1 ASSCCI ATI ON BETVEEEN 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
derivative, and also to a pharmaceutical conposition conprising such a
conmbination, that is useful for the treatnent and/or prevention of malaria
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20
Isolated in 1972 from the plant Artemisia annua (ginghaosu), and 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.

25 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

30 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

35 resistance, reduction in disease transmission and in resistance propagation.

The combination of artemether and lumefantrine, marketed under the name



The conbi nation of arteinether and |unefantrine, marketed under the name 2
Coartem(r), has, for exanple, been proposed, as has the conbination of
artesunat e and anodi aqui ne (Arsucane) In accordance with the
strategy supported by the WHO, the search for novel conbinations of

antimal arial active ingredients nust bezcontinued. 5 Anong t he
various antimal grial _active ingredients described in the Literature,
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particuPar in patent EP 0 824 536 and in J. Med. Chem, 1997, 40,
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1999, 589, 59-65 a J. Organonetallic Chem, 2004, 689, 4678-4682. 15
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2003, 97, ferpghigeiuinmdoraspands te é-chloeo-dpded(dnedmethyi-esi st ant strains, in
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st her ef STET: HQVePPR P ARt on of ferroqui ne (ol ecul e (1) represented
bel ow 18 free base form and where Fe represents a ferrocene ring) and an
artemsinin derﬁiit}l}gttjg;hvt%é c%r%b%atiorg Io? chloroquine and artesunate does not achieve
satisfactory levels of efficacy (Am. J. Trop. Med. Hyg., 2003, 69(1), 19-25 and
Transactions of the Royal Society of Tropical Medicine and Hygiene, 2003, 97, 429-433)
and can induce the appearance of resistant strains, in particular chloroquine-resistant
20 strains, it has now been found, surprisingly, that a combination of ferroquine and an
artemisinin derivative, in particular artesunate, artemether or arteether, is effective for the
treatment and/or prevention of malaria, and in particular for anticipating and reducing, or
even avoiding, the development of parasitic strains resistant to the two active ingredients,

when the latter are administered as a monctherapy.

25
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.
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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 sali, of a hydrate or of a solvate (the latter being



3 defined as associations or conbinations of ferroquine with, respectively,
one or nore nol ecules of water or a solvent. The ferroquine is

advant ageously used in free base form 5The artem sinin derivative present
in the conbinations according to the invention advantageously consists of
artesunate (I1) or artenether (111) : 3 ()yONa O CH3 (I111) 10The subject
of the invention is also a pharmaceutical canposition conprising, as active
ngr edi entSNes BHSPHATIEP! 6P PLRISRUPHETPIT SRAN dFSRRLEAT R TRIFT vat | ve,
advant ageaisdcyledrdi astrak a sbiveht. The dst@iidieadladihdeoudlyaBed irphes pageut i cal
conpositiﬁg contains therapeutically effective doses of 15 ferroquine, or
of a phartffeutically acceptable salt, of a hydrate or of a solvate of
ferroqui ne, and of at |east one artem sinin derivative, and al so at | east
one pharmaceuti.cally acceptable excipi.ent. Sai.d excipients are chosen,
accordifig Lo t RS BREPRIUELEIELVe PERRIURMY HRHRIROE “BFordBRitR i iPuTTER
desired, hE@nAJROULSEBhsIEY GF Qit@mw%te/\(rmi)@ha@éraeﬂﬁepw to those skilled in the
art. 20 The suitable unit admnistration fornms conprise fornms for
oral adm nistration, such as tablets, soft or hard gel ati ne capsul es,
powders, granules and oral solutions or suspensions, fornms for sublingual,

buccal , intratracheal il raocul ar or intranasal administ{rhtion, or for
adm ni stration by__i_%’nfpa i forns for topical, transdera 5
subcut aneous, intra séuL i ntravenous admi nistra for recta

adm ni stration, and Prpla For topical application® “spifpounds

according to the inventjon ‘4 be used in creans, gel s, ts or
; 8] O
| otions.
O
O O«
EWT//\\“/JL\‘ONa CH,
n A (i
10 The subject of the invention is also a pharmaceutical composition comprising, as

active ingredients, a combination of ferroquine (1) and an artemisinin derivative,

advantageously artesunate (Il) or artemether (lil).

