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1 ASSCCl ATI ON BETWEEN FERROQUI NE AND AN ARTEM SI NI NE
DERI VATI VE FOR TREATI NG MALARI A The present invention
relates to a novel conbination of antimalarial active
5 ingredients, i.e. ferroquine and an artem sinin

derivati ve, and also to a phar maceuti cal conposition
conmpri sing such a conbination,that is useful for the

treat e, s@&ﬁmbn E’EWJ‘E@N PERRde!NErAI@D ANPARTERISININE

one of t primary 1 nfectious causes of nortality in
the world and 10 VATIVE BPRetREA NGEMARARIA 00
mllion individuals, anong whom 3 mllion die each

year._ This scourge affects mainly sub-Saharan Africa,
Sout hrEcRreseiinyeniien telates toxarapyal gombingtien efgntimalgrial active

iﬁ@‘légrébgsz ’rcte.g.grrﬁéﬁﬁng Eﬁ&gﬁ%hgﬁ HHén\fa%vefﬁdCéléb%%hf maceutical

vivax an e ) transPorte

wm@iloes:omﬂapug sy a cpmbjration.dhatds usefyl for theatmem}rﬁndfor

tiBATH MRalMal ch is widespread in Africa, is the nost
Vi rélﬂ !ento paarég%l te and is 15 responsible for the

| ethal forns of the disease. The strong upsurge in the

di seqggg, ‘9 aiseén\éeé* tﬁé@ﬁm&%nﬂeﬁé& f&wgé'§§f; rlﬁoﬁﬁltﬂt‘leth Qorld fnd

severa tors stance
annuaiiyhaffests moessimed .soehm-mon inslividuals, among avhopuid oiillien dle each year.

ﬁ{éfg%%fa%? ngﬁéﬁfg % id-%ah3Sh Afrial %}c}?tl‘ﬁn%%t] st%%”dﬂ%ém America.

quil ne or
| sol dtas tynesmarasttmftthe Aasaradiym gentissiFa faleipgeum, P. malariae,

Ig ﬁ.{n@%@%ﬁf" Z]ovgféz %éﬁ?&g&jn&fklgﬁ Aﬁﬁ:{i‘feﬂ : @??%@O%{p?@?aﬂ?_te malaria.
Plesmodivinfalsiparurh, wlmdhawuéesn@m inffidan dg thelment yipelent pasasite and is

P,‘}Jhsﬁﬁe ﬁ’é? {,-%Efdﬂp? o“ﬁf‘et&]&fa «and artesunate, are

SO nar em sinin andlts derivatives are
t odayTraaMr@gtupeumsn thef diseasevabsenved weer tha dast feve pears is due to

|lan ?Jctf g aaﬁ'ﬂagdo\#%ﬂ ?é tﬂ Pé‘gaéfgﬁce.'_pf\'}ﬁ stratu% flﬁlgsr%dmm falciparum

enls nrn erlvat | ves nDnot
tod\m thedicinal paduets chavntionally uskd, s@h@stqha:rnow:ne,esefbname

m&&}%‘sﬁ%gréﬁé B%@Zetg%m geScientific comunity now

I eco corrbl nati ons of active 30
i ngredients, and in particular of combinations of

ar t enmsa?l!afédrin Q§7? ]:rm'nttﬁe g%@gxa&@ﬁ?fﬁwggq%éﬁ%%%r%nrgil Llessefi for
mlured ImCﬂiln@Aalt@mswmmasa)aewdful 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 World 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
resistance, reduction in disease transmission and in resistance propagation.

