ORALLY ABSORBED PHARVACEUTI CAL FORMULATI ON  AND METHOD OF ADM NI STRATI ON

FI ELD OF THE | NVENTI ON The present invention relates to pharnaceuti cal
formul ations effective to deliver a 5 pharmaceutical agent across oral
menbranes (e.g. buccal and pharyngeal mucosae) as well as to nethods of
adm ni stering, and netered dose di spensers containing, the pharnmaceutical
formul ati ons. N | atj | Lt r s has been
made over the m&m@%ﬁbi&é&gbmﬁmecﬂve oral
formul ati ons for phar mragsu METHEHS UGB ADMDPSETRAYIONCT onol ecul ar
pharmaceuti cal agents such as peptides and proteins. Barriers to devel opi ng
oral formulations include poor intrinsic perneability, |unmenal and

cel | ul arFEAA) QF THE E&Iﬂﬁ%n, rapi d cl earance, and chenical instability
in the gastrointestinal (@) tract. Pharmaceutical approaches to address
these bafiid bsnt ¥EndR1ARID pRHGERIHEUN titbdulliibals LBV gl 4RI | o gani ¢
drug nol ecul es have not readil'y translated into effective nacronolecul ar

f or mél atpharmacevticidl agentraonase orab fneathmansis $¢.galnicoal amtlipharynigeal mugosad) iaon f or

very | ar nol ecul e. drugs .have been expl.oared.with |ittle.or no success.
Oa - and ALEL TEetha SRRt Bae g R R wiberss sPRGRITEEE abi 1y of
ol ecul gshabRad@fioR FH@milRr a2l mucosae appears to be related to 20

nmol ecul ar size, lipid solubility and peptide protein ionization. Ml ecules

| ess than 1000 daltons appear to cross oral nucosae rapidly. As nol ecul ar
si ze i ndPAGELROTND IM@%&AHQ@T of the nol ecul e decreases rapidly. Lipid

sol ubl e conpounds are nore perneable than non-1ipid soluble nolecules.
Maxi mum @, B I - un- hon ly in
ol ect 1 P REiey hAR G bet, wily B 5y BhFi ek BB S0 e
challlbengeftective adab forpiulations forgphghnideetical agens egsaiallyivhadromolecealani ¢ dr ug

nol ecul eg are extrenely | arge nplecul es wth_nolecul ar wef ghts exceedi ng
5500 dalRIBHEACH H%a&m@%@% Pseﬁl% @Q%ﬁl%?@%ﬁ%@yﬂ@mw%m Iy have
very  pOoRfmbiafibih iﬁ@iltlﬂggbéﬂiﬁhilﬁﬂcbcﬁhgaﬂ?% ﬁ&\%énwmﬁ%ﬁm?%ﬁﬁmgh oral or

pul monary nucosae. Substances that facilitate the absorption or transport
of | ar gelegridetion, eapiflwhtacdmcaraad chemical instability in the gastrointestinal (GI) tract.

Pharmaceutical approaches to address these barriers that have been successful with

15  traditional small, organic drug molecules have not readily translated into effective

macromolecular formulations.

Various routes of administration other than injection for very large molecule drugs have
been explored with little or no success. Oral and nasal cavities have been of particular
interest. The ability of molecules to permeate the oral mucosae appears to be related to
20  molecular size, lipid solubility and peptide protein ionization. Molecules less than 1000
daltons appear to cross oral mucosae rapidly. As molecular size increases, the
permeability of the molecule decreases rapidly. Lipid soluble compounds are more
permeable than non-lipid soluble molecules. Maximum absorption occurs when
molecules are un-ionized or neutral in electrical charges. Charged molecules, therefore,

25  present the biggest challenges to absorption through the oral mucosae.

Most proteinic drug molecules are extremely large molecules with molecular weights
exceeding 5500 daltons. In addition to being large, these molecules typically have very
poor lipid solubility, and are not easily absorbed through oral or pulmonary mucosae.

Substances that facilitate the absorption or transport of large molecules (which are
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1 defined herein to nean nol ecul es >1000 dal tons) across bi ol ogi cal
menbranes are referred to in the art as "enhancers" or "absorption aids".
These conpounds generally include chelators, bile salts, fatty acids,

synt heti c hydrophilic and hydrophobi c conpounds, and bi odegradabl e

pol ymeric conpounds. Many enhancers lack a 5 satisfactory safety profile
respecti lrritation, |owerin t barrier. function, .and inpairnent of
t he rmcodgfﬁ%Inf’ﬁ5 &P ‘%?é’é#a&ﬁ&@%ﬁﬁﬁ'?%ﬁ%g‘ﬁﬂ’éssﬁﬁm% Pdolll%?f’é %ﬁ%eé‘@? especi al | y
those ralfirRd tb th felaft 3 2bAlnd&d" SIOMBsAPRGLLIAs'S ThER donfloddds gERAIE, Jive an
extremely bitter and unpl easant taste. This nmakes their use al nost

i mpossi Hhelufe chalafamnbidosalisniaity esidasyathgtic hydrephilis angbydroghobippr oaches
attenpti 913} -nr.abl e ' bil e salt-based
del i ver y&gﬂ sot%él&rréé aﬁ%g{oﬁgéa%aq%%e %gﬁﬁxggg%cfs. rrucgs%gl,l&"o%ﬂtsgjg/cekratabl ets,

cont 150! | adsthetoppsdety phofilt Sespadigdfritption, a8 &ring bl the batigr fundfidh,\wadi ous

pol ymer mmatri ces. rghese t. ghngllpogi es may fail to_deliver |arge nol ecul e
drugs i impaEmeahef the ucaatlge glepanegprotsstivameghishonever . Furt hernore, the
filmpatch dispensers result in severe tissue damage in the mouth. 15

Q her  atd &ADEfhahersl &lshtilly BbQEHRIIRE Wik Saltd #hd B HPrBlein AMRizingeCt al , and
vagi nal routes using single bile acids or enhancing agents in Combination
Wi th pr oigenisegive hn bktremely ditter abd ouplgasadbitabte. Pk ymlies theiratserinadss sinmil arly

often fail to ieve therapeutic |evels of the , subject ug... Si.ngl e
onhanci cheebSRBIoL RS RSRRBESS Gna Gy ot kBl AbROR i deniingi0 e
orallo nagdtess fRhab pRibeny 2ahMal toGRY bilé Sit-bakd HBevdry ﬁ%ta@@ﬁemdbgaﬁﬁégﬁ t
..passage of drug 20 nol ecul es through the nucosal nenbranes w thout further .

degr adatfophuccaheeossy bildyentabletsm kentrqlled rplease thblgls, vss af protazseyinkihigomsns .

Accor di ng| . i e for .fher L r sl at i t.hat are
usef ul P%dﬁagﬁn§é(§5#§{:n§’taﬁ%ﬁ§,ﬁﬁgﬁelc&cﬂé?%%@ﬁg‘lélgagoc%e‘ir%’ri glla %?grgﬁlsgfﬂg nol ecul e
phar macedtbgcial thegemired thebdiehne sorentu@ionef heiks/r. Fattieinadre aRs fithgafdhs 0
needed. 25 SUMVARY, OF THE | NVENTI ON The present invention addresses the
above nelgpapserpFyitdn sRyeEe Hhfae Axpeataindhe mopty nul ati on for absorption
t hrough oral nucosae conprising an effective anount of (a) a |arge
nmol qgul | | ' ) I f .
e ﬁl? i 8’())(%@%(: g%dﬁéiveﬁﬁ?éktmbfécﬁ‘ih&ﬂ {2 66}, /rRkal! REf), 2b8Vaginal routes

using single bile acids or enhancing agents in combination with protease inhibitors and

biodegradable polymeric materials similarly often fail to achieve therapeutic levels of the
subject drug. Single enhancing agents often fail to loosen tight cellular junctions in the
oral, nasal, rectal and vaginal cavities for the time needed to permit passage of drug

20  molecules through the mucosal membranes without further degradation. These problems

make it impractical to use many systems.

Accordingly, there remains a need for therapeutic formulations that are useful in oral
applications, particularly those comprising large molecule pharmaceutical agents.

Methods of use of such formulations are also needed.
25 SUMMARY OF THE INVENTION

The present invention addresses the above need by providing a pharmaceutical
formulation for absorption through oral mucosae comprising an effective amount of (a) a
large molecule pharmaceutical agent in mixed micellar form, (b) trihydroxyoxocholanyl

glycine or salt thereof, (c) glycerin, and (d) a suitable solvent,



glycine or salt thereof, (c) glycerin, and (d) a suitable solvent. 2 In the
present fornul ation, trihydroxyoxochol anyl glycine, a salt thereof, and
glycerin are mcelle-form ng conpounds. Preferably, the salt of

tri hydroxyoxochol anyl glycine is sodium glycochol ate. The pharnaceuti cal
formul ati on may further conprise at | east one additional mcelle 5 formng

conpoun el ecte fro co sing. al kal | tal.a sul f at es,
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pol yoxy ehieyliefeming &tﬁﬁlsounﬂﬂlwafew it salteFittiydrox yukathwlani glytidis g ycol i ¢
acid, lactic acid, chanbom |l e extract, cucunmber extract, oleic acid,

i nol ei sogdigyel yeehglatsi ¢ aci d, nonool ein, nonol aurates, borage oil,
evening prinrose oil, menthol, |ysine, poI ylysine, tri ol ei n, 10 pol i docanol

al kyl etfgr ﬁmﬁ&&ﬂﬁ@a@?&%ﬁh&i&txﬁa %ﬁe%t 18kEael adHRfo%hl é@éen%yl ates
ceut I cal

(e.g. sodiumsalicylate), phar y acceptable edetates (e.qg.
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net al  aldmdrs, palyohfcesin, 1@1:1%14 H/ARRONEBE, g& R R4, Maoscalhy keagomnd

polyoxypropylene nonool eat es, pol yoxye | ene ethers, lecithin, oleic
aci d, pew{gty ewumber @Wb@é@&y@ﬂdmléc a@éokwimpamé, mloaeqlml, acid and

phar mac | ) t ab n n her enbodi nent,
the m c&%mﬁ 5?%15 %;é?a %bunélfr?%‘%nprlsggﬁ(‘%fgﬁpﬁ% é’soq‘e OIigflkali met al
al kyb Sl-ﬂohdb@m@hﬂkﬁl aﬂéry%midwkmla&@rdl@bimorm@ndaﬁaﬁaal salidylafes Je.@ bl ock
20 copol yner of poggox yet hyl ene and pol yoxypropyl ene.  The nonool eates are

pr ef er alfPgiugbsalisyla W%@%ﬁ?@l%%ﬁeﬁ%ﬂééﬂ%ﬁ?é&e arfhsoditgn edetatedfandabl y, an
(x)-sor lﬂh‘é@ adEBﬁ@a‘ll%r al%%lﬁﬁﬁggﬁﬁ%ﬁ aﬂgk’é‘s 2 et hanedi yl ) nonool eat e
nown as poly rbat e

(e.g. a“sur act ant sold in association with
the trademark, TWN 80). 25 The mcelle-form ng conpounds, i ncl udi ng
t ri hydr dr yekamtielr ampodohant,i the at laast ah¢ adldiﬁomdmicelbaqﬂmgiqummpuunmim n present,

are each present i,n a concentrati of fr u AW %
from abdf c@agﬁ’fn ths SrerRgoTRiEsing a Iﬁ%&)?ﬂ"‘%@ﬁ‘& 85896«1& 8{9 g VWFrSO}S f r om about
15  polyoxyethylene and polyoxypropylene, monooleates, polyoxyethylene ethers, lecithin,

oleic acid, polyglycerin, chenodeoxycholate, deoxycholate, lactic acid and

pharmaceutically acceptable salts and analogues thereof.

In one embodiment, the micelle-forming compounds comprise (i) at least one of an alkali
metal alkyl sulfate and a polyoxyethylene sorbitan monooleate, and (ii) a block
20  copolymer of polyoxyethylene and polyoxypropylenc.

The monooleates are preferably polyoxyethylene sorbitan monooleates and, more
preferably, an (x)-sorbitan mono-9-octadecenoate poly{oxy-1,2-ethanediyl) monooleate
(e.g. a surfactant also known as polysorbate 80, sold in association with the trademark,
TWIN 80).

