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1.INTRODUCTION 


Oral  route  has  been  commonly  adopted  and  most  convenient  route  for  the  drug 
 delivery.  Oral  drug  delivery  system  has  received  more  attention  in  the  pharmaceutical 
 field,  because  of  its  more  flexibility  in  designing  the  dosage  form  than  the  other  drug 
 delivery  systems  [1].  In  recent  years  novel  drug  delivery  systems  like  nanosuspensions 
 draws a  considerable attention in  search for improving bioavailability of poorly soluble 
 drugs [2]. 


It  is  estimated  that  more  than  1/3  of  the  compounds  being  developed  by  the 
 pharmaceutical industry are poorly water soluble. The solubility/dissolution behavior of a 
 drug  is  key  factor  to  its  oral  bioavailability.  An  improvement  of  oral  bioavailability  of 
 poor water-soluble drugs remains one of the most challenging tasks of drug development. 


To overcome poor solubility, many approaches have been studied. They are generally salt 
 formation,  use  of  surfactant,  use  of  prodrugs  and  micronization.  In  micronization,  the 
 particle size of a drug powder is reduced to a micron scale size (typically 2-10 micron), 
 which increases the specific surface area and dissolution rates. However, many new drugs 
 are  so  poorly  soluble  that  micronization  is  not  sufficient,  which  motivated  the 
 development  of  nanoscale  systems.  By  decreasing  the  particle  size  from  a  micron  to  a 
 nanometer scale, there is a significant increase in the surface area and related dissolution 
 rate [3, 4].  


Nanosuspensions are sub-micron colloidal dispersions of pure drug particles in an 
 outer  liquid  phase.  Nanoparticle  engineering  enables  poorly  soluble  drugs  to  be 
 formulated  as  nanosuspensions  alone,  or  with  a  combination  of  pharmaceutical 
 excipients.  Nanosuspensions  engineering  processes  currently  used  are  precipitation [5], 
 high pressure homogenization [6], and pearl milling [7], either in  water or in  mixtures of 
 water and water miscible liquids or non-aqueous media [8]. 


Nanoprecipitation  method  presents  numerous  advantages,  in  that  it  is  a 
straightforward technique, rapid and easy to perform. In this method, the drug is dissolved 
in an organic solvent such as acetone, acetonitrile, methanol or ethyl acetate. The organic 
solvent  is  evaporated  either  by  reducing  the  pressure  or  by  continuous  stirring.  Particle 
size was found to be influenced by the type of stabilizer, concentrations of stabilizer, and 



(18)homogenizer  speed.  In  order  to  produce  small  particle  size,  often  a  high-speed 
 homogenization  or  ultrasonication  may  be  employed.  The  super  saturation  is  further 
 accentuated by evaporation of drug solvent. This  yields to the precipitation of the drug. 


High shear force prevents nucleus growth and Oswald’s ripening [9]. 


Pitavastatin  is  a  lipid  lowering  agent.  Synthesis  of  cholesterol  via  competitive 
 inhibition  of  the  liver  enzyme,  this  is  a  principal  metabolite  and  an  inhibitor  of  3-
 hydroxy-  3-methylglutaryl-coenzyme-A  (HMG  Co-A)  reductase,  the  enzyme  that 
 catalyses an early and Rate-limiting step in the biosynthesis of cholesterol [10]. Pitavastatin   
 is a white to pale-yellow powder, crystalline, nonhygroscopic powder, insoluble in water 
 and 0.1N HCl (30mg/ml and 60mg/ml, respectively).  Pitavastatin belongs to BCS class-
 II drug category in which the drug is poorly soluble and highly permeable. It is generally 
 considered that compounds with very low aqueous solubility will show dissolution rate-
 limited absorption. Improvement of aqueous solubility in such case is a valuable goal to 
 improve therapeutic efficacy. The dissolution rate is a function of the solubility and the 
 surface area of the drug, thus, dissolution rate will increase if the solubility of the drug is 
 increased, and it will also increase with an increase in the surface area of the drug [11, 12]. 


In this present study, an extensive literature survey indicates no reports available 
on the pharmaceutical approaches for improving the solubility of Pitavastatin. Therefore 
the present  study  aimed  to  develop  nanosuspension of Pitavastatin by nanoprecipitation 
technique and evaluate for physicochemical and in-vitro release characterization. 
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2. REVIEW OF LITERATURE 


2.1. CHOLESTEROL


Cholesterol  is  a  waxy  substance  made  by  animal  liver  and  also  supplied  in  diet 
 through  animal  products  such  as  meats,  poultry,  fish  and  dairy  products.  Cholesterol  is 
 needed  in  the  body  to  insulate  nerves,  make  cell  membranes  and  produce  certain 
 hormones,  and  it  is  an  important  lipid  in  some  membranes.  However,  the  body  makes 
 enough cholesterol, so any dietary cholesterol isn't needed. Cholesterol can be both good 
 and bad. High-density lipoprotein (HDL) is good cholesterol and low-density lipoprotein 
 (LDL)  is  bad  cholesterol.  High  cholesterol  in  serum  is  a  leading  risk  factor  for  human 
 cardiovascular disease such as coronary heart disease and stroke. 


Chemical Structure of Cholesterol:


Good Cholesterol and Bad Cholesterol: 


HDL is called “good cholesterol” that is good for the cardiovascular system and LDL 
 is called “bad cholesterol” that is bad for the cardiovascular system. These are the form in 
 which  cholesterol  travels  in  the  blood.  LDLs  have  little  protein  and  high  levels  of 
 cholesterol  and  HDL  has  a  lot  of  protein  and  very  little  cholesterol.  LDL  is  the  main 
 source of artery clogging plaque. HDL actually works to clear cholesterol from the blood. 


The  standard  test  of  cholesterol  is  done  after  a  9-12  hours  fast  without  food,  liquids  or 
pills.  It  gives  information  about  total  cholesterol,  LDL,  HDL  and  triglycerides  (blood 
fats).  The  cholesterol  content  in  blood  is  the  key  data  for  the  health  information  of 
cholesterol related (Table 1). 



(20)Table  1.  Initial  classification  based  on  total  cholesterol,  HDL,  LDL  and 
 Triglyceride 


CHOLESTEROL  CHOLESTEROL LEVEL  CATEGORY 


Total Cholesterol 


Less than 200 mg/dl  Desirable level. 


200 to 239 mg/dl  Borderline high for heart 
 disease. 


240 mg/dl and above 


High  blood  cholesterol. 


A  person  with  this  level 
 has  more  than  twice  the 
 risk  of  heart  disease  as 


someone  whose 


cholesterol  is  below  200 
 mg/dl. 


HDL Cholesterol 


Less than 40 mg/dl 


Low HDL cholesterol. A 
 major  risk  factor  for 
 heart disease. 


40 to 59 mg/dl  The  higher  HDL  level, 
 the better. 


