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1 
 CHAPTER-I 
 INTRODUCTION 


For many decades treatment of an acute disease (or) a chronic illness has been mostly 
 accomplished  by  delivery  of  drugs  to  patients  using  various  pharmaceutical  conventional 
 dosage  forms  (such  as  tablets,  capsules,  pills,  suppositories,  creams,  ointments,  liquids, 
 aerosols  and  injectables  as  drug  carriers) (Chien  Yie.W,  2005).    Even  today  conventional 
 drug delivery system occupies most of the part in a prescription as  well  as drug store. This 
 type  of  drug  delivery  system  is  known  to  provide  a  prompt  release  of  drug.  Therefore,  to 
 achieve  as  well  as  to  maintain  the  drug  concentration  within  the  therapeutically  effective 
 range  needed  for  treatment,  it  is  often  necessary  to  take  this  type  of  drug  delivery  system 
 several  times  a  day  (Chien  Yie.W,  2005).  This  results  in  significant  fluctuations  in  drug 
 release. 


FIGURE 1 
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DISADVANTAGES OF CONVENTIONAL DOSAGE FORM  


Poor patient compliance - increased chances of missing the dose of a drug with short half 
 life  for  which  frequent  administration  is  necessary  (Brahmankar  D.M  and  Sunil  B.Jaiswal, 
 2009). 


A  typical  peak-valley plasma  concentration-time  profile  is  obtained  which  makes 
 attainment of steady state condition is difficult. 


The unavoidable fluctuations in the drug concentration may lead to under-medication or 
 over-medication as the Css values fall or rise beyond the therapeutic range  


The  fluctuating  drug  levels  may  lead  to  precipitation  of  adverse  effects  especially  of  a 
 drug with small therapeutic index whenever over-medication. 


To overcome the above disadvantages, development of drug delivery systems capable 
 of  controlling  the  rate  of  drug  delivery,  sustaining  the  duration  of  therapeutic  action  and/or 
 targeting the delivery of drug to a particular tissue (Chien Yie.W, 2005).


They are as follows (Aulton.M.E, 2002). 


1. Delayed release. 


2. Repeat action. 


3. Prolonged release. 


4. Sustained Release. 


5. Extended release. 


6. Controlled Release (Rate controlled). 


7. Modified release. 
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 1) Delayed Release  


Delayed  Release  indicates  the  drug  is  not  being  released  immediately  following 
 administration but at later time. Ex: enteric coated tablets; pulsatile release capsules. 


2) Repeat action 


Repeat  action  indicates  that  an  indivual  dose  is  released  fairly  soon  after 
 administration and second or third doses are subsequently at intermittent intervals. 


3) Prolonged release 


Prolonged  release  indicates  that  the  drug  is  provided  for  absorption  over  a  longer 
 period  of  time  than  from  a  conventional  dosage  form.  However  there  is  an  implication  that 
 onset is delayed because of an overall slower release rate from the dosage form. 


4) Sustained Release  


Sustained  Release  indicates  an  initial  release  of  drug  sufficient  to  provide  a 
 therapeutic  dose  soon  after  administration  and  then  a  gradual  release  over  the  extended 
 period. 


5) Extended Release  


Sustained release dosage forms release drug slowly, so that plasma concentrations are 
 maintained at a therapeutic level for a prolonged period of time. (Usually between 8 and 12 
 hours)  


6) Controlled Release 


Controlled  release  dosage  forms  release  the  drug  at  a  constant  rate,  which  is 
predictable  and  also  the  release  rate  is  reproducible  from  one  unit  to  another.  It  provides 
plasma concentrations that remain invariant with time. 
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 7) Modified Release 


Modified Release dosage forms are defined by the USP as those whose drug release 
 characteristics  of  time  course  and  for  location  are  chosen  to  accomplish  therapeutic  or 
 convenience  objectives  not  offered  by  conventional  forms  whereas  an  extended  release 
 dosage form allows a 2 fold reduction in dosing frequency or increase in patient compliance 
 or  therapeutic  performance.  It  is  interesting  to  note  that  the  USP  considers  that  the  terms 
 controlled release prolonged release and sustained release are interchangeable with extended 
 release.  


CLASSIFICATION  OF  CONTROLLED  DRUG  DELIVERY  SYSTEMS  (DDS) 
 (Brahmankar D.M and Sunil B.Jaiswal, 2009).


1. Rate-preprogrammed drug delivery systems.  


2. Activation-modulated drug delivery systems. 


3. Feedback-regulated drug delivery systems.  


4. Site-targeting drug delivery systems. 


TARGETED or SITE-SPECIFIC DDS: 


Targeted DDS refers to systems that place the drug at or near the receptor site or site 
 of action.  Targeted drug delivery implies selective and effective localization of drug into the 
 target(s) at therapeutic concentrations with limited access to target sites (Remington, 2002).  


A targeted drug delivery system is preferred in the following situations: 


Pharmaceutical: drug instability, low solubility. 


Pharmacokinetic: short half-life, large volume of distribution, poor absorption. 


Pharmacodynamic: low solubility, low therapeutic index. 


Targeted drug delivery may provide maximum therapeutic activity by preventing drug 
degradation  or  inactivation  during  transit  to  the  target  sites.  Meanwhile,  it  can  protect  the 
body from the adverse effects because of inappropriate disposition, and minimize toxicity of 
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potent  drugs  by  reducing  dose.  An  ideal  targeted  delivery  system  should  be  nontoxic, 
 biocompatible,  biodegradable  and  physic  chemically  stable  in  vivo  and  in  vitro.  The 


preparation  of  the  delivery  system  must  be  reasonably  simple,  reproducible  and       
 cost-effective. 


Site-targeted DDSs have also been characterized as 


•  Passive  targeting:  refers  to  natural  or  passive  disposition  of  a  drug-carrier  based  on 
 the physiochemical characteristics of the system in relation to the body. 


•  Active  targeting:  refers  to  alteration  of  the  natural  disposition  of  the  drug  carrier, 
 directing it to specific cells, tissues or organs; for e.g. use of legends or monoclonal 
 antibodies which can target specific sites. 


•  Inverse targeting 


•  Legend mediated targeting 


•  Physical targeting (Triggered release) 


•  Dual targeting 


•  Double targeting 


•  Combination targeting (Vyas S.P.and Khar R.K, 2002). 


 Site-targeted DDS can be classified into three broad categories 


First-order targeting: refers to DDS that delivers the drug to the capillary  bed or the 
 active site. 


Second-order  targeting:  refers  to  DDS  that  delivers  the  drug  to  a  specific  cell  type 
 such as the tumor cells and not to the normal cells. 


Third-order targeting: refers to DDS that delivers the drug intracellular. 


Drug  targeting  often  requires  carriers for  selective  delivery  and  can  serve  following 
purposes- 
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•  Protect the drug from degradation after administration. 


•  Improve transport or delivery of drug to cells. 


•  Decrease clearance of drug. 


Combination of the above Carriers for drug targeting are of two types- 


•  Carriers  covalently  bonded  to  drug: where  the  drug  release  is  required  for 
 pharmacological activity. 


•  Carriers  not  covalently  bonded  to  drug: where  simple  uncoating  of  the  drug  is 
 required for pharmacological activity. E.g. liposomes. 


The various carriers used for drug targeting are- 


•  Polymeric carriers, 


•  Albumin, 


•  Lipoproteins,   


•  Liposomes,  


•  Niosomes, 


•  Microspheres, 


•  Nanoparticles, 


•  Antibodies, 


•  Cellular carriers and  


•  Macromolecules. 


COLLOIDAL DRUG CARRIERS: (Vyas S.P and Roop K.Khar, 2008). 


