PHARVACEUTI CAL COVPCSI TI ONS COVPRI SI NG FENTANYL FOR | NTRANASAL DELI VERY
This invention relates to pharmaceutical conpositions for the intranasal
adm nistration of fentanyl. 5 The nasal route of drug delivery can afford
rapi d onset of action and convenience to patients and/or carers. In
particul ar, PHARMAGIEETIGAL SIQMPOSITICNS COMBRIPING FENTANYIGFORt 0 t he

bl ood circulation. In sonme CRERANARAL/DPELIVERY al nost t he whol e dose can
be achi eved and the to pharnacokinetics can be simlar to intravenous
adm ni stration. Such rapid and effective drug delivery can be useful in’
the treatnment of crisis situations such as pain, including breakthrough
pai n, headacThisminention athtes( kaphdrmagysicehremppsifome fory they mirenassh et al

(eds) - Deer, New .York, js Fent anyl

(N- (1 - phenet H‘QWIHS t’&é‘rq]fﬁ%ﬂ)?w opi onanilide) is a potent opioid anal gesic
and may bg used in the treatment of severe acute and chroni c pain. It has
been reported that fentanyl is rapidly and well dibsoffied 'from the
nasal cavity ThSt nasebe&utetoﬁﬂrugBdcliverw .can faffoed t fapsi ansed6ofs aq;ipm and
1.08,19.93). In 20 additiqn, ef fectiveness  of i.ntr nasal tanyl in
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studies (for g | I Anaest h 9 uppl 1,
108 and 109, i@gnﬂsﬁpﬁ"é‘bgf A‘Fg“?tlm% %?2% ﬁeéﬁr%{ 8,$ S%‘? éafgg
Maj ushree. t aptorpiiémnof Jalnfvsestte. ,whde UBE ddi3, be?Oﬁkﬁuev'Bdumdl theet al ,

Can. J. Anesth. 41 2990M - 20, OOEﬁ In all of 25 these studies the
i nt ranasalo a@hamna@pkmptwmcaétbtwml J0 iiyavengus adminisiration e fuchgamidy ed by
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injection forpu 8 ba, Mclhding rydkiiaensinpaia, Hedtachd and Iﬁlgfﬁiﬂélﬂklasall n
Systemic Drug Delivery, Chien et ol (€ds), DeKker, New York, 1987).

15 Fentanyl (N-(1-phenethyl-4-piperidyl)propionanilide) is a potent opioid

analgesic and may be used in the treatment of severe acute and chronic pain.

It has been reported that fentanyl is rapidly and wéll absoibed from the
nasal cavity (Striebel et al, Brit. J. Anaesthesia,-96,-suppl-1,-108, 1993). In
20 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 ef al, Can. J. Anesth., 47,.299-302,.2000). .In all of
25  these studies the intranasal administration of fentanyl appears to have been
achieved by dropping or spraying a co'mmercially 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
i




the formof the citrate salt, in 1 m of sodiumchloride solution and 2
necessitates the intranasal admnistration of a large volune of liquid in
order to provide a therapeutically effective dose of drug. Fentanyl is also
currently available in a transdermal patch and a 5 transnucosal | ozenge.
The transdermal patch (for exanple Durogesic(r) from Janssen) provides a
steady concentration of fentanyl in plasnma over a prolonged period and is

not suitable Eggss&atafs m%pin@raﬁséat SfimlistPRVA" & RAhtbe $lfifhe 5’151151{\1@ t hrough

pai n associ ate termnal 11l ness or acute pain associ with trauma
or foll owi ngosder geprpvidEtethtmpagivallp sfectiveziongef drmg( Actiq , Cephalon Inc) is
used in the treatnent of breakthrough pain and is available in a nunber of
dose strengths ranging fromO0.2 to 1.6 ng. The absorption of fentanyl from

the transmicesflmy0iig! aﬂrénﬁ%’r VAIBKELiK, 5 WnsdouiPSpdidh Al Gve | the

peak plasnma concéept atl oA (Tha réia' nut es have been
reported 6pptradéifmodos], lozElipesi dlhartr&sﬂhﬁiﬁl IRatobr @or exarbplehDuddgesid®t | on,
Medi cal Econgmi cs conpany,  Montv Thus,. there remai ns a need

for alternat fioE fARSIEE) PEIVidesca ﬂé@4w19618¥at10né}ftfamf9ny l'ip plasmaapsT@ via the
| ntranasal - Tgh%ﬁsfggdgr%r EB %n{i 1§1I1(l)tr§gﬁ%lft gblﬁtgg ?%518 Deifdf o 5%695?18“810'115 hed

docunment in I cation ecessari | aken as an

acknow edgene@tbrte&lahrcmgle paiauasbtiateds wiidr ttem{metlheursdsat@ @tufchgaiart or is
common general know edge”. The present inventiaon Err ovi des a corrp03| tion

sui tabl e f or agsnelajedt Wi éﬁ@lma 215 f@l&ﬂwlﬁg%F@FY onlhst lorengeover cones
that 1t o pbbelr SRpBHLRIRe i AR indRE By OEHanasa%%%'ﬁém MRt cal
dose vol une andlapleOvi £lgumBer 6f d&%@h}%ﬁgﬁh@ rafping from 0.2 to 1.6 mg. The
absorption of fentanyl from the transmucosal formulation is relatively slow.
Timees to achieve the pedk plasma concéiitidtion (T of Trom 20 to 480
minutes have been reported (pp. 405-409, Physician’s Desk Reference, 54"
15  edition, Medical Economics company, Montvale, NJ, 2000).

Thus, there remains a need for alternative means for the delivery of

fentanyl, for example via the intranasal Toute.

20  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
25 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

30 combination with a lower peak plasma concentration than that provided
2




30 conbination with a | ower peak plasma concentration than that provided 2
using a sinple aqueous solution and an extended plasna concentration-tinme
profile. W have found that these advantages can be achieved while

mai ntai ning a bioavailability that is conparable to that obtai ned by the

i ntranasal adm nistration of a sinple aqueous sol ution conprising fentanyl.
5 By conparable bioavailability we nean that the area under the plasna
concentration.vs, .ii A o t 9 f bly at

| east 60% a'ﬁsdn%gl%ﬂﬂg‘?g eroglgfél at fl%(g??&)%%fplié%ﬁ céﬂgre ﬁtgﬁfso?xntgrlh éel aqueous
solution of plogin anyk kori fousidethed thest raivasiagdsy cat beheclseved vbde. 10 By

si npl e aqueous_ sol ution we pean -fent_an&lp angd an gggr di.eq(ht t o, make the

sol ution i someitadning & Rieeyaelihiy: et 19exppEaiepo iabtained BYithe, di ssol ved
in water. A sinpl Ous .sol Wi L O?,g@d YA [ eservative,
such as benz%ﬁ%%&%ﬂgﬁ"sﬁ flglg?flgﬁl?ﬂbég%ﬁg?gg% SJ{C(\F/‘lOa mﬁ% g@aél ueous 15

solution gonprises 1.57 ng/m fentanyl citrate, 48 ng/m mannitol and 0.15

mg/ M benzal koni um chloride in water. The present invention IDrovi des-a
conposi t i on- Byraomparable dieayaileilityyweymean thai fhefpea ypdgr the plasma

pharmaceu. tical ly. .acceptabl e. sal it ther tQ\o | I 20
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accept abl e sgdd, shhenaebretadbly(dtildasa7PhafnBadui 4 cmhply agearptsahlienaddi tive
selected from(a) a pectin and (b) a pol oxanmer and chitosan or a salt or
derivative tbfeniehyl @nipistareditrandsally ahiba seme dessiposi ti on conpri ses a
pectin i tloi S substantially

