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W)2006/ 111647 PCT/ FR2006/ 000842 1 ASSOCI ATI ON BETWEEN
FERROQUI NE AND AN ARTEM SI NIl NE DERI VATI VE FOR
TREATI NG MALARI A The present invention relates to a

nat| on of antimalarial active 5
_wB%éﬁéfa g&’f’i PCT/FR2006/000842

i.e. ferroquine and an artemsinin
derivative, and also to a phdr maceutical conposition

conpri SLOgCITBNBEARR! SRR ERPEERROCUIRE A ARCARTEMRSINNE

treat i on o0

one of the pri rTmERIVAﬂ'B.CEt F@RSTI%ENEIBIQ W\LABM ality in
the world and 10 annually affects nore than 500
mllion individuals, anong whom 3 mllion die each
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. Soyt h- East, Asia and Lati.n :
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PFRRTPPR R "®hi ch is widespread in Africa, is the nost
virulent parasite and is 15 responsible for the

| et forms of, the di Th t
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sol ate ro e t em

PdaracR e reneain B AR Rles D & TR matria
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Der i yat en e ar macol ogi cal properties,
resRRIS! Oé?qeell\%h'\aﬂ@ﬂ' ?B? qd'ﬂ%’s ®and art gsunat g gr e

al SOI' HepdtiRigRibsurge m\tﬁeedﬁk@aseldmsawdd iotrer ttle last few yezgs Braue to
R E R A D I —

todid RIBURINAl Prodlctd icohvehtiofdllyiusatl] sueh alsrt:hlmtp.ﬁr’ma nafipquine,
coul d be a causal Lactor in the sel ection of resistant

armegiaqying er elsg PYIMENamKe- sci entific community now
recommends the use of conbi nati ons of active 30
i ngredi ent s, in particular of co

f
art elﬁg)lgteﬁ,rrh'lg'fz fgpm the plaat Agemjsinannia: (i :ng q:]cés[u? an% used for

centuries in China, artemisinin has a powerful antimalarial activity. Derivatives with
enhanced pharmacological properties, such as artemether, arteether and artesunate, are
also marketed.

Artemisinin and its derivatives are today among the most effective active
ingredients against Plasmodium falciparum. However, the use of artemisinin or of its
derivatives in monotherapy could be a causal factor in the selection of resistant parasitic
strains. |

The scientific community now recommends the use of combinations of active
ingredients, and in particular of combinations of artemisinin or of its derivatives with other
antimalarial active ingredients. These polytherapies, called ACT (Artemisinin-based
Combination Therapies), have been recommended by the Werld Health Organization
(WHO) since 2002. They offer multiple advantages: improvement of therapeutic efficacy
on resistant strains, protection of the two active ingredients against the appearance of
re5|stance reduction in disease transmission and in resistance propagation.

The combination of artemether and lumefantrine, marketed under the name
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antimalarial active ingredients. These pol ytherapi es,
call ed ACT (Artem sinin-based Conbination Therapies),
have been recomrended by the Wrld Health Organi zati on
V\/O%?é éhé 2002. They offer mnultiple advant WFRZDOGIOOO&‘E
(7 t of therapeutic efficacy on resistant
strains, protection of the twb actlve i ngredi ents

inst th f 35
CRRRS bty o SRATERP AR topds oL S bt AR ERmPIRANE bf SfleduRate and
amb@ia§aRd (Ar8lémm®)of artemether and | unefantrine,
mar ket ed under the nanme W?2006/ 1

7
PCT/ IPrREGOE AR B thesst @%&vtwpﬁtedl l%!é@* e WHO. the.sgareh for novel
cé?ﬁtﬁﬁatﬁfn@ RP aRtmalagal R evd h@ré@i@m makt Bcartingeéd.esunat e
and anodi aqui ne (Arsucam(r)). In accordance with the
strategy supported by the WHO, the search f.or novel

conbApBh ﬁfésvéPlBuéﬁF\ﬂuﬂabﬁél'a@llveaiﬁbfédfédtéwédtﬂbw intheligtature,
be contihued. 5 Anpbng the various anti nal ari ?? actiyve

feragvieg |l5e@1ﬁ'§|ﬂfé?dh?‘ki§@°1'\f¢ against chlgroguiniedesisiapt $tETE ofe

P}aﬁmﬁdﬂm Riciafurh hlf’érrdc‘iurféchisﬁ %aﬂ’é]ﬂeﬂ-&&ene-chloroqume or
I oroqui ne-resistant strains of Plasnodiu

fetrathipisaring careaspeods e -Chipod- Hé?-l[(é\blN-dlmethvl-

ar{r;gl: rﬁétggﬁgﬁgﬁgﬂ%ﬁ@a%%]ﬁﬁ?éﬁé ‘\ﬁg’\?g&h}%&’we of 4-am|noqu1nollne

caupieudtpradferptdrieaingo & bisyholeild sl c)eﬁmlbﬁq ig marttwélnm patentj s
£f (4204 3Rk 97 MEa SEh IR0 b8P1 4 871£3H8, M. Agents
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- Cpambiher] 998, »42 @1065#4 BPOM. mrrss'@asnaasa r59365 ged J. Organometallic

