METHOD OF ENHANCI NG ABSORPTI ONS OF TRANSMUCOSAL
ADM NI STRATI ON FORMULATI ONS Background of the

wo povefozdoen Fi el d of the Invention [0001] The pPEFENR005/001425
invention is directed to a nethod for enhancing
absorption of a nedicanent that is suitable for
transnmucosal admnistration, particularly to a nethod
for enhanci ng absorption of a nedi canment suitable for
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factors to achieving maxi numrate and extent of

absorption through oral mucosa such as sublingual

nmucosa. Sunmary of the Invention [0004] A first aspect
Degdriptioa of tlef Related Aetrbodi nent s provi des a net hod for

enhanci ng absorption of a nedicanent that is suitable

for (@b ni stRnMEcdshledi8FdeRRY kystem 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 drug 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.



such as sublingually in a subject. The nedi canent used
in the preferred enbodi nents includes a

wao b@capoet i cal ly effective anpbunt of an acti vePCDON2ONM01425
or a pharmaceutically acceptable formthereof, or a
conbi nation thereof and a pharmaceutically acceptable
carrier. [0005] The inventoga Eave found that nmaxi mum
flux of ionized and® Bof an active
conpound of a medi canent across the mycosal nenbrane
canl0884lachifeiss et ehleapretsrisAesibesimgnts HPTPWE{% a method for
mucosal medi um by involving certain anount of
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aspect of the preferred enbodinments is to provide a

Cmﬂﬁéhod for enhanci ng absorption of a nedi canent
conpri sing propranolol or a pharmaceutically
acceptable formthereof that is adm nistered
transnmucosally to a subject, conprising providi.ng a
envi{0098hent Thsf inveetordheve &ungt ‘ihéna MR Bk © r’r@gz%‘? and non-
about 7.2 to about 7.8.[0007] A third aspect of the
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suitable for a transnucosal admi nistration to a

be Sbjeeed withother attiimmgerarofed L in wemaowsahmediunp hypimanbying certain
or a pharmaceutically acceptable formthereof, and a

amount of buffering agents with the medicament. The method of the preferred

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

about:

Ka- S,
(

pH=-log ) D

u

in which K, 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.



pharmaceutically acceptable carrier, in which the
nmedi canent provides an environnent of the
w@eivsi2eer ati on with a pH range of about 7.2 tPCEHON2105/001425
7.8. [0008] A fourth aspect of the preferred
enbodi nents is to provide a rrethod for treating
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thé¢ adainistation oxthcpHl aange off abed 7 toabses7.§.ur gent nedi cal
conditions) such as atrial fibrillation with rapid
heart rate, panic attacks with rapid heart rate, acute
hypertensi on headache and angi na. Brief Description
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concentration profiles (0-420m n)of buffered
propranol ol tablets of the invention and | nderal
(conventional tablet) in 8 male healthy subjects
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FIG 4 shows tine-plasma concentration profiles
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i nvention and I nderal (convent| onal tablets) in 8 male

suBJ%@\! by stﬁ&rt sﬂrﬁe, R Om be 1ROt dtat cardiovascular 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.



Det ai | ed Description of the Preferred Enbodi nent

[0014] As stated above, the preferred enbodi nents
w@e@eioei®2n net hod for enhanci ng absorpti on of BCT/CN2005/001425

medi canment that is suitably adm nistrated

transnmucosally. I n one enbodi nent, the nedicanment is
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(di ssoci ation constant) of the active conpound of the

medi canent in water, Sis the solubility of the

i oni zed form of the conpound, and Su is the solubility
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be easily obtained by neasuring the drug solubility at
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fr <Pk | ol and sildenafil, their

hﬁ%ﬂﬁggbegﬁu€§<g§g’cﬁ?gﬁygted to be 7.62 and 4. 25,

respectively.[0015] Theoretically, an ionizable

medi canent to transport across the nucosa includes

both the ioniz Qpn-iqy'z-d formof the

medi canent . Beialled Desoription gtthe Preferred Embodimen ) and

the apparent perneability coefficient (Papp) of a
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environment of administration of the medicament. We found that an active compound of

a medicament can be significantly absorbed when an environment of the administration of

the medicament is kept around:

(Ka-Si
S

u

pHmax =— log ) (I)

in which K, is the ionizati;)n 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 solubility 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 Values are calculated to be 7.62 and 4.25,

respectively.



