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I nvention [0001] The present invention is directed to
a method for enhancing absorption of a nedi canent
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particularly to a nethod for enhancing absor ption of
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Do SEF PRI DR NE R RNt hnS AR TR S TRANAMB P AL
drug delivery system has been studied for years
because it CARPMINISTRATIONEORMUEATIONS ef fect. The
study on this field focuses on how to enhance
absorption of the drug. General approaches reported to
enhance absorption include the wuse of various
perneati on enhancers such as bile salts, surfactants,

organi ¢ solvents, Ba adir thgBResti@s wel | as
salicyl ate and Azone(r%. [0003] Factors affecting the
FielAQrMRah-&tiocaf a drug via oral mucosa, such as
— subl'tngual nmucosa, include solubility of the drug,

pa [’gbéi&g 3 ‘iﬁ'g? éﬁés?ﬁtqﬂxgentlgﬁ W @?ec?éd tﬁ'ta%#:tﬁ?t% k’cﬂ‘%rnggnati%?bsgrption

ar size an

t he cular siz n are.fixed
of a%ﬂaﬂel i o SRR R LeimBolT AR aflicinerly B metnod
ee o |on|z ion W ll infl C artition
for & FIP&E FePRgHPetsyita b spBguet PPEFISHESAT: on
of conbi ned solublllty and ionization are variable
factors to achieving maxinmumrate and extent of
absorption through oral mnmucosa such as sublingua
Desoriphamn RELapRINATt026922 PCT/ CN2005/ 001425 Summary of
the I nvention

[0002]  Transmucosal drug delivery system has been studied for years because

it can avoid the liver first-pass effect. The study on this field focuses on how to enhance
absorption of the drug. General approaches reported to enhance absorption include the
use of various permeation enhancers such as bile salts, surfactants, organic solvents,

chelating agents as well as salicylate and Azone®.

[0003] Factors affecting the permeation of a drmug via oral mucosa, such as
sublingual mucosa, include solubility of the drug, partition coefficient, degree of
ionization of the drug,.and molecular size and weight of the drug. For a given drug, the
molecular size and weight are fixed and cannot be changed. Changes in solubility and
degree of ionization will influence partition coefficient and permeability. Therefore,
optimization of combined solubility and ionization are variable factors to achieving

maximum rate and extent of absorption through oral mucosa such as sublingual mucosa.




[0004] A first aspect of the preferred enbodi nents

provi des a nethod for enhancing absorption of a
WOBH/ERa8nt that is suitable for adm nisteri nGCT/CN2005/001425

transmucosal ly, such as sublingually in a subject.

The nedi canent used in the preferred enbodi nents

i ncl udes a therapeuticall ffective anount of an
active conpound or%m%&% acceptable form
t hereof, or conbi nation thereof ang a )
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i nventors have found that maxi mum fl ux of ionized and
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medi canment across the nucosal nenbrane can be
suctnagh sublingualist in & lebjettt dlremmedicament ywiediin the predarsal embodiments
medi um by involving certain anount of buffering
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about: pH=-1o0g{KS S') (1) uin which Kais the
carﬂe?ni zation constant (dissociation constant) of the
active conpound in water, Si is the solubility of the
ionized formof the conpound, and S. is the solubility
of the non-ionized formof the conpound. [0006] A

second aspect .of the preferr enbodi ments is.to.
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admi ni stered transnucosally to a subject, conprising i
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pH range of about 7.2 to about 7.8. 2 WD 2006/ 026922
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preferred enbodi nents is to provide a

embodiments comprises providing an environment for the administration with a pH of

about:

Ka-S,
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in which X, is the ionization constant (dissociation constant) of the active compound in
water, S; is the solubility of the ionized form of the compound, and S, is the solubility of

the non-ionized form of the compound.

[0006] A second aspect of the preferred embodiments is to provide a method
for enhancing absorption of a medicament comprising propranolol or a pharmaceutically
acceptable form thereof that is administered transmucosally to a subject, comprising

providing an environment of the administration with a pH range of about 7.2 to about 7.8.




medi canent suitable for a transnucosal adm nistration

to a subject, conprising an effective anmount of
WOR0P128%%31 ol or a pharmaceutical |y accept abl e PEBON2005/001425

thereof, and a pharmaceutically acceptable carrier,

in which the nmedi canent provi des an environnment of
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subl i ngual dose of a buffered propranol ol tablet of
the preferred enbodi nents versus a conventi onal
Inderal tablet in 2 healthy subjects. 3 WD 2006/ 026922
PCTI@Q®D 05/ Cotpasd |04 2poriedionl s fomenletiore- ¢l guopranclol, the
concentration profiles (0-420m n)of buffered

formubgtioand] the prefbired smbbditreaisi cavesignifcantlydideredey thle heart rate in a
(conventional tablet) in 8 male healthy subjects

subjER 0. D Fery* SHeROLiAL, Bid Rah bedseR P! thft bald@Siasdular related diseases

(urgent medical conditions) such as atrial fibrillation with rapid heart rate, panic attacks

with rapid heart rate, acute hypertension, headache and angina.

Brief Description of the Drawings

[0010] FIG. 1 shows mean heart rates of two healthy subjects after

sublingually administering propranolol powder in various pH values; and

[0011] FIG. 2 shows a change of heart rate after administered with equivalent
sublingual dose of a buffered propranolol tablet of the preferred embodiments versus a

conventional Inderal tablet in 2 healthy subjects.




