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INTRODUCTION


Many  techniques  are  being  employed  for  the  solubility  enhancement  of  poorly 
 soluble  drugs  to  resolve  the  bioavailability  issue  due  to  inadequate  dissolution  rate. 


Various  approaches  make  use  of  hydrophilic  polymers  as  solubility  enhancers  acting 
through a variety of mechanisms such as amorphization, co-solvency, micelle formation 
or  inclusion  complexes.  These  techniques  impart  many  advantageous  effects  in  the 
formulation  development.  But  usually  these  approaches  show  lack  of  stability  and 
decreasing  success  rate  over  a  period  of  storage.  One  of  the  remarkable  demerits  of 
solid  dispersions,  glass  solutions,  eutectic  mixtures  and  inclusion  complexes  is 
formation of sticky and hygroscopic mass resulting in the poor flow characteristics]. Due 
to this set-back, industrial feasibility of the final dosage form becomes very difficult. The 
liquisolid  technology  emerged  as  a  new  drug  delivery  system  distinguished  by  its 
characteristics and ability to deliver variety of drugs. Liquisolid drug delivery system has 
gained  attention  of  pharmaceutical  researchers  due  to  its  contribution  in  the  solubility 
enhancement  as  well  as  dissolution  retarding  approaches depending  on  the  need and 
design  of the formulation. With the  liquisolid  technology  as  described  and patented by 
Spireas,  a  liquid  may  be  transformed  into  a  free  flowing,  readily  compressible  and 
apparently  dry  powder  by  simple  physical  blending  with  selected  excipients.  Three 
major components in the formulation of liquisolid compacts are liquid medication, carrier 
and  coat  material.  Other  excipients  such  as  use  of  disintegrant  or  release  retarding 
polymers  for  modification  of  release  profile  are  used  as  per  the  objective  and  need  of 
the formulation. The first component i.e. liquid medication can either be a liquid drug, a 
drug  suspension  or  a  drug  solution  in  suitable  non-volatile  liquid  vehicles.  Inert, 
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 preferably  water-miscible  organic  solvent  systems  with  high  boiling  point  such  as 
 propylene  glycol,  liquid  polyethylene  glycols  or  glycerin  are  best  suitable  as  „liquid 
 vehicle‟.  The  solubilization  of  the  drug  in  a  non-volatile  solvent  keeps  the  drug  in 
 uniformly and molecularly dispersed form. This creates opportunity to enhance the drug 
 release. The liquid medication is incorporated into the second component of the system 
 i.e. the porous carrier material. Once the carrier is saturated with liquid, a liquid layer is 
 formed  on  the  particle  surface  which  is  instantly  adsorbed  by  the  third  component  i.e. 


coat  materials.  Thus,  an  apparently  dry,  free  flowing  and  compressible  powder  is 
 obtained.  Usually,  microcrystalline  cellulose  is  used  as  carrier  material.The  third 
 component  i.e.  coat  material  avoids  the  re-aggregation  of  the  liquisolid  particles  and 
 imparts higher flow characteristics. The coating also assists the drylooking  character of 
 the system.  Many times,  amorphous silicon dioxide (colloidal silica) is used as coating 
 material.. Liquisolid formulation containing a drug solution or drug suspension of poorly 
 soluble  drugs  in  a  solubilizing  vehicle  shows  enhanced  drug  release  due  to  increased 
 surface area of  drug  available  for  release,  increased aqueous  solubility  of  the  drug  by 
 co-solvency  and  improved  wettability  of  the  drug  particles.Accordingly,  this  improved 
 drug release may result in a higher drug absorption in the gastrointestinal tract and thus, 
 an improved oral bioavailability 


HISTORICAL DEVELOPMENT: 


 Liquisolid  technology  is  the  next  generation  of  “powdered  solutions”  an  older 
technique  which  was  based  on  the  conversion  of  a  solution  of  a  drug  in  a  nonvolatile 
solvent  into  a  dry-looking,  non-adherent  powder  by  mainly  adsorbing  the  liquid  onto 
silica having large specific surfaces. However, such preparations have been studied for 



(14)
  CHAPTER I      INTRODUCTION 


DEPARTMENT OF PHARMACEUTICS, COLLEGE OF PHARMACY, MMC, MADURAI-20   3 
 their dissolution profiles while being in a powder dispersion form and not as compressed 
 entities,  simply  because  they  could  not  be  compressed  into  tablets.  In  later 
 developments  on  powdered  solutions,  compression  enhancers  and  binders  such  as 
 microcrystalline  cellulose  were  incorporated  in  such  systems  to  improve  the 
 compactability  of  the  blend.  In  these  investigations,  however,  large  quantities  of  silica 
 were  being  used  and  the  flow  as  well  as  compression  properties  of  the  product  were 
 never  validated  and  optimized  to  the  industrial  specifications  and  requirements. 


Specifically,  when  such  modified  powdered  solutions  were  compressed  into  tablets, 
 they  showed  significant  problems  of  “liquid  squeezing  out”  and  unacceptably  soft 
 tablets.  Thus  the  industrial  application  of  such  systems  was  hindered.  Liquisolid 
 compacts,  on  the  contrary,  show  acceptable  flow  and  compressibility  and  deserve 
 industrial application. In addition, the term “liquid medication” does not only imply drug 
 solutions, as in powdered solutions, but also drug suspensions, emulsions or liquid oily 
 drugs. Therefore, in contrast to “powdered solutions”, the term “Liquisolid compacts” is 
 wider  and  more  general  and  it  may  encompass  four  different  formulation  systems viz. 


powdered  drug  solutions,  powdered  drug  suspensions,  powdered  drug  emulsions  and 
 powdered  liquid  drugs.  Furthermore,  the earlier term “powdered solution” seems to be 
 inadequate  even  in  describing  the  original  systems,  since  it  has  not  been  proven  that 
 the  drug  remains  in    solution  in  the  liquid  vehicle  after  its  deposition  on  the  extremely 
 large powder surface of silica used. 


PHARMACEUTICAL APPROACHES TO ENHANCE THE DISSOLUTION OF DRUGS: 


1.  Micronization: In which particle size of solid drug is reduced to 1to 10µ by spray 
drying or fluid energy mill example: sulpha drugs. 
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 2.  Use  of  surfactants:  surface  active  agents  enhance  the  dissolution  rate  by 
 promoting  wetting  and  penetration  of  dissolution  fluid  into  solid  drug  particles 
 example steroids like spironolactone. 


3.  Use of salt forms: salts have improved solubility and dissolution characteristics 
 in  comparison  to  the  original  drug.  Example  salt  of  basic  drug  like  Atropine  is 
 more soluble than the parent drug. 


4.  Alteration of pH of the Drug Microenvironment: achieved in two ways in situ 
 salt formation and the addition of buffers to the formulation e.g. buffered aspirin 
 tablets. 


5.  Use of metastable polymorphs: Metastable polymorphs are more soluble than 
 the  stable  polymorphs  of  drug  that  exhibits  polymorphism,  e.g.  chloramphenicol 
 palmitate. 


6.  Solute  –solvent  complexation:  solvates  of  drugs  with  organic  solvents 
 generally  have  higher  aqueous  solubility  than  the  original  drug,  e.g.  1:2 
 griseofulvin benzene solvate. 