PLPPKi + PU(4) CO=Q+ Cu (5 [0016] In the

above equations, JSS(U and Jss(i) are the
wer@ady9st ate flux of the ionized formand thePCT/CN2005/001425

non-ioni zed formof the nedicament, respectively; Q

ang Qh are the accumul ated anmount of the ionized form

and the non-ioni.z form.of .t he nedic nt penetrat.ed
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ionized formand the non-ionized form respectively;
acr@30the; madsta Gird Itharsaninfions rufetht riadivituabcottnbutiomifmwed both the

and non-ioni zed forns, respectively. Unlike JSS(U and

ioniJz%ﬁ (o> thEnoRNGNiPM Brfrs?! ThrBfenans §tanafp pHoosudihe medicament
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accordingly.J% %, st +PaSu (6) €]
do,
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Jss = Jss(u) + Jss(i) (3)

Pappzpi)(i+PuXvu. (4)

Co=Ci+Cy %)

[0016] In the above equations, Jsu) and Jsg) afe 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
jonized form and the non-ionized form, respectively; X; and X, are the fraction of the
jonized form and the non-ionized form, respectively; and Cjand C, are the concentration
of the ionized and non-ionized forms, respectively. Unlike Jgw) and Jssq), Ps and P, are all
independent of pH of the solution (environment). Therefore, we would expect that
maximal C; and C, will be reached at an optimal pHpax, which will be the solubility of the
ionized form (S;) and the non-ionized form (S), respectively, and the maximal steady-

state flux can be obtained accordingly.



When pH<pH mex, J 11 P1S, +P S - (7) Wen pH>pHmax, J

PS +PS (8) [0017] It is expected that the best flux
wo@Roobhzsoredi canent across the nucosa woul d be BCHCH®8001425

if we could achieve the pHrax in the environnent with

a certain anount of buffering agents in a specific

formul ati on of medy ga . [0018] sed herein,

the term"” absor@ﬁ@n'ihgh{r‘gﬁ% speci fi eﬁs(grherwi se,

means "penetration” of the active conmpound of the

medi cament through the nucosa. [0019] The term

"transmucosal ", unless s%eci fied otherw se, neans any

Wakh @HepH e sadnpgi stastion via the mucgdal nenbrane.

Exanpl es incl tide,” but “arfé ™Mot linited to, sublingual,

nasal, vaginal and rectalz-+hn the preferred

W GEDDIHL, 5., ﬁsﬁemﬁ[mm&ékatli on i s prefeBably

performed sublingually. [é’QZO] The term "environnent"

or "environnent of an adm nistration" nmeans an

envi ronnent where an active conpound of a nedi canent

I s absorbed by perneation acraoss the nmucpsa. For

exalMd] wHek emectadthaniteq best oy qfdhe Bredisamspt across the mucosa

sublingually, the environment is saliva, which ) )
wotkdnbaiacisietddeifdwe gonlddadhseventie ithgy in Hbe supiromaem | With a certain

mucosal nenbrane. [0021] The term "subject" neans
amaiitdbe frattl fgsnesin atdperfic fenpiafoarcdithempdicarhent.

preferred enbodi nents. [ 0022] The nethod of the

preferred enbodi nents whi ch provides an environnent

wWth a certain pH includes providing the environnent

W t (ﬁﬁgr ef g¢ %.gnl:de Bfdird Uthi NGrh N8 16°S turddsk Apedified NBherwise,

medi canent, and nmaking a suitable tormul ation of the

medi cament i,n.such,. t | bt gl )

megin 50T Chatauf SRR PR oyt i rhycse
preferred enbodi nents, the latter is preferably. In
this case, buffering

[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 1is

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.



agents are preferably involved in the fornul ation.
[ 0023] Buffering agents that can be used in the
w@e@beeaer enbodi ments will be obvious for thoBEI/CN2005/001425
skilled in the art. Please see "Handbooks
Phar maceuti cal Excipients (Second Edition), edited by
Ai nl ey Wade and Paul J WWeller, The Pharnaceutica
Press London, 1994", which is incorporated herein by
reference. Exenplified buffering agents include, but .
ar e[0832] | | fibeednatend o dhsh areisrred | epbodimeglsi (yjich provides an
phosphat e; phosphat es nonobasi c, such as sodi um
envitiohyngnowith aptecsphpl] encwdbs poeddwigithe dhtiyeimasyé avith a preferable pH
phosphat e; phosphates di basic, such as di sodi um
durtiedihe gRimiplsrsidiat £ thendedltpndm,saidimakingr o getabzhfvsphhatien of the
citrates, such as sodiumcitrate (anhydrous or
medRINENEh8heh DinedRaANRS SSdicarent iRslfvaf kil tiarhoid@intent with a
and pot assi um bi carbonate. The anount of buffering
BB t Bl i
eREBEF Y iyt RN GENE he kil RIRLCKLEE BIIARE, Bforing
H val ues., [ 002 Th dic ts of the preferred
ag%ﬁﬁﬁﬁ?ﬁgﬂ?gldgwﬁ%%%wﬁg%(%%W?ggg'fornulations dependent
on the dosage fornms or formulations of adm nistration.
For exanple, if the nmedicanent is adm nistered
sublingually, it can be in the formof tablets, pills, .
pel (03] poRRfBrrinechecais g san bx usmd Bahoprebpidrenihgrimgits will be
formul ations include, but are not limted to, i .
obvibm¢ ferthese skalpslinethe astol Diepssnsse “Handpeoksdthgpmaceutical Excipients
granul es and suppositories.In any formulation, the
(Sevefd Banpn), cdiad by Alinide Wadehad aelit We M dllgr, dhbdhnimascutical Press
anount of an active conpound or a pharnmaceutically