COBngPRE P 46808 Sl bas, 0 Gro. Chem . 1999
589, 59-65 and J. Organonetallic Chem, 2004, 689,
4678546 5
e R e e

satisfaetdry exelg of Afficady (An.ab Trave Med—&lgg,, 2Q03)3’>‘9( B919-£5 and
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abean induteethe iappearpamf afivesistaht steaing trapartistlarn¢hierog uxlne-re5|stant

. s P e G, T DY, ABha PomBhpfT Btfplrbq g and an

anﬁe&ﬁusmmuemawajnramammarmﬁaumte attemnathen orarteether, is effective for the

r artesuna arte 1 her 0
ekalrisnf sreor P VaTREn of PR TS MR 95/ AP afne e recucing, or
evERl aﬁ/btdﬂ'lg &n;aldavequafetnt olparasifiostraimg reslspmt totheawd active ingredients,
wI[I ’ET!\ Iatger are administered as a monotherapy.

A subject of the present invention is therefore a novel combination of ferroquine
(molecule (1) represented below in free base form and where Fe represents a ferrocene

ring) and an artemisinin derivative.
N/
N
| \
~=
g ' |
Cl N 0

In the combinations according to the invention, the ferroquine may be in the form
of a free base, but also in the form of a salt, of a hydrate or of a solvate (the latter being
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even avoi ding, the devel opment of parasitic strains
resistant to the two active ingredients, when the
|atter are adm nistered as a nonot herapy. 25 A subject
ent invention is therefore a novel 42
. . PCT/FR2006/000842
v@;o%@:gﬁ‘é‘% of ferroquine (nolecule (1) represented 8
below in free base form and where Fe represents a '

ferrocene .ring) and, an.arterm sjni [ [ V.

OB Soah e R BRPFL TbAU UFE Hty  or more
miol@¢alet iod watdr lve afselvient) Tha dernanyineds iadvartiaggonsinused ifree base
ffree base, but also in the formof a salt, of a

drate or of a solvate (the latter being
W20061111647 PCT/ FR2006/ 000842 3 defined as

assogi ations. or conmhinations of ferr [ ' : .
r esplli§ PUBNIFINI AVEvE legen r%&bec(fﬂ"é%'?%#’ n%%{: éﬂrrﬁif}p fg the invention
adaintRpbus|y eendists boqtesumates(|idvandragteen@l)y. used in free

base form 5 The artem sinin derivative present in

t he conbi nati ons according to the invention
advant ageously consists of artesunate (11) or =
art emet her i QH=H HHOOOO Q¥
(ren) 4 o Tl /
a phar nmacs posi tion conprising, as_ @ej
i ngr edi ent 9~ coppi nati on of ferroquine (IS) and &

artem sinin deri viatilve, advant ageously art es@fat e H
a

(1'l) or artermetper III).OSuch a pharmaceutic
conposition contains therfppeutically effective dpses
of 15 ferroqui@»qa/e\g[)g\g@ﬁlr maceutical ly accep efl e
salt, of h hydratO or of a Yate of ) 3

The'subject of the invention is also a pharmaceutical composition comprising, as
active ingredients, a combination of ferroquine (I} and an artemisinin derivative,

advantageously artesunate (II) or artemether (l11).

Such a pharmaceutical composi'tion contains therapeutically effective doses of
ferroquine, or of a pharmaceutically acceptable salt, of a hydrate or of a solvate of
ferroquine, and of at least one artemisinin derivative, and also at least one .
pharmaceutically acceptable excipient. Said excipients are chosen, according to the
pharmaceutical form and the method of administration desired, from the usual excipients

which are known to those skilled in the art.

The suitable unit administration forms comprise forms for oral administration,
such as tablets, soft or hard gelatine capsules, powders, granules and oral solutions or
suspensions, forms for sublingual, buccal, intratracheal, intraocular or intranasal
administration, or for administration by inhalation, forms for topical, transdermal,
subcutaneous, intramuscular or intravenous administration, forms for rectal
administration, and implants. For topical application, the compounds according to the
invention can be used in creams, gels, ointments or lotions.

