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ABSTRACT 


Cancer  remains  one  of  the  world’s  most  fatal  diseases;  with  about  12.7  million  new 
 cases  and  7.6  million  cancer  death  every  year  worldwide.  Nanotechnology  has 
 tremendous potential to make an important contribution in cancer prevention, diagnosis 
 and  treatment.  Paclitaxel  has  been  shown  to  exhibit  significant  anticancer  activity  in 
 various  cancers  like  cell  lung  cancer,  head  and  neck  carcinomas  and  in  various  solid 
 tumors,  including  ovarian,  breast,  etc.  Use  of  paclitaxel  is  hindered  due  to  its  high 
 toxicity,  reduced  bioavailability,  non  specificity  and  poor  solubility  in  aqueous 
 solution. In the present study, polylactic acid (PLA) based copolymers were studied as 
 drug  delivery  system  for  cancer  therapy.  PLA72K-PEG4K  block  copolymers  were 
 successfully synthesized by conjugating PLA72K  with PEG4K by Steglich esterification 
 reaction using N, N, Dicyclohexylcarbodiimide (DCC) and 4-Dimethyl aminopyridine 
 (DMAP).  PLA72K-PEG4K-FA  was  also  prepared  by  conjugating  folic  acid  (FA)  with 
 PLA72K-PEG4K.  Characterization  of  the  synthesized  block  copolymers  was  done  by 
 FTIR  and  NMR  spectroscopy.  PLA  showed  Mw  of  72487,  on  coupling  with  PEG  (4 
 kDa)  Mw  increased  to  78416  as  measured  by  GPC  confirming  that  single  block  of 
 PEG4K  was  coupled  with  single  block  of  PLA72K  to  give  a  PLA72K-PEG4K  diblock. 


Preparation  of  PTX  loaded  PLA72K-PEG4K  and  PLA72K-PEG4K-FA  nanoparticles    was 
 performed  using  double  emulsion  solvent  evaporation  method  and  drug  loaded 
 polymeric nanoparticles (NPs) were characterized by DLS and SEM. The particle size 
 of  PLA,  PLA72K-PEG4K  and  PLA72K-PEG4K-FA  NPs  was  found  to  be  125±  3.6  nm, 
 114± 3.7nm  and 110± 2.5 nm and increased upto 132 ±4.5 nm, 122± 4.6 nm and 124± 


4.8  nm    respectively  after  loading  of  PTX.  Encapsulation  efficiency  of  the  PLA72K-
PEG4K-FA nanoparticles is slightly  less (83.93%) than that obtained with the PLA72K-
PEG4K  nanoparticles  (87.53  %). In  vitro  release  of  PTX  from  PLA72K–PEG4K and 