LoAGGERDIP! i 19 ihep&afed Meredh bhesferntbs.t Exanglified buffering agents
pharmaceutically acceptable carrier. Exanples of the

incfde! ot Ca[qurﬁ)lﬂ nﬁ’rﬁit&F %,_uﬁﬁospﬁéi@s, afRhNAY sbdifiint EHO_SI‘;Jﬁate; phosphates
ol ol an ne, ,

propran scopo estradiol, sildenafi

mopRPtasme: TR R e R on o B Bflyrogon phosphae,
ph%qn O%:? t il?\a%%c?isHQI? %éo%gogﬁlgﬁ ﬁlglg{]odgae%’pﬁo%&%% peth cﬁgcg[assium hydrogen
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.



enbodi nents, propranolol is preferable. [0025] The

carrier suitably used in the preferred enbodi nents
walepenz®2nn t he specific formulation of the neRPCTaN205/001425

whi ch is known by those skilled in the art. The

carriers include, without limtation, fillers,

bi nders, .l ubyicants, djluents, sweeteni.ng,and .

In FApBPIAGORden FEtE Bt AP s B i A ap rctive amount of an
grilling agents, perneatjon enggpc rs.  Exanpl es, of th d
actiyaroompesnd 98 [aupleargieggtiically apcgpiaRle 1oxm, theyeof g gither entity and a

corn, natural and synthetic gunms such as acacia, .
phmdd:muﬁpdl;gawapteblem@nﬁ@rl dlamples & ,the active compounds include, but are
car boxynet hyl cel | ul ose, pol yethyl ene glycol, waxes, )
notbGikdigdaed, dproprxiolol) Beopiatine, sedidioh auldenafd, fendnylm morphine,

chloride, agar, bentonite, agar gum stearates such as
buptOstirpiihs ! eBhfhanslPMemetBitidnpal Hatrioepldne,d, pidixiedohy| flurbiprofen,
sul foxi de, N, N~di met hyl acetami de,

! ! ' 2- RY64Odh daRE, nikedipine. In the preferred
md%@ﬁ%ingg_ gﬁ%’%ﬁg&%ﬁiaﬁ 5@%(?)%%1% o Rae: By? rlgrliedone, e preferre

-ethyl] - 2-pyrrpkid - pyrrolidone- 5-carboxylic
emh%(flgl’e}{k.ﬁ Noﬁ%laﬁg?q%)lﬁ }?Iﬁfetr%q%euam de, urea, ethyl acetate,
1- dodecyl azacycl ohept an- 2- one (Azone(r)), oleic acid,
et hyl ene vi nyl acetate copol yner, polyvincyl chloride,
pol yet hyl ene, pol ydi et hyl phthal at e. 026] ..
weai/Q,Oa nt sTheuGarEe Sylta‘é,lédlS?fEmt epbf‘&%‘-‘ff%f ?IBg‘l(EWSBﬁiq‘?Bﬂ"tdﬁ on the
are those suitably adm nistered transnmucosally which
speaifis feinhilakionwh theymedicarskat] Whighiin known By thesgehitied n the art. The
Pr opr anol ol ,
catkiefs inopdepylthoitriopit@icyl, fillexshbimdboxjbrivags.ofileots, syeetening and
nonsel ective 1 and b2-adrenergi c antagoni st, has been
ﬂa%ﬂ%]ﬁ%&ﬁgdpﬂegbrb_ﬂﬁzeg,r aﬁm’(@irhtoysa@illi@ alzeiie, pemmeation enhancers.
prophylaxi s of di seases associated with cardi ovascul ar

Exﬁﬁﬁgﬁ@&t}&%ﬁiéﬁ iRRRRMArd, é@faﬁﬁ,_rﬂa@lraf_%lg_ﬁfst €1 ftural and synthetic
| sthem ¢ heart disease and atrial fibrillation. The

gu{l}ggiS&c%t ia%n a%%ci&a,ﬂ Ssoﬁlru?rpr Qiéﬂlhf%'é: nﬁfeglh/bc%ﬁﬁlﬁ'@é,e’cafﬂaﬁ Qtj?@lcellulose,

agenment o I'na pector term prophyl axi §
fter recovery fraom.yocardial .infarctien. rol .
poﬁﬁékyll’eps rgi%cogf a&cg&%og& aafgls ?(ﬁil/l%tﬂ R]elézso;a{ec %oncﬁl?%ll a.%gtg{e, QAduﬁ‘B chloride,
aga?r? %grﬂtorlli?el, a%grd glr;.lg? gtleargérs)eslrl(t:hegss Lo%?ﬁm%e%?gg,l I-alingc,oafnd 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.



