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| NTRANASAL COWPOSI TIONS This invention relates to
phar maceuti cal conpositions for the intranasal
wa@deispsabs at i on of the conpound grani setron anBCTAGB2004/005043
pharmaceutically acceptable salts. G anisetron
(rmol ecul ar weight 312.4) is |-nethyl-N(9-nethyl-9-
azabi cycl of S. S. INEBATSAPA.L @QP&%@%FFI rboxami de
and has the followi ng structure. Granisetron is an
ant agoni st of serotonin type 5-HTs receptors and has
TAN 'in%‘fﬁ%dﬂz &%ﬁftésv'tt)y hhtmacutiBAUEBngRRtfondr #8H $184 ridfranasal
acts by binding to rgceptors I'n the chenoreceptor
atimigigehtig@nefanie pompabhy, grfidsetpper agds its oiphtesadentically
tract (see pages G86- (@0, Therapeutic Drugs, Dollery
a¢eapfablewdltedi ti on, Churchill Livingstone, Edinburgh,
1999). Granisetron is typically adm ni stered
therapeutically as the hydrochloride salt (MNVN 348.9),

. S |1 es in jernmg he_be 9.
QbAAGES TFOISH, LS S5 T et Mol Oageuyo
ag@lityclofPs. 11AGRBLYNY 1 PREERA0 R cYBxhinide iafdufehbyfollowing
cyt ot oxI ¢ chenot herapy or radi ot herapy, the typical

sadeture.oral dose is 1 to 2 ng up to one hour before

t herapy begins, then 2 ng daily in 1 or 2 divided
doses. By intravenous injection, the dose is in the
USA 10 ng/ kg in both adulgts and chil dren. For
prevention or treatpent Hti ve nausea and
vomting in adultg gi ven by

i ntravenous i nfus i n one day)
(Martindal e, The Conphteéete renge, 33rd Edition
Phar maceuti cal Press 2002 nd 1228). Both
nausea and vom ting inpai/f the absorption of orally
adm ni stered drugs. O

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
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
(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
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,
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It woul d be advant ageous to provide granisetron for
admnistration via a route that avoids the probl ens
wasesos@bed with oral drug adm nistration. TherPQT/€B200t/005043
i nvention seeks to address this problem The present
inventors have found that, the intranasal route of

The kiompleteaDrag Referenee. Sy ahd igao Bhamaceytisal Psf@@Sr 2 pgges

significant benefits conpared with
liﬁﬂ%ﬁg &ion via the oral route. In particular, it

has been found that the intranasal route of

adm ni stration can be advantageous in the treatnent or
BRI M&ileh Gfhdofomause mpaid/te absurbtion@f ofhkty pdaseistered drugs.

i nvention provides a conposition for nasal deljvery
Itowonldi i advantaghosiette anomdegrpmactﬁm ot a@ramlyratlon via a route

accept ab

.t thereof ni s t use
thahavpid ah 2SS Rt or A BF R LR e a%) APE present
acc ar maceuti cally acceptabl e
1n§/gpf§ﬁ%?él$s %azldtd%%s? lﬂélrsggnoeﬂpi mted to, the
hydrochl oride, nesilate, citrate, nitrate, |actate,
nmal eate, tartrate, phosphate, succinate, fumarate and
Tk peeseat iveatdrs hate ébwrdathlay thyr atrianatal m)uthyﬂ raduhhisiratden can

is used. Wen producing a conp03|t| Qn contai ni
bg aﬂdtva@ﬁagg@lam f@regra@msetltomea%b ﬁﬁ’érﬂ ffedt %gglé%nhﬁﬁnﬁggs (Fospared

iy SBUSER viRrIBE Bedte | bh PR T MRatish taflyd that the
nﬁfﬂntaé'zﬁl ot o 33AkniSehline rc¥1n RideRh@ ot Qi RC tdBnent or

agueous or non-aqueous sol uti ons and pomders I n one

pRSRAEDR of hausyaesRiiér vandiing. on provi des an aqueous

sol ution conprising granisetron or a pharmaceutically
acceptabl e salt thereof, which is suitable for nasal
delivery.. The aqueous soI uti ons .of éhe pr

Thﬁﬁﬁ%%ﬂﬂﬁ%@@r PBPYIded ApF PRBOYHAR; 108 MASH! 4" BfiNery comprising
Eg‘?ﬁu:eiéﬁirﬁac??@@ﬁbﬁ%&%gﬁ% dshPgefr i n a

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
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

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.
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150 mg/ M (expressed as the free base) (for exanple 1
to 150 ng/m ), nore preferably fromO0.5 to 125 ng/m
w@ tas/ossoaspl e 2 to 125 ng/ M) and nost pref er abt GBR@A1005043

1to 100 ng/m (for exanple 5 to 100 ng/m ). Hence,
when grani setron is used in the formof the .
Ithypde aspe s thke peeaknt, invigation mEevidehen Aquepuy salviigrGogHrisIng

hydrochloride is preferably f 0 t0,.168. g/ .
e TORT STatedRy e AgicRSIE it dnpr B b Bty pPHRRle for
ana'is?eﬁQe 40 mg/ M (for exanple 2 to 140 ng/ M) and

nost preferably from1.12 to 112 ng/m (for exanple 6

to 112 nmg/ ). The viscosity of the aqueous sol utions
of the present invention is preferably |ess than 250
Thentjipausslig)s, ofticeprpseat enednitipn| preferablsrcopquise Bramgetron

nost preferably | ess an_ 150 cp.. The aqueous
0§6IRhllaFr6ﬁ§e‘5¥cahHé‘°ﬁ?@§Eﬂ’t sqlfn@ﬂ@mqr%dﬂ L ANGEPEREPR BF Jrom 0.2 to
£SOt oni:C, Qr ¢l t isoton.c..cIh lal it
LSRR AP e e 5% By toroBe R 51 40 g h0F. more
p@&%bgf $idzh ab5 Yeol 12N Rg/28 gf@r Qxéﬁ)llp%s motd Kasang/mDsind most
preferably fromO0.25 to 0.35 osnol/kg, for exanple
pedferably0frd%n dstool §(k eng/ i & farseraingile tSytooi 0@ Ineg/edueblesce, when
solutions may be adjusted to the desired value by t

h
difetriopnisofscdniy haifoeml o Geridapehigridejsalis t%y%gé&%ﬁon of
ot el BE A S AR AT
P, !
1549 1@5%@;@% rgére rg?é}ﬁf?lgml’bm 96353 4948 /rﬁ%fs@&arﬁgirzz to

or sa odi um oride. The préeferted age

14@m@dilVahd Agost peefosiBy &loni Y. 10ftot N mglab(for srdrpiecint 112
are sodium chl oride and mannitol. These agents may be

mgémd). al one or in conbi nation. The aqueous sol utions of
the invention preferably have a pH of from3 to 8,
nore preferably from3.5 to 7.5 and nost preferably

Tixg QM éhistyt & Zheoaqlilé%%s Pfdiutions of the present invention is preferably
less than 250 centipoise (cp), more preferably less than 200 cp and most

preferably less than 150 cp.

