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INTRODUCTION 


Novel Drug Delivery System:


Novel Drug Delivery system (NDDS) refers to the approaches, formulations, 
 technologies, and systems for transporting a pharmaceutical compound in the body as 
 needed to safely achieve its desired therapeutic effects. NDDS is a system for delivery 
 of  drug  other  than  conventional  drug  delivery  system.  NDDS  is  a  combination  of 
 advance  technique  and  dosage  form  which  are  far  better  than  conventional  dosage 
 form1.The aim of NDDS is to provide a therapeutic amount of drug to the appropriate 
 site  in  the  body  to  accomplish  promptly  and  then  maintain  the  desired  drug 
 concentration2.  NDDS  combining  polymer  science,  pharmaceutics  and  molecular 
 biology3.   


ADVANTAGES OF NOVEL DRUG DELIVERY SYSTEM4,5: 
 i.  Optimum dose at the right time and right location  


ii.  Efficient use of expensive drugs, excipients and reduction in production cost  
 iii.  Improves the therapy by increasing the duration of action and reducing the side 


effects. 


iv.  Increases  the  patient  compliance  and  provides  convenient  route  of 
 administration. 


v.  Achieve the targeting of drugs to a specific sites which reduces the unwanted 
 side effects and obtain maximum efficacy. 


vi.  Reduces the dose and thus reduces the side effects of drugs. 


Types of novel drug delivery systems4,5:


There are number of novel drug delivery systems are available. They are 
 1. Hydrogels 


2. Colloidal drug carrier systems 
a) Micelles 



(20)b) Microspheres 
 c) Nanoparticles 


d) Liposomes and neosomes 
 3. Mucoadhesives 


4. Transdermal drug delivery 
 5. Ocular drug delivery 
 6. Nasal drug delivery 
 1. Hydrogels: 


Hydrogels are three dimensional hydrophilic polymeric networks capable of 
 absorbing large amount of water or biological fluids. These networks are composed of 
 homopolymers or copolymers and are insoluble because of the presence of chemical or 
 physical  crosslinks  like  entanglements  or  crystallites.  The  hydrogels  exhibit 
 thermodynamic  compatibility  with  water  which  allows  them  to  swell  in  aqueous 
 medium. They are used to control the drug release in reservoir based controlled release 
 system or as carriers in swellable and swelling control release devices4. 


2. Colloidal Drug Carrier Systems: 


Colloidal drug carrier systems like micellar solutions, vesicle and liquid crystal 
 dispersions, microspheres, nanoparticles, consisting of small particles, ranging from 10 
 nm  to  400  nm  diameter.  They  show  great  promise  as  drug  delivery  systems.  When 
 developing these formulations the aim is to obtain systems with optimized drug loading 
 and release properties, long shelf life and low toxicity4. 


a) Micelles: 


Micelles  formed  by  the  self-assemble  of  amphiphilc  block  copolymers  in 
aqueous solutions. The size ranges from 5 to 50 nm. They will provide grate interest in 
drug delivery applications. The drugs can be physically entrapped in the core of block 



(21)co polymer micelle and transported at concentration that can exceed their intrinsic water 
 solubility4. 


b) Microspheres: 


Microspheres are the delivery systems that contain a matrix of the polymer in 
 which the drug in micron size is uniformly dispersed5. It comprises of small spherical 
 particles,  with  diameters  in  the  micrometer  range,  typically  1µm  to  1000µm5. 
 Microcapsules are those where the drug is coated with the polymer4. The microcapsules 
 and  microspheres  prolong  drug  release  whereas  microspheres  are  used  for  drug 
 targeting4. 


c) Nanoparticles: 


The size ranges from 10 to 1000 nm. They can absorb and encapsulate a drug 
 thus  protecting  it  from  chemical  and  enzymatic  degradation.  The  nanocapsules  are 
 vesicular systems in which the drug is confined to a cavity surrounded by a unique 
 polymer membrane. Nanospheres are matrix systems in which the drug is physically 
 and  uniformly  dispersed.  Nanoparticles  as  drug  carriers  will  be  formed  from  both 
 biodegradable and non-biodegradable polymers. They will provide massive advantages 
 regarding  drug  targeting,  delivery,  and  release4.  Especially,  used  for  the  delivery  of 
 lipophilic compounds5. 


d) Liposomes and Niosomes: 


Liposomes  are  concentric  bi-layered  vesicles  in  which  aqueous  volume  is 
 entirely  enclosed  by  a  membranous  lipid  bi-layer  mainly  composed  of  natural  or 
 synthetic  phospholipids.  The  liposomes  are  spherical  particles  that  encapsulate  the 
 solvents  which  are  freely  floating  in  the  interior5.  Amphiphillic  and  lipophilic 
 molecules are solubilised with in the phospholipid bi layer according to their affinity 
 towards phospholipids. Presence of non-ionic surfactant instead of phospholipids in the 
 formation of bilayers results in the formation of neosomes4.  


3. Mucoadhesive Systems: 


Mucoadhesives are synthetic or natural polymers that interact with the mucus 
layer covering the mucosal epithelial surface and mucin molecules. They can adhere to 
the gastric mucosa or the buccal mucosa. This concept has altered the possibility that 
these  polymers  can  be  used  to  overcome  physiological  barriers  in  long  term  drug 



(22)delivery.  This  mucoadhesive  drug  delivery  system  gives  more  effective  and  safe 
 treatment not only for topical disorders but also for systemic problems4. 


4. Transdermal Drug Delivery: 


   Transdermal drug delivery is defined as self-contained, discrete dosage 
 forms  which,  when  applied  to  the  intact  skin,  deliver  the  drug,  through  the  skin  at 
 controlled rate to the systemic circulation6.  If the skin is the site of action then high 
 concentration  of  drugs  can  be  localized  at  the  skin,  which  results  in  reducing  the 
 systemic  drug  levels and  also  reducing  the  systemic  side  effects.  It is an  alternative 
 route for the delivery of systemically acting drugs. This route have several advantages 
 when compared with oral drug administration. It bypasses the lever there by the dose is 
 reduced and the side effects are minimized4. 


5. Ocular Drug Delivery: 


Ocular drug delivery is the one of the most challenging drug delivery system. 


This field has improved significantly over the past 20 years. The improvements have 
 largely focused on maintaining the drug in eyes for an extended period of time unlike 
 conventional eye drops4. 