By simple aqueous solution we mean-fentanyl and an ingredient to make the
solution isotonic, such as mannitol, dextrose or sodium chloride, dissolved
in water. A simple aqueous solution may optionally contain a preservative,
such as benzalkonium chloride. An example of such a simple aqueous
15  solution comprises 1.57 mg/ml fentanyl citrate; 48 mg/ml mannitol and 0.15

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
20  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;
25  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

30 intranasally at the same dose, the compositions of the present invention
3




free of agents that cause the pectin to gel, such as divalent netal ions,
especially calciumions. In conparison to a sinple aqueous sol ution of
fentanyl adm nistered 30 intranasally at the sanme dose, the conpositions
of the present invention 3 provide a | owered peak plasma concentration of
fentanyl (Crax) and optionally an extended pl asma-concentration tine
profile. The peak plasma concentration (Crax) achi eved using a conposition

of Lhe br esetofiy Shilea, hiu! RO R ARMPLE ELANY (oM 2 Lo 75% and

nore preferably Trom at achieved using a si € aqueous
sol uti on admioptishaAilyesh exitétided piesaiatgonaéntation diemt profile. f Eidt paakiplabame. Thi s
means, for exanple, if a sinple aqueous solution of fentanyl produces a
Crax of 1000 cgneaniration (Coredchived wewg 5ompessinporfi the gressnt WRERIQyent i on

foll ow ng adni Ri st i j hcal 1S 40 the range
100- s\go Sg/ ' ﬁl{%ﬁ‘e@ﬁoﬁqﬁ/g’/ Pq%%?%’é%?@%kﬁm & %E‘gd ?fﬁo%féig‘%fg’?‘ébaﬁig@l %o- 700 ’
g/m. Thesti g 7109, asFhihel achibeedoasikg bl amiFle cpeant ssltition adhiimisjerddy nasal

adm ni stration of a conposition of the present invention is preferably from
5 to 60 ni nutieisanapalyeatpareidentipalyfentapi doseo Thismeanse foragpmmle.odta pr ef er abl y
15 fromb5 to 30 mnutes. Fentanyl. i.s preferably.used. jn..the formof a

phar maceut i c MBS AIBEFEEIEON 8¥lf‘?ntﬂ§§tpr?)‘$‘@% Pabray cfdfembgn i fieare is

used. 34 20 ‘ghe L 52h BB BSitibR o FY inwhtidn 3 dwih B Rhistcatidne

conpositi ons-aﬂld‘f’x ?ﬁgﬁ&{an}sentci oﬁ iglsl prefer anbl y 1i n theWIr gnge ol1§ fromO0.05 to
30 ng/ M, nobE anfddeftRabddsy dfyfenatyl] is m 6 ramgeni 0RBED pahl, prefbabhbl y from

0.2 to 16 ng/mM (expressed as fent angl base).
10 200-750 pg/ml and more preferably 300-700 pg/ml.

The time to achieve the peak plasma concentration (T,,) by nasal
administration of a composition of the present invention is preferably from
5 to 60 minutes, more preferably from 5 to 45 minutes and-mest-preferably

15 from 5 to 30 minutes.

Fentanyl is preferably used in the form of a pharmaceutically acceptable

salt. Most preferably fentanyl citrate is used.

20 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).

25  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.

4




25 The term "pharmaceutically acceptable” is readily understood in the art
and can be considered to include materials that may be used in
commercially avail abl e pharmaceutical or food products and/ or have GRAS
(generally regarded as safe) status and/or are listed in a pharnacopoei a
such as the United States Pharmacopoeia or the European Pharnmacopoeia. 4
In one aspect, the present invention provides a conposition for the
intranasal delivery of fentanyl or a pharmaceutically acceptable salt

t her eof conprising an aqueous solution of fentanyl or a pharmaceutically
5 accept abl elisaint sdpecte othe apréseut plagentivna P wiisch  peBPPUEen af%EetélR pl asma

concentration of feptan of from10 t 80% 0 ved using a
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all plant cially they are generally obtained fromthe
dilute ack d adeptablet sadf fiehenfi andea pootin iand which movidasl aopeaki plagmafruits or

f | Pect
partially ﬁ&%‘%ée e mer) F JURFHL L RO [0 GG O s Rk E BEPE ron o
gal act ur oni csi %&%gag 'ssrﬁlgbﬂ atdﬂﬁmge%éayﬂnueﬁésenyfa@ram idbRiVae Feitiusylt he degr ee

of esterificalon ermDE I's wel understood by those skilled in
the -art anddesettay be -represented as the percentage of the total nunber
of carboxyl groups that-are _esterified i.e..if 20 four out of five acid
groups is esterified this represents a degree of esterification of 80% or
as the ho . al maxi mum
as the ﬁ ii%clég}g ;agéd %, ;{cg%%cgec Iuaas PHB&nt HEIREGHT ¥ans Beangiif

tissues. Commercially they are generally obtained from the dilute acid

extract of the inner portion of the rind of citrus fruits or from apple pomace.
Pectins aré”héterogeneous mateiials, compiising partidlly ‘methoxylated
polygalacturonic acids.

15 )
The proportion of galacturonic acid moieties in the methyl ester form
represents the degree of esterification (DE). The term DE is well
understood by those skilled in“the art -and-may be Tepresented as "the
percentage of the total number of carboxyl groups that.are esterified i.e..if

20 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

25  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%




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 25 vary considerably (from60 to 90% . Pectins can be
categorised into those having a | ow degree of esterification (low

met hoxyl ati on) or a high degree of esterification (high nmethoxylation). A
"l ow DE" or "LM' pectin has a degree of esterification below 50% 5 whereas
a "high DE" "HM « trh s > : b titeatid f§P% or above.
The gel ling %&%rﬁgr\%i egﬁ(?f@agﬁ?g%{sqg%{cltﬁ?ﬁggg?%[%i@oﬁgé cgﬁbég{ebng%nt rolled by the
5 concentr at b0dbo®é. pectin, the type of pectin, especially the degree of
esterification of the galacturonic acid units, and the presence .of added
salts. Preferably |low DE pectins are used in the conpositions of the
present invepti i : ! SRE
esterificati ﬁﬁe g(%lﬂp%ggp%gt?e{sﬁcfafﬁi qgg‘é%é ﬁﬁﬁg@%@?s\é&%ﬁ%ﬁcS toﬁgéﬁ/;thgr ef erably
from 7 tos 308ncemedtioas of fpeatinabipattydd dfopedtinutespdsigllyf dhe edegmd eff rom 15 to
25% are used in the present invention, Low % ectins ar& syal Iy prepared
by the de- esesserifidasiar phhesrlasirpnis e units, ddhs peseres ofaf %ffj $a bench
scale, by way of an enzymatic process, or, on an industrial scale, by
treatnent with acid or ammonia in an al coholic heterogeneous nedi um

Treat nent W phf@ahpnion DEpbenssareCadele theveddiposititindadfethepprsémts. As used
herein, the ternflow DE pectin” includes both anjdated and r%(in-arri dat ed

| ow DE pect i mwentim. [ Mareprefaahly pecinshayimen degiss e%ﬁh&%“@?‘éﬁ 1§58 An exanpl e
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from about 10 to about 25%, for example from 15 to 25% are used in the

present invention.

Low DE pectins are usually prepared by the de-esterification of extracted
15  pectins, normally 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” inicludes both

amidated and non-amidated low DE pectins.

20
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%.