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.

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

used alone or in combination.

(%)
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of the solutions may be adjusted to the desired val ue
usi ng any suitable organic or inorganic acid or

wOr@ansaoor i norgani ¢ base. Suitabl e organi ¢ aRCTEB2004/005043

i nclude, but are not limted to, acetic acid, citric
acid, glutamc acid and net hane sul fonic acid.
Suitabl e inorganic acids include, but are not limted

Th sank i aaabont ol he n s Befebh it B oF fin 3 0 8,
| upd leysi : | .
RO PRIy 3 PR T L BT T PRI Rm (V14,2 eThe pi

oS doNutiyelr ol e Alektedt@aR devirey diatued wiEng any suitable organic
Alternatively, or in addition, a buffer systemnay be
of imsirgadd dcid phergangos indrgasici riser daitabls ergpuistacadsdinclude,

mai ntai n pH, Exarrpl es of .suitable.buffer systens

buharqdet gnitedrle, F6e0f | aidenitil, acidgelam %lfelo@%% methane
osphat.g/ po ' en. e 1504 -

sBPRRE BE {rr SRRy Rt PR SRR AR Bl fipied to

hy i cRRHRONE dSRIdUSHIPRSr O facid€ SLINSIBLdr@Bni@Ases include, but are
additionally conprise chitosan, a salt or derivative

nof lighetl as ameghunsiak} lysfneaandetromathiaweno{ TRES k. dhatable inorganic
Chitosan is_a cationic_ bjopolymer conprisin .
begegc oxdniarie bah drpr a@%tlwltgﬁ)u@os&ﬁ“ﬁ@ pefoxides and potassium

bi oadhesi v roperti es and. has be sho t o | ppr.ove .
YR, Aot T AR Ron R e - BBt fded in
c - i a nggal Ekavibles &158itabl
i ERPoBHERE B FUbL B USRIl AT PREYRLSS (gpable
bhffer t eysternshiihelads, ber i el ude dirhite@r ity,atyodasn ofdihydrogen
chitin, or poly-N-acetyl-Dglucosam ne, including all
phodphgte/possstiinebydnogen| fhgspleats, sfdignueiratai¢ifrec acid and citric
materjal s of different nolecular weights, in which the
a@ﬂé@@éﬂ“ﬁ%@ﬁﬁhﬂ?on of the N-acetyl groups have been
renmoved t hrough hydrolysis (deacetylation). In

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

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

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, 1184-1189,
2002).

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

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



accordance with the present invention, the degree of

deacetyl ati on, which represents the proportion of
wokasmsebs gr oups whi ch have been renoved PCT/GB2004/005043

t hroughdeacetyl ation, should preferably be in the

range 40-97% nore preferably in the range 60-96% and
deanstylpties, eﬂh@bl@/ptﬁéeliahl}t hein ﬁwgéng@ 050, TRErecprietesahly, In the

chlt S erjvatjve_.or It u i n pr esent
RSB Sibost BRarapEahy e s a et ar “hei ght i n

the range 10,000 to 1, OOO 000 Da, nore preferably in

the range 15,000 to 750,000 Da and nost preferably in

ThbehiRpae HidIR degivafifc M GalauseBaht the gfresanit tiosanioar should
suitabl e for use in the present invention. Salts with
5 pudetablishaygamaleanldr wesghianithe aengesl GPe0 é@llt%@L(E)O Bacriore

istergiem frospeade 08 ta o0 Hegiemott pitpisBly 1 the range
2{9;9@6&8?0@ qil)o epand acetate salts. Preferred salts are

roc ric acid and glutam c acid salts.
Chitosan derivatives and their salts are al so suitable
for use in this invention. Suitable chitosan
Sdies iofathiteani arel sideablddbr arse inothel 'prfist:etd in@ntiest efslts with
et hers or other derivatives forned by nd| n acyl
10 VameWoPrganky RNgiparEanyg aeids e ﬁy’&ﬁﬂ‘éﬁyl eoaaltaqaclude

f, ch
bl sF ohg 1R baien sty PR ﬁp*a@ﬁ%ﬁégig%%’ Ulrate
h%@r]%: Cgﬁ& 9 &Qﬁr szﬁ‘téc hPl%?fexrr&P&ﬁtsC% ﬂh@aﬁﬁﬁio&ﬁorlc acid and

ene g ycol be used 1 n the présent

ghmmgniwﬁasaﬁpnjugates of chi tosan and pol yet hyl ene

“glycol are described in WD09/01498. Chitosans suitable

for use in the present invention may be obt ai ned form
I OUS sources, cl.udi.ng Pri.nex,. sund

15 CRioum enRativssainth e R iagee 261 SugE TRRERs i Uhdnvention.

S{\ﬁ?blgsci?togﬁéod&@ E ﬁ s ogydqf d‘]d?qb‘altea/ E{ngg}e}st Gthers or

other derivatives formed by bondmg 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 W099/01498.