7.  Solvent deposition: In this method poorly aqueous soluble drug is dissolved in 
 organic solvent and deposited on an inert hydrophilic, solid matrix, e.g. nifedipine 
 is dissolved in alcohol and deposited in starch by evaporation of solvent. 


8.  Selective  adsorption  on  insoluble  carriers:  A  highly  active  adsorbent  can 
 enhance the dissolution rate, e.g. bentonite. 


9.  Solid  solution-    Use  of  solid  solution:  solid  solution  is  a  binary  system 
comprising  of  solid  solute  molecularly  dispersed  in  a  solid  solvent.  Use  of 
eutectic mixtures: These systems are also prepared by fusion method it is slightly 
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 differ  from  solid  solution  in  that fused  melt  of  solute –solvent  show complete 
 miscibility  but  negligible  solid – solid  solubility.   The  use  of  solid  dispersion: 


These are generally  prepared  by  solvent  or co  precipitation  method  where  both 
 guest solute and the solid carrier solvent are dissolved in common volatile liquid 
 such  as alcohol. The  liquid  removed  by  evaporation under  reduced  pressure  or 
 by  freeze drying  which  result  in  amorphous precipitation  of  guest  in  crystalline 
 carrier. 


10. Molecular  encapsulation  with  Cyclodextrins:  The  beta  and  gamma 
 Cyclodextrins  and  several  of  their  derivatives  are  unique  in  having  the  ability  to 
 form  molecular  inclusion  with  hydrophobic  drugs  having  a  poor  aqueous 
 solubility.  These  cyclodextrin  molecules  are  versatile  in  having  a  hydrophobic 
 cavity of a size suitable enough to accommodate hydrophilic drug as a guest; the 
 outside  of  the  host  molecule  is  relatively  hydrophilic.  Thus  the  molecularly 
 encapsulated drug has greatly improved aqueous solubility and dissolution rate. 


However, among them, the technique of Liquisolid compacts” is one of the most 
promising  techniques.  Low  cost,  simple  formulation  technique  and  capability  of 
industrial production serve to be the advantages of this technique.:   
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 CONCEPT OF LIQUISOLID SYSTEM 


FIG-1:Theoretical concept of liquisolid system  


      


] 


When  the  drug  dissolved  in  the  liquid  vehicle  is  incorporated  into  a  carrier 
material  which  has  a  porous  surface  and  closely  matted  fibers  in  its  interior  such  as 
celluloses, both absorption and adsorption take place. The liquid initially absorbed in the 
interior  of  the  particles  is  captured  by  its  internal  structure.  After  the  saturation  of  this 
process,  adsorption  of  the  liquid  onto  the  internal  and  external  surfaces  of  the  porous 
carrier  particles  occurs.  Then,  the  coating  material  having  high  adsorptive  properties 
and  large  specific  surface  area  provides  the  liquisolid  system  the  desirable  flow 
characteristics  .In  liquisolid  systems,  the  drug  is  already  in  solution  form  in  liquid 
vehicle, while at the same time, it is carried by powder. The wettability of the compacts 
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 in  the  dissolution  media  is  one  of  the  proposed  mechanisms  for  explaining  the 
 enhanced  dissolution  rate from  the  liquisolid  compacts.  Non-volatile  solvent  present  in 
 the liquisolid system facilitates wetting of drug particles by decreasing interfacial tension 
 between  dissolution  medium  and  tablet  surface.  Thus,  due  to  substantial  increase  in 
 wettability  and  effective  surface  area  for  dissolution,  liquisolid  compacts  may  be 
 expected to reveal enhanced release profiles of water-insoluble drugs. Since dissolution 
 of  a  non-polar  drug  is  often  the  rate  limiting  step  in  gastrointestinal  absorption,  better 
 bioavailability of an orally administered water-insoluble drug is achieved when the drug 
 is already in solution, thereby displaying enhanced dissolution rates. However, the drug 
 release profile entirely depends on the characteristics of drug, carrier and vehicle used. 


Thus  by  altering  these  variables,  liquisolid  technique  can  be  used  for  enhancing  or 
 retarding the drug release. 


CLASSIFICATION OF LIQUISOLID SYSTEMS: 


A. Based on the Type of liquid Medication: Based on type of liquid medication 
 used in the formulation, liquisolid systems may be classified into four subgroups:  


1. Powdered drug solutions 
 2. Powdered drug suspensions 
 3. Powdered drug emulsions 
 4. Powdered liquid drugs 


The  first  three  may  be  produced  from  the  conversion  of  drug  solutions  or  drug 
suspensions and emulsions, the later from the formulation of liquid drugs into liquisolid 
systems.  Since  non-volatile  solvents  are  used  to  prepare  the  drug  solution  or 
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 suspension, the liquid vehicle does not evaporate and thus, the drug carried within the 
 liquid  system,  remains  dispersed  throughout  the  final  product.  B.  Based  on  the 
 Formulation Technique: Depending on the technique used, liquisolid systems may be 
 classified into two categories: 


1. Liquisolid compacts 
 2. Liquisolid microsystems 


Liquisolid  compacts  are  prepared  using  the  previously  outlined  method  to  produce 
 tablets  or  capsules,  whereas  the  liquisolid  microsystems  are  based  on  a  new  concept 
 which employs similar methodology combined with the inclusion of an additive e.g. PVP, 
 in  the  liquid  medication  which  is  incorporated  into  the  carrier  and  coating  materials  to 
 produce  an  acceptably  flowing  admixture  for  encapsulation.  The  advantage  stemming 
 from this new technique is that the resulting unit size of liquisolid microsystems may be 
 as much as five times less than that of liquisolid compacts 


MATHEMATICAL MODEL TO DESIGN LIQUISOLID SYSTEM: 


The  flowability  and  compressibility  of  liquisolid  compacts  are  addressed 
simultaneously in the “new formulation mathematical model of liquisolid systems”. The 
model can be employed to compute the appropriate quantities of the carrier and coating 
materials  required  to  produce  acceptably  flowing  and  compressible  powders.  The 
calculation  of  composition  of  carrier,  coat  and  liquid  medication  is  based  on  new 
fundamental powder properties called as “flowable liquid retention potential” (Φ- value) 
and “compressible liquid retention potential”(Ψ-number) of the constituent powder.  
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 The  flowable  liquid  retention  potential  (Φ-value)  of  a  powder  is  defined  as  the 
 maximum amount of a given non-volatile liquid that can be retained inside its bulk (w/w) 
 while maintaining acceptable flowability.  


The  compressible  liquid  retention  potential  (Ψ-number)  of  a  powder  is  the 
 maximum  amount  of  a  given  non-volatile  liquid,  the  powder  can  retain  inside  its  bulk 
 (w/w)  while  maintaining  acceptable  compactability,  to  produce  compacts  of  suitable  
 hardness  and  friability,  with  no  “liquid  squeezing  out”  phenomenon  during  the 
 compression process.  


The Φ-value of powders may be determined using the liquisolid  flowability test. 


The  Ψ-number  of  powders  may  be  determined  by  liquisolid  compressibility  test  which 
 employs the „plasticity theories‟ to evaluate the compaction properties of liquid/ powder 
 admixtures. 


