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'J.l1L~'ilm~1L'1EJ'll'il~El1~U 1 ~iJ'iltj1u~'il~li1~1Vl L-rlu u1il1L;'iln ketoconazole Ll~::: mtif1tmAm:JlulJ Liu 

verapamil 1llwtifw 
. . 

\J'VI \J'l'VI 'lie! \nLfl in~ ii 3J m ei L ii ei 3J'la 'lLU ii 

nA~l :Jlu).J h'l'il'ilU Lllu~~r.i1Lllwi1i1fun~ 1n n1rn'lU~).J m1vh~1wul1~ 1 'u'il~l 'll~-cnviui'lhhl~'lL 'll~~ 
"l:::ol'il~1-Dv1'5~~1uLllur.i1w'lumm1'il~"l:::vh1~1:::~U'll'il~u1:::r.iuA~L:Jlu ).J :/) ~1::;1 u cytoplasm 'ilu1 w1:::~u~1 , " 
1 um n1'll'il~Lilvil ~·1w1u!ll~vh 1v1llllum1 

1. ij plasma membrane binding Ca++ 

2. iJ low membrane Ca + + permeability 

3. active extrusion by Ca++, Mg + + AT Pase pump 

1u111'l:::~iJm1L~lJllimrn'll'il~ Ca++ ll1EJLUL'il~~mn~mJnPir.i:::Yiu-l1Lilm~'ilV'lLLYi~ci:::iJ defor­

mability ~Ill~~ 

1v1iJrJ~u-l1 n11~L ;'il).J 1~1L'1m 'll11 tJ1 wilviL ~'il V1Lllll~9:::~~r..i~ 1 lXmm t1J'll'il~LLA~l :JlulJJ ~i1aJvi111u 1 w 

L il01L~'ilV1lllll~iJP11~ ~ n-l 1LiilllL ~'il11mvi~~1 >J1vWiviL ;'il~ll 1~ ~l nli1 ~'il ti1in niJ n1n ~).Jmm nm mu :Jlu).J :/)M::; lJ 1 n 1 
1 w 'il~~ ~m:::vh1 ~lnlll c renation uul m11>JLnlll'5m'f rn:::L -rlutl1 rnil01L~'il llllllll~~iJL~'illJ1'«1L1rnL~lll~-l1maJ1m 
'll'il~ LLA~L :Jlu).J:/)M:::'il1"l"l::: 1>JmnYi'ilvi11 ~Lnoi crenation 91n n111-TI'Lt111m :Jlu ).J ITT!ll'il~1n n).J~u01111Y1f~~ (45Ca) 

Y1Url1LIA~l:JlEJlJ9:::4'U'ilUnU~'l\J~lUU erythrocyte membrane iJr.lL~U'ilrl1llil.J1t1!'JJ'il~LLA~l:JlEJ).J:/)M::;~ 
" " l~lJlJ1n~uLiim:!'iluuulnLY1u~;·1 'il~r.i:::m:::oi'uL~u1'll>fvl1~ 1 'loi'L<rlu procalpain 9::;nnm:::oi'uLllu active form , " , 

(ca lpain) ~~U'ilEJ hemoglobin 1v) 

~1i1fuuviu1Yl'lJ'il~llA~L:Jlm.Jvl'ilL~'illJ1~1L'1m·1u-l1i1i~r.i1n invasion Ll~'l excellular calicium 9::;;:J 

m1).Ji1ricvmnvl'iln1H"lrt1JLITTULt11'll'il~Liium~1L'1u mm:::~u'll'1l~11Am:Jlu).J~1nrh · i oo JJmol r.i:::imvim1 
~ , 

L"lrClJ 1Piu'twu'il~L~'il'lv1 uo1i1i~"l1n ring stage LL~'ln1rnfll extracellular calcium r.i:::hh-1~!lln1H"lrr1JLITTULV1 

'lJ'il~l :5''illl ITT"l:::'ITwu'l1~ re invasion ~1"1fuuviu1V1'lJ'il ~LlAm:Jlm-illl'ilL~lil'lll1o11~ 1 'tl'il~L~'iln1'5~'iltj1u.ffum1 
14'mitj L'iiw parasite serine protease Ltlwoi'u 

Calmodulin f'lt.mrnd'iltl A.Pl. 1970 Lllu'ttJ1U!u~4"uuA~L:JlulJ~Lllu:/)M:::Ll~1~1inrnm:::vi'un11 
' 

