medivaswhiieopewly stiging. Eh@b@ﬂﬁer@hg@bmpanauww digpensed
f 0
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fluid ejectlon a>J(|s of the fluid ejection dewce or the fluid ejection devnce is scanned
or moved laterally over the receptor thin film. The microcapsules containing living
cells are collected or removed from the receptor fluid by centrifuging or by filtration
with the calcium chloride receptor solution recycled and utilized to form additional
microcapsules. In alternate embodiments, the calcium chloride receptor fluid is
rapidly mixed with "top to bottom" mixing or stirring. Generally, over 80% of the
cells in the growth medium/alginate mixture, are entrapped and viable in the
microcapsule slurry collected by centrifugation. The microcapsules containing
living cells may be used in the "wet" form as collected or may be dried, generally

under vacuum and controlled temperature to minimize cell damage. In alternate
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fluid having chitosan in the range from about 0.2%
(wv) to about 0.8% (W v). The mcrocapsules are
obtained by filtering, washing with distilled water,
and then 30 allowed to air dry. In still other

enbodi nents, multilayer m crocapsul es may be
He3e2073-1 14 formed by filtering and washing the
initially fornmed mcrocapsules with distilled water
foll owed by subsequent trandber to a stirred solution
havi ng chitosan in the range from about 0.02%to
about 0.08% The chitosan-alginate nultilayer

SThE6MPBREUSIAET @yingitEchniduesarsbendyast dtiized.0ThdmiZactapsules
aqueous sol ution tor about 10 5

20 0 i neiqt*es. Th\eSﬁ]aé teric
sAMtaining jhe enfapped Aysa rells e Rierad INILHIRGARAYPR ML AT
&ehéVandladifistdréd 8ANE tdmaMadlS@Piatesing trachmicestpalr ed to

m crocapsul es formed .in a single step. [0024] In s
f&ﬁ@?ﬁ@?“%&ﬁqﬂﬁmf‘emti“\‘ﬁrﬁwc'@l%ﬂﬁmé‘f?s‘ﬂﬁ%‘[é'&ef‘ﬁ' %%'aieﬁg{?kﬂ’ed
iﬁ'ﬁﬂ%r@@é&tﬁéﬂ atbiudilizedte irdicaugmmdtofpmnoa dhlbeg:e‘raStrépikc_r',wlcus
evi ce into. water caont ai.ni ng cal ¢ci um .
Arednles. Sfotisyia PoduER e e dpR sl Te st e
SpaNsdbfastest livingicells, wethlisotoriaatijostaent hsisesdsdditahmiay be
and Lactobaci |l ys bul garicus are isolated from
enc@Epsyated yilizing g‘@rﬁ?%? SVEYHCAvai | abl e tabl et for
treatment of intestinal disorders, and grown to a
total cell count of about 1 x 1010 in a suitable
liquid | aboratory nutrient nmedium broth. For al
viabl e cell counting, cell chains and 15 clunps are
broken using a suitable bl ender such as a Waring
bl ender. Sodium alginate (2 granms) is autoclaved and
then added into 100 m of the mature bacterial growh
medium while slowy stirring. The bacterial cel
preparation is dispensed froma sterile TIJ device
into a sterilized agqueous sol ution contai ni ng
one-nolar calciumchloride. In this enbodi nent the
second fluid or receptor fluid is a 20 continuous thin
liquid filmwhere either the thin filmis flow ng
perpendi cular to the fluid ejection axis of the fluid
ejection device or the fluid ejection device is
scanned or noved laterally over the receptor thin
film The m crocapsules containing living cells are
coll ected or renoved fromthe receptor fluid by
centrifuging or by filtration wth the cal cium
chloride receptor solution recycled and utilized to
form addi ti onal
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25 mcrocapsules. In alternate enbodi nents, the
calciumchloride receptor fluid is rapidly mxed with
“top to bottom mixing or stirring. Generally, over
80% of the <cells in the growth nedium al gi nate

