; e3e, Fr26hTJ100202071 FLUI D- JET PENS CONFI GURED FOR MAKI NG MODULATED
RELEASE BI OACTI VE AGENTS 10 FI ELD OF THE | NVENTI ON The present invention is
drawn to fluid-jet pens configured for making |iposone- and
enulsion-cqghghﬁqng bi oactive agents. The present invention is also drawn
to met hods produci ng bi oacti ve agent-containing enul sions. 15
BACKGROUND OF THE | NVENTI ON There have been many approaches used to neet
the problens of regulating the delivery of bioactive agents, such as drugs,
to biological systens 20 including humans, to achi eve a proper dose and/or
a desired effect. In the prior art, successful bioactive agent delivery
vehi cl es have been designed that are capable of maintaining the bioactive
agent in its dissolved state over an extended storage period, and the

bi oactive agent delivery vehicle itself has been designed to remain stable
over a predeterm ned storage period. 25 Commonly enpl oyed delivery vehicles
for bioactive agent deIivery include i pid emul si ons and m croenul sions, as
wel | as |Ip0 r droplet
si zes can raﬁge ??g%ﬂa out nm to??ﬁoglg NGW?@&%?&ELEI?@MHI cle
size of the lipid enulsions haﬁIQA&TIUHekGENESuse of 30 filters to
sterilize such conpositions, and thus, heat sterilization has been used. A
drawback of the use of heat sterilization is that it can be detrinental to
vari ous bioactive agents. Additionally, froma manufacturing standpoint,
enul si ons 100202071 2 have not been preferred for use due to the

requi rement of the use of the high shear equipnment that is presently known,
and beqgguse enul sions suffer HIEDDWQMYHEARVENTAONI i ty probl enms such as
cream ng and cracking. M croemnul sions have al so been used as bi oactive
agent delivery conpositions. Mcroemlsions are generally defined as those

systens contai nifRg p?eslehpmpahtidrﬁs@%imatdmm fpbehd eorﬁrgnimntnam@rel n the
average particle size of the dispersed Evase i s bel ow about 200 nm
g

M cr oemul sﬂ'@ﬁ%Ofﬁ@'eanQﬁmH'é&ontﬂ?QFad@%PI% 80N nhe PregentdnventigRds ucent
prepar at i ong, r?ﬁm% ?ﬁétﬁéfd%%@&&hé 'b%aléh\?éea%&grc%ﬁfaﬁﬁhééﬂnﬁi%.ldiiisst' ngui sh

m cr oenul sions from enul si ons article size range of
m croerhdl si ons enables themto be retained in the blood systemfor a |onger

period of time than enul skaRs«cAHORNESE TP INVENRION P cal |y

There have been many approaches used to meet the problems of
regulating the delivery of bioactive agents, such as drugs, to biological systems

20 including humans, to achieve a proper dose and/or a desired effect. In the prior
art, successful bioactive agent delivery vehicles have been designed that are
capable of maintaining the bioactive agent in its dissolved state over an
extended storage period, and the bioactive agent delivery vehicle itself has
been designed to remain stable over a predetermined storage period.

25  Commonly employed delivery vehicles for bioactive agent delivery include lipid
emulsions and microemulsions, as well as liposome and liposphere
compositions.

Emuision particle or droplet sizes can range from about 200 nm to 1,000
nm. In the prior art, particle size of the lipid emulsions has precluded the use of

30 filters to sterilize such compositions, and thus, heat sterilization has been used.
A drawback of the use of heat sterilization is that it can be detrimental to various
bioactive agents. Additionally, from a manufacturing standpoint, emulsions



nore physically stable than emul sions and sel dom suffer from cream ng or
cracking problems, but phase separation problenms may occur during storage
under certain conditions. 15 Liposonmes are m croscopi c vesicles having
single or mybsgphe lipid bilayers thatzcan entrap hydrophilic conpounds
wi thin their aqueous cores. Polar (including hydrophilic) and nonpol ar

(i ncl udi ng hydrophobi c) conpounds may partition into lipid bilayerge as a
few m crons, and can be carriers for 20 bioactive agents. Typically,

|'i posomes have been prepared by sonication, detergent dialysis, ethanol

i nj ection, hhVé&AStbadngsTEfepretfoSiisedueioRé réqmirumeﬁﬂof thedise oF Hesviglphase
evaporation. These nethods often |eave residuals such as detergents or

or gani cs wshearaairmenfithatiippesaatly Knewn. apg beeserpdsions sufer i st abl e for
| ong_peri Oﬂaﬁéaltskd"ﬂﬂrt¥ g%b%n?ss rtfhéé aeéﬂmw{oo&yeaﬁgcan be difficult to

sterilize current acconpl™ shed by Tndependently sterilizing
conponent partswqfﬂ@’nuﬁloﬁg hen%a\sp;hegn lﬁaﬂﬁérbloﬁtl%égﬁ’ﬂﬁé’eh‘g%ﬁt and wat er)

such assbyg Bllﬁgoéﬁﬁgnso eﬁfﬂﬁs‘?&{saéf'@ g%ﬁerléﬂ bibfildcPdd PBse §?§eﬁn§en mxing in a

sterlle envi r onnent is steril t1on rocess can difficult, time
consuni ng, Canfralrmqoehmplﬁl@mhymepfphwmmponﬂmth@lmﬁ\W patticioel y

sterile A Lgr REBboLaRRSal U9oHPRSR Y0 i SAIBLANLRNaLF RfhoPOnVeni ent

in a retai OF 'S ST ce in‘a urt her
sterilizi ngharai:mruzediab bpingarearios transiatént prsqtarzﬁtemsn Phe clastyardaudrticle
100202071 3. st r| | | za enature the 0S f tion can
alter the ﬁggt% rastey. 'ﬁ%ﬁ'ﬁfn%ﬂ}%} @ffr?‘?'Blgg'8H%ir°R‘ﬁ ?{ﬁﬂl}gig{‘g'%neséljﬂé\i/g primarily
been uged ipartickesips 'rawgeaifmémefrmrsibr&rmbm therhtte basetafnedon thd loddhe f or m of
i nk- conta|n| i.n en acts. b ecting flujd.froma

dr op- gener &Y% %G‘ fggg?wekﬂﬁ()\?fkgh"ﬁe Bﬁ"l%ﬂ%’ﬁﬁg @I;ﬁr%eraulﬁpﬁﬁla(e] PR um  The
typical i nlﬁndretphpéubél gmem @rﬁu@bh@hn@fserﬂbﬁpsmk froincgreadingasrz| es | ocat ed
on a nozzle plate and attached to an i nk ri nt head subsiqrate The

substrat e iCrRsINgATableRSahutRhagy separation H(j’ ¥ SCEYAUNINGSIALE | i qui d i nk

(colorants gdyssed cSHdifinspersed in a solvent) through fluid 10

conmuni cation wth one or nore ink reservoirs. Each chanber can have a thin
filmrd$istor, kipospmesare meWQCﬁICrV@siC@tSd\anQI&MQiQ eumypipkslini t he nozzle so

ink can col kl%férfﬁﬁt\ggﬁ@nfr Pgéirro% héﬁrﬂfsvﬁﬂ%{ fr eab§cor-gge print head

is held anctf) referred to a print cartridge,
i.e., ink jP@JlIarmmnludqudTydmmm@D anahgomﬁolar (mtudmgjmmropmuatcompeuad\mt a

dropl et of rh) $ %g) (_TQ r | medi um
whethor pabt PATUSTRE W ofbels ofebe e el R a8 s TPe 7
typically lasdems ofrm\g:stmtnsdb asflarge raiscarfewrmlcmoand térebes cgnmarsfoof whi ch are
conveyeﬂE ctrl C rac the resistor ele reby form ng
al phan@ %F 69?{?3? i %@t @9°§°HWSM¥G§PPHP“?P@&?‘%¥ S‘P'HC? & prior art,
various eméile%r@éhttd?&iﬁ% RN e tiBR SFreRéh praak eReidien! dtierinfiusionf andk
applications, e. oth oi|-in-water (O and water in-oil gWO)
reverse phase evaporation. These methods often leave residuals such a

detergents or organics with the final liposome. Many liposome products are not

stable for long periods of time.
25 Present liposome products can be difficult to sterilize. Sterility is currently

accomplished by independently sterilizing component parts (including the lipid,

buffer, bioactive agent, and water) such as by the use of an autoclave or by

filtration, and then mixing in a sterile environment. This sterilization process can

be difficult, time consuming, and expensive since the product must be
30 demonstratively sterile after several processing steps and these methods are

not convenient in a retail pharmacy, a doctors office, or in a patients home.

Further, sterilizing a formed liposome is usually not feasible as autoclave



SUMMARY COF THE | NVENTI ON 25 The present invention relates to a nmethod of
preparing a bioactive agentcontaining emulsion for delivery to a biol ogical
system can conprise jetting a bioactive agent and a first fluid medi um
together fropysa,4luid jet pen into a sgcond fluid mediumto forma

bi oacti ve agent-containing enulsion. In this enbodinent, the first fluid
typically becones part of a discontinuous phase, and 30 the second fluid
conprises a continuous phase of the emulsion. In an alternative enbodi nent,
a nmethod of preparing a bioactive agent containing |iposone can conprise

jetting a He‘ﬁhi’atfbﬁ g'd&'nﬁﬂxréﬂ{m%bbﬂn@”aﬁ‘ﬁitréﬂon A2 fdatpas bf ve agent,

together froma jet pen into a nediumto forma bioactive
agent - cont autiflaypred bpmgmesCarm ed by the mediumlIn a systemrelated to the

met hods her ei n, Ini %@tﬂa‘(lgggigﬁﬁ‘yaﬂn nfsRA it e r%?tr{o‘?&?fﬂ)]l‘e%%ea fluid-jet

pen containing a a releas agent erein the fluid
jet pen is patmhs@lﬂdeﬁ ifh the foerh toff m}-ddmtanmnganageee Aryinktjetaran adieby el ease

t | t t " t dth
ol ease S agBiRcPAnR R AT euttr B e Eata Saekr L Fon W1 e
appﬁr eEt Eﬁacvﬂntlhgentbﬂimnl FHe thgrical IrtktjetmmMmaﬂha;s?ri a:vxﬂoitmbe?elyn conj unct i on
th the acco awi n Cc ether, ill.ustra
\émxarrpl e égnpzal%llqétqc{]%ﬁpgaﬁe%ig ara BcuRdio anTie t?ﬁﬁ"‘ﬁ%ﬁw NGS 15 In

the accorrp@nustrwe drivdubagatefih6arpdratds ah Qir@&f fifingghambets thatmiceive of
preparing enmul sions in accordance with an embodi au%;ﬂ%l}e pr esent

i nvent i on; ligwd ink (colopantg digsgived pr gispgisading sV eparing |iposones

in aCC%da@Sﬁm’Mrﬁ&t@H Witk dFRdreGhk FRErvRIrES EREN CRaMABéH ciih hade kAl LED
DESCRI PTI ON OF THE PREFERRED ENMBQODI I\/ENTS Before the Br esent _.invention is

di scl osed &he reisier kpewn as@ "fing resistory r{ﬂ@‘%‘i’ serpsitg dhe ppgzle ??Nﬁ‘rﬁai on is not
limted to Ef@ctB@Mée‘ﬁ%é?nﬁé & AicRe nd2sle 2dBrirkhéad i§ Hdicshpsed herein

because suc process steps an mat eri al s may vary sonevvhat It is also to
be under st@@@iecthdtbytqm@ertr@cIWmm tﬁjgrr%tsblaan@p@ntrpaﬂéld% @., ink-jet pen.

Upon energizing of a particular resistor element, a droplet of ink is expelled

15  through the nozzle toward the print medium, whether paper, transparent film or
the like. The firing of ink droplets is typically under the control of a
microprocessor, the signals of which are conveyed by electrical traces to the
resistor elements, thereby forming alphanumeric and other characters on the
print medium. In the prior art, various emulsion techniques have been

20 implemented in ink-jet ink applications, e.g., both oil-in-water (O/W) and water-
in-oil (W/O).