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).
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Sui tabl e derivatives include those that are disclosed

in Roberts, Chitin Chemstry, MacMIlan Press Ltd.,
wahemdosc00d992) . Particul arly preferred chit 0sanPCT/GB2004/005043

conmpounds that may be nentioned include chitosan

gl utamate (avail abl e as Protasan UPGQ213 E}r om . )
Pagsicaivabyt ipteferresgbitosano comppundt dhalo Aanbe ameptiorgd include

ST I T R R
D?ﬁﬂrrf@ﬁSNo?ﬁ% ﬁrabl y from1l to 20 ng/m. A preferred

chi tosan-cont ai ni ng aqueous sol ution of the invention
conprises fromabout 1 to 112 ng/m (for exanple from
6 to 60 ng/ M) of granisetron hydrochl oride and from

2
The ceacengrationodf dtitasar amthg agugens soluttpas is preferably from 0.5 to

hi t osan- cont aj. ni ueo sqlLutions preferabl V,
Gy BHonrrd It ARG Fatyas Teeoul! S6sl Eereppe fom 1
nti oned above for adjusting the osnolality of
t%a%gmagﬁggus sol utions can be used to adjust the
osnolality of chitosan containing solution. The
aqueous sol utions containing chitosan, a salt or _
Adpréfeatd whitoham-eontagring asgieouvsolutiohi efoheninyeniiomtciogwrises

preferably have a pH of from3 to 6 e ef erabl y.
o abonis] g B 2amanal exsple fxHn fo?%#ra%l& Giggrgnisetron

ghosBlochle ATGRER ¢ REE0 sEP R BB 0N RR, Y ofer e

not to use citrate salts as the use of citrate salts
can result in precipitate formation in the presence of
Tabi tioiseyan-@ntpihig nglugoud elytiesepreferabéntlorve lavesmolality
found that the use of chitosan, a salt or derivatjive
withen duf ramges sstapt alfova. didre aganis/gestiondd alrvgnfor adjusting the
inc[ﬂ?.asesf he rate of .i.ntranasal ab

o)

ogng g i T e gPeagenidifofie ogolality 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
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.

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 (Tngy) is shorter compared to a composition that contains no

chitosan. A shorter T, should equate to a more rapid onset of action.
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nmean that the tine after adm nistration to reach the
maxi mum pl asma concentration (Tmax) is shorter

w@ommpas@as t 0 a conposition that contains no chP@€DEBR04/H05043

shorter Trmax shoul d equate to a nore rapid onset of
action. The water used to prepare the solutions of the
Theoﬁv%ﬁe?:}fseﬂ qﬁ ed%%eﬁ@ thERORRIRQ! dfeHe PrckerP IR B8R YaRbe boiled
purged W tha gas such as heliumin order to mnimse
andt fwleld aaaloreshirgud geith e anisestich anchdbiene én wedérniosmimdmisy the
_stability. Purified water such as water for injectjons
dissedyedhexyget cpntenh end diepes imaxAYso firtd stapHayenfurified water
i nventjon. The conpositions of. the invention
sucl'aa_seWﬂ%ﬂ%ﬂmeceeg? FahBe BBt GRRPCRiE,el tie present
invéﬁicgf.i on or a powder conposition. Solvents that may be
used to prepare the non-aqueous sol utions of the
i nvention include, but are not limted to ethanol,
propyl ene glycol, polyethylene glycol, glycofurol,
Thebesmpbsitiens oditle anenpiohyoxyatlteyatively dust ortheifprm of a non-
derivatives, such as Crenpphor(r) (BASF, Germany). The
aquERTEHIHAR 068 RIWART LAMNROSHEM- or a salt thereof in the
non- aqueous sol utions of the invention is typically as
descri bed above for the aqueous solutions. The
Sol¥eREOfat Ym@h bBeufdntaapephe ¢ UHdnoaguedhs t §futions of the
invention 18 typically as described above for the
invagigouinchadeyt ibans arelheots olimitedngo ofethidnel,i rprepyliene ghycol,
al so contain thickening, adhesive or gelling agents,
polyetbyileag, glyael, rdycafupls %@n@d, bepeppigl Yukgopwxyethylene castor

o RGBSR o sl v Pl ! bl S8cnation o
st 339 AT PO BT Bk aredn i

typicaM§ s @eschidid albe@eClontthae RqERST sqiinongc diki wisddsity of the
acceptabl e ingredients well known in the art. Suc
non-mgreeds esotwidnsod flidee, inventicar & typically as described above for the

aqueous solutions.

The solutions of the invention may also contain thickening, adhesive or gelling
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
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 chloride), flavours and

sweeteners.
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not limted to, antioxidants (for exanple sodi um

nmet abi sul phite), chelating agents (such as edetic acid
worosnss0o$ its salts), preservatives (such as POI/&BI00LIDS043

sor bat e, parabens, phenylethyl al cohol or benzal koni um

chlorjde), flavours d .sweet eners. Preferabl y .t he
Pigirabhomis SpITAES] G aRR GHEIGEH: PPIaE fr BLOFVALVp@nd/or are
st Off BLECARIVL e | dmMBSRENAY EmBESIOIL | Ifitabl@fflsms

he" conpositions, m croorgani sns may be renoved using

maf beStemaRideudiBs hag Jumave metHdiekdswn if Qhe axampd exdmyple by
meki ng the conpositions aseptically or by termnally

mskiagithe sompostiems aBepticeal lybdnbit teemomyogetilising thefmt he
i nvention are non-pyrogenic. Methods of fornulating
drug substances for adm nistration in a powder form

LAl VR BB S Phbenicn

invention may be in the formof a blend of drug powder
with other ingredients, or in the formof granules or

Methds sph foresulatin g dwaike substencds doc addiimgtration e app@séert form
i nvention may be prepared by ni xing grani setron or a

arphatichladawiic alo” thesseskallgde 1Bathe taser EOF @kamplendhe powder
ingredients that are standard in the art. Such.inert

for g Rt tHenBToage. IGRch Giop 1 ANE daTt HEIanpG drue

i. 8 t: , r

PO 2 SRS AHERE R ) A BB g
sorbitol, and mcrocrystalline cellulose, glidants
such as colloidal silica, lubricants such as magnesi um

Agtovadeattdenh dcdydinggentat guieseat snvebtien anky Aagrepared by mixing

surfactants such as .pol ysorbates; .and polyethyl ene .
gIgniseBPn OftePhdRRAsCUlFaERY a%?ptfég? sk qurgogwﬁﬂd%ﬁﬂ ingredients
chitosan sght o erivatjv - I L
i R N R S
toP hitsP5 & 29 afci SR hosgﬁl%keé"1a@to@c§5§dg%r§@€icm_§ts%¥:rose and

and/ or sieve may be appropriate whereas nechani cal
de¥itxse spélyely aabi dsedafmitol 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

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
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.