Such a pharmaceutical composition contains therapeutically effective doses of

15 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 usuat excipients
which are known fo those skilled in the art.

20

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 intranasai
administration, or for administration by inhalation, forms for topical, transdermal,

25 subcutaneous, inframuscular or intravencus administration, forms for rectal
administration, and implants. For topical application, the compounds according {o the
invention can be used in creams, gels, ointments or lotions.

Preferred routes of administration are oral administration, rectal administration

and injectable administration.



Preferred routes of adm nistration are oral admi nistration, rectal

adm nistration and injectable adm nistration. 4 For exanple, when a
solid conposition in the formof tablets is prepared, the active
ingredients are m xed with one or nore pharmaceutical excipients, such as
gel atine, starch, lactose, magnesium st€¢arate, talc, silica, gum arabic,
mannitol, 5 mcrocrystalline cellulose, hydroxypropyl nethylcellul ose,
croscarnel l ose or the like. The tablets can be coated with sucrose, with a
cel l ul ose deri ¥at éxeenme, Witdrha sdlidesompetition & heSanint afithelefsds pepatedighe The

tabl ets can_.be produced by various technigues. such as. direct conpression,
dry granuIaﬁtf\fedﬁgrea@f‘&gquﬁfeéf‘fv%o%‘? OR8PS a\rmaiﬁlf&%aliegﬁlgfesnas,%ggglg%l eto
obtain a pekfiasataron lhdodd)endgpesiunf stgaltd itale siepsglinesrabic, maanitg, t he active

ingredients with di  yvent an ourin he m xture obtained into saft or
hard gebarnacyatnr seltiots, PR B andietfe dk: HBsGrREE uMhded b
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sol utions which contain dispersing agents and/or wetting agents that are
phar macol G§i'# ??@CE%Hﬁ%ﬁ‘%%giﬁfd?‘B&%Hﬁ$é“%BObVPéﬁgeﬁrvgﬁf‘6fkﬁﬁfgp8%e
glycol .  compression, diyQirafig@lonadei giastibadr emotthitet. dai |y doses of each of the
two active ingredients of the 20 conbination according to the invention are
as follows : ferroquine : between 50 and 1600 ng, preferably between 200
and éZGO my, e}negaggarpgs@pléft@baﬁlrya -@@p\a@mﬂni&mega% B%iﬁmlemlbsm@db?i dug: and
per day; artemsinin deriyative @ bhetween an ay,,.preferably
bet ween 2 KBS § 1 RAtNG MPESAICRS ¥ ﬁoﬂa@eﬁ%%‘ﬁ&%ﬂg”&dﬁ%? %%&f/%? 'Etor?@ﬁwg/ day.
25 There mayy §8amResipkilescases where higher or |ower dosages are
appropriate; such dosages do not depart fromthe context of the invention.
According to the usual practice, the dosage appropriate for each patient is
determ ned by tepRRYiE&iamiaseaod i konddeofrlbas afspasiibny, ffofadid on and

t he wei ght and response of saLd,patienﬁ._SO ) TQS conbi nati on

accor di'Rg Sebna sRiutions enslesle and NRrlehiFPIUtignp WhichfoRiadt PRSP AISNESREE Ut i ve
days, taket@fy tOthalRESHEAhALICHREAS cOMpa@ad fof extaieid pRpiehk Y& col or
ingredients, preferably taken as a single dose per day. This treatnent tine
linmited tUYI@@YGOE particul arly advantageous, in conparison with the 7
days recommended for a 35 nonotherapy with the artem sinin derivatives, in

that it allows better adherence to the treatnent ﬁ% t he Pat,i ents, thus
avoi di ng the prematalpdmingteatipydbe Al dises pbepsbgfiti fyo active ingredients of the

20 combination according to the invention are as follows :

ferroquine : between 50 and 1600 maq, preferably between 200 and 1200 mg,
even more preferably between 400 and 800 mg per individual and per day;
- artemisinin derivative ; between 1 and 10 mg/kg/day, preferably between 2
and 6 mg/kg/day, even more preferably approximately 4 mg/kag/day.
25
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.
30
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
35 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



5 which, in the long term induce resistance of the parasite. The

adm ni stration of each of the two active ingredients can be carried out

si mul t aneously, or el se separately or spread out over tine (sequenti al
adm ni stration). 5Wen the admnistration is carried out sinultaneously,
the two active ingredients can be conbithed within a single pharmaceuti cal
form(flxeglaﬁ1 i nati et or gel atine capsule suitable
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ferroquine and said artemisinin derivative being in distinct compartments and being

intended to be administered simultaneously, separately or spread out over time

15  (sequential administration).