SUMMARY OF THE INVENTION

25 The present invention relates to a method of preparing a bioactive agent-
containing emulsion for delivery to a biological system can comprise jetting a
bioactive agent and a first fluid medium together from a fluid-jet pen into a
second fluid medium to form a bioactive agent-containing emulsion. In this
embodiment, the first fluid typically becomes part of a discontinuous phase, and

30 the second fluid comprises a continuous phase of the emulsion.

In an alternative embodiment, a method of preparing a bioactive agent-

containing liposome can comprise jetting a lipid-containing composition and a



for the purpose of describing particular enbodiments only. The terns are
not intended to be limting because the scope of the present invention is
intended to be limted only by the appended cl ai ns and equi val ents thereof.
30 I't nust,Pe,fapted that, as used in this specification and the appended

cl ai ns, the St ngul ar for ms "a," "an," and "the" include plural referents
unl ess the context clearly dictates otherw se. 100202071 Concentrati ons,
anounts, and other nunerical data nmay be expressed or presented herein in a
range fornmat. is to be understood that such a range format is used for
conven encﬁioﬁ?ﬁlgbéie ttﬁ%?tﬁ@rchérh‘ésﬂumﬁfé@ﬂéﬁ’m@@a'rﬁ@cﬁurﬁrt@‘f&m a Bicacfiveexi bl e
manner to I nc the nunerical values explicitly recited as the
linits of awtfc@nwnn@wosgmcaraed R¥ thej@edium t he i ndi vi dual nuneri cal

val ues or S“brafﬂ%éy&é]ﬁ?&??e%%%é’%bhidasﬁ@?ém r@ﬁ‘i@ﬁctﬁ/% ddentrsidhsauner i cal

val ue and subrange s explicitly recited. To tllustrate, a concentration
range of abﬁmn aanjcommseab‘mm%wwomelr@ﬁa bigastiNeagaat ARG arpleased to

i ncl ude I aggég 1 %to
about 5§/ob 8& %H%Qﬁ'b%m che%%nlrn nhgﬁ#egg fghéi’l“déuSieagfglr?centEgl't(?.pcli ons and

t he sub- rattgaemleaseragant, nesuiltingi ic anagsociatins. betwgen therkipagive agant #Mds nuneri cal
range are |nd| |dual concentrations such as 2% by weight, 3% by wei ght, and
4% by wei gm f')anges such as from1l %to 3% by weight, from2%to

4% by wei ght, fA@@it.@ﬁ@Eéatﬁféstayxdvaawambgesabfcthem@nsmmqmapparghtefmpm ies to
ranges recitin onI one nurrerh?aH {ﬂ'lj( For .15 exan% g, @ range recited
as "less tthad %?%'BE}OW ollowisotAkaN FLCMINNGIBE MBN% 5 i nel ude al |

val ues 1gnd a%é&nﬁé\ﬂ&%;sdﬂa&ﬁﬁ@ewm&%t%&hé%&wawIbgfway dfexaplenfsaturesuch an
interpretation should apply regardless of the breadth of the range or the
char act er i 9f thedn¥RIYRY- descri bed. "Emul sion" general |y shall include

m xtures of nonpolar materials and 20 polar materials) and can include the
presence of an enulsifier and/or a surfactant. Enulsifier and surfactant
are terms that may be UBRHEFR RESCRANGNEF,THRRPEAWING® term "nonpolar” as
applied to materials is wellknown in the literature and includes, but is

not limted to, materials typically referred to as |ipophilic, oils, and
mat er i dlss vvi th i thevaceliBpaiyiog drawingsc- | i pophi i c 25 bal ance) val ue. The

il to mat BREal € SYBPCaRNRr) Bra PRulgd R MILS, P g ™

mat eri al s wictdérdande ghh than(bwdnernmftha:pr‘esgummmon tﬁﬂdance) val ue. Pol ar and

nonpol ar includ Jld ility are
nonpol ar, as vve aﬁ?ﬁg'ggtﬂ"géfgﬁ‘g th fbrée&ﬁng%ggéorﬁg%gp been defined as
30 conposi Tdc@@@ahb@wnﬁan dmmmheretaiftrie:)pme@anmmrmﬂn cream ng, and/or

cracki n% and define dispersions having particle sizes fromabout 200 nmto
1000 nrfli n size. Conversely, microenulsions are conpositions that can
appear clear, eanLEDHESERIPTIONIRO THE PREFERREEEMBODIMENS(S) | ar
conponents as are present in traditionally defined emulsions. However,

m croenul sions typically include droplets that are smaller in size, i.e.

froms nmto Zogewb tf@bre@ﬂﬁtﬂﬁxﬁ&ﬁloﬁﬁs algéo%o%ﬁmedcﬂﬁé@td ig%e bahen enul si ons
are referred to I's neant 1 ncludes a nore l(IJ]enera definition

i ncl udi ng aindestegsbibat thisnavensienris Betiinitadds dhe PaficUlas PiosRTHHEPs Aol ar
enul si o3s, e 'd%l&%% hafdin bbE@Js%%u'bﬁ pfidess Btepd Pl materidl® ndy-vaiy nonpol ar

emul si ons, mcfléﬂg but not limted to water-in-oil. Thus, the term
emul si on srs@mewhatl dsealsp 1@ be upderstond ihyithe terminology usedrhersiplisvsatht eri al s

no matter %%e?uﬁ? fofglegajib%o(i%ﬁlgulglr Eﬁﬁ&il htseo &]ffmérmﬁ drORer end

droplet size ra sions to er end dropl et size
range of tnaténded)tuabe hmmhglbena;useAbeacmmoﬂthe preseat:mueme intendeditRe present
Rfs droplet sizes that

t
< i thi TSP EleCERAnDRE P s BRE A UaBrcl 7 2 T
"enul sian. " I t iltsmastde nated et zsdisedan tinspevifisatien ane theeappendedenul si ons
are consi decrlae;%sF #f2 sri)rtb%ﬁaer fad ‘%r:‘s‘am”tandathe” include plural referents unless the

context clearly dictates otherwise.



15 di sconti nuous phase and a continuous phase, e.g., polar in nonpolar

m crodropl ets, and other references consider that m croenul sions are not
true enul sions but are one-phase systens with sol ubilized nonpol ar

materi al s hgpopsyz@ar materials, or vice-yersa. For purposes of this

i nvention, mcroemnulsions include both, and both are included when

tradi tional nonenclature such as 20 conti nuous and di sconti nuous phases is
used herein. The term "m croenul sion" includes nonpol ar-in-polar, e.g.,
oil-in-water (OW, and polar-in-nonpolar, e.g., water-in-oil (WO,

conposi tions m@bﬁééhtﬁaﬂ@nﬁi@wrﬁé @nd dtiep Ingindrisall datamiey benexpresd@d onm i n
size. In one enbodi nent, an a philic conmpound, such as a surfactant

and/ or emuPEseNtad herain ina rapgs; n&‘ﬂ"at Akisitg b&r%‘ﬂﬁéﬁm%‘g@tﬁ@rﬁ randfien deal i ng
W th emul S'fé}ﬁisat%tus%drfblﬁ&fﬁ\)ereﬂb@ah@ Rvity, arﬁ}thué”s‘%h%tbeslhﬁﬁreiéoolﬁ‘al to 20 um
in dianeter, an a IC CO oun I's"not necessari require but can
opti onal | yﬂb@bprmgmr tO mbldemqfnonlyltb@gbmﬂcal rYéIUGI@?a(Pliﬁ"JVYrVG%%b?%t heand of t en,
spherical Yifis O % fbRGE, KRBIB!D rﬁ:l&&éﬁélﬂﬂ@'ur{ \ﬁdmlnarne'neaafawégr& sapd one or
nore outer layers onprising suc as i pids. The inner
core can CWSQCQWWWWHMMHQ%Q%%GQ@ anﬂ?aU@?' Va'h‘@ apd$abt i ve agent
may altern o) k t t he pol ar
center of '?IélIH Vasi Efce'ﬁv)',r&%'t&dlog(gwﬁﬁé %ggﬁac%ﬁ té?{ﬂégf(\;éé\@%df éfuﬁg‘ggﬁehgfﬁ s that

t hey enabl eabmat@%-byod/elghtésmm bairderpreted taiipcludamobonlyitke explisdlyused t oget her

[ f | at.j i . f
el i 11 or So0ieRgPTprAtRs AP RIL ! G BRbyCrA BY fnto i A @Theiudd
phosphabi piistividirds\weresntrationsian@the sub-rangesditkinttise twaicabes nahgé: Tbds,i n

el ud ng. TRER this AUFEECR dangR e BTG e SR TAOORAPHLEE 0% Bbgat | vel y
3223 gfegr p?Q@dﬂé’tﬂhe |39§lrt§lt5vlv%’igﬁlt ahid ﬁ%ibygﬂgis‘ghf Hﬁﬂshb%ﬁ%@@f}??ﬁﬁfm1u{]tgg'ga g:: Sly Is
chol i ne, phdeBrXtEight J’%{Elzg top%%g’éfﬁ‘éﬁ'g'ﬁy{]ﬂf‘&f ?Q)W’ %%'B%Fﬁdyﬁ‘é%rl ne,

di steroyl p'?;%%%ﬁﬁé}w&aﬁéue@% rér%eg'r&?llrﬂ’g by bRE aaRRAEAIdMIN FEdrne,

cholesterol, triolein, stearyla i

1, 2, bi slShexexample, @ranas gacited esi'lgss tparabeghsBlunkeight’ shauld bs. di ol eyoxy)

pr opyI )N, N,; i g%qw ht.

propane), 3 '@%{dr%%h@g ’[; héﬂlroaarque ﬁ?e@h%ﬁgﬁﬁgy%geﬁbhc%éégr ol , \gg?rgf actants,
ermul si fi er Furthetmorel sethan mtmp@lta}tmlahouwﬁppm @ga:qleaqs qféhe breagthefes pen
archltectur t I r the same as that found in the
ink jet artEeF%erdﬁghég'?{rg?@kgtgéesn%l@r&pglcgé%d)l nk jet pens provide such
exanpl es. The r é@salsianh gebenally StidlLinclujie mixienes of sonpalar matenigls ardan i nk | et

pen" is because the pens, used ccordance ;i t i nvention are
optim 284 fRefar éﬂﬂ?g?lg’rﬁqﬂ ??r'b'@ﬂﬂ?% rgﬁeqcl 55‘8;?&“‘]& gﬁ?'p @%/ or production.
20 Modi fi caﬁxmatanthme&iﬂeednd sfarfadtmlaudeerdmh@nnapbe ndede turbul ence,
multiple fluidic c nnel s whi c m'xin chanber br eak- up
baf f | es, st'PtPF‘?"ﬁQgﬁ%ﬁ%b?’%m Pﬁ?%‘ﬂ”@nﬁ%”ﬁqlﬂfna%/ ﬁBS‘ Pé'ﬁate'gﬂa 'So‘fvﬁlgr m xi ng
structures mmnﬁltﬂé'nta&&ureraﬁaeﬁmudd% bits inet Ilrﬁmélﬁto Nateriaks mrcawe is
typically jetted, thou

be i ncl ud r rarul ation
al ong wi t h rBfegredite @8 "H&P'@V‘? é’l"s mﬁFBﬁ'&t"f"\%@ é‘ﬁ'rﬂ‘yﬁé?ﬂ%s"w WRi ¢ and
I nor gamisc tHaistoe) 2alude The armPtpdRir n@w\ﬁemmdwm tﬁéﬂte%tl]ﬁbamﬂ pepti des,
that are biol ogl cally active when introduced to a |ol%g@? system

Bi oactive dfeHees ket ﬁd@&"'&'ﬁteq’ i Sratenials Wplcatly referzer whi ch neans

any therapejier A rﬁétéﬁéle%«hthca Iﬁgﬁpﬂ_Br(ﬁ%r’éﬂﬁmwlﬁépMR{tfélérﬂfel) Qalugi scover ed
that can be jetted as described herein. 30 therapeutics,

wi t hout | i nP@lak anshnonpotar|inaydas salids, ex., ¢ralgswﬂ6 a '@WG’)@eDﬁ‘?JUb'WM@E% is
i ncor por at [ [ ed in the
Aneri can Dre'fjbg';’@ ke 55\9&55?&(;\[%‘2{3?%%"9 légg@)gmﬁgv\ﬁlg?:g Bﬁﬁgﬁsdgh ;Sér?cor or at ed
herei n 30 1mmmmnbyhat@aerbemlblecmesetp@rahondw&gm apd/ofemekingy@Rhout
limtati on e'ré%né’l? ﬁﬂa dblespR Ts.'fr'ibﬂn 558ut 206 nif RSAIRENA'in §Bsence of a
rrat eri al 'Sea and mat er1 al at enhances ti1ssue inmagi ng.

