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5 10- 1 - ANTI-MALARI AL PHARMACEUTI CAL COVPCSI TI ON
Field of the Invention 15 The invention relates to
phar maceuti cal conpositions, delivery nethods, and
delivery devices for the treatnent ofunconplicated and
conplicated mal ari a. Background and Prior Art Known to
the Applicant 20 Malaria is an infectious disease

wi despread in many tropical and subtropical regions,
caused by the infectious parasite Plasnodi um
transmtted primarily by the femal e nosquito of- the
Anophel es genus. Malaria is the cause of between one
and three mllion deaths annually, nostly in

sub- Saharan Africa. O these, sone 75%are of children
under 25five. Many pharnmaceutical s have been devel oped
or trialled lor the treatnent or prevention of malaria
in both children and adults. Although useful
pharmaceuti cal agents exist, and the life cycle of the
mal ari a-carrying nosquito is well understood,

practical intervention 30strategies have so far fail ed
to bring this disease under control. As w th nost

i nfectious di seases, issues of drug resistance are
ever-present. However, lor malaria, other confounding
factors include the difficulty of admnistration of
drugs to those in need, especially to children. In the
nost severely affected regions, children are often

under - AOMACIRT E B SO SR RIE G R BRI

\PAvavrwpwyv |

|nfect|on |tself- eplsodes of -di arrhoea and vom ti ng
are not uncommon in such children. As a result,

Figldidf dfeskventionunabl e to swal | ow medicines in tabl et
formand it is extrenely difficult to find appropriate
veins in children for adm nistration by the 5

Tﬂellh{f@’il\t’@ﬁ%l&teﬁ uUptermEdeaticdlfcotipositivgy, ﬁeWﬁiﬂéﬂﬁbds | andrdelivery

Jeases there are no tralqggi di.cal Eer§£ F ..on hand
S SYREMERUY TP PRI GRS P &y where a
course of nedication is required over a period of days
or weeks. Anmpongst the active pharmaceuticals of use in

Bidhkerduhé ahdrerior Aft Krmivar toah@Aeplécanunber of 10 conpounds
derived fromartenesenin, a sesquiterpene |actone
endoperoxide originally isolated fromArtenesia ami a

MQMﬁQ%ﬁWnFeth@ﬁs d1§>e%§ef Q"[(ﬁ reMagl Iﬂan)gtgﬁﬁ%al %ﬂd dsudBlcal re 10ns

hese conpounds I nc he sem -synthetic deri vatl
caassetdé:m tholinfecioue pmaateePlaamcémttmasmamd pantagitt bbethe female

arte il). e Inter onal, Phar oei a
gl Srats Ve b st VBT Do oo S BrecBont ABL Uhfepprllion
dchitS ahfi@dly @Bty STBISAhArn Atids. ONAABRIRRI 759 afeltF chftdren under
form of capsules tabl ets or an |nJectabIe

fiveor nul ation; Artenesenin in the form of capsules or
t abl et s; arteether in an i njectable fornul ati on; and
both arteninol and artesunate in the form of-tablets.

Ml platreatcubidilo 89 ten devdlesediranradut the dlchiynaACbi pevention of
conposi tions containi ng 20artem si ni ne and/ or

mgdaria {neaqth elildsen and adwltsi Ailthevehriseld phapaceyiigabrgeatsiexist, and the
11f@r ?clkt BF Y A8k Eﬂyltﬁé@lﬁ)i{#uﬂ%ﬁ%ﬂ%lﬁ%ﬂogﬁ pr?&wtaﬂ?ltefr&rn'ﬁ‘on

suppositories mnistratio

stratetglemwer scafar tailed apbtitg thes dlseapﬁﬂﬁdec abrardly Aprvatil mostinfectious
dfor a nunmber of reasons: Firstl
digegpaseispiry OATUS TRUPARCAT e XYFET el K ‘%lVPEé%‘gmaﬁﬂﬂa QBer
coﬁﬁﬁ‘nﬂi ?tfﬁé&ls Qﬁblgdef the Q%Eultysﬁ%ﬂghﬁtvraﬁ&lrof%%§QB t¥d$Re in need,
absorption through the rectal mucosa, patients need to
esp@mil}go otildrgnr it thc m&os? Syeed st fentel Iagg)oed:hdd@n Aare often under-
containing a high fat content; this is rarely the case

i n sub-Saharan Africa. Thirdly, in many comunities
affected by malaria, there are strong cultura

barriers to the use and adm ni stration of

supp03|tor|es It can be seen that all of these

I L T 11" £ £ * 1 L~ Y 4 I L T T L
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Sunmary ofthe Invention Accordingly, the invention
provides, in a first aspect, a pharnaceutica
conmposition 5conprising: artenether or arteether; and
a pharmaceuti cal | y-accept abl e exci pi ent selected from
the group consisting of: mediumchain | ength
triglycerides: short chain triglycerides;

ot nega- 3- ine triqglycerjdes d fiish oil, rich j.n
nop s el g e topf Hoat IR uPiplpngs caiied B the
mhlhad ﬁiﬁt@@ﬁ@dselﬁté?tsba&uﬁ* diarfées ahd OsmASake ARIABENMSA TN Such

i nventors have found that the transtnucosa

chéldeen iAsuigbult, chiddremraowableha s wallo va ppdicings diripbles rm and it is
nasal. r.eut f-ar, Lni.stration .of a her ..or
ol iR e FEf ABOTpOAENERS UL Bl b FIRLGHac8h by he
inRhoBRC@Utc. Glen iiMth Wdte psyssil€ th enadly lcddk Aidr® Are@rodraifd@medical
the treatnent of malaria. Furthernore, lor the first
persopacl qrehagd & pdiaiglisiey daessi ipraepaesly espesinlly wheag a paurse of
: Il I I eat nent, and that
1n%§§ﬁ@%qggzu%?%?%?g&%ﬁgd%g%g%ﬁgQ%g Ically qualified
personnel. It has particul ar advantage, therefore, in
nmore renote village settings, where e.g.. village
Agppet S1eaghv pRhaarehegals AT b AR ErGRrY S matrects 4 nugogr of
co%%ﬁﬁ’%fvg@%hpér%ﬁ@&’gﬁ,ga é%fsqﬁigb?ﬁ)égk lﬂegstonElfki%g&?éifpﬂui 3 baé biigRally

can be delivered e.g. sublingual as a ol us;
isdnted fivned peetser atiy, (Ve daos gt @y PogralEdied.d 2004i $1:71-78). These

e b HESGhES B R ohEb PE AR EEABR remotran
arfebihgt ?agt@ﬁlqus TOE IS@indfidi PhidddcypRed g% 1Areivbyd Bkalth
caprylic acid (octanoic acid, Csl-11602) and a capric

Orgenigat{ade dials ¢insmber of thespoipp te)reatveadit ghmeksianviz: Artemether in the
i glyceri r . ' [ jl.e a
b R ERTIR AR BF R PP, PR O ARG B R capouts
or@atlas; dateeihteianlinjcotablerfomiligord ah@tothnaosipen ahd hftdcufits in the
gui neensi s Jacq. When Mediumchain Triglycerides are
fogpehabkds-f r om t he endosper m of Cocos nucifi?ra L., the
title Fractionated Coconut G| may be used. Medi um
chain length triglycerides have a m ni mum 95. 0 per
US @ateno63 (689t descablesf diatryacaciicdlywictive & rapditiohs canthiamg

atons. Further.chem cal and physjcal. 30 properties are
arigguupig AR ph girhVé‘“E%ﬁ QpesRIPHE riEo HobF b By 4 rormulated for
reO8PRIMiARFEHU iV Ak 8t QP%BE{H{O%%. Rectal adeii@ibtratfod@fAntimalarial

triglycerides are triglycerides having chain |engths
thefipduwss istfasircubartygrrbolamsac.dnsa n@nkeyapd 3easoias: i Ifisstly, many people

i.ql yceri des arc .defined in the European.. )
sutfh SRE S SisRngRs T thest tlnr i RE G o giffeutt gecondiy,
foRBedtive @5doRptfonahr AR g r3ct@F it Sosad %dﬁie_ﬁﬂs)ﬁ@@d @ have good nutritional
containing mainly triesters and obtai ned either by

staey @d 4 geogtdigncavaipigs adngl Bt eentemdthisup rdrpladhoeasgan gib-Saharan
Oaci \ | . rans ifi i f