Alternative processes for preparing the formulations of the invention include

spray drying, granulation and supercritical fluid processes.
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| arger scal e manufacture. There are nunerous types of
m xer avail able and these are widely described in the

wo pdosnadons e, for exanpl e Chapter 37, Rem ngt onpCT82004/005043

Sci ence and Practice of Pharmacy, 20th Edition,
Li pi ncott, WIlians and WI kins, Baltinore, 2000.
Al ternative processes for preparing the fornul ati ons
t f v [ on,.j e. r Vi ati
1 B S R SRR o AT AR i

nﬁ?%?fd&u@@d@y {eBBnilgN¥E RO SPIRS tsee KiBediEthe 4rhes&h as
gifanul es may be produced by techni ques well known to

wieh gemuddtidd, ety ignamiietien (slsggingpsxivesiogy et atisasion, duid bed
granu] ati on (sl uggi gﬁ), ext rusi on/ spher oni sati on,
granyiadiopeandysRIAY ICRRESHINEn H UEhERJetadh §BArpRatipy pEQrgpses may

CBL T AL e PR ORI U Bt of

S8 PRE s i S Tosfil, e esacions

grani setron or a pharmaceutically acceptable salt
thereof, other ingredients may be incorporated into
Int hedigioantel gnisstron @t hehaimagaaticelly acremhblgesaltiheregf,eother
.hot limted éo,. starches,. diluents sluch s .cal.ci um
et 4

ingredighist @ay| CPOFUSY r1BKL thegronuleT aniekhe afher 1ggisdients
. ' i [ . ' ]
ln;eggcltzed Bt gfr}% ﬁyrﬁhf?& tb,nﬁﬁfcglg%g@?&eg%% g{ylptgggfcafaﬁa Fosphate,

ol yvinyl'pyrro ul ose,

|dRRIsketiBYirese MhNG0dl ardPcalli[Bs@NSudr as inkicrairgétallRer @&Mlusose,
such as starch, croscarnell ose and crospovi done,

byldetlant sichuchisas povidariedal(psiyvimdpyantddond)r i caathyleallatose,
as maﬁmesi um st earat e and hydr ogenat.ed vgget able oil.
paiyethyilentul slycahy gsiitinonad yaeasi aidsiBgRf¥8ansuGh <3y tstarch,

or derivative,of chit . |t pof der i.vat i f
RRFATGRlIoSe AT o B POVIRRE BBy hef S Bt Tiey and
1Ml chnts"ONR Eflﬁmgiuﬁﬁ('s{éaﬁﬁe'zﬂl tfydx%gtzmﬁ@@ \’eg&!aHféeoil. The

ut are not Timted to, spray drying, interfacial
gh@e¥ehhs aptidhally contain chitosan, a salt or derivative of chitosan or a

salt of a derivative of chitosan.

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

W098/30207 and the documents cited therein.

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

microspheres used in the present invention may include ingredients that are
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coarcervati on/ phase separation and sol vent
evaporation. Methods for produci ng mcrospheres are

waoleasnsdvesl i n, for exanpl e, Physicochem cal PrPOriGBR@g/005043

of Pharmacy, 3rd Edition, pages 357 to 360, AT

Fl orence and D Attwood, Macmillan, London, 1998 and

kiRhwsiic dhe RHaorbecsyitabldhtEde tndndedrygasc®sphares sudh aspbut not

Mrtin, WIlkins and WIkins, Baltinore,, 1993, The . .

hml‘@ﬁlogcbhéﬁaé‘gleﬁa cfpRhnEERYRI P moaq}@éf&nu&yaﬂlr?% acd,
t hod cLi [ 8l

A BRERE LT SRR gt oL AP ARTHRERfers such as

tHRharnREALI® Capblynfes e AYuSss al Gethghieo! . cllifoses such  as
m crospheres uséd in the present invention may include

miettgledidoses andatolwrseden sueh anpeliy@aatide-to-ghecdude).abl e to
be included in mcrospheres such as, but not |imted
to, starches, dextrans, gelatin, albumn, collagen,

AR S on DL Bk BT HRAERS aE 'R 8eron
it @thﬁé&haoww W@gﬂgﬁmﬁaﬂs tRE!frdll BEES of the
as met e, a

suc ylcel'lulo ol yesters such as
faalWitiactindee peefotattviftair)s tdO% dwderidinrand aioso peefafably
the present invention preferably have a granisetron
froomt @t 50%0 by swmightt o 90% by wei ght (cal cul ated as the
free base) of the formulation, nore preferably fromb5

to 70% by wei ght and nost preferably from 10 to 50% by

If:”(ﬁé Wwd& ffofrH&lal gﬁg gE qugé%%rﬁghg%ﬁi&f c&rﬂgri?er aﬁﬁﬁgn,& salt or

ntion conpr t or rivative

d&iN 1R Mitodas at b salft of adREivaayE We chitosii thes preftfaBly have a
preferably have a chitosan content of from2 to 95% by

chitosghtcoficat oflfedre @ tad Phdyfwaghbasdiulatbd takghe free base) of the

formul ation, nore preferably from5 to, 90% by wei ght
formalatien, Pees erefisraply denm 10 te 08odpvby eightand mpgk preferably

frgg}\/\?ﬁéq EB%ng\lé%lt i.gr}?‘eof the invention preferably have a

The powder formulations of the invention preferably have a particle size in the
range of from 10 to 900 um, more preferably from 10 to 600 pm and most
preferably from 10 to 300 um. More specifically, the mean particle size,
expressed as the volume mean diameter (Dsgy) 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 pm and most preferably from 25 to 200 pm. Furthermore, no more than
10% by volume of the particles have a diameter (D)ge,) less than 10 pm and at
least 90% by volume of the particles have a diameter (Dygy,) that does not

exceed the upper limit of the size range.

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

possibility of delivery into the lungs.
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range of from10 to 900 mm nore preferably from10 to
600 nmm and nost preferably from10 to 300 mm More

wa@ p@siosdoeml | y, the nean particle size, expressedr/as2000805043
vol une nean di aneter (D50% and neasured by a
techni que such as |ight m croscopy conbined with inmage
analysis lies within these ranges. The D50/0 is

. . f.