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.




supplied by CP Kelco-(L ille-Skensved; ,,Denmark) which has .a degree of
esterification of about 15 to 25% 25 The primary nechani sm by which | ow DE
pectins gel in aqueous solution is through exposure to netal ions, such as
those found in the nasal mucosal fluid as described in W98/47535. 6 The
solutions of the invention should not gel on storage. Thus, solutions
containing a pectin are substantially free of agents that cause the pectin

t |, | t t al | I |
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preferably gy S%ﬁﬁn%Sh;k@tﬂl g&%ubé@ﬁ@alﬁ*ﬁé@éﬁ%%t%ﬁ%aﬁfsettﬂ@fie&& 8% and

especially greater 99.99% free of divalent netal ions. Wen a
conposi ti on @gl, sheh andigalehometabitnaj especialiecaltinm tone. B(yn‘fsehsstwattalldn of

pectin is prefej in the range of fromy1 referably
io from2 tolHs r?g/dﬁ‘fal%dn%s‘fm PEBpaDLgrgater hﬁ“ﬁ‘y& Qrgki‘?ﬁl? dR Ioreferred
pectin cont ai 0 tgo n 16 g/ n
of fent anel %Qggge%s{e}%?égf#gg?lgr%}fﬁ% ﬂgg%(@gr?d/f?'&nﬁ%ggéchﬁgﬁ%@at%% i a pectin

havi ng a DE 9al99&; fite bf dinnlént metdDkmand has a., pH of from3.4 to 5.0 is and

an osnolality of fromO.25 to 0.35 osnol/Kkg. In one aspect, the present
I nvention provides a conposition conprising fentanyl or a pharnaceutically

accept abl e S%&J{@&@@%@%ﬂh@%&ﬁw ?Iggigs(%@g&é@mﬂ@ca{c ﬁﬁagd

derivative thereo oxamers are yners of ene oxi de

and propyl engectii theprefetitdy 1haherddge qjefnﬁna]l td 40 nug/ml, more preferably

C2H40) a C3H60 b(C2H40) aH wher e
HX ) ( % to( 30 mg/ml and most preferably from 5 to 25 mg/ml.

A preferred pectin containing composition of the invention comprises 0.2 to

16 mg/ml of fentanyl (expressed as fentanyl base) and 5 t0™25 mg/ml of a

pectin having a DE value of from 7 to 30% and has a.pH.of from 3.4 t0.5.0
15 and an osmolality of from 0.25 to 0.35 osmol/kg.

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),(CsHO)p(C,H4O),H wherein a
~  is typically from 2 to 130 and b is typically-frem-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 (Cpay) 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.




{ is typically from2 to 130 and b is typicall-rfron3 -1.540-67. el oxaners
have a nunber of pharmaceutical applications ..such. _as . viscosit_y..
nodi fiers, 25 solubilising agents or emulsifiers. They may be used in the
conpositions of the present invention as thickening agents and in order to
control and nodify the absorption of fentanyl into the systemc
circulation such that a peak plasnma concentration (Crmax) of fentanyl of
from10 to 80% of that achieved using a sinple agueous sol ution

adm nistered intranasally at an 30 identical fentanyl dose is achieved. 7
Several di f f ePeetalt diffesendftyped of quoboxaatee Ay aivhiiiile RRABCRIG fomf rom

suppliers such as BASF, a ary wth respect to nolecular weight and the.
proportions oﬁ‘uPBﬁWISEﬁtéa%ggéﬁs afd varyi Wih mspeqh to piplesubarovgigle and'theni ts. 5

Pol oxaners suihakkiend Ar i ) t _ipvention typically .have a

nol ecul ar wei%gh of i rorﬁ@?%%og(ggl .0 @& f“lcl)#] pg??é’rlrﬁeeo%/@Sm%?, ‘to 15,000
Da. Exanplses Refloxomererwitableyfoavadel abltee potsennmmrntssi aRhBy e ¥Se in the
present invention include poloxamer 188, which structurally contains 80

"a" units and9pculpe Weght-of fam BH90alormb3.00Q for sseiple fiomthe0laor ange 7680
to 9510 and I r | . | J ntains 101 "a" nits and 56
"b" units, aﬁg’mﬁg n%‘)%(za@gg agpﬁgé’g%f&iﬂhﬁ% Iaﬁg’\n}& Om?fstsﬁltgﬂlﬁ ® (Handbook
of Pharmaceutiseah fhxcppseantifyentidht @clule Biodanitpel sy, lhjvﬁi@h &Rickdr

Pharmaceutical Press  London, UK 2000). --Preferably -the pol oxanmer is
pol oxaner 18§9ntf§‘SVWanatW§tsc@¢p%Zl b’ umies, @hd thae apnelseular weighttia dhe conpri se a

pol oxamerllgr gﬁ]&%p{é(?%@@%ﬁo bl BEﬁ&gﬁl@P bty B es?liuct%tral%/ Sontains t16fi§‘i1,9n 'n the

range of

units and 56 “b” units, and has a molecular weight in the range 9840 to
14600 (Handbook of Pharmaceutical Excipients, editor A. H. Kippe, third
edition, Pharmaceutical Press, London, UK, 2000). ~ ‘Preferably -the

poloxamer is poloxamer 188.

15
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. '

20

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
25 mucoadhesion is thought to result from an interaction between the v
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-

30 acetyl-D-glucosamine, including all polyglucosamines and oligomers of
8




200 mg/m, nore preferably from65 to 160 ng/m --and-yrnost..preferably
from80 to 120 ng/m . 20 Conpositions of the invention that conprise a

pol oxamer al so conprise chitosan or a salt or derivative thereof.
Chitosans are cationic polyners that have nucoadhesive properties. The 25
nmucoadhesion is thought to result froman interaction between the _
positively charged chitosan nol ecul e and the negatively charged sialic acid

ar oups _on MICighuobeAe oflirdly of Blffercht FFHBKT: whifs, AP H23Mgerly the

term"chitosan" we include all derivatives of chi _

acetyl - D- gl ucpownitiom, of thel Neticatyl @tduppdiaygl&é@&&ﬁbf}?ﬁt}ﬁ@ig}ﬁ}%ycﬁﬁﬁ?fﬁz 81; ea?er
| ucosamni ne eri f different nolecul ar weights, in whic .

gr oportion oﬁ‘%eﬁ‘éetﬁagﬁ’@t y‘g refirablys thaveilosan isenmdsged Hiromg IfthEl}l? ol %SI s
deacetyl atio r ' Lk So,Pr.oguc romchjti y.

<(1Ieacet y?/ati ona%age@%%grtgg g?gr %‘?gg gﬁraie?ﬁcg% ﬂ@( ¢ PB%?E&&W%’&Q@@H 15-0 and

5 98% norg pP&hematd prefeeablp atwrehc7aWca0%% The chitosan, chitosan

derivative or salt used in the present invention preferably has a
nol ecul ar wei ght of 4,000 Da or nore, preferably from 10,000 to 1,000, 000

f : 0 450, 0 Da_and , 1o nost .pref.erably from
Eg O(r)rgr '? opggo;ﬂ(‘l)%%h}[t)%;ahgg}% gsagf 8% ‘{%%Iggaoﬁ ga(r?te ugffftuéﬁp‘?é Rrﬁﬁﬁntélqunﬂof‘he present
i nvention. Suprefendtdy dmb tasmolennlau desighiusf 4060 Y of kﬂﬁré,glg-ef&abﬂr i trate,

hosphat e, gl ut te, -lactate, citrate, hydrochlori and acetate salts.
Igr ef gr red sgl ﬂ]sg@ra@ L309:998 Da, 1org| nreferabile fromal 16000 de A5010POrDe ahdr i de.

Chi t0san gl 1 BiipHERreBly ek S Gl b 3B Bob o, Use 11 the present i nvent on.

Salts of chitosan are suitable for use in the present invention. Suitable salts
include, but are not limited to, the nitrate, phosphate, glutamate, 1actate,
citrate, hydrochloride and acetate salts. Preferred salts are chitosan

15 glutamate and chitosan hydrochloride.

