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1. INTRODUCTION 


1.1 DRUG DELIVERY SYSTEM1: 


Over  the  past  three  decades,  a  great  deal  of  attention  has  been  focused  on  the 
 development  of new drug delivery system. There are many reasons  for the interest  into this 
 drug delivery system. They are 


  As  bringing  new  drug  entities  into  the  market  is  an  expensive  and  time 
 consuming process, development of new drug delivery is profitable. 


  New  system  is  needed  to  deliver  novel,  genetically  engineered 
 pharmaceuticals  such  as  protein  and  peptides  to  their  sites  of  action  without 
 biological inactivation. 


  To  improve  therapeutically  efficacy  and  safety  of  conventional  drug  both  by 
 reducing size and number of doses. 


Two important features are important while developing a drug delivery system. i.e. It 
 should deliver drug at a rate dictated by needs of body over the entire period of treatment and 
 the drug should solely reach the site of action. 


1.2 NOVEL DRUG DELIVERY SYSTEM (2, 3)


The method by which a drug is delivered can have a significant effect on its efficacy. 


Some drugs have an optimum concentration range within which maximum benefit is derived, 
 and concentrations above or below this range can be toxic or produce no therapeutic benefit 
 at  all.  On  the  other  hand,  the  very  slow  progress  in  the  efficacy  of  the  treatment  of  severe 
 diseases,  has  suggested  a  growing  need  for  a  multidisciplinary  approach  to  the  delivery  of 
 therapeutics  to  targets  in  tissues.  From  this,  new ideas  on  controlling  the  pharmacokinetics, 
 pharmacodynamics,  non-specific  toxicity,  immunogenicity,  biorecognition,  and  efficacy  of 
 drugs  were  generated.  These  new  strategies,  often  called  drug  delivery  systems  (DDS),  are 
 based  on  interdisciplinary  approaches  that  combine  polymer  science,  pharmaceutics, 
 bioconjugate chemistry, and molecular biology. 


To  minimize  drug  degradation  and  loss,  to  prevent  harmful  side-effects  and  to 
increase  drug  bioavailability  and  the  fraction  of  the  drug  accumulated  in  the  required  zone, 
various  drug  delivery  and  drug  targeting  systems  are  currently  under  development.  Among 
drug  carriers  one  can  name  soluble  polymers,  microparticles  made  of  insoluble  or 
biodegradable natural and synthetic polymers, microcapsules, cells, cell ghosts, lipoproteins, 
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liposomes, and micelles. The carriers can be made slowly degradable, stimuli-reactive (e.g., 
 pH  or  temperature-sensitive),  and  even  targeted  (e.g.,  by  conjugating  them  with  specific 
 antibodies against certain characteristic components of the area of interest). Targeting is the 
 ability to direct the drug-loaded system to the site of interest. Two major mechanisms can be 
 distinguished  for  addressing  the  desired  sites  for  drug  release:  (i)  passive  and  (ii)  active 
 targeting.  An  example  of  passive  targeting  is  the  preferential  accumulation  of 
 chemotherapeutic agents in solid tumors as a result of the enhanced vascular permeability of 
 tumor  tissues  compared  with  healthy  tissue.  A  strategy  that  could  allow  active  targeting 
 involves  the  surface  functionalization  of  drug  carriers  with  ligands  that  are  selectively 
 recognized  by  receptors  on  the  surface  of  the  cells  of  interest.  Since  ligand–receptor 
 interactions  can  be  highly  selective,  this  could  allow  a  more  precise  targeting  of  the  site  of 
 interest. 


Controlled  drug  release  and  subsequent  biodegradation  are  important  for  developing 
 successful  formulations.  Potential  release  mechanisms  involve:  (i)  desorption  of  surface-
 bound /adsorbed drugs; (ii) diffusion through the carrier matrix; (iii) diffusion (in the case of 
 nanocapsules)  through  the  carrier  wall;  (iv)  carrier  matrix  erosion;  and  (v)  a  combined 
 erosion  /diffusion  process.  The  mode  of  delivery  can  be  the  difference  between  a  drug’s 
 success  and  failure,  as  the  choice  of  a  drug  is  often  influenced  by  the  way  the  medicine  is 
 administered. Sustained (or continuous) release of a drug involves  polymers that release the 
 drug at a controlled rate due to diffusion out of the polymer or by degradation of the polymer 
 over  time.  Pulsatile  release  is  often  the  preferred  method  of  drug  delivery,  as  it  closely 
 mimics  the  way  by  which  the  body  naturally  produces  hormones  such  as  insulin.  It  is 
 achieved by using drug-carrying polymers that respond to specific stimuli (e.g., exposure to 
 light, changes in pH or temperature). 


For  over  20  years,  researchers  have  appreciated  the  potential  benefits  of 
 nanotechnology  in  providing  vast  improvements  in  drug  delivery  and  drug  targeting. 


Improving  delivery  techniques  that  minimize  toxicity  and  improve  efficacy  offers  great 
potential benefits to patients, and opens up new markets for pharmaceutical and drug delivery 
companies.  Other  approaches  to  drug  delivery  are  focused  on  crossing  particular  physical 
barriers,  such  as  the  blood  brain  barrier,  in  order  to  better  target  the  drug  and  improve  its 
effectiveness; or on finding alternative and acceptable routes for the delivery of protein drugs 
other than via the gastro-intestinal tract, where degradation can occur. 
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Drug Delivery Carriers 


Colloidal  drug  carrier  systems  such  as  micellar  solutions,  vesicle  and  liquid  crystal 
 dispersions,  as  well  as  nanoparticle  dispersions  consisting  of  small  particles  of  10–400  nm 
 diameter show great promise as drug delivery systems. When developing these formulations, 
 the goal is to obtain systems with optimized drug loading and release properties, long shelf-
 life and low toxicity. The incorporated drug participates in the microstructure of the system, 
 and  may  even  influence  it  due  to  molecular  interactions,  especially  if  the  drug  possesses 
 amphiphilic and/or mesogenic properties. 


Fig.1: Schematic representation of various Pharmaceutical carriers 


 Nanotechnology4


Nanotechnology  is  science  of  matter  and  material  that  deal  with  the  particle  size  in 
 nanometers. The word’ nano’ is derived from latin word, which means dwarf (1nm=10-9m). 


Nanomedicine  deals  with  comprehensive  monitoring,  control,  construction,  repair,  defense 
 and improve human biological system at molecular level using engineered nanostructures and 
 nanodevices. 


Pharmaceutical nanotechnology embraces applications of nanoscience to pharmacy as 
 nanomaterials, and as devices like drug delivery, diagnostic, imaging and biosensor materials. 


Pharmaceutical  nanotechnology  has  provided  more  fine-tuned  diagnosis  and  focused 
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treatment  of  disease  at  a  molecular  level.  It  helps  in  detecting  the  antigen  associated  with 
 diseases such  as cancer,  diabetes mellitus,  neuro  degenerative diseases,  as well as  detecting 
 the microorganisms  and virus associated with  infections.  In pharmacy size reduction has  an 
 important application as drugs in the nanometre size range enhance performance in a variety 
 of dosage forms. 


ADVANTAGES OF NANOPARTICLES 
 1. Increased surface area. 


