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INTRODUCTION 
Eye is the index of our soul. The eye is unique 
organ from anatomical and physiological point of 
view. Without eye we cannot enjoy the beauty of 
nature. The eye has special attributes that 
allows local drug delivery and non invasive 
clinical assessment of disease but also makes 
understanding disease pathogenesis and 
ophthalmic drug delivery challenges. Many parts 
of the eye are inaccessible to systemically 
administered drugs and thus topical drug 
delivery remains the preferred route in most 
cases. Drugs may be delivered to treat the 
precorneal region for such infections such as 
conjunctivitis, blepharities or to provide 
intraocular treatment via cornea for diseases 
such as glaucoma and uveitis1.Topical delivery 
of eye drops in to the lower cul-de-sac is most 
common method of drug treatment in ocular 
diseases and diagnostics. The site of action of 
most ophthalmic drugs is located in inner eye. 

Although the external eye structures are readily 
accessible, the biological barriers mainly the 
corneal epithelium, limit ocular drug absorption. 
Consequently after instillation of an eye drop, 
typically less than 5% of an applied dose 
reaches the intraocular tissue. This is due to 
tightness of corneal barrier and rapid loss of 
instilled solution from the pre corneal area2, 3. 
The goal of ophthalmic drug delivery systems 
has traditionally been to maximize the ocular 
drug absorption rather than to minimize systemic 
absorption. Systemic absorption of ocularly 
applied drug is often nearly complete. This has 
caused systemic side effects varying from mild 
to life threatening events4. In case of ophthalmic 
drugs that may cause systemic side effects, it is 
important to make formulation changes that 
improve oculoselectivity of drug rather than only 
ocular absorption3. This review mainly focus on 
anatomical features-structural barriers of eye in 
topical drug delivery, various types of ocular 
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drug delivery systems and their advances 
advantages and disadvantages.  
 
ANATOMY AND PHYSIOLOGY OF EYE 
Eye is a spherical structure with a wall consists 
of three layers. Namely outer sclera, middle 
choroid layer, inner retina. The schematic 
diagram of which is shown in fig.[1]6 .Sclera is a 
tough fibrous coating that protects the inner 
layers. It is white except for the transparent area 
at the front, the cornea, which allows the light to 
enter the eye. The choroid layer, situated inside 
the sclera contains many blood vessels and is 
modified at the front of the eye as the pigmented 
iris. The biconvex lens is situated behind the 
pupil. The chamber behind the lens is filled with 
vitreous humor, a gelatinous substance 
occupying 80% of the eyeball. At the back of the 
eye the light detecting retina5. 
 
Cornea 
The cornea, which is the optically transparent 
tissue that conveys image to the back of the eye 
and covers about one sixth of the total surface 
area of the eye ball. The cornea is considered to 
be the main path way for permeation of drugs in 
to the eye3. It is approximately 0.5mm thick in 
the centre and 0.7mm thick at periphery and 
composed of five layers as shown in fig.[2]7 

 Epithelium is stratified, consisting of 5-6 
layers of cells.(8-10layers at 
periphery)and has a total thickness of 
50-100 µm.the tight junctions and 
hydrophobic domains in this layer make 
it the most important barrier to drug 
delivery. 

 Bowman’s membrane is an acellular 
homogenous sheet, about 8-14µm 
thickness. This is positioned between 
basement membrane of epithelium and 
stroma. 

 The stroma or substantia propria, 
accounts for around 90% of corneal 
thickness. It contains approximately 
85% of water, and about 200-250 
collagenous lamellae that are 
superimposed on to one another and 
run parallel to the surface. Stroma has a 
relatively open structure and will 
normally allow the diffusion of 
hydrophilic solutes. 

 The descement membrane, which is 
secreted by endothelium lies below 
endothelium and stroma. 

 The corneal endothelium is responsible 
for maintaining normal corneal 

hydration.  For a drug to cross the 
cornea effectively, it has to have both 
hydrophilic and lipophilic properties, and 
be sufficiently small to pass through 
tight junctions.   

