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CORNEAL DRUG ABSORPTION 

Following the principle that generally holds for drugs at 

other absorption sites, the permeability of an ophthalmic drug 

into and through the cornea is a fmction of its lipoid and aque- 

ous solubility. To help explain ophthalmic drug absorption, the 

cornea can be divided into three distinct layers; the outer epi- 

thelium, an inner stroma and the epithelium. The epithelium and 

endothelium have been chemically analyzed and shown to contain one 

hundred times as much lipoid material as the stroma . Therefore, 1 

lipoid or fat soluble materials will predominately diffuse through 

the epithelium and endothelium whereas water-soluble materials 

would preferentially diffuse through the stroma. 

ophthalmic drug possessing dual or biphasic solubility w i l l  more 

easily traverse the cornea. This principle i s  referred t o  as the 

differential solubility concept2 and is generally used to explain 

corneal penetration of ophthalmic drugs. 

Consequently, an 
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186 AKERS, SCHOENWALD, AND McGINITY 

Weak Bases 

For weak bases,  such as tropicamide, epinephrine, pilocarpine,  

a t ropine,  homatropine, o r  cyclopentolate,  corneal penetrat ion can 

be predicted from the  f a c t  t h a t  t he  unionized form of the drug is 

predominately i i p i d  soluble;  whereas, the ionized form is predomi- 

na t e ly  water soluble.  A s  commercial products, the above m i n e  

drugs are buffered a t  ac id i c  pH's t o  prevent decomposition. In  

ac id i c  media, amine drugs with r e l a t i v e l y  high pKa's w i l l  exist 

l a rge ly  i n  the ionized form. 

are weakly buffered t o  permit t he  bu f fe r  capacity of t he  tears t o  

rapidly readjust  t he  pH back t o  7.3-7.7. A t  physiological pH, the 

equilibrium between the ionized and unionized forms of t he  drug is 

rapidly s h i f t e d  t o  t h e  unionized drug which can then r ead i ly  p e n e  

trate the outer  l aye r  of the epithelium. 

the stromal surface,  t he  ionized o r  charged form of the  drug pen- 

trates the stroma. As t he  drug en te r s  t he  endothel im,  the  

equilibrium again favors  the  unionized form. Final ly ,  drug leaves 

the endothelium and penetrates  t h e  aqueous humor i n  the charged 

form, eventually reaching the t a r g e t  t i s s u e  within the eye. 

Quaternary ABmonium Compounds 

As a r e s u l t ,  t he  ophthalmic so lu t ions  

When the drug reaches 

The d i f f e r e n t i a l  s o l u b i l i t y  concept does not r ead i ly  explain 

the corneal absorption of a l l  ophthalmic drugs. For example, t h e  

quaternary ammonium compounds: carbachol, echothiophate iodide, 

and demecarium bromide, are charged a t  a l l  pH's and consequently, 

are highly w a t e r  so lub le  and poorly l i p i d  soluble.  However, they 

still penetrate  t h e  cornea s u f f i c i e n t l y  t o  be c l i n i c a l l y  useful.  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



OPHTHALMIC DRUG DEVELOPMENT 187 

A l l  these drugs a re  highly potent anti-glaucoma agents and a r e  

applied t o  the eye i n  very small concentrations. It should be 

mentioned t h a t  due t o  the high potencies of these drugs, only small 

quan t i t i e s  a r e  required t o  penetrate the cornea. Consequently, i t  

is conceivable tha t  a low l i p i d  so lub i l i t y ,  perhaps induced by a 

binding mechanism3, would permit a small, but su f f i c i en t  quantity 

of potent drug t o  reach the aqueous humor and evoke a therapeutic 

response. 

Antibiot ics  and Fluorescein 

The corneal permeability of a n t i b i o t i c s  such a s  t e t r acyc l ine  

5 6 and i t s  analogs4, gentamycin , ca rben ic i l l i n  and me th ic i l l i n  , 
is predictably low following topical  administration. A l l  show 

negl igible  l i poso lub i l i t y  and possess no a c t i v i t y  against  i n t e r n a l  

eye infect ions unless dosed by the subconjunctival route. Chloram- 

phenicol, on the other  hand, exhibi ts  good l ipoph i l i c  propert ies  and 

adequately penetrates the cornea . The f a c t  t h a t  poorly l iposoluble  

substances are not  absorbed, however, is used t o  advantage i n  the  

case of fluorescein.  The i n t a c t  corneal epithelium, having a high 

l i p i d  content, resists penetration of predominantly water soluble 

fluorescein,  which remains in the precorneal tear f i lm coloring i t  

yellow o r  orange. 

rapid fluorescein penetration in to  the stroma and possibly the 

aqueous h m r ,  i f  the endothelium b a r r i e r  is a l so  damaged. The 

s l i g h t l y  mre a lka l ine  pH of the stromal f l u i d s  and aqueous h m t  

gives fluorescein a b r i l l i a n t  green color distinguishing it from 

i ts  yellow or  orange color in  the precorneal tear film. 

7 

Any abraeion of the e p i t h e l i a l  b a r r i e r  permits 
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188 AKERS, SCHOENWALD, AND McGINITY 

Phys io logica l  Fac tors  Inf luenc ing  Drug Absorption 

In  add i t ion  t o  t h e  b a r r i e r  p rope r t i e s  of t he  cornea, physio- 

l o g i c a l  f a c t o r s  such a s  l ac r ima l  drainage and b l ink ing  can 

profoundly in f luence  t h e  r a t e  and ex ten t  of ophthalmic drug 

absorption. Lacrimal drainage of an i n s t i l l e d  drug s o l u t i o n  com- 

pe te s  f o r  drug along wi th  cornea l  pene t r a t ion  and can account f o r  

a cons iderable  loss of drug a s  f a r  as ophthalmic therapy is con- 

cerned. When a drop of s o l u t i o n  i s  appl ied  to  t h e  eye, two processes 

occur simultaneously; t he  s o l u t i o n  is d i l u t e d  by r e f l e x  t e a r i n g  and 

the  added volume i n  excess of the  normal lacrimal volume is drained 

from t h e  eye. This is p a r t l y  f a c i l i t a t e d  by r e f l e x  b l ink ing .  The 

lacr imal  appara tus  c o n s i s t s  of t he  l ac r ima l  glands which s e c r e t e  

tears v i a  the  excre tory  ducts.  Tears flow over the  cornea, and 

through the  b l ink ing  process ,  e n t e r  t h e  l ac r ima l  puncta, t he  l a c r i -  

m a l  sac ,  and continue down t h e  naso lacr imal  duct,  p o t e n t i a l l y  g iv ing  

r i s e  t o  s i d e  e f f e c t s  due t o  systemic absorption. S tud ie s  w i t h  

r a b b i t s  have demonstrated t h a t  t he  drainage r a t e  of any s i z e d  drop 8 

decreases  a t  a r a t e  p ropor t iona l  t o  t h e  volume of t h e  drop remaining 

i n  t h e  eye  u n t i l  t he  tear volume is  back t o  t h e  normal l ac r ima l  

volume; the  sma l l e r  t h e  drop, t h e  slower the  dra inage  r a t e  and t h e  

more ex tens ive  t h e  absorp t ion  of drug. The r e s u l t s  of t h i s  animal 

research  sugges t  t h a t  s i n c e  the  drainage of an i n s t i l l e d  s o l u t i o n  

i n  humans i s  f a s t e r  than i n  r a b b i t s ,  admin i s t r a t ion  of smal l  volumes 

of ophthalmic s o l u t i o n  t o  t h e  human eye would provide f o r  max imum 

b i o a v a i l a b i l i t y .  An i d e a l  dose of 1-5 ~1 accura t e ly  measured and 
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OPHTHALMIC DRUG DEVnOPMENT 189 

ca re fu l ly  administered has been recommended i n  order t o  optimize 

drug del ivery . Since the drainage rate is  volume dependent and 

rapid,  t he  drops should be 3-5 minutes apart’. 

humans have demonstrated t h a t  the administration of 25 p 1  of solu- 

t i o n  t o  t h e  eye a t  3 minute in t e rva l s  w i l l  minimize volume bui ld  

up, d i lu t ion ,  excessive drainage and overflow . Shorter i n t e r v a l s  

would reduce ophthalmic b ioava i l ab i l i t y .  

ume i n  humans is approximately 7 p 1  and i f  blinking does not occur, 

t he  human eye can hold about 30 p 1  without s p i l l a g e  onto the cheek . 
I f  bl inking occurs, then the human eye can hold approximately 10 p l .  

