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W@ 0vpo6dssi ons for the intranasal

WD 2004/ 062561 PCT/ GB2004/ 000057 PHARMACEUTI CAL
COVPOSI TIONS This invention relates to pharnaceuti cal

fentanyl. 5 The nasal route of drug delivery can
afford rapi d onset of acti on and convenience to

patients a oute can
provi de ra %g (?E éfri' Sff%giﬁsflﬁ?N%
circulation. In sone cases absorption of al m)st the
whol e dose can be achieved and the io pharnacokinetics
Tédd ifveersion relatesoto phanuaeatisalademnpositioas | fom. th§uutranasal
rapid and effective drug delivery can be useful in
afianistretiepreffeiany i si s situations such as pai n,

i ncl udi ng breakt hrough pain, headache and m grai ne
(Nasal System'c Dr ug Delivery Chien et a'l

’Iéh%d ésal%lﬁ Bﬁi@pﬁ%ﬁ%rall% )affdkd Fz aaéﬁget of act.lon and

phene hyI i peri proplona ilide) is
cBﬁ{f&ﬁbn&Pt@FQtlerﬁ@ alndlsi caréwd Inepartieuldsetlid fblitb &an provide
treatnent of severe acute and chronic pain. It has

rhgidn absgptibedof hdiugs einntcarﬂ?xb bodapirdulatiand vkl Isome  cases
absorbed fromthe asa avi tg/ (Stri %bel t aI , Elilréi)t
absormiigas t ¢e salanost g 4t @6&? dose " gampgbe g ved, the
d|t| t he ef ectl a
b e L O ST B b BOBBAN L St i
aEﬁ &’fé@gﬁ%"?ﬁug E{I% & kd Q§ef§1xﬁ‘1rﬂ%|3 Qreﬁhhbﬁ’tb@f cristb iﬂﬁa’clons

esi"a, 96, suppl 1, 108 and 109,

sﬁbhla%b@lmetnoalhdmg:%melsﬁﬂ‘@%}apamg?; heZ&a’:’:hES%d ilﬁgmme (Nasal
Mpj ushreewet -<-ai ; Can. -J. ~

SeeaniciomgsBekiverys Chicn e, (edS) R@kk@lh New York 1987)
47,199-3.02,...2000). In all of 25 these studies the
intranasal adninistration of fentanyl appears to have

0| ALOPRSERBpr AR, £ ARG o

dnatiisiOBAEMYy e pddates aBatmeb of ¢evarencu! dnd chronic pain.
avai l abl e injection formul ati on of fentanyl contains

0.05 ng of fentanyl, in the form of the citrate salt,

1nm di d I
Ilt nhas beenorep%?teldut at I}er?tzllnylelssgaplil llyogntil weéll absorbed from the

nasal cavity (Striebel et al, Brit. J. Anaesthesia,.96,.suppl-1,-108, 1993). In
addition, the effectiveness of intranasal fentanyl in providing analgesia in
patients has been demonstrated in a number of studies (for example Striebel.
et al, Brit. J. Anaesthesia, 96, suppl 1, 108 and 109, 1993; Striebel et al,
Anaesthesia, 48, 753-757, 1993; Majushree-et-al; Gan.J.-Anesth.,~49, 190-
193, 2002; Toussaint et al, Can. J. Anesth., 47,.299-302,.2000). .In all of
these studies the intranasal administration of fentanyl appears to have been
achieved by dropping or spraying a commercially available injection
formulation into the nose (Sublimaze®, from Janssen). The commercially
available injection formulation of fentanyl contains 0.05 mg of fentanyl, in

the form of the citrate salt, in 1 ml of sodium chloride solution and

adm ni str at i PEIT/GB2004/000057
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WD 2004/ 062561 PCT/ GB2004/ 000057 necessitates the
intranasal admnistration of a |large volune of |iquid

WO poo40623er t o provide a therapeutically effectP@BEGB®E/000057

of drug. Fentanyl is also currently available in a
transdermal patch and a 5 transnucosal |ozenge. The

Igefcééb%ﬁ sTRle RAtARsAT QAmEsRRich BT £388kCt6imd 0PMiquid in

anssen) provides a steady concentration of fentanyl
drieploasnoridevethesapautiohhn gédciies dosk afdiuigs not suitabl e
for the rapid relief of severe pain, such as

br eakt hr ough pain associated with termnal illness or

B 3 THBOT PARERIE 08UF IS e yen  Bopaal, Deisiangn o
thlhyl B fiPehfle ! DPhe (ERAERhalCbaRh RS ch Bl PleBD
ft%ﬁmags%nz%révi@eﬂ- stJele?/ cRReArRtibR lrd>f %ntﬁlﬁglt ﬁ\{‘fdﬂasﬁﬁ%ﬂer a

he transfucosal fornulation is relative sl ow.
profoget] pegiodi andeistrive speable fot dsnerpid relief of severe pain, such
conceritratioi f(Tmax) of"from'20 to 480 m nutes have .
ase dreakshnughd pepD. ass0siaisdly witlphigsindgal nildngsespr acute pain
c

Ref erence, ,54th 15 L tion, Medical,Econom cs
CSHIRR. Winoue, ShGOIONEE SURRIS . Tt RBOTRHGRTAL lgzenge
®f r RV f ' : :
PR STep By bRIBE] o EoRhe (O SEDIMRINOTEh pap apclis
dviaflhblROin04 nilinfeSst @skeOdtrehgihs Airgvb Kilosh &0 @O AUGRRE. iThe
this specification should not necessarily be taken as
adosogptiomood fedtparyk fitor it trahemdossabéorimulaopay telativalpelow.
state of the art or i',ls’qscommn ‘general know edge"

ow e . The
Timesetor aghigentheonedl slasmascenceshpben t('iTmmgsqfi am &0 te 480
the intranasal 2 m_nj, st rag | of. fe hat th
B ohd B wposRdPargiia0h: By drieh RN Relithee. 54
GRQYE MeHIcal Eebiisthios Mﬁﬁgmﬂwﬂe} Rat 2@603! s possible
to admnister fentanyl ‘nfranasally in a practical
dose vol une and provide rapid absorption in 30

conbination with a | ower peak plasma concentration
Thusn thaea rpmewisdadneed for alternative means for the delivery of

fentanyl, for example via the intranasalroute.

The listing or discussion of a prior-published document in this specification
should not necessarily be taken as an acknowledgement that the document

is part of the state of the art or is common general knowledge".

The present invention provides a composition suitable for the intranasal
administration of fentanyl that overcomes one or more of the problems

described above.

Surprisingly, we have found that it is possible to administer fentanyl
intranasally in a practical dose volume and provide rapid absorption in

combination with a lower peak plasma concentration than that provided
2
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WD 2004/ 062561 PCT/ GB2004/ 000057 wusing a sinple
aqueous sol ution and an extended pl asna

w@omgesassat i on-time profile. W have found t hedT/GBe®a/000057

advant ages can be achieved while maintaining a
bi oavailability that is conparable to that obtained by

06 a di A oS bl dhh eRtedtied phsiid Sordstn@AUSN-1i
ué@é&%lﬁ'ﬁﬁ%’g ‘?(%ussi ng t?gﬁt anyl. 5 B§ clz)gdrrpar abl e HoHme

phofIaY aiwabhive Youd naan thdsat advmmtagesacamder achievpd aghtie
concentration vs. tinme curve (AUC) is at |east 50%
mnnteipng fabatdvpilabilitstbet iscompsaatlssio thatrehtaimed hy the

least 70% of that for .a sinple aquequs sol ut.ion . of
intemeahAdTRRCFALAnG GtsiTle AU S Ton GRELDE foliany!
10 By sinpl e aqueous sol ution we nmean fentanyl and an
ingredient to make the solution isotonic, such as

B\gt%Bhltp%hlbl&I BibaPABLityS @ Hivas hihat itHe . ardh SERley afle plasma
er .

A sinpl e aqueols solution nmay optionally
coffdniation W eaes vatve(d UCkisc least bV, ahapreferably at least

chloride. An exanple of such a Si{xml e aqueous 15 .
668b and omost ppheraldy at lemt #RYmet hahiemy Fepleragugous golution

m npitol, and 0.15 / benzal koni um chl ori de
qf| e‘%ﬁ’i‘&?@ Wtﬁegs‘gﬁf‘n{i‘wg’?f’lt ?gbensaﬁ?? @98% es' a
conposition foT theintranasal-d-elivery of fentanyl
or a pharmaceutically . acceptable . salt thereof to
B sinfile ABheotdiotitio? {reGRom feaesan dand quaageedaitubimakofhe
(1) fentanyl or a pharmaceutically acceptabl e salt
sohgiogofsotondc, suich)asamphaiteln dextrossapt yodivor phlopids, dissolved
additive selected from(a) a pectjn an

- . 1 (@) dO&g a )
ipovassramr sigpde aavesselgion,may qptignally contgin g preservative,

t hereof; 2 r.ovi ded i hat P ri

sughyer el FRfRpld" AILERapfe, BEIRER 4 ¢fliple, squcons
stolﬂﬂoncc?diﬁgr&é“sei‘ B? Ghi/Mllen@all cifded) 48smgimMPhRRAhitoRiRd 0.15
Ions, especially calciumions.

mg/ml benzalkonium chloride in water.