2. Enhanced solubility. 


3. Increased rate of dissolution.  


4. Increased in oral bioavailability.  


5. Less amount of dose required & reduces the number of doses.  


6. Protection of drug from degradation.  


7. More rapid onset of therapeutic action.  


8. Achievement of drug targeting. 


9. Passive targeting of drugs to the macrophages present in the liver and Spleen. 


       10. Increased efficacy and therapeutic index. 


       11. Increased stability via encapsulation. 


       12. Improved pharmacokinetic effect. 


       13. Entrap both hydrophilic & lipophilic drug Protect entrapped drug from   
      enzymatic degradation. 


       14. Large variety of drugs (antineoplastic, antibiotic), peptides or protein (including  
      antibodies),  viruses  and  bacteria  can  be  incorporated  into  nanoparticles. 


       15. Nanoparticles encapsulated drugs are delivered intact to various tissue and cells  
      and can be released when nanoparticles are destroyed ,enabling site specific and  
      targeted drug delivery. 


      16. Other tissues and cells of the body are protected from drug until it is released by  
       nanoparticles thus decreasing drug toxicity. 


Polymers used in Nanoparticle 
  Polymeric Nanoparticles5


The  polymeric  nanoparticles  (PNPs)  are  prepared  from  biocompatible  and 
biodegradable polymers in size between 10-1000 nm where the drug is dissolved, entrapped, 
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encapsulated or attached to a nanoparticle matrix. Depending upon the method of preparation 
 nanoparticles,  nanospheres  or  nanocapsules  can  be  obtained.  Nanocapsules  are  systems  in 
 which  the  drug  is  confined  to  a  cavity  surrounded  by  a  unique  polymer  membrane,  while 
 nanospheres  are  matrix  systems  in  which  the  drug  is  physically  and  uniformly  dispersed6,7. 
 The  field  of  polymer  nanoparticles  (PNPs)  is  quickly  expanding  and  playing  an  important 
 role  in  a  wide  spectrum  of  areas  ranging  from  electronics,  photonics,  conducting  materials, 
 sensors, medicine, biotechnology, pollution control  and environmental technology8-16. PNPs 
 are  promising  vehicles  for  drug  delivery  by  easy  manipulation  to  prepare  carriers  with  the 
 objective  of  delivering  the  drugs  to  specific  target,  such  an  advantage  improves  the  drug 
 safety17.  Polymer-based  nanoparticles  effectively  carry  drugs,  proteins,  and  DNA  to  target 
 cells  and  organs.  Their  nanometre-size  promotes  effective  permeation  through  cell 
 membranes and stability in the blood stream. Polymers are very convenient materials for the 
 manufacture  of  countless  and  varied  molecular  designs  that  can  be  integrated  into  unique 
 nanoparticle  constructs  with  many  potential  medical  applications18.  Several  methods  have 
 been  developed  during  the  last  two  decades  for  preparation  of  PNPs,  these  techniques  are 
 classified according to  whether the particle  formation  involves a polymerization reaction or 
 nanoparticles  form  directly  from  a  macromolecule  or  preformed  polymer  or  ionic  gelation 
 method. 


Fig.2: Difference between the nanosphere and nanocapsule 


 Advantages of polymeric nanoparticles 19, 20.


  Increases  the  stability  of  any  volatile  pharmaceutical  agents,  easily  and  cheaply 
 fabricated in large quantities by a multitude of methods. 


  They offer a significant  improvement over traditional  oral  and intravenous methods 
of administration in terms of efficiency and effectiveness.  
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  Delivers a higher concentration of pharmaceutical agent to a desired location.  


  The  choice  of  polymer  and  the  ability  to  modify  drug  release  from  polymeric 
 nanoparticles  have  made  them  ideal  candidates  for  cancer  therapy,  delivery  of 
 vaccines, contraceptives and delivery of targeted antibiotics. 


  Polymeric  nanoparticles  can  be  easily  incorporated  into  other  activities  related  to 
 drug delivery, such as tissue engineering.  


Polymers used in preparation of nanoparticles  
 Characteristic features of polymers21.


A polymer used in controlled drug delivery formulations, must be: 


  Chemically inert 


  Non-toxic 


  Free of leachable impurities 


  An appropriate physical structure 


  With minimal undesired aging 


  Readily processable 


Classification:   


Polymers are classified as22-25
  A) Natural polymers: 


  Gums (Ex. Acacia, Guar, etc.) 


  Chitosan 


  Gelatin 


  Sodium alginate 


  Albumin 
 B) Synthetic polymers: 


      a) Nonbiodegradable:   


  Cellulosics 


  Poly(2-hydroxy ethyl methacrylate) 


  Poly (N-vinyl pyrrolidone) 


  Poly(methyl methacrylate) 


  Poly (vinyl alcohol). 


  Poly (acrylic acid). 
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  Polyacrylamide. 


  Poly (ethylene-co-vinyl acetate). 


  Poly (ethylene glycol). 


  Poly (methacrylic acid). 


    


      b) Biodegradable 


  Polylactides (PLA). 


  Polyglycolides (PGA). 


  Poly (lactide-co-glycolides) (PLGA). 


  Polyanhydrides. 


  Polyorthoesters. 


  Polycyanoacrylates 


  Polycaprolactone 


Originally,  polylactides  and  polyglycolides  were  used  as  absorbable  suture   material. 


The  main  advantage  of  these  degradable  polymers  is  that  they  are   broken  down  into 
 biologically  acceptable  molecules  that  are  metabolized  and  removed  from  the  body  via 
 normal  metabolic  pathways.  However, biodegradable  materials  do  produce  degradation  by-
 products  that  must  be  tolerated  with  little  or  no  adverse  reactions  within  the  biological 
 environment. 


Mechanism of drug release21


The polymeric drug carriers deliver the drug at the tissue site by any one of the three 
 general physicochemical mechanisms.  


1.  By  the  swelling  of  the  polymer  nanoparticles  by  hydration  followed  by  release 
 through diffusion.  


2.  By  an  enzymatic  reaction  resulting  in  rupture  or  cleavage  or  degradation  of  the 
 polymer at site of delivery, there by releasing the drug from the entrapped inner core.  


3.  Dissociation  of  the  drug  from  the  polymer  and  its  de-adsorption/release  from  the 
 swelled nanoparticles. 


Techniques of preparation  



(19)1.  Introduction 


Department of Pharmaceutics, Madras Medical College Page 8 


The properties of PNPs have to be optimized depending on the particular application. 


In order to achieve the properties of interest, the mode of preparation plays a vital role. Thus, 
 it  is  highly  advantageous  to  have  preparation  techniques  at  hand  to  obtain  PNPs  with  the 
 desired  properties  for  a  particular  application.  Different  techniques  like  polymerization, 
 preformed polymers or ionic gelation etc., are used. 


