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ABSTRACT 

The st udy synt hesized mono carbonyl  anal ogs  of  curcumi n,  t he aryl  hydrazone deri vati ves  of  t he 

mono carbonyl  curcumi n anal ogs  and a  2, 4-di nitrophenyl  pyrazol one deri vati ve of  curcumi n 

itself.  The synt hesized co mpounds  were t hen characterized,  docked wit h pl as mepsi n II,  and t he 

acut e t oxi city of  t he synthesi zed co mpounds  as  well  as  t he percent age chemosuppressi on of  t he 

rodent  strai n of  mal aria parasite ( Pl as modi um berghei)  NK65( CS)  were det er mi ned.  Thi s  was 

wi t h a vi ew t o est ablishing t he co mpounds  suitabl e f or  a curati ve assay and di scoveri ng ne w 

pot ent  and rel ati vel y non-t oxi c synt hetic anal ogs  of  curcumi n t hat  could be used t o co mbat 

Pl as modi um f al ci parum whi ch is t he mal aria causal organis m i n man.  

The monocarbonyl  curcu mi ns  were synt hesized by a  si mpl e Cl aisen- Schmi dt  condensati on 

reacti on by reacti ng two mol ar  equi val ents  of  a  substit uted benzaldehyde wit h a mol ar 

equi val ent  of  acet one i n aci di c/ basic conditi ons  to yi el d co mpounds  1a- 7a.  The monocarbonyl 

curcumi ns  were t hen react ed wit h a mol ar  equi valent  of  2, 4-di nitrophenyl  hydrazi ne wit h stirri ng 

in et hanol  (at  room t e mperat ure)  under  aci d cat alysis  for  18 hrs  t o yi el d the correspondi ng DNP 

hydrazone 1b- 7b.  Co mpound 3a was  react ed wi t h 4- nitro phenyl hydrazi ne under  t he sa me 

conditi ons  as  DNP whi ch resulted i nt o a pyrazoline,  3c.  Curcumi n was  also react ed wit h DNP 

under  t he sa me conditi on t o yi el d a pyrazol one,  11e.  The synt hesized co mpounds  were t hen 

charact erized usi ng spectroscopi c t echni ques  such as  UV- Vi si bl e,  I R,  1 H and 13 C NMR 

spectroscopy.  The synt hesized co mpounds  were docked wit h pl as mepsi n II,  one of  t he enzy mes 

used by t he parasite t o digest  hae mogl obi n,  usi ng fl exX,  a part  of  t he LeadI T t ools  t o esti mat e 

the bi ndi ng affi nit y of  t he co mpounds  f or  t he pr otei n as  a  f uncti on of  antimal arial  acti vit y.  All 

the synt hesi zed co mpounds  were t ested i n-vi vo usi ng a  f our  day che mosuppressi ve assay f or 

their  anti mal arial  acti vit y.  The t est  ani mals  were monit ored after war ds  f or 24 days  t o assess  t he 
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long t er m effect  of  t he drug on t he t est  models  and t o esti mat e t he survi val i ndex ( SI)  of  t he t est 

models  wit h respect  t o the t est  compounds.  The co mpounds  were ad mi nistered usi ng a  li pi d 

based dr ug deli very syste m ( cott on seed oil  was  used as  t he vehi cle f or  t he co mpounds 

admi nistered orall y).   

The bi ndi ng energi es  co mput ed f or  t he co mpounds  ranged from - 19.29 t o - 35. 96 kJ/ mol. 