The present invention provides-a composition for-the intranasal-delivery-of
fentanyl or a pharmaceutically.acceptable salt thereof to an animal, which
comprises an aqueous solution of
(i)  fentanyl or a pharmaceutically acceptable salt thereof and
(i)  apharmaceutically acceptable additive selected from

(a) a pectin and

(b) a poloxamer and chitosan or a salt or derivative thereof;
provided that when the composition comprises a pectin it is substantially
free of agents that cause the pectin to gel, such as divalent metal ions,

especially calcium ions.

In comparison to a simple aqueous solution of fentanyl administered

intranasally at the same dose, the compositions of the present invention
3
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In conparison to a sinple aqueous sol ution of fentanyl
admnistered 30 intranasally at the sane dose, the

w@e wpo6dssti ons of the present invention 3 WD PCT/GB2004/000057

2004/ 062561 PCT/ GB2004/ 000057 provide a | owered peak
pl asma concentration of fentanyl (Cmax) and

|1 e d aa t gt FeRarty1MeC, .,) a
e e o [l and
alumyigthnusitegdal slasmasioncentratior timeprefiént Theyealt pasima
iI's from10 to 80% preferably from20 to 75% and nore,

qmetrirativy (€romaclieved usingoasompoitionsedhihe\rrgseniingention

R L R
2 TR TR P LA e

@ ahQéa‘-ﬂg{ Qﬁ’ﬁﬂtihé’xﬁiéa@ﬂeﬁt%ﬂn? dage NiIgk radddan fopfe())céiglgée, if a

identic dose of fentany is in the range 100-

diple A06dE 8bluyioni 6f 2&larrAOp@diteandCpnref p0ed qighlly the
300-700 g/m . The tine to achi eve the peak plasm

Cpnamotinedd by a orapdsitign edhls inxdntion $ollewingnadrhirdstration
conposi tion of the present invention is Breferably

¢f amidenticel dosmoh dertenylyos én pheranesbl §0-BPQ Hemlopipferably
m nutes and-m_ ost pr ferablé ]qSJ from5 to 30
iR 4re/mb and mareprelsratly SR {PULRE@ME n the form of a

pharmaceutically acceptable salt. Mst preferably
fentanyl citrate is used. 20 The concentration of

t | +Or . @ tath f il heosmpasbhi ens. pf

?ﬁgeﬁﬁéoﬁgi %@[B?‘Zéf Jpgbﬁéﬁlerpl? egrg(r)}ge of ﬁfb%log]ﬂﬁa.ngb}{ gx@asal

adniétition®f & copipisiticbby tHe preséntlinventzéh igpreferablly from
most preferably fromO0.2 to 16 n‘a/m@éexpressed as

$ ¢onp@nyinutess eforeagefrablyeiromr p ke ravioutescand most-preferably

gcce ta?be". i% readily understood in the art and can
Mt H PHENBY®So i ncl ude materials that may be used in
commercially avail able pharmaceutical or food

products and/ or have GRAS (generally

Fentanyl is preferably used in the form of a pharmaceutically acceptable

salt. Most preferably fentanyl citrate is used.

The concentration of fentanyl or a salt thereof in the compositions of the
invention is preferably in the range of from 0.05 to 30 mg/ml, more
preferably from 0.1 to 20 mg/ml and most preferably from 0.2 to 16 mg/ml

(expressed as fentanyl base).

The term “pharmaceutically acceptable” is readily understood in the art and
can be considered to include materials that may be used in commercially
available pharmaceutical or food products and/or have GRAS (generally
regarded as safe) status and/or are listed in a pharmacopoeia such as the

United States Pharmacopoeia or the European Pharmacopoeia.



10

15

20

25

regarded as safe) status and/or are listed in a
phar macopoei a such as the United States Pharnacopoei a

w@eootle2sEur opean Phar macopoei a. 4 WO 2004/ 0625B0T/GB2004/000057

PCT/ GB2004/ 000057 1In one aspect, the present

i nvention provides a conposition for the intranasal
delivery of fentanyl or a pharmaceutically acceptable
salt thereof, . conprising an aqueous sol ution of
Ifi conanaspeot;, theplpaesent aiogentien| prpvslesc 8e pompositiogy for the

et i S G SR BB 0 T gRor
t hat. achi eved usj i i an. .

R L S0 By R NGRS oE Syttt
a?cgei)?%%l%gseﬁf%éar:éﬁt; A QqJe%gﬁ%t@wﬁsh pHoFidRECE peakepRBina

al’l ant tissues. Commercially
cbﬁ@éhtﬁdtﬁnﬂ@,ﬁ&)%{f fenehitydiofiébif 1 6notd084 difl thateackdexed using a
extract of the inner portion of the rind of ci,tru§
stmplet squaouksr sotwtigrplhdmpwistesed intrenasply ajran 1dentical fentanyl
' het erogeneous materials, conprising partially '
d‘i’é?-hoxyl ated polygal acturonic acids. 15 The
proportion of galacturonic acid noieties in the nethyl
ester form represents the degree of esterification

Heldhs afd f)g?}fs"a&‘é%idessd@{ahcey[ﬂﬁ@éﬁt apehd¥ell kel sKhlllant

in -the --may be represented as the . _
eheLNt@genwicialiy theyairengeriveallypfobtainbd xfydmgtheugdute acid
that..are..esterified i.e, ..if 20 fqur out of five
extiadt gf thepenpes peioarafithe aindrpfscifrap fads Ardramanple poprce.
esterificatjon of 80%. or. as the ngethoxyl..eQnter P
Hostnpegie Retorgenpbs el PR PEap el ithgfylated
e ' 9 16% respectively. DE as used herein
Roygarﬁs&t‘%&géog@?%t al percentage of carboxyl -.groups

that are esterified. The degree of esterification

(DE) of pectins found naturally can 25 vary
"Hon girdporiony of f gdmte®nio agobymoieties in the méthyl ester form

represents the degree of esterification (DE). The term DE is well
understood by those skilled in-the art and-may be represented as “the
percentage of the total number of carboxyl groups that are .esterified i.e..if
four out of five acid groups is esterified this represents a degree of
esterification of 80%, or as the methoxyl content of the pectin. The
respective theoretical maximum for each is 100% and 16% respectively.
DE as used herein refers to the total percentage of carboxyl.groups that are
esterified. The degree of esterification (DE) of pectins found naturally can
vary considerably (from 60 to 90%).

Pectins can be categorised into those having a low degree of esterification
(low methoxylation) or a high degree of esterification (high methoxylation).
A “low DE” or “LM” pectin has a degree of esterification below 50%
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Pectins can be categorised into those having a | ow
degree of esterification (low nethoxylation) or a

whe@hoesgr ee of esterification (high nethoxyl apCDGB2004/800057

"l ow DE" or "LM pectin has a degree of esterification
bel ow 50% 5 WD 2004/ 062561 PCT/ GB2004/ 000057 wher eas

\Aﬁle"@is.gepf‘ h 19E” JAMHPEGidclintas 2deaes of edferification of 50%
es{erl ication of 50% or above. The gelling properties
ofphb@@ieous pectin solutions can be controlled by the
5 concentration of pectin, the type of pectin,
especially the degree of esterification of the

al acturonic acid.units, and. th resenc f

| Galing proseatian g AbeS st FuRREEHE e SopBpHEd by the
CO si,tio e t fi ti : e
CHRERERAsRy O o Borthh® 1R FREE  of, JREH! APecillyBihe. degrec of
eSteri %ﬁo{x Sf i paldstrohieracRk e, @ntl tisrpfestncs36Padded salts.
preferably from7 to 30% such as fromabout 10 to

about 25% for exanple from15 to 25% are used in the

present invention. Low DE pecti Bs are usual Iy .prepared
Hrgferaldy dlove JPBr peqtiat aisnuesd dktthe GorgPostsoRe©f j the present

) | . . . i.
PSR e BB SES HRP S BeeB SRRLERS o v
g 5881 E%r &?@Eﬁ) Bt | AB5H, ?Qﬁkaﬂﬁy fhaher @(9309&|Lbilch as

mediram’ Tr ea w t h amoni creates so-called |l ow

R Avutaned aRaitiasys, A acecblbdr@nns thas5Yenrd usddin the
DE pectin" includes both am dated and non-am dat ed
presenDinyeationns. 20 Low DE pectins may be purchased
commercially. An exanple of a |low DE pectin which nay
be used in the present invention is SLEND D(r) 100,

Y O E ket 2 dhEfly sieblil 15; the MERSKApatio MR actcd
I?e%%ﬁls,%nnally on a bench scale, by way of an enzymatic process, or, on
an industrial scale, by treatment with acid or ammonia in an alcoholic
heterogeneous medium. Treatment with ammonia creates so-called low DE
amidated pectins. As used herein, the term“low 'DE pectin” includes both

amidated and non-amidated low DE pectins.