Colloidal  drug  delivery  systems  include  micro-  and  Nanoparticles,  macromolecular 
complexes (e.g. lipoproteins), liposomes and niosomes. In many cases, colloidal carriers are 
used  to  improve  stability  of  the  drug  either  in  biological  fluids  or  in  the  formulation,  to 
develop  extended-release  systems  with  targeting  features  and/or  to  enhance  the  therapeutic 
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efficacy  and  reduce  drug  toxicity  by  modifying  the  distribution  and  controlling  the 
 disposition of the drug (Aulton .M.E). 


ADVANTAGES OF CONTROLLED DRUG DELIVERY SYSTEM (Jain N.K.2006). 


•  Employ less total drug, optimize therapy and improved patient compliance, 


•  Minimize  (or)  eliminate  local  side  effects  and  drug  accumulation  with  chronic 
 dosing,  


•  Obtain less potential or reduction in drug activity with chronic use, 


•  Improve  control  of  condition  i.e.;  reduce  fluctuation  in  drug  level,  improve 
 bioavailability and treatment efficiencies of some drugs, 


•  Make  use  of  specific  drugs  e.g.;  sustained  release  aspirin  for  morning  relief  of 
 arthritis by dosing earlier,  


•  Maintenance  of  optimum  therapeutic  drug  concentration  in  the  blood  with 
 minimum fluctuations,  


•  Predictable and reproducible release rates for extended duration, 


•  Enhancement of activity duration for short half life drug,  


•  Elimination of frequent dosing, wastage of drug and inconvenience of night time 
 administration of drug. 


•  Reduction  of  the  incidence,  degree  of  toxicity,  side  effects  and  irritation  of  GI 
 tract caused by some orally administered drugs. 


DISADVANTAGES OF CONTROLLED DRUG DELIVERY SYSTEM  


•  High cost. 


•  Unpredictable (or) poor in-vitro – in-vivo correlation. 


•  Dose dumping. 


•  Reduce potential for dosage adjustment. 
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•  Increases first pass clearance. 


•  Poor systemic availability in general (Vyas S.P.and Khar R.K, 2002). 


FACTORS  INFLUENCING  THE  DESIGN  AND  PERFORMANCE  OF 
 CONTROLLED DRUG DELIVERY SYSTEMS  


1) Drug Properties / Physiochemical Properties  
 - Partition co-efficient.  


- Drug Stability. 


- Protein binding. 


- Molecular size and diffusivity. 


- Aqueous solubility (Vyas S.P.and Khar R.K, 2002) (Jain.N.K, 2006). 


2) Biological Properties  
 - Absorption. 


- Distribution.  


- Metabolism. 


- Elimination and biological half-life. 


- Dose size. 


- Route of drug delivery. 


- Target sites. 


- Acute or chronic therapy. 


- The pathological disease. 


- The patient condition. 


- Duration of action. 


- Margin of safety. 


- Circadian rhythm. 
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 3) Physiological Properties  


-  Prolonged drug absorption. 


-  Variability in GI Emptying and motility. 


-  Gastro Intestinal Blood flow. 


4) Pharmacokinetic Properties  
 -  Dose dumping.  


-  First Pass metabolism. 


-  Variability of urinary pH effect on drug elimination. 


-  Enzyme induction/inhibition upon multiple dosing. 


5) Pharmacological properties  


-  Changes in drug effect upon multiple dosing. 


-  Sensitizing / tolerance. 


DRUGS UNSUITABLE FOR CONTROLLED DRUG DELIVERY
 1. Short / long elimination half life. 


2. Narrow therapeutic index. 


3. Poor absorption. 


4. Active absorption.  


5. Large doses. 


6. Low aqueous s solubility. 


7. Extensive first pass metabolism (Vyas S.P.and Khar R.K, 2002). 


FUTURE TRENDS IN CONTROLLED DRUG DELIVERY SYSTEM       
The most exciting and challenging opportunities in controlled drug delivery lie in the 
arena  of  responsive  delivery  system,  with  which  it  will  be  possible  to  deliver  drug  through 
implantable devices in response to a measured blood level and to deliver the drug precisely to 
a target size (Vyas S.P.and Khar R.K, 2002). 
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 CHAPTER-II 


VESICULAR SYSTEM-REVIEW 


The  vesicular  systems  are  highly  ordered  assemblies  of  one  or  several  concentric  lipid 
 bilayer formed, when certain ampiphilic building blocks are confronted with water. Vesicles can 
 be formed from a diverse range of ampiphilic building blocks. Biologic origin of these vesicles 
 was first reported in 1965 by Bingham, and was given the name Bingham bodies. Drug Carrier 
 can be engineered to slowly degrade, react to stimuli and be site-specific. The ultimate Aim is to 
 control  degradation  of  drug  and  loss,  prevention  of  harmful  side  effects  and  increase  the 
 Availability of the drug at the disease site. Encapsulation of a drug in vesicular structures can be 
 predicted to prolong the existence of the drug in systemic circulation, and perhaps, reduces The 
 toxicity  if  selective  uptake  can  be  achieved  .Lipid  vesicles  are  one  type  of  many  Experimental 
 models of biomembranes which evolved successfully, as vehicles for controlled delivery. For the 
 treatment of intracellular infections,  conventional chemotherapy is  not effective, due  to  limited 
 permeation of drugs into cells. This can overcome by the use of Vesicular drug delivery systems. 


Vesicular drug delivery system has some of the advantages like (Amit Kumar Jha et al., 2011). 


Prolong  the  existence  of  the  drug  in  systemic  circulation,  and  perhaps,  reduces  the 
 toxicity  if  selective  uptake  can  be  achieved  due  to  the  delivery  of  drug  directly  to  the  site  of 
 infection. 


Improves the bioavailability especially in the case of poorly soluble drugs. 


Both hydrophilic and lipophilic drugs can be incorporated. 


Delays elimination of rapidly metabolizable drugs and thus function as sustained release 
systems. 
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These  vesicular  systems  are  accompanied  with  some  problems  like  drug  carriers  and 
 externally triggered (e.g., temperature, pH, or magnetic sensitive) carriers load drugs passively, 
 which may lead to low drug loading efficiency and drug leakage in preparation, preservation and 
 transport in vivo. 


Liposomes: 


The liposomes have emerged as most practically useful carriers for in-vivo drug delivery 
as  majority  of  reports  has  concentrated  on  the  use  of  phospholipids  vesicles  or  liposomes  as 
potential  drug  carrier  systems.  Liposomes  or  lipid  based  vesicles  are  microscopic  (unilamellar 
ormultilamellar)  vesicles  that  are  formed  as  a  result  of  self-assembly  of  phospholipids  in  an 
aqueous media resulting in closed bilayer structures. The assembly into closed bilayer structures 
is  a  spontaneous  process  and  usually  needs  some  input  of  energy  in  the  form  of  physical 
agitation,  sonication,  heat  etc.  Since  lipid  bilayer  membrane  encloses  an  aqueous  core,  both 
water and lipid soluble drugs can be successfully entrapped into the liposomes. The lipid soluble 
or  lipophilic  drugs  get  entrapped  within  the  bilayer  membrane  whereas  water  soluble  or 
hydrophilic  drugs  get  entrapped  in  the  central  aqueous  core  of  the  vesicles  .Liposomes  are 
potential carrier for controlled drug release of tumors therapeutic agents and antibiotic, for gene 
and  antisense  therapy  through  nucleic  acid  sequence  delivery,  immunization  through  antigen 
delivery and for anti-Parkinson’s. In last one decade, pharmaceutical researchers use the tools of 
biophysics  in  evaluating  liposomal  dosage  forms.  Liposomes  have  covered  predominantly 
medical, albeit some non-medical areas like bioreactors, catalysts, cosmetics and ecology. 