Since, however, the s i z e  of a commercial ophthalmic drop is 50-75 

p l ,  t he  l o s s  of drug due t o  sp i l l age  out of t he  eye can be considered 

8 

Observations i n  

10 

The normal lacrimal vol- 

11 

a s i g n i f i c a n t  f ac to r  i n  reducing the  b ioava i l ab i l i t y  of ophthalmic 

drugs. 

I n  conclusion, s eve ra l  physico-chemical and physiological 

f a c t o r s  can influence ophthalmic drug absorption. 

and l i p o p h i l i c  propert ies ,  and the ion ic  character of the drug 

molecule a t  physiological pH are the most important physico-chemical 

c r i t e r i a .  In  addition, t he  s i z e  and the s t r u c t u r e  of the molecule, 

t o n i c i t y  conditions,  and the physiological condition of t he  b a r r i e r  

t i s s u e  which, f o r  example, can be a l t e r ed  due to  corneal abrasion, 

a l l  may influence the rate and degree of therapeutic eff icacy of 

an ophthalmic agent. 

po ten t i a l ly  decreasing ophthalmic b ioava i l ab i l i t y ,  are summarized 

i n  Table I. 

The hydrophilic 

The major physiological processes i n  the  eye, 
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190 AKERS, SCHDENWALD, AND M c G I N I T l  

TABLE I: Major Phys io logica l  Processes i n  t h e  Eye Which Can 
P o t e n t i a l l y  Decrease Ophthalmic B i o a v a i l a b i l i t y  

Process 

Lacrimal Drainage Rate 

Sp i l l age  Onto Cheek 

Blinking 

Reflex Tearing 

Coment 

Propor t iona l  t o  volume of drop, e.g., 
approximately 80% of a 50 p 1  drop is  
drained ou t  of t h e  conjunct iva l  s ac  one 
minute a f t e r  i n s t i l l a t i o n .  

Human con junc t iva l  sac can hold 30 p1 of 
f l u i d  without b l ink ing;  t he re fo re ,  a 
l a r g e  drop (50-75 u l )  i s  p a r t i a l l y  
squeezed ou t  of t he  eye. 

With b l ink ing ,  t he  human eye can hold 
approximately 10  p l .  

D i lu t e s  drug and promotes drainage. 

OPHTHALMIC DISEASES 

The eye and i t s  components-the l i d s ,  lacrimal apparatus,  

conjunctiva,  cornea, sclera, wea, r e t i n a ,  o p t i c  nerve,  l e n s ,  

v i t r eous ,  and orbit-can s u f f e r  from approximately 250 d i f f e r e n t  

d i seases ,  excluding blindness.  Each year ,  I.M.S. America, Ltd. 

publ i shes  s ta t is t ics  based on t h e  number of p a t i e n t  v i s i t s  t o  

p rac t i c ing  phys ic ians  i n  the  United S ta tes .  From October 1, 1974 

t o  September 30, 1975, p a t i e n t  v i s i t s  exceeded 60 mi l l i on  (Table 2). 

The major d i seases  of the  eye which can be  t r e a t e d  pr imar i ly  wi th  

drugs w i l l  be  b r i e f l y  discussed. References 1 3  through 17  are 

recommended f o r  d e t a i l e d  and s p e c i f i c  s tudy  of t h e  d i seases  of t h e  

eye. 

12  

Glaucoma 

Glaucoma occurs i n  many forms and is cha rac t e r i zed  by an  

i n t r a o c u l a r  pressure  h igher  than  the  eye can t o l e r a t e ,  without 
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OPHTHALMIC DRUG DEVELOPMENT 191 

the destruction of visual function. 

sure-causing organic change is not the same in every eye. 

major factors involved in the individual variation include the rate 

of production of the aqueous humor and the ease of excretion of the 

aqueous humor through the trabecular area. These two factors provide 

the homeostatic control of the level of the intraocular pressure. 

Another factor influencing individual variation is the adequacy of 

the blood supply to the intraocular portion of the optic nerve 

(papilla). 

with accompanying visual changes. The healthy eye can indefinitely 

tolerate a pressure of 20 mm Hg, as measured with the Schiotz tono- 

meter, without damage to the optic nerve. 

The degree of increased pres- 

The 

This governs whether or not the optic nerve atrophies 

The three major types of glaucoma are classified as primary, 

congenital and secondary. Primary glaucoma can take the form of 

open-angle glaucoma, narrow-angle or angle-closure glaucoma and 

hypersecretion glaucoma. 

into infantile and juvenile glaucoma. Glaucoma leads to optic 

nerve degeneration, visual field l o s s  and blindness if it remains 

untreated. 

glaucoma is primarily with drugs, whereas the treatment of narrow- 

angle and congenital glaucoma is primarily surgical. Three groups 

of drugs (miotics, epinephrine derivatives, and carbonic anhydrase 

inhibitors) may be employed singly or in combination for the medical 

Congenital glaucoma may be subclassified 

The treatment of open-angle glaucoma and secondary 

control of open-angle glaucoma. 

Conlunctivitis 

Conjunctivitis is an inflammation of the conjunctiva, charac- 

Classification is terized by cellular infiltration and exudation. 
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194 AKERS, SCHOENWALD, AND M c G I N I T Y  

based upon t h e  cause  ( b a c t e r i a l ,  v i r a l ,  f u n g a l ,  p a r a s i t i c ,  t o x i c ,  

chemical ,  mechanical ,  i r r i t a t i v e ,  a l l e r g i c ,  o r  l a c r i m a l ) ;  t h e  a g e  

occurrence ;  t h e  t y p e  of exudate  ( p u r u l e n t ,  mucopurulent ,  membranous, 

pseudomemhranous, o r  c a t a r r h a l ) ;  o r  c o u r s e  ( a c u t e ,  s u b a c u t e ,  o r  

c h r o n i c ) .  C l i n i c a l l y ,  t h e  o n s e t  of c o n j u n c t i v i t i s  is u s u a l l y  

i n s i d i o u s .  The p a t i e n t  w i l l  n o t i c e  a f u l l n e s s  of t h e  l i d s  and a 

d i f f u s e ,  g r i t t y ,  f o r e i g n  body s e n s a t i o n .  Within s e v e r a l  hours  of 

t h e  o n s e t ,  t h e r e  is exudat ion .  S p e c i a l  mention must be  made of  

t h e  l e a d i n g  eye  d i s o r d e r  i n  t h e  world,  trachoma. Trachoma is  a n  

i n f e c t i o u s  k e r a t o c o n j u n c t i v i t i s  t h a t  a f f e c t s  over  400 m i l l i o n  

people ,  mainly i n  t h e  Near East and Asia. The d i s e a s e  o c c u r s  i n  

r e g i o n s  of  poor  hygiene  and t h e  r e s u l t s  are severe u n l e s s  t r e a t e d  

w i t h  sulfonamides and broad spectrum a n t i b i o t i c s ,  

B l e p h a r i t i s  

B l e p h a r i t i s  i s  an inf lammation of t h e  l i d  margin and i t  may 

be  a c u t e  or chronic .  Redness of t h e  l i d  margins  is t h e  c h i e f  

complaint .  B l e p h a r i t i s  i s  f r e q u e n t l y  a mixture  of s e b o r r h e i c  and 

s t a p h y l o c o c c a l  forms, and t r e a t m e n t  of which is o f t e n  f r u s t r a t i n g  

s i n c e  t h e  d i s e a s e  r e c u r s .  A n t i b i o t i c s ,  su l fonamides ,  and s t e r o i d s  

have been used,  b u t  i n  many c a s e s ,  t h e  c o n d i t i o n  can  b e  a r r e s t e d  

w i t h  t r e a t m e n t  of t h e  s e b o r r h e i c  d e r m a t i t i s  of t h e  s c a l p .  