"Bi ol ogi caI Ceyversaly, migtienudsions areldompesitipss that can papear fleair@&n ¢ ssues,
organi sns, and al so includes nore advanced systens, such as ani mal s,
i ncl udi ng humans. "Lipid-containing conposition” or "lipid" can include,
but is not limted to, substances known as fats and oils. Fats are
triglycerides that are solids at room



tenperature and oils are all triglycerides that are liquid at room
tenperature. 10 Lipids are substantially insoluble in water. Exanples of

|l i pids that can be used in accordance with the present invention include
phosphol i phgpomred sterols. The term "sgbstantially” when used wi th anot her
termshall include fromnostly to conpletely. Thus, a fluid said to be
substantially hydrophobic is hydrophobic to the extent that it generally
repel s water. However, such a fluid 15 may contai n conpositional conponents
that are not hydrophobic, though likely such conmpositions will be present

in small er 4RuRHNkEy b intin@e SRRPSOINPONeS 8% iafd p@sthitin ImdmophIle c
characteristic. The term "associ ation" when referri n& tg&p? h?l O?e i cal agent
lyde Frapiety mat g

and a rel egdenedhemulsions] hipxevenh yacrogmulgiensdieigaltyanc
ent rapment §,habMReel 18, ﬁ@m@ﬁma%b%m Tﬁbr%@ﬁééé%'o’ﬁthé)ﬁre%éﬁt be in the

cont ext of “I'I'posone or an enul sion formation, including m croemlsions. The
term "rel eiventiomsivwheni emovisioas aenipfertasstoanbat i is aang GIUsEs j2dPeed with a

bi oacti ye @,lgorng%fhb hilve agent
and ¢ he'r opeade! deitchfilLang ol BREBSRER SrmafiF eBERioaSf Poas

emul si on- fm—polagemﬂlsmmmsiurilrurtmt ao@lmltﬂd todnldn-ar@twepea@ér-mgmnp@larl n

accor dance \% of preparing
a bioacti v&%ﬁ%’ﬁ%m‘{ﬁﬂ’%&gﬂ@@? %ﬁ %PE"dQ'P @g}ré ﬂibteﬁ“@ﬁ‘f"gg cal system
can conpri shall mbtudegnmtuhesn@fctanpelaagmh&neﬂmahdapcblalr m’ate‘riala nb matienmdpatt oget her

froma fluid-jet into a secon id nedi i gactive agent

30 contai ni® H&ﬁﬁiﬁ&éﬁfe RiFSPRY he v 1AMy tﬁsg rfqrﬁ{gd8@8{f%%€t%§%aqcontl nuous

phase qb t hficreeHutsiens tolthe Righgr @iﬂ)@r@pmeslze,raragesmfrtfammmatemahldms Bsesent in

the first fluid nedium, or t&g second, fl ui m .0 bot h 100202071 9
t forp e

Both pol ar alrﬁstl’be?%ﬂrd%’lF@H"" hgaresent ipven W&crﬂ%rﬁ'ﬂ{?logr i n-pol ar,
such as oi Iderﬁves/@mfge(@/dv&p@trwe%utﬁaﬁs wataih the |¢wad1romet slﬂemhgleg del i very
arena, oil-in-water enbodiments are rrpregaﬁ) %%&Y‘ vvater i n-oil
enbodi nent §lefingd By e ganeralderm ipraisigR.” Jiis i?g’eﬂggn' fhat {p spme o 5

adm ni str atb@herfles 'nﬂbr%ﬁﬁ'l‘u%rkﬁws é?étcoﬁéléer%rt\ﬁo‘bﬁm té\’n§Qﬁtﬁ‘%\“ ¢ applications
and the like. I'n nonpolar-in-polar enbodi nents, e first fluid can be

subst anbi aldlgﬁoht}fmpmbﬁe and |gecostiouays Fhage e @aﬁol’s"é'nsmt ially
hydr ophi | i t r
o i 11 STSRERE, HP s peforliat oonBier BRE G eRuBKAS OB Fus
ar chi t ect uremtdsmnéabutcmre |ogafpdi|ase systenis svthreolubilized Inohpelsr matesielgdner

especi al l'y ) r in
drug-del i vé’tpfr%ghte'gﬂ%%ngodl % FSMQ{%;HJ%?WFU @tﬁ?me éﬁ'{l§'§?| can flow
within ar Mtude)bmthpénchbdthlareimcb.tdepevhena‘radilttolnamdmelmlaiulee&udﬁra&n a firing
chanber of thﬁ%lfenfro f urf Cea9l. We.tdg]g%ﬁ orifice 15 imrersed in

wat er uﬁcﬂnzgr IR SeP IF & Cp-on- demand" fashion if

desi red Thus TH8 e hmdmamnsrdﬁ"qw@dés motdmmpblegcmg siHr-wateded by a
cont i nuous external pol ar, ., aqueous nnent OL?the

hase. Self-a
sur f act ant (OAY) cﬁ!@&o‘%{tmtﬂﬁ’@pﬁ'?bpﬂ @t YasHin- E‘h&%o)r ﬁ?’BP?so{ Whereindn® nk j et
ink arts, %lé?dé%ﬂﬁlhrdﬂ’é‘i id ﬁ&mpﬁﬁr\rﬁ%ﬁ@@ nhViRisiz. 1% ohé elﬁitﬁﬁiﬁﬂemnéﬁfrwat er

because of pen "drool" or eakage eaka e can

ni ni ni zed AMRRERPRINGCEPTIPRA, ﬁ'éc'b%aéﬂﬁ@%??@“gkﬁc?ﬁbﬁ?@?r i) ?rBfeesreP I and a
drug. F}Srthﬁranofh@Feﬁ%@ﬂ\éﬁ%f%rﬂ&edﬂh%%ﬁ@h@ﬂ&b@@at Paficrofl@ibicierd uee and back
pressure, if desired, can be nodif to mnimze droollng of the liquid

phase bei ngiraplsbuiressiiomyi o128 yain diametas an REPHIPREICSOBIPOLNG A BPti s pol ar or
nonpol ar . \Q(etcgség}meeg‘mggs%ﬁ cgﬁ{)%;mgﬁg?%tpg%tggg 25 m croenul si ons can be

produced by con e/ ection o oil, for exanple, into a fixed
vol ume of an aqU'daedempHmseomaA inbludegp micresdopid, agd aften,cipheticalvesinlest desi r ed
of the contjnuo ge because, in
the prior atb?t Coé?aoﬁgarﬁlﬁmr?mfp%gp Jcrgﬁr/\dceg% A edd&%lgﬁﬁé'tael gylgg‘%é(or W th
m ni mal 30 f|ddmpltsw@rilpaadsdsud:reas]phrp:splhamaldme”ﬁheilnhér ceretcangooiprisgé@. 30 | n

pol ar-in-n i y
hvclrophi 11 QJogab 2ERL UeFEE enddi®Tid bpove dobnfifly plepiafBE bl | o
bi oacti ve adesdy amctabeq)wnlsmeilnmgpmd miammréer;of thwgslcle h& bi oactive
agent can be



100202071 10 hydrophilic or anphiphilic. This type of enulsion can be used
i n cosnetic applications, for exanple, as well as in sone drug
preparations. In some enbodi nents, the bioactive agent can be relatively

I nsol ubl e ighogeofi rst phase, and can beyprepared as a suspension of

m croparticul ate size, often with a surfactant. This conposition can be
jetted into the continuous phase to produce an enul sion wherein the

di sconti nuous phase contains mcroparticulate solids as well as the first
i quid phase. As previously defined, the general term "enul sion” includes

both m cr ogRarhsiefistic SMipobomes is tﬁﬁﬁthb?/edﬁéle nmeremuwe and;wam\mommeu n one
nore 10 detail ed enbodi nent, the sSi on can '

advant age Braterials forkesusad togetbar inghfomgulaien wg@ogfth%rqqqﬁem ngf’fglb?nc’fas a
hormogeni zeg, &‘T&rﬁk’%ﬁemulsﬁfté‘?s Bib%r fhah! tHe ﬁﬁ)b@Wh&‘P\%ﬁh %C&I%yér' digd,

m croemnul srons can be prepared that utilize |ess surfactant than has been
required i phosphopipider Hameven/anprietyaf inaredients een be; utilized BRSEIUSIOYE ur f act ant

or more Egp%%ﬁgﬁér?omﬁ 581%%5 a§'a?@ﬁnovtpw{etﬁgrllter%Mrelnﬁcl'dHig; Eutr}%t“n‘t{éﬁl jet pen

archlteé gener cr oenul si ons ess sur ctant can
required. Enmeatralrmlpesltlseuchaﬂgedm negatlvelyml'@&@mospb@“qﬂse%%t at from 0%to

90% by wei gﬁ&?%%ﬁtgol Iof Ilﬁ-ﬂtnicﬁgﬁﬁ-ﬁplg\@b Bbter@ls 68 of ﬁ@?r@p@ré%rﬂ&% by wei ght,

dependi ng ar ac erirstics of t I'qui ds/ materials and
sur f act ant ﬁpmsumésﬁadud&s; fmbe)mmplenpdnospimjidgi ahodineyi phiosphhatidiccagid.esence of 20

sur fact ant L si ted at
i cr of | uf apeosiaEyobeboh ahOSehasBy BB e PP AR Syt em
especi abl y dipfalrhifsy/|fHosphatiyldhomfe, fcﬁblé@fek@]ntn@télrv\@tdarﬁémﬁw 1';2he entire pen,

al l ows additional control over dro et size ﬁn(g Zéﬁvﬁ rodu tion of
t her mal endisgexadaedcycioxyl artﬂmeﬁ‘dﬁ inoPreRaRee Nrkb! - y “anment and

reduce the r\finwmetr%fanﬁﬁéﬁu%t @@du&l@%&@da-&ﬁnfewmhﬁ@nm ﬁwpahepts-déapl et
di spersion. I n man %/ Ia plications now avail able, mcr oermls j ons Broduced are
Y

typically dd¥éy Qmﬁi amppethangjgarhamyicholesteyol, §P5€a?¥ﬁﬂtlsh§m8
Conversel Y po yegh ?%{ sent i nvention, a mcroenulsion can now be produced
"on demand' use lin a short time period if desired, thus mnimzing

t he reddirenent “Ff|wd-18t(]3€4rbmlmlpﬁnlarﬂéte@wm)ﬂ@h'Srﬁl’@ﬁt?é‘ﬁﬁ'l')ﬁ'mﬂér ¢40ng a I ong
shelf life r%a(?], r usi ng
sur f act ant %ﬁ‘%u%ethg ﬁﬂﬁ&ﬁg@/ﬁe i ?gg ?ﬁ eenI ggﬁ? o&mogﬁr;ﬁll?g ong havi ng
from 200 t pravidOsuch evaoyiles. 'Ehlamason mde-lel penhtiswsed gathpethansur f act ant

(or even nay R0 6! Mlbecdlsfufl ir sl h Sl Sl FAHE AR ibentch  0duct T on

of side eff® tj%t ctan I ncl
are optimized for emulsion/microemulsion or liposome jettlng and/or production.

20 Modification, if desired, may include design to induce turbulence, multiple fluidic
coupling channels which may have mixing chambers, break-up baffles, stirring
members, turbulence inducing design, and other mixing structures generally not
present in ink-jet pens. No ink per se is typically jetted, though ink may be
included as a marker in a formulation along with bioactive material.

