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ABSTRACT 

A m ic rob io log i ca l  agar p l a t e  method has been used f o r  

comparatively measuring the  release o f  each c a r b e n i c i l l i n  and 

gentamicin from eighteen ointment bases for possib le  ophthalmic 

use. 

o f  the var ious bases was observed. 

t e n t l y  super ior  w i t h  each a n t i b i o t i c  tested. A l l  the e i g h t  best 

bases, except one base, were composed o f  cas to r  o i l  g e l l e d  by hy- 

drogenated cas to r  o i l ,  Ae ros i l  o r  whi te  wax and may con ta in  c e t y l  

alcohol, Span 80, Span 40, wool alcohols, g l yce ry l  monostearate and 

cetosteary l  a lcohol  as we t t i ng  and spreading agents. 

A s i g n i f i c a n t  d i f f e rence  i n  the  a n t i b i o t i c  re leas ing  a b i l i t y  

No one base was found t o  be consis- 

INTRODUCTION 

Besides the i n f l uence  o f  the phys ica l  s t a t e  o f  t he  medicament, 

t he  ointment bases con t r i bu ted  s i g n i f i c a n t l y  t o  e f f i c a c y  . Konning 

and M i t a l  repor ted tha t ,  from the  standpoint o f  therapeutics, the 

most important a t t r i b u t e  o f  an ointment base must be i t s  readi -  

ness t o  re lease the a c t i v e  medicament i t  incorporates. 
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618 EL-SAATTAWY 

3 Plaxco and Husa determined the r e l a t i v e  a v a i l d b i l i t y  o f  baci- 

t rac in  i n  various ointment bases. Florestano e t  a1 . 4  compared the 

an t ibac ter ia l  propert ies o f  bacitracin, polymyxin 8 su l fa te  and 

neomycin sulfate when incorporated I n  a water-miscible-type base 

and i n  grease-type bases. 

Rhyne e t  a1.5 found tha t  the release o f  erythrimycin, chlor-  

tetracycl ine HC1, neoinycin sulfate, bac i t rac in  and liexachlorophene 

from ointment bases varied considerably w i th  a chan!le i n  the HLB 

value o f  the base. Pate1 e t  a1.6 studied the e f fec t  o f  anionic 

and cat ionic surfactants on medicament release from f i v e  hydro- 

p h i l i c  ointment bases. 
7 Cosgrove and Poe found tha t  polyethylene glycol -type ointments 

containing dihydrostreptomycin exhibi ted more d i f f us ion  o f  the an t i -  
8 b i o t i c  than the petrolatum-type ointment. B i l lups  and Sager eval- 

uated the drug release character ist ics o f  s i x  o i n h r n t  bases. 

They found tha t  the emulsion-type ointment bases prcmted a greater 

release than the anhydrous hydrocarbon bases. 

Thoma e t  a1.' reported tha t  by adding ant isept ics t o  ointment 

bases t h e i r  e f f i cacy  i s  influenced i n  any case. 

the release o f  the act ive substance are o f  a complex nature; they 

may be physico-chemical o r  due t o  chemical reactions. between ac t ive  

and subsidiary substances. 

The factors a f fec t ing  

Bi l lups" concluded tha t  the extent o f  drug release can be 

predicted f o r  most drugs i n  a par t i cu la r  ointment base once drug 

d i f f us ion  data are established with a series o f  dif i 'erent drugs i n  

tha t  pa r t i cu la r  ointment base. 

matical statement o f  Fick's law t o  predict  the amourit o f  drug d i f -  

fusing from cer ta in  types o f  ofntment bases. 

Higuchi" devised a modified mathe- 
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VARIOUS OPHTFPHALMIC OINFMENT BASES 619 

Nakano and Patell' investigated the e f fec t  of dimethyl sulfoxide 

and two amides on the release of the drug from the ointment and per- 

meation through the ointment base. 

the e f fec t  of three liquid additives on diffusion of atropine from 

ointment bases. They reported t h a t  the incorporation of even small 

concentrations of certain liquids into certain types of ointment 

bases may increase the diffusion of some drugs from these bases. 

Whitworth and Stephenson13 studied 

Following a preliminary review of pertinent l i t e r a tu re  si tuations.  

a total  of 84 semisolid, water-soluble, anhydrous bases fo r  possible 

ophthalmic use was formulated 

were designated evaluatory bases fo r  further study on the basis of 

apparent pH and/or desirable physical spreadability characterist ics 

over the temperature range o f  0-50'. Four o f  the f ive  bases were 

14 . Of these 84 exploratory bases, f ive  

' further characterized by rotational viscometer studies, and an 

organogel was selected on the basis of several of i t s  l i s t ed  a t t r  

butes as the best attempt to formulate the type o f  semisolid base 

desired for  possible ophthalmic use. 

Selected formulations were studied15 as possible oleaginous, 

semisolid bases for  use as ophthalmic ointments over 0 to 50' and 

compared to two comnonly used ointment bases fo r  physical charac- 

t e r i s t i c s  and drug  release. 

Schoenwald e t  a l .  l6 prepared gel formulations containing 2% 

pilocarpine HC1. 

miotic effect  of pilocarpine was investigated. 

the increased duration was a consequence of the ge l ' s  increased yield 

value such t h a t  appreciable in vivo thinning of the gel does not 

take place with eyelid and/or eyeball movement. As a resu l t ,  the 

residence time of the drug i n  the eye would be expected to increase, 

thus promoting a n  increased duration. 

