ANTIPLASMODIAL ACTIVITY OF HARMERIY EL HARMINEOUMARIN HYBRIDS
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Introduction

Malaria still posesa major global health burden due to the Harmine,the most notable representativeof the I -carboline
lack of an effective vaccineand the emergenceof resistant alkaloids,possesses wide range of biologicalactivities such
strains of Plasmodiumparasitesto the existing antimalarial as anticancer, antiviral, anti-inflammatory or antimalarial It
drugs Despite years of continuous progress, World Malaria has been shown that harmine is a selective inhibitor of P
Report2021estimatesthat there were 241 million new malaria falciparum heat shock protein 90 (PfHs®0), a molecular
casesin 2020 alone, leadingto 627 thousand malariarelated chaperonethat playsa critical role in parasitic signalingand
deaths Comparedo 2019, this representsan increaseof 6%in cell division (Shahinaset al., 2012. Our researchgroup has
malaria casesand 12% in malaria deaths mainly due to the previously designedand synthesizedharminecinnamic acid
disruptionto servicegduringthe COVIBL9 pandemic hybrids (harmicine$ and confirmed by molecular dynamics

Since malaria, a mosquitoborne parasitic disease, Is that the most activetriazoletype hybridsbind within the ATP
characterizedby asymptomaticliver and symptomatic blood bindingsite of PHs®@O0 (t S NJ & &1,R2@20 a | NRA yeald A
stagesin humans(Figurel), an effective and safe antimalarial 2021). Similarly, coumarins, naturally occurring compounds
drug active against both stagesof the parasite would be a whosestructuresare derivedfrom cinnamicacid,alsopossess
valuable tool in the fight against malaria The molecular a wide variety of biological activities, including antimalarial
hybridization (MH) concept Is one of the widely applied The coumarinsare thought to act through the inhibition of

Figurel. An illustration of the life cycle of thealariacausing

approachesin the rational drug designwhere two or more . .
PP J J parasitesof the genusPlasmodim (source www.cdc.gov/

biologically active molecules or their pharmacophoresare

DNA gyrase, an enzyme present in the apicoplast of the
Plasmodiumparasite Targetingthe plasmodial DNA gyrase

combinedto form a new hybrid compound(Figure2) (Zhanget malariaabout/biology). could lead to the Iinhibition of apicoplast replication and
al., 2017). TheMH approachis particularlyusefulfor targeting subsequentdeath of the parasite(Yadawet al., 2018).
complexdiseasessuchasmalaria Since harmirins combine two biologically active molecules

In our previouspaper,we haveemployedthe MH conceptin (harmine and coumarin)with different modes of action, the
the designand synthesisof harmirins and investigatedtheir combinedchemotherapylike effect of suchhybrids might be
antiproliferativeactivities Harmirinsare the hybrid compounds achieved . To that end, we have decidedto Iinvestigatethe
comprising both harmine and coumarin pharmacophores antiplasmodialactivity of harmirins againstthe erythrocytic
linkedby a 1,2,3-triazole(Schemel) 6 t | ek, 2021). stageof chloroquine(CQ)jsensitiveand CQresistantstrainsof

o0~ Figure2. Designof the hybrid molecules(source Zhangetal., P, falciparum P13D7 and PIDd2, respectively
§ Q/ " 2017)
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= In vitro drug sensitivityassayagainsterythrocyticstagesof P, falciparum

HARMINE

Antiplasmodiaklctivity of harmirinswasevaluatedagainsttwo laboratoryP, falciparumstrains(P3D7 and PIDd2),

2 ©/\j Q4 > asdescribedpreviously usingthe histidinerich protein 2 assayd a | NAef&.,@028. Briefly, 96-well plateswere
3 \ &(\O@ENC& COUMARIN g Nﬁ/\o% pre-coated with the tested compoundsin a three-fold dilution before ring-stage parasiteswere added to the
N Then ﬂ N completeculture mediumat a hematocritof 1.5% and a parasitemiaof 0.05% After three daysof incubationat 37
g _ : 5a-d " °C,5% CQ and 5% oxygen, plates were frozen until analyzedby HRR-ELISAAIl compoundswere evaluatedin
oo e duplicatein at leasttwo independentexperiments ThelC,, wasdeterminedby nonlinearregressiornanalysisof log
8@(9 —|— ch4 ~ concentratiorresponsecurvesusingthe drc-packagev0.9.0 of Rv2.6.1.
e Table 1. In vitro screeningof harmirins againstthe erythrocytic

stageof P, falciparum3D7 and Dd2 strainsand Hek293T cellline.