m xture, are entrapped apd viable in the mcrocapsule
18d28807y.1 col I ected by centrifugation. The nicrocapsules
containing living cells nay be used in the "wet" form
as collected or nay be dried, generally 30 under
vacuum and control l ed tenperature to mnim ze cel
damage. In alternate 100202073-1 15 enbodi nents, other
v ng techqiques al so may be utilized. The
n1crocapsu?es containing the entrapped living cells
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actlvatl ng (390) a fluid ejector (126) at a frequency

greater than 10 kilohertz, 5 wherein each activation

of said ftpd fheBioBGH Qéco@d‘efh%é@ﬁtﬂ?th@ﬁfémﬂlomblayna dhapin
said fluid ejector fluidically ¢ to a

oG i 14 BGOIR” Bsner CTRIBRE HEVALIG B Tt dgfd i
(ﬁé&&nét'aaétéydfs@é@ fl‘éﬁﬁ&'uﬁfgréeﬂéﬂhéh Pe k.ldﬂewz q:brodmt;mgza

second sai d g havi ng a vo| ge
c@%tn@ptmnuqﬁgrqps\gugm%wﬂw m&&a&@ﬂaesmqf@ Valug&ond fluid
for each drop of said 10 first fluid eJected wher ei n

said m crocapsul e includes said core conpone
3. The method in accordance with the method of claim 1 wherein

ejecting said drop further comprises ejecting said drop a pre-selected distance
above the surface of a flowing thin liquid film of said second fluid, wherein said
flowing thin liquid film flows in a direction perpendicular to a fluid ejéction axis of a
fluid ejector head.

4, The method in accordance with the method of claim 1, further
comprising immersing said at least one nozzle wherein at least a portion of said

nozzle layer is below the surface of said second fluid.

5. The method in accordance with the method of claim 1, wherein
ejecting said drop further comprises ejecting essentially said drop of said first fluid
into a mist of said second fluid.
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2. The method in accordance with the nethod of claim
1, wherein activating said fluid ejector further
conprises activating a drop on demand fluid ejector
at a steady state frequency greater than 20 kil ohertz
produci ng a 15 distributj-on of drop volumes within 6
1dees0e3d of a specified volune. 3. The nethod in
accordance with the nethod of claim1, wherein
ejecting said drop further conprises ejecting said
drop a pre-sel ected distance above the surface of a
flowwng thin liquid filmof said second fluid, wherein
said 20 flowng thin liquid filmflows in a direction

erpendi cular to,a fluid ejegtjon ' . £l

gj et or ﬁg‘ﬁtﬂ’f‘etﬁ‘.’d *?r?éc?fg?ﬂ%édwﬁﬁh{hgé'&%ﬁ%%ﬂfg%a@m 1’##5%“
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fluid. 5. The nethod in accordance with the method of

cl ai 1, erejn,.ejecti ' ihSes
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ejertiny SaitTint daip fadhat comprses djeating .a Bop oA AGLOGIA immispibe
N]};Hgﬁrret hod 'tn accordance with the nethod of claima1l,

Wisecond B¥di hg said drop further conprises ejecting
said drop of said first fluid having a polyanion,

wher ei n id core.conponent is.di [ L: j LTSt
(T & s e meBof i Ao oS rRAEEE b, £ Wbreht
efdfcting Saiddiop M%r&iomprigbﬁéﬁebt?@ as?r!od of & |fﬁ|Est figid dpcldding $aid
conprises ejecting a dr of a fir L uid i
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drop further conprises ejecting a drop of a first

shell ercapaulping $aid e $oMPEPeMconponent and a nononer

into a second fluid that includes a co-reactant to

9. The method in accordance with the method of claim 1, wherein
generating a microcapsule further comprises generating a chitosan alkali metal
alginate microcapsule.

10. The method in accordance with the method of claim 1, wherein

generating said microcapsule further comprises forming a coacervate.