AR IR, Rl B AR RS SRnBt I

barti@s g asSambadisinisgatidieotxagyosdiotied. rom fatty fish

species conming fromfamlies |ike Engraulidae,

Car angi dcze, C upei dcze, Gszneridae, Sakoni dcze and
s AP oL R PR e T P SRE0 I fifRadd
desoitedtabovadlit ¢ th@tRird ameByst thel abpét etthapmesint ilvendon to address

C20: 4 n-g%, ti modoni ¢ 15( ei cosapent aenoi c) acid
ﬂé%ﬁﬁ@@ﬂﬁ? SUEPA) | henei cosapent aenoi ¢ acid (C21:5

n-3), clupanodonic acid (C22:5 n-3) and cervonic

(docosahexaenoic) acid (C22:6 n-3; DHA). The sum ofthe

contents of the onmega-3 acids EPA and DHA, expressed

as triglycerides is a mninmmof 45.0 per cent, and

the total onega-3 acids, expressed as triglycerides is

a mnimum of 60.0 per cent. Tocopherol my be added as

an antioxidant. 20 Fish oil, rich in onega-3-acids is

al so defined in the European Pharmacopeia as purified,

. o o 2 a I
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Wil st these definitions serve to define particularly
preferred conpositions of- the recited 5excipients,
the skilled addressee will appreciate that the
conposition of appropriate alternative excipients my
al so deviate fromthese exa%t conpositional limts.
Exci pi ents of choi ce shoul d“exhi bit anal ogous chem cal
properties such as the ability to solubilise
artenmether or arteether at the required concentration,
SuMhatyd rdRomesaidnhe pharmaceutically active ingedients,
and to be non-toxic. The excipients should al so have
anal ogous 10physical properties such as at | east being

Accogcrmgpiatthe *i’er%}{ué c%g l'{r % ﬁr% eDc't C p en%éépp \f c&%gg%tlon

I5C08T T to al

canfprivtngf emd&ﬁah@pfrayteétﬁérﬂuxhcat pEJiﬁlad@ﬁﬁﬁlﬂ}b@&ebﬁbE\&xcf'p—i&t selected
viscosity for these applications should be | ow enough
frems the ereipatongisigg eft aredping ghallaéené%lsfélgb’@efdd%eﬁih@w chajngriglycerides;
orHEE il PR HRE S (A8 O PR i R bl fion
foﬁmﬂia&d ;ﬂ)tarmmeumdabaibﬂmgm deptdbr aaekdojagent consi sting
essentially of a triglyceride, liquid at 37C, and
medi um chain triglycerides (as defined herein).
TIRAR Ak Ys RV S fRRE th‘%& {h%dcra%%)rﬁﬁ&ﬁhlt duBNfhefll, (ARt R¥ENHLAAI and
consi st essentially of: artemether or 20arteether and
tramymuorsahmasel ohigs lﬁcvf@dunmlstaatioyl dadeptthbt er atecihpi axtedfective for
el ected the 9ro con .Of . tum chai n | ength
oy S rdee BB ERE AT R GF BRI HaLE o G Ragiuor
miaih, nEuﬂtHelrrﬁbﬁéC Rritklerst Sk dit BRIVRRS hh h@midiQFfidh 2886 tHAK is
t ransnucosal subllngual buccal or nasal dosage. The

acesqirhle foehilgfensieguiing irpimeamsndthat oy be hdminigeise ibsinen-
' I
m&ﬁ(‘:eglgsc{]ultagﬁgc{ P%Q(%n%%y I"El!} \Qfe‘rg@ulatj atdQ%jrg[?% heli]equ{e 11’1%11016 remote

ransnﬂco

Vlll@a&ﬁings bueeat.g. dAlggedpac b@i bytraingd innpeldlagalelid vanytaria, and
More preferred conpositions conprise: artenether and a

Subwwﬁ&éatm&taattoy OéélteefbvablTbe EXBPsité cag dedlstieded pe-
sungg%‘aﬂg 903 i3hiaB 1 o eﬂ‘ﬁgtég??e%}%lg ) g@ triglycerides;

harn'triglycer nega- 3-nmari ne
triglycerides, said conpositlon formul ated for 30
trans cosal , ccal or _nasal dosage, and
Ms@aec m lﬁn%fhé%aﬁ dkéﬁﬂ%ff X FUEsEh §ORoF1A

MBRO SR Gz, and a pharnaceutlcally accept abl e exci pi ent
selected the group consisting of mediumchain |ength
triglycerides; short chain trlglycerldes and onega 3-

6 .nari 1 cer nposi.t i Qn fo
A iR Sriah bR SR al oG RER o R i i L anote acia,
CdH @) ¥n@bf tdpeR e ckiqaBRSbic RN Cldeo(Dzz PrRBRGI-ahdil triglycerides are
preferred that the conposition is 5S5substantially free

obginggairem, theeil exfeactadvierin dioshapdydeictl digadon elohie eagapperan of Cocos

f h n SI n|f|c n
BRETRE RRL ey PRLo-BERERLEAD 3 AL L CARR, Wb R chan
Tisdl odeidchire padpassat rdre thefmabipeas. ofEfoebﬁﬁwc%mCDJTﬂQSﬂtIel Feagionated
woul d_have | ess_ than 1% wat er, and

WA nor e
C%ogpte(pté B3y beased. iMediuy %ﬁ@g)th t,%l)é:‘erld%lawﬁ@@mlmum 95.0 per
ceH s%ﬁﬁ‘g’[t:é’( fdt n‘tgs'd%tdts hath @aIH)/ fatdontRbES - F&Qhé%lc OmicAl #Wphysical
hese conpositions, Is especially preferred t F
prblbmtmmm dsdctibedin the Euh@b&n?hz&hiayoﬁoeae\/loﬁogapta@ﬁﬂég and equivalent
galn the inventors have found that ethanol |eads to
doglg¥Fai§at i on or the phar maceutical |y active conponents.
Preferred conpositions in particular have | ess than
1%¢w w) ethanol, and nore preferably | ess than
0.5%w w) 15 ethanol and nost preferably |ess than
0.1%w w) ethanol Also in any ofthese conpositions, it
is preferred that artenether or arteether is present
at a concentration of between 2 and 250 mlligrams per
grain of excipient. This concentration provides an
approprlate IeveI for the expected volunes used for
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triglyceride, said triglyceride conprising a m ninmm
of 95 per cent of saturated fatty 7 acids with
between 6 and 12 carbon atons. Mre preferably, said
exci pient conprises a nediumchain triglyceride, said
triglyceride conprising a nuninun10195 per cent or
saturated fatty acids wth between 8 and 10 carbon
atons. 5 Also in any such conposition, it is also

particularly preferred that the conposition further

conprises an essential oil such as nenthol, vanillin
or orange oil, lenon oil, dove oil, peppermnt oil
spear m nt oiI Particular t echni cal advantages of such
n sent e [ ] gh C
SO BB R Qe FRRREN B by FRLTR ool Slefhl €

atémsecond aspect, the |nvent|on provi des a nedlcanent
del i very device containing a conposition described
herein, said device adapted to deliver individual or
ORUEESTNE ASETAL AUREEIPRE KLk Hgn PRERSLIFIN Kot
0868 @k ahixture sf mbhe-, dsemdftnes;tmd; bf dhoggea-¥ adidneih rgl@tdermésortthieing
| i kelihood that the conposition will| be swall owed, J
Mgy rigiers apg o 'ﬁeeg St eSteRECRHiqnef 9B et d ad putfied omega-3
ac%céfvtfﬁ[ﬁ %’I GEerBlortsArdhkestdFi chB6n Mpt'hE‘ %ﬁr%gz{ gsclﬁﬁicétl"i’}l'lle)ftefsr\wf(tm 8lycerol.
paedi atfi c context or for nasal delTlvery) SO
Thqmmn@of@m@h@g&édwehbﬁdmmedysﬂﬁeacﬁmsdbheeemwewdoaeﬂmn

has a. val une ,of SS t. 00 itres; ess t han
Tolf i B e, CRRadivga s Tasees PRt Sab g and
Sco8®Sidhb Ame WA oAI3CcRsiakd fientifRMBds! (RE folRkREECi@F @lpha-linolenic acid
especially preferred for paediatric use, or nasa

(CA&13 w3, ynorogiciagida( G814 e Sasresatetragneid apibi20ahn-g). dipinpdgnic

o R LB R B R R R

cltipandébriy &did (O2:¥ ncB)ahd oervetic @k MRxaenes adld (€a2® n-3; DHA).
conposition, each individual or successive dose