(34)
CHAPTER II      VESICULAR SYSTEM REVIEW


12 
 Advantage: 


•  Liposomes  supply  both  a  lipophilic  environment  and  aqueous  “milieu  interne”  in  one 
 system  and  are  therefore  suitable  for  delivery  of  hydrophobic,  amphipathic  and 
 hydrophilic drugs and agents. 


•  Liposomes  could  encapsulate  not  only  small  molecules  but  also  macromolecules  like 
 superoxide dismutase, hemoglobin, erythropoietin, interleukin-2 and interferon-g. 


•  Liposomes reduced toxicity and increased stability of entrapped drug via encapsulation 


•  (Eg.Amphotericin B, Taxol). 


•  Liposomes help to reduce exposure of sensitive tissues to toxic drugs. 


•  Alter the pharmacokinetic and pharmacodynamic property of drugs (reduced elimination, 


•  Increased circulation life time). 


Limitation: 


•  High production cost 


•  Leakage and fusion of encapsulated drug / molecules. 


•  Sometimes phospholipids undergoes oxidation and hydrolysis 


•  Short half-life 


•  Low solubility 


•  Less stability. 


Niosomes: 


Niosomes are a novel drug delivery system, in which the medication is encapsulated in a 
vesicle.  The  vesicle  is  composed  of  a  bilayer  of  non-ionic  surface  active  agents  and  hence  the 
name  niosomes.  The  niosomes  are  very  small,  and  microscopic  in  size.  Their  size  lies  in  the 
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nanometric scale. Although structurally similar to liposomes, they offer several advantages over 
 them. Niosomes have recently been shown to greatly increase transdermal drug delivery and also 
 can  be  used  in  targeted  drug  delivery,  and  thus  increased  study  in  these  structures  can  provide 
 new methods for drug delivery. In recent years, niosomes have been extensively studied for their 
 potential to serve as a carrier  for the delivery of drugs, antigens, hormones and other bioactive 
 agents. Besides this, niosome have been used to solve the problem of insolubility, instability and 
 rapid degradation of drugs. 


Advantages associated with Niosomes: 


•  Niosomes are biodegradable, biocompatible and non immunogenic to the body. 


•  Niosomes can be utilized in the delivery of wide variety of drugs as it has capability to 
 entrap hydrophilic, lipophilic as well as ampiphilic drugs. 


•  Niosomes shows controlled and sustained release of drugs due to depot formation  


•  Niosomes show a greater bioavailability than conventional dosage forms. 


•  Shape,  size,  composition,  fluidity  of  niosomes  drug  can  be  controlled  as  and  when 
 required. 


•  Niosomes had been effectively used in targeting drugs to various organs. 


Limitation: 


Physical  instability  in  niosomal  dispersion  during  storage  occurs  due  to  vesicles 
 aggregations,  fusion  and  leaking.  This  may  leads  to  hydrolysis  of  encapsulated  drugs  which 
 affects the shelf life of the dispersion. 


Sphinosomes: 


Liposome stability problems are of course much more severe so it is very important task 
to improve the liposomal stability.  Liposomal phospholipids can undergo chemical degradation 
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such  as  oxidation  and  hydrolysis  either  as  a  result  of  these  changes  or  otherwise  liposome 
 maintained in aqueous suspension may aggregate, fuse, or leak their content. Hydrolysis of ester 
 linkage will slow at pH value close to neutral. The hydrolysis may be avoided all together by use 
 of  lipid  which  contains  ether  or  amide  linkage  instead  of  ester  linkage  (such  are  found  in 
 sphingolipid)  orphospholipid  derivatives  with  the  2-  ester  linkage  replaced  by  carbomoyloxy 
 function.  Thus  sphingolipid  are  been  nowadays  used  for  the  preparation  of  stable  liposomes 
 known as Sphinosomes. Sphinosomes may be defined as “concentric, bilayer vesicle in which an 
 aqueous volume is entirely enclosed by a membranous lipid bilayer mainly composed of natural 
 or  synthetic  sphinolipid.Sphinosomes  are  administered  in  many  ways  these  include  Parenteral 
 route  of  administration  such  as  intravenous,  intramuscular,  subcutaneous,  and  intra-arterial. 


Generally  it  will  be  administered  intravenous  or  some  cases  by  inhalation.  Often  it  will  be 
 administered into a large central vein, such as the superior vena cava and inferior vena cava to 
 allow  highly  concentrated  solution  to  be  administered  into  large  volume  and  flow  vessels. 


Sphinosomes may be administered orally or transdermal. In simple way we can say Sphinosomes 
 is liposome which is composed of sphinolipid. 


Advantage: 


•  Provide selective passive targeting to tumor tissue. 


•  Increase efficacy and therapeutic index. 


•  Increase stability via encapsulation. 


•  Reduction in toxicity of the encapsulated agent. 


•  Improve pharmacokinetic effect (increase circulation time). 


•  Flexibility to couple with site specific legends to achieve active targeting. 
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 Limitation: 


•  Higher cost of sphingolipid hinders the preparation and use of these vesicular systems. 


•  Low entrapment efficacy. 


Pharmacosomes: 


Pharmacosomes  bearing  unique  advantages  over  liposome  and  niosome  vesicles  have 
 come  up  as  potential  alternative  to  conventional  vesicles.  They  are  the  colloidal  dispersions  of 
 drugs  covalently  bound  to  lipids.  Depending  upon  the  chemical  structure  of  the  drug–lipid 
 complex they may exist as ultrafine vesicular, micelles, or hexagonal aggregates. As the system 
 is formed by linking a drug (pharmakon) to a carrier (soma), they are termed as Pharmacosomes. 


They  are  an  effective  tool  to  achieve  desired  therapeutic  goals  such  as  drug  targeting  and 
 controlled  release.  The  criterion  for  the  development  of  the  vesicular  Pharmacosomes  is 
 dependent  on  surface  and  bulk  interactions  of  lipids  with  drug.  Any  drug  possessing  an  active 
 hydrogen atom (- COOH, -OH, -NH2, etc.) can be esterifies to the lipid, with or without spacer 
 chain that strongly result in an ampiphilic compound, which will facilitate membrane, tissue, or 
 cell  wall  transfer,  in  the  organism.  The  prodrug  conjoins  hydrophilic  and  lipophilic  properties, 
 thus  acquires  ampiphilic  characters,  and  therefore  found  to  reduce  interfacial  tension,  and  at 
 higher concentrations exhibits geomorphic behavior. 


Advantage: 


•  As drug is covalently bound, membrane fluidity has no effect on release rate, but in turn 
 depends upon the phase-transition temperature of the drug-lipid complex. 


•  No leakage of drug take place as the drug is covalently linked to the carrier. 


•  Drug can be delivered directly to the site of infection. 


•  Drug release from Pharmacosomes is by hydrolysis (including enzymatic). 
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•  Their degradation velocity into active drug molecule, after absorption depends very much 
 on the size and functional groups of the drug molecule, the chain length of the lipids, and 
 the spacer. 


•  Reduced cost of therapy. 


Limitation: 


•  Synthesis of a compound depends upon its ampiphilic nature. 


•  Required surface and bulk interaction of lipids with drugs. 


•  Required covalent bonding to protect the leakage of drugs. 


•  Pharmacosomes,  on  storage,  undergo  fusion  and  aggregation,  as  well  chemical 
 hydrolysis. 


Transferosomes: 


Transferosomes was introduced for the effective transdermal delivery of number of low 
 and  high  molecular  weight  drugs.  Transferosomes  can  penetrate  the  intact  stratum  corneum 
 spontaneously along two routes in the intracellular lipid that differ in their bilayer properties. It 
 consist  of  both  hydrophilic  and  hydrophobic  properties,  high  deformability  gives  better 
 penetration of intact vesicles. These vesicular Transferosomes  are several orders of magnitudes 
 more  elastic  than  the  standard  liposomes  and  thus  well  suited  for  the  skin  penetration. 