Yi1~1u~u'i"l~L~u'l'll).JLol"1~1EJ'llUlll YitJrl1 calmodulin m:;rilun11Yi1~1U'll'il~ Ca ++ -dependent enzymes , 
L 'iiw phosphodiesterase, ki nases Llluoi'u uAm :JlulJLUU ~~r.i1L llu i1i1f un1n "lTCULITTU LWU'il~L ~'illJ1~1L'iu 
riu-l1 calmodulin iJm1).J~1~ClJLU cellular metabolic activities oh~ 1 LVIEJL'ill'n:;~L~EJ'J-if'il~numnr.irClJ 
LPiu 1m'il ~l 'll~~1L~ :;mmu~vr1~u'il ~L 'll~"'1 
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Facilitated diflusion 
Maximum rates (nmolCaH/mg 
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Blood values 
Free cai+ = 1 mM 
Total Ca2 ' = 2.6·mM 

Fig. I. Col+ fluxes in normal human erythrocytes. Properties o(u1e Col+ pump: number o(pumps 
per cryV11ocytc = 20aa (a.5% of u1e membrane protein); Keo = I a- 6 /o1 or less, under optimal 
ossoy conditions; Km < I a Jll•1 ATP, (or Vie phosphorylation reaction; maximal velocity of CoH 
vonslocotion in human red cells (Jlmollmg proteinlmin°): with calmodulin = a.a65, without 
calmodulin = a.a 14. (Doto from Re(. I.) 

0 Estimated assuming o membrane protein content o( I a git red cells. 

!J'l~'l\ULA a L ~ tJ 3J u ~:~'VI t°l u O'l5 ~ 'lL rl il 3J 'la 'l Li tJ 

tnITT1'UUA~L~t1i.Ji'Joi1a\-l\J-llUn1r'il'ilnqvitoi 1'1 1 nu t11~\11mH'vivi~'1lUth:::~Ylfimr1'J.i1L~'ilm~1LTt1 
1v)11rit11~Pi'1t.JqvitLw1~Lzjt1i.J~L°Tt1n11 calcium channel blocker L'iiu verapamil LL~:::wm~Lllu calmodulin 

antagonists L'iiu chlorpromazine. cyclosporin A LllwXu Lti'iwnnm'J.i1L~'ilm~1LTt1~i'lH'num-TI1u1u 
L'iiu quinacrine, quinine LL ~::: chloroquine >'.irYnt1'11'U11iiAm~i.Ju°PiLUU calmodulin antagonists " , " " .. ""·~ " ~ 1 """ .. . F.!. ""' I • I .. .. 1 I .. ""' m t1 "l-li.Jr~ ~,_,,m1i.J~U~"l1L'N::: V1i.Jn1rl'ln'!Y1LumuLvit1ur:::wn-lur:::~Ylfirrn•1 Un1~11.J1L'n'ilm~1LmH~:::m1i.JtLr'1 

" 
1un1rd'.Ju calmodulin antagonists LU'Ur.i1u'lummL~rnu11~'lu1myiim1l-l~mTufinu 

O'l5atiltJ'lAailltiA1U 

1un1rfn"1Y1rri'.hu~Pi011:fi''ill-J1~1L°Trn;;lurn·15u n1r1-TI't11~'1l '1lnnvii~h~'1ilJ1'1lci1'1r'l01L1'l >'.irn1i.J~v1rul-J1n " ., ~ 

f'1~'1lhA1uLllut11~~'il"1lnqvii1v1L1'l uvlU11J't-11~Ln vi~u A"1l L~"1lm~1L°Tu1uAu Plasmodium falciparum 

~"1ltn ;_,U11Jl-11tlYiu).J1~-iL1oitl A.Pl. 1960 Llluo'ftm1 ,, 
A'N"1l hri1u'J.i1L~"1lm~1L°Tt11v1"1lci1'1h:' ri 'ilutl A.Pl. 1986 trn1vimri1\'Hilflv\'liXm1).J~u1r.i11iivi1'1Lllu 

1. Ferriprotoporphyrin ix (FP) complexation hypothesis A'N"1lhA1u"1l'ilnqvit1viumrvh1iX 

FP L-il11tl~n~u1'rlu malaria pigment 1v1i1~ -i vh1iX FP ;aM::;~1).J1rn"1l"1lnqviivi1'N1m-n~;1vr 
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2. Lysosomotropic weak base hypo:hesis f'l~'1llrn1u1i'.Ju weak base 1rlm.hur.Ju..i1'l!~'l'i°"l:::'1lulu'i'\fl'Wi 
\I 

