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1.0 Introduction 


During  the  last  two decades, microemulsions are the preferred drug delivery system 
 for  drugs  belonging  to  BCS-II  and/or  BCS-IV  catagories.  This  preference  is 
 associated with  various benefits of  these drug delivery systems  like Thermodynamic 
 stability,  Optical  clarity,  Particle  Size  less  than  200nm,  Ease  of  penetration, 
 Solubilize  lipophilic  drugs,  Patience  compliance  and  acceptability.  This  probably  is 
 the reason that many formulations are available in the market (Table 1) and patented 
 (Table  2).  Therefore,  the  main  objective  of  this  module  is  to  know  different 
 pharmaceutical  application    of  microemulsion  based  delivery  systems  and  various 
 research  activities  incurred  in  the  development  of  microemulsion  based  delivery 
 systems.  The  application  of  microemulsion  based  delivery  systems  are  summerized 
 as Figure 1 for better understanding.  



Applications 



Oral Delivery


Topical delivery


Ocular Delivery 


Pulmonary Delivery 
 System



Drug Targeting


Brain


Lymphatic system
 Tumar cells
 Cellular Targeting


Nasal delivery Periodontal delivery


7


  
 Figure 1: Summary of pharmaceutical applications of microemulsion.  
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Table  1: Comme rcial formulations available in market as PCM or S -PCM 


S. No.  Drug   Trade name   Company  Exci pie nts  For mul ation  Dose 


1  Amprenavir  Agenerase® Gla xoSmi


thkline   NA  Soft  gelat ine 


capsules 


50mg , 150 
 mg  
 2  Be xa rotene  Targretin®  Ligand  Macrogol, polysorbate, 


povidone 


Soft  gelat ine 


capsules  75 mg  
 3  Ca lcitriol 


Rocaltro l®  Roche 


Medium-chain triglycerides 


Soft gelatine 
 capsules, oral 


solution 


0.25 μg, 
 0.5 μg  


4  Cyclosporin 
 A 


N e or al®  Novartis  dl-α-tocopherol, cornoil, 
 Cre mophore RH 40 


Soft gelatine 
 capsules 


10,25,50,1
 00 mg  
 S a n di m m un e® Novartis  dl-α-tocopherol, cornoil, 


Cre mophore RH 40 


Ora l solution 


100 mg/ ml 
 Gengraf®  A b bott   Cre mophorEL, tween 80  Soft gelatine 


capsules  25,100 m g  
 capsules®  S id m ak   Labra fac, Labrasol, 


Cre mophore EL 


Soft  gelat ine 


capsules  100  mg  


5  Fenofibrate 


Lipire x®  Genus  Geluc ire 44/14, macrogol 20 
 000 


Hard gelat in 


capsule  200 mg  
 F e no g al®  S a n ofi-


A v e ntis 


Laury l mac rogol 
 glycerides(Ge lucire44/ 14), 


PEG200 


Hard 


gelatincapsule  200mg  
 6  Ibuprofen  S olu f en®  S a n ofi-


A v e ntis  Geluc ire (44/ 14)  Hard 


gelatincapsule  200mg  
 7  Indomethacin   Inf r e e®  Eisai Co .  


Cre mophor RH 60, 
 hydrogenated oil, 
 glycerylmonooleate 


Soft gelatine 


capsules  200  mg  


8  Isotretinoin 


A c c ut an e®  Roche  Beeswa x,  hydrogenated 
 Soybean oil fla kes, 


soybeanoil 


Soft gelatine 


capsules  10,20,40 
 m g  
 9  Lopinavir  Kalter ®  Abbott  Ole ic ac id , Cre mophor EL  Soft  gelat ine 


capsules  133.3mg  
 10  Saquinavir  Fortovase®  Hoffmann


-La Roche  NA  Soft  gelat ine 


capsules 


200 mg  


11  Tipranavir  Aptivus® 


Boheringe
 r 
 ingelheim 


Cre mophorEL),mediu m 
 chain mono- anddi-


glycerides 


Soft  gelat ine 


capsules  200  mg  
 12  Tretinoin  Vesanoid®  Roche  Bees wa x, hydrogenated 


soyabean oil 


Soft gelatin 
 capsule 


45mg/ m2 
 subdivided 
 13  Restandol®  Testosterone 


Organon 
 Laboratori
 es Limited  


Ole ic ac id 


Soft gelatine 


capsules  40-160 mg  


14 


Valpro ic ac id 


Convule x®  Pharmacia   NA  Soft gelatine 


capsules 


100mg, 
 200 mg  


15  Depakene ®   Abbott  Corn oil  Soft gelatine 


capsules 


10-60 
mg/kg/day 
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Table 2: Patented technologies and formulations based on SEDDS 
 S. 