Low DE pectins may be purchased commercially. An example of a low DE
pectin which may be used in the present invention is SLENDID® 100,
supplied by CP Kelco-(Lille-Skensved;-Denmark)-which has.a degree of

esterification of about 15 to 25%.

The primary mechanism by which low DE pectins gel in aqueous solution is
through exposure to metal ions, such as those found in the nasal mucosal

fluid as described in WO98/47535.



The primary mechani sm by which | ow DE pectins gel in

aqueous solution is through exposure to netal ions,
w@ah/oexset hose found in the nasal nucosal fl| uP@I/&@82004/000057

descri bed in W98/ 47535. 6 WD 2004/ 062561

PCT/ GB2004/ 000057 The sol utions of the invention

houl d..not gel an storage. ;Thus, | ut.i ons nt ai Rk
e s < g B SRR d AT esf SRR | TR heluféhs

iR | ! TalfP fidl \G! htﬁqa@' h@the pectin to

%a(!s?lg%lgﬁ%t F&etggpcﬁggr%@%%@agi "subsateggntl al'l fa %:eg"p%cf

shlvalctnds aRfafdntimgets] iRsepecatlgadabtiubhihs? By “substantially
preferably greater 5 than 99% nore preferab reater
frictho divedemnmetd pens wiel pear greater thaard79%9 pgsiés v @regier

di val ent nmetal jons. Wen co jtign of the
5 thay S omaze mraicrrbly gredes ﬂ?ant ﬁﬁg% A8 rﬁSPS%I?ﬁM gspater than
%ﬁ;/nfis Eaefirrgbl%t in the range of from1l to 40
% o L% PE Ah At F‘Voni-o from2 to 30 ny/m and nost
preferably from5 to 25 ng/m . A preferred pectin

contai ni ng conposition of the invention conprises 0.2

Whenlbcompotitioh dfahé amyentioaxphedsead pastih ctheaonceltasin of
and 5 to-25 ng/m of a pectin havi ng a DE val ue of
pectim i3 prefaebiiain thaasange, efHftom flr onfl@ mgtmal, anore pfenghly

n osnolality of fromO0.25 to 0.35 osymol/ In one
o Bl o P e/ pladmoneletiR it B HEposi ¢ on
conprising fentanyl or a pharmaceutically acceptable
salt thereof and a pol oxamer and chitosan or a salt

Rgpr@f’e"rfé@faéd{ﬁl ddesinals cafpblation @M@iﬁeﬁﬁbh%hqdpﬁses 0.2 to

copol yrmer's of ethyl ene oxi de and propyl ene oxi de.

T eyg/nevel fenearyd i{exesdedr asufeatanyl base) and 5 to 25 mg/ml of a
C2H40) a( C3H60) b( C2H40) aH wherein_a is_typi cal IX

pectin aviipg 2IOEavwdueof opy pite 200y and das pspll 9fdyom 3.4 t0.5.0

- Roloxaner . ha a f _pharnmaceuti ca

s agban pareiAley S g AR es MG | o7, 25
solubilising agents or enmulsifiers. They may be used
in the conpositions of

In one aspect, the present invention provides a composition comprising
fentanyl or a pharmaceutically acceptable salt thereof and a poloxamer dnd
chitosan or a salt or derivative thereof.
20
Poloxamers are block copolymers of ethylene oxide and propylene oxide.
They have the general formula HO(C,H,0),(C3H¢O0)u(C,H4O),H wherein a
is typically from 2 to 130 and b is typically-from-15-te-67. -Pelexamers have
a number of pharmaceutical applications .such .as _viscosity. modifiers,
25  solubilising agents or emulsifiers. They may be used in the compositions of
the present invention as thickening agents and in order to control and
modify the absorption of fentanyl into the systemic circulation such that a
peak plasma concentration (Cpy,y) of fentanyl of from 10 to 80% of that
achieved using a simple aqueous solution administered intranasally at an

30  identical fentanyl dose is achieved.
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the present invention as thickening agents and in
order to control and nodify the absorption of

w0 eqotaensbl i nt o the system c circul ati on such tPEr/G&2004/000057

peak plasma concentration (Crax) of fentanyl of from
10 to 80% of that achieved using a sinple aqueous
solution adm nistered intranasally at an 30 identical
fentanyl dose is achieved. 7 WO 2004/ 062561

PeT¢raBaliffet aR06pes & polalantir! fer @ﬂﬁlldbl@eé‘orﬁfnermally, from
gol oxarrer are avail able commercially, from suppliers
WRIH1eas SplEes Bk vcm@/vat\ﬁlth gsgpect to maledidauivaight and the

and th pro rtigns of ethylene oxide "a"
it F{%ﬁ 198 hr 6@ g gty rﬁlldspr@p%m%m $b” units,
e e. prese vent
PHIOB(%MG‘?%D étélHFe rfbale 1|Is§h%rp tﬁec’ },?i'teﬁﬁmg 1%&@@93’yf e a
siotemller i oPORrho2, b0, R09 50, EP&? a‘frgpl?ffrom 7,000 to
commerci al 'y avail abl € pol oxaners’suita sé
1580prlpgenExamplest ofocomnwrciddy PvailyBlEep o lbE med lsﬁiﬁable for

structurally contains 80 "a" units and 27 "b" units,
USfd Up d8e apieseric tnventinn @Iﬁ‘(luden p@k@iamrr h%fgewh&ﬂﬂ stmcturally

S AL S e G
t [19 ”

HAE TS0 ol IR0 EREBoRR At 407 SRR SLUBRARES Koflaing 101 «a

exdid and,56PHe? mmte utm@ alas Ry ﬁﬁﬂecﬂé’ﬁ% ehtU th%o% 9840 to

"Preferab'ly the pol oxamer is pol oxarrer
G &ﬁ@@@qqkoﬁé Pbarmareuficels Bréiplentg ndditon £ OFRK§Pea third

oxa r, | gxamer_i s preferabl resent at a
&Bliges rrr@ﬁewgaﬁ %r?sgng%oaqk?rf,r 3502408, Z0Brefsratily the

65 to 160 ng/ M --and, nose
‘F%Bﬁ Igélgi)sleéﬁg%y to 120 ng/mM . 20 Corrposi tions of

the invention that conprise a pol oxamer al so conpri se

When the compositions of the present invention comprise a poloxamer, the
poloxamer is preferably present at a concentration in the range of from 50 to
200 mg/ml, more preferably from 65 to 160 mg/ml- -and-most-preferably
from 80 to 120 mg/ml.

Compositions of the invention that comprise a poloxamer also comprise

chitosan or a salt or derivative thereof.

Chitosans are cationic polymers that have mucoadhesive properties. The
mucoadhesion is thought to result from an interaction between the
positively charged chitosan molecule and the negatively charged sialic acid

groups on mucin (Soane et al, Int. J. Pharm., 178, 55-65, 1999).