1i'.Ju singly positively charged 11oi1~'1l1.if11'l!~'l'i°11~'l "l:::1i'.Ju doubly protonated zj..ir.i:::~1U'1l'1lnhJ1v\' ~..i 
r.i:::vh1\Xii n1rn:::'i'\lJ'ilMt11~..iiir.i~"1'1l n1niJ~mmiJ~..iM1'l:::m1lJ1i'.Jumvi~1..i•iJM acidic organelles 1-tlu 

lysosomes LL~::: phagosomes vh1\Xivi'il'l1-.ln11U'1lU~~1u haemoglobin vh1\X1~'1lvnu LYin:::'lnvimvi 

'1l:::inu~r.i:::u11iJ~..i1f'ln:::l-f1uu'liJ1?iu 
1m:::u:::ii~..i 11vi'iirJ1'i'\u'1l~1qYJif1umni'.Ju calmodulin antagonist thr.i:::iim1lJ~l.lvTufinum1 

ihi~'1lm~11'1u "1..i,ru~..iu..ihhnmrnMu1v\'11n~'ln~11Ylr.i1..i 1i'.Ju'1lu1..i11"? 11~:::n~1n~n~1'llJ1.if1..iPi'uii , 
m1lJil.lvTu finu'1lu1..i 11"? 11~::: n~ 1n 1m:::iif.l'l1lJ~1Al1Jl.l1nu'1lun11nu 

vi1LlJL~'1llJ1~11'1u~..ii'1lmf'l~'1ll1f'l1U ii~L ;'i'l nu11L~1l~i'1:lt11r.i:::iimnnu'i'\:::'i'\lJ'll'1l '1U1f'l~1l Lrn1u 

u '1:lun111 ~'1l~u..i1l 'lvi'1llJ1 vi11lJ~ ..ii i'.Ju1 'llu ,Ju"! 

il 'l ~ 'l'l.Urn i'I b ~ tJ im a : n 15 b ~ :1..1\J5: ih1 fi .fl'l'W il 'lfl i'I ei h fl ~<tt'L 'lt.fl 'l-;J: b t 21t ilil 'l 

LLU'lf'l'l1lJ~VI 1 um1t11m!il1u11f'l~I ~UlJ ve rapamil m 1 ii ~'1lL ~1Ju1:::~Ylfim~~U1fl~'1l 1 m1u1 wn:i::: 

.~·'1limn (reversal of chloroquine resistance) 'lv\':i.nr.i1n..i1u1~u~Ylu11u1~fo"r11hf'l>.J:::1r..i r.i:::iimnnvi 

m1~'1lu1~u 1'llum\~'ln Vinca alkaloids, anthracyclines 1uuo'fu iJ1 ::: ~Ylfifl1Yt'll1l-.lU1L\~~1d~u'ilunu 
\I 

"1'l1lJ'i'\1lJ1Hl 1 u mrn:::'i'\lJ'iJ'il'1U11 w 'll~~lJ:::Lr -.lLL~ ::: 'r~u111rl'1l~'1lU1'ili1V1i1li..ilT nr.i ::: ~'ilrlUU1'lli1Vl~U 1 ol'lU ~ ..i 
1 iXf'11r.i1nvim1lJ~1 mu ltidrug resistance n~ ::: 1~'1lii1n'=! 11 ~n~-:ivi'1l'hJriu11 mr~'1ltJ1'll'1l-.lL 'l!~~lJ:::1r..i1nPi 
L \i '1l 'l"l1 n m riJ1fi n1riut11'1l1l nr.i1 m 'il~~lvlL ~lJ~\J'ilU1 -.llJ1 nvi11 iXmhJ on?l :::'i'\W11tl L UL 'ilMhJ:::Lr -.l n1i11nii 

" •Jvi'iJ'l1..im5{fuu1'1l'1l n"nm'l!~~ m1Junr.i::: on-ri:::'i'\lJ1lv1u~:::'JJ11'l!~~lJ:::Lr-i1v1 r.i1nn15H verapamil '~u~1,~1 
\J 

1iX1'l!~~lJ:::1r..i~~1lt11n~u'l'lvi'ilt11~n r.i1m1u'lm1l.l~vid~..iilmnhm verapamil mHL~'1l reverse 

ch loroquine resistance 1rn~'1l Plasmodium falciparum 11~:::rlu~1 verapamil vi1liX1~'1:l~~'1lt11 
f'\Ml Lrf'l1\Jn~UM1YILUUL~'1l~l'lvJ'1l)J1f'l~'1l lrn1u1v\' 

ur.i1uuiJn1r1i verapamil L~'1:lL'rl°'rl.lqYlif'll'1l-.lt11'JJ1lJ:::L~-.lLWJthu~fKmn ~·lu~1iJ MDR 1 gene 

expression L~'1l~f1..i P-glycoprotein mn~u ~1iifrn;1llJ1'i'l1L1u~~'ilU1f'l~'ilhri1m~u11 verapamil vi11iX 