Chitosan derivatives are also suitable for use in the present invention.
Suitable chitosan derivatives include, but are not-limited-to;-ester, ether-or
other derivatives formed by bonding acyl.and/or alkyl groups with the
20 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.

25 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

30 Chemistry, MacMillan Press Ltd., London (1992).
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Sui tabl e chitosan derivatives include, but are not -limited to, -ester
;-ether,'or other derivatives fornmed by bonding acyl. and/or al kyl .groups
with the 20 hydroxyl groups, but not the am no groups of chitosan. Exanpl es
are 0- alkyl ethers of chitosan and O acyl esters of chitosan. Mdified
chitosans, such as those conjugated to polyethylene glycol may be used in
the present invention. 25 Low and nedi um viscosity chitosans suitable for
use in the present invention may be obtained from various sources,

i ncl udi ng NovaMatri x, Drammen, Norway; Seigagaku Anerica Inc., MDD, USA;

Mer on ( | ndi ai’aliaégﬁale‘ly rgfen‘eh%'itasa_nvmn&g ﬁxat % ﬁés‘ﬁ‘lenﬁ&qeda‘hﬁlﬁem echnol ogy

Ltd., UK  Sui errvatives 1 nclude those that are disclosed in .
Roberts, Chi thenPr@0s4ai¥iygies wvaibMrdth NovEMassx, Drdmmdnp heboway.1992) . 9
Particularly preferred chitosan conpounds that may be nentioned include
the "ProtosanTM' types avail able from NovaMatri x, Drammen, Norway. 5

Preferably, it . r i i ; of .1.119. wat er - sol ubl e.
An aqueougsl s% E‘rlﬁo ’g%ac@w%légﬁga#a@dg{g%)dr%g%érégf%%%g%g?@?ng chi t osan
base or a derivative of chitosan base in a pharmaceutically acceptable

m neral or organic acid such as hydrochloric, lactig, citric or glutamc
acid to or b{DREEERyFelytion ofichdesa Bay ﬂ?ed}re@r%g ¥ @$so VlE&ngHe%?ﬁ derivative

(nowater. VDRl Lhe GQIRESE! IRy 1A% B 8 SRl ARG ad:0RblS S

chi t osan, osan salt “or C osan deritvative, concentrati on of

chitosan i s mpehiesadtiginit et Sich ab hy2fdchptio] lactix ruit. orptlafaarialbid. . . from
OSlo.,1,5 .mg/.mM and 15 nost preferably from1 to 10 ng/m (expressed
as chitosan ekedissolvisgesrditosan sobijos R ak pL a plitesan dedwfivedRatsh ng
conposition of the invention conprises 02 to 1'6 ng/m of fentanyl’
(expressed as fentanyl

When the compositions of the present invention comprise chitosan, a
chitosan salt or a chitosan derivative, the concentration of chitosan is
preferably from 0.1 to 20 mg/ml,.more.preferably.from.0.5.t0.15.mg/ml and

15  most preferably from 1 to 10 mg/ml (expressed as chitosan base).

A preferred poloxamer and chitosan containing composition of the
invention comprises ‘0.2 t6 16 mg/mil of fentanyl (expressed as fentanyl
base), 80 to 420-mg/ml-of a poloxamer having-a.melecular weight.of from
20 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.

25 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

30 suitable pharmaceutically acceptable acidifying agents include, but are not
10




base), 80 to 42.0--ng/ m -of a pol oxaner. havi ng., anol ecul ar wei ght-of from
20 7,000 to 15,000 Da and 1 to 10 ng/m (expressed as chitosan base) of a
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 pH of from3.0 to 5.0 and an osnolality of
fromO0.4 to 0.7 osnol/kg. 25 The pH of the conpositions of the invention
may be regul ated. For exanple, buffered aqueous sol utions nmay be used.

Alternatively, the pH of the conpositions of the present invention may be
adj ust ed usi Hignitedyto, pliduochlosigt dcidi| 3optia b tcatbiceacidi methpne gulphosickal i si ng

agent that is .. atible with the er ts o itions.
Exanpl es of 3¢ids %IQB%BF@’ 't %Céﬁ&}tﬁug{ﬁi) lﬁyacgdgg}g%?n gag eacé%i ?"S’y“%ﬁegp OgZent s

incl ude, but ,REGBRiticall Acbdprite ali@lisig dipests| iaclude, Aitchre aoelintitedCi d, citric
aci d, net hang sul phoni¢c® aci'd, lactic acid, tartaric acid, fumaric acid and

mal i ¢ acid. Exasndiws lofdroxitier pefessinmm chydrgxide.c sisghihine atfometlsimine.agent s

i nclude, but are not. . limted to, sodium_hydroxide of assi um hydr oxi de,
megl uni ne; pF%‘ngWhanP]r‘fér,rgoﬁa@odi L}_T’r?lbqegl}fl_ﬂfﬂg ate, ngﬁ?g@sﬂm}l%m n‘elél}ﬁ _ _

di et hanol an ge.iRRdiantiht WA ¥bRAGosiMbE Bf fHREnFIIRAIOhtMY Rctih/ 1@ | nvention
contains pectin, in order to prevent unwanted gelling, the acidifying
agent or al katdesitmgrexgeminwanted geliibg,yths laoidifyingoagent onabiahising agéidal i net al
or alkaline earth netal ion, for e le it oul d nqt be. sodi.um

hydr oxi de, pBf%%féblé{r??’ﬂ‘;&l&rf’&}i'Fa%t?’a‘rans%g‘?qﬁmeta:‘ b BBt WS B of e
COmpositionsg z{nﬁ%lg?t shWRMHd: B8 sbéi%lﬂﬁﬁs%&hhy, ;J&!Ea%ﬁi‘ﬁfrﬁfﬁ;'rdfoiiﬁ_@%} dodit@d 6. For the

pectin containi conpositions of the invention, the pHis nore preferably
from 3.2 1vo bicarbmngtenost preferably from 3.4-to. 5:0:- For the 15 pol oxamer

and chitosan containing conpositions of the invention,.lhe pHis

The pH of the compositions of the invention is generally preferably from 3
to 6. For the pectin containing compositions of the invention, the pH is
more preferably from 3.2 to 5.5 and most preferably from 3.4-to-5:0.-For-the
15  poloxamer and chito—san containing compositions of the invention,.the pH is

more preferably from 3.0 to 5.5 and most preferably from 3.0 to 5.0.

To ensure that the compositions of the invention are well tolerated by the
patient when administered to the nose (for'-exa'mpte'"when"sprayed--into the

20  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 0.25 -te-0:35 -osmel’kg. For the

25 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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nore preferably from3.0 to 5.5 and nost preferably from3.0 to 5.0. To
ensure that the conpositions of the invention are well tolerated by the
pati ent when admi nistered to the nose (for-exanple-'whet sprayed.-into the
20 nasal cavity), it is advantageous that they have an osnolality close to
that of plasma. The osnolality is generally preferably from0.1 to 1.0
osnol /kg. For the pectin containing conpositions of the invention, the

lality i r ef bly fram0.2.to 0. . SLi
PNor e pr of er dBPFSTORDA of BeanngsHOBAEiH R cafa® Hot v PUPEAE % rom 015,
-to -.035 -- gggg%b/ lt;%ge BY' a li'&-‘% 2Ry RPPROPEER! agill CHUIEsO5A Fekd ofd, NinNg

conposi tions _ .7invention, the osnolality is nore preferably from
0.2 to 0.9 opamichiag soditirl ¢hlomke argrehmoalyl ysefirtoradjuss thevon@alyigradl / kg™ and

nost preferably fromO,4 to Q.7 mol / kg, .11 }6y~ f kK 9%F, The

osnol al ity oPhfTACEWHF3hBrePARNONYf ?f%e"%séiﬁ s aﬁ%&%‘l},ﬁ%&‘ajuﬁ% %k o t he
desired val ue hy i R0k Opr fiaat e 4 S ARt®dcahens, in
parti cul a? sg%?u%ﬁc Itggicgg?boglrﬁgﬁc@n%}%nﬁy@used1?%% ﬁgect he ggrml ality of
phar maceut i cpbctiisanasy drirongel indhe pessgnoetofimetaloionap e paveatleo faindse netal 5

