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RESUMEN

En 1881, Ehrlich rcporto el azul de mctilcno como cl primer antirnalarico sintctico, pew deja de
ser ernpleado con este proposito; cl debe scr recousidcrado plies SOil necesarias con urgencia nuevas
altcrnativas de bajo COSW, en cl arsenal de mcdicarncntos antirnal.iricos. En este trabajo la actividad
antimal.irica del azul de metile no cs evaluada ill vivo fn:nte a parasites de malaria murina. Una dosis

de 15 mg/kg/dia inhibe cl 50% del crecimicnro critrocitico parasitario de PlaslllOdif/1/I bergllfi y P. )'oclii
lIigcrimsis, en tanto que es practicamcnte iuactivo frcnte a los estadios hep.iticos de P yoelii yodii. Sobre
un cultivo de la linea ccluiar linfoblastica HJAI3, cl aZI11 de mctilcno cs 20 vcces m.is citotoxico que
la cloroquina, nu obstante el azul de mctilcno prcscnta valorcs de iudice de sclcctividad del mismo

nive] que la cloroquina, frentc a varias cepas de l~ jalujll1T/1I11 de cliferentes nivcles de sensibilidad y
provenientes de difcrentes lugarcs geogr.ificos,

Palahras clave: Aniipaludicos - Plastnoditun - Malaria - Azul de mculcno

ABSTRACT

Metliilene blue was reported as the first synthetic antimalarial by Ehrlich in lHHl. It is currently no
longer used for th.it purpose hut i l should he reconsidered since new economic all crnaiives are urgently
needed in the arsenal of antimalarial drugs. The antimalarial activity of methylene blue is investigated
here ill lli/lo against rodent malaria parasites. 15 m£"jkg \hily dose o( methylene blue' inhibits 50% of the
erythrocytic parasite growth of Plasmodiun, bergftei awl P y,Jelii lligcril'llSis, while on hepatic stages of P
yoelii yoelii is almost inactive. In cell culture experiments with the lvrnphoblast-likc BJAB cells line, it
is 20 times 11lOfC cytotoxic than chloroquine. i'Jevnthclcss, methylene blue shows a similar selectivity

index as chloroquine against strains ofdiffncnt level ofsensitivity ofl~J1"iparllll1original from different
geographical areas.
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INTRODUCTION

Ab,mt 3 billion Pl'Ople live in cndl'llIie arl';IS
wlIer\' lluhria is Olle ofthe mJjor hcalth prohlcll1s.
500 million cases arc registen:d anIlllally, lcading
to the death of 1,5 million people, most of them
childrell (1)_ Ctllltrol mC;1Sures arc largdv h;lsed

on Vl'etor l'radieatiOiI programs and dimc:t! trc:lt­

ment, but l!ll'ir cfficacy is dralllatically reduel'li
hy incrc;lsill~ the rcsiSf;l\lce of vector ;md pJLlsit,·.

New drug,s :lt low eost :\re urgently nel'dcd. Un­
t"(JrlUn:tteJy, althollgh thl' \Vorhl He:dth Organiz,l­
tiOIl l1l:gotiates with pllartnacelltica\ cOll1paIlil's ln
ordcr to reduce the prices uf ,\Iltill1a !ari,d drll~s,

lhc:se ran;lIIl unattainablc for must of the attl_'cted
popu!.ltions (2). Therd"(1re new Jlld ;\ tlim !able treJt­
ments arc a majl)r priorilY f(lr J(f;':eted n)1Jl1tries.

III tllls context, Methylene bille (MB), ""Bcil 1U,
bl:tn proven to bc arrive (3,4,5) and im'xf1L'lIsi\"l',
conld be J snitJblc Jlterllative.