The combination of artemether and lumefantrine, marketed under the name
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Combi nati on Therapi es), have been reconmmended by the
Wrld Health Organi zation (WHO since 2002. They
offer multiple advantages: inprovenent of therapeutic
efficacy on resistant strains, protection of the two
active ingredients against the appearance of 35
resi st ance reductl on in di seaﬂse transm ssion and in

' f
%%13{ ? nf? tpTgk% eﬁw%;&oﬂvbﬂﬁ%ﬁ BPLH&unate and
éﬁoamacamﬁebﬁ;rsm@)f or exanple been proposed, as has

(A s bR sned LR saings e-RpEted OBV AR searcn for nove

wumfmtbad obzntinstariditiactiveiagizamnts mistbenentihued.
conmbi nations of antimalarial active ingredients nust
be continued. 5 Anong the various antinmalarial active

i ngr e@lmemg thedasiots Betinalaridl Betive ingredientsedeschibed inghié Merature,

a .no| ec t S active. agal nst . i .
fep e s 3 olectibhalis 2B AR b ENORAYERasistant strains of
Prasmbgiaimiraicipaflmn. Wn‘o@:&meabls@ c8idd feffocene-chloroquine or
ferrocene-chl oroquine or ferroc Ioro-gl;u ne,

fegpehireaine. ‘f%’e?%‘?ﬁsotf’g Shlgrorbl(f2-HMY fﬁ%‘f‘ﬂyl 10
@ﬁhﬂ}?ﬁéfﬁy‘ljﬂr‘r&ée?&ﬁ%ﬂﬁ%b?nﬁ&l)iﬁ&lﬁ@ e QHéﬁ\&ltWé‘ Sf 4-hknincquinoline

derivatlive of am’noqui ol rne cou
qogipledde Aderroerne rng; §hlmcé@wl@s|®sm@s£m matcuhr in patent

!
Qﬂﬁ 829«‘538 ga_pH'?n g%g@ %t%é[} o1 é@@?intl???n? ?:%131 Aﬂtlmf@& Agents
thtiﬁ@,r199819@8540@4 M@rgg,ﬂperru, 1%9958@5&55 and dgoOrganometallic
@%@E n anonetallic Chem, 2004, 689,

gg%ﬁ%e? %Tb ngzgh the combination of chl or oqui ne

and artesunate does not achieve satisfactory levels

f ef :
1, SR st o At e ot actin
stigiactony leneldiof efficacyndmAylgil eape Mez0Bigg., 8903, 49391)4%?5 apdld
ﬁéﬂsécﬂg Gf thE ‘?zo?QP&?J iy Sﬁl%i)lcﬁﬁﬁlbt;%ﬁ@tanﬁtl-h@éﬁ% 2?1633 97, 429-433)
partl cu oqul ne-resi tant stral
maﬂemucﬁdbﬁ éppearanss ofiragisiant strains, ip mmlar_anhlqmqwne-reﬁstant
di&fir<Cf PQ RoR HeR Rourfdf, Efﬁg} %Sih% ntﬂgf"é EY@bin%fon %ﬂerroqtgne and an

partl cular "artesunaté or arteet
arfememin\p@rrﬂ@twet Inepartiquinitanenunaie, cartwnqslnmmegﬂnenﬂs effective for the
|
Bt e BB o £lte AR 3801 8 Bl anc recuing, o
qy&nas'pldm therdevalopmest eft masm)sttam registant ta the two active ingredients,

R A Sre adR DS ab Aol o i stered as

nono

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

N N/
\
X

Nz )

ring) and an artemisinin derivative.

Cl

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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novel conbination of ferroquine (nolecule (1)

represented below in free base formand where Fe

represents a ferrocene ring) and an artemsinin
derivative. NN d N (I) 30 In the conbinations

according to the invention, tie ferroquine may be in

fifed 95 Fhsciatnd bE orRBiRiond ot e RNl FecsPelReR ofte of more

nieleculesiobwatgs ez BelveninEheferroguive isadvantagepusly used)in frag base
it h, respectively, one or nore nolecules of water or

a solvent. The ferroquine is advantageously used in

free base form 5 The artem sinin derivative present

int i i Qn: f i ' , . .