Preferred routes of administration are oral administration, rectal administration

and injectable administration.
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ferroqui ne, and of at |east one artem sinin
derivative, and also at |east one pharnmaceutically
accept abl e excipient. Said excipients are chosen,

. w@gﬁg@ﬂ*ﬂeﬂto the pharmaceutical form and thﬁdﬁﬁfﬁbwooouz

I'Stration desired, fromthe usual excipients
whi ch are known to those skilded in the art. 20 The
suitable unit adm nistration forns conprise fornms for
oral adm nistration, such as tablets, soft or hard
gel gidrrezamaleswhes a sptidviempositiprein sheeformrd taplets is prepared, the
S .0or sus ions, for

| utiop ] | |
35 6 e PARRBY 58 s DESHRL. cno
geldlifieNétatohatactise, maghesiuradteanats | talat sitica, lgymi arhbit anaomitol,
ol S o A bR AR v o o
tablefiicain beasbatatl With sidross, withd datiploss tierivalies ot with othler materials
o BB RS BRI BGRB8

co‘ﬁgﬁéﬁidrﬁdry grahalatiod, wad gtamusdtivator hot mele or al
adm nistration, rectal adm nistration and injectable
adm ni stration. W2006/111647 PCT/ FR2006/ 000842 4 For

exglﬂpis%ls_d/ybt%@ib& l%cdotlaita‘.in ﬁqmmﬁﬁdmin tthenfohge)f telatinetapsules by
tablets |s .prepared,. the, actiye | r.edi ent )
Pl 56 SRR E A g ) Bel B RBALS B Lot or

h#i@ gakatine caggsufsch, | act ose, magnesi um stearate, talec,
silica, gumarabic, mannitol, 5 mcrocrystalline
cel l ul ose, hydroxypropyl nethylcellu | ose,

Cr O pardrtérakadniinistiatidr, kee isTihade bidjuebes saspehsionsasatohic

with sucrose ith a. cellulgse derivatiye qr w.th
sl splufiaitsy starie e Pisinle selftars iticoniain deagieindagents andror
wélBn BGSHIS B1ht Bibe prarinatsiogiesllyrompatible stoe bxarspld iprapytene glycol or
conpression, dry granul ation, wet granulation or hot
b%é?‘?glﬁpl-lt is also possible to obtain a preparation
in the formof gelatine capsules by mxing the active
ingredients with a diluept and &ourin t he mtx

M. k ture .
obt diti@iipdiminisiEtionghe daly dosss o earhotpdtp aglivedygredients of the
co‘ﬁﬁiir?d’ibﬁfa@bor@%@t@{tﬁ ihﬁéﬂlﬂgﬁ,ar?l_é@fdiléwlﬁa?? of aqueous |
suspensi ons, isotonic saline so iQns or s [
and i nfestogARes bebyaan WMWM{?%HP%P%&?%%% and 1200 mg,
agent s gdiinBfe préfirabi BeMELAUB0EREI808 MRy per individual and per day;
phar macol ogi cal | y conpati bl e, for exanpl.e profo¥I ?ne
gl ycol agemisinin Qqeré.ﬁgvem I%twpl_an 1and 10 mg/rlzglday, preferably between 2
and 6 mg/kg/day, even more preferably approximately 4 mg/kg/day.

There may be specific cases where higher or lower dosages are appropriate;
such dosages do not depart from the context of the invention. According to the usual
practice, the dosage appropriate for each patient is determined by the physician
according to the method of administration and the weight and response of said patient.

The combination according to the invention is intended to be administered for 3
consecutive days, taken as one or more daily doses of each of the two active ingrédients,
preferably taken as a single dose per day. This treatment time limited to 3 days is
particularly advantageous, in comparison with the 7 days recommended for a
monotherapy with the artemisinin derivatives, in that it allows better adherence to the

treat_meht by the patients, thus avoiding the premature interruptions of the treatment



For oral admnistration, the daily doses of each of
the two active ingredients of the 20 conbination
according to the invention are as follows : -

Obgp‘%g‘g, bet ween 50 and 1600 ny, preferak;icfnpgzoos;ooouz
between 0 and 1200 ng, even nore preferably between :
400 and 800 ny per individual®and per day; -

wﬁIEﬁ qHHﬁéblﬁhé‘ge‘#ﬁJ in\éﬁké}’é:sma td@ﬁf{p%ga@ 10 no/ kg/ day,

prefer even nore
pref_er_abl y approximately 4 rTg/ kg/day 25 There may be
Spechd gdlf“ﬂ%?rﬁtﬂi@ﬁfr e%ch'ogn'?er FactiPdRr Ean Eé @amed out
appropriate osages not deépart fromt

simoltdreecuslyf ondise semeatelycm spm@d@lutjpwg tnme &sn@uejgughadmlmstratmn)

s DL BinRRERS, ERER AL dhosat el arodenis
- cavf beachrbined wilin @rsingiel pharerageitipal foamdflx@swm@at@ﬂ) %PU as a
PRt FE bRt cqiEisrARA R Jon 08 SRR, | o
c onsHwmovartidagredierite of the oon‘@matlonec@rdlag ity thedgrentien can also,
regg&};esgoﬁyﬁgtht ggre ﬁ&tthé(tﬁaﬁlﬂMﬁj%izic?r?fsssirpuﬂn‘%ﬁé Ry p?f'eéé?’lf fl\distinct
10 phallmaceiawal foems. ﬂ'armlscaﬂeat lthe comtinativge agsording te &maverﬁ@n can be

ol b G TR Bt 6 2o NGRS Rt ftemroqune

arad] Iseccmme at lpastiune drtessisiniprderibgtivelsacp as iadasinate hwemether said
di t. f