60 mg/dl and above 


High  HDL  cholesterol. 


An HDL of 60 mg/dl and 
 above  is  considered 
 protective  against  heart 
 disease. 


LDL Cholesterol 


Less than 100 mg/dl  Optimal 


100 to 129 mg/dl  Near or above optimal 
 130 to 159 mg/dl  Borderline high 
 160 to 189 mg/dl  High 


190 mg/dl and above  Very high 
 Triglyceride 


Less than 150 mg/dl  Normal 


150-199 mg/dl  Borderline high 
 200-499 mg/dl  High 


Triglyceride: 


Triglycerides are another fat in the bloodstream. High levels of triglycerides are also 
 linked to heart disease. Triglyceride is the most common type of fat in the body. Many 
 people  who  have  heart  disease  or  diabetes  have  high  triglyceride  levels.  Normal 
 triglyceride levels vary by age and sex. A high triglyceride level combined with low HDL 
 cholesterol  or  high  LDL  cholesterol  seems  to  speed  up  atherosclerosis,  which  is  the 
 buildup of fatty deposits in artery walls that increase the risk for heart attack and stroke. 


People  should  reduce  the  amount  of  saturated  fat,  trans-fat,  cholesterol  and  total  fat  in 



(21)their  diet.  Some  studies  have  shown  a  higher  mortality  in  people  with  low  cholesterol 
 levels - that is, lower than 160 mg/dl. These deaths are from non-coronary causes (some 
 cancers, chronic respiratory disease, liver disease and trauma). On the other hand, some 
 evidence  suggests  that  total  cholesterol  levels  below  160  mg/dl  are  not  dangerous.  In 
 many  countries  a  major  portion  of  the  population  has  cholesterol  levels  in  this  range 
 throughout life without serious health problems. Also, less than 6 percent of the American 
 population  has  a  cholesterol  level  below  160  mg/dl.  It's  rarely  necessary  to  lower  total 
 cholesterol below that. 


Hyperlipidemic Drugs: 


Hyperlipidemia is an elevation of lipids (fats) in the bloodstream. These lipids include 
 cholesterol,  cholesterol  esters  (compounds),  phospholipids  and  triglycerides.  They're 
 transported in the blood as part of large molecules called lipoproteins. These are the five 
 major  families  of  blood  (plasma)  lipoproteins:  (1)  chylomicrons,  (2)  very  low-density 
 lipoproteins  (VLDL),  (3)  intermediate-density  lipoproteins  (IDL),  (4)  low-density 
 lipoproteins (LDL), (5) high-density lipoproteins (HDL). When hyperlipidemia is defined 
 in terms of class or classes of elevated plasma lipoproteins, the term hyperlipoproteinemia 
 is  used.  Hypercholesterolemia  is  the  term  for  high  cholesterol  levels  in  the  blood. 


Hypertriglyceridemia refers to high triglyceride levels in the blood.  


Medications: 


The main goal in lowering cholesterol is to lower your LDL and raise your HDL. 


To lower cholesterol, eat a heart-healthy diet, exercise regularly, and maintain a healthy 
 weight.  Some  may  also  need  to  take  cholesterol  lowering  medications.  Cholesterol-
 lowering  medicine  is  most  effective  when  combined  with  a  low-cholesterol  diet  and 
 exercise  program.  The  drugs  of  first  choice  for  elevated  LDL  cholesterol  are  the  HMG 
 CoA  reductase  inhibitors,  e.g.  lovastatin,  Pravastatin  and  simvastatin.  Statin  drugs  are 
 very  effective  for  lowering  LDL  cholesterol  levels  and  have  few  immediate  short-term 
 side effects [13]. They are easy to administer, have high patient acceptance and have few 
 drug-drug interactions. 


Type of hyperlipidemia: 


1. Primary hyperlipidemia  
2. Secondary hyperlipidemia  



(22)Anti-Hyperlipidemic drugs are mainly classified into 5 types [14]: 


  HMG-CoA Reductase  Inhibitors (HMGs or statins): Pravastatin, Simvastatin, 
 pitavastatin,  Atorvastatin,  Fluvastatin,  Lovastatin.  (They  are  most  potent  LDL 
 reducers) 


  Fibrates: E.g. Fenofibrate, Gemfibrozil, Clofibrate 


  Anion –exchange resins( bile acid sequestrates): E.g. Colesevelam, Colestipol, 
 Cholestyramine 


  Nicotinic acid: E.g. NIACIN.  


  Cholesterol absorption inhibitors: E.g. Ezetimibe.  


  Other  drugs  E.g.  Alpha-tocopherol  acetate  (vitamin  E),  Omega-3  marine 
 triglycerides (Maxepa), Orlistat. 


Mechanism of action of statins: 


  Block  the  rate-limiting  enzyme  for  endogenous  cholesterol  synthesis,  hydroxy-
 methylglutaryl Coenzyme A (HMG CoA) reductase.  


  Increased synthesis of LDL-receptors (up regulation) in the liver  


  Increased clearance of LDL from the circulation  


Note: Plasma total cholesterol and LDL-cholesterol fall to attain a maximum effect 1 
 month after therapy. 


Therapeutic uses: 


These  drugs  are  effective  in  lowering  plasma  cholesterol  levels  in  all  types  of 
 hyperlipidemia However, patients who are homozygous for familial hypercholesterolemia 
 lack  LDL  receptors  and  therefore,  benefit  much  less  from  treatment  with  these  drugs. 


These drugs are often given in combination with other antihyperlipidemic drugs. 


Pharmacokinetics of statins: 


Pravastatin and Fluvastatin, Pitavastatin are almost completely absorbed after oral 
 administration.  


  Oral doses of lovastatin and simvastatin are from 30 to 50 percent absorbed.  


  Pravastatin and Fluvastatin are active, whereas lovastatin and simvastatin must be 
 hydrolyzed to their acid forms.  


  Excretion takes place through the bile and feces  


  Some urinary elimination also occurs.  


  Their half-lives range from 1.5 to 2 hours.  



(23)Note: 


1. Transient and minor abnormality of liver function tests. 


2. Myopathy and rhabdomyolysis (disintegration or dissolution of muscle and elevation of 
 muscle enzymes (creatine, phosphokinase, CPK) the risk is greater in:  


  In patients with renal insufficiency  


  In  patients  taking  drugs  such  as  cyclosporine,  itraconazole,  erythromycin, 
 Gemfibrozil,  or  niacin.  Plasma  creatine  kinase  levels  should  be  determined 
 regularly. 


ROUTE OF ORAL DRUG DELIVERY 
 Definition:- 


A route of administration in pharmacy is the path by which a drug is taken into the 
 body [15].


Oral route: - 


In this route the drug is placed in the mouth and swallowed. It is also called per 
 oral (p.o.) 