Thegwnkg frihp gomHenthet @epﬁ@ﬁaéws &P AppideRBlh exprgsed as triglycerides is
a RS 45 Qelqte tcﬂﬁleotﬁé'g%ffﬁ é%é @g%% Qgtrfg?ycerldes isa

assi st su ngua |very, especi

mindmnummedi 60a)l pey cerrtalTbe@phemt&mynm addkd ad 41 agiokiananmount
of active pharmaceutical delivered with each dose is
especially inportant in the context of malaria

Fill SRL®BNA oéch-8SRi Rkl AL&de MRUSR Muﬁ)ﬁ’eaﬁ%’dﬁﬁa&iﬂﬁﬁ as purified,
over-dosing s avoi ded. Preferably, said device and

wingansed and dnmdadmdtfet@bf oxb oblglricd roni fish of We&midies Engraulidae,

CEE TR TR SRR e ER e Oy e aci

ard Qefite@® thefo [1oW i AR ABha-1hblchicRicRMICI8S I@-B%} moroctic acid (C18:4
appropriate device for gaedlatrlc use.

n-¢ b Risesitetrasnoic e bR dan-3 ) Hemergnip fripesapinipnalss aeidf£deS n-3
BRSPS L O A Ly oo

(dpesalus@crdis)picRly(C22:e8PDEHA) on having a nmean dr opl et
di aneter greater than 20 mcrons, or _even greater than

Thseeonfeat ide Fish qik Bele apnseagi-agifels 2 {alfoWs i crons. In
t r t he nedi canment to

E%%eé?ﬁ%%glkgﬁgvg%gggIn%@ﬁ?e éég(gc%ﬁ:a fourth aspect,

DHheemnVﬂadammgakenmﬁrDHMdem1aoqevcae for providing

ar mac utL dose rrsrn a cont er contarnrng
T eif et sen as BT SR e s p iRy 2k Oer fM o

val ve neans arranged to transfer doses of said
pharmaceuti cal conposition to the exterior 10of the
contai ner. Such a device nay be attached to e.g. a
separate transtnucosal buccal, nasal or sublingua
delivery device, such as a spray. In a fifth aspect,
the invention provides a kit for the treatnment or
prophyl axis of malaria conprising a conmposition
descri bed hereln and |nstruct|ons to adnrnlster sald

A - e . a o T T T . r
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10Descri ption and Preferred Enbodi nents of the

I nvention One of the nost inportant aspects of
providing a clinically useful treatnent for nalaria is
to provide a formulation and an admini stration route
for any active ingredient t@at can wi thstand the
chal | enges ofthose communiti‘es where nmalaria is an

especial l.y .acyte 15 proble such. as. i n sub- Saharan
AGFRRE B FsRe ) Op e R e g RpRa & ne
cortpRiinealtRéritic@nshyey idedg of time, and at the relatively

hi'gh tenperatures encountered there. The nedi canent

will often need to be adm nistered (w thout delay) to
Waohstlthiese delamoony erveemkdelimabationlagi e feragudcdnipositipns of the recited

sul. Teri,ng . framyvom ting and di arrhpea. |n.many. cases.
Sty KNSR R R A R s
alfRHA B Bk GRLAY iyl RefvRes §6MNRdse ckictic8mB8alis®l limits. Excipients
i nportant for any active ingredient to have od (and

0 an
ofcbisk shard yxttbib anadegaasichemigal propesigisueh ahtie a_gﬂiéy & gdubilise
AT MRy e P RN GRS Wi germacssian
actiny Biptalichtd) ane td sish-foRRt THeextipansehe o allsoiabt hndoddus

buccal or nasal route of adm nistration of artenether
Physigel RIeRericsyush eedt Iogst priag ligpddt Bpdhicmeratypdnggrecrably

r oducidl . . L .

RSP ALSUS 0 L Q1A AL LRIy
formtilnaenssteadrared folotre . THaxisdoait y1 fomtiedse appl{cdiions should be low enough

Phar oki net, .2000, Cct;, 6 .39(4): 255-270) report the
(09F SARAR AR PTIAN S S e RR i V}ahe&msrﬁfﬁr%g ng PRIRY-

adm nistration to be as |low as 19-35% and only 54%

when admi ni stered by intramuscular injection. In
Ahamenrs)ple, kemppotes highi Consist ofsertrdlgmdt dresmentss of etedther and a

bot h 0. .the intranmuscul ar (.25% and. jntrarectal. 59
PGt e BN TPy harirans eyl o LR Rrgh TRdd
37P0earlinbAnS dhaRafiklychddes (B &fingd Radelh)st udi es in

children with cerebral malaria indicated that the

bi oavail ability of intramuscular artemether is highly

iahl ld. enti al | ff . g RNt
Pyl S A SO AT bR P St SR b argupgther o
ar@ethtRand bad simoRSHarrsateliicidlyadcceatsle akcipientBaslatted thétg@oup
or. admi nistration avoids the first-pass effect that

copgigliftBowmeRivgt eiaimlasihdaglyreridas thostchain tHaly ceapepisand omega-3-
. i t | .
A R RS AL ATl R GRS ek A PLMinERR Bhccal or
nabalalevaicl Al Exclusicor oftsignillcangambimits of stherahatehas ¢ag.enigher
children, and so the conpositions .10di scl osed herein
m ]P%ulﬁraW?lg]&ﬂFPé933§e@ﬁ¥staa‘?ﬂ Risfondha i Hea} m@g & transmucosal
¥R Bidedl, andlespBELIY &iblinbuf defi®hypaedi atric
fornul at i ons. Prelimnary results or initial,
confidential, dose ranging studies are presented

bel o I ndi cati.ng surprisingly.increased :
METCVSTPR BTy PR G5 RS St Rrpapsuiogp-acceptable
exl;%‘iﬁ_&iﬁ) ké18@etBihe PG 1EYCOnBisGRIPRhic8RIM EiPleabth triglycerides; short chain

adm ni stration by tablet. The inventors have &so round
trighygerides oandraanggat ongeise ptedrrepdps. edid campesiaem Brmukatasofor

' ' r |, . .

tr%%%‘gé‘? a};%%gn%%&teo%%&agh% n eai g(és\é%é,f%g%i ¢ aéeelr(!%ggla cog{posmon consisting
esfapttially af: i pRgcth2d aﬂ'dﬁbl fﬁ!ﬁrrﬂacamdcaﬂy%%ptzihg@ H}Edi}bibﬁshselected the group

present in Artenmether API, and artenether in three
coggipiingnel Wétﬂ@}@hal@m@ttﬂgb@?ﬂd%ss@%t iperiglyperidesomd omega-3-

et hanol + 50% propellant; 100% et hanol ; and a medi um

chain triglyceride, in this case, the triglyceride

sol d under the registered trade mark M gl yol gi 810.

Mglyolg) is a nediumchain triglyceride containing

25saturated C8 and Cl10 fatty acids, typically between

65-80% of caprylic acid (C8:0) and 20-35% of capric

acid (C10:0). The propellant used in these test was

A A A ~ " o g, - L
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0.35 0.68 0.73 0.87 0.91 1.17 % of artenether
Artenmether APl 0.4 0.1 0.2 20% Et OH 80% pr opel | ant
1.6 0.3 0.7 0.2 1.3 0.2 50% Et OH 50% propellant 1.0
0.2 0.50.21.50.2 100%EtOH 0.3 0.2

6

marine triglycerides, said composition formulated for transmucosal sublingual, buccal or

nasal dosage.

In any of these compositions, it is especially preferred that the composition is
substantially free of water, as the inventors have found, contrary to accepted belief, that
water can significantly reduce the shelf-life of the compositions, especially when stored at
ambient temperatures. Preferred compositions would have less than 1%(w/w) water, and
more preferably less than 0.5%(w/w) water, and most preferably less than 0.1%(w/w)

water.

Also in any of these compositions, it is especially preferred that the composition is
substantially free of ethanol. Again, the inventors have found that ethanol leads to
degradation of the pharmaceutically active components. Preferred compositions in
particular have less than 1%(w/w) ethanol, and more preferably less than 0.5%(w/w)

ethanol and most preferably less than 0.1%(w/w) ethanol.