305 e 3 AEETAHBAL S 4 BRip o B R g

intemtiey to bleiadramlsdaemd samdtanebdusthh separatedy orspreztbout over tlme

at isgrghof each of the two active ingredients

15 (sad”érgii L6
Ea°BE P t sinultaneously, or else separately
- or spread out over time (sequential adm nistration). 5

When_t he adm ni tratl Olfte
T 5B P b LB BB B U e S oot o e
ca?! cftgh;ﬁ*usﬁhl@é faliowingicoalpohentsn (fi xed conbi nation), such
tablet or a gelatine capsule sui tabologn% or al
adm nFEIU4Y% on. The two active ingredients of the

20 conbmaaditopn according to the invention ca@&24ahgo,
regardl.ess of whether or not their adm nlss'%atl on is
si mPedaSIRScamelipi® ent in di sti nct
pharggmegﬁrcﬁal forms. To this effect, thelSo'ogbl nations
accordin heanﬁPtlon can belnthetzformof a kit

conpfYdp "°Ry|rF'§t{‘Y§e' Q%€r oqui ne or a sal t“-™lydrate or
sol VRgnedurh eteapsisli ne 3mg

25
Also by way of example, a unit administration form of artesunate in the form of a
tablet can comprise 50 or 100 mg of artesunate and usual excipients, for example
lactose, croscarmellose, anhydrous colloidai silica, microcrystalline cellulose and
magnesium stearate. '
30
A subject of the present invention is also a method of treatment and/or of
prevention of malaria, which comprises the administration, to a patient, of a
therapeutically effective dose of ferroquine, or of a pharmaceutically acceptable salt, of a
hydrate or of a solvate of ferroquine, and of a therapeutically effective dose of at least

35 one artemisinin derivative, said doses being administered simultaneously or else

sequentially to said patient, as is described above.
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and, secondly, at least one artem sinin derivative

- such as artesunate or artenether, said ferroquine and

said artem sinin derivative being in distinct

V\ﬁ}'gﬁﬁfﬁqEHS .and being intended to be adm n'ﬁ‘}ﬁ#ﬂﬂoosfﬁoosu
Sl taneously, separately or spread out over tine 15

(sequential adm nistration). By way of exanple, a unit

adm nistration formof ferroquine in the formof a

tablet can conprise the foll ow ng conponents:

Fer r Ditpuicombb@tiony ac26rdivign ittt ird@ationy hasdeiemnthe subject of in vivo

croscar mel l.ose. 6 t
bIpENETI) ) F%tﬁy'l" n'EFﬁ)}ﬁ%g}eﬁg\fv@nS% @ggrno&ﬁ}'gr@f Plasmodium falciparum type
(Sﬂa'"gofa%o‘#‘b"m’b@kmwcmﬂ enany & poasmleltb dedrinatrateritst ¢ft§pt|veness

art atelntheformof a tablet can
f°&@'|?§]ﬁa§'8 irﬁﬂ) ng of artesunate and usual

Ti@(ﬁ;sget ealow, clélltviedeommtheartéﬂmatas @are giveadsr wey lodesample. Since the

n [ OUS. o] ilica, m I

LA SRk L RGBSR b v

lifé itV edvhimon, the raha!’lcs af tl‘i@se‘m?dtsoﬁbtamedtfmrtesanatbocarolﬁe generallzed to
vention aof i a

B Gt ARG Ao NS s P et BBt car 1

effectlve dose of ferroqw ne, or of a phar rraceutl cally
accept abl e salt,

MBS HBRIAN F 18R ofve St B RFE a'i'f%;?te& Wb Flygmiga yinckei of

feﬁfodu@ﬁé lof aPte8IRaR AN dfthBicontlfihatich oFthe th@ comiponiRds
bei hg adm ni stered sinultaneously or else

sequentially to said patient, as is described above.

Wopgekﬂc}@gzn%ﬁ#gmmm 6 The conbi nat i on
een the subject of in
vivo biochemcal tests in mce infected with a

p| aslgaﬂélgmﬁlssm ﬁﬁdg)dé fe h?'vP%r H”éﬁd’ Rone 65'} ré*'enlnm:ulated with

Pl asnbdi um Vi nckel 0ssSib to
patesitessif Plasmadligm Mmé@twfnpéﬁfetme (FBJdrhém ﬂ ) T'é%m'ﬁ@rﬂfe Geclimatized

bé%lleﬂgh@for two weeks. The mice are given food and drink ad fibitum.