 
The conjunctiva 
Conjunctiva involves in the formation and 
maintenance of pre corneal tear film and in the 
protection of eye. It is a thin vascularised 
mucous membrane that lines the posterior 
surface of the eye lids and outer regions of the 
cornea. The conjuctival epithelium differs 
somewhat from the cornea, in that it is thicker 
and posses mucous secreting goblet cells. The 
human conjunctiva is 2-30 times permeable to 
drugs than the cornea and it has been proposed 
that loss by this route is a major path of drug 
clearance 8. 
 
The nasolacrymal drainage system 
It consists of three parts. Secretory system, 
distributive system and excretory system, which 
are shown in fig.[3]9.the secretory system 
consists of basic secretors that are stimulated by 
blinking and temperature. Change due to 
evaporation and reflex sectors that have an 
efferent parasympathetic nerve supply and 
secrete in response to physical or emotional 
stimulations. The distributive system consists of 
the eye lids and the tear meniscus around the lid 
edges of the open eye. The excretory part of 
nasolacrymal system consists of the lachrymal 
puncta; the superior, inferior and common 
canaliculi, the lachrymal sac and the 
nasolacrymal duct5. 
 
NEED FOR THE IMPROVEMENT IN OCULAR 
DRUG DELIVERY SYSTEMS 
Eye is the most accessible site for topical 
administration of a medication. Drugs are 
commonly applied to the eye for localized action 
on the surface or in the inferior eye. A major 
problem in ocular therapeutics is the attainment 
of an optimal drug concentration at the site of 
action poor bioavailability of drugs of drugs from 
ocular dosage forms is mainly due to precorneal 
loss factors. Which includes tear dynamics, non-
productive absorption, transient residence time 
in cul-de-sac, and relative impermeability of the 
corneal epithelial membrane? Due to these 
constraints only a small fraction of drug 
.effectively 1% or even less of the instilled dose 
is ocularly absorbed. Normal dropper used with 
conventional ophthalmic solution delivers 50-
75µl per drop and portion of these drops quickly 
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drain until the eye is back to normal resident 
volume of 7µl.because of this drug loss in front 
of eye, very little drug is available to enter in to 
the eye. Actual corneal permeability of drug is 
quite low and very small corneal contact time of 
about 1-2min in humans for instilled solution 
commonly less than 10%10-12 consequently very 
small amount actually penetrates the cornea and 
teaches intraocular tissue13,14.Ideal ophthalmic 
drug delivery must be able to sustain the drug 
release and remain in the vicinity of the front of 
the eye for prolong period of time consequently 
it is imperative to optimize ophthalmic drug 
delivery, one of the way to do so is by addition of 
polymers of various grades, development of 
viscous gels, development of colloidal 
suspension or using erodible/non-erodible insert 
to prolong the pre-corneal drug retention15,16. 
Cornea offers more resistant to negatively than 
positively charged compounds17. 
  
Following characteristics are required to 
optimize ocular drug delivery system18: 

 Good corneal penetration 
 Prolong contact time with corneal tissue. 
 Simplicity of instillation for the patient. 
 Non irritant and comfortable form. 

(Viscous solution should not provoke 
lachrymal secretion & reflux blinking.) 

 Appropriate rheological properties & 
concentration of   the viscous system.  

 
DRUG DELIVERY SYSTEMS FOR THE EYE 
Most commonly used are drops in the lower cul-
de-sac, which are usually drained quickly, aided 
by blinking reflex and the precorneal region 
returns to the normal resident volume of 7µl.as 
stated previously in the requirements efficient 
ocular drug absorption requires good corneal 
penetration as well as prolonged contact time 
with corneal tissue. Iontophoresis, prodrugs, ion 
pair formation and cyclodextrins have been used 
as means of drug absorption an ideal topical 
ophthalmic formulation would enhance 
bioavailability by sustaining drug release, while 
the remaining in contact with front of the eye for 
prolonged periods of time; modern formulations 
attempts to achieve this19. There is wide variety 
of ophthalmic drug delivery systems in the 
market20. Nevertheless about 70% of 
prescriptions for eye medications are for 
conventional eye drops. This is due to factors 
including expense, difficulty in bulk manufacture, 
patient compliance. In all cases the formulations 
should sterile. Following are the recent 
developments in topical ocular drug delivery 

systems, the characteristic advantages and 
limitations of each system. 
 