By way of example, a unit administration form of ferroguine in the form of a tablet

can comprise the following components:

Ferroquine 50 mg
20 Mannitol 224 my
Sodium croscaramellose 6 mg
Corn starch 15 mg
Hydroxypropylmethyicellulose 2mg
Magnesium stearate 3 mg
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 colloidal silica, microcrystalline celiulose 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 simuitaneously or else

sequentially to said patient, as is described above.



A subject of the present invention is also a nethod of treatnment and/or of
prevention of malaria, which conprises the admnistration, to a patient, of
a therapeutically effective dose of ferroquine, or of a pharnaceutically
acceptable salt, of a hydrate or of a solvate of ferroquine, and of a
therapeutically effective dose of at |emst 35 one artem sinin derivative,
sai d doses being adm nistered sinultaneously or else sequentially to said
patient, as is described above. 6 The conbi nation according to the

i n¥enti gn haﬁ mﬁ@lrbohﬂﬁ]da‘iiubj :ﬁ'%brcm‘fg it Otlm'g vm];ceim:tionhmi pedn tleskebject o @ie vivo .
infecte ith a plaspodi um of P iu al gi par type.(strain Pl asnodi um
vi nckei v WEW@F??EWﬁﬁiﬁgmﬁﬁ1B%§%§€ﬂghf%g%§ﬁﬁﬁ@ QFE%P¥%d é@?@@%ﬂ%g?eS for
the treat (gmin BlashRbAM dinclN@ircRSH, SnBIRh®W, pae8ibld @dieminsatchitaetfesuaads, are
given b exanpl Since the artem sinin denvahves aH have the sane

way of e.
met abol gt Erilf WSAMSAE P'ePAPY® ni n) and a short half-. life in comon, the

resul ts ofrhghese HeRS, Saredfet aitngith baesidEtesitalivn BRwabefgxampal. isieg the t he
other artenisinin derivatives, such as Q[tﬁﬁ?h-?f , or, arteether. ,‘604 .y
Measur ement =G Thes i vave! EetilVe 65 F A Pied s KPeCt@d WY Prasisar i
vinckei ofifefiglcopmiimene Rbus bepudRatttsaBetatfed ieatbRathobe genbREzdd\@
conpounds 1. Description of the in vivo test used 15 Femal e " Swi ss”

m ce, ageteRthanr aripERRiEINa A VEHE I aYCh aF ¢ MBRET AW Y h parasites of

Pl asnodhum vi nckei vi nckei type (Rodhain, 1952). The mice are acclimatized
bef orehand for two weeks. The mice are given food and drink ad |ibitum

The Pl asnblttiagharamendied the ifcwiep agtivily rinjmicgenfrcdet adttp f/ameadiym wiekei o i n
the 20 no i rasi il r , i phosphat e
bur  er ed L ohPgf ARl Al G dorpbiRaHbA DS TERETBpbnds =P e hour
after infection (107 parasitized erythrocytes suspended in a phosphate

buf fered sali ng 0. 99 da tfht ez?..nivr.n%)lteis ugg&ﬁ nistered, orally, as
appropri at e, V\n—l—é—%ﬁ—iﬂ%ﬁlﬁg——%ﬁ‘r—ﬁfﬁvn € W ate or with a mxture of 25 the
two actibve ingredients. This admnistration is repeated on the foll ow ng
three days (D1_.to he(Peter, 1987). .\Wen t he t roducts are %ﬁ 1 ni.stered
i n conbi nati on’ ¢ aﬁ"@éuﬁ%‘?@ ?geadoerﬁvpﬂi g’?%l?se(?n\é)??%, Hné'T red ‘ig(}]eW’ﬁ‘s
admi ni st epehstes onbiasdbdiirnutaei Viatier typ@riRbdieaid,oeseh Thaynica ald smtimstiear i s
taken fromtihe tail of th use. The sample,is, fixed gn a plate. The
nunmber of bﬁ%’(%é"’]”?ii@'éﬁ’oﬁ’l"??gﬂav?@? fnéceia:{e(ggﬁﬁﬁ%%d %%%rl"%&aaq‘r@’ét{”ro”%ope. The 30
par asi t aeni a i Thexpress@imasnger orpkegrradf isl mbtdiesl ey widekiycipteegopiresent i n
the sanple on a iﬁnﬁ;e of 1000 cells. Six or ven m.ce are u er .dose.