By the term “chitosan” we include all derivatives of chitin, or poly-N-

acetyl-D-glucosamine, including all polyglucosamines and oligomers of
8
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chitosan or a salt or derivative thereof. Chitosans
are cationic polyners that have nucoadhesi ve

w@e@peetsbes. The 25 nucoadhesion is thought tBCT/E82008/000057

froman interaction between the positively charged
chitosan nol ecul e and the negatively charged sialic

u1€bsalife RSateRaBUSE diffepORNBoRcyBlr wii
%s, 55- 65, 1008). By the term Ve ri?%‘ggﬁa’q%"ﬁﬁgé%%émt“

girbpaitionvef theeN-afetghigtoups lavepbedtr NemdPed through hydrolysis
acetyl - D-gl ucosam ne, including all polyglucosam ries
Adencstylgtiem). s Pesferablyo theoahivesss is Pai/dEB26 0&00000EHN by

eHGt5 i Bt Of Brestir HhBr A6, Pronbix depeen 20 and
b ohydrol ysi
%%@?ﬁ%f%ﬁ?& ‘Eef‘g%éﬁg’&@ 5&?%@ /gﬁl tr gsgﬁl iSs pr oduced

fromchitin by deacetylation to a degree of greater
than 40% preferably between _S 0 and 5 98% nore
drbef ehidodan, bdtitosem Jadsadive 80%altTheed hih t D8aPreseit i &Hfion

derivative or salt used in the present invention

ﬁF@%@ﬁgﬁﬁVsHh@“geﬂﬁﬂé@ﬁﬂﬁht@Ei 0 &¥a a1 @@@reDprefierabdy effom
bl VA 0,000 to,.l 0,000 ,

303, &E1popr B B8, s 485B050BR 13490 0730000 Da and

Rk reterably Fio 50,1003y PRO. Da. Salts of

chitosan are suifable for dse Tn the present

invention. Suitable salts include, but are not

limted to, the nitrate, phosphate, gl utamate,

Selie phchitosas anezuétableydr oshlin thalpreaant mvehtibe, Sakibble salts
salts are chit n. 15 glutamte and

Preferre osa

oS it 8 b8 Pikreioto. Ghe riie, icsphatey ebnamstaalsiate,
L tab [ sent. i nyention. ui tabl e

LG IRRHUIR A MEePESRT | "ERIUET s91R b gtitosan

ghrsihate andetHifssaf hydfidMsridier i vati ves forned by

bondi ng acyl. and/or alkyl .groups with the 20

hydr oxyl groups, but not the am no groups of chitosan.

@an%)l es, are 0- al kyl ethers of chitosan and O acyl
{lgvan Gerigativesare albisuitablec fon ssaris, the present invention.

Suitable chitosan derivatives include, but are not-limitedto;-ester, ether-or
other derivatives formed by bonding acyl.and/or alkyl groups with the
hydroxyl groups, but not the amino groups of chitosan. Examples are O-
alkyl ethers of chitosan and O-acyl esters of chitosan. Modified chitosans,

such as those conjugated to polyethylene glycol may be used in the present

invention.

Low and medium viscosity chitosans suitable for use in the present
invention may be obtained from various sources, including NovaMatrix,
Drammen, Norway; Seigagaku America Inc., MD, USA; Meron (India) Pvt,
Ltd., India; Vanson Ltd, VA, USA; and AMS Biotechnology Ltd., UK.
Suitable derivatives include those that are disclosed in Roberts, Chitin

Chemistry, MacMillan Press Ltd., London (1992).
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such as those conjugated to pol yethyl ene glycol may be
used in the present invention. 2s Low and nedi um

WO R®e06is6y chitosans suitable for use in the pPEBEEBR004/000057

i nvention may be obtained from various sources,

i ncl udi ng NovaMatri x, Drammen, Norway; Seigagaku
America Inc., MD, USA; Meron (India) Pvt, Ltd.,

I ndia; Vanson Ltd, VA, USA; and AMS Bi ot echnol ogy

gt pre gD Sh ot gpoRE (A EHECDL IRSRIGID rehe
th 9?&)%%@‘”& alhBRZromINVAMEHY, IabGhen, Norway.
PCT/ GB2004/ 000057 Particularly preferred chitosan

conmpounds that may be nentioned include the

"ProtosanTM' types avail able from NovaMWatri x, Pb?mren
Pupfarably, therghitaspapprsalt oreleatyitiye sheregy isgxpter-gpluble
derivative thereof is water-soluble. An aqueous
solution of chitosan may be prepared by dissol ving

i 0 IV fifaky ViSe Ld 328 } Rhit
AR aRER sPRARADGE EhAGHY Py R Rroried PISTishtving thifosan

Yo Hydvadhl ofi ¢hitdsagtbase i ar phardiacgutitally caceeptable
io or by dissolving a chitosan salt or a salt of a

mhieraisanoxganioatidwsuch resvigtdsechlonipelactipecisierpo glutasng acid

of the present_ jnventjon conprise .chitosan, .a .

Bt SV § CBHORNCH G- L SR depative in water.
concentration of chitosan is preferably fromO0.1 to
20 mg/ M, ., nore..preferably-from.0,.5.i0-15..ng/ n

When 1 e Rdsai §Hs2BE Vihb! ffbsdntt dvkitiol/ BbmipeXer e6it6shn, a

as chitosan'base). A preferred pol oxamer and chitosan
chirisan Ndaly ot oapelsiiosimndeafvative, thewencewmattanti sksogd 1s
to 16 ng/nil of fentanyl' (expressed as fentan

maﬁezrlalblyslliuomoo 420 20gngimbmeregspraisdromd-» gc.>~»-1%!-mglm1 and
) i . f 20 7,000 .15, 000 d1
BT ¥kl b DTS i B >

chitosan having a nol ecul ar wei ght of from 50,000 to
300,000 Da or a salt or derivative thereof and has a

At‘ﬂ; pgét;eﬁ%eg?npi'i)/l%%rﬁeﬁ .dhdarshit@saoscmitainity oémpbsition0.of the
invention comprises 02 t6 16 mg/ml of fentanyl (expressed as fentanyl
base), 80 to 120-mg/ml-of a poloxamer having-a-melecular weight.of from
7,000 to 15,000 Da and 1 to 10 mg/ml (expressed as chitosan base) of a
chitosan having a molecular weight of from 50,000 to 300,000 Da or a salt
or derivative thereof and has a pH of from 3.0 to 5.0 and an osmolality of

from 0.4 to 0.7 osmol/kg.

The pH of the compositions of the invention may be regulated. For
example, buffered aqueous solutions may be used. Alternatively, the pH of
the compositions of the present invention may be adjusted using any
pharmaceutically acceptable acidifying or alkalising agent that is
compatible with the other components of the compositions. Examples of

suitable pharmaceutically acceptable acidifying agents include, but are not
10
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25 The pH of the conpositions of the invention may be
regul ated. For exanple, buffered aqueous sol utions

woreg4be2sesed. Al ternatively, the pH of the  PCT/GB2004/000057

conpositions of the present invention may be adjusted
usi ng any pharmaceutically acceptable acidifying or

al kal i sing agent that is ,corrpgti ble wi.th the ot hef )
loitpdrienhyduichioric esithorteticopdd, EUtHRMEd, srethane sulphonic

sui tabl.e pharngceuti cal accept.abl j di f.yi ng_agepts

A1 BUS 2B ERESHATC TS B S aile hlid! MBS Cof
0 L : I ri ' - ited:

LR QT s e b 9t i

foaGotifurA Ch¥drok#ld, apdtassigind hytitoxads,c neeglhniiy tiemethamine,

acid. Exanpl es of pharmaceutical ly acceptable

soldkahi si bipazbemts, i nahodesthinalamiee, not digthindamine, and

sodi um hydr oxi de, potassi um-hydr oxi.de, megl uni ne, ..
tricthraplaninge ,W@eadgf? Gﬁﬁmoélé%o?ét?’é,mﬁ?}%@t FRIHAIMS REFED, 10

di.et hanol am ne an t et hano ] th ‘e

SHoES DERRNARL DR LAY BRPhARI e WS e Bgisng agen

ReAREbIYOHRLRY A6 cHHMANPAIAB!hi@Bor hikaliAe lediththél ion, for
gen r al kalrsing agent preferably should not,

Sl it éoudd Kat be sBdiaim hydmixidd, ipoeassmnt hydrixade bosodium

for exanple it should not be sodi um hydroxi de,

pictdbovatgm hydr oxi de or sodium 1o bicarbonate. The pH

of the conpositions of the invention is generally
preferably from3 to 6. For the pectin containing

n . .
TRERET LI Forhosing §Y I R Gs Blherflly FifErqbly from 3
& 6; tpo@theogéctif@bﬁéaﬁnﬁé d&h}%@é@ﬁ@ﬂs anehe MiveasidR, the pH is
contal ni ng conpositions of the invention,..the pHis
noreprufefabhafibyn 8 2oim B5 Gntlanést prefedabip Stomded-¢o- &i). For-the
from3.0 to 5,0. To ensure that the cgrrposi tions of .
polexamerand shitesan ¢rntpining eompasitiohs ohéhe pentian, hggH 1s