m grai ne; control of anxiety and anxiety tachycardi a;
managenent of essential trenor; adjunctive managenent
WwW@bRooblg9er oxi cosi s and thyrotoxic crisis; nanaPEneN2006001425
hypertrophi c obstructive cardi onyopat hy; managenent of
phaeochronocytoma (wi th an al pha- adrenor ecept or
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Al so, due to extensive hepatic first-pass effect, |t
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FanSmiCos 4l In a subject, conprisSing providing an

hyﬁél’(ﬂof)ﬁ@ gpetrudtive chitfordgepattys tii-akeanentiof phacophtanaovytonod (with an
about 7.2 to about 7.8; and a nedi canent of

alhmogiranodceptot bitcking meditiab), \etadAt presemsy émecé:@mamdgw tpRlets are
to a subject. The nedi canent proprﬁnol of th
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SRS I'on MA a pH range of about 7.2 to
about 7. 8. [0030] In the preferred enbodi nents, the
medi canment contains an effective anmount of propranol ol
or a pharmaceutically acceptable formthereof, and a

phangmesut | SRl RAGARIABE &R TPrefragsloiablets e @roven to be safe
above, which can be fornulated as a

and effective in the treatment of atrial fibrillation, its onset of action is usually over 1hr.

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 embodiments comprises an

effective amount of propranolol or a pharmaceutically acceptable form thereof, and a
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tablet, pill, pellet, spray, or powder, preferably as
a tablet for sublingual admnistration. In the
WO oroa2@e2 on, active conpound propranol ol can RET/ONB5/001425
in the formof any pharmaceutically acceptable form
such as free base, acidic salts, hydrates thereof, and

dic salts of .
phagisel At ec R PITE: SIS A (B opPaRBngR: pEovides an

referabl e because propranglol is The

enviemaeet ofAhe adniipisfraten WE%U@ Pt Enge Pt hait ? é&otag?“tg ‘gal t

Wi th inorganic acids such as hydrochl oride, sulfate,

and phosphate; and a salt with organic acids such as

mal eat e, benzsulfonate acid, and citrate. It should be

undei0esejod t hiat thdepefseds embdimsntgbite fedicoisnt nguddins  an

admnistration wll have the sane indications as those
effdcBie ta%uﬁ@ BY SRipraadl 6108 Phb@iateutiGllghacasptabls dbas ebleroof, and a

wwv. nedsaf e. govt. zz/ profs. ht mfor. Apo-Propranoal (tm

phagl'ﬂgc 9&1 laéctep't)able"\@rﬁ& S IORHBEY bSO RREREAM bB gb@ilated as a

nits entirety. [003 1] It has been

AR AT R 5 B S

non |on|zed pro ranol ol %n t he nV|ro

In fi RIPAHGR. G TIER GHPRRBIOIP BB At SR A Jad, Y s oy of any
about 2t t 7.8, | ol
pharepequitigally a‘%egwggeof% $q°8;a%aégq?\£qtq% %IH '%jlﬂs,f h}g@@tp% ﬂ’xeaefof and

non-ioni zed formin the saliva of human oral cavit
aci@icedadts aifl the hyweattsr ol tei pafarisd enbodimguis) theepgidis sﬂlﬁ form of
atabout pH 7.6. This can be confirmed by equation ().
probgenofy] 4P peaiahile ‘bebariss p2@praddol isgd wedk bBig. i Eheadgig salts include,
(mg/mM) and Kis 10 9 23. tt 0~923 x 22. 118, pH=-
but 88(not 1imifed, & S3OWiBOBgatie it awd dshhgdrothlbfidy, isnlfate, and
agents chosen i ncl ude sodi um bi carbonate, sodi um

phc%ﬁ&t@hﬁ{ a sdlf wfth %9%5%6‘%1&50&&“% BiRd1848 DA BAstE WBAd, and citrate.
erabl e

roxi Pre

It should be understood that the dose forms suitable for sublingual administration will
have the same indications as those for the conventional dose forms, such as disclosed on
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 to 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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exanpl es include buffering agents Na2HPO4,

Na2HPO4- NaH2PO4, Na2HPO4-citric acid, and Tris-HCO .
wEepmeiotdoenl |y, di sodi um hydrogen phosphate, byP@BCYI05/001425

of about 10-25% was found to effectively control the

pkhof saliva to be about 7.2 to about 7.8. [0033] The

nedj_ca t..of propranol ol ,of the preferred enbodi ngent
aboploRPr 7-8es Bif ca fbéc"cqnggnﬁ‘%‘n%’ n?tuPoﬁﬁﬁagﬁ?rv%rOB@ﬁﬁgkgt1,S 22.118

and a suitable carrier. The.termof "effective anount”
(mghphn8. BKLWRO @@mtagd&edsi099: 99% in the fornul ation by

wei ght. Preferably, the active conpound propranol ol

account sfror 4 Kt r-%gi)gﬁ_@e formul ation by weight.

More preferably, tlBe3active conponent accounts for

about 2-50%in the formul ation by wei ght, and nost

preferably, about 5-10%in the fornulation by weight.