(1)LIQUIDS-Eye drops and lotions 
Eye drops may be solutions or suspensions and 
are comparatively convenient, safe, immediately 
active and acceptable to patients. An eye drop is 
a sterile and contains a preservative .it is 
isotonic and having a pH of 7.4 and has limited 
shelf life after opening20. Drops provide pulse 
entry of drug followed by rapid decline of drug 
concentration and shows first order kinetics. 
Polymers are frequently added to ophthalmic 
solution as viscosity modifiers which prolong 
contact time with cornea and often enhance 
bioavailability21. The polymers used are high 
molecular weight hydrophilic molecules that are 
unlikely to cross biological membranes. E.g. 
includes cellulose, poly vinyl alcohol, and poly 
acrylic acid and poly saccharine such as 
xantnum gum found to increase viscosity and 
delays the clearance by tear flow. Patton and 
Robinson15 reported that increase in the corneal 
penetration of drug is maximum at viscosity 
about 15-150cps; further increase causes 
burning of vision and resistance to eye lid 
movement. This techniques increases contact 
time but no sustaining effect is reported. 
Colloidal system, encompassing Liposomes and 
micro and nano particles has been studied as 
drug carries in ophthalmic drug delivery over 
many years. Liposomes and nano particles 
found to be useful to prolong the corneal contact 
time and hence more and more tested in ocular 
drug delivery22. Smolin et al23. For the first time 
studied application of Liposomes for O.D.D. 
Favorable results with Liposomes found 
essentially with lipophilic drugs24. Reason for 
this suggested that hydrophilic drugs escape 
from Liposomes faster rate than lipophilic ones. 
Charge on Liposomes also influence drug 
concentration in ocular tissue. The potential of 
Liposomes as a topical O.D.D system is 
restricted by their stability and limited drug 
loading capacity. In addition large scale 
manufacturing of Liposomes is expensive and 
technically challenging25. 
 Micro particles have an average particle size 
less than 1um and may be microcapsules or 
microspheres. Microspheres are monolithic 
particles, perhaps of insoluble drug or drug 
disappeared in a polymer matrix, where as micro 
capsules consists of polymeric membrane 
surrounding by liquid/solid drug reservoir up on 
instillation the particles resides in ocular cul-de-
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sac and drug is released from the particles 
through diffusion/polymer degradation26. 
Nano particles are polymeric colloidal particles 
ranging from 10-100 nm. Various polymers like 
polyacrylamide, polymethyl methacrylate, 
albumin gelatin, poly alkyl cyanoacrylate and 
caprolactone used in the preparation of nano 
particles27-33. First study using nanosphere done 
on system constituted of pilocarpine-loaded 
nanosphere of gurny et al. (Developed pH 
sensitive latex nano particles for pilocarpine and 
result found to be promising) 
 
(2) Eye ointments 
Eye ointments are semisolid preparations 
intended for external application. They are 
usually formulated using mixtures of semisolids 
and solids which have melting or softening 
points close to body temperature and are 
nonirritating to eye. Ointments may be simple 
bases or compound bases. Upon instillation in to 
eye the ointments breaks into small droplets and 
remain as a depot of drugs in the cul-de-sac for 
extended periods. Ointments are thus useful in 
improving drug bioavailability and in sustaining 
drug release. Although safe and well tolerated 
by the eye, ointments suffer with relatively poor 
patient compliance due to blurring of vision and 
occasional irritation34. For this reason they are 
often used as night time medication. 
 
(3) Aqueous gels 
Hydro gels consist of high molecular weight 
hydrophilic cross linked polymers or copolymers 
that form three-dimensional network in water. 
The gels have been shown to combine 
significantly longer residence times in the cul-de-
sac with increased drug bioavalibility.typical 
gelling agents includes cellulose derivatives, 
PVA, hyaluronicacid and carbomer. These 
systems are more acceptable to patients since 
they are administered into the eyes as solution 
after which they undergo transition in to gels. 
The polymers used in these systems exhibits 
reversible phase transition. The change in 
viscosity can be due to change in pH, 
temperature and ionic strength36,37. 

 PH triggered systems: cellulose acetate 
hydrogen phthalate latex, typically 
shows very low viscosity up pH 5, and 
forms a clear gel in few seconds when 
in contact with tear fluid pH 7.2-7.4 and 
hence release contents over prolonged 
periods of time37. 