EpFapcR R TP, 039 hacatt ey pEFET T30 9.8 Qyeous

that they have an osnolality close to that of plasna.
The osnolality is generally preferably fromO0.1 to 1.0
PSrestikgthat the compositions of the invention are well tolerated by the

patient when administered to the nose (for-example *when"sprayed"-into the
nasal cavity), it is advantageous that they have an osmolality close to that of
plasma. The osmolality is generally preferably from 0.1 to 1.0 osmol/kg.
For the pectin containing compositions of the invention, the osmolality is
more preferably from 0.2 to 0.8 osmol/kg; still more-preferably-from 0.2 to
0.4 osmol/kg and most preferably from .25 te-0:35 -osmel/kg. For the
poloxamer and chitosan containing compositions of .the .invention, the
osmolality is more preferably from 0.2 to 0.9 osmol/kg, still more
preferably from 0.3 to 0.8 osmol/kg and most preferably from 0.4 to 0.7
osmol/kg.
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For the pectin containing conpositions of the
invention, the osnolality is nore preferably fromaO0.2

wo o00d/0&s5esnol / kg, , " -stilinore' preferably, fromBCRGB2004/000057

0.4 osnol/kg and nost preferably from 025.4' 0-035
-.osrnol /kg. For the 25 pol oxaner and chitosan

S8, SOt AR B o

/ il . .
SR s R AR 507 00, o,
(AABhIaK dodiin \Elo2RRH RS 26MindilY 1sB A0 HPRRACGHE oshitdality of

osnolality of the conpositions of the invention nmay be
pldirnatedidad praparatiess.r dlbwevare itbis meldapgroprigte to usé metal
appropriate agent. Salts of .netal i onsi, in particular
ionsli Whee Hher ¢erapositien cofmish 1 veniian durclydes, s Peeian because

ol al it f tical i ,
tPs o Toppacly tares P osa EPRRAG RN IR UYERHES found
t‘ﬁQ{'%ﬂﬁitfdnoBf%ettaﬁe?oﬁs"vi%i‘té)&ﬁqeﬁl@@o‘dﬂ% A BRS tbin DEC 3bEAm
pectins may forma gél 1n the presence of metal ions.

MoRavetaloampositivahs ¢dmdinardif¢ntanylodndethidosamnssulfsoin the
exanpl e sodiumin the formof sodium chloride, to

foonpatisnt ofoasprecipitateni Tus.eticansa ofndetehien santaivig agents
el sk oS B S e S ectin
i ded. h f . . ti ' ti
it (5 Rl SRR lirice  Ghet BRAR, Faltna b Ef hitosan-
écﬁ{tgﬁﬁﬁf PerdtBn AN JrRS&iti oOBd 2 bBiaRBidedb@i¥ing a non-metal ion
conpositions can be avoided by using a non-netal ion
cqthmimg ogmpoupdsnch sue pobdhydrigailgahady for exaogho maniitol or
exanmpl e mannitol or sorg%{ ol, or a sugar, for exanpl ?h
sskitobss 2 Biger.JoE csrmple ; Suctpgs OpHphalpse.He-agist the
GBIy sReR et B ROEY Grigefth R mannitol
?xﬁ@ﬁ%&&tét%ncﬂceﬂﬁ’?ﬁ& épu]?% Bb mJ/afl. composi tions of
e rnvention may al so contaln other ingredients such

as antioxidants (for exanpl e sodi um
met abi sul phi te)fy. .chel ating..agents. (such
t

The compositions of the invention may also contain other ingredients such
as antioxidants (for example sodium metabisulphite),.chelating.agents. (such
as edetic acid or one of its salts), preservatives (such as benzalkonium
chloride, sorbic acid or one of its salts, phenylethyl alcohol and/or propyl
hydroxybenzoate), sweeteners (such as saccharin or aspartame), flavourings
(such as peppermint) or other agents-generally-used-in-pharmaceutical liquid

preparations and well known to those skilled in the art.

Preferably, the compositions of the invention contain a preservative or are

sterile.

Preferably, the compositions of the invention are non-pyrogenic.
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(such as benzal koni um chl ori de, sorbic acid or one of

w0 e®4m6d565, phenyl et hyl al cohol and/ or propyl PCT/GB2004/000057

hydr oxybenzoate), sweeteners (such as saccharin or
aspartame), flavourings (such as pepperm nt) or other
gents geper-ally.,used., ir3~ pharnaceutical | | Qu .
TR arRt A ohiee WP oRhsah g EBLIEER ) G nashf ity in
pk the fol e AP BE kRS, of the
apkggﬁ?@gﬁbbghﬁgrﬁ&ghgéggervé&ive or g?@ b%ﬁérile.
Preferably, the conpositions of the invention are E
non-pyrogenic. 30 12 WO 2004/062561 PCT/ GB2004/ 000057
Mbthods spitableifon adiinistering\aecrrnpesiten to shetaiabicevisy adll be

to the nasal cavity in _an uj.t.able form for anpl.e
well knewndyyrihsr perse of grdia Yaé%‘h 1%%%@6% éﬁVt%‘lb‘iaEi(ef %’?fhod

i ni st er roSPre TP S )
13y b8 et ftome et retpal ob RabPRsPRIA i RIS b ¥ b 'spray
9B S S S e s,
foPeRAmp LG BPrisiBpr Abotley pump aminadieatst,nayldeareuaiailabibofrem

or multiple dose systens, for exanple conprising a
vmoicus eonpuersialmpusessuackding REpites YBalais, aﬁﬁS@akra@% Becton-

BkpenaeloBReraRe 20D SRR sRSoRLClEPE BpTGieg: I USTg5 17,
agg Y sg)gﬁiétai)xf F?rﬁtgle ﬁﬁﬁ‘&ﬁa{sgfg?ﬂlgl&%t%r? ?g %@Zomp@%iﬁgﬂg 9F the

ranasa mni s lon O
}%@M?ﬁ&&ﬁﬂﬁlﬁf the present invention. For a spray
evi ce, the typical
volume, of . li,qui.d,that.is...dispensed..in.a single

15 spray actuation is_in the range of frogmO0.01 to .
Foris spray devisepiteatyraesd iviednme ofilvanid that is dispenseds-a gingle

roduc uld .be,in the range r IANLQ.: .
guoduct, ot 4 Roytnhhe F3098 61 009, YR, Wit dosing
regimen for a nasal spray product would be in the range of one spray into a

single nostril to two sprays into each nostril.

The preferred dose of fentanyl.or-one.of.its.salts.is from.0.01.10.5.0. mg.(10
to 5000, pg), more preferably from 0.015 to 4.0 mg (15 to 4000 pg) and
most preferably from 0.02 to 3.0 mg (20 to 3000 ug).

The present invention -also “provides “a —spray “device “loaded with a

composition as defined above.

The present invention also provides a process for preparing a composition
as described above. This process comprises mixing the components of the
composition in water. Purified water such as water for injections may be

used.
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The preferred dose of fentanyl:.or.:one..of
itssalts..is -from.x00a. Ao,.5-0, ng...(10 20 to

wGo®d/ 062561 nore preferably from 0.015 to 4.0 nBCT/GB2G08/000057

4000 g) and nost preferably from0.02 to 3.0 ng (20
to 3000 g). The present invention also -provides --a
-spray device" |Gaded with a conposition as defined
above. 25 The present invention also provides a

fhec esmpbsitiops epdr ihig mveatipestin obe aedl§oe’ iRedreatment,
above. This process conprises mxing the conponents of
meaagenebo oF tprerentiomenfe pothPagutei end vattrenics pain, am animals'

. f i Nj ' e d. 13 WO 2004/ 062561
Bt dins JomBIs00LH CampoNciRe Sl tho davestionrean bavised fareat,
: t t : .
08 o S ur R phil°a of R Tl o D RRECEIRAtoRS sugh g those
adeobiatid Gvit TRy d0E &RIRAS! HhaAS, ‘aim{elﬁ@ YL ievgp%ceiauy

can be used to tieat, 5 nmanage or prev pain_a

brekttrgugh pgiai and boliowingnaurgeryh as those associ at ed

wWth injury and accident ' trauma, termnal illness,

especially breakthrough pain, and follow ng surgery.
i nvention al so rov'hdes t he use of

E r esent. . a )

THE  BieSBEinkPH5oH 18 0 nEpale ehaadre i 06 S cpBerawaniisnlly
cjl@ul“l)e{ﬁdbpee&&diﬂvéggle(:ﬁ%ihﬁoﬁm oxamer and chitosan or a

salt o

r derivative ereof; in the manufacture of a
medi canment (af) @rpelchi@ dndt r anasal delivery -of fentanyl
or a pharmaceutically acceptable salt thereof to an
ani mal sucfh) apaokamenand hitosanesd dalbiesreddrivativieahereof:
i cament is g}&iapte .to provide a peak plasma

e . :

WoRESREPHAr YRS OF & msigament danie infeanapal delorery @ftfentanyl
9 -achi In si apl e_aqueous sol ution
G Sk SR Sl 90 Ba Sy B BuPL R
in need thereof, which medicament is adapted to provide a peak plasma
concentration of fentanyl (C,.,) that is from 10 to 80% of that achieved
using a simple aqueous solution of fentanyl administered intranasally at an

identical fentanyl dose.