Methods for preparation of nanoparticles from dispersion of preformed polymer  


Dispersion  of  drug  in  preformed  polymers  is  a  common  technique  used  to  prepare 
 biodegradable nanoparticles from poly (lactic acid) (PLA), poly (D, L-glycolide) (PLG), poly 
 (D,  L-lactide-co-glycolide)  (PLGA)  and  poly  (cyanoacrylate)  (PCA).  These  can  be 
 accomplished by different methods described below.  


a) Solvent evaporation  
 b) Nanoprecipitation  


c) Emulsification/solvent diffusion  
 d) Salting out  


e) Dialysis  


f) Supercritical fluid technology (SCF) 


Methods for preparation of nanoparticles from polymerization of monomers  
 a) Emulsion  


b) Mini emulsion  
 c) Micro emulsion  


d) Interfacial polymerization  


e) Controlled/Living radical polymerization(C/LRP)  
 Ionic gelation or coacervation of hydrophilic polymers 
 Solvent evaporation  


Solvent evaporation was the first method developed to prepare PNPs. In this method, 
polymer solutions are prepared in volatile solvents and emulsions are formulated. In the past, 
dichloromethane and chloroform preformed polymer were widely used, but are now replaced 
with ethyl acetate which has a better toxicological profile. The emulsion is converted into a 
nanoparticle  suspension  on  evaporation  of  the  solvent  for  the  polymer,  which  is  allowed  to 
diffuse through the continuous phase of the emulsion. In the conventional methods, two main 
strategies are being used for the formation of emulsions, the preparation of single-emulsions, 
e.g.,  oil-in-water  (o/w)  or  double-emulsions,  e.g.,  (water-in-oil)-in-water,  (w/o)/w.  These 
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methods utilize high-speed homogenization or ultrasonication, followed by evaporation of the 
 solvent,  either  by  continuous  magnetic  stirring  at  room  temperature  or  under  reduced 
 pressure. Afterwards, the solidified nanoparticles can be collected by ultracentrifugation and 
 washed  with  distilled  water  to  remove  additives  such  as  surfactants.  Finally,  the  product  is 
 lyophilized.26,  27  Particle  size  was  found  to  be  influenced  by  the  type  and  concentrations  of 
 stabilizer, homogenizer speed and polymer concentration. In order to produce small particle 
 size, often a high-speed homogenization or ultrasonication may be employed. 


Fig.3: Schematic representation of the solvent-evaporation technique27


Nanoprecipitation  


Nanoprecipitation  is  also  called  solvent  displacement  method.  It  involves  the 
precipitation  of  a  preformed  polymer  from  an  organic  solution  and  the  diffusion  of  the 
organic  solvent  in  the  aqueous  medium  in  the  presence  or  absence  of  a  surfactant28-31.  The 
polymer  generally  PLA,  is  dissolved  in  a  water-miscible  solvent  of  intermediate  polarity, 
leading  to  the  precipitation  of  nanospheres.  This  phase  is  injected  into  a  stirred  aqueous 
solution containing a stabilizer as a surfactant. Polymer deposition on the interface between 
the  water  and  the  organic  solvent,  caused  by  fast  diffusion  of  the  solvent,  leads  to  the 
instantaneous  formation  of  a  colloidal  suspension.  To  facilitate  the  formation  of  colloidal 
polymer particles during the first step of the procedure, phase separation is performed with a 
totally miscible solvent that is  also  a non-solvent of the polymer.  The solvent  displacement 
technique  allows  the  preparation  of  nanocapsules  when  a  small  volume  of  nontoxic  oil  is 
incorporated  in  the  organic  phase.  Considering  the  oil-based  central  cavities  of  the 
nanocapsules,  high  loading  efficiencies  are  generally  reported  for  lipophilic  drugs  when 
nanocapsules  are  prepared.  The  usefulness  of  this  simple  technique32  is  limited  to  water-
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miscible  solvents,  in  which  the  diffusion  rate  is  enough  to  produce  spontaneous 
 emulsification. Then, even though some water-miscible solvents produce a certain instability 
 when  mixed  in  water,  spontaneous  emulsification  is  not  observed  if  the  coalescence  rate  of 
 the formed droplets is sufficiently high33. Although, acetone/dichloromethane (ICH, class 2) 
 are used to dissolve and increase the entrapment of drugs, the dichloromethane increases the 
 mean particle size34 and is considered toxic. This method is basically applicable to lipophilic 
 drugs  because  of  the  miscibility  of  the  solvent  with  the  aqueous  phase,  and  it  is  not  an 
 efficient means to encapsulate water-soluble drugs. This method has been applied to various 
 polymeric  materials  such  as  PLGA,  PLA,  PCL,  and  poly  (methyl  vinyl  ether-comaleic 
 anhydride) (PVM/MA). This technique was well adapted for the incorporation of cyclosporin 
 A,  because  entrapment  efficiencies  as  high  as  98%  were  obtained.  Highly  loaded 
 nanoparticulate  systems  based  on  amphiphilic  h-cyclodextrins  to  facilitate  the  parenteral 
 administration  of  the  poorly  soluble  antifungal  drugs  Bifonazole  and  Clotrimazole  were 
 prepared according to the solvent displacement method 


. 


Fig.4 Schematic representation of the nanoprecipitation technique. 


Surfactant is optional. 


Emulsification/solvent diffusion (ESD)  


This is a modified version of solvent evaporation method. The encapsulating polymer 
is  dissolved  in  a  partially  water  soluble  solvent  such  as  propylene  carbonate  and  saturated 
with water to ensure the initial thermodynamic equilibrium of both liquids. In fact, to produce 
the precipitation of the polymer and the consequent formation of nanoparticles, it is necessary 
to promote the diffusion of the solvent of the dispersed phase by dilution with an excess of 
water when the organic solvent is partly miscible with water or with another organic solvent 



(22)1.  Introduction 


Department of Pharmaceutics, Madras Medical College Page 11 


in the opposite case. Subsequently, the polymer-water saturated solvent phase is emulsified in 
 an  aqueous  solution  containing  stabilizer,  leading  to  solvent  diffusion  to  the  external  phase 
 and  the  formation  of  nanospheres  or  nanocapsules,  according  to  the  oil-to-polymer  ratio. 


Finally,  the  solvent  is  eliminated  by  evaporation  or  filtration,  according  to  its  boiling 
 point.This  technique  presents  several  advantages,  such  as  high  encapsulation  efficiencies 
 (generally  >70%),  no  need  for  homogenization,  high  batch-to-batch  reproducibility,  ease  of 
 scale-up,  simplicity,  and  narrow  size  distribution.  Disadvantages  are  the  high  volumes  of 
 water  to  be  eliminated  from  the  suspension  and  the  leakage  of  water-soluble  drug  into  the 
 saturated-aqueous external phase during emulsification, reducing encapsulation efficiency7,27. 
 As with some of the other techniques, this one is efficient in encapsulating lipophilic drugs32. 
 Several  drug-loaded  nanoparticles  were  produced  by  the  ESD  technique,  including 
 mesotetra(hydroxyphenyl)porphyrin-loaded  PLGA  (p-THPP)  nanoparticles,  doxorubicin-
 loaded PLGA nanoparticles, plasmid DNA-loaded PLA nanoparticles, coumarin-loaded PLA 
 nanoparticles,  indocyanine,  cyclosporine  (Cy-A)-loaded  gelatin  and  cyclosporin  (Cy-A)-
 loaded sodium glycolate nanoparticles 


Fig.5: Schematic representation of the emulsification/solvent diffusion technique 
 Salting out  


Salting  out  is  based  on  the  separation  of  a  water  miscible  solvent  from  aqueous 
solution  via  a  salting  out  effect.  The  salting  out  procedure  can  be  considered  as  a 
modification of the emulsification/solvent diffusion. Polymer and drug are initially dissolved 
in a solvent such as acetone, which is subsequently emulsified into an aqueous gel containing 
the  salting-out  agent  (electrolytes,  such  as  magnesium  chloride,  calcium  chloride,  and 
magnesium  acetate,  or  non-  electrolytes  such  as  sucrose)  and  a  colloidal  stabilizer  such  as 
polyvinylpyrrolidone  or  hydroxyethylcellulose.  This  oil/water  emulsion  is  diluted  with  a 
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sufficient  volume  of  water  or  aqueous  solution  to  enhance  the  diffusion  of  acetone  into  the 
 aqueous phase, thus inducing the formation of nanospheres27. The selection of the salting out 
 agent is important, because it can play an important role in the encapsulation efficiency of the 
 drug. Both the solvent and the salting out agent are then eliminated by cross-flow filtration. 


