WD 2005/ 056008 PCT/ GB2004/ 005043 | NTRANASAL COWVPCSI TI ONS Thi s i nvention
rel ates to pharnaceutical conpositions for the intranasal admnistration
of the corrpound @ranl setron and its pharmaceutically 5 accef))t abI e salts.
G ani set ronV $8ar wei ght 312.4) is 1-nethyl - N-(9- HeVERANY.

azabi cycl 0[3 3. 1] non- 3-yl ) - 1Hi ndazol e- 3- car boxam de and has the foll ow ng

structure. 10 CH3 H3 N NHvfRENS AEICORIPOSENONE agoni st of serotonin
type 5-HT3 receptors and has anti- enetic activity. It is thought that

grani setron acts by binding to receptors in the 15 chenoreceptor trigger

zone and. Prgbabl Yuebe HARCT, SARLLLONER! LARbed i AL rfoBR, RRARRLFEC OO0

Ther apeutic Livingstone,

Edi nbur gh, %8&%%1stra@rcﬁnlo‘-i€ftﬁ@ncdr§p&mal Cgaéﬂléét@dmaﬂdstit@rgﬂarmeémﬁuyl cally as
t he hydrochl oride salt 48.9), but doses are usually expressed in

terns of 5t hecdzpéabld saltay base is equivalent to 1.12 ng of hydrochl oride
salt). For treating nausea and vomting i nduced by cytotoxic chenotherapy
or radiotherapy, the typical adult oral dose is 1to 2 ng up to one hour

before 25 tdiggidR¥orPeqidbleculeNvRighl d3idy) i ns1 omehydiNddladkudeses. By
intravenous injection, the dose is in the USA 10 g/k%ln bot h adul ts and
chi |l dren. Fazabicyclo[3.3.1]non-3-yl)-1H-indazole-3-carboxamide and has the following

structure.
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Granisetron is an antagonist of serotonin type 5-HT; receptors and has anti-
emetic activity. It is thought that granisetron acts by binding to receptors in the

15 chemoreceptor trigger zone and, probably, the upper gastrointestinal tract (see
pages G86-G90, Therapeutic Drugs, Dollery (ed), 2" edition, Churchill
Livingstone, Edinburgh, 1999).

Granisetron is typically administered therapeutically as the hydrochloride salt
20 (MW 348.9), but doses are usually expressed in terms of the base (1 mg base is

equivalent to 1.12 mg of hydrochloride salt).

For treating nausea and vomiting induced by cytotoxic chemotherapy or
radiotherapy, the typical adult oral dose is 1 to 2 mg up to one' hour before
25  therapy begins, then 2 mg daily in 1 or 2 divided doses. By intravenous
injection, the dose is in the USA 10 pg/kg in both adults and children. For
prevention or treatment of postoperative nausea and vomiting in adults, a 1 mg

dose is given by intravenous infusion (max. dose 2 mg in one day) (Martindale,




prevention or treatnent of postoperative nausea and vomting in adults, a 1
ng dose is given by intravenous infusion (Max. dose 2 ng in one day)

(Martindal e, WO ;QOS/ 056008 PCT/ GB2004/ 005043 The CorTEI ete Drug Ref er ence,
33°d Editi oWO PR W euti cal Press 2002, pages 1227 ahH/4B¥8005W3: h nausea

and vomting inpair the absorption of orally adm nistered drugs. 5 It

woul d be advapt@GRALR IhRgHIMbAR, I5RAMIRRI PRarfRteRikEl Pest2080] Mikeyi @ a route
t hat avoi ds the probl ens associated with oral drug adm nistration. The

present i nJ@dT anhlZ2ks to address this problem The present inventors
have found that the intranasal route of adm nistration can 10 be
advant ageous for grani setron and can offer significant benefits conpared

wi th adm ni $iRhh@ea bha vbﬁﬁingﬁh Ol @bsdrptiabt beuk admidisteRasirbgen found
that the intranasal route o adpm nistration can be advantageous in the

treat ment ofit wprldwradventagoun 4o peavidmgrrpisetanior iadELnigigitivh&/ipe saént

i nvention provide conposition.fo sal, deliyvery. c r4.Si n rani setron
or a phar na&%f‘?’%@f’ qg@ég’?ﬁﬁﬁoél%eé{‘f&ﬁﬁgflggfg.a lgﬁ%ﬁééwo PSRSHE used as
the free bagReatiod feckB& A8 ®is prapi@nmaceutically acceptable salt.

Sui t abl e pharmaceutically acceptable salts include, but are not 20 limted

to, the hydrochloride, nesilate, ci trate, nitrate, lactate, naleate,
o ani st ton DR gESERHRGRTG TRt (et TR B OE NG o CBRUEREr AT cont ai i ng
a salt qf 9paANISSIhQdus B cARRERES laAll ®an 23fcd Aldnifid@t BenefiSLBoBpar@d ani setron

base may be dissolved in situ in a suitable acid. The conposition nmay be
in any for mwsthi adatihistrhdon nwiaghé otké rpwter yn pSticulab liehasf ipemdounddhaidbe aqueous or

non- aqueous, sol utions and powders. 2 .
a intranasal route o a&)mlms%ratlon can be advantageous in the treatment or

prevention of nausea and/or vomiting.

15 The present invention provides a composition for nasal delivery comprising

granisetron or a pharmaceutically acceptable salt thereof.

Granisetron may be used as the free base or in the form of a pharmaceutically
acceptable salt. Suitable pharmaceutically acceptable salts include, but are not
20 limited to, the hydrochloride, mesilate, citrate, nitrate, lactate, maleate, tartrate,
phosphate, succinate, fumarate and gluconate salts. Preferably granisetron

hydrochloride is used.

~ When producing a composition containing a salt of granisetron, the appropriate

25  salt may be used or granisetron base may be dissolved in situ in a suitable acid.

The composition may be in any form suitable for nasal delivery. Suitable

forms include aqueous or non-aqueous solutions and powders.




WO 2005/ 056008 PCT/ GB2004/ 005043 1In one aspect, the present invention
provi des an aqueous sol ution conprising granisetron or a pharmaceutically

accept abl e reof, which is suitable for nasal delive 5 The
aqueous solﬁ'? ES??LOQ@ $the present invention preferably BSWP?OQéO"a?“éni setron

or a pharmaceutically acceptable salt thereof in a concentration of from

0.2 to 150 Iwnmasﬁa%pﬂheﬁﬁeéémaﬁwkmnf ﬁx%@xd@@ﬁﬁ’)aqﬁé&fs BXABR cBmbritiag 150
ng/ M), nore preferablyfrom05 ny/ (for exanple 2 to 125 ng/m)

and nost  preedmscaiohyorfar pharmacauticdlly wﬁmblefsalrt t@rmfpmm i quitedle fog/ m ) .

Hence, when 101gl lanl setron is used in the formof the hydrochloride salt,

t he concent 4t4' §R16FY- grani setron hydrochloride is preferably fromO0. 22 to
168 ng/m (for exanple 1.1 to 168 ng/m ), nore preferably fromO0.56 to 140
mg/ M (for exanple 2 to 140 ng/m ) and nost preferably from1.12 to 112
my/ m(for &hamgleous spbitibagof thg/pespnt ingerrion W¢f§tﬁb§i cqmpsfsetgh@w@trgeous

| ut f th t f.er abl 2
Cop). more. 5 e arsrnel RS sl s ohernERts SbR)m 8445t han” 150
cp. 20 The 3gyeRysmekptessedssthe e bﬁ§e§5(%}te>daﬂ1\p@éﬂllt6r15@ﬁﬁ /g fuesabl y

isotonic or close to isotonic. The osnolality of the sol utlons IS
preferably frefenablylfomo00. ¥512 5 sxghinl l(@);r examplep? ¢ ek28bing/nfily @ndonczsm to 0.40

0°00. osmor/ Rereabgnol Rotdh meDheot Feboiale ot d BORRIS Hehly iR g st oa.
to the qﬁsil\ﬁﬂiliius\éﬁ’qus ubdd inh@e Efgﬁih tof A Rdrédhordddl §ADMR: QmeBlakiohwradj usting

agents kno n the art. Agents that nay be used fo adjust the osnolality
i ncl ude, bugramisetronthyldravhtozidetio prefadablyl Somub?2 &s 16&mrg/mb(fooexaaplbi t ol ,

sugars such 1istodlegétrkgfrr?l),or;lorseagrgfserzﬁ;ll}? ProransO.Sé to 140 mg/ml (for example 2 to
140 mg/ml) and most preferably from 1.12 to 112 mg/ml (for example 6 to 112
mg/ml).
15
The viscosity of the aqueous solutions of the present invention is preferably
less than 250 centipoise (cp), more preferably less than 200 c¢p and most

preferably less than 150 cp.