Keratitis 

Keratitis is a g e n e r a l  name f o r  a l l  c o r n e a l  inf lammations.  

The inf lammation may be exogenous o r  endogenous i n  n a t u r e .  Kera- 

t i t is  is  h e r a l d e d  by t h e  appearance of edema, which i s  fo l lowed by 

i n f i l t r a t i o n  and v a s c u l a r i z a t i o n .  The cornea  w i l l  become opaque 
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OPHTHALMIC DRUG DEVELOPMENT 19 5 

and congested. Microbial causes inc lude  in fec t ions  by bac te r i a  

(acute  serp ig inous  u l c e r ) ,  v i r u s  (dendr i t i c  k e r a t i t i s ) ,  and fungi  

(keratomycosis). Congenital s y p h i l l i s  w i l l  cause i n t e r s t i t i a l  

k e r a t i t i s .  Other forms of k e r a t i t i s  r e s u l t  from hyper sens i t i v i ty ,  

vascular  d i sease ,  n u t r i t i o n a l  def ic iency ,  and decreased lacr imat ion .  

Ca ta rac t s  

Ca ta rac t s  ( lens  opac i ty)  r e s u l t  from var ious  e t i o l o g i c a l  

f a c t o r s  among which a r e  s e n i l i t y ,  gene t i c  f a c t o r s ,  endocrine d is -  

o rde r s ,  immunological f a c t o r s ,  l o c a l  metabolic d i s turbances ,  and 

ex te rna l  phys ica l  changes. Any lo s s  of l e n s  transparency is  ca l l ed  

c a t a r a c t .  Catarac ts  e s s e n t i a l l y  a r i s e  from p ro te in  dena tura t ion  

and the  accumulation of water. 

Uvei t i s  

The uveal t r a c t  is composed of t h e  ir is ,  c i l i a r y  body, and 

t h e  choroid. The iris sepa ra t e s  t h e  a n t e r i o r  and p o s t e r i o r  

chambers; i t s  ape r tu re  being the  pupi l .  The c i l i a r y  body s e c r e t e s  

aqueous humor, and the  choroid provides the  blood supply f o r  t h e  

ou te r  one-half of t h e  r e t ina .  Inflammation of t h e  uveal tract 

inc ludes  a v a r i e t y  of condi t ions  ranging from minimal inflammation 

t o  abscess  formation following in t roduct ion  of pyrogenic bac te r i a .  

Ret ina  Abnormalities 

The symptoms of r e t i n a l  abnormal i t ies  mainly involve d is turb-  

ances i n  v is ion .  In t e r f e rence  with cone func t ion  causes diminished 

c e n t r a l  v i s u a l  acu i ty  and decreased co lor  v i s ion .  Opaci t ies  of t h e  

ocular  media t h a t  i n t e r f e r e  wi th  image formation a t  t h e  fovea cause 

depression of v i s ion .  Localized d is turbance  i n  t h e  fovea c e n t r a l i s  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



196 AKERS,  SCHOENWALD, AND McGINITY 

area such  as hemorrhage ( d i a b e t i c  r e t i n o p a t h y ) ,  edema, microaneu- 

rysms, d e p o s i t s ,  o r  tumors may cause  m i c r o p s i a  or macropsia. 

I n t e r f e r e n c e  w i t h  rod f u n c t i o n  c a u s e s  d e f e c t i v e  dark  a d a p t a t i o n .  

R e t i n a l  d i s e a s e  i s  c h a r a c t e r i z e d  by a d e f e c t  i n  t h e  v i s u a l  f i e l d  

t h a t  cor responds  t o  t h e  a f f e c t e d  area. 

Other  Common Eye Diseases 

R e f r a c t i v e  E r r o r s  - Eye d e f e c t s  t h a t  p revent  l i g h t  r a y s  from 

be ing  brought  t o  a s i n g l e  focus  e x a c t l y  on t h e  r e t i n a .  Such e r r o r s  

a r e  t r e a t e d  w i t h  c o r r e c t i v e  l e n s e s .  

I r i t i s  ( I r i d o c y c l i t i s )  - Inf lammation of t h e  i r i s  and c i l i a r y  

body. 

Chalazion - Inflammatory enlargement  of a Meibomian (sebaceous)  

gland i n  t h e  e y e l i d .  

Hordeolum (Stye)  - I n f e c t i o n  of t h e  g lands  of Moll o r  Zeis. 

Strabismus - F a i l u r e  of s t r a i g h t n e s s  of t h e  eyes ;  one eye 

looks  d i r e c t l y  a t  t h e  o b j e c t  of a t t e n t i o n ,  whereas t h e  o t h e r  eye 

does not .  

Pterygium - A t r i a n g u l a r  f o l d  of t i s s u e  which ex tends  from t h e  

c o n j u n c t i v a  over t h e  cornea.  

OCULAR PHARMACOLOGY 18-24 

C o r t i c o s t e r o i d s  

These drugs have been employed i n  t h e  t r e a t m e n t  of  inf lammation 

f o r  n e a r l y  25 y e a r s .  

c a t i o n s  t o  c o n t r o l  t h e  inf lammation a s s o c i a t e d  w i t h  wearing c o n t a c t  

l e n s e s ,  and as d i a g n o s t i c  a g e n t s  i n  glaucoma t e s t i n g .  C o r t i c o s t e r -  

They have been wide ly  used i n  ophtha lmic  medi- 
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197 OPHTHALMIC DRUG DEVELOPMENT 

o ids  are employed t o  t r e a t  a l a rge  number of eye d iseases ,  including 

b l e p h a r i t i s ,  con junc t iv i t i s ,  u v e i t i s ,  k e r a t i t i s ,  contact de rma t i t i s ,  

cornea l  u l c e r s  and corneal chemical burns. They a r e  a l s o  used i n  

combination wi th  s p e c i f i c  a n t i b i o t i c s .  Cor t icos te ro ids  are contra- 

ind ica ted  f o r  t he  treatment of v i r a l  i n fec t ions  such as d e n d r i t i c  

u l ce r ,  small  pox and chicken pox. In  addi t ion ,  they should never 

be used i n  the  presence of fungal and b a c t e r i a l  i n fec t ions  not  

con t ro l l ed  by an ' t ib io t ics .  

Cor t icos te ro ids  are administered top ica l ly ,  subconjunctivally 

and sys temica l ly  depending upon the  loca t ion  and seve r i ty  of t he  

disease.  A major s i d e  e f f e c t  of co r t i cos t e ro id  therapy i s  an ele- 

va t ion  of ocu la r  pressure. To t r e a t  ocular  inflammation, i t  i s  

des i r ab le ,  but sometimes d i f f i c u l t ,  t o  select an agent which w i l l  

minimize the  ocular  pressure  increase ,  whi le  s t i l l  producing suf- 

f i c i e n t  antiinflarnmatory a c t i v i t y .  Severe complications may r e s u l t  

i f  both the  dosage s i z e  and frequency of co r t i cos t e ro id  administra- 

t i o n  are not c a r e f u l l y  cont ro l led .  The rise i n  ocular  tension i s  

most marked wi th  dexamethasone and betamethasone. 

Anti-infective Agents 

These agents may be  categorized i n t o  f i v e  main groups: an t i -  

b a c t e r i a l s ,  a n t i b i o t i c s ,  sulfonamides, an t i fungals  and a n t i v i r a l s .  