advarg Sgaarapin BPReRE e th i ol PiidRt biRaing to the invention

sgivartagedusly ¢ansists of aesonate (H)lorGartemethher () :O O (I11) O

ONa (I1'l) CH 3 10 The subject of the invention is also

a pharmaceuti cal conposition conprising, as active

ingredients, a qubination of ferroquine (1) and, ars

artem sini n—geLkEvative, advantageously artes H

(1) or [ [11). Such a pharmaceut

of 15 ferroqui ney.,or of a pharmaceutically bl e

of at | east onevyarit™m si nj\n deri vati ve,

| east one pharnaceutical lly accept abl e exci pi ent 0 Sai d
exci pients are @mﬁen\,azy'm\%{]ag to the ~cH
phar maceuglil)cal forlm and the od of adni nigration’®
desired, fromthe Qsual excipients

The subject of the invention is also a pharmaceutical composition comprising, as

active ingredients, a combination of ferroguine (I) and an artemisinin derivative,
advantageously artesunate (11} or artemether (l11).

Such a pharmaceutical composition 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, cintments or lotions.

Preferred routes of administration are oral administration, rectal administration
and injectable administration.
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whi ch are known to those skilled in the art. 20 The
suitable unit admnistration forns conprise forns for

oral adm nistration, such as tablets, soft or hard

gel ati ne capsul es, powders, granul es and oral

solutions or suspensions, forms for sublingual,

buccal , intratracheal, intraocular or intranasal

adm nistration, or for adm nistration by inhalation,
forms_for topical, transdermal, 25 subcutaneous,

i nt r drarsxamale, when aisoli¢ eempasiteminitne farax of dablets iy pgpawd, the
5&9% ﬁ'lé;re&?éjﬁfk El'ifnf)éh'mﬁm' on%rl:ﬁ1 rhdFe! Eﬁﬁace’ﬁﬂ&ﬂteQHFféﬂ{s, such as
application, the compounds according to the nventi on
gelatineestaral lactoser wagnesiyn isteargipnlelee aifiea, @um anapisnmannitol,
rﬁ%ﬁcﬁs‘tﬁ%é &ﬁhﬁ.\?)e,q{&dﬂfi?a Q@R?Héi‘ﬁw&ﬁm%@, cg{J] armellos o the like. The

stration, re ni stration I'nj ecta
tablietstant besgaated with sespses wthys eellulohe dedvatiye jiof with other materials
éifﬁ?ﬂl‘é%l.t dfifind M EbER Brdle é{%ﬁbﬁdsbcy varlbL§ Bthfued Rich as direct
active ingredients are mxed W ne or nore
grimprassien dry gtanabationm ivet gsanuwation oabot geltat i ne, starch,
| act ose, nmgnesium stearate, talc, silica, gum arabic,
mannitol, 5 mcrocrystalline cellulose,
hydr dkigaisspgdssiblentpl aldain @l pyeparaticroindhe farml of gelatine chpsules by

bl SEmsl BB SnoAl, A QRS by BUFIRER oty o son o
Hard gelatingé ngpsulse t abl ets can be produced by vari ous
techni ques, such as direct conpression, dry

granul ation, wet granulation or hot nelt. 10 It is
al so pwysrditerat adrobistriatiorn use épmrde pbagueous isuspensionsf isotonic

LSS R S Sl o B Rl o ancter
wetfing egents thall agepheirmaeologipsliyl esnpafible, fuatesamplegiropylene glycol or

@ﬂ@‘%ﬁ@g&&@ti on, use is nmade of aqueous suspensions,
I'soton

5 saline solutions or sterile and injectable
sol utions which contain dispersing agents and/or

wetti . a nar 0 i ' .
1o 8 AT Rench BB BLG GRTRIS Mpfeors ot e
amathinatim accertdirgt to dims invemtictheare s dalloas :of each of the

two acti i nar.edi S ' [

accordi '}‘]éér?c%c{l)n .:b%:t\ﬁgéenn?(?%%é ?15%0 ég g’%ﬁt}%@gb?’%e“ 200 and 1200 mg,
f er r oquieren mobe prafarably BetwesnE0CGNIK00pMe Per ndividual and per day;