Advantages of Oral route:


• Convenient - Can be self administered, pain free & easy to take 


• Absorption - Takes place along the whole length of the gastro intestinal tract 


• Cheap - Compared to most other parenteral routes. 


Disadvantages of oral route: 


• Sometimes inefficient - only part of the drug may be absorbed. 


• First-pass effect - drugs absorbed orally are initially transported to the liver via 
 the portal vein. 


• Irritation to gastric mucosa – nausea and vomiting. 


• Destruction of drugs by gastric acid and digestive juices. 


• Effect too slow for emergencies. 


• Unpleasant taste of some drugs. 


• Unable to use in unconscious patient. 


  



(24)Table 2: Medication Routes and Administration: [16]. 


Forms  Acts In:  Advantages  Disadvantages  Technique 


Tablet(pressed powder) 30-60 
 minutes 


  Easy to administer 


  Inexpensive 


  Can be removed 
 (lavage 


  Not good in 
       emergencies 


  Can irritate GI tract 


  Absorption is 
 unpredictable 


  Follow  correct  technique  for 


”pouring”


meds 


  Do not touch meds 


  Person  should  be  up-  not 
 laying down 


  Offer fluids to help swallowing 


  Make sure the person swallows 
 the meds 


Do not force person to take meds 
 If person refuses medication try again 
 a  short  time  later;  keep  meds  secure 
 and labeled until administered 


Capsule  (drug  in  a 
 gelatin shell) 


30-60 
 minutes 


Same as above 


Time  released 
 (medication in  gelatin 
 cap;  also  called  Long 
 Acting,  Sustained 


30-60 
 minutes 


Drug is made to dissolve over 
 a  period  of  time  and  the 
 effects last longer 


Can’t crush or chew Same as above 



(25)Release  and/  or 
 Spansule) 


Sprinkle  (drug  in  a 
 gelatin cap that can be 
 opened  to  pour  on 


food  for 


administration) 


30-60 
 minutes 


Can  open  cap  and  pour  on 
 food to administer 


Can’t chew sprinkles Same as above 


Enteric  coated  (drug 
 coated with hard shell 
 so  it  will  pass  the 
 stomach  and  dissolve 
 in the intestines) 


30-60 
 minutes 


Will not cause stomach upset  Can’t crush or chew Same as above 


Liquid Suspension 
 (particles  of  drug 
 suspended  in  a  liquid 
 agent) 


30-60 
 minutes 


Make  sure  you  know  if  the 
 person  has  an  order  to  have 
 liquids thickened to a specific 
 consistency 


  Wash hands 


  Make  sure  you  know  how 
 many “ml” or “cc” you need to 
 pour  to  get  the  dose  you  have 
 to give 


  Gently shake the bottle 


  Have  medication  label  facing 
into palm of hand 



(26)  Use disposable medication cup 
 for  measuring  liquid 
 medications 


Liquid  Suspension 
 (continued) 


30-60 
 minutes 


  Place  cup  on  a  flat  surface  at 
 eye level 


  Pour the prescribed medication 
 Syrups  (med  is 


dissolved  in  liquid 
 with  sugar  and 
 flavoring 


30-60 
 minutes 


Same as Liquid Suspension  Same as Liquid Suspension  Same as Liquid Suspension 


Elixir  (Med  is 
 dissolved  in  liquid 
 with  sugar,  flavoring 
 and alcohol) 


30-60 
 minutes 


Same as Liquid Suspension  Same as Liquid Suspension  Same as Liquid Suspension 


       



(27)2.2. NANOTECHNOLOGY 


Nanotechnology, the term derived from the Greek word Nano, meaning dwarf, applies 
 the  principles  of  engineering,  electronics,  physical  and  material  science,  and 
 manufacturing at a molecular or submicron level. The materials at nanoscale could be a 
 device  or  a  system  or  these  could  be  supra  molecular  structures,  complexes  or 
 composites. An early promoter of nanotechnology, Albert Franks, defined it as ‘that area 
 of science and technology where dimensions and tolerances are in the range of 0.1nm to 
 100nm’.  Nano  technology  is  expected  to  make  significant  advances  in  the  mainstream 
 biomedical applications, including in the areas of gene therapy, drug delivery, imaging, 
 and novel drug discovery techniques [17]. 


Nanotechnology  is  hailed  as  a  new  generation  of  technology  with  the  potential  to 
 revolutionise many  facets of the world  we live in. This  includes virtually  all aspects  of 
 daily life, including health  and health care, the  manufacturing and use of materials  and 
 equipment,  the  environment  and  protection  thereof.  It  is  said  to  be  able  to  massively 
 increase  manufacturing  production  at  significantly  reduced  costs.  Products  of 
 nanotechnology  will  be  smaller,  cheaper,  lighter  yet  more  functional  and  require  less 
 energy  and  fewer  raw  materials  to manufacture.  However,  the  ‘revolution’  will  not 
 happen  overnight  and  very  large  investments  in  research  and  development  will  be 
 required in the process. 


Nanotechnology can be defined as having the following features 


  It involves research and technology development at the 1 nm –100 nm range. 


  It creates and uses structures that have novel properties because of their small size. 


  It builds on the ability to control or manipulate at the atomic and molecular scale. 


At  the  nano-scale  the  interactions  and  physics  between  atoms  display  ‘exotic’ 


properties  that  are  absent  at  larger  scale  because  at  this  level  atoms  leave  the  realm  of 
 classical physical properties behind and enter the realm of quantum mechanics. 


      



(28)       Table: 3 Comparative size illustrations 


100 m=1 m=1000 mm  Human length (~1.7 m) 
 10-1 m=10 cm 


10-2 m=1 cm 


10-3 m=1 mm=1000 µm  Sand filter grain (0.5 mm=500 
 µm) 


10-4 m=0.0001 m=100 µm  Hair diameter (75 µm=75000 
 nm) 


10-5 m=10 µm  Red blood cells (5000 nm=5 µm) 
 E.coli (2000 nm= 2 µm) 


10-6 m=1 µm=1000 nm  10-6 m=1 µm=1000 nm 


10-7 m=100 nm 


Virus (50 nm) Pore size of UF 
 membrane (50-200 nm) Colloidal 


particles (20-100 nm) 


10-8 m=10 nm  DNA molecule (2 nm wide 


Typical protein (3 nm diameter) 


10-9 m=1 nm  Buck ball(1 nm) 


Nanotechnology  includes  a  bewildering  array  of  activities  including:  molecular 
 manufacturing, supramolecular and self assembly/organization; biomimicry; Nanoparticle 
 (e.g.  Bucky  balls  and  carbon  Nano  tubes),  nanospheres,  Nano  cups  and  nanorods; 


nanobots  (nanorobots);  colloids,  micelles,  vesicles  and  Nano-emulsions;  clathrate 
 complexes and intercalation compounds. 