TS B0kt OFUEE Pt iy FRIIORAHEED fiple h YBefion 10

oFaHideMRN®Y £ phiendBRLACAINA Bcée%‘i’aﬂw s¥®lthereoRf Ahheppropriate and
particles have a dianeter (D10/0) |less than 10 nmm and

campheblet additiobyl digumayofe ubed. pdirefectedsadditienal drugs include
di aneter (D90% that does not exceed the_ upper |. m'lt
apfienpc §pHicosigrgids speh g dgzametivpeng phg phganaceutically salt or
ftorgiul atfi ons of the invention do not contain
CIEHEEY al nunbers of particles having a size bel ow
10 mmin order to minimse the possibility of delivery
into the lungs. The conpositions of the invention may
The Joutlsosatisrisher thir mgehtiomaeiyt boadimngteaed sethionaal cavity in
pharmaceutical |y acceptable salt thereof. Any |
apppruteblatfermnd kwnpramplee thadsalpopry odr the meyenben may be
ferred additian i

ag%ﬁji§@gétf ’g} theqasa 1153m3fé§( g#x:;l? aglgxg}%gﬁgr% sg)rr]g}lf 5 hllecpowders
oP IR HRESLY iyl Be %ﬁh}niaérea%eafer&é%ﬁgg@%o The

composi'tions e 1nvention na adr%'ni stered to

the nasal cavity in any suitable form For exanple,

the solutions of the invention nay be administered to
A peefeasdimethodtof ddminktering thofoldtiops ob the isyansipndnadsing a
the powders of the invention nr?gﬁ be a,d,fsi gi stered i’(t,n

Spiay 0deYiFeed SPEWnTeCcHY €ABr e $iae Holunis!) 4ar8 9F Shultiply dose
t he solutions,of the invention i s _usi a_.spra .
Yoot SRR G BBt s i pRe phEPe Hhite oP Rt age gaitable

tLalh i fQE, SxamRify OIS (kR Valoi

f%tyg{l%ﬁmﬁéﬁgﬁﬁg?or ,E’ anduarrgg avai | abl(gE any), Valols
(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

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
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
hydrochloride. Obviously, smaller spray volumes (or larger drug doses) could

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

11



10

15

20

fromvarious commercial sources, including Pfeiffer

(Germany), Valois (France), Calmr (Germany), Ursatech
w@ Sesosqyy , Bespak (UK) and Becton- Di cki nson 2dUBGB2004/005043

El ectrostati c spray devices, such as described in US

5, 655, 517, | so.sujtable f he it |
2 SRR ASES BV QASPHESEERUES GnSngle UAS ThoBA Bt pe/m!

g%m%%ﬁ%}ﬁ %%Baﬂorihggf,ﬁﬁ{ighpal volume of liquid that is

i'sSpensed 1n a single spray actuation is from0.01 to

0.14 M, for exanple fromO0.05 to 0.14 m, such as 0.1

m. It is a practical proposition to adm nister up to
Tho gotwder Zormulativos eddhe possent inventien areuprefecably gilministered

(e FBUIRDT b RIHO e PO POIEERIS RCHRYG fFAgh MAisnt ipglation
: LRt ! . ] i
(HATD I8 k8 ¥ efioe I8 daPBL EhlsFins Tyl EarRZEE affre e

dEVie€ iBaFTProAdeftHeOte@bsMHsaBe eRérgy Wouch: ak vik céﬁff@é/s%ed hire An
drug conCentration is preferably fromabout 11 to

exdople @R2thegformegrdeniceets rmanifaduoedh byrPdeferGnd enskymple of
smal | er spray volunes_(or | arger drug doses) could be
thedaiten isttbe elerfopomeles” maauEactEed dYpbal@isng i ncrease in
drug concentration i.e.a 2 ng dose could be
adm nistered as a single 0.05 m spray of a 45 ng/m

Tg% %?ég#ﬁ%%ﬂﬁl@’ﬂ %ﬁ% gfdxqgessg! AHshORrugl H%li?@fg’?g?vice or a dose

ions o resent invention are erably
cathiigy Fbensd inoat ivapaleliodty idoviaer aded seithforomposition as
whereby energy frompatient inhalation (sniffing) is
defseet galwoveer osol 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

orner. devjce.is r [ . o
TR 4 i B P RSk B A A% BB posigons
oPY¥h&/ah@érftion! NETHRY Bp&ieks ifBY ?E‘éﬁ&ﬁ)gakﬁ%o sPIBVhEasT fheNasahtion

drug delivery device or a dose
comprises mixing the components in a suitable solvent such as water. The

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

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
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
thereof. Such a medicament may have antiemetic properties and may be used

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

12
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cartridge for use in a nasal delivery device | oaded
Wi th a conposition as defined above. The present

WO poosnsdoesr al so provi des processes for prepari PQr/GBe004/005043

conpositions of the invention. The process for
preparing the solutions of the invention conprises
m xi ng the conponents in a suitable solvent such as
t e powder comnpositions nmay be prepared using
In eﬁ§%§&§nomn in the art. The conpositions of the
present invention have antienetic properties and may
be used in the treatnent and/or prevention of nausea
Fimeé of shawist iphggma rcqnaentrativrarcuavéssifajowing ragnanistretion of
. chenot her apy, radiotherapy and follow ng surgery.
infraygnouanindaanial igsu et Gh i PaNA RS tq Shgthod of
adm ni stering granisetron to a patient in need
thereof, for exanple for the prevention or treatnent

TRE M%ﬁ%ﬁpgihms%%ecﬁ@} HRUO1RRANE nohlidftineORkipies t he

|n%ranasa adm ni stration of a conposition as defined
above to the patient. The present invention also
provi des the use of granisetron or a salt thereof in

Examyfledt-Undraasal selaitivaneontaiming 24gng/mbgranisatren i on
to a patient in need thereof. Such a nedi canent nmay
have antienetic properties and may be used in the

Y5 TRRELE PRI PUUCEHSERIBA B s weighe

ir€®NE gDr aili eolugietMesdskl hed 900 ndld 6t nivster &bt dnjeofion (Baxter,
i ntravenous and intranasal granisetron formulations to

Thetdeql, UKp wasvaetdedonlhe flabk gonteatsewetsy stitved fuotil 8w dyg had
non-limting exanples, Exan&l{e 1 1] ntranasal sol gti n.
disselvad apAgheromage tp vVolune Sailr WAL, 4d@s Brosfuce asfasspgHion

hydr ochl gri de ,(ZMC, _Hangzhgu, China) was wei ghed into
C(R%EW%B%%MWIEe??%g%SSEd 90 m of water for