This technique used in the preparation of PLA, poly (methacrylic) acid, nanospheres leads to 
 high efficiency and is easily scaled up. The main advantage of salting out is that it minimizes 
 stress  to  protein encapsulants35. Salting out  does not  require an increase of temperature  and 
 therefore, may be useful when heat sensitive substances have to be processed36. The greatest 
 disadvantages  are  exclusive  application  to  lipophilic  drugs  and  the  extensive  nanoparticle 
 washing steps37. 


Fig.6: Schematic representation of the Salting out technique 
 Preparation of nanoparticles by polymerization of a monomer  


To  attain  the  desired  properties  for  a  particular  application,  suitable  polymer 
 nanoparticles must be designed, which can be done during the polymerization of monomers. 


Processes for the production of PNPs through the polymerization of monomers are discussed 
 below. 


Emulsion polymerization  


Emulsion  polymerization  is  one  of  the  fastest  methods  for  nanoparticle  preparation 
and is readily scalable. The method is classified into two categories, based on the use of an 
organic  or  aqueous  continuous  phase.  The  continuous  organic  phase  methodology  involves 
the dispersion of monomer into an emulsion or inverse microemulsion, or into a material in 
which  the  monomer  is  not  soluble  (nonsolvent)27.  Polyacrylamide  nanospheres  were 
produced  by  this  method.As  one  of  the  first  methods  for  production  of  nanoparticles, 



(24)1.  Introduction 


Department of Pharmaceutics, Madras Medical College Page 13 


surfactants  or  protective  soluble  polymers  were  used  to  prevent  aggregation  in  the  early 
 stages of polymerization. This procedure has become less important, because it requires toxic 
 organic  solvents,  surfactants,  monomers  and  initiator,  which  are  subsequently  eliminated 
 from the formed particles. As a result of the non-biodegradable nature of this polymer as well 
 as  the  difficult  procedure,  alternative  Approaches  are  of  greater  interest.  Later,  poly 
 (methylmethacrylate)  (PMMA),  poly  (ethylcyanoacrylate)  (PECA),  and 
 poly(butylcyanoacrylate)  nanoparticles  were  produced  by  dispersion  via  surfactants  into 
 solvents  such  as  cyclohexane  (ICH,  class  2),  n-pentane  (ICH,  class  3),  and  toluene  (ICH, 
 class 2) as the organic phase . In the aqueous continuous phase the monomer is dissolved in a 
 continuous  phase  that  is  usually  an  aqueous  solution,  and  the  surfactants  or  emulsifiers  are 
 not  needed.  The polymerization process  can be initiated by different  mechanisms.  Initiation 
 occurs when a monomer molecule dissolved in the continuous phase collides with an initiator 
 molecule that might be an ion or a free radical. Alternatively, the monomer molecule can be 
 transformed  into  an  initiating  radical  by  high-energy  radiation,  including  g-radiation,  or 
 ultraviolet  or  strong  visible  light.  Chain  growth  starts  when  initiated  monomer  ions  or 
 monomer  radicals  collide  with  other  monomer  molecules  according  to  an  anionic 
 polymerization mechanism. Phase separation and formation of solid particles can take place 
 before or after termination of the polymerization reaction.  


Interfacial polymerization  


It  is  one  of  the  well-established  methods  used  for  the  preparation  of  polymer 
 nanoparticles. It involves step polymerization of two reactive monomers or agents, which are 
 dissolved respectively in two phases (i.e., continuous- and dispersed-phase), and the reaction 
 takes  place  at  the  interface  of  the  two  liquids.  Nanometer-sized  hollow  polymer  particles 
 were  synthesized  by  employing  interfacial  cross-linking  reactions  as  polyaddition  and 
 polycondensation  or  radical  polymerization.  Oil-containing  nanocapsules  were  obtained  by 
 the polymerization of monomers at the oil/water interface of a very fine oil-in-water micro- 
 emulsion.  The  organic  solvent,  which  was  completely  miscible  with  water,  served  as  a 
 monomer vehicle and the interfacial polymerization of the monomer was believed to occur at 
 the  surface  of  the  oil  droplets  that  formed  during  emulsification.  To  promote  nanocapsule 
 formation,  the  use  of  aprotic  solvents,  such  as  acetone  and  acetonitrile  was  recommended. 


Protic  solvents,  such  as  ethanol,  n-butanol  and  isopropanol,  were  found  to  induce  the 
formation  of  nanospheres  in  addition  to  nanocapsules.  Alternatively,  water-containing 
nanocapsules  can be obtained by the interfacial polymerization of monomers in water-in-oil 
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micro-emulsions. In these systems, the polymer formed locally at the water-oil interface and 
 precipitated to produce the nanocapsule shell. 


Ionic gelation or coacervation of hydrophilic polymers  


Polymeric  nanoparticles  are  prepared  by  using  biodegradable  hydrophilic  polymers 
 such as chitosan, gelatin and sodium alginate. Calvo and co-workers developed a method for 
 preparing  hydrophilic  chitosan  nanoparticles  by  ionic  gelation.38,39 The  method  involves  a 
 mixture of two aqueous phases, of which one is the polymer chitosan, a di-block co-polymer 
 ethylene  oxide  or  propylene  oxide  (PEO-PPO)  and  the  other  is  a  poly  anion  sodium 
 tripolyphosphate.  In  this  method,  positively  charged  amino  group  of  chitosan  interacts  with 
 negative charged tripolyphosphate to form coacervates with a size in the range of nanometer. 


Coacervates  are  formed  as  a  result  of  electrostatic  interaction  between  two  aqueous  phases, 
 whereas, ionic gelation involves the material undergoing transition from liquid to gel due to 
 ionic interaction conditions at room temperature. 


Fig.7: Schematic representation of ionic gelation method 
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CHARACTERIZTION OF NANO PARTICLES4  


The  nanoparticles  are  generally  characterized  for  size,  density,  electrophoretic 
 mobility, angle of contact and specific surface area. Table.1 


Applications of Nanoparticulate Delivery Systems7


  Tumor targeting using nanoparticulate delivery systems 


  Long circulating nanoparticles 


  Reversion of multi drug resistance in tumor cells 


  Nanoparticles for oral delivery of peptides and proteins 


  Targetting of nanoparticles to epithelial cells in the GI tract using ligands 


  Nanoparticles for gene delivery 


  Nanoparticles for drug delivery into the brain 
 Future Opportunities and Challenges2,3


1.  Nanoparticles  and  nanoformulations  have  already  been  applied  as  drug  delivery 
 systems  with  great  success;  and  nanoparticulate  drug  delivery  systems  have  still  greater 
 potential for many applications, including anti-tumour therapy, gene therapy, AIDS therapy, 
 radiotherapy,  in  the  delivery  of  proteins,  antibiotics,  vaccines  and  as  vesicles  to  pass  the 
 blood-brain barrier. 