25 “Bioactive agent” includes organic and inorganic drugs, as well as other
agents such as proteins and peptides, that are biologically active when
introduced to a biological system. Bioactive agent includes at least therapeutics
and diagnostics which means any therapeutic or diagnostic agent now known or
hereinafter discovered that can be jetted as described herein. Examples of

30 therapeutics, without limitation, are listed in U.S. Pat. No. 4,649,043, which is
incorporated herein by reference. Additional examples are listed in the
American Druggist, p. 21-24 (February, 1995), which is also incorporated herein



di arrhea, reduction of vitam n absorption, |ocalized cell danmage such as
when applied to nasal tissue, and other known side effects. The conponents
present in a fluid-jet pen prior to jetting can be stored in a reservoir in
many for msqgdb@sp7eXxanpl e, the bioactivegagent and first fluid nmedium can be
m xed together, such as in a dispersed state. Alternatively or
additionally, further m xing of the bioactive agent and the first fluid
medi um can occur during jetting. As fluid jet pen architecture generally
includes a firing 10 chanber and very small capillary tubes, the firing

chanmber capy ¢arefehck UTRE téme Rliddhoblie® rigds| Withouttikiation, ea‘rfnatatnuamseﬁm
enul sifi catl on. In this enbodiment, shear forces provi ded by the capillary

tubes and/ &r testingiferthgipsesenca or absense of aHBABHRAr £i5easeANUYA st in forni ng
emul si ons, anterfa‘f%t@hﬁé%@ﬂs%@ﬂﬁa ,#5 I n anot her aspect of the present
S

i nventi on, i ons can repared at a predetermned tenperature. In one
enbodi ment, t he“B/wl@gIGélrﬁYBtﬂnmnn@@@ﬁso%C?ﬂ éﬁ‘éﬁ eallar aulityrass tistussi cal

tenperatur g, %nhé%d'a?éo%naebéyﬁwe S&a"ﬁcP saneaé %%té%mhs@n be

i mpl ement e present 1 nvention can a e use to gener ate nulti ple
enmul si ons. lrImldTng bBuamsdi nent can i ncl ude water-in-oil-in-water enmulsions,

whi ch are parti ﬁ-ﬁﬂ? EXtaH'ﬁ)rgJ J#rgé\égel Or?p?@&, %?h iR s prlb%& k& ﬁ)ol ubili ze.

For exanpl e, can vvater ayere In the pen), or
provi ded isubstamatlemans fatscantedits, Fartszlamhéglpd:end&tsﬁlmtqmeaolaiScﬂ’ﬂr@@Uture can

be configured to, feed en firin
occurs, g Gq'BBera’fur?vﬁf‘QPq? AS ﬂbtngﬁ/perfcie tﬁ?teade Su@@?fooqrﬁn?e{ﬁgﬁé%%tl nuous °
phase ijpto Lﬁ)l@éﬁelslmbglaﬁtlﬂf}'aﬁgolwle%WQTer Erarnples of lipidslthat oan belusedecond
fluid nmediumis the caontinuous ase and .t.he dis nltl nuous phase
is the oi | ILBFROAHHIKGVINANEPIERED E"I"@ntf%}'ﬂ‘\gade pheshholipigs a0d g&ﬁ%ﬁt can be

associ ated W t hTh&gsrRi ‘*suﬁﬁﬁﬁt@dll?" \Wﬁel’W@é&f wmeah@ther teﬁﬁ%héﬂimchﬂelfl‘brﬂl ther the
oil or the water of the vesicle. ggnera nmbod |meHQpcan 30 i ncl ude

the for mat ingsthto éOfﬁﬁleéﬁ*h'ﬁhlﬂﬁaﬁrfMdaﬁ"i’FP F‘élPSt?ﬁHaW BY&rogReRiSi%n. In an
aternate goRodhaBRo t &téﬂt'tﬁétutﬁgé?ue?élrﬁ*}bbégwli& v $hefl alfiid [ r e a drop

of a first n a through a second fluid in a | ayer or
channell5suatay cqtmrzccammslmnal lsampohentp thad @ce ndrfwﬁr@h@b@r thoé.'ﬂh dikelysi on of

the first f é"@c?rﬁé idie col lected
and conbi ng’h?ﬂ‘ ?ﬂ@ﬁoéﬁ%sf I ﬁg){gchr%%”éﬂ" srh{al(ftr%?n I C;ﬁ%ﬁﬁ?h pdé?t cont i nuous
phase and umllmagmujhydrwhbbimhadacttglﬁsmal |y be t he conti nuous phase of the
emul si on. But, « h red
directly to a bi B?&%hff%gé@%tfoi' %'h% rﬂx@ t?e ég‘é;[al‘r’adcgﬁ}’ﬁ ﬁl%%b %’hi S
al | ows f or rgenhtinclalies bleysﬁuaubad oherarmdl attrhchws;orehtrapmetuschmbﬂeerethagent in the
enmul sign directl atient. or t su i me of | si or mati on.
Typi cal®y) & Q"IPPBéEttS HF'aﬁ%C‘?ﬂe d:ga%eg(ﬁoftlwgs%mg@ggﬁ-eﬁh@ﬂgrﬁ phase but
in sone enmgehdi®At mclhhmgbh@ﬁfeiﬁu!ﬁorwent can be included in the continuous
10 phase wherein the di sconti nuous phase cont ains l1 gr eoL *lﬁt nmodi fy
or The term “release agent” includes any substance that'can be je edw

bioactive agent that results in an association between the bioactive agent and

the release agent. Liposome-forming compositions as well as emulsion-forming

25 compositions are included as release agents.
In accordance with embodiments of the present invention, a method of

preparing a bioactive agent-containing emulsion for delivery to a biological

system can comprise jetting a bioactive agent and a first fluid medium, together

from a fluid-jet pen into a second fluid medium to form a bioactive agent-

30 containing emulsion, wherein the second fluid comprises a continuous phase of
the emulsion. In many embodiments, a surfactant can be present in the first

fluid medium, or the second fluid medium, or both.



i nfluence the behavior of the bioactive agent. The di sconti nuous phase may
be polar or nonpolar as appropriate, and the conti nuous phase may be pol ar
or nonpol ar as appropriate. One advantage of the present invention is that
bi oactive agpgdg7gont ai ni ng 15 enul si ong can be prepared on-site for
delivery to a biological system By "onsite,"” what is neant is that the
emul sions can be prepared in a close proximty to a patient or other

bi ol ogi cal system just prior to delivery. Exanples include: at a doctor's
office,:; at a pharmacy, at a hospital) at a | ab where delivery is to
occur, e.g., SUBHKh3®ldran-pofedblatduth a3rwatesmues QW) Lared naripolarfiospblaer , sever al

advant ages can 20 be realized when delivering th erruIZJ ns of the present
i nvent i on Béchhanpibinoyaten(OAYkerausiops,sankie ‘éﬁq%y 'Qﬁé"ﬁdrl”ﬂ elYSY 8¥eal system

S 2 hUmanopatl gt onfiREinRrASElEmorl AL, Powegsy, Wakatihloity drugs can be
y small, e

made to be ver .g., mcroenmulsions, and therefore, can exhi bit
i ncreased binbadiaianihtan algo adisadjn awsas o drugtdeliveyr eds@ilt oxicity. Wth
certal nsm GEORIRHEA0R'ST inidiBRE A GreMoRPERRRbh M cGsHet?! AbiiERicHs et ual ed.
Further; prolonged emnmu 47DN 2t abi Ity 1s not required since the enul sion
can be usethesiken after preparation or even delivered directly to the

patient tissue wh{ golaigl-@'\-éllﬂégem%%j%ts{. %iﬂm? 4n bOSuB&EMEHIy O surfactant

required) if desire ussed previously n accordance W th
enmbodi ment sydrbphdtsic,the secdnd fluictoan be substantiaiy bydropbili€.| aridthe dioagtive be

configured to be within a second fluid jet .pen.. , fluidjet pen can
fire the fPPETENHOPASES qméoé@@l?n% %éh'@"%a'ﬁﬂ'emgﬁrf‘é’i’ﬂ??td.e'%"" enul si on can
be fired i meeGhaPbepivzd Miidjétiapchitetture o2 bé desighdttosgroduck f 1 uid j et pen into
or 100202071 13 onto % carrier rrec“a{um . The f‘egBM fl BI 801 ett pen or

mul tiple fPigreMEisionsdenyatat. esperiallydn ofsin-waier O/} embodiments. et pen wit hin
a singl e swhithtate prérared ﬂgdﬁJPQieﬂVé‘r?.i Ire6hale@bodinfental mx@iretdi um can be a

|l i quid substrate, such as oi

] or water, or can.be a subst atg, such as a
parti cul at éf‘tﬂlsqrﬁ’rcb"éwog%%f‘?‘&t‘"ét,h"ba.QQSF“Q'quﬁBP {et Pep;i aNd EPPRer, the
carrier medjddfEdidn Ririgichafiber 8f the PlehWoRt thel dupfacd UF WitAghd érifii@ot her
enbodi nent of the present invention, a nethod of preparing a biogactive

agent - ddnt dnmeragdiin padesias apathet peigr pRrgNEENE Yy aé{d'lquﬂfsﬁe’ﬁﬁm"lfﬁ?m@_‘ form a
bi oact i ve fqahsd O &l NbRoldRARAIToRAE oA thdbddifnd Biliaifed ByAs s known
in the art, 1T posones’'do not formspontaneously, and thus, enérgy is

i nt r oduced contifuoas lekigirngl pslache.gs aquedusgptasei Pet-aligomentfafdheiaurfadtantmat i on.

The vesicl e_devel opi.ng formul atiaon, .e. g. S el i niing a

bi oact i ve. S8AESU tReroplakoRn. Gl irferfice, BF S BRast o AMBHRIT,
delivery. Rk-jetpen canotggically be pleed iusdematér bexzaase of peruiddoattorsol i d t hat
acts as.a substrate to acc 5 or collect.jetted |ipps . e such
carrie Oma?ﬁ APFnEPUGER" ﬁﬂgg'%aé?ﬂfsc t&?mﬂ'wgﬁgroéirﬁmﬂ‘lgqo\ﬁﬁ%ﬁ‘ce&%hai ni ng

| i posone i gohtaidsefinorpotarail matetigalizing 5éruy! iFarther, fordesbodirdents lvéttis ri ng can be
directed into a plate or,  baffles, or sequential fjiring from one chanber

i nto anot h&vegHen. MesaEehitegture apg barlyprespurentt pgq;ire(d@cm. BiMeefoRogeni zat i on
passes) pringhintife &loBfhg bethk1iRGidThask bBigRihensdd By fHal perhviethbihe20 carri er

medi um can _be a solid Substrate such as an inplant, or can be the ultimte
tissue or dBMergien liquid is pakarormeapreiapoWithdlis Rrecessanyceuentated eat or

cont acts | migbBRIulsEHSan B 1SrobBER ) EQfiuBPbjelfiditof HIRQ aHY diNtsr medi at e
application nedium but can be a biological systemitself. For exanple,

jetting |ig¥3mRies inteAxpAVAYME i@ anueaus Phasshwihirarig stirfeg@d such as
nasal , ophtfighigiisn if desired of the continuous phase. This provides an industrial
advantage because, in the prior art, production of a concentrated product
without (or with minimal) filtration and clean-up has been difficult to obtain.
30 In polar-in-nonpolar embodiments, the first fluid can be substantially
hydrophilic, the second fluid can be substantially hydrophobic, and the bioactive
agent can comprise a hydrophilic moiety. Thus, the bioactive agent can be



25 or oral mucosal tissues, or other tissues during surgery, can occur.
Wth respect to the bioactive agent, in one enbodinent, it can be
hydrophilic or anphiphilic. Further, the fluid jet pen can be a piezo fluid
jet pen or 1godobermal fluid jet pen. Lifosones can be fornmed for jetting
froma fluid-jet pen in a few different 30 ways. For exanple, a bioactive
agent-containing |liposone is forned in the fluidjet pen prior to jetting,
such as by treating the fluid jet pen containing the bioactive agent and
the |ipid-containing conposition with sonication. Thus, after 100202071