I ons when the conposition of the [nvention includes a.pectin because
pectins may fhatAdditgs) of H‘efaf%e‘oﬁsr’eflé’ér?(’,‘%mB Up g .f(‘g?@ ﬂ%%‘g‘éﬂnso f ound

that additi ogyRliqllAboth fkRtorsQorfAARE! BnGAM MR IRibdlA fLdltR B tRodi um
chl oride, to conpoOsitions containing rentan and chitosan results in the
formati on of f@mpitiesidfi 4 preeipifhtess Thud)eheisse of mettlion contzioimgaagentsy agents 10
shoul d preferablg be avoi ded. ‘W hav?1 f oyund tﬂat (_?el formation.in pectin-
10  should preferably be avoided. We have found that gel formation m pectin-
containing fentanyl compositions and precipitate formation in chitosan-
containing fentanyl compositions can be avoided by using a non-metal ion
containing compound such as a polyhydric alcohol, for example mannitol or
sorbitol, or a sugar, for example dextrose, sucrose or trehalose, to.adjust the
15  osmolality. Especieilly preferred agents to adjust osmolality are mannitol

and dextrose at a concentration of up to 50 mg/ml.

The compositions of the invention may also contain other ingredients such
as antioxidants (for example sodium metabisulphite),.chelating.agents. (such
20 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 ofher agents-generally-used-in-pharmaceutical liquid

preparations and well known to those skilled in the art.

25
Preferably, the compositions of the invention contain a preservative or are
sterile.
Preferably, the compositions of the invention are non-pyrogenic.

30

12




contai ning fentanyl conpositions and precipitate formation in chitosan-
contai ning fentanyl conpositions can be avoided by using a non-netal ion
cont ai ni ng conpound such as a pol yhydric al cohol, for exanple nmannitol or
sorbitol, or a sugar, for exanple dextrose, sucrose or trehal ose,
.to..adjust the 15 osnolality. Especially preferred agents to adjust
osnolality are mannitol and dextrose at a concentration of up to 50 ng/m.

The conpositions of the ipyention nma | s _cont ai her ingredi ents such
as anti oxi daht® CQPBYSIROY ﬁ@‘%ﬁﬁ@ﬁﬂfﬁésﬁﬁa lgﬁﬁ@gygg?p%ﬁifgéﬁﬁﬁlagents.
(such 20 as .l j g@ﬁp@ﬁ HeSosa bt BF yatives (such as
benzal koni um' hﬁ%ﬂra?lgg?hg’of%iec aci dn or gne ofgaolp"tss g%iﬁ?s, phenyl et hyl al cohol
and/ or propyl hydroxybenzoate), sweeteners (such as saccharin or
aspartame), flavourin (such as pepperm nt.) or .other. agents..ener-al

used, n.,. pmthﬁé]ééﬁﬁq’i%forl qdaumateﬂgg é‘ﬁﬁ‘r’“&’f’?’%‘ﬂg?‘éﬁﬁ st cq%ﬁ:gmllﬁag t hose
skilled .Ln L lo¥di KAPIP@S gk ONgv QhitdUie mefiNt i on
contain a%prg)sgg@g\%’?\@stgrgpgﬁsgh%g%él}l@% Pr efergbl Y, he1 corrpgsi tions of the
i nvention ar gaf®e-Ryd.oFhaipteferrdd mbiholhef adonipistationis the uskef arspent i on can be

adm nistered to the nasal cavity in _any. table form for exanple in the
form of dr opdevaee. sppay<devigss ﬁ%£e§mggeag¥nét§?ilgﬁe ahmuiRle glost §Ysie®Enmosi t i on

to the nasal i i || r haary skill
in the art. K KelbleNsiprihg o ile plf0 M1 Bndd)E REEP AL BORETY o
admi ni strati eaidus colignéssial edurdessipclagingfeiffes,. VaApisaBesimki asksBedon-be si ngl e
it) d ltiple d t , f | | | si bottl e,
bump. And 1act Diekarsone fiecte e dprapAcRices ciieh 5 deserived 1 US 5,635,587," 11 ©

are also suitable for the intranasal administration of the compositions of the

present invention.

For a spray device, the typical volume of liquid that is dispensed in a single
15  spray actuation is in the range of from 0.01 to 0.15 ml. A typical 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
20 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.

25 _
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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various conmercial sources including Pfeiffer, Valois, Bespak and Becton |o
Di ckinson. Electrostatic spray devices, such as described in US 5,655,517,
are also suitable for the intranasal adm nistration of the conpositions of
the present invention. For a spray device, the typical _ o
vol une, of -liquid.that-is.,.dispensed-in-a single 15 spray actuation is in
the range of from0.01 to 0.15 m. A typical dosing reginmen 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

f ent anyl . . or .Theowemposifions sif. ﬂdktmvblgldér MZ/E%‘QG&( i‘%loithe Z%%gng?t, gﬁHO{{ 20
to 5000, , more preferably fromO to 4.0 ng ( 0 4 ) ) .
nost pref 23 agp%}lag?rg?ﬁfoplbﬁrqungg@ %b?téoacﬂl@ 3pd ochiynic PeELpie sBiRAlS nvent i on

al so "provid /] beSositiB WE c iLhon. as defined
above. Io25 Thgﬁgggggkt%&iraﬁ%llegg?\g%&gfsslé %?getl (=,1\1tsl¢]e:ftl%Blrl Sggggﬂs%‘? _?%Frg%‘arl ng a
conposi ti on reanadescrprtedt paoy e. willhi wariptyo of painCesnditiciR SsuthXdsNthokd €
conmponents of the osi.tion in water. Purified water such as water for

i nj ections né?soﬁbatedﬁg"é . njaryTARd Agmgsal frrwma. srminalsillnasserasperialian be used

for the trea - Qr ion of both acute and chronic
pain, in ani tr?agtfeagghmil o ud%%qf 1&%?11 .Sﬁggﬁgg'corrposi tions of the invention can

be used to treat, 5 manage or prevent pain a wde vgri et_ydoftpfai{l
conditions sych as those associated with injury and accident rauma,
terminal ill nd§sPreESeEIVENign #p@aRIONIdsEgiepain, ofarad phetmaseutigalur gery. The

present i;pveqtipmni ftiRQ¥ldRa fdlf use of a pharmaceutically
(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
15 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 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
25 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 (Cpay) that is from 10 to 80% of that
achieved using a simple aqueous solution of fentanyl administered