The National Science Foundation in the USA predicts that the global marketplace 
for goods and services using nanotechnologies will grow to $1 trillion by 2015, and there 
are  already  over  500  products  being  sold  that  claim  they  are  made  with  nanoscale  or 
engineered nanomaterials. These include products like self-cleaning windows, automobile 
paint, sunscreens, and tennis rackets. In the future, a marriage of nano- and biotechnology 



(29)will  likely  create  a  whole  new  generation  of  drugs,  biomedical  devices,  and  other 
 solutions to some of our most challenging medical problems [18]. 


Nanotechnology in drug delivery 


The development of delivery systems for small molecules, proteins and DNA has 
 been impacted to an enormous degree over the past decade by nanotechnology, and has 
 led  to  the  development  of  entirely  new  and  somewhat  unpredicted  fields.  For  the 
 pharmaceutical  industry,  novel  drug  delivery  technologies  represent  a  strategic  tool  for 
 expanding  drug  markets.  The  technology  can  address  issues  associated  with  current 
 pharmaceuticals  such  as  extending  product  life  (line  extension),  or  can  add  to  their 
 performance  and  acceptability,  either  by  increasing  efficacy  or  improving  safety  and 
 patient compliance [19]. This technology is permitting the delivery of drugs that are highly 
 water- insoluble or unstable in the biological environment. Advantages of nano sizing of 
 drugs  has  the  potential  to:  Increase  surface  area,  enhance  solubility,  increase  rate  of 
 dissolution, increase oral bioavailability, more rapid onset of therapeutic action, decrease 
 the dose needed, decrease fed/fasted variability and decrease patient to patient variability.  


        In recent  trend, nano drug delivery may occur through  gold  nanospheres and rods, 
nanowires,  nanotriangles,  nanostars,  nanocubes,  and  nanorice.  The  size  of  these  nano 
configurations  varies  from  1  to  100  nm.  Nanoplatforms  include  organic  nanostructures, 
polymeric nanoparticle, lipid systems-liposomes, self assemblies-micelles, dendrimers, and 
carbon  nanostructure-nanotubes.  Inorganic  nanostructures  include  metal  nanoparticle  and 
nanoshells,  silicon  nanostructure,  nanocrystals,  and  quantum  dots.  Hybrid  nanostructures, 
combining  two  to  three  of  those  previous  listed  can  also  be  produced.  Studies  were 
described in which polymeric nanoparticles were used for tumor-targeted deliver. Gelatin-
based  engineered  nanoparticles  have  been  used  for  gene  delivery  and  multifunctional 
nanoemulsions  for  oral  and  intravenous  delivery.  Gadolinium-loaded  nanoemulsion  has 
been  used  in  animals  for  brain  imaging,  and  this  technology  could  easily  be  used  for 
imaging within the eye to observe the results of various drug delivery modalities. 



(30)The benefits of nanotechnology are 


  The  lifespan  of  the  blockbuster  drugs  can  be  resurrected  by  reformulating  the 
 drugs through novel drug delivery system. 


  The effective patent protection can be enhanced. 


  Drug  delivery  formulation  involves  low  cost  research  compared  to  that  for  the 
 discovery of new molecules. 


  Minimizing use of expensive drugs would reduce the cost of the product. 


Significance of drug delivery and targeting: 


Although  opportunities  to  develop  nanotechnology  based  efficient  drug  delivery 
 systems  extend  into  all  therapeutic  classes  of  pharmaceuticals,  the  development  of 
 effective  treatment  modalities  for  the  respiratory,  central  nervous  system  and  cardio 
 vascular  disorders  remains  a  financially  and  therapeutically  significant  need.  Many 
 therapeutic agents have not been successful because of their limited ability to reach to the 
 target  tissue.  In  addition,  the  faster  growth  opportunities  are  expected  in  developing 
 delivery  systems  for  anti  cancer  agents,  hormones  and  vaccines  because  of  safety  and 
 efficacy  shortcomings  in  their  conventional  administration  modalities.  For  example,  in 
 cancer  chemotherapy,  cytostatic  drugs  damage  both  malignant  and  normal  cells  alike. 


Thus, a drug delivery strategy that selectively targets the malignant tumor is very much 
 needed.  Additional  problems  include  drug  instability  in  the  biological  milieu  and 
 premature  drug  loss  through  rapid  clearness  and  metabolism.  Similarly,  high  protein 
 binding of certain drugs such as protease inhibitors limits their diffusion to the brain and 
 other  organs.  However,  nanotechnology  for  drug  delivery  applications  may  not  be 
 suitable all drugs, especially those drugs that are less potent because the higher dose of 
 the drug would make the drug delivery system much larger, which would be difficult to 
 administer. 


      



(31)2.3. NANOSUSPENSION 


A  pharmaceutical  nanosuspension  is  defined  as  “very  finely  disperaqueous 
 vehicle,  stabilized  by  surfactants,  for  either  oral  and  topical  use  or  parenteral  and 
 pulmonary administration, with reduced particle size, leading to an increased dissolution 
 rate  and  therefore  improved  bioavailability”.  The  diameter  of  the  suspended  particle  is 
 less than 1    min  size  (i.e.  0.1nm-1000  nm)  [20,  21].  The  particle  size  distribution  of  the 
 solid particles in nanosuspensions is usually less than one micron with an average particle 
 size ranging between 200 and 600 nm.3 An increase in the dissolution rate of micronized 
 particles  (particle  size  <  10  m)  is  related  to  an  increase  in  the  surface  area  and 
 consequently  the  dissolution  velocity.  Nano  size  particles  can  increase  dissolution 
 velocity and saturation solubility because of the vapor pressure effect [22]. 


Need of Nanosuspensions


More  than  40%  of  drugs  are  poorly  soluble  in  water,  so  they  show  problems  in 
 formulating them in conventional dosage forms. Also, for class II drugs which are poorly 
 soluble  in  aqueous  and  organic  media,  the  problem  is  more  complex  [23].  Preparing 
 nanosuspensions  is  preferred  for  such  compounds  that  are  insoluble  in  water  (but  are 
 soluble  in  oil)  with  high  log  P  value.  Various  approaches  to  resolve  problems  of  low 
 solubility  and  low  bioavailability  micronization,  co-solvency,  oily  solution,  salt 
 formation-  some  other  techniques  are  liposomes,  emulsions,  microemulsion,  solid 
 dispersion, ß- cyclodextrin inclusion complex etc. But, many of these techniques are not 
 universally  applicable  to  all  drugs  [23].  In  these  cases  nanosuspensions  are  preferred.  In 
 case  of  drugs  that  are  insoluble  in  both  water  and  in  inorganic  media  instead  of  using 
 lipidic systems, nanosuspensions are used as a formulation approach. It is most suitable 
 for  the  compounds  with  high  log  P  value,  high  melting  point,  and  high  dose. 