The liquisolid  flowability test  is basically a titration-like procedure in  which  25 to 
 30  g  of  mixture  of  the  powders  under  investigation,  with  increasing  amounts  of  a 
 nonvolatile  solvent  (i.e.  liquid/solid  weight  composition)  are  prepared  using  a  standard 
 mixing  process.  The  flow  rates  and  consistencies  are  assessed  using  a  Recording 
 Powder Flow meter. The liquid/solid weight  composition (w/w) in that admixture, which 
 just complies with a desired and preselected limit of acceptable flowability,  is taken as 
 the  Φ-value  of  the  excipient.  The  non-volatile  solvent  used  in  the  liquisolid  flowability 
 test should be the one selected to be included in the liquid medication (drug solution or 
 drug suspension) of the targeted liquisolid product. While the study consisting the use of 
 a liquid drug, the liquisolid flowability test should be conducted with the liquid drug itself. 


This value will change when different solvent or solvent system is employed. 
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  According  to  the  theories,  the  carrier  and  coating  powder  materials  can  retain 
 only  certain  amount  of  liquid  while  maintaining  acceptable  flow  and  compression 
 properties. Hence, the excipient ratio (R) or the carrier: coat ratio of the powder system 
 used should be optimized.  


       R = Q/q      (1) 


R  represents  the  ratio  between  the  weights  of  carrier  (Q)  and  coating  material  (q) 
 present in the formulation. 


 An acceptably flowing and compressible liquisolid system  can be prepared only 
 if  a  maximum  liquid  on  the  carrier  material  is  not  exceeded.  Such  a  characteristic 
 amount of liquid is termed as Liquid load factor (Lf), which is defined as the ratio of the 
 weight of liquid medication (W) over the weight of the carrier powder (Q) in the system, 
 which  should  be  possessed  by  an  acceptably  flowing  and  compressible  liquisolid 
 system. 


      Lf= W/Q      (2)  
 The  relationship  between  the  powder  excipients  ratio  (R)  and  liquid  load  factor 
 (Lf) of the formulations can be given as follows:  


       Lf = Φ + φ (1/R)      (3) 
  Where, Φ and Φ are the Φ-values of carrier and coat material respectively.  


In  order  to  calculate  the  required  ingredient  quantities,  the  flowable  liquid 
retention  potentials  (Φ-values)  of  powder  excipients  were  utilized  based  on  reported 
values in the literature. As from equation 3, Φ and φ and are constants, R and Lf were 
determined  from  the  linear  relationship  of  Lf  versus  1/R  to  calculate  the  required 
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 weights  of  the  excipients  used.  Next,  according  to  the  used  liquid  vehicle 
 concentration,  different  weights  of  the  liquid  drug  solution  (W)  are  used.  Thus  by 
 knowing  both  Lf  and  W,  the  appropriate  quantities  of  carrier  (Q)  and  coating  (q) 
 powder materials required to convert a given amount of liquid medication (W) into an 
 acceptably  flowing  and  compressible  liquisolid  system  could  be  calculated  from  
 equation 1 and 2. 


COMPONENTS OF LIQUISOLID SYSTEMS: 


The major formulation components of liquisolid compacts are: 


1.  CARRIER MATERIAL  


These  are  compression-enhancing,  relatively  large,  preferably  porous  particles 
 possessing a sufficient absorption property which contributes in liquid absorption. E.g. 


various grades of cellulose, starch lactose ,sorbitol, Avicel PH 102 and 200 , Eudragit 
 RL and RS, amorphous cellulose etc. 


2.  COATING MATERIAL  


These  are  flow-enhancing,  very  fine  (10  nm  to  5,000  nm  in  diameter),  highly 
 adsorptive    coating  particles  (e.g.,  silica  of  various  grades  like  Cab-O-Sil  M5,  Aerosil 
 200, Syloid  244FP etc.) contributes in covering the wet carrier particles and displaying 
 a dry-looking  powder by adsorbing any excess liquid. 


3.  NON-VOLATILE SOLVENTS 


 Inert, high boiling point, preferably water-miscible and not highly viscous organic 
solvent  systems.  Various  non-volatile  solvents  used  for  the  formulation  of  liquisolid 
systems    include  Polyethylene  glycol  200  and  400,  glycerin,  polysorbate  80  and 
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 propylene glycol, propylene  glycol, liquid polyethylene glycols, polysorbates, glycerin, 
 N, N- dimethylacetamide, fixed oils, etc. 


4.  DISINTEGRANT  


Superdisintegrants  increases  the  rate  of  drug  release,  water  solubility  and  wet 
 ability of liquisolid granules. Mostly Superdisintegrants like sodium starch glycolate and 
 crosspovidone and croscarmellose sodium. 


     


Fig-2: Mechanism of action of superdisintegrants. 


PREPARATION OF LIQUISOLID SYSTEM: 


As  shown  in  figure,  a  liquid  drug  can  be  converted  into  a  dry-looking  liquisolid 
system  without  being  further  chemically  modified.  If  liquisolid  system  of  a  solid  water-
insoluble  drug  is  to  be  formulated,  it  should  be  initially  dissolved  or  suspended  in  a 
suitable  non-volatile  solvent  system  to  produce  a  drug  solution  or  drug  suspension  of 
desired concentration. 
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 Next,  a  certain  amount  of  the  prepared  drug  solution  or  suspension  or  a  liquid 
 drug  itself  is  incorporated  into  a  specific  quantity  of  carrier  material  which  should  be 
 preferably  of  a  porous  nature  and  possessing  sufficient  absorption  properties.  The 
 resulting  wet  mixture  is  then  converted  into  a  dry-looking,  non  adherent,  free-flowing 
 and  readily  compressible  powder  by  the  simple  addition  and  mixing  of  a  calculated 
 amount of coating material.


FIG-3: Steps involved  in the preparation of  liquisolid  system 


Excipients  possessing  fine  and  highly  adsorptive  particles  are  suitable  for  this 
step.  Before  compression  or  encapsulation,  various  adjuvant  like  lubricants  and 



(25)
  CHAPTER I      INTRODUCTION 


DEPARTMENT OF PHARMACEUTICS, COLLEGE OF PHARMACY, MMC, MADURAI-20   14 
 disintegrants (immediate release) or binders (sustained release) may be added to final 
 liquisolid system to produce liquisolid compacts i.e. tablet or capsule. 


MECHANISMS OF ENHANCEMENT OF DRUG RELEASE: 


   Several  mechanisms  of  enhanced  drug  release  have  been  postulated  for 
 liquisolid  systems.  The  three  main  proposed  mechanisms  include  increased  surface 
 area  of  drug  available  for  release,  increased  aqueous  solubility  of  the  drug  due  to 
 presence  of  nonvolatile  vehicle  and  improved  wettability  of  the  drug  particles  due  to 
 cosolvent effect of the vehicle used. 