Transferosomes  overcome  the  skin  penetration  difficulty  by  squeezing  themselves  along  the 
intracellular sealing lipid of the stratum corneum. There is provision for this, because of the high 
vesicle deformability, which permits the entry due to the mechanical stress of surrounding, in a 
self-adapting  manner.  Flexibility  of  Transferosomes  membrane  is  achieved  by  mixing  suitable 
surface-active  component  sin  the  proper  ratios.  Transferosomes  based  formulations  of  local 
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anesthetics-  lidocaine  and  tetracaine  showed  permeation  equivalent  to  subcutaneous  injections. 


Anti  cancer  drugs  like  methotrexate  were  tried  for  transdermal  delivery  using  Transferosomes 
 technology. This provided a new approach for treatment especially of skin cancer. 


Advantage: 


•  Transferosomes  possess  an  infrastructure  consisting  of  hydrophobic  and  hydrophilic 
 moieties  together  and  as  a  result  can  accommodate  drug  molecules  with  wide  range  of 
 solubility. 


•  Transferosomes can deform and pass through narrow constriction (from 5 to 10 times less 
 than their own diameter) without measurable loss. 


•  Possess high entrapment efficiency, in case of lipophilic drug near to 90%. 


•  Used for both systemic as well as topical delivery of drug. 


Limitation: 


•  Transferosomes  are  chemically  unstable  because  of  their  predisposition  to  oxidative 
 degradation. 


•  Purity  of  natural  phospholipids  is  another  criteria  militating  against  adoption  of 
 Transferosomes as drug delivery vehicles. 


•  Transferosomes formulations are expensive. 


Future Perspective: 


Vesicular  drug  delivery  systems  are  emerging  with  the  diverse  application  in 
Pharmaceutics,  Cosmetics  and  food  industries.  Their  delivery  of  drug  directly  to  the  site  of 
infection, leading to reduction of drug toxicity with no adverse effects. It also reduces the cost of 
therapy  by  imparting  better  biopharmaceutical  properties  to  the  drug,  resulting  in  improved 
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bioavailability, especially in case of poorly soluble drugs. Now a day’s various non-steroidal anti 
inflammatory drugs, proteins, cardiovascular, antineoplastic, antiglucoma, ant diabetic drugs that 
are  incorporated  with  vesicular  system  are  available  in  a  commercial  market  that  are  playing  a 
vital  role  to  cure  from  a  disease,  hence  improving  the  health  of  human  kinds.  Some  of  the 
emerging vesicular drug delivery system is listed below. 
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 CHAPTER III 
 NIOSOMES-REVIEW 


Niosomes or non-ionic surfactant vesicles are microscopic lamellar structures formed on 
 admixture of non-ionic surfactant of the alkyl or dialkyl polyglycerolether class and cholesterol 
 with  subsequent  hydration  in  aqueous  media.  They  are  vesicular  systems  similar  to  liposomes 
 that  can  be  used  as  carriers  of  ampiphilic  and  lipophilic  drugs.  The  method  of  preparation  of 
 niosome  is  based  on  liposome  technology.  The  basic  process  of  preparation  is  the  same  i.e. 


hydration by aqueous phase of the lipid phase which may be either a pure surfactant or a mixture 
 of  surfactant  with  cholesterol.  After  preparing  niosomal  dispersion,  unentrapped  drug  is 
 separated  by  dialysis  centrifugation  or  gel  filtration.  A  method  of  in-vitro  release  rate  study 
 includes the use of dialysis tubing. Niosomes are promising vehicle for drug delivery and being 
 non-ionic; it is less toxic and improves the therapeutic index of drug by restricting its action to 
 target cells. Niosomes are unilamellar or multilamellar vesicles formed from synthetic non-ionic 
 surfactants.  They  are  very  similar  to  the  liposomes.  Niosomal  drug  delivery  is  potentially 
 applicable  to  many  pharmacological  agents  for  their  action  against  various  diseases.  Niosomes 
 have shown promise in the release studies and serve as a better option for drug delivery system. 


This  class  of  vesicles  was  introduced  by  Handjani  –  Vila et  al.  They  are  vesicular  systems 
similar  to  liposomes  that  can  be  used  as  carriers  of  ampiphilic  and  lipophilic  drugs  (Thersa, 
1998). One of the reasons for preparing niosomes is the assumed higher chemical stability of the 
surfactants than that of phospholipids, which are used in the preparation of liposomes. Due to the 
presence  of  ester  bond,  phospholipids  are  easily  hydrolyzed  (Breimer,  1985).  Unreliable 
reproducibility  arising from the use of lecithin’s  in liposomes leads to additional problems  and 
has  led  scientist  to  search  for  vesicles  prepared  from  other  material,  such  as  non-ionic 
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surfactants.  Niosomes  are  promising  vehicle  for  drug  delivery  and  being  non-ionic;  it  is  less 
 toxic and improves the therapeutic index of drug by restricting it suction to target cells.  


Niosomes or non-ionic surfactant vesicles are microscopic lamellar structures formed on 
 admixture of non-ionic  


FIGURE 2: Structure of niosome vesicle 


Surfactant  of  the  alkyl  or  dialkyl  polyglyceryl  ether  class  and  cholesterol  with 
subsequehydration in aqueous media. (Malhotra) In niosomes, the vesicles forming ampiphilic is 
a  non-ionic  surfactant  such  as  Span  –  60  which  is  usually  stabilized  by  addition  of  cholesterol 
and small  amount of  anionic surfactant such  as dicetyl phosphate. The first report of non-ionic 
surfactant  vesicles  came  from  the  cosmetic  applications  devised  by  L’Oreal  (Buckton et  al., 
1995). The concept of incorporating the drug into niosomes for a better targeting of the drug at 
appropriate  tissue  destination  is  widely  accepted  by  researchers  and  academicians.  Niosomes 
represent  a  promising  drug  delivery  module.  They  present  a  structure  similar  to  liposome  and 
hence  they  can  represent  alternative  vesicular  systems  with  respect  to  liposomes,  due  to  the 
niosome ability to encapsulate different type of drugs within their multi environmental structure 
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(Don et  al., 1997).Niosomes  are thoughts to be better candidates drug delivery  as  compared to 
 liposomes due to various factors like cost, stability etc. Various types of drug deliveries can be 
 possible using niosomes like targeting, ophthalmic, topical, parental, etc (Handjani et al., 1979; 


Pranshu Tangri et al., 2011). 


ADVANTAGES OF NIOSOMES 


•  The  niosomal  drug  delivery  is  a  potential  drug  delivery  method  for  controlled  and 
 targeted drug delivery; the major advantages of these vesicular drug carriers are; 


•  Niosomal  dispersion  in  an  aqueous  phase  can  be  emulsified  in  a  non-aqueous  phase  to 
 regulate the delivery rate of drug and administer normal vesicle in external non aqueous 
 phase. 


•  The  vesicle  suspension  is  water–based  vehicle.  This  offers  high  patient  compliance  in 
 comparison with oily dosage forms. 


•  They are osmotically active and stable, as well as they increase the stability of entrapped 
 drug. 


•  Handling and storage of surfactants requires no special conditions. 


•  They improve oral bioavailability of poorly absorbed drugs and enhance skin penetration 
 of drugs. 


•  They can be made to reach the site of action by oral, Parenteral as well as topical routes. 


•  The surfactants are biodegradable, biocompatible and non-immunogenic. 