The Plasmodium vinckei vinckei strain is maintained by weekly infection in the
mouse with 107 parasitized erythrocytes suspended in a phosphate buffered saline
{0.9%). '

On the first day of treatment (D0), one hour after infection (107 parasitized
erythrocytes suspended in a phosphate buffered saline (0.9%)), the animal is
administered, orally, as appropriate, with ferroquine, with artesunate or with a mixture of
the two active ingredients. This administration is repeated on the following three days (D1
to D3) (Peter, 1987). When the two products are administered in combination, the
artesunate is administered first, the ferroquine is administered second, 45 minutes later.
On the fourth day, a blood smear is taken from the tail of the mouse. The sample is fixed
on a plate. The number of parasitized blood cells is counted under a microscope. The
parasitaemia is expressed as percentage of infected erythrocytes present in the sample
on a sample of 1000 cells. Six or seven mice are used per dose.

The mice for which the smear at D4 shows no trace of parasites will again be
checked on the 10th, 17th, 24th, 31st, 38th, 45th, 52nd and 59th day in order to detect

any possible upsurge of parasites.
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~and 15 mg/kg/day. The concentrations used are 0, 1, 1.6, 2.5, 3.9, 6.1, 9.5 and

The tests below, carried out with artesunate, are
gi ven by way of exanple. Since the artem sinin
derivatives all have the sane netabolite
“&%DBXHW Femsinin) and a short half- life |pt;-ppmmoog42
e resu s of these tests, obtained for artesunate,
can be generalized to the other artenmisinin

P Erla\ﬂgﬁ LY R8sy |c§'1§ o?'ﬂhﬁ%g ek 1 ad?ﬁlﬁﬁﬁ' 8 of tddcompounds

ce Intecte

elonferroqw ne of artesunate

(f Podc:cur | prgm s%ﬂ{s%gbeo Katbfryheosgypounds 1.

fon o vivo test used 15 Fenale
" Swi Ertoquinecis miyed withymoethyegitilosad(0dh dwinay | angrRolysorbate 80 (0/5

(v‘(/{»]ﬂctlie?‘ Lrt%gsygtl%g %%B%Sfbﬁgtéﬁgt %%&W%&ngw R&KEkold (4°C), and for

4 hoursi atembied tefnpératrbalite final suspensinekef. felfoquing bas arc@ncentfatlon
l'ibitum The Pl asnodi um
a\%?’ﬂgwgwﬁ%ﬁnckgpgﬁpgﬁf I's mai ntai ned by weekly
infection in the 20 nmouse with 107 parasitized
i t he.oc phosphat e buffered saline
'8" frg apteplndlc € el;l's O r eat ment (DO, one hour
(aatéslmate fromcSanofi-SybOlaber baichi1Z4d  eryt hrocyt es

A ?ﬁuﬁg{‘qggnnkegdd\?ﬂtlﬁp%t%@"caeyﬁlogé‘fzﬁzs )5‘%32 ghd BS;ng?rlbgfé 80 (44 fiuw). The

prepamtiopuiinatable for arﬁoaw mattlm darknvandh ad ambaelutr temyfergigre. The final

SLit,sggréstg%’\rga %'Lesyﬁ%teﬁ%% %%ﬂ'ré@@b%&ﬁ dld % dFmg/ml.

(Peter, 1987). WWen the tvvo products are adm ni st ered

it Eec ' . 56 : AlUES, an . séé Sissrtesunate

andbEferro éhumfrﬁslbtéd raml | ood smear is taken from
the tal the nouse. The sanple is fixed on a
pl at e. The nunber of parasitized blood cells is
MERBA o HetdiHiRAtich H¥ithé A5 9RIBes The 30 parasitaem a is
expresse as percentage of 1 nfected erythroc blood
pr esEift IGen ig Hefinachas dhe Gancenirafion in gio/ &y which Jnnitis, the bloo
pé?ét‘,lfa%\'fﬁ‘é‘ I:W S@%aé? tﬁ@?&rﬂ\eﬂaﬁ%ﬂ) aFfee |ﬁ‘l|e@ﬁbrf QIDO)/\/éhQ Mour days of

he snear no trace of parasites wl

tragme o AKR 02DV EA BIVBIIOT S41Tespands Los et Mgk, e Belgitacmias

otﬁ%%dQHQh?%ﬂegﬁM |h1%cfé64ﬁfcet @Omtlﬁﬁbltmﬁ%rréﬂﬁﬁbbhﬁ a very low or
upsur arasit 5 W2006/ 111647
zqw;p,a;aagml,ao@ggﬂ@n 0 1% The ICs values are determined by linear interpolation

of the dose-response curve represented as iogarithm of concentrations.

