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POADERED MEDI CAMENT FOR NASAL DELI VERY OF ASCORBI C

ACI D FOR REDUCI NG APOVORPHI NE | NDUCED TOXI CI TY TO
W@RbATHEES TI SSUE The present invention rel at esSPCDGB2008/002648

powder ed nedi canments for nasal delivery, and has

particular reference to powdbred medi canent s

POWDEREDMEDICAM EW?'FUR NASALIBERIVERRICF ASETRBIC ACID FOR

o REDUGINEAPONRDERHING THPuCKIS sERIERY $alFil ARG hssue

such toxicity. US-A-5756483 (Merkus), the contents of
whi ch are incorporated herein by reference, discloses

pharissessnt hvknticHelsdsttb powdéred medidagiRasdbr nasal delivery, and has
adm nistration of gﬁi)om)r phi ne, sai d conpositions
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of Parki nson's di sease conplicated by notor

Ghsar o Blerdfe Shth b b el srbebprma R ny
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possesSing the desired particle size.

apomplm@; saig aemipesidions Feraprisngamrpiioe ad/et an@m%nmn% galts and
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dopaiifes agdhizohed B usedles an‘ a:djlhmmei nbﬁlcaﬁﬁmnﬁhé atataent of Parklnson s
pul veri sation. I SO bl e

lséa'éelfr%%%g i q%gedimdmem iyt uﬁﬁl@@z@ddﬁ gl SH@“ Bgaipd g\(ﬁi@ tsiﬁhnent of sexual
dysBHIMES.| SAH PRaIMoni R8I RAVEST bd Radd sy lﬁs&ﬁiﬁg aEﬁ{}é égéh?%nd the

Sl ze by using conventional techniques, known from:t
exciphentntedle possesting the desitedrperticiesioy. dDhgr methods % makEsa8Eble

ro TPy A5 858 S T PECBIGET g e

v cﬁdﬂef(’@ﬁta@ﬁlo? the@hsOda¥etakides ﬁﬂhﬁ‘%ug’ﬁ%lcoﬂﬁlslrﬁa@edﬁﬂﬂb&/cd by
Y
buf fers, viscosi ty enhanci ng agent s, .and agents to

pregigjtafiom, ﬁﬁgat@g agel pulvstisasion) 3ris also possible to remove the solvent by
freeze-drying, followed by pulverisation of the powder in the desired particle size by using

conventional techniques, known from the pharmaceutical literature. According to US-A-
5756483, many other excipients, known from the pharmaceutical literature, can be added,
such as preservatives, surfactants, co-solvents, adhesives, antioxidants, buffers, viscosity

enhancing agents, and agents to adjust the pH or the osmolarity.

WO-A-2004/075824, the contents of which are also incorporated herein by
reference, discloses formulations suitable for nasal delivery of pharmacologically and
therapeutically active agents for systemic activity, in particular nasal powders containing
drugs such as apomorphine and dihydroergotamine and their salts. According to WO-A-
2004/075824, powder formulations of active materials and excipients of suitable particle
size for nasal delivery can be directly obtained by freeze-drying, without the need for
milling and without containing significant amounts of finings having a particle size of less
than about 10pm, by the selection of components with a specific crystalline/amorphous
balance. Such powders retain free-flowing properties on storage, are physically and

chemically stable and are readily soluble. According to WO-A-2004/075824, such
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WO A- 2004/ 075824, the contents of which are also
i ncorporated herein by reference, discloses
WO eromk e ons suitable for nasal delivery of PCT/GB2008/002648
pharmacol ogi cal | y and therapeutically active agents
for systemc activity, in particular nasal powders
cont ai ni ng drugs such as aponor phi ne and
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Serv to cause the arrest of cilia beat

contiiasendymans.appl i ed in solution to a section of
C|I|ated ti ssue taken fromthe trachea of a chick
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adap?ﬁ%o l\fértaéé Sugﬁ{%&%@l_l y particles containing active

According to one aspect of the present invention therefore there is provided the use
of ascorbic acid in the manufacture of a powdered medicament for nasal delivery, said
medicament comprising an active agent that exhibits toxicity to ciliated tissue, for

ameliorating said toxicity.

According to another aspect of the present invention there is provided a nasally-
administered, powdered medicament for ameliorating the toxicity to ciliated tissue of a co-
administered active agent that exhibits such toxicity, said medicament comprising said

active agent and ascorbic acid.

By "toxic" herein is meant that the active agent has an adverse effect on the cilia
beat frequency of ciliated tissue taken from the trachea of a chick embryo according to the
model that is well known in the art ("The Effect of Nasal Drug Formulations on Ciliary
Beating in Vitro," Romeijn, et al.; Int. J. Pharm., 135; 1996: 137-145; “Classification of
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drug substances, may give rise to undesirabl e nasal
irritation as well as other, nore serious conditions
worogpnpsdns. Accordingly, it is an object to PEEGB2008/002648
present invention to provide an inproved powdered
medi canent for nasal deliveBy conprising an active
agent that denmpnstrates toxicity to ciliated tissue,
Cili@-%gﬁﬁi'tiﬁk e R@NRSAITAEQT Meelhist bell| Laryngbicope, 111(4); April 2001:
medi canent is adapted to anmeljqrate such toxicit
595-&62)prBy Pameliorating sihiesicity} herpie ipmearifhatithe aderss fifect of the

.thereforg there | [ Qi oRG}
sty e et Ted s Bsbite el ArphpLiiAdh e
medi@hione b¥ascoidladi@ tirearadniinistbationi witnspid activetagert. Sgemiessening .

that exhibits toxicity to ciliated tissue, for
of thermivEisE SETPFiT 4B 4PLYB AP 0) e B bept g daghoy Ry fomprehend

ioN i hé SiliaeHt ey to

e RHRE R iy 8 PGk SR oA bt e sy o
recoVoE lat leasttto ag eklent, tpor eitoyak of the hdtive agent; fos guarpple by Gypshing,

adm ni stered, active agent that exhibits such toxicity,
eve ﬁrﬁgﬁtmﬁn%ﬁ&%‘?@ﬂ?@“{g’gia&@m i ve agent and

ascorbic acid. By "toxic" herein is meant that the

actrh\uema @aibodhinéntd theaddvies sgenefdag bt "xid"he citiatdddishesto the

frequency of ciliated tjssue taken from.the trachea, of
extent H1# pRoTbatRip AR AR e itTedursa e bt Bl o b o
subggﬁ% s &1nhe§ 1§£nstt5&f JNenk H86ke HsthRER NP 1%). The "toxic”

fary Beating in Vitro," Roneijn, et
effeat of the AttivelhgeRhaayralso b8krevesitde, in 8ie-sen®; that upon removal of the