Nanosuspensions can be used to enhance the solubility of drugs that are poorly soluble in 
 aqueous as well as lipid media. As a result, the rate of flooding of the active compound 
 increases and the maximum plasma level is reached faster (e.g., oral or intravenous (IV) 
 administration of the Nanosuspensions).  


This is one of the unique advantages that it has over other approaches for enhancing 
solubility. It is useful for molecules with poor solubility, poor permeability or both, which 



(32)poses  a  significant  challenge  for  the  formulators.  Major  issues  associated  with  poorly 
 water-soluble compounds [24]: 


  Poor bioavailability. 


  Inability to optimize lead compound selection based on efficacy and safety.  


  Fed/fasted variation in bioavailability.  


  Lack of dose-response proportionality.  


  Suboptimal dosing.  


  Use of harsh excipients, i.e., excessive use of co-solvents and other excipients.  


  Use of extreme basic or acidic conditions to enhance solubilization. 


Although,  all  marketed  products,  currently  are  produced  by  so-called  ‘top-down 
 techniques’,  in  which  the  Nanoparticle  are  obtained  through  size  reduction  into  the 
 submicron-range,  bottom-up  techniques  and  especially  controlled  precipitation  method, 
 are  methods  of  interest  for  nanozation  of  poorly  soluble  drugs.  In  this  method,  without 
 any harsh conditions and only with simple equipments one could reduce the particle size 
 to  few  hundred  nanometers  range.  Therefore,  whatever  method  which  is  used  for  the 
 production of Nanosuspensions, a careful evaluation of the type and concentration of the 
 stabilizer  is  a  critical  stage  for  the  successful  production  of  nanosuspensions.  Both 
 polymeric and surfactant stabilizers can be used for this purpose [25]. 


Nanosuspensions differ from Nanoparticle, which are polymeric colloidal carriers of 
drugs (Nanospheres and nanocapsules), and from solid-lipid Nanoparticle (SLN), which 
are  lipidic  carriers  of  drug.  The  key  difference  from  conventional  formulations  of 
suspensions is that the particle size distribution of the solid particles in Nanosuspensions 
is  usually  less  than  1  m  (i.e.  0.1nm-1000nm),  with  an  average  particle  size  range 
between  200–600  nm.  On  the  other  hand,  the  particle  diameter  required  in  most  good 
pharmaceutical  suspensions,  is  1  to  50  m.  In  Nanosuspensions,  the  overall 
bioavailability  is  improved  by  an  increase  in  surface  area  and  saturation  solubility  via 
particle  size  reduction.  This  system  cannot  be  achieved  by  the  conventional  milling 
techniques. (Figure 1). [20] 



(33)Major Advantages of Nanosuspensions [23] (Table 4) 


  Its general applicability to most drugs and its simplicity.  


  Can be applied for the poorly water soluble drugs.  


  Can be given by any route.  


  Reduced tissue irritation in case of subcutaneous/intramuscular administration.  


  Rapid  dissolution  and  tissue  targeting  can  be  achieved  by  IV  route  of 
 administration.  


  Oral  administration  of  Nanosuspensions  provide  rapid  onset,  reduced  fed/fasted 
 ratio and improved bioavailability.  


  The  absorption  from  absorption  window  of  the  drugs  can  be  increased,  due  to 
 reduction in the particle size (Figure 2).  


  Higher bioavailability and more consistent dosing in case of ocular administration 
 and inhalation delivery (Figure 3 & 4).  


  Drugs with high log P value can be formulated as Nanosuspensions to increase the 
 bioavailability of such drugs.  


  Improvement in biological performance due to high dissolution rate and saturation 
 solubility of the drug.  


  Ease of manufacture and little batch-to-batch variation.  


  Long term physical stability (Due to absence of Ostwald ripening).  


  Nanosuspensions  can  be  incorporated  in  tablets,  pellets,  hydrogel  and 
 suppositories are suitable for various routes of administration.  


  Increasing the amorphous fraction in the particles, leading to a potential change in 
 the crystalline structure and higher solubility.  


  Possibility of surface-modification of Nanosuspensions for site specific delivery.  


  Possibility  of  large-scale  production,  the  pre-requisite  for  the  introduction  of  a 
delivery system to the market.  



(34)Table 4: Advantages of Nanosuspensions over conventional formulations [20]: 


Figure 1[24]: the plot demonstrates the increase in surface area obtained when solids 
 are fractured from the micron-size range (microparticles) to the nanometer-size particles 
 used  in  the  various  Nanoparticle  formulations  to  improve  the  performance  of  poorly 
 water-soluble compounds. 


Route of Administration  Disadvantages of 
 Conventional 
 Formulations 


Benefits of 
 Nanosuspensions 


Oral  Slow onset of action/ poor 


absorption  


Rapid onset of action/ 


improved solubility so 
 improved bioavailability  
 Reduced fed/fasted ratio  


Ocular  Lachrymal wash off/ low 


bioavailability  


Higher bioavailability/ dose 
 consistency Lesser irritation  
 Intravenous  Poor dissolution/ non-


specific action  


Rapid dissolution/ tissue 
 targeting Prolonged 
 retention time in systemic 
 circulation  


Intramuscular  Low patient compliance 
 due to pain  


Reduced tissue irritation  
 High bioavailability Rapid 
 onset of action  


Inhalation  Low bioavailability due to 
 low solubility  


Rapid dissolution/ high 
bioavailability/ dose 
regulation  



(35)Figure  2[24]: The  diagram  demonstrates  one  of  the  primary  issues  associated  with 
 poorly  water-soluble molecules whose bioavailability is  dissolution-rate limited. On the 
 left,  large drug particles cannot  adequately  dissolve, which results in  the inability to  be 
 absorbed.  On  the  right,  nanometer  drug  particles  are  rapidly  dissolved  during  transit 
 through the gut, thus maximizing absorption and improving bioavailability. 


Figure 3[24]: A dose-escalation study is shown demonstrating dose proportionality for 
a Nanoparticle formulation of a poorly water-soluble compound. 



(36)Figure  4[24]:  The  bioavailability  of  a  poorly  water-soluble  model  compound 
 formulated  as  a  Nanoparticle  dispersion  (red)  or  as  a  conventional  crude  suspension 
 (yellow).  


Formulation Considerations: 


Stabilizer [23]: 


Stabilizer  plays  an  important  role  in  the  formulation  of  nanosuspensions.  In  the 
 absence  of  an  appropriate  stabilizer,  the  high  surface  energy  of  nanosized  particles  can 
 induce  agglomeration  or  aggregation  of  the  drug  crystals.  The  main  function  of  a 
 stabilizer is to wet the drug particles thoroughly, and to prevent Ostwald’s ripening and 
 agglomeration  of  nanosuspensions  in  order  to  yield  a  physically  stable  formulation  by 
 providing  steric  or  ionic  barriers.  The  type  and  amount  of  stabilizer  has  a  pronounced 
 effect on the physical stability and in-vivo behavior of nanosuspensions. In some cases, a 
 mixture of stabilizers is required to obtain a stable nanosuspension. The drug-to-stabilizer 
 ratio  in  the  formulation  may  vary  from  1:20  to  20:1  and  should  be  investigated  for  a 
 specific case e.g. Cellulosics, Poloxamer, Polysorbates, Lecithin and Povidone. Lecithin 
 is  the  stabilizer  of  choice  if  one  intends  to  develop  a  parenterally  acceptable  and 
 autoclavable nanosuspensions. 