No.  Drug  Formulation  Ingredients  Remarks  Reference 


1. 


Peptides, 
 nifedipine, 
 glibencalmide, 
 indomethacin,


SEDDS polysorbate 80 (Tween™80, 


SPAN™80), Capryol®90,  Increasing the bioavailability of a drug  Hasan, 
 (2013) 


2.  Tetrahydrocannabi


nol SEDDS Labrasol, capmul MCM, Oleic 


acid, Soybean oil, sesame oil


Suppressing hepatic first pass 
 metabolism  via targeted chylomicron/ 


lipoprotein delivery 


Murty and 
 Murty, 2011 


3.  Cyclosporin  SEDDS


Cremophore RH 40, labrafil, 
 sorbitan monooleate, glyceryl 
 monooleate, lyroglycol 90, Vit E, 


Propylene glycol,  


Increase solubility as well as biovalibility   Bhalani and 
 Patel, 2011 


4.  Cyclosporin  SEDDS  


Campul MCM, labrafac lipophile, 
 corn oil, Cremophore EL, 
 Labrasol, tween 80, tween 20, 
 Cremophore RH 40, PEG 400 


Pharmaceutical compositions enables the 
 cyclosporin to get readily absorbed when 


administered orally  


Sherman, 
 2011 


5.  Coenzyme Q10  SEDDS   Campul MCM, Cremophor EL, 
 Incromega E3322 


Improves the solubility of poorly water 
 soluble compound and thus bioavailability 


Dong and 
Dove, 2010 
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6.  Gemcitabine  SMEDDS   PEG 400,  Tween 80, Labrafil 
 M1944CS, Propylene glycol  


1.3 times enhancement in the AUC as 
 compared to  IV administered comparative 


formulation 


Hsu, et al., 
 2010 


7.  Modafinil   SEDDS  


PEG 400, Span 20, Capmul MCM, 
 Tween 80, Myrj-52, Labrasol, 


Imvit or 308 


2 fold enhanc ement in the Cmax as 
 compared to Oraplus formulation 


Jacobs et 
 al., 2010 


8.  NSAID(s) 


Emulsion 
 preconcentrate


s 


Lipoid E80, PG, Ethanol, Lipoid 
 S100, Glycerol 


Usage of  egg lecithin, soya lecithin or 
 their mixture  with small chain alcohols to 


develop emulsion preconcentrat es 


Holmberg, 
 2010 


9.  Mitotane  SMEDDS  


Propylene 


glycol monocaprylate (10 to 30% 


w/w), propylene 


glycol dicaprate (20 to 60% w/ w) 
 and polyoxyethylenesorbitanne  


monooleate (10 to 30% w/ w).  


High  drug loading, enhanced solubility  Florian et 
 al., 2010 


10.   Dros pirenone 


Micro-emulsion 
 pre-
 concentrate 


Ricinus oil, imwitor  308, 
 Cremophore  EL, Cremophore  RH 


40, transcutol P, PEG 400 


Apparent permeability of drospirenone 
 across human colon cells from all 
 compositions investigated was in the 


range between 200 and 350 nm/s 
 indicating a  high  permeability with no 


significant differences. 


Adrian and 
 torsten, 


2010 
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11.   Taxoids  


Self 
 microemulsifyin


g system 
 (SMES) 


Labrasol, Cremophore EL 60%, 
 Imwit or 998(20% ), Miglyol 


812N(20%) 


Cmax and AUC for SMES formulation  was 
 atleast 1.6 fold higher than that of 


nanocrystal 


Peracchia 
 et al., 2009 


12.  


Pyranone protease 
 inhibitor 
 (Tipranavir) 


SEDDS (soft 
 gelatin 
 capsules) 


Cremophor EL, Capmul MCM, 
 PEG 400 


Stability of PEG based  formulation  was 
 more than  that of propylene 
 glycol/ethanol formulation, bioavaibility 


was statistically same 


Chen et al., 
2003 
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2.0 Microemulsion for Oral Delivery  


Formulating  an  effective  oral  microemulsion  based  delivery  systems  is  a 
 challenge  to  the  research  community.  This  is  because  of  the  reason  that 
 gastrointestinal environment modify drug effectiveness, instability, precipitation of 
 drug  from  solubilised  system  or  poor  solubility  in  the  fluid.  However,  oral 
 Microemulsions  are  beneficial  in  increasing  the  solubilization  of  poorly  water 
 soluble  drugs.  They  are  capable  of  overcoming  the  dissolution  related 
 bioavailability problems.  


The  oral  microemulsion  have  polar  region,  nonpolar  region  and  interfacial 
 domains.  The  hydrophilic  drugs  and  macromolecules  can  be  encapsulated  with 
 varying  solubility  in  these  regions  depending  upon  their  solubility  characteristics. 