14 soni cat Ihyarophme of bitipHiphtic. TR typé bf emolsINtahite (xedidn Gosraetic
agent - cont al nj n(% posones, which can be tted fromthe fluid jet pen on

demand (si @PP4 9“3 efﬂ'iﬂ”%qnﬂm% %mgb§ NSOMEATUE FeRABMNSor i or to jett ng,

such as t hr ough|sgithé akibeBimenty, s PRbEMR! agenfcdn B&fdlativelyiasslubleambai ni ng
| i posome can be formed by the jetting process itself, utilizing, forces

exerted on fiesippase, tanér@ndlﬁrPfﬁga"@ﬁésj@lﬁpﬁgﬁﬁ’ﬂ QEEE%OPQFHC%?"PW&G fieRdi nent
the step olyfled Luficdid, THE daiRkhiol 2aRBEMEHRNE th RenkruzRS phesé & 2

bi ol ogi Cal ‘system can be carried out as jetting process, just
after jett |prm;ﬂuceranamlaiSIbatvmerelnmlmdlbetbn’iguoui’rrpltlaﬁﬁ wtalmml@ﬁ@ammdatetu me such
a bloactlv e is considered to be able to 10

provi de a @c%a%éeuéfggg’#%gedufn ongeenbodl ment, |iposonmes can be prepared
on-site for del As@revidushadefedetiie genec kerm bnmllswgn ‘dadludssshhatin  mi nut es or

seconds priar to deliv Thi s

provi des a"ﬂ?@gfn %téegcﬁ]or)[aﬂgggﬁrﬁedo%mvlsﬁgg ng?(/%rr %’%‘Zﬁéa%r%a ivery,
becausgost fd:emed telﬂbbb dﬂﬁéntbmerémiulsibrz edn be falrﬁlc&iemmlmam ed),nemvhnqa_ge ﬁfres aL e
not typica st abl e over eriods, of tinme, particular wi t hqut the
presence ofth%P'?SPm ipgntionds g’eg“s%cﬂf)?eff%lee REN gF ¢ moqgn&%ohéga%gao

soni cat i on k& eap FETUR-Rt bén b}é‘éts fluid dﬁmemwlsummprreparddl toad utflibeli d
produced i posones rra gwonerat e.in | east 6 months stability

5 days
is requiredessuiae Jeep '%W@Qr'%”?%p%l!@é%é\é?@)’ MIGEREMBUISENS ear s i s

preferred. utl%%&RZO% sur@&tﬁﬁ@ﬁﬁﬁref dRératb infiBehlidiors2 H&Wewr 4 ded by
the present invention fill a need in the art, particularly since nan

| i posords  attilizing Suidiieteresy arpbitastire snapreratedhe 'W'P'P@muﬁﬁrﬁ @Sﬁépﬁa?&ﬂﬁt m%l tiple
shel | 11 poggagg @a@réﬁ“muésagﬁieeébﬁgam @heh Jen@Fal, B8 BredbhCat Gdf BASS

t hrough the shel has been difficult to nake

| i posores tth Q0% msweabt &onmhat to20f byrwglghh@uegem tom Gforie A8% R¥ependi ng on

t he formul Aole C%m.ﬂ s can be
injected i S&% Sa?(-ll"ﬂr.lég% (Cgrgrg@%g’ 0 e?n%@%rﬁ%@ﬁﬁ&%%ﬁeﬁeﬁd I qa{lelg,aganﬁ

del i vered \dJﬁbdahtsanM\yedﬂchsbIap;n mncrc&;nmislenis wnlh@Jtahaplrasdnsmpfport for use,

or can e jetted nt 0 0sa urfaces n a, wounds, veins,
etc. erjrﬂfffP?/t@P(]) H?‘ @éﬂ’e] ’QwaBB‘.l;% %aE\[%e ggrbea?t\céﬁ%(lt)rg 30 onto the

ski n, and trhieroflUiae Ibv@omnt??r (hgat thm:radammldqeasmmmpepmﬂyﬁt or ﬁven )
over pri nte u5| n er u en fornoulatio t her,, throu
f1ui 8 j et t & RAIBE 81AroP | "Bl?é'Bﬁ@@ sgf Wet?@t'@r?%ﬁﬂ?‘?ﬁ Bd‘{j h%"fﬁﬁeatg@m cel | g

usi ng 10%@29@@52@%@%%@/3(ﬂﬂ{tﬂfdubf'@f @ﬁheﬁﬁh’!bh@ﬂgypﬁ%@ dedir®)eahhe f1uid
jet pen. It will now readily be recognized that all he e a p||§%c5ll ons and

nore are ndW'W&P F"m%"qroﬁe‘f'ﬁ"%@ﬁﬂﬁnd '@HH?%ThGr?ém%

Turni ngst o té'b%d‘déé REP&IHBPI: dispeRticiact i ve agent rel ease system can
conprise a fluid-jet pen containing a bioactive agent and a release agent,

wherei n the fl uifimagy apelicatiens Bew ayailabie. feeropmuisions RMAdUERIAEt i ve agent and
the rel easqy@eaidesigheltd b8 IsHF-ARbIESRASkFdrRs BELHEEN CdiRelRiefaWithve agent
and the rel ease agent. This system can produce associations in the form of
enul si ons, thﬂél’ﬂ?@nh@VﬁﬁttﬂnoéI'ﬁ!lP@PB\h'!;SlOfa‘Fﬁ!‘ new be prediicedhen demard’ANdon can be
produced in,eLf Witk 4 'sHbr@tlln% epeﬁﬁa ifRidsfbd, 4Rud ﬁﬁr‘%t‘nﬁ%g tﬁH?ﬁqtﬁ%n@ht g@ni cation or
ot her known processes In en or prior to |n% en such as may be
desi r abi0e, |@n938helff|ti¢ (fbptﬂgtam@omuléwonalhaweg@ leng shketblite gaD bterpéOduceﬂB jet pen
|'s used pri h%cr&&ﬁu@%hb%ﬁﬁ%e%‘é ﬁsmé‘lshﬁéé‘téﬁﬂéﬁ'ﬁe%ts that halél J et pen
filled with 't I oact1 ve agent an | ease ent can be sonicated or
ot herwi se riVR'@@l'Ycheqmtlﬁedé@ écurrmmuiswna havipg frgn 200119 Wo9inre draptetsize. f or m sone
| i posones or emnul sions, depending on the fornmulation. Alternatively, the
associ ati on can be produced during jetting itself. Still further, the
associ ation can be produced by a conbi nation of prem xing or preformng
within the fluid-jet pen, and during jetting. Wthin the fluid jet pen, the
bi oactive agent and the rel ease agent can 20 either be in tw separate
phases within the fluid jet pen, such as in |ayers or



such as in a nore dispersed mxture or in separate chanbers. Under either
scenario, the fluid-jet pen containing the bioactive agent and the rel ease
agent can be packaged in a sterile or clean environnment, thereby providing
a sterile agggi/ati on upon jetting fromthe pen. This is significant in
that |iposones and 25 sone enul sions cannot be autoclaved for sterilization
after production, as such sterilization processes can destroy the bioactive
agent, the liposonme shell(s), and/or enul sion properties. Thus, fluid jet
pens can be filled with a bioactive agent and rel easing agent, i.e.,

vesi cl e- f omifeli@e®f |¢8s GuFABIhS(0P BvéY RB sudadlanten @ﬁfﬁrﬁﬂu‘idlemenlo‘ants t hat
i nfl uence rel ease,  and packaged in a sterjle ner, .30 thereby renoving

t he need t(ﬁe@icérthﬁrﬁ@dﬁ!ﬁﬂﬂﬂ?@dqq effpcts asRociated wits aurf%%ta’HeWC'Hfj'the time of
producti on d?al?ﬂ]g‘ge}éd‘{l figh éﬂ/lt@mﬁh Qbé&bﬁtﬁl I&ﬁéﬁi&%ell"&?ﬁéd@étﬁm RNwarpci es, or

the |like, cou bene romsuch a process. This "point of use" or
"on-site" apmnmiztozmml tls&Uﬁemdmtéebknqwrwd%ﬁﬁe@sOn and | i posone formation

usi ng fhui d J et e pbageRARnPAN 1814 HRA o 1o BB AR heigdlsh | on O

conposi fions for rver nmouth, as well as
t opi cal | y. aSeseénvoir i mapy form?oesi’@rfemmpleathedfrmatlaﬂ abentcmrId firstfisdid ont o a sol i d

substrate shelAtah Belied GRANY Sl dbRIRPLAY AldiRinaliLrate for

i ngestion. van ages using a as descri'bed herein
are on- demadditidnally, tiethev enixingof thedibdctive agentainddbe fi rseﬂuud rmechlsmamd control

of | ocation of Pr od uct n,ran i ttle as one
drop which Netul Cﬂ'ﬁ'"ﬁé%'@%‘ ge ﬁmddets‘?%?rg ercit“frfe “S'a‘QJY&C?‘{'H bné’ nunber s of
drops Jlett%daffnbéﬂamw{/éryrshtallczfapﬂlagetab@é tmﬁﬁl@cﬁmmﬁh odeye ces are
possible. 10 Ref erence W || now he extéprm:l tl‘\lllserrbodl ment s

i | | ust rat edUPHepgR infing\GaRYary tHh‘EF §H§Eti”ﬂ"39 ?@Hﬁlf&@ e used herein to
descri be t lantifRent! Sner o oiIde8 | the BEpilk isKsCatid/drftica pidkd I tat i on o

the scope of the invention is thereby intended. Alterations and further
nodi f i cat | 688 ast ag Abomegenizek, and @gsigk i oming emulsiong, AEEE™, and addi ti onal
applicati opsicRbmiutgory 1 Nci pl es of the inventions 15 as illustrated herein,
whi ch woul d occur to one skilled in the relevant art and havi ng possessi on
of thid5di scl osl@anothgreaspectef tl@@n@saetrlewenmonhemulsmswmbe rseparpd af nvent i on.

Turning noy r8dé?ﬁg gérﬁé%raﬁffrese erﬂ%’cﬂ eﬂ?%émﬁ&@émﬁ%fbg%& ed to

i npl enent t Fnvention are provi In FIG 1,
a system 8 poépgrecpba phypleiuglbahtemperatmrelanm|mg1611iatedehnﬂrysta)anbioldgicathovm as a
fl ow chart. Ftl ow | ines re resgntl ng novenent of ingredients to or from
cont ai ner s S¥¢ e%%ﬁpo%er gnpal? nunbered but are clearly apparent to one
skilled in the @hé prdsent imventiombszai alsnbe usemtmr‘gmieaatefrmmiplé atruteioris6 can be

\F/)vir ? Ea; 8 b%h?soggbgéi%%np cr:]aen |(r)\E:IugD R/veatenr(-)lﬁ -0l m-wa er uqélgrr\]st S\l\)/hléllwogr such as oils,
particularly useful with drugs that are difficult to solubilize. For example, an oil
can be floated on top of water (layered in the pen), or provided in separate flow
channels, and the fluid-jet pen architecture can be configured to feed both of the
layers or channels so that when firing occurs, a drop of water inside oil is fired to

25 form a discontinuous phase into a continuous phase of water. In this
embodiment, the second fluid medium is the continuous phase of water, and the
discontinuous phase is the oil-containing water vesicle formed. The bioactive
agent can be associated with the oil-containing water vesicle, and can be in
either the oil or the water of the vesicle. A more general embodiment can

30 include the formation of a polar-in-nonpolar-in-polar multiple emulsion. In an
alternate embodiment, a similar pen architecture may be used to fire a drop of a

first fluid in a layer or channel through a second fluid in a layer or channel such



25 optional first excipient 12 and a bioactive material 14. A final

nonpol ar m xture 28 can then be prepared by conbi ni ng the nonpol ar

formul ation 16 with one or nore other ingredients such as a buffer 18,

ot her exci ppe@otay120, surfactants 22, oiher or additional nonpol ar bioactive
material 24, and/or solvent 26. Note that the arrangenent of the bl ocks in
FIG 1 represents only one possible sequence 30 of conmbining materials, and
does not require any particul ar conbinati on or sequence of mxing, but is
meant to include many possi bl e conbi nati ons and pernutations thereof.