Also in any of these compositions, it is preferred that artemether or arteether is present at
a concentration of between 2 and 250 milligrams per gram of excipient. This
concentration provides an appropriate level for the expected volumes used for the
described transmucosal delivery. More preferably, the composition comprises: artemether
or artecther, dissolved in the excipient at a concentration of between 2 and 200 milligrams
per gram of excipient. Other preferred concentrations are between 2 and 100 milligrams
per gram; between 2 and 50 milligrams per gram. The lower concentrations provide
compositions particularly suitable for paediatric use, and are also more likely to ensure
that the pharmaceutically active components remain in solution over a wide temperature
range, rather than having some portion as e.g. a suspension. This is particularly important
to ensure that delivery of the drug is by the recited transmucosal route. If significant
amounts of the active components are not in solution, then there is an increased likelihood
that some will be swallowed, thereby reducing the beneficial effects of such transmucosal

delivery described below.

In especially preferred compositions, the said excipient comprises a medium chain

triglyceride, said triglyceride comprising a minimum of 95 per cent of saturated fatty
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0.5 0.2 Mgl yol 810e 0.4 0.1 0.2 Table 2 -
Storage at 40C 5 Relative Retention Tine: 0.35 0.68
0.73 0.87 0.91 1.17 % of artenether Artenether API
0.4 0.10.2 20% Et OH 80% propel l ant 4.9

7

acids with between 6 and 12 carbon atoms. More preferably, said excipient comprises a
medium chain triglyceride, said triglyceride comprising a minimum of 95 per cent of

saturated fatty acids with between 8 and 10 carbon atoms.

Also in any such composition, it is also particularly preferred that the composition further
comprises an essential oil such as menthol, vanillin or orange oil, lemon oil, clove oil,
peppermint oil, spearmint oil. Particular technical advantages of such an essential oil,

especially menthol, which acts as a solubilising agent, are described further below.

In a second aspect, the invention provides a medicament delivery device containing a
composition described herein, said device adapted to deliver individual or successive
doses of said composition, each individual or successive dose having a volume of less
than 1000 microlitres. The use of small dose volumes reduces the likelihood that the
composition will be swallowed, or spat out, by the patient. The likelihood is reduced
further by use of smaller volumes (especially in the paediatric context or for nasal
delivery) and so in further preferred embodiments, each successive dose has a volume of
less than 600 microlitres; less than 400 microlitres; less than 200 microlitres; or even less
than 100 microlitres. Smaller volumes are especially preferred for paediatric use, or nasal

delivery.

In a third aspect, the invention provides a medicament delivery device containing a
composition described herein, said device and composition adapted to deliver individual
or successive doses of said composition, each individual or successive dose containing no
more than 80mg of artemether or arteether. Such devices are preferably adapted to assist
sublingual delivery, especially by non-medically trained personnel. Limiting the amount
of active pharmaceutical delivered with each dose is especially important in the context of
malaria treatment by less skilled personnel to ensure that over-dosing is avoided.
Preferably, said device and composition adapted to deliver individual or successive doses
of said composition, each individual or successive dose containing no more than 10mg of

artemether or arteether. This provides an appropriate device for paediatric use.

Preferably, the delivery devices according to these aspects comprise a spray, and

especially a pump spray. The use of a pump spray increases the area of mucosa to which



10

15

20

25

30

.9 2.9 0.25.3 1.4 50%EtOH 50% propellant 2.2 1
.50.2 4.8 1.0 100%EtOH 2.2 0.7 1.6 0.2 1.0 0.7
M gl yol 810(r) 0.6 0.1 0.2 Representati ve
chromatograns are shown in Figure 13. It can be seen
that the levels of inpuritigs in the Mglyol (r) 810
formul ation are not signifi€antly higher than those 10
observed in the initial Artenether API. In.al] other .
the peyapositicds ppRIisd; hFEhy Hiceeasing ERIASPLON HdmigiRisHg thegdinood
g h a Li§ h@pt r
R e B B g apredto prodce s
psagaﬁchn@omdemhaxﬁmg:ameam dwplet diatieer gte@tar dtalnc?ernl&tonS or even

exanhnani A sol u% q1 in o thi 4
SIEHPIGNYRE & PREONSe SHRIETAF g@ﬂ@&ﬂf&? ;Z? é‘aC‘PF‘% gI 7 this Vav aqygreent
d %ﬁ%&' MQ&éeﬁﬁe@@(pthEMg@ﬁ@iv%ldé@n&{rb&weas a stable

tion for the active |ngred|ent Being a
saturated triglyccride, it is believed that this

In aoi%uglrl %spsé aﬁlellhxge%tlon atsg %roa\‘fﬁ&eg %tebl%g forcargxﬁ@mg tpﬁarmaceutlcal doses

comprising a container containing a pharmaceutical composition described herein, and

.4

valve means arranged to transfer doses of said pharmaceutical composition to the exterior
of the container. Such a device may be attached to e.g. a separate transmucosal buccal,

nasal or sublingual delivery device, such as a spray.

In a fifth aspect, the invention provides a kit for the treatment or prophylaxis of malaria
comprising a composition described herein and instructions to administer said

composition to a patient in need thereof by the transmucosal sublingual, buccal or nasal
route. Preferably, said kit has instructions to administer said composition to a patient in

need thereof by the sublingual route.

The invention also provides a kit for the treatment of malaria comprising a composition
described herein and instructions to administer said composition to a patient in need

thereof by the transmucosal buccal or nasal, or more preferably sublingual route.

Also included in the scope of the invention is the use of artemether in the preparation of a
pharmaceutical composition according to any of the aspects, or preferred aspects,

described above for the treatment or prophylaxis of malaria.
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Mglyolt 810 2.690 96.1 Table 4: 6ing Artenether per
actuation Raw Material Item Wi ght (g) % why
Artemether I P 0.180 6.4 Levonenthol Ph. Eur. 0.020 0.7
Mglyolit 810 2.600 92.9 15 Table 5 outlines an
exanpl e of a preferred dosag% reginme for paediatric
use. Alternative regi nes are envisaged, e.g. dosing at
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malaria indicated that the bioavailability of intramuscular artemether is highly variable

and could potentially affect treatment outcome in the most severely ill patients".

The use of the transmucosal sublingual, buccal or nasal route of administration avoids the
first-pass effect that occurs with oral and rectal administration. Whilst adults might be
able to tolerate the large oral doses of artemether required to overcome the low
bioavailability of the drug, this is not the case in children, and so the compositions
disclosed herein are particularly suitable for the treatment of malarial in children, i.e. for

paediatric formulations.

Preliminary results of initial, confidential, dose ranging studies are presented below,
indicating surprisingly increased bioavailability of the drug when administered by

sublingual spray in comparison to oral administration by tablet.

The inventors have also found that, contrary to accepted belief, artemether is not stable
when in contact with water, ethanol, or propellants that might be used for aerosol

formulations.

Tables 1 and 2 show impurities present in Artemether API, and artemether in three
solvent systems: 20% ethanol + 80% propellant; 50% ethanol + 50% propellant; 100%
ethanol; and a medium chain triglyceride, in this case, the triglyceride sold under the
registered trade mark Miglyol® 810. Miglyol® is a medium chain triglyceride containing
saturated C8 and C10 fatty acids, typically between 65-80% of caprylic acid (C8:0) and
20-35% of capric acid (C10:0).

The propellant used in these test was 1,1,1,2 tetrafluoroethane, sold under the registered
trade mark Zephex® 134a. Similar results were obtained for the propellants butane,
Zephex® 227 (1,1,1,2,3,3,3 heptafluoropropane) and for a mixture of butane and

propane.



Nunber of doses at 6lng Dosc per spray actuation Total
delivered dose ng/kg 3 1 1.00 4 1 0.75 52 1.20
6 21.00 7 20.86

11

Table 1 shows the impurities (as a percentage of the peak area of an HPLC chromatogram
of artemether) after storage of the compositions at 30°C for eight weeks. Table 2 shows

the corresponding impurities after storage for eight weeks at 40°C.
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8 3 1.13 9 3 1.00 10 3 0.90 11 4 1.09 12 4
1.00 2 1.00 13 4 0.92 2 0.92 14
12
Table I - Storage at 30°C
Relative Retention Time: 0.35 [ 0.68 [0.73 [0.87 [0.91 |1.17
% of artemether
Artemether API 0.4 0.1 [ 0.2
20% EtOH 80% propellant 16 | 03 1 07|02 ] 13| 02
50% EtOH 50% propellant 101 0205 ]02] 15 ] 02
100% EtOH 03102 ] 05 ] 02
Miglyol 810® 0.4 0.1 | 0.2
Table 2 - Storage at 40°C
Relative Retention Time: 0.35 [ 0.68 [0.73 [0.87 [0.91 |1.17
% of artemether
Artemether API 0.4 0.1 [ 0.2
20% EtOH 80% propellant 49 | 19 | 29 | 02 | 53 | 14
50% EtOH 50% propellant 22 | 14 | 25| 02 | 48 | 1.0
100% EtOH 22 1 07 | 1.6 | 0.2 1.0 | 0.7
Miglyol 810® 0.6 0.1 | 02

Representative chromatograms are shown in Figure 13. It can be seen that the levels of

impurities in the Miglyol® 810 formulation are not significantly higher than those

observed in the initial Artemether API. In all other cases, the impurities are at levels that

exceed those permitted under the ICH Harmonised Tripartite Guidelines for Impurities in

New Drug Products without specific identification or further toxicological examination.