"Cassificatiqn, of Gl.i o-] nhi.biti Effec{s o
activg a@egl’t,--frow e by fNaglpl_n’g, t %?1;)?1 bS@&%ﬂgencff{ffﬂ?& rg'\%o?zl%* or does not
OLonifRARIP A2, -aflBY wadi®s, QY @lid Béht HrdhGerlcd nayi repnain at less than
recﬁ%r éll‘(.’rrr{lls ryggnt that the adverse effgct gf a?’Ihe active
10% gaditin somt fmstapiced, fesbdun S¥)equency is | essened as a
result of the inclusion in the nedi canent of ascorbic
acid for co- ] [ at | J | | MEerASBE -
Su cﬁ MEs8 %ﬁﬁcﬁ%@o&tﬁ%}éﬁé@\%{e{rﬁggﬁ%}c&gﬁhegfﬁfe t ge active

agent on the cilia beat frequency may conprehend ) .
In some embodiments, said active agent may comprise apomorphine, optionally in

the form of a pharmaceutically acceptable salt or hydrate, e.g., apomorphine HCL
Suitably, said medicament may comprise 0.1-50 % wt. apomorphine, preferably 1-

15 % wt., and typically 1-10 % wt. The medicament of the present invention may be used
in the treatment of Parkinson's disease or other diseases, disorders or symptoms for which

apomorphine is indicated such, for example, as sexual dysfunction.

Said medicament is formulated as a powder for nasal administration, and may
comprise one or more excipients that are appropriate for such formulation and are known
to those skilled in the art. In some embodiments, said medicament may comprise about
99.8-45 % wt. of such one or more excipients in addition to said apomorphine and said
ascorbic acid, the total amount of ingredients being 100 % wt. Preferably, said
medicament comprises about 70 % wt. or more of said one or more excipients, typically

about 80 % wt. or more.
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| essening the reduction in cilia beat frequency or
allowing the cilia beat frequency to recover, at | east
Wo eooaf1ek3 ent, upon renoval of the active agenPCT/GBR008/002648
exanpl e by washing, even after repeated adninistration
of the active agent. In sonk- enbodi ments, the active
?ge?t may be "toxic" to ciliated tissue to the extent
. ; . L <
R S P S WP
prefetraﬁgségtiduaﬁog% afnd , Fﬁrﬂlfesdheammmtaﬁﬁi@éﬁdﬁe‘é!ﬁh pisige losgghan’5 pm
oxic" e t, a active.agent may al so be
or gr%t?f_éb?é} STV Pﬁﬁﬁﬁ%@bﬁ%m{‘ﬁ%’%ﬁ%pon rem)zal of the
active agent, for exanple by washing, the cilia beat
f I RGHERGEE.EIE SaliGhediGaRME magibe drese-toed. r Bujtably; said medicament
significantly (i.e., after V\%shin ,.the cilija be@lt1
may _f:mm?nlmmse Onrl&lyor?« svgar aloghols asa Treprerdtying cxriient- Ko sugar
i nst ances, |,¢ 9 rs §1C i i
ateongly PR arqtFR, stof Mool S RAL BRI HaIREL, M s Sorie
and SR iPFEREaSly, Ssiddnact inoee sugendlcotmls waybe padected from mannitol,

daponor phi ne, opti I in the for f . :
sorbwama@@@pd/@awyvoggéfsﬁ%»éa@aﬁ“%%a@ ;‘/’h&’é?%rfse%?nga‘.n?m’l' In
somt%l g:ﬁp%&i%h@?@é@gml Aitiytrthy solé aigdr A6kl @nEipientyaych that the
rise 0:1- 9" aponor phine, p_ref_e;ggl 1 15 %
medithmenteooaisistsessealialy of aponmrRpitine, Treorhie aeid H%/anB?tO]t he
ggei_ent |nve3t| on may be used in the treatnent of
rkinson's, di sea ot her. di '
) [-40oSHAH. R
i R R e Sk oAb

prefEsBIgTIoRS- 739, S tydieallyip.8i881% v@ainl sqreei¢obedimenisstherefore,
fornul ated as a powder

saidmagar@éﬂﬁbpl(é)énﬁh%o%ﬁmﬁeoﬁ‘igrr BSR4 AR G drWore BR8picnts
inclRiR %E%(rﬁfacﬁg%ﬂl&ﬁ%yﬁ@ ahaf R halbotineagad are known to

se's art. In some enbodi nents, said
medi canment nmay conprise about 99. 8-45 of s

. L gk > 15 % wt h
on gkltﬁrr_latmebf, eaag imdégament May SARPILGH Ci@cg%lkﬁe&ﬁ %ﬁ%ﬂf’?\%

and sai. scor,bi c..aci aMnid ;
exclpig o RS G Ry Do RIRUBD D pn. of asltale
disaccharide such, for example, as trehalose or sucrose. In some embodiments, said

medicament may comprise 0.1-1% or 2% wt. trehalose or sucrose.

Desirably, said medicament should comprise less than about 1 % wt. HyO.

