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The rheology, p a r t i c l e  s i z e  d i s t r i b u t i o n  and drug r e l e a s e ,  

measured by d i s so lu t ion  and agar d i f fus ion  techniques, of f i v e  

B.P .  Chloramphenicol Eye Ointments and three B .P .  Neomycin Eye 

Ointments have been examined. A l l  ointments showed s t r u c t u r a l  

breakdown during continuous shear rheology. Three chloramphenicol 

ointments displayed spur values w h i l s t  one neomycin ointment 

displayed a bulge on the up-curve of the rheogram. Mass median 

p a r t i c l e  s i z e s  ranged from 6.0 t o  13.0 and 5.4 t o  9.6 um f o r  the 

chloramphenicol and neomycin ointments respect ively.  Drug 

release s imi l a r ly  varied.  By d i s so lu t ion  techniques the quan t i ty  

of chloramphenicol t h a t  dissolved i n  60 minutes ranged from 22 t o  

4 1  ug wh i l s t  agar d i f fus ion  s tud ie s  produced drug r e l eases  which 

var ied from 2.4 t o  4 .7  and 0.8 t o  2 . 3  pg  f o r  the chloramphenicol 

and neomycin r e s u l t s  respect ively.  
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INTRODUCTION 

FORD ET AL. 

Many fac to r s  , both physiological and formulation, have been 

i d e n t i f i e d  as  influencing the a v a i l a b i l i t y  of drugs top ica l ly  

applied t o  the eye. Physiological influences include the pH of 

the drug solut ion (1) , the r e l a t i v e  lipid-water s o l u b i l i t y  of 

the drug ( 2 )  , the  nature of the corneal surface ( 3 )  and drug 

in t e rac t ions  with the  lachrymal f l u i d  p ro te ins  ( 4 ) .  

The formulation of a drug i n  an eye ointment w i l l  a l so  

modify fu r the r  i t s  a v a i l a b i l i t y  and o the r  f ac to r s  , espec ia l ly  

drug p a r t i c l e  s i z e ,  vehicle v i scos i ty ,  rheological type, and the 

pa r t i t i on ing  between the lachrymal f l u i d s  and ointments may 

influence drug a v a i l a b i l i t y .  Konning and Mital (5)  demonstrated 

t h a t  as the p a r t i c l e  s i z e  of  benzoic and s a l i c y l i c  acids  

decreased, their  r e l ease  correspondingly increased. I t  was 

postulated (6 )  t h a t  del ivery by ointment r a the r  than by eye drops 

should prolong ocular  contact  time , thereby increasing absorption. 

Mindel (1) recognised t h a t  b i o a v a i l a b i l i t y  is improved by 

increasing v i scos i ty  and corneal contact  time. I n  a discussion 

( 7 )  on the e f f e c t  of rheological p rope r t i e s  of ointment bases on 

corneal contact time, it was shown t h a t  the use of Newtonian 

vehicles could lead t o  a loss  of so lu t ion  through t e a r  drainage 

t h a t  was inversely proportional t o  vehicle  v i scos i ty .  Pseudo- 

p l a s t i c  and thixotropic  systems would undergo shear during 

blinking and would consequently t h i n  and drain from the eye, 

reducing corneal contact  time. Mixing problems between ointments 

and t e a r s  have been reported (8,9) and consequently a p a r t i t i o n i n g  

parameter may fu r the r  a f f e c t  drug release between ointments and 

t ea r s .  

I n  order t o  minimise many of the e f f e c t s  on a v a i l a b i l i t y ,  it 

i s  e s s e n t i a l  t h a t  commercial products should demonstrate s imi l a r  

rheological and drug release p r o f i l e s .  Apart from suggesting 

Simple Eye Ointment B . P .  as a s u i t a b l e  base,  the B r i t i s h  Pharma- 

copoeia (1980) o f f e r s  l i t t l e  guidance on the choice of a 

su i t ab le  eye ointment base. No t e s t s  a r e  used to  estimate drug 
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CHLORAMPHENICOL AND NEOMYCIN EYE OINTMENTS 23 

release from eye ointments .  Recently (11) the  rheology, 

par t ic le  s i z e  d i s t r i b u t i o n  and drug release of sulphacetamide 

eye ointments  have been examined. The B.P.  p roducts  r e l eased  

t h e i r  drugs more s lowly than o t h e r  , non-pharmacopoeia1 ointments.  

I n  t h i s  s tudy ,  two f u r t h e r  B.P. eye ointments  con ta in ing  

chloramphenicol and neomycin have been s tud ied .  The p a r t i c l e  

s i z e  of t h e  d i spe r sed  drug has  been determined by image shea r ing  

microscopy; rheo log ica l  p r o p e r t i e s  by cone and p la te  viscometry 

and drug release by d i s s o l u t i o n  and aga r  d i f f u s i o n  techniques.  

MATERIALS AND METHODS 

Five Chloramphenicol Ointments B.P. , each 1 .O% w/w (A1 , A 2 ,  

B ,  C and D) were examined as manufactured by 4 companies. A1 

and A2 were of  d i f f e r e n t  ba tches  b u t  prepared by t h e  same 

manufacturer.  Three Neomycin Ointments B . P . ,  each 0.5% w/w ( X I  

Y and Z) and manufactured by d i f f e r e n t  companies were a l s o  

examined. Chloramphenicol B .P .  (Thornton and R o s s  L td . )  and 

Neomycin Sulphate  B .P .  (Ayrton-Saunders Ltd.  ) w e r e  used f o r  

c a l i b r a t i o n  and s tandards .  

P a r t i c l e  S i z e  Analysis  

Small q u a n t i t i e s  of t h e  ointments  were p laced  on microscope 

s l i d e s  and g e n t l y  s t r eaked  o u t  using a c lean  camel-hair  brush.  

Cover s l ips  were no t  used i n  o rde r  t o  minimise p a r t i c l e  

d i s t o r t i o n  and aggregate  breakdown. S i z e  ranges were e s t ima ted  

us ing  a D o u b l e  Image Shearing Microscope (Fleming Instruments  

Ltd . )  . The lower l i m i t  of  r e s o l u t i o n  was 0 . 2  urn and a minimum of 

625 p a r t i c l e s  w e r e  counted f o r  each ointment .  Aggregates were 

def ined  as conta in ing  more than 3 i n d i v i d u a l  p a r t i c l e s .  Each 

aggregate  w a s  considered as one l a r g e  p a r t i c l e  f o r  t he  purpose o f  

count ing.  

Rheology 

A cone and p l a t e  viscometer  (Fe r ran t i -Sh i r l ey  L td . )  w a s  used 
0 

a t  37 C with a 1 2 0 0  g.cm sp r ing  and a cone of 7 c m  diameter  
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(0.006 173 radians 

was employed with 

I n  Vitro Release 

FORD ET AL. 

. 
a t o t a l  sweep t i m e  of 2 minutes. 

A maximum r a t e  of shear of 100 rev min-l 

( a )  Agar Diffusion Technique 

Chloramphenicol and neomycin releases  were estimated aga ins t  

Staphylococcus aureus (NCTC 7447) and Baci l lus  s u b t i l i ?  (NCTC 

6276) respect ively.  For assay, n u t r i e n t  agar (Oxoid CM3) p l a t e s  

were seeded, 2% v/v, with 18 hour cu l tu re s  of the control  

organisms grown i n  n u t r i e n t  broth (Oxoid CM1) .  E i the r  150 mg of 

the ointments o r  0.05 m l  of the standard drug so lu t ions  were 

placed i n t o  wel ls ,  9 mm i n  diameter, c u t  i n t o  the agar.  

Standards, equivalent t o  0.5 and 5 pg neomycin sulphate and t o  2 

and 10 pg chloramphenicol w e r e  used. 

After appl icat ion of the ointments and con t ro l s ,  the agar 

p l a t e s  were held a t  room temperature f o r  2 hours t o  allow 

diffusion of the drug before incubation a t  37OC f o r  18 hours. 

The zones of i n h i b i t i o n  were measured and drug r e l ease  calculated 

i n  pg aga ins t  the standards.  

Dissolution Studies 

Because of d i f f i c u l t i e s  i n  assaying solut ions of neomycin 

sulphate,  only the chloramphenicol ointments were evaluated by 

t h i s  method. The ointments were placed i n t o  aluminium v i a l  covers 

( 2 0  mm i n t e r n a l  diameter) and the excess was removed t o  leave a 

f l a t  surface,  l e v e l  with the  cover edge. The covers were mounted, 

upturned, onto the lower end of the basket s h a f t  of the B.P .  

d issolut ion apparatus and c e n t r a l l y  posit ioned i n  a 150 m l  f l a t  

bottomed f l a sk  and ro t a t ed  a t  100 rev min-l approximately 2 mm 

below the surface of the d i s so lu t ion  f l u i d  (100 m l  of 0.9% w/v 

aqueous sodium chlor ide)  maintained a t  37 C.  Chloramphenicol 

content was determined spectrophotometrically a t  278 nm using 

flow through f a c i l i t i e s .  

0 

RESULTS 
Chloramphenicol Ointments 

The p a r t i c l e  s i zes  were near log-normally d i s t r ibu ted  

( f igu re  1) , although deviat ions were apparent f o r  ointments C 
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CHLORAMPHENICOL AND NEOMYCIN EYE OINTMENTS 25 
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1. Part ic le  s i z e  d i s t r i b u t i o n  of chloramphenicol i n  Chloramphenicol 
Eye Ointments B.P. ,  determined by image shea r ing  microscopy. 

TABLE 1 

The p a r t i c l e  s i z e  and release c h a r a c t e r i s t i c s  o f  B .P .  
Chloramphenicol Eye Ointments. 

Ointment Mass median D * Mean release ** 
par t ic le  s i z e  6 0  min of chloramphenicol 
( u m  ? S.D.) ( u d  (ug f S.D. )  by agar 

d i f f u s i o n  

A1 6.0 ? 1.8 3 8  2.7 t 1.3 

A 9.6 t 1 .7  32  

B 13.0  ? 1.9 22 

C 10.6 * 2.0 39 

D 7.9 ? 2 .0  4 1  

2 
4.3 ? 0.8 

2.4 t 0.6 

4 .0  t 1 . 2  

4.7 * 1.3 

* Mean of 3 de te rmina t ions .  

** Mean and s t anda rd  dev ia t ion  of 9 de te rmina t ions  ( excep t  B ,  11 
determina t ions)  a s ses sed  a g a i n s t  Staph.  aureus.  
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FORD ET AL. 26 

and D.  Ointments A 1  and A2 each contained aggregates  which 

cons is ted  of p a r t i c l e s  each l e s s  than 2 . 5  pm i n  diameter .  The 

aggregates  cons i s t ed  of up t o  5 p a r t i c l e s  i n  ointment  A1 b u t  up 

t o  23 p a r t i c l e s  i n  ointment  A2. Ointments B ,  C and D contained 

aggregates  made up of 3-5 p a r t i c l e s  which were of  var ious  s i z e  

ranges.  The percentages of aggrega tes  t o  the  t o t a l  number of 

p a r t i c l e s  s i z e d  were 60.1,  2 7 . 2 ,  20 .5 ,  20.5 and 15.0% respec t -  

i v e l y  f o r  ointments  Al, A2, B ,  C and D. The median p a r t i c l e  

s i z e s  a r e  given i n  t a b l e  1. 
0 

Typical  rheograms obta ined  a t  37 C are shown i n  f i g u r e s  2 

and 3. Ointments A ] ,  B and D gave s imi la r  rheograms, each 

showing spur  values  on t h e i r  up-curves. The rheograms of A2 and 

C d i d  no t  show spur  va lues  b u t  on ly  y i e l d  va lues ,  and ointment  C 

w a s  t h e  most v i scous  ointment  ( f i g u r e  3 ) .  All rheograms were 

ant ic lockwise h y s t e r e s i s  loops i n d i c a t i v e  of s t r u c t u r a l  break- 

down induced by s h e a r .  

The r e l e a s e ,  assessed  by agar  d i f f u s i o n ,  i s  given i n  t a b l e  1. 

Although t h e  ointments  may be  ranked i n  decreas ing  o rde r  of 

350 0 320 360 0 370 740 0 

-2 
shear stress (dyne cm ) 

Fig.  2 .  Continuous shear  rheograms of Chloramphenicol eye ointments  
A1,  A2 and B. 
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CHLOWHENICOL AND NEOMYCIN EYE OINTMENTS 27 

Fig. 3. Continuous shear rheograms of Chloramphenicol eye 
ointments C and D. 

Ointment A ,  

2 
A Ointment A 60 - 

0 
9) 

9) 

ul m 0 Ointment D 

- 
0 

0, I I 

0 60 120 

time (mins) 

Fig. 4 .  Dissolution profiles of Chloramphenicol Eye Ointments. 
B. P. into 0.9% NaCl and 37 C. 
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28 FORD ET AL. 

r e l e a s e  as D > A 2  > C > A 1  > B ,  s t a t i s t i c a l l y  ( p  < 0.051, only 

two groups could be d iscerned;  D ,  A2 and C having higher  

r e l e a s e s  than A 1  and B .  There was no s t a t i s t i c a l  d i f f e r e n c e  

( p  > 0 .5 )  between the  amounts r e l eased  from the  ointments  i n  each 

group. 

The d i s s o l u t i o n  of chloramphenicol from the  ointments  i s  

d isp layed  i n  f i g u r e  4 .  The amount of drug r e l eased  a f t e r  60 min- 

u t e s  (D6O min) is  given i n  t a b l e  1. The r e l e a s e  p r o f i l e s  f o r  D ,  

C and A 1  were s imilar  and h igher  than A 2  and B ,  the la t te r  

possess ing  the  poores t  r e l e a s e .  S imi l a r ly  the  D60 were i n  

the range 32-41 pg f o r  a l l  ointments  except  ointment B where t h e  

D60 min was 2 2  pg- 

Neomyci n O i  ntment s 

The p a r t i c l e  s i z e  d i s t r i b u t i o n s  a r e  shown i n  f i g u r e  5 and 

t h e i r  ca l cu la t ed  mean p a r t i c l e  s i z e  i n  t a b l e  2 .  N o  agglomerates 

were found i n  the  ointments  s tud ied .  

0.1 5 50 95 

% by weight undersize 

Fig. 5. Particle size distribution of neomycin sulphate in 
Neomycin Eye Ointments. B.P. determined by image 
shearing microscopy. 
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CHLORAMPHENICOL AND NEOMYCIN EYE OINTMENTS 29 

TABLE 2 

The p a r t i c l e  s i z e  and r e l e a s e  c h a r a c t e r i s t i c s  of B.P.  Neomycin 
Eye Ointments. 

Ointment Mass median p a r t i c l e  Neomycin release * 
s i z e  (pm t S . D . )  (pg ir S.D.) by 

aga r  d i f f u s i o n  

X 7 . 8  t 1.8 1.2 & 0 .4  

Y 5.4 t 1.7 2 . 3  2 1.0 

Z 9.6 -t 1 . 7  0 .8  ? 0.4  

* Mean and s t anda rd  dev ia t ion  of 24 de te rmina t ions ,  a s ses sed  
a g a i n s t  Bac i l l u s  subtilis. 

The rheograms o f  ointments  X and Z ( f i g u r e  6 )  were s i m i l a r ;  

each d i sp lay ing  pseudoplas t ic ,  an t ic lockwise  h y s t e r e s i s  loops wi th  

y i e l d  va lues .  However t h e  rheogram of  ointment  Y ( f i g u r e  6 )  

possessed a bulge on t h e  up-curve i n d i c a t i v e  of an i n c r e a s e  i n  

ointment s t r u c t u r e  dur ing  shea r .  Again an an t ic lockwise  h y s t e r e s i s  

loop w a s  ob ta ined .  Ointment Y w a s  t h e  most v i scous .  

The aga r  d i f f u s i o n  release ( t a b l e  2 )  i n d i c a t e d  d i f f e r e n c e s  i n  

drug r e l e a s e .  The o rde r  o f  r e l e a s e  was Y > X > Z ;  each ointment  

possess ing  a r e l e a s e  s t a t i s t i c a l l y  d i f f e r e n t  from those of t he  

o the r  ointments  ( p  < 0.001). Thus from t a b l e  2 it would appear 

t h a t  an  i n v e r s e  r e l a t i o n s h i p  between drug release and p a r t i c l e  

s i z e  may e x i s t .  

GENERAL DISCUSSION 

The r e l e a s e  of drugs from ointments  has  been shown t o  be 

p a r t i c l e  s i z e  dependent ( 5 ) .  Although f o r  chloramphenicol l i t t l e  

c o r r e l a t i o n  w a s  found between the  two methods of a s ses s ing  drug 

r e l e a s e ,  ointment  B gave t h e  poores t  performance i n  both t h e  

d i f f u s i o n  and d i s s o l u t i o n  releases. I t  i s  probably s i g n i f i c a n t  

t h a t  t h i s  ointment  possessed the  h i g h e s t  mean drug par t ic le  s i z e  

( t a b l e  1 ) .  
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30 FORD ET a. 

1696 - 

c5 

I 
7 

I 

0 600 1200 

-2 
shear stresddyne cm 

Fig .  6.  Continuous shear  rheonrams of neomycin eye ointments  X,  Y, and Z 

I t  i s  gene ra l ly  recognised t h a t  a p p l i c a t i o n  t o  the  eye of  

p a r t i c l e s  above a c e r t a i n  s i z e  may cause cornea l  damage. 

Est imat ions of t h i s  c r i t i c a l  s i z e  inc lude  10 pm ( 9 )  and 20-25 pm 

( 1 2 ) .  Only B and C of t h e  chloramphenicol ointments  s tud ied  

( f i g u r e  1) possessed cons iderable  q u a n t i t i e s  of p a r t i c l e s  (> 20% 

by weight) above 20 pm i n  diameter .  N o  neomycin ointment  

possessed more than 10% by weight  of t h e i r  p a r t i c l e s  i n  excess  of  

2 0  pm diameter ( f i g u r e  5 ) .  I f  10 pm i s  taken  a s  t h e  c r i t i c a l  

s i z e  t h a t  causes cornea l  i r r i t a t i o n ,  chloramphenicol ointments  

A2, €3 and C and neomycin ointment  Z contained 40% of t h e i r  

p a r t i c l e s  by weight i n  excess  of 10 pm. 

Table 2 shows t h a t  fo r  t h e  neomycin ointments  t he  micro- 

b i o l o g i c a l  r e l e a s e  increased  as the  p a r t i c l e  s i z e  decreased.  

Since t h e r e  i s  an increased  l i ke l ihood  t h a t  t he  ointments  

conta in ing  the  l a r g e s t  s i z e  p a r t i c l e s  may cause cornea l  i r r i ta t -  

ion  and t h a t  such ointments  a l s o  release t h e i r  drugs more s lowly 

than ointments  conta in ing  smaller p a r t i c l e s ,  t h e  o rde r  of 

s u i t a b i l i t y  of t h e  neomycin ointments  could be ranked as 

Y >  x >  z. 
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I t  may be argued t h a t  pass ive  i n  v i t r o  d i s s o l u t i o n  and aga r  

d i f f u s i o n  bea r  l i t t l e  comparison wi th  t h e  ophthalmic i n  v ivo  

s i t u a t i o n ,  s i n c e  both only  measure r e l e a s e  from an  unsheared 

ointment  s u r f a c e .  However only t h e  c r y s t a l s  a t  t h e  ointment- 

t e a r  i n t e r f a c e  would go d i r e c t l y  i n t o  s o l u t i o n  and be  a v a i l a b l e  

f o r  ocu la r  absorp t ion  ( 1 3 ) .  S imi l a r ly  S ieg  and Robinson (8)  

pos tu l a t ed  t h a t  drugs i n  an  ointment  dosage form would, irres- 

p e c t i v e  of t he  d i f f u s i o n  c h a r a c t e r i s t i c s  of  t he  drug i n  t h e  

veh ic l e ,  have t o  p a r t i t i o n  from t h e  ointment  t o  t h e  tear f i l m  

( o r  the  ep i the l ium d i r e c t l y )  i n  o r d e r  f o r  cornea l  absorp t ion  t o  

occur .  

Ointment rheo log ica l  p r o p e r t i e s  may f u r t h e r  i n f luence  drug 

a v a i l a b i l i t y  ( 9 )  . Sulphacetamide eye ointments  have p rev ious ly  

been examined (11) and found t o  be pseudop las t i c .  Consequently,  

on shear  (eg .  b l i n k i n g ) ,  t hese  may t h i n  and d r a i n  from t h e  eye 

r e s u l t i n g  i n  a decreased cornea l  con tac t  t i m e .  The rheograms of  

t he  chloramphenicol eye ointments  ( f i g u r e s  2 and 3 )  a l l  showed 

e i t h e r  spur  va lues  o r  y i e l d  va lues .  I n t e r p r e t a t i o n  o f  such 

phenomena would mean t h a t  t he  ointments  may a l l  be d i f f i c u l t  t o  

ex t rude  from the tube u n t i l  t h a t  spu r  o r  y i e l d  va lue  had been 

exceeded, o r  t ha t  the  ointment  would n o t  spread  across  the  eye 

su r face  on b l ink ing ,  r e s u l t i n g  i n  a s m a l l  area o f  o in tment - tear  

con tac t  and consequently poor drug release. Once the y i e l d  o r  

spur  value had been exceeded the  ointments  would shea r  and t h i n  

and consequently d r a i n  more r a p i d l y  from t h e  eye ( 7 ) .  S ince  

ointment  C w a s  t h e  most viscous ( f i g u r e  2 )  , t h i s  ointment  should 

possess  t h e  longes t  cornea l  r e t e n t i o n  t i m e .  

The rheograms o f  t h e  neomycin ointments  X and 2 disp layed  

an t ic lockwise  h y s t e r e s i s  loops and y i e l d  va lues  ( f i g u r e  6 ) .  

Pa t ton  and Robinson ( 7 )  s t a t e d  t h a t  t h e  ocu la r  e f f e c t s  of such 

systems are good provided t h e  y i e l d  va lue  w a s  n o t  exceeded when 

the  ointment  would aga in  behave pseudop las t i ca l ly  and d r a i n  from 

the  eye.  However t h e  rheogram o f  ointment  Y ( f i g u r e  6 )  d i sp layed  

a bulge on the  up-curve, c h a r a c t e r i s t i c  of a b u i l d  up of 

s t r u c t u r e  wi th  shea r ,  which may form a t h r e e  dimensional g e l - l i k e  
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s t r u c t u r e  ( 1 4 ) .  Such d i f f e r e n c e s  i n  rheo log ica l  p r o p e r t i e s  may 

r e s u l t  i n  d i f f e r e n t  r e t e n t i o n  p r o p e r t i e s  and r e s i s t a n c e  t o  

spreading induced by b l ink ing .  

I d e a l l y  f o r  eye ointments  t h e i r  i n  v i t r o  p r o p e r t i e s  should 

be c o n s i s t e n t  i n  o rde r  t o  minimise d i f f e r e n c e s  i n  o c u l a r  a v a i l -  

a b i l i t y .  With regards  t o  d i f f u s i o n  and d i s s o l u t i o n  p r o p e r t i e s  , 
4 of t h e  chloramphenicol ointments  were s i m i l a r  ( A l l  A 2 ,  C and D).  

However ointment  B possessed both the  l a r g e s t  p a r t i c l e  s i z e  and 

the poores t  r e l e a s e .  S imi l a r ly  d i f f e r e n c e s  w e r e  observed i n  the  

p a r t i c l e  s i z e  d i s t r i b u t i o n  and r e l e a s e  from t h e  neomycin eye 

ointments  s tud ied .  Such d i f f e r e n c e s ,  as have been found, need t o  

be inves t iga t ed  i n  the  c l i n i c a l  s i t u a t i o n .  
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