6. Nasal Drug Delivery: 


The nasal route appears to be an alternative to parenterals for administrating 
drugs  intended  for  systemic  effects.  The  nasal  route  provides  rich  vascularity  high 
permeable  structure  for  absorption.  It  avoids  hepatic  first  pass  metabolism.  Proteins 
such as insulin are reported to have fast and sustained action when administered through 
the nasal route4. 
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Liposomes are colloidal, vesicular structure composed of one or more bilayers 
 surrounding an equal number of aqueous compartment7. Liposomes are small artificial 
 vesicles of spherical shape that can be created from cholesterol and natural nontoxic 
 phospholipids. Due to their size and hydrophobic and hydrophilic character (besides 
 biocompatibility), liposomes are promising systems for drug delivery8. The sphere like 
 shell encapsulated a liquid interior which contain substances such as peptides, protein, 
 hormones, enzymes, antibiotics, anti-fungal and anti-cancer agents7.  


Liposome  properties  differ  considerably  with  lipid  composition,  surface 
 charge,  size,  and  the  method  of  preparation.  Furthermore,  the  choice  of  bilayer 
 components determines the ‘rigidity’ or ‘fluidity’ and the charge of the bilayer. For 
 instance, unsaturated phosphatidylcholine species from natural sources (egg or soybean 
 phosphatidylcholine) give much more permeable and less stable bilayers, whereas the 
 saturated  phospholipids  with  long  acyl  chains  (for  example, 
 dipalmitoylphosphatidylcholine) form a rigid, rather impermeable bilayer structure8.  


It  has  been  displayed  that  phospholipids  impulsively  form  closed  structures 
 when they are hydrated in aqueous solutions. Such vesicles which have one or more 
 phospholipid bilayer membranes can transport aqueous or lipid drugs, depending on the 
 nature  of  those  drugs.  Because  lipids  are  amphipathic  (both  hydrophobic  and 
 hydrophilic)  in  aqueous  media,  their  thermodynamic  phase  properties  and  self-
 assembling  characteristics  influence  entropically  focused  confiscation  of  their 
 hydrophobic sections into spherical bilayers. Those layers are referred to as lamellae9.  
 Liposomes  particle  sizes  ranges  from  30  nm  to  several  micrometers.  They 
 consist of one or more lipid bilayers surrounding aqueous units, where the polar head 
 groups are oriented in the pathway of the interior and exterior aqueous phases. On the 
 other  hand,  self-aggregation  of  polar  lipids  is  not  limited  to  conventional  bilayer 
 structures  which  rely  on  molecular  shape,  temperature,  and  environmental  and 
 preparation conditions but may self-assemble into various types of colloidal particles10.  
 Advantages of Liposomes: 


Some of the advantages of liposome are as follows1,8,11, 12:
 1)  It can carry both water and lipid soluble drugs. 


2)  Provides selective passive targeting to tumor tissues (liposomal doxorubicin). 



(24)3)  Liposomes increased efficacy and therapeutic index of drug (actinomycin-D). 


4)  Liposome increased stability via encapsulation. 


5)  Liposomes are non-toxic, flexible, biocompatible, completely biodegradable, and 
 non-immunogenic for systemic and non-systemic administrations. 


6)  Liposomes reduce the toxicity of the encapsulated agent (amphotericin B, Taxol). 


7)  Liposomes help reduce the exposure of sensitive tissues to toxic drugs. 


8)  Site avoidance effect. 


9)  Flexibility to couple with site-specific ligands to achieve active targeting. 


10) Improved pharmacokinetic effects (reduced elimination, increased circulation life 
 times). 


11) It provide sustained release. 


12) It can be administered through various routes. 


13) It engenders incorporate micro and macro molecules. 


14) It also act as reservoir of drugs. 


15) Liposomes can modulate the distribution of drug. 


16) It direct interaction of the drug with cell. 


Disadvantages of Liposomes: 


Some of the disadvantages of liposome are as follows8,11:
 1)  Low solubility. 


2)  Sometimes phospholipid undergoes oxidation and hydrolysis-like reaction. 


3)  Short half-life. 


4)  Leakage and fusion of encapsulated drug/molecules. 


5)  Production cost is high. 


6)  Fewer stables. 


7)  Quick uptake by cells of reticuloendothelial system (R.E.S). 


8)   Allergic reactions may occur to liposomal constituents. 


9)   Problem to targeting to various tissues due to their large size. 


Application of Liposomes: 


Liposomes for Brain Targeting: 


The biocompatible and biodegradable behavior of liposomes have recently led 
to their exploration as drug delivery system to brain. Liposomes with a small diameter 
(100  nm)  as  well  as  large  diameter  undergo  free  diffusion  through  the  Blood  Brain 



(25)Barrier (BBB). However it is possible that a small unilamellar vesicles (SUVS) coupled 
 to  brain  drug  transport  vectors  may  be  transported  through  the  BBB  by  receptor 
 mediated or absorptive mediated transcytosis13. 


Liposome in Eye Disorders: 


   Liposome has been widely used to treat disorder of both anterior and 
 posterior segment. The disease of eye includes dry eyes, keratitis, corneal transplant 
 rejection, uveitis, endopthelmitis and proliferative vitro retinopathy. Retinal diseases 
 are leading cause of blindness in advanced countries. Liposome is used as vector for 
 genetic transfection and monoclonal antibody directed vehicle. The recent techniques 
 of the treatment like applying of focal laser to heat induced release of liposomal drugs 
 and  dyes  are  used  in  the  treatment  of  selective  tumor  and  neo-vascular  vessels 
 occlusion, angiography, retinal and choroidal blood vessel stasis13. 


Liposome for Respiratory Drug Delivery System: 


Liposome is widely used in several types of respiratory disorders. The recent 
 use of liposome for the delivery of DNA to the lung means that a greater understanding 
 of their use in macromolecular delivery via inhalational is now emerging. Much of this 
 new  knowledge,  including  new  lipids  and  analytical  techniques,  can  be  used  in  the 
 development of liposome based protein formulations. For inhalation of liposome the 
 liquid  or  dry  form  is  taken  and  the  drug  release  occurs  during  nebulization.  Drug 
 powder liposome has been produced by milling or by spray drying13. 


Liposomes in parasitic diseases and infections: 


Since conventional liposomes are digested by phagocytic cells in the body after 
 intravenous administration, they are ideal vehicles for the targeting of drug molecules 
 into  these  macrophages.  The  best  known  examples  of  this  ‘Trojan  horse-like’ 


mechanism  are  several  parasitic  diseases  which  normally  reside  in  the  cell  of 
 mononuclear  phagocytic  system.  They  include  leishmaniasis  and  several  fungal 
 infections14. 