Chl oroqui ne was  used as a  control  mol ecul e and all  t he co mpounds  had bindi ng affi nit y great er 

than t hat  of  chl oroqui ne (-17. 02 kJ/ mol).  So me  of  t he co mpounds  docked had hi gh affi nit y f or 

the pl as mepsi n II.  Co mpounds  1b,  4b,  5b,  6a,  6b,  7b and 10b had bi ndi ng ener gi es  rangi ng from 

-25 t o - 36 kJ/ mol.  Among t he co mpounds  listed,  onl y co mpound 6a was  a monocar bonyl 

curcumi n anal og of  curcu mi n.  Co mpounds  1a ( 83. 72 % che mosuppressi on at  200 mg/ kg and SI 

of  68. 75 %),  2b ( 81. 93% che mosuppressi on at  200 mg/ kg and SI  of  50 %),  3a ( 58. 62 % 

che mosuppressi on at  200 mg/ kg and SI  of  100 %) ,  5a ( 66. 59 % che mosuppressi on at  100 mg/ kg 

and SI  of  68. 75 %),  6a (71. 2 % che mosuppression at  50 mg/ kg and SI  of  46. 15 %)  and 11e 

(74. 09 % che mosuppression at  50 mg/ kg and SI  of  54. 55 %)  were t he compounds  t hat  had t he 

best combi nati on of survival i ndex and che mosuppressi on profiles.  

Thi s  st udy concl uded t hat  t he co mpounds  1a,  2b,  3a,  5a,  6a and 11e  had high che mosuppressi on 

compared t o curcumi n whi ch was  co mparabl e t o chl oroqui ne and coul d t herefore be sel ect ed f or 

a curati ve i n-vivo assay.  
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CHAPTER ONE  

1. 0.                                    I NTRODUCTI ON 

Mal aria i s  a  deadl y i nfecti ous  di sease caused by a  bl ood-borne pr otozoan of  t he genus 

Pl as modi um ( P)  and i s  trans mitted by t he fe mal e Anophel es  mosquit o.  There are mor e t han 120 

speci es  of  t he pr ot ozoan from t he genus  Pl as modium of  whi ch fi ve are currentl y known t o i nfect 

hu mans:  P.  f al ci parum,  P.  vi vax,  P.  mal ari ae,  P.  knowelsi  and P.  ovale.  ( Chi n et  al.,  1965; 

Jongwuti wes  et  al.,  2004;  Cox- Si ngh et  al.,  2008).  Mal aria i s  t he second l eadi ng cause of  deat h 

from i nfecti ous  di sease in Afri ca,  where 89 % of  worl dwi de mal aria deaths  occur  ( Fi gure 1. 1) 

( About  mal aria – CDC,  2014).  Accor di ng t o t he worl d healt h or gani zati on’s  st atistics  on mal aria, 

over  200 milli on peopl e (i ncl udi ng chil dren)  are i nfect ed yearl y.  In 2012 mal aria caused 207 

mi lli on cli nical  episodes, and 627,  000 peopl e di ed from mal aria and t he nu mber  has  i ncreased 

steadil y si nce then.  

Mal aria i s  charact erized by peri odi c bouts  of  severe chills and hi gh fever.  Seri ous  cases  of 

mal aria can result  i n death i f  l eft  untreat ed.  Among t he fi ve speci es  of  t he pl as modi um known t o 

afflict  hu mans,  P.  f al ci parum causes  t he most  severe f or m of  hu man mal aria and results i n a 

maj orit y of t he report ed fat alities worl dwi de.  

Aft er repeat ed i nfecti ons, peopl e who li ve i n regi ons  where mal aria i s preval ent  devel op a 

li mited i mmunit y t o t he di sease.  This  partial  protecti on does  not  prevent  the m from devel opi ng 

mal aria agai n,  but  does pr ot ect  t he m agai nst  t he most  seri ous  effects  of  t he i nfecti on.  They 

generall y devel op a mil d f or m of  t he di sease t hat does  not  l ast  l ong and i s  unli kel y t o be fat al. 