As described in WO-A-2004/075824, by the selection of components with a
specific crystalline/amorphous balance, a powdered medicament having a particle size that
is suitable for nasal delivery may be directly obtained by freeze-drying, without the need
for post-drying milling, and without contairﬁng pronounced finings. The freeze-dried
medicament according to the present invention therefore preferably comprises an
amorphous component, which amorphous component constitutes at least 0.1 % wt. or at
least 0.5 % wt. of the total medicament. In some embodiments, 0.1-15 % wt. of the blend
may be in an amorphous state, preferably 1-10 % wt. In some embodiments, substantially
all of the excipient(s), e.g., mannitol, as well as the ascorbic acid may be in crystalline
form, whilst substantially all of the active agent, e.g., apomorphine, may be in amorphous

form.
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medi canent conpri ses about 70 %w. or nore of said

one or nore excipients, typically about 80 %w. or
Worene/ 04602648 - ATypical |y, said powder nmay hBOUBGB2008/002648

mean particle size in the range from5-150 mm

preferably about 50-100 nm-¥urther, the anmounts of

particles with a size less than 5 nmor greater than

150Thepatibiand ﬁerdrs&:incabf the bmorphoiiisicaystditine comgemansd of the
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mediEAme FEF RS by Sdioh g T el aied i o bRE P e
cryﬁaﬁlh@/%@rpﬁ%ﬁé ﬁ&aﬁféﬁ:&:@ésedéﬁnem b§ Wk maBhfR, $ncluding
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dlffcmtlaltsganmmacftlbltlmbtrynanm tol, sorbitol and xyl i tol.
Preferably, said one or nore sugar aI cohol s may be
sel.gcted. Y| , iet20l -
oyt TR cle 8% R Bl paf 2 B R mod SRRk Bl M UcBhed by particle
size@Hatuctepisatidrbyslase difffaotionrent s, manni toI may be the
sol e sugar al cohol excipient, such that the nedi carrent
consi sts e ntially of aponprp corbl aC|d
ranfisoBe erabadtmet, sUehpartite e SRARTIer Ry OB oA e iad
dir¥y 8n4Qry9 %dersédﬁgﬂ S@F tﬁ@ﬁﬁhtcaﬁéﬁf@fyaﬂal/ys%g oBor 3 siple of the

and typically 9 I n sone enbodi nents,
medihamerttenspender i aw@mnt al whml@ ﬂv(egylemm issinsaluble (wey anglysis)

usu?%u gisgtjig%\sltcfarﬁlz¥ A 1ﬂset1aul c e uﬁﬁggalf% (;rﬁ N %Igllﬁ%.ﬁ'%ents UK. Each

rom he asc

san@flé thay Bk FEllyn@d-hy@byatedaithe tﬁliﬁéi bf etivpatterisation; @A this & st achieved
di saccharide as an additiognal_ excipient.  Suitabl

usiag,ihe vek analusiemethedy Wi peshonethed dpraesieeaion of et pagiomerates
mag Wk Bé}géxfedcﬂ ﬁg phagd cﬂ% n%sgx‘gpa}%ﬁﬂr sueth Jrs‘%mgﬁﬁ bR T ehe

r sucrose.” I'n sone nts, said medi cament nay
santpierpriorste aﬁaljzsﬁ Y%nd mad¥mined by ﬂimhg) seregircatiorosithe sample during
bsllJ[Iablégl\’%P %gré?ggla%on oF {he Ssgnqp e can BQBenP ed v1su§ly under a

microscope.

=

Alternatively, particle size characterisation may be performed on a sample of the
medicament that is aspirated into a detector at a flow rate that approximates how the
medicament would be administered by a patient in use, i.e., a flow rate in the range of
about 10-30 L/min, typically 15-20 L/min. For this, particle size distribution may be
defined using, e.g., instrumentation available from Sympatec GmbH, Germany, with the
sample being delivered to the detector using an INHALER™ module that is adapted to
simulate the particle size distribution of a sample when administered nasally by a patient.
In such case, it is an unnecessary fully to de-aggregate the sample before characterisation,

as the intention is to simulate how the medicament would actually be dispensed in practice.

By complying with the crystalline/amorphous parameters defined above, and
provided that an aqueous formulation of the components is compatible with freeze-drying,
then the medicament according to the invention preferably has one or more of the

following properties:

e A particle size suitable for nasal delivery that can be induced and

maintained by freeze-drying;
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As described in WO A-2004/ 075824, by the sel ection of

conponents with a specific crystalline/ anorphous
whaloantrs3 a powder ed medi canent havi ng a part i BECEGBRES8/002648

that is suitable for nasal delivery may be directly

obt ai ned by freeze-drying, -6thout the need for

post-drying mlling, and w thout containing pronounced
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present 1nvention therefore preferably conprises an

anor phohsvicpapiendess thaptabewt Sawby (Snes) @dﬁ‘é‘&ﬁ@ﬁ‘i
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cryst al [ADFREPBARHTNH 8L COEPIIREER rhég%aélpa&@?‘fo(rfl%%wétggt\ll‘éﬂgy

thermal analysis, including differential scanning )
cal\3b ek dilarlh teRRFIdIE kige, b ARastired by laséridiffraption,emderowhich
the nedi cament may be defined by p%rti che Sj ze ferably at
10% baveloterdf sl pasticlpyis|diggabuter] (PRl b at %S%%H’El’ prelerably
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R R o e e G R
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medi canment suspended in a solvent in which the

di t is insol ubl | vSi i \
e by etk 5t GRS S B B s o
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o Sarfl RT3 LB o§lecRR) U5 Gl 200! omerates

The particle size distribution (calculated as the difference between (D(v, 0.9) and
(D(¥, 0.1) is preferably at most 140 pm, more preferably at most 110 um, most preferably
50 pm, and particularly preferably 40 pm.

The present inventors have observed that the addition of ascorbic acid to a
medicament comprising an active agent which exhibits toxicity to ciliated tissue such, for
example, as apomorphine surprisingly ameliorates such toxicity to the extent that such
tissue taken from the trachea of a chick embryo when treated with said active agent and
ascorbic acid recovers cilia beat movement after washing. Furthermore, it has been
demonstrated that such tissue retains the ability to recover cilia beat movement even after

repeated administration of said active agent and ascorbic acid.