25  The micelle-forming compounds, including trhydroxyoxocholanyl glycine, a salt thereof,
and glycerin, when present, are each present in a concentration of from about 0.001 to 20
wt./wt.%, from about 0.001 to 10 wt./wt.%, from about 0.001 to 5 wt./wt.%, from about
0.001 to 2 wt./wt.%, from about 0.001 to 1 wt./wt.%, or from about 0.001 {0 0.15
wt./wt.%, of the total formulation.



0.001 to 2 w./wm.% fromabout 0.001 to 1 w./wt.% or fromabout 0.001 to
0.15 wt./wm.% of the total fornmulation. 3 Although not necessary, the
pharmaceutical fornulation nmay further conprise an effective anmount of at

| east one stabilizer and/or preservative (e.g. phenolic conpound, sodium
benzoate). Each of these ingredients, when present, nmay be present in a
concentr on, of from abqut 0.01 tq % ar fromahout 0.1 to 7
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W/ W %freetivé BiRodr bRt leRt BHE slabBRer AW/ WPréserdlife g, rﬂ?x'éﬁolid’&fn%’iﬂnﬂ salts,
antioxi dants, protease inhibitors, and isotonic agents may also be added
to provisdivmebenzsatey Foch dﬁ@aeﬁeemgmdcqn@er wihes présmi, m@y bepresentdh at hese
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present in mxed mcellar form i n the formulation. The mcelle size is

equal to or greater than 7, , or 11 mc . Preferably, the
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t he pharneceutical agent in the | effective absorption by the
oral nenbgmdiests il wenceabrsiestthenobin thdn@qmlu@mmlltdepaid oratyent occurs m)st |y

t hr ough e ora buccal d yngeal ),. nu furt
hopect dtatRe Pl fefls erlosi ao s PARRIREF Ssakehoriitan;
non-1paeriased d«t.conpri si ng t he pharnmaceutical fornul at | on. Preferably, the
di spenser is an aerosol dispenser further conprising a pharmaceutically

acceptabl e propellant which is 20 liquid under pressure within the
di spensekFhe phesmresutiepl mpeny is present in By icelardormn yrethei formypien.dde a et hod

of adm t r4TRC
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usi ng t heiceké¢ alzett edlasletoebrme&ﬁmrso Y430, nﬂ,e)rphanmsummﬁltesaﬂmb sizé insulin,

the nethod may further corrprl se spra%u ng . the 25 pharmaceutical fornul atlon
1
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perfornme
agent occurs mostly through the oral (e.g. buccal and pharyngeal) mucosae.

It is a further aspect of the invention to provide a metered dose dispenser (aerosol or non-
aerosol) comprising the pharmaceutical formulation. Preferably, the dispenser is an
aerosol dispenser further comprising a pharmaceutically acceptable propellant which 1s

20 liquid under pressure within the dispenser.

According to a further aspect, the invention provides a method of administering the
present pharmaceutical formulation comprising spraying the pharmaceutical formulation

into the oral cavity of a patient using the metered dose dispenser.

When the pharmaceutical agent is insulin, the method may further comprise spraying the

- 25  pharmaceutical formulation into the oral cavity of a patient at intervals throughout the day
to maintain blood glucose levels within normal limits. This method is performed in
addition to administering insulin or an insulin analogue as part of a baseline therapy.
Preferably, the formulation is administered immediately before and after each of

breakfast, lunch, dinner and snacks. The amount of insulin administered immediately



addition to adm nistering insulin or an insulin anal ogue as part of a
basel ine therapy. Preferably, the fornmulation is adm nistered i nmedi ately
before and after each of breakfast, |unch, dinner and snacks. The ampunt
of insulin admnistered inmediately 4 before and after each neal may be
greater than 14, 20, 26, 30 or 40 units and less than 110 or 85 units. The
formul ation ma | so .be adm ni stered.bet S i eve fine

) st meRERe R affy Sae B R b BEAE e A T AT R G ARSI bet ween
meal s maypbbeggupmd.er than 5 14, 20 or 30 units and |l ess than 80 or 60
units. The amount of insulin adm nistered per dose and specific schedul es
wi || depend on_  patient requirenents as can be determ ped t.hrough bl ood

gl ucose RsAPTR AR may,als pe administered betvesen dagalsdpiagiey NG, HSW% easy
and co D ERRlefL 1cUBRN §hé AroER Ui Nulih BmiBORedHeActndhedl HaHSE gl'e%i’e? ltgan(i - €.

bl ood glfucose level s at one and two hours after eating).” 10 Fornulations
accof di ng, 2ot Heuptsemd i¢ss ithmaned®t ¢rdid, ura@m ni st ered pre- and post-prandially
give rise to pharmacokinetic profiles which show a nornmalization of

post - pr gndi al | ucose level s. [There is datacthat correl,ates el evated
post - pr iaﬁ}ouﬁg?ﬁi}%‘gml aé\?’é?‘é%\‘i&‘% T ggse %fﬁi([;iﬁp‘é’%}gg 581?%1 & fwodrl %gﬁ?rﬁf%lv ascul ar

di sease patiléi SequiRfich! dsicB b Bsterinad irahglibloed gRicb®MBbisitoring. expected to
give rise to health benefits. 15 These and ot her aspects and advant ages of

the invention will be apparent frogmthe follow ng, disclosure and_ appended
cl ai ns. TBRPEEsepHnveRtionsapstion thepeefiananeasy b comysRivnt Branssor eantipling

|1 1ustrated @f{&&{@&%&?&»@h@&b@&@ ﬁb&ée@@ve‘i‘s’@c‘@nggﬁd%ﬁ@ﬁlﬁ'aﬂeﬁfétiﬁﬁie lis a
front isoenetric ew of a tere ose aer osol--di spenser whi ch cah’ be used
20 16 ddHormeratibny sncbalingoshapreesnd imgntion tademipistesEyired mdepust-prandiallgure 2 i s
a side view,of ap aerosol . can ?nd rre};elrg;rn val ve assepbly for.the netered
dose aed&disedp Pharmacpkingticprofiles whychy shqw, g vounalization. ot Rastrgrapdialy of an

act uat Ogggucﬁg%&%eﬂs. Tide &’Hitd@%@édrf@elﬁsaéwﬁaté@ﬁost-bgﬁdﬁfTgﬁfo@ﬂ: 1@9&@@@_@32 ol

di spens ow ng the netering valve at rest. 25 Figure 4 is a si

cr oss- saéndreased risk ferwaofiowsculart distase., T centrbliveg post-peandidl gbicbss levéle
is expected to give rise to health benefits.

15  These and other aspects and advantages of the invention will be apparent from the

following disclosure and appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS
The invention is further illustrated by the following non-limiting drawings in which:

Figure 1 is a front isometric view of a metered dose aerosol dispenser which can be used

20  to deliver formulations according to the present invention.

Figure 2 is a side view of an aerosol can and metering valve assembly for the metered

dose aerosol dispenser.

Figure 3 is a cross-sectional side view of an actuator, aerosol can and metering valve for

the metered dose aerosol dispenser, showing the metering valve at rest.

25  Figure 4 is a side cross-sectional view of an actuator, can and metering valve for the

metered dose aerosol dispenser, showing the metering valve open.



nmet ered dose aerosol dispenser, show ng the netering valve open. 5 Figure 5
Is a graph in which average bl ood glucose |levels are plotted as a function
of time to show the pharnacokinetic/pharmcodynam ¢ (PK/ PD) profiles of
fornmul ations according to the present invention when given in single
versus divided dose around neals and to conpare the bioavailability of

such forfmul ati.ons wit.h inj,ected insuli.n. 5 Figure s a graph in_which
ver age FRESER Sif 8 GeAv 0 get st pioad tinse s ploutd afa R of sBIY o
time to tsoRRRiR fHgnRdokaeatclpdRindcbiyRinie épnmml bfilks offeMullitivgs t 0 anot her
enbodi ment of the invention with injected insulin. Figure 7 is a graph in
whi ch awesergingsp derprgsant bwentien when given g sagle yerys divideddosoaroypd megls  t o
show t he_sh leﬁ%- | et | G hC: R rofiles of a 10
for mul atalngrtlgg%ltgg?rgi ng 1?%\9 agliébzﬁﬁ %Pesiu%g% 0 I%eﬂ%{g%(}}hclp jwee%tggrlggsuéﬁf i nventi on when
given in single versus divided dose around nmeals and to conpare the

bi oagai |Fijgurki6tiy a@faphiialwhifloaverd gatmenm Wboddglungsecbackninasons are plEEdlas ED

DESCRI PT] ON. OF THE | NVENTI he term."c i si.n when,.used herei n neans
P ol Ui HBCAR A dEe foiSmPats R PoarhiabTicy 0f pRoRH At ALERIRE ORI compr o ng
a numbere af,diAEAGTHR: HTRMRNSAHFNREdSRs@ddi tional  integers not

h

specifically recited. The term"consisting essentially of' when used herein

means including the recited integers and such additional integers as would
not mat drigere/Ais agiaphdn witieh #iepsags tlert! gluvese lpvedpare plasted o5 admectionadimeon. The

basi d | t] f.. the . | '
ohar act a9 bgY e BoWPRE bhfirin G ER AR GioPB) BERRERCT
.mucqgae fofimelatibisedtdingtad firentmbbdif@ueds the phesentgnaintioanthenpgiaindn mucosae)

into a patient's bl oodstream The present pharmaceutical formul ations
conpr i sesiugle verspedivided dasparaund peals gad tgenmmpase tietneavatlabjlity of sugh ysed

her ei n, %E_&%ﬁ&%iﬁfﬁﬁg&%g@uﬁ{gount " refers to that amount of the

phar maceu agent bri ng about the desired result, such as
obtaining the 25 intended treatnment or prevention of a disorder, or

r egul at i DETAIREDSDESGRIPATIONOH THENNVENTION | ent. Such an anount w | |
therefore be understood as having a therapeutic and/or prophylactic effect

'n a patf}?entteﬁn “comprising” when used herein means “including without limitation.” Thus, a

15  formulation or group comprising a number of integers may also comprise additional
integers not specifically recited. The term “consisting essentially of” when used herein
means including the recited integers and such additional integers as would not materially
affect the basic and novel properties of the invention. The basic and novel properties of
the invention are the absorption characteristics of the present pharmaceutical agents

20  through oral mucosae (e.g. buccal, pharyngeal, lingual, sublingual, and palate mlicosae)

into a patient’s bloodstream.

The present pharmaceutical formulations comprise an “effective amount” of the
pharmaceutical agent. As used herein, the term "effective amount" refers to that amount
of the pharmaceutical agent needed to bring about the desired result, such as obtaining the
25  intended treatment or prevention of a disorder, or regulating a physiological condition in a
patient. Such an amount will therefore be understood as having a therapeutic and/or

prophylactic effect in a patient.