The major a n t i b a c t e r i a l  drugs inc lude  silver n i t r a t e ,  mild s i l v e r  

pro te in ,  bo r i c  ac id  and sodium propionate. They can be bac ter io-  

static o r  b a c t e r i c i d a l  and are used t o  treat minor i r r i t a t i o n s  of 

t he  external eye, s u p e r f i c i a l  eye in fec t ions ,  minor inflaumation 

and chemical burns. S i l v e r  n i t r a t e  is requi red  by l a w  i n  some 
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198 AKERS, SCHOENWALD, AND McGINITY 

s t a t e s  t o  be administered i n  the  eyes of t h e  newborn f o r  t he  

prophylaxis of ophthalmia neonatorum. 

S imi l a r ly ,  a n t i b i o t i c s  may e x e r t  b a c t e r i o s t a t i c  o r  b a c t e r i c i d a l  

a c t i v i t y .  An t ib io t i c s  e x e r t  t h e i r  e f f e c t  by d i s t u r b i n g  c e l l  wa l l  

syn thes i s ,  p r o t e i n  s y n t h e s i s  o r  a l t e r i n g  membrane permeabi l i ty ,  

thereby d i s r u p t i n g  the  metabolic a c t i v i t i e s  of t he  bac te r i a .  The 

major ophthalmic agents  i n  t h i s  c l a s s  inc lude  the  t e t r a c y c l i n e s ,  

b a c i t r a c i n ,  neomycin, p o l p i x i n ,  chloramphenicol, erthyromycin and 

gentamicin. 

The sulphonamides a r e  b a c t e r i o s t a t i c  agents  which a r e  

ind ica t ed  i n  many e x t e r n a l  eye i n f e c t i o n s  inc luding  c o n j u n c t i v i t i s ,  

b l e p h a r i t i s ,  k e r a t i t i s ,  cornea l  u l c e r s  and s tyes .  They a r e  a l s o  

used p rophy lac t i ca l ly  following the  removal of fo re ign  bodies,  and 

t o  t r e a t  ab ras ive  i n j u r i e s  t o  the  eye. The major sulfonamide is  

sodium sulfacetamide. Two o t h e r  important sulfonamides are s u l f i -  

soxazole and su l fameth izo le .  

Antifungal agents  a r e  employed t o  combat fungal  k e r a t i t i s  and 

endophthalmitis.  The drug of choice i s  amphotericin I). Other 

an t i funga l s  a v a i l a b l e  inc lude  n y s t a t i n  and f lucy tos ine .  E f f e c t i v e  

a n t i v i r a l  agents  inc lude  idoxur id ine  and adenine a rab inos ide .  

These drugs are e f f e c t i v e  i n  t r e a t i n g  d e n d r i t i c  k e r a t i t i s  and o the r  

cornea l  i n f e c t i o n s  caused by herpes simplex v i rus .  

Agents Acting on Autonomic Nervous System 

Topica l  admin i s t r a t ion  of cho l ine rg ic  drugs i n  t h e  eye pro- 

duces c o n s t r i c t i o n  of the  pup i l s ,  con t r ac t ion  of t he  c i l i a r y  

muscles, d i l a t i o n  of blood vessels of the  iris and conjunct iva ,  
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OPHTHALMIC DRUG DEVELOPMENT 199 

and/or i nc rease  i n  aqueous outflow. P i locarp ine  and carbachol 

a r e  the  most common chol inerg ic  drugs i n  use and a r e  employed f o r  

t h e i r  mio t ic  e f f e c t s  and t o  t r e a t  glaucoma. 

i n  s t r eng ths  of 0.25 t o  10% and is  the  drug of choice f o r  primary 

glaucoma. Carbachol is applied i n  s t r eng ths  of 0.75% t o  3%, t o  

t r e a t  open-angle glaucoma. It i s  a more powerful mio t ic  than p i lo-  

carp ine  and is  used i n  p a t i e n t s  where t h e  glaucoma cannot be con- 

t r o l l e d  wi th  p i locarp ine .  

P i locarp ine  i s  used 

Ant ichol ines te rase  drugs produce similar e f f e c t s  t o  the  

cho l ine rg ic s  and a r e  used t o  t r e a t  open-angle glaucoma. These 

drugs inc lude  echothiophate iod ide ,  demecarium bromide and physo- 

st igmine, t he  la t ter  being f requent ly  combined with p i locarp ine  t o  

t r e a t  glaucoma. 

Adrenergic drugs a r e  mainly used to  d i l a t e  t he  pupil .  I n  

add i t ion  t o  t h i s  mydr ia t ic  e f f e c t ,  adrenerg ics  a r e  employed f o r  

t h e i r  vasocons t r i c t ive  p rope r t i e s  t o  treat congestion, f o r  the  

r e l i e f  of a l l e r g i c  r eac t ions ,  f o r  hyperemia of the  conjunctiva,  and 

f o r  t he  treatment of glaucoma. 

Epinephrine is  used i n  s t r eng ths  ranging from 0.5 t o  2%. It 

is  a poor mydr ia t ic  except i n  the  treatment of Horner's syndrome, 

which is  a l e s i o n  of t he  super ior  ce rv ica l  sympathetic ganglion. 

The drug is o f t e n  combined wi th  p i loca rp ine  t o  treat glaucoma. 

Phenylephrine is a very e f f e c t i v e  mydriatic agent a t  10% concen- 

t r a t i o n ,  however, a t  t h i s  concentration, i t  is  less e f f e c t i v e  i n  

lowering i n t r a o c u l a r  tens ion  than a 2% so lu t ion  of epinephrine. 

Phenylephrine is used pr imar i ly  i n  ophthalmoscopic examinations. 
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T o p i c a l  a p p l i c a t i o n  of c h o l i n e r g i c  b l o c k i n g  a g e n t s  r e s u l t s  

i n  p u p i l l a r y  d i l a t i o n  and p a r a l y s i s  of accomodation, a c o n d i t i o n  

c a l l e d  c y c l o p l e g i a .  These drugs are used f o r  t h e i r  m y d r i a t i c  

e f f e c t s ,  p a r t i c u l a r l y  a s  p o s t o p e r a t i v e  a g e n t s  i n  c a t a r a c t  and 

r e t i n a l  detachment surgery .  At ropine  i s  t h e  s t r o n g e s t  c y c l o p l e g i c  

agent  a v a i l a b l e .  

weeks, while the c y c l o p l e g i a  may l a s t  up t o  6 days. Scopolamine 

is used i n  p a t i e n t s  s e n s i t i v e  t o  a t r o p i n e .  Other  a g e n t s  i n c l u d e  

homatropine, c y c l o p e n t o l a t e ,  and t ropicamide.  T h e i r  c y c l o p l e g i c  

a c t i v i t y  i s  of s h o r t e r  d u r a t i o n .  

l as t s  from 0.5 t o  4 hours  and i t  i s  thus  used i n  r e t i n a l  photo- 

graphy and i n  r e f r a c t i o n  s t u d i e s .  

Mydriasis  from t h i s  drug p e r s i s t s  f o r  up t o  2 

Cyclopleg ia  from t ropicamide  

A n e s t h e t i c s  

T o p i c a l  and l o c a l  a n e s t h e t i c s  permi t  t h e  c l i n i c i a n  t o  measure 

o c u l a r  t e n s i o n ,  remove f o r e i g n  bodies  from t h e  s u r f a c e  of t h e  eye 

and t o  c a r r y  o u t  lacrimal c a n a l i c u l a r  manipula t ion  and i r r i g a t i o n .  

Cocaine i s  t h e  proto- type and t h e  only  n a t u r a l  a n e s t h e t i c  compound. 