A solution in a medium chain triglyceride, especially a saturated triglyceride such as

Miglyol® 810 therefore constitutes a stable formulation for the active ingredient. Being a

saturated triglyceride, it is believed that this confers stability to the artemether. Given its
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51.07 20.8 155 1.00 3 1.20 16 5 0.94 3 1.13 17 3
1.06 18 3 1.00 19 3 0.95 20

13

chemical structure, it is likely that the main route of degradation of artemether is via
reduction mechanisms, which might explain the protection afforded by such saturated

fatty acid-containing triglycerides.

When used in a spray delivery system, ¢.g. in a manually-actuated pump spray, the
triglyceride also acts as a pump and valve lubricant, thereby removing the need to add
additional lubricants to the formulation. The use of such medium chain triglycerides also
produces a formulation of appropriate viscosity and surface tension for use in a pump

spray delivery system.

Further advantages also flow from the use of medium chain triglyceride: being
hydrophobic, the triglyceride adheres to the mucosa of the mouth, and so allows time for
the artemether to be absorbed transmucosally. The hydrophobic nature of the
composition resists being washed out of the mouth by the action of saliva, which would

otherwise cause the active ingredient to be swallowed.

In especially preferred embodiments of the invention, the artemether-triglyceride solution
is supplemented with menthol, or alternatively with orange oil or vanilla. The inventors

have found that this has a number of benefits;

(1) Its function as a taste-masking agent is particularly important in the context of
administration of anti-malarial drugs to children; the drug is often administered over a
number of days, such as a three to five-day regime, and any bad taste of the drug
experienced by the child on the first dose, makes it difficult to administer subsequent

doses.

(2) The essential oil also acts as a penetration enhancer to improve the uptake of the

pharmaceutical ingredient through the mucosa of the mouth.

(3) The addition of a flavour also allows the person administering the drug to check firstly
that the drug has been dispensed (the patient can taste or smell it) and secondly that it has
been dispensed into the right place - if the drug were e.g. accidentally dispensed directly

into the throat, there would be no taste sensation.



3 0.90 21 3 0.86 22 4 1.09 23 4 1.04 24 4 1.00
25 4 0.96 26 4 0.92

14

(4) A surprising feature is that the essential oil (especially levomenthol) also assists with
the solubilisation of the artemether. In a solubility trial, dissolution of artemether in
miglyol occurred after 4 minutes 30 seconds when menthol added before artemether

5  compared to 5 minutes 55 seconds when artemether added before menthol.

Preferred formulations (for sublingual or buccal paediatric use) are given in Tables 3 and
4. Two different dose concentrations are given suitable for use in a spray delivery system.
A number of sprays (i.e. individual spray actuations of 100microlitres) may be given,

10 dependent on the weight of the child to be treated:

Table 3: 3mg Artemether per actuation

Raw Material Item Weight (g) % wiw
Artemether IP 0.090 3.2
Levomenthol Ph. Eur. 0.020 0.7
Miglyol® 810 2.690 96.1

Table 4: 6mg Artemether per actuation

Raw Material Item Weight (g) % wiw
Artemether IP 0.180 6.4
Levomenthol Ph. Eur. 0.020 0.7
Miglyol® 810 2.600 92.9

15

Table 5 outlines an example of a preferred dosage regime for paediatric use. Alternative
regimes are envisaged, e.g. dosing at 3mg/kg body weight.



27 4 0.89 28 5 1.07 29 51.03 30 5 1.00
Fornmul ati ons for adult use nmay bc prepared at higher
concentrations of artemether, such 5 as 150-200 ng/m .
For adult use, individual spray volunmes may be | arger
than the 100m crolitre exanqle descri bed here for
paedi atric use. 16 B|oavallgb|llty of Artenether The
applicant has carried out confidential trials to asses
the uptake of the artenethercontaining conpositions of
t he present invention when delivered by the sublingua
route, by conpari soffable SorRdedadtic Posdgeatdgome by t abl et .
5Trials were carried out on healthy nale adult hunman

volunweﬁgﬁcfl6 sttt sf pér cahmdlt ), [anNusibby €€t |t o Total
normalchied higgal @@wswa{ng ThieR@ered B6Hce- doss af 8@k MEgelivered dose
according to the g5 t |nvepid Agg re]g&g eg andmg/kg
conpared to a fegi S|ng oral™- dosed tablg ap
fol|ll ows: Sub-Ljn %ﬁ% ray Reginmes 1 Sp %}Eat@,n
f orpattons—o art“nelhe. wetr-e—preparet—as—cetart+et
above; a%d adm nistgred, O fOU
4 1 0 75
5 2 1.20
6 2 1.00
7 2 0.86
8 3 1.13
9 3 1.00
10 3 0.90
11 4 1.09
12 4 1.00 2 1.00
13 4 0.92 2 0.92
14 5 1.07 2 0.86
15 5 1.00 3 1.20
16 5 0.94 3 1.13
17 3 1.06
18 3 1.00
19 3 0.95
20 3 0.90
21 3 0.86
22 4 1.09
23 4 1.04
24 4 1.00
25 4 0.96
26 4 0.92
27 4 0.89
28 5 1.07
29 5 1.03
30 5 1.00

Formulations for adult use may be prepared at higher concentrations of artemether, such
5 as 150-200 mg/ml. For adult use, individual spray volumes may be larger than the

100microlitre example described here for paediatric use.
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singl e occasion, to a group of volunteers by the

subl i ngual route. A nunber of successive actuations of

the spray were adnini stered, as shown in Table 6,

bel ow. Table 6 - Dosage Regi ne/ or Single Dose Study

Subl i ngual Spray Fornul ati on Test Fornul ati on Dose per

Actuation (ng) Nunber of Act l?ations Total Doge (ng) T1
BAE T}agjli? ng 5 1% T2 As Table 3 3 10 30 T3 As Table 4

e Oal Dose As a reference, a

fourth group of volunteers were adm nistered tablets
Theappacant hgs @rtieghaitlventidannabtriaisngbhsseo teaptair of e steowther-

in.Tabl e 7,.beI0\?/. 17 . : : :
containing compositions of the present invention when delivered by the sublingual route,

by comparison to oral administration by tablet.

Trials were carried out on healthy male adult human volunteers (16 subjects per cohort),
and subject to normal ethical approval. Three single-dose regimes according to the
present invention were studied, and compared to a regime using oral-dosed tablets, as

follows:

Sub-Lingual Spray Regimes

Spray formulations of artemether were prepared as detailed above, and administered, on a
single occasion, to a group of volunteers by the sublingual route. A number of successive

actuations of the spray were administered, as shown in Table 6, below.