A.Increased  Effective  Surface  Area:  If  the  drug  within  the  liquisolid  system  is 
 completely dissolved in the liquid vehicle, it is located in the powder substrate still in a 
 solubilized  and  molecularly  dispersed  state.  Therefore,  the  surface  area  of  drug 
 available  for  release  is  much  greater  than  that  of  drug  particles  within  directly 
 compressed  tablets.  Accordingly,  with  increasing  drug  content  exceeding  the  solubility 
 limit  and  thus,  increasing  fraction  of  undissolved  drug  in  the  liquid  vehicle  the  release 
 rate decreases. With various drugs it could be shown that the release rates are directly 
 proportional  to  the  fraction  of  the  molecularly  dispersed  drug  (FM)  in  the  liquid 
 formulation. FM is defined by Spireas as the ratio between the drug's solubility (Sd) in 
 the given liquid vehicle and the actual drug concentration (Cd) in this vehicle carried by 
 each system. Therefore,  


       FM =Sd/ Cd       (4) 
 In  addition  it  is  thought  that  the  adsorption  and  absorption  of  molecularly 
dispersed  drug  onto  the  surface  and  interior  of  the  carrier  particles  impart  increased 
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 effective  surface  area  available  for  the  mass  transfer  during  the  drug  dissolution 
 process.  


B.Increased  Aqueous  Solubility:  In  addition  to  the  first  mechanism  of  drug 
 release  enhancement,  it  is  expected  that  the  solubility  of  the  drug  might  be  increased 
 with liquisolid systems. In fact, the relatively small amount of liquid vehicle in a liquisolid 
 compact  is  not  sufficient  to  increase  the  overall  solubility  of  the  drug  in  the  aqueous 
 medium.  However,  in  the  micro-environment  of  the  solid/liquid  interface  between  an 
 individual  primary  liquisolid  particle  and  the  release  medium,  it  is  possible  that  the 
 amount of liquid vehicle diffusing out of a single liquisolid particle together with the drug 
 molecules might be sufficient to increase the aqueous solubility of the drug if the liquid 
 vehicle can act as a cosolvent. The overall increase in the solubility of drugs caused by 
 liquisolid systems was confirmed in various studies. 


C.Improved  Wetting  Properties:  Due  to  the  fact  that  the  liquid  vehicle  can 
 either act  as  surface active  agent  or has a  low  surface  tension,  wetting  of  the  primary 
 liquisolid particles is improved.       


Fig-4: Wetting property of liquisolid system.
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 Wettability  of  these  systems  can  be  demonstrated  by  contact  angles  and  water 
 rising  times.  Also  the  adsorption  of  the  drug  on  the  carrier  particles  increases  the 
 effective surface area, improving the contact of drug and wettability. 


Dissolution studies on liquisolid tablets 


       Tablets should be sufficiently hard to resist breaking during normal handling and 
 yet quickly disintegrate properly after swallowing. 


Dissolution rate (DR) is explained according to the “Noyes  – Whitney” equation 
 and “diffusion layer model” dissolution theories. 


   DR = (D/h) S (Cs- C) 


According to this equation, stagnant diffusion layer thickness is h, and formed by 
 the dissolving liquid around the drug particles. D is the diffusion coefficient of the drug 
 molecules  transported  through  it,  S  is  the  surface  area  of  the  drug  available  for 
 dissolution, C is the drug concentration in the bulk of the dissolving medium, and Cs is 
 the  saturation  solution  of  the  drug  in  the  dissolution  medium.  Dissolution  tests  for 
 liquisolid  tablets  were  done  at  constant  rotational  speed  and  in  identical  dissolution 
 media, thus allowing estimation of the thickness of the stagnant diffusion layer (h). From 
 this  equation,  dissolution  rate  is  directly  proportional  not  only  to  the  concentration 
 gradient of the drug in the stagnant diffusion layer (Cs- C), but also to its surface area 
 (S) available for dissolution. 


For estimation and comparison, drug dissolution rates (DR) of drug were used, 
with amount of drug dissolved per min presented by each tablet formulation during the 
first 10 minutes. (Shashidher Burra et al., 2011).  
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        (M x D) 


D R = ––––––– 


       1000 
 Where, 


M = Total amount of pure drug in each tablet 


D = Percentage of drug dissolved in the first 10 minutes 
 ADVANTAGES 


Liquisolid tables have many advantages. These include: 


   Liquisolid systems are low cost formulations than soft gelatine capsules. 


  Drug release can be modified using suitable formulation ingredients 


   Drug can be molecularly dispersed in the formulation. 


   Capability of industrial production is also possible. 


   Enhanced bioavailability can be obtained as compared to conventional tablets. 


   Several  slightly  and  very  slightly  water-soluble  and  practically  water-insoluble 
 liquid and solid drugs can be formulated into liquisolid systems. 


   Even  though  the  drug  is  in  a  tablet  or  capsule  form,  it  is  held  in  a  solubilized 
 liquid  state,  which  contributes  to  increased  drug  wetting  properties,  thereby 
 enhancing drug dissolution. 


   Rapid  release  liquisolid  tablets  or  capsules  of  water  insoluble  drugs  exhibit 
 enhanced In-vitro and in-vivo drug  release  when  compared  to  their  commercial 
 counter parts, including soft gelatin capsules preparation. 


   Sustained  release  liquisolid  tablets  or  capsules  of  water  insoluble  drugs  exhibit 
constant  dissolution  rates  (zero-order  release)  comparable  only  to  expensive 
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 Commercial  preparations  that  combine  osmotic  pump  technology  and  laser-
 drilled tablets. 


  Can be applied to formulate liquid medications such as oily liquid drugs. 


   Better availability of an orally administered water insoluble drug.  


   Production of liquisolid systems is similar to that of conventional tablets. 


   Can be used for formulation of liquid oily drugs. 


   Can be used in controlled drug delivery. 


LIMITATIONS 


   Not applicable for formulation of high dose insoluble drugs. 


   If  more  amount  of  carrier  is  added  to  produce  free-flowing  powder,  the  tablet 
 weight increases to more than one gram which is difficult to swallow. 


   Acceptable  compression  properties  may  not  be  achieved  since  during 
 compression liquid drug may be squeezed out of the liquisolid tablet resulting in 
 tablets of unsatisfactory hardness. 


APPLICATIONS  


   Liquisolid  compact  technology  is  a  powerful  tool  to  improve  bioavailability  of 
 water  insoluble  drugs.  Several  water  insoluble  drugs  on  dissolving  in  different 
 non-volatile solvents have been formulated into liquisolid compacts. 


  Literature cites different drugs successfully incorporated into liquisolid compacts. 


  Rapid release rates are obtained in liquisolid formulations. 


  These  can  be  efficiently  used  for  water  insoluble  solid  drugs  or  liquid  lipophilic 
drugs. 
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  Sustained  Release  of  drugs  which  are  water  soluble  drugs  such  as  propranolol 
 hydrochloride has been obtained by the use of this technique. 


  Solubility and dissolution improvement  


  Flowability and compressibility  


  Designing of Controlled Release Tablets 


  Bioavailability Enhancement  


  Application in probiotics. 


  The  possibility  of  using  liquisolid  technique  as  a  promising  alternative  to 
 conventional coating for the improvement of drug photostability. 