20  The aqueous solutions of the present invention are preferably isotonic or close
to isotonic. The osmolality of the solutions is preferably from 0.15 to 0.45
osmol/kg, more preferably from 0.20 to 0.40 osmol/kg and most preferably
from 0.25 to 0.35 osmol/kg, for example about 0.29 osmol/kg.

25  The osmolality of the aqueous solutions may be adjusted to the desired value
by the addition of any suitable osmolality adjusting agents known in the art.
Agents that may be used to adjust the osmolality include, but are not limited to
polyols such as mannitol or sorbitol, sugars such as dextrose or salts such as
sodium chloride. The preferred agents for adjusting the osmolality of the

30 aqueous solutions are sodium chloride and mannitol. These agents may be

used alone or in combination.
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sodi um chl oride. The preferred agents for adjusting the osnolality of the
30 aqueous solutions are sodiumchloride and mannitol. These agents may be
used al one or “ﬁ g%ﬂbination. WO 2005/ 056008 PCT/ GB2004/ 005043 The aqueous
sol utions. BP PR ention preferably have a pH of frBHl/SEHEHYS043 hpr e
preferably from3.5 to 7.5 and nost preferably from4.0 to 7.0. The pH of
the solutions nay be adjusted to the desired val ue using any suitable
organic 5 or inorganic acid or organic or inorganic base. Suitable organic
aci ds i ncl udde agpetusagodutivas. dfithé invgntien peederably lwee @ pRiof diom ddP . gl utamic

acid and net hane ul fopi ¢ id uit abl e | norgapi Lds 4 ngl ude, but are
not |imitedM¥’ pr‘?ﬁ%k@c P’B‘rfg_t%ZiSc?algrfBO&Hr%tﬁ{#ﬁlcﬁ 8’%5 Zg&.t%Ziot gﬁ}eeﬁgr gani ¢
bases i ncl uge hdudlutRng mdyHe ddjubtdded thOdesived vl MSing | bileb&N6kebiieMet hani ne
(TRIS). Suitable inorganic 1o bases include, but are not limted to, sodium

hydr oxi dé and inpogass achor loyghndx piimorgahiceragat Svisible organicraclddnelidm, a buffer
system may be, i ncl uded . the co siti.ons.jn.order tg adjust, and maintain
pH. Exanpl e Uh A 9P f}m‘tﬁg 19 A EHC gg‘gt gﬁgciat%(*’ (R Banmg, ac r%rl%g{etﬂ_fainﬁi ted to,
sodi um di hydni@gae adiOS BRRAIE pi%x%gﬁicuﬁéihé/%@lﬁ&é) BitosRNAbe linfRd ]

citrate/citric acid and citric 15 acid/sodi um phosphate. The aqueous
sol uti ons ohydioehliorivenid anl syhwitdidid.oSalthble ogaptd bases hicluslsahut ate salt or

derivative of chitosan or salt, of a derivative igosan.. 20 Chitosan is
a cationic BPB‘[B‘BV‘ MESHPTE: lﬁﬂnﬁﬁ?fggg‘gﬁ@ﬁ@“&mgc%{‘?m BPE8YSani ne t hat
has bi ogghegiye RIRRE! tHugSar@NSbth amiReen, SIyawn LR drdRAOUAd hb@ssist em ¢
bi oavai l'abiliTty of certain drug conpounds across nucosal surfaces such as
the nasal chydroyideseslt¢dnativaly,Brruig idgmay erbpfffodpsiem Apayl b8 mchud®d,in 2002) . 25
the compositions in order to adjust and maintain pH. Examples of suitable
buffer systems include, but are not limited to, sodium dihydrogen
phosphate/potassium hydrogen phosphate, sodium citrate/citric acid and citric

15  acid/sodium phosphate.

The aqueous solutions of the invention may additionally comprise chitosan, a

salt or derivative of chitosan or salt of a derivative of chitosan.

20 Chitosan is a cationic biopolymer comprising glucosamine and N-acetyl
glucosamine that has bioadhesive properties and has been shown to improve
the systemic- bioavailability of certain drug compounds across mucosal surfaces
such as the nasal cavity (see [llum, Drug Discovery Today, 7, 1184-11589,
2002).

25
By the term “chitosan” we include all derivatives of chitin, or poly-N-acetyl-D-
glucosamine, including all polyglucosamines and oligomers of glucosamine
materials of different molecular weights, in which the greater proportion of the
N-acetyl groups have been removed through hydrolysis (deacetylation). In

30 accordance with the present invention, the degree of deacetylation, which

represents the proportion of N-acetyl groups which have been removed through




By the term"chitosan" we include all derivatives of chitin, or

pol y-N-acetyl -D gl ucosam ne, including all polyglucosam nes and ol i goners
of glucosamine mnmaterials of different nolecular weights, in which the
greater proPB8P8H#%% the N acetyl groups have been rR{HGBHOYNFIMigh
hydrol ysis (deacetylation). In 30 accordance with the present invention,

the degree qof l.adt,| i : 5 e L on: N-acet yl

ar oups i chePa e B e B b b R R o 4 BBk O0 S B KBb6041 005043

deacet yl at i atngetite?d% apd efost pdefeyalide be in thheanga7§ed540- 97% nore preferably in
the range 60-96% and nost preferably be in the range 70-95% The chitosan,
chitosan derivative or salt used in the present invention should 5

preferably I i i : 00 Da,
nore pref er[g\éle%}/lﬂ?gnghf Eg‘{"‘%sg‘f‘ng‘%ﬁ X%O%p%atgh%%ig%% %S%ggmtr?gggm 8&%}‘1 gr ably in

the range 2e:fefablytlmvb@inoBCulBaweight insthe tanghil0@®8ro d10O0D00tI Inoré or use in

the present inveption, Salts wth i OUs organic d. i porgani c aci ds
are suit abl @retegely i ihe mnge Iémﬂpstoﬂ%@,pﬁ@@a angdposg,péefﬁrgs& linrﬂ[}? gf0 the
nitrate, ph tes0@bd pyate, lactate, citrate, hydrochloride and acetate
salts. Pref 2?’@22 (Zg?t’gwar g_at he hydrochloric acid and glutamc acid salts.
15 Chitosan derivatives and their salts are also suitable for use in this

invention. Suitable chitosan derivatives include, but are r]ot Jimted to,
esters, eth&pks @f chypsdr argesuyiiphle {EISEonbe M5sepbAveagorcyPlEndthr al kyl

groups with_the h : , t . 1 : u j tosan.
Exanpl e\gbi ng%lla(gles @é@é%déﬁ%@?@% S caﬁ??' %g%n@aﬁg&%gg%ﬁé %Ztts gécslﬁo chi t osan.
Modi fi ed chbtstnsot skighedsiot s ait2ile, Cpinjsplyae.edhitange] yatdty,| eitetgl ycol may
be used in the present invention. _Conjugates of chitosan, and_ polyethyl ene
gl ycol are Bedreshlpude ppd ppddalealis g Preferred salts are the hydrochloric acid and

glutamic acid salts.

15 Chitosan derivatives and their salts are also suitable for use in this invention.
Suitable chitosan derivatives include, but are not limited to, esters, ethers or
other derivatives formed by bonding acyl and/or alkyl groups with the hydroxyl
groups, but not the amino groups of chitosan. Examples include O-alkyl ethers
of chitosan and O-acyl esters of chitosan. Modified chitosans, such as those

20 conjugated to polyethylene glycol may be used in the present invention.

Conjugates of chitosan and polyethylene glycol are described in W0O99/01498.

Chitosans suitable for use in the present invention may be obtained form
various sources, including Primex, Haugesund, Norway; NovaMatrix,
25  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).