(8)PLA72K-PEG4K-FA nanoparticles were 47% and 43% over 7 days, 79% and 72% over 
 60 days time period. Rate of release is slightly less in PLA72K-PEG4K-FA probably due 
 to hydrophobic aromatic structure of folic acid present on the surface of NPs. In-vitro 
 cellular uptake of PLA72K-PEG4K and PLA72K-PEG4K-FA nanoparticles in MCF-7 cells 
 was performed with rhodamine B (RhB) loaded NPs for 6 hrs and 9 hrs, indicated more 
 efficient  cellular  uptake  by  folate  receptors  mediated  endocytosis  in  these  cells.  The 
 cell  viability  of  PTX-PLA72K-PEG4K  and  PTX-PLA72K-PEG4K-FA  nanoparticles  was 
 evaluated in various cancer cell lines using MTT assay with PTX concentration (PTX) 
 in the range of 0.01−10 μg/ml upto 72 hrs. The inhibitory concentration (IC50) for PTX-
 PLA72K-PEG4K  and  PTX-PLA72K-PEG4K-FA  was  very  low  for  MCF-7  cells  line 
 approximately 100ng/mL and 10 ng/ml at 72hrs respectively, while in A549 inhibitory 
 concentration  (IC50)  was  around  1000  ng/ml  at  72  hrs  respectively.Confocal 
 microscopy  and  flow  cytometry  results  further  supported  the  cellular  uptake  and 
 apoptosis  of  cancer  cells  with  PTX-PLA72K-PEG4K  and  PTX-PLA72K-PEG4K-FA 
 nanoparticles. Administration of 60 mg/kg PTX equivalent of PTX-PLA72K-PEG4K and 
 PTX-PLA72K-PEG4K-FA  nanoparticles  by  intraperitoneal  injection  at  1st,  8th,  15th,  and 
 23rd  day  in  EAT  tumor-bearing  syngeneic  BALB/c  mice  showed  significant  tumor 
 growth inhibition with improved apoptosis effects in comparison with Taxol® without 
 showing any cytotoxicity. On the basis of preliminary results, no subacute toxicity was 
 observed in major organs, tissues and hematological system up to a dose of 60 mg/kg 
 body  weight  in  mice.  PTX-PLA72K-PEG4K-FA  nanoparticles  showed  95%  tumor 
 inhibition  without  any  relapse  and  may  be  considered  as  an  alternative  nanodrug 
 delivery system for delivery of PTX in solid tumor. 


MUC1  oncoprotein  plays  an  important  functional  role  in  the  development  of  human 
breast  and other types of cancers. GO-203 is  a  16 amino acid  peptide (sequence from 



(9)MUC1-CD domain) with a potential anti-cancer activity. GO-203 therapeutic peptide is 
easily degraded by proteolytic degradation and showed short circulation half-life. These 
drawbacks can be overcome by using nanoparticles nanoplatforms and delivery system 
may also allow higher dosing of GO-203 with less pronounced anaphylactoid reactions 
often  associated  with  intravenous  delivery  of  protein  therapeutics.  Diblock  PLA72K-
PEG4K  and  tetrablock  PLA72K-(PEG-PPG-PEG)12.5K  were  synthesized  by  Steglich 
esterification  reaction    and  GO-203  loaded  peptide  NPs  with  65%  loading  efficiency 
were  prepared  by  double  emulsion  solvent  evaporation  technique.  In  terms  of 
cumulative  release,  over  50%  of  the  encapsulated  GO-203  was  released  by  day  7, 
prolonged  and  sustained  release  of  GO-203  was  observed  till  60  days  from  both  the 
NPs.  However,  the  release  profile  of  GO-203  from  PLA72K-(PEG-PPG-PEG)12.5K
nanoparticles  was  slower  and  more  sustained  than  PLA72K-PEG4K  at  pH  7.4  due  to 
hydrophobic  nature  of  the  PPG  in  (PEG-PPG-PEG)12.5K  block.  Rhodamine  B  loaded 
NPs  showed  significant  uptake  in  MCF-7  cells  from  3  to  12  hrs  as  confirmed  by 
Confocal  Laser  Scanning  Microscope  (CLSM)  studies  indicated  significant  cellular 
uptake of NPs in MCF-7 cells. Confocal microscopy and flow cytometry results further 
supported  the  cell  uptake  and  apoptosis  of  cancer  cells  with  GO-203-PLA72K-(PEG-
PPG-PEG)12.5K nanoparticles. Taken together, these findings indicate that encapsulation 
of  GO-203  in  polymeric  NPs  is  an  effective  approach  for  the  delivery  of  GO-203  to 
cancer cells.  Administration of GO-203-PLA72K-(PEG-PPG-PEG)12.5K nanoparticles at 
a  dose  of  20  mg/kg  weekly  intraperitoneal  injection  for  3  weeks  showed  significant 
tumor  growth  inhibition in  vivo  in  EAT  and  xenograft  tumor  model.  These  studies 
confirm the strong potential of PLA72K-(PEG-PPG-PEG)12.5K nanoparticles as a vehicle 
for delivery of anticancer peptides. 
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