  



(31)
CHAPTER-2 



LITERATURE REVIEW 


       



(32)
CHAPTER-II            LITERTURE REVIEW 


DEPARTMENT OF PHARMACEUTICS, COLLEGE OF PHARMACY, MMC, MADURAI-20   20 



CHAPTER - II 



LITERATURE REVIEW 


Vinod  valjibhai  siju  et  al.,(2017) improved  the  dissolution  rate  of  the  drug, 
 cilnidipine (CLD) by using the liquisolid compact technique and wet granulation.cildipine 
 drug is poorly soluble in water and it’s highly soluble  in higher pH.in this study drug is 
 solubilize  in  tween  80  and  sodium  hydroxide  and  meglumine  solution.  And  then  drug 
 solution  binding  on  pearlitol  SD  200.  PVCP  K30  used  as  a  binder  and  crospovidone 
 used  as  disintegrant.  Sodium  hydroxide  and  meglumine  used  as  a  buffering  agent  for 
 basic  media  preparation.the  drug  release  rates  of  tablets  which  prepared  by  liquisolid 
 compact have higher solubility and dissolution then conventional tablets. 


Mamatha  and  sulthana.,(2017)  developed  new  formulation  to  enhance  the 
solubility of a highly permeable and a poorly soluble oral drug antihyperglycemic agent, 
nateglinide  by  liquisolid  compacts.  The  liquisolid  compact  technique  is  based  on 
dissolving the insoluble drug in propylene glycol, polyethylene glycol 400, tween-80 as 
non-volatile  solvents  in  which  drug  is  having  high  solubility  and  admixture  of  drug 
loaded  solution  with  microcrystalline  cellulose  as  carrier,  aerosil  as  coating  material, 
crospovidone  as  disintegrant,  and  magnesium  stearate  as  lubricant  to  convert  into 
acceptably  flowing  and  compressible  powder.  The  prepared  liquisolid  compacts  were 
evaluated  for  their  flowing  properties  such  as  bulk  density,  tapped  density,  angle  of 
repose, Hausner’s ratio, and Carr’s index. Further tablets were evaluated for hardness, 
thickness, weight variation, friability, disintegration test, and in vitro release study. From 
this higher drug release profiles due to increased wetting property and surface area of 
the drug available for dissolution was obtained in case of liquisolid compacts. Among all 
formulations,  liquisolid  system  prepared  by  propylene  glycol  was  considered  as  best 
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 formulation which release drug up to 98% in 60 minutes and in comparison to marketed 
 formulation, optimized formulation showed better dissolution profile. 


Dias et al.,(2017) had  prepared liquisolid compacts of high dose water insoluble 
 drug, carbamazepine (CBZ) using novel porous carriers such as Neusilin and Fujicalin 
 in  order to improve its dissolution rate and reduce the tablet  weight.  Solubility of CBZ 
 was  determined  in  different  non  volatile  solvents  to  finalise  vehicle  having  maximum 
 solubility.  The  liquid  retention  potential  (Φ)  of  carriers  and  coating  material  was 
 determined and 18 different liquisolid compacts of CBZ were formulated. The prepared 
 liquisolid  compacts  were  evaluated  and  compared  for  thickness,  diameter,  weight 
 variation, uniformity of content, hardness, friability, disintegration and in vitro dissolution. 


Dissolution  profile  of  liquisolid  compacts  was  compared  with  marketed  tablet 
 formulation.  The  solubility  of  CBZ  in  polyethylene  glycol  200  was  found  to  be  greater 
 than  the  other  solvents.  Neusilin  showed  higher  Φ  value  than  traditional  carriers. 


Formulated  liquisolid  compacts  showed  all  physical  parameters  within  prescribed  limit. 


Formulation containing Neusilin-Neusilin and Neusilin- Aerosil showed no disintegration 
 while  all  other  formulations  showed  disintegration  up  to  180  seconds.  All  the 
 formulations showed drug release above 80% at the end of 15 minutes except marketed 
 formulation.  The  weight  of  formulations  containing  Neusilin  and  Fujicalin  ranged  in 
 between  0.383-0.947g.  Formulation  FA3  containing  Fujicalin  exhibited  lower  mean 
 dissolution  time  and  higher  dissolution  efficiency  than  all  other  formulations  including 
 marketed tablet. 


Mustafa  E et  al., (2017)  had  designed  orodispersible  tablets  of  zolmitriptan  by 
using  liquisolid  technique.  Orodispersible  tablets  were  prepared  by  using  propylene 
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 glycol,  avicel  PH-102  and  aerosil  200  as  a  non-volatile  solvent,  carrier  material  and 
 coating  material  respectively  and  various  types  of  super  disintegrating  agents  such  as 
 croscarmellose  sodium,  sodium  starch  glycolate,  and  crospovidone  to  facilitate  faster 
 disintegration of the liquisolid compact. 


The  overall  results  showed  that  among  the  three  super-disintegrants, 
 crospovidone  was  the  best  super  disintegrant  showing  the  shortest  disintegration  time 
 while  loading  factor  of  0.125  was  the  best  in  the  preparing  of  zolmitriptan  liquidsolid 
 orodispersible tablets . 


Patil,et  al.,(2016)  formulated  and  evaluated  liquisolid  compact  system  of 
 carvedilol  to  give  increased  dissolution  rate  of  drug  by  utilizing  PEG400  as  the  non-
 volatile  liquid  vehicle.  The  liquisolid  tablets  formulated  with  PEG400  at  different 
 concentrations  and  the  suitable  analytical  method  based  on  UV-visible 
 spectrophotometer  was  developed  for  carvedilol. The  results  of  differential  scanning 
 calorimeter  and  Fourier  transform  infrared  analysis  confirmed  that  the  excipients  are 
 compatible  with  the  drug.  The  liquisolid  tablets  formulated  with  PEG400  at  drug 
 concentration 20% w/w is the best formulations among the other 10 batches of liquisolid 
 tablet prepared, in terms of superior dissolution profile. LSC3 with R value 15 gave the 
 maximum  drug  release.  Short term  accelerated  stability  study  of  optimized formulation 
 (LSC3) of carvedilol was carried out at 40°C ± 2°C and at 75% ± 5% RH for 1 month. 


Padmapreetha J et al., (2016) had formulated liquisolid compact to enhance the 
dissolution  rate  of  leflunomide  by  using  kolliphor  EL,  avicel  PH  102,  aerosol,  and 
sodium  starch  glycolate  as  a  non-volatile  solvent,  carrier,  coating  material  and  super 
disintegrant  respectively.  The  results  showed  that  during  the  first  10  min  (Q10%)  the 
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 optimized  formulation  released  73.39%  of  its  content  compared  to  18.94  %  of  the 
 conventional formulation.  In  conclusion,  leflunomide  dissolution  rate  can  be  enhancing 
 to a greater extent by liquisolid technique 


Mowafaq  MG  et  al.,  (2015)  had  prepared  liquisolid  compact  for  solubility 
 enhancement  of  tenoxicam using tween 80 as a non-volatile liquid, avicel PH102 as a 
 carrier, and aerosil 200 as a coating material. Liquisolid formulations containing various 
 drug concentrations in liquid medication ranging from 10% to 35% w/w were prepared. 


Liquisolid  formulations  showed  greater  drug  release  rates  than  conventional  and 
 marketed tablets due to increasing surface area of the drug and wetting properties. 