I

d ,
The mi ¢8 fEMSGAY PAUARLFEdErY 0%3411%%/\/:?“%6”9% cd %fpfﬁ’ﬁ?g%?t%@%vrﬁqp Salieai n
be checkedpom)the 10th, 17th, 24th, 31st, 38th, 45th, 52nd and 59th day in

order L9 Vet et i RRYShEh B MR, AlaPREAT Sy MBRRHEL A Reh
Prepar at i efjtebcitBe bedpenged N SUSPRBSHAN® buffered saline (0.9%)), the animal is
administered, orally, as appropriate, with ferroquine, with artesunate or with a mixture of
25 the two active ingredients. This administration is repeated on the following three days (D1
to D3) (Peter, 1987). When the iwo 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
30 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.

35



(ferroquine from Sanofi - Synt hel abo, batch My18. 0088) Ferroquine is
m xed with nmethylcellulose (0/5 (ww)) and Pol ysorbate 80 (0/5 5 (ww)).
The preparation is stable for at least 7 days in the dark, in the cold
(40, and for 4 hours at anbient tenperature. The final suspension of
ferroqui ne has a concentration 1 andi 0@ ntyrni - Preparation of the

artesunat e,_suspensi Q 10 artes n rt.e fro Sagof i.;S nth Iabo batch 1. 04)
Artesunati—?%—gig&%f—mr al : ! , SRS M@H@gﬁe 80

(0/5 (W wW)rPreddratiqpr gfnBe aatrnoqumes;us;b@dshcea for 4 hours in the dark and at

anbi ent t erature. The f sus tesunate has a concentration
rangi ng bZ%‘E@H'”S gy ﬁ‘oé'oé@%b %@%ﬁ &1%& ation of the 1C50 val ues and
of the curati veregl@a?agqé rﬁl&é@wmah%tl@lftﬁéf ﬁmbseicggnsoquwnear&dmryssmfeeeo g/f% g
separately 0 etermn t I es is define
ooP T, ol e BRI PRIt 1ea3 1 D M B L B BB okt e gen o
by 50% at 4 h&ur§ et binpicttientdddtuad. (e finaf ecdpenBioh ROFeraR@inauss zsiauﬁce@frauon
treatnent (DO, D1, D2, D3). 0% i nhi tg_!_tlon corresponds to the nean of the

par asi t aert AL Obgarved i 74 HE GHtTeat ed i nfected nice. 100% i nhi biti on
corresponds to a very low or zero parasitaema, less than 0.1% The |1CO0

val ues are determ ned by Ilnear |nterol ation of the dose-response curve

r epr esent edreRaALANLET the atlegung % ons. 25 The 1050 of ferroquine is
deter mme(-”!a@éé&étea%m@aﬁéff eymﬂ@la@& m@cenhy at| OnS Of bet ween 1 and 10

ng/ kg/ day. The concentrations used are

10 ny/ kgl dulpsrRateds mixps witimeiticeligess @(5 mfyv&s@nﬁ*a%@yﬁ%bqi%@&(ﬁ{5r{w~af Tf&
adm ni str #rdgia@in ROBGBRL fortd ABSsOh @@twﬂnarﬂd andmbenaéigéedre. THE final
concentrations used are 0, 1, 1.6, 2 3.9, 6.1, 9.5 and 15 ny/ kg/ day for
4 days. THRESPESINH AlesuRsse aﬁﬁé&oaﬁ@f@h%m@lmm@?&%en 08angwgl- Mgl Tapl e

15 2. Determination of the IC5 values and of the curative doses of ariesunate

and of ferroquine administered separately

Method of determination of the 1Cs values

The ICs is defined as the concentration in mg/kg/day which inhibits the blood
20 parasitaemia by 50% at the fourth day (D4) after infection (DO} and four days of
freatment (D0,D1,D2,03). 0% inhibition corresponds to the mean of the parasitaesmias
observed in the untreated infected mice. 100% inhibition corresponds to a very low or
zero parasitaemia, less than 0.1%. The ICs values are determined by linear interpolation
of the dose-response curve represented as logarithm of concentrations.
25
The ICsy 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 ma/kg/day for 4 days.