 Temperature sensitive systems: 
poloxomerF127 in the form of solution at 

room temperature and when this 
solution is instilled in to eye, phase t 
transition occurs from a solution to gel at 
temperature of eye, prolonging its 
contact time with ocular surface38. 

 Ion activation: Gel rite is a 
polysaccharide; a low acetyl gellan gum 
shows phase transition in presence of 
mono or divalent cations39, 40. 

 
(4) Solid matrices and devices 
A number of solid polymeric inserts and discs 
have been developed as ophthalmic drug 
delivery systems. Inserts allow for accurate drug 
dosing, reduced systemic absorption and in 
some cases, better patient compliance resulting 
from reduced frequency of administration and a 
lower incidence of visual and systemic side 
effects. Inserts are less affected by 
nasolacrymal drainage and tear flow than more 
conventional dosage forms41. The major 
drawback of this is the resistance of the patients 
to place the solid object in the precorneal region. 
Ocusert®, pilocarpine ocular therapeutic system 
is the first product marketed by Alza 
incorporation, USA from this category42 

Currently under development is an encapsulated 
cell technology in which cells transferred with 
human growth factor genes are surgically 
implanted into the vitreous cavity, in phase-1trial 
using human ciliary neurotrophic factor in 
patients with retinitis pigmentosa, the implants 
were productive for six months and there were 
no substantive safety issue. 

 
(5) Iontophoresis 
It is the process in which direct current drives 
ions into cells/tissues. When iontophoresis is 
used for drug delivery, the ions of importance 
are charged molecules of drug. If the drug 
molecules carry a positive charge, they are 
driven into the tissue at anode; if negatively 
charged, at cathode. Ocular iontophoresis offers 
a drug delivery system that is fast, painless, safe 
and in most cases result in the delivery of high 
concentration of drug at specific site. But there 
were some findings of neutralization effects of 
drug adversely affecting the optimum zeta 
potential.  
Along with all the above delivery systems some 
advanced drug delivery systems like cell 
encapsulation, stem cell therapy, protein and 
peptide therapy, sclera plug therapy, oligo 
nucleotide therapy, aptomer technology and 
ribosome therapy also available and all are 
having their own limitations. 
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CONCLUSION 
The ocular systems which are developed even 
today are facing with one or other drawbacks. 
It’s really essential & challenging to develop 

novel ocular drug delivery system to overcome 
the above mentioned drawbacks .Given the 
problems associated with their use, it may be 
surprising that eye drops remain a major choice 
of medication for ophthalmic disorders. 

 

 

 
Fig. 1: The schematic diagram of eye 

 

 

 
Fig. 2: The schematic structure of cornea 
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Fig. 3: The Naso-lachrymal system 

 

ACKNOWLEDGEMENT 
We are thankful to Prof.Vijaya Ratna Mam, 
Andhra University for her great help in collection 
of information & to Dr.A.Laksmana Rao Sir for 
his continuous support in publishing this paper. 
 
REFERENCES 

1. Le Bourlais C, Aoar L, Zia H, Sado PA, 
Needham T, Leverge R.Opthalmic drug 
delivery systems-Recent Advances. 
Progress in Retinal and Eye Research 
1998; 1733-55. 

2. Lee V.H.L. and Robinson, J.R. (1979) 
Mechanistic and quantative evaluation 
of precorneal pilocarpine disposition in 
albino rabbits. J. Pharm. Sci. 68, 673-
684. 

3. Maurice, D.M. and Mishima, S. (1984) 
ocular pharmacokinetics. In:  M.C. 
Sears(Ed.). Hand book of experimental 
pharmacology, Vol.69, Pharmacology of 
Eye. Springer-Verlag, Berlin-Heidelberg, 
pp. 19-116. 

4. Urtti, A. and salminen, L. (1993) 
Minimizing systemic absorption of 

topically administered ophthalmic 
drugs.Surv.Opthalmol. 37 435-455. 

5. Rathore K.S, Nema R.K. Review Article: 
An Insight into Opthalmic Drug Delivery 
System. International journal of 
pharmaceutical Sciences and drug 
research 2009; 1(1): 1-5. 