11. A method of using a drop on demand fluid ejection device,
comprising:

energizing the drop on demand fluid ejection device;

ejecting essentially a drop of a first fluid including a microcapsule forming
core component into a second fluid; and

generating a microcapsule (210, 212) in said second fluid, wherein said

microcapsule includes said microcapsule forming core component.
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sai d nononer wherein said nononmer and said co-reactant
react to forma polynmer shell encapsulating said core
conmponent. 15 9. The nethod in accordance with the
met hod of claim11, wherein generating a mcrocapsule
further conprises geneﬁgting a chitosan al kali netal
1002b@rnat e m crocapsul e. 20 10. The nethod in accordance
with the nmethod of claim1l, wherein generating said
m crocapsul e further conprises formng a coacervate.
11. A nmethod of using a drop on demand fluid ejection
device, conprising: 25 energizing the drop on demand
fluial ejTeetmathodivdccerdangewith thg reetbedhef claim/1h fythsh of

a firsg fluid . including. 1.GE: ' id &i
coass Aewind g SEeitbtyiey <O AaPHhGont 5 Xid Seten
axigiof thecpbejbetichde®ice212) in said second fluid, wherein

said mcrocapsule includes said mcrocapsul e form ng

core conponent. 30 100202073-1 18 12. The nethod in
accts.danhe methdd inraccamiahcaiwith thel methed of clainy 1% dyrther
co$9 ré}_si ng flow ng said second fluid in a direction

@8?"%8 idicular to a fluid ejection axis of the fluid

ej embviag thkefliid ejectionidevicthie ahteastoneilaterat disgaiighicntui t h

‘he . - N Pty

t neoPnEg T Pl Bf SATE i o B spERIEa e BRI
latelial lecatioms; and ejecting n drops of said first fluid

into said second fluid at n pre-selected |ateral

| ocations. 10 14. The nethod in accordance with the

met d ofheahethod fnlaccatdanes with the method of claim 11, wherein

ejecting said drop further comprises ejecting said drop of said first fluid having a
polyanion, wherein said core component is dispersed in said first fluid.

15.  The method in accordance with the method of claim 11, wherein
ejecting said first drop further comprises ejecting a drop of a first fluid immiscible
with said second fluid.

16. The method in accordance with the method of claim 11, wherein said
core component includes a bioactive agent.

17.  The method in accordance with the method of claim 11, wherein
ejecting said drop further comprises ejecting a drop of a first fluid including said
core component and a monomer into a second fluid that includes a co-reactant to

said monomer.

18. The method in accordance with the method of claim 17, further
comprising reacting said monomer and said co-reactant to form a polymer shell
encapsulating said core component.



ejecting said drop further conprises ejecting said
drop of said first fluid having a polyanion, wherein
said core conponent is dispersed in said first fluid.
15 15. The nethod in accordance with the nethod of
claim 11, wherein ejegting said first drop further
100263998-1 ses ejecting a drop of a first fluid immscible
with said second fluid. 16. The nmethod in accordance
with the nethod of claim1l, wherein said 20 core
conmponent includes a bioactive agent. 17. The met hod
in accordance with the method of claim11l, wherein
ej etd.i ng heanethad adcardanes withthermetbed ef @eim hty whem®ipp
i a
aoferaliaLe Micrpeorthit e Biiedhorsiia dREBANARAI MBI
algirate migrocapsuleo 25 sai d nononer. 18. The nethod in
accordance with the nethod of claim17, further
conprising reacting said nononer and sai d co-reactant
t o 20r mTaepoéthaet in ansetdancewitla theunethped gf daimy1t avherein

oI BRI oSt B

generating a mcrocapsule further conprises generating
a chitosan al kali netal alginate m crocapsule. 5 20.
The nethod in accordance with the nmethod of claim11,
wherein generating said mcrocapsul e further
conprises form ng a coacervate.