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

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
benzalkonium chlofide 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
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
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Thetford, UK) was added. The flask contents were
stirred until the drug had dissolved and then nade to

wo odosnss00 t h wat er. This produced a stock sol uP€DGB2004/005043

containing 40 ng/m granisetron (base). 40 ng of
sodi um hydr oxi de_ (Fi sher, Loughborough, UK) was __.
upih diseel vkt e nidooimhevsalutinn wag 20 i Gy Reidige 0.01M

ter, for injectj.on ded. ;The .11l :
s oY SERIOToah Gyt oS P HETHP ol vt
whallen TRAGia0 prPlHEe; & LI dvBleCbsmdialify MaQdsed oSmBINe. The
sodi um hydr oxi de solution. 300 ng of 50% benzal koni Um
selbtion ivies srallvdddoby HIRINE ifghtratisdttonocontiti t Ehaussayedkpntent
was weighed into a 10 mM volunetric flask and 8 m of
Waa28r2 i@ mi.nj ecti on added. The flask contents were
stirred to di sperse the benzal koni um chl ori de and then
made up to volunme with water. This produced a stock

3B P 0 PSP OB Lo an
nﬁ/ﬁﬂ%hmlsﬂﬁigWa\fmedi spensed into a 25 m volunetric

ask. 8 m of water for injection and 0.25 nl of 15
ng/ M benzal koni um chl ori de sol ution were added to the

flask. 170, of ~sodium ¢chlorid ' Pao] e,
23B.em8dabehiteSam e WRmsle AREPtaTaTy i&‘o&%&w% F%éﬁam@ena
H of . t he sal yti.on S <adj . 5 in 0]
NSt s B ot st Ml b iy fly A g So°hlmi
ofRE& IR §BcN AoWiFor(blepridein Fkagpié Nal a 19881 2fAPater for
and the osnolality s 0.304 osnol/kg. The solution

injestianateys eddby tbiRh€ flask. gffdwi Batkr oontentst wate. stithed until the
assayed content was 20. e 2 - Intranasal

chiohia bat GRsRONT ne) SO S ghamlo R e U HgNgR Stock
s%lgl};lté{olzggﬁg%% g%tncei ,\@gg]vgﬁggf gpcﬁ%h;ﬂ:ﬂaﬂdg lvxlljetrg R4&d 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.

Example 3 - Pharmacokinetic performance of intranasal granisetron

formulations in sheep

The pharmacokinetic performance of the intranasal granisetron solutions
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).

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
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Nor way) was wei ghed into a 50 m volunetric flask. 25
m of 40 ng/m grani setron stock solution (prepared in
wezaspb@od) and 15 ml of water for injection weeEGaleaw05043
to the flask. The flask contents were stirred until
. the chitosanp had di ssol ved.

. .5 mM of 15 ng/m .

inyapasAl KeARUAUOR WA @ mé’t“é@ke(g St 6t gr&ﬂlﬁf@%%% of\8 mgy This

0.32 - ' hl.ori r t .
oG55 Rl B LU MAILRITAR B FAA0e Rrhfubhesh o sory
d&libd (8 Wetddse Dopsak bethg dReddd aflallsErRBES b fosiialde The

up to volune with water and the pH, osnolality and
fagmaibdtiatsroerecwnell esitratddPhCrhastaepr esimeThioepd Hyvbs f¢q8&ncy of

the osnolality was 0.303 osmpl/kg and thg%g(g?rani etron .
snosfing N dywse2nzoperiidone. Binfhicelniravemii Aakoki tqfclgyTﬂl@

oy (TRo? B hibrthany plafRyRRlgred a5 R ol ThieBldn. ©

i ntranasal grani setron sol utions described in Exanpl es

1 and 2 was evaluated in sheep. For purposes of
Bitridesamhple s gvdrbeotlbstet wiver i BEV aiihatei pariod fafllotlirg dosing and

i ntranasal doses, an intravenous injection of i
plgsmnissparated. waisaridetion sasriselatefihizomnihe qilasna pamplge tby solid

contained 1 /'m granisetr ytril (r), injection, .
Pl Taap O, Qrririad ot MR ke e Psfiss iseetion).

L.ahi r | aki ons

PUEFcofffic SRR, R Ml gmar ol P AL 270

Eachi ntranasal fornul ati on was adm nistered at a

grani setron dose of 8 ng. This dose was provi ded by
Aastmhmiasy exfi ploprfhadokinete peaatheteos nulpaevided v Al able gr aflasma

device with the dose vol une bejng di.vided equally
CORACABAAOD YEFSUR GERG FITFES FHDIOFIIAG 18tHIBHS here wel |

tolerated by the sheep, as neasured by the frequency

of snorting and sneezi ng post-dose. For the

r av VAo [ - .

T e By R R R ity (OGP [P B imiSration of
ghdMiRERIVOMtranasal and IV injection doses to sheep (mean, n=5 [SD]).

Dose group Tpax (min) | Cyax (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
bioavailability relative to intravenous injection of around 50%. The peak
plasma concentration (C,) was higher for the chitosan-containing solution
and was reached more rapidly (Ty.). Statistically Tmax was significantly

different (p<0.05) between the two nasal dose groups.
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Bl ood sanples were collected over a 360 m nute period
foll ow ng dosi ng and plasma separated. G ani setron was
w0 sabsas@ds f rom t he pl asma sanpl es by solid phaBer/GB2004/005043
extraction and quantified by an HPLC net hod

(fluorescence detection). Pharmacokinetjc paraneters
EXampIe 41 JaEATsta) SOHIOHA SNARE G0rae A STARRETTPIL]

phar macoki neti c paraneters is provided in Table 1.