Further, neiatahd ploaBIdIBpless &8 nreniulsion lof tHedbt fuidlintthe secdrDROROFL 17
nunber of |ngred| ents i S not I|mteg to the B}elnb r offI Bxes as woul d be
catheryige fise 1y

known by ofh€ diepleteyere tothecollpsted @nd copbing MY di scl osure.

Wth the DWS/ b8RE distBitinuots phhdd amd tHarseeand AGiE WOLjid)fyptoany pates i al s
before loading into the reservoir chanber or after |oadin |nt8 t he

reservoi r GRENMOUS Phase ef theemifisianaBut in this case. keRaviaieRProdyceds i nal
nonpol ak M ey éﬁ/efﬁhl%\w Rea B%g’i’éd“@?stém vithout Intdrrheldfite ESIRach@ﬁ?er voir for

jetting into a steri m xture 44°to forman enulsion 32 in which the
nonpol ar mThtsmI@WSs‘omloa.o;félmwemnlmm@rwméermﬂthm@ogetyﬁuagénbtmta? m xture

44 h f |

mayI Eet [ ﬁcl ﬁrﬁﬁé& H?ct&qgﬁgmttl%ﬁtWtisgué)%btﬂﬁﬁﬁ{é %Jéol nc § p(TIi ;(rar Isgl \S/ent
36, pol ar B‘lyp@elly,\adolmtwe iagent3@n beuintladed tham‘p‘cenwnmuemhaae utfine

tenper at ur Sofile SbAmBHIUHE Bighéid¥ addif o) BRI 1Rind Sl 1 s

m xture th ate, can be con ed or
regul atied Iphasdreherdin therdiscdntmmmsphﬂa@e cilihtalrfs mgdedrwtmtbbtamodify(omre 28 and

the pol ar ture 44 can. be ned 15 er mal ntr preans 34)
respect"?f(;‘gpﬁe vpaogﬁ\g{}goa H??g%% cﬁ%@& HQUS PR 8;5“?%' B% i ng

nonpol ar mpstadiof néSpdladsy appieprdis f riethecontinuani phiseimaynte il@rdrl e pol ar

m xture 44, thereby form ng emul sion 32. The resulting emul sion 32 can be

col | ected GPNPRIALAHBPRICBHAE. form a resul ting usabl e conposition 50 which
can be in a var b%yad%ntfagé%Ftheagﬁeééﬁhmﬂnéﬁ/isahéﬂ%mbe%geﬁ@éamahm§4 or sone

ot her mechani sm . anpl es of resulting ositions 50 include fine sprays
(nebul il2e) emdgiang @aﬁ be; prepacaskonfite f@ppa o2 fiolagicat sysiems tBYaPB- mat eri al s,

Wi thin a cafbbql af Isﬁé’arﬁ@fha@ﬁ\e@ﬁﬁglsﬁﬁ? &4 bé/ préHaréd)lnaa Lib8S Proxfifity to Ther mal

control 48 cana ropriate aced to enable utilization and/ or
di spensi ng anpatentaorr@ben hlolnglcebsvpm,uusirpnomede‘meryccﬁnanmles:mluse darried out

ina 25 nu rocesses,
or by nor e%?(%d tlon a{h@%éﬂﬁé%nf ﬁédr'r{e;?h g%%e'f%aglqem%gﬁa&control
can opti onal.d.ysuh asatord ealubr ootnssu.lercultureeetﬁ Fotingr, seges) advarttages can st eps
enuner ated at 30 nd 48 for exanp, rmal_control steps
can a1 28 b reatred e thiyBiio B8 AmiseRR LS it iR ey o 50 wth
respect t o biglegicdl syblenﬂlpbﬂiiulmymmab@ biolugyital ey&iemgd; a humandpgtient. pen

appar at us n be conf red such t at the fina mxt re 28 can be

D wt PR e piay GieblAts, PO SRy ArUbS sPR e g o pe Yary sl €45 ha

resul ting microemulsions, and therefore, can exhibit increased bioavailability and may
demonstrate decreased toxicity. With certain microemulsions, lymphatic
25 absorption can also be effectuated. Further, prolonged emulsion stability is not
required since the emulsion can be used soon after preparation or even
delivered directly to the patient tissue which, in turn, allows reduction of the
amount of surfactant required, if desired, as discussed previously.
In accordance with embodiments of the present invention, the second
30 fluid can also be configured to be within a second fluid-jet pen. Thus, the fluid-
jet pen can fire the first fluid into the second fluid, and the resulting emulsion

can be fired immediately (or later in time) from the second fluid-jet pen into or



100202071 18 enul sion 32 produced therein can be dispensed directly,

W t hout incorporation into a conposition 50, as desired including as an
aerosol, or as a positive material on the surface of a desired substrate
mat eri al . lhpodobd7s enbodi nent (and in ofders), the dispensing of the final
nonpol ar m xture to be mxed with a polar m xture nmay be carried out in
such a way that a variety of m xing techni ques such as sonication,
turbulent flow, and others known in the art, nmay be enployed. Thus, the
interior design of a fluid jet pen may be configured such as to introduce

m xi ng by tontdalkarier rle@np’ TRES66shd fluid-t pbh oamuiltipty fidddm gieneoan bet i s
anticipated that the final nonp livered into a

firing aregogwinedswith the;fisst flyidyet %I‘I’erE;h'Watsr\néf?létrI"?%Hf*ﬁah%errdtﬁﬁeasur e in such

a way that JfeBiNd W cafrﬂléI%édlutﬂrbah(Hé Phiquid sutsstras, stk &y loft or Watérhi s
enbodi nent, wthin the fII’IG&]C anber, one mxture (28 or 44) can be jetted

t hrough t her ambe agupstiate, & %ﬁaPB”'CP'@Eﬁ)@dﬂg\?éPWStraé%tﬂﬁtﬂ%fm@ﬂn%rml si on
32 15 PLOAUGRAMNE RERSE fddidth cbﬁtbb%jtlé%ﬁfo%&hﬁ&%ﬂ@es the 15

di scont i nuous pha xture thr which jetting occurs becones
t he conti nuous Whaﬂm toldnqt@rtemtg)danemmltm mseﬁtﬂ@\tﬁﬂt@noﬁm‘lﬁt@ds(?fbstrate

such as int g? mglg ﬂogﬁnatar&%b?c&{talﬁ@gqggscﬁﬂ le9n SHR fléé‘{eﬁlrng %‘Eﬂbsbmae ermul si on

can be pre;? r1'or rrate arch such an
enbodi nent fmmng ncﬂnpdsatlcm andia djceictiyeeageridpgetbesframfa fiuid-jgtipgndnto® o t he

firing chanber. e fluid. The
second flui'tf “é'P t?)gc?{% %ﬁ 0%8“\'9 #ﬂderﬁ,g&mg%ﬂ“ (92| j%é)% 8'[?‘%%“% hﬁ%%!mﬂ

enbodi n@nt Axsis khews lirathecdrt, lipasindsydandti fosh spontamiequsty, pednthuSt Bnergy fI uid jet
pen, i.e., fjrst pep jets jnto secon |onfol wed by
second pen i§ E‘Lterngcg ﬁ'BW SuglL#5 %HHQ%MIPQ ‘%@Cﬁ%f OrBAIYL ISr’)eeadl ly be
det er m ned v’é&c%v@bddﬁ@rmﬂaﬁdﬂ@ eﬁ)t piedsphbipid! doﬂtalrﬂﬂ@ attisdotiod agant 25 Though
not shown in FIG i n anot her enbodi nent, hannels within a

fluid-jet @R @tﬂ'ﬁ@t"ﬁ‘? 8N @RRrapEateLaARTSRedRof ‘I’\%I'B’gﬁ/ 5% SBM&quid is jetted

into a Sec‘?ﬁé’dlbﬂnqlwfbt‘iéﬁbahﬁsla%rIl@ﬂdbhé@ll&haﬁa&@bé%éubglﬂatd toategpt channel
and orifice structures appropriate to produce an enul sion of the first

i qui d i5n tai&otedt intied lipgeemmes. noﬂﬁéuff‘th?rﬂeI mgdium includes an@apePusing third
liquids arey, gjﬁr w&éﬁéﬁ’d fﬁ%'qrbfg %I i I Qoﬁ‘]@qs }é&@d%@%ﬂ%dtbﬁié's@lu’tlén nonpol ar

(typically ol en a po l'ar-in-polar, (ty |caﬁy
wat er - i n- 0|If desnrewatherfmngman@emept@dpmt@mm or baifte@wzsﬁnyem@al {iPGi ng now to

FIG 2, d t t
i spense. 1S Oe ChemBEr R blernpdeReihE R e iffidido it | 21 0P, 1
alipid forhmhcigemmtlﬁipamsgtpn@rtosfealqeﬁmggbm fhegped. dvtemnativetyi that i on of

I d t | at b hol d

| nvol veld i chariatedium B b s siParad ul PR Aneltt P 2an BB o e ¢

i pOS_OrrF tUIlﬁnf ateisgué oF calludrisie tHEd tiealipdsemes b berfigurdditodtdat or nonpol ar
materials to for

I 74. ho; th I
ot or | a1 & (BRAGhCINRIBST HoAiociE AT et oat Ya¥e BRera MRS i ont o6,

surfactant dlicatRARREAIMPbeBEHN Bea B@I@rdaabysmn naam Fmpexaadnild ;emgudes a
solvent 72. In one 10 enbodi ment, the non id m xtur can be

| oaded i nt diPRBOTBAS FRRAINNGHrHES Airediiyonip/in g[gsugs rslé A% ppsale MiGor a
fluid j8t REBralthEcRBFiIREEEDr other tissues during surgery, can occur. With

respect to the bioactive agent, in one embodiment, it can be hydrophilic or
amphiphilic. Further, the fluid-jet pen can be a piezo fluid-jet pen or a thermal
fluid-jet pen.
Liposomes can be formed for jetting from a fluid-jet pen in a few different
30 ways. For example, a bioactive agent-containing liposome is formed in the fluid-
jet pen prior to jetting, such as by treating the fluid-jet pen containing the
bioactive agent and the lipid-containing composition with sonication. Thus, after



medi um reservoir chanber can be, typically, in an enclosing nediumtray or
ot her hol di ng device wherein the tray or other holding device is under the
control of a transport nechani smand transport controller. Any conventional
15 techni qyep2bmy71al i gning parts may bejqutilized to facilitate | oading of
the nonpolar lipid mxture 74 into the reservoir chanber. The interior of
the reservoir chanber may be a sinple walled structure but preferably
contains an interior structure that produces a relatively enlarged surface
area conpared to a sinple walled structure. For exanple, honeyconb

structure, ssiBatic, b Mlid-jdt pahivaineshtdin thé bivattivecagehpcomtainirig ci r cul ar
structure, or another type of structure can be us ncre se t he anpunt

dto
of cont act 'B%%“@F@é%‘&ﬁiﬁ#%@méaﬁ Meid J?tﬁéed‘r%} ?“ﬁ') siplany. it hin t he
chanber . <Fi'§sycé?1f bStéried i fﬁ%tdérnetﬁloﬁfcﬁje‘t‘tﬁU sWhl‘dbg‘h%nﬁ:@ﬂbﬁbﬁer i ng

arts. In the I strated enbodi nent, the solvent 72 can be gﬁrated from
the 25 nonﬁdiﬁmatlw'mijlﬁﬁﬁt!‘@rageﬂltc@'ﬁaﬁmdlﬁ’é’éo'aeﬁéﬁ|bGJ8'Im9q by B®pol ar

|1 pid mt ehhﬁﬁs ﬁgelf) it lﬁf?ﬁgegﬁ‘ %)&Healbrnf&?r?p%sﬁif)n@d!l@? géﬁmg harmber. Such a

chanber “"ca nitrogen 1t desir is typically
seal ed i n phuess.chseithenembedimertche Istepmfwh‘&ﬂngsih@lbmaﬁ%\(ﬁ agent- materi al s can

b t I d to fill t tel
comi nat | ofonaINg tngerel e Piofbals S B ke bhmic uEEE pBRREHE Y ©F 17
envi r onmenjettiy procesy, just bfter jetiagnort atra laes timey béieg dimited Ibiyztmlleagtrmf t he

j or. after.t

solvent is, evaporated eijther befaor. he The

si npl est pItmz’aeggcktq]ta?aﬁwgSagﬁe{chrgglmng lipRSQIa.s %O&Sé%fedf§ gra g'?? on of

mat eri gbs proVid28 Befapelfliceiffeadver se disruption of the lipid filmon the
interior surfac s of the,reservoir chanber is t ect In sone
cases, the solv ?nez%mg?ﬁ"m%gdfp???'?%%}%%B?Qar%@“l ﬁ‘t%%{%‘s’ V«?Hfé?y In any
event, a nQaReHtaTr olthdilbibl é!rsygtbm7ﬁum§?teé>bi s?édibﬁdsbh@ﬁo@ﬁvé@ éuﬁad i zed for
furt her proce55| ng ormation of |iposones. Whe rogucti on of

|i posones iParteéhe @%l'Vea/ 'E?Glf)arﬂﬂiﬁ 86@’!‘19@@ Qﬁeﬁi %ﬁ‘@”!?@edﬁﬁheb Sbded to a
reservoir %P@éﬁ?ﬁé st?ﬁbrg@ iy aé'lﬁefye%ég@b stdrhge ﬁlfne%ﬂmé' rﬂfmrhiz@d drmaterials 76.