As used herein, the term "patient” refers to members of the animal kingdom, including

but not limited to humans. It will be appreciated that the effective amount will vary

6



As used herein, the term"patient" refers to nenbers of the aninmal kingdom
including but not limted to humans. It wll be appreciated that the
effective amount will vary 6 depending on the particul ar pharnmaceuti cal
agent used, the nature and severity of the disorder being treated, and the
pati ent being treated. The determ nation of what constitutes an effective

amount is within the ski f one ct| n e based on t he
gener al 9§PFgLNS oftic pagicy 8 'ﬁﬁ’ag s%’re {‘]'15 (#ﬁ 885%

Menbr ansorddr bemg@fchRi, ARBLE pRidht bangaeaeasphe w&hnaam%f»ﬂfwbl I ng or
tripling, the dosage of pharmaceutical agent which is normally required

t hr ough congtisetes ame ¢ct1aaﬁmwsitusaﬂﬂmthewkd nerpsacigingrin it astbasgdupeR act . I n
f or mul at ons ..Gont n..as the pharnaceutical agent, the anmount of
i nsul i n "AARTATTA tgglda ésﬁowg%ég%ér ah be increased as nuch as 10-fold as the
bi oavail ability of sprayed insulinis much 10 lower. Typically, the
presént Pfo@ﬁlﬂ@&ﬂidrﬂhﬁm@bkalmmﬁlﬂhm‘esphwmmmimlﬂb taperdase, isoclpasdgyncent rat i on
of from about 0.001 to, 2 about w. % .about 0.1
to 10 wdophine %mpé%alae oot of Biogrhgaion %geefrwlaﬁlamn%mfﬁr SRR, fwt. % of
the totghyf, eﬂlgé&ﬁ)h% adrhifistf oM thB 0 ﬁﬁ%&'&&ﬁé&m@ﬂ 895t IrPforimREoher e n

covers a W pectrum of agents, and can i ncl ude agmnts used for both
human amdntagtieg inselityasihp pharatacentical agsiny dhervgmpunt ofi insulin painirasiered per eat nent

Vacer nodbsr e ercespas puitined 0P B b bParStap Y bR PRI E 8t o/ s 1o

phangacegwical agents having a nol ecul ar wei ght greater than about 1000
daltons; preferably the macronol ecul ar 20 pharmaceuti cal agents of the

present invention have a nol ecul ar wei ght between about , 2000 and 2, 000, 000
dal t ons, TyaicaH.idn pessent fpamgleﬁww&c@peén phamaraicalagenisin aceacentplieh used

herein, #ﬁ%uéggﬁ'ﬁi%é% 0%, B35 O 16 08 WRAGH. S4B EPIP AT vd A %

equi val &ht r ans, so Known as arn oM C NMass un

Pr ef er r eflopial r@s eulwe b, oagbmit:{)lm:l wiléwl. &, of thbad freuditiogs of varyi ng
sizes, including 25 insulin, heparin, |ow nolecular weight heparin

(ol ecul ar wei o) ess .t an about 00. daltons), hirulog,. hiru
hi r udi n, Therdean f@}aeﬁgceue% SeFHeds “%?33’8"% §O¥5 9&?1%%11%%% agents, find’
15  caninclude agents used for both human and veterinary applications including but not
limited to treatment and study. The term broadly includes proteins, peptides, hormones,

vaccines and drugs.

The term "macromolecular” or “large molecule” refers to pharmaceutical agents having a
molecular weight greater than about 1000 daltons; preferably the macromolecular

20  pharmaceutical agents of the present invention have a molecular weight between about
2000 and 2,000,000 daltons, although even larger molecules are also contemplated.
When used herein, “dalton” means 1/12 the mass of the nucleus of carbon-12 (i.e.

equivalent to 1.657 x 102 grams, also known as an “atomic mass unit”).

Preferred pharmaceutical agents include large molecule drugs of varying sizes, including

25  insulin, heparin, low molecular weight heparin (molecular weight less than about 5000
daltons), hirulog, hirugen, hirudin, interferons, cytokines, mono and polyclonal
antibodies, immunoglobins, chemotherapeutic agents, vaccines, glycoproteins, bacterial
toxoids, hormones, calcitonins, glucagon like peptides (GLP-1), large molecular

antibiotics (i.e., greater than about 1000 daltons), protein based thrombolytic compounds,
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A pharmaceutical agent that can be used in the present invention is insulin, a very large
molecule. "Insulin" used herein encompasses naturally extracted human insulin, insulin
extracted from bovine, porcine or other mammalian sources, recombinantly produced

20  human, bovine, porcine or other mammalian insulin, insulin analogues, insulin
derivatives, and mixtures of any of these insulin products. The term further encompasses
the insulin polypeptide in either its substantially purified form, or in its commercially
available form in which additional excipients are added. Various forms of insulin are
widely commercially available. An "insulin analogue" encompasses any of the insulins

25  defined above wherein one or more of the amino acids within the polypeptide chain has
been replaced with an alternative amino acid, wherein one or more of the amino acids
have been deleted, or wherein one or more amino acids is added. "Derivatives" of insulin
refers to insulin or analogues thereof wherein at least one organic substituent is bound to

one or more of the amino acids in the insulin chain.

30 Asmentioned above, the pharmaceutical agent exists in mixed micellar form in the

present pharmaceutical formulation. As will be appreciated by those skilled in the art, a
3



been replaced with an alternative am no acid, wherein one or nore of the
am no acids have been deleted, or wherein one or nore amno acids is
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| east two mcelle-form ng conpounds. For exanple, the present fornulation

may conprise a mx of at least two different types of 15 mcelles: mcelles
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comprise micelles wherein each micelle is formed from these two or more micelle-

forming compounds. The mixed micelles of the present invention tend to be smaller than

the pores of the membranes in the oral cavity. It is therefore believed that the extremely

20  small size of the present mixed micelles helps the encapsulated pharmaceutical agent
penetrate efficiently through the oral mucosae. Thus, the present formulations offer
increased bioavailability of active drug when compared with pharmaceutical preparations

known in the art.

The shape of the micelle can vary and be, for example, prolate, oblate or spherical;

25  spherical micelies are most typical.

As mentioned above, the formulation may further comprise at least one additional
micelle-forming compound selected from the group comprising alkali metal alkyl
sulfates, block copolymers of polyoxyethylene and polyoxypropylene, monooleates,
polyoxyethylene ethers, polyglycerin, lecithin, hyaluronic acid, glycolic acid, lactic acid,
30 chamomile extract, cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein,

monolaurates, borage 0il, evening primrose oil, menthol, lysine, polylysine, triolein,

9



known in the art. The shape of the mcelle can vary and be, for exanple,
prol ate, oblate or spherical; 25 spherical mcelles are nost typical. As
menti oned above, the fornulation nmay further conprise at |east one
additional mcelle-form ng conmpound selected fromthe group conprising
al kali metal al kyl sulfates, block copolynmers of pol yoxyethyl ene and
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chenodeoxychol ate, deoxychol ate, al kali nmetal salicylates (e.g. sodium

salicyl gte) t I : 506 um edet ate),
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al kyl , mf%raglp(rlml« €pi2y) Anyplipli (1@_‘@3)3?‘1 [Aﬁyﬁ fodaith spdium belpe Bt tized,

W th sodiumbeing preferred. A particularly preferred bl ock copolyner is

t hat whiac h&0cdp s thER ) BleTBOAR(EREE) aH  wherein
a =12 én%brgagaﬂzg.ﬁre$ﬁég%npouﬁ[ isqssol d by BASF of Munt di \%))e New 10

Jersey in association with the trademark PLURONI C L44. O her suitable block

copol yner s WiQ€:Ha@).LeaHsOndCOxose wherein a = 12 to 101 and b = 20 to
56. For exanple, useful block copolyners available from BASF are those sold

b uront & For i 5 ) 2 98T o iRt ol Db AR BT Ul AL)
PLURENI (ersdy?ifs asddridtivharieh theamdhatkIOYRONIE Il4ci t hin can be saturated or

unsaturated, and is preferably selected fromthe group consisting of

phosphat i dyl chol i ne, . phosphati dyl seri pe, hi ngo lin,
phosphafQthsriseitalR Bfoghca%qu@swﬁfﬁp canybjiseg et @8?@%?{6% efiede L8l eyt bs of
hyal ur oni £ RYeIFEF alpf@hbeiEbBLL BYRIHHAR A ST CRHB T ASE Yre RGN in

association with the trademarks PLURONIC Fé68 (wherein a=80; b=27), PLURONIC F87
(wherein a=64; b=37), PLURONIC F108 (wherein a=141 b=44), and PLURONIC F127
15  {wherein 2=101 b=56).

The lecithin can be saturated or unsaturated, and is preferably selected from the group
consisting of phosphatidylcholine, phosphatidylserine, sphingomyelin,
phosphatidylethanolamine, cephalin, and lysolecithin.

Preferred salts of hyaluronic acid are alkali metal hyaluronates, especially sodium

20  hyaluronate, alkaline earth hyaluronates, and aluminum hyaluronate. When using
hyaluronic acid or pharmaceutically acceptable salts thercof in the present formulations, a
concentration of between about 0.001 and 5 wt./wt. % of the total formulation is

preferred, more preferably less than about 3.5 wt./wt. %.

For delivery of the present pharmaceutical agents, particularly very large molecules such
25  asinsulin, use of three or more micelle-forming compounds is preferred as it achieves a
cumulative effect in which the amount of pharmaceutical agent that can be delivered is

greatly increased as compared to when only one or two micelle-forming compounds are

10
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corrponents o sent at| on are ¢ontained in a suitable
determined by one skilled in the art. In general, bile salts are especially suitable for use

with hydrophilic drugs and fatty acid salts are especially suitable for use with lipophilic
drugs. Because the present invention uses relatively low concentrations of bile salts,

problems of toxicity associated with the use of these salts is minimized, if not avoided.

20  The above-described components of the present formulation are contained in a suitable
solvent. The term "suitable solvent" is used herein to refer to any solvent in which the
components of the present invention can be solubilized, in which compatibility problems
do not arise, and which can be administered to a patient. Any suitable aqueous or
nonaqueous solvent can be used such as water and alcohol solutions (e.g. ethanol).

25  Alcohol should be used at concentrations that will avoid precipitation of the components
of the present formulations. Enough of the solvent should be added so that the total of all
of the components in the formulation is 100 wt./wt. %, i.e., solvent to q.s. Typically, some
portion of the solvent will be used initially to solubilize the pharmaceutical agent prior to
the addition of the micelle-forming compounds. Embodiments of pharmaceutical

30 formulations containing insulin employ aqueous solvents. The pH of the solution is
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solvent. The term "suitable solvent” is used herein to refer to any sol vent
I n which the conponents of the present invention can be solubilized, in
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flavours. When menthol is used as one of the micelle-forming compounds, it will also

impart flavour to the composition.

In formulations containing insulin, inorganic salts may be added that open channels in the
20 Gl tract thereby providing additional stimulation to release insulin in vivo. Non-limiting
examples of inorganic salts are sodium, potassium, calcium and zinc salts, especially
sodium chloride, potassium chloride, calcium chloride, zinc chloride and sodium
bicarbonate. When used, the inorganic salts are typically in a concentration of from about

0.001 to about 10 wt./wt.% of the total formulation.

25 It will be recognized by those skilled in the art that for many pharmaceutical formulations
it is usual, though optional, to add at least one antioxidant to prevent degradation and
oxidation of the pharmaceutically active ingredients. The antioxidant can be selected from
the group consisting of tocopherol, deteroxime mesylate, methyl paraben, ethyl paraben,
ascorbic acid and mixtures thereof, as well as other antioxidants known in the

30 pharmaceutical arts. A preferred antioxidant is tocopherol. The parabens will also provide
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In fornmul ations containing insulin, inorganic salts may be added that open
channels in the 20 G tract thereby providing additional stinulation to
rel ease insulin in vivo. Non-limting exanples of inorganic salts are
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The formulations of the present invention may be stored at room temperature or at cold
temperature (i.e. from about 2 to 8 °C). Storage of proteinic drugs is preferable at a cold

temperature to prevent degradation of the drugs and to extend their shelf life.