•  They  improve  the  therapeutic  performance  of  the  drug  molecules  by  delayed  clearance 
from  the  circulation,  protecting  the  drug  from  biological  environment  and  restricting 
effects to target cells. 
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•  Niosomal  dispersion  in  an  aqueous  phase  can  be  emulsified  in  a  non-aqueous  phase  to 
 regulate the delivery rate of drug and administer normal vesicle in external non-aqueous 
 phase. 


•  Niosomes  possess  an  infrastructure  consisting  of  hydrophilic,  ampiphilic  and  lipophilic 
 moieties to gather and as a result can accommodate drug molecules with a wide range of 
 solubility’s. 


•  The  characteristics  of  the  vesicle  formulation  are  variable  and  controllable.  Altering 
 vesicle  composition,  size,  lamellarity,  tapped  volume;  surface  charge  and  concentration 
 can control the vesicle characteristics. 


•  The vesicles may act as a depot, releasing the drug in a controlled manner. 


•  They  improve  the  therapeutic  performance  of  the  drug  molecules  by  delayed  clearance 
 from  the  circulation,  protecting  the  drug  from  biological  environment  and  restricting 
 effects to target cells. 


FACTORS GOVERNING NIOSOME FORMATION: 


Amount and type of surfactant 


The  mean  size  of  niosomes  increases  proportionally  with  increase  in  the  HLB  of 
surfactants  like  Span85  (HLB  1.8)  to  Span20  (HLB  8.6)  because  the  surface  free  energy 
decreases  with  an  increase  in  hydrophobicity  of  surfactant.  Theoretically  niosome  formation 
requires  the  presence  of  a  particular  class  of  ampiphilic  and  aqueous  solvent.  In  certain  cases 
cholesterol is required in the formulation and vesicle aggregation for example may be prevented 
by  the  inclusion  of  molecules  that  stabilize  the  system  against  the  formation  of  aggregates  by 
repulsive  stearic  or  electrostatic  effects  .The  bilayer  of  the  vesicles  are  either  in  the  so  called 
liquid state or in gel state, depending on the temperature, the type of lipid or surfactant and the 
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presence of other components such as cholesterol. In the gel state, alkyl chains are present in a 
 well ordered structure, and in the liquid state, the structure of the bilayer is more disordered. The 
 surfactants and lipids are characterized by the gel liquid phase transition temperature (TC). Phase 
 transition  temperature  also  affects  entrapment  efficiency.eg:span  60  is  the  better  surfactant 
 because it is having high phase transition temperature and low HLB value so it form vesicle of 
 good size without micelle formation (D.Akhilesh et al., 2012). 


Cholesterol content and charge: 


Inclusion of cholesterol in niosomes increases its hydrodynamic diameter and entrapment 
 efficiency.  In  general, the action of  cholesterol is two folds; on one hand, cholesterol increases 
 the chain order of liquid-state bilayer and on the other, cholesterol decreases the chain order of 
 gel  state  bilayer.  At  a  high  cholesterol  concentration,  the  gel  state  is  transformed  to  a  liquid-
 ordered  phase  an  increase  in  cholesterol  content  of  the  bilayer  resulted  in  a  decrease  in  the 
 release  rate  of  encapsulated  material  and  therefore  an  increase  of  the  rigidity  of  the  bilayer 
 obtained.  Presence  of  charge  tends  to  increase  the  interlamellar  distance  between  successive 
 bilayer  in  multi  lamellar  vesicle  structure  and  leads  to  greater  overall  entrapped  volume.  The 
 level  of  surfactant/lipid  used  to  make  niosomal  dispersions  is  generally  10-30  mM  (1-  2.5% 


w/w).Altering  the  surfactant:  water  ratio  during  the  hydration  step  may  affect  the  system's 
 microstructure  and  hence  the  system's  properties.  However  increasing  the  surfactant/lipid  level 
 also increases the total amount of drug encapsulated, although highly viscous systems result, if 
 the level of surfactant/lipid is too high. 


Nature of the encapsulated drug: 


Entrapment of drug in niosomes increases vesicle size, probably by interaction of solute 
with surfactant head groups, increasing the charge and mutual repulsion of the surfactant bilayer, 
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thereby increasing vesicle size. E.g.: DOX has been shown to alter the electrophoretic mobility 
 of hexadecyldiglycerol ether (C16G2) niosomes in a pHdependent manner, an indication that the 
 amphipathic drug is incorporated in the vesicle membrane. 


Structure of surfactants 


The geometry of vesicle to be formed from surfactants is affected by its structure, which 
 is  related  to  critical  packing  parameters.  On  the  basis  of  critical  packing  parameters  of 
 Surfactants can predicate geometry of vesicle to  be formed. Critical packing parameters can be 
 defined using following equation, 


CPP = V/LC×a0 
 Where, 


CPP ≤ 0.5 micelles form 


CPP = 0.5 – 1 spherical vesicles form 
 CPP = ≥ 1 inverted vesicles form 
 V     =  Hydrophobic group volume 


Lc    = the critical hydrophobic group length,, 
 a0    = the area of hydrophilic head group. 


Span 60 is the good surfactant because it has CPP value between 0.5 to 1 
 Temperature of hydration 


Hydration  temperature  influences  the  shape  and  size  of  the  noisome.  The  hydrating 
temperatures used  to  make niosomes should usually be above  the  gel to  liquid phase transition 
temperature of the system. 
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 TYPES OF NIOSOMES


  They are divided in to three types  


•  Multilamellar niosomes (>0.05µm)   


•  Small unilamellar niosomes (0.025-0.05µm) 


•  Large unilamellar niosomes (>0.01µm) 


Figure 3: Schematic illustration of different size and number of lamellae 
        SUV: Small unilamellar vesicles LUV: Large unilamellar vesicles 
         MLV: Multilamellar vesicles, MVV: Multi vesicular vesicles. 


Method of preparation of niosomes 


Various methods are reported for the preparation of niosomes such as:  


1. Ether injection method  


2. Hand shaking method (Thin film hydration technique)  
 3. Sonication method  


4. Reverse phase evaporation technique (REV)  
 5. Micro fluidization  


6. Multiple membrane extrusion method  


7. Trans membrane pH gradient (inside acidic) drug uptake process (remote loading)  
8. Bubble method  
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 9. Formation of niosomes from proniosome  
 1. Ether injection method  


This method provides a  means of making niosomes by slowly introducing a solution of 
 surfactant  dissolved  in  diethyl  ether  (volatile  organic  solvent)  into  warm  water  maintained  at 
 60°C.  The  surfactant  mixture  in  ether  is  injected  through  14-  gauge  needle  into  an  aqueous 
 solution of material. Vaporization of ether (volatile organic solvent) leads to formation of single 
 layered vesicles. Depending upon the conditions used the diameter of the vesicle range from 50 
 to 1000 nm (Raj. K. Keservani et al., 2011).  


2. Hand shaking method (Thin film hydration technique)  


The mixture of vesicles forming ingredients like surfactant and cholesterol are dissolved 
 in a volatile organic solvent (diethyl ether, chloroform or methanol) in a round bottom flask. The 
 organic  solvent  is  removed  at  room  temperature  (20°C)  using  rotary  evaporator  leaving  a  thin 
 layer  of  solid  mixture  deposited  on  the  wall  of  the  flask.  The  dried  surfactant  film  can  be 
 rehydrated  with  aqueous  phase  at  0-60°C  with  gentle  agitation.  This  process  forms  typical 
 multilamellar niosomes.  


3. Sonication  


In this method an aliquot of drug solution in buffer is added to the surfactant/cholesterol 
 mixture  in  a  10-ml  glass  vial.  The  mixture  is  probe  sonicated  at  60°C  for  3  minutes  using  a 
 Sonicator with a titanium probe to yield niosomes.  