Table 6 — Dosage Regime for Single Dose Study

Sublingual Spray Formulation

Dose per Number of Total Doge
Test Formulation Actuation (mg) Actuations (mg)
T1 As Table 3 3 5 15
T2 As Table 3 3 10 30
T3 As Table 4 6 5 30

Reference Oral Dose

As a reference, a fourth group of volunteers were administered tablets containing

artemether, on a single occasion, as shown in Table 7, below.
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Table 7 - Dosage Regine ihr Single Dose Study Ora
Tabl et Formul ati on Dose per Tabl et Nunber of Total Doge
Test Formul ati on(ng) Tabl et s(ng) T4Tabl et 10330 5
Fol | owi ng admi ni stration of each dosage regi ne, blood
sanpl es were taken fromthe ?ubjects, and pl asma
concentrations of artetnethé and its inmediate

net abol i te di hydroartenesinin were determined, in
order to conpare bioavailability by the two routes. 10
Fi gures 1-6 show nean plasma concentration of

art et net her fHiHoAM-pstgpoRepmpdvn Sogleduse Snelgi nes.
Figures 7-12 show the correspondi ng nmean pl asma
concentration of di hydubdehlendaimiation Figures 1
and 7 conpare regines Ti (open squares) and 14 (cl osed

circles): 15ng 15 artengjfie! eNTQM suthﬁgqu sprayomlDoge
dosgg; Vs. % ther vig ?f s 2 and §m§
conpare reglnes %gpen squages) and 4 ? osed

CiTgqyes) . 30Ng @hiENE her Vi gy 10 subl i ngugal spr ay 30
doses vs. 30ng artetnether via tablet. 20 Figures 3

and 9 conpare regines T3 (open squares) and T4 (cl osed

circles): 30ng artenether via 5 sublingual spray doses
FallowinDagniatstretien plegack dasaga stasme, bloowagrnm@sswereéﬁ@nfwm the

suf eg{gaé:nd)ﬂ’lgs%ﬁoan@o%c%traggﬁigf a&&a%%li % n[g 11%1%6?18 nsiee[gbo ite

rcl I ngua oses
dikgdrod s it @Rt deedrmivied, ihQ)raet’llb Icﬂglp@ﬂe ‘tﬁwvaﬂab?iﬁ:@@&ﬁe two
Figures 5 and 11 conpare reginmes T2 (open squares) and
roys(cl osed circles): 30my artemether via 10 sublingua
spray doses vs. 30ng artenether via 5 sublingual spray
doses. 18 Figures 6 and 12 conpare reginmes Tl (open
Fignmarl gsshoandeahidl{sthaosadendiatioh ef jrteridhey fatldemgttivecomparison
subl i nqual 3 doses vs. 30 arte ther via 5
d%amanﬁg%%{g@ﬁ % aBewdle cosisp PHE P FoncPaFoads

mﬁymgggﬂﬁgﬁﬁndosage regimes are given in Tables 8-1
bel ow. Table 8: Test G oup TI Single sublingua

adm ni stration of 15ng Artem et her sublingual spray:
t uat . Art t.h
FigiRy Bh CoBLietrsimE 4 R RRED B L GERRY cielesytye
arfopReer 95 mﬁﬁ al @ﬁa?aos%@)vs drerhdiorVid ﬁbDet 25. 85
13.88 29.63 1 ,a, (ng/m) 16.11 8.

Figures 2 and 8 compare regimes T2 (open squares) and T4 (closed circles): 30mg

artemether via 10 sublingual spray doses vs. 30mg artemether via tablet.

Figures 3 and 9 compare regimes T3 (open squares) and T4 (closed circles): 30mg

artemether via 5 sublingual spray doses vs. 30mg artemether via tablet.

Figures 4 and 10 compare regimes T1 (open squares) and T2 (closed circles): 15mg
artemether via 5 sublingual spray doses vs. 30mg artemether via 10 sublingual spray

doses.

Figures 5 and 11 compare regimes T2 (open squares) and T3 (closed circles): 30mg
artemether via 10 sublingual spray doses vs. 30mg artemether via 5 sublingual spray

doses.
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18.29 7.52 Tin, (h) 1.70 0.68 1.83 0.68 ti(h) 0.72
0.30 A (il) 1.11 0.40 CL/F ng/h) 0.74 0.46 0.54
0.15 VIF (L) 0.68 0.33 0.51 0.16 "Key: AUCO_12
(ng.h/m) Cm," (ng/nm.) Tmax (h) t1/4 (h) X, (If) CL/F
(ng/h) VIF (L) Area under .the concentration curve
between 0- | 2 h. thinun1o& erved pl asna
concentration Tine of observed maxi mum pl asnma
concentration Elimnation half-life Elimnation rate

Fis@RS 5N 17RPRp A0 LeGhRATANGRN Al HRRAMBNLING Hfesd 15me

i stribution

artemether via 5 sublingual spray doses vs. 30mg artemether via 5 sublingual spray

doses).

Pharmacokinetic data for each of the four dosage regimes are given in Tables 8-11,

below:

Table 8: Test Group T1
Single sublingual administration of 15mg Artemether sublingual spray:
3mg per actuation

Plasma Artemether Plasma Dihydroartemesinin

Pharmacokinetic Parameters” (me(zr: li6S)D) (me(zr: li6S)D)
AUC,,; (ng.h/mL) 25.85 + 13.88 29.63 + 11.58
Cone (ng/mL) 16.11 £ 8.69 18.29 +7.52
Tinax (h) 1.70 £ 0.68 1.83 £0.68
t,, () 0.72 £0.30
A, (h) 1.11£0.40
CL/F (ng/h) 0.74 £0.46 0.54+0.15
V/F (L) 0.68 +0.33 0.51+0.16
Key:

AUCq.12 (ng.h/mL) Area under the concentration curve between 0-12 h.

Crax (ng/mL) Maximum observed plasma concentration

Tmax (h) Time of observed maximum plasma concentration

ty, (h) Elimination half-life

A, (™) Elimination rate constant

CL/F (ng/h) Apparent clearance rate

V/F (L) Apparent volume of distribution




5

10

15

19 Table 9: Test Goup T2 Single sublingua

adm ni strati on of'

3ng per actuation

30ng Artenether sublingua
Pl asnma Artenet her

spray:

Pl asma

Di hydr oart enesi ni n Phar macoki neti ¢ Paraneters (n=16)

(mean SD) (n=16) (nean SD)
43.12 99.51 50.33 Cm (ng/
(h) 1.73 0.82 2.10 1.17 tt,
0.56 0.20 CL/F (rig/1l)

0.13 VIF (L) 1.0/ 9- J8s Group T2

28.48 Tin,
0.49 A (Ti")
0. 36

AUCO- 12 (ng. h/ L) 76. 60
&55032.12 16.39 44.11

(h) 1.39
0.56 0.37

Single sublingual administration of 30mg Artemether sublingual spray:

3mg per actuation

Plasma Artemether

Plasma Dihydroartemesinin

Pharmacokinetic Parameters (me(zr: li6S)D) (me(gr: li6S)D)
AUCq.1» (ng.h/mL) 76.60 £ 43,12 99.51 £ 50.33
Cinax (ng/mL) 32.12+16.39 44,11 +28.48
Tax (h) 1.73£0.82 2.10+1.17
ty, (h) 1.39+0.49
A (07 0.56 +0.20
CL/F (ng/h) 0.56 £0.37 0.36 £0.13
V/F (L) 1.00+£0.55 0.72 £0.36

Key as Table 8

Table 10: Test Group T3

Single sublingual administration of 30mg Artemether sublingual spray:

6mg per actuation

Plasma Artemether

Plasma Dihydroartemesinin

Pharmacokinetic Parameters (me(:r: li6S)D) (me(:r: li6S)D)
AUCq.1» (ng.h/mL) 71.11 £41.08 86.19 £27.68
Cinax (ng/mL) 35.24+2391 41.14 +£16.45
Thnax (h) 1.67+£0.77 1.88 £0.74
ty, (h) 1.40 £0.59
A, (h) 0.59 £0.25
CL/F (ng/h) 0.63 £0.49 0.39£0.15
V/F (L) 1.01 £0.49 0.91 £0.67

Key as Table 8

Table 11: Test Group T4

Single oral administration of 30mg Artemether Tablets

10mg per Tablet

Plasma Artemether

Plasma Dihydroartemesinin

Pharmacokinetic Parameters (mézr: li6S)D) (me(zr: li6S)D)
AUCq.1» (ng.h/mL) 34,59 +21.01 38.49 +12.38
Cinax (ng/mL) 10.12+7.19 10.99 £4.39
Thnax (h) 1.02+0.86 1.39 £ 0.88
ty, (h) 3441426
A, (h) 0.31+0.15
CL/F (ng/h) 1.11£1.01 0.76 £0.23
V/F (L) 3.90+2.90 2.361+1.26

Key as Table 8
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0.72 0.36 5 Key as Table 8 Table 10: Test G oup T3
Si ngl e sublingual adm nistration of. 30ng Artenether
subl i ngual spray: 6ng per actuation Plasm Artenether
Pl asma Di hydroartenesi ni n Phar macoki neti c Paraneters
(n=16) (nmean SD) (n=16) (ne§5 SD) AUCO. 12 (ng. h/ M)
71.11 41.08 86.19 27.68 C™ (ng/nL) 35.24 23.91
41.14 16.45 T. (h) 1.67 0.77 1.88 0.74 ti,,(h) 1.40
0.59 A (114) 0.59 0.25 CL/F (ng/h) 0.63 0.49 0.39

Frdmlthese preliminary results, it can be seen that comparison of the area under the
plasma concentration curve during the 12 hours following the doses (AUC.12), a well-
accepted measure of absorption, shows significant and surprisingly higher absorption of
artemether when administered sublingually as a spray formulation as disclosed herein by

comparison to oral tablet dosing.