het Ween oB0iHH dAMITnon LT 1B ) BORLRIHOMLDEE B8 heen 2

400 and I nai VI
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 ingredients,
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

treatment by the patients, thus avoiding the premature interruptions of the treatment
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- artemsinin derivative : between 1 and 10 ng/ kg/ day,
preferably between 2 and 6 ny/kg/day, even nore
preferably approxi mately 4 ny/ kg/ day. 25 There may be
speci fic cases where higher or |ower dosages are
appropriate; such dosages do not depart fromthe
context of the invention. Accd&rding to the usual

i lih e lohd RrORRINSe ARRIARE it fatasiRACh patient is
\ggterlmﬂﬁeeg y the pﬁeysn cl an acco{r)%?ﬁlg to the nethod
of admi nistration and the weight and response of said
pat i araifi j ' ' : :
overmeoratisf A THHCA 2F A8l nfecfhys DB be caried out
siouitansgusly corcisesseparatelil oaspread ayt ovastimerisetyentiabadmipistration).
each i [ ' .
oo ‘Sneh B ditfindaatotfe AR BhiianBblE A6 dHHE horedients
aad k@ epmhinedswithin atsingle pharpnagevtioat tegodfixed ¢ombioatisa),ission as a

' . ot herapy with
t?fﬂléf‘%lir%‘Q%Z%rfgﬁ%’a}sg%féilﬁ\}g?%@rgﬁd@ngﬁa@? all ows better
adherhedwotastivéhingradienis akthe combiratiop acéarding to theusvention can also,

o . , : i

B0 G 5 i Vil 157 I it
Rharms¢autical Torms dioi this effiect; thencanfibirations atcarbiegttothesiovention can be
P e S SBeind g e bir Y AR o el of ferone
andnsedontilyast least.ong areavisinin cledidativeissith as adesurate ar artergether, said

s ThEN SRSkt el B IR Rl 3o
istentédhtat heoadministered aisnutaneaush separatelyye spréatcouwt apsttiree

' ; dm nistrati . The t ti
AR IR BaRn " 001 mat fon according to the
i nvention can al so, regardless of whether or not
t hei U . . . , oy
ai st 1BRP BSldhe At ol SRIER R oTR BB Bt Rorgyof @ table
@ordompeise thesfoliowiog domgotentsthe i nvention can be in the

for mf i.t conprising, firstly, ferroqg or a
salt, rrfg%'}g'?e or solvate of ferroquine a%r}ﬁ%econdl Y,
at | ddainitohe arteni sinin derivative such @24ang esunat e

or aré%%{mggorsba’%ﬂ‘ieﬂosferroqui ne and said %rr% m si nin

derivative berng in distinct conpartnents “and bei ng
i nt ereherd stavclbe admi ni st ered si mul t aneousl| Y15 mgpar atel y

or s t oV i 15 (sequenti al
adm ﬁf@?%ﬁf"&ﬁ?’.‘%ﬂ%s‘af exanpl e, a uni tz mg
adm Magnesiunosteaiatan of ferroquine in the f3ang of a
t abl et

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 colloidal silica, microcrystalline cellulose and
magnesium stearate.

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
one artemisinin derivative, said doses being administered simultaneously or else
sequentially to said patient, as is described above.
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can conprise the foll ow ng conponents: Ferroqui ne 50
mg 20 Mannitol 224 ng Sodi um croscaranell ose 6 ny
Corn starch 15 nmg Hydroxypropyl nethyl cellul ose 2 ng
Magnesi um stearate 3 ng 25 Also by way of exanple, a
unit adm nistration formof artesunate in the form of
a tablet can conprise 50 or ®0 ng of artesunate and
usual excipients, for exanple | actose,
croscarnel | ose, anhydrous colloidal silica,

m cr oty spabinatipm éiceerdingl b dhearinvention asi beans theasubject of in vivo
@chénﬁe@ 8stk iAf %ﬁ@g@ﬁ%n 'angflsahb&pm 8 ﬂa%&oﬂwgﬂgﬁamm type

treatnment and/or « prevention of nalari
(staipr Plegrmoding iteken vigeked, imaking b pesgiblei terdemartstrate its effectiveness