Zafar  et  al  (2015)., had  compared  Liquid-solid  technique  and  solid  dispersion 
formation which are two novel approaches for enhancement of dissolution rate of BCS 
class  II  drugs.  Liquisolid  compact  converts  a  liquid  drug  or  drug  solution  into  a  free 
flowing  powder  with  enhanced  dissolution  rate.  In  case  of  solid  dispersion  drug  is 
molecularly  dispersed  in  a  hydrophilic  polymer  in  solid  state.  In  the  present  study, 
Liquisolid  and  solid  dispersion  techniques  were  applied  to  enhance  the  dissolution  of 
the  Hydrochlorothiazide.  Three  formulations  of  Hydrochlorothiazide  were  prepared  by 
Liquisolid  technique  using  micro  crystalline  cellulose  as  carrier  material  and  colloidal 
silicon dioxide as coating material. Water, poly ethylene glycol- 400 and Tween-60 were 
used  as  solvent  system.  Solid  dispersions  of  Hydrochlorothiazide  were  prepared  by 
solvent  fusion  method  using  PEG-4000  as  carrier  polymer.  Tablets  were  subjected  to 
evaluation  of  various  physical  and  chemical  characteristics.  Dissolution  profiles  of 
tablets  prepared  by  the  novel  techniques  were  compared  with  marketed  conventional 
tablets. Model independent techniques including similarity factor, dissimilarity factor and 
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 dissolution  efficiency  were  applied  for  comparison  of  dissolution  profiles.  The  results 
 obtained  indicated  that  liquid  solid  compact  formulations  were  more  effective  in 
 enhancing the dissolution rate compared with solid dispersion technique. The Liquisolid 
 compacts improved the dissolution rate up to 95% while the solid dispersion increased it 
 to 88%. 


Ayesha  et  al  (2015)., had  prepared  Liquisolid  compacts  using  polyethylene 
 glycol 400, propylene glycol and Tween-80 as non-volatile solvents. Neusilin as carrier 
 material  and  Aerosil-200  as  coating  material  for  enhancement  of  dissolution  rate  of 
 Olmesartan medoxomil. From the study, it was concluded that the dissolution studies for 
 Liquisolid  compacts  and  conventional  formulations  were  performed  and  it  was  found 
 that  Liquisolid  compacts  with  Neusilin  and  Tween-80  showed  significant  higher  drug 
 release than conventional 


Prakash  et  al  (2014)., had  investigated  Liquisolid  powder  compacts  (LSPCs) 
proved  to  be  the  potential  solubility  improvement  strategy  for  efficient  oral  delivery  of 
BCS class II and IV drugs. The LSPCs were formulated using propylene glycol as non-
volatile solvent. The effect of different formulation variables on LSPCs performance was 
evaluated  using  32  factorial  design.  The  selected  independent  variables  were  %  of 
clonazepam  in  propylene  glycol  (X1)  and  %  of  sodium  starch  Glycolate  (X2)  and 
dependent  variables  were  disintegration  time  (YDT)  and  %  cumulative  drug  release  at 
15th minute  (YQ15).  LSPCs  of  CLZ  formulated  with  propylene  glycol  at  optimum  drug 
concentration produced high dissolution profile with acceptable tablet properties. Fourier 
transform  infra-red  spectroscopy  (FTIR)  studies  revealed  that  there  was  no  interaction 
between  drug  and  polymers,  differential  scanning  calorimetry  (DSC)  and  X  Ray 
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 Diffraction (XRD) indicated conversion of crystalline to amorphous form of the CLZ. The 
 permeation studies carried out in isolated rat intestine revealed that potential of LSPCs 
 for  enhanced  permeation  of  CLZ  across  rat  intestinal  barrier.  The  increase  in 
 permeation  of  clonazepam  from  LSPCs  formulation  across  rat  intestine  suggests  the 
 potential  of  LSPC  formulation  for  improved  oral  delivery  of  CLZ.  In  conclusion,  the 
 present study showed that LSPC technique could be a promising strategy in improving 
 dissolution  of  poorly  water  soluble  CLZ  and  wettability  was  improved  by  making  a 
 suspension in propylene glycol, the water soluble, nonvolatile solvent. LSPCs could be 
 prepared  using  MCC  PH  102  as  a  carrier,  and  AEROSIL®  200  as  a  coating  material. 


The  FTIR  studies  revealed  that  excipients  were  compatible  with  the  drug.  DSC  and 
 XRD  studies  showed  that  there  is  a  decrease  in  crystallinity  of  the  CLZ  in  Liquisolid 
 compact  formulation.  A  fall  in  crystallinity  means  improved  dissolution  release  profile. 


The  optimized  formulation  showed  higher  dissolution  rate  when  compared  with  that  of 
 pure drug. 


Elkordy  et  al.,  (2014), had  investigate  dissolution  behavior  of  norfloxacin  as  a 
model  hydrophobic  drug  through  application  of  Liquisolid  technology.  Norfloxacin  was 
prepared  as  Liquisolid  formulations  using  either  flowability  or  compressibility  Liquisolid 
tests. The dissolution profiles were evaluated and compared to counterpart conventional 
norfloxacin  tablets.  Two  non-volatile  liquid  vehicles  were  used  in  the  preparation  of 
norfloxacin  Liquisolid  formulations;  Poly  Ethylene  Glycol  (PEG200)  and  Synperonic 
PE/L-61.  The  Liquisolid  formulations  of  norfloxacin  were  tested  according  to  the 
specification  of  British  Pharmacopoeia  (BP)  quality  control  tests.  Moreover,  the  pre-
preparation  evaluation  tests,  such  as  powder  flowability  Carr’s  index,  differential 
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 scanning  calorimetry  (DSC)  and  Fourier  transform  infrared  (FT-IR),  were  applied  for 
 further  investigation  of  the  physicochemical  properties  of  the  Liquisolid  formulations. 


The  results  indicated  that  the  percentage  of  norfloxacin  release  in  acetate  buffer 
 solution  (pH  =  4.0)  is  higher  than  in  distilled  water.  Also,  at  the  first  20  min,  the 
 percentage of the drug release is higher only in the decreased amount of liquid vehicle 
 formulations  compared  with  the  conventional  tablet.  Generally,  the  conventional  tablet 
 dissolution  profile  is  either  similar  or  higher  than  Liquisolid  tablets.  Moreover, 
 Synperonic PE/L-61 Liquisolid  tablets showed higher dissolution profiles than PEG200 
 Liquisolid  tablets,  although  the  solubility  of  norfloxacin  in  PEG200  (2.507  mg/ml)  is 
 much  higher  than  in  Synperonic  PE/L-61  (0.167  mg/ml).  In  conclusion,  increasing  the 
 percentage of liquid vehicle in the prepared norfloxacin Liquisolid formulations does not 
 necessarily  lead  to  increase  in  the  percentage  of  the  drug  release  in  distilled  water 
 dissolution medium 


Yousef  et  al.,  (2014), had  investigated  the  effect  of  solvent  type  on  Diltiazem 
 hydrochloride  release  profile  from  Liquisolid  compacts.  To  examine  aforementioned 
 idea,  the  drug  solubility  was  studied  in  several  conventional  nonvolatile  solvents. 