The ICs, of ferroquine is determined after administration of concentrations of between 1
and 10 mg/kg/day. The concentrations used are 0, 1, 1.47, 2.1, 3.2, 4.6, 6.8 and
10 mg/kg/day for 4 days.

The ICs, of artesunate is determined after administration of concentrations of between 1

- 15 mg/kg/day for 4 days.

The ICs values obtained are given in Table | below :
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7 Preparation of the suspensions of dilutions and for
adm ni stration of the conmpounds - Preparation of the
ferroqui ne suspension (ferroquine from

w8641 hel abo, batch Myl 8. 0088) Ferroqui p@I1/SR2006/000842
m xed W nmet hyl cel l ul ose (0/5 (w w)) and Pol ysorbate
80 (0/5 5 (wWw). The prepaffation is stable for at
| east 7 days in'the dark, in ﬁﬁlecl(’l d (40, and for 4
hours at anbient tenperature. i nal suspension of
ferroqui ne has a concentration ranging between 0.1

and 100 ng/m , Preparatton—pi~ti We
suspensi on 10|(artesunate fror#%&r@?i 5 hel jabo,
batch 1.04) Aftesungdrerquihen xeéd w t B.32et hyl cegl | ul ose
(0/5 (W w)) apd—-PRelyserbate—80—(0{5{twwr—THhe
preparati on ii st abPESYERS hburs i A'the darkl and at
anbi ent tenperature. The final suspension of
artesunate has a concentrati or) rangi ng between 0.8 and

Foderigguine. thescurativsqaseds AQMAIAP/YRY-t he 1 C50 val ues and
FétfaricdBnatl! fki dupatle RS Wasaidt sathet 6n tidstual ahans thevéfore greater
adm_ ni st ered separately Method of determ nation of the :
thedd Medka(day- The 1 C50 is defined as the concentration
i n ng/ kg/ day which inhibits the blood 20 parasitaem a

by 50% at the fourth day (D4) after infection X nd .

f ourlt égajfapastant {q gafryroHt ¥Rem?%a9tl92, Y W@%ﬂ°ﬁrﬁ“§ﬁq{9’)ﬁo§“b*’l¢’"ma')
dds85 b BRIt ahd RFrofBAB, Which BR hardisrelchREIte the IS edlvedobtained

in the untreated infected mce. 100% i nhi bition

willoihedwp GaapouRssstydied SeRAFRIBY- zero parasitaenia, |ess
FrRAfine Hed a thRtil€alse BlowfietdsAnslal 6f thenfide tisatdd)@ivse to the ICs

interpolation of the dose-response curve, represent \
vajue. | rtesunater theotitiensnradelyeen b opiive dsecnd the o vale is

grESieF ARG AR sk YrétRérahan BRACE] Jdlle @i hBicTbredld RdOJoint and separate
concentrations of between 1 and 10 nE

kgl day. Th
adrnisatianaal Srisalkaicay éeréertrﬁ]?qqme ang,§ mgyk Ql?gx»fog?éﬂa%%t% for 4 days,

- wéBtheréRrBoAHHEY diiftig the €8XBinatith Stagy.! CS0 of

artesunate is determined after adm nistrati on of -
concentrations of between 1 and 15 ng/kg/day. The
gggcf.nl @Eﬂ#@%gi‘sﬁdﬁ he' ﬁn_t‘g%allarigllr-a@tivé Sof l%egferﬁ:%in?hé'tesunate
canmbinatiop oni mst‘r’a‘hqu_ Rla i ifinckei vinckei parasite in vivo

3.1. Determination of the percentage of parasitaemia

Combined and separate administrations of 3 mg/kg/day for ferroquine and

6 mg/kg/day for artesunate, for 4 days, were carried out on infected mice, in comparison
with a batch that did not receive treatment. Table |l indicates the mean parasitaemias
{percentage of infected erythrocytes) observed at the fourth day after infection.