Pl asma concentration versus tinme curves are provided

27913 Fhiguio€ drankehtbg Bydrounivride oF mfmgcgiﬁhﬁetrb@ base) was
paraneters foll ow ng adm ni sti-ation of granisetron
wi[e'rghie;drﬁmla andl Volimgteict flosk dodes mloo§ verder gddesln, The Bask
SD]). Dose gr.oup. Tnax jn) nglnd ) Absol ut :
CQiRRey avqrsﬁilﬁe@wr%%thmgéan}l%% ﬁ{?ﬁ?@ﬁ&( %Jaaﬁgeof%%di%ﬁ [chjoride
9 [4] ,48 [ 8]. Nas sol uti on..+ [ 8 2
(DR i Tigs 2 RERABRETEPS [vipp; LRI RriERy LY gpg 2 p 1 of
i t . .
oy Syt 2RopsERR S RAETRI R AR SRR BRfitoh WBiution
af IR NY& EshtbRd BT AN 8EtHeORgRidigtowad d2R¥vedhel 60 ul
peak plasnma concentration (Crax) was higher for the
of bit104 andaontiaidadxide Solutidrowaarad ded so rtkadlaskl andrtbe contents

rapidly (Tmax). Statistical I% Tmax was signifi cantl%
maide fterenumepwehosytenet Mage fingh solpiien hagdad pEbek 5.5 and had an

gr oups. le 4 - |Intranasal solution containing 50
OﬁﬁPﬁﬁﬁbggﬁgg@ﬁPHHﬂ@§b.3 ng of granisetron

hydrochl oride (= 250 ng grani setron base) was wei ghed

intoa5m volunetric flask and 4 m of water added.

EXaf b 3 KntpaiRa1 SoMBidh ebnfaifbheUP0 ithg/nilegfiini¢tha@d in pH 5
di ssolved. 17.5 ng of sodiumchloride (Sigm), 1 ng of

bpffepy! parabens (N pa Laboratories, UK) and 25 m of

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

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).

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



10

15

20

phenyl et hyl al cohol (R C Treatt, UK) were added to the
grani setron solution and the flask contents stirred
waoindoslosabg of the ingredients had dissol ved. 1BOT/GB2@it/005043
0.0 I M sodi um hydr oxi de sol ution was added to the
flask and the contents nmade to volunme with water. The
final solution had a pH of 5.5 and had an osnolality
of 0.344 osnol/kg. Exanple 5 -Intranasal sol ution
containing 20 ng/m granisetron in pH 5 buffer 0.9073
g of potassium di hydrogen orthophosphate (BDH, UK) was
di ssolved in approximately 90 ml of water and then
Exaaiple/p t Intt@fasil sotutioy ebntwning 10 Imgiml Soiniseteon iy pH 6
0. 2374 g of di sodi um hydrogen orthophosphate (Fisher,
buwfifgr was di ssol ved in approxi mately 15 m of water and
then made up to 20 m in a volunetric flask (Sol ution
B). 49.6 mM of Solution A was dispensed into a 50 ni
| biguti W ERRH8RIcSa PGS vebuhetrkOflask
44n/"? ﬂug%%bl%gﬁtl?% g%’?ﬁBHF()IE ol E%&%ﬁ ©. 112 ng of
ar@l & $lekk awonkyds asddeonp de §6 MDAsimg Solationdd r@xatmpde)) (=
was wei ghed into a 5 m volunetric flask and di ssol ved
Solmtien). of Solution C. 9.3 ng of sodium chloride and
7.5 nmg of potassium sorbate (Sigm) were dissolved in
the granisetron solution and the flask contents nade
o . . Lt )
S50 b o LRGN By SRR (= S0 g Eighfiet o BN PRaf ighed
in@S W05 /kiov Exarasie fhsk dndlt didpeisad isal uiliciSelativmilni 9§ g of
mg/ M granisetron in pH 6 buffer 44.5 nl of Solution A
maEash(RopetwaFranc) ensed0i pt of a Songfinl vienaatisoniuen chloride
flask and the flask contents made up to 50 nl usi ngl
scotion i(BnaBplEk hmsre diysopedsa thej granisptron solution and the flask

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

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
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.
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55.9 ng of granisetron hydrochloride (= 50 ny

grani setron base) was weighed into a 5 m volunetric
wo b@sksangl di ssolved in 4 ml of Solution D. 95P@myGBR004/005043

manni tol (Roquette, France) and 50 ml of 15 ng/m

benzal koni um chl ori de sol ution &Exan‘pl e ég were | )
Examgpdé \Sect 20 mganbgaanisetiosn selgtion h PP cHeicr peidisodium
corhﬁ{enti?u@de up to volume with Solution D. The final
Phesnhate d a pH of 5.9 and had an osnolality of 0.29

osnol / kg. Exanple 7 - Powder blend conprising

grani setron hydrochl oride and chitosan gl utamte 2.24
0910fg @it satr @isty Beeife, Douglba@ongh,cbkt)osan dissolved in

gl utamate (Protasan UP&13, NovaMatrix, Norway) and
aphrasimatoly 9 avtafseaten mchthes(mada pp fo 1B gal i@ a wirmgkg flask to

are weighed nto a glass bottle. Alid is attached to
Prodice gPyton Lvhi ch is placed into a Turbula T2C mi xer

(WIlly Bachofen, Basel, Switzerland). The bottle

contents are m xed at speed setting 2 for 30 m nutes.
As58Q HBdi38ARLEhPArokBE oP@WEREsTHagNdihly8rdié (Figheri SWientEic) was
Oéta)ﬁo:’pgpv\%lggwﬁasa? stpg)r ay d\ggi cém(VaI 0|tys, I\/grl y-1 e-Roi, )_
diss@lned)in MVproxiacttelyt Bdnl tofii watte eindethen| inade uipveer 19 0mhgn a

of powder, equivalent to 2 ng of granisetron. Exanple 8
voluptetrig flask & araduise SOMEPI 4tion in pH 5 citric

aci d/ sodi um phosphate buffer 0.210 g citric acid

(Fi sher Scientific, Loughborough, UK) was dissolved in

r O ' {81 t t10aadDtHE flask

LR B el gk W e C A uon o
c&itefissasticnm ty 10 ageniny §blepbanivareddét§diusive 3( Fi sher
Scientific) was dissolved in approximately 9 m of

water and then nmade up to 10 m in a volunetric flask

0.t2(.%_4pgr oggzltjr(l:igetrsoorll ﬁglhrooréhFdride (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).

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.