4. Reverse phase evaporation technique (REV)  


Cholesterol and surfactant (1:1)  are dissolved in  a  mixture of  ether and  chloroform. An 
aqueous phase containing drug is added to this and the resulting two phases are sonicated at 4- 
5°C. The clear gel formed is further sonicated after the addition of a small amount of phosphate 



(49)
CHAPTER III      NIOSOMES REVIEW


27 


buffered saline (PBS). The organic phase is removed at 40°C under low pressure. The resulting 
 viscous niosome suspension is diluted with PBS and heated on a water bath at 60°C for 10 min 
 to yield niosomes.  


5. Micro fluidization  


It  is a recent technique used to prepare unilamellar vesicles of defined size distribution. 


This method is based on submerged jet principle in which two fluidized streams interact at ultra 
 high  velocities,  in  precisely  defined  micro  channels  within  the  interaction  chamber.  The 
 impingement of thin liquid sheet along a common front is arranged such that the energy supplied 
 to the system remains within the area of niosomes formation. The result is a smaller size, greater 
 uniformity and better reproducibility of niosomes formed.  


6. Multiple membrane extrusion method  


Mixture of surfactant, cholesterol and dicetyl phosphate in chloroform is made into thin 
 film by evaporation. The film is hydrated with aqueous drug polycarbonate membranes, solution 
 and  the  resultant  suspension  extruded  through  which  are  placed  in  series  for  up  to  8  passages. 


Multiple membrane extrusion method is better for the controlling of niosome size.  


7. Trans membrane pH gradient (inside acidic) drug uptake process (remote loading)  


Surfactant  and  cholesterol  are  dissolved  in  chloroform.  The  solvent  is  then  evaporated 
under  reduced  pressure  to  get  a  thin  film  on  the  wall  of  the  round  bottom  flask.  The  film  is 
hydrated  with  300  mM  citric  acid  (pH  4.0)  by  vortex  mixing.  The  multilamellar  vesicles  are 
frozen  and  thawed  3  times  and  later  sonicated.  To  this  niosomal  suspension,  aqueous  solution 
containing 10 mg/ml of drug is added and vortexed. The pH of the sample is then raised to 7.0-
7.2  with  1M  disodium  phosphate.  This  mixture  is  later  heated  at  60°C  for  10  minutes  to  give 
niosomes.  
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 8. Bubble method  


It is novel technique for the one step preparation of liposomes and niosomes without the 
 use  of  organic  solvents.  The  bubbling  unit  consists  of  round-bottomed  flask  with  three  necks 
 positioned  in  water  bath  to  control  the  temperature.  Water-cooled  reflux  and  thermometer  is 
 positioned in the first and second neck and nitrogen supply through the third neck. Cholesterol 
 and surfactant are dispersed together in this buffer (pH 7.4) at 70°C, the dispersion mixed for 15 
 seconds  with  high  shear  homogenizer  and  immediately  afterwards  “bubbled”  at  70°C  using 
 nitrogen gas.  


9. Formation of niosomes from proniosome  


Another method of producing niosomes is to coat a water-soluble carrier such as sorbitol 
 with  surfactant.  The  result  of  the  coating  process  is  a  dry  formulation.  In  which  each  water-
 soluble  particle  is  covered  with  a  thin  film  of  dry  surfactant.  This  preparation  is  termed 


“Proniosome”.  


SEPARATION OF UNENTRAPPED DRUG  


1) Dialysis: The  aqueous  niosomal  dispersion  is  dialyzed  in  dialysis  tubing  against  phosphate 
 buffer or normal saline or glucose solution.  


2) Gel  Filtration:  The  unentrapped  drug  is  removed  by  gel  filtration  of  niosomal  dispersion 
 through a Sephadex-G-50 column and elution with phosphate buffered saline or normal saline.  


3) Centrifugation: The niosomal suspension is centrifuged and the supernatant is separated. The 
pellet  is  washed  and  then  resuspended  to  obtain  a  niosomal  suspension  free  from  unentrapped 
drug (Sudhamani.T. et al., 2010). 
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 CHARACTERISTATION OF NIOSOMES: 


Entrapment efficiency 


After  preparing  niosomal  dispersion,  unentrapped  drug  is  separated  by  dialysis, 
 centrifugation,  or  gel  filtration  and  the  drug  remained  entrapped  in  niosomes  is  determined  by 
 complete  vesicle  disruption  using  50%  n-propanol  or  0.1%  Triton  X-100  and  analyzing  the 
 resultant solution by appropriate assay method for the drug.  


  = (   ) 


   (    )   


Vesicle diameter  


Niosomes  assume  spherical  shape  and  so  their  diameter  can  be  determined  using  light 
 microscopy, photon correlation microscopy and freeze fracture electron microscopy.  


In-vitro release  


A method of in-vitro release rate study includes the use of dialysis tubing. A dialysis sac 
is washed and soaked in distilled water. The vesicle suspension is pipetted into a bag made up of 
the tubing and sealed. The bag containing the vesicles is placed in 200 ml of buffer solution in a 
250  ml  beaker  with  constant  shaking  at  25°C  or  37°C.  At  various  time  intervals,  the  buffer  is 
analyzed for the drug content by an appropriate assay method (Sakthivel M. et al., 2012). 
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Table No: 1 Analytical method for characterizing niosomes (Rekha Rao et al., 2011). 


S.NO.  PARAMETER(S)  METHOD(S) 


1.  Morphology 


Transmission Electron Microscopy, Scanning 
 Electron Microscopy, Optical 


Microscopy(OM), Cryo- Scanning Electron 
 Microscopy, Freeze Fracture Microscopy. 


2.  Vesicle size determination 
 and Size distribution 


Dynamic Light Scattering using particle Size 
 Analyzer(PSA), Malvern Master Sizer, Photon 


Correlation Spectroscopy (PCS), OM, SEM, 
 Laser Diffraction PSA. 


3.  Zeta potential/ Surface 
 Charge 


Micro-electrophoresis meter, High Performance 
 Capillary electrophoresis and Malvern Zeta 


Sizer (Zeta meter) 
 4.  Rheological Properties 


(Elasticity) 


Ostwald U-tube, Low shear Rheo Analyzer & 


Extrusion method. 


5.  Micro viscosity of 


niosomal membrane  Spectroflurophotometer 


6.  Viscosity  Ostwald’s viscometer 


7.  Membrane micro-


structure  Negative Staining TEM. 


8.  Lamellarity  OM, TEM 


9.  Bilayer spacing and 
 thickness 


X-Ray Scattering Analysis. 


10. 


Gel-Liquid transition 
 temperature & Thermal 


Analysis 


Differential Scanning Calorimetry, Differential 
 Thermal Analysis, & Hot Stage Microscopy. 


11.  Circular Dichroism  Spectropolarimeter. 


12.  Micro polarity 


measurement  Fluorescence Spectrophotometer. 


13.  Fluidity of vesicles  Differential Polarized Phase Fluorimetry 
 14.  Turbidity measurement  UV-Visible Diode Array Spectrophotometer. 


15.  Entrapment Efficiency  Centrifugation method, Dialysis method, Gel 
 Exclusion Chromatography. 


16.  In-vitro release rate  Using dialysis membrane. 


17.  Permeation study  Franz Diffusion Cell. 


18.  Conductivity  Conduct meter 
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 TOXICITY AND STABILITY


Non-ionic  surfactants  used  in  niosomes  are  non-toxic  and  no  toxic  effects  have  been 
 reported  so  far  in  animal  studies  due  to  the  use  of  niosomes  as  drug  carriers.  Jain et  al  didn’t 
 observe  any  morphological  changes  on  storage  for  three  months.  Baille et  al  determined  the 
 stability in buffer and reported that the amount of entrapped solute would be retained under long 
 term storage conditions. 