W)20061111647 PCT/ FR2006/ 000842 8 Table I 1C50
(mg/ kg/ day) ferroquine 3.32 artesunate 2.79 For
ferroquine, the curative dose is 10 ng/ kg/day. 5 For :
the curative dose -was not reache
w?tzhgy and is therefore greater than 15 ng/ kg’/dc]'g'§k5'?‘fs’°°°8“2
is inmportant to carry out thé&interaction study with
non-curative (sub-optinmal) doses of artesunate and
ferroqui ne, which are therefore close to the |1C50
val ues obtained 10 with tHEakleldl conpounds studied
separately. Ferroquine has a curative dose (conplete
survival of the mce treated) close to the |1 C50
val ue. %raﬁaérma(:aa%& t he dlhﬁmatmelgmgmgh the
cur at i ve—dgese—ant—the+HE560—value—+5—great atc—a
dose grieater than the|l C50 value can therefore be
used. Joi ntfeerpguisepar ate aw@ANni stnati ons ms@AN3
/ kg/ da oume and 6 / kg/ day for
g?t egur ! f(rﬂé!k&faw) . 15 \/\prggj hgr ef er consi derad
during [the corbination studl4 3. Msasurenmeht! of the
antimaljarial agtrvity|of thggferroqul ne/ asigesunate
conbi nat-+en—er—a—st+ait-r—ef—PRlasredi-umvRreketlr—rhekei
parasite in vivo 20 3.1. Determination of the
5 per O@ﬂhﬁ[ﬂ:@te@fm n'?abgwlil ttae mtmbgﬁ@ﬂﬁmﬁm?mmnsﬁﬁanrm%e at the dose of
str |on of .3 ay for rogui,ng an
G Haliad Ay s oast allhe st £ Risgea bt s v ke f possivle
tooﬂghlﬂémweﬁédﬂteﬁﬂhe | pargtapmia bﬂﬁht_a \Méf_ébted ﬁmmﬁis térapardd dwith the
not elV rea i ndicates the nean
sopRiatt Fiminiation SLE kD oBRBe of |t ect od

erythrocytes) observed at the fourth day after

i nfec |n V‘DZOOG/ Jﬂ%l.1647 PCT/ R2006/ 000842 9 Table 11
me Jeler natin A ﬂ‘,l"'-}.' ol kg/ day) 0 6

10

ferroqui ne mean nean
Each day, from day 5 after infection, the number of dead mice is counted so as to
determine the percentage mortality (number of mice dead relative to the number of mice
of the batch considered). The curative dose ié the first dose at which all the mice of the

15 batch survive.

FIGURE 1 shows the percentage survival of the animals from the fifth day after

infection.

20 As shown in FIGURE 1, the period of survival of the animals is improved by the
combined administration of sub-optimal doses of compounds (ferroquine at the dose of
3 mg/kg/day and artesunate at the dose of 6 mg/kg/day for 4 days) compared with the
separate administrations (ferroquine at the dose of 3 mg/kg/jour or artesunate at the
dose of 6 mg/kg/day for 4 days). '

25

The results obtained in vivo in mice infected with P. vinckei vinckei clearly

demonstrate the absence of antagonism between the two active ingredients, and prove
that the combinétion, according to the invention, of artesunate (or of an artemisinin
derivative in general} and of ferroquine is advantageous for the treatment of malaria.
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15

20

25

30

35

(nmy/kg/day) 0 31.4 7.1 3 8.8 0.16 5 As indicated in
Table Il, the conbined adm nistration of ferroquine at
the dose of 3 ny/kg/day and of artesunate at the dose
day, for 4 days, makes it possible |
1 006/000842
Sl gnlﬁ?wclgﬁ ly reduce the parasitaenia of the ?ﬁ?@&zeg 84
animal s conpared with the sep@rate adninistration of

CILQ@“&V\D products. 10 3.2. Determ nation of the

lity of the mce Each day, fromday 5 after
i nfection, the nunber of dead mice is counted so as to

deter neIh tage nortal |.ty. of mce

o b Epia o §hER ZoRfac o6 Aoy ipbaE sl the form of a
fre@ basélf adhlt, dittchyeivdtalor vea dolvatel and Bf aftemBinilos®ative.

which all the mce of the 15 batch survive. FIGJRE 1

shows the percentage survival of the aninmals fromthe

fifth dm@ndteh atdth@hdi ©NClal® AS chBRRerized Fh QHBE the artemisinin
the period of survival of the animals is i mproved by
den@tive seRsisteaf ataRUAALS: PReetRRr BRMemetNSt i nal doses of
conpounds (ferroqui ne at the dose of 3 ng/kg/day and

artesunate at the dose of 6 kg/ day for 4 days)
con‘pﬁf eamRingtion ﬁécor@'éﬁé? &!tBera‘éﬁﬁ ﬁf Slairas ilopnd 2 ¢haracterized in that

I'{efé?ferrﬁQHﬂn%n@étwa%nggé%f BHtestridd Blgérié?h’éthé’rr artesunate
at the dose of 6 ng/kg/day for 4 days). 25 The

results obtained in vivo in mce infected with P.

Vi nckebo}'ﬂbﬂ‘%lﬁ% é&k@l@iﬁ"gy to GRMNS! Eﬁéﬁct%hfecﬁhﬁﬁ%%@fdally dose of
ant agoni sm bet ween t two active Ingredients, and
fegiogviee is Hhatweere S8oanst A6R0 ong. rrstesally rgtwaent BeO and 1200 mg, and
[ fan@r sinin
PSR O R hroen 0B erBHH0InG, 6P boRpr BRaBer 8.7
advant ageous for the treatnent of malaria.