Macrophage activation and vaccination: 


Some  natural  toxins  induce  strong  macrophage  response  which  results  in 
macrophage activation. This can be duplicated and improved by the use of liposomes 
because  small  molecules  with  immunogenic  properties  (haptens)  cannot  induce 



(26)immune response without being attached to a larger particle. For instance, liposomes 
 containing  muramyl  tripeptide,  the  smallest  bacterial  cell  wall  subunit  with 
 immunogenic  properties  cause  macrophage  activation.  Activated  macrophages  are 
 larger and contain more granulomae and lysosome material. Their state lasts for a few 
 days  during  which  they  show  enhanced  tumouricidal,  virocidal  and  microbicidal 
 activity14. 


Liposomes in anticancer therapy: 


Many different liposome formulations of various anticancer agents were shown 
 to be less toxic than the free drug. Anthracyclines are drugs which stop the growth of 
 dividing cells by intercalating into the DNA and therefore kill predominantly quickly 
 dividing cells. These cells are in tumours, but also in gastrointestinal mucosa, hair and 
 blood cells and therefore this class of drugs is very toxic14. 


Liposomes in bioengineering: 


Nucleic  acids  used  in  gene  transfer  are  large,  with  molecular  weights  up  to 
 several  million  Daltons,  highly  charged  and  hydrophilic  and  therefore  not  easy  to 
 transfer  across  cell  membranes.  Additionally  to  classical  methods,  such  as  direct 
 injection,  phosphate  precipitation  and  others,  liposomes  were  tried  as  transfection 
 vectors.  They  can  deliver  the  encapsulated  or  bound  nucleic  acid  into  cells 
 predominantly in two ways: the classical approach is to encapsulate the genetic material 
 into  liposomes  and  liposomes  act  as  an  endocytosis  enhancer  while  recently  the 
 phosphate  or  DEAE  precipitation  was  simulated  by  liposomes.  In  these  cases  the 
 nucleic  acid  forms  a  complex  with  several  cationic  liposomes  and  the  size  of  the 
 complex  and  its  adsorption  on  the  cell  surface  catalyses  endocytosis  or,  possibly, 
 fusion14. 


Liposomes in cosmetics: 


Liposomes as a carrier itself offers advantages because lipids are well hydrated 
 and can reduce the dryness of the skin which is a primary cause for its ageing. Also, 
 liposomes can act to replenish lipids and, importantly, linolenic acid14. 


Liposomes in agro-food industry: 


Lipid  molecules  from  fats  to  polar  lipids,  are  one  of  the  fundamental 
ingredients in almost any food. The sustained release system concept can be used in 



(27)various fermentation processes in which the encapsulated enzymes can greatly shorten 
 fermentation times and improve the quality of the product. This is due to improved 
 spatial  and  temporal  release  of  the  ingredient(s)  as  well  as  to  their  protection  in 
 particular phases of the process against chemical degradation. A classical example is 
 cheese making14. 


Mechanism of Liposome Formation15: 


In  aqueous  medium,  the  lipid  molecules  in  self-assembled  structures  are 
 oriented in such a way that the polar portion of the molecule remains in contact with 
 the  polar  environment  and  at  the  same  time  shields  the  non-polar  part.  Among  the 
 amphiphiles  used  in  the  drug  delivery,  viz.  soap,  detergents,  polar  lipids,  the  latter 
 (polar lipids) are often employed to form concentric bilayered structures. However, in 
 aqueous mixtures these molecules are able to form various phases, some of them are 
 stable and others remain in the metastable state. At high concentrations of these polar 
 lipids, liquid-crystalline phases are formed that upon dilution with an excess o water 
 can be dispersed into relatively stable colloidal particles. 


Figure 1: Mechanism of liposome formation 



(28)Classification of liposomes: 


Liposome classification based on structural features  
 Multilamellar Large Vesicles (MLV): 


In  MLV,  vesicles  have  an  onion  structure.  Classically,  several  unilamellar 
 vesicles will form on the inside of the other with smaller size, making a multilamellar 
 structure of concentric phospholipid spheres separated by layers of water8. 


Unilamellar vesicles (UV): 


In  UV  liposomes,  the  vesicle  has  a  single  phospholipid  bilayer  sphere 
 enclosing the aqueous solution. UV vesicles can be prepared in a variety sizes16: 
 Small unilamellar vesicles (SUV) - 20 to 40 nm. 


Medium sized unilamellar vesicles (MUV) – 40 to 80 nm. 


Large unilamellar vesicles (LUV) – 10 to 1000 nm. 


Giant unilamellar vesicles (GUV) - > 1000 nm. 


Oligolamellar vesicles (OLV): 


OLV have large central aqueous cores surrounded by 2 to 10 bilayers16. 
 Multivesicular vesicles (MVV):  


MVV  first  described  as  large  clusters  of  smaller  compartments  sharing 
common bilayers, have been redefined to cover all structures of non-concentric vesicles 
inside a larger vesicle of 200 nm to 3µm17. 



(29)Figure 2: Classification of liposome formation 



(30)Methods of Liposomes Preparation: 


Figure No. 3 Methods of liposome preparation 


A. Passive loading techniques: 


In these passive loading technique the drug is encapsulated by incorporating an 
 aqueous phase of a water-soluble (hydrophillic) drug or an organic phase of a lipid-
 soluble drug initially or at predetermined stage during the preparation of the liposomes. 


The huge drug encapsulation efficiency can be achieved with the help of these passive 
 Methods for liposomes preparaion 


Passive loading techniques  Active loading techniques 


Mechanical dispersion method  Solvent dispersion method  Detergent removal method 


1) Ether injection method 
 2) Ethanol injection method 
 3) Double emulsion 


4) Reverse phase 
 evaporation vesicles 
 5) Stable pluri lamellar 


vesicles 


1) Detergent (cholate, 
 alkylglycoside,triton x-
 100) removal from 
 mixed vesicles by 


 Dialysis 


 Column 


chromatography 


 dilution 


 Reconstitute sendai 
 virus enveloped 
 1. Lipid film hydration method 


2. Micro emulsification method 
 3. Sonication 


4. French pressure cell 
5. Membrane extrusion 
6. Dried reconstituted vesicles 
7. Freeze thawed liposomes 



(31)loading  technique  which  is  more  suitable  for  lipid-soluble  drugs  with  a  high 
 resemblance to the lipid membrane.  