6. Jitendra, Sharma P.K., Banik A. and 
Dixit S.  A new trend: Ocular Drug 
Delivery System. Pharma Science 
Monitor An International Journal Of 
Pharmaceutical Sciences Vol-2, Issue-3, 
July-2011. 

7. Noriyuki Kuno and Shinobu Fujii. 
Review: Recent Advances In Ocular 
Drug Delivery Systems Polymers 2011, 
3,193-221. 

8. Davis NM. Biopharmaceutical 
considerations in topical ocular drug 
delivery. Clinical and ocular 
pharmacology and physiology 2000; 
27:558-562. 

9. Jitendra, Sharma P.K., Banik A. and 
Dixit S.  A new trend: Ocular Drug 
Delivery System. Pharma Science 
Monitor An International Journal Of 



IJRPC 2012, 2(3)                                     Mohan Gandhi et al                                  ISSN: 22312781 
 

807 

Pharmaceutical Sciences Vol-2, Issue-3, 
July-2011. 

10. J.W.Shell, Opthalmic drug delivery 
systems”, Drug Dev. Res., 6(1985), pp. 
245-261. 

11. J.W.Shell, Ocular drug delivery systems: 
A Review”, J.Toxicol. Cut. & Ocular 
Toxicol. 1(1)(1982), pp. 49-63. 

12. J.R.Robinson, Ocular drug delivery 
systems: Mechanisms of corneal drug 
transport& muco adhesive delivery 
systems”, S.T.P. Pharm., 5(12) (1989), 
pp.839-846. 

13. T.F.Patton, and J.R.Robinson, 
Qualitative pre corneal disposition of 
topically applied pilocarpine nitrate in 
rabbit eyes”, J.Pharm. Sci., 65(1976), 
pp. 1295-1301. 

14. R.W.Wood, V.H.E.Lee, J.Kreuter and 
J.R.Robinson, Int. J.Pharm., Ocular 
disposition of poly-hexyl-2-cyano [3-14C] 
acrylate nanoparticles in albino rabbit”, 
23(1985), pp. 175-183. 

15. T.F.Patton, and J.R.Robinson, Ocular 
evaluation of PVA vehicle in rabbits” 
J.Pharm. Sci., 64(1975), pp. 175-183. 

16. M.F.Sattone, B.Ginnaccini, A.Tenzggi, 
P.Savign and N.Tellini, Vehicle effect on 
Opthalmic bioavailability: the influence 
of different polymers on the activity of 
pilocarpine in rabbits and man”, 
J.Pharm. Pharmacol. 34(1982), pp. 203-
213. 

17. J.W.Sieg and J.R.Robinson, 
Mechanistic studies on the transcorneal 
permeation of pilocarpine”, J.Pharm. 
Sci., 65(1976), pp. 1816-1822. 

18. J.C.Keister, E.R.Cooper, P.J.Missel, 
J.C.Lang and D.F.Huger, Limits on 
optimizing ocular drug delivery”, 
J.Pharm. Sci., 80(1991), pp. 50-53. 

19. Le Bourlais CA, Treupel-Acar L, Rhodes 
CT, Sado PA, Leverg R. New Opthalmic 
drug delivery systems. Drug 
development and industrial pharmacy 
1995; 21: 19-59. 

20. Lang JC, Ocular drug delivery 
conventional ocular formulations. 
Advanced drug delivery reviews 1995; 
16: 39-43. 

21. Mishima S, Maurice DM. Oily layer of 
the tear film and evaporation from the 
corneal surface. Experimental eye 
research 1961; 13: 103-115. 

22. M.Mezei, and D.Meisner, Liposomes 
and nano particles as ocular drug 

delivery systems in biopharmaceutics of 
ocular drug delivery”, Edman, P., CRS 
PRESS, (1993), pp. 91-104. 

23. Gasoline, M.Okumoto, S.Feoler and 
D.Condon, idoxuridine-liposomesthrapy 
for herpes simplex keratitis.Amer. J. 
Opthalmol., 91 (1981), pp. 220-225. 

24. R.E.Stratford, D.C.Yang, M.A. Redell 
and V.H.L.Lee, Ocular distribution of 
Liposomes encapsulate epinephrine and 
inulin in albino rabbits”, Curr.Eye.Res. 
2(6) (1982/83), pp. 377-386. 