[0013] FIG 4 shows tine-plasma concentration profiles
(0-100m n) of buffered propranolol tablets of the

WO I0eP6P8n and | nderal (conventional tablets) POT/@N20e8/081425
heal t hy subjects (*p<0.05, **p<0.01). Detailed
Description of the Preferred Enbodi nent [0014] As
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subpectuidrihios TR0 trpaed-spmples ifesh):. W found that an
active conpound of a nedicament can be significantly
absor bed when an environnment of the adm nistration of
the nmedi canent is kept around: KaS pHmax =-log( ')
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and S.” can be easi it ai ned by neasuring the drug
solubility at two extrene pH |evels where the ionized
or non-ionized speci es are dom nati ng. For exanpl e,
after deter nol ol and
si | denafil, e diment o be
7.62 and 4.25, res ectlvel .. 4 WO 2006/ 026922
pcTie@idbos, &5 sasedt f%@aél}w Pélened pekpinenin piayide, agpethod for
nmedi cament to transport across the mucosa i ncl udes
enhggeingiabeorpben 2éd m@sﬁmnm@ thahds stablyodminigtraied irapsmudesally. In
medi canment. The overal |
one embodiment, the medicament is administered sublingually by adjusting the pH of the

environment of administration of the medicament. We found that an active compound of
amedicament can be significantly absorbed when an environment of the administration of

the medicament is kept around:

Ka-8§,
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PHmax =—log(

in which K, is the ionizati‘on constant (dissociation constant) of the active compound of
the medicament in water, S; is the solubility of the ionized form of the compound, and S,
is the solubility of the non-ionized form of the compound. S; and S, can be easily
obtained by measuring the drug solubilitjf at two extreme pH levels where the ionized or
non-ionized species are dominating. For example, after determining the S; and S, of
propranolol and sildenafil, their pHmax valpes are calculated to be 7.62 and 4.25,

respectively.




steady-state flux (Jss) and the apparent perneability
coefficient (PaPp) of a nedicanent across the nucosa
WO086/426822sunmmat i ons of the individual contri betcraN2besmoss
both the ionized and the non-ionized forns.
Therefore, the Jss and Papp of such a nedi canent
permsate across. the nmucosd can be ex ressed by the
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and G and C e the concentration of the ioniz
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Jss(;), JBi, @ =B all independent of pH of t@
sol ution E '6nmant) Therefore, we would expect
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[0016] In the above equations, Jsw) and Jsg) ar.e the steady-state flux of the
jonized form and the non-ionized form of the medicament, respectively; Qu and Q; are the
accumulated amount of the ionized form and the non-ionized form of the medicament
penetrated across the mucosa, respectively; A is the surface area of the mucosa; Cy is the
loading concentration of the medicament; P; and P, are the permeability coefficient of the
ionized form and the non-ionized form, respectively; X; and X, are the fraction of the
ionized form and the non-ionized form, respectively; and C;and C, are the concentration
of the ionized and non-ionized forms, respectively. Unlike Js) and Jsg), Pi and Py are all
independent of pH of the solution (environment). Therefore, we would expect that
maximal C;and C, will be reached at an optimal pHmay, which will be the solubility of the
jonized form (S;) and the non-ionized form (S,), respectively, and the maximal steady-

state flux can be obtained accordingly.
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WORReARFE23HMax, Jss =P'S' +PS' [K+] (8) [0017] PCT/GN2005/001425

expected that the best flux of the nmedi canment across

the nmucosa would be achieved if we could achieve the

pHrax in the epyiyonng ,which a certainiganount of

buf f eri ng agenpg" " a ép‘iék\c/:yi)" tc formul at$6 n of the

medi canment. [0018] As used herein, the term

"absorption”, unless specified otherw se, neans

"penetration" of the actjve conpound of the nedi canent

WhemplitpHhe JUedss .+ P The term "t{ansmucosal ",

unl ess specified otherwl®eé] neans any route of the

adm ni stration via the osal nenbrane. Exanples
Whmpﬂ%pHmi,tJ,aFeBﬂQﬁFiﬂgzeE to, subliffual, nasal,
vagi nal and rectal. In thespreferred enbodi nents, the
adm nistration is preferably perfornmed sublingually.
[0020] The term "environment” or "environment of an

adm ni strati.on"” nean n_envyronpent ere an actjve
Bl ol i8 St enEr et 0 b B eRbAE oG e mucoss
across the nucosa. For_ exanple, when the | ) .
wouddierackiavad ibiwe eoul@ rachicte dhs pHimnButiel guviropment with a certain
environnent is saliva, which contains the drug and is
amcubbhofbufieringlagems bl 4 sppoific fouowstdn oftbebredivemef0021] The
term "subject” neans animals and human. Human is
preferable in the preferred enbodi nents. 6 WO
2006/ 026922 PCT/ CN2005/ 001425 [0022] The net hod of

t hegoprsyf er PROLRADRILNE M tabhi €4bsBFBGhTEtnI8s specified otherwise,
environnment with a certain pH includes providing the

med8 YheRRIRS ¥ thdadivR EhpbAR & tREmedicament through the mucosa.

[0019] The term “transmucosal”, unless specified otherwise, means any route
of the administration via the mucosal membrane. Examples include, but are not limited to,
sublingual, nasal, vaginal and rectal. In the preferred embodiments, the administration is

preferably performed sublingually.

[0020] The term “environment” or “environment of an administration” means
an environment where an active compound of a medicament is absorbed by permeation
across the mucosa. For example, when the administration is performed sublingually, the
environment is saliva, which contains the drug and is “bathing” the sublingual mucosal

membrane.

[0021]  The term “subject” means animals and human. Human is preferable in

the preferred embodiments.




during the adm nistration of the nmedi canent, and

meki ng a suitable fornmulation of the nedicanent in
WO20044028923ay t hat the medicanent itself can pr @CTamN2005001425

environnment with a desired pH In the preferred

enbodi nents, the latter is preferably. In this case,

buffering agents are preferably involved in the

formul ation. [0023] Buffering agents that can be used

in preferred_ enbodi pents will b obvi ous_ f or )
t nddBIET Pre Reodcon, e prgdtyl coRodBibaBkEh provides an
Pharmaceuti cal Excipients (Second Edition), edited bg
envirprERej wille certein palinclndyy puovideng theiravipremasiceith ppsgferable pH
Press London, 1994", which is incorporated herein by
during ftee edromistiatienpifithe extdivaimket; iand neayeng 8 suitahdé datequldtion of the
are not limted to, phosphates, such as sodi um
meddiOERb &t Qichphospihat &% meakasiteelf sicitotide Sitdnvifonment with a
di hydr ogen phosphat e and potassi um di hydr ogen

desi hai gie profRR3P RALESnhRAMe Qattd 4§ Pre@ablys BdliHMR ase, buffering
hydr ogen phosphate and di pot assi um hydr ogén

gggﬁgf 110l -sodium citrate (anhydrous
agel(E){P ygr?aa‘?tl}gl%vro igz?g%n%é e@jﬁl@llch as sodi um
bi car bonat e and pot assi um bi carbonate. The anount of
buffering agents used in the nedicanent is readily

determ.ned_by those skilled.in the art, which depend .
on 0923 or BuFteripgRgmls et capév@z@fg e el arbaippts will be

then}tgr eferred enbodi ments can include various _ .