Different  methods  discuss  under  this  class  start  with  a  lipid  solution in  organic 
 solvent  and  nd  up  with  lipid  dispersion  in  water.  The  a  choice  of  component  are 
 typically combined by co-dissolving the lipids in an organic solvent and the organic 
 solvent is then seperated by film deposition under vacuum .When residual solvent is 
 removed, the solid lipid mixture is hydrated with the help of aqueous buffer.  


The  lipids  spontaneously  swell  and  hydrate  to  form  liposome.  Liposomal 
 encapsulation  technology  (LET)  is  the  latest  delivery  method  used  by  medical 
 researcher to transmit drugs that act as healing promoters to the definite body organs. 


LET is state of art method of preparing sub-microscopic bubbles called liposome18. 
 1. Mechanical Dispersion Method:


In  these  method  variety  component  are  mainly  combined  by  co-dissolving  the 
 lipids in an organic solvent and after that the organic solvent is then separated by film 
 deposition under vaccum. When all the solvent is evaporated, the solid lipid mixture is 
 hydrated  using  aqueous  phase.  The  lipids  spontaneously  swell  and  hydrate  to  form 
 liposomes18. 


The following are types of mechanical dispersion methods: 


i. Lipid film hydration method: 


    The  lipid-film  hydration  procedure  is  the  most  common  and  simple 
 method for preparation of MLV by dissolving the phospholipids in the organic solvents: 


dichloromethane, chloroform, ethanol and chloroform-methanol mixture (2:1 v/v; 9:1 
 v/v; 3:1 v/v). A thin and homogeneous lipid film is formed when solvent is evaporated 
 under  vacuum  at  the  temperature:  45-60  ºC.  Nitrogen  gas  is  involved  in  order  to 
 completely remove the residual solvent. A solution of distilled water, phosphate buffer, 
 phosphate saline buffer at pH 7.4 and normal saline buffer are used in hydration step. 


The time for the hydration process varied from 1 h to 2 h at the temperature 60- 70 ºC. 


In order to obtain full lipid hydration, the liposomal suspension is left overnight at 4 ºC. 


The lipid-film hydration method can be used for all different kinds of lipid mixtures19. 
 i. Micro-emulsification method: 


    An equipment called as microfluidizer is used to prepare small vesicle 
from concentrated lipid suspension. The lipids can be introduced into the fluidizer as a 



(32)suspension of large MLVs. This equipment pumps the suspension at very high pressure 
 through the 5 mm screen. Then it is forced long micro channel, which direct two streams 
 of fluid collide together at right angle and very high velocity. The fluid collected can 
 be  recycled  through  the  pump  and  interaction  chamber  until  vesicles  of  spherical 
 dimension are obtain20. 


iii. Sonication 


    Sonication  is  perhaps  the  most  extensively  used  method  for  the 
 preparation of SUV. Here, MLVs are sonicated either with a bath type sonicator or a 
 probe sonicator under a passive atmosphere. The main disadvantages of this method are 
 very low internal volume/encapsulation efficacy, possible degradation of phospholipids 
 and  compounds  to  be  encapsulated,  elimination  of  large  molecules,  metal  pollution 
 from  probe  tip,  and  presence  of  MLV  along  with  SUV.  There  are  two  sonication 
 techniques21. 


a.  Probe  sonication:  The  tip  of  a  sonicator  is  directly  engrossed  into  the  liposome 
 dispersion.  The  energy  input  into  lipid  dispersion  is  very  high  in  this  method.  The 
 coupling  of  energy  at  the  tip  results  in  local  hotness;  therefore,  the  vessel  must  be 
 engrossed into a water/ice bath. Throughout the sonication up to 1 h, more than 5% of 
 the lipids can be de-esterified. Also, with the probe sonicator, titanium will slough off 
 and pollute the solution21. 


b.  Bath  sonication:    The  liposome  dispersion  in  a  cylinder  is  placed  into  a  bath 
 sonicator. Controlling the temperature of the lipid dispersion is usually easier in this 
 method, in contrast to sonication by dispersal directly using the tip. The material being 
 sonicated can be protected in a sterile vessel, dissimilar the probe units, or under an 
 inert atmosphere21 


iv. French pressure cell: 


    French  pressure  cell  involves  the  extrusion  of  MLV  through  a  small 
 orifice. An important feature of the French press vesicle method is that the proteins do 
 not seem to be significantly pretentious during the procedure as they are in sonication. 


An interesting comment is that French press vesicle appears to recall entrapped solutes 
significantly longer than SUVs do, produced by sonication or detergent removal. The 
method  involves  gentle  handling  of  unstable  materials.  The  method  has  several 
advantages  over  sonication  method.  The  resulting  liposomes  are  rather  larger  than 



(33)sonicated SUVs. The drawbacks of the method are that the high temperature is difficult 
 to  attain,  and  the  working  volumes  are  comparatively  small  (about  50  mL  as  the 
 maximum)8. 


v. Membrane extrusion: 


    In this method, MLVs is reduced by passing them through a membrane 
 filter of defined bore size. There are two types of membrane filter. The tortuous bath 
 type  and  the  nucleation  track  type.  The  former  is  used  for  sterile  filtration.  In  this 
 random  bath  arises  between  the  criss  cross  fibres  in  the  matrix.  Liposomes  that  are 
 larger than the channel diameter get struck when one tries to pass them though such 
 membrane. The nucleation track is composed of thin continuous sheet of polycarbonate. 


They will offer less resistance to passage of liposomes as these consist of straight sided 
 pore holes off exact diameter bored from one side to another. This method can be used 
 to process both LUVs and MLVs18. 


vi. Dried reconstituted vesicles: 


    In DRV method freeze drying of a dispersion of empty SUVs are to be 
 done  and  then  dispersion  of  it  with  the  aqueous  fluid  containing  the  material  to  be 
 entrapped. This leads to a hydration of solid lipids in finely reduced sized form. Though, 
 the  step  of  freeze-drying  is  introduced  to  freeze  and  lyophilize  a  performed  SUVs 
 dispersion rather than to dry the lipids from an organic solution. This leads to an ordered 
 membrane  structure  as  compared  to  random  matrix  structure,  which  on  addition  of 
 water  can  rehydrate,  fuse  and  reseal  to  form  vesicles  with  a  high  encapsulation 
 efficiency. The water soluble hydrophillic materials to be entrapped are added to the 
 dispersion  which  are  empty  SUVs  and  they  are  dried  together,  so  the  material  for 
 inclusion  is  present  in  the  dried  precursor  lipid  before  the  final  step  of  addition  of 
 aqueous medium18. 


vii. Freeze-thawed liposome: 


    SUVs are rapidly frozen and thawed slowly. The short-lived sonication 
disperses aggregated materials to LUV. The creation of UV is as a result of the fusion 
of SUV throughout the processes of freezing and thawing. This type of synthesis is 
strongly inhibited by increasing the phospholipid concentration and by increasing the 
ionic  strength  of  the  medium.  The  encapsulation  efficacies  from  20%  to  30%  were 
obtained8. 