20  The present invention, therefore, provides a novel and inventive pharmaceutical
formulation in which a pharmaceutical agent is encapsulated in mixed micelles formed by
a combination of micelle-forming compounds. The formulation can be delivered through
oral membranes, e.g. pharyngeal, sublingual and buccal mucosae. The pharyngeal
mucosae is the lining of the posterior of the oral cavity, i.e. the upper the part of the throat

25  that is located below the soft palate and above the larynx, the sublingual mucosa includes the
membrane of the ventral surface of the tongue and the floor of the mouth, and the buccal
mucosa is the lining of the cheeks. The pharyngeal, sublingual and buccal mucosae are
highly vascularized and permeable, allowing for the rapid absorption and acceptable
bioavailability of many drugs. In comparison to the GI tract and other organs, the oral

30  environment has lower enzymatic activity and a neutral pH that allows for a longer
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The formnul ati ons of the present invention may be stored at room tenperature
or at cold tenperature (i.e. fromabout 2 to 8 C). Storage of proteinic
drugs is preferable at a cold tenperature to prevent degradation of the
drugs and to extend their shelf life. 20 The present invention, therefore,
provi des a novel and inventive pharmaceutical fornulation in which a

phar maceuyt i cal ., t 1s encapsul ated in mxed mcelles forned b a

conmbi natGiSHTGE 1‘%1%%@?‘"1 ‘é}‘géﬁ H‘i"ﬂm@.’ S‘%‘ﬁ@%rﬁ’i‘ﬁ"ﬁ’ii%ﬁﬁ%w Iﬂ’écﬁlel i vered
t hrough m@doRhe 4R EHNARNSSly refctred RO BEXEBORAhe "GHDMLAGH. and buccal mucosae.
The pharyngeal nmucosae’is the lining of the posterior of the oral cavity,

i.e. the upper the part of the throat 25 that is | ocated bel ow the soft
pal at e aWesonrpivneofithrphasmpespticalipgeniubraugh es! musesrsrffgie s guddet ¢fe  nenbr ane

of the v Sur - nd t he
buccal aﬁuo%:%géesi fglc{uﬁg% t|8‘fr:1 ?‘tf'\(;g]s%rgcg{&%g% o e@%@?&@%ﬁ%‘ﬁéﬁ%ﬁ@%ﬂﬂfgua| and
buccal miegesiatomofthe dhgiwithinabehbstilée G envruhnpmt, reasbdeconatdientiaegesk o t he
rapi d absorption and acceptabl e Loavall ahility of

b n rugs. In
conpar i dBFMPIgnE pikescind 3 paip freg forgy absdigingiaion (456OBPAICA3) AN has

| ower engy oS Ldiohy and a neutral pH that allows for a longer 13
ef fective ﬁﬁ%% 8’?&%‘ cemd)r/ug I n vivo. The pharyngeal, sublingual, |ingual,

pal ate and buccal nucosae are collectively referred to herein as the "oral
muc os ae"Prefsabdy, thé presant fermmlastoas arodaliviersd| theegen aerosol on ghn-eemisohucosae

e S Tl i B R R T
hostjipl e ARro&i) \idpeseRsdre cRAEYd Wﬁmmﬁﬂh@&ticﬂgfe?&éptﬁlﬂe propatla@ngudi tes, and a

pain free formof adm nistration (as conpared to adm nistration by
subcut arfienensers predsiow)for Pﬁlmﬂ@’d{“}g deliveerp frgeme dregsigigaesthme are” del i ver ed

amount . dcsiancesk NG ARl Sfinsa RAGIE R SRIEAR Abp iRphIEE. 2 2 D7 o

charged with a pharmaceutically acceptable propellant. Such di spensers are
known f cDngbenefinaf ysigh ametbedd deseynefoso] dispmmsetrisitmt the.potential fora

RTINS N A T

L e 180" Shbbéant plovideOThARl BRAAR Th péncBuflbbriPEbsBAARHA tld relth RERGPT 1 5
micellar formulations. They may be selected from the group comprising C, to C, dialkyl
ether, butanes, fluorocarbon propellant, hydrogen-containing fluorocarbon propellant,
chlorofluorocarbon propellant, hydrogen-containing chlorofluorocarbon propellant, other
non-CFC and CFC propellants, and mixtures thereof. Examples of suitable propellants

20  include tetrafluoroethane (e.g. HFA 134a which is 1,1,1,2 tetrafluoroethane),

heptafluorocthane, dimethylfluoropropane, tetrafluoropropane, butane, isobutane,

dimethyl ether and diethy! ether.

The propellant is a liquid under pressure and causes the pharmaceutical formulation to be
propelled from a metered dose aerosol dispenser in a fine spray. The dispenser has a

25  metered dose valve of which the associated metering chamber is of a size that is
preferably equal to or greater than about 10, 50, 250, 540 or 570 pl but equal to or less
than about 660 or 630 ul. In embodiments containing insulin, the valve is preferably from

about 540 to 660 pl in size, though the size may be as small as 50 pl.

The amount of propellant to be added to the metered dose aerosol dispenser will depend

30  onanumber of factors including the size of the pressurized container and the amount of
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15 propellant provides inprovenents in penetration and absorption of the
present m xed mcellar formulations. They nay be selected fromthe group
conprising ClL to C2 dial kyl ether, butanes, fluorocarbon propellant,

hydr ogen- cont ai ni ng fl uorocarbon propellant, chlorofl uorocarbon
propel I ant, hydrogen-contai ni ng chl orofl uorocarbon propellant, other

non- CFC and CFC prqpel |l ants, and _m xtures thereof anpl es of suitable
propel | @hﬁ%nazeuql%éf%@@l%t@pﬁaﬂﬁatm@&éqrﬁanﬁemﬁnymgésme teﬁsqﬁ%ctqdfi 1,2

tetrafl %?6&&5 DafflstrariBE BF ALLHBICRhARR6F thgi piBHRdeldi 49 égé}g %Q@é@uaﬁon

tetrafl aoropr opane, butane, 1| sobutane, i'met hyl eth d diethyl ether.
The pr opdiileavbiding endesigabilel evantberuch ae fmrieg dn@ne subedimdné whkhemtbeeut i cal

formul ation to be ropell ed from a netered dose rosol. di spenser_in a
e s piokgrmaetetcel afiah Gopsiiin e Badtnl L A maGOE Sy AP pRT g iR T s

assosi atad7 ey 88ipats gélalfmeﬁaah§oﬂtfhe%t§l€cﬁn digtonlifi thdécRtBhatyl.y. equal to or
greater t han about 10, 50, 250, 540 or 570 | but equal to or less than

about 6@hagracggiical formmulasivp sty isapellanbn Paelerably, thesamount of plarparquicak
. _ c Contay by
Drmd © adobp RS dhan ol (F 88 offs b 008 et HEME Rt b RRII 4R, 22

aer osol cdhmpenser will depend 30 on a nunber of factors including the size
of the pressurized container and the anount of 14 pharmaceuti cal

formul ation contajned therein. The anmpunt of the _propellant i s selected to
provi de AWAMAUEE agmacsitigal dgert spibe REAAGP O e neRsE SECIRE®Egent por

act ygti Ry v ééc_@rcﬁ:Y%ieodd %ﬁnb@%??&&&@hﬁ:l@dﬁﬁ@%&r&%@aﬁ@a&%md}g- I'n one

enbodi nment ereint har maceut |1 cal agent is 1nsulin, the amount of
phar mac ehtingadenfical forimmldtion in shef confrifd, nBTe 26d Aoui7of mop@dBnparthe per 1000

parts of the total conposition in.the container. (i..e. pharnmaceutical
F or mul aPBHISH e Samess e St o wplerne VAR e diesisRenssy phar maceut i cal
formulation is Iess than or equal to 91 parts per 1000 parts of the total
conposi tTHpréfent AEmuREBASMAE be properedBYURExikH the gﬁﬁrﬁﬁ&@wdal:@éenﬁm_tﬂl@ mtted
per actuation of the dispenser or dispenser 10 wil| vary according to a
nunber dhicelie-fasming eranpamindgandheptipnelstabilirers andbother asdditivesan pavidahle cal
forgul at ' [ e f 1or I in the
contqgi neSPi,%Isl{l' %&%m@@ﬁrﬁdginqna rbean Eéllmz% 0 el?‘ré?%gﬁ%ngmy 1%%%13&?%% di spenser.

sequentially, they can be added in any order provided solubility issues do not arise.

Mixed micelles will form with substantially any kind of mixing of the ingredients but

vigorous mixing is preferred in order to provide micelles of from about 7 to 11 microns in

size. Vigorous mixing may be accomplished by using high-speed stirrers, such as

20  magnetic stirrers, propeller stirrers, or sonicators.

In one embodiment, a pharmaceutical formulation containing insulin, Solution III, is
prepared by making two solutions, Solutions I and II, and then mixing them together and

with a solvent in accordance with the following protocol.

Preparation of Solution 1

25  Solution I, a bulk insulin solution containing 200 units of insulin, is prepared as follows.
Absolute amounts of each ingredient in Solutions I, II and III can be calculated based on
the final batch size of Solution III. Note that the amount of units of insulin per mg of
commercial insulin varies with the commercial insulin product generally between about
25.3 and 28.3 units per mg of insulin. Knowledge of the number of units per mg is

30 readily determinable from product specifications.
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The present fornul ations may be prepared by m xi ng the pharnmaceutical agent
with the mcelle-form ng conpounds and optional stabilizers and ot her
additives in a suitable 15 solvent. The conpounds may be added in one step
or sequentially. When added sequentially, they can be added in any order
provi ded solubility issues do not arise. Mxed mcelles will formwth
substantially any kind of m xing of __the jngredients but vigorous mxing is
preferred in order to provide m cel P€BoF fromabout 7 to 11 microns in
size. Vigorous m xing may be acconplished by using high-speed stirrers,
such as 20Ad@omets w/ve¥d injeRfidn wiied R af apsiobfihRIsfred BEaleP BLGBH&T withkn one
enbodi nent, a pharmaceutical fornulation containing insulin, Solution III,
is prepared by neking two sol ut megseticséir®es ons | and 11, and then mxing
them together and wth a solvent in accordance with the foll ow ng
protocol. Preparation of Solution I 2§ Solution I, a bulk insulin solution
containing 200 units of insulin, is prepared as follows. Absolute anounts
of each ingredient in Solutions I, Il and Ill can be cal cul ated based on
the Binal batch size of Solution |I$%tepNo2e that the anount of units of
insulin per mg of comercial insulin varies wwth the commercial insulin
product genergal | et u 25.3 and..28.3 units . f .insulin.
Know edge of @ﬁﬁ%&%w&aﬁgﬁﬁ%ﬂﬁ%ﬂ%ﬁ%‘ﬁngl?%&rg%@(ﬁ ?f/‘(kggelsgg?ﬁ%ﬁgm e from
product specifications. 15 Step -1 Add 10 5 ww % injection water into an
appropriate sized beaker equipped withy a nagnetic stir bar 1 5 Step - 2
Slowy drop 5M NaOH into the beaker until a target pH of 12.5 is reached 1
Step - 3 Add 200.units of synthetic_human insulin crystals (produced using
rDNA) 10 1 Step -3

Add 200 units of synthetic human insulin crystals (produced using rDNA)
10 i
Step — 4

Stir the solution and avoid vortex, until the insulin is dissolved completely (pH of the

solution should be between 7 — 8)

15 Step -5

If necessary, adjust pH with SM NaOH or 7M HCI until a solution pH of between 7 — 8 is

reached.

Preparation of Solution II

Solution Il is an aqueous solution of micelle-forming compounds to be added to Solution
20 L

Step-1

Add 50 + 5 w/w % water for injection into appropriate sized beaker equipped with a

magnetic stir bar

16



Step-4 Stir the solution and avoid vortex, until the insulin is dissolved
conpletely (pH of the solution should be between 7 - 8) 1 15 Step - 5 If
necessary, adjust pHwith 5M NaOH or 7M HCl until a solution pH of between
7 - 8is reached. Preparation of Solution Il Solution Il is an aqueous
sol ution of micelle-formng conpounds to be added to Solution 20 1. Step -
1 Add 50 5 ww %water for injection ,into appropriate sized beaker

equi pped with a magnetic stir bar 164 Step-2 Slowy add 0.25 ww %
glycerin to the beaker and while contlnuously stirring gently 1 5 Step -
3 Add 0.06 w w % sodi um gl ycochol atgtegncz stir continuously until dissolved
1 Step - 4 Add 0.02 vv/w %sodi umlauryl sulfate and stir conti nuously
until dissolved_ 10 -5 Add 2.00 W w %bL"‘ ock c LV

pol yoxyet Rlavdned %H&Sp*dw&g}m%wp thebaaken stirring geﬂﬂy

HQ( C2H40) a( C3H60) b( C2H40) aH 15 wherein a = 12 and b 20 (sold by BASF in
association with the trademark PLURONIC

5 Step -3
Add 0.06 w/w % sodium glycocholate and stir continuously until dissolved
!
Step — 4
Add 0.02 w/w % sodium lauryl sulfate and stir continuously vntil dissolved
10 !
Step-5

Add 2.00 w/w % block copolymer of polyoxyethylene and polyoxypropylene having the

formula:
HO(C2H40).(C3HsO)(C2H40)H

15  wherein a =12 and b = 20 (sold by BASF in association with the trademark PLURONIC

L44) and stir continuously until dissolved.

