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Challenges	
  in	
  Ocular	
  Drug	
  Delivery	
  

Poor	
  Ocular	
  
Bioavailability	
  Eye	
  anatomy	
  

Barrier	
  
proper.es	
  of	
  
the	
  cornea	
  

Blinking	
  

Reflex	
  
lacrima.on	
  

Nasolacrimal	
  
drainage	
  



Factors	
  Influencing	
  Ocular	
  Bioavailability	
  

Rapid	
  solu.on	
  drainage	
  by:	
  	
  
•  Gravity	
  
•  Induced	
  lacrima.on	
  
•  Blinking	
  reflex	
  
•  Normal	
  tear	
  turnover	
  
•  Peripheral	
  blood	
  vessels	
  

The	
  normal	
  volume	
  of	
  tears	
  is	
  7	
  µl	
  
	
  
The	
   blinking	
   eye	
   can	
   accommodate	
   a	
  
volume	
  of	
  up	
  to	
  30	
  µl	
  without	
  spillage	
  
	
  
Single	
  eye	
  drop	
  volume	
  is	
  50	
  µl	
  	
  



Factors	
  Influencing	
  Ocular	
  Bioavailability	
  

Low	
  corneal	
  permeability	
  (act	
  as	
  lipid	
  barrier)	
  	
  
-­‐  Transport	
  of	
  hydrophilic	
   and	
  macromolecular	
  drugs	
  occurs	
  	
  

through	
  scleral	
  route	
  
-­‐  Lipophilic	
   agents	
   of	
   low	
   molecular	
   weight	
   follow	
  	
  	
  

transcorneal	
  transport	
  by	
  passive	
  diffusion	
  

Fick’s	
  first	
  law	
  of	
  passive	
  diffusion	
  

J = −D dC
dXRate of transport 

(Flux density) 

Diffusion coefficient 
of the drug 

Difference in drug 
concentration 

Distance between 
two points 

Concentration 
gradient 



Factors	
  Influencing	
  Ocular	
  Bioavailability	
  

J	
  =	
  The	
  flux	
  rate	
  across	
  the	
  membrane	
  
D	
  =	
  diffusion	
  coefficient	
  	
  
-­‐	
  The	
  diffusion	
  coeffecient	
  	
  	
  	
  	
  	
  	
  	
  ,	
  as	
  the	
  molecular	
  size	
  
of	
  the	
  drug	
  	
  

dC/dX	
  =	
  concentra.on	
  gradient	
  
-­‐  As	
  the	
  drug	
  solubility	
  	
  	
  	
  	
  	
  	
  	
  ,	
  the	
  gradient	
  	
  	
  	
  	
  	
  ,	
  the	
  
driving	
  force	
  for	
  drug	
  entry	
  into	
  the	
  aqueous	
  humor	
  	
  	
  	
  	
  	
  





•  Anatomical	
  and	
  physiological	
  factors	
  affec.ng	
  drug’s	
  
ocular	
  bioavailability:	
  	
  

	
  	
  	
  	
  	
  protein	
  binding,	
  drug	
  metabolism,	
  lacrimal	
  drainage.	
  

•  Other	
  factors	
  affec.ng	
  ocular	
  bioavailability:	
  	
  
	
  	
  	
  	
  physicochemical	
  characteris.cs	
  of	
  the	
  drug	
  
substance	
  and	
  product	
  formula.on	
  	
  

	
  	
  	
  	
  reason:	
  cornea	
  (membrane	
  barrier)	
  contains	
  both	
  
lipophilic	
  and	
  hydrophilic	
  layers	
  
	
  permeated	
  effec.vely	
  by	
  drug	
  substances	
  with	
  
lipophilic	
  and	
  hydrophilic	
  characteris.cs	
  



Ideal	
  ophthalmic	
  delivery	
  system:	
  
	
  The	
   following	
   characteris.cs	
   are	
   required	
   to	
   op.mize	
   ocular	
  

drug	
  delivery	
  system:	
  	
  
•  Good	
  corneal	
  penetra.on.	
  	
  
•  Prolong	
  contact	
  .me	
  with	
  corneal	
  .ssue.	
  	
  
•  Simplicity	
  of	
  ins.lla.on	
  for	
  the	
  pa.ent.	
  	
  
•  Non-­‐irrita.ve	
  and	
  comfortable	
  form	
  	
  
•  Appropriate	
  rheological	
  proper.es	
  



Inac.ve	
  Ingredients	
  in	
  Topical	
  Drops:	
  
	
  



1-­‐	
  Tonicity	
  and	
  Tonicity-­‐Adjus1ng	
  
Agents:	
  

	
  



Isotonicity	
  
	
  

Lacrimal fluid is isotonic with blood having an isotonicity value  
Corresponding to that of 0.9% Nacl solution  



2-­‐	
  pH	
  Adjustment	
  and	
  Buffers:	
  
•  pH	
  adjustment	
  is	
  very	
  important	
  as	
  pH	
  affects:	
  
1-­‐	
  to	
  render	
  the	
  formula.on	
  more	
  stable	
  
2-­‐	
  The	
  comfort,	
  safety	
  and	
  ac.vity	
  of	
  the	
  product.	
  
Eye	
  irrita.on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  increase	
  in	
  tear	
  fluid	
  secre.on	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Rapid	
  loss	
  of	
  medica.on.	
  
3-­‐	
  to	
  enhance	
  aqueous	
  solubility	
  of	
  the	
  drug.	
  
4-­‐	
  to	
  enhance	
  the	
  drug	
  bioavailability	
  
5-­‐	
  to	
  maximize	
  preserva.ve	
  efficacy	
  
	
  



2-­‐	
  pH	
  Adjustment	
  and	
  Buffers:	
  
	
  



pH	
  &	
  buffer	
  
	
  



2-­‐	
  pH	
  Adjustment	
  and	
  Buffers:	
  
	
  

•  Conclusion:	
  
If	
  buffers	
  are	
  required,	
  their	
  capacity	
  is	
  controlled	
  to	
  be	
  as	
  low	
  

as	
  possible	
  	
  ??	
  
1-­‐	
  to	
  enable	
  the	
  tears	
  to	
  bring	
  the	
  pH	
  of	
  the	
  eye	
  back	
  to	
  the	
  

physiological	
  range	
  
2-­‐	
  to	
  avoid	
  effect	
  of	
  buffers	
  on	
  tonicity	
  
	
  
Examples	
  of	
  buffer	
  vehicles	
  used:	
  
-­‐  Boric	
  acid	
  vehicle:	
  pH	
  of	
  slightly	
  below	
  5	
  
-­‐  Isotonic	
  phosphate	
  vehicle:	
  pH	
  ranges	
  from	
  5.9	
  -­‐	
  8	
  



3-­‐	
  Stabilizers	
  &	
  An1oxidants:	
  
	
  



4-­‐	
  Surfactants:	
  
	
  





5-­‐	
  Viscosity-­‐Impar1ng	
  Agents:	
  
	
  

(to retard the rate of  
setting of particles) 

Disadvantages: 1- produce blurring vision as when dry form  
a dry film on the eye lids 

       2- make filtration more difficult 



CLASSIFICATION	
  OF	
  OCULAR	
  DRUG	
  
DELIVERY	
  SYSTEMS:	
  

	
  
 
 

Topical eye drops: 
- Solutions 

 
 - Suspensions 

 
- Powders for  
reconstitution  

 
 - Sol to gel systems 

 
  

- Ointments 
 

-  Gels  
- Ocular inserts 

 
  