(34)2. Solvent Dispersion Method: 


    In  these  methods  lipids  are  first  dissolved  in  an  organic  solution  and  then 
 brought into contact with aqueous phase containing materials to be entrapped within 
 liposome.  At  the  interface  between  the  organic  and  the  aqueous  phases  the 
 phospholipids align themselves to form a monolayer, which is important step to form 
 the bilayer of liposome20. 


i. Ether injection (solvent vaporization)8:


    A  solution  of  lipids  dissolved  in  diethyl  ether  or  ether-methanol  mixture  is 
 gradually injected to an aqueous solution of the material to be encapsulated at 55°C to 
 65°C or under reduced pressure. The consequent removal of ether under vacuum leads 
 to  the  creation  of  liposomes.  The  main  disadvantages  of  the  technique  are  that  the 
 population  is  heterogeneous  (70  to  200  nm)  and  the  exposure  of  compounds  to  be 
 encapsulated to organic solvents at high temperature. 


ii. Ethanol injection8: 


    A lipid solution of ethanol is rapidly injected to a huge excess of buffer. The 
 MLVs are at once formed. The  is advantages of the method are that the population is 
 heterogeneous (30 to 110 nm), liposomes are very dilute, the removal all ethanol is 
 difficult because it forms into azeotrope with water, and the probability of the various 
 biologically active macromolecules to inactivate in the presence of even low amounts 
 of ethanol is high. 


iii. Double emulsion method: 


In this process, an active ingredient is initially dissolved in an aqueous phase 
 (w1)  which  is  then  emulsified  in  an  organic  solvent  containing  polymer  to  form  a 
 primary w1/o emulsion. This primary emulsion is then mixed in an emulsifier which 
 also  consist  of  aqueous  solution  (w2)  to  form  a  w1/o/w2  double  emulsion.  The 
 extraction of the solvent leaves microspheres in the aqueous external phase, making it 
 possible to seperate them by filtering or centrifuging18. 


iv. Reverse phase evaporation method:


    The lipid mixture is added to a round bottom flask and the solvent is 
removed  under  reduced  pressure  by  a  rotary  evaporator.  The  system  is  purged  with 



(35)nitrogen and lipids are re-dissolved in the organic phase which is the phase in which 
 the  reverse  phase  vesicle  will  form.  Diethyl  ether  and  isopropyl  ether  are  the  usual 
 solvents of choice. After the lipids are re-dissolved the emulsion are obtained and then 
 the  solvent  is  removed  from  an  emulsion  by  evaporation  to  a  semisolid  gel  under 
 reduced pressure. Phosphate buffer saline or citric-Na2HPO4 buffer is added to aqueous 
 phase with aim to improve the efficiency of liposome formulations. The formation of 
 liposomes  is  allowed  by  continued  rotary  evaporation  of  the  organic  solvents  under 
 vacuum. Non encapsulated material is then removed. The resulting liposomes are called 
 reverse phase evaporation vesicles (REV). This method is used for the preparation of 
 LUV and OLV formulation and it has the ability to encapsulate large macromolecules 
 with high efficiency13,19. 


v. Stable pluri lamellar vesicles: 


    This method of pluri lamellar vesicle preparation followed by formation 
 of water-in-organic phase dispersion with an excess of lipid which further introduce to 
 drying under continued bath sonication with an irregular stream of nitrogen. SPLVs 
 require  a  large  aqueous  core,  the  common  of  the  entrapped  aqueous  medium  being 
 located  in  the  compartment  in  between  adjacent  lamellae.  The  percent  entrapment 
 normally ranges around 30%18. 


3. Detergent Removal Method: 


    In this method the phospholipids are brought into close contact with the 
aqueous  phase  via  detergents,  which  associate  with  phospholipids  molecules.  The 
structures  formed  as  a  result  of  this  association  are  known  as  micelles.  They  are 
composed of several hundreds of component molecules. The concentration of detergent 
in  water  at  which  micelles  start  to  form  is  called  CMC.  Below  CMC  the  detergent 
molecule  exist  in  free  solution.  As  the  detergent  molecule  is  dissolved  in  water  at 
concentration  higher  than  the  CMC,  micelle  form  in  large  amounts.  As  the 
concentration  of  detergent  added  is  increased  more  amount  of  detergent  is 
incorparorated into the bilayer, until a point is reached where conversion from lamellar 
form  to  spherical  micellar  form  take  place.  As  detergent  concentration  is  further 
increased, the micelles are reduced in size20. 



(36)i. Dialysis: 


    Detergents are mainly soluble in both aqueous as well as organic media 
 and there is an equilibrium within the detergent molecules in the water phase, and in 
 the lipid environment of the micelle. The CMC can give an indication to the position of 
 this equilibrium. Upon reducing the concentration of detergent in the whole aqueous 
 phase, the molecules of detergent can be washed away from mixed micelle by dialysis. 


The action of egg PC with a 2:1 molar ratio of sodium cholate followed by dialysis 
 which lead to the formation of vesicles (100nm). A commercial version of the dialysis 
 system  is  available  under  the  trade  name  LIPOPREPTM  (  Diachema  AG, 
 Switzerland)18. 


ii. Column Chromatography: 


    Phospholipids in the form of either sonicated vesicles or as a dry film, at a molar 
 ratio of 2:1 with deoxycholate form UV of 100nm. Deoxycholate remove using column 
 chromatography .This could be done by the passing the dispersion over a Sephadex G-
 259  column  presaturated  by  constitutive  lipids  and  preequilibrated  using  hydrating 
 buffer18. 


iii. Dilution: 


    Upon  dilution  of  aqueous  mixed  micellar  solution  of  detergent  and 
 phospholipids  with  buffer,  the  micellar  size  and  the  polydispersity  increase 
 fundamentally, and as the system is diluted beyond the mixed micellar phase boundary, 
 a spontaneous transition from poly-dispersed micelles to vesicles occurs8. 