[0034] The anmount of the active conponent nentioned in

t he[0p32)f er Medachidyve dhisebfsringnigents dewoi fichlespf@mbisarbonate,

means the anmount of free conpound of propranolol. The
sodfi@fi rpHosplhats) &f at dentinaioar of doendrodndresotitme drydfoeide.  Preferable

prepared to contain an anount of propranol ol as those

exafPREREab |b¥1ﬂ@1\i%$ E?&Jtﬂﬁmﬁogwmmmo@ OTALHP@R06iic acid,

or 80ng in ata I's al so suitable that the

o PRI TR P RIRIE ol by ol s 025

conmme i s used for

wag BTk S T Ry UEPR AR ISR S

a specific fornulation suitable for a given

patient. Exanple 1 Ingredients Wight (g) Propranol ol

hydr ochl ori de 40 Di sodi um hydr ogen phosghat e 40 .
Lact@®38] nondigy dpeticaniand efonaropygnolol ~of the preferred embodiments

comprises an effective amount of an active component, and a suitable carrier. The term
of “effective amount” means about 0.01 to about 99.99% in the formulation by weight.
Preferably, the active compound propranolol accounts for about 1-90% in the formulation
by weight. More preferably, the active component accounts 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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Magnesi um stearate 2 [0035] Propranol ol powder was

m xed with magnesi um stearate. To the resulting
worRoobreze22vas added ot her conponents, and then PCT/CN2005/001425

commingled in a V-blender for 15 mnutes. The

t horoughly bl ended conposition was conpressed into

1,000 plain tablets, each wwth 5mmin di aneter and

2-3mmin thickness. Exanple 2 Ingredients Wight (g)

Propranol ol hydrochl ori de_20 Sodi um di hydr ogen

phosphat e 40 Lactose 129 Hulod Magnesi um stearate 2

[0036] Al ingredients were forned as 1,000 tablets in

t he sameIngagdiegsi n Exanpl e 1. Exanpl e 3Véighir(gdi ent s

Wei ght (g) Propranol ol hydrochl oride 20 Sodi um

di hydr ogeroppiietglhstitochlonidDi sodi um hydr dgen phosphat e

38.5 Lactose nonohydrate 109 HPMC 20 Magnesi um

st ear at epsddfif3 i} ddktn piEpRMAE ent s wer e 4hor med as 1, 000

tablets in the sane way as in

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 5mm in diameter and 2-3mm in thickness.

Example 2
Ingredients Weight (g)
Propranolol hydrochloride 20
Sodium dihydrogen phosphate 40
Lactose 129
HPMC 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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Exanpl e 1. Experinment 1 Pharmacodynam c | nvestigations
| . Methods and Materials [0038] Two healthy nale

W@ pea9s2 t ook part in the prelimnary phar macPdyON2G06/001425
i nvestigation of sublingual adm nistration of buffered
propranol ol powder with 4 different buffering

capaci ti as_shopwn . in,Table 1. T e 1 Fornul ati ons
Dosage P%E%W%%P@i‘ydé%&]rl%r}%ng Agen?ﬁSal iva pH

Di sappeared. For, Mean) (% Mean) 1_Powder 20 O
7.13 45, egﬁﬁlffbé{ﬁgéﬁg"%%?g%ﬁpg?% Na2HPO4 andl 7. 37 48. 34
1. 8Ul gNaH2PO4 3 Powder 20 40ng Na2HPO4 7.64 55.56 4
Powder 2@isghgmigyroeen phephate 35 [ 0039]38The subj ects
had not taken any sublingual nedicine 2 weeks prior to
and duri dgctosempaphytiatef t he study. Al cldfol and

snmoki ng were not permtted for 24 hrprior to, and for
t he dur atHrwICof the study. Caffei ne-corgt(ai ni ng
products were also not allowed from8 hr prior to, and

during, eagdhesiufyedsel 0d. [0040] The subjects were
pl aced in a seated position for about 30 mn prior to

e 00 AN I LR RS AP DB PR By

Edi a?tpl ic, and nmean bl ood pressure and heart rate
X@V@‘i/ ‘'mnute for 10 m nutes before adm ni stration of
subl i ngual propranolol tablet. After sublingual

Experiment 1

Pharmacodynamic Investigations

1. 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 Agent Saliva pH Disappeared
Forms (mg) (Mean) (% Mean)
1 Powder 20 0 7.13 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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adm ni stration, each subject was refrained from

swal | owi ng any propranolol or saliva until about 25
worwana®?22 t hen the saliva was spit out and col PEDCN2D05/001425

for pH nmeasurenent. Subsequently the nouth was rinsed

4 times with pure water. Pharmacodynam c paraneters

.such as heart rate bl ood pregssure were neasyred.
prih{o. AER 19T atcaoR etg‘F SR o B E P RRUERINE ROy & Cre also ot
pressure changes were variable and no significant
alltwesbfremss lyrprioe éqepé uring, cagkesindy Berj@D41] The reducti on
of heart rate was highly dependent on the pH of saliva
achi eved fromvarious buffering agents in the
formulations (FIG 1). Subjects receiving formulation 3

shoysokop drome wibjeaBreert pidted DV etattiepositionafoe abalt [30whingprior to
10 m nutes of adm nistration of sublingual

badMiRP hRAQIrShent¥BEGR nhaleMUC bihAS4SBP ORGS0 QWﬁg&@t GRITA Na®A) was
other fornulations with different saliva pHs. [0042]

us%@q‘?&éﬁ%%@%b ﬁﬁétioﬂal anﬁqlqéﬁtﬂlﬁéh @{ei%f/f‘{lﬁd He%ﬁﬁaﬁé’ac%eljﬁg{?nute for