%E%q%g%flﬂalgﬁg ective dose of ferroquine, or of a
pharmaceutically acceptable salt, of a hydrate or of
Ehestistsabelowf camsied capdiwith, arteryinefe, are igivenpgyuway af lexample. Since the
YRV Al LSOl D
S BoH888s 5 e VRS Py LEDERRRisnin) s hort vl
g irucaramonLitheyresuitsalf shesedesacobtainkt Jor artesanatepean bageneralized to
{8 otribr ARSI ehBANRs, Sich Hiarfedilthdltr Mdefigf O" ol N0 O
e I nvention has been e subject of in Vvivo
bi ochem cal tests in mce infected wwth a plasnodi um

| asnodi fal ci.parumtype .(strai I um . . .
et BB ot i Sl R O gutS el wBRGPeEpifcim vinckei of
fetroqaiies of artesandte andfafithé Benibinstioreot theftwibdéamhpoundde
tests below, carried out wwth artesunate, are given by
way of exanple. Since the artemsinin derivatives all
have £ mbsBARHofR WOl Vivo teituudioar teri sinin) and a
short  halT-"Tife tn common, the results of these
tests, obtained for artesunate, can be generalized to
the Qtdifdle 2SwidH" Sinftie 4Ri1 ¥ight \Wsbks Saltd) o @&y, CHR! Rfculated with
or arteether. 10 Measurenment of the 1n vivo activity
Raresites O Fiasgradidn winckel pingseidmelRoghaink #952)f The mice are acclimatized

beforehand for two weeks. The mice are given food and drink ad libitum.

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 (DO), 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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ferroqui ne, of artesunate and of the conbination of
the two conpounds 1. Description of the in vivo test
used 15 Fenmle "Swi ss" mce, aged ei ght weeks and one
day, are inoculated with parasites of Plasnmodium

vi nckei vinckei type (Rodhain, 1952). The mce are
acclimatized beforehand for tK/vo weeks. The mce are

l@i‘.eﬁﬁrél tlgﬁ’ B2l sPrsiths i dhilitink AWM £dr h2f 3t &'The compounds

asioN t h 107 parasitized

@%@ﬁq@'ﬁ%ﬁw E?”'?*g%bb”bw MATBIREE) *Loy e hour
af t erFerrgiquine Gnﬂ@d?wmmmlcdwseeiﬂ!& liwbnoy tapd Polysorbate 80 (0/5

ATV frelrhoR IO RBR6r BHLA 3 WP Ad: 3% cob8C),and o

m ni S PProp
4 bomrecghuard:;lenmempmatteeuﬂa& final rsuapenslom mﬁfntraqmnehaee concentration

[ . This administration is
@egﬁg %B Q’ﬁgw%ﬁm\ﬂ‘?ng three days (D1 to D3)
(Peter 1987). When the two products are adm nistered

-iﬁ}eﬁ%mj)ﬂ@“hgrénegma!eglﬂg g?—té Rate is admnistered first,

d second, 45 m nutes
(atesumate fiomtSanofi@ynthelabey batahBl0#)d snear is taken from
e '
At s ol T gceled R 5 i oo 015 (). e
mepma‘eam i dtablen fori 4 rhosicd pre thel ldark3 @ng cat casnbiertriemnpesature. The finai

BRI B T ot Tpiling beghR 08 ik 2qmgrm

or seven mice are used per dose. The nmice for which
the '

et L 93 he (e goses
ﬁ'ﬂhdf nwga;mmamm.mrm yarhtblﬂet ect any possi bl e

upsurge of parasites. 35 7 Preparation of the
suspensi ons of dilutions and for adm nistration of the