By "ameliorates such toxicity" herein is meant that upon the administration of the
active agent in combination with ascorbic acid to ciliated tissue, a cilia beat frequency of at

least about 10% of the pre-treatment frequency and preferably at least about 20%, e.g., 20-
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may be achi eved by the use of dispersing agents,
surfactants and/ or sonication of the sanple prior to
w@e@abypsi4e3 and mai nt ai ned by stirring or recir cRCHGBRIVS/002648
of the sanpl e during anal ysi % In addition,
de- aggregati on of the sanpl®’CTan be verified visually
under a mcroscope. Alternatively, particle size
40% fsneteiiedr iFsathien aftemyashengroras to rembvethaactivepientshbstandially from

di canent thaf js aspirated int et ect at..a flow
the PHRAARER, sietis b ARBUREN A pk il ALRE 36 Phief e Rment
levéldpreftr 012 hERait ¥beutHBYA 81115% B.gl 9leadt-88%. R sohRVenitRidanérs, the
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t 0 ki avnbrdtuecet with therprésehteingéntionhe medivatieotncanfiprises ampheunt of

when adm nistered.nasally by a patient, In such cas .
ascpibig U ERRGL § re ety B n e et T toxiciy.
Sail) el BnfeAfmas bompa el dP0.abss 1 Newt. BicBYit 8Ad] Suftébly, the

sinmul ate how the nedicanment would actually be o
medicapentd the pregsnbiswention Byy eumppisgiahgutll. 1A % Ivd. ascorbic acid,

rvwst ald 4 pel anpr phous sgaranet ers defi ned above, and

Preﬁef%@}’ géldi t/ﬁ‘ﬁ'?’ %R At zcl)lfg“&'or mul ati on of the conponents

is conpatible with freeze-drying, then the nedi canent

ac cOhemedichmeitaecordingnd ilerinpsneibe eyl be hasifarered by ifizege-drying

of . the follow ng properties: A particle si.ze ,auit bl.e
a sqlgfiomepuaprising FAEAGIVE REE A SREAIPORRL AR aseREPIAATIAL 39 theldeast
0.1 wt! FRRES k6L dHbd periTBid axpﬁﬁéﬂpﬁ&% stlige distribution

wherein the proportion of small particles having a

size less than about 5 mm (finings) is mninsed, )

Whehuitabl said sphusion my theretorecamprise aapdmxtpresdd. 1-60 fhwt. of said

actlgitF trglg%rR h@'i-es %tvl}t? OP%rCéljb% %c%c}@FSS %ur\?té 'ﬁ?g&l?%gﬁﬁyor%ﬁcﬂa% and 99.8-40
% wt. of said sugar alcohol.

11N sS1Zze hor absor

As described in WO-A-2004/075824, the freezing conditions should preferably be
selected to provide an optimal ice crystal structure conducive to maximal sublimation rate,
the maintenance of the crystalline phase within the matrix, and/or induction of and/or

maintenance of an amorphous phase within the matrix.

The selection of suitable freezing conditions will be influenced by the chemical
nature and concentration of the active component(s) and crystallising or amorphous
excipient(s) within the solution or suspension, freeze-dryer design and specification, the

primary container used to process the product and/or sample fill depth.

Differential scanning calorimetry, differential thermal analysis and resistance
analysis may be used to define optimum freezing conditions. From such analysis, it has
been found that it is desirable that the product should be frozen at a slow rate or heat
annealing cycle applied to induce or maintain the correct matrix composition. For
example, a freezing rate of about 0.1 to 0.5° C. per minute and heat annealing cycle

comprising, for example: cool products to -45° C. at 0.1-1.0° C. per minute; hold 2 hours,
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extent that the particles agglonerate or becone
sticky, thereby preventing final finishing or
wae@persbhg and al so influencing pharnmacol ogi cBCT/GB2008/002648
activity; The resultant nasal powder exhibits high
solubility, inproved nasal-&bsorption and, as a
consequlence, hi gh pharnmacol ogi cal activity. Mre
part ke i16L&5°%0.2 OBt ijig|lmsebeen
w3 BBl e P ek ome. of Lhe o meebe
used.PEhdse Glb,f}iﬁs irgalydieslsed fom gaidaiqeDpwt, will, very depending|og fhg fogmulation
mm . pref er Aat. l.east 6 e r.afl
of thenaip s gL BHErg aEor BaL bV TS SR L R i coBaRb(e
usedﬂ{ﬁg&re- iiﬁg?t | east 15 nm The particle size, as
nmeasured” by | aser diffraction, under which 90% by

b Etomatiple, aculehle v GHFE IRURSRERES SERYY 30 S midn
dryng:hpge?%g%q (Sﬁ{ag{b%%gg'tséﬁig{o 1ShTO® MRitR8 hbatGhharhd increased final

nm and nore particularl

dryn%rteﬁl@_éﬁmry SN Vesipinnsahitlys ¢gclendesiphed faspscie size
I stribution, (calcu

t ed h ' re o
s 52l £, LB 58 I G e . o

i d théh Rbsly redededrtab? ¢. For th
e R B iy Tk B oy e . S

; : . eferably 40 nm The pres
remdindee of orasn ﬁmufmrmb@@rmge@ﬂt Mbpﬁgrem %I}.CEﬁqS urh‘@g@b ﬁ%orr to
facil?t%q%%tﬁg&ﬁﬁﬁ%ﬁ?@@@ golgoﬁkfgiﬁ %#Z%&?als@@ sI feﬁ‘ﬁ)ef’aﬁﬁre to ¥4¥ CHor final

_ “tissue such, fo
(sec@ﬂiﬁm!cﬁyin?.s aponor phi ne surprisingly aneliorates such
toxiCity to the extent that such tissue taken fromthe

trachea of a chick enbryo en treated, w ' : .
i Facteraytioh datmite b boege daiine FRESYE bl dylple include:
nmovenent after washing. Furthernore, it has been

denmongt rﬁke%qasg hahsiibe Rulgeftie (T€) #hivh defeemies hd tymperature at
recover Cll7a beat novenent even after repeate
admi ni stwlith tre wscosig of the e¢aled @Q@rﬁecﬁ%eségg%ﬂ%%é’ sg daey the

sample collapses during freeze-drying. Glass transition temperatures have

s

been determined by differential scanning calorimetry or differential thermal

analysis;

e Operationally the temperature at which the sample collapses during freeze-
drying is defined as the collapse temperature (Tc). Collapse temperatures
are determined by freeze-drying microscopy. In the absence of
complicating factors such as the development of surface skins on the drying

sample, collapse and glass transition temperatures are typically similar;

e Skin formation and associated defects, are also determined by freeze-drying

microscopy.