Liquisolid formulations of diltiazem HCl in the different solvents were prepared and their 
release  profiles  were  also  obtained.  Effect  of  aging  on  the  hardness  and  drug  release 
profile  was  studied  as  well.  X-ray  crystallography  and  differential  scanning  calorimetry 
(DSC) were used to investigate the formation of any complex between drug and carrier 
or any crystallinity changes during the manufacturing process. The results showed that 
diltiazem  HCl  had  lowest  solubility  in  polysorbate  20.  Highest  amount  was  devoted  to 
polysorbate  80  and  propylene  glycol.  Type  of  nonvolatile  solvent  and  its 
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 physicochemical properties as well as solubility of the drug in the applied solvent found 
 to have important role on release profile of the drug from Liquisolid compacts. Hardness 
 and  dissolution  profile  of  the  drug  were  not  affected  by  aging.  Amorphous  form  was 
 obtained during the process of Liquisolid formulation.  It follows that  the optimized new 
 technique  can  be  used  to  prepare  sustained  release  formulations  of  water-soluble 
 drugs. 


Srinivas et al., (2014), had improved the solubility and dissolution rate of poorly 
soluble drug Piroxicam by using Liquisolid technique. This technique of delivering drugs 
is  suitable  mostly  for  lipophilic  drugs  and  poorly  water  soluble  drugs.  However,  an 
apparent  limitation  of this  technique  is  the formulation  of a  high  dose  because a  large 
amount  of  liquid  vehicle  is  needed,  which  finally  results  in  a  low-dose  liquid  solid 
formulation.  This  approach  is  suitable  for  both  immediate  and  sustained  release 
formulations.  Solubility  is  increased  by  using  non-volatile  solvents  such  as  PEG  400, 
Labrosol,  Span20  and  Tween  80  in  single  or  combination  which  are  suitable  for  drug 
and  dissolving  the  drug  in  those  nonvolatile  solvents,  which  is  termed  as  ‘liquid 
medicament’.  The  liquid  medicament  is  blended  with  carriers  such  as  microcrystalline 
cellulose and Aerosil to convert the liquid medicament into a non-adhering, dry looking 
powder  which  has  acceptable  flow  properties  and  compression  behavior.  These 
Liquisolid  systems  are  evaluated  by  micromeritics  studies  like  flow  behavior,  bulk 
density,  tapped  density,  compressibility  index,  drug  content,  in  vitro  release,  Fourier 
transform  infra-red  spectroscopy  and  powder  X-ray  diffraction.  He  concluded  that 
dissolution  rate  and  bioavailability  of  poorly  water  soluble  drugs  like  Piroxicam  can 
increased  by  applying  Liquisolid  technology.  He  also  observed,  In-vivo  drug  release 
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 study of Liquisolid compacts using animal model to claim success in the development of 
 Liquisolid compacts of Piroxicam. 


Iizhar  S.  and  Bhavani  (2014), had  studied  the  effect  of  carrier:  coating  ratio, 
 concentration  of  disintegrant  and  non-volatile  solvents  on  disintegration  time  and 
 dissolution  rate  in  the  formulation  of  Liquisolid  compacts  of  Nateglinide.  An  apparent 
 limitation of this technique is the formulation of a high dose because a large amount of 
 liquid vehicle is needed, which finally results in a low-dose liquid solid formulation. NTG 
 was dispersed in PEG-400 as a liquid vehicle. Then a binary mixture of carrier–coating 
 materials (MCC- Aerosol) was added to the liquid medication under continuous mixing. 


Precompression  studies,  such  as  flow  properties  were  also  carried  out.  The  formed 
 mixture  was  compressed  to  get  tablets  matrices  by  using  the  tableting  machine.  The 
 prepared Liquisolid tablets were evaluated by hardness, friability, disintegration test and 
 in  vitro  dissolution  studies.  The  dissolution  property  of  a  water-insoluble  drug 
 Nateglinide  (NTG)  was  investigated.  The  dissolution  profile  of  the  prepared  Liquisolid 
 tablets was also compared to that of a marketed formulation (MR). The results indicate 
 that  Liquisolid  based  tablets  (F3)  showed  greater disintegration  and  dissolution  rate.  It 
 might  be  due  to  the  presence  of  PEG-400  as  it  showed  the  enhancement  in  the 
 solubility  of  NTG.  FT-IR  results  showed  compatibility  of  Nateglinide  with  excipients 
 used. He concluded that as the carrier: coating ration increases with the concentration 
 of disintegrant, disintegration and dissolution rate of Liquisolid compacts of Nateglinide 
 was increased. 


Poluri et al., (2014), had formulated fast disintegrating tablets by using Liquisolid 
technology.  Sodium  starch  Glycolate,  crospovidone  are  used  as  superdisintegrant  in 
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 this  invention  to  reduce  disintegration  time  by  which  fast  absorption  can  take  place 
 which  ultimately  increase  dissolution  of  the  drug.  As  a  result  of  comparison  with 
 marketed  formulation  using  similarity  dis-similarity  factor,  both  formulations  shows 
 similar in-vitro dissolution profile of Lamotrigine.


Manish  et  al.,  (2014),  had  developed  a  novel  liquid  solid  technique  which 
 enhances  the  dissolution  rate  of  water  insoluble  or  poorly  water  soluble  drugs  of 
 Nilvadipine,  which  belong  to  class  II  of  BCS.  Liquisolid  Formulations  shows  better 
 Flowability, Compressibility, improves solubility, dissolution and better absorption. Rapid 
 disintegration rates are observed compared to conventional tablets and therefore, they 
 show improved release rates and hence greater bioavailability. The use of non-volatile 
 solvent  in  the  formulation  causes  increased  wettability  of  water  insoluble  drugs  and 
 ensures molecular dispersion of drug in the formulation. 


Jyothi  et  al.,  (2014), had  enhanced  the  dissolution  rate  of  Glyburide  which  is 
insoluble in water. Different formulations were prepared by using different vehicles and 
carriers and Aerosil is used as the coating material. The empirical method as introduced 
by  Spireas  and  Bolton  was  applied  to  calculate  the  amounts  of  coating  and  carrier 
materials required to prepare glyburide Liquisolid  tablets. In vitro dissolution profiles of 
the Liquisolid formulations were studied and compared with conventional formulation in 
0.1N  HCl.  It  was  found  that  Liquisolid  tablets  formulated  with  PEG  400  and  Avicel 
pH102  produced  high  dissolution  profile  and  they  showed  significant  higher  drug 
release rates than conventional tablets due to increase in wetting properties and surface 
of drug available for dissolution. Drug-excipient interaction studies showed that there is 
no interaction between the drug and excipients. In conclusion, development of glyburide 
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 Liquisolid  tablets  is  a  good  approach  to  enhance  the  dissolution  rate  which  increases 
 bioavailability. 


Ujwala  R.,  Venkateswara  R.  and  Navaneetha  (2014), had  developed  a  novel 
 liquid-solid  technique  to  enhance  the  dissolution  rate  of  candesartan  which  is  poorly 
 water soluble drug which is a BCS class II drug. The selection of non-toxic hydrophilic 
 solvent,  carrier,  coating  excipients  and  its  ratios  are  independent  of  the  individual 
 chemical  entities  which  is  indirectly  leads  to  enhancement  of  bioavailability.  Liquisolid 
 tablets were prepared by using PEG -400, PG as non-volatile liquid vehicles and Avicel 
 PH  102,  Aerosil  200  as  carrier  and  coating  materials,  CCS  as  super  disintegrants 
 respectively. Among all formulations F7 was shown best drug release and result shows 
 increased dissolution profile i.e., 98.1% with polypropylene glycol. The invitro dissolution 
 study  confirmed  enhanced  drug  release  from  liquid  solid  compacts  compared  with 
 conventional and marketed tablets. 