Chitosans suitable for use in the present invention nay be obtained form
various sources, including Prinmex, Haugesund, Norway;, NovaMatrix, 25
Dramen, Norway; Sei gagaku America Inc., MDD, USA; Meron _‘(le(lr;ldi a) Pvt, Ltd.,
| ndi a; VansWHZE‘F@,S“‘VA, USA; and AMS Bi ot echnol ogy Lt d. PCURB2004§543 )| o
derivatives include those that are disclosed in Roberts, Chitin Chemstry,
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Particularly preferred chitosan conpounds that ray be nentioned include

chi t osan gl ehaemane glusaitcalfheilablePrast ReseirsaPEPR 18r draroWevelvigirik,  Dr ammen,
Norway). 5 e concl%ntra ion of chitosan in the aqueous solutions is
preferably HHHESNPEY3B0 ng/m, nore preferably from0.75 to 35 ng/m and
nost preferably from1 to 20 ng/m . A preferred chitosan-containing
aqueous solution of the invention conprises 1o fromabout 1 to 112 ng/n
(for exaspl @htcomedtratior60f ¢hytosar) inghe gquenissalninms ihprgfaely diom@S54md from 2

to 10 ng/mM _of chitosan ut te. i t gsan-cont ai ni.ng ,agueous

sol uti ons plsgf“ég/%l ?Olf‘?al?fg%eé?ﬁg?‘i% g’ﬁ???gg\ﬁg?W?ﬁmeé)sf%rﬁ&é%lggtomogt above.

The agents gesg | g above for adjusting the 15 osnolality of the aqueous
solutions can be“used to adjust the osnoblality of chitosan containing

sol ution. The aqueous sol utions containing chitosan, a salt or derivative

t her eof or salt of .a chitosan derivative.preferably have a pH of from 3
to 6, nore g‘rB‘feé‘?Wl ghitosan-corfananesaqysors ol Hf) € B%Vé?‘é%ﬁwpf?%ﬁ&m 4.0 to

5.6. Th H it I By i i
Go,P %156%3 a ooggﬁﬂxlgfrﬁif‘é@f Bk 1S Hort bIWFORY/RS 0BG dhsehBn as

descri bed ear prefierred not to Use citrate salts as the
use of citr hydroslkbtide emhfromsditor 10 mg/ml of chitosan glutamate.

The chitosan-containing aqueous solutions preferably have an osmolality
within the ranges set out above. The agents mentioned above for adjusting the
15 osmolality of the aqueous solutions can be used to adjust the osmolality of

chitosan containing solution.

The aqueous solutions containing chitosan, a salt or derivative thereof or a salt
of a chitosan derivative preferably have a pH of from 3 to 6, more preferably
20 from 3.5 to 5.8 and most preferably from 4.0 to 5.6. The pH of the chitosan
containing solutions may be adjusted as described earlier although it is
preferred not to use citrate salts as the use of citrate salts can result in

precipitate formation in the presence of chitosan.

25  Surprisingly, the present inventors have found that the use of chitosan, a salt or
derivative thereof or a salt of a derivative of chitosan increases the rate of
intranasal absorption of granisetron. By “increased rate of absorption”, we
mean that the time after administration to reach the maximum plasma
concentration (Tmax) is shorter compared to a composition that contains no

30 chitosan. A shorter T,y should equate to a more rapid onset of action.




precipitate formation in the presence of chitosan. 25 Surprisingly, the
present inventors have found that the use of chitosan, a salt or

derivative thereof or a salt of a derivative of chitosan increases the rate
of intranaglé’lzo‘?-g’éwﬁoti on of granisetron. By "increaseBCTGBROH4I05043
absorption”, we nmean that the time after administration to reach the

maxi mum pl asma concentration (Tnex) is shorter conpared to a _conposition
that cont al A8 Waer used émpreparsrihe A0liHBRY @ﬁthwﬁsz;e%tnamreowa%lbé bededs nore rapid

onset of agtd 9 1e® am?og$9§/e9 20808 oh géc%%‘f‘iﬁgloéoﬁ%r t-gr}ﬁml‘f@%@rthéjsed to

prepare the so utlons 0 pres I nvention can be boi and cool ed

and/ or pur gesbiwd bxyepasonsue ianasxeiml maRinise dndestattibtym Purifieslewathe  di ssol ved
oxygen content and hence naxim se drug stability. Purifjed water such as
wat er for Fifhedst Va5 formipigsdions ayyi b vt @dhﬁ&gmpeﬂgnwf theerrpicBtent 5

i nventipn.; IThe.conpositions of the invention may, alternatively, be in the
form of  a non- agueous solution or a powder conposition. io Solvents that
may be used to prepare the non-aqueous sol utions of the i nvention include,

but are not limted. to ethanol, propyle lycol, et h¥l ene glycol,
gl ycof ur ol TheeompesitinsAfdhe Ha’ﬁatl‘ﬁib{n%x%)mﬂ%"é% %é& of adéRi vat i ves,

such as Cr r The concentrati on of granisetron or
a salt the?cg}%p&gno(h%%e noﬁfo%cﬁéggg@i}é% ur%l ons of the invention is 15

typically as descri bed above for the agueous solutions. The viscosity of
the non-aqueous solutions of the invention is typically as described above
for thed adRluenis HBal mayohs. uspHetos Praparolse dontagaequsveretions playhal so contain

thi ckeni ngmvgrﬂﬂ)%mﬁ{gluaé, %%ltl hild rfot limited to ethanol, propylene glycol,
polyethylene glycol, glycofurol, benzyl benzoate and polyoxyethylene castor

oil derivatives, such as Cremophor® (BASF, Germany). The concentration of

granisetron or a salt thereof in the non-aqueous solutions of the invention is

15 typically as described above for the aqueous solutions. The viscosity of the
non-aqueous solutions of the invention is typically as described above for the

aqueous solutions.

The solutions of the invention may also contain thickening, adhesive or gelling
20 agents, such as, but not limited to, celluloses (e.g. hydroxypropyl
methylcellulose, methylcellulose, hydroxypropyl cellulose and microcrystalline

cellulose), carbomers, polyethylene oxide, poloxamers or polyethylene glycols.

The solutions of the present invention may also contain other pharmaceutically

25  acceptable ingredients well known in the art. Such ingredients include, but are
not limited to, antioxidants (for example sodium metabisulphite), chelating
agents (such as edetic acid or one of its salts), preservatives (such as potassium
sorbate, parabens, phenylethyl alcohol or benzalkonium chlioride), flavours and
sweeteners.

30




20 agents, such as, but not Iimted to, cellul oses (e.g. hydroxypropyl

nmet hyl cel | ul ose, nethyl cell ul ose, hydroxypropyl cellul ose and

m crocrystalline cellulose), carboners, polyethylene oxide, Poloxaners or
pol yet hyl en®ORM08¢%88  The sol uti ons of the present i nVEHEPWAYEY3al so
contain other pharmaceutically 25 acceptable ingredients well known in the

art. Such i pesredbBntie balaliswbeof Y irveRtion @bnthinh tekehv@itivanhiexidant s (for
exanpl e sodi um net abi sul phite), chelating agents (such as edetic acid or
one of its stafites) If preseraptiessi are 9piged frogs theotwmrASIHALS sBHBeAT8aNIHES abens,
phenyl et hyl _al cohol or .benzal koni L.ori 0 teners. 30
DN 2000 08ReIE Brreadsh sl Bl gfg(f“;,n[ BEH TodmpRIEF| ©

i nvention cgfkiigithe cOmpsaniMatdsyticand boby tifinally efetilicing kifenpr eservatives are
omtted fromthe conpositions, mcroorgani sns nay be renoved using any

sui tabl e3nmet hod known in the art, for exanple by nmaking the conpositions

asepticallygyor. by, termnal l.y steri|.s] t.he ref-erably the

conposi ti ongreg?ra%{]ﬁet ?ﬁ?/rgﬂ?sll% S éhen%lﬁé“gg’%“ ggeenlnés yl@éﬁ%gds of formul ating
drug substances for administration in a powder form are well known to
those skilled in the art. For exanple, the powder 1o fornulations of the
present i nviethasly afefpripelating dheg subsieneds far plaimdsteftiogring pQyREdemn t h ot her
i ngredi ents

or inn . the form of nul es ,or nm crospheres. po r blend
according t & W_@luptkgg‘élﬁt ?(i m}%ﬁﬁ ig%’ﬂle VS 51?‘%;%?%%2%’9?%1 ﬁﬁ%g"o\%i_:ééni setron
or a phas magpphil#RhS YAk RE&R! Bvamioh hilebedd th Fdinml 64 biehadreRtients 15
that are standard in the art. Such inert ingredients include, but are not
linmited to, paviarenitisothacingesliant, of unﬁlpiﬁfarﬁpwgﬁTéf,MﬁSa@tm@eO,SPh@g%r s such as
sucrose and
A powder blend according to the present invention may be prepared by mixing
granisetron or a pharmaceutically acceptable salt thereof with inert ingredients
15  that are standard in the art. Such inert ingredients include, but are not limited
to, diluents such as calcium phosphate, lactose, sugars such as sucrose and
dextrose, polyols such as mannitol and sorbitol, and microcrystalline cellulose,
glidants such as colloidal silica, lubricants such as magnesium stearate and
hydrogenated vegetable oil and surfactants such as polysorbates; and
20  polyethylene glycol. The powder blend may optionally contain chitosan, a salt

or derivative of chitosan or a salt of a derivative of chitosan.