Organic solvents [23]: 


Organic solvents may be required in the formulation of nanosuspensions if they are to 
be prepared using an emulsion or microemulsion as a template. As these techniques are 
still in their infancy, elaborate information on formulation considerations is not available. 



(37)The  acceptability  of  the  organic  solvents  in  the  pharmaceutical  arena,  their  toxicity 
 potential and the ease of their removal from the formulation need to be considered when 
 formulating nanosuspensions  using emulsions or  microemulsion  as templates (Table 5). 


Partially water-miscible organic solvents like glycols can be used as the internal phase of 
 the microemulsion when the nanosuspensions are to be produced using a microemulsion 
 as a template. 


Surfactants [26]: 


Surfactants  are  incorporated  to  improve  the  dispersion  by  reducing  the  interfacial 
 tension.  They  also  act  as  wetting  or  deflocculating  agents  e.g.  Tween  80  and  Span  - 
 widely used surfactants. 


Co-surfactants:


The  choice  of  co-surfactant  is  critical  when  using  microemulsion  to  formulate 
 nanosuspensions. Since co-surfactants can greatly influence phase behavior, the effect of 
 co-surfactant on uptake of the internal phase for selected microemulsion composition and 
 on  drug  loading  should  be  investigated  e.g.  Transcutol,  glycofurol,  ethanol  and  Iso-
 propanol - safely used as co-surfactants. Also, bile salts and dipotassiumglycerrhizinate 
 can be used as co-surfactants. 


Other additives [23]: 


Nanosuspensions may contain additives such as buffers, salts, polyols, osmogent and 
 cryoprotectant,  depending  on  either  the  route  of  administration  or  the  properties  of  the 
 drug moiety. 


Table 5: Various examples of solvents used in nanosuspensions formulation 


Type of solvent  Name  Remarks 


Water-miscible solvents  Ethanol, Iso-propanol etc. 


Pharmaceutically  acceptable 


&less hazardous. 


Partially  water-miscible 
 solvents 


Ethyl acetate, ethyl formate, 
 butyl  lactate,  triacetin, 
 propylene carbonate, benzyl 
 alcohol etc. 


Preferred  in  the  formulation 
over  the  conventional 
hazardous  solvents,  such  as 
dichloromethane. 



(38)Properties of nanosuspensions: 


Physical long-term stability [23]: 


Another  special  feature  of  nanosuspensions  is  the  absence  of  Ostwald  ripening, 
 which is suggestive of their long-term physical stability. Ostwald ripening is responsible 
 for  crystal  growth  and  subsequently  formation  of  microparticles.  Ostwald  ripening  is 
 caused by the differences in dissolution pressure/saturation solubility between small and 
 large  particles.  Molecules  diffuse  from  the  higher  concentrated  area  around  small 
 particles (higher saturation solubility) to areas around larger particles possessing a lower 
 drug  concentration.  This  leads  to  the  formation  of  a  supersaturated  solution  around  the 
 large particles and consequently to drug crystallization and growth of the large particles. 


The diffusion process of the drug from the small particles to the large particles leaves an 
 area  around  the  small  particles  that  is  not  saturated  any  more,  consequently  leading  to 
 dissolution of the drug from the small particles and finally completes disappearance of the 
 small particles. 


Internal structure of Nanosuspensions [20]: 


The high-energy input during disintegration process causes structural changes inside 
 the drug particles. When the drug particles are exposed to high-pressure homogenization, 
 particles  are  transformed  from  crystalline  state  to  amorphous  state.  The  change  in  state 
 depends upon the hardness of drug, number of homogenization cycles chemical nature of 
 drug and power density applied by homogenizer. 


Adhesiveness [20]: 


There is a distinct increase in adhesiveness of ultra-fine powders compared to coarse 
 powders. This adhesiveness of small drug nanoparticle can be exploited for improved oral 
 delivery of poorly soluble drugs. A drastically remarkable report is that of the increase in 
 bioavailability for danazol from 5 % (as macrosuspension) to 82% (as nanosuspensions). 


Crystalline state and morphology [20]: 


A potential change in  the crystalline structure of nanosuspensions  saying increasing 
the amorphous fraction in the particle or even creating completely amorphous particles is 



(39)a characteristic of consideration. The application of high pressures during the production 
 of nanosuspensions was found to promote the amorphous state. 


Increase in Saturation Solubility and Dissolution Velocity of drug [21]: 


Dissolution  of  drug  is  increased  due  to  increase  in  the  surface  area  of  the  drug 
 particles from micrometers to the nanometer size. According to Noyes-Whitney equation 
 (Equation  no.1),  dissolution  velocity  increases  due  to  increase  in  the  surface  area  from 
 micron size to particles of nanometer size. 


dx/dt = [(D x A)/ h] [Cs-X/V] ---Equation (1) 


Preparation Methods of nano- suspension: 


There are different methods of Nanosuspensions preparation (Figure 6) [20] 


  Homogenization in water (Disso Cubes). 


  Media milling (Nanocrystals or Nanosystems). 


  Homogenization in non-aqueous media (Nanopure). 


  Combined precipitation and homogenization (Nanoedge). 


  Nanojet technology. 


  Emulsification-solvent evaporation technique. 


  Hydrosol method. 


  Supercritical fluid method. 


  Dry co-grinding. 


  Emulsion as template. 


  Microemulsion as template. 


Current  techniques  used  to  obtain  drug  nanoparticle  can  be  divided  into  two 
 categories: 


Bottom up techniques: 


It  is  the  technique  in  which  the  nano  size  is  obtained  by  increasing  the  size  of 
particles  from  molecular  range  to  nanorange  [22].  The  conventional  methods  of 
precipitation  (‘Hydrosol’)  are  called  Bottom  up  technology.  Using  a  precipitation 



(40)technique, the drug is  dissolved in  an organic solvent and this solution  is mixed with  a 
 miscible  anti-solvent.  In  the  water-solvent  mixture,  the  solubility  is  low  and  the  drug 
 precipitates.  Basic  challenge  is  that  during  the  precipitation  procedure  growing  of  the 
 crystals  need  to  be  controlled  by  addition  of  surfactant  to  avoid  formation  of 
 microparticles. 


Advantage: 


  The use of simple and low cost equipments. 