30 intranasally at an identical fentanyl dose.
14




1o acceptable additive selected from(a) a pectin and (b) a pol oxaner and
chitosan or a salt or derivative thereof; in the manufacture of a

medi canment for the intranasal delivery -of fentanyl or a pharmaceutically
acceptabl e salt thereof to an animal such as a human 1s in need thereof,
whi ch nmedi canment is adapted to provide a peak plasma concentration of
fentanyl (Cr,a~,) that is from10 to 80% of that achieved wusing a sinple
aqueous solution of fentanyl adm nistered intranasally at an identical
fentanyl dose. 20 In particular, the present invention provides the use of
a phar naceut iigdle! four@ccept abl e additive selected from(a) a pectln and (b)
a pol oxaner an ch tosan or.a..salt..or.. derivati ve,-thereof; in the
manufact ure of a nedi cament for the intranasal dellvery of fentanyl 25 or

a pharmaceuti cal | ceptabl e salt ther eof to i Q as a human in
need t her eof F é&!ir?ﬁbﬁ’@“ﬁsdfle%“hlélafl?‘%%wa‘ﬁ?@\%fﬂ Ef@”%arﬁi#ﬁ acut e
or chroni¢ p R o B:Rpridifg RARHaA%nd ANEAtNy P! asia
concentra |o"éﬁep e{ﬁ% &Fgf%m B/ uﬁ&? rgrrlnll% to éiOA)nofa tha%1 achi eved
using a si rrpb@luaqlu&mumdsmitumnt@m ohitoéanrtbahgdp ahdmined st Bxamaple30 i ntranasally
at an identical fentanyl dose. 14 In the figures: Figuré 1 shows nean

pl asma concentration profil es of fentanyl followwng 5 the adm nistration
of a fentany i on that

di d not cont gll%l%gtstlosagﬁ eep OEBt al necIta (%égﬁfeg%latgﬁel}}l %tdréel 2 shows

pl asma conceghd ahé @msﬁfuci)ﬁhf@mtﬂatmhﬁhtémed froExetrﬂiplee i ntranasal

10

The invention is illustrated by the following non-limiting examples.

EXAMPLES

15 Example1 - 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
20 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

25 was 4.2 and the osmolality was 0.33 osmol/kg.

15




and one transnucosal fornulation obtained in Exanple 8. 10 The invention is
illustrated by the following non-limting exanples. EXAMPLES is Exanple 1-
Solution containing 1.57 ng/m fentanyl citrate (equivalent to 1 ng/m
fentanyl base) and 10 ng/m pectin 2 of pectin (Slendid 100, CP Kel co,
Denmar k) was di ssolved with stirring in 180 m of water. 1 m of PhenY Y
(~ lethyl. alcohol-.:1z... i..... Txeat,-~~ ~ ~UK) and 4.0 20 ng of propyl

hydr oxybenzoat e (N pa oratories, U r ed to the ecti,n sol ution
as preser vat fxauple %4“ Ir%‘?‘btfo'* soRiaipipe @‘%ﬁ!im? ﬂ/ge%gp/fgﬁr a@n??‘ﬁfzbEdi nbur gh,
UK) and 8.3 %Qﬁﬂl tol (Sigma, Poole, UK) were dissolved in the pectin
solution, thesoldtron transferred to a 200 M volunetric flask and nade

up to volume with water. The.pH of the solution 25 was 4.2 and the
osnolality was 0,33 osnol/kg, 15 Exanp|le.2 - Soluti.o ont aj. ni 1.57 mg/ m
fentanyl cit fdi ef Beeinddlendid ]fﬁo%ﬁ\?ét igsolyeq vgith ﬁ@&‘t‘“ﬁr}ng@éﬂt?’%‘”i%g) was

di ssol ved .wi t, PO ' fagChs L -2 babenwl gthyl al cohol
and 40 rrgsof lg?ggglkhﬁé}g?tggly%lg%%ﬂaatng were a {j@g tghg[ he pectin solution. 314
my of fentanylidsl tor deepeuth SolBtign. of314mmgnof Gdntamyl ecitlate soidv83 groft he pectin

solution, the solution was transferred 0. a 200 .volunetri.c flask and
made up to v&laapiolivens diggplyed 111@“341"??\‘1115?{“51%’ é‘ﬁlsﬁmt’@H WasstransEieter red into

a sm gl asst@??{)(\%\g% VR Radiha riRlert BUBRikuthTah0l uMe) wi th act uat or

(Vval oi s, France bottl The punp was primed by firing
several tines. When prined, firing the device delivered 0.1 m of liquid
spray containing 0,157 ng of fentanyl . )
10 4 rnlg of the solution was transferred into a 5 ml glass bottle. A Valois VP7
spray pump (0.1 ml volume) with actuator (Valois, France) was attached to
bottle. The pump was primed by firing several times. When primed, firing
the device delivered 0.1 ml of liquid spray containing 0.157 mg of fentanyl
citrate (equivalent to 0.1.mg of fentanyl base).
15
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
20 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
25  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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citrate (equivalent to.0..1. ngoffentanyl..base). 15 Exanple 3 - Sol ution
containing 1.57 ng/mm fentanyl citrate, 100 ng/m pol oxaner 188 and 5
ng/ M chitosan glutamate A 15 ng/ m

benzal koni um chl ori de-sol uti on. : was- - pr epar ed- by, wei ghing 300 20 ng of 50%
benzal koni um chl ori de aqueous solution (Al bright & Wlson, UK) into a 10
m volunmetric flask, dispersing it in approximately 8 ml of water, then
maki ng the s u Lt

benzal koni urr?édjéihtﬁg}? Igoelsfn}? piu(t)lﬁhan g\@élggon%’é?g%sfﬂfrfa%%rt@gggbmngre added to
25 g of pol oxgiBietriBBaskinnd tiRkgrto vohendwitkeratas pl aced in an ice bath
and the contents stirred until the pol oxaner had dissolved. 1.25. g of

chi t osan gI ut arrate (Prot asan UP&13, Pronova, Norway) and 11.25 g of

manni t ol | ol ved. 393 ny
of fentanyl ?’“ goq%tﬁ)%nso% a?ﬁag%%srn%%d#gt@#y lobérzr?cqy@swat er and 16
added to the pol oxarrer solution. The sol ut| on was transferred into a 250 nm

volunetric flask and nade up to vol une. w wat er. The pH of tlrt]e sol ution
was 3.3 and §H83ashedraples of mﬁ@a@@hﬁ%wn@gﬂﬂe@n@o ihesgles gwhis of the

final solution e filled into.t S Ml d nasal
spray devi ce® ’ngrl‘lre‘io&?sé‘és%fgliaé’ evETengfn?cg??e %%g ﬂ%l Ihée @’) 312% seal ed
with a rUbbe{na?'w%%ﬂeé&@lﬂﬁﬁ&@ﬂ%r%sufe and hsseg®lddciato Be déme n@n t he device
emtted 0.1 nl of liquid spra contalnluyga0157rrgdose to _of fentanyl

citrate (equiiviagethe devico emithagl 9.6 mlaofyliquihepsyy centainpieer 9-157 sag descon
cont ai ni nglooﬁ,%pw%yggggf R%c?l?l%leﬁt' tE)rO?‘f[ I%g(tglgt'ﬁ'h}ylabagéjt to 4 mg/m fentanyl

base) and

Example 4 — Solution containing 6.28 mg/ml fentanyl citrate (equivalent

to 4 mg/ml fentanyl base) and 10 mg/ml pectin

i5 2.5 g of pectin (Slendid 100) was dissolved with stirring in 200 ml of water.
1.25 ml of phenylethyl alcohol and 50 mg of propyl 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 solution"transferred to-a' 250 ml
volumetric flask and made up to volume with water.

20
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

25  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 basé).