The pol ar bl oactive xture 838 can prepared using a pol ar sol vent 80
(typi cdbl y eliminatgd, qulpasomes)a@tmqﬁéymllwrstaﬂle 8\29r lonig perjods Af tim®d exci pi ent s

86. 10 Ther, |cu[59l\SZARl¥ﬁ|ouﬁ e?\lc Q,fgﬁ9@EQr)élg g/é Iym{ét giyd. pol ar sol vent

cones in c "I p |Im |nt vol r~ chanber at a
t enper at ur é.lpdsamealmaﬂ&;by sqmcsamnre ajgglomeraterin JLtSyﬂ)OciaV?r anéheyeN n plus or m nus

19, doar e SEERHCATRgHobJBalyBRnit D soBRRMERISS S, A1 e | posom
Lr ansition nﬁmm@stabmtyas oéquined Hyltpnla)ﬁﬁ)megéﬁall&%yaanglsl nqmeslsaryTagEi Pol ar

i oactive mxtue e sterile an t t hrou
sterili%i ngeRis 1§ &Fe 8’6?1 al% ﬁ@e (5 9N pﬁmﬂéafggg@?{;% tﬂﬁﬁ qé‘? prc??"dgpsemhere in
betueen the L nonm g o L T e 11 d 11 m
76 using orfe gpstgb '\?é’(’lh@t@acﬁ?‘ ijf%ng%a@g'ea%" ’HHF‘B%@&H% ?96’2‘?‘7 ol boxes,
20 i ncl udi Rge RhowR & %ak%@ﬁhfe%r fife 92nd &ggtcahlpass Qﬂ’oug‘H m@ shteﬂewer ature
regul ati on or t her mal or mlx ng_ﬁﬁap atg r¥| ns of thermal
control 98. 'W’béﬁé@‘ét 'EB” P%"d’é@m@gt\’/ﬁ & P?ﬁ?"?eess Atlgstmeie el can be
di stri but edrday 2080 t8'6 AbHAS Teending oAthe f&nﬁnaﬁmmncwaaweams 104
(including fluid and solid substrateS), such as to a cellular culture,

tissue or 4hepresentipvention; ipospmessande injested info saling, of spmgath@smar y
del i very, %p@%ﬂﬁl@lc‘za?n tllguﬁihgnéHél Veréd Wﬁhdﬂglﬁﬂaﬁg{rﬁ de¥jeeRd onfat 0 @
. a

substrate gal n ns 102 can be utilized
to regul at solidl spepst foguse, Qrmnlmpmommdl%lﬁéﬁ%%ﬂ“qlﬁb Rase,

vagina, wounds, veins, etc. Alternatively, one can jet a liposome onto a patch or
30 onto the skin, and then the liposomes can be covered with a polymer patch, or

even overprinted using another fluid-jet pen formulation. Still further, through

fluid-jet technology, liposomes can even be driven into the mucosal cells using



facilitate the delivery of the |liposones to the substrate 104. In
accordance with the present invention, in one enbodinent, the 30 |iposones
can be dispensed into a carrier fluid that is stored for |ater use during
whi ch st or ag@otg7ae does not affect theid i posonmes in such a way to provide
undesi rabl e properties. 100202071 21 In the enbodi nent described in FIG
2 above, there are nodul ar conponents that can be brought together to
produce |iposones using, for exanple, a polar fluid introduced into the pen
at a time when |iposone production is desired. In another enbodi nent, a

single fl urf&cda@énd)@ﬂthaﬁﬁaldoacrbmrawaa@ bg & Riid-jet ipenb et will aod/ readifyl ey channel s
with jetting and mi controls su he | i posone

f or mati on ﬁ%ﬁ"@ﬂlzﬁfjéﬁ%g tE?%?r%CIEPS“ﬁPet?OrSﬁ’:snr?%Q e Are nPWLﬂV@"?tg? tf?fgjﬁoﬁ?rﬂg?t in

separ at ed ghﬁ,rg?@qus ah FhlcloBAfulsishsact i vation the pol ar solvent materi al
stored within the pen is conbined with the |ipid materials stored within

the pen to prodlie@ing ecxehes empedingem, %P@ﬁpﬂ‘&ﬂgﬂ“&@%ﬁﬁeﬁ)’smw'ﬂe jetting
of 11 p°§°”‘é6ﬂ1fpﬂ§éTﬁ(ﬁuW-1E¥'Féh E&ﬁauﬂﬁ@é%%t%aéb%ﬁt 8 BPEIEads dgdrfies 1nto m xing

chanmbers w't nacircdlatin lon to nodif ythellposorre
structure Meseunéw@ﬂulmettp@nn@omf@ntedf@rmﬂmgﬁbe bigeghyeagemandils jetting

| i posome g I%@Eétﬁﬂsregb'ﬁm I’PSSJOICI'éItIgn b&twe fithe %@ \fm)é %qérﬂ%nh fyeent i on has

been descri ere O certain pre erre nments, those
skil | ed i nrelaaseaagenti I'I'hlseqyptem:cm prodhiee associations rmfdjeffmr@aoiemglswan,anges

om ssi ons t he spirit
of the i nvé@%&&#%ﬁrb%@h%ﬁﬁgé Ier}ﬁg O{mndeﬁgtaﬁgé&?tﬁ)g%vdeéﬂpop}@ehI i mted
only bhyot hmc—sftlmwetcp‘entmmr sqajpttimgeshahlaaa yssoriation momumwn pRLeSses LAl M5 1. A
met hod of pr arin e agent.: cont aj ni 0 | i posome
for deli ver'yﬁ% '|°6 @ ti‘? grﬁucggﬁﬂefyst?enggﬁ" S % W(Da?ﬁég%'gl oactive
agent, tOg%éléﬂ’al\feédWsy(sltJémél efrﬁHﬁ@ﬂelda}quﬁn is W8 ed gnmahlyeforf delivdryet pen is
configured for jetting .he bi oactive a ent and the rel easga@gﬁ‘gt resul ting
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release agent can be sonicated or otherwise mixed or processed prior to firing if

15 desired to pre-form some liposomes or emulsions, depending on the
formulation. Alternatively, the association can be produced during jetting itself.
Still further, the association can be produced by a combination of premixing or
preforming within the fluid-jet pen, and during jetting.

Within the fluid-jet pen, the bioactive agent and the release agent can

20 either be in two separate phases within the fluid-jet pen, such as in layers or
such as in a more dispersed mixture or in separate chambers. Under either
scenario, the fluid-jet pen containing the bioactive agent and the release agent
can be packaged in a sterile or clean environment, thereby providing a sterile
association upon jetting from the pen. This is significant in that liposomes and

25 some emulsions cannot be autoclaved for sterilization after production, as such
sterilization processes can destroy the bioactive agent, the liposome shell(s),
and/or emulsion properties. Thus, fluid-jet pens can be filled with a bioactive
agent and releasing agent, i.e., vesicle-forming or microemulsion agent and may
contain excipients that influence release, and packaged in a sterile manner,

30 thereby removing the need to sterilize upon jetting from the fluid-jet pen at the
time of production and delivery to a biological system. Hospitals, pharmacies,
or the like, could benefit from such a process. This “point of use” or “on-site”



15 2. Anmethod as in claim1) wherein the rel ease agent is a first fluid
medi um and wherein the bioactive agent and the first fluid nediumare
jetted froma fluid-jet pen into a second fluid nmediumto form a bioactive
agent cont aingg20gp7emul si on, wherein the gecond fluid conprises a continuous
phase of the emulsion. 20 3. A nethod as in claim?2, wherein the first
fluid mediumincludes a surfactant. 4. A nethod as in claim2, wherein the
first fluid is substantially 25 hydrophobic, the second fluid is
substantially hydrophilic, and the bioactive agent conprises a hydrophobic
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100202071- }iuéftated herein, and additional applications of the principles of the inventions

15 as illustrated herein, which would occur to one skilled in the relevant art and
having possession of this disclosure, are to be considered within the scope of
the invention.

Turning now to the Figures, exemplary embodiments that can be used to
implement the methods of the present invention are provided.

20 In FIG. 1, a system 8 of preparing emulsions, including microemulsions,
is shown as a flow chart. Flow lines representing movement of ingredients to or
from containers or chambers are not numbered but are clearly apparent to one
skilled in the art. In this embodiment, a nonpolar formulation 16 can be prepared
by combining one or more nonpolar ingredient(s) 10, such as oils, with an

25 optional first excipient 12 and a bioactive material 14. A final nonpolar mixture
28 can then be prepared by combining the nonpolar formulation 16 with one or
more other ingredients such as a buffer 18, other excipients 20, surfactants 22,
other or additional nonpolar bioactive material 24, and/or solvent 26. Note that
the arrangement of the blocks in FIG. 1 represents only one possible sequence

30 of combining materials, and does not require any particular combination or
sequence of mixing, but is meant to include many possible combinations and

permutations thereof. Further, not all components shown are critical and the



16. A method as in one of clainms 11 or 12, wherein the carrier nmediumis
sel ected fromthe group consisting of a liquid substrate, a solid
substrate, and a tissue or cellular site. 5 17. A nmethod as in claim1,
wher ei n t hgodoggret i ve agent - cont ai ni ngiemul sion or |iposone is forned in
the fluid jet pen prior to jetting. 18. A nethod as in claim1, wherein the
bi oactive agent-containing enulsion or liposone is formed during jetting.
10 19. A nethod as in claim1, further conprising the step of delivering

t he bi oactive agent-containing enulsion or |iposonme to a biological system
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configured for jetting the bioactive agent and the rel ease agent, resulting
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A system a_%h‘ialrﬁPS} &f thie pén agﬁﬁfa?ﬂlé? IhbRe RrRRIAAEMOthel fraPRorfiBidrThiRture 23. A
systemas in claim?2l; wherein the association is a mcroenulsion. 24. A
system as 28 aangiow e contaiaedimthetfiidziet pen easeprein for jgttingdatocneterigo 25. A
system as i | ai ' LAt ' Is he fluid-jet
pen prior £ glﬁ?gﬁ*ﬁ%&' to%%%%@@?igﬁ?%qggﬁdﬂqgﬁg g‘%‘ﬁ@“?ﬁ&gllﬁ% 21, wherein
t he associ aiscontinuousiphdse add the steriteolasanixtuce 44 isahe lconfinusiug phase,pen. 27. A
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agent goe inmxtur®44 dpeluding pplaaselvemt 36 polatr biwatiive mafeeidl $& rouffer 40, and
excipient 42. The temperature of polar mixture 44 or the dispensing or jetting of
this mixture through an orifice, as is appropriate, can be controlled or regulated
by thermal control means 46.
The final nonpolar mixture 28 and the polar mixture 44 can be combined
15 by using thermal control means 34, 46, respectively, as noted above. This can
be accomplished by jetting nonpolar mixture 28 under the surface of a rapidly
mixing sterile polar mixture 44, thereby forming emulsion 32. The resulting
emulsion 32 can be collected or incorporated to form a resulting usable
composition 50 which can be in a variety of forms, as desired (via thermal
20  control 34 or some other mechanism). Examples of resulting compositions 50
include fine sprays (nebulize), capsules, surfaces of implantable devices,
substrate materials, within a carrier fluid such as part of an IV, or to a tissue cell.
Thermal control 48 can also be appropriately placed to enable utilization and/or
dispensing of the resulting composition. Thermal control can be carried outin a
25  number of ways, including by using thermal fluid-jetting processes, or by more
traditional thermal control methods. As shown, thermal control can optionally be
carried at one or more of many steps, such as at steps enumerated at 30, 34,
46, and 48 for example. Other thermal control steps can also be used, as would
be know to those skilled in the art.
30 With respect to one of the embodiments described, a single fluid-jet pen
apparatus can be configured such that the final nonpolar mixture 28 can be
mixed with the polar mixture 44 within a single fluid-jet pen, and the resulting