However, i t  is  r a r e l y  used s i n c e  i t  causes  damage t o  t h e  c o r n e a l  

e p i t h e l i u m  and may i n f l u e n c e  i n t r a o c u l a r  p r e s s u r e .  The o n s e t  of 

a c t i o n  o f  t o p i c a l  a n e s t h e t i c s  is  w i t h i n  a minute  and t h e i r  d u r a t i o n  

of a c t i o n  i s  1 0  t o  20 minutes .  The most c o m o n l y  used t o p i c a l  

a n e s t h e t i c s  are t e t r a c a i n e ,  p r o p a r a c a i n e  and b e n o x i r a t e .  

Local a n e s t h e t i c s  have a more de layed  o n s e t  of a c t i o n  (3-11 

minutes) .  The d u r a t i o n  of a c t i o n  may vary  from 0.5 t o  4 hours .  

Proca ine  and l i d o c a i n e  are t h e  t w o  most f r e q u e n t l y  used  l o c a l  ane- 

s t h e t i c s  i n  o c u l a r  surgery .  To these are f r e q u e n t l y  added epinephr:  
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OPHTHALMIC DRUG DEVELOPMENT 201 

and hyaluronidase to decrease absorption and to increase diffusion 

of the anesthetic, respectively. 

Miscellaneous Agents 

Diagnostic agents are used to diagnose specific ocular abnor- 

malities and to examine various parts of the eye for possible 

manifestations of systemic disease. Fluorescein and rose bengal 

are used to examine the conjunctiva, cornea and lacrimal apparatus. 

Fluorescein will turn bright green in ordinary light if defects 

exist in the corneal epithelium. Similar lesions of the conjunctiva 

will appear bright orange-yellow. Rose bengal will stain devitalized 

cells while normal cells will not stain. Other diagnostic agents 

include edrophonim chloride, used as a diagnostic agent in myas- 

thenia gravis, and methacholine, used to differentiate the tonic 

pupil from the normal pupil. It will also diagnose weakness of 

ocular muscles. 

Several products are available for self medication of ocular 

conditions such as artificial tears, eye washes, antiseptic drops, 

ointments and decongestants. 

the eye may be deficient in either the aqueous or mucin components 

of the precorneal tear film. Mucin-deficient dry eyes may be seen 

in a variety of diseases including chemical burns and vitamin A 

deficiency. Artificial tear preparations contain either hydroxy- 

propylmethylcellulose, methylcellulose, polyvinyl alcohol, and/or 

Dry eye refers to a condition in which 

gelatin. Vasoconstrictors used as decongestant drugs available 

for O.T.C. use in ophthalmic6 are ephedrine, phenylephrine, 

naphazoline, and tetrahydrozoline. 

out". Zinc salts are also used as decongestants. 

Vasoconstrictors "get the red 
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202 A K E R S ,  SCHOENWALD, AND M c G I N I T Y  

I n  a d d i t i o n  t o  t h e  drugs d i s c u s s e d  thus  f a r ,  two o t h e r  groups 

of a g e n t s  have been used t o  treat glaucoma. Hyperosmotic a g e n t s ,  

such as g l y c e r o l  502, manni to l  20X, and u r e a  30% produce a f a l l  

i n  i n t r a o c u l a r  p r e s s u r e  by  v i r t u e  of t h e i r  a b i l i t y  t o  create an 

osmolar g r a d i e n t  between blood and t h e  aqueous environment. These 

t h r e e  materials are used i n  t h e  t r e a t m e n t  of narrow-angle glaucoma 

i n  p r e p a r a t i o n  f o r  surgery .  The o t h e r  group of compounds are t h e  

carbonic  anhydrase i n h i b i t o r s ,  and i n c l u d e  ace tazolamide ,  d i c h l o r -  

phenamide, e thoxozolamide,  and methazolamide. These drugs are of 

g r e a t  c l i n i c a l  v a l u e  i n  b o t h  s h o r t  and long-term t rea tment  of 

glaucoma and act  by s u p p r e s s i n g  t h e  s e c r e t o r y  format ion  of  aqueous 

humor. 

Ocular  Complicat ions of Drugs 

Local  and sys temic  a d m i n i s t r a t i o n  of c e r t a i n  drugs h a s  r e s u l t e d  

i n  many forms of v i s u a l  compl ica t ions .  These i n c l u d e  b l u r r e d  v i s i o n ,  

d i s t u r b a n c e  i n  c o l o r  v i s i o n ,  pigmentary d e g e n e r a t i o n  of t h e  r e t i n a ,  

and damage t o  t h e  cornea ,  r e t i n a  and o p t i c  nerve.  The drugs  respon- 

s i b l e  f o r  t h e s e  adverse  e f f e c t s  i n c l u d e  t h o s e  t h a t  are r e t i n o t o x i c :  

t h e  c a r d i a c  g l y c o c i d e s ,  t h e  q u i n o l i n e s ,  and t h e  p h e n o t h i a z i n e s ,  and 

those  t h a t  produce t o x i c  o p t i c  n e u r o p a t h i e s :  chlorpropamide,  t h e  

c o r t i c o s t e r o i d s ,  and chloramphenicol .  

The i n c i d e n c e  of o c u l a r  m a n i f e s t a t i o n s  i n  p a t i e n t s  w i t h  d i g i -  

t a l i s  t o x i c i t y  h a s  been e s t i m a t e d  t o  b e  as h i g h  as 25%. The most 

common o c u l a r  symptoms of  d i g i t a l i s  t o x i c i t y  are b l u r r e d  v i s i o n  

and d i s t u r b e d  c o l o r  v i s i o n .  Color  v i s i o n  is a f f e c t e d  so that  

o b j e c t s  may appear  ye l low o r  green.  O b j e c t s  may a l s o  seem t o  b e  
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OPHTHALMIC DRUG DEVELOPMENT 203 

covered with snow or frost, i.e., "snowy vision". Several of the 

phenothiazines, e.g., thioridazine hydrochloride, have produced 

pigmentary degeneration of the retina and, occassionally blindness. 

The phenothiazines have been found to accumulate in the pigment 

cell, particularly within the melanin fraction. It appears that a 

certain dosage, usually 200 mg of thioridazine hydrochloride daily 

for many months, must be exceeded before ocular damage is observed. 

The quinoline drugs, e.g., chloroquine, may cause damage to the 

cornea, retina or optic nerve. The effects of some drugs can be 

predicted and occur shortly after drug administration. 

produce adverse ocular effects that occur only after long-term 

administration and which could not have been predicted from available 

Other agents 

information from experiments in animals or short-term clinical 

investigations. 

25-29 
OPHTHALMIC SOLUTIONS 

Ophthalmic dosage forms are unique since they are administered 

to very delicate membranes often traumatized by accident or surgery. 

Because of their method of use and the drugs employed, ophthalmic 

preparations may differ from parenterally-administered agents in 

the added substances used to enhance the activity and to maintain 

stability and sterility of the product. 

faces several difficulties and challenges in formulating and pre- 

paring ophthalmic solutions and other ophthalmic dosage forms. 

Ophthalmic dosage forms include solutions, ointments, 

The industrial pharmacist 

suspensions, lyophilized powders, and oily solutions. Two newer 

types of dosage forms are new drug delivery systems involving 
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204 AKERS, SCHOENWALD, AND McGINITY 

membrane i n s e r t s  (OcusertB) and spray  d e v i c e s  (MisturaTn). Some 

of  t h e  f o l l o w i n g  formula t ion  f a c t o r s  t h a t  must be  cons idered  i n  

developing s a f e  and e f f e c t i v e  ophthalmic dosage forms i n c l u d e  

s t a b i l i t y ,  c o m p a t i b i l i t y ,  t o n i c i t y ,  v i s c o s i t y ,  packaging,  and 

s t e r i l i t y .  