The medicament according to the invention has the advantage that no preservatives
such, for example, as bactericides and fungicides, are necessary. Such preservatives are

known to decrease the ciliary movement (Romeijn, et al., 1996, Merkus, et al., 2001).
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By "aneliorates such toxicity" herein is nmeant that
upon the adm nistration of the active agent in
w@ormionebd on wWith ascorbic acid to ciliated tiBEIY6GB2@8/002648
cilia beat frequency of at |east about 10% of the
pre-treatnment frequency and 9referably at |east about
20% e.g., 20-40%is retained. Further, after washing
SO B thédiceh@i acddiging &d théenRaash mdy be taaministeted i@ nasal
. theciliated tissue, the cilia beat frequency recovers
insyfflatop s passiyadewiges by somesenhodiments theswedicapet may, for example,
. . 0 0/ t
be 50 20pte wh B SOROM e Mo G S flain KA 4 goodle
may beparetrated threagh thalaptnletto-nddopotesiat 8 tqy mdtbott@hmefthe capsule
| evel within . aboyt 20-80 pmnutes after washing. In
and A app e LB VRHIP RY ¢ aﬁwa%ﬁowwffi@%{lébﬁ dqvlie ke St
partf Q8PS &R e RY He RlieRTGRD | PrAfbdlcaritt %fﬂww adnSinistered
at |least an anount effective for aneliorating sard
in atjetxipeast of anSaért gaeatisuspended imdiguirbonganis luids. {Ide abputed a8tount for
. asct(r)rtbi C..aci dal S '.tabI?’/ trhe ne 'camsntt. of tlgef
nas%traé‘%‘?i‘ﬁ THOPHA B M EBHRE FSRrAR {0 g Y CRIG gy be, for
exaﬂx?fd? bbiweeR ¢ iadd 5D hed, efpidlly 100202n3)0fot exanfpl@adminb@diéd as about 5
1% . The npedi canent according to the invention may be
to 2Qupgipefdtostidd by freeze-drying a sol ution conprising
said active agent, a sugar al cohol and ascorbic acid,
SO 1HRBkelcGBdlirfents, %‘ie‘ﬁicag%fltﬁl cd ]Er%%@:’ dried blend is
i n an anor phous state. Suitably, said solution may
therefore conprise an adm xture of 0.1-50 %M. of said
active agent, 0.1-5 % w/w of ascorbic acid, 0-5 % wt.
trehal,ose and/or su and 99.8-40 %w. of said
sugar APPSR as” qdBrMad i n WO A- 2004/ 075824, he
freezivigniteondi t i onshasd,d preferably be selected to
provide an optimal ice crystal structure conducive to
maxi mascybisiaciht i on P4t2% the mai ntenance of the
crystalline phase within the matrix, and/or induction

of ARG eIRIHHRAMGER nAP cARBERNOUS phase wi thin the

mat ri X.

w/w
Apomorphine 0.1-15%
Manaitol 99.8-80%
Ascorbic acid 0.1-5%.

Alternatively, said medicament may comprise:

wW/wW
Apomorphine 0.1-10%
Mannitol 99.8-88%
Ascorbic acid 0.1-2%.

Following is a description by way of example only with reference to the

accompanying drawings of embodiments of the present invention.

In the drawings:
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The selection of suitable freezing conditions will be
i nfl uenced by the chem cal nature and concentration of

W0 b@oactsy e conponent (s) and crystallising or BPODGBR@RSH02648
excipient(s) within the solution or suspension,
freeze-dryer design and sped&®fication, the primry
contai ner used to process the product and/or sanple
f i Igjg deRbhrafhl ffRiehdat frbqueneynérags timt follaveng yespective single

differential thermal analysis and resistange anal ysis,.
adminigtrafions SBHRTicyS ALbSTRNE B9 et F1°8 PKAR OB E (g e o 8 chick
Ero i j und that it is
embjyQ Fgr szlé;&;ehl? Eeg{lt}/ e%fesfrstog bath ﬁﬁ?ﬁﬁée@

the oduct shoul d be frozen at a slow
rate or heat annealing cycle applied to induce or |
maiRig Al i3 atgraptcoli cike beatrfrequency versustime Sollovrpg respegtiye single
a freezing rate of about 0. 1. 0. ' :
oyt i SRV It PP PG, ol o BEmIhe e BFa chick
emlﬂ’%@ Wifdwedtty wékhirg sudh tisShud withAhE€Logles R inigatdodutidnaifgr 25 minutes
urs,- 8 - warmto -15 C, hold 2 hours, re-cool to
expodife © thelsolutioms;hour s before drying, have been used.
These val ues may be used for guidance, but will vary

depgndi ili ' BmR FONARL fed!

anglg i éFn&?'ﬂ aé)rlg %%gp?lfnl??%%%gggﬁg%ﬁg?aﬁpar at u_él g’gﬂ%ﬁ& her |
adnsiaiFtenens{ #pmesitné nashi menter tr y solgtionFemtairiagy Meascarbic acid and

sui tabl e_dryi cycle, includes heating directly to 5C
SUbﬁ‘?ﬂueﬂtaWﬁ‘ﬁhH“rgy‘Vﬁg,Lo éﬁ‘é‘ﬁgresﬂ’ﬂg‘r?gnber pressure to 150

nmrorr to facilitate heat input and increased final

dr ygpgndieqperature to 20 C. Variations on this cycle,
desi gne or specific product/process optimsation

i ncl uded cycl e where shelf Eeo erature i s.rai seg.tqt ﬁ?

C " Adovierad medifBen! SARBESIBE 2900 WY APPRARPICES T iRedR e
resdlS ﬂ’l\/%{l&(%[ %ﬁsc‘%o\f&s 2} Jcle\gfﬂl‘fﬁfé.fﬁﬁo@ing-coﬁﬁbsiﬁbﬁ remai nder
PIeS™ R n pri

nary rying with chanber pressure
increased up to 300 mlorr to facilitate heat input

into product foll owdd by incr eased shelf tenperature
to %O%orgh%eﬁbpal o /:)econdary) dryi ng.
Mannitol 96.5%

Ascorbic acid 1%

The medicament was manufactured by dissolving the above-recited constituents in
water to form a solution, and thereafter freeze-drying the solution to form the powdered

medicament. The following freeze-drying cycle was used:

Freeze to -45° C.
Cooling rate 0.25° C. per minute
Hold 120 minutes

Main Drying:

Shelf Temperature (step 1) -20° C.
Warming rate 1.0° C. per minute
Hold 1200 minutes