1] @ anN@sterminBicatAé 1) valled he ferroaui ne suspensi on
err.oqul he from Sano nt hel abo, batch My18, %)
FerroU% Heso jiss dgfi e@@dawt% CM%E@T I"hln'tgé'ég WB’“FWW its the blood

mabutaehf{écwbao% &Dtr(éJ/f&mrﬁ déyv/(w)e;) aﬁ-EFQnIéE@cEﬁTED) %ﬁd'f%ur days of

stabl e for_at | east in the dark |nthec

trepdenty (. P4,02,03), Qu’? @héh't'%mf@wo'ﬁ%ﬂem mean om@e parasitaemias
dbsBAledSHIRE Mbtreftel finfebleti Ofidk N €0dPR SNIAbBION €BREEEYNd8No a very low or

Zero parasitaemia, less than 0.1%. The ICg values are determined by linear interpolation

f artesunate

of the dose-response curve represented as logarithm 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, 46, 6.8 and
10 mg/kg/day for 4 days.

The IC5;, of artesunate is determined after administration of concentrations of between 1
and 15 mg/kg/day. The concentrations used are 0, 1, 1.6, 2.5 3.8, 6.1, 9.5 and

15 mg/kg/day for 4 days.

The ICs, values obtained are given in Table | below :
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rangi ng between 0.1 and 100 ng/m . - Preparation of
the artesunate suspension 10 (artesunate from
Sanofi - Synt hel abo, batch 1.04) Artesunate is m xed
with methylcellulose (0/5 (wWw) and Polysorbate 80
(0/5 (Ww). The preparation |s stable for 4 hours in
the dark and at ambient tenperfature. The final
suspensi on of artesunate has a gntration ranging
between 0.8 and 20 ng/m . 15 E&n?tc'erm nation of the
I CS val ues and of the curative doses of artesunate
and of ferroguime—admnistered Wod of
determ nation of the | CS val ueg 199 defj ned as
the concentration i nfergidugieday whi ch3i32hi bits fhe
bl ood 20 parags-taemagby—S50%at—thesfouarth—-day (D4)
after infection (DO ﬁﬁ%‘*% days 012 r eat me%t
(DO, D1,D2,D3). 0% i nhibition corresponds to the mean

f t he parasitaem a i,n the untreated

ff%ré?%@‘em 9“@%)595%?35 Q?'Fplgﬁresponds to a very
Fdivar@&unﬁte,r herativelddesiwas nat $6adhedrn thid ¥udy md|iStiserefore greater

ig e determ ned by |inear interpolation of the
F@%ﬂ{ e curve represented as |ogarithm of

concentratl ons. 25 The 1C50 of ferroquine is
det er ned af t adm ni stration of co e rati ons
bet wégl ?i‘b CRYY oy H%E/'"tefﬁ%"%‘oﬁ&! t'?%h%“rﬁté"@d(su'WP"'ma')

dses ?;f gﬂesuhafgandzfeiroqﬁm& ‘%VHIC@ tareﬁth%ratﬁﬂ@ ckﬂdg t?l!l‘lé‘ (1 gmues obtained
ays o of artesunate is deternine
"‘éf&l@? “ﬁﬂﬁ?WPQW%?"%%Fe%ﬂ'@%t rati ons of between 1

faa“rfbl d qaﬁ:egidslgzg/gd@gv? dbse (congRdte fs@hh\ﬁi/ngf /tr@emd mfartﬁbd@ed)]olose to the ICsp
, 2.5,.3.9 6.1, 9.5 an or S, ,
VRIS I%S@W‘?ﬁi"ﬁ%% Bﬁ%&ﬁf@&% Etwencthe; Ghratis dose ﬂﬁ% ICs0 value is
d?regtébbﬁd h do§5 rédw thﬂﬁ SHRVIC, Yefie @ﬂﬂth@ﬁaf@rea?e used Jomt and separate

tesunate erro ui ne, t he cur
'Wa ﬁ%éﬁ 3 @gfks’rda&if‘?fefgﬁﬂ%"ée apgh& regfk SPY/ f@&@é“%é% for 4 days,
WtHe theétafonée Bonsiddred Bursig i coriratioh BRIigf or e greater