S t a b i l i t y  

The ra te  of d e g r a d a t i o n  of ophthalmic drugs  i n  s o l u t i o n  

depends on t h e  n a t u r e  of t h e  a c t i v e  drug, t h e  tempera ture  and pH 

of t h e  s o l u t i o n ,  and t h e  amount of oxygen and u l t r a v i o l e t  l i g h t  t o  

which t h e  drug  is exposed. The re la t ive s t a b i l i t y  of ophthalmic 

drugs h a s  an impor tan t  b e a r i n g  on i t s  formula t ion ,  method of pre- 

p a r a t i o n ,  and s t o r a g e  of  t h e  s o l u t i o n .  A n e u t r a l  pH i s  d e s i r e d  f o r  

comfort, y e t  most drugs are u n s t a b l e  a t  n e u t r a l  pH. Autoclaving i s  

t h e  p r e f e r r e d  method of s t e r i l i z a t i o n ,  y e t  many compounds degrade 

a t  tempera tures  above ambient  temperature .  Drugs c o n t a i n i n g  ester 

l i n k a g e s ,  such  as l o c a l  a n e s t h e t i c s  (proca ine ,  t e t r a c a i n e ) ,  cyclo-  

p l e g i c s  ( a t r o p i n e ) ,  and many of  t h e  m i o t i c s  ( p i l o c a r p i n e ,  carbachol ,  

physost igmine)  are a l l  s u b j e c t  t o  h y d r o l y t i c  degrada t ion .  Epinephr in  

and phenylephr ine  are prime examples of ophthalmic drugs  which can b e  

e a s i l y  o x i d i z e d  because  of f r e e  hydroxyl  (-OH) groups.  Excessive 

exposure t o  l i g h t  can  degrade  such ophthalmic drugs as a t r o p i n e ,  

p r e d n i s o l o n e ,  and sodium su l face tamide .  Formulat ion a d d i t i v e s ,  such 

as c e r t a i n  p r e s e r v a t i v e s  (ch lorobutanol )  and a n t i o x i d a n t s  ( a s c o r b i c  

a c i d ,  sodium b i s u l f i t e )  a r e  s u b j e c t  t o  d e g r a d a t i o n  and, t h u s ,  must 

be p r o t e c t e d  t o  some e x t e n t  by pH adjus tment ,  l i g h t - r e s i s t a n t  pack- 
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OPHTWMIC DRUG DEVELOPMENT 20 5 

aging and chelating agents to exert their protective effects on the 

drug in solution. 

Compatibility 

Formulation additives may either interact directly with the 

drug, such as sodium bisulfite inactivating epinephrine, or may 

indirectly influence drug instability as a result of their function 

in the formulation. Buffers, which are employed for minimizing pain, 

insuring drug stability, or controlling drug therapeutic activity, 

may catalyze drug degradation or adversely affect product stability 

due to an incompatibility between the buffer ion and the drug. 

Salts, used to adjust the solution tonicity, may also accelerate the 

degredation rate of a drug sensitive to increases in ionic strength. 

Suspending agents have been known to alter product stability by the 

effects of increased solution viscosity. Antioxidants and preserva- 

tives, as already stated, self-degrade. They may also be incompatible 

with the drug or other formulation components, resulting in either 

decreased drug potency and/or physical stability problems, e.g., 

precipitation. Thus, the formulating pharmacist must carefully 

study and understand potential additive interactions with the drug 

and develop a formula which will minimize or eliminate these problems. 

Tonicity 

The importance of ophthalmic solutions being isotonic is well 

known. Considerable discomfort and less than optimal therapeutic 

effect may be avoided if ophthalmics are isotonic with lacrimal 

fluid. However, the eye can tolerate solutions having a tonicity 

value ranging from those equivalent to 0.5 to 1.6% sodium chloride 
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206 AJCERS, SCHOENWALD, AND McGINITY 

without g r e a t  discomfort. Ophthalmic s o l u t i o n s  do not  need t o  be  

exac t ly  i s o t o n i c  wi th  t e a r s ,  e s p e c i a l l y  i f  extemporaneous ad jus t -  

ment of t o n i c i t y  could endanger the  s o l u t i o n  s t e r i l i t y .  However, 

it has  been discovered r ecen t ly  t h a t  s o l u t i o n s  used as i n t r a o c u l a r  

i r r i g a t i n g  s o l u t i o n s  i n  ocu la r  surgery  should be i s o t o n i c  t o  mini- 

mize swel l ing  of the  s e n s i t i v e  cornea l  endo the l i a l  c e l l s .  Pa in  

can be caused by f a c t o r s  o ther  than noniso tonic  s o l u t i o n  administra- 

t i on .  These f a c t o r s  inc lude  a c i d i t y ,  a l k a l i n i t y ,  p r o p e r t i e s  of t he  

drug i t s e l f ,  and the  volume of s o l u t i o n  administered a t  one time. 

The eye w i l l  t o l e r a t e  a l k a l i n e  s o l u t i o n s  b e t t e r  than a c i d i c  s o l u t i o n s  

Unbuffered s o l u t i o n s  a t  low pH, due to  s t a b i l i t y  requirements of t h e  

drug, w i l l  be e a s i l y  n e u t r a l i z e d  by the  tears i f  administered i n  

s m a l l  volumes. I f  a drug must be administered a t  high concent ra t ions  

the  s o l u t i o n  should be buf fered  and i s o t o n i c ,  o r  discomfort most 

l i k e l y  w i l l  occur. High concent ra t ions  of drugs such a s  l o c a l  

a n e s t h e t i c s ,  heavy metal  salts ,  and qua ternary  compounds (carba- 

chol ,  demecarium bromide, echoth iophate  iod ide ) ,  w i l l  cause pain 

because these  drugs are sur face-ac t ive  and, thus,  w i l l  cause super- 

f i c i a l  cornea l  damage as a r e s u l t  of p r o t e i n  dena tura t ion .  

Viscos i ty  

Additives used t o  inc rease  v i s c o s i t y  a r e  important because 

they inc rease  t h e  contac t  time of t h e  i n s t i l l e d  drug s o l u t i o n  wi th  

t h e  cornea. Without such a d d i t i v e s ,  the  tears w i l l  wash out  t he  

drug s o l u t i o n  wi th in  f i v e  minutes. A very  important use of v i s c o s i t y  

inducing agents  is t h e i r  i nc lus ion  i n  a r t i f i c i a l  t e a r  p repa ra t ions  

and contac t  l e n s  l u b r i c a n t  so lu t ions .  A r t i f i c i a l  t e a r  products a r e  
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OPHTHALMIC DRUG DEVELOPMENT 207 

designed for patients suffering from tear deficiencies such as 

keratoconjunctivitis sicca. Materials used to increase viscosity 

include cellulose derivatives, polyvinyl alcohol, polyvinyl pyrroli- 

done, and polyethylene glycol. The major disadvantage of artificial 

tear products is that excessive use will result in "stickiness" 

and irritation resulting from drying and granulating on the eye- 

lids. 

In addition, and/or in the place of viscosity-inducing agents, 

surface-active agents have been included in ophthalmic formulations 

to increase corneal drug penetration. 

important additives in contact lens solutions as they improve 

Surface-acting agents are 

wetting of the lens. Surface-active agents which have been used 

include benzalkonium chloride, polysorbate 80, polyoxy-40-sterate, 

and polyoxypropylene-polyoxyethenediol. The formulating pharmacist 

must employ careful judgment in avoiding indiscriminate,use of these 

surface-active agents. 

Packaging 

The packaging of ophthalmic solutions can offer some perplexing 

problems since drugs and preservatives can potentially interact with 

certain components of plastic and rubber. Also, unless adequately 

controlled, containers and rubber stoppers can be sources of particu- 

late matter. Containers must be able to be sterilized and maintain 

drug stability. Many factors can influence drug stability in plastics. 