, Wwhereas on maxi nma

reduct i wer e. found f e other fornul ati.ons, .
1070, BEre, S Fimsbiaion ol mief PG R G SR Giter sublingoal
effectively_ enhance thefubli ual ahsorption of .
admyinigiration) sAchaRQIsch Niad| Tgirpmat dEPm saafiewpie g rqppanolol or saliva

conparison to other 3 fornulations. Experinment 2
unidoshoup 25 Taigites, themsheesalivg vasomanquimng solpged for pH measurement.
hydrochl ori de was ordered from Chang Zhou Guangm ng
SuBsegubrely dlad ni@ltio redsorinesd (4BRINRS0O/AHSPR) waodi Wirmacodynamic
di hydr ogen phosphate and HPMC (50cps) were supplied by
paingpids Aldirds tarCeate (%t blob@ prssurbrerdpdhsurddacTiasieeart rate change is
shown in FIG. 1 The blood pressure changes were variable and no significant

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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nonohydr ate was supplied by Fisher Scientific UK Ltd.
(Lei cestershire, UK). Magnesi um stearate was obtai ned

wo eooaodivey Hi ng (Hong Kong). [0044] I nderal 40PQI/CN2005/001425
propranol ol tablets were purchased from AstraZeneca WK

Ltd. (Macclesfield Cheshire, UK). I1. Methods [0045]
Two heal thy mal e subjects took part in the prelimnary.
sub@nav%@b&aygwé Propyaielgadi fawﬁbhﬁféu&? the Tartrateety compatison to

subl i ngual propranol ol tablets as prepared in Exanple
other Jfmultesionmider al tablet in the sane dose of 40ny
propranol ol , respectively. The procedure of this study
was simlar to that described in Experinent 1 except
that following the tablet, and the saliva was spit out
in 8 mnutes. I1l. Resulkgdidabd The saliva pH of the
I nderal tablet and that of the buffered tablet of the
preferred enbodi ments weggughonii n Table 2. These
results were shown in FIG Z. Theresults showed that

I éggab%ffered formul ati on qui ckly reduced 8% heart rate
: 10 m n of sublingual adm nistration. However,

the effect of th deral. t.abl et | t .
15 Wikl o Bheragrio) PiTaShpBAR ufr oHeort Red Pk A iigmeming

BiqchemiAch LA GmaIonFE S A0 N RE roriip et agigaigsphste and HPMC
m nutes. The nmean maxi mum effect of the buffered

(5Qepepmene| wipplieh| st Mamaadldtich 109, (Sdubevien NiRerdad)-t hd-actose
I nderal tablet only about 7% reduction. The effect on

monbRydrhieodvapr aasplicd \bys Fisher aBtientifod | G Igdbdikicestershire, UK).
formul ati ons and no significant hypotension was

Ma(&égglmaﬁear&@was oBtaled dgen fngHiSa(Hom pdhd)MeanSD)
n=

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

UK Ltd. (Macclesfield Cheshire, UK).

II. Methods

[0045] Two healthy male subjects took part in the preliminary
pharmacodynamic investigation once with buffered sublingual propranolol tablets as
prepared in Example 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.

III. 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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I nderal tablet 6.82+0.10 Buffered tablet 7.52+0.05
Experinment 3 dinical Pharnmacokinetic Study of

w®edobeeael Propr anol ol Subl i ngual Tabl ets ConpaP@dCN2005/001425
Conventional Propranolol Tablets I . Methodol ogy of
Study [0047] The study was conducted using a single

resmﬁgfszlbgf% jt]_éatétrt‘gg &gﬁ‘%teq ggmy%\;qfé? gseii]cg{ésd g%?,ﬂ‘%g%ﬁg{eﬁ%ls%ﬁ& 10 min
of SHinEHaS AP EPns P ATal Iy et e LSRR AHi, ok flaved o

rest of the subjects receiving a single dose of )

ovec ddvemmtutenand valyl 21686 ¢¢digtiomlof heati| reiegudhe eart Hateqwgiigued to
of propranolol in the buffered tablets and

decEsaBy aithi bottathet fabhwhisorsEaching ainmxtiment effdct aramed 20 minutes. The
identical at 40ng. After 15 m nutes sublingually, each

mesH RhBGhswakiemest thebdifssel pregkansleprasiel Glas addut 12% reduction
followed by swallow ng additional 1 cup of water.