Further,  Oral  Microemulsion  systems  protect  the  drugs  against  oxidation, 
 enzymatic  degradation  and  enhance  membrane  permeability.  The  Commercially 
 available  microemulsion  formulations  are  Fortovase(R)  (Saquinavir), 
 Sandimmune Neoral (R) (Cyclosporine A), Norvir(R) (Ritonavir) etc. Following are 
 some  important  examples  showing  pharmaceutical  application  of  oral 
 microemulsion based formulations. 


Examples: Oral Microemulsion increased bioavailability of cyclosporine 
 Meinzer  et  al  (1995)  studied  oral  cyclosporine  microemulsion  (180mg)  and 
 emulsion  (300mg)  based  delivery  systems  in  24  male  healthy  volunteers  under 
 fasting  conditions  and  fat  meal.  The  results  suggested  more  than  1000ng/ml 
 Cmax  of  cyclosporine  in  lower  dose  (180mg)  when  loaded  in  a  microemulsion. 


Further,  insignificant  effect  of  food  was  evident,  suggesting  benefit  of 
 microemulsion  based  delivery  systems  over  microemulsion  based  delivery 
 systems.  


Examples:  Oral  Microemulsion  enhanced  solubility  and  bioavailability  of 
 Acyclovir  


The dissolution performance of acyclovir loaded in to microemulsion or emulsion 
 formulations  were  studied  using  dialysis  method.  Interestingly,  more  than  90% 


acyclovir  was  released  from  microemulsion  in  4hrs  as  compa red  to  30%  pure 
 acyclovir  released in 8hrs.  In another an in  vitro diffusion profile of acyclovir from 
 microemulsion  and  tablet  across  rat  duodenum  was  investigated.  Interesting 
 findings  suggested  enhancement  of  solubility  of  acyclovir,  when  entrapped  in  to 
 microemulsion.  Further,  a  10  fold  enhancement  of  bioavailability  was  evident 
 when  acyclovir  was  loaded  in  to  microemulsion  as  compared  to  tablets  or 
 emulsion based formulations. 


Examples:  Oral  Microemulsion  enhanced  dissolution  performance  and 
bioavailability of valsartan  
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In  vitro  release profiles of  valsartan from SMEDD based tablet formulations in 0.1 
 M  HCl  followed  by  buffer  pH  6.8  at  37  ±  0.5  C  showed  90%  release  in  15min, 
 which  was  100  fold  enhancement  as  compared  to  pure  drug.    However,  a 
 comparison  of  in  invitro  release  of  valsartan  either  from  SMEDD  formulations  or 
 from  tablet  formulations  suggested  no  significance  difference.  Further,  the  oral 
 pharmacokinetic  performance  of  valsartan  loaded  in  either  suspension, 
 microemulsion  gel  or  SMEDD  indicated  bioavailability  enhancement  of 
 micreoemulsion based formulation as compared to pure drug.  


2.0 Microemulsion for Ocular Delivery  


Conventional ocular formulations  have low bioavailability, dose  frequency is  high 
 and  low  absorption  across  corneal  barrier.  However,  the  microemulsion  based 
 eye  preparations  are  easy  to  prepare  in  a  routine  manufacturing  system, 
 thermodynamically  stable,  sterilizable  and  provide  a  formulation  base  for  the 
 lipophilic  drug  by  increasing  their  solubilisation.  In  addition,  conventional 
 ophthalmic  dosage  forms  containing  water  soluble  drugs  are  delivered  in 
 aqueous solution as eye drops/ eye solution, etc,  where as water insoluble drugs 
 are  formulated  as  suspension  or  ointments  that  some  time  induce  problems  like 
 eye  irritation,  lower  ocular  contact  time,  lower  bioavailability,  etc.  Further,  the 
 main problem associated with conventional ophthalmic delivery systems are their 
 lack  of  efficiency  in  the  posterior  segment  of  ocular  tissue  and  low  corneal 
 bioavailable,  To  improve  effectiveness  and  avoid  drug  delivery  related  barriers 
 microemulsion based ophthalmic delivery systems are prepared.  


 EXAMPLE: Ocular microemulsion enhanced stability of  Chloramphenicol 
 Chloramphenicol  is  effectively  used  for  the  treatment  of  trachoma  and 
 keratitis.  However,  it  is  hydrolyzes  easily  in  conventional  eye  drop.  Therefore,     
 Lv  et  al.  (2006)  developed  microemulsion  [Span  20,  Tween  20, 
 isopropylmyristate  and  water]  based  eye  drop.  The  results  indicated  remarkable 
 increase in stability of  Chloramphenicol 


EXAMPLE: Dexamethasone loaded Ocular microemulsion  


Fialho  et  al.  (2004)  fabricated  microemulsion  based  dexamethasone  eye  drops 
 for  better  tolerability,  higher  bioavailability  and  greater  penetration  in  the  eye. 


