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late  apoptosis  and  necrosis.  Apart  from  that,  most  of  the  cells  underwent  chromatin 
 condensation  and  size  shrinkage.  The  results  were  more  prominent  for  72  hours 
 treatment duration whereby some of the cells membranes have ruptured and releases its 
 content  which  is  a  characteristic  of  necrosis.  This  assay  establishes  that  necrosis  cell 
 death only occur with minimal treatment of 100 µM of the selected compounds.  


Staining  cells  simultaneously  with  Annexin  V-FITC/PI  dye  allows  the 
 differentiation of healthy cells, early apoptosis, late apoptosis and debris/necrosis. All 
 the  untreated  cells  showed  percentage  of  viable  cells  of  above  90  %.  For  treatment 
 duration of 24 hours, most of the cells showed percentage of cell viability above 80 % 
 for concentration up to 50 µM. Annexin V-FITC/PI assay showed that there are only 
 minimal  changes  in  number  of  healthy  and  apoptotic  cells  for  24  hours  treatment 
 duration. P(tsc)T exhibited the most potent cytotoxic property with significant drop of 
 approximately 50 % cell viability for 72 hours treatment duration with merely 10 µM of 
 the compound. EP(tsc)T also exhibited potent cytotoxic property  with significant drop 
 of approximately 70 % viable cells in comparison to the untreated cells, with treatment 
 of 50 µM for the same duration. 


Cell  cycle  regulatory  functions  in  cancer  cells  are  usually  impaired;  hence 
 arresting  cell  cycle  progression  might  be  an  effective  strategy  in  preventing 
 proliferation of cancer cells. In this study, the cell cycle results clearly indicate that all 
 the selected compounds were able to arrest the cell cycle at the G0/G1. The results were 
 more  prominent  with  72  hours  treatment  duration.  Metabolic  depletion  and  DNA 
 damage are some of the general reason that prevents progression from G1 to S phase. 


Cyclins  and  cyclin  dependent  kinases  (cdks)  are  often  associated  with  progression  of 
 cell cycle from G1 to S phase. The results in this study showed prominent cell cycle 
 arrest  at  G0/G1  phase,  therefore  indicates  that  the  compounds  might  have  indirectly 
 suppress CDK complexes, thus causing apoptosis. 
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Mitochondrial  membrane  potential  ΔΨm,  is  a  valuable  indicator  which  can  be 
 used to measure the mitochondrial health. Mitochondria are known to play important 
 roles  in  the  apoptotic  mechanism  via  several  pathways  which  include  disrupting 
 electron  transport  chain  and  energy  metabolism,  releasing  or  activating  proteins  that 
 mediate apoptosis and altering cellular redox potential (D'Souza et al., 2011). All the 
 selected compounds showed a drastic drop in the membrane potential with increasing 
 concentration  of  the  compounds.  The  result  implies  that  the  apoptosis  by  the 
 compounds could be due to mitochondria mediated pathway, although this may not be 
 the only conclusive pathway. Currently it is widely accepted that mitochondria play a 
 key role in the regulation of apoptosis. Depletion of mitochondrial membrane potential 
 releases  pro-apoptotic  proteins  such  as  cytochrome  C,  that  normally  present  in  the 
 intermembrane  space  of  these  organelles.  These  led  to  the  cleavage  of  caspases  and 
 activation of downstream cell death mechanisms (Esmaeili et al., 2016). 
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CHAPTER 5 


CONCLUSIONS AND RECOMMENDATIONS 


Thiosemicarbazone has been the subject of great interest of many researchers for 
 its  wide  spectrum  of  pharmaceutical  properties.  Keeping  in  mind  a  
 mitochondria-targeting treatment strategy could be a promising avenue for cancer therapy, therefore 
 in  this  study  liphophilic  triphenylphosphonium  moiety  have  been  successfully 
 conjugated  to  thiosemicarbazone.  Since  Schiff  bases  from  thiosemicarbazone  family 
 with N(4) substituent have been reported to boost cytotoxic properties, compounds that 
 could penetrate mitochondrial membrane and accumulate inside mitochondrial matrix 
 have been developed in present study. There is strong evidence to support the rationale 
 for the development of anticancer compound based on mitochondrial targeting. 


Seven triphenylphosphonium containing thiosemicarbazone derivatives [(tsc)T, 
 P(tsc)T,  FP(tsc)T,  E(tsc)T,  EP(tsc)T,  M(tsc)T  and  DM(tsc)T]  and  
 (3-formyl-4-hydroxyphenyl)methyltriphenylphosphonium (T) itself  as  the  starting  material  were 
 successfully  prepared  in  this  research.  The  thiosemicarbazones  were  prepared  by 
 condensation  reaction  of  (T)  with  thiosemicarbazide  and  its  N-(4)-substituted 
 derivatives. The compounds were characterized by CHN, IR, 1H NMR, 13C NMR and 
 HRMS which were in conformity with the structure of targeted compounds. The results 
 from elemental analysis are in good agreement  with the proposed structures and thus 
 strongly  affirm  that  the  proposed  compounds  have  been  formed.  The  structure  of  
 (tsc)T, P(tsc)T, E(tsc)T, FP(tsc)T and DM(tsc)T have been solved by single crystal 
 X-ray  crystallography  and  the  analysis  reveals  that  all  compounds  crystallized  in  the 
 monoclinic system except for P(tsc)T in the triclinic form. 
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The  structure  activity  relationship  showed  that  thiosemicarbazone  N(4)  atom 
 substituted  with  phenyl  compound  enhances  the  cytotoxicity  properties  of  the 
 compound. These compounds showed that an optimum electron density, a substituent 
 bulkiness or a proton donating ability in the C-5 phenyl ring may be closely related for 
 maximum cytotoxic activity against human cancer cell lines. Ethyl and fluorine attached 
 to the phenyl ring further enhance the growth inhibitory effect of the compound. The 
 findings from the current research will definitely provide an insight in drug discovery 
 and development.  


Among  all  the  human  cell  lines  tested,  the  compounds  exhibit  most  potent 
 cytotoxic  properties  towards  PC-3  cell  line.  Biological  studies  reveals  that,  the 
 ethylphenyl moiety at the N(4) atom of thiosemicarbazone exerts the strongest cytotoxic 
 activity among all the compounds tested. This finding clearly showed that presence of 
 bulky group at N(4) positions of the thiosemicarbazone moiety; somehow, enhances the 
 cytotoxic effect of the compounds as claimed in literatures. 


With all the results taken together, these selected compounds would serve as a 
 lead scaffold for rational anticancer agent development. For future studies incorporation 
 of metal complexes into this ligand might enhance the cytotoxicity and selectivity of the 
 compounds. Consequently, in vivo research will definitely give a better overall effect of 
 an  experiment  as  in  vivo  studies  will  provide  information  for  various 
 pharmacokinetic/pharmacodynamics  of  a  drug  such  as  absorption,  distribution, 
 metabolism,  elimination  and  toxicity.  For  targeted  therapies,  measuring  the  tissue 
 concentration and whether the compound has successfully modulated the target would 
 provide a major insight in this research. 
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