Wh@l;@gseﬂle gnmq%ﬂet B iA Lokt @f’/h BRI  TIRAG B HR IR B lod¥BSressure was

ossed over to receive the other fornmul ati on. Venous

bl nod..sanpl.e 5 re (] [

varph B PPE e St b 8 S ot Ry GRR A gbservea
30, 45, 60, 90, 150, 300, and 420 m nutes after drug
adm nistration. Drug concentrations in plasnma were
determ ned by HPLC. Propranqlol plasnma concentration
versus tinme profiles was t-hable Anal yzed using a
non- conpar tTEN &L Anodet——Tie tT1Te- p as : ntratt on
profiles of l]?ﬂseagf\g% Sornul ati ons were gﬁgﬁgggﬁas shown

in Figure 3 and Figure 4. IL Results (M&48FED) (n=2)
Phar macoki netic parameters of buffered propranolol

g

tabl et and | hdleratablgonventi onal tabl et )6.%@7110(31;0
subl i ngual adni.ni st ion in eight male |t hy
subj ects (ByPY eredsta{)f%% %%O(%

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. Fight 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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Pai red- Sanples T-test) in the above study were
cal cul at ed usi ng non-conpartnent nodel and summari zed
w0 poodabdoe2 3. Tabl e 3 Paraneters Buffered Tabl ePGI/CN2005/001425
I nderal Tabl ets p-Values (MeanSD) (MeanSD) Teff (m n)
85 7.7 38.8 2040004Tmax(rrin) 78.8 + 50.6 99.4
6 0,173 Coax (ng/ m 3.+ 21 11.8
sw@%ﬁwle% i, GSes HoaERIH 2 %éeﬂqw@ By blogs ?ﬁgﬂg??ﬁlrb cup of
203 + 48 210 + 68 0.074 AUCo-i 5mn (ng-mn/n) 310.6
water.] 2¥teg was@ouege@dmf@lyeﬂ@cewﬁw ech gfamcmsm oydo gecgive the
450. 4 306.9 209.0 0.015 AUCo-42 gmin (ng-mn/m) 16582
othtr 66R%IARB0Y enclB88o@] ©BIbleUGonl)(Were moléatéd via2zog@nula inserted in
10096 19864 + 10142 0.269 VJF(L) 608.3 + 287.5 694.4
the2hZectibRald e 420 3( 61 100 $1)30234,2607 96, 150630@ 28620 8niniltd9 dfter drug
0.622 MRT 0-420mm (mn) 179.6 +18.0 187.3 24.4 0.173
adﬂlgi?&%]tloﬁ' DI@P E&xc'éntritﬂ)%s "—'H? kiila%ﬁiaatvbfén&taﬁﬁﬁed 8¢ HPLC. Propranolol

[ ow ng neani ngs: - metoreachthe M ni mum

plagltn %%h&%?raﬁ{aﬁ%%%scﬁﬁg %?&ﬁl@é l&%pegﬂ g)ﬂea uE?ﬁ a nohL ¢ n&frtmental

occurrence conc ntratl 0]

e RS o3 R v

(Iog I|near) doortlon of the curve; ti/2 - Half-life of
shewaityy 1@5155 and Figure 4

ﬁ. Results

[0048] Pharmacokinetic parameters of buffered propranolol tablet and Inderal
(conventional tablet) after sublingual 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) (MeanSD)
Tey (min) 8.5+7.7 38.8 +20.4 0.004
Tnax (min) 78.8 +£50.6 99.4 + 44.6 0.173
Chuax (ng/mi) 58.3+21.3 51.7+11.8 0.287
Az (min') 0.0036 £ 0.0011 0.0036 % 0.0010 0.826
t12 (min) 203 + 48 210 + 68 0.074
AUC.15min (ng-min/ml) 310.6+177.8 79.3 + 68.8 0.019
AUC-30min (ng-min/ml) 908.8 + 450.4 306.9 +209.0 0.015
AUCo_420min (ng-min/ml) 16582 + 6634 13305 + 4683 0.067
AUC., (ng-min/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
MRTy.420min (min) 179.6 +£18.0 187.3£24.4 0.173

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

T - Time to reach the minimum effective plasma concentration (20ng/ml);
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AUC - Area under a curve; VJF- Volunme of distribution
based on the term nal phase; CL/F- Total body

web®@anzree; and MRT- Mean residence time. |11.PCT/CN2005/001425
Concl usi on [0050] Qur buffered propranolol tablets
resulted in a significantly higher and faster onset of

T BRAPO QRS A B0 R Atk M Bek) BRI VonBtatibaD! et when
“adm ni stered I n the sane manner. There was no

C,.SL WixthERANGRcHirhfie! 8nee dhibst he total systenic exposure

AUCoc) [0051] Many nodifications and variations of

x- bhe Rakasien®ndtsntdsseiatddedith ereaterminmaly(ldzelinadeponiiothafithe curve;
departing fromthe scope, as is apparent to those

t1, SKialfl1efd of thetdmegsar t . The specific enbodi ments descri bed
herein are offered by way of exanple only. WHAT IS '

AUCEAANMBDNHS: a dirvél net hod for enhanci ng absorption of a
medi cament that is suitable for transnucosa

V./Bei alinse oédisibution hassdiopdhbe termiiaiphdsehod conpri si ng
providing an environment for the adm nistration with a

CL#FH+ Sptahbedit clearanaghih K i s the ioni zation constant
ggissociation constant) of the conpound in water, S

MRTs- Mgan &514¢8¢% 9§ of the ioni zed form of the conmpound,
and S 11 is the solubility of the non-ionized form of
the conpound. 2. The nethod of Caim1, wherein the pH
of the environnent is provided by a buffering agent in

11 iduchidincanment .