These formulation  related modifications reduced dosing  frequency and  Improved 
 patient compliance. 


3.0 Microemulsion for Parenteral Delivery 


The  most  tedious  task  is  to  develop  microemulsion  based  parentral  delivery 
 systems.  This  is  because  it  involves  heat  based  processes  like  sterilization, 
 choice  of  excipients,  nature  of  drug  molecule  i.e  hydrophilic  or  lipophilic,  etc. 


However,  inspite  of  difficulties  in  the  development  of  parentral  microemulsion, 
their  are  certain  success  stories  for  example  O/w  microemulsions  are  most 
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suitable in the parenteral delivery of sparingly soluble drugs.  In addition frequent 
 administration  of  drugs  can  be  avoidable  by  administering  high  concentration  of 
 drug  entrapped  in  the  microemulsion.  On  comparing  microemulsion  based 
 parentral  delivery  systems  with  liposome’s  or  other  vehicles,  it  exhibit  a 
 comparatively enhanced physical stability in the plasma.  In addition,  the internal 
 oil phase is more resistant against drug leaching, etc.  


For developing Parenteral microemulsion, the selection of excipients is  a critical 
 step in  the development of parentral microemulsion  for example, C 4-C3 alcohols 
 were  substituted  with  parenterally  acceptable  cosurfactants  [polyethylene  glycol 
 (400) / polyethylene glycol (660) 12-hydroxystearate / ethanol]. 


The solubility of Flurbiprofen and  Glimepiride were enhanced  when formulated in 
 to  microemulsion.  In  addition,  the      bioavailability  of  Itraconazole  is  increased 
 when loaded in to parenteral microemulsion.  


4.0 Microemulsion for Transdermal/ Topical Delivery  


     The  main  advantages  of  choosing  a  topical  administration  for  drug  are  bypassing 
 hepatic  first-pass  metabolism  of  drugs,  Drug  metabolism  in  salivary  and  Inhibition  of 
 drug degradation  in the stomach and related toxicity effects. The  Microemulsion based 
 topical delivery is the local delivery as well as target ability of the drug to affected areas 
 of the skin or eyes. The example of attempts for permeation enhancement of hydrophilic  
 drugs    across  skin  are  5-flurouracil,  apomorphine  hydrochloride,  diphenhydramine 
 hydrochloride,  tetracaine  hydrochloride,  methotrexate.  Further,  the  attempts  for 
 permeation  enhancement  of  Lipophilic  drugs    across  skin  are  estradiol,    finasteride,  
 ketoprofen, meloxicam, felodipine, triptolide. 


However,  microemulsion  for  transdermal/topical  delivery  requires  high  surfactant 
 concentration. Therefore, the chances of skin irritation  with such formulations are 
 higher and should be examined especially when applied for a longer period.  


Example:  Enhancement  of  tyrosine  percutaneous  permeation  when  loaded 
 in to microemulsion 


The percutaneous permeation of tyrosine was compared  when  loaded in to either 
emulsion  or  microemulsion  formulations.  It  was  observed  that  1.75  fold 
enhancement  of  tyrosine  permeation  was  evident  when  loaded  in  to 
microemulsion  based  delivery  system  as  compared  to  conventional  emulsion 



(11)11 



Pharmaceutical  sciences 



Novel Drug Delivery Systems  II 


PHARMACEUTICAL APPLICATIONS OF MICROEMULSION 
  11 


(Figure  2).


 Figure 2 Tyrosine percutaneous permeation when loaded in microemulsion 
 or in conventional emulsion. 


Example:  Enhancement  of  Lidocaine  bioavailability  when  loaded  in  to 
 microemulsion  


A  microemulsion  based  lidocaine  was  administered  through  dermal  route.  The 
increased  pharmacokinetic  performance  of  microemulsion  based  Lidocaine 
delivery  system  suggested  its  application  as  compared  to  conventional 
microemulsion (Figure-3)  
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Figure  3:  Enhancement  of  absorption  coefficients  of  microemulsion  based 
 lidocaine formulations. 


Example Microemulsion application in Commercial Topical formulations  
A  product  jointly  developed  by  Gattefosse  and  virbac  is  a  microemulsion  based 
soubilized Vitamine E and F with essential fatty acids and shown in Figure 4.  
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Figure 4: A Commercially available microemulsion based product. 