3. Measurement of the antimalarial activity of the ferroquine/ artesunate

combination on a strain of Plasmodium vinckei 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 Il indicates the mean parasitaemias
(percentage of infected erythrocytes) observed at the fourth day after infection.
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than 15 ng/kg/day. It is inportant to carry out the
interaction study with non-curative (sub-optinal)
doses of artesunate and ferroqui ne, which are
therefore close to the 1 CSO val ues obtained 10 with
the two conpounds studi ed separately. Ferroqui ne has a
curative dose (conplete surviVl of the nmice treated)
close to the ICso value. For artesunate, the

di fference between the curative dose and the |1C50
value is greater and a doselapledit er than the 1C50
val ue can therefore be used. Joint and separate
admnistrations of 3 no/ka/day for ferroquine and 6
g/ kg/ dgyPdregiteemin¢esiPratie, for Artesunate (myBgidayp

t her ef oreTonsTderEd—dyrig—tfre—comyrmat+on :
Measurenent_of the antilmalarial actilvity of {he
ferroguilne/ '&FPAWRRat e | cont83Ati on |on a stmedn of

Pl asnodijum yﬁ.gm%ﬂh?vi ng¢kei parasitel|in vivo 20 3.1.
Det er mi nati of parasitaen.a
Conbi ned_and sebarate admi ni¥ht4ations of 3 rﬁ}/ kg/ day
for ferrjoqui ne &nd 6 nu/ kg/ day for jartesunat&, for
days, were carriedout-on—tnfected—mce—+n-conparsen

with a batch that did not receive treatnent. Table ||
i ndi o%& indicated indableplirths icombiniedsadn@bisratoncafrfeagquind at the dose of

3 PABI SRR T RIS ol S 4 maves i posie

tor significantly r@dgd:é(gheia)ﬁ)l'asitgel&ia bgrtllgqgﬂe’&l?dnmgmal?agmpared with the
.31, . , : i ndicated in

#ng%gé%ﬂ%%ﬂé%ﬂﬁﬁh%é‘gogﬁ‘?ﬂguﬁfést ration of ferroqui ne at

the dose of 3 ny/kg/day and of artesunate at the dose
of 6 . , kes it possible to

si gni ' pat-ast caerfra of the infected
animals conpared with the separate adninistration of

the t d S 2. term nation_of the .

o ST egs M Ba S-S TrcTphy e ey dsed ik s counted so as o
detdranine thve, per¢emtagentnertali§ (rleaskriof etice Sembientivg t6 theasurhBer of mice
of the batch considered). The curative dose is the first dose at which all the mice of the
batch survive.

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

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/kgfjour or artesunate at the
dose of 6 mg/kg/day for 4 days).

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 combination, 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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determi ne the percentage nortality (nunber of mce
dead relative to the nunber of mce of the batch
consi dered). The curative dose is the first dose at
which all the mice of the 15 batch survive. FIGURE 1
shows the percentage survival of the animals fromthe
fifth day after infection. 20'%s shown in Fl GURE 1,
thgweriod of survival of the animals is inproved by
The conbi ned admi nistration of sub-optinmal doses of
conpounds (ferroquine at the dose of 3 ng/kg/day and

art esyl r%';rﬁblf}%]tlc}r{}ﬁh gl’gé&'gpafl?e@ g@é@tﬂ/eqﬁgre?%htnsg t&fbiRiine in the form of a

conpar e e'admnis

fféeebass of asalhtof aﬁarddaiss er off a Solvaté kayid aruartemisboirt derivatives

at the dose of 6 ng/kg/day for 4 days). 25 The

results obtained in vivo in mce infected with P.