Comparison of Niosome v/s Liposome 


Niosomes  are  different  from  liposomes  in  that  they  offer  certain  advantages  over 
 liposomes.  Liposomes  face  problems  such  as  they  are  expensive,  their  ingredients  like 
 phospholipids  are  chemically  unstable  because  of  their  predisposition  to oxidative  degradation, 
 they  require  special  storage  and  handling  and  purity  of  natural  phospholipids  is  variable. 


Niosomes  do  not  have  any  of  these  problems.  Also  since  niosomes  are  made  of  uncharged 
single-chain surfactant molecules as compared to the liposomes which are made from neutral or 
charged  double  chained  phospholipids,  the  structure  of  niosomes  is  different  from  that  of 
liposomes. However Niosomes are similar to liposomes in functionality. Niosomes also increase 
the  bioavailability  of  the  drug  and  reduce  the  clearance  like  liposomes.  Niosomes  can  also  be 
used  for  targeted  drug  delivery,  similar  to  liposomes.  As  with  liposomes,  the  properties  of  the 
niosomes  depend  both-  on  the  composition  of  the  bilayer,  and  the  method  of  production  used 
(Stuti Gupta et al., 2011). 
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 CHAPTER IV 


TOPICAL DRUG DELIVERY SYSTEM 


   Over  the  last  decades  the  treatment  of  illness  has  been  accomplished  by 
 administrating  drugs  to  human  body  via  various  routes  namely  oral,  sublingual,  rectal, 
 parental, topical, inhalation etc. Topical delivery can be defined as the application of a drug 
 containing  formulation  to  the  skin  to  directly  treat  cutaneous  disorders  like  acne  or  the 
 cutaneous manifestations of a general disease like psoriasis with the intent of containing the 
 pharmacological or other effect of the drug to the surface of the skin or within the skin. Semi-
 solid  formulation  in  all  their  diversity  dominate  the  system  for  topical  delivery,  but  foams, 
 spray,  medicated  powders,  solution,  and  even  medicated  adhesive  systems  are  in  use.  The 
 delivery  of  a  drug  to  a  specific  site,  topical  formulations  are  probably  among  the  most 
 challenging  products  to  develop.  An  effective  topical  formulation  needs  to  provide  a  stable 
 chemical  environment  in  a  suitable  dispensing  container  in  order  to  accommodate  multiple 
 compounds  that  may  have  different,  if  not  incompatible,  physicochemical  characteristics. 


Once  applied,  a  topical  formulation  must  interact  with  the  skin  environment,  which  can 
 influence  the  rate  of  the  release  of  the  compounds  in  order  to  achieve  adequate  skin 
 absorption (Imran K. Tadwee et al., 2012). 


The  excipients  themselves  will  exert  additional  physical  effects  on  the  skin,  such  as 
 drying,  occluding,  or  moisturizing.  Research  and  technology  have  brought  a  better 
 understanding of the physics, chemistry, pharmacodynamic, and pharmacokinetics for drugs 
 used to treat acne. These insights have resulted in new delivery systems  that are capable of 
 enhancing the efficacy, tolerability, and cosmetic acceptability of topical formulations. 
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Topical drug delivery offers the advantages of ease of delivery, a cooperative patient, 
 increased  compliance  as  well  as  the  avoidance  of  first-pass  metabolism.  Disadvantages  are 
 the  lack  of,  or  reduced  rates  of  absorption  and  cosmetic  considerations.  New  drug  delivery 
 technology  and  penetration  enhancers  may  help  to  obviate  some  of  these  objections.  There 
 are important issues to consider as you contemplate development of a topical dermatological 
 product.  You  may  already  have  experience  with  oral  or  Parenteral  products,  but  there  are 
 challenges and issues which are unique to development of topical formulations.  


       A topical formulation must be aesthetically pleasing, in addition to being both physically 
 and chemically stable, and this may require numerous excipients. The formulation must allow 
 for optimal penetration of the drug into the skin, a complex tissue. Skin pH is approximately 
 5.5; thus the pH of the formulation may change following application to the skin. 


        A  successful  topical  dermatological  formulation  can  be  considered  to  be  one  that 
satisfies the target product profile and is 1)Physically and chemically stable having adequate 
shelf life, 2) Releases drug from the formulation and delivers it into the skin as required for 
the target indication, 3) Is cosmetically  elegant and acceptable to patients, 4) Contains only 
excipients that are necessary,FDA approved or acceptable from a regulatory perspective, and 
acceptable for the disease state,5) Is easy to apply and compatible with the desired packaging, 
and 6) Can be manufactured with a process that is scalable to commercial levels. There are 
challenges during almost every development program. It is important to be able to anticipate 
problems, prevent them where possible, and to understand how to correct those that do occur. 
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 SKIN


Skin is the largest organ of 1.5 to 2 m2 in adult which covers the whole body.  


Thickness  of  skin  varies  from  place  to  place  i.e.;  it  is  so  thick  in  palm,  foot  and  so  thin  in 
 eyelid. (K.J.W.wilson and Anne lalaugh 1999,).


FIGURE 4: Structure of skin 
 The skin is broadly classified into two layers. They are;  


A) Epidermis  
 B) Dermis. 


A. Epidermis 


It is the most superficial (or) outermost layer of skin. The cells in the epidermis shed 
periodically  and  replaced  by  new  cells  usually  a  complete  replacement  of  epidermis  takes 
about 40 days. 
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 Various Layers in Epidermis  


There are about four layers. They are;  


1. Stratum corneum. 


2. Stratum lucidum. 


3. Stratum granulosm.  


4. Germinative layer 


B. Dermis 


Dermis consists of the following things in it  
 1. Blood vessels. 


2. Lymph vessels. 


3. Sensory (somatic) nerve ending. 


4. Sweat glands and their ducts. 


5. Hair roots, hair follicles and hairs. 


6. The arrectores pilorum – involuntary muscles attached to the hair follicles. 


7. Sebaceous glands. 


Hairs, secretions from sebaceous glands and ducts of sweat glands pass via the epidermis 
 to reach the surface.  


FUNCTION OF SKIN  


It does major functions to the human body. They are; 


•  Mechanical function  


•  Protective function  


Microbiological barrier 
Chemical  barrier 
Radiation barrier  
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 Electrical Barrier  


•  Regulation of body temperature 


•  Formation of vitamin D 


•  Sensation 


•  Absorption  


•  Excretion  


RATIONAL APPROACH TO DELIVER THE DRUG VIA SKIN 


FIGURE 5 


There  are  three  main  ways  to  approach  the  problem  of  formulating  a  successful  topical 
 dosage form. (M.E.Aulton, 2004). 


•  Manipulating the barrier function of the skin  


•  Directing  drugs  to  the  viable  skin  tissues  without  using  oral,  systemic  (or)  other 
 routes.  


•  Using skin delivery for systemic treatment.  
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Dermatologist  aim  five  main  target  regions.  They  are  skin  surface,  horny  layer,  viable 
 epidermis & upper dermis, skin glands and systemic circulation.  


FIGURE 6 
 FACTORS AFFECTING DRUG DELIVERY  


Transdermal  route  should  have  the  capability  to  deliver  the  drug,  regardless  of  size 
(or) structure at a predetermined rate. But there are some factors which influence the rate of 
drug delivery.  There are two types of factors. 
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 A. Biological factors  


Skin condition.  


Skin age. 


Amount of blood flow. 


Regional Skin sites. 


Skin metabolism. 


Species differences. 


B. Physiochemical Factors  
 Skin hydration. 


Temperature and pH 
 Diffusion Coefficient 
 Drug applying surface area. 


Drug Concentration. 


Partition Coefficient.  


Molecular size and shape. 


TYPES OF TREATMENT ACHIEVED BY TOPICAL DRUG DELIVERY  
 Camouflage. 