30 The |Gy 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 3.9, 6.1, 9.5 and

15 mg/kg/day for 4 days.

The IC5 values obtained are given in Table 1 below :



| C50 (ny/ kg/day) ferroquine 3.32 artesunate 2.79 For terroquine, the
curative dose is ng/kg/day. 5 For artesunate, the curative dose was not
reached in this study and is therefore greater than 15 ny/kg/ day.

It is inportant to carry out the interaction study with non-curative
(sub-optimal) doses of artesunate and fgrroquine, which are therefore close
to the 1C50 val ues obtained 10 with the two ¢onpounds studi ed separately.
Ferroqui ne has a curative dose (conpleteiﬁﬂﬁjival of the mce treated)
close to the IC50 value. For artesunate, the difference between the
curative dose and the I Co0_value is greater and a dose-greater than the

| G50 val ue can therefore| be used. Joint aldo §8PkE/H4PY adninistrations of 3
ng/ kg/ day for ferroquinefand 6iigLkgbday| for agggsunate,| for 4 days, 15
were therefore considerefd _during the conbination study 3.

Measur enment of the antinpl ari adrtesspigi ty| of th@7Perroquilne/ artesunate
conbi nati on on a strain bfPlasnodiumvincker—vincker—parasite in vivo
203.1. Determ nation of the percentage of parasitaem a Combi ned and
separ at e admimisirat irensrafre3ionglkyf dajkefary. f erroqui ne and 6 ng/ kg/ day for
art esunat far A L i i 0 g6 LCE o 4 i,s0N
W th 5 Batoh TRt Sf e hR B BBGE VEP LB edbfet FLERL S G e PO e EET
par asi t aerhas12hgfgrdayent age of infected erythrocytes) observed at the
fourth day after infection. 9

It is important to carry out the interaction study with non-curative (sub-optimal)
doses of artesunate and ferroquine, which are therefore close to the 1C5, values obtained

10 with the two compounds studied separately.
Ferroquine has a curative dose (complete survival of the mice treated) close to the ICsp
value. For ariesunate, the difference between the curative dose and the 1Cy, value is
greater and a dose greater than the ICy, value can therefore be used. Joint and separate
administrations of 3 mg/kg/day for ferrogquine and 6 mg/kg/day for artesunate, for 4 days,

15 were therefore considered during the combination study.

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

combination on a strain of Plasmodium vinckei vinckei parasite in vivo

20 3.1. Determination of the percentage of parasitaesmia

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 H indicates the mean parasitaemias

25 (percentage of infected erythrocytes) observed at the fourth day after infection.



Tabl e 11

Parasitaema ( as % Artesunate (ngy/kg/day) ferroquine
(nma/kg/day) O nean 6 nean 0 31.4 t7.11 3 8.8
9
Table 1i
Parasitaemia ( as %) Artesunate (mg/kg/day)
0 8
 ferroquine mean ~ mean
trg/kalday) ‘
0 31.4 7.1
3 8.8 0.16

10

15

20

25

As indicated in Table Il, the combined administration of ferroquine at the dose of
3 mg/kg/day and of artesunate at the dose of 6 mag/kg/day, for 4 days, makes it possible
to significantly reduce the parasitaemia of the infected animals compared with the

separate administration of the two products.

3.2. Determination of the mortality of the mice

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 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 ma/kg/jour or artesunate at the

dose of 6 mg/kg/day for 4 days).

The results obtained in vivo in mice infected with F. 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.