obviws ot ase skillgd podlrosrt. ieash seqiodanglbopky Rhargiaceutical Excipients
formul ati ons of administration. For exanple, if the

(Secradi Exitien); editedagraimieyt WadalargiPaul 5 Vi aVeler, The Rammbeeutieal Press
the formof tablets, pills, pellets, powders or

Lor@ph,ays4” Bxaithlie incofpotitéthersinityalefegerfcer Mxleaiplified buffering agents
include, but are not limted to, ointnents, capsules,
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rapeuti cal ve  anbunt o active
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phosphate; citrates, such as sodium citrate (anhydrous or dehydrate); bicarbonates, such

as sodium bicarbonate and potassium bicarbonate. The amount of buffering agents used
in the medicament is readily determined by those skilled in the art, which depend on

preferable pH values.

[0024] The medicaments of the preferred embodiments can include various
formulations dependent on the dosage forms or formulations of administration. For
example, if the medicament is administered sublingually, it can be in the form of tablets,
pills, pellets, powders or sprays. Examples of other suitable formulations include, but are

not limited to, ointments, capsules, solutions, syrups, drops, granules and suppositories.




pharmaceutically acceptable carrier. Exanples of the

active conpounds include, but are not limted to,
WOA28998] ol , scopol ami ne, estradiol, sildenaPCI/CN2005/001425

fentanyl, norphine, Dbuprenorphine, butorphanol,

met hadone, di anor phi ne, piroxi cam fl urbiprofen,
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formul ati on of the nedi canme t,@gvhi ch.is known by those
phagpacentically popeptable patrivh e Exqmmples ef hejaghyq sempayndp diplude, but are
limtation, fillers, binders, lubricants, diluents, )
not skwaied ron gprepranolpl, aswopplagingg egstrodiopr edéanafil,i fastanyl, morphine,
disintegrators, grilling agents, perneation enhancers.
bupfenarmblires dfutdrprarcdy r mettedoms | uienetphineh, piekbion, flurbiprofen,
“natural sugars, corn, natural and synthetic guns such
indfietBEAE DapfdhUnulinghd) atdoxiteinhyirde | difdighits. In the preferred
car boxynet ylce1lulose, pol yet hyl ene gl ycol, waxes,
emﬂ%ﬁ:&h&t@?rébrm?ﬁgiig dsagRat e, sodium acetate, sodium
chloride, = agar, bentonite, agar gum stearates such
as sodi um stearate, HPMC, and pahnitic acid, dinethyl
sul foxi de, N, N-di net hyl acetam de,

Ee”ﬁ@# 2E B?}J,h{% g%?r%gn .ﬁlg’?a’biy’zg\{éﬁ{i@#ﬁ@%eﬁ%ﬁbgﬁweﬁiepends on the
spedBs NI PR A SR 9005 o S0 e . The

1- dodecyl azacycl ohept an- 2- one (Azon(_e(r%) ,..oleic acid,
carrégri ycdide, wWithpuh avitatien, d@ifrss. Jirders, Iplriapisy dijyeniy syiepigaing and
pol yet hyl ene, pol ydi ethyl phthal ate. [0026] ’
flavivkidg capentst proservativtsy disiv@grators,hgrijiingf agentsg pembeadioneenthsncers.
are those suitably adm nistered transnucosally which
Exafledw the kareiers ibyludd gasly) ddlath, hamidh eugard, cofh, Wural and synthetic
2006/ 026922 PCT/ CN2005/ 001425 [0027] Propranol ol

gunds (dRRPLOPYERM, Neddidm( highaRft Mydtewydlhdose! OfeBdymethylcellulose,

nonsel ective (3i and 32-adrenergic antagoni st, has

pol?&ﬁﬁeﬂg &?Léﬁ, H’ﬁf&, B(Shé ék?d,ts[)&moate, sodium acetate, sodium chioride,

agar, bentonite, agar gum, stearates such as sodium stearate, HPMC, and palmitic acid,

dimethyl sulfoxide, N,N-dimethyl acetamide, N,N-dimethylformamide, 2-pyrrolidone, 1-
methyl-2-pyrrolidone, 1,5-dimethyl-2-pyrrolidone, 1-ethyl-2-pyrrolidone, 2-pyrrolidone-
5-carboxylic  acid,  N,N-dimethyl-m-toluamide, urea, ethyl acetate,. 1~
dodecylazacycloheptan-2-one (Azone®), oleic acid, ethylene vinylacetate copolymer,

polyvincyl chloride, polyethylene, polydiethyl phthalate.