Limitations: 


  The drug needs to be soluble in at least one solvent and the solvent needs to be 
 miscible with non-solvent. 


  Moreover,  it  is  not  applicable  to  the  drugs,  which  are  poorly  soluble  in  both 
 aqueous and non-aqueous media. 


Top down techniques: 


The techniques in which Nano size range of particles is obtained by reduction in 
 size of larger particles [22].


High Pressure Homogenization (Disso Cubes): 


Homogenization involves the forcing of the suspension under pressure through a 
valve having a narrow aperture. Disso cube technology was developed by Muller et al. in 
which, the suspension of the drug is made to pass through a small orifice that results in a 
reduction of the static pressure below the boiling pressure of water, which leads to boiling 
of water and formation of gas bubbles. When the suspension leaves the gap and normal 
air pressure is reached again, the bubbles shrink and the surrounding part containing the 
drug particles rushes to the center and in the process colloids, causing a reduction in the 
particle  size.  Most  of  the  cases  require  multiple  passes  or  cycles  through  the 
homogenizer, which depends on the hardness of drug, the desired mean particle size and 
the required homogeneity.



(41)Scholer  et  al,  prepared  atovaquone  nanosuspensions  using  this  technique  [27].  To 
 produce  a  Nanosuspension  with  a  higher  concentration  of  solids,  it  is  preferred  to  start 
 homogenization with very fine drug particles, which can be accomplished by pre-milling.


Media milling (NanoCrystals): 


This  patent-protected  technology  was  developed  by  Liversidge  et  al.  (1992). 


Formerly,  the  technology  was  owned  by  the  company  nanosystems  but  recently  it  has 
 been acquired by Élan Drug Delivery. In this method, the nanosuspensions are produced 
 using high-shear media mills or pearl mills. The media mill consists of a milling chamber, 
 a milling shaft and a recirculation chamber (Figure 9). The milling chamber charged with 
 polymeric media is the active component of the mill. The mill can be operated in a batch 
 or recirculation mode. Crude slurry consisting of drug, water and stabilizer is fed into the 
 milling chamber and processed into nano-crystalline dispersion and the milling media or 
 pearls are then rotated at a very high shear rate. The milling process is performed under 
 controlled  temperatures.  The  typical  residence  time  generated  for  a  nanometer-sized 
 dispersion with a mean diameter of <200nm is 30–60 min [23]. 


Principle [23]: 


The  high  energy  and  shear  forces  generated  as  a  result  of  the  impaction  of  the 
 milling media with the drug provide the energy input to break the microparticulate drug 
 into nano-sized particles. The milling medium is composed of glass, zirconium oxide or 
 highly  cross-linked  polystyrene  resin.  The  process  can  be  performed  in  either  batch  or 
 recirculation mode. In batch mode, the time required to obtain dispersions with uni-modal 
 distribution  profiles  and  mean  diameters  <200  nm  is  30–60  min.  The  media  milling 
 process can successfully process micronized and non-micronized drug crystals. Once the 
 formulation and the process are optimized, very little batch-to-batch variation is observed 
 in the quality of the dispersion. 


Advantages: 


  Drugs  that  are  poorly  soluble  in  both  aqueous  and  organic  media  can  be  easily 
 formulated into nanosuspensions. 


  Ease of scale-up and little batch-to-batch variation. 


  Narrow size distribution of the final nano-sized product. 



(42)  Flexibility in  handling the drug quantity, ranging  from  1 to  400mg/ml, enabling 
 formulation of very dilutes as well as highly concentrated nanosuspensions. 


A comparison of the size of naproxen crystals before and after media milling. 


Limitations: 


The major concern is the generation of residues of milling media, which may be 
 introduced  in  the  final  product  as  a  result  of  erosion.  This  could  be  problematic  when 
 Nanosuspensions are intended to be administered for a chronic therapy. The severity of 
 this problem has been reduced to a great extent with the advent of polystyrene resin-based 
 milling  medium.  For  this  medium,  residual  monomers  are  typically  50  ppb  and  the 
 residuals generated during the milling processing are not more than 0.005% w/w of the 
 final product or the resulting solid dosage form. 


Homogenization in non-aqueous media (Nanopure): 


Nanopure is suspensions homogenized in water free media or water mixtures i.e. 


the drug suspensions in the non- aqueous media were homogenized at 0º C or even below 
 the  freezing  point  and  hence  are  called  "deep-freeze"  homogenization.  The  results 
 obtained  were  comparable  to  Disso  cubes  and  hence  can  be  used  effectively  for 
 thermolabile substances at milder conditions. The Nanocrystals of the drug dispersed in 
 liquid polyethylene glycol (PEG) or various oils can be directly filled as drug suspensions 
 into HPMC capsules or gelatin. 


Advantages: 


  The dispersion medium need not be removed. 


  Evaporation is faster and under milder conditions (when water and water miscible 
 liquids are used). 


  This is useful for temperature sensitive drugs. 


  For  i.v.  injections,  isotonic  nanosuspensions  are  obtained  by  homogenizing  in 
water-glycerol mixtures [22].



(43)Combined precipitation and homogenization (Nanoedge): 


 The  drug  is  dissolved  in  an  organic  solvent  and  this  solution  is  mixed  with  a 
 miscible anti-solvent for precipitation. In the water-solvent mixture, the solubility is low 
 and the drug precipitates. Precipitation has also been coupled with high shear processing. 


This  is  accomplished  by  a  combination  of  rapid  precipitation  and  high-pressure 
 homogenization.  The  nanoedge  patented  technology  by  Baxter  depends  on  the 
 precipitation of friable materials for fragmentation under conditions of high shear and/or 
 thermal energy. Rapid addition of a drug solution to an anti-solvent leads to sudden super 
 saturation of the mixed solution, and generation of fine crystalline or amorphous solids. 


Precipitation of an amorphous material may be favored at high super saturation when the 
 solubility of the amorphous state is exceeded [28]. 


The  basic  principles  of  nanoedge  are  the  same  as  that  of  precipitation  and 
 homogenization.  A  combination  of  these  techniques  results  in  smaller  particle  size  and 
 better stability in a shorter time. The major drawback of the precipitation technique, such 
 as crystal growth and long-term stability, can be resolved using the Nanoedge technology


[20] 


Nanojet Technology: 


This  technique,  called  ‘opposite  stream  or  nanojet  technology’,  uses  a  chamber 
where a stream of suspension is divided into two or more parts, which colloid with each 
other at high pressure upto 4000 bar at the high velocity of 1000m/s[29]. The high shear 
force produced during the process results in particle size reduction. Equipment using this 
principle  includes  the  M110L  and  M110S  microfluidizers  (Microfluidics).  Dearn 
prepared nanosuspensions of atovaquone using the microfluidization process. The major 



(44)limitation of this technique is the high number of passes through the microfluidizers (up 
 to  75  passes)  and  that  the  product  obtained  contains  a  relatively  larger  fraction  of 
 microparticles [20]. A limitation of this process is the large production time [29]. 