Chamber pressure 50 mTorr



Factors which determ ne the freeze-drying
characteristics of the sanple include: The glass

WO e@asiusdN tenperature (Tg' ') which det er m nesP€T6B2008/002648
tenperature at which the viscosity of the cool ed nass
decreases sufficiently so-tihat the sanple coll apses
during freeze-drying. dass transition tenperatures
h i by differential scanning
c?%rlﬂlgﬁnet égﬁgfer(gﬂlepggpeﬁii al thermal analysis;
OpWiasrhingralel ly0°t Giepet exipde at ure at whi ch the sanple

caol | s during freezedrying is defined as the
cgﬂ{f’@@@n@ 8rature (Tc). Collapse tenperatures are

de@m&%gesgwegomdryi ng m croscopy. In the absence
of conplicating factors such as the devel opnent of

surface skins on the _drying sanple, collapse and gl ass

t r Shedf TeroperplapgisieatddPeS- are typically simlar;  Skin

f [ [ defects, are al so detern ned

b%@%‘;?%ﬂg?ﬁ%sﬁ%?ﬁ)@gopy. The nedi canent accordi ng

t oHbkiel 000\eintiiesn has t he advant age that no

preservatives suc for exanple, as bactericides and

fu&éﬁ’l&‘i’?}é’é?ss‘é‘}eesldﬁ’éhg%sary. Such preservatives are

known to decrease the ciliary novenent (Roneijn, et

al FinallPRfng Merkus, et al., 2001).The nedi canent

accor di ng %o the invention nmay be adm ni stered using a

naShelf Termpératuzg bY° ©r a passive device. In sone

e di ren N He nt may, for exanple, be

pl c"‘é‘a‘“?%}ag"' %gpguﬁ%ﬁgﬁgﬁ is disposed in an inhalation
or HoRT6(f hrfukean devi ce. A needl e may be penetrat ed
t hrough the capsulgla to make pores at a top and bottom
of Chasberpsstiie 9818 may be drawn in by inhal ation
or bl own through the device to force out the particles
of THEdbGRIBAze JdRifg Eyife RiAtHeBR Lised dFRtavely fi6r foRAIIGAGRMHaving
may al so be adnminiStered in a jet-spray of an inert

Tg' gds abebeuispetrtd8° CnThis gegags mﬁwip@oqpqcn egrperatye should be

maintaife | 5 o%{f-‘%%mb. {1%& -18° C. minus 5° C. for operational safety = -23° C.)

The particle size distribution of the powdered medicament was measured by using a
Malvern Instruments Mastersizer™ laser diffraction machine having a 300 mm range lens,
a beam length of 14.30 mm and sampler MS7. Hexane was used as a solvent, the wetter
was Span 85 and the medicament was sonicated for 1 minute before being measured. The
results of the particle size distribution measurements are given in terms of the particle size
at which 10%, 50% and 90% by volume of the particles exist which are referred to as
D(v, 0.1), D(v, 0.5) and D(v, 0.9). The size difference between D(v, 0.9) and D(v, 0.1) has
also been calculated, as this indicates the particle size range. In other words, the lower the
size difference, the narrower the particle size distribution curve and the less poly-disperse

the distribution.

The medicament manufactured as described above was found to have
D(v, 0.1) = 6.52 pm, D(v, 0.5) = 22.40 pm, D(v, 0.9) = 55.12 um and D(v, 0.9) -
D(v, 0.1) =48.60 pm.
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nasal adm ni stration of a nasal nedi canment according

to the invention nmay be, for exanple, between 1 and 50
worgeooypsal |y 1 to 20 ng, for exanpl e adm ni SPET/CB2@8/002648

about 5 to 20 ng per nostril. In some enbodi nents,

medi cament may conprises: W3y Aponor phi ne 0. 1-50%

Manni t ol 99. 8-45% Ascorbic acid 0.1-5% Alternatively,

sajg di sament nmay conprise: ww Apom)r phi ne 0. 1-15%
I\/ta‘n“‘nllt{I [ 99. 8-80% Ascor bi c aci d 0.1-5% Alternatively,
sai d nmedi canent may npri se: Apormr hi pe Q. 1-

lvaﬂ?hﬁa fisThepmegicpmontAserBie ik defE?elit Ingntioglisissiin g aﬁ}% 1pelow
t
werd EPE bl AR IheTAARR, & Rthllih BXAEDR CRRRe! The
corré%?@ﬁcﬁﬂg phrtiviersideqneastiventehts ady alvo giysn i e Thbles a gr aph
cilia beat frequency versus time follow ng

Cibe Sivealtogn A Fr s § Wi PRl O EHo K ss74 pess 2122
and Piguf BN ck

The pharmacokinetic (PK) data for Examples 2 and 7 above are given in WO-A-
2004/075824 (pages 21-23 and Figure 3), demonstrating that the nasal administration route

is viable with the medicaments according to the present invention.

WO-A-2004/075824 (pages 24-26) demonstrates the rapid efficacy of a
medicament according to Example 5 above in reversing an "off" period in subjects with
Parkinson's disease known to respond to a single dose of <5 mg subcutaneous

apomorphine.
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enbryo to show the relative effects of such

subst ances;

wo 009089463 me fol | owi ng respective single
adm ni strations of various test solutions to ciliated
tissue taken fromthe trachea of a chick enbryo

Table 1

fol I owed by washing such tilds

le with the L

Fig. 2 is a graph of cilia beat frequency
PCT/GB2008/002648

cke- Ri nger

sogutigm after 1¥am nutes expogure to the si@utions;
Fig: 3cs a graphgof cilia beaigfrequency viegf sus tine
f ofit owig repeat ¢d admi ni stration of aponor|phi ne nasal
po®der| in a solution containing 1% ascorbic| acid and
suBisequent washi ng with Locke-Ri nger sol utilon. Exanple
1 ﬁ; power ed medi ¢anment conpri ging 2.5% w w japonor phi ne
acgording to thejpresent invention was fornulated with
the fo] |l ow ng cofposition: w w Aponor phine HO 2.5%
Maghi tol 96. 5% Ascorbi c acid 1% The medi cangnt was
ma@uf act ured by di ssol ving thg above-recite
canstituents in water to forml i ' d
t hgr eafer freezezdrying the gQdution to fof® the
posder medi camggt . The fol I qw ng freeze-dyging cycle
wag uspd: Freeze|to -45 C. Coqling rate 0.25 C. per
m putel Hold 120 i nutes Main Drying:
E .
E 3 2 Q
~ e (@)Y N ]
7 "y — — (@
=
Z
a
o o — on
£ 3 G 3 2
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E
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£ 5 | 5 S 5 g 5
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E [H3<2 xS E8 I |ER <
f |§22 (582 ¢& (5222 5§83
S EEE |EE5d EEETS |EEd
[5} L Q, 7]
g |52 |[f5 i |25 2E |F2 <
S N en <t ig
Z
=
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2
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Shel f Tenperature (step 1) -20 C. Warming rate 1.0 C

per m nute Hold 1200 m nutes Chanber pressure 50
wolawnsBhed f Tenperature (step 2) 0 C. Varm ng PEL/6B2008/002648