[0026] Medicaments suitably used in the preferred embodiments are those

suitably administered transmucosally which are well known by one skilled in the art.




anmel ioration, or prophylaxis of diseases associ ated
W th cardiovascul ar system such as essenti al
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atrial fibrillation. The indication of the
propranol ol , for exanple, includes managenent of
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Al so, due to extensive hepatic first-pass effect, it
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bi oavailability (10-30% .. [0029] .To overcone these
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for. enhanci ng the absorption of a di-C nt
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inc%ﬁ%e%ﬁérﬁ%c?n{;ﬁmb&g ?&%%Lf.-ﬁl&ﬁﬁaﬁoﬁ. adm ni stered =
transmucosally 1n a subject, conprising providing an
environnent for the admnistration with a pH range of
about 7.2 to about 7.8; and a nedi canent of
propranol ol that is suitably adm nistered sublingually
to FDOQBPJ' eclthougl‘il Bralle@in iAARIon Pf pypedaiRldd tabdéts hixeproven to be safe
preferred enbodi nents conprises an effective anount

and’ fféb&i@?ﬁﬁ‘&fé RdatiBEnt >R TReRMEbE sl ohsatCaraRtiaR iuduanyover 1hr.
thereot, and a 9

Also, due to extensive hepatic first-pass effect, it has a short plasma half-life (2.8-4.4hr),

and a low bioavailability (10-30%).

[0029] To overcome these drawbacks, the preferred embodiments provide a
method for enhancing the absorption of a medicament comprising propranolol or a
pharmaceutically acceptable form thereof that is administered transmucosally in a subject,
comprising providing an environment for the administration with a pH range of about 7.2
to about 7.8; and a medicament of propranolol that is suitably administered sublingually
to a subject. The medicament propranolol of the preferred embediments comprises an

effective amount of propranolol or a pharmaceutically acceptable form thereof, and a
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WD 2006/ 026922 PCT/ CN2005/ 001425 pharmaceutically
acceptable carrier, provided that the nedi canent
WOR086/9268%2 an envi ronnent of the admi ni strati ®OTWIN2DOSA01425
pH range of about 7.2 to about 7.8. [0030] In the
preferred enbodi nents, the nmedi canent contains an

pmSEEFIAEF SRRHADC B ARED s R SHER Bobis
covif e 2P S il S5 Geck Sbeue, yhi h oan be

powder, preferably as a tablet for sublingual
adm nistration. In the fornulation, active conmpound
propranol ol can be used in the form of any
phaf@s®ut i cdhl theaprefptred| enbalimestac thasmedieanbats epntains an -
acidic salts, hydrates thereof, and acidic salts of

effetiive Byigtigt &fSpropianblot oprepiriradedizhiddacoeptable fdim detadif,cand a
salt formof propranolol is preferable because

phafi RBAEAAY Clccpiatfle Weater RASRsc A Aolvel] Ghishldaf HeNfrpiRited as a
but are not I'imted to, a salt with inorganic acids

BB RS Bl Subihp s ghoPlP sl Pofin
[ [ - houl d b th

i 050l Wb AT CHTE 8, 0 , pr s

o S 55 OO B JO8 43, s o,

_www. medsaf e. govt. zz/profs. htmfor. Apo-Propranpal TM
acidio galts gf Ithe hilraiesi c o itke mesiemed embedpaisatiag aidic splt form of
reference inits entirety. {OQSl] I't has been )
propmuelst isgereferablc hecapss propbanolalyis acversashe Thamicidig salls include,
mucosa i s dependent on the concentration of
but ne& nod tihdired tpy aaRNwito indrparit eckls \suck nsdnytrockiveide asulfate, and
formul ati on of propranol ol provides saliva with pH of
phodPIid; ahdZ daR vABOSgarficBicidersafl an@lalate, BéiRwhitoraed avid)iad citrate.
rel atively high solubility as well as high fraction of

It sPON; it&éﬂﬁ&f&é&&f i the (fld}.%,i%%é Vitdle ReneBLonAl ag@itidtation will
re Y,

era the Tormulation for sublingual delivery is

hav%tthe éla%le\/\llh)d?cgggr{so %@%%ge ﬁ’%%%gﬁﬁ&g% 462 forms, such as disclosed on

1TM

www.medsafe.govt.zz/profs.htm for. Apo-Propranoal™ and Angilol™, which is hereby

incorporated herein by reference in its entirety.

[0031] It has been investigated that permeability across the sublingual mucosa
is dependent on the concentration of non-ionized propranolol in the environment. When a
formulation of propranolol provides saliva with pH of about 7.2 fo about 7.8, propranolol
should maintain relatively high solubility as well as high fraction of non-ionized form in

the saliva of human oral cavity. Preferably, the formulation for sublingual delivery is at
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about pH 7.6. This can be confirned by equation (1).
For propranolol: S; is 22.118 (nmg/m), S. is 0.539

WO 22and Ka is 10.13 pH=- 10g(10-923 x22 PCTAB2005/081425
7.62 0.539 [0032] To achi'eve this, buffering agents
chosen incl ude sodi um bi carbonat e, sodi um phosphate,

sollgt SETIPA PO M 2, SR
- PX4,. NalHP0O4- Gi i id, Tris-HCl .
(mg@igﬁujf‘? Qgg%g/ﬁi‘?‘l%‘ﬂf_gfﬁ% gglr%;le(r:l Sﬁlospha?g, b;/I \?vei ght

of about 10-25%, s3a é,md to effectively control the
pH of S§Hi=v.alog UL~y 2,620 about 7.8. [0033] The
medi canment of propk.83dl ol of the preferred enbodi ments
I conprises an effective anmount of an active
conponent, and a suitable carrier. The term of
"effective anpunt” nmeans about 0.01 to about 99.99% i n
t hd08321] nul ‘e ieglric sy thigibyilering peerte chosen inelude sadiym dicarbonate,
conmpound propranol ol accounts for about 1-90%in the
sodifuor phvsphaten or ky combigiation Mir korptee f adabddiym t inairerids. v ePreferable
conmponent accounts for about 2-50%in the formulation
exarBylevvininie, bieifaingOsient3 G4 BIPN| Wa, HPOWNaBLROYNHHPIR-citric acid,
formul ati on by weight. [0034] The anmount of the active
and GHFAIOE NS pdBMI9NEHodifim! IRIrOE Bl ok Sithte, HYOOE &bout 10-25%,
unl ess specified otherw se, neans the anmount of free
i R g B G R UL O
amount of propranolol as those commercially avail abl e
such as about 10ng, 20nmg, 40ngy, or 80ng in a tablet.
It i | so_suitahl e that the forpati Qn_may contain .
prdﬂﬁ%ﬁol ofrﬁ? niogficamapt, Af pEygLan nO?hg’(e cPST‘F%’E?Cgi Sppadiments
avai | abl e, when it is used for urgent situations.
comphigesean effeqtive @amoynt plam pqtivg comporenti iy ¥ eyitably ¢erigr. The term
sui tabl e anobunt of propranolol in a specific i
of “Effectiteatmamt’s uicambitwut 60 1atogibesh 9D a9 Yoeintthe formulation by weight.