These include plastic composition, processing and cleaning operation, 

absorption of drugs, permeability of preservatives, and effects of 

storage. 
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S t e r i l i t y  

S t e r i l i t y  i s  last ,  but  c e r t a i n l y  n o t  l eas t ,  of t h e  f a c t o r s  t o  

cons ider  i n  f o r m u l a t i n g  ophthalmic dosage forms. No one has  ever 

l o s t  an eye  because t h e  drug  i n  s o l u t i o n  w a s  decomposed o r  t h e  

s o l u t i o n  i t s e l f  w a s  i r r i t a t i n g ,  b u t  t h e  i n s t i l l a t i o n  of contami- 

na ted  s o l u t i o n s  h a s  t o o  o f t e n  r e s u l t e d  i n  s e r i o u s  i n f e c t i o n  and 

l o s s  of t h e  eye. The Food and Drug Adminis t ra t ion ,  i n  1953, d e c l a r e d  

t h a t  n o n - s t e r i l e  ophthalmic p r o d u c t s  would be  cons idered  a d u l t e r a t e d  

and misbranded. The most dangerous microorganism t o  t h e  eye i s  

Pseudomonas a e r u p i n o s a  because i t  grows i n  t h e  cornea b e t t e r  than  

i n  any o t h e r  known medium. Various methods are a v a i l a b l e  t o  steri-  

l i z e  ophthalmic s o l u t i o n s .  Provided t h e  drug w i l l  remain s t a b l e ,  

a u t o c l a v i n g  i s  t h e  s i m p l e s t  method of s t e r i l i z a t i o n .  Chemical 

methods u s i n g  e t h y l e n e  oxide ,  formaldehyde, o r  be ta -propio lac tone  

gases, are wide ly  used s t e r i l i z a t i o n  methods. Bacterial f i l t r a t i o n ,  

next  t o  a u t o c l a v i n g ,  i s  t h e  method of c h o i c e  f o r  s t e r i l i z i n g  oph- 

thalmic s o l u t i o n s .  T h i s  method is b e s t  f o r  drugs s e n s i t i v e  t o  h e a t  

and gas .  However, f i l t r a t i o n  p l a c e s  g r e a t e r  emphasis on a s e p t i c  

technique  and does n o t  remove v i r a l  contaminants .  

Contamination of o p h t h a h i c  s o l u t i o n s  d u r i n g  use  is v e r y  

probable .  

Renzalkonium c h l o r i d e  is the p r e s e r v a t i v e  of choice.  S o l u t i o n s  

prepared f o r  s i n g l e  a p p l i c a t i o n ,  such as use i n  s u r g e r y  o r  a p p l i c a -  

t i o n  t o  i n j u r e d  e y e s ,  do n o t  need a p r e s e r v a t i v e .  I n  f a c t ,  p reserva-  

t i v e s  are i r r i t a t i n g  t o  t h e  c o r n e a l  endothel ium, t h e  i r i s ,  and t h e  

t i s s u e s  l i n i n g  t h e  a n t e r i o r  chamber, and t h u s ,  are u n d e s i r a b l e  i n  

s o l u t i o n s  used i n  s u r g e r y  and/or  i n j u r y .  

Thus, mul t ip le -use  s o l u t i o n s  must c o n t a i n  a p r e s e r v a t i v e .  
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OPHTHALMIC DRUG DEVELOPMENT 7-09 

In summary, the most important f ac to r s  to  consider when 

preparing ophthalmic solut ions a re  s t a b i l i t y ,  pH, compatibility, 

t on ic i ty ,  viscosi ty ,  packaging s t e r i l i t y ,  and preservation. The 

most important of these is s t e r i l i t y .  The formulating pharmacist 

must confront and answer these challenging f ac to r s  i n  the pursui t  

of producing safe ,  e f f ec t ive ,  and acceptable ophthalmic dosage 

forms. 

OPHTHALMIC DRUG DEZIVERY 

In general, the  term drug delivery is used t o  refer t o  con- 

t ro l l ed  del ivery systems t h a t  release drug at a r a t e  which alters 

or  controls  the r a t e  of the pharmacological or  therapeutic e f f ec t .  

Appropriate systems achieve a r e l a t i v e l y  constant release rate which 

can be maintained generally over long periods without administering 

repeated doses o r  excessively l a rge  i n i t i a l  doses. 

rate of release is one which is j u s t  s u f f i c i e n t  t o  sus t a in  a desired 

The desired 

response and t o  replace drug which is l o s t  by chemical degradation, 

metabolism o r  other mechanisms. 

S l igh t ly  viscous commercial ophthalmic solut ions when applied 

t o  the eye are uncontrolled with regard t o  drug release. 

is i n i t i a l l y  flooded with drug of which only a small f r ac t ion  is 

ac tua l ly  absorbed through the  cornea. The remainder of drug e i t h e r  

s p i l l s  over the eyel id  o r  en te r s  the nasolacrimal duct t o  provide a 

po ten t i a l  f o r  systemic drug toxicity.  

so at  a rapid rate such t h a t  the peak response is often higher than 

therapeut ical ly  desirable ,  only t o  decl ine rapidly i n  a few hours 

The eye 

Drug which is absorbed does D
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2 10 AKERS, SCHOENWALD, AND McGINITY 

t o  drug l e v e l s  below a minimum e f f e c t i v e  concentration. Consequently, 

two important concentration l e v e l s  must be considered: t he  minimum 

e f fec t ive  concentration, which is the lowest concentration necessary 

t o  produce the desired e f f e c t ,  and the  toxic  concentration above 

which undesirable s i d e  e f f e c t s  occur. I n  order t o  minimize the 

"overdose-underdose" pa t t e rn  of drop therapy, a control led del ivery 

system attempts t o  r e l ease  drug within these limits. In  addition, 

an idea l  drug del ivery system not only r e l eases  drug a t  a predeter- 

mined rate, but  releases drug independent of s m a l l  changes i n  the 

physiological environment. Under these conditions,  normal biological  

va r i a t ions  i n  the physiological environment, do not effect  therapy. 

Although many types of drug del ivery systems have been experi- 

mentally t e s t e d  i n  the  eye, only the  d i f fus iona l ,  r e se rvo i r  type 

insert, t h e  OcusertB, is  commercially avai lable .  This i n s e r t  i s  an 

e l l i p t i c a l  device consis t ing of a drug-containing core surrounded 

by a f l e x i b l e  copolymer membrane through which pi locarpine diffuses .  

The ocular del ivery system is  i n  contact with the  conjunctiva. After 

about 8-12 hours, i t  w i l l  release pi locarpine a t  20 mcgfhr f o r  the 

Pilo-20 system o r  40 mcg/hr f o r  the Pilo-40 system f o r  the remainder 

of a seven day period. 

During the f i r s t  8-12 hours a f t e r  i n se r t ion ,  t h e  release is  

r e l a t i v e l y  high due t o  drug migration to  the  su r face  of t he  device 

during storage.  This i n i t i a l  b u r s t  is about equal t o  the  amount of 

pi locarpine contained i n  one drop of a 2% solut ion.  The i n s e r t  

contains a white border of t i tanium dioxide which prevents leakage 

a t  the  edges and provides v i s i b i l i t y  i n  handling and in se r t ing .  The 
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OPHTHALMIC DRUG DEVELOPMENT 211 

i n s e r t  is placed under the  lower l i d  and removed by much the  same 

technique as inse r t ing  and removing a s o f t  contact lens.  It is 

intended t o  remain wi th in  the  conjunct iva l  s a c  day and night.  

Since i t  is f l e x i b l e  and r e l a t i v e l y  i n s e n s i t i v e  to  the  eye, the  

i n s e r t  can f l o a t  t o  the  s i d e s  or top of t h e  eye unnoticed. This  

movement does no t  i n t e r f e r e  with the  proper functioning of t he  uni t .  