PARAMETERS   CHARACTERISATION METHODS  


Partical size and size 
 distribution  


Photon  correlation  spectroscopy  (PCS),  Laser  defractrometry, 
 Transmission  electron  microscopy,  Scanning  electron 
 icroscopy(SEM),  Atomic  force  microscopy(AFM),  Mercury 
 porositometry  


Charge determination    Laser Doppler Anemometry, Zeta potentiometer  


Surface hydrophobicity   Water contact angle measurements, Rose Bengal  (dye) binding, 
 Hydrophobic  interaction  chromatography,  X-ray  photoelectron 
 spectroscopy 


Chemical analysis of  
 surface  


 Static secondary ion mass spectrometry, Sorptometer  


Carrier drug interaction    FTIR, XRD, Differential Scanning Calorimetry  
 Nanoparticle dispersion 


stability  


 Critical flocculation temperature  
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2.  Nanoparticles  provide  massive  advantages  regarding  drug  targeting,  delivery 
 release and with their additional potential to combine diagnosis and therapy, emerge as one of 
 the  major  tools  in  nanomedicine.  The  main  goals  are  to  improve  their  stability  in  the 
 biological  environment,  to  mediate  the  bio-distribution  of  active  compounds,  improve  drug 
 loading, targeting, transport, release and interaction with biological barriers. The cytotoxicity 
 of nanoparticles or their degradation products remains a major problem and improvements in 
 biocompatibility obviously are a main concern of future research. 


3.  There  are  many  technological  challenges  to  be  met,  in  developing  the  following 
 techniques: 


  Nano-drug  delivery  systems  that  deliver  large  but  highly  localized  quantities 
 of drugs to specific areas to be released in controlled ways; 


  Controllable release profiles, especially for sensitive drugs; 


  Materials for nanoparticles that are biocompatible and biodegradable; 


  Architectures / structures, such as biomimetic polymers, nanotubes; 


  Technologies for self-assembly; 


  Functions  (active  drug  targeting,  on-command  delivery,  intelligent  drug 
 release  devices/bio  responsive  triggered  systems,  self-regulated  delivery 
 systems, systems interacting with the body, smart delivery); 


  Virus-like systems for intracellular delivery; 


  Nanoparticles  to  improve  devices  such  as  implantable  devices/nanochips  for 
 nanoparticle release, or multi reservoir drug delivery-chips; 


  Nanoparticles  for  tissue  engineering;  e.g.  for  the  delivery  of  cytokines  to 
 control  cellular  growth  and  differentiation,  and  stimulate  regeneration;  or  for 
 coating  implants  with  nanoparticles  in  biodegradable  polymer  layers  for 
 sustained release; 


  Advanced  polymeric  carriers  for  the  delivery  of  therapeutic  peptide/proteins 
 (biopharmaceutics); 


  And also in the development of: Combined therapy and medical imaging, for 
 example,  nanoparticles  for  diagnosis  and  manipulation  during  surgery  (e.g. 


thermotherapy with magnetic particles); 
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  Universal formulation schemes that can be used as intravenous, intramuscular 
 or peroral drugs 


  Cell and gene targeting systems. 


  User-friendly  lab-on-a-chip  devices  for  point-of-care  and  disease  prevention 
 and control at home. 


  Devices for detecting changes in magnetic or physical properties after specific 
 binding  of  ligands  on  paramagnetic  nanoparticles  that  can  correlate  with  the 
 amount of ligand. 


  Better disease markers in terms of sensitivity and specificity. 


Sustained Release Drug Delivery System40


Over the Past 30 years, as the expense and complications involved in marketing new 
 drug  entities  have  increased,  with  concomitant  recognition  of  the  therapeutic  advantages  of 
 Sustained  drug  delivery,  greater  attention  is  being  paid  on  development  of  oral  sustained 
 release drug delivery systems. The goal in designing sustained release drug delivery system is 
 to reduce the frequency of the dosing, reducing the dose & providing uniform drug delivery. 


So,  Sustained  release  dosage  form  is  a  dosage  form  that  releases  one  or  more  drugs 
 continuously  in  predetermined  pattern  for  a  fixed  period  of  time,  either  systemically  or 
 locally  to  specified  target  organ.  Sustained  release  dosage  forms  provide  better  control  of 
 plasma  drug  levels,  less  dosage  frequency,  less  side  effect,  increased  efficacy  and  constant 
 delivery. 


Fig.8: Classification of Modified Release Drug Delivery System 
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Sustained release drug delivery system  


It includes any drug delivery system achieves release of drug over an extended period 
 of  time,  which  not  depend  on  time.  Hydrophilic  polymer  matrix  is  widely  used  for 
 formulating  a  Sustained  dosage  form.  The  role  of  ideal  drug  delivery  system  is  to  provide 
 proper amount of drug at regular time interval & at right site of action to maintain therapeutic 
 range of drug in blood plasma. 


The  IR  drug  delivery  system  lacks  some  features  like  dose  maintenance,  sustained 
 release rate & site targeting. The oral Sustained drug delivery has some potential advantage 
 like  Sustained  release  rate  &  dose  maintenance  in  plasma.  The  SR  formulations  have  some 
 swelling  polymer  or  waxes  or  both  which  controls  the  release  rate.  The  use  of  reservoir 
 system is also well known for controlling release rate. 


Fg.9: Ideal Plasma Concentration Curves for Immediate Release, Zero Order Release, 
 Sustained Release Drug Delivery System 


ADVANTAGES OF SUSTAIN RELEASE DOSAGE FORMS41
 1. Reduction in frequency of intakes. 


2. Reduce side effects. 


3. Uniform release of drug over time. 


4. Better patient compliance 
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DISADVANTAGES OF SUSTAINED RELEASE DRUG DELIVERY 
 1. Increased cost. 


2. Toxicity due to dose dumping. 


3. Unpredictable and often poor in vitro-in vivo correlation. 


4.  Risk  of  side  effects  or  toxicity  upon  fast  release  of  contained  drug  (mechanical 
 failure,   chewing or masticating, alcohol intake). 


5. Increased potential for first- pass clearance. 


6. Need for additional patient education and counselling 


PRINCIPLE OF SUSTAINED RELEASE DRUG DELIVERY42 


The conventional dosage forms release their active ingredients into an absorption pool 
 immediately. This is illustrated in the following simple kinetic scheme. 


Dosage       Kr      Target       Ke 


      


From      Drug release       Area       Elimination


Fig.10: Conventional dosage form release 


The absorption pool represents a solution of the drug at the site of absorption, and the 
term  Kr,  Ka  and  Ke  are  first  order  rate-constant  for  drug  release,  absorption  and  overall 
elimination  respectively.  Immediate  drug  release  from  a  conventional  dosage  form  implies 
that Kr>>>>Ka. Alternatively speaking the absorption of drug across a biological membrane 
is the rate-limiting step. For non-immediate release dosage forms, Kr<<<Ka i.e. the release of 
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drug from the dosage form is the rate limiting step. This causes the above Kinetic scheme to 
 reduce to the following. 


Dosage      Kr      Absorption       Ka      Target      Ke 


From      Drug release        Pool      Absorption        Area       Elimination  


Fig.11: Sustained release 


Essentially,  the  absorptive  phase  of  the  kinetic  scheme  become  insignificant 
 compared  to  the  drug  release  phase.  Thus,  the  effort  to  develop  a  non-immediate  release 
 delivery system must be directed primarily at altering the release rate. The main objective in 
 designing a sustained release delivery system is to deliver drug at a rate necessary to achieve 
 and maintain a constant drug blood level. This rate should be analogous to that achieved by 
 continuous  intravenous  infusion  where  a  drug  is  provided  to  the  patient  at  a  constant  rate. 