Preferably, the active compound propranolol accounts for about 1-90% in the formulation
by weight. More preferably, the active component accounis for about 2-50% in the

formulation by weight, and most preferably, about 5-10% in the formulation by weight.

[0034] The amount of the active component mentioned in the preferred
embodiments, unless specified otherwise, means the amount of free compound of
propranolol. The formulation of the preferred embodiments can be prepared to contain an

amount of propranolol as those commercially available such as about 10mg, 20mg, 40mg,
| or 80mg in a tablet. It is also suitable that the formation may contain propranolol in an
amount less than that commercially available, when it is used for urgent situations. Those
skilled in the art will readily determine a suitable amount of propranolol in a specific

formulation suitable for a given patient.
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11 WO 2006/ 026922 PCT/ CN2005/ 001425 Exanple 1
I ngredi ents Weight (g) Propranol ol hydrochloride 40
WORDeHIF hydr ogen phosphate 40 Lact ose nDNORGTICNRENS/001425
109 HPMC 20 WMagnesium stearate 2 [0035] Propranol ol
powder was m xed with nmagnesi um stearate. To the
resulting m xture was added ot her conponents, and then
commingled in a V-blender for 15 m nutes. The
t horoughly bl ended conposi ti on was conpressed into
1,000 plain tablets, ea 5mmin diameter and
2-3mmin thickness. Exanple 2 Ingredients Wight (g)
Pr opr andngiedieptsr ochl ori de 20 Sodi um dWisight (gen
phosphate 40 Lactose 129 HPMC 20 Magnesium stearate
2 [ 0036]Prépranolophwhtoeissdarer e forned a0 1, 000 tabl ets
in the sane way as in Exanple 1. Exanple 3

| ngr edi amiksdiliei 19/akoded phosphate 40
Lactose monohydrate 109
HPMC 20
Magnesium stearate 2

[0035] Propranolol powder was mixed with magnesium stearate. To the
resulting mixture was added other components, and then commingled in a V-blender for
15 minutes. The thoroughly blended composition was compressed into 1,000 plain

tablets, each with Smm in diameter and 2-3mm in thickness.

Example 2
Ingredients Weight (g)
Propranolol hydrochloride 20
Sodium dihydrogen phosphate 40
Lactose 129
HpPMC 20
Magnesium stearate 2

[0036] All ingredients were formed as 1,000 tablets in the same way as in

Example 1.

Example 3
Ingredients Weight (g)
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12 WO 2006/ 026922 PCT/ CN2005/ 001425 Propr anol ol

hydr ochl ori de 20 Sodi um di hydrogen phosphate 1.5
WORDeIp%h hydr ogen phosphate 38.5 Lact ose noROTACNZENSH01425

109 HPMC 20 Magnesium stearate 2 [00371 All

ingredients were fornmed as 1,000 tablets in the sane

way as |191. %m:‘ﬁd{%k’lﬁﬁgg' ment Phar macodynam c

I nvesti gat ons S and Ma erl als [00381 Two

heal t hy cts art in the,prelimnary
phar rracoga‘#'} ‘#%‘ﬁ%?’tﬁt@ﬁ@?ag% of sublih gual

adm ni styration of buffered propranol ol . powder with 4
di fferen 1519@*%}9‘ Hgephosphales as showdd®Pn Table 1.
Table 1 Fornmul ati ons Dosage Propranol ol Buffering

Agent Salesjesegppmibydrteear ed Fornms (ngl0¢ Mean) (%
Mean) 1 Powder 20 O 7.13 45.64 2 Powder 20 38. 2ny
Na2HPO4 HRWG. 37 48.34 1.8ng Nal {2PO42@ Powder 20
40mg Na2HPO4 7.64 55.56 4 Powder 20 20ng NaHCO3 7. 88

44.35  Magnesium stearate 2
[0037}  All ingredients were formed as 1,000 tablets in the same way as in

Example 1.

Experiment 1

Pharmacodynamic Investigations

I. Methods and Materials

[0038] Two healthy male subjects took part in the preliminary
pharmacodynamic investigation of sublingual administration of buffered propranolol

powder with 4 different buffering capacities as shown in Table 1.

Table 1
Formulations Dosage Propranolol Buffering Apent Saliva pH Disappeared

Forms (mg) (Mean) (% Mean)

1 Powder 20 0 713 45.64

2 Powder 20 38.2mg Na,HPO, and 7.37 48.34

1.8mg NaH,PO,

Powder 20 40mg Na,HPO, 7.64 55.56

4 Powder 20 20mg NaHCO; 7.88 44.35

[0039]  The subjects had not taken any sublingual medicine 2 weeks prior to

and during the period of the study. Alcohol and smoking were not permitted for 24 hr
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[ 00391 The subjects had not taken any sublingual

nmedi ci ne 2 weeks prior to and during the period of the
WO200i#326924l cohol and snoki ng were not perm tteg@ch@N2eskoo1425

hr 13 WD 2006/ 026922 PCT/ CN2005/ 001425 prior to, and

for the duration of the study. Caffeine-containing

. pr.oduct re al.so not allowed from@8 hr prior to,
Pﬂogﬁa’ mﬁrf%é\ﬁe weHoR o e study-o G-atfpinerqoniagmng Rrodugls) were glso not

were placed in a seated position for about 30 mn
allopted dfom 8 hppget onandaing: eachistuslylpstiad made. A Di namap