B. ACTIVE LOADING: 


    The exploitation of liposomes as drug delivery system is encouraged with the 
 advancement  of  well-organized  encapsulation  procedures.  The  membrane  from  the 
 lipid bilayer is in general impermeable to ions and larger hydrophilic molecules. Ions 
 transport  can  be  synchronized  by  the  ionophores  though  permeation  of  neutral  and 
 weakly hydrophobic molecule can be inhibited by concentration gradients.  


    A  few  weak  acid  or  bases  yet,  can  be  transported  throughout  the  membrane 
 because of various transmembrane gradient, such as electric, ionic (pH) or specific salt 
 (chemical potential) gradient. Some method exist for improved incorporation of drugs, 
 including remote (active) loading method which load drug molecules into preformed 


liposome  using  pH  gradient  and  potential  difference  across  liposomal  membrane.      



(37)A concentration variation in proton concentration across the membrane of liposomes 
 can drive the loading of amphipathic molecule18.  


Active  loading  methods  have  the  following  benefit  over  passive  encapsulation 
 Technique 


a)  It will lead to high encapsulation efficiency and capacity.  


b)  Using these method leakage of the encapsulated compounds can be reduced.  


c)  “Bed  side”  loading  of  drugs  therefore  limiting  loss  of  retention  of  drugs  by 
 diffusion, or chemical degradation while storage. 


d)  These process is flexible for constitutive lipid, as drug is loaded after the formation 
 of carrier unit.  


e)  It also reduce the safety hazard by avoiding biologically active compounds in the 
 preparation step during dispersion.  


f)  The transmembrane pH gradient may be occured by various method. Based upon 
the nature of drug to be encapsulated18. 



(38)AIM AND OBJECTIVE OF THE WORK 


The aim of the present study was to formulate Metformin HCl liposomes for a 
 sustained drug delivery system. The liposomes was prepared by two different methods 
 (physical dispersion method and ether injection method) and then it was evaluated for 
 various parameters.  


The objective of the study is follows as. 


To  subjugate  inherent  defects  associated  with  conventional  dosage  form  of  
 Metformin  HCl,  by  formulating  oral  Metformin  HCl  liposomes  which  have  the 
 following advantages. 


1.  Reduce the dose and dosing frequency.  


2.  Minimize the side effect. 


3.  Prolong the action of drug. 


4.  Provide sustained drug release. 


5.  Better patient compliance. 



(39)PLAN OF WORK 


The  present  work  carried  out  to  formulate  sustained  release 
 Metformin  HCl  liposomes  and  it was  planned  to evaluate  the  various  parameters as 
 outlined below: 


  To determine the solubility of Metformin HCL in water, methanol and pH 6.8 


  Drug-excipients interaction studies by using FT-IR. 


  To  formulate  Metformin  HCl  liposomes  by  using  cholesterol  and  lecithin  as 
 encapsulated  lipids  bilayer  in  various  ratio  such  as  1:1,  1:2  and  1:3  by  two 
 different  method  namely  physical  dispersion  method  and  ether  injection 
 method. 


  To evaluate the prepared liposomes for following parameters: 


i.  Drug entrapment efficiency. 


ii.  Morphological analysis. 


iii.  Particle size analysis. 


iv.  In vitro drug release studies. 


v.  Stability studies. 



(40)REVIEW OF LITERATURE


Dina  Fathalla  et al23.,  formulated  and  evaluated  liposomal  gels  for 
 sustained ocular delivery of  latanoprost  using two different methods, namely  thin film 
 hydration and reverse phase evaporation techniques. The objective of their work was 
 to  develop  a  liposome-based  delivery  system  for  the  sustained  ocular  delivery  of 
 latanoprost, a prostaglandin analog commonly used in the management of glaucoma. 


Latanoprost was incorporated into different liposomes that were evaluated using variety 
 of  techniques.  Selected  liposomes  were  incorporated  into  different  gels  and  their 
 viscosity  and  drug  release  kinetics  were  evaluated.  Optimal  liposomal  gels  were 
 evaluated  in  vivo  in  rabbits’  eyes  for  their  irritation  potential  and  ability  to  reduce 
 intraocular pressure. Fourier transform infrared and differential scanning calorimetry 
 studies  confirmed  the  interaction  between  the  drug  and  different  excipients  in  the 
 vesicles, which resulted in drug encapsulation efficiency ≥ 90%. Drug encapsulation 
 efficiency increased with the drug/lipid ratio and encapsulation efficiency ~98% was 
 obtained at drug/lipid ratio of 50%. Vesicles incorporated into Pluronic® F127 gel had 
 sustained drug release where ~45% of the encapsulated drug was released in 2 days. 


Latanoprost liposomal gels had neither irritation nor toxic effects on the rabbits’ eyes. 


Further, they had a sustained reduction in the rabbit’s intraocular pressure over a period 
 of  3  days,  which  was  significantly  longer  than  that  achieved  by  the  commercial 
 latanoprost eye drops. 


S. Rathod and S. G. Deshpande24., designed and evaluated prolonged release 
drug  delivery  system  of  pilocarpine  nitrate  was  made  by  optimizing  thin  layer  film 
hydration  method.  Egg  phosphatidylcholine  and  cholesterol  were  used  to  make 
multilamellar  vesicles.  Effects  of  charges  over  the  vesicles  were  studied  by 
incorporating dicetylphosphate and stearylamine. Various factors, which may affect the 
size, shape, encapsulation efficiency and release rate, were studied. Liposomes in the 
size  range  0.2  to  1  μm  were  obtained  by  optimizing  the  process.  Encapsulation 
efficiency  of  neutral,  positive  and  negatively  charged  liposomes  were  found  to  be 
32.5%, 35.4% and 34.2%, respectively. Biological response in terms of reduction in 
intraocular pressure was observed on rabbit eyes. Pilocarpine nitrate liposomes were 
lyophilized and stability studies were conducted. 