Preparation of Insulin Formulation (Solution III)

Solution Il is a pharmaceutical formulation according to one embodiment of the

invention. It is prepared as follows.
20 Step-1

Add Solution I and Solution I1

17



L44) and stir continuously until dissolved. Preparation of Insulin

Formulation (Solution I11) Solution Ill is a pharmaceutical fornulation
according to one enbodi nent of the invention. It is prepared as foll ows.
20 Step - i Add Solution I and Solution Il 1 17 Step-2 Check the pH of

the solution and adjust the pHwith 5M NaOH or 7MHO if required until pH
of solution is between 7 - 8 1 5 %ﬁp - 3QS with water for injection
up to final batch size 1 Step - 4 an&fer the solution into a st orage
beaker and stir solution for about 5 mnutes. Store at 10 2-8C. Metered
Dose Aer oghécklhs PHNT€lie SO AidndjusothetgiDwith|SM NaOSL 60TMAICEIf tédulire@ne
aspect, the invention also provides a netered dose aerosol dispenser

contai ning a fornul ati on (Wt pHIRfisglytion 13 betyvegtéoBding to the invention. In
one enbodi nent, the invention enploys the netered dose aerosol dispenser
shown in 15 Figures 1 to 4. The neterjed dose aerosol dispenser 10 includes
an actuator 12, 28 ml alum num aerosol can 14, and a netering valve 16. 2

m of Solution Il is put into the aerosol can 14 according to a known
met hdd. The can 14 is then charged Steph-3bout 27.06 grans of HFA-134a
propel lant also in a known manner. The aerosol can 14 is best illustrated

in Figures 2-4. The agrosol, can 14.is prefe | indrical having an
open end 18. The openééridv@bwlgtg‘r%lrlnﬁ%tlﬁ)oéﬁiepd{ogiﬁl(fxg%t%nﬁig%éred to mate with
the ferrule (described below) of the netering valve 16. Wile the can 14 is

!
"S"tep -4

Transfer the solution into a storage beaker and stir solution for about 5 minutes. Store at

10 2-8°C.

Metered Dose Aerosol Dispenser Comprising Solution II1

In accordance with one aspect, the invention also provides a metered dose aerosol

dispenser containing a formulation (e.g. Solution III) according to the invention.

In one embodiment, the invention employs the metered dose aerosol dispenser shown in
15  Figures 1 to 4. The metered dose aerosol dispenser 10 includes an actuator 12, 28 ml

aluminum aerosol can 14, and a metering valve 16. 2 ml of Solution III is put into the

aerosol can 14 according to a known method. The can 14 is then charged with about

27.06 grams of HFA-134a propellant also in a known manner.

The aerosol can 14 is best illustrated in Figures 2-4. The aerosol can 14 is preferably
20  cylindrical having an open end 18. The open end 18 is dimensioned and configured to
mate with the ferrule (described below) of the metering valve 16. While the can 14 is

aluminum in this embodiment, stainless steel can also be used.

Referring to Figures 3 and 4, the metering valve 16 includes a 3-slot housing 20 with a
stem 22 slidably contained therein. A preferred material for the 3-slot housing and stem
25  is Polyester, but acetal resins can be used as well. The metering valve 16 also includes a
ferrule 24, dimensioned and configured to fit around the outside of the open end 18 of the
18



alum numin this enbodi nent, stainless steel can al so be used. Referring to
Figures 3 and 4, the netering valve 16 includes a 3-slot housing 20 with a
stem 22 slidably contained therein. A preferred material for the 3-sl|ot
housi ng and stem 25 is Polyester, but acetal resins can be used as well.
The metering valve 16 also includes a ferrule 24, dinensioned and
configured to fit around the outside of the open end 18 of the, K 18 aerosol

can 14, asespbcadyl4ybeine snempadatoned Sirendd &tg seage the metfermgvalve iyhesie to the

can.  Ap gf‘é;fgﬁé(fcﬁq%ﬂgﬁﬁl%f e £ RubiidH] & deflidd é%k&% providieah a9 9 is ket 26

provi des etween the can's open end 18 and the Terrule 24.
pr ef er r dottweenghé edn’$ opentdnd ISemidithg fergds et Aipsefhired materiaBfordhe seabher . A

teri han .28 within the 3-slot ing 20.5s, 5,defined b th
fret ommrgoRriels P & dsube b pori o3 SRLhiRona o Horc, | o
for the ddfihsd batdes Bk s Brdsk@had {he sPionljstdn€ AR, AWpdiefred The stem

I ncl udes an upper stemand a | ower stem wth the upper stem having a

U- shapeduateridror &a fasiand second stemngishgtsenbigride (Benp) sghbeaniheshan inphedes st em
it Do . " o . e
" the AaipElfer MM AR B bid0Ref ok U MO i ReT RS EIALY '

passage 3 havirgy dnlde3d atidh @8ranidhke ivicr efegilidvidg Pelemacir4d laving édie 4aanddd] can
to valve netering chanber after actuation, but prevents the ret.uLn (due to
gr avi t y) Thspringiple of sefeption lies i the padishlar gepmagirst #idhe baseof thestems Whishor ¢ he

retqgt| %lo%ﬁﬂ?%‘)ﬁ .SS#{}ﬁiﬂ?}é gﬁg%ﬁd%@&fﬁ%ﬂﬁ?@% fre FBRf the GERS6DLnRYS! ti on and

an open posi rest position wn I n Figure 3, the inlet
end 36 ofaltchmeteshgcidndrer afieravtlatidd, e pabeut thdeturh §dde tograwtyy wi gesket 30,

so that the contents of the aerosol can 14 may enter the retention channel
3. The TR KEHe Rpsals a0 by i IR ErGM SR TSR SPEiEdt ow ¢ he 111t of o
gasket 30 and within the metering chanber 28. Both the inlet end 42 and
outl et engh ddn b idiRs beRRBAEe I]féla (élro@?d) WoSitieE ahd8n BB&BFdsRtebnC NEIHREI the 8,

t hereby preventing passage of uid from the netering chanber 28 to the

channel 14 popitionhshowpdn Fegyse Bi tha inlstendr36 of the tptansion chiyneh34 6 ablee thel et end

36 and f ' h | .3 he fi
gashat S0 ReEo0 o s S s B dBBR o 143k R B tfiiohe "t S

from t hecharlid)Sal Theantldi4ntl G8tdTehdRtcakibA ghamalPels befbw te firbestaapasket me, the
inlet end 42 of the channel 40 is above the second stem gasket 32 and

i nsi de t3fkandsvidhin tp wpigrins chagber2§e Bally the inlet end 42 and outlet end 44 of the
channel 40 are outside the metering chamber 28, thereby preventing passage of fluid from

the metering chamber 28 to the channel 40. In the open position, shown in Figure 4, both
20 theinlet end 36 and outlet end 38 of the retention channel 34 are above the first stem
gasket 30 of the metering chamber 28, thereby preventing any fluid flow from the aerosol
can 14 to the metering chamber 28. At the same time, the inlet end 42 of the channel 40
is above the second stem gasket 32 and inside the metering chamber 28, thereby
permitting passage of fluid from the metering chamber 28 through the passage 40. The
25  stem 22 is biased by the spring 46 into the rest position of Figure 3. The metering
chamber 28 within the metering valve 16 may hold a total volume of approximately 600
pl. The large dose is necessary because large molecules like insulin are poorly absorbed
through the epithelial membrane, easily destroyed by enzymes found in saliva, and are
relatively insoluble. Therefore, more medication needs to be delivered to the buccal

30 cavity to compensate for these losses.

The actuator assembly 12 is best illustrated in Figures 1, 3, and 4. The actuator 12

includes a mouthpiece 50, a stem block 48 and an actuator sump 52. The actuator sump
19



permtting passage of fluid fromthe netering chanber 28 through the
passage 40. The 25 stem 22 is biased by the spring 46 into the rest
position of Figure 3. The nmetering chanber 28 within the netering valve 16
may hold a total volunme of approximately 600 |. The | arge dose is
necessary because | arge nolecules like insulin are poorly absorbed through

the epithelial nenbrane, easi|ly destroyed by enz .ound in saliva, and
are relPa: Whishys Jacated Hbﬂ’@.Steﬁhéﬁ’@F 8?@,“‘3]1%/1‘3?%% géﬁ%rgzwg%gne?ifnge del i vered
to the Q‘Hfiﬁ@&m@% fé@é’i’y{: antlewﬁpéﬂa%&ttﬁe { e LIRS, lhAS g@&lﬂ&féﬁd 38! sifle@%

assenbl y 'S best i strated in Figures 1, 3, and 4. The actuator 12
i ncl udespeynwifickpTac eprag orifics S nf tleackiathd sumyg Sanis dicnanstoned suthpordzurefhe

actuator su 1 2, which.is |ocated in.th em.bl 4 i des an
ol ot o 28 o dhetso s e 2 Gl el vl T LETHRPnd Bt SERSS
the val W& 85£AR% roidcéiifigRkttion! ol Be Madvatdedangdifiradr siiniléd ce. The spray
orifice 58 of the actuator su 52 i's dinensioned and configured to direct

medi cat ieengetedenoufiguraions theehy drsriing mediratiae ko gther pde ohtsanoutithe spray
orifice.5 58. s r . ' ' (3 |,

rect angdP%{F?sng"’r%g ?%Xlé:)fbd Ogiﬁg%é‘gag g%hggég ?Hﬁﬁdﬁg?@S%Wh%%ﬁ} I recting

medi cat iepibddenéits Well hatedesppdy érhifeceniBUlidving a diametes iofi gprheiniatddgi0i 38cto .G

medi cation hitting the _buccal cavity. Sone pégejerr d er@odi nments will have
a spray B A prefaredponfiggration fof ke astualer Sy }Sr?a%“gﬁ?‘"éﬁ FetEeE. 62 nm A
prefigrr | ' 3t SHATB: lshade WBRIGOR4tal | y reduced
10 \}gl u%lﬁghﬁyg&%%%@myoﬁ%ﬁ%?erredégttlzl%sl?gtgrwgurrps htave a vol une
not  exaceekdis 42mmiBandsiddallydbe hityatoh suraps wilt avesurpbemendt exieesding3 Vol une

not exceeding 37 mmB. The. su vol s _ql.ven above wi l.l. be fficient to
gener at em’é‘bhi fsyre yelymes eiep W%Wﬂpﬁ%?%hﬂﬁﬁﬁoﬁgﬁf&}eiac}ﬁ 'Préssﬁlérelrrelt er ed

dose aergeoh FHRRENSHS actubiBn A tHIGh&Ered AoBBYerddcl dispBdetide a cap 60, fitting
over the actuator 12 and aerosol can 14. 15 The cap 60 is preferably

slidably and renovably secured to the actuator 12. One nethod of slidably
and r enciteroaterdrmajalshinchils agep 108, fittagoventhe getuatpr i3 apd agropelicap i 4.

t her,eby ermtt.ing.r val, .or reatta a or 12
by r4§ rel Vpep(ffpléoﬂﬁ pg’&%&ﬂ?& ﬁ%bq¥ ﬁ%fge%ovégf?s%%rgég% ﬂlgtagﬁﬁ'fgq%h% gﬁg%tﬂlgancl ude a
dust covsslifshly dhdedisivabBthecmitt the kb G0 tethetaotuamy &P id e frivviohhiherebg 50.
permitting removal or reattachment of the cap 60 and actuator 12 by merely pulling
upward on the cap 60. The actuator 12 may also include a dust cover 68, dimensioned

and configured to cover the mouthpiece 50.

20 In this embodiment, the propellant, which is under pressure, is in liquid form in the can
and forms a single phase with Solution III. However, in other embodiments having a
different ratio of the pharmaceutical formulation to the propellant, the aqueous phase may
separate from the propellant phase. In such case, it is recommended that the user shake

the dispenser prior to dispensing a portion of the contents.

25  When the actuator is actuated, Solution III, containing insulin, is propelled from the
metered dose valve in a fine spray. In this embodiment about 7 to 13 units of insulin
(average 10 units) are emitted per actuation. This is equivalent to about 0.27 mg to about

0.50 mg of insulin dispensed per actuation.

Further details concerning Solution III and the metered dose aerosol dispenser 10 are

30 summarized in Table [ below.