Example: Microemulsion enhanced Amphotericin B Permeation  


Butani et  al.,  (2014)  developed  Amphotericin  B  microemulsion  and  evaluated  its 
 exvivo  performance.  The  comparasion  of  microemulsion  based  formulation  with 
 the  pure  drug  suggested  4  fold  enhancement  of  Amphotericin  B  microemulsion 
 permeation  across  abdominal  skin  of  albino  wistar  rat.  In  another  study  Hussain 
 et  al.,  (2014)  investigated  permeation  of    Amphotericin  B  nanoemulsion  and 
 compared with pure Amphotericin B, and commercially available Fungisome. The 
 results  suggested  3  fold  enhancement  of  permeation  of  Amphotericin  B 
 nanoemulsion  as  compared  to  pure  Amphotericin  B,  and  commercially  available 
 Fungisome.  Further,  the  findings  also  pointed  towards  enhancement  in  the  drug 
 retention when loaded in either micro or nano emulsion based formulations.  


Example:  Suitability  of  Microemulsion/ethosomes/ethosomal  gel  for 
 Grisieofulvin dermal delivery  


Aggarwal et  al.,( 2013)  developed  microemulsion,  ethosome  or  ethosomal  gels 
containing Grisieofulvin.  The results suggested permeation of Griseofulvin  loaded 
Microemulsion    is  equal  to  ethosome  /ethosome  gel  and  less  than  liposome, 
conventional  cream,  aqueous  suspension  when  examined  across  dorsal  skin  of 
laca mice. However,  the drug retention of microemulsion based formulations was 
found to be higher. 
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5.0 Microemulsion for Periodontal Delivery   


Periodontal  disease  is  a  term  given  to  a  number  of  progressive  oral  pathological 
 afflictions  such  as  degeneration  and  inflammation  of  the  gums,  cementum, 
 periodontal  ligaments,  and  its  supporting  bone.  These  are  the  major  cause  of 
 tooth loss. Brodin et al. developed a novel pharmaceutical composition consisting 
 of local anaesthetic solubilised in in oil phase, surfactant phase, water phase with 
 or  without  a  taste  masking  agent.  The  composition  was  in  the  form  of  an 
 microemulsion  or  emulsion  that  have  thermoreversible  gelling  properties  i.e.  its 
 viscosity  was  less  at  room  temperature  and  have  changed  to  lowest  viscosity 
 when  administered  onto  a  mucous  membrane  of  a  patient.  The  surfactant  in  the 
 formulation showed the thermoreversible gelling properties. Preferred surfactants 
 were  Poloxamer  407®,  Poloxamer  188®  and  Arlatone  289®.  The  composition 
 could  be  used  as  a  local  anaesthetic  for  pain  relief  within  the  oral  cavity  in 
 conjunction with periodontal scaling and root planning and overcame the problem 
 with  the existing  topical products (jelly, ointment or spray) such as lack of efficacy 
 due  to  inadequate  depth  of  penetration,  too  short  duration  and  difficulties  in 
 administration due to spread, taste etc. 


6.0 Microemulsion for Targeted Delivery  


Maranh at al (1996)   patented one of the  benefit of microemulsion as a vehicle for the 
 delivery  of  chemotherapeutic  or  diagnostic  agents  to  neoplastic  cells  while  avoiding 
 normal  cells.  On  the  basis  of  these  principles  they  proposed  a  method  of  treating 
 neoplasm. A neoplasm cells have an increased number of low density lipoprotein [LDL] 


receptors  compared  to  normal  cells.  The  microemulsion  composed  of  a  nucleus  of 
 cholesterol  esters,  not  more  than  20%  triglycerides  surrounded  by  a  core  of 
 phospholipids  and  free  cholesterol  and  containing  chemotherapeutic  drug.  This 
 Microemulsion has a similar composition as that of the lipid portion of LDL. However, the 
 protein  portion  in  this  microemulsion  is  absent.  These  artificial  microemulsion  particles 
 incorporated  plasma  apolipoprotein  E  (apo  E)  on  to  their  surface  when  they  were 
 injected in the bloodstream or incubated with plasma. The apolipoprotein E  plays a role 
 of  linking  the  elements  between  the  particles  of  the  microemulsion  and  the  LDL 
 receptors. The microemulsion could then be incorporated into cells via receptors for LDL 
 and deliver the  API previously loaded in a microemulsion. Thus, higher concentration of 
 anticancer  drugs  could  be  achieved  in  the  neoplastic  cells  that  have  an  increased 
 expression  of  the  receptors.This  means  more  LDL  receptors  in  tumor  cells  leads  to 
 distruction  of  tumor  cells.  Thus,  higher  concentration  of  anticancer  drugs  could  be 
 achieved in the neoplastic cells that have an increased expression of the receptors.  In 
 this way toxic effects of these drugs on the normal tissues and organs could be avoided. 


Figure  5  summarizes  the  role  of  microemulsion  in  enhancing  the  activity  of 
chemotherapeutic agent. 
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Example: microemulsion for tumor targeting of aclacinomycin A (ACM).   