WZOQ%%%%%A’ %&F&fﬁgqg g QRé s d%msq-ﬂ h/scl'g?ract?nzed in that the

as active ingr
dailyrdosg wf ademisinirmderivative 6fbwveérr teanth 49 eng/bd/day, patferabhf between 2

arl S XL Gay? o refer3Bly YBb oAy A nBAG RS i

6. Combination according to any one of Claims 1 to §, characterized in that it is

intended to be administered for a period of 2 to 4 consecutive days.

7. Combination according to any one of Claims 1 to 6, characterized in that each
of the active ingredients is intended to be administered simultaneously or sequentially.

8. Pharmaceutical composition comprising therapeutically effective doses of
ferroquine, or of a pharmaceutically acceptable salt, of a hydrate or of a solvate of
ferroquine, and of at least one artemisinin derivative, and also at least one

pharmaceutically acceptable excipient.

9. Pharmaceutical composition according to Claim 8, characterized in that the

- artemisinin derivative consists of artesunate, arteether or artemether.

10. Pharmaceutical composition according to either one of Claims 8 and 9,

characterized in that the artemisinin derivative consists of artesunate or artemether.
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2. Conbination according to Claim1l, characterized in

that the artem sinin derivative consists of

artesunate, arteether or artenether. 3. Conbi nati on
vﬂﬁfﬁeﬂﬂ%ﬁo either one of dains 1 and 2, PCT/FR2006/000842
characterized in that 10 the artem sinin derivatiVve

consi sts of artesunate or artehether 4. Conbi nati on

accogdi ) n _tha he il
dose! brPrinBegRbliohndalBhAEbolst T ah? ehod! clpis S 1Y
cimaretterizéa in thattitie enitaildfonnehl Iri20G orgnjeatatlle gundhistratiny
bet ween 400 and 800 ng, per person and per day. 15 5.
Combi nation according to any one of Clains 1 to 3,

char a2t Riidrimadeutizal doatpdsitien adeardingdo agy ofie af CRIths 81 N1,

CHEPHBEAA oSSk S BES P

approximately 4 ng/kg/day 20 6. Conbi nati on accordi ng
to an ne of C ains , characterized in that it
® ‘E%“tﬁ%atlﬁ’&rﬁcﬁi’@ir@rt@&‘”f/ gpe 8f flaims d tpf . tor pgeparing 2

n‘féﬂi&ﬁ\%ﬁﬂn*ok:lu& foRYS in (the EAXRIcARS! SBveHliBROf hathrla® any one

of Clains 1 to 6, characterized in that each of the

active ingredients is intended to be adm nistered

S' m“lil 3ERH HeltredimE R pRdVeRtib of r%glaﬁa d:’optﬂfrgﬁ‘fgeﬁltsﬂf Fbrroquine or

nposi ti on conprising therapeuticall I ve doses

a éﬁ't hydrate guseleate of fegroaning l@ﬁf‘n%ﬁﬁ@l]@'h’cﬁil"?%ﬁt goe apemisinin derivative,
séi@lférro fnefarldyddidPhferfiSink déhvﬁﬁ\}evl?énﬁq Al distinf écﬁﬁbﬁrﬁﬁenté‘ﬁﬁd being

of east one artem sinin derivative, and also
'nreélagﬁ to he admiistened sipuliasepysh eceasuantiallyex ci pi ent . 30

9. Pharnaceutical conposition according to CaimS8,

characterized in that the artemsinin derivative

consi sts of artesunate, arteether or artenether. 10.

Phar maceuti cal conposition according to either one of

Clains 8 and 9, 35 characterized in that the

artem sinin derivative consists of artesunate or

artenmet her. W2006/ 111647 PCT/ FR2006/ 000842 11 11.

Phar maceuti cal conposition according to any one of

Claims 8 to 10, characterized in that it is suitable

for oral, rectal or injectable adm nistration. 12.

Phar maceuti cal conposition according to any one of

Clains 8 to 11, '



5 characterized in that it is useful for the treatnent
and/ or prevention of malaria. 13. Use of a conbination

ordi o any one of Clainms 1 to 7, for preparing a
m%%ﬁﬁﬂsé7oduct for use in the treatment BFT FR200(%000342
prevention of malaria. 10 14. it for the treatnment or
prevention of malaria, conprising, firstly, ferroquine
or a salt, hydrate or solvate of ferroquine and,
secondly, at |east one artenf!@URElderivative, said
ferroquine and said artem sinin derivative being in
di stinct conpartnents and being intended to be
adm ni st ered si multaneously or sequentially.
W2006/-111647 PCT/ FR2006/ 000842 1/1 FIGURE 1 120 100
80 - 0 control ¢ f -Uartesunate 6 ng/kg/d 60 E
E-ferroquine 3 ng/kg/d 40 X conmbination 20 0 0 5 10
15 20 25 Days after infection
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