For preparing a uniform powder blend on a small scale, a pestle and mortar
and/or sieve may be appropriate whereas mechanical mixers are required for
25 larger scale manufacture. There are numerous types of mixer available and
these are widely described in the literature, for example Chapter 37,
Remington: The Science and Practice of Pharmacy, 20" Edition, Lipincott,

Williams and Wilkins, Baltimore, 2000.

30  Alternative processes for preparing the formulations of the invention include

spray drying, granulation and supercritical fluid processes.




dextrose, polyols such as mannitol and sorbitol, and mcrocrystalline
cellulose, glidants such as colloidal silica, lubricants such as magnesi um
stearate and hydrogenated vegetable oil and surfactants such as

pol ysor bat e¥9?2 @363% pol yet hyl ene glycol. The powder bPeHEBWAYO8HE| onal |y
contain chitosan, a salt or derivative of chitosan or a salt of a
derivative of chitosan. For preparing a uniform powler blend on a snall
scale, a pestle and nortar and/or sieve may be appropriate whereas

mechani cal A&f sherpovedes cpmgositieniof Be inpmtion cgmprisesagranyiesn tfese granales There are
nuner ous types ,of m.xer, aval |l abl e and, t [ | : SCr | in the
literature, agrbeeggg%?eéi %f]geﬁt]!grgue\f?‘jvafiﬁr’egr}‘?ﬁg? %lr?: e#}lgg@:hl @ﬁca?%ﬁﬁq&r actice of

Phar macy, 2Q#&h ghinldtion, diy ghmgatdn, (sl_u%hx@?},muﬁﬂﬁl’sWe!rdﬂimionﬁ%iﬁibﬂ@re, 2000.
30 Alternative Ear{_ocesses for preparing the formulations of the invention
i ncl ude Sspetanuttighsgd sprayvenggaliog. es dgfaileon grapglation piogesieo@akses. 8 WO

2005/ 056008, PCT/ GB20044.005043 - | f th i1 the i i
compr i ses gPRMIEa rddangre i celbfi G008 o SRR b KBheblSel "uall "

known to thgspd BloshdeRoriiy, §.NME QkdterSE TedBnonie] I &Hoasel, @ 0993.dry granul ation
(sl ugging), extrusion/spheronisation, fluid bed 5 granulation and spray
congeal ing. Further details on granul ation processes may be found in the

literature, for,exanpl e Chapter 6,, Pharnaceuti cal i nciples.o Sol i d
bosage. For it S4iEe8 TRgFarlafiBh o srehaman e casecabeble ARS8 3ter »*aadi ¢ on
to granijget jRReREntd RAALEBREHDbGA MtRGESREARIS. S8LEh bIRF eRdredigither 10
ingredients may be incorporated into the .?ranul es. Such other ingredients

i ncl ude, buinchude, hot atei mittlgditedio, staachshediluagid sushtas eladwm grhosphiats, um
phosphat e,

AL W TR T N X TR
(pol yvi nyl pyhelsi depg) . 4¥et hybshd Ul @38winylpyrrolidone), methylcellulose,
polyethylene glycol, gelatin and acacia, disintegrants such as starch,

15 croscarmellose and crospovidone, glidants such as colloidal silica, and
lubricants such as magnesium stearate and hydrogenated vegetable oil. The

granules may optionally contain chitosan, a salt or derivative of chitosan or a

salt of a derivative of chitosan.

20 Methods for preparation of microspheres are well known to those skilled in the
art and include, but are not limited to, spray drying, interfacial polymerisation,
coarcervation/phase separation and solvent evaporation.  Methods for
producing microspheres are described in, for example, Physicochemical
Principles of Pharmacy, 3™ Edition, pages 357 to 360, A T Florence and D

25  Attwood, Macmillan, London, 1998 and Physical Pharmacy, 4 Edition, pages
516 to 519, A Martin, Wilkins and Wilkins, Baltimore, 1993. The
microspheres may alternatively be produced using the methods described in

WO98/30207 and the documents cited therein.

30 In addition to granisetron or a pharmaceutically acceptable salt thereof, the

microspheres used in the present invention may include ingredients that are




pol yet hyl ene gl ycol, gelatin and acacia, disintegrants such as starch, 15
croscarnel | ose and crospovi done, glidants such as colloidal silica, and

| ubricants such as magnesi um st earate and hydrogenated vegetable oil. The
granul es nelYOSHSOYW [y contain chltosan a salt or dePGUEBIUIOF3 chit osan
or a salt of a derivative of chitosan. ;20 Methods for preparation of

m cr ospher n?cPar §i r\xNﬂ{el arkpoog\@s&z%b ehtgsn% 135“14(18% r'nf}r gﬁer@sr Euc?trég,ngd’t"ﬁl)’tjde’ but

are not 29" {0, spray drying, inter

coar cer vat [ Qﬂﬁt@:ﬁaﬁﬁ ﬁﬁﬁl@ésatdeﬁﬁa@ndge%hvemiunﬁnamoﬂﬁgdnp yaliiinivodsidf or
producing m crospheres are described in, for exanple, Physicochem cal
Princi pl es éhltW&rlﬁﬁWe SBTESEAPHT SR, I HHEEL r@@haqrbla@mpommrrwefi &hce and D

25 Attwood, L 1 P P h ition,
pages 516 { %hﬂaﬁﬂ@mg@&ﬁﬂw Zﬁ@ lﬁgagd @\?ﬁa%gg’ %ﬁ @%ré‘ﬁh 95€ The
M cr ospher esmeMa)calut @t naid pogyestcbesuph aslpeigdadtitien-glheolide).hods described in
W98/ 30207 and the docunents cited therein. 30 In addition to granisetron

or a pharmaceutically acceptable salt thereof, the mcrospheres used in

h ' /
PCT/ G004/ SEBBIIidRBR AR ARG PR ST plclanifiye 2 el 107"

m cr ospher egoréitho@ FronP Bt t190% biyMvéight («lcusdted ebehe &&sz{saﬁsf tigel atin,
al bum n, collagen, hyaluronic acid, chitosan, |actose, sucrose, dextrose,

manni t ol | rréqrhwéatgpmwr@ @mﬂegphbfr Fomug o 48% by eveEmktr angi LEFY) Prpisrapher s
(Degussa Ggr X /e% s such as 5 nethylcellul ose, and pol yesters
such as ‘pol ()F’a dS Y 1ide). The powder fornul ations of the present

invention preferably have a grani setron
If the powder formulations of the present invention comprise chitosan, a salt or
derivative of chitosan or a salt of a derivative of chitosan they preferably have a
chitosan content of from 2 to 95% by weight (calculated as the free base) of the
15 formulation, more preferably from 5 to 90% by weight and most preferably

from 10 to 80% by weight.

The powder formulations of the invention preferably have a particle size in the
range of from 10 to 900 pm, more preferably from 10 to 600 pm and most
20 preferably from 10 to 300 um. More specifically, the mean particle size,
expressed as the volume mean diameter (Dsey) and measured by a technique
such as light microscopy combined with image analysis lies within these
ranges. The Dsgy, is preferably from 25 to 700 pm, more preferably from 25 to
450 um and most preferably from 25 to 200 um. Furthermore, no more than
25  10% by volume of the particles have a diameter (D gq,) less than 10 um and at
least 90% by volume of the particles have a diameter (Dggs,) that does not

exceed the upper limit of the size range.