Shiokawa  and  coworkers  (2005)  developed  folate-linked  microemulsion  of 
 aclacinomycin  A  (ACM).  The  Folate-linked  microemulsion  was  found  to  be 
 feasible  delivery  system  for  tumour  targeting.  The  study  showed  that  folate 
 modification  with  a  sufficiently  long  PEG  chain  on  emulsions  is  an  effective  way 
 of targeting emulsion to tumour cells.  



• LDL=Lipid portion +Protein Portion



Microemulsion



apolipoprotein E  (apo E)



Added



Linking element between the  particles of the microemulsion



and the LDL receptors Linking element


LDL 
 Receptor



Apo E



M i c r o e m u l s i o n f o r  Ta r g e t e d  D e l i v e r y



Microemulsion enters  in to cells via 



LDL receptors



Deliver drug effectively in to the cells
 46

 Figure 5: Summary of the role of microemulsion in enhancing the activity of 
 chemotherapeutic agent. 


7.0  Microemulsion for Intranasal Delivery  


For  the  purpose  of  brain  targeting,  Intranasal  administration  is  a  simple,  practical, 
 cost  effective,  convenient  and  noninvasive  route  of  administration  for  rapid  drug 
 delivery and a direct transport of drugs to the brain circumventing the brain barriers. 


The  microemulsion  droplets  has  a  ability  to  follow  paracellular  transport  or 
transcellular  transport  and  have  a  property  of  p-efflux  inhibition  when  given  via 
intranasal  route.  The  microemulsion  based  delivery  systems  cross  olfactory  lobe, 
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olfactory  bulb  and  then  following  olfactory  tract  they  reaches  brain crossing  blood 
 brain barrier.  


Example; Intranasal delivery of microemulsion based nimodipine  


Pathak et al (2014) studied role of  mucoadhesive polymers in enhancing delivery 
 of  nimodipine  microemulsion  to  brain  via    intranasal  route.  They  observed  2  fold 
 enhancement  of  nimodipine  release  from  microemulsion  as  compared  to 
 nimodipine  suspension.  The  in  vivo  performance  of  nimodipine  suggested 
 maximum amount found in the brain as compared to that in the blood plasma.  


8.0 Conclusion 


Microemulsion based delivery of drug is a powerful  technique  for  the formulation 
of  poorly  water  Soluble  drugs  for    different  routes  of  administration  like  Oral 
delivery,  dermal,  transdermal,  topical  delivery,  Periodontal  delivery,  Ocular 
delivery and Targeted delivery (Table 4 &5) 
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Table 4: A summary of literature reports on formulation development of solid- preconcentrated microe mulsion 


Sr. 


No.  Drug   For mul
 ation 


Techni
 que  


Exci pie nt (Amount use d; solubility) 


Charac terizati on 


Phar mac okinetic 
 studies/Other studies 


Inference   Reference  
 Oil  Surfacta


nt 


Cosurf
 actant 


Solid 
 carrier 


Cmax 


(ng/


mL) 
 Tma


x 
 (h) 


AUC 


1.  Lovast
 atin 


S-
 SNED


DS 


FbD  Cap mul 
 MCM  


Nikkol 
 HCO-50 


Lutrol 


F127  NA 


Emulsification 
 time determination,  


In situ single pass 
 intestinal 
 perfusion studies 


;Stability studies 


In vivo 
 pharmacodynamic 


studies 


Formulation by design  
 approach  explored different 


aspects for development of 
 PCMs.


Beg et al., 
 2014 


2.  Zalepl


on  Powder  Adsorp
 tion 


labrafil 
 M 1944 
 CS 
 (16.6%)


, 


transcuto
 l 
 P 
 (41.7%) 


and 


TPGS-E 
 (41.7%) 


ma ltode xt
 rin, 
 pearlitol 


SD200, 
 neusilin 
 US2 and 
 aerosil 


200 


Liquid retention 
 potential = 
 neusilin has1.33 


highest; DSC, 
 XRD, FTIR, SEM 


shows molecu lar 
 state of drug; 


948.


2/ 


389.


2 
 ng/m


L) 
 1.0/


1.0 


3500.1/ 


1000.8 


In situ intestinal 
 absorption enhancement 


and 3.5-fo ld 
 enhancement in the 


e xtent of 
 absorption of za leplon 


Janga et 
 al., 2013 


3.  Docet
 a xel 


PCN 
 Powder 


Spray 
 drying 


Capryol 
 90 
 (10%; 


142.43) 


Labrasol 
 (75%; 


73.37) 


Transcu
 tol HP 
 (15%; 


255.84) 


Colloida l 
 silica  


PS: 150 n m; 


SEM: spherica l 
 shape withshallow 
 dents, the particles 
 were present as an 
 aggregated mass; 


132.


0/11.


2 
 0.8
 5/0.


87 


524.8/81.