Emulsification-solvent evaporation technique: 


This technique involves preparing a solution of drug followed by its emulsification in 
 another  liquid  that  is  a  non-solvent  for  the  drug.  Evaporation  of  the  solvent  leads  to 
 precipitation  of  the  drug.  Crystal  growth  and  particle  aggregation  can  be  controlled  by 
 creating high shear forces using a high-speed stirrer [22]. 


Supercritical fluid method: 


Supercritical  fluid  technology  can  be  used  to  produce  nanoparticle  from  drug 
 solutions.  The  various  methods  attempted  are  rapid  expansion  of  supercritical  solution 
 process (RESS), supercritical anti-solvent process and precipitation with compressed anti-
 solvent process (PCA). The RESS involves expansion of the drug solution in supercritical 
 fluid  through  a  nozzle,  which  leads  to  loss  of  solvent  power  of  the  supercritical  fluid 
 resulting  in  precipitation  of  the  drug  as  fine  particles.  In  the  PCA  method,  the  drug 
 solution  is  atomized  into  a  chamber  containing  compressed  CO2.  As  the  solvent  is 
 removed,  the  solution  gets  supersaturated  and  thus  precipitates  as  fine  crystals.  The 
 supercritical  anti-  solvent  process  uses  a  supercritical  fluid  in  which  a  drug  is  poorly 
 soluble and a solvent  for the drug that  is  also  miscible with  the supercritical  fluid. The 
 drug solution is injected into the supercritical fluid and the solvent gets extracted by the 
 supercritical fluid and the drug solution gets supersaturated. The drug is then precipitated 
 as fine crystals [22]. 


Limitations: 


  Use  of  hazardous  solvents  and  use  of  high  proportions  of  surfactants  and 
 stabilizers as compared with other techniques.  


  Particle  nucleation  overgrowth  due  to  transient  high  supersaturation,  which  may 
also  result  in  the  development  of  an  amorphous  form  or  another  undesired 
polymorph.  



(45)Dry co-grinding: 


Nanosuspensions  prepared  by  high  pressure  homogenization  and  media  milling 
 using  pearl-ball  mill  are  wet–grinding  processes.  Recently,  nanosuspensions  can  be 
 obtained by dry milling techniques. Successful work in preparing stable nanosuspensions 
 using dry-grinding of poorly soluble drugs with  soluble polymers and copolymers after 
 dispersing in a liquid media has been reported. Itohet  al. reported the colloidal particles 
 formation of many poorly water soluble drugs; griseofulvin, glibenclamide and nifedipine 
 obtained  by  grinding  with  polyvinyl  pyrrolidone  (PVP)  and  Sodium  dodecyl  sulfate 
 (SDS).  Many  soluble  polymers  and  co-polymers  such  as  PVP,  Polyethylene  glycol 
 (PEG), Hydroxypropyl methylcellulose (HPMC) and cyclodextrin derivatives have been 
 used.  Physicochemical  properties  and  dissolution  of  poorly  water  soluble  drugs  were 
 improved  by  co-grinding  because  of  an  improvement  in  the  surface  polarity  and 
 transformation from  a crystalline to an amorphous drug. Recently, nanosuspensions can 
 be  obtained  by  dry  milling  techniques.  Dry  co-grinding  can  be  carried  out  easily  and 
 economically and can be conducted without organic solvents. The co-grinding technique 
 can reduce particles to the submicron level and a stable amorphous solid can be obtained


[30]. 


Emulsion as template [23]: 


Apart from the use of emulsions as a drug delivery vehicle, they can also be used 
as templates to produce nanosuspensions. The use of emulsions as templates is applicable 
for  those  drugs  that  are  soluble  in  either  volatile  organic  solvent  or  partially  water-
miscible solvent. Such solvents can be used as the dispersed phase of the emulsion. There 
are two ways of fabricating drug nanosuspensions by  the  emulsification  method.  In the 
first method, an organic solvent or mixture of solvents loaded with the drug is dispersed 
in  the  aqueous  phase  containing  suitable  surfactants  to  form  an  emulsion.  The  organic 
phase  is  then  evaporated  under  reduced  pressure  so  that  the  drug  particles  precipitate 
instantaneously to form a nanosuspensions stabilized by surfactants. Since one particle is 
formed  in  each  emulsion  droplet,  it  is  possible  to  control  the  particle  size  of  the 
nanosuspensions  by  controlling  the  size  of  the  emulsion.  Optimizing  the  surfactant 
composition increases the intake of organic phase and ultimately the drug loading in the 
emulsion.  Originally, organic solvents  such as methylene chloride and  chloroform  were 
used. However, environmental hazards and human safety concerns about residual solvents 



(46)have limited their use in routine manufacturing processes. Relatively safer solvents such 
 as ethyl acetate and ethyl formate can still be considered for use. 


Another  method  makes  use  of  partially  water-miscible  solvents  such  as  butyl 
 lactate, benzyl alcohol and triacetin as the dispersed phase instead of hazardous solvents. 


The  emulsion  is  formed  by  the  conventional  method  and  the  drug  nanosuspension  is 
 obtained  by  just  diluting  the  emulsion.  Dilution  of  the  emulsion  with  water  causes 
 complete diffusion of the internal phase into the external phase, leading to instantaneous 
 formation of a nanosuspension. The nanosuspension thus formed has to be made free of 
 the  internal  phase  and  surfactants  by  means  of  di-ultrafiltration  in  order  to  make  it 
 suitable for administration. 


However,  if  all  the  ingredients  that  are  used  for  the  production  of  the 
 nanosuspensions  are  present  in  a  concentration  acceptable  for  the  desired  route  of 
 administration,  then  simple  centrifugation  or  ultracentrifugation  is  sufficient  to  separate 
 the nanosuspensions. 


Advantages: 


  Use of specialized equipment is not necessary.  


  Particle size can easily be controlled by controlling the size of the emulsion droplet.  


  Ease of scale-up if formulation is optimized properly. 


Limitations: 


  Drugs  that  are  poorly  soluble  in  both  aqueous  and  organic  media  cannot  be 
 formulated by this technique.  


  Safety concerns because of the use of hazardous solvents in the process.  


  Need for di-ultrafiltration for purification of the drug nanosuspensions, which may 
 render the process costly.  


  High  amount  of  surfactant/stabilizer  is  required  as  compared  to  the  production 
 techniques described earlier.  


  The  production  of  drug  nanosuspensions  from  emulsion  templates  has  been 
successfully  applied  to  the  poorly  water-soluble  and  poorly  bioavailable  anti-
cancer drug mitotane, where a significant improvement in the dissolution rate of 
the  drug  (five-fold  increase)  as  compared  to  the  commercial  product  was 
observed.  
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