This implies that the rate of delivery must be independent of the amount of drug remaining in 
 the dosage form and constant over time. It means that the drug release from the dosage form 
 should follows zero-order kinetics, as shown by the following equation: 


Kr° = Rate in = Rate out = Ke Cd Vd 
 Where, 


Kr°= Zero-order rate constant for drug release-Amount/time 
 Ke = First-order rate constant for overall drug elimination time-1
 Cd= Desired drug level in the body - Amount/volume, and 
 Vd= Volume space in which the drug is distributed-Liters 


The  value  of  Ke,  Cd  and  Vd  are  obtained  from  appropriately  designed  single  dose 
pharmacokinetic  study.  The  equation  can  be  used  to  calculate  the  zero  order  release  rate 
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constant.  For  many  drugs,  however,  more  complex  elimination  kinetics  and  other  factors 
 affecting their disposition are involved. This in turn affects the nature of the release kinetics 
 necessary to maintain a constant drug blood level. It is important to recognize that while zero-
 order  release  may  be  desirable  theoretically,  non-zero-order  release  may  be  equivalent 
 clinically  to  constant  release  in  many  cases.  Sustained-release  systems  include  any  drug-
 delivery  system  that  achieves  slow  release  of  drug  over  an  extended  period  of  time.  If  the 
 systems can provide some control, whether this being of a temporal or spatial nature, or both, 
 of  drug  release  in  the  body,  or  in  other  words,  the  system  is  successful  at  maintaining 
 constant drug levels in the target tissue or cells, it is considered a controlled-release system. 


Formulation strategy for oral SRDDS40


  Diffusion sustained system 


  Dissolution sustained system 


  Methods using ion exchange 


  Methods using osmotic pressure 


  pH independent formulation 


  Altered density formulation 
 Mechanism of drug release41


Diffusion  is  rate  limiting  Diffusion  is  driving  force  where  the  movement  of  drug 
 molecules  occurs  from  high  concentration  in  the  tablet  to  lower  concentration  in  gastro 
 intestinal  fluids.  This  movement  depends on surface area exposed to  gastric fluid, diffusion 
 pathway, drug concentration gradient and diffusion coefficient of the system 


Fig.12: Mechanism of drug release 
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In practice, we can follow either of the two methods, 


  The drug is formulated in an insoluble matrix; the gastric fluid penetrates the dosage 
 form and dissolves the medicament and release the drug through diffusion. 


  The drug particles are coated with polymer of defined thickness so as the portion of 
drug slowly diffuse through the polymer to maintain constant drug level in blood  
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2. LITERATURE REVIEW 


Ambike et  al., 43 formulated the surface solid dispersions (SSD) of Simvastatin to  improve 
 the aqueous solubility and dissolution rate to facilitate faster onset of action. Simvastatin is a 
 BCS  Class  II  drug  having  low  solubility  (1.45μg/ml)  and  therefore  low  oral  bioavailability 
 (5%).  SSDs  of  Simvastatin  with  two  different  superdisintegrants  in  three  different  drug–


carrier  ratios  were  prepared  by  a  coevaporation  method.  Surface  solid  dispersions  were 
 characterized  by  differential  scanning  calorimetry  (DSC),  powder  x-ray  diffractometry 
 (PXRD), scanning electron microscopy (SEM), and infrared spectroscopy (IR) and evaluated 
 for  drug  content,  saturation  solubility,  pH-dependent  solubility,  solubility  in  biorelevant 
 media (i.e., fasted-state simulated intestinal fluid [FaSSIF] and fed-state simulated intestinal 
 fluid  [FeSSIF]),  in  vitro  dissolution,  and  in  vivo  studies  by  a  Triton-induced 
 hypercholestermia model in rats. DSC studies revealed that there was no interaction between 
 drug and carrier, whereas the PXRD study demonstrated that there was a significant decrease 
 in  crystallinity  of  pure  drug  present  in  surface  solid  dispersions,  which  resulted  in  an 
 increased dissolution rate of Simvastatin. 


Galindo-Rodriguez et  al., 44 formulated  and  optimized  Repaglinide  (Rg)  loaded  Chitosan 
(CN) Nanoparticles as a sustained release. Repaglinide is an oral hypoglycemic agent of the 
meglitinide  analogue;  it  acts  by  increasing  insulin  secretion  but  binds  to  different  beta-cell 
receptor  sites  from  Sulphonylureas.  Chitosan,  a  polycationic  polymer,  comprising  d-
glucosamine  and  N-acetyl-d  glucosamine  linked  by  b-(1,  4)-glycosidic  bonds.  Repaglinide 
loaded chitosan nanoparticles were prepared by solvent evaporation method in three different 
ratios.  In  this  method  weighed  quantity  of  drug  and  polymer  were  dissolved  in  suitable 
organic solvent acetone and 2%  acetic acid (organic phase). This solution was added drop by 
drop  to  the  aqueous  phase  of  PVA  and  homogenized  using  homogenizer  at  18000  rpm 
followed by magnetic stirring for 2-3 h. The formed Rg-CN nanoparticles were recovered by 
centrifugation at 25,000 rpm for 15 min followed by washing thrice with petroleum ether and 
lyophilized.  The  prepared  nanoparticles  were  evaluated  for  particle  size,  Scanning  Electron 
Microscopy  (SEM),  Fourier  Transform  Infrared  spectroscopy  study  (FT-IR),  percentage 
yield,  drug  entrapment  and  for in  vitro  release  kinetics.  Among  the  three  different  ratio  1:4 
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ratio  shown  high  drug  loading  (11.22%  w/w)  and  encapsulation  efficiencies  (97.0%)  and 
 nanoparticle  recovery  (86.40%)  with  nanosize.  Scanning  electron  microscopy  exposed  that 
 nanoparticles were spherical in shape with a nearly smooth surface morphology. Particle size 
 was  analyzed  by  Malvern  particle  size  analyzer  and  shown  48-100  nm  range.  FT-IR  study 
 reveals  that,  there  was  no  interaction  between  Repaglinide  and  polymers.  Based  on  the in 
 vitro study, Repaglinide released from prepared formulation was slow and sustained over 15 
 days. Application of the in vitro drug release data to various kinetic equations indicated first 
 order release, swelling and diffusion mechanism from Repaglinide nanoparticle. 


 Bathool  et  al.,  45  formulated  and  evaluated  the  sustained  release  nanoparticles  of 
 Atorvastatin calcium. The nanoparticles were prepared by solvent evaporation method using 
 Chitosan  as  a  polymer.  Low  oral  bioavailability  of  Atorvastatin  calcium  (14%)  due  to  an 
 extensive  high  first-pass  effect  makes  it  as  prime  target  for  oral  sustained  drug  delivery. 


Weighed amount of drug and polymer were dissolved in suitable organic solvent DMSO and 
 2% acetic acid as an organic phase. This solution is added drop wise to aqueous solution of 
 Lutrol  F68  and  homogenized  at  25000rpm  followed  by  magnetic  stirring  for  4hrs. 


Nanoparticles  were  evaluated  for  its  particle  size,  scanning  electron  microscopy  (SEM), 
 Fourier-Transform  infrared  spectroscopy  (FTIR),  percentage  yield,  drug  entrapment  and  for 
 in vitro release kinetics. Among the four different ratios, 1:4 ratio showed high drug loading 
 and encapsulation efficiency. SEM studies shows that prepared nanoparticles were spherical 
 in shape with a smooth surface. Particle size of prepared nanoparticles was found to be in the 
 range between 142 nm to 221 nm. FTIR and DSC shows drug to polymer compatibility ruling 
 out any interactions. In vitro release study showed that the drug release was sustained up to 7 
 days. Hence, prepared nanoparticles proved to be promising dosage form for sustained drug 
 delivery of atorvastatin reducing dosing frequency, thus increasing the patient compliance. 