6 


17% bioavailability as 
 compare to 2.6% for 


pure DCT solution; 


improved  In v ivo anti-
 tumor e fficacy 


Seo et al., 
2013 
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4. 


Ondan
 setron 


HCl 


Granule
 s 


adsorpt
 ion 


Cap mul 
 MCM 
 (20%; 


32) 


Labrasol 
 31.1 


Tween 
 20 
 (39.5) 


Sylysia 
 (350, 550, 


730) and 
 NeusilinT


M  US2. 


Viscosity: 27.5; 


Refractive inde x: 


1.39; Drop let 
 size:118; zeta 
 potential:-45.8. 


89.5/


52.5 
 1.8
 6/2.


77 


638.5/11
 9.5 


FTIR, DSC and powder 
 XRD studies 
 indicated lack of any 
 significant interaction  


Beg et al., 
 2013 


5.  Ritona


vir  Tablets 


Adsorp
 tion 


via 
 rapid 
 granul
 ator 


Imwitor 
 988 
 (350) 


Cre moph
 or 
 EL(450) 


and 
 RH(475) 


Cap mul 
 GM S 
 K-50 
 (100) 


Neusilin-
 US2 
 Crospovid
 one, HPC, 


HPM C 


PS: 16 and 22n m 
 in 0.1 n HCl and 


water respt.; 


Stability at 
 25C/ 60% RH for 


1 and 3 months: 


no change in 
 dissolution time  


819/


510 
 4.0/


1.3
 3 


118.04 
 /66.08 


SMEDDS showed 100% 


release in 60 min. 


Deshmukh 
 and 
 Kulkarni 


2013 


6.  Docet


a xel  Powder  spray 
 drying 


Capryol 
 90 
 (45%/1


40) 


Cre moph
 ore EL 
 (35%/10) 


Trasncu
 tol 
 HP(20


%/250) 


Colloida l 
 silica  


XRD, DSC: 


Amorphous form 
 in SNEDDS; 


SEM: PS: 


reconsituted-
 220.4., SNEDDS: 


70.75 


90.7
 4/11.


16 
 0.6
 1/0.


87 


394.62/8
 1.56 


Spherical shaped and 
 12.5% absolute 
 bioavailability in rats. 


Quan et al 
 2012 


7.  Tacrol
 imus 


Hard 
 gelatin 
 capsule 


Rice 
 germ oil 


(8%) 


Cre moph
 ore EL 
 (51.45%) 


Transcu
 tol P 
 (25.73%) 


Capmul PG8 
 (12.45%)


In Vitro 
 Dissolution: within 
 30 min; stability: 3 


months


3.91 NA  45.05 


Rice Germ o il can be 
 used as multifunctional 


e xcip ient 


Pawar and 
 Vavia., 


2012 


8. 


Carba
 ma zep
 ine 


Powder  Adsopr
 tion 


Mygliol


® 812 
 (10-
 17%/ 2.7


58) 


Tween 
 80 
 (40-70% 


40.0) 


Cre mop
 hor®
 RH40 


Neusilin®
 UFL2 and 


FL2 
 Sylysia® 


320 and 


Solubility = 
 33.771 mg/ mL; 


DSC, XRD, 
 FTIR, PS= 50 n m; 


Drug in fluence 


NA  NA  NA 


Neusilin® UFL2 and 
 FL2 decreased release 


rate  with increasing 
 specific surface area due 


to entrapment of liquid 


Milovi´ c, 
 et al., 


2012 
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350  the rheology of 
 PCMs 


SMEDDS inside the 
 pores Porous silica 
 adsorbents no difference 


in re lease rate 


9. 


Le rcan
 idipine 
 hydroc
 hlorid


e 


Powder  Adsopr
 tion 


Capmul 
 MCM L8


Tween 


80  PEG 400 Neusilin®


PS = 147–210 nm, 
 DSC and XRD proves 


amorphous form of 
 drug in SMEDDS 
 powder, phase diagram


SEM, TEM , Effect of pH 
 and robustness to dilution, 


Thermodynamic stability


Improved solubilization 
 and so dissolution 


behavior 


Kallakunt
 a et al., 


2012


10.  Siroli


mus  Pellets 


Extrusi
 on–


sphero
 nizat io
 n 


Maisine 
 35– 1 
 (20%/5.


42 


Labrasol 
 (40%/22.


22) 


Transcu
 tol P 
 (40%/2
 288.53 ) 


Inorganic 
 microporo
 us silicon 
 dio xide  


PS=25.8; 


PDI=0.091; 


XRD,DSC, FTIR 
 supported earlier 
 study; and SEM, 


18.4
 4/12.


72 
 0.8
 8/1.