Protection effects 
 Insect repellant. 


Antimicrobial. 


Antifungal. 


Emolliency.  


Keratosis. 


Antiperspirant. 


Exfolient. 
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 Antibiotic. 


Depilatory. 


Anti inflammation. 


Anti pruritic. 


Local anesthetic. 


PUFA and PDT. 


Anti histamine. 


Anti angina. 


Anti-ischemic. 


VARIOUS TYPE OF DOSAGE FROM USED IN TOPICAL DRUG DELIVERY 
 Liquid preparations. 


Gels (jellies). 


Powders. 


Ointments. 


Creams. 


Paste. 


Aerosols. 


Poultice. 


Transdermal patch. 


ROLE OF NIOSOMES IN TRANSDERMAL DRUG DELIVERY SYSTEM 


Niosomes can be used to deliver both hydrophobic and hydrophilic drugs via topical 
 route.  Although  niosomes  were  tried  for  various  routes  it  is  used  in  the  market  for  topical 
 route  .  Studies  showed  that  an  enhanced  delivery  of  drugs  when  encapsulated  in  niosomes. 


Niosomes increase skin penetration of drugs and it can act as local depot for sustained release 
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of dermal active compounds. When non ionic surfactants are incorporated into niosomes they 
 are much better tolerated by the skin then when they are used in emulsion.   


NON-STERODIAL ANTI-INFLAMMATORY DRUGS 


Non-steroidal anti-inflammatory drugs, usually abbreviated to NSAIDs or NAIDs are 
 drugs  with  analgesic  and  antipyretic  effects  and  which  have,  in  higher  doses,  anti-
 inflammatory effects. The term nonsteroidal is used to distinguish these drugs from steroids, 
 which  have  a  similar  eicosanoid-depressing,  anti-inflammatory  action.  As  analgesics, 
 NSAIDs are usually in that they are non-narcotic. The most prominent members of this group 
 of  drugs  are  aspirin,  ibuprofen  and  naproxen  partly  because  they  are  available  over  the 
 counter in many areas. (Tanu Bhargava et al., 2011). 


Mechanism of action: 


Most  NSAIDs  act  as  nonselective  inhibitors  of  the  enzyme  cyclooxygenase  (COX), 
 inhibiting both the cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) isoenzymes. 


COX  catalyzes  the  formation  of  prostaglandins  and  thromboxane  form  arachidonic  acid. 


Prostaglandins act as messenger molecules in the process of inflammation .This mechanism 
 of  action  was  elucidated  by  John  Vane  (1927-  2004),  who  later  received  a  Nobel  Prize  for 
 this work. NSAIDs have antipyretic activity and can be used to treat fever. Fever is caused by 
 elevated  levels  of  prostaglandin  E2,  which  alters  the  firing  rate  of  neurons  within  the 
 hypothalamus,  that  control  thermoregulation.  Antipyretics  work  by  inhibiting  the  enzyme 
 COX,  which  causes  the  general  inhibition  of  prostanoid  biosynthesis  (PGE2)  within  the 
 hypothalamus.  PEG2  signals  to  the  hypothalamus  to  increase  the  body’s  thermal  set  point. 


Ibuprofen  has  been  shown  to  be  more  effective  as  an  antipyretic  than  acetaminophen. 


Arachidonic acid is the  precursor substrate for cyclooxygenase leading to the production of 
prostaglandins F, D and E. 
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 Classification: 


NSAIDs can be broadly classified based on their chemical structure; 


1) Prpoionic acid derivatives 
 Ibuprofen 


Naproxen 
 Ketoprofen 
 Flurbiprofen. 


2) Acetic acid derivatives 
 Indomethacin 


Diclofenac. 


3) Enolic acid derivatives 
 Piroxicam 


Meloxicam 
 Lornoxicam. 


4)  Fenamic acid derivatives 
 Mefenamic acid 


Tolfenamic acid 


5) Selective COX-2 inhibitors 
 Celecoxib 


Valdecoxib 
 Etoricoxib 
 USES: 


Rheumatoid arthritis 
 Osteoarthritis 


Acute gout 
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 Metastatic bone pain 


Postoperative pain 
 Pyrexia 


Renal colic 


ADVERSE EFFECTS: 


The two main adverse drug reaction associated with NSAIDs relate to gastrointestinal 
effects and renal effects of the agents. These effects are dose-dependent, and in many cases 
severe enough to pose the risk of ulcer perforation, upper gastrointestinal bleeding, and death 
limiting the use of NSAIDs therapy.  




    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 204 Page - 12.56 MB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            Novel Drug Delivery Systems  II  Introduction to Liposomes 
        
      

        Liposomes  are  successful drug delivery systems  in which  hydrophilic drugs can be enc apsulated  in the  aqueous core  and the hydrophobic drugs can be dispersed in the bilayer

    
      
          
        
            Formulation and Characterization of Floating Microspheres of Perindopril Erbumine
        
      

        These systems are also useful for drugs that are poorly soluble (or)  unstable in intestinal fluids. The floating properties of these systems help to retain in the  stomach for a

    
      
          
        
            FORMULATION AND EVALUATION OF LOPERAMIDE  LIQUISOLID COMPACTS 
        
      

        1)  Huge  number  of  Bio-Pharmaceutical  classification  class  II  drugs  with  high  permeability,  slightly  or  very  slightly  water  soluble  and  practically  insoluble

    
      
          
        
            MASTER OF PHARMACY  IN 
        
      

        Solid  dispersion  is  one  of  the  most  important  method  for  enhance  the  solubility  (dissolution  rate)  and  hence  oral  bioavailability  of  poorly  soluble drugs.. In

    
      
          
        
            Structural components of liposomes 
        
      

        Lisa  Rahnfeld  et  al  2017.,  have  been  proved  that,  using  of  phospholipid  in  liposome  preparation leads  improves  in    their capability to  encapsulate water soluble

    
      
          
        
            ION AND EVALUATION OF ETOR NIOSOMAL TOPICAL GEL 
        
      

        The  phagocytic  uptake  of  the  systemic  delivery  of  the  drug-loaded  vesicular  delivery  system provides an efficient method for delivery of drug directly to the site

    
      
          
        
            PREPARATION AND EVALUATION OF THE NOVEL DRUG-  DRUG SOLID DISPERSION OF 
        
      

        Bhawana kapoor, Ramandeep kaur, Sukhdeep kour, Himani behl, Sukhkaran  kour Solid  dispersion: an evolutionary approach for solubility enhancement  of  poorly  water  soluble  drugs

    
      
          
        
            Department of  Pharmaceutics. 
        
      

        The poor solubility and low dissolution  rate  of  poorly  water  soluble  drugs  in  the  aqueous  gastrointestinal  fluids  often  cause  insufficient  bioavailability.. Especially

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            The Tamilnadu Dr. M.G.R Medical University, Chennai  In partial fulfillment for the requirement of the degree of 
        
        
            
                
                    
                    125
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            FORMULATION AND IN-VITRO EVALUATION OF  LIQUISOLID COMPACT OF PIOGLITAZONE HCL
        
        
            
                
                    
                    180
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Novel Drug Delivery Systems  I  Types of controlled release systems 
        
        
            
                
                    
                    22
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Novel Drug Delivery Systems  II 
        
        
            
                
                    
                    22
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            FORMULATION AND DEVELOPMENT OF  PALIPERIDONE LIQUISOLID TABLETS 
        
        
            
                
                    
                    164
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            BASED NIOSOME OF BOSENTAN MONOHYDRATE  FORORAL DELIVERY” 
        
        
            
                
                    
                    165
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            LIST OF ABBREVIATIONS 
        
        
            
                
                    
                    121
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            In partial fulfillment for the award of degree of
        
        
            
                
                    
                    93
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