Hitesh  J et  al., (2014)  had  compared  liquisolid  and  inclusion  complexation 
 techniques for dissolution rate enhancement of valsartan. This study  was designed for 
 screening of suitable non-volatile liquid solvent for the preparation of liquisolid compact 
 such  as  tween  80,  polyethyleneglycol  400  and  propylene  glycol  by  using  the 
 mathematical equation. The study was also aimed for enhancement of dissolution rate 
 and  comparison  of  liquisolid  technique  with  inclusion  complex  of  β-cyclodextrin.  The 
 liquisolid  formulation  showed  highest  dissolution  rate  compared  with  directly 
 compressed tablet, pure drug, and formulation prepared by complexation technique 


Yesubabu  B  et  al.,  (2014)  had  formulated  fast  disintegrating  tablets  of 
lamotrigine  using  different  super  disintegrating  agents  such  as  crospovidone,  sodium 
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 starch  glycolate.  Various  batches  of  liquisolid  tablets  were  prepared.  Formulations 
 consisting  of  sodium  starch  glycolate  were  found  to  be  fulfilling  all  the  parameters 
 satisfactorily  when  compared  with  crospovidone. In-vitro, drug  release  studies  showed 
 that  within  30  min  almost  90%  of  the  drug  was  released  from  all  the  formulations 
 confirming enhancement of drug dissolution by liquisolid technique 


Ahmed  S.  Abdul  Jabbar  et  al.,  2013,  formulated  and  evaluated  piroxicam 
 liquisolid  compact  different  liquisolid  compacts  were  prepared  using  a  mathematical 
 model to calculate the required quantities of powder and liquid ingredients to produce 


acceptably flowable and compressible admixture. The liquisolid formulation which 
 might  be  attributed  to  the  formation  of  hydrogen  bonding  between  the  drug  and  liquid 
 vehicle this resulted in drug dissolution enhancement. 


Amal  Ali  Elkordy  et  al.,  2013, studied  spironolactone  release  from  liquisolid 
 formulations  prepared  with  capryol  90,  solutol  HS-15  and  kollicoat  SR  30D  as 
 nonvolatile    liquid  vehicles  were  used  in  the  design  of  spironolactone  liquisolid 
 formulations, capryol 90, synperonic PE/L61 in combination with solutol HS-15 at a ratio 
 of  1:1  and  kollicoat  SR  30D.  Spironolactone  liquisolid  formulations  were  tested 
 according  to  British  Pharmacopoeia  (BP)  quality  control  tests.  Liquisolid  powder 
 formulations  formulated  from  a  combination  of  synperonic  PE/L61-  solutol  HS  showed 
 highest  dissolution.  The liquid  vehicles used with spironolactone liquisolid formulations 
 enhanced drug dissolution rate. 


Jarag  Ravindra  Jagannath  et  al.,  2013, formulated  and  evaluated  sustained 
release  liquisolid  tablets  of  metoprolol  succinate.  This  is  directed  towards  the 
development of liquisolid compact for the production of sustained release tablet of water 
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 soluble  drug.  Liquisolid  compacts  were  prepared  by  using  Tween  80  as  the  liquid 
 vehicle  or  nonvolatile  solvent.  Avicel  PH  102  as  absorbing  carrier  and  Aerosil  200  as 
 adsorbing coating material. Tween 80 has plasticizer effect by which it can reduce the 
 glasstransmission temperature of polymer and impart flexibility in sustaining the release 
 of drug from liquisolid matrices. The results showed that wet granulation  are markable 
 impact on the release rate of drug from liquisolid compacts reducing the release rate of 
 drug from liquisolid compacts. 


Gandhi K.J.  et al.,  2013, formulated,  characterized and evaluated the liquisolid 
 tablet  containing  pioglitazone  HCl.  The  invitro  release  pattern  of  liquisolid  tablets  and 
 directly compressed tablets were studied using USP-2 apparatus. The study concludes 
 that  the  liquisolid  technique  is  a  promising  alternative  and  best  suitable  method  for 
 enhancing solubility. 


Pandey  A.  et  al.,  2013, carried  out  project  on  dissolution  rate  enhancement  of 
 BCS  Class  II  drug  paliperidone  by  spray  drying.  The  technique  adopted  is  very  well 
 used  industrially  for  preparing  amorphous  composition  of  poorly  soluble  crystalline 
 drugs. In case of spray drying PAL with different classes of hydrophilic carriers (different 
 grades of polyvinyl pyrolidones [PVPs, plasdones] and cellulosic polymers) were taken. 


Significant enhancement in dissolution rate was observed with the prepared spray dried 
compositions  and  out  of  three  grades  of  plasdone;  plasdone  K12  demonstrated  the 
maximum enhancement in rate of release of PAL. Spray drying of PAL with plasdones, 
especially  plasdone  K12  reduced  drug  crystallinity,  increased  rate  and  extent  of 
dissolution. 
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 Pande  V.  V.  et  al.,  2013, enhanced  dissolution  rate  of  rosuvastatin  calcium  by 
 liquisolid  compact  technique.  In  this  technique,  liquid  medications  of  water  insoluble 
 drugs  in  non-volatile  liquid  vehicles  can  be  converted  into  acceptably  flowing  and 
 compressible  powders.  As  liquisolid  compacts  demonstrated  significantly  higher  drug 
 release rate, they lead to a conclusion that it could be a promising strategy by improving 
 the dissolution of poor water soluble drugs and immediate release solid dosage forms. 


Amal  Ali  Elkordy  et  al.,  2012, performed  liquisolid  technique  to  enhance  and 
 sustain griseofulvin dissolution effect by using non-volatile liquid vehicles. They studied 
 the effects of different liquid vehicles on release characteristics. Fast dissolution tablets 
 were  prepared  using  three  different  non-ionic  surfactants  namely  cremophor  EL, 
 synperonic  PE/L61  and  capryol  90;  on  the  contrary  kollicoat  SR  30P  were  used  for 
 production of sustained release formulations. Avicel PH102 and cab-O-sil M5 were used 
 as  a  carrier  and  coating  materials  respectively.  Cremophor  EL  showed  the  best 
 dissolution  enhancement  with  %  PE  of  about  90%  compared  to  only  23%  of 
 conventional tablets. 


Burra  shashidher  et  al.,  2012, formulated  and  evaluated  carvedilol  liquisolid 
tablets.  A  novel  powder  solution  technology  involves  absorption  and  adsorption 
efficiency,  which  makes  use  of  liquid  medications,  admixed  with  suitable  carriers, 
coating  materials  and  formulated  into  a  free  flowing,  dry  looking,  non-adherent  and 
compressible  powder  forms.  The  crystalline  state  of  drug  is  changed  to  amorphous 
state  due  to  liquisolid  formation  and  is  confirmed  by  both  DSC  and  X-ray  diffraction 
results.  The  amorphous  form  exhibited  increased  wetting  properties  because  of 
subsequent increased surface area of the particle size. 
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