Ramani et  al., 46 formulated  and  evaluated  Nanoparticles  of  Simvastatin.  Simvastatin  was 
formulated  as  immediate  release.  Simvastatin  is  a  poorly  soluble  lipid  lowering  agent.  It’s 
Water  solubility  is  very  low,  approximately  30  μg/mL  and  poorly  absorbed  from  the 
gastrointestinal  (GI)  tract.  This  work  is  an  attempt  to  overcome  the  poor  solubility  and 
dissolution rate of simvastatin by using Nanosuspension technology. PVP and Tween 80 with 
Soybean Lecithin were used at different ratios as the surfactants. The formulations were done 
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by  Emulsion-solvent  evaporation  method  followed  by  freeze  drying.  The  formulated 
 nanoparticles  were  subjected  to  characterization  studies  like  Particle  size  analysis,  X-ray 
 diffraction studies, Differential Scanning Colorimetry, Scanning electron microscopy and UV 
 analysis. The dissolution test of tablets  containing the nanometric drug flakes  revealed that, 
 within  30  minutes,  89.76%  (w/w)  of  the  Simvastatin  in  the  tablet  was  dissolved.  In 
 comparison, the dissolution test of the conventional tablets revealed that under these testing 
 conditions  only  45.97%  (w/w)  Simvastatin  was  dissolved.  This  result  demonstrates  the 
 significant advantage of simvastatin nanoparticles over the conventional particulate drug and 
 the feasibility of the proposed method. 


 Suganeswari et  al., 47  prepared  the  nanoparticles  of  Hypolipidaemic  drug  (Atorvastatin 
 calcium) and Antihypertensive agent (Amlodipine besylate). Nanoparticles was prepared  by 
 nanoprecipitation method using tribloere polymeric stabilizer (Pluronic F68) and poly (D,L-
 lactide-co-glycolide) (PLGA) as  a biodegradable polymer. Nanoparticles  were characterized 
 for  size,  drug  loading,  and in  vitro  release.  Atorvastatin  calcium  is  a  second  generation  3- 
 hydroxy-3-methyl  glutarylCoA  reducatase  inhibitor  approved  for  clinical  use  as  a  lipid 
 lowering agent. Atorvastatin calcium has poor oral bioavailability (12%) and serious adverse 
 effects  like  rhabdomyolysis  on  chronic  administration.  Side  effect  of  Atorvastatin  was 
 reduced  60%  by  combining  with  Amlodipine.  The  Amlodipine  has  potency  to  promote  the 
 activity of Atorvastatin. A biodegradable nanoparticulate approach was introduced here with 
 a  view  to  improving  the  efficacy  and  safety  of  Atorvastatin  calcium.  The  nanoparticluate 
 suspension of Amlodipine is to improve its absorption rate and therapeutic efficacy. 


Anilkumar  j  Shinde  et  al.,  48  designed  and  evaluated  Polylactic-co-glycolic  acid 
 nanoparticles containing Simvastatin. Simvastatin is a lipid lowering agent, and BCS class-II 
 drug having low solubility and high permeability. Since Simvastatin undergoes extensive first 
 pass  extraction  in  the  liver,  the  availability  of  the  drug  to  the  general  circulation  is  low  (< 


5%).  Nanoparticles  were  prepared  by  precipitation-solvent  deposition  method  using  3²  full 
factorial  design.  From  the  preliminary  trials,  the  constraints  for  independent  variables  X1 
(amount  of  PLGA)  and  X2  (amount  of  Pleuronic  F-68)  have  been  fixed.  The  prepared 
formulations were further evaluated for drug content, in vitro drug release pattern, short term 
stability  and  drug  excipient  interactions.  The  application  of  factorial  design  gave  a 
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statistically  systematic  approach  for  the  formulation  and  optimization  of  nanoparticles  with 
 desired  particle  size  and  high  entrapment  efficiency.  Drug:  polymer  ratio  and  concentration 
 of  stabilizer  were  found  to  influence  the  particle  size  and  entrapment  efficiency  of 
 Simvastatin  loaded  PLGA  nanoparticles. In  vitro  drug  release  study  of  selected  factorial 
 formulations (PS1, PS4, PS7) showed, 84.56%, 89.65 % and 73.46 % release respectively in 
 24  hrs.  The  release  was  found  to  follow  first  order  release  kinetics  with  fickian  diffusion 
 mechanism for all batches. These results indicate that simvastatin loaded PLGA nanoparticles 
 could be effective in sustaining drug release for a prolonged period. 


Vikram  M.  Pandya  et  al., 49  studied  the  optimization  of  Nanosuspension  of  Simvastatin. 


Simvastatin  nanosuspension  was  prepared  by  nanoprecipitation.  Prepared  nanosuspension 
 was  evaluated  for  its  particle  size  and  in  vitro  dissolution  study  and  characterized  by 
 Differential  Scanning  Calorimetry  (DSC)  and  Scanning  Electron  Microscopy  (SEM).  A  23
 factorial design was employed to study the effect of independent variables, amount of PVPK-
 30  (X1),  amount  of  SLS  (X2)  and  organic  to  aqueous  solvent  ratio  (X3)  on  dependent 
 variables, particle size (nm) and time required to release 80% of drug (t80). The relationship 
 between the dependent and independent variables was further elucidated using multiple liner 
 regression analysis (MLRA). The obtained results showed that particle size (nm) and rate of 
 dissolution has been improved when nanosuspension prepared with the higher concentration 
 of  PVPK-30  with  the  higher  concentration  of  SLS  and  lower  concentration  of  organic  to 
 aqueous ratio, The rate of dissolution of the optimized nanosuspension was enhanced (80% in 
 20min), relative to  micronized suspension of Simvastatin (7.03% in  20 min), mainly due to 
 the  formation  of  nanosized  particles.  These  results  indicate  the  suitability  of  23  factorial 
 design for preparation of Simvastatin loaded nanosuspension significantly improved in vitro 
 dissolution rate, and thus possibly enhance fast onset of therapeutic drug effect. 


Adlin  jino  nesalin  J et  al., 50  formulated  and  evaluated  sustained  release  Nanoparticles  of 
 Flutamide. Flutamide, a substituted anilide, is  a potent antiandrogenic that has  been used in 
 the treatment  of prostate carcinoma having short biological half-life of 5-6 hrs; Nanoparticles 
 of  Flutamide  were  formulated  using  chitosan  polymer  by  ionic  gelation  technique. 


Nanoparticles  of  different  core:  coat  ratio  were  formulated  and  analyzed  for  total  drug 
content,  loading  efficiency,  particle  size  and in  vitro  drug  release  studies.  From  the  drug 
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release  studies  it  was  observed  that  nanoparticles  prepared  with  chitosan  in  the  core:  coat 
 ratio 1:4 gives better sustained release for about 12 hrs as compared to other formulations. 


Anilkumar J shinde et al., 51 studied the effect of nanoparticle formulation on serum lipids 
 in  albino  rats.  The  hypolipidemic  effect  was  compared  with  a  standard  dose  of  Lovastatin, 
 control and hyperlidemic control group. The rats were divided into four groups of six animals 
 each.  Test  Treatment  Group  (TTG),  Reference  Treatment  Group  (RTG),  Control  Treatment 
 Group  (CTG)  and  Hyperlidemic  Treatment  Group  (HTG).  The  treatment  was  given  for  21 
 days.  Each  treatment  group  received  daily  standard  cholesterol  diet,  orally  in  the  morning 
 throughout  21  days  to  induce  hyperlipidemia  except  control  treatment  group.  Test 
 formulation (TF), aqueous suspensions of Lovastatin (RF) administered oral dose was 1 mg 
 per animal once a day (equivalent to 10 mg kg–1 per day). Blood samples were collected at 
 predetermined time intervals viz., before treatment and after 5, 10, 15 and 21 days and serum 
 cholesterol, triglycerides and high density lipoproteins were measured. Serum levels on days 
 10  and  21  were  compared  using  students  paired  t-test  (p  <  0.001).  The  results  shows  that 
 plasma  CH  and  TG  levels  were  significantly  lower  (91.70±0.04  mg/dl,  145.50±0.03  mg/dl 
 respectively)  (p  <  0.001)  and  HDL-CH  levels  were  significantly  higher  (44.65±0.02  mg/dl, 
 p< 0.001) in TTG compared to RTG. There was a significant decrease in serum cholesterol in 
 nanoparticle formulation than standard drug. 