In particular, the present invention provides the use of a pharmaceutically
acceptable additive selected from

(a) a pectin and

(b) a poloxamer and chitosan.or a.salt or derivative thereof:
in the manufacture of a medicament for the intranasal delivery of fentanyl
or a pharmaceutically acceptable salt thereof to an animal such as a human
in need thereof suitable for the treatment, prevention or management of
acute or chronic pain, which medicament is adapfed to provide a peak
plasma concentration of fentanyl (Cpe.) that is from 10 to 80% of that
achieved using a simple aqueous solution of fentanyl administered

intranasally at an identical fentanyl dose.
14
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identical fentanyl dose. 20 In particular, the present

i nvention provides the use of a pharnaceutically
w@emepsabl e additive selected from(a) a pecti PCEHGH2(0BN00057

a pol oxaner and .. chitosan,.or..a..salt .or._der

vative.-thereof; in the manufacture of a nedi canent

for the intranasal delivery of fentanyl 25 or a

pharmaceutically acceptable salt thereof to an ani nal

.human in need thereof suitable for the
I?‘ﬁgg{@ﬁ‘f% preventi on or managenent of acute or

chronic pain, which nedicanent is adapted to provide a
peak plasma concentration of fent anfyl (Cmax) that is,
Figora 1GhowsSAfaniplasma coacénteaton peifrlgs @fsfentsingl following

%2%5%%3@%3%155 &‘%}aﬂ%%ra&@!l%&%n?%%@%lg %ggtgsgrgqn%fentanyl
2004/ 062561, P 2004£.000057 . | i i
SPUT i R0 SoTER SBHEB P s B M B Renel 7

followwng 5 the admnistration of a fentanyl solution
conprising chitosan and a fentanyl solution that did
Fighre® 8hews pidiniosaitehiratite op fatthaylnadfiles fox dmek énffanasal
Figure 2 shows fl asma concentration of fentanyl

andodind esndnpucashl feniutatiomeltaineddndExavaplerfansnucosal
formul ati on obtained in Exanple 8. 10 The invention is
illustrated by the following non-limting exanples.

VPL, : s It aini ng/ m
PRGNSR FRERIE BB AE nfRTE R GG
base) and 10 ng/m pectin 2 g' of pectin (Sl endid 100,
CP Kel ca, Denmark) was dissolved with stirring in 180
EXAMPIAESr. 1 ml of phenylethyl. alcohol.,(R..
C..Treat,....UK) and 40
Example 1 - Solution containing 1.57 mg/ml fentanyl citrate (equivalent

to 1 mg/ml fentanyl base) and 10 mg/ml pectin

2 g of pectin (Slendid 100, CP Kelco, Denmark) was dissolved with stirring
in 180 ml of water. 1 ml of phenylethyl alcohol.(R..C. Treat,.lUK) and 40
mg of propyl hydroxybenzoate (Nipa Laboratories, UK) were added to the
pectin solution as preservatives. 314 mg of fentanyl citrate (MacFarlan
Smith, Edinburgh, UK) and 8.3 g of mannitol (Sigma, Poole, UK) were
dissolved in the pectin solution, the solution transferred to a 200 ml
volumetric flask and made up to volume with water. The pH of the solution

was 4.2 and the osmolality was 0.33 osmol/kg.
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20 ng of propyl hydroxybenzoate (N pa Laboratori es,
UK) were added to the pectin solution as

w@e@gesasat i ves. 314 ng of fentanyl citrate (MaREHGB2094/000057

Sm th, Edinburgh, UK) and 8.3 g of mannitol (Signma,
Pool e, UK) were dissolved in the pectin solution, the

olutjon transferred to.a 2 n I tri,c £l ask
bl 3o Seutine’ cntauleckS7 g/ i ERFayICeieft v 20
2 and the osnolality was 0.33 osnol/kg. 15 WO
‘Egéﬁﬁ%‘%‘él PCT/ GB2004/ 000057 Exanple 2 - Sol ution
containing 1.57 ng/m fentanyl citrate and 20 ng/m

pectin 4 g of pectin (Slendid 100) was dissolved with
& i afrpertini ($1dRlid 000 fwasadiesalved withnstimingoine h§0 enlhgf water.

o ehSEpt sl Yo HPRGSEARfptons ve
' 8.3 it ' '
it B Bt fonort 5% ASkRhar QAR o 83°e of
&Qﬁni’?&l \ygxleu('ﬁﬁ%(ﬂ{n?d fn:;] ﬂ?é‘g@&ﬁl §RE80H PtHe ol SRy adl thdhsferred
wat er . 4 of the solution was transferred into a

o 472 0@hASSIaaktdcflask &l made WPTo vehimy withwaled. 1 ni
volune) with actuator (Valois, France) was attached to
bottle. The punp was prinmed by firing several tines.

Wh [ . firi t ' del i d 0.1 f.
{ el aide 5P i oPRIHPHGTOT I g 151 EHBRERDF- AcVeris YPT
i val t . . :

gruetBe e VR it AR (SRRSE) Frabee ST ighed to
B! Tlfé‘ﬁ%)&ﬁé%s P38eand HrifPseverahtiiRs ArWakH paiRé® fiving
15 ng/ M ‘benzal koni um Cchl oride sol ution
thesdavicepdeladtred . il gifiiliqmi B Spray2®ntajnofg 8604%/ mg of fentanyl
benzal koni um chl ori de agueous solution (Al bright &
Waﬁﬂ)ﬁﬁ?ﬂul\@ﬂ@)ntitﬂ@dtaigl@fvfﬁltWthfi c flask, dispersing

it in approxinately 8 ml of water, then meking the
solution up to 10 M wth water.

Example 3 — Solution containing 1.57 mg/ml fentanyl citrate, 100 mg/ml

poloxamer 188 and 5 mg/ml chitosan glutamate

A 15 mg/ml benzalkonium- chloride solution -was-prepared by-weighing 300
mg of 50% benzalkonium chloride aqueous solution (Albright & Wilson,
UK) into a 10 ml volumetric flask, dispersing it in approximately 8 ml of

water, then making the solution up to 10 ml with water.

2.5 ml of 15 mg/ml benzalkonium.chloride.solution .and.200.ml .of water
were added to 25 g of poloxamer 188 in a beaker. The beaker was placed in
an ice bath and the contents stirred until the poloxamer had dissolved. 1.25
g of chitosan glutamate (Protasan UPG213, Pronova, Norway) and 11.25 g
of mannitol were stirred into the poloxamer solution until dissolved. 393

mg of fentanyl citrate was dissolved in approximately 10 ml of water and
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2.5 mM of 15 ng/m benzal konium,.chloride:..solution

and.. 2,00, .nl,.of water 25 were added to 25 g of
w@oioeneaser 188 in a beaker. The beaker was pl aR€GBR004/000057

an ice bath and the contents stirred until the

pol oxamer had dissolved. 1.25 g of chitosan glutamate

gg%cg ttc?ﬁ}aen%\grgg'régr scﬁﬁ BR the%[m wad Ffaﬂ@feﬁ%dgntcpi 250 ml

|rre Into the pol oxXxaner sol ution

volirhbtrid 853 #RPmadd3p towobimé evitlatmterci trate was
di ssol ved i n appr oxi rrately 10 M of water and 16 WO

2004/ 062561 PCT/ GB2004/ 000057 added to the poI oxamsr
sol ution. The sol ution was trans]ﬂgrred :)d]%ﬁ

Tl pifef the selugien veasd- the opgoladity, s OﬁB’P 8 The
pH of the solution was 3.3 and the osnolality was 0.56
osnmol /kg. 5 0.123 ml sanples of the final solution

O’ﬂ? nfll' édngeleb rbtfothE Wf‘fﬁl St %}eré’fﬁlﬁed it gh@ gié’s%ewal of a

devi itdose System Pfeiff

sﬁ@glgﬂi@%é nadlespr¥y @bvms(tﬁﬁaicsd Slylstdm aP feifflre chcrIrmmyr)e The
and assenbled’into the device. On firing, the devi ce

wdai waedesled withaf rublguidosise apdcassembiadhgte the dswigyy O
2 i S L AL LS S 8 s Thg

4 mg/ m
Pty Chal keqila%ﬁ%ﬁo‘f%% ABINPE% 50 of pectin
(Slendid 100) was dissolved with stirring in 200 m of
water. 1.25 m of phenyl ethyl al cohol and 50 ng of

Px fmple h%(ﬂnﬁbﬁmﬁhmmg 16628 eyt fextanlyd citeatei (equivalent
solution. 1.58 of fentanyl citrate and 9 g of

toehmg/vil femwl&ags)oa%aﬂumgftmlep?fému n sol ution, the
soluti-on,-transferred 10 --a- 250 m volunetric

flask and nmade up to volune wth.water 20 The pH of

%ﬁfﬁéﬁtino(sg@ﬁd?i% %es X fl%szWltﬁl étfrﬁn@@ﬁ 200381 of water.

the final-solution were
1 ZSlﬂﬂ @phéﬂl@thyl hhﬁ)hog had SOvnglofqfropyl hydroxybenzoate were

added to the pectin solution. 1.58 mg of fentanyl citrate and 9 g of mannitol
were dissolved in the pectin solution, the solutiontransferred to-a 250 ml

volumetric flask and made up to volume with water.
The pH of the solution was 3.8 and the osmolality was 0.30 osmol/kg.