(41)Thi Lan Nguyen et al25., developed and in vitro evaluated liposomes using soy 
 lecithin  to  encapsulated  paclitaxel.  Paclitaxel  liposomes  were  prepared  by  thin  film 
 method  using  soy  lecithin  and  cholesterol  and  then  were  characterized  for  their 
 physiochemical properties such as particle size, polydispersity index, zeta potential, and 
 morphology. The results indicated that paclitaxel liposomes were spherical in shape 
 with a dynamic light scattering (DLS) particle size of 131 ± 30.5 nm. Besides, paclitaxel 
 was efficiently encapsulated in liposomes, 94.5 ± 3.2% for drug loading efficiency, and 
 slowly  released  up  to  96  h,  compared  with  free  paclitaxel.  More  importantly,  cell 
 proliferation  kit  I  (MTT)  assay  data  showed  that  liposomes  were  biocompatible 
 nanocarriers, and in addition the incorporation of paclitaxel into liposomes has been 
 proven successful in reducing the toxicity of paclitaxel. As a result, development of 
 liposomes  using  soy  lecithin  may  offer  a  stable  delivery  system  and  promising 
 properties for loading and sustained release of paclitaxel in cancer therapy. 


Ravindra  kamble et al26., developed  and  characterized  liposomal    drug 
 delivery  system  for Nimesulide by various techniques such as ethanol evaporation and  
 rotary  evaporator  method.    The  encapsulation  of  Nimesulide  into  liposomes 
 significantly improves their properties. In spite of the numerous advantages of using 
 liposomes as carriers to deliver Nimesulide over the  free form of the drug, in vitro 
 studies of liposome‐encapsulated Nimesulide have been mainly focused on evaluation 
 of  better  method  of    Nimesulide    liposomes    which    have    high    drug    entrapment,  
 vesicle  size and drug  release.   The average particle size, percent drug entrapment, 
 drug release at the end was found to be 270‐703µm, 49‐58 %, and 65.71 % at 9 hours 
 in case of ethanol injection method while in case of rotary evaporator it was found to 
 be  1‐12µm,  69‐86%  and  76.97%    at  9  hours  respectively.  The  Zeta  potential  for 
 Nimesulide  loaded  liposomes  of  ethanol  injection  method  (batch‐  1)  and  rotary 
 evaporator  method  (batch  –  3)  were ‐21.23  and ‐26.78  mV  respectively.  The  result 
 obtained in this study rotary evaporator technique was better for Nimesulide liposomes 
 preparation on the basis of stability, drug entrapment efficiency and ethanol injection 
 method was better on the basis of small size of liposomes and sustains release of drug 
 when compared to rotary evaporator method and pure drug.  


Devi R et al27., prepared and evaluated the topical liposomes of Fluconazole by 
thin film hydration technique using different ratios of soya phosphotidyl choline and 



(42)cholestrol.  The  in-vitro  diffusion  study  was  carried  out  by  dialysis  membrane  using 
 both open ended tube. The study was carried out in 40 ml of phosphate buffer solution 
 pH 7.4. The percentage cumulative release from the optimized batch i.e. F7 with drug: 


lecithin: cholesterol ratio 1: 10: 5, found to be 75.02% release in 8 hours. The magnitude 
 of  drug  retention  within  the  vesicles  on  storage  under  defined  conditions  ultimately 
 governs  shelf  life  of  the  developed  formulations.  Liposomes  showed  an  increasing 
 vesicle  size  in  accelerated  temperature  but  no  significance  changes  at  4±2°C  has 
 observed in storage studies for two months. 


Bahareh Sabeti et al28., developed and characterized  liposomal doxorubicin 
 hydrochloride  with  palm  oil  by  freeze  thaw  method.  Their  study  focuses  on  the 
 utilization of palm oil in formulating liposomal doxorubicin for minimizes toxicity and 
 enhances target delivery actions by replacing phosphatidylcholine with 5% and 10% 


palm  oil  content.  Liposomes  were  formed  using  the  freeze  thaw  method,  and 
 Doxorubicin was loaded through pH gradient technique and characterized through in 
 vitro and ex vivo terms. Based on TEM images, large lamellar vesicles (LUV) were 
 formed, with sizes of 438 and 453 nm, having polydispersity index of 0.21 ± 0.8 and 
 0.22  ±  1.3  and  zeta  potentials  of  about  −31  and  −32  mV,  respectively.  In  both 
 formulations, the entrapment efficiency was about 99%, and whole Doxorubicin was 
 released through 96 hours in PBS (pH = 7.4) at 37∘ C. Comparing cytotoxicity and 
 cellular uptake of LUV with CaelyxR on MCF7 and MDA-MBA 231 breast cancer cell 
 lines indicated suitable uptake and lower IC50 of the prepared liposomes. 


Ehab I. Taha et al29., designed and evaluated liposomal colloidal systems for 
ocular  delivery  of  ciprofloxacin.  The  aim  of  their  study  was  enhance  occular  drug 
delivery for protective mechanism of eye is limited the bioavailability of drug. In this 
study several liposomal formulations containing ciprofloxacin have been formulated 
using reverse phase evaporation technique with final dispersion of pH 7.4. Different 
types  of  phospholipids  including  Phosphatidylcholine,  Dipalmitoyl 
phosphatidylcholine and Dimyristoyl-sn-glycero-3-phosphocholine were utilized. The 
effect  of  formulation  factors  such  as  type  of  phospholipid,  cholesterol  content, 
incorporation  of  positively  charging  inducing  agents  and  ultrasonication  on  the 
properties of the liposomal vesicles was studied. Bioavailability of selected liposomal 
formulations in rabbit eye aqueous humor has been investigated and compared with that 



(43)of  commercially  available  ciprofloxacin  eye  drops  (Ciprocin).  Pharmacokinetic 
 parameters including Cmax, Tmax, elimination rate constant, t1/2, MRT and AUC0–1, 
 were  determined.  The  investigated  formulations  showed  more  than  three  folds  of 
 improvement  in  ciprofloxacin  ocular  bioavailability  compared  with  the  commercial 
 product. 


Eskandar Moghimipour et al30., formulated and evaluated topical liposomal 
 gel  of  triamcinolone  acetonide.  Liposomes  containing  triamcinolone  acetonide  were 
 prepared using thin film method. The aim of their study was to formulate and evaluate 
 liposomal vesicles loaded with triamcinolone acetonide. The quantities of lecithin and 
 cholesterol were changed to enhance the encapsulation of the drug. Carbomer 940 was 
 used as gel base and four different gel formulations including hydroalcoholic gel, MLV 
 liposomal  gel,  SUV  liposomal  gel  and  blank  MLV  gel  containing  free  drug  were 
 prepared. The release profile of triamcinolone acetonide was determined using dialysis 
 membrane method. Liposomes were also characterized by optical microscope and their 
 particle size was also determined. Formulation containing lecithin: drug: cholesterol 
 (100: 10: 10) having about 90.05% encapsulation was selected as the best formulation 
 and the results of release showed SUV liposomal gel has the most regular and the least 
 interaction  between  the  drug  and  polymer.  Results  of  particle  size  determination 
 showed 50% of MLV and SUV liposomes had diameter below 33.80 μm and 22.09 μm, 
 respectively.  The  results  of  characterization  of  the  vesicles  indicated  the  potential 
 application of triamcinolone acetonide loaded liposome as carrier system.  