C. per mnute Hold 720 m nutes Chanber pressure 50

nmrorr Shelf Tenperature (step 3) 5 C. Warmng rate 1.0

C. per minute Hold 1000 ni A4t es Chanmber pressure 50

nmrorr Final Drying Shelf Tenperature 15 C. WArm ng

g ratg 1.0 C. per mnute Holld 700 m nutes Chanber
ipr@sure 50 pTorr The above-freeze-drying cycle has
abem used effectively for |formul ati ons having Tg' or
<= Tc| at about 116 to -18 C. |This neans that the product
& tepmperature should be maintained at about -23 C
a(ile., -18 C{ mnus 5 C. flor operational safety = -23
L C) The particle size distjribution of the powdered
g nmefi canent was neasured by using a Malvern Instruments
.~ Mastersizer(tm |aser diffiracti on nmachine having a 300
& mmjrange |l eng, a beamlength of 14.30 mm and sanpl er
M5/. Hexane Wwas used as a jsolvent, the wetter
2 |2
= |
=
Z
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=
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was Span 85 and the nedi canent was sonicated for 1

m nut e before being neasured. The results of the
w@arwiocd4e3 si ze di stribution neasurenents are gPUEGBRIV8/002648

terms of the particle size at which 10% 50% and 90%

by vol une of the particles &Xist which are referred to

as (v, 0.1), D(v, 0.5) and (v, 0.9). The size

di fHxanrehc® between D(v, 0.9) and D(v, 0.1) has also

been cal cul ated, as this indicates the particle size

{ nelhesibaeat REanetRh Rl o0 FtnebpRed] il PUEGapte e
relafifiCiok RS JPShBstHcePHpHEd ihdlstion tolaeéticaof cllitted tissue taken from

medi canment manufactured as described above was f% ng, .
the trachieavfa Citivk embiyo @opmijimgt aby 1996 Merkus, otal 4804k, %F {issue is

.0.9) 55:1 and . - =
mai ok Bl help B e gl S BofCicites (e
whiuhﬁlemil@gmt. Irm\tfsage i§ Eheni tMlﬁﬁrrbd] toTaivel chntaimiimg .Qeulef test
prepared in accordance with the nethod as. descrihbed in
solBoaepi dherippee CHRASEsteAe SHERGh 16 TpUert PURL Oy stects cin be
TAVAST . = . .
meagﬁt%l Sg;ﬁ&%u ya Oﬁﬁi%n &g% gss?l% ?IPIE'%%SE%} Sfogﬁg:ﬁ?g r{ﬁlimr%fg%ﬁ administration

and\80a1Ba@iDhe 08 vBRbOI((BIges 21-22 and Figure 1). The
phar macoki netic (PK) data for Exanples 2 and 7 above
are_qgiven i.n. WO.A- 2004/ 075824 (pages 21-23 and Figure
3) ,S’_g%lﬁt%glg’t”?’é?f’tﬁod’st hat the nasal administration route
is viable with the nmedi canents according to the
gr eRigNt shawsethe h@ﬁive\weéésM@%l@ym'n(sna@mommﬁg solutions in
enonstrates the rapid effjcacy o nmedi canent i
the SEoRaTlqTRSoRSAS BPEM GBS f 3R &Y SPTHEPIaN Agrio cilia bea
moVéthér? ?nfu@e@b‘?kﬁ%?oéﬂré b BatikiRrgen ﬁ%cﬂgﬁﬁl@%ﬁﬁﬂfdﬁﬁ\@ﬂodiﬁed Locke-
respond to a single dose of < 5 ng subcutaneous .
RingpofvE RYiisomitidabTles ¢ffect ihinseliuated sigpifieeriihbyieraddition oh &% wt.

ascggic g’c?cli ’tco' t%s%%?dt%n.s

Reversibility Assessment

Fig. 2 shows the effect of washing the tissue in Locke-Ringer solution 15 minutes
after separate administrations of ‘1% apomorphine in MLR’ solution and ‘Apomorphine

25% w/w Nasal Powder (ANP) 1% in MLR’ solution containing 1% wt. ascorbic acid.

Apomorphine 25% w/w Nasal Powder comprises 25% w/w apomorphine HCI,
1% w/w ascorbic acid and 74% w/w mannitol. In this experiment an amount of 400 mg of
Apomorphine 25% Nasal Powder was dissolved in 10 ml of MLR to a concentration of
1.0% w/v apomorphine. It is clear that the toxic effects of apomorphine alone are
irreversible while the tissue treated with the ANP formulation containing 1% w/w ascorbic

acid recovers after washing with Locke-Ringer.
Repeat Administration

Fig. 3 shows the effect of a repeat administration and washing with Locke-Ringer

solution of Apomorphine 25% w/w Nasal Powder 1% in MLR containing 1% w/w



The cilia beat frequency (CBF) nodel is a recogni sed

technique to investigate the relative toxicity of
wGaamshaeces applied in solution to a section 0OPCT/GB2008/002648

ciliated tissue taken fromthe trachea of a chick

enbryo (Roneijn, et al., 199@, Mer kus, et al., 2001).