0.123 ml samples of .the -final.selution were. filled into.the.glass vial of a
single dose nasal spray device (Unitdose System, Pfeiffer, Germany). The
vial was sealed with a rubber closure and assembled into the device. On
firing, the device emitted 0.1 ml of liquid spray containing a 0.628 mg dose

of fentanyl citrate (equivalent to 0.4 mg fentanyl base).
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singl e dose nasal spray device (Unitdose System
Pfeiffer, Germany). The 25 vial was sealed with a

WO iwe62561 osure and assenbl ed i nto the devi ce. PAXIGB2004/000057

firing, the device emtted 0.1 m of liquid spray
containing a 0.628 ng dose of fentanyl citrate

ey 63 o prbBardulas) SIAARY ciftifiing LS g/m fentany!
cftfagol ution containing 1.57 ng/m fentanyl citrate

78.5 ng of fentanyl citrate was dissolved in 40 m of
water. 0.5 m of 15 5 mg/ m benzal koni um chl ori de

solution and 2.4 manni toI dd th
7'8@51@@19f f@ﬁmﬁl.%ﬁaﬁﬁwaﬁ dizselv; lFlr‘@H“'ﬁrﬁfnt Waigry Q3 mphgf 15

e A gt shispvstGionsbt 72y HiloBRal fore addeg o e

fgﬁlr‘ﬂﬁ?%# 1ch W c%ﬂl' wab %11%5@ 'EIHJuPal@ of 1 ﬁ%@é&%ﬁ@%a@f dlssolved

fenta citrate and 5
THY $8lutbi tmaﬁaﬂdfetre@ab e 26 Gnhgohfmamct fisskn and uhadeatip to
was dissolved '"iri'40 m of water: "0.5 rr | of 15
viohime vhinwatdconi um chl ori de sol ution, 78.5 ng fentanyl
citrate and 2.4.g 15 mannitol were added to the
chi t osan sol ution which was stirred until all of the

ﬁ@f&ﬂg& lz?ag)%ggggﬁ ng}fv foqurlxﬂe con cﬁwlgsk wgrlrgl(!l fentanyl
c.ﬂlgél (?llh'ﬂ‘g fﬂghﬁ URit6dan SrdaRIate 7 - Phar miCOkl n.etic,

- pertornanc fentanyl intranasal 20 formulations
in the sheep The solutions prepared in Exanples 5 and

6 were adm ni stered |ntranasall to sheep. A group of
%Oangmé‘l@tosmaghitma@w pedi foel gt WaBTKY.S WEQ% |

The_ doses re ad st to dom
o R BRI i RS SoL ?ﬁrﬂ&? bR ATRE i 2
Qﬁ?{l &1%?% reSRldL! 58%&‘%@ ga?ﬁ eatibA \Qhr%h“sgas E@nbamtil all of
ase ranasal ly. doses were admni stered via
the SiBgAMients had dissolved. The solution was transferred to a 50 ml

volumetric flask and made up to volume with water.

Example 7 — Pharmacokinetic, .performance of fentanyl intranasal

formulations in the sheep

The solutions prepared in Examples 5 and 6 were administered intranasally
to sheep. A group of 8 animals,.cach weighing .approximately 60 kg, was
used. The doses were administered to a randomised crossover design and
each animal received 0.3 ml of each test solution (equivalent to 0.3 mg
fentanyl base) intranasally. Nasal doses were administered via a spray

device with the dose volume being divided equally between both nostrils.

Blood samples were collected and plasma separated. Plasma samples were

assayed by a LC-MS-MS method for fentanyl content.
18
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device with the dose vol une being divided equally
bet ween both nostrils. Blood sanples were collected

wa@pa4pbdsna separated. Plasma sanpl es were 30 BESEaR2@4/000057

by a LC-M5-MS nethod for fentanyl content. 18 WO
2004/ 062561 PCT/ GB2004/ 000057 Mean pl asnma
concentration-tine curves for the two nasal test
solutions are shown in Figure 1. The curves were

S Lo SRR IR el B
SRNECTS i T3 o ARSI sl b

ifeﬁfa?igk bk QRSidlPabiTBE] BEthURtRE hBsohce landipraterstudchivasan.

pertormed to €val uate the pharmacokinetic 10
performance of three intranasal fentanyl fornul ations

and a transnucosal _|ozenge fornulatjon (Actjq(r),

EXam it R beumAsaInClia O ToRBIANGE Gl GRAANT bl ks and
were prepared as desctibed ,Exanpl and 6

QI ¢ .“%“Q?Fé‘li?m}ﬁ Sa‘nrl?amg‘ﬁi@z%&?egg?way compl et e
cross-over trial in a group of 18 healthy adult

vol unteers. Intranasal doses were adm nistered using

Rf eiffigsl WidgosmsdepirtamedEamh sulbiatet thec gihvedaeokinetic
single spray 1nto one nostril to provide a_fentanyl
paserndnc®. df thyee Thizanesal dentinylofemadatinrsy ped@® fenggueosal
| ozenge cont ai ni n nyl .

> 9.200_g (0.2 ng) of f y
lozzpge f@ﬂéﬂ@@%ﬁ@cu%@nﬁgﬁ%ﬁ@ré}%B?/tl?ﬂl%s ing in the
mout h over a period of approximately 15 m nutes.
Pl asna sanpl es were collected fromthe subjects and

g ahXSgthshPFornf AR G e Bedusd AskcAbb& YR8 958y and

ar macoki neti c paraneter were cal cul'ated fromthe
pladste data. 25

The study was a randomised four-way complete cross-over trial in a group
of 18 healthy adult volunteers. Intranasal doses were administered using
Pfeiffer Unitdose devices. Each subject received a single spray into one
nostril to provide a fentanyl dose of 0.1 mg. The Actig® dose"was provided
as a lozenge. containing 200 pg (0.2 mg) of fentanyl. .The-lozenge was
administered by dissolving in the mouth over a period of approximately 15
minutes. Plasma samples were collected from the subjects and analysed for
fentanyl content using a LC-MS-MS assay. Pharmacokinetic parameters

were calculated from the plasma data.
Plasma concentration.versus time curves for the three intranasal and one

transmucosal formulation are shown in Figure 2. A summary of the

pharmacokinetic parameters is provided in Table 1.
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Pl asma concentration versus tinme curves for the three
i ntranasal and one transinucosal fornulation are
W@ bawnedsm Fi gure 2. A summary of the phar nac oORCTIEBR@4/000057
paraneters is provided in Table 1. 30 19 WO
2004/ 062561 PCT/ GB2004/ 000057 Table I. Sunmary of

AR oA BP E TR AP ARG PRFsRrser)
relative to Actig(r) (% Nasal chitosan 12 647 95747
166 solution Nasal pectin 21 337 87079 147 solution

Naq&@)rop@laGioamer |+ 18,442 |82604.143| cAli@san Bibavaibability
Actig(r) (oral 101 264 117840 (100) transnucosal) .
Based on the resul MMy om t@&/@heep (REMLhHescr reldgivefo
Exanple 7, the |5 pharmac¢okinetic performance o 0
chitosan solution in thejhuman vol unteer st ud}%ti‘E@b(eA’)

onsigered 10 be Tepresent at kye Of [a 74Pl €[ aqueoussq
§18§ to:t‘lﬁtﬂslﬁ‘ f ent anyﬁ.ﬁ The intranas?hl fornul ati ons
&:ﬂﬂﬁ&ﬁni ng pectiln and a |m xture of pol oxangr and
chitosan a3/re.abie.to. xeduce. the |Cmx ta:lvalues  of

N3%laedtii8% r espect 2tel y |rel 887ve to §H¥9nasal 147
chitosan solutiagn. 10 20 WO 2004/ 062561
RATIGEB2004/ 000057

Nasal poloxamer + 18 442 82614 143
chitosan solution

Actiq® (oral 101 264 117840 (100)
transmucosal)