04 


131.65/9
 6.17 


Solidification improves 
 stability and e xcip ients  
 facilitates the ly mphatic 
 transport and inhibiting 
 the  first-pass effect via 
 intestinal and hepatic 


metabolism  


Hu et al., 
 2012 


Table 5: Formulation-development and pharmacokinetic studies on liquid preconcentrated microemulsion system 


Sr. 


No. 


Drug  
 (For mulation) 


Pre-
 for mulati


on 
 studies 


Exci pie nt (Amount use d) 


Charac terizati on 


Phar mac okinetic studies  


Inference   Ref. 


Oil  Surfactant  Co- 


surfactant  Other   Cmax 


ng/ml  Tmax AUC 


1. 


Rosuvastatin 
 calciu m 
 (SNEDDS) 


Solubility 
 study 


Capte x 
 30%  


Labrasol 
 (60%) 


Cap mul MCM  
 C8 (10%)  NA 


PS= 117n m, self-
 emu lsification 
 time,  ZP= −29.5-


10.0 mV 


15.92/


7.83  2/3  95.74/ 


39.05 


Enhanced 
 bioavailabilit


y 2.45t imes 


Ba laku
 ma r, et 


al., 
2013 
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2.  Fenofibrate 
 (SM EDDS) 


Solubility 
 ternary 


phase 
 diagra m 


Labra fil 
 M 1944 
 CS (85.8) 


Labrasol 
 (79.4) 


Capryol 
 PGM C 
 (137.8) 


NA 


PS; Equilib riu m 
 solubility of 
 fenofibrate in 


SMEDDS 


47.05/


5.38 


1.5/2
 .8 


351.82/


97.10 


Improvedl 
 bioavailabilit
 y by 3.6-fo ld 


Lee et 
 al., 
 2013 


3. 


Amiodarone 
 and Talinolol 


(SNEDDS) 


Solubiliza
 tion 
 capacity 


Trilaurin 
 (12.5%) 


Polyo xyl 40-
 hydroxy castor 


oil 
 (12.5%) 


Tween 20 
 (12.5%) and 


Span 80 
 (12.5%) 


Ethyl 
 lactate) 
 (lec ithi


n) at 
 8:1, 
 (50%) 


Particle Size and ζ 
 Potential:+35; 


PDI: 0.48 
 Ex Vivo 
 Permeability 


Study 


0.66/ 0.


36 


- 
 18/ 1


1.3 
 (T1/2) 


9.52/  


4.54 


In vitro 
 Permeability 


Studies: 


5.03× 10-6 
 and 
 7.66×10−7


Elgart et 
 al., 
 2013 


4. 


Andrographoli
 de 
 (ME) 


Phase 
 separation 


and the 
 type of 
 ME 


Isopropyl 
 myristate 
 (2.5% 


w/w) 


Tween 80 
 (25% w/w) 


Alcohol (50% 


w/w) 


Water 
 (22.5% 


w/w) 


PS =15.9n m, PDI 


= 0.173;  


5370/3
 060 


27/ 6
 1 


1406.72
 /877.37 
 (μg mL-1


min) 


Acute oral 
 toxicity  


Du et 
 al., 
 2012 


5.  Coenzy me Q10


Sonication 
 and high-


pressure 
 homogeni


zer 


Salmon 
 lecithin 
 and 
 salmon oil 


(30%) 


NA  NA  NA 


PS = 164.94n m, 
 PDI =  0.120; 


Electrophoretic 
 mobility (lm 
 cm/ Vs)= _4.06; 


Stability and TEM  


1.21/ 


0.65  
 (µg 
 mL) 


6.00/ 


5.33 


26.14/ 


12.79 


Improved 
 oral 
 bioavailabilit


y 


Be lhaj 
 et al., 


2012 


6.  Bicyclol 
 (ME) 


Solubility 
 study 


Capte x 
 300 (30%) 


Cre mophor 
 RH 40 
 (30%) 


PEG 400 
 (10%), Tween 


20 
 (10%), 
 Transcutol 


(20%) 


NA  PS =300 n m, 
 Stable 


476.3/


65 


0.3/0
 .9 


1347.1/ 


174.8 


Improved 
 solubilization  


Ryu and 
Yoo, 
2012 
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7.  Fenofibrate 


Solubility 
 Studies 


and 
 Ternary 


Phase 
 Diagra m 


Capryol 
 PGM C 
 (5 w/w) 


Tween 20 
 (58.4 w/w) 


Transcutol HP 
 (40.0 w/w)  NA 


Equilibriu m 
 solubility (Y2) 
 was 172.7–275.5 


mg/g; PS=<150 
 nm; PDI=0.175;  


101.31
 /30.87 


0.38/


0.62 


377.33/


184.84 


2.2-fold 
 increase in 
 relative ora l 
 bioavailabilit


y 


Marasin
i et al., 
2012 
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