vi nckzi Combiriation chezarding tdeGhaimt 1,aichartabieriadt ancthadfthe artemisinin

ni.sm n t acti v edlents and
BB R o RS e o etBls T
i nvention, of artesunate (or of an artem sinin
derivative,.i n.qgeneral nd.of ferr ine.is
v Byt Aioiing &2 Einar ot SEGRITS 1'ahei2. chamactized in that
the afdenigifindevatib ic6hsiste 5P BHeSfMatedr dtfemeter. Ngr edi ent s,
ferroquine in the formof a free base, of a salt, of

a hydrate or of a solvate, and an artenm sinin

der i vt Cy@binatieh acedrEingafo gmnacwmhra&eﬁzboctnamnt khe daily dose of
characterized in_that the artemsinin_ derivative

feBRayIae ds detwrane st ANde 1500 Mgt Aeteraily ketwanp: RO and 1200 mg, and
grefdpiBIR béiNeeA 400 /AL BO0 Ty, Pef PaisoRBRd PEr Gayai N5 1 and 2,

characterized in that 10 the artem sinin derivative
consists of artesunate or artenether. 4. Conbi nation

accorsli ®émbifafidribdBotding R BAF LR iof ‘Eﬂ’alhﬁ f Hﬁé Eﬁh@a&éﬁieﬁﬂ in that the

dose of ferroquine is between 50

Tl depapf rieaisniedervativaisdetwern hgnd aa dng/beféme rsgfesably between 2
St @R, 8 pRRGaBY acBRNRERMMaRG/AGT day. 15 5.

Conbi nati on according'to any one of aime 1 to 3,
characterized in that the daily dose of artem sinin

gg{ :N‘éégtd:d&ﬁblhétdhe&d’é%?d?nglt@&% dRe BECKHIE Wio DI GaPLAHA4d 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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and 6 ng/ kg/ day, and preferably approxi mately 4

nmg/ kg/ day. 20 6. Conbi nation according to any one of
Claims 1 to 5, characterized in that it is intended
to be adm nistered for a period of 2 to 4 consecutive
days. 7. Conbi nation according to any one of Clains 1
to 6, characterized in that eath of the active

| Ngr eqq_PHaPmbsedtibhliddagsdsition Q&c&dﬁg b §hgbﬁé‘ of Claims 8 to 10,

si mul t anequsl y or sequenti al | har maceuti ca
eharpdeniaeddn thag itds suitable fon @ﬁ&ﬁéﬁiﬁl Qrampgtaepfa@mmwam es
of ferroquine, or of a pharnmaceutically acceptable
salt, of a hydrate or of a solvate of ferroquine, and
of at12Epamagsautisalcompesitipn ageardingtte avy oaeaf Glaires 8to 11,
éi%‘é&tem in %’1‘&?9@#&' fﬁla’JhBXre%ﬁ'ﬁ&ﬁta?lg ?éﬂfe'n%»r?@ltm 13Ha.
Phar maceut | cal conposition accor 5 to a|n1§,

characterlzed inthat the artemsinin derivative
consi f_car t : ,
Py e siyBiot 3 oo acBortingid ey Bhe B LRI} 136 7, &P preparing a
medicims! Poduet i, usedh thatreatmest tDTZFB'dVelThIOtl lohmalania.

artem sinin derivative consists of artesunate or

artenether. 11 11. Pharnmaceutical conposition

accor th. it foothertseatmentair p@ventien 6f malafis), copiprisingt ﬁnstly,eidrroquine or
[ le for oral, rectgl _or injectab

4 5t W9lrabd o Gonvatd bERNBRLIRE 2RfChecoh A ek ppf BEMEMI derivatve,
said ferobgnipetandaaid artarmshr@aivaﬂwa&admg ihIdistinbt compartments and being

FRARET he iidstod BmianePus SsboneBiah 2 conpi nat i on

according to any one of Clainms 1 to 7, for preparing a
medi ci nal product for use in the treatnment or
prevention of malaria. 10 14. Kit for the treatnment or
prevention of malaria, conprising, firstly, ferroquine
or a salt, hydrate or solvate of ferroquine and,
secondly, at least one artem sinin derivative, said
ferroquine and said artem sinin derivative being in

di stinct conpartnents and being intended to be

adm ni stered simultaneously or sequentially.