0.16 5As indicated in Table Il, the conbined adm nistration of ferroquine
at the dose of 3 ny/kg/day and of artesunate at the dose of 6 ny/kg/day,
for 4 days, nmakes it possible to significantly reduce the parasitaem a of
the infected animals conpared with the separate adm nistration of the two
products. 103.2. Determination of the mdftality of the mce Each
day, fromday 5 after infection, the nunber of dead mce is counted so as
to determgiaidye percentage nortality (nunber of mice dead relative to the
nunber of mce of the batch considered). The curative dose is the first
dose at which all the mce of the 15 batch survive. FI GURE 1 shows

t he per cent ag€oshinibvahicofonipheespriaat Bgfetion, theqhihé hh d@ym af £ @ Hafif ecti on
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nga salt, )f%%atébr (;[flg %olngg, i:azo . anqlf renslmulr ivnl dve ?‘J’a! ive WE :QL L L‘{psl' tlfls-, ! .§v or
by the conbi ned adm ni atTation ol subsoptinal dosee o CORpEuTye:

(f erroqui peivgtisliyhe tdosepofenBmpigdk g/ day and artesunate at the dose of 6
ng/ kg/ day for 4 days) conpared wiith the separate adm nistrations
(ferroquine at the dose of 3 ng/kg/jour or artesunate at the dose of 6
ng/ kg/ day =f Or( 4“‘dfa*y§*) scegding o Clam e pa A€ ght ar et < a0 in i ce

i nfect ed widbhaR, aébmekeimicackei clearly denonstrate the absence of

ant agoni sm between the two active ingredients, and prove that the

conbi nati on, according to the invention, of artesunate (or of an

artem si npn dérmhiatioveceriingendhalohe afidiaf 1 fvel I, oftii ehd Ste@adant-agaeus f or
the_treatgggﬁﬁgfﬂgg%%£%gﬂwH%QGQLAINB 1. Conbi nati on which conprises, as
active ingredients, terroquine in the formof a free base, of a salt, of a
hydrate or of a solvare, and an artem sinin derivative, when used

si mul t anegusl (YcJuQ:Enaﬁﬁﬂ{é@tQHiilglol (y[aimt'l(,)wiurrg@;he QEﬂyQﬁE&V& @LIHOLIBL@}E i’)é&’(ﬁfﬂﬂ 3{} and
1600 g per person per day.

5. Combination according to Claim 4 wherein the daily dose of fetroquine is between 200

and 1200 mg, per person and per day.

6. Combination accotding to Claitn 4 or Claim 5 wherein the daily dose of ferroquine is

between 400 and 800 mg, per person and per day.

7. Combination according to any one of Claims 1 to 3, wherein the daily dose of artemisinin

derivative is between 1 and 10 mg/kg/ day.

8. Combination according 1o Claim 7 wheretn the daily dose of artemisinin derivative is

between 2'and 6 mg/kg/day.

9, Combination according to Claim 7 or Claim 8 wherein the daily dose of artemisinin

derivative is between 200 and 1200 mg,

10.  Combination according to any one of Claitns 1 to 9, wherein it is tntended to be

administered for a period of 2 to 4 consecutive days.



COV1Si Sts artesimate, arteether or artenethet. 3. Conbination according to
either one of Cainms 1 and 2, wherein the aiteinisinin derivativ consists
of attesunate or artenethet. 4. Conbination according o Caim1l, wherein
the daily dose of ferroquine is between,;50 and 1600 ng per person per day.
5. Conbi nation according to Caim4 wherein the daily dose of ferroquine is
bet ween 200 and 1200 ng, per person and per day. 6. Conbination according
to d ai m 4l.orPi@redceniiBal whvaroeiim tdweprigiag thyraposallpéiiterdoguhMenbgidpstween 400
and 800 ”gpia&ﬁﬁuﬂﬂlﬁgﬂ ?rmqg 'paﬁrnfqaydmter ofcngl DQH,Q& gcagéqglp'&gtgn% any one of
Clains 1 to 3, wheréin y dose of anem sinin derivative I's between 1
and 10 ngﬁ%@%ﬂ%&d““BWf@%ﬁﬁﬂhﬁ#?ﬁﬁ“%ﬁ@ﬁ%ﬂﬂﬁ&mvGlﬁﬁd#ﬁP¢PWMere|n the daily
dose of ftrtem sinin derivative is betmeen 2 and 6 ng/ kg/day. 9.