BP nonitor (Wpro GE Co., USA) was F wused to record

systolic, diastolic, and nean bl ood pressure and heart

rate every mnute for 10 m nutes before adm nistration

of [90W0]i NgThAE sitijefs deed Flhcddaibl Bdeatedipositios B dbBBURY min prior to
adm ni stration, each subject was refrained from

basSIHR m@y&ﬁ&@me@@ﬁal@a ohqbin%ag p Mﬁmtmfgr@@@%o.?ésm was

m nutes, then the saliva was spit out and coll ected

useé ?ct( }'eﬁg{sdr%@tﬁﬁﬁﬁ,%ﬁc @R}%&ﬂ gﬁﬁg h%ecfglﬂg aHR H&ﬂ't Yas exrebflgﬁg.lte for

pure wa ynam ¢ par anet

such a eart. rate and pl oad pressure re asured. ...
10 SRS HelbHE nt B GBR” oL SOindA protesialSt: BulfE  SABE subtiogual
ressyre changes were variable and no significant )
adﬂﬁwgﬁmi%ﬁh SENEs wes refraingdofrony swallnyving apy PreREaRRle] o saliva
of heart rate was highly dependent on the pH of saliva
unti ahpeh, 2% minwes, vkan e salbva wes spiy outand eoliegtedHor pH measurement.
formulations (FIG 1). Subjects receiving fornulation
SulBeqivatlgdthe othooth efas onsedt hatiméd it gveantaterat ePharmacodynamic
following 10 m nutes of admnistration of sublingual

par@hoiefsasuch as heartvatind bleadiredsasd werean@stredf Taehb@tratdidiange is
other fornulations with different saliva pHs. [0042]
ShOfM?lr @OVIEG. 1 hermpldial preastize t iR WiedVarbie Cat ol d¥nificant
or

hypotension occurred.

II. Results

[0041]  The reduction of heart rate was highly dependent on the pH of saliva
achieved from various buffering agents in the formulations (FIG 1). Subjects receiving
formulation 3 showed a drop of more than 10% of heart rate following 10 minutes of
administration of sublingual propranolol, which is much faster onset of action than other

formulations with different saliva pHs.
[0042] Moreover, the maximal reduction of heart rate was 17% for

formulation 3, whereas only 5-10% maximal reductions were found for the other

formulations. These results indicated that formulation 3 could effectively enhance the
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formul ati on 3, whereas only 5-10% nmexi mal reductions
were found for the other formulations. These results
WO 2000/26228d t hat fornul ati on 3 coul d ef f ecti velPgTeN0030081425
the 14 WD 2006/ 026922 PCT/ CN2005/ 001425 subl i ngual
absorption of propranolol and rapidly reduce the heart
rate in conparjson to _other.3 fornul ations. . .
sublgngyal FivoFRHOR ofyApieBplolasd rapidly waduce s begrppatan comparison to
Propranol ol hydrochl ori de was ordered from Chang Zhou
othaa?patggmlﬁ@onssi ocheni cal Laboratories (BP 2000/ USP24).
Sodi um di hydr ogen phosphate and HPMC (50cps) were
supplied by Sigma-A drich Co. (St. Louis, MO USA).
Lact ose nonohydrate was supplied by Fisher Scientific

UK Ltd. (Leicestershi reEX%mentmgnesi um st earate was
obtai ned form Wng H ng (Hong Kong). [0044] I nderal

40ng propranol ol tabl et cWRiETRY cChased from
AstraZeneca UK Ltd. (Maccresiield Cheshire, UK). I11.

I L{Zﬁgﬁﬁgs [0045] Two heal thy mal e subjects took part in

el imnary pharmacodynam c i nvestigation once
Wi t ffered subl.ingua ropranol.ol .tablets a .
o iy’ bRl SR e o Feng Fhoy Guangrming
. sanme dose of 40 ropranol ol ,  respectively, The

BIO&%@@&@OWO@%{@PE%Q?@W%)S Sediug dibyciogst aesebate sad HEMC

in Experiment 1 except that follow ng the tablet, and
(50epsp warei wapplied bpi Sigma-Aldricd fHoau(Sss Lopis,  MRysWiSy.  Lactose

[0046] The saliva pH of the Inderal tablet and that of
mondhydiané f wae dsuppbédt bof Fisher Scientific UK Lid. (Leicestershire, UK).

Magnesium stearate was obtained form Wing Hing (Hong Kong).

[0044] Inderal 40mg propranolol tablets were purchased from AstraZeneca

UK Litd. (Macclesfield Cheshire, UK).

II. Methods

[0045] Two healthy male subjects took part in the preliminary
pharmacodynamic investigation once with buffered sublingual propranclol tablets as
prepared in Bxample 1 and the Inderal tablet in the same dose of 40mg propranolol,
respectively. The procedure of this study was similar to that described in Experiment 1

except that following the tablet, and the saliva was spit out in 8 minutes.

II1. Results
[0046] The saliva pH of the Inderal tablet and that of the buffered tablet of the

preferred embodiments were shown in Table 2. These results were shown in FIG. 2. The
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preferred enbodi nents were shown in Table 2. These

results were shown in FIG 2. The 15 WD 2006/ 026922
WOROTY@82005/ 001425 results showed that the beCihenadhsiooidzs

formul ati on qui ckly reduced 8% heart rate after 10 mn

of sublingual adm nistration. However, the effect of

he, I n al .t abl et S .ayed. ver. m nut es.an .
resulg] FhoREc Rt s et BrmRBHCH Thiaked ot b nphef € 808" min
continued to decrease with both the formul ations,
of spllmeneh FsmETeEt, the elike o IRderalstabiehaas delyed to
maxi mum ef fect of the buffered propranol ol tablet was
overa bd geinuizsoand dundy i2obe eiestivasol hearll radier dlhet ladsrtetateopdntinued to
. about 7% reduction. The effect on the bl ood pressure
decramss witaboth the ffrmulatiohs) gedehing 4 mhexibmmireffedt iatousd 20dninotes. The
signi ficant hypotensi on was observed. Table 2 Dosage

meah OfB%inddah | ffecPlof thé/BmeEd f}fbg?énoldl n@BleflwdsafoRt 12% reduction
6.820.10 Buffered tablet 7.520.05 Experinent 3

whe%ig ‘Hﬁéf‘ﬁ‘l'deﬁi‘ %Lﬂ& g{ﬂ;ﬂ %gﬁf P SbboR! TRY Effct'é‘dlft %ﬁ &Fé BIBb& PRk &ire was