17




15 2.5 g of pectin (Slendid 100) was dissolved with stirring in 200 m of
water. 1.25 m of phenyl ethyl alcohol and 50 ng of propyl hydroxybenzoate
were added to the pectin solution. 1.58 ng of fentanyl citrate and 9 g of
mannitol were dissolved in the pectin solution, the solution'-transferred
-to -a 250 mM  volunetric flask and nade up to volume with .water. 20 The
pH of the solution was 3.8 and the osnDIaIity was 0.30 osnol/kg. 0.123 m

sanpl es of - | al 0 ' “thb/nfl fen®idgs Vi al of
si ngl e dose Eﬁ%‘gp sgr ayraéé\}{a(%h( ngllb?&ose %,aﬁ‘g#?nfp?'éi'*'%" Gerlér?gny) The
25 vial was ggalted with a rubber closure and assenbl ed into the device. On

firing, the device emtted 0.1 m of liquid spray containing a 0,628 ng
dose of fentanyl citrate (equivalent to 0.4 ng fentanyl base) 17 Exanpl e

5 - Preparati of I M a ate 78.5 ng
of fentanyl Z?? 8§3%]§ s?lstg g%g |rdinst°]48%fdn1512 gg‘\/]/vg&fe%/%% g)annl %FHZSLS 5 nmg/m
benzal konj unhfghhplsdr@@lkamhm cHSridEblRioh agdided gmﬁaommhwereadldemta thet he

fentanyl solution which was stirred until_ all of the mgqlrg elntd? had
di ssol ved. ﬁanmrwbmtm@nwmbwas&ﬁgpéﬂn@oﬁlk@f the greredieyts haghdisseleed | ask and

made up to W|th ution

cont ai ni ng 1 %Pﬂ’il “faé %ned&o?r(a e levogu%leg{c c |dt){(glgg%1 quht amat e 250
ng of chi tosa&ug{elvplrt@%f& was di ssol ved"in 40 m of water. "0.5 m of 15
nmg/ M benzal koni um chl ori de solution, 78.5 ng fentanyl citrate and 2.4.,9
15 mannitol were added to the chitosan sol ution which was stirred until all

of the i qg ' eﬁixgt?ltp e ga_(_j ﬂkggr%ltl\()gdof Soql?tlgl(l) ! Ha?ﬂin\éafj%rrﬂﬂﬁlfllefern?ﬁjn);lo a 50 m

citrate and 5 mg/ml chitosan glutamate

Q

250 mg of chitosan gliitamste was dissolvedin 40 mi of water. “0.5 ml of 15
mg/ml benzalkonium chloride solution, 78.5 mg fentanyl citrate and 2.4 g
15 mannitol were added to the chitosan solution which was stirred until all of
the ingredients 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

20 formulations in the sheep

The solutions prepared in Examples 5 and 6 were administered intranasally
to sheep. A group of 8 animals,.each weighing approximately.60 kg, was
used. The doses were administered to a randomised crossover design and
25 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

30 assayed by a LC-MS-MS method for fentanyl content.
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volumetric flask and made up to volune with water. Exanple 7 -

Phar macoki netic, .performance of .fentanyl intranasal 20 fornulations in
t he sheep The solutions prepared in Exanples 5 and 6 were adm nistered
intranasally to sheep. A group of 8 aninmals, each

.wei ghi ng. _aPpr.oxi matel Y: 60 kg, was used. The doses were adm nistered to
a random sed crossover design and 25 each animal received 0.3 nl of each
test solution (equivalent to 0.3 ng fentanyl base) intranasally. Nasal
doses were administered via a spray device with the dose vol une being

di vi ded equal ly between both nostrils. | O | r cted and
pl asma separ M‘@&.Pﬁﬁl%?@cgﬁﬁﬂf%‘étl%F&w§§)%§st§g§§§q%§/ﬁzte%@ep ﬁ}g%ﬁ/gaﬁeet hod for
fent anyl Confsﬁ in BEuAB1 VIR cBhRS WRr& eReanllyaliémival hi®imidayasthhior the two
nasal test solutions are shown in Figure 1. The curves were essentially

i denti cal anderitmil vas espitdlyabsorbedbathyin theeabsengsiaadpredsaes eledilostth i n t he
absence and presence of chitosan. 5 Exanple 8 - Pharnmacokinetic
performanée of fentanyl intranasal and oral transmucosal formulations in

human vol unt Hlatngle g Pp&ﬁha&wﬂéﬁ DRI BCfenPaBMantinasdlmd
(0}

phar macoki netic pertormance of three intranasal fentanyl fornulations
and a transmseaistzhnsthwessabfar frodatio mstin dnngaxcyelynteers El an Phar naceuti cal s,

UK). The intranasal fornul ations were prepared as described Exanples 1, 3,
and 6 above. _ 15 The study was a random sed four-way conplete cross-over

trial in a grouppicy study was performed to evaluate the pharmacokinetic
10 performance of three intranasal fentanyl formulations and a transmucosal

lozenge formulation (Actig®, Elan Pharmaceuticals, UK).

The intranasal formulations were prepared as described Examples 1, 3, and
6 above.
15
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 fentany! dose of 0.1 mg. The Acﬁd"dosewasprovided
20 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.

25
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.

30
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of 18 healthy adult volunteers. Intranasal doses were adm ni stered using
Pfeiffer Unitdose devices. Each subject received a single spray into one
nostril to provide a fentanyl dose of 0.1 ng. The Actiqg(r)duse-was' provi ded
20 as a | ozenge containing 200 tg (0.2 ng) of fentanyl....The.-Lozenge was
adm ni stered by dissolving in the nouth over a period of approximtely 15
m nutes. Plasma sanples were collected fromthe subjects and anal ysed for
fentanyl content u3| ng a L L net i anmeters were
cal cul ated fA@hlgheS ﬁé?efw%g"salglygg%r ‘fq’?‘é'ﬁ? fca’i’?r(?ﬁ“é; Psus time curves
for the three intranasal and one transnucosal fornulation are shown in
Figure 2. A sunmmary of the phalimacokinetic paraneters is prgvi-ded- n Table

1. 30 19 Taljl e Hormulatiany of Ban fent &t phar ARKOKi neBlO@VE'é?t& Bt ef s.

5—

Formul ati on [Tmax Cmax AUC B oavai,l abi | i m / ) relative
to Actiq(r) (%9 Nasal chito ‘é‘H‘)lz i&é’égfm%%@g@nn utl%p‘{tﬁgggl pectin 21
337 87079 147 solution Nasal pol oxaner + 18,442 82614 1A3th®t'(l%psa1

solution Actliq(r) (oral 101 264 117840 (100) | transmicosal

Nasal chitosan 12 647 95747 . 66
solution

Nasal pectin 21 337 87079 - 147
solution

Nasal poloxamer + 18 442 82614 143
chitosan solution

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

Based on the resul-ts from the sheep study described in Example 7, the

5 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 intranasdl formulations containing pectin and a
mixture of poloxamer and chitesan were-able-to zeduce the.C oy to-values.of
52% and 68% respectively relative to the nasal chitosan solution.

10
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Based on the results fromthe sheep study described in Exanple 7, the 5
phar macoki neti c perfornmance of the chitosan solution in the human

vol unt eer study can be considered to be representative of a sinple aqueous
solution of fentanyl. The intranasal formnulations containing pectin and a
m xt ure otrpahvxaner and chitos, an.were. able.to reduce the..Cn ax to

.ual ues. of  52% and 68% respectively relative to the. nasal chitosan
solution. 10 20 CLAIMS 1. A conposition for the intranasal delivery of
fentanyl eor a i . t her i ;ses an
nqucous. sol ut Fon HPREEN TG, ik ARgRRL AL B Aty P e fmaclcE, ERORANE:

t her eof and (isal} tharept ethiah doenprisg aa adegpuesoladionast eri fi cati on (DE val ue) of

30% or | ess provi that the conposjtion is at |east 97%free of dival ent
reral i one: and whi EHEAT £ BHEETUDR SRRl BeEREO0L ool utton of
fentanyl adni ngiigt erggbetih Mviga&deyofabtelifiitisA(BE J466), ofBOXVIrdes a peak
plasma concentration of fentanyl (Cnax) that is from10 to 80% of that
achi eved usi ngPravidehibrigheerarnsiiionds aidsasio T0p freq effiiwlgnt megionsst ered

| ntranasal | ¥ aingaPhibleRlonfatisdie Rithpid 0o sofhiGR WP ARkl RIAGEALH NI 1O

claim11, which in conmparison to a sinple agqueous solution of fentany
admi ni st er ed iintrameallyaht the ssame hdossaprevides e, pepk gldsthe scoacgemiion pF dentenyl
concentration nt anyl ( ok h is.from30 to.70% of that, achieved
Gaing st ol Gt B B0 Hum TR S0oh PP I FthbRT e R eoe e ) o
an identical feeahyRhinddSed infranAalbPRASddne@nl &aeaydiodg to claim 1l or 2,
conprising a pharnmaceutically acceptable salt of fentanyl. 4. A
conposition according to claim3, wherein the pharmaceutically acceptable

salt of o 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 (Cpay) 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 I 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.