1 ;'1l niu'hvi'1lmf'l~'1l hA11ll~'11n LV1tJ'lJ\J1V1U1 verapamil ~1 ~1uii~'1lVIY1Pi'i'l'1l-.l'IJ'ilUn~1'ilU1vi~iJqYJif1uu 
antimalarial drug L~'1lnu11 P-glycoprotein ~..iLum~'lU'vld..i•iJ'1l-.l pump ~..ivi1mX1~iuu1'1l'ilnr.i 1 m'l!~~ 
~vi'iltjLUYi'ln ATP-driven transport system r.i:::iJuYJu1Ylli1"1[1JLV1Uvi11 iX1 ~l.lniriucl1ut11f'l'i'l1l hA1't.!'1l'iln 

r.i1m'l!~~1V1U'1l1~U pump vi11iXiitfh11mu11uL'l!~~~mX'ilt1~..i 1w;'1:lm~11'1m'lu~1il gene 2 'Di1vi ~..i 
code P-glyco-protein '1ltj~..i1run11 pfmdr 1 L\~ ::: pfmdr 2 

'lv1ii111rnu11 calcium channel blockers (verapamil) lL'C'l::: calmodulin inhibitors iJ antima­

larial activity 't.!1lnr.i1mJuu..iYtu11 verapamil ~1mrnvi11lXL'll'i'l~lJ:; 1r..iLL~:: L~'1lm~11'1u~~'1lt11n~uil 
A'l1lJ1'l"11lm1l~n 1viu'llfiu1u11 mri'1lt11Lnm1ni'.inirnf1..i P-glycoprotein zj..i coded 1viu MDR 1 
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Llmu) pfmdr1 \L'WL~'ill-J1~1L1u) L~l-Jmn:nu P-glycoprotein zj,:iLi'Ju~'lu'vlti'l'll'il-1 pump ~A'iltJ'tlUtl1'il'iln 
"nm'D~'il d'.Ju·ou'lumr~vY'il.:iml'lu ATP vh1iXih.Rl-J1cum~Pi1LLml.:i'il'ilnqviif,r'ilu~.:i verapamil LL~.:i~{u 
'll'il.:im ~.:i{unu P-glyco-protein vh1iX m1iJnniU'il'iln"l1m'D~'il~.:iilmrn:;~w11u1uL'D~~ Ld'il.:i"l1n 

\I ' " . 
calc iurn antagonists ilqvifiuJ'il'vl~'ilCi1L~'il Ci1 ir'l1r.i ~'lumrHmn~l-JW'il1r.ivi11iXLn'11 'il1mr-il1.:iLAtJ.:iLnmnu 

r:;uu'vlJ.Jm1uuL~'ilCi11v1 , 
mv11uuA~LzjtJJ.JLuun~J.Jm~ilrihL"1ll.:in1r'il'iln qvii1!ii\1~1rnL"1.:i 1umrfnt11LrAvi1.:ir:;uu1"1m1uu 

L~'iloi LL~:;r:;uuth:;~1vi 'il1f'i'un1rn'ilnqviif'll'il'ltJ1~.:iPi1lL'vlW'l'il'il n qvii'iltj~ voltagesensit ive L-type 

channel u'iln"nn{unu channel 'W'il nr.i1 n~unu channel m~1dLL~'l calcium antagonist u.:i{u1v1nu 

hh~u~.:iLllu transporter L'iiu ATP-dependent effux pump (p-glycoprotein) uulil aff inity ~1n-l1 . 
L-type channels u'iln"nmruu.:iilmrr1uviu-l1 L~'ilH isomers 'll'il-1 verapamil, gallopamil LL~:; devapamil 

zj~~unu L-channels 1~1iJ~ n;·1u-l1vi11 iXL ~'il~~'ilmn-5uilf'l'l1J.J1'luJ'iltl11vIBn o1.:i~ULLU'lVl1'1uJ'ilhJi'i'il 
mrntnmJ.Jmm~'il'ilnqvii~ P-glycoprotein 'loium.:iLL~:;iJ affinity ~.:i L~'il"11im~u.:i'il1n11-il1.:iLAtJ'l 

I I ,,, I.I 

nulLu'il.:ir.i1nilnu.:i1url1u1Yilllu calmodulin inhibitors ~1u'lumnuuu.:imrLr.i1qJL~ULITT'll'il'lL:fi'il 

l-J1~1L1tJ 1~ UVlU1Vl'il'il'lLIAm zjtJl-J~ L~tJ'l rlU~11~VltJ1'il'il'lL ~'il LL~:; n11~'ilm"l :; UJ'il .:iiJm1~nt11uJ'il 1 U 
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