['1 ngua npared to Conven
. v 0Ol- '
vari YR RR58 bark R Mirfolpsolf MIPAP 8RR gbMRA 0 RR dostiiRe
two-treatnment, cross- over design. Eight healthy male
subj ects were randonly assigned to two groups, one
with 4 of the subjects recejiving a single dose of
buffered tablets subli ngui@b—lﬁ,—z and the other wth the
rest of TIEdRT %_ﬂﬁsrecei vITg—a STTgt eSﬂﬁ%?IPT
Iy.

conventi ona el's (Inderal) sublingua The

doses of propranolol in the bufferedMafiSTs (BA2)

conventional tablets
Inderal tablet 6.821£0.10

Buffered tablet 7.521+0.05

Experiment 3

Clinical Pharmacokinetic Study of Buffered Propranolol Sublingual Tablets Compared to

Conventional Propranolol Tablets

I. Methodology of Study

[0047]  The study was conducted using a single dose, two-treatment, cross-
over design. Eight healthy male subjects were randomly assigned to two groups, one with
4 of the subjects receiving a single dose of buffered tablets sublingually, and the other
with the rest of the subjects receiving a single dose of conventional tablets (Inderal)
sublingually. The doses of propranolol in the buffered tablets and conventional tablets

employed in the trail are identical at 40mg. After 15 minutes sublingually, each subject
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enployed in the trail are identical at 40ng. After 15
m nut es sublingually, each subject 16 WO 2006/ 026922
WOROF/@R21205/ 001425 swal | oned t he di ssol ved propreNe0dsuo142s
and followed by swallow ng additional 1 cup of water.
After a washout period of 2 weeks, each subject was
ossed over to receive th ther. formul ati on... Venous
swajlonisd @5@&%@6@ FPTRRTSN and: fpifowvadchy sivallomiag peditional 1 cup of
inserted in the antecubital vein at 0, 3, 6, 10, 15,
watgyy Adisr agpshag pengd of 2ovcekarrpch 2abjastrvasesrossed everitougesgive the
adm nistration. Drug concentrations in plasnma were
othetefoemniation VYgnowPblood Bampiear{h o) were gdllesied via a cannula inserted in
concentration versus tine profiles was then anal yzed
the usicogbital mein-at 0)Ra; L OEYst 30, 48 @6) 90, THe, 300 EndhZEiEnutes after drug
concentration profiles of the two fornul ati ons were

adrﬂhfé&hﬁ&.@mg%%htﬂaﬁoﬁ fpRsBa e e@rthfned by HPLC. Propranolol

Resul ts [ 0048] Pharnmacoki netic paraneters of buffere

L ]
laBhBORMMrRlort A el rofIC A thoh SRV AR nbR B0 Ebdrmental
bj S iL.red- .Sanpl T-test) in the.above
mod0 1B ind s SbhcEliei Bioles o158 b  SrrhHEHERY S plopted as
sum‘rg{t.i zeg iE Table 3. Table 3 F Paraneters Buffered
shoyndigure 38F §18%e i et s p- Val ues (MeanSD) (MeanSD)
Teff(mn) 8.5 7.7 38.8 20.4 0.004 T,,,. (mn) 78.8
50.6 99.4 44.6 0.173 C,,,ax (ng/m) 58.3 21.3 51.7
11.8 0.287 2" (mn 1) 0.0036 0.0011 0.0036 0.0010
I.ResM§ t112 (min) 203 48 210t 68 0.074

[0048]  Pharmacokinetic parameters of buffered propranclol tablet and Inderal
(conventional tablet) after sublingnal administration in eight male healthy subjects (By
Paired- Samples T-test) in the above study were calculated using non-compartment model

and summarized in Table 3.

Table 3
Parameters Buffered Tablets Inderal Tablets p-Values
(Mean+SD) (MeantSD)
Tegy (min) 8.5+7.7 38.8 +20.4 0.004
T (in) 78.8 + 50.6 99.4 + 44.6 0.173
Cinax (ng/mi) 58.3+£21.3 51.7+11.8 0.287
Az (min™) 0.0036 + 0.0011 0.0036  0.0010 0.826
t1/2 (min) 203 + 48 210 £ 68 0.074
AUC.15min (ng-min/mi) 310.6 +£177.8 79.3 + 68.8 0.019
AUC30min (ng-min/mi) 908.8 + 450.4 306.9 +209.0 0.015
AUCp420min (ng-min/mi) 16582 + 6634 13305 + 4683 0.067
AUC, (ngmin/ml) 22973 + 10096 19864 + 10142 0.269
V/F (L) 608.3 £ 287.5 694.4 +242.1 0.275
CL/F (ml/min) 2312.7 £ 1765.8 2569.8 + 1399 0.622
MRTo_420min (Win) 179.6 £18.0 187.3 +24.4 - 0.173

[0049] In Table 3, the abbreviations have the following meanings:

Teir~ Time to reach the minimum effective plasma concentration (20ng/ml);
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AUC04Sn,in (ng-min/m) 310.6 f 177.8 79.3 68.8 0.019
AUCo-30,nin (n9-min/m) 908.8 450.4 306.9 209.0 0.015
WOR0GH298, , . in (ngmin/nl) 16582 6634 13305 268XN0GHT1425
AUC, (ngmi n/ml) 22973 10096 19864 10142 0.269 Vz/F
(L) 608.3 287.5 694.4 242.1 0.275 CL/F (m/rnin)