5. A composition according to any one of the preceding claims, wherein the pectin has a

degree of esterification (DE value) of from 5 to 30%.

6. A composition according to claim 5, wherein the pectin has a degree of esterification

(DE value) of from 7 to 30%.

7. A composition according to claim 6, wherein the pectin has a degree of esterification

(DE value) of from 10 to 25%.
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fentanyl is fentanyl citrate. 5. A conposition according to any one of the
precedi ng clainms, wherein the pectin has a degree of esterification (DE
value) of from5 to 30% 6. A conposition according to claim5, wherein the
pectin has a degree of esterification (DE value) of from7 to 30% 7. A

conposi ti gn ageasurtipdsitib® é‘ck@ﬂdfﬁ 610 WRQT BAN 6fhﬁ1ep§f:eked1n§waalﬁlsdeag{ee&n othe
esterification ( val ue) Fron11 to 25% 8. A conposition according

to any one ofCPW@nﬁﬁé@éﬁﬂﬁ@WémhﬁﬁﬁmlMﬁeﬂbﬂﬂnﬂhe concentration of the
pectinis from1l1l to 40 ng/mM. 9. A conposition according to claimS8,
wherein the concentration of the pectinis from2 to 30 ng/m. 10. A
conpositiBn aaécmmﬁqsigion acokdngrioXlaiwtis méereirt the caramruteationaf tlerpeotfin et 2 | S
fromb5 to tggé 111. A conposition according to any one of the
precedi ng cl ai ﬁﬁh%h is at least 99% free of divalent netal ions. 12. A
conposition accordlng to any one of the preceding clains having an

osnol al it fromQ.25 to 0.35 osnol/kg. 13. A conposition according to
any one o¥ 0.t hed pRRosEPA geordingdo ¢laim ?mgvf&repwﬂ@fcowe@#@tsomof Regtimisgrom 4 to o
conposi tion agggﬁghpg to any one of the preceding clainms, wherein the
concentration of Tentanyl or a pharmaceutically acceptable salt thereof is
from0.2 to 15 ng/ni (expressed as fentanyl base). 15. A conposition for

the intrapasal, deliyv entan ceu |caII sal t
Lherbor CASaia SEaol BlorBR AN ofL pf HRIREERGE i §8 oy B ET KAy
fentanyl or aﬂﬁb&fﬁﬂﬂ&ﬂhﬁﬁﬂhﬁm accepted salt thereof

12. A composition according to any one of the preceding claims having an osmolality of

from 0.25 to 0.35 osmol/kg.

13. A composition according to any one of the preceding claims having a pH of from 3.4

to 5.0.

14. A composition according to any one of the preceding claims, wherein the
concentration of fentanyl or a pharmaceutically acceptable salt thereof is from 0.2 to

15 mg/ml (expressed as fentanyl base).

15. A composition for the intranasal delivery of fentanyl or a pharmaceutically acceptable

salt thereof, which comprises an aqueous solution of

) 0.2 to 16 mg/ml of fentanyl or a pharmaceutically accepted salt thereof
(expressed as fentanyl free base) and

(1)  5to 25 mg/ml of a pectin having a degree of esterification (DE value) of from
7 to 30%; and has a pH from 3.4 to 5.0 and an osmolality of from 0.25 to 0.35
osmol/kg;

provided that the composition is at least 97% free of divalent metal ions; and which,

in comparison to a simple aqueous solution of fentanyl administered intranasally at

the same dose, provides a peak plasma concentration of fentanyl
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(expressed as fentanyl free base) and (ii) 5 to 25 ng/m of a pectin having
a degree of esterification (DE value) of from 7 to 30% and has a pH from
3.4 to 5.0 and an osnolality of fromO0.25 to 0.35 osnol/kg; provided that
the conposition is at least 97% free of divalent nmetal ions; and which, in
conparison to a sinple agqueous solution of fentanyl adm nistered
intranasally at the sane dose, provides a peak plasna concentration of
fentanyl 22 3 (C nax) that is from10 to 80% of that achieved using a

si npl e aqueous sohut.i el i Ve @il

i denti cal fentg%??q%%ggﬁg%Guiﬁqggﬁﬁggﬁgggﬁ&ggg%ﬁ'f%g&¥%q§%%h%ﬁgﬁ%?ﬁ?ﬁe
precedi ng cl ai festanyliadminigerad aptapaballpatza idehekalfentadl tisset he nose in the form
of drops or as a spray. 17. A conposition according to any one of the
preceding clains for use in the treatment or prevention of acute or
chronic paé.n. Al8mpdRiodS€cAdling tdBdy SRCekht paktdingclaBit whikk iaspied te bwhi ch
is a pectin having a degree. of esterification (DE value) of 30%or less in
t he manuf act uidglivsfeddo thediosaipghe formrof diaps of #ta sEdsal del i very of fentanyl or
a pharmaceutically acceptable salt thereof to a patient for the treatnent
of prevention of acute or chronic pain, which nedicanent is adapted to
provi de al’peald pimposition esvouting @tanp enobf the preagijg ((@madsr) ust frathe irsatirepm 10 t o
80% of t hat a%p'%¥ggmg%kn t@w%%ﬁPLe aqueous sol ution of fentanyl
adni ni stered I Atranasa ?y at an i denti cal fentanyl dose. 19. Use according
to claim 18 wherein the pectin has a degree of esterification (DE value)

of from?7 to gﬁ@b 20 é%ﬁ acco&&jng to ?li%ﬂllg wherein the pectin has a
degree of st éPf FRcelta RRpesEutcaly fegepble 4ddiiveoiieh sgogectin having a degree
of esterification (DE value) of 30% or less in the manufacture of a medicament for
the intranasal delivery of fentanyl or a pharmaceutically acceptable salt thereof to a
patient for the treatment of prevention of acute or chronic pain, which medicament is
adapted to provide a peak plasma concentration of fentanyl (Cypax) that is from 10 to
80% of that achieved using a simple aqueous solution of fentanyl administered

intranasally at an identical fentanyl dose.

19.  Use according to claim 18 wherein the pectin has a degree of esterification (DE

value) of from 7 to 30%.
20.  Use according to claim 19 wherein the pectin has a degree of esterification (DE

value) of from 10 to 25%.

21. A spray device loaded with a composition according to any one of claims 1 to 17.
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21. A spray device |loaded with a conposition according to any one of clains
1to 17. 23 4 22. A process for preparing a conposition according to any
one of clainms 1 to 17, which process conprises mxing fentanyl or a
pharmaceutically acceptable salt thereof with the pectin in water. 24

22. A process for preparing a composition according to any one of claims 1 to 17, which
process comprises mixing fentanyl or a pharmaceutically acceptable salt thereof with

the pectin in water.

24