20



20 In this enbodi nent, the propellant, which is under pressure, is in
liquid formin the can and forns a single phase with Solution |11

However, in other enbodinents having a different ratio of the
pharmaceutical fornulation to the propellant, the aqueous phase may
separate fromthe propellant phase. In such case, it is recommended that

t he user iggf t he di spenser prior to dispensing a portion of the

content & When the actuator is actuated, Solution IIl, containing
insulin, is propelled fromthe netered dose valve in a fine spray. In this

enbodi ment 9&9&!@?‘&@&%}3 unit$ of 4b61;§ﬁ£,bﬂnsuﬂ1f7‘(‘!a%r age; 10 units) are emtted

Al O s £
per ’Ct Uat' Gn |||= 7 1-S eeH I ‘la eut L L U Ll IIH U (J.IJUUL J. JU lfg S

i nsul{i n di spensed ps§g (;cu utl?ﬂl D, e}ggﬂ‘ﬁgr details concerning Salution I

and t@glgﬁtlﬁr ed dosg p%glgﬁg) dispmnee’ 10 a4k, 30 su:mmg,l zed ir},e;fa@mtgn

bel o Table | Fgrmiati-onl per—Can—408—untts——of @gggéiﬁ/cfar Formt-ati on

gpen 2 nkin (echLdi ;g Can (excluding S n L a0k ;r’élgllllart)
propel l ant) % w w %w w per/actuation (t%ﬁﬁlg@mb 2 aig fornul ation

propel | ant plus exclluding g9 per ni fornul e;g,hﬂmo r opgbpeditk) (d)g i nsulijn
(200 junits) 0.0077 G.0144 0.050 0.77 0.0Q036 GI ycerin 0.0025|0.0050 0.[017

0. 251000013 Na nl \r\nr\hn! atel 0 000600012 0040 9%0 00004 r\r\hli A
| aur @R §0d39 70004 0O8KE 0 0> 4. 8R01 LS Dhic 144 8B 0400

00
0. 138 Qyeerimn. 00100 i|%2% i on WAPEY . 9690 |P-BB9 6. 67p%86. 9 0. 04948913134(a)
HFA piNepbtdchaiste 13. 53 0AP0M60 93004 0. 676531@.00&x her Ep®BMi nent s |dX008de

For mils@filnOBuryl sulfate 0.0002 0.0004 0.001 0.02 0.00001
Pluronic 144 0.0200 0.0400 0.138 2.0 0.00100
injection water 9690 1.939 6.672 96.9 0.04848
134(a) HFA propellant | 13.53 27.060 93.118 0.67650

Other Embodiments of the Formulation

Alternative embodiments of formulations according to the present invention are

summarized in the below tables. In these tables, POE(9) is polyoxyethylene 9 lauryl

5 ether.
Table II
Formulation # Solution IV Solution V
Units insulin 1250 625
% wiw % wiw
Insulin 4,650 2.370
Glycerin 4.830 4.930
Na glycocholate 0.290 0.300
sodium lauryl sulfate 0.290 0.300
Phenol 0.290 0.300
m-cresol - -
POE(9) 2.420 2.460
Pluronic 144 - -
injection water 87.240 89.350
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Al ternative enbodi nrents of fornulations according to the present invention
are summarized in the below tables. In these tables, POE(9) is

pol yoxyethylene 9 lauryl 5 ether. Table Il Fornmulation # Solution IV
Solution V Units insulin 1250 625 %ww %ww Insulin 4.650 2.370

G ycerin 4.830 4.930 Na glycocholate 0.290 0.300 sodiumlauryl sulfate
0.290 0.300 _Phenol 0.290 0.300 mcresol - - POE(9) 2.420 2.460 Pluronic
L44 - - Tablelddion water 87.240 89.350 21 Table Il Fornulation # Sol ution
VI Solution VIl  Units insulin 200 200 %ww %wWw Insulin 0.77 0.77

G yceri mogn,g§t1&1#5 Na gl ycccnolgglﬁn&()ﬁ 0. 06 giqgidmvnaur yl sulfate 0.02
0.02 | Ueno 0—1—m-eresol “6}:_( % Pu '0'0' e—+t44 2 2
ts msuhn 20
% wiw % w/w
Insulin 0.77 0.77
Glycerin 0.25 0.25
Na glycocholate 0.06 0.06
Sodium lauryl sulfate 0.02 0.02
Phenol 0.2 0.1
m-cresol - -
POE®) - -
Pluronic L44 2 2 ;
injection water 96.7 96.8
Table IV
Formulation # Solution VIII Solution IX Solution X
Units insulin 3000 2100 1000
% wiw % wW/w % wiw
Insulin 11.180 7.452 3.86
Glycerin 0.048 0.25 0.25
Na glycocholate 0.003 0.058 0.06
Sodium lauryl sulfate 0.003 0.02 0.02
Phenol 0.290 0.193 0.2
m-cresol - - -
POE(9) - - -
Pluronic L44 - 2 2
injection water 88.480 90.027 93.61
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Sodi um | auryl

0. 015 TaHdd¥Y Phenol

Sol ution Xl |

I njection water 96.7 96.8 Table IV Formul ation # Sol ution VIII
Solution X Units insulin 3000 2100 1000 % wW w % w w % w w
7.452 3.86 dycerin 0.048 0.25 0.25 Na glycocholate 0.003 0.058 0.06
sul fate 0.003 0.02 0.02 Phenol
PCE(9) - - - Pluronic L44 - 2 2
Tabl e V Formul ation # Sol ution Xl
3000 3000 3000 %ww %wWw %ww
4.830 4.830 4.830 Na glycocholate 0.480 0.390 0.290 Sodium | auryl
0.290 0.290 0.290 mcresol

0.290 0.193 0.2 mcresol
I njection water 88.480 90.027 93.61 22
Solution X1
Insulin 11.180 11.180 11.570 dycerin

- POE(9)

- - injection water 83.220 83.300 83.400 Table Vi

Sol ution I X
I nsulin 11.180

Units insulin

sul fate
Pl ur oni ¢

Formulation # Solution X1 Solution XII Solution XIII
Units insulin 3000 3000 3000
% wiw % wiw % wiw
Insulin 11.180 11.180 11.570
Glycerin 4.830 4.830 4.830
Na glycocholate 0.480 0.390 0.290
Sodium lauryl sulfate - 0.015 0.015
Phenol 0.290 0.290 0.290
m-cresol - - -
POE(9) - - -
Pluronic L44 - - -
injection water 83.220 83.300 83.400
Table VI
Formulation # Solution XIV Solution XV Solution XVI
Units insulin 2500 3000 3000
% wiw % wiw % wiw
Insulin 9.300 11.178 11.180
glycerin 5.000 4.831 4.830
Na glycocholate 0.300 0.290 0.060
Sodium lauryl sulfate 0.300 0.290 0.020
Phenol 0.300 0.290 0.290
m-cresol - - -
POE(9) 2.240 2.415 -
Pluronic L44 - - -
injection water 82.590 80.706 83.620
Method of Administration

5  The present invention also provides a method for administering the pharmaceutical
formulation of the present invention, by spraying the formulation into the mouth with a

metered dose dispenser (aerosol or non-aerosol).
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Forrmul ation # Solution XIV Solution XV Solution XVI Units insulin 2500
3000 3000 %ww %wWw %wWw Insulin 9.300 11.178 11.180 glycerin 5.000
4.831 4.830 Na glycocholate 0.300 0.290 0.060 Sodiumlauryl sulfate 0.300
0.290 0.020 Phenol 0.300 0.290 0.290 mcresol - - - POE(9) 2.240 2.415 -
Pluronic L44 - - - injection water 82.590 80. 706 83.620 Method of

Adm nistration 5 The present invention also provides, a nethod for

adni ni stEeflowie sxamples aeginteaded tof‘HP?F[ﬂtﬁfhedﬁetB?dsthéh?JF’é(§’éWﬂn #Adention, by
spr ayi ngshgma Jo%@%x%‘ide %11 *Q&RLPE‘E??&TW%GM ﬁlqmg ?‘;t ered dose di spenser

(aerosol or non-aeroso |OWI ng ex s are intended to
illustrate the nethods of the invention, and shoul d not be considered as

| i mtingExamplé hvention in any way. Exanpl e | A study was done to deternine
the differ ence i n the pharnmacokinetic/ phar macodynamc 5 (PK/PD) profiles

of Sol ut'o lyen i.n " r meal s.
The st udé avtagn%g)naée% "8"%%@‘5?%@& Cel |oa€hﬁ"g%\iﬁl%$ %ﬁﬁ@ﬁ%d% Vitani c
profisl e (PKf/Pﬁpbw&"ﬂ@rbfls‘dmi@d v x(flgetnvgsmeraﬁl Bsingle vbrsdos 6i)v1¢Wdt(h)se ajoead ed

i nsulin, Hunulln'"' brand _insulin (reconbinant]ly produced hupan insulin

sol d by 1pegls. Llihelsyl ﬁtﬁsm)to copppae thg lg;ag,vqﬂﬁb e glg %PIIIWTHQ &hases.
10 T €0
hin Leal t Cr i t e g PR gﬂlt:hgseg%{ﬂ ﬁlg,%%ggﬂédlﬁni-ﬁgﬁjil B pRAL | Ng

certain were diven var ses o ution TV over the
cour se ahsilinr (eecodbysantly pdstveedrhweat maukin pold Bt killyesd Gomepany). This

study involved the following phases.
10  Transfer phase

In this phase, 19 qualified patients (i.e. meeting certain health criteria) were given varying
doses of Solution IV over the course of three days to determine the appropriate dose for

each patient as follows:

On day one, the patients were given 16 puffs of Solution IV administered over an 8-

15  minute period immediately prior to the test meal {(a liquid standardized meal, Ensure Plus:
20kCal/kg ideal body weight), with one puff administered every 30 seconds for a total of
16 puffs. Glucose monitoring was done immediately before the test meal (-30 minutes),
immediately prior to (0 minutes), and 5, 15, 30, 45, 60, 90, 120, 150, 180, 210, and
240 minutes after the breakfast test dose.

20  On the second day of this phase, patients were given a single dose of 13 pufis of Solution
IV administered over a 6.5-minute period immediately prior to the test meal, with one
puff administered every 30 seconds. Glucose levels were monitored as on the previous

day.

On the third day of this phase, patients were given a single dose of 10 puffs of Solution
25 IV administered over a 5-minute period immediately prior to the test meal, with one puff

administered every 30 seconds. Glucose levels were monitored as on the previous day.
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each patient as follows: On day one, the patients were given 16 puffs of
Solution IV adm nistered over an 8 15 mnute period i mediately prior to
the test nmeal (a liquid standardi zed neal, Ensure Plus: 20kCal/kg ideal
body weight), with one puff adm nistered every 30 seconds for a total of
16 puffs. G ucose nonitoring was done i nmedi atel y before the test neal (-30

mnutes), inmmediately prior to (0 mnutesi 15, 30, 45, 60, 90,
120, 15@nygetientdosed aind pdts a#flrlila‘(lég aegiycase {3vel %‘?e?&ana&/f‘Ltaéé&W @HEPOIB0 On

the SECQ,PE{HQ@WE A% Yevid ra%%terptﬁﬁﬂ 2] @eﬂ:‘n‘é?ﬁll@w%f[ ﬁ%‘?gmﬂgﬁ@ Pfhel3 puffs

of Sol ut1on ni ste over a 6.5-mnute perio yprlor to
t he t estCromaber TredtmeohBhaspuf f adm ni stered every 30 seconds. d ucose | evels
were nonitored as on the previous day. On the third day of this phase,

patient re ven a.s | e dose of 10 puffs of Solution 25 1V
adm ni s?&?gﬁvgggf“%‘egtﬂ%‘f‘fgt e period inmrediately prior to the test neal,
with one puff adm nistered every 30 seconds. d ucose | evels were nonitored

as op theths FM 4seUhie 8aMe 19 ?ﬁueﬁlfsyw&%téxpmedd@&adx dtthd lipwiids foan dreltgncnng a

gl ucose | evel of >_200 ng dL at any tine point or three consecutive |evels
gr eat er regisns epdiffgrent dgk e not aliowed to participate in the Crossover
Treat nent Phase. Crossover Treatnent phase 5 In this phase, the sane 19

patients Wgzrq{lﬁfﬁaﬁ?swq1 %ggg{rha@%e&gg r{Sﬁinll)ovvl ng four treatnment reginmens on

di fferent days I nsu i nj ect ed i nsul i n) Solution IV
singl e dose - pre-neal Solution IV split dose - '/zpre-neal and'/z
post - meal e 1@ohioUM Gnglydssd -+ predned - '/ 2 pre-meal and' '/2 post-nmeal Each
treatment reginmen was adm ni stered over a 24 hour period. The single dose
regi men involyv d adm nistering 16 puffs of Solution V over an 8 minute
period, wth QI SPHE ARG s e EIed %deyzél?S%@E@)‘nds The first puff was

ti med such that the | ast puff was received 30 seconds before the test

meal; o ¢ Solution V split does — ' pre-meal and ¥ post-meal

Each treatment regimen was administered over a 24 hour period.