The influence of the high viscosity vehicles on 

I t  was reasoned that 
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620 EL-SHATTAWY 

Sieg and Robinson17 studied the i n  v i t r o  and i n  vivo pi locar-  

pine release from water- in-oi l  emulsion ointments. They found tha t  

pi locarpine release from the vehicle t o  the ocular .:luid was depen- 

dent on shear, i .e., bl inking, and the dosing systeii emulsifying 

ef f ic iency.  

surfactant addi t ion decreased shear- faci l i tated dru!) release and 

-- i n  vivo performance. 

volume f rac t i on  decreased i n  v ivo performance and wiis l inked t o  the 

inf luence o f  e f fec t i ve  drug concentration i n  the vehicle. 

Also, increasing the vehicle emulsifyi i ig e f f i c iency  by 

Final ly,  increasing the interr ial aqueous phase 

-- I n  v i t r o  assessment o f  release o f  medicaments ':m ointment 

bases has been carr ied out by various techniques. 

using chemical o r  bacter io logical  methods, membrane di f fusion, 

chromatographic and radioact ive t racer methods have been used t o  

evaluate release from o f n t m e n t ~ ~ ~ , ~ ~ .  Although many o f  the i n  v i t r o  

methods enjoy only l im i ted  application, they nevertheless have shown 

to  measure the ra te  and extent o f  medicament releasc! f r o m  an o in t -  

ment base under the condi t ion o f  the 

however, t ha t  "drug release" i s  not "drug absorption" but i s  rather 

the process by which the drug i s  released from the dosage form 

/\gar d i f fus ion  

It should be emphasized, 

imnediately p r i o r  t o  entering i n t o  absorption 10 . 
The i n h i b i t i o n  zone, produced by the di f fusion o f  an ant ibacter ia l  

drug through an innoculated agar medium, has been wed t o  measure 

the a b i l i t y  o f  an ointment base t o  release i t s  drug contentl-lO' 19-28. 

The author" previously investigated the release o f  tetracycl ine 

HC1, oxytetracycl ine HC1, chloramphenicol and p e n i c i l l i n  G sodium from 

four ophthlamic ointment bases by a microbiological agar p la te  method. 

The purpose o f  t h i s  study was t o  compare the releasc o f  ca rben ic i l l i n  

and gentamicin from eighteen ointment bases suggested f o r  ophthalmic 

use and t o  select  the most satisfactory ointment bases. Carben ic i l l i n  
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VARIOUS OPHTHALMIC OINTMENT BASES 621 

and gentamicin has been chosen i n  t h i s  study because o f  t h e i r  wide 

spectrum o f  an t im ic rob ia l  a c t i v i t y  espec ia l l y  against  Pseudomonas 

a e r ~ g i n o s a * ’ - ~ ~ ,  a p o t e n t i a l  cause o f  k e r a t i t i s  and corneal u l c e r -  
36 a t i o n  . 

EXPERIMENTAL 

Mate r ia l s  

C a r b e n i c i l l i n  disodium ( P f i z e r )  and gentamicin (Schering) were 

supplied as d ry  s t e r i l e  powders and were used as received. 

chemicals were USP, USNF o r  a n a l y t i c a l  grade and were used wi thout  

f u r t h e r  p u r l  f i c a i  ton. 

Ophthalmic Ointment Bases 

A l l  o the r  

The compositions o f  t he  eighteen ointment bases i nves t i ga ted  

a re  g iven i n  Table 1. 

bases spec i f i ed  i n  BP 1 9 5 3 ~ ~  and BP 198045 respec t i ve l y  wh i l e  Base 3 

i s  t he  o f f i c i a l  eye ointment base spec i f i ed  f o r  sulphacetamide eye 

ointment45, and were used as standards f o r  comparison w i t h  t h e  o the r  

i nves t i ga ted  ointment bases. 

G je r t z  and O ~ t h o l m ~ ~ .  Ma te r ia l s  used i n  the  formulat ion o f  t h e  o the r  

bases were selected w i t h  considerat ion o f  low incidence o f  eye i r r i t a -  

t ion,  a b i l i t y  t o  form semisol id  oleaginous o r  absorption bases w i t h  

s a t i s f a c t o r y  consistency and tex tu re  and a b i l i t y  t o  permi t  d i f f u s i o n  

o f  t he  drug throughout the  secret ions bath ing the eye. 

Bases 1 and 2 are  the  o f f i c i a l  eye ointment 

Bases 4 and 5 are  recomnended by Stenbeck- 

The ingredients  o f  each base were melted together  on a water 

bath w i t h  s t i r r i n g  a t  medium speed. 

through coarse f i l t e r  paper placed i n  a heated funnel, except Bases 

12 and 18 where Aeros i l  was added a f t e r  f i l t e r a t i o n  o f  the o the r  i n -  

gredients, and s t e r i l i z e d  by d r y  heat 

Preparation o f  A n t i b i o t i c  Ointments 

The h o t  m ix tu re  was then f i l t e r e d  

45 . 

T h i r t y  s i x  d i f f e r e n t  ointments were compounded from c a r b e n i c i l l i n ,  
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VARIOUS OPHTHALMIC OINTMENT BASES 623 

gentamