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ABSTRACT - --- - - - 

Pilocarpine r e l e a s e  and  t h e  t i m e  course  of miot ic  a c t i v i t y  was  

s tudied in a lbino rabbi t  eye. H-pilocarpine labelled m a t r i c e s  which 

conta ined  pi locarpine base (1 4.2 %), glycer ine (10%) and polymers  

(PVP, H P C  or the i r  mixtures) w e r e  prepared  by solution casting. 

Increasing t h e  a m o u n t  of PVP in t h e  mat r ices  increased t h e  r e l e a s e  

r a t e  and hygroscopicity of t h e  matr ices .  Rod-shaped nonradioact ive 

3.2 mg m a t r i c e s  with 0.45 m g  pi locarpine base  w e r e  appl ied i n t o  t h e  

infer ior  fornix of t h e  rabbi t s  and  t h e  miot ic  effect was followed. 
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URTTI ET AL. 258 

Despite in v i t ro  d i f fe rences ,  t h e  t i m e  c o u r s e  of miot ic  response did 

not vary between the  polymer matr ices .  Compared  to aqueous e y e  drop  

(25 pl, I .8 % pilocarpine),  t h e  polymer mat r ix  adminis t ra t ion  de layed  

t h e  onse t  of t h e  peak effect, but  did not  affect its magnitude. T h e  

biophasic availabil i ty was increased  1.2-fold c o m p a r e d  to t h e  e y e  

drops .  T h e  rod  shape  and t h e  smal l  size of t h e  mat r ices  diminished 

t h e  favourable  effect of polymer mat r ices  on drug  bioavailability. 

Adminis t ra t ion of pi locarpine in polymer m a t r i c e s  probably caused  

conjunct ival  vasodi la ta t ion and  subsequent  s y s t e m i c  r a t h e r  than  int-  

raocular  drug  absorption. 

INTRODUCTION - -- - - - - -- - 
Ocularly applied drugs a r e  absorbed i n t o  t h e  e y e  through t h e  

cornea.  Ocular  bioavailabil i ty of topical ly  appl ied drugs is low when 

t h e  drugs are insti l led as aqueous solutions. This is d u e  to t h e  

s h o r t  cornea l  c o n t a c t  t i m e  of t h e s e  solutions . Cornea l  c o n t a c t  a n d  

t ime for drug  absorpt ion h a v e  been  prolonged by increasing t h e  visco- 

s i t y  of t h e  aqueous solutions (1) o r  by adminis ter ing t h e  drug in 

polymer mat r ices  (2, 3). 

The d r u g  r e l e a s e  f r o m  polymer m a t r i c e s  c a n  b e  regula ted  by 

changing t h e  polymer composition. T h e  e f f e c t s  of changing t h e  com-  

position of polymer m a t r i c e s  on t h e  ocular  bioavailabil i ty has n o t  

b e e n  studied. In th i s  s tudy  pilocarpine,  a n  an t ig laucoma a g e n t  t h a t  

causes miosis, was  adminis te red  ocular ly  in t h r e e  ge l  forming,  soluble 

p o l y m e r  mat r ix  formulations.  P i locarp ine  induced miosis a f t e r  e y e  

drop  o r  polymer mat r ix  adminis t ra t ion  was followed. 
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E F F E C T S  OF I-IYDROPHILICITY O F  POLYMER MATRIX 25 9 

MATERIAL AND METHODS - ------ --- - ------ 

In Vitro Studies 

Pilocarpine base with H-pilocarpine t r ace r  (Radiochemical 

C e n t r e ,  Amersham, England; 10-30 nCi/mg of pilocarpine) was used 

as the drug in t h e  matrices.  HPC (Aldrich Chemical  Company, mw 

100,000) and PVP (Fluka AG) K 60 (mw. 160,000) were  used as 

matr ix  polymers. 

Pilocarpine, t racer ,  plasticizer and polymers were  dissolved 

in methanol and cast in a tef lon coa ted  pe t r i  dish. Circular matr ices  

(0.318-0.463 mm thick and 18 mm diameter )  were  c u t  f rom t h e  

resul t ing fi lms for  t h e  study of t h e  drug release.  The  thickness of 

t h e  matr ices  was measured with an electronic  digital  micrometer.  

Matrices with 14.2 % of pilocarpine, 10 % of glycerine (plas- 

t ic izer)  and d i f fe ren t  amounts  of H P C  and PVP K 60 were  prepared. 

Dried circular matr ices  were  mounted on a glass microscope 

slide with si l icone vacuum grease. Slides were  immersed in 200 ml of 

32 C iso-osmotic sa l t  solution with pH 7.4. The  solution was s t i r red  

w i t h  a magnet ic  st irrer.  The  pilocarpine concentrat ion of 500 PI 

samples was measured using LSC. Five to six experiments  were  made  

with e a c h  composition. 

The  apparent  diffusion coef f ic ien ts  were  calculated using Eq. 

1, 

where Q and A a r e  t h e  amounts  of drug released at t imes  t and infi- 
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260 URTTI ET A L .  

n i t y  respect ively,  S is  t h e  exposed a r e a  of t h e  matr ix ,  V is t h e  

volume of t h e  hydra ted  m a t r i x  and D is t h e  a p p a r e n t  diffusion coef -  

f i c i e n t  of pi locarpine in t h e  matrix.  Because  pi locarpine is a v e r y  

water soluble drug, D was c a l c u l a t e d  using values of Q less  t h a n  A/2. 

P a r t i c u l a r  emphas is  should n o t  b e  placed on t h e  absolu te  values  of 

apparent diffusion coef f ic ien ts ,  because  t h e  S/V-ratio was  assumed 

t o  b e  c o n s t a n t  during t h e  drug  r e l e a s e  though i t  was  n o t  ver i f ied 

experimental ly .  

Water absorpt ion f r o m  t h e  a i r  to t h e  p lacebo  m a t r i c e s  w a s  

t e s t e d  at  room t e m p e r a t u r e  in 79.5 % r e l a t i v e  a i r  humidi ty  using a 

g r a v i m e t r i c  technique. 

In Vivo Studies  

From the cast polymer m a t r i c e s  descr ibed above,  rod-shaped 

m a t r i c e s  w e r e  cut .  T h r e e  m a t r i c e s  with HPC/PVP K 60 -rat ios  of 

lOO/O, 50/50 a n d  0/100 w e r e  used. P i locarp ine  base  e y e  drops 

w e r e  m a d e  iso-osmotic in phosphate  buf fers  at pH of 7.0. 

New Zealand White  a lbino rabbi t s  (3.6-4.4 kg) w e r e  used in 

T h e  an imals  w e r e  a c c u s t o m e d  to  t h e  d im l ight ing and  woo- t h e  study. 

d e n  r e s t r a i n t  boxes 2 hours  b e f o r e  t h e  exper iment .  

25 PI of 1.8 % pilocarpine solut ion (drug  dose 0.45 mg) w a s  

insti l led o n t o  t h e  upper  c o r n e a  of t h e  rabbi ts ,  while  t h e  upper  e y e  lid 

was slightly pulled aside. T h e  m a t r i c e s  which conta ined  0.45 mg of 

pi locarpine w e r e  placed in t h e  lower conjunct ival  fornix of t h e  rab- 

bi ts .  Only o n e  e y e  f rom e a c h  rabbi t  was  used in t h e  exper iment .  
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EFFECTS OF HYDROPHILICITY OF POLYMER MATRIX 26 1 

Pupillary react ion to pilocarpine was followed with a video 

camera and monitor. The  d iameter  of t h e  pupil was measured f rom t h e  

monitor picture  at fixed times. Pupillary constr ic t ion is re la ted  to 

t h e  drug concentrat ion in t h e  iris sphincter muscle and thus pharmaco- 

kinetics of pilocarpine in the  iris can  be  followed with pupillary 

response ( 5 ) .  

The percentual constr ic t ion of pupil was plot ted against  t ime. 

The  magnitude of t h e  peak response and  i t s  t i m e  delay were  evalua- 

ted The  relat ive biophasic availabil i ty was measured as t h e  a r e a  

unde r  t h e  percentual  change of pupillary d iameter  vs t i m e  curve  

(AUC) using t rapezoidal  method. The  apparent  elimination r a t e  cons- 

t a n t  was determined with l inear regression analysis f rom t h e  na tura l  

logarithm of pupil constr ic t ion vs t i m e  curve. 

RESULTS _----- 

Increased HP C-content and decreased PVP-content of t h e  mat-  

r i ce s  decreased t h e  r a t e  of pilocarpine release.  (Fig. I and Table  

I). Increasing t h e  amount  of HPC in t h e  matr ices  decreased t h e  

water absorption from t h e  air ,  whereas addition of PVP increased t h e  

hygroscopicity of t h e  matr ix  (Table 1). 

The  t ime  course of t h e  miotic response of pilocarpine was 

about equal  a f t e r  application in different  polymer matrices.  The  t i m e  

delay of t h e  miotic response was significantly a f f ec t ed  by HPC and 

HP C/PVP vehicles (Table 2). Stat is t ical ly  significant differences 

of the magnitude of peak response, AUC or  apparent  elimination r a t e  

were  not observed between t h e  test groups. 
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262 URTTI ET AL. 

Time (min) 

FIGURE I 

Release of pi locarpine base  f rom polymer m a t r i c e s  prepared  f r o m  
mixtures of H P C  and PVP K 60. T h e  ra t ios  of t h e  a m o u n t s  of H P C  and 
P V P  w e r e  0/100 (open circles),  20/80 (closed circles),  40/60 
( o p e n  t r i a n g l e s ) ,  h 0 / 4 0  ( c l o s e d  tri+angles), 80/20 (open squares)  
a n d  100/0 (closed squares] Means - S.E.s (n=6) a r e  presented.  

DISCUSSION 

Increased PVP concent ra t ion  and d e c r e a s e d  HPC concent ra t ion  

accelerated pi locarpine r e l e a s e  f r o m  t h e  mat r ix  (Table  I ). Hygrosco- 

picity of the matr ix  was increased  in t h e  s a m e  order  as t h e  drug  

release f rom t h e  matrix.  This was d u e  t o  highly hydrophilic c h a r a c t e r  

of PVP molecule (6). PVP could increase  pi locarpine re lease  f r o m  

t h e  mat r ix  b y  a f f e c t i n g  penet ra t ion  of w a t e r  in to  t h e  mat r ix  o r  by 

changing t h e  diffusion of t h e  drug  f r o m  t h e  matrix.  In our ear l ie r  

study, w a t e r  p e n e t r a t e d  m o r e  quickly in to  t h e  PVP t h a n  t h e  H P C  
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EFFECTS OF HYDROPHILICITY OF POLYMER MATRIX 2 65 

matrix, but a lso t h e  gel  layer of t h e  HPC matr ix  seemed to  r e t a rd  

pi locarpine release more e f f ic ien t ly  than t h e  gel  layer of t h e  PVP 

matrix (4). Biophasic availabil i ty of pilocarpine increased 2.5-3.5 

times when t h e  drug was adminis tered in hydrophilic polymer matr ices  

with approximately equal  re lease charac te r i s t ics  to t h e  matr ices  of 

t h i s  s tudy (3, 7). Availability of pilocarpine t o  t h e  biophase of 

iris was increased 1.4 fold even with aqueous e y e  drops with t h e  vis- 

c o s i t y  of 4.2 cps  (1) and 1.9-2.7 fold with pilocarpine impregnated 

contact lenses from which t h e  drug release was rapid in vi t ro  (8). 

The polymer mat r ices  of this  study did not  show a vehicle-controlled 

absorption of pilocarpine, because t h e  absorption phase of t h e  matr ix  

delivered drug is indistinguishable f rom t h a t  of t h e  drug adminis tered 

in eye drops (Fig. 2). The  prolonged con tac t  of t h e  drug with 

co rnea l  sur face  delays t h e  onset  of t h e  peak effect (9). According 

to Mishima (10) sustained effect of pilocarpine in t h e  e y e  is ac- 

hieved only when t h e  precorneal loss of t h e  drug is slower than i t s  

elimination from t h e  biophase of iris. Thus i t  seems tha t  t h e  

precorneal  loss of pilocarpine was f a s t e r  than 0.5 h-' in this  study. 

The discrepancy between t h e  resul ts  of biophasic availabil i ty 

of this study and ear l ie r  studies (2, 7, 8) is explained by t h e  poor 

access of pilocarpine t o  t h e  corneal  s i t e  of drug absorption f rom a 

s m a l l  rod-shaped device in t h e  bot tom of lower (inferior) conjuncti-  

val fornix. When t h e  corneal  absorption of pilocarpine in rabbi ts  was 

b locked ,  drug absorption to t h e  iris-ciliary body decreased by about  

80 % (11). According t o  L e e  and  Robinson (12) drainage of t h e  
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266 URTTI ET AL. 

FIGURE 2 

Time course of pupillary d i a m e t e r  reduct ion (0s)  in a lbino rabbi t  e y e  
a f t e r  0.45 m g  of pi locarpine adminis te red  in aqueous e y e  drops 
(closed triangle),  in H P C  matr ix  (open circles),  in HPC-PVP mat r ix  
( c l o s e d  c i r c l e s )  a n d  PVP m a t r i x  (open triangels).  Means of 4 
determinations a r e  presented.  S tandard  deviat ions a r e  o m i t t e d  f o r  t h e  
s a k e  of clar i ty .  

insti l led solution and  t h e  drug  induced conjunct ival  vasodi la ta t ion a r e  

t h e  most important f a c t o r s  t h a t  c o n t r i b u t e  to t h e  precornea l  loss of 

pi locarpine insti l led as a n  e y e  drop. In t h e  case of polymer matr i -  

ces drainage f a c t o r  is absent ,  and t h e  ro le  of t h e  s y s t e m i c  absorpt ion 

of pi locarpine in t h e  precornea l  drug  loss is emphasized.  Pi locarpi-  

ne must diffuse via  t h e  conjunct iva up to c o r n e a l  sur face ,  in o r d e r  to 

p e n e t r a t e  in to  t h e  eye.  Sys temic  absorpt ion of pi locarpine f r o m  t h e  

conjunctiva is rapid and subs tan t ia l  bo th  a f t e r  e y e  drop and  HPC-mat-  

r i x  adminis t ra t ion  (1 3). Smal l  soluble inser t s  dissolve m o r e  rapidly 

in tear fluid t h a n  corresponding larger  inser t s  and  t h e  resul t ing 

p o l y m e r  solution has lower viscosity. Consequent ly ,  pi locarpine and  

polymers  are m o r e  rapidly washed off in t h e  t e a r  fluid. 
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EFFECTS OF HYDROPHILICITY OF POLYMER MATRIX 26 7 

Polymer matrices have been widely s tudied  as a prolonged a c t i o n  

d o s a g e  f o r m  f o r  ophtha lmic  drug  delivery.  In order  to diminish t h e  

foreign body sensat ion a f t e r  appl icat ion of a solid inser t ,  smal l  

unmedicated rod-shaped HPC-inser ts  h a v e  been  used f o r  t r e a t m e n t  of 

keratitis sicca (14) (Lacr i ser tR , Merck, Sharp & Dohme,  West Poin t ,  

USA). T h e  effect of t h e  s i z e  and shape  of t h e  inser t  on ocular  

bioavailability of drugs has n o t  been  described. In rabbi t s  t h e  smal l  

r od-shaped (3 mg) pi locarpine inser t s  increased ocular  bioavailabi-  

lity less t h a n  t h e  5-15 m g  slab shaped  inser t s  in our  ear l ie r  s tud ies  

( 3 ,  7). Although t h e  blinking f requency  and  precornea l  fluid kine- 

tics are d i f f e r e n t  in rabbi t s  and  humans, rabbi t  d a t a  may b e  consi- 

d e r e d  predic t ive  of t h e  s i tua t ion  in humans (15). 
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