10 29. A systemas in claim2l1l, wherein the bioactive agent and the rel ease
agent are mxed within the fluid-jet pen. 30. A systemas in claim?2l,
wherein the fluid jet pen containing a 15 bioaactive agent; and a rel ease
agent are pagkgeged in a sterile envirofgrent, thereby providing a sterile
associ ation upon jetting. 20 25 30
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fluid substrate or onto a solid substrate, then the emulsion can be prepared prior

to jetting. Appropriate architecture for such an embodiment can include a fluid-
jet pen that jets a first fluid into the firing chamber of a second fluid-jet pen

20 containing a second fluid. The second fluid-jet pen can be configured to jet the
emulsion. Such an embodiment can be characterized by a first fluid-jet pen
within a fluid-jet pen, i.e., first pen jets into second pen forming emulsion
followed by second pen jetting emulsion. Such an array and utilization can
readily be determined by one skilled in the art of fluid-jet pen technology.

25 Though not shown in FIG. 1, in another embodiment, multiple channels
within a fluid-jet pen structure can be designed such that a first liquid is jetted
into a second liquid that is jetted through a third liquid using channel and orifice
structures appropriate to produce an emulsion of the first liquid in the second
liquid in the third liquid. If the first and third liquids are polar (typically aqueous)

30 and the second liquid is nonpolar (typically oil), then a polar-in-nonpolar-in-polar,

(typically water-in-oil-in-water) emulsion is produced.
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materials can mclude, but are not limited to, buffer 64, excipient 66, surfactant
68, nonpolar bioactive material 70, and typically includes a solvent 72. In one
10 embodiment, the nonpolar lipid mixture 74 can be loaded into an enclosing
medium that acts as a reservoir chamber for a fluid-jet pen. The enclosing
medium reservoir chamber can be, typically, in an enclosing medium tray or
other holding device wherein the tray or other holding device is under the
control of a transport mechanism and transport controller. Any conventional
15 technique for aligning parts may be utilized to facilitate loading of the nonpolar
lipid mixture 74 into the reservoir chamber. The interior of the reservoir
chamber may be a simple walled structure but preferably contains an interior
structure that produces a relatively enlarged surface area compared to a simple
walled structure. For example, honeycomb structure, separated multi-aligned
20 structure, spiral or circular structure, or another type of structure can be used to
increase the amount of contact surface area (sometimes called theoretical
plates) within the chamber. A variety of such structures are well-known in the
engineering arts.
In the illustrated embodiment, the solvent 72 can be evaporated from the
25  nonpolar lipid mixture 74 to produce a residual film of nonpolar lipid materials 76
on the interior surfaces of a reservoir chamber. Such a chamber can then be
flushed with nitrogen if desired and is typically sealed in those cases where a
sterile product is desired. All materials can be sterilized prior to filling of the
reservoir, either separately or in combination, and the entire process may take
30 place in a sterile environment. Alternatively, the materials may be sterilized
after the solvent is evaporated either before or after the pan is sealed. The

simplest process that does not result in unacceptable degradation of materials
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When production of liposomes is desired, a polar bioactive mixture 88
can be added to a reservoir chamber 78 with the residual film of nonpolar lipid
materials 76.

The polar bioactive mixture 88 can be prepared using a polar solvent 80
(typically water), polar bioactive material 82, buffer 84, and excipients 86.
Thermal control 90 can also be provided such that the polar solvent comes in
contact with the lipid film 76 in the reservoir chamber at a temperature that
allows liposome formation, typically within plus or minus 15 degrees centigrade
of the glass transition temperature of the liposomal forming lipids, and more
typically within 10 degrees of the glass transition temperature of the liposome
forming lipids. The polar bioactive mixture 88 can be sterile and can be
introduced through a sterilizing filter containing port in the reservoir chamber or
elsewhere in the inlet line. Contents of the chamber can be mixed to provide
contact between the incoming polar bioactive mixture 88 and the incoming lipid
film 76 using one of a variety of mixing methods, as indicated by control boxes,
including mixing 90, sonication 92, agitation 94. Also, temperature regulation or
thermal jetting or mixing can be enabled by means of thermal control 98. The
generated liposomes within the reservoir chamber can be distributed by means
of dispenser 100 onto one of many substrates 104 (including fluid and solid
substrates), such as to a cellular culture, tissue or a cell, to carrier fluid 104,
e.g., IV, for pulmonary delivery, to capsules, to the surface of implantable
devices, or to a substrate material, for example. Again, a thermal means 102
can be utilized to regulate dispensing of the liposomes from dispenser 100 or
facilitate the delivery of the liposomes to the substrate 104.

In accordance with the present invention, in one embodiment, the
liposomes can be dispensed into a carrier fluid that is stored for later use during
which storage time does not affect the liposomes in such a way to provide
undesirable properties.
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jetting liposome formulations out of the fluid-jet pen.

15 While the invention has been described with reference to certain
preferred embodiments, those skilled in the art will appreciate that various
modifications, changes, omissions, and substitutions can be made without
departing from the spirit of the invention. It is therefore intended that the
invention be limited only by the scope of the appended claims.

20



10°°1°2110% " & () -
#21 100A.& ()-" xxy{|!~r~zXotU6 -110% & ()-'1-110% ()-!D '!10%& ()-3' @' ' 10%&
"()-3!; 1109 ()-31 10% & ()-r~$h@

10%t & ()- 10% & ()-9Z10% & ()-1 GLO% & ()- 10tZ 10tZ

10t Z710% Z& ()-2Z1 1j O [ 9b@ @10%& ()-' $10% t & () - S#z10% & () -!

109%&! ()-310%5%0%- | (1109 ()-2zO@dEb@ @2mL0% & ()-010% & ()-f/10% & ()- -
110% & ()-*t 10" [)-17)10% & ()-% {\=! LnL0% & ()-1 GLO% & ()- 10t 10t
10ty8' 10% & ()-!13 109%& ()-!63 10%t&%)-9dB{\ =116, 10%t& ()-g

10% & ()-Z10% & ()-ml0% & ()-:!10% & ()- 10% & ()-*gOaB{\=!y)10% & ()-!;

f& | 109U ()-2z$10% & ()-Y @nl0% & ()-!S10% & ()- @ MLO% & () - O?| becddE: /
10t

10t y810% & ()-610% & ()-y5F10% & ()-y/10% & ()-g-!10% & ()-*Gl0% & ()-gder8
% uS1/ !#ss!10%&' ()-!#ss!'10%&' ()-! 10% & ()- 10% L& ()-

910% & () -1 GL0% & ()- 10t!>Qa?1/ !#ss!!;:*LI10%& ()-' GLO% x& ()-f
10% & ()-16 109&' ()-1 410% & ()-g10% & ()-9FdE:/ 10°8 10 8610% 8& () -zy5
10% & ()-4F 10% & ()-0210% & ()-zy/ m0% & ()-*L!10% P& ()-FxY:/ 108

10% & ()-10% & ()-sml0% & () -

CLAIMS

1. A method of preparing a bioactive agent-containing emulsion or
10 liposome for delivery to a biological system, comprising jetting:
(a) a bioactive agent, together with (b) a release agent, wherein the fluid-
jet pen is configured for jetting the bioactive agent and the release agent,

resulting in an association between the bioactive agent and the release agent.

15 2. A method as in claim 1, wherein the release agent is a first fluid
medium, and wherein the bioactive agent and the first fluid medium are jetted
from a fluid-jet pen into a second fluid medium to form a bioactive agent-
containing emulsion, wherein the second fluid comprises a continuous phase of
the emulsion.

20

3. A method as in claim 2, wherein the first fluid medium includes a

surfactant.

4. A method as in claim 2, wherein the first fluid is substantially
25  hydrophobic, the second fluid is substantially hydrophilic, and the bioactive

agent comprises a hydrophobic moiety.
5. A method as in claim 2, wherein the first fluid is substantially
hydrophilic, the second fluid is substantially hydrophobic, and the biocactive

30 agent comprises a hydrophilic moiety.

6. A method as in claim 2, wherein the emulsion is a microemulsion.
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comprising a surfactant present at from 0.1% to 10% by weight.

5 8. A method as in claim 6, wherein the microemulsion is prepared

without added surfactant.

9. A method as in claim 2, further comprising a step of positioning a
jetting orifice of the fluid-jet pen within the second fluid during the jetting step.
10
10. A method as in claim 2, wherein the emulsion formed is a bioactive

agent-containing water-in-oil-in-water emulsion.

11. A method as in claim 2, wherein the bioactive agent-containing

15 emulsion is jetted to a carrier medium.

12. A method as in claim 1, wherein the release agent is a lipid-
containing composition, and wherein the lipid-containing composition and the
bioactive agent are jetted from a fluid-jet pen to a carrier medium to form a

20 bioactive agent-containing liposome carried by the carrier medium.

13. A method as in claim 12, wherein the bioactive agent is substantially

hydrophilic.

25 14. A method as in claim 12, wherein the bioactive agent is substantially

hydrophobic.

15. A method as in claim 12, wherein the lipid-containing composition is
a phospholipid.
30
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16. A method as in one of claims 11 or 12, wherein the carrier medium is
selected from the group consisting of a liquid substrate, a solid substrate, and a

tissue or cellular site.

5 17. A method as in claim 1, wherein the bioactive agent-containing

emulsion or liposome is formed in the fluid-jet pen prior to jetting.

18. A method as in claim 1, wherein the bioactive agent-containing
emulsion or liposome is formed during jetting.
10
19. A method as in claim 1, further comprising the step of delivering the
bioactive agent-containing emulsion or liposome to a biological system.

20. A method as in claim 1, wherein the bioactive agent-containing
15 liposome is prepared on-site for delivery to a biological system.

21. A bioactive agent release system, comprising a fluid-jet pen
containing:
(a) a bioactive agent; and
20 (b) a release agent,
wherein the fluid-jet pen is configured for jetting the bioactive agent and the
release agent, resulting in an association between the bioactive agent and the

release agent.
25 22. A system as in claim 21, wherein the association is an emulsion.
23. A system as in claim 21, wherein the association is a microemulsion.
24. A system as in claim 21, wherein the association is a liposome.
30

25. A system as in claim 21, wherein the association is produced in the
fluid-jet pen prior to jetting.
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5 27. A system as in claim 21, wherein the association is produced during

jetting.

28. A system as in claim 21, wherein the bioactive agent and the release
agent are in two separate phases within the fluid-jet pen.
10
29. A system as in claim 21, wherein the bioactive agent and the release

agent are mixed within the fluid-jet pen.

30. A system as in claim 21, wherein the fluid-jet pen containing a
15 bioactive agent; and a release agent are packaged in a sterile environment,

thereby providing a sterile association upon jetting.
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