B. R. Srinivas Murthy et al31., formulated and evaluated liposomes loaded with 
mupirocin. Their study aimed at developing and optimising liposomal formulation of 
Mupirocin, a broad spectrum antibiotic of maximum therapeutic efficacy with minimal 
side effects by lipid film hydration technique using various ratios of soya lecithin and 
cholesterol. Upon pre-formulation studies and optimization, the various formulations 
(of  varying  proportions)  were  prepared  and  subjected  for  various  physico-chemical 
evaluation studies i.e., morphology, particle size, drug entrapment efficiency, in-vitro 
drug release, release kinetics and stability studies. Among five formulations (F1- F5) 
F4  formulation  emerged  as  the  most  satisfactory  formulation  in  all  the  evaluation 
parameters. F4 showed a maximum drug entrapment of 71.72%, average particle size 
was 18.3 μm, maximum percentage yield 89.06%. The liposomes were found to be 



(44)stable  during  their  stability  studies  when  stored  at  different  temperatures.  They 
 concluded that Mupirocin can also be loaded in liposomal carriers which found to be 
 effective, stable. 


Behzad  Sharif  Makhmalzadeh et al32., prepared  and  evaluated    mafenide 
 acetate liposomal formulation as eschar delivery system. Liposome formulations were 
 prepared  by  two  different  methods  such  as  Solvent  evaporation  method  and 
 microencapsulation  vesicle  (MCV)  method.  The  prepared  liposomes  undergoes 
 experimental design and data analysis. Drug/lipid ratio, hydration time, aqueous phase 
 volume and homogenizer rpm were considered as independent variable, on the other 
 hand,  liposome  size,  drug  loading,  stability,  drug  release  and  skin  permeability 
 parameters as responses. The results demonstrate that liposome were multilamellar and 
 multivesicular. Particle size and drug loading percentage of MCV liposome indicated 
 burst sustained release profile. Burst effect in solvent evaporation liposome was more 
 than  MCV  liposome.  In  their  conclusion,  solvent  evaporation  liposome  improved 
 mafenide acetate partitioning through rat skin and decrease diffusion coefficient with 
 increase particle size of liposome. 


Srinivas Lankalapalli  et al33., prepared and evaluated liposome formulations 
for poorly soluble drug Itraconazole by complexation. Beta cyclodextrin and Hydroxy 
propyl  beta  cyclodextrin  inclusion  complexes  with  Itraconazole  were  prepared  by 
kneading method/ solvent injection method and these complexes were incorporated in 
the aqueous phase of the liposomes to prepare Itraconazole liposomes. Factor such as 
ratio of lipids employed, drug:lipid ratio, etc were fine tuned and optimized to achieve 
maximum entrapment of the Itraconazole in the aqueous phase. The prepared liposomes 
are characterized by optical microscopy, scanning electron microscopy, particle size 
determination, encapsulation efficiency and also evaluated by using FTIR spectroscopy 
and in-vitro diffusion studies by using dialysis membrane. . The drug content was in 
the  range  of  94.78  %  w/w  to  101.81  %  w/w  for  the  liposome  formulations.  The 
encapsulation efficiency was found to be 37.99 % to 55.01 %. The percentage drug 
release was found to be 17.25% to 39.62%. The increase in the solubility of Itraconazole 
with cyclodextrin complexes in comparision with plain drug is an indubitable advantage 
of this approach. 



(45)Anayatollah  Salami  et al34.,  formulated  and  evaluated  liposomes  for 
 transdermal delivery of Celecoxib. Liposomes were prepared by thin film method using 
 soya lecithin and cholesterol. Physicochemical characteristics of the liposomes such as, 
 particle size, drug encapsulation efficiency, drug release and in vitro skin permeability 
 through rat skin were evaluated using Franz diffusion cells were determined. The results 
 showed  that  the  maximum  drug  encapsulation  efficiency  was  43.24%.  Drug  release 
 profile showed that 81.25% of the drugs released in the first 24 hours of the experiment. 


The decrease of lecithin increased values. Particle sizes of the formulations ranged from 
 0.117 to 1.123 µm. Jss, Dapp and P parameters in L - 8 formulations were 29.18, 60.95, 
 and 3.21 times higher than those of saturated water solution of celecoxib, respectively. 


The results of vesicles characterization indicated the potential application of celecoxib 
 loaded liposome as carrier system. In conclusion, the components such as lecithin and 
 cholesterol,  and  vortex  time  in  liposomal  formulations  have  an  essential  role  in  the 
 physicochemical properties and celecoxib permeability through rat skin. 


U.  D.  Shivhare et al35.,  formulated  and  evaluated  liposome  formulation  of 
 pentoxifylline.  Liposomes were prepared by physical dispersion method using different 
 ratio of lipids. In evaluation study, the effect of the varying composition of lipids on the 
 properties such as encapsulation efficiency, particle size and drug release were studied. 


Phase  transition  study  was  carried  out  to  confirm  the  complete  interaction  of 
 pentoxifylline with bilayer structure of liposome. Moreover, the release of the drug was 
 also modified and extended over a period of 8 h in all formulations. The average particle 
 size, percent drug entrapment, drug release at the end was found to be 6.24 - 15.07 µm, 
 29.64 ‐48.92 %, and 90.0- 99.23 % at 8 hours. In concluison, release of the drug from 
 the most satisfactory formulation was evaluated through dialysis membrane to get the 
 idea of drug release.  


Yan Chen et al36., Prepared Curcumin-Loaded Liposomes and evaluated their 
skin permeation and pharmacodynamics. Liposomes were prepared by the conventional 
film  method.  Soybean  phospholipids  (SPC),  egg  yolk  phospholipids  (EPC),  and 
hydrogenated  soybean  phospholipids  (HSPC)  were  selected  for  the  preparation  of 
different kinds of phospholipids composed of curcumin-loaded liposomes: C-SPC-L 
(curcumin-loaded SPC liposomes), C-EPC-L (curcumin-loaded EPC liposomes), and 
C-HSPC-L (curcumin-loaded HSPC liposomes). The physical properties of different 
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