It is desirable that the formulations of the invention do not contain substantial
30 numbers of particles having a size below 10 um in order to minimise the

possibility of delivery into the lungs.
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content of from2 to 90% by wei ght (calculated as the free base) of the
formul ation, nore preferably fromb5 to 70% by wei ght and nost preferably

to from10 to 50% by weight. If the powder fornulations of the present

i nvention cWRFPPLE%4it osan, a salt or derivative of BRVEBYAHISM3a salt of
a derivative of chitosan they preferably have a chitosan content of from 2
to 95% by weight (calculated as the free base) of the 15 formulation, nore
preferably from5 to 90% by wei ght and nost preferably from 10 to 80% by
wei ght. The Tﬂwmnpdsﬁrqml@f{ﬁh@nsvmmtl rraay mﬁéﬂ@i awtharedrug aplagdiiay doa particl e

size in the range of fr.om 10 t.0,.900 [ refeerably fro to 600 pm
and nost Zggp%ﬁxgpa%aypl}a%%ef&c “3' agﬁgoq%ql%fgggeﬁécWC%HO??QF %gd mean
particle siz@mpabeasRigfbnab dfiuem¥p b RedeFefdiradRibiefiondlRtgs mordeeasured by
a technique such as |ight microscopy conbined with inmage analysis |ies

wi t hi n t HesantiemplieeortiTererpBio F¢hsa eémmeﬁl@sqnefqrm@n@@uva@a%wr nor e
preferably fron125 go 450 m and nost preferably from25 to 200 tiro.
Furtherm)re,eSlﬁ hr%ero " than 25 10% by volume of the particles have a dianeter
(D0% less than 10 mand at |east 90% by volune of the particles have a
di ameter (D90% that does not exceed the upper limt of the size range. It
i s desi r abl dherrampobigiohs ofitheainveripnghay he ailmudsiciedriodbe nasel ey dnn

substantial 30 nupbers of particles having.a Si bel ow.10 min order to
mi ni m se t hé@™ p%’étéﬁ%i F‘%”E’&y orqawi%ypenfoﬁgm P’ﬁ_ﬁ%"s.‘n UWD%OE’FOSGO%
PCT/ GB20@4/ QAndMisteredns teORASIat it Nisthe ol 6f iAoy EBE 4 HftayBYd ihepbwd&sanot her
drug in addition to granisetron or a pharmaceutically acceptable salt

t her eof . Anyf dppnvgtioatreayalndadnzioisteatd il asresdtisadi formal drug may be used.
Preferred additional drugs include

A preferred method of administering the solutions of the invention is using a
spray device. Spray devices can be single (“unit”) dose or multiple dose
15 systems, for example comprising a bottle, pump and actuator, and are available
from various commercial sources, including Pfeiffer (Germany), Valois
(France), Calmar (Germany), Ursatech (Germany), Bespak (UK) and Becton-
Dickinson (USA). Electrostatic spray devices, such as described in US
5,655,517, are also suitable for the intranasal administration of the solutions of

20 the invention.

For a spray device, the typical volume of liquid that is dispensed in a single
spray actuation is from 0.01 to 0.14 ml, for example from 0.05 to 0.14 ml, such
as 0.1 ml. It is a practical proposition to administer up to about 0.2 ml into
25  each nostril (i.e. two x 0.1 ml sprays) to provide a therapeutic dose of drug,
although the most acceptable dosing regimen would be one spray into one or
both nostrils. On the basis of administering a granisetron dose of 2 mg
(expressed as free base) as a total of one or two 0.1 ml sprays, the drug
concentration is preferably from about 11 to about 22 mg/ml granisetron
30 hydrochloride. Obviously, smaller spray volumes (or larger drug doses) could

be administered if there was a corresponding increase in drug concentration i.e.

11




5 antienmetic corticosteroids such as dexanet hasone or a pharnmaceutically
salt or ester thereof. The conpositions of the invention nay be

adm nistered to the nasal cavity in any suitable form For exarr(gl e, the
sol utions o OB N%fention nay be 1o adninistered to PHECRRSHLity in

the formof drops or a spray and the powders of the invention may be

admi ni st er ed 1 maaesesauld ed dministeddpsef engled.0®ntloprayf ofoalAd mgiinéri ng t he
solutions of the invention is using a spray device. Spray devices can be
singl e ("uniganisegeadygrocklaride splatifhse 15 systens, for exanpl e conprising a
bottle, punp and actuator, and are avail able from various conmerci al
sources, including Pfeiffer (Germany), Valois (France), Calmar (Gernmany),

Ursat ech ( Cdhegoyider Barspadtionblsf tlenpteRac irornti@h alel prsfonab{jadhiniskredt r ost ati c
spray devices, such as descriped in US 5 655,517, are also suitable for
the i nt r Anadalthadafisntsin astosplised fowm vharehy gReyiiromopainel HhgldHeT on. For a

spray device,..: - VAl foCHAL I LS I singl e
spray act ua’??néﬁﬁ%&%/%%. %eié)#g?eogfaédwk ?rgtrquig?%l ce&?l?}gpﬁsgl%ﬂgr{%lg 0.14 m,
such as 0. Hevite itbdlf prpvirlep ticderasalisapivo poarigy, smoh bovadopreataraipAt o about

0.2 mM into 25 each nostril (i.e. two x 0.1 m sprays) to provide a

t herapeutic emjg@le(qf. the dermer fevigs iy W@H@CW byl zﬁéﬁ%m%alas&qu&e ngi men
woul d "be NG, SR EYis kﬂy‘%{&? oWder”t}R%r{hﬁm&%& %gskfal&)s". the basis of

adm ni stering a granisetron dose 0 ngy xpressed as free base) as a
total ofjpone or two 0.1 m sprays, the drug concentration is preferably

fromabout 11 to about 22 ng/m granisetron_ 30 h){_drochl qQride. Qoviously,
smal | er spr dje \R5esgRb snvesHon Asgeproviday adensasyrugfiliyenhdedeiPnadoseed i f
there was a_corresponding increasa.. n t] b B WO
2005/ 0560080%&%0&%08‘58 Argasﬁ aélively debie GORLANNIHR A Wmbodrion 4l

defined above.

15 The present invention also provides processes for preparing the compositions
of the invention. The process for preparing the solutions of the invention
comprises mixing the components in a suitable solvent such as water. The

powder compositions may be prepared using methods known in the art.

20  The compositions of the present invention have antiemetic properties and may
be used in the treatment and/or prevention of nausea and/or vomiting, in
particular arising during cancer chemotherapy, radiotherapy and following
surgery. Thus, the present invention provides a method of administering
granisetron to a patient in need thereof, for example for the prevention or

25  treatment of the conditions set out above, which comprises the intranasal

administration of a composition as defined above to the patient.

- The present invention also provides the use of granisetron or a salt thereof in
manufacture of a medicament for nasal administration to a patient in need
30 thereof. Such a medicament may have antiemetic properties and may be used

in the treatment and/or prevention of nausea and/or vomiting.

12




a 2 ng dose could be adm nistered as a single 0.05 m spray of a 45 ng/ni
grani setron hydrochl oride solution. The powder fornul ations of the present
invention are preferably adm nistered 5 to the patient in aerosolised form
wher eby eneW8P B0 W%at i ent inhal ation (sniffing) is BSEGBI®YWMdsol i se
the powder into the nasal cavity or where the device itself provides the
aerosolisation energy, such as via conpressed air. An exanple of the
former device is manufactured by Pfeiffer and an exanple of the latter is
t he " Monopowdgrefigiieruf act ured by Val ois. 10 The present invention al so

provi des a nasal drug delivery device or a dose cartridge for use in a
nasal delivery device |oaded with a conposition as defined above. 15 The

present i nveqdironl ahs@s Pplashs eHnpéteass esirvar follosyag i digihiseatioampdsi ti ons
of the invention. The process for preparing the solutions of the invention
conpri se§ miniaygneusend onfrnas weaniseiran Somudions &Q$hFEAt such as water. The
powder conpositions may be prepared using nethods known in the art. 20 The
conpositions of the present invention have antienetic properties and nay

be used in tije iveaAbARMIuGREL OBy M dyitdwihgRopdintiding ecangplel. or vomiting, in
particular arising during cancer chenotherapy, radiotherapy and follow ng
surgery. Thus, the present invention provides a nethod of adm nistering

i set t tient i th f. th ti
3511 oat nenExop b L 16Tapb R AGRGah GhEMing s mfTaRARatfin 02 PRV "

intranasgl admnistration of a conposition as defined above to the

patient. The present invention also provides the use of granisetron or a
sal t thereoft.468 g nfgtanisstron diydfochlomddi(EiHenitdareghonashina)awas ieighedtion to a

patient in need t hereof . .Sych a i C Ve ha i j C
properties é{ﬁ% amg@ g2 lygg.lanetnc YAk anqe§id AP val® fo'ﬂ%%cﬁ‘é}} (§£§E&1’,
Thetford, UK) was added. The flask contents were stirred until the drug had

dissolved and then made to volume with water. This produced a stock solution

15  containing 40 mg/ml granisetron (base).