The tissue is maintained in Locke-Ringer solution and,
ascuibéveid pregercd as describsddpeet b isadee ¢t theeviakiliey oftthevisseh is

nagpied g Ay opd e 50T pec Rt RATIRE BRI g e

on CBF assessed. Further, the reversibility of any
effects can be nmeasured by washing the tissue in
Locke- Ri nger solution 15 m nute post adm nistration
and eval uating the recovery of CBF. Single

Adm nistrations Fig. 1 shows the relative effects of a
single adm nistration of various solutions in the CBF
nodel . The toxicity of aponorphine is seen by the
conplete arrest of cilia beat novenent induced by the
exposure of the tissue to a ' 1% aponorphine in

Modi fied Locke- Ringer (MLR)' solution. This effect is
aneliorated significantly by the addition of 1% w.
ascorbic acid to this solution. Reversibility
Assessnent Fig. 2 shows the effect of washing the
tissue in Locke-Ringer solution 15 mnutes after
separate adm nistrations of '1% aponorphine in MR

sol ution and ' Aponor phi ne 25% w/ w Nasal Powder (ANP)
1%in MR solution containing 1% wt. ascorbic acid.
Aponor phi ne 25% w w Nasal Powder conprises 25% w w
aponor phine HO 1% w w ascorbic acid and 74% w w
mannitol. In this experinment an anmount of 400 ng of
Aponor phi ne 25% Nasal Powder was dissolved in 10 m of
M.LR to a concentration of 1.0% w v aponorphine. It is
clear that the toxic effects of aponorphine alone are



irreversible while the tissue treated wwth the ANP
formul ati on containing 1% w w ascorbic acid recovers
wa@baen1omeshi ng with Locke- Ri nger. Repeat Adm nPGL/GBR108/002648

Fig. 3 shows the effect of ,a repeat adm nistration and

washi ng wi th Locke-Ri nger ol ution of Aponor phi ne 25%

w w Nasal Powder 1% in MR containing 1% w wascor bi c
Claims aci d prepared as described above. It is clear that the

viability of the tissue is unaffected with the effect

1. Ugern%q qsgﬁc): L c}]@f q}g %ﬂguf%g@'ré; 6f§ef oéc%&de?&i Bgéhﬂgmw;c for nasal delivery,

said medﬁ&ﬁ@ﬁt&%h&ﬁrﬁn@ ancacHOMaiesme that@diilsigytexicity or ciliated tissue, for
delivery, said medicanment conprising an active agent
amelioratingataidbepidiiyt s toxicity to ciliated tissue, for

aneliorating said toxicity. 2. Use as clained in claim

2. Use aé’\ﬁﬁ'ifre'drln Saigl la%bt‘éﬁl @a%ﬂ?av@% t'céﬁl?r@&%ﬁ@fﬂ%ﬁb}ﬁﬁe optionally

opt1 ona in thé form of maceutical I'y
in the foracﬁaqﬂmbthecmmll}mccng@'mlasét OGlydUSE as claimed in claim
1 or clai m 2 wher ei n sai d medi canent is freeze-dried.

s Chep e S 6 Lot R R A

freeze-drying excipient. 5. Use as clained in claim4,
4, Usb ey hinetidih dlaidn 3, edsteinsid sdieamahtcohmprisevatjiedss exse sugar alcohol
mannjtol. 6. Use as clained in claim3, claim4 or
asafreezgrckngs:xcwf‘@,ta n said freeze-dried nedi canent

conpri ses an anor phous conponent, which anorphous
5. USOFPOBRMd 6kl 4, ‘!J\Fll%fel@&anﬂ 8A184st Bndsiahlcold] cobRPrib&irAannitol.

medi cament. 7. Use as clainmed in any of clainms 1-6,
wherei n said nmedi canent conprises 0. % wt . . ascor.bic

6.  UsepsclaBnediselaim I ichitrdprichin) Sapherein %m‘éfrém dyigdgnedicament
comprlsersn’fﬁ;xl LRI s %8&8515&1‘?,%1%0}}&5&&{%@ conARATRY RBsdiEites at least 0.5 % wt

of the total medicament.

7. Use as claimed in any of claims 1-6, wherein said medicament comprises 0.1-5 % wt

ascorbic acid.

8. Use as claimed in claim 2, wherein said medicament comprises 0.1-50 % wt
apomorphine.
0. Use as claimed in claim 5, wherein said medicament comprises 99.8-45 % wt. mannitol.

10. A nasally-administered powdered medicament for ameliorating the toxicity to ciliated
tissue of a co-administered active agent that exhibits such toxicity, said medicament comprising

said active agent and ascorbic acid.

11. A medicament as claimed in claim 10, wherein said active agent comprises apomorphine,

optionally in the form of a pharmaceutically acceptable salt or hydrate.

12. A medicament as claimed in claim 10 or claim 11, wherein said medicament is freeze-
dried.



9. Use as clainmed in claim5, wherein said nedi canent
conprises 99.8-45 %wt. mannitol. 10. A
wmamalisgendm ni st ered powdered nmedi canent for PCT/GB2008/002648
aneliorating the toxicity to ciliated tissue of a
co-adm ni stered active age]rﬁgt that exhibits such
toxicity, said nedicament conprising said active agent
13.  Aanetliemoant bs clamodddn claim 12, whelletnsaihmedisamprti oopiprises at least one

| ai m 10, wherein said active agent conprises
Sugaralc&ﬁﬁﬁﬁ?&i‘?ﬂ?éf’”&ﬁ?’%}%ﬂqy inthe formof a
phar maceutically acceptable salt or hydrate. 12. A
14.  ANBeHisan@hs dlSirsddinREmi 12 otlchiim 1B) whereid sid1frddze-dsfedmesdicament
_ said nmedicanent is freezedried. 13. A nedi capent as 0
compriseg pa RMEEPHIOHS BPTEPFRSRR WhiteRITRIAUS PUIROBFRILABHEUIES AFast B9 %o Wi.
ofthetotgltmlecﬁga% Qne sugar al cohol as a freeze-drying
excrprent.” 14. A nedicanent as clainmed in claim12 or
claim 13, wherein said freeze-dried nmedi canent )
15.  Acnedicirses asolaimat inoy of cleipohd At wherkincsaidamediphmens comprises 0.1-
o co%gonen constitutes at least 0.5 %w. of the total
5> % wt. 43 t. 15. A nedicanent as clainmed in any of
clainms 1-14, wherein said nmedi canent conprises 0.1- 5
% wt . ascorbic acid.