Conbi nat i cordln to Cdaim7 d wherejn the daily dose of
artenlsln?% g‘ ?Wﬁ?WV%”F?“ﬁE?M%@ﬁgﬁéb”g Hliﬁﬁﬁfﬁ?““%ﬂmm@ﬂﬂﬂ¥%ﬁlon

accor di ngcdmeistanfarenea@firliak Mearkmi®ed, wherein it is intended to be

adm nistered for a period of 2 to 4 consecutive days. 11. Pharmaceuti cal
conposition conprising therapeutically effective doses of fernguine, or of
a phar macéut i airbagevged eprrablien mahting ofcitherlpdpitienei! of! 13, Wetawabe of

ferroqui Ngrenfifh &divl 8885 :Q08r AL AN S| MMl | vative, and al so at |east one
pharmaceutically accept abl e exci pi ent. 12Pharnaceut|cal conposition
according to claim11l, wherein the arte isinin derivative consists of

artesunat ey, anLheadivél @ﬁnlﬁmam&&mﬁg to anl Sne JPNBERPC QUYL GALrem QMPQSHHL ON
accordi ng e of ains 11 and 12, wherein the artetnisinin

derlvatlv@rgﬁﬁgFé‘gng?“3¥F%§Uﬁ5f@"or artemether. 14. Pharmaceuti cal
conposition according to any one of Clains 11 to 13 wherein it is suitable

for oral, g eQﬁn%xagzrutiiamo?n%togglneaca)qm1£t!osagrjl: thei Mairns 11 1o 14, wherein it is useful

for the treatment and/or prevention of malaria.

16.  Use of a combination according to any one of Claims 1 to 10, in the preparation of a

medicinal product for use in the treatment ot prevention of malaria.

17.  Kit when used for the treatment of prevention of malaria, comprising, firstly, ferroquine or
a salt, hydrate or solvate of ferroquine and, secondly, at least one arremisinin dertvative, said
ferroquine and said artemisinin derivate being in distincr compartments and being intended to be

administered simultaneously or sequentially.

18, A method of treatment and/or of prevention of malaria, which method comprises
administesing to a patient 2 therapeutically effective dose of ferroquine, or a pharmaceutically
acceptable salt, or hydrate or solvate of ferzoquine, and a therapeutically effective dose of at least
one artemisinin desivative, said doses being administered simultancously ot else sequentially to

sald patent.

19, A method as claimed in claim 18 wherein the ferroguine and artemisinin derivative arc

administered for a period of 2 to 4 consecutive days.



15. Pharmaceutical conposition according to any one of Clains 11 to 14, wh
eta it useful for the treatnent and/or prevention of malaria. 16. Use of a
conbi nati on according to any one of Clains 1 to 10, in the preparation of a
medi ci nal product for use in the treatnent or prevention of malaria. 17.
Kit when used for the treatnent or preﬁ ntion of malaria, conprising,
firstly, ferroquine or a salt, hydrate or solvate of ferroquine and,

secondl y, zmt dAl QATina0HEs RNBIT $1 Ay BudaTlatat i e, aﬁﬁhx@lwa&@ﬁﬁpﬁm}i&@d@ﬂﬂ sgi g
artem sinin rivate I.n n.arstinct.conpartnments ang belng .l nfended to
b6 aam ni SERrEn L T By Pt SRR o g S AT HOBA Tt 1 oot mont
and/ or of orprevieritas gmmod ohleatd absowdtiilhs hetihdedodlodpith sdgcadm miystering to a

patient %E:E'@:F- %%Fin%%ln'}%f: %Trﬁ&ﬁeh‘!%cg 36 :%E)r}f\peak,fiﬁs)goq#&% or-a

phar maceut i c y acceptabl e sa r hydrate “or vaﬁg'of fernxm ne, and a
therapeutically effective dose of at |east one artem sinin derivative, said
doses being adm ni stered sinultaneously or el se sequentially to said
patient. 19.\ nethod as clainmed in claim18 wherein the ferroquine and
.arterni sininderivative are admnistered fin a period of 2 to 4 consecutive
days. 12 20. A conbination as clainmed in any one of clains 1 to 10; a

phar maceuti cal conposition as clained in any one of clains 11 to 15; a use
-as claimed in claim16; a kit as claimed in claim17; or a nethod as
‘claimed in claim 18 substantially as herein described with reference to any
exanple. thereof and with or without reference to the acconpanying

drawi ngs."'