40 mg of sodium hydroxide (Fisher, Loughborough, UK) was weighed into a
100 m! volumetric flask and 90 ml of water for injection added. The flask
contents were stirred until the sodium hydroxide had dissolved and then made

20  to volume with water. This produced 0.01M sodium hydroxide solution.

300 mg of 50% benzalkonium chloride solution (Albright & Wilson,
Whitehaven, UK) was weighed into a 10 ml volumetric flask and 8 ml of water
for injection added. The flask contents were stirred to disperse the
25 benzalkonium chloi‘ide and then made up to volume with water. This produced

a stock solution containing 15 mg/ml benzalkonium chloride.

Using a pipette, 12.5 ml of the 40 mg/ml granisetron stock solution was
dispensed into a 25 ml volumetric flask. 8 ml of water for injection and 0.25
30 ml of 15 mg/ml benzalkonium chloride solution were added to the flask. 170

mg of sodium chloride (Sigma, Poole, UK) was added to the flask and stirred

13




in the treatnent and/or prevention of nausea and/or vomting. 12
--------------------------- WO 2005/ 056008 PCT/ GB2004/ 005043 In the
figures: Figure 1 shows plasma concentration curves follow n

adni ni st r at W8RG050& i ntr avenous and intranasal grani S%QVBWO&SQO?M? ations to
sheep. The invention is illustrated by the followi ng non-limting exanples.

Exanpl e 1 - Laf iRAASE]. $Rd Yii SMkh6 QPfufibA WAS adRisi¥8/t815. WhpaE&SE 0@IM 10 4. 468 g
of grani setron hydrochl oride (ZMC, Hangzhou,” China) was weighed into a 100

n  vol unet r isodifiralsidraxide s6lutibn.ofThodlask consents mjee made up Baxelme withet f or d,

UK) was added. The flLask .conte re stirred untj he dru

di ssol ved ah’@tetrhgﬁ‘enéﬂé R}g WAl ﬂ%i a&? £ g\ﬂ?@?l}tyfﬁﬁlssb.gp%gﬂgglé}(% ?Egck

sol ution 13,6064 38Ry FRHPLOFRErSREHON cORREE) Théshfedafonseddi um
hydr oxi de (Fisher, Loughborough, UK) was weighed into a 100 ml volunetric
flask and 9@vasi20@fmgdatler for injection added. The flask contents were
stirred until the sodi um hydroxi de had di ssol ved and then nade 20 to
volunme with water. This produced 0.01M sodi um hydroxi de sol ution. 300 ny of

50% benzal k‘ﬁ)ﬁaﬂ%&mpiﬁﬁﬁnéﬁh Whiu@idn(Qnitkin o 26« ¥/ bl Branisihbh elpaven, UK) was

wei ghed into a vol unetric flask and 8 mMl of water for injection
added. The figak chivodamrgletameate stirred to di sperse the 25 benzal koni um
chl oride and then nmade up to volume with water. This produced a stock
solution containing 15 ng/m benzal konium chloride. Using a pipette, 12.5

T ek 18, 2o a0k B0l e o i o 29
Norway) was weighed into a 50 ml volumetric flask. 25 ml of 40 mg/ml
granisetron stock solution (prepared in Example 1) and 15 ml of water for
injection were added to the flask. The flask contents were stirred until the
chitosan had dissolved. 0.5 ml of 15 mg/ml benzalkonium chloride stock

15 solution (Example 1) and 0.327 g of sodium chloride were added to the flask
containing chitosan and granisetron and the contents stirred until dissolved,
The flask contents were made up to volume with water and the pH, osmolality
and granisetron content (HPLC) measured. The pH was 4.85, the osmolality
was 0.303 osmol/kg and the granisetron content was 20.0 mg/ml.

20

Example 3 - Pharmacokinetic performance of intranasal granisetron

formulations in sheep

The pharmacokinetic performance of the intranasal granisetron solutions
25 described in Examples 1 and 2 was evaluated in sheep. For purposes of
determining the absolute bioavailability of the intranasal doses, an intravenous
injection of granisetron was administered. The injection product contained 1

mg/ml granisetron (Kytril® injection, Roche, Welwyn, UK).

30 A group of five female sheep was used, each weighing around 35 kg. The

formulations were administered to a randomised cross-over design. Each

14




30 m of 15 ng/m benzal koni um chl ori de solution were added to the flask.
170 ng of sodiumchloride (Sigma, Poole, UK) was added to the flask and
stirred 13 WD 2005/ 056008 PCT/ GB2004/ 005043 wuntil dissolved. The pH of

t he sol uti oNORS0¥M8usted to 5.0 by adding 0.01M sodiREHERAMERFMR
solution. The flask contents were nade up to volume with water. The final

pH was 5. 25;and,daheoRRMRlR! Wiy ahiBSiferd®4t @ ide@n dbbeof 8ahyt Ik was
anal ysed by HPLC for granisetron content. e assayed content 5 was 20.2

my/ m . Exangbse Ras pravidesnlas alminddtering A.4cohtodicad épraglatghn ria gramyset ron and
5 nmg/m chitasan. glutamate | 0 250 .of chitosan gl utanate. (Protasan
UPG213, Novg‘f'\}ﬁ?erwgg ﬂﬁ"z‘?ﬁ%’r‘?}um. ?19\%19?" I&Z‘Qse %tl}éﬁ%ge?%bj%gé’ogﬁdsm f@)eol unetric
flask. 25 o pulABnsWerd weldfAdhR8byhe ﬁ&e@ﬁ,kassr@éa%ﬂe@lbﬁ(ﬂfkrﬁ&ﬁfeﬁ@& b Exanpl e
1) and 15 m of water for injection were added to the flask. The flask

cont ent s5 wesmorsing pndanaaing pashdosec hFonthrnintaxendis dedey ddnl of Eyil®f 15 ng/ m
benzal koni um.chl ori de stogk 15 solution (Exanpl e and 0.327 g of sodium
chloride weldccHGR &S ?dng ﬁﬁgr@pgghﬁon)c%%taﬁrrﬁm@%ﬁﬁtﬂ?g&% R Yy ani set ron and
the contents stirred until dissolved. The flask contents were nade up to

volume with water and the pH, osnolality and granisetron content (HPLC)
measur ed. TBiodHamptes4v@s collémed el aabod minwagerdodfidlopsrgdysing amd t he

grani setron content was 20.0Q ng/m . 2 | e 3 .- Pharmacokinetjc

per f or mancePgFms ﬁ?ﬂaé?ﬁ%éa rifl"%f‘%%gé’t’ FdR° a%% gﬁ Rpuma ey ‘?‘ﬁbd

phar macoki ngi i At hdll @RbRBLRE deRbédd)ons 25

descri bg(g iﬁﬁdégae?r% %@h;ﬁg;@@&%&;@&gg&g{%ﬁn sheep. Ilgor pur pos)es of
Pharmacokinetic parameters were calculated from the plasma data.

A summary of pharmacokinetic parameters is provided in Table 1. Plasma
concentration versus time curves are provided in Figure 1.

15
Table 1. Summary of pharmacokinetic parameters following administration of

granisetron intranasal and IV injection doses to sheep (mean, n=5 [SD]).

Dose group Tax (min) | Ciax (ng/ml) Absolute

’ bioavailability (%)
Nasal solution (Example 1) 14 [2] 19 [4] .48 [8]
Nasal solution + 5 mg/ml 8 [3] 26 [4] 50[12]
chitosan (Example 2)
IV injection (Kytril®) 0[0] 54 [15] 100

Granisetron was well absorbed by the intranasal route in sheep, with a
20  bioavailability relative to intravenous injection of around 50%. The peak
plasma concentration (Cp,) was higher for the chitosan-containing solution
and was reached more rapidly (Tp.). Statistically Tp,e was significantly

different (p<0.05) between the two nasal dose groups.