The inner  core  o r  r e se rvo i r  contains 5 mg o r  11 mg of p i lo-  

carpine f o r  t he  Pilo-20 and Pilo-40 systems respectively.  The 

r a t e  con t ro l l i ng  ou te r  membrane is  composed of ethylene/vinyl 

a c e t a t e  copolymer. Diffusion through the  outer  membrane can be 

described by Fick's d i f fus iona l  equation: 

J = -DA dc 
Equation 1 dx 

where J is the  f l u x  of drug i n  gm sec-', D i s  the  d i f fus ion  coef- 

f i c i e n t  f o r  drug wi th in  the  polymeric membrane i n  a n 2  sec-l, A i s  

the  area of the  membrane i n  em2, dc is the  drug concentration 

gradien t  wi th in  the  membrane along the  d i r e c t i o n  of flow i n  gm 

and dx represents  t he  thickness of t h e  membrane i n  cm. The 

minus s ign  ind ica t e s  t h a t  d i f fus ion  occurs from the  r e se rvo i r  o r  

higher concentration t o  the  lower concentration a t  the  outer  sur- 

f ace  of t h e  membrane. 

The 20 o r  40 mcg/hr, re leased  under steady state conditions,  

is predic ted  by equation 1 f o r  each OcusertB system as reported 

by Alza scientists3' .  

mental work, i nd ica t e s  t h a t  drug d i f fus ion  is cont ro l led  by t h e  

equation parameters, namely, the  type of polymer used (expressed as 

a func t ion  of D), i t s  sur face  area (A) and its thickness (dx). The 

Ver i f i ca t ion  of. t he  equation, through experi- D
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212 A K E R S ,  SCHOENWALD, AND NcGINITY 

quan t i ty  of drug i n  the  r e s e n o i r  determines the  length  of time a 

steady s t a t e  could be maintained. It has been repor ted  t h a t  i n  

s a l i n e ,  t he  OcusertB Pilo-20 and Pilo-40 systems re leased  p i loca rp ine  

a t  s teady  state rates of 21.6 5 0.3 mcg/hr and 44.7 5 3 .7  mcg/hr 

r e spec t ive ly  over 168 hours. In  humans, t h e  Pilo-20 system re leased  

drug over seven days a t  an average r a t e  of 17.9 5 2.9 mcg/hr. 

f a c t  t h a t  s t eady  state r e l e a s e  r a t e s  a r e  s i m i l a r  f o r  i n -v i t ro  and 

in-vivo s t u d i e s  is  an i n d i c a t i o n  t h a t  p i loca rp ine  release i s  con- 

t r o l l e d  by the  device and not  by t h e  immediate environment. 

The 

Since the  Ocuserta is intended to  remain i n  the  eye f o r  a 

seven day per iod ,  i t  provides g r e a t e r  convenience t o  t h e  p a t i e n t  

and b e t t e r  con t ro l  of glaucoma by e l imina t ing  d i u r n a l  v a r i a t i o n s  

assoc ia ted  wi th  drop therapy. The i n s e r t  provides a reasonably 

constant and l e s s  marked myopia t h a t  can be  t r e a t e d  wi th  c o r r e c t i v e  

lenses  as compared t o  p i loca rp ine  drop therapy which causes  a va r i -  

a b l e  change i n  v i s u a l  a c u i t y  t h a t  i s  d i f f i c u l t  t o  co r rec t .  On t h e  

o the r  hand, i t  i s  approximately ten  times more expensive than  drop- 

therapy and may be l e s s  r e l i a b l e  f o r  i nd iv idua l s  i n  whom it can f a l l  

out unnoticed o r  become acc iden t ly  pe r fo ra t ed  and l e a k  i t s  contents  

rap id ly .  I n  genera l ,  t h e  the rapeu t i c  value of t h e  Ocusert@ Pilo-20 

i n s e r t  is equiva len t  t o  a p i loca rp ine  eye drop concent ra t ion  of 

less than 2%; whereas, t he  Pilo-40 is  equiva len t  t o  4% p i l o c a r p i n e  

eye drops. 

H i s t o r i c a l l y ,  s y n t h e t i c  polymers have been widely used i n  

aqueous s o l u t i o n s  i n  t h e  eye to prolong therapy. 

hydroxypropyl methylce l lu lose ,  and polyvinyl  a lcohol  have been 

Methylce l lu lose ,  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



OPHTHALMIC DRUG DEVELOPMENT 213 

used commercially most of ten t o  prolong therapy. These water 

soluble  polymers impart a s l i g h t  lowering of surface tension and 

an increase i n  v i scos i ty  to  the solutions.  The increase i n  vis- 

cos i ty  prolongs contact time of the  drug i n  the eye, thereby 

r e s i s t i n g  drainage 31s32; whereas, a lowering of the surface ten- 

s ion improves mixing with the precorneal tear film. In  r abb i t s ,  

a two t o  three-fold improvement i n  b ioava i l ab i l i t y  has been found 

f o r  t he  viscous aqueous  solution^^^-^^. Although viscous aqueous 

solut ions are purported t o  improve ophthalmic drug b ioava i l ab i l i t y ,  

they cannot be considered controlled del ivery systems. 

One of f i r s t  successes a t  prolonging ophthalmic therapy through 

membrane control led releases w a s  obtained by presoaking s o f t  contact 

lenses  i n  pi locarpine formulations and then placing the  l enses  on 

the cornea. 

i n  0.5% pilocarpine hydrochloride solut ions and placed on the eye 

of glaucoma p a t i e n t s  f o r  30 minutes t o  2 hours. In  a l l  pa t i en t s ,  

i n t r aocu la r  pressure w a s  controlled after 24 hours. 

contrast  t o  normal pilocarpine eyedrop therapy which requires 

dosing th ree  t o  four times a day t o  achieve 24-hour control.  

has been proposed35 t h a t  t he  exceptionally long duration achieved 

from the  r e l a t i v e l y  short  corneal contact t i m e  of drug-saturated 

l e n s  could occur from "loading" the  cornea. 

a biological  depot, would then accumulate drug and release it i n  

concentrations above the  minimum therapeut ic  level f o r  a longer 

period of t i m e .  

f o r  pilocarpine,  has been recent ly  reported by Sieg and Robinson 

i n  rabbi ts .  

In one study34, the lenses  were soaked f o r  two months 

This is  i n  

It 

The cornea, act ing as 

Direct evidence t h a t  t h i s  is occurring, a t  least 
36 
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214 AKERS, SCHOENWALD, AND McGINITY 

Although the  Mistura ophthalmic spray  cannot be considered a 

cont ro l led  de l ive ry  system, i t  r ep resen t s  a new mode of drug 

de l ive ry  t o  the  eye and, t he re fo re ,  warran ts  mentioning. It i s  a 

hand operated,  metered pump f i t t e d  wi th  a detachable eyepiece. 

Depression of t he  spray head d e l i v e r s  a f i n e  spray of an aqueous 

so lu t ion  of eye medication devoid of v i s c o l i z e r .  It  represents  a 

f a s t  and convenient way t o  i n s t i l l  medication, but a s i g n i f i c a n t  

po r t ion  of t he  dose can be sprayed on the  eye l id  and run down t h e  

cheek. The cos t  t o  the  p a t i e n t  i s  only s l i g h t l y  h igher  than drop 

therapy. 

Current research  i n t e r e s t  is centered  around drug-containing 

bioerodable polymeric membranes. With these  devices,  drug is  

dispersed throughout t he  polymer mat r ix  r e s u l t i n g  i n  drug release 

as the  mat r ix  erodes. Regardless of the  shape of t h e  device,  i t s  

a rea  decreases as i t  erodes. Since release rate is  propor t iona l  

t o  area, a cons tan t  release could only be  achieved by using a high- 

er concent ra t ion  of drug i n  t h e  i n t e r i o r  of t he  device than i n  the  

su r face  layers .  In  terms of adequate therapy, however, a slowly 

dec l in ing  but con t ro l l ed  r e l e a s e  rate, e.g., low f i r s t  o rder  as 

opposed t o  zero order  o r  cons tan t  release rate, would l i k e l y  suf- 

f i c e  f o r  many ophthalmic drugs. 

have been t e s t e d  i n  t h e  eye wi th  some success  wi th  the  use  of a 

bioerodable insert. 

Hydrocortisone3’ and t e t r a c y c l i n e  
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