T,,mzﬁ%e?)foé&@&n@e FRER R Qﬂ%%%gfé V&E@nﬁ&fbn% (m n)
79.6 18.0 187.3 24.4 0.173 00491 In Table 3, the

m@hﬁm&&@h@&aﬁ@ﬁ@&ﬁ@&aé& owi ng meani ngs: Teff- Time
to reach the m ninum effective plasma concentration
- K0 oglentate conkiant3s20616d 02HARE terhiid OB QUL 4D pet?ibn of the curve;
T,,,ax - Time of occurrence for the nmaxi mrum ( peak)
112 -dalffliborfdbetrugsi on; C. - Maxi num concentration of the
drugs; ?- First order rate constant associated wth -
AUCt’he\rcaamdanalcuweog linear) portion of the curve; ttiz
f-l1ife of the drugs; AUC - Area under a curve,
Vi/Fa Vﬂlum efrdistabutinndiaseden theriewaisaldhese t he t er mi nal
hase; /F Total body cl earance; and MRT- Mean
CL/EQST‘H ythqgnce 13 Concl usi on [0050] CQur buffered
r anol blets resulted in a significantly higher
Mﬂﬁﬁfﬁe%@fﬁﬁ of plasma concentration than the
conventi onal tabl et when admnistered in the sane
manner. There was no significance difference in the
total system c exposure (AUCC)
IIT. Conclusion

[0050] Qur buffered propranolol tablets resulted in a significantly higher and
faster onset of plasma concentration than the conventional tablet when administered in the

same manner. There was no significance difference in the total systemic exposure

(AUC.)

[0051] Many modifications and variations of the embodiments described
herein may be made without departing from the scope, as is apparent to those skilled in

the art. The specific embodiments described herein are offered by way of example only.
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[ 0051] Many nodifications and variations of the

enbodi nents described herein may be nade w thout

departing fromthe scope, as is apparent to those

skilled in the art. The specific enbodi nents

descri bed herein are offered by way of exanple only.

18 CLAIM5 1. Use of propranol ol or a phamaceutically

acceptable formthereof across a nmucosal nenbrane in

t CEAIMRIf act uri ng a nmedi canent conpri si ng

adm ni stering said nedicanment in conbination with a

sui tabl e buffering agent in an anount that provides a

PH of aj j f i

absor pi Loy porRusll SE4 PHARASL ARG, L QlepRORABE) BRreot sorgss o
mucosgh &cgibranehis the atasufretiring @ mddicament spwdrisiug kimipisiéring, said

. . of cl| ai ; rein the pharmceutically

medicsnerk 1f oiBinfio i ¥t Bl The ot 30 TRESH b Troviaes o
PH of@baitat swill etiemibmartelfor adbhtcihgatiygtion bf wid dedicimenthe use

of claim1l, wherein the buffering agent is a phosphate

buffer. 6. The use of claimb5, wherein the buffering

agent The diserdldid INWAERTANRe nRBREBEA Y CadnSAicH® sublingually.

di hydr ogen phosphate or a conbination thereof. 7. A

medi canment suitable for sublingual admnistration to a

sybj ec .S RY [ f .

o opr ane ofFCSF Claih 2Bk 18 e BRI acheptabls fom s an
acidictshiér eof , and a pharmaceutically acceptable carrier

wherein the nedicanment is buffered wth a suitable

buffering agent in an anount that provides a pH of

about Thé ugd oftlaimBhwho@iiathe sdl€i8 hodroSabies ubj ect . 8.

The nmedi canment of claim 7, wherein the

pharmaceutically acceptable form is a salt. 9. The

ngdi ca hséé(gf FhR 1MW RereMVRE Bhifferili@eSRlid a pifosphate buffer.

hydr ochl or1 de.

6. The wuse of claim 5, wherein the buffering agent is disodium hydrogen

phosphate, sodium dihydrogen phosphate or a combination thereof.

7. A medicament suitable for sublingual administration to a subject,
comprising an effective amount of propranolol or a pharmaceutically acceptable form
thereof, and a pharmaceutically acceptable carrier, wherein the medicament is buffered
with a suitable buffering agent in an amount that provides a pH of about 7.6 at a

sublingual area of said subject.

8. The medicament of claim 7, wherein the pharmaceutically acceptable form

is a salt.

9, The medicament of claim 8, wherein the salt is hydrochloride.
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19 10. The nedi cament of claim7, wherein the

buffering agent is a phosphate buffer. 11. The

nmedi cament of claim 10, wherein the buffering agent is

di sodi um hydrogen phosphate, sodi um di hydrogen

phosphate or a conbination thereof. 12. The nedi canment

of claim7, wherein the nmedicanent is fornul ated as a

tablet. 13. The nedi canent of claim 12, wherein the

t &bl et Tieomiedicngert oI e ARON twinBein Bk B&ffe‘i‘ﬁ? WoetOis MpHkphate

propranolol. 14. Use of a therapeutically effective
buffernpunt of propranol ol across a mucosal nembrane of a
subj ect, wherein said propranolol is buffered with a
suitable buffering agent in an anmount that provides a
pH.of Hromeditadentt ofselaith Adrvhemin, the rbuffiesing ppepds disodinm

j canent for the treatnent of.a.di seas
hydrofe ol &R abSHrmbirpongRl S fbibe e 8RR ol and
renal hypertension, angina pectoris, anxiety
essential tremor, atrial fibrillation,

tachycardi a,. . . .
ahi hyﬁé‘? mediphnent s slamct, iwhereim the Begieaseankys farmulstedces a
tabletSubj ect. 20

13. The medicament of claim 12, wherein the tablet contains from about 20

mg to about 80 mg of propranolol.

14. Use of a therapeutically effective amount of propranolol across a
mucosal membrane of a subject, wherein said propranolol is buffered with a suitable
buffering agent in an amount that provides a pH of about 7.6 at said membrane, in the
preparation of a medicament for the treatment of a disease selected from the group
consisting of essential and renal hypertension, angina pectoris, anxiety tachycardia,
essential tremor, atrial fibrillation, and hypertrophic obstructive cardiomyopathy, in said

subject.
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