15




determ ning the absolute bioavailability of the intranasal doses, an

i ntravenous injection of granisetron was adm ni stered. The injection
product contained 1 nmg/m granisetron (Kytril(r) injection, Roche, Wl wyn,
UK). 30 A gVBaps87604s ve femal e sheep was used, each me‘i’%??@““éﬂ“ﬂ’dﬁd 35 kg.
The formulations were administered to a random sed cross-over desi gn. Each

14 WO 2005/ gﬁgﬂﬂﬁe 'y qﬂt@@%ﬂé&@é&ﬂ@onﬂa[ﬂlﬁaﬁﬁﬁﬁﬂmi SFdfideonON Was

adm ni stered at "a grani setron dose of . This dose was provi ded by
adm nistering 0.4 m of each fornul atlon V|a a spray device with the dose

vol unme bein vi ded.. equal et.we bot tril gu! ions were
well tolera g‘gbb’i? tﬂ% b% g@dﬁ%z‘ ched(b;g:t%hréjgf grgaugtg%n b‘é’# 5 ggnortl ng and
sneezi ng po%lo%‘ééeinto':@rs D€ oluMdtaY e Sndas el of WateOhddei! rThe( flhsk i nj ecti on
(i.e. 2 mg of granisetron) was adninistered as a bol us injection. Blood

sanpl es fver eomtert mﬁedlrmﬂemtlétmﬁbuglhﬁ@ﬁéswéﬁd oll-§ &1 vasiomynd@iﬂm@e and

pl asma separated, G ani setron was i so romthe S s by solid
to phase ext¥g®g}oh BHP qﬂaﬂﬂl PHaREnSy @raﬁ%eﬁogjﬂé ?fgﬁ?g %eﬂﬁ

det ecti on) %5@%@6@&%?@@ PRLA r@eeeeard%e&% o glaflett 0kl Pl asm

data. A su armacokinetic raneters is provided in Table 1

Pl asma  cong@nthealdsRRoliehs Whrrkd lIBtllCalt vethedngrepientsihde dissolved. gliéeull. 15 Table
1. Summary of pharnmacokinetic paraneters follow ng adm ni st ration of

gr ani set r onof A0 Mhaedinmanigraxidq spluiden sies addebto G Jlrskand MsafOigs [ SDJ) .

sol ut ot ( At Vit s Mg e MRPHbfon MO TYRLbR3R i, 3T 26

[4] 50 [12] osmolality of 0.344 osmol/kg.

Example 5 -Intranasal solution containing 20 mg/ml granisetron in pH 5
buffer

15
0.9073 g of potassium dihydrogen orthophosphate (BDH, UK) was dissolved in

approximately 90 ml of water and then made up to 100 ml in a volumetric flask
(Solution A). 0.2374 g of disodium hydrogen orthophosphate (Fisher, UK) was
dissolved in approximately 15 ml of water and then made up to 20 ml in a

20  volumetric flask (Solution B).

49.6 ml of Solution A was dispensed into a 50 ml volumetric flask and the flask

contents made up to 50 ml using Solution B (= Solution C).

25 112 mg of granisetron hydrochloride (= 100 mg granisetron base) was weighed
into a 5 ml volumetric flask and dissolved in 4 ml of Solution C. 9.3 mg of
sodium chloride and 7.5 mg of potassium sorbate (Sigma) were dissolved in the
granisetron solution and the flask contents made up to volume with Solution C.

The final solution had a pH of 5.1 and had an osmolality of 0.28 osmol/kg.

16




chitosan (Exanple 2) IVinjection (Kytril(& O [0] 54 [15] 100 G anisetron
was wel | absorbed by the intranasal route in sheep, with a 20

bi oavailability relative to intravenous injection of around 50% The peak
pl asma conc¥N2yaPFedss (Cnax) was hi gher for the chit osaffCiFeRR%H MY sol uti on
and was reached nore rapidly (Trmax). Statistically Tmax was significantly
different (p<0.05) between the two nasal dose groups. 15 WO 2005/ 056008
PCT/ GB2004/ 005043 Exanple 4 - Intranasal solution containing 50 ng/m

grani setron 279.3 ng of granisetron hydrochloride .(= 250 ng grani setron
base) was weighed into a 5 m volunetric flask and 4 m of water added.
The flask 5 contents were stirred until the drug had dissolved. 17.5 ng of

sodi um chl of| 1 ioR’ @RY4in R APRIm( N-dsebrdRanaBIe es, UK)
and 25 .tlog#%yg&egﬁy{ig%rﬁﬁsg?ggﬁlgla é(b%.YACl:PTr’eatt, UKT vveree addgzi to the

grani setyonbsfférit i on and the flask contents stirred until all of the
i ngredi ents had dissolved. 160 | of 0.01M sodi um hydroxi de sol ution was
added to the flask and the contents 1o made to volune with water. The final

sol ution hagy a pthe&onmion @f@xa!ri]&gﬂe gpwafﬁﬁ'ﬁéﬁbd‘l Info 850 GaI3AthimesipEkg: Exanple 5

-Intranasal solution containi 200mg/ M " granisetron in pH 5 buffer 15
0. 9073 g of aebtigs fhskediténts mege mpotet B® phiosgihatSeluytepH3 .(Exknplga® i ssol ved in
approximately 90 nml. of water and then nade up to 100 m in a volunetric
flask (Sol AR R). 0.2374 g of di sodi um hydrogen orthophosphate (Fisher,
UK) was di ssolved in approximately 15 m of water and then nmade up to 20
m in a

55.9 mg of granisetron hydrochloride (= 50 mg granisetron base) was weighed

into a 5 ml volumetric flask and dissolved in 4 ml of Solution D. 95 mg of

mannitol (Roquette, France) and 50 pl of 15 mg/ml benzalkonium chloride

solution (Example 1) were dissolved in the granisetron solution and the flask

15 contents made up to volume with Solution D. The final solution had a pH of

5.9 and had an osmolality of 0.29 osmol/kg.

Example 7 — Powder blend comprising granisetron hydrochloride and
chitosan glutamate

20
2.24 g of granisetron hydrochloride, 5 g of chitosan glutamate (Protasan

UPG213, NovaMatrix, Norway) and 2.76 g of lactose (InhaLac® 120, Meggle, '
Germany) are weighed into a glass bottle. A lid is attached to the bottle, which
is placed into a Turbula T2C mixer (Willy Bachofen, Basel, Switzerland). The
25 bottle contents are mixed at speed setting 2 for 30 minutes. A 10 mg sample of
the powder blend is filled into a Monopowder nasal spray device (Valois,
Marly-le-Roi, France). When actuated, this device will deliver 10 mg of

powder, equivalent to 2 mg of granisetron.




20 volunmetric flask (Solution B). 49.6 ml of Solution A was dispensed into
a 50 m volunetric flask and the flask contents made up to 50 m wusing

Sol uti on B‘(V Sol ution Q 25 112 ng of granisetron hydrochloride %z 100 ny
gr ani set r onVB3EBI WS wei ghed into a 5 m vol unetric PYESROMIMYU? ssol ved
in 4 mM of Sol utlon C. 9.3 ng of sodiumchloride and 7.5 ng of potassium

sorbate (Si 18e_ i SRYME Srafisdthén sORuBdhSl pPHNS Siet AG@dsedidnd he f1ask
contents ma gg)l%ﬂ@o vol uﬁrrfagvvl'%r S(S) utlgnuC Thg final solution had a pH of

5.1 and hadpaosgsstebaffexy of 0.28 osnol/kg. 30 16 WD 2005/ 056008
PCT/ GB2004/ 005043 Exanmple 6 - Intranasal solution containing 10 ng/ m
granisetron in pH 6 5 buffer 44.5 m of Solution A (Exanple 5) was

di spensed 'UtZQOa% %Qnmacﬁpkﬂéﬂae? rq fentifias Kougitdrdupe, TUI@S%asC@fSE@ﬂé(B inrade up to
50 n using Sol'ution B (Exanple 5) Sol utTon 1/{Lmé]lo 55.9 ganl setron

hydr ochl or i dppr()xlnﬁﬁelm? my} efivvaet andrihéramedie vpto mvolummwaﬂag

vol unetric f{:ozlﬁ n]g solved in 4 nl of Solution D. 95 ng of mannitol
(Roquette. 8%; Han 0 | of 15 ng/m benzal koni um chl oride sol ution
(Exanmpl e 1) were dissolved in the granisetron solution and the flask 15
contents made up to volunme with Solution D. The final solution had a pH of
5.9 and had0366 gsofalisddiuny hpdroger?artiomirosytiaty. dl&)«aml(&sher-scws@é}wm end

conpri si ng g1sso Ve(?tron h&drocglé)rl de.and ¢ tBosan Iutt%

in approximately 9 ml of water and then Alade ml 2 a

10 volumetric flask to produce Solution 2.