Vikram  M  Pandya et  al., 52 formulated  and  evaluated  Nanosuspension  of  Simvastatin  and 
 studied  the  effect  of  different  stabilizer  on  the  Simvastatin  Nanosuspension.  Simvastatin  is 
 BCS  class-II  drugs  having  low  solubility  and  high  permeability.  Prepared  nanosuspensions 
 was  evaluated  for  its  particle  size  study, in  vitro  dissolution  study  and  characterized  by 
 Screening  Electron  Microscopy  (SEM).  Nanosuspension  prepared  with  the  PVPK-30  has 
 improved  dissolution  rate  as  compare  to  all  other  stabilizer  because  of  decreases  in  particle 
 size  (417nm)  as  compared  to  micro  suspension  of  Simvastatin.  These  study  indicate  the 
 suitability of PVPK-30 as a stabilizer in the formulation of nanosuspension. 


Amir Dustgani et al., 53 synthesised and characterized novel biodegradable nanoparticles of 
Dexamethasone  sodium  phosphate.  Nanoparticles  prepared  by  ionic  gelation  method  using 
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Chitosan as a biodegradable polymer. Biodegradable nanoparticulate carriers, have important 
 potential  applications  for  administration  of  therapeutic  molecules.  Chitosan  based 
 nanoparticles  have  attracted  a  lot  of  attention  upon  their  biological  properties  such  as 
 biodegradability,  biocompatibility  and  bioadhesivity.  Drug  containing  nanoparticles  were 
 prepared with different amounts of drug. The mean size and size distribution of nanoparticles 
 were measured by dynamic laser light scattering. The mean particle size, varied in the range 
 of  250-350  nm.  Values  of  loading  capacity  and  loading  efficiency  varied  between  33.7%-
 72.2% and 44.5%-76.0% for prepared nanoparticles. 


Riddhi Dave and Rakesh Patel 54 prepared and evaluated chitosan nanoparticles containing 
 Doxorubicin.  Nanoparticles  prepared  by  w/o  emusion  method.  Polymeric  nanoparticles  are 
 recently  more  investigated  for  controlled  and  targeted  drug  delivery.  11  batches  of 
 nanoparticles were prepared using different concentration of oil, span 20, Chitosan and TPP. 


Formulations  were  evaluated  for  particle  size  analysis.  %  entrapment,  Scanning  Electron 
 Microscopy,  Differential  Scanning  Calorimetry  (DSC),  Infrared  (IR)  spectrum  and in  vitro 
 drug  release.  Formulation  F3  selected  as  an  optimized  formulation  based  on  highest 
 entrapment efficiency (53.12%) with particle size of 210nm and in vitro drug release. 


Makarand  Gambhirea,  Mangesh  Bhalekarb,  Birendra  Shrivastavaa 55 studied  the  solid 
 lipid  nanoparticle  of  Simvastatin  to  improve  the  oral  bioavailability.  Simvastatin  is  an 
 antihyperlipidemic drug with poor oral bioavailability (<5%) due to the first pass metabolism.   


Simvastatin  SLNs  were  developed  using  compritol  888  ATO  by  pre-emulsion  followed  by 
 ultrasonication  and  characterized  by  photon  correlation  spectroscopy,  DSC  and  XRD. 


Bioavailability studies were conducted in albino rats after oral administration of Simvastatin 
suspension and SLN. Stable Simvastatin SLNs having a mean particle size of 245 nm and % 
entrapment of 72.52% were developed. Simvastatin was dispersed in  an amorphous state in 
the  SLN.  The  results  of  the  in-vitro  drug  release  studies  demonstrated  significantly  slow 
release of Simvastatin (37.08%) from  SIMVA-SLN as compared to  dispersion  of pure drug 
(97.2%). The relative bioavailability of Simvastatin and Simvastatin hydroxy acid from SLN 
were increased by ~164% and ~207% respectively, compared with the reference Simvastatin 
suspension.  Thus  the  study  established  that  the  oral  bioavailability  of  Simvastatin  could  be 
improved  by  administration  as  SLN,  presumably  following  digestion  of  constituting  lipids 
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and co-absorption through lymphatic transport. The obtained results are indicative of SLNs as 
 potential  carriers  for  improving  the  bioavailability  of  poorly  bioavailable  drugs  such  as 
 Simvastatin by minimizing first pass metabolism. 


Pankaj  et  al.,  56  developed  bi-layer  tablets  of  Simvastatin  using  hydrophilic  and  or 
 hydrophobic  polymers.  Simvastatin  is  a  hypolipidemic  drug  used  to  control  elevated 
 cholesterol,  or  hypercholesterolemia.  Simvastatin  is  a  member  of  the  statin  class  of 
 pharmaceuticals, is a synthetic derivate of a fermentation product of Aspergillus terreus. The 
 aim  of  present  study  was  to  prepare  Simvastatin  sustained  release  bilayer  tablet  by  wet 
 granulation  method  using  hydrophilic  and  or  hydrophobic  polymers.  Tablet  is  an  important 
 area  of  research  in  the  field  of  drug  delivery,  because  they  the  ability  to  deliver  the  wide 
 range  of  drug  for  sustained  period  of  time  and  therefore  the  dose  and  frequency  of 
 administration  would  be  reduced  hence  increasing  patient  compliance.  The  formulated 
 uncoated  tablet  of  Simvastatin  is  evaluated  successfully  within  the  evaluation  parameters 
 which suggest that the tablet have better therapeutic level in systematic circulation. 


Athul  P.V 57  formulated  and  characterized  nanosuspension  of  Simvastatin  (poorly  soluble 
 drug) by high pressure homogenization method to improve its dissolution characteristics and 
 therapeutic  activity.  The  prepared  nanosuspensions  were  evaluated  for  DSC,  Zeta  potential 
 analysis, SEM, solubility, in vitro drug release studies and in-vivo pharmacodynamic studies. 


DSC  curves  obtained  confirms  the  transfer  of  drug  crystalline  form  to  amorphous  form. 


Solubility studies and in-vitro drug release studies showed that the prepared nanosuspension 
 has  increased  solubility  and  dissolution  rate  compared  to  pure  drug.  The  in-vivo 
 pharmacological  studies  showed  that  the  nanosuspension  of  drug  has  increased  anti 
 hyperlipidemic activity compared to the pure drug. The technology was easy to scale up and 
 requires  less  sophistication,  the  method  can  be  extended  to  various  poorly  water  soluble 
 drugs. 


Gambhire  M.  S. et  al., 58  described  a  Box-behnken  design  to  optimize  the  formulation  of 
Simvastatin  (SIMVA)  loaded  solid  lipid  nanoparticles  by  pre-emulsion  ultrasonication 
technique. The variables drug: lipid ratio, percentage of lipid phase surfactant and sonication 
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