The single dose regimen involved administering 16 puffs of Solution V over an 8 minute
period, with one puff administered every 30 seconds. The first puff was timed such that

the last puff was received 30 seconds before the test meal.

15  Inrespect of the split dose regimen for Solution IV, Solution IV was administered 4
minutes prior to the meal for the first % dose (1 puff every 30 seconds, for a total of 8
puffs, with a 30 second interval between the last puff and the test meal). Immediately
after finishing the standardized meal, the patient was given two sips of water and received
the second % dose (8 puffs every 30 seconds) starting at about 2 minutes after completion

2¢  of the meal.

In respect of the split dose regimen for Solution V, Solution V was administered 4

minutes prior to the meal for the first ¥ dose (1 puff every 30 seconds, for a total of 8

puffs, with a 30 second interval between the last puff and the test meal). Immediately

after finishing the standardized meal, the patient was given two sips of water and received
25  the second % dose (1 puff every 30 seconds, for a total of 8 puffs) starting at about 5

minutes after completion of the meal.
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15 In respect of the split dose reginen for Solution IV, Solution IV was
admnistered 4 mnutes prior to the neal for the first'/2 dose (1 puff
every 30 seconds, for a total of 8 puffs, with a 30 second interval
between the last puff and the test neal). Immediately after finishing the
standardi zed neal, the patient was given two sips of water and received
the second' /2_dase (8 puffs every 30 seconds) starting at about 2 m nutes
af ter comphBEifohSobyopVioeatained) on pyeragss ghoyt Sgpanithat %‘g‘iﬂi‘ft- dose reginen for
Solution V, Solution V was adnministered 4 mnutes prior to the nmeal for
the firstach gufeFSolulioR W EorftMREd, 03 AveRES MOt IPinid JfMalin0Of 8 puffs, with a
30 second interval between the last puff and the test neal). Imediately
after finishing the standardized neal , the patient was given two sips of
wat er al@r FRIBBANASH PREPOSHe Sywite afiHuMdige " brand jpquliaprg ingerted Eprdnutes or a
total of r.f - 1, NU§: conpl etion of the
neal . Zgﬁéécq%%%%F§%$Ségﬁ%pﬁ%ﬁﬁﬁ%&%8nt%?hg',ﬁ%ﬁﬂ%%ifage, about 50 units of
insulin. Each puff of Solution V contained, on average, about 25 units of
i nsubi n.Durong thoCpessowo Treatmpnitimse, patients sorshimdd Budtandardizedndedln@uliquid wer e
injected 15 mnytes. prior to | s tq the same group of 19 patients on a
i 1 1 or ontangargized s el e PECee et ek e hR B o Rt EBneuned 3
st andar dieAgds. "BR) Sarkd@rdizA4héhl wik bARMHAER dodRhal FhEHESOVE 430 midisted! / kg
i deal body weight) on each of the treatnent periods. The standardi zed neal
was congeried in four equal volumes over a 30 minute period. During each
treatnent period, blood sanples were drawn at -30 mnutes, imediately 10
prior t 0 mnutes) and 5 30. A5, 60, 90, .1 150, . 180.. 210, and _240
i ot es Dartne et rEineBlRsriog, boog Shopdvers fraiBiat SEminlch iMBROOERE war e
measQr egrib enioaaiitddl aalls, 15289 45, 60,99, averia0e180,00d, gldxioseinutkelsr f or each
group were plotted in adgraph shown in Figure 5. In this graph, the blue
&5 adbipothe

i ne rephebepiastdet dose {lugossiapd insdindevghy wercgneasured frong e 15
represen he Solution V given as a split dose, the orange line represents
Sol ution given as a single dose, and the black line (circle points)

represents Hurmulin brand insulin
The average blood glucose levels for each group were plotted in a graph shown in Figure

5. In this graph, the blue line represents Solution IV given as a split dose, the green line
15  represents the Solution V given as a split dose, the orange line represents Solution IV
given as a single dose, and the black line (circle points) represents Humulin brand insulin

given by injection.

As can be seen in this figure, Solutions IV and V are effective at controlling blood
glucose levels with the split dose of Solution IV achieving slightly better results than the
20  single dose of Solution IV,

Example IT

A 12-day study was done to compare the efficacy of Solution III with injected insulin and
to evaluate the safety and tolerability of Solution III. The study compared the effect on
blood glucose levels of Solution III administered to the buccal cavity using the above

25  described metered dose aerosol dispenser, with the effect on blood glucose levels of
injected insulin. Fructosamine, a parameter of protein glycation, was determined as part

of a panel of safety monitoring.
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given by injection. As can be seen in this figure, Solutions IV and V are
effective at controlling blood glucose levels with the split dose of
Solution IV achieving slightly better results than the 20 single dose of
Solution IV. Exanple Il A 12-day study was done to conpare the efficacy of
Sol ution III wth inj ect ed insul in and to evaluate the safety and

t ol er abi | of on..ll ared the.effect o bl ood

gl ucose Ioé\? prys Eﬁ’t?‘%ﬂﬁﬂ %‘ﬁb?t?sl mg]g‘r‘?f Wg'%éélﬁggp PPSEHEVR IS AUripg ri}“i}' usi ng the
above 25fa§iﬂ§%mo%§91evats%J&Qb&ieﬁqa,@%gaelandIlsﬁﬁeﬁegtpram;ahgm@seqé&&@ween bl ood
gl ucose levéls of injected insulin. Fructosam ne, a paraneter of protein

gl ycat i dwlownd@0 wigidds, prrisipatesl ipdhre studyf. a panel of safety nonitoring. 26 10
patients with Type-1 diabetes nellitus, who had 2 consecutlve days during

which f i I s andi al
gl ucose e\}lglqse\?vﬁekig g@e* §¥§%6l¥%aﬁ1gﬁf§ r%ég}feﬁig?%g{lg%l fﬁ Eﬂ{‘%ﬁg r| ng the
12 day shérayy (3 imofle nidigingahd @/8 is theewnwey). t hei r usual basel i ne gl argi ne
insulin 5 therapy (2/3 in the norning and 1/3 in the evening). On the

first thre each patient receiv hi or er re r dosg .of
Humul | nF %Fg’% threg days. R l@é’&ﬁ‘oﬁeﬁﬂﬁ?‘f @ %’LflrLfﬁ!‘E}ﬂWn P by B
Lilly ang&anRamhbidikiy blidetd ﬁmnﬁpmgﬁmp&ﬁa bpethtlﬁyeaﬁa ontfpahy 9 meal s:

breakfast, [unch and di nner. The anobunt of Tnsulin iInject ed varied with
t he pat iiejectidaintinonesthefore pacsofthraenaesls: rbrqziéifaSK |lllmswyraald16mm Tie apedught .

opt i on OF iR AECe P Bt Sl ORaT i o EREPRARE S B "o T

adniypi stydightt PAREBREre AlsoHMAGIed hhaﬁn@ﬁﬁ@ﬁadnﬁdtﬁtm&mmnd@ﬁ@m
i ndi vidual diary cards. On days 4 to 12, each_ patient received fromfive to

ei ght puiptien of a@pinigtering un to,4 Britsed seavk-time Paticatsniag de admbuger as
det f 15 |
e o1 1 D RAAY SO S R R OS5 T

cavity using the above described neter ed dose aerosol dispenser. An
addi t i or@d dsysriglodi 2desch patient revdingl eera fiverakight puffs d£Selutparf BB basesl @l | owed
for immediate admnistration if
their recommended dose (as determined through prior experiments) before and after each
15  meal (breakfast, lunch and dinner). Solution III was administered to the buccal cavity
using the above described metered dose aerosol dispenser. An additional single dose
following each meal of up to 4 puffs was allowed for immediate administration if
measured glucose value exceeded 100 mg/dL at 30 to 60 minutes after the end of the
meal. Thus, the total maximum dose of Solution 1II relating to each meal was 20 puffs

20 {or up to 60 puffs daily).

In addition to the three meals a day, the patients were allowed mid-morning and mid-
afternoon snacks. Patients were allowed to administer up to 5 puffs at snack-time as a

divided dose (e.g. 2 puffs before and 2 or 3 puffs after the snack).
Each puff of Solution III contained, on average, about 10 units of insulin.

25 Onall 12 days, blood samples were drawn beginning 30 minutes before breakfast and
ending 4 hours after breakfast. A standardized meal (Ensure Plus: 4.8 kCal/kg ideal body
weight) was served for breakfast at 8:00 AM (0 minutes). Blood samples were drawn at -
30 minutes, immediately prior to (0 minutes) and 5, 15, 30, 45, 60, 90, 120, 150, 180,

210, and 240 minutes after breakfast. Peripheral glucose concentrations were determined
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measur ed gl ucose val ue exceeded 100 ng/dL at 30 to 60 m nutes after the end
of the neal. Thus, the total maxi num dose of Solution Il relating to each
meal was 20 puffs 20 (or up to 60 puffs daily). In addition to the three
neal s a day, the patients were allowed m d-norning and m d- afternoon
snacks. Patients were allowed to admnnister up to 5 puffs at snack-tine as

a divide 0S e 2 ffs before and_ 2 or 3 puffs after .the ck).
Rach purth 8P b RERRE AsECRHE g Dyeiam i S AV Re B ntut i n.
25 On aljembgidhay §ibA1 99 dns BBISAME R rélA180ObIAREH MBInB Rofe BdMtHeRSalbEf Or e
breakfast and ending 4 hours after breakfast. A standardized neal (Ensure

Plus: 4.8sa%€al / kg i deal body weight) was served for breakfast at 8:00 AM
(O mnutes). Blood sanples were drawn at - 30 minutes, immediately prior to

(0 m nut P?dgq , g . 180, Gghea0 m nutes
after brrlghgf)kS a t.rgiiggéi Ffﬁﬂ‘g%é'l tﬁgﬁ‘*&%@%ee‘% g%%l(% F?%Stg i(l)ec;,r?s wel?3 Se&g%% 1er m fied 27 in
dupl 5catEhusyadjimemeBlas b€ glicanaGh add-nsymingnandinpl jaffatreonsaseid areeustig: of

gl ycosyl ated henogl ohi.n (HbAl, ri) and.fiuctosamnm. ng were, also obtained

usi ng RECHERULIATERS oo shgrutanels @mawsp?fﬁ?% i iR B g Py

pre- pr anfi@dl it nufosSiotawdhoe be | ess than 100 ng/dL. 5 Thus, adjustments of
glycema at md-norning, and md -afternoon were done using common snacks,

addi tional subcutaneous injections of HumulinTM brand insulin or puffs of
Sol ut i onhelaverpge meen dlopd@hecosT pencenisatiope resuttingdirern dhig swdy seere Phat i ons

this 11 gorabt oyt s3hE s, dF b Ratle, B rix e ShORrEa0ER BoThBRE ot fons
f or 10he chBcdradationd for &% D fatiealsia0n fodction B tingy evagnsd oxethetfliet thidestays hr ee

days during which insulin was_adm nistered by injection. The red |1 ne shows
t he mearfinggdichyingelis wasaheisittorad bynjedtion. (The radlipgshossitae meamblogdct i on of

time, av ' i i

ad ni ot e GRSt TAAE 10 pattoty b4 £ unblb e SRl el b Bin d10. o1 . 15

Fi gur e 6 2stueing wiieli Solutiuh (1D Wds hdmirdstereid esingdhé alsoveidesaited Badtered dosd | |

i nduced sim]ar glucodynam c responses. Solution Ill provided an

appr opr it EOHIHRERte control as

15  Figure 6 shows that Humulin™ brand injected insulin and Solution ITf induced similar

glucodynamic responses. Solution ITI provided an appropriate glycemic control as
assessed by individual daily-glycemic curves and, especially, normal preprandial

glycemia. Measurements of protein glycation displayed a tendency towards lower values

after the 12-day study period. This suggests that Solution II1 is safe for long term use.

20  Example III

A study similar to that described in Example I was done to determine the difference in the
pharmacokinetic/pharmacodynamic (PK/PD) profiles of Solution XIV (listed in Table VI
above) when given in single versus divided dose around meals. The study was also done
to compare the bioavailability and glucodynamic profile of Solution XIV with injected

25  insulin, Humulin™ brand insulin (recombinantly produced human insulin sold by Eli
Lilly and Company). In this study, the same protocol and 19 patients described in

Example I above was employed.