Methylene hllll' is the, llJest ;md chcJlll'st syn­
tbetic drug ever usnl in ::iminlJ1arial therapy (Fignre
1). In lS!)l C;uttll1ann and Ehrlich puhlished the

first report ofits antill1ahria\ activity (4). Two years

later, Fl'rreira (5) recommenclcd the use ot MB by
oral luute in chddrcn with m:IbnJ. At the !x-gin­
ning of the 20'h ccntury, MB served as structural

starting point tè,r the dcvelopmcnt of 8-;unino­

qllinolines (.), f" 7) ;llld disJppeared therc:lfter fmm
the antimabri:l.1 arselul. Aftnw;lrds, kw works
on the dntimalarial prüpertlt..'s of MR have beell
repclrted becanse it \VaS t\wllght to l'nhallce Itae­
molysis in l!,hlCOSC-ô-plwsphJtc-dcshydrogcnase
(G6PD) deficiency (H) and collid stain tlle tissues
of MB-treJtcd people (9). RcccllllyMalldi 1'1 al,
(10) ami Meissncr et Ill. (11) showcd that G(lPD
deficicncy is Ilot cOHlmitcd by the n'le of t-.1B fix
ma1:lriJ treatment, cvcn in class III G(lPD deficicllt
young childrell_ These obscrv;llions rCllc\vcd the
intcrest orME as a l"lht-drL:cllvc altnn:ltiw in the

trcatment uf n1.1lari:1.

This report presents lhLl nl1 tlte ill lIil'l' ,llltiIl Ll­
hrial activlty l JfMB :lgainst blond :md livn tonns
of rodent I1lJlaria parasites and the il/ Il;tm cyto­

tnxicity on BJt\B cL'ils, tlll'rcby cnmplet1l1g (lther

stmlies publisbcd hy l'ur rne:m:1t tc.un. (12, 13).

MATERIALS AND METHODS

III 1';1'0 antimalaria1 activity

111 l'i''l) studles \Verl' eondnetccl acn 'nlilll' t() thl',>

french and Colulllbian kgishtlOnS un bbdLltory
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:lnimall1se and care (N°2001-4CJ4 Jnd N° 008410,
respectively).

I}{t'ct 01/ tilt' I,lfmcrytltroryti( cylie

The clas~lCal 4-day sllpprl'ssiw tL'st (14) \vas CUlI­

dllctl.'d with P. }'MliI Il;gericlll-is ur P. l)c~l;!le; AN Kl\.
Swiss kllule 1l11el.' (BÎll(aio DFL':'\;'C and Cha rl\"~

River h,lllcc) wl'Ighing 20 ± 2 g, \Vcre illfi:ctcd with
Hf p:lr:\sitized cclls in O,')IX. ~;\Iinl' sullltion (thy 0).
HatdIes ottive micl's \Vere orally tfL'.ltl'd \vith MB at

d,lses o(SO. 25, 12.5 and ü.35 mg/Kg/day, two hums
aftLT il1tl:crioll ;ll1d at the s:lIne hUlI!" during 4 COIl­

SeCl1tlH' lbys. A nmtm\ ~',rOllp rceClved 0,')'1... s;l1im'
solutiun \vhill' a n:tlTl'ncl' grollp \Vas <lc!millistcrl.'d

chlofLllfl linc diphosphatl' «( :Q) at .\ m~,/k~,/dav (oral
r, lutl'). The survivaloftlllCe was chl'ckul llaily anll

di<. el cnt:\i:',c ufp.lclsitl/L'L1LT)"thrpc)"tL'S \Vas tk­
tenlllllc..:d u/l d:l\' 4, hy Gi,'msa-st:ùned thlll hllh)d

smears fmm periphL'ral hlomL TI1L' pereclItage of
lllhihitlu!1 of parasitael11i,1 was calculated, Jlld the

Ffti.,ctiVl' Dusl' 50 (EDon) \Vas dttc..:rnlll1ed with a
lim'ar kast squJrl' rq;ression analysis.