Based on the results from the sheep study described in Example 7, the
pharmacokinetic performance of the chitosan solution in the human
volunteer study can be considered to be representative of a simple aqueous
solution of fentanyl. The intranasal formulations containing pectin and a
mixture of poloxamer and chitosan were.able-to reduce the.Cpy to.values.of

52% and 68% respectively relative to the nasal chitosan solution.
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CLAIM5 1. A conposition for the intranasal delivery of
fentanyl or a pharmaceutically acceptable salt

W b@reefset o an ani mal, which 5 conprises an apgEGB2004/000057

solution of (i) fentanyl or a pharnaceutically
acceptable salt thereof and (ii) a pharmaceutically
accept able additive selected from(a) a pectin and (b)
qllb anmer and chitosan or a salt or derivative

t hereof; 10 provided that when the conposition
conprises a pectin it is substantially free of

1di valent  iBbahionOnsr @ Mivassali delioaRar6Sofentamyd or a-
si npl e aqueous solution of fentanyl adm nistered )

i nt r phasahdentiebllyhecsaptebldosalt phayooliets ampeakimal.aswhich
concentration of .. fentanyl .- . (C,,ax) .. that..

i .. comprises an BQueoyssoluBoPOH . | of .. .that 15

achi eyed usin si mpl e _aquea sol ut.i.qn e

ad fst erieatyher angaaPRy I, e e anit hRRA RN
dose. ..2. Lotk ;g&ﬁ ' 16l &l Phch in
con”pé}l?so% 0 a%éé‘;iﬂrll%m aqggghls&.lsolﬁ% igég%t?:gf.

f ent anyl quh@kgﬁﬁgﬁd-intranasally at the 20 sane
dose, provides a .peak plasna concentration of

fentanyl ((Grapplatwameramdichitosaoor 8 szlyr derivhdve thereof;
achi eved using a si rrplatﬁ aqueous.. sol ution of fent
¢

2 revided toa, FeteRL dne y CREDARUPRQADTBARSY eht BIGHE It i9
dose o Bagnall RISEERARREGE Lo LA m L or 2
Lot Y o, IS, SSRAAE, st
f ent ayavhinigeredninaayubsathyt atathe. sadte ddse, provides a peak plasma
concentration..of. fentanyl..(Cpay) -that..is .from..10..to .80% ..of .that
achieved gsiég a simple aqueous solution of fentanyl administered

intranasally at an identical fentanyl dose.

2. A composition according to claim 1, which in comparison to a
simple -aqueous -solution-of -fentanyl administered intranasally at the
same dose, provides a peak plasma concentration of fentanyl (Crax)
that is from 30 to 70% of that achieved using a simple aqueous

solution of fentanyl administered intranasally at an identical fentanyl

dose.

3. A composition according to claim 1 or 2, comprising a

pharmaceutically acceptable salt of fentanyl.

4. A composition according to claim 3, wherein the pharmaceutically

acceptable salt of fentanyl is fentanyl citrate.
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WD 2004/ 062561 PCT/ GB2004/ 000057 5. A conposition
according to any one of the preceding clains,

W@ wpn62sbng a pectin. 6. A conposition accor di POI/G82004/000057
claimb5, wherein the pectin has a DE 5 value of from
7 to 30% 7. A conposition according to claimb5 or 6,
iger A" ARB oS %@g%%&h ¥ to2bnPeGld ”of‘t Tod [ORS4hE. Efims,

cl ai is at |east 99%free of dival ent

met alr%ng%ﬁs.gn%a%ﬁgnposml on according to any one of
clains 5 to 8 ' havi ng an osnolality of fromO0.25 to

0.35 osnol /kg. 15 10. A conposition according to_any

@ne oh cmrapcmtl@n tagcordinng it Flainp i, afhereimothe3pectino hgs @ DE

11 A(i 9 gg/)rdlngtoanyone .of,.clainms .1

. ue o ﬁ’HFi dp é? 20 pol oxanmer and chitosan or

a salt or derivative thereof. 12. A conposition

according to claim 11, conprising chitosan gl utanate.

25 137 AmPIReSE hbQstdAGE R elaitel 3 6r 6l dH¥dih tAE cbdcentration

wherein the concentration of pol oxamer is from80 to

120 noff pactiarid ftdme 5 to@fcmgfmht i on of chitosan or a salt

or derivative thereof is froml to 10 ng/m

(expressed as chitosan base) 22 WD 2004/ 062561
CT/ G32004/ 000057 1 03|t n ac a

R CONAAGRIOR, 4555 T e ATHE O iSRSt 1y BHichia i teast

ne
0.4t 0 05|t|on according to
any o%ge&oz ?@%@i 1§nﬁa\r}?ng a pH )

9. A composition according to any oné of claims 5 to 8 having an

ot

osmolality of from 0.25 to 0.35 osmol/kg.

10. A composition according to any one of claims 5 to 9 having a pH of

from 3.4 to 5.0.

11. A composition according to any.one-of.claims.l.to 4,.comprising a

poloxamer and chitosan or a salt or derivative thereof.

12. A composition according to claim 11, comprising chitosan

glutamate.

13. A composition according to claim 11 or 12, wherein the
concentration of poloxamer is from 80 to 120 mg/ml and the
concentration of chitosan or a salt or derivative thereof is from 1 to

10 mg/ml (expressed as chitosan base).
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weoengeexssat i on of fentanyl

5 of from3.0to 5.0. 16. A conposition according to
any one of the preceding clains, wherein the

or a pharnaceut i cal PGT/GB2004/000057
acceptable salt thereof is from0.2 to 15
ng/ mM (expressed as fentanyl 10 base). 17. A

it ' ] fo 140 di .
o et ChRGRRER Sdleaid G752 8he e, UHEn’ 13 LS Hewing an
i n t hesh@ldlit9lofdfRD.£lo @Y RnfoN@y. 1s 18. A
conposition according to any one of the preceding

clains for use in the treatnent or prevention of

cute or chropic pain, 19. The use of a
gﬁar e SUPESItioN agceriing ) anygnictafdaised bt tted4fhaving a pH

(b) a8f%r3>tgi}?'\92{2}d§, 0 (b) a pol oxaner and chitosan or a

salt “thereof; in the manufacture of a
nmedi cament for the intranasal delivery of fentanyl or
a pharmaceutically acceptable salt thereof to an

46] malA idompeeiod hescerfing WY GhyReEC BfEiHk- b?éc%ﬁﬁ%ecqmms
to provide a peak plasma concentration of “fentanyl ’
( Cnaxyhar¢int the tewsenirdtono o80%emhnyhadr 2% phhireay@dtically
usi ng a sinpl e aqueous, sol uti on of fentanyl

adm nﬁ%fte@Fagﬁe S@lﬁﬁ}e& i ifram 2 tn13 seginldexprossedaasyfentanyl
dose.1b » Use according to claim19 for the

manuf acture of a medi cament for the treatnent or
prevention of acute or chronic pain. 30 23 WO

2004/ 062561 PCT/ GB2004/ 000057 21. A nethod for the

17 eat Assumpositioewesdriing tofangcofiecoOthe Jreodtiifg BRiifhs which is
whi ch et hod conprises the intranasal delivery of a
conpoadanteshto be delivered te theamsedndhofornt af dropk draskBspray.
a patient. 5 22. A spray device |oaded with a
conposition according to any one of

18. A composition according to any one of the preceding claims for use

in the treatment or prevention of acute or chronic pain.

19.  The use of a pharmaceutically acceptable additive selected from

(b) a pectin and

(b) a poloxamer and chitosan or a salt or derivative thereof;
in the manufacture of a medicament for the intranasal delivery of
fentanyl or a pharmaceutically acceptable salt thereof to an animal in
need thereof, which medicament is-adapted to provide a peak plasma
concentration of fentanyl (C,,) that is from 10 to 80% of that
achieved using a simple aqueous solution of fentanyl administered

intranasally at an identical fentanyl dose.

20.  Use according to claim 19 for the manufacture of a medicament for

the treatment or prevention of acute or chronic pain.
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claims 1 to 18. 23. A process for preparing a

conposition according to any one of <clains 1 to 18,
wandghessocess conpri ses mxing fentanyl or a PADGB2004/000057

pharmaceutically acceptable salt thereof with the

pharmaceutically acceptable additive in water. 24

21.

22.

23.

A method for the treatment or prevention of acute or chronic pain,
which method comprises the intranasal delivery of a composition

according to any one of claims 1 to 18 to a patient.

A spray device loaded with a composition according to any one of

claims 1 to 18.

A process for preparing a composition according to any one of
claims 1 to 18, which process comprises mixing fentanyl or a
pharmaceutically acceptable salt thereof with the pharmaceutically

acceptable additive in water.
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