The results were plotted on a graph shown in Figure 7. This figure shows that Solution

X1V when administered as a split dose produces a glucodynamic profile that is better than
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assessed by individual daily-glycem c curves and, especially, nornal
preprandial glycem a. Measurenents of protein glycation displayed a
tendency towards | ower values after the 12-day study period. This suggests
that Solution Ill is safe for long termuse. 20 Exanple Il A study
simlar to that described in Exanple | was done to determi ne the difference

in the har nacoki net.i c/ phannacodynam.c (PK/ P rofi of Sol ytion XV
(1i st ed HHPrP @Owcedé’dﬁé)‘n‘ﬁﬁ%tfpng‘?ﬁe?’r“@%dg?erfgsé’?‘&&”s;_ﬁ]g;[‘]?{?_fw& J¥€e ar ound
meal s, ERehSimSH, 1B Sl S AOS adrBnRRFRAISLLIYE 01 aY Rli1Aobd iekulftin

gl ucodynam c profi Solution XIV with injected 25 insulin, HunulinTM
brand i dewti post-peodizbiinacde lgvaly tdu tledl ehelsrachi¢ved dhiongls admintstration of gj | | y and

Conpany). Ln.this.stud e sa r ot acol d 1l atients descri.hed in
Exanpl e angieb‘a?fg o&é&’{“glr‘%l g2 sf’ﬁe B8§eu(&tclgjeﬁ§aénsﬁﬁ8t% e S g apt®shown in
Fi guse hostlpadibl KIU6® gmbesd el diehavededh iiplicaldd\hswiek factoi firshli®dsaga split
dose produces a gl ucoﬁynam’_c profile that is better than_ 6 28 the profile
pr oducedligepseand ampleyiag pspligfose regimgh maysseede mupinies Bus 56Ky bef ore each
nmeal . Furthernore, the study shows that admi nistering Solution XIV as a
split d - i o | TBNEd he | evel s
achi evegﬁpﬁr;egéu%gl’f& g’ﬁ%ﬂ’l&n?bs({d%tgﬁpo Sgﬁé@?dr@agghg%g&%?ﬁsm l})t% F%WPI\’/ or a

si ngl e qasgosedf of ilfustedtiod, it ndll bk evidefictoeheseckilled ah thetdrighathymogougpr andi al

bl ood gl ucose | evel s have pbeen inplicated as a rjsk . factor for '
ar i ovasanans oL teal Ghibe RIS YR Han B30 e Tosledvifog h@mﬂe@r% to

M Niy§ Z§n{dhtion'ak 3fineM iR HIRASHpRAdLd GMhar enmbodi nents of this invention have
been descri bed above for the purposes of illustration, it will be evident
to those skilled in the art that nunmerous variations of the details of the
present invention nmay be nade w thout departing fromthe 10 invention as
defined in the appended clains. 29 CLAIMS 1. A pharmaceutical fornulation
for absorption through oral nucosae conprising an effective anmount of (a)
a pharmaceutical agent in mxed mcellar form (b) at |east one

m cel l e-form ng conpound sel ected fromthe group conprising an al kali netal
al kyl
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sul fate and a pol yoxyet hyl ene sorbitan nonool eate, (c) a bl ock copol yner of
pol yoxyet hyl ene and pol yoxypropyl ene, (d) at |east one additional

m celle-form ng conmpound chosen fromthe group conpri sing

tri hydroxyoxochol anyl glycine and salts thereof, glycerin, polyglycerin,

| ecithin, hyaluronic acid, glycolic acid, lactic acid, chanom|e extract,

cucunber_ extract, oleic acid, linoleic acid, |linolenic acid, nonoolein,
nonool e&leAIMfpnol aur at es, borage oil, evening prinrose oil, nenthol,
pol ygl ycerin, |lysine, polylysine, triolein, polyoxyethylene ethers,

pol i docgnol %L gli{drm%éh@i!iﬁl, forMBROI R EBENBlGH BrotRVNGHAEREEcombkdhg afret al

sal i cyl ate, rmaceutical |y acceptable edetate, and pharnmaceutically
accept abffectsa angovandf G alpbemesscutival agent iramikedanicellarfomadbrat lsast oaait . 2. The
phar maceut i formul ation gf claim.l wherein the sal f

r1 hyar esofectomarapypd sflee il RoBlihe AraieyoBekared M mret st nmceut | cal
f or mul atiiigite ahd & balydkJetRflede sotbitinahbnddleat@qbyDlyek Bygotyiger &Or bi t an .
nonool eate is an (x)-sorbitan nono-9-octadecengat e pol y(oxy-1, 2-et hanedi yl)

nonool e@pboxycthylsee pbpaineemronyianct ¢b) phleastions additiepaimiclle-forpying  wherein
he al kal.j i s_sadi .
bhar mo SorplEEongRrt b B elbSohibrShid tiiralickoohilid T ofgtk i, ) oy

copol ynalieredt, glgtsring polyialscerin, lacithimdiynhieyyic apy] giyeolivarid, hacticakldow ng
formul a: HO(_({ZH40) a( C3H60) b( C2H40) aH v,vhelrei na.z 12 and h = 20. . The
phar mac &htmenle extragt acpmRerAxtn olsiaqd, lmolgiqacid, linplenic gHd mprpqleia.

| east  oiGodfidtes! Iﬂaﬁpmﬂa&gj qo%ageq;iﬂw&ﬁﬁgﬁﬁm,dﬂsn&ﬁh:%gtp%fygﬁmﬁh} he group
conpri sing sodium glycocholat®e, glycertn, lecithin, oleic acid, .
nonool edysise, ppylysifey terlein, pgpdxyoihyiinieetlens poido@nblelisyl etienodeoxychol at e,

d holate, |act] id and : ticall t apl | t d
el oo daSiatspniolats, Aot Al ARAA Rreaal s by BERERBRe Ty AR ") ai s 1
to 6, wagt@ieNatdphattnat@@ehily ARepabidishitPnal anldpakd Biefcdf, Hnd Ye)cLsm@bRd i s

selected fromthe group corprising sodi um
solvent. _

2. The pharmaceutical formulation of claim 1 wherein the salt of

trihydroxyoxocholanyl glycine is sodium glycocholate.

3. The pharmaceutical formulation of claim 1 or 2, wherein the polyoxyethylene
sorbitan monooleate is an (x)-sorbitan mono-9-octadecenoate poly(oxy-1,2-cthanediyl)

monooleate.

4, The pharmaceutical formulation of claim 1, 2 or 3, wherein the alkali metal alkyl

sulfate is sodium lauryl sulfate.

5. The pharmaceutical formulation of any one of claims 1 to 4, wherein the a block

copolymer of polyoxyethylene and polyoxypropylene has the following formula:
HO(C,H40):(CsH0)o(C2H4O)H
wherein a = 12 and b = 20.

6. The pharmaceutical formulation of any one of claims 1 to 5, wherein the at least
one additional micelle-forming compound is selected from the group comprising sodium

glycocholate, glycerin, lecithin, oleic acid, monooleates, polyglycerin, polyoxyethylene
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gl ycochol ate, glycerin, and pol yoxyethyl ene ethers. 8. The pharnaceuti cal
formulation of claim1 conprising glycerin, sodium glycochol ate, sodium

| auryl sulfate, and a bl ock copol ymer of pol yoxyethyl ene and

pol yoxypropyl ene having the follow ng fornula: HO C2H40) a( C3H60) b( C2H40) aH,
wherein a = 12 and b = 20. 9. The pharmaceutical formul ation of any one of
claims | to 8 wherein the mcelle- formng c ounds ar.e each present in a
concent FEeTsorhegpdseryrholpis deogyehplateda ac\’/ﬁ?‘?“}‘ﬁk‘rwa‘%naﬁ‘l‘)‘.tmql AR ANEceut i cal
for mul atign,Qfangloghdl tHeredfier i n the bl ock copolymer of pol yoxyet hyl ene and
pol yoxypropyl ene i's present in a concentration of fromabout 0.001 to 3
w./wt.% 11. The pharmaceutical fornmulation of claim9, wherein the

m cel | e7f or nilhg phemmsoutivak famalasigoief presenel ¢laims Iciors avheren themt &gast r om

about 0.001.1.0 1. w../ %..12. Th I ' l: .any one of
ol ai s o gidioray ot fophisksomtPn® IR e BUELOAbYHe Rl O
equal t glyebclias! gdycdritgindpslyibxyéiiviaiewtiteré.m) . 13. The pharmaceuti cal

formul ation of any one of clains | to 12, wherein the mcelle size of the
pharmaceutical agent is_equal to or |ess than about 11 microns (n). 14. The
phar mac8ut i cdibeP mﬁcsle%ﬂ?%m%vn&ﬁ@w 1qomRrsIog glyceris, S Pei n t he

phar mac eyt ), ctia@ 4Rk Budil! t%dadcdr%&l?&) & STYIRIdx5etAgichOaAd | .

hepar i n,%‘H{Cowgﬁaﬁl E?m’l ecul ar uagisgﬁ% heparin m}ilyéﬁl ar Wei gzt ?lgss t han about
5000 dalpbhyosyprohylend baying thierfoldemingdomudan, interferons, cytokines, nono and
pol ycl onal anti bodi es, i munogl obi ns, chenot herapeutic agents, vaccines,

gl ycoprotein L al i orpones, _.gal ¢itonins, glucagon |ike
pepti des (&%EQ@%§$ZB§%%@&€§?)ﬂENWHDF&q cég(af’&g greater than about
1000 daltons), protein based thronbolytic conpounds, platelet inhibitors,
DNA, 31 9RNA, Toephairheatiel firffilatRatofaanete of clgpmurtoef)twitkedn tiepinticile-,

narcotics, hypnotics, steroids and pain killers. 15. The {ohar maceut i cal
f or nul afewring Fompeyngds BrE cagh SFeeRt in Beopermtiaion of frem abgyeRP0] t0 2Q hsyl i n.
wt./wt.%.

10.  The pharmaceutical formulation of claim 9, wherein the block copolymer of
polyoxyethylene and polyoxypropylene is present in a concentration of from about 0.001
to 3 wt./wt.%.

11.  The pharmaceutical formulation of claim 9, wherein the micelle-forming

compounds are each present in a concentration of from about 0.001 to 1 wt./wt.%.

12.  The pharmaceutical formulation of any one of claims 1 to 11, wherein the micelle

size of the pharmaceutical agent is equal to or greater than about 7 microns (pum).

13.  The pharmaceutical formulation of any one of claims 1 to 12, wherein the micelle

size of the pharmaceutical agent is equal to or less than about 11 microns {pm).

14.  The pharmaceutical formulation of any one of claims 1 to 13, wherein the
pharmaceutical agent is selected from the group comprising insulin, heparin, low
molecular weight heparin (molecular weight less than about 5000 daltons), hirulog,
hirugen, hirudin, interferons, cytokines, mono and polyclonal antibodies, immunoglobins,
chemotherapeutic agents, vaccines, glycoproteins, bacterial toxoids, hormones,
calcitonins, glucagon like peptides (GLP-1), large molecular antibiotics (i.e., greater than

about 1000 daltons), protein based thrombolytic compounds, platelet inhibitors, DNA,
31



16. The pharnmaceuti cal

pr esent

phar maceut i cal

concent

ration of fromabout 0.1 to 1 w./w. % 18. A netered dose

formul ation of claim 15, wherein the insulinis
in a concentration of fromabout 0.1 to 12 w./w. % 17. The
formul ation of claim 16, wherein the insulin is present

in

a

non- aer osol di spenser conprising the pharmaceutical fornulation of any one

of cl ai

phar maceut |

atfon o one of claims 1 to 1

phar macstetoidsadndypaackiBpdsabl e propel | ant. 32

15.  The pharmaceutical formulation of claim 14, wherein the pharmaceutical agent is

insulin.

16.  The pharmaceutical formulation of claim 15, wherein the insulin is presentin a

concentration of from about 0.1 to 12 wt./wt. %.

17.  The pharmaceutical formulation of claim 16, wherein the insulin is present in a

concentration of from about 0.1 to 1 wt./wt, %.

18.  ATnetered dose non-aerosol dispenser comprising the pharmaceutical formulation

of any one of claims 1 to 17.

19. A metered dose aerosol dispenser comprising the pharmaceutical formulation of

any one of claims 1 to 17 together with a pharmaceutically acceptable propellant.
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