Infants  and chil dren are especi ally vul nerabl e to mal aria because t hey have not  yet  built  up 

i mmunit y t o t he parasite. So me  peopl e have genetic traits t hat  hel p t he m r esist  mal aria.  Si ckle-
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cell  ane mi a and t hal asse mi a,  for  exa mpl e,  are i nherited bl ood di sorders  li nked t o mal ari a 

resistance. Over t he years, the mal aria parasite has devel oped resist ance t o existi ng drugs used  

 

 

 

 

 

 

 

 

 

 

 

Fi gure 1. 1: Ext ent of Malaria Trans mi ssi on i n Different Regi ons of t he World as at 2010.  
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Source i s  Centre f or  Di sease Trans mi ssi on and Control,  Unit ed St at es  of  Ameri ca,  www. cdc. gov 

(“Gui deli nes  f or  t he Treat ment  of  Mal aria” Worl d Healt h Or gani zati on. 

<htt p:// heli d. di gi collecti on. org/ en/ d/Js13418e/ 14. 6. ht ml >).  

 

 

to treat  t he di sease.  Recent  dat a reveals  docu ment ed cases  of  dr ug resistance by Pl as modi um 

falci parum – t he strai n that  causes  t he most  severe cli ni cal  mani festati on of  t he di sease i n man 

(Fi gure 1. 2).  

Art e mi si ni n i n co mbi nation wit h ot her  anti mal arial  drugs  i s  t he preferred mode of  treat ment 

nowadays  due t o l ow r esistance of  t he parasite t o arte mi sisni n.  Recently,  however,  cases  of   

resistance t o art e mi si ni n have been reported i n Ca mbodi a and Thailand (Dondor p et  al.,  2009). 

The devel opment  of  resistance t o existi ng dr ugs  by t he parasites  makes  i t  expedi ent  t hat  ne w 

anti mal aria drugs are devel oped for t he treat ment of t he disease.  

The di sease vect or  (fe mal e anophel es  mosquit o)  also constit ute a pr obl em i n t he eradi cati on of 

the di sease.  Att e mpt s  t o eradi cat e t he di sease i n t he absence of  a vacci ne has  pr oved aborti ve 

over  t he years  because of t he conti nued existence of  t he di sease vect or  i n areas  where t he di sease 

is ende mi c.  When i ndi viduals  are treat ed effecti vel y wit h existi ng dr ugs,  i t  cannot  be guarant eed 

that  t hey will  not  co me  down wit h t he di sease agai n si nce t hey are still  exposed t o t he di sease 

vect or.  The areas  where the di sease i s  ende mi c are areas  where t he vect or  thri ves  and i s  difficult 

to eradi cat e.  The vect or  thri ves  i n war m r egi ons  of  t he eart h.  The fe mal es  whi ch trans mit  t he 

di sease l ay t heir  eggs  i n wat er  where t heir  l arvae devel op and mat ure.  Due t o t he preval ence of 

the mosquit o i n mal ari a ende mi c regi ons,  basi c anti mosquit o measures  have been e mpl oyed such 

as  drai ni ng sites  where mosquit oes  l ay t heir  eggs,  coveri ng wat er  channels,  use of  i nsectici de-
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treated bed nets,  sprayi ng of  i nsectici des  and i ntroduci ng i nt o ponds  fish that  feed on mosquit o 

larvae.  The United St ates virtuall y eradi cat ed mal aria i n t he l at e 1940s  and earl y 1950s  t hr ough 

the use of  t he i nsectici de DDT.  Ho wever,  DDT was  l ater  banned i n t he United St at es  and many 

ot her  countries  because of  its  har mf ul  effects  on t he environment.  Mor eover,  many speci es  of 

Anophel es  mosquit oes  are now r esistant  t o a wi de range of  i nsectici des, i ncl udi ng DDT,  as  a 

result of t he wi despread use of t hese che mi cals. Ne wer  
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Fi gure 1. 2: Dat a on Reported Cases of P. falci parum Resistance t o Cli nical Anti mal arials  

“ Gui deli nes for t he Treatment of Mal aria” Worl d Healt h Or gani zati on.  

<htt p:// heli d. di gi collecti on. org/ en/ d/Js13418e/ 14. 6. ht ml >).  
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