For comparison of bioavailability of artemether via the sublingual spray route described
herein with administration by oral tablets, we have calculated the F-values, commonly

used to compare two dose regimes, generally A and B, for the artemether data, as follows:

_AUC, dose,
P AUC, dose,

The results are as follows:

Fris = 1.67 £ 0.60 (S.D.)
FT2_T4 =224+092 (SD)
Frsqs = 2.09 £ 0.69 (S.D.)

This indicates that approximately between 1.7 and 2.2 times more artemether was
absorbed when administered as a sublingual spray as described herein by comparison to
oral administration by tablet, despite the oral dose being twice as large in the first
instance. The indicative bioavailability by the sublingual route is therefore at least twice

that by the oral route for equivalent doses.

Inspection of the data of Tables 8-11, and Figures 1-12 also confirms this general finding

for the primary active metabolite of artemether (dihydroartemesinin).

Avoidance of Autoinduction

It is known that both oral and rectal administration of artemesinins is associated with

autoinduction of the drug metabolism in individuals (see e.g. Ashton M, Hai TN, Sy ND,



10

15

20

25

30

VT (L) 1.01 0.49 0.91 0.67 Key as Table 8 Table I1:
Test Goup T4 Single oral adm nistration of 30ng Artem
et her Tablets 10ng per Tablet Plasma Artenether

Pl asma Di hydroartenesi ni n Phar macoki neti c Paraneters
(n=16) (nmean SD) (n=16) (rre%q SD) AUCO- 12 (ng. h/ M)
34.59 21.01 38.49 12.38 C%'a, (ng/nmL) 10.12 7.19

Huioor%jg)(ﬂfé%%%ugrllg ﬁl’( ]\lﬁqu]gN%,: (géng g]_)g@r%eé%?iﬂinoé{%%ﬁ?éo’ki}ewcs is time-
dependent during repeated oral administration in healthy male adults.”, Drug Metab
Dispos. 1998; 26:25-7, and "Retrospective analysis of artemisinin pharmacokinetics:
application of a semiphysiological autoinduction model”, Asimus and Gordi, Br. ] Clin
Pharmacol. 2007 June; 63(6): 758-762). As a result, systemically circulating artemesinin
declines with each successive dose, thereby reducing the effectiveness of drug dosage

regimes.

In confidential trials, the inventors have found that administration of artemesinins by the
transmucosal sublingual route avoids such autoinduction, leading to consistent uptake and
accumulating systemic concentration of the active drug metabolite, dihydroartemesinin,
thereby providing significant advantage in administration by the sublingual route. A
similar avoidance of autoinduction is expected with delivery by the transmucosal buccal

or nasal route.

In confidential trials, volunteers followed the following treatment: A single administration
of 30mg artemether sublingual spray 6mg/actuation on days 1 and 5 following an
overnight fast, and twice daily administrations of 30mg artemether sublingual spray
3mg/actuation on days 2, 3,and 4 following a morning or evening meal. Blood samples

were collected for pharmacokinetic analysis at the following time points:

Day 1: Predose, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, and 12 h after dosing.
Days 2, 3, and 4: pre morning dose and 0.5, 1, 2 and 4 h after morning dose and pre

evening dose and 1 hour after evening dose.

Day 5: Predose, 0.25,0.5,0.75,1,1.5,2,2.5, 3,4, 6, 8, 12 h and 24 h after dosing.
Pharmacokinetic analysis of plasma dihydroartemesinin on days 1 and 5 revealed an
effectively identical response, indicating the lack of autoinduction. Plasma concentration

curves are shown in Figure 14.
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1.11 1.01 0.76 0.23 VVF (L) 3.90 2.90 2.36 1.26
15 Key as Table 8 20 Fromthese prelimnary results,
it can be seen that conparison of the area under the
pl asma concentration curve during the 12 hours
following the doses (AUCO_12), a well-accepted neasure
of absorption, shows significant and surprisingly
CE&§E§$ absorption of 5 artenether when adm ni stered
gual ly as a spray fornul ati on as di scl osed
herein by conparison to oral tablet dosing. For
conpari son of bioavailability of artenmether via the
subl i ngual spray route described herein with
agd i : : Jﬁ$ﬁ , Wwe have cal cul ated the
LFgggFggg%aﬁ%ﬁE%ﬁ%$g%g{%sedEf%fconpare two dose
r egi aespetigeoe peédtherfarand B, for thc artenether data,
as foll ows: AUGC doses dos The, results are.as
ol | DM se el ACER bl Frc iegosyisig e ap TRt Eof:
0.92 (S. Dnddiidchhth lengh@dgly&erfs;(S. D.) 20Thi s _
i ndi cates that approximately between 1.7 and 2.2 tines
mor e art eshertebpindeiglyaersdssbed when adnini stered as a
subl i ngual__spr as _descrj rein by conparison to
or al adni%P9£?§¥F%ﬁe%§5§g%?§gfggespite the oral dose
bei ng t W fi¢h 6§ ricAligBmega-Bhcidsi r st i nstance. The
indicative bioavailability by the sublingual rqute is
t her #ideempgsiticafermylgied dog
equi val ent doses. 25 Inspection of the data of Tables
8-11, and Figures 1-12 also confirns this genera
2.f Arcdinipgsifion atdoedipg iondain dconsigingesshohliyt ef: of
artenetheé (dihégﬁoart mesi ni n) Avoi dance of
Aut ofHARLRST OR artegihgri 2% khown that both oral and

rect ghe GARdRIpRIMBcERital]-aBEdpRIBRSERIPIntS Sel&$&IOhE 3FR# consisting

wi t h autoi nduction of the drug nmetabolismin

i ndi of:dual s (see e.g. Ashton M Hai TN, Sy ND, 21
Huong DX, Van Huong N h%qu NI, Cong LD. "Artem sinin
pharnacok?ﬁ e R e??ﬂé-gﬁgggﬁ&ent during repeated
oral adm gjosttdhainl thiBlycerid@al t hy mal e adults.”, Drug
Met ab Di spos. 1998; 26:25-7, and "Retrospective

anal ysi s omega-3-marge tiglypmiidesr@dki neti cs: application
of a setn;j S ' ayt.od nducti on nodel ", Asinus
and Gbrdiﬁﬁg¥ir%hg??ﬁ@é$§g%g%col. 2007 June; 63(6):

758- 62 ompition festhinted Systraninnaddal sublingudl gdivcog) or nasal dosage.

artenmesi nin

3. A composition according to claim 1 comprising:
artemether and
a pharmaceutically-acceptable excipient selected the group consisting of:
medium chain length triglycerides;
short chain triglycerides;
omega-3-marine triglycerides; and
fish oil, rich in omega-3-acids

said composition formulated for transmucosal sublingual, buccal or nasal dosage.

4. A composition according to claim 1 consisting essentially of:

artemether and

trasmygosahiblipgyal  byigead of gasal dosage.
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declines with each successive dose, thereby reducing

the effectiveness of drug dosage regines. In

confidential trials, the inventors have found that

adm ni stration of artenesinins by the 10transnucosa
subl i ngual route avoids suchyfutoinduction, leading to
consi stent uptake and accunul ati ng systemic

con t i . i . i . .

iy e o B Aok AR - ep Bl CIhGIREel e the group consisting
advarft age in administration by the sublingual route. A

sim | ar avoj.dance. aof toinduction is expected with
deIivery'BVLFﬁﬁg@Vgﬁ@ﬁﬂgggéer fitcal or nasal route. 15
In confi ds%;ticﬂginttﬁ'%l§h§5deggjngnt eers followed the

T A S

following treatnment” A single admnistration of 30ng
ar t emet heymegabl-imagoelrigdyeendesand act uati on on days 1

and 5 follow. n overnight, last, and twi ce daily
adninist#ggﬁgggcgpﬁﬁ$%gﬁ?%gﬁ%ther subl i ngual spray
saRN@nafokitidhifemndaed fyrSradsmacosticbublih@lal, Bl & oBn#8ar désage.

or evening neal. Blood sanples 20 were collected for
phar macoki netic analysis at the following tine points:

: - Q. -0..5 : 2, 2.5, 3, 4,
5. E¥pogfl igeGairh & Baifl ot ecopibyy oy 305, 2

NOr rariegnetes er angbtikroandl, 2 and 4 h after norning dose
and pre eveni.ng, dose d 1 hour after eveniﬂg gose. 25
Day &Phappacrytigallypcseptabye gxcigienicongisting essenjially ok - 3 4,
6. 8, trikRcBri@ fiqdfd 41 384t 8hgdosi ng. Pharmacokinctic
anal ysi's of plasnma di hydroartenesinin on days 1 and 5
r eventdumahaieflémgth invgygeriddent i cal response, indicating

sat %nﬁgﬁmg{fﬁgﬁl%a g&%ﬁ#nggg%)glefsigﬁgu%ﬂ%%g%{l %}B\Ingsgl Séjs%é’e‘?s
phar maceuti cal conposition conprising: 5artenether or
arteether; and a pharnmaceuti cally-acceptabl e exci pi ent

6. s lcempesitieeccgrding tacaygireqcing cbfim, prbstanhiplbhipnof watek h
triglycerides; short chain triglycerides;
onega-3-marine triglycerides; and fish oil, rich in

7. OARQmpJIsifich aofdihgtocanypesdetingreldion sabsainddlly free of ethanol.
transnucosal sublingual, buccal or nasal dosage.
2. A conposition according to claim1l consisting
e ' t -

B P L ErdRie B e Bl ling BRn AR, Hpmether o

artebihegis pugsentaat aiconcangratén ofnetiwesm 2drad 260 relggrams per gram of
tri.glycerides; short chain triglycerides;

CXGWEG%- 3-marine triglycerides; and 20fish oil, rich in
onega- 3-aci ds said conposition fornulated for
transnucosal sublingual, buccal or nasal dosage. 3. A

9. o wppPsifiomacsordingl tovnytrsecsHimigrelaimegkgeinspidgexcipient comprises a

ar.t enet her. and. 25a .phannaceut i cal.l.y-ac abl
g Pal B aide, 3P REL RN b Rlrl ARERR B L5 g contof
safif@bd fdtgngid’ with etwear 6 aeis12 sdibsit atolmal n tri gl yceri des;

10. A composition according to claim 8 wherein said excipient comprises a medium
chain triglyceride, said triglyceride comprising a minimum of 95 per cent of saturated

fatty acids with between 8 and 10 carbon atoms.

11. A composition according to any preceding claim further comprising an essential oil

such as menthol, vanillin or orange oil, lemon oil, clove oil, peppermint oil, spearmint oil.
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onega-3-marine triglycerides; and fish oil, rich in
onega- 3-aci ds 30sai d conposition formnul ated for
transmucosal sublingual, buccal or nasal dosage. 4. A
conposition according to claim1 consisting
essentially of: anenether angl, 23 one or nore
phar maceuti cal | y- accept abl e exci pients selected the
group consisting of: nmediumchain | ength
triglycerides; short chain triglycerides; and
1D ofvegmpdsitien aqeerding @l anyqrectdsng cdaich for e taatment ioc praphylaxis of
0 a- 3-acids said conposition formnul ated for
”?gggsnucosal subl i ngual , buccal or nasal dosage. 5. A
conposition according to claim1 consisting
essentially of: 1l0artenether or arteether; and a
13 Hacomapasitiongatdrgdingde epy atsiceding claph éermulaed fog tsilblgpgual delivery.
essentially of: a triglyceride, liquid at 37C, and
medi um chain length triglycerides; said conposition
14. OA MWdadafiéni @W1iveFaltsBeGRaRINIAEIRoMPoalion Re6RAMg @ any preceding
nasal dosage. 15 6. A conposition according to any
clgipmg @@@dﬁ@% péapigd todsbverindiyidupl ¢rrsagcessivedesss of said pomposition,

AT PR B LR BGRB8 el By

conposition accordlng to any preceding claln1mhere|n
artenether or arteether is present at. a congentratlon
oA Betigapentsiehyy depcarenpigngcgrnosyionmeenrdiagds prepeceding
cl1fim, Baif APRS hiad gltl ﬁﬁfnddcﬁﬁ‘tpa Yo 8E1¥el frﬁi?ﬁguﬁ Or %&EQVC doses of
erein sald exclplent cohprises a nmedi um chal n
said ¢caphpasgrongdesch smdldldtlali g lsycessivedase rcpnuamlmgn(ammcmhmu AOmg of
5 per cent of saturated fatty acids with between 6
es OF ariés; gﬁ Tat oms. 10. A conposition according to
cIa|n18 wherei n sai d exci pient conprises a nmedi um
chain triglyceride, said triglyceride conprising a
lfmAnmndumcntgishm deviee corftainingfr @trmwsswnfaa@qrshnaé@ ésy preceding
cla1m salg%:e%g Qn(? co Jtpo Ca%ragt%H t§hAR: md2V1d a% or s ccessjve doses of
I oh accor W recedlng clarmior %he
saﬁd ﬁﬂﬁ}ﬁ&i’ttonpéacﬂ ﬁlﬁ!ﬁhl}dhﬂmﬁuafess”fﬁé ddse@ontaindng #d more than 10mg of
conposi tion according to any preceding claim
arfegieiRar &F adeethsr. subl i ngual delivery. 14. A nedi canent
delivery device containing a conposition according to
any preceding claim said device adapted to deliver
17. ntlidelidurpldedee sucontimsioamycdd skdmefl 4 sai @l wherposid device comprises
each i ndividual or successive dose having a vol une of
aPUER SR"R%Nn 1000 microlitres. 15. A nedi canent
delivery device containing a conposition according to
any preceding claim said device and conposition
1&dadelbckry deded aogerdingii alaidubl wherensebdayiiaeds adaptssd tofproduce a
each in dIVI ual or sucecesshve dose
PR QL RITRG Rb Mhe S Ffen Bonk S ReieChrsdiFr RN o) WicioRS
arteether. 16. A nedicanment delivery device
contai ning a conposition according to any preceding.
1% wadwlcesfar proyilingphagmacbiRpsioses COmRISHIR PN EPPIpEYNg
0 iq
plihoiliR coRhofGF BB, HOBG%{R1AR 1o 13 R alcHeans aranged
tottiuasfel Goggs of said pleamabenical coatposigiohes the2Rteriby of the container.
delivery device according to any of clains 14 to 16

wherei n said device conprises a punp spr.ay. 18. A
2(5j €A Ik\&bYthd %‘éhtﬁfenﬁspﬂﬁghﬂgxlg 8f H‘Jaﬁa'ng‘cg) ngl‘ﬁ %ICBR% klgon according
device I1s adapted to produce a spr osition

tolaay iofi glazmsrk &l mmbhsnlomnoasrm @hmgtsmsaad coimaasn@ﬁh to a patient in

m,Ccr on .
need thereosf by the transmucosal sublingual, buccal or nasal route.
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19. A device for providing pharmaceutical doses
conprising a container containing a pharnaceutica
conposition according to any of clains 1 to 13, and
val ve neans arranged to transfer doses of said
phar maceuti cal conposition Eg the exterior of the
container. 30 20. A kit for~the treatnent or
prophyl axis of malaria conprising a conposition
according to any of clainms 1 to 13 and instructions to
2 Bdaikiti {5 te tugatintbn€ onrophyliaxis of Makrip @bin@rising & cofpdsition according
t hereof by the transmucosal sublingual, buccal or
torpay of clagng bto 132@1d21fstr9setlrem toragmIBHIET pi APRBATI g 10 a patient in
I conpri sing a conposition
m%@?%?%#ﬁgw§%ggﬁgggﬁrh?%ins 1to 13 and instructions to
adm ni ster said conposition to a patient in need
t hereof by the subllngual route. 5 22. A kit for the
22 ri kit desthe geatmentef raalanapemeisigg 4 cempeblion egarding to any of
clﬁgl 01&9'1@%& %s?rg)ftl&fs 16 La@rlnmf‘stér shid c]o%ﬁgﬁlth§ ‘élrpgﬁéﬂé @ Reddhereof
mnister sa osition to a
byt the trandmuzpsdl lseblirrgaa]s bucabar nasal bbutag ual, buccal or
nasal route 1023. A kit for the treatnent of malaria
conprising a conposition according to any of clains 1
23.0a k1 f6Mfle trBsthleHESf AMGEriA Bord ﬁg 8 E&hpSAich £QLORBS fol £9 of
to a patient in need thereo t he ?ransnucosa
clagims| li tnd dahd instruetions3o admirdster sa1d composition to a patient in need thereof

by the transmucosal sublingual route.