Into a 10 ml volumetric flask was dispensed 5 ml of Solution 1 and the flask

contents made up to 10 ml using Solution 2 to produce Solution 3.

15 0.224 g granisetron hydrochloride (Hisun, Zhejiang, China) was dissolved in
approximately 4 ml of water and then made up with water to 5 ml in a

volumetric flask. This produced a stock solution containing 40 mg/ml

granisetron (base).

20 Using a pipette, 2.5 ml of the 40 mg/ml granisetron stock solution was
dispensed into a 5 ml volumetric flask. 1.5 ml of Solution 3 and 0.05 ml of 15
mg/ml benzalkonium chloride solution were added to the flask. 7.7 mg of
sodium chloride (Mallinckrodt, USA) was added to the flask and stirred until
dissolved. The flask contents were then made up to volume with Solution 3.

25 The final pH was 4.93 and the osmolality was 0.293 osmol/kg.

18




2.24 g of granisetron hydrochloride, 5 g of chitosan glutamate (Protasan
UPG213, NovaMatrix, Norway) and 2.76 g of |actose (InhaLac(r) 120, Meggl e,
Germany) are weighed into a glass bottle. Alid is attached to the bottle,
which 1is placed into a Turbula T2C m xer (WIIly Bachofen, Basel,
Switzerland). The 25 bottle contents are m xed at speed setting 2 for 30
m nutes. A 10 ng sanple of the powder blend is filled into a Monopowder
nasal spray device (Valois, Mrly-le-Roi, France). Wen actuated, this
devi ce w | ICId&IMSer 10 ng of powder, equivalent to 2 ng of granisetron. 30
17 WD 2005/ 056008 PCT/ GB2004/ 005043 Exanple 8 - 20 ng/m grani setron
solution in pH5 citric acid/sodium phosphate buffer 0.210 g citric acid
(Fi sher Scientific, Loughborough, UK) was dissolved in 5 approximtely 9
m of water and then made up to 10 ml in a volunetric flask to _produce
Sol ution I.10. éB?QmQOﬁ?lO%IF%Béﬁah‘ilﬁhl’{%fr"%‘@ﬁs‘% ERBpSHE anbamassicale (Fi sher
Scienti fic) wagcehthiis GAV@Breb) aRPRB¥MRERL, ¥ divhkivObr Y@ 2 ARG AREN made up
to 10 M ina 10 volunetric flask to produce Solution 2. Into a 10

vol unetric fl ahkrephs di spensed 5 ml of Solution 1 and the flask contents
made up to 10 m wusing Solution 2 to produce Solution 3. 15 0.224 ¢

grani setron hydrochl oride (H sun, Zhejiang, China) was dissolved in

appr oxi mat @l y A compoditisvadcesrdagdo tlag 1 imthe form o 4 Joluidh @f a powder i n a
volunetric flask. This produced a stock solution containing 40 ng/m
grani setron (base). 20 Using a pipette, 2.5 m of the 40 ng/m granisetron

stock sol ui onAWBRposition according to claim 2 in the form of a aqueous solution.

4. A composition according to any one of the preceding claims comprising a salt of
granisetron selectecd from the hydrochloride, mesilate, citrate, nitrate, lactate,
maleate, tartrate, phosphate, succinate, fumarate and gluconate salts.

5. A composition according to claim 4, wherein the salt is the hydrochloride salt.

6. A composition according to any one of the preceding claims, which is in the form
of a solution and comprising from 0.2 to 150 mg/ml of granisetron (expressed as

the free base).

7. A composition according to claim 6, comprising from 1 to 100 mg/ml of

granisetron (expressed as the free base).

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

of from 0.15 to 0.45 osmol/kg.

9. A composition according to any one of the preceding claims, which is in the form

of a solution having a pH of from 4.0 to 7.0.
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di spensed into a 5 mM volunetric flask. 1.5 m of Solution 3 and 0.05 m of
15 ng/mM benzal koni um chl ori de solution were added to the flask. 7.7 ng of
sodi um chl oride (Mallinckrodt, USA) was added to the flask and stirred
until dissolved. The flask contents were then nade up to volune with
Solution 3. 25 The final pH was 4.93 and the osnolality was 0.293
osnol/kg. 18 CLAIMS: 1. A conposition for nasal delivery conprising

grani setron or a pharnaceutically acceptable salt thereof, and chitosan, a
salt, a derivative or a salt of a derivative thereof. 2. A conposition

according ta claim1 . in the.formof a solution or,_a po Eo. 3.0 A

conmposi & ol OactaPiPHgeR s ERaRpI S ion? aERe BichRipe Yoy BT in i oBh. 4. A
conposi tion aceftd shlnidntadd adtiipriveefroh 3@ JormegedbNéhitekal N8 conprising a salt
of granisetron selectecd fromthe hydrochloride, nesilate, citrate,
nitrate, lactate, nuleate, tartrate, phosphate, succinate, fumarate and

gl uconate 53! t & cofpodlioh ATRAGH IIRCROWHMicAG hibscblAlsTorhtioNif Rhpristie salt is
t he hydrochloride salt. 6. A ctonposition according to any one of the
precedi ng cl ai frem Mhiléhmigéni of gravesefrom hydredhlaidsehdi2 ito b0 mgdnlodeiitesen ng f r om
0.2 to 150 ny/ utaj‘ategranisetron (expressed as the free base). 7. A
conposition actor I'ng to claim®6, conprising from21 to 100 ng/m of

grani setron (expressed as the free base). 8. A conposition according to any

one of the preceding.clains having an gspplality . of from0, 15 to 0.45
osnol / kg. 32 A(XGB‘H"B%%W‘% BROHBEAP ADHRNc CliHys brieindrt to A, ipthsclern Aba ¢l ai s,
which is in thenfQuBdus@blufiosol ution having a pH of from4.0 to 7.0. 19

13. A compostion according to claim 12, comprising at least one of ethanol, propylene
glycol, polyethylene glycol, glycofurol, benzyl benzoate and a polyoxyethylene

castor oil derivative,

14. A composition according to any one of claims 1, 2 and 4 to 8, in the form of a

powder.

15. A composition according to claim 14, wherein the powder contains granules or

microspheres.

16. A composition according to claim 14or 15, comprising 30 to 70 % by weight of

granisetron (expressed as the free base).
17. The use of granisetron or a pharmaceutically acceptable salt thereof in the
manufacture of a medicament for nasal administration to a patient in the need

thereof.

18. Use according to claim 17, in the manufacture of a medicament for the treatment

or prevention of nausea and/or vomiting.
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10. A conpostion according to any one of the preceding clains, which is in
the form of a solution and conprises fromO0.5 to 50 ng/m of chitosan. 11.
A conpostion according to claim 10, which is an agueous sol ution and
conprises froml1l to 112 ng/m of granisetron hydrochloride and 2 to 10
ng/mM of chitosan glutamate. 12. A conposition according to any one of
clainms 1, 2 and 4 to 10, in the formof a non-aqueous solution. 13. A
conposti on accordlngﬁio claim 12, conprising at |east one of ethanol,

propyl ene asal dteydelivgry €pvcqmadone cagirigenfan et in agepal frugsiehyenit e and a
pol yoxyet hyl en cording to any
one of clains ?m”%ﬂéﬁﬁhﬁﬂgh g&&?%ﬁ%hX& %%%Fb ygﬂggga hqufgg A conposition
according to claim 14, wherein the powder contains granul es or

m crospheres. 16. A conposition according to claiml4or 15, conprising 30
to 70 % by weight of granisetron (expressed as the free base). 17. The use
of granisetron or a pharnmaceutically acceptable salt thereof in the

manuf acture of a medi canment for nasal adm nistration to a patient in the
need thereof. 18. Use according to claim1l7, in the manufacture of a

medi canent for the treatnment or prevention of nausea and/or vomting. 20
19. A nasal drug delivery device or a dose cartridge for use in a nasal
drug delivery device conprising a conpostion as defined in any one of
claims 1 to 17. 21
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