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

18



10

15

20

30

Into a 10 mM volunetric flask was di spensed 5 nl of
Solution 1 and the flask contents nade up to 10 m

wOI20080956808 uti on 2 to produce Sol ution 3. 0.224PQr/GB2004/005043

grani setron hydrochl oride (H sun, Zhejiang, China) was
di ssolved in approximately 4 ml of water and then made

CLAINIBh water to 5 m in a volumetric flask. This

1

2

3

4

produced a stock solution containing 40 ng/ m
grani setron (base). Using a pipette, 2.5 mM of the 40

o/ Qf%&s‘?ﬁérpnf&t Of%aﬁoﬂélweg? \Wemptistieng@disetod ar a

5 m vol tric flask.- 1.5 m Solution 3 and 0. 05
mM  ofhakmacwdtidalhenzaptabid saht theteodi de sol ution were
added to the flask. 7.7 ng of sodium chloride

(Mall'i nckrodt. USA) was added to the flask and stirred

until dissol.ved. The flask contents n - Up

do v GRPmitanscarion B B £ el iim T ShiPor o
t he ity was 0.293 osnol/kg. CLAIMS: 1. A
conp@%??%gn for nasal delivery conprising granisetron

or a pharmaceutically acceptable salt thereof. 2. A
conposi tion according to claim1 in the formof a ,

sol uAi ampositiopasedingdo chisoipothe fosm elcpeqiienys seution.
claim2 in the formof an aqueous solution. 4. A
conposition according to any one of the preceding

cl ai conpr.j-si n i get :
“he RouPOIRIRh A Bl .l D) SRS PR chiing
| act atsgy Jfa%l%ﬁis%trohasreléc@é@ froph @isp hgtieochsortds, medselate, citrate,
fumarate and gluconate salts. 5. A conposition

acconiiiang taotattaimleate whatraien phivspbates suscingte, fumarate and

hydrochl ori de salt.
gluconate salts.

A composition according to claim 4, wherein the salt is the

hydrochloride salt.
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).

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

granisetron (expressed as the free base).

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

osmolality of from 0.15 to 0.45 osmol/kg.

A composition according to any one of the preceding claims having a

pH of from 4.0 to 7.0.
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6. A conposition according to any one of the preceding
claims, which is in the formof a solution and

wa@oopsns@nsig from0.2 to 150 ng/ M of grani set rPOT/GB2004/005043

(expressed as the free base). 7. A conposition
according to.claim6, conprisin rom 1to 100 no/ ..

1§ ek ik peseing aany qaer st BifesyhegnptdtidHatly
conposi Ll ' 0 ] BoPh RERMME thereof.
ol R pO TG HEA AL Bl AOMRRE & o ICGPY BEGRULE e
osnol /kg. 9. A conposition according to any one of the
preceding clains having a pH offrom4.0 to 7.0.10. A

1 LonpAsidnpositicT ecatirdipgt © cayn dAeconpripiagpiendy? hg S0 mg/ml
clains additionally conprising chitosan, a salt, a
deriobehitasaBr a salt of a derivative thereof. 11. A

conposition according to claim 10, conprising fromO0.5
to 50 ng/m of chitosan. 12. A conposition according

130 chaidmadbitivh iaE&erﬁlE?‘fb AL A0S Wit Y & agibus solution and
conprises froml to 1l ng/ M of granisetron

hy dr esthpasdsdeomnidtc?l t D ridmigf wramsetatn hyabrachlgtide andfeo 10
13. A conposition according to any one of clainms 1, 2
and wmgmwl of chitpsanigdutasiate-of a non- aqueous sol ution

14. A conposition according to claim 13, conprising at

| east one of ethanol, propylene glycol, polyethylene

1%.' yeQl e héﬁﬁgﬂra%ord%é‘w langecfﬁ%o(ﬁt ﬁaﬁﬁ‘éj%g? aRd 4 to 11, in the

ol yoxye ene castor-oll derivative.

conpgsthi bPAndAGRUEGMGsdIetiemy one of claims 1, 2 and 4
to 11, in the formof a powder. 16. A conposition

according to claim15, wherein the powder contains

14. A composition according to claim 13, comprising at least one of ethanol,
propylene glycol, polyethylene glycol, glycofurol, benzyl benzoate and

a polyoxyethylene castor oil derivative.

15. A composition according to any one of claims 1, 2 and 4 to 11, in the

form of a powder.

16. A composition according to claim 15, wherein the powder contains

granules or microspheres.

17. A composition according to claim 15 or 16, comprising 30 to 70 % by

weight of granisetron (expressed as the free base).
18.  The use of granisetron or a pharmaceutically acceptable salt thereof in

the manufacture of a medicament for nasal administration to a patient in

need thereof.
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granul es or mcrospheres. 17. A conposition according
to claim15 or 16, conprising 30 to 70 % by wei ght of
w@ra@sios@bs on (expressed as the free base). 18.pdheBo®a/ 005043

of granisetron or a pharmaceutically acceptable salt

14.hergol &{brﬁ WHfrﬁthU it nAnIBR—WGR MBI rrfe@[caﬁﬁe%@'for the
Admi AT SFTALT o0 a patient 1 n need thereof.19.
aCCQi&ﬂﬂﬁnt@rpkﬁbﬂmd@ofnnuﬂhemﬂﬁmumaunnge of a

medi cament for the treatnent or prevention of nausea
and/or vomting. 20. A nethod of adm ni stering

&ranlsetro har maceut i c

bl
her%dﬂe@QHa"%r&él?mgﬁferﬂr}g genye ?rﬁgr éc?fp zﬁm%gﬁlﬁ#@?l%a&ceptable
5 conpr e&gﬁ l((f'é eﬁ;ﬂ?e% linaan iRt dat vl méthod comprlse the

conp on as I'nany one of clains 1 to

21. Atﬁﬁﬁmdacﬁﬁmwt&ﬂdnngfw cpmpusifbhng dafised mnaﬂyoone of
vom ting, which method conprises the intranasal

admi ¢laghs &tto did. of a conposition as defined in any one
of clainms 1 to 17. 22. A nasal drug delivery device or
a dose cartridge for use in a nasal drug delivery

ng V%:F%ghrg& itogj ggat"iiné: ooerBPév%h&Hg I5ude] 198! Dond)"Shich
10 method comprises the intranasal administration of a composition as

defined in any one of claims 1 to 17.
22. A nasal drug delivery device or a dose cartridge for use in a nasal drug

delivery device comprising a composition as defined in any one of

15 claims 1 to 17.
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