I:ffi'(/ Olf (I,C llepatie stage

The illl';I'O acti\,lty on thl' pre-èrythmcytic stage

\Vas deterlTlll1l'd accorl\in~ tu Peters :Jnd Robinson
(l'l): Batches ofthrcl.' miel.' wefe imravcl1llusly in­

oculatl'll Wlth \Oh splllOznircs pfP. yoelii yoeli; (17X
stLlin~ donc: 1,1) in O,9'Y., saline. The trca.lmcllt

(MounJ twice the ;/1 l'i!/() dctermincù ED'ill) was
giVl'1l tll micc by oral route, 2 h aftn illoculatilln;

Primaquinc at 60 mg/kg \Vas administercd tn a
rdl:rence grollp. The supprcssive effeet was csti­
lI1atl'li un 4H, 72. 0(1,120, 144, and 16H hour'> aÜer

inondation by Glcmsa-stained thin blood smears

inspl'ctlUn Allimals vvhich showing IlU signs of
illti.:ctinll 011 day 14 WLTC cnl1si<1ered as cllrcd.

br Ilitro studies on BJAB ecUs

Culture oflymphublast-likc line BJAB œlls was

cllTicd out \)\121l1M L-L'1ut:\mille-c'nriçhcc1 RPlvlIcJ .

SUpplcllll'lltcd with 11IlllL uf lOmg/ml gClltal1lycin
JI H\ )()'){. hl'at-i llaetivatl'll {ixta1 bm'i ne sern l1l at

:~rc in 5% Cl), l'llYinmlllcnt. BJi\B n'lIs Jt 2x10'
were I.'xpusL'd tu scn:il dilutiollS of lllethylenc hIul'
t~)r :2-1- h in culnm: nmt!itions (test in triplicJte).

24 h .lttcr initi,d rdl-platill~. thl' ccll growth

\\':1'> estimatcd by ['I IJ-thymidille inCnrpdrJtioll

(2,5 J.ll :i!11l1 in culture medium) !\)r 16 h. lncor­

pULltnl rH j-thYlllidille \V:lS then dctermincd with
;\ !Jeta-cL1unter (14:'iO-M icroheta Trilux, Walbr-
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PerkinElmer). The CC," (Cytotoxic Concentration
50 i.e. concentration th:l.t kills 50% ofclIltured cclls),
W:lS det<:rmincd with a line:l.r le:lst squ:J.re regrcs­
sinn analysis. A control ofviahility was carried out
in p:l.r:l.lIel.

Reagents

Ali chemic:l.Is reagcnts \VLTt:' providecl by Sigma­
Aldrich. Ibdiolabcls wcrc pmvidcd by Perkin Elmer
(Courtaboellf, France).

RESULTS AND DISCUSSION

Ag-ainst crythrocytie ti:mlls in rodent Illalaria
par;lSites, MB was more active on P. bel:gllfi than
on P. yoelii (E050 of 12,8 ::+: 8 mg/kg/day and
11),..l ± 4 mg/kg/day, rc~pectively) with no signs
of aeute toxicity after a 4 d:l.Ys treatment (Table l,
Fib'l.lre 2). MB Jmimahrial activities \Vere ten tîmes
lower than those obscrvl:d \-vith CQ, that showed
EDoo ofO,53 and 1,21 mg/kg/clay against P. bc'.-\?hei
and J>. yùclii Iligeriellsis, respcctively.A previous study
reportcd Llut Mn had EDso or Il,03 and 1,21 mg!
kg/day against P. yoelii lIigericllsis and P. villckei petteri,
respcctively (3). -fhe low EI\o found with f>. vÎllckei
can be explained by the degrce ofsynchronicity of
the infection, bcing P. l/il/ckei more sensitive to an­
timalarial agents than othcr rodent malari:l. species
(16). On the contrary, any activity ag:linst hepatic
stagl:s ofP. yoelii l'oelii (pre-erythrocytic sta~e)with
a dose of up to 100 mg/kg was not obscrved (figure
3). This was the cxpceted result since the main ac­
tion ofMR is hased on the inhibition ofhcmc-GSH
degradation (13), a process not occnrring dming the
prc-erythrocytic cyck of Plas/Ilodium YOI'lii.