Schemeél. Novelharmirinsg harminezcoumarinhybrids

3D7 i HekessT
Five seriesof harmirins (4a-d, 5a-d, 11a-d, 12a-d, and 13a-d), which differ by the position of the coumarinbased >111 >111 >50
substituentson the ) -carbolinecore (G1, G3, O-6, O-7 or N-9 position, respectively) were previouslydescribedby our >21.8 121&1(1); 26.0£1.0
researchgroup In eachseries,four different substituentsat position 6 of the coumarinring (-H, -CH, -ClI,-F)were varied zééé SEE G 45>5:% 5
ot | ePal,@02). >27.8 >27.8 6.5+1.6
Forthe In vitro antiplasmodialscreeningagainstthe erythrocyticstagesof the Plasmodiumife cycle,we selectedtwo >27.8 >27.8 27.3:2.1
strainsof P, falciparum¢ CQsensitive(Pf3D7) and CQresistant(PDdR2) strain. ThecommonlyusedantimalarialdrugsCQ 7.5t1.5 0.1+1.1 8.540.3
and primaquine(PQ)were usedaspositivecontrols Theresultswere comparedwith the parentcompoundharmine To 232; '184 1;2 583 ;'Zfé'g
assesshe selectivityof harmirins,we usedthe resultsof the cytotoxicityevaluationof harmirinsagainstthe humannon- 3 éio.é 3.510.6 21 2td 1
cancercell line Hek93T from our previous paper (i.e., the selectivity index (Sl)was calculatedas a fractional ratio 5 01 1 4.8+1 6 12 2+1.0
betweenthe IG,, valuesfor Hek293T andthe IC,, valuesfor Pf3D7 or PIDA2) 6 t I eal., @021). 23.1+11.1 13.3t5.6 6.9+0.6
heresultsare presentedin Tablel. Generallythe antiplasmodialactivity againsterythrocytic stagesof Plasmodium 15.3:0.1 14.8:2.2 14.7£0.8
parasitedecreasedasfollows. 11 (O-6) > 12 (0-7) > 13 (N-9) >5 (G3) >4 (CG1). Interestingly,this pattern is in complete 3.x0.8 4.440.4 >0
agreementwith the pattern of antiproliferative activity againstfour human cancercell lines reported in our previous z;gg :i?i 46;?3 !
papero t | & &l02021). The most active compoundsllb,c, 12b and 5c, bearing the largest substituentson the ~27 8 >27 8 12 41 1
coumarinring, methyl or chlorine, showedthe highestantiplasmodialactivity at one-digit micromolar concentrations >22.2 >22.2 >50
(1G, = 3.5¢7.5 uM) which were the sameorder of magnitudeasthe standardantimalarialdrug PQ(IC, = 1.5 uM). The >22.2 >17.1 >50
only active compoundbearinga small substituent (fluorine) on the coumarinring was N-9 substituted derivative 13d. (.92.7 6.120.6 3.9+0.3
. . . . . . . 0.0110.003 0.36:0.07 34.01+2.84
However, this compound was non-selective All the abovementioned compoundsexhibited higher antiplasmodial 1 o " 37 64:0 65

activity than the parent compound harmine, especiallyagainstthe CQresistant strain PIDA2. To our delight, we  ac_ " ihe concentration that causes 50% growth inhibition:
discoveredthat O-7 substitutedharmirin with a methyl group on the coumarinring, 12b, wasagainthe most promising P‘Determined on PfNF54 strain (3D7 is a clone of NF54);
hybrid due to the most favorableSI(SI> 11.4), aswasthe casein the antiproliferative assay Thisfinding could further ~ M- nottested

supportthe hiddenconnectionsbetween malariaand cancer Harmirin 12b was followed by O-6 substitutedderivative

11b (SI~5.5). Thetwo compoundsare structurallyvery similarasboth bearsubstituentsat the neighboringpositionsof  Malaria  Biology ¢ Lifecycle (2020  www.cdcgov/malaria/about/
i : : S - - biologyindex.html

the ) .carbolmecore (6 am_:i 7), bridgedby an ether, and a bulky methyl group on the coumarlnrlng. It IS worth.notmg Al NAy 2GRS Euw 1 Med Chem 224 (202) 113687 dof

that, in the caseof harmirins,the 1G, valuesfor both tested strainswere comparable while the 1G, of CQagainstthe  10.1016j.ejmech2021113687

CQresistant strain PDA2 was one order of magnitude larger than the I1G,, againstthe CQsensitive strain Pf3D7. ! ! @0k Molecules26(2021) 6490 doi: 10.3390molecule6216490
t SNJ 2eédAab, Eur J Med. Chem 187 (2020 111927 do:

However,all harmirinswere still significantlylessactivethan CQagainstthe tested strains 10.3390molecule26216490
Shahinaset al., Antimicroh Agents Chemother 56 (2012 42074213 doi:

Conclusion 10.1128AAC0032812

We have evaluatedin vitro antiplasmodialactivity againstthe erythrocytic stage of P falciparum of five seriesof World malaria report 2021 - hitps://www who.int/teams/globatmalaria
programme/reports/worldmalariareport-2021

harmirins, hybrid moleculesof alkaloid harmine and coumarinderivativesconnectedvia triazole linker Compoundl2b  vaday et al, Eur 1 Med. Chem 145 (2018 735745 doi:
showedthe highestactivity againstthe tested P, falciparumstrainsandthe lowestcytotoxicityagainstnon-cancercellline ~ 10.1016].ejmech201801.017 |

: .. C g : : . : Zhanget al., ElsevierAmsterdam(2017) pp. 219¢237. doi: 10.1016B978-0-08-
Hek293. Howeverall harmirinswere significantlylessactivethan CQagainstboth tested strains Tofurther evaluatetheir  1910112.000088

potential asantimalarialagents the activity againstnepaticstagesof the Plasmodiunparasiteneedsto be investigated  This work has been fully supported by the Croatian -._ HrZZ

Sciencd~-oundationunder the project numberUIR2017- ik
05-5160 oungstan.