25. Nagarsenker MS, Londhe VY, Nadkarni 
CID. Preparation and evaluation of 
liposomal formulations of tropic amide 
for ocular drug delivery. International 
journal of pharmaceutics 1999; 190: 63-
71. 

26. Ding S. Recent developments in 
Opthalmic drug delivery. PSTT, 1998; 
1:328-335. 

27. G.Birrenbach and P.P.Speiser, 
Polymerized micelles and their use as 

adjuvants for split influenza vaccines”, 
Exp. Cell. Belg., 14(2) (1986), pp. 83-93. 

28. J.Krenter, R.Mauler, Gruschkauh and 
P.P.Spiciser, The use of new 
polymethacrylate adjuvants for split 
influenza vaccines”, Exp. Cell. Biol.44 
(1976), pp. 12-19. 

29. A. Rolland, D.Gibassier, P.Sado and 
R.leverge, Methodalogie de preparation 
de vecteurs nanoparticulares a base de 
polymers acryligues”, J.Pharm. Belg., 
14(2) (1986), pp.83-93. 

30. P.A.Carmer, Albumin microsphere as 
vehicle for achieving specificity in drug 
delivery” , J.Pharm. Sci., 63(1974), pp. 
1646-1647. 

31. J.J.Oppenheim, J.J.Marty and 
N.F.Slewart, The labeling of gelatin 
nanoparticles with technetium and 
invitro distribution after intravenous 
injection”, Austrl. J. Pharm. Sci., 
7(1978), pp. 113-117. 

32. P. Ghiot and P.Couvreur, Polymeric 
nanoparticles and microspheres”, CRS 
PRESS Inc., Boca Raton, (1986). 

33. H.Fessi, F.Pusieux 
andJ.P.H.Devissaguet, Procede DE 
Preparation de systems colloidanx 
dispersiable d’une substance sons from 
de nano particles”, Europian planet 
no.874029986. (1987). 

34. Sasaki H, Yamamura K, Mukai T, 
Nishida K, Nakamura M. Enhancement 



IJRPC 2012, 2(3)                                     Mohan Gandhi et al                                  ISSN: 22312781 
 

808 

of ocular penetration. Critical reviews on 
therapeutic drug carrier systems. 

35. Hui HW, Robinson JR, ocular drug 
delivery of progesterone using a 
bioadhesivepolymer. International 
journal of pharmaceutics 1985; 26: 203-
213. 

36. Meseurger G, Gurny R,Buri P, Rozier A, 
Plazonnet B. 1993.Gamma 
scientigraphic study of precorneal 
drainage and assessment of  miotic 
response in rabbits of various Opthalmic 
formulations containing pilocarpine. 
International journal of pharmaceutics 
1993; 95: 229-234. 

37. R.Gurny, H.Ibrahim and P.buri, The 
development and use of insitu formed 
gels triggered by pH-in 
biopharmaceutics of ocular drug 
delivary”,Edman,P., CRS PRESS, 
(1993), pp. 81-90. 

38. M.Vadnere, G.Amidon, S.Linderbanm 
and J.L.Haslum, Thermodynamic 
studies on the gel-sol transition of some 

pluronic polyols”, Int J.Pharm., 
22(1984), pp. 207-218. 

39. R.Moorehose, G.T. Colegrove, 
R.Sandford, J.K.Biar and K.S.Kang, 

PS 60: A new gel forming 
polysaccharides. In: solution properties 
of polysaccharides. D.A.Brand, Ed., 
Washington DC, 1981, pp. 111-124. 

40. A.Rozier, C.Maznel, J.Grave and 
B.Plazonnel, Gelrite®: A novel ion 
activated in situ gelling polymer for 
Opthalmic vehicles effect of 
bioavailability of timolol”, Int J.Pharm., 
57 (1989), pp. 163-168. 

41. Sasaki H, Yamamura K, Mukai T, 
Nishida K, Nakamura M. Enhancement 
of ocular penetration. Critical reviews of 
therapeutic drug carrier systems. 

42. J.Urquhart, Development of ocusert 
pilocarpine ocular therapeutic systems a 
case history in Opthalmic drug delivery 
systems”, Amer. Pharma. Association, 
Washington, DC. pp. 105-116. 

 