[0050] Our 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 n

the art. The specific embodiments described herein are offered by way of example only.
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3. The nethod of Caim?2, wherein the environnent of

adm nistration is in the oral nucosa. 4. The nethod of
W@@sid22 wherei n the envi ronment of adm ni st rBET/ON2005/001425

a sublingual environment. 5. The nmethod of Caim 1,

wherei n the medi canent i s propanolol. 6. The nmethod of

Claim1l, wherein the nedicanent is selected fromthe

group consi sting of scopol anm ne, estradiol,

sildenafil, fentanyl, norphine, buprenorphine,
WHBAT d8 gHAIMEDISt hadone, di anor phi ne, piroxi cam

f1urbiprofen, indonethacin, naproxen, sulindac,
t endoxi cam avwthodi foedhjnoimg absorhtinetdicimedicamaiiathei isguitable for
absorption of a nedi canment conprising propranolol or a

trafRRICOR € i GAdttioAC € Pt advbiect, Okalit hekiedl cohtising providing an
adm ni stered transnucosally to a subject, conprising

emﬁ{q%eﬂ{ ﬁﬂt}?é‘acﬁﬂi‘ﬁgiﬁ{i&?gﬁthfa% shdoadm nistration with a
pH 1 n the range Trom about "7.2 to about 7.8.8. The
met hod of Claimkm-&ﬁerein t he medi canent is
adni ni st 8Fed 18861 ngual ly. 9. The nethod of C aim8,
wherein the pH is about 7.6. 10. The nethod of Caim

8, wheret ar at A y t A i
et o’ S A PRSHRRE gl aceR G ehobog@® of

It is h | ord T . i
nererioPHEEdee 5 Eipe SumlRrlRER L (b Thd compound, and

frent ses a erin
o e e el e N
13 2Ymer g_Fihrel ntler’gl'?odbgif (fjlgirril ri?wfalgreelnnt thie %Hdéfs tg(ej ielliI\EPronment is provided by
a buffering agent in the medicament.

3. The method of Claim 2, wherein the environment of administration is in
the oral mucosa.

4. The method of Claim 3, wherein the environment of administration is a
sublingﬁal environment.

5. The method of Claim 1, wherein the medicament is propanolol.

6. The method of Claim 1, wherein the medicament is selected from the
group consisting of scopolamine, estradiol, sildenafil, fentanyl, morphine, buprenorphine,
butorphanol, methadone, diamorphine, piroxicam, flurbiprofen, indomethacin, naproxen,
sulindac, tenoxicam and nifedipine.

7. 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 for the administration

with a pH in the range from about 7.2 to about 7.8.
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hydr ogen phosphate, sodi um di hydrogen phosphate or a
conbi nation thereof. 15. A nedicanent suitable for
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15. A medicament suitable for transmucosal administration to a subject,
comprising an effective amount of propranolol or a pharmaceutically acceptable form
thereof, and a pharmaceutically acceptable carrier, wherein the medicament provides an
environment of the administration with a pH of about 7.2 to about 7.8.

16. The medicament of Claim 15, wherein the pH is from about 7.6.

17.  The medicament of Claim 15, wherein the pharmaceutically acceptable

form is a salt.

18.  The medicament of Claim 17, wherein the salt is hydrochloride.
19.  The medicament of Claim 15, wherein the medicament comprises a
buffering agent.

20.  The medicament of Claim 19, wherein the buffering agent is a phosphate
buffer.
21.  The medicament of Claim 20, wherein the buffering agent is disodium

hydrogen phosphate, sodium dihydrogen phosphate or a combination thereof.
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25. The nethod of Caim 24, wherein the adm nistration

is perfornmed sublingually, and the pHis about 7.6.
wWQ@gn6/0h21et hod of C aim 24, wherein said di SeBEEEN208/001425

selected froma group consisting of essential and

renal hypertension, angina pectoris, anxiety
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tablet.

23.  The medicament of Claim 22, wherein the tablet contains propranolol of
from about 20mg to about 80 mg.

24. A method for treating, ameliorating or prophylaxis of diseases associated
with cardiovascular system in a subject comprising transmucosal administration of a
therapeutically effective amount of propanolol to the subject in an environment with a pH
range of about 7.2 to about 7.8.

25.  The method of Claim 24, wherein the administration is performed
sublingually, and the pH is about 7.6.

26.  The method of Claim 24, wherein said diseases are selected from a group
consisting of essential and renal hypertension, angina pectoris, anxiety tachycardia,

essential tremor, atrial fibrillation, and hypertrophic obstructive cardiomyopathy.
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