In a previolls paper was shown that t-.1B was very
active in "ifro against laboratory-reared str:l.ins from
various geographic regions (concentration of MU
required ta inhibit 50% ofthe parasite growth IColl:
5 nM) and that btc rings :md carly trophozoitcs
were the ITIllst sensitive stages; while carly rin~s.

late trophozoites awl schizonts were !css sensitive
(12). FurllIermore, combination of MB with CUlIl­

mercially availablc antimalarials resulted in: antago­
nism with :llllodiaquine; antagonism/additivity with
atovaquane, doxycyclinc, pyrimcthaminc; additiv­
ity/lack interaction with artcl11cthcr, chloroquinc,
mefloqlline, primaquinc; Jnd synergywith quininc
(12). The modd describcd in this stndy (on BJAI3
eclls) showed MB with CC<,o of577 ::+: 12 lIM (fig-
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ure 4) whik doxorubicin and CQ, lIsed as controls,
had CC<'ll of416 ::+: Sand 11563 ::+: 1647 nM respcc­
tively. Tlms, MB W:l.S as toxic against BJAB cells as
doxorubicin, and almost 20 times mare taxic than
CQ. Results were surprising since previnus studies
reported that MU had CCsos of 1610 and 26700 nM
on Kn andJ1l1 ecUs (.1, 17). Newrthc1ess, Kirszberg
el tll. (18) showcd that M B was more toxic on lellkae­
mia cells, than on normal cells. 'l'bis Cü111d exphin
our results, bCC:J.use BJAB cells are derivcd from
lymphobbst-likc Enes. A previolls study mcasured
the IC;ollll P.jdâparum chloroqllîne sensitive (F32,
1IB3) and rcsistant strains (FcI31 and FcM29) (12).
With the data ol! I3JAn cells found in this stl1dy and
thl l~e prcviously described, the Sclcetivity Index (SI)
was calcul:tted. SI is dcfincd as the ratio betwcen con­
ceutration whicb produces a cytotoxic effect (CC,o)
and the antimalarial concentration which causes thl:
desircd eŒ.Tts (IColI) (Table 1). The valucs of SI ftlf
CQ were highcr th:m those obtained with MB 011

sensitive strains (on HEJ the CC,f1 was 321 rimes
higher than tlle CI'II)' On the cnntrary, MB llad
highcst SI values on rcsistant strains (Figure 5).

Table 1. General Results.
.--

ln vivo actlvlty MB CC

Eflect on the Intraerythro- ED50 ED50
evtic cycle (mQI1<Q/day) (mgI1<Q/day)

P berge; ! 12,8 0.53

P yoelii nigeriens/s 19.4 1,21

Effect on the hepatlc stage

P yoe/ii yoelii Inactive Not tested

ln vitro actlvlty CI50 (nMY SI CI50 (nMl' SI

P. fa/cipamm F32 5 115 70 165
- ---

P. fa/ciparum HB3 4 144 36 321

P. falc,parum FcB 1 8 72 186 62
--

P. fa/ciparum FCM29 5 115 600 19

ln vitro citoloxicity 1_ CCSO (nM) CCSO nMl

BJAO ceUs 577 11563,

* Prcviously rcportnl ,j"" (11)

Tbesc resl1\ts complete t1l0sc oblained in pre­
vions works (12, 13) and confirm the illlerest of
Mn as an ancient effective mo1cm1c th:lt could he
integratcd into a ncw J()\.vcost ,1l1tilll:t!,1rial therapy,
after confirnl.ltion of the belJefit/risk Dtio by fur­
the-r c1inical tri:l.15-
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Figure 1. Methylene bluc: 3.7-Bis(dimcthybmillo)phcnothiazin-5-illm chlonde; cI,,I-rl"CIN\S •xH:O; m.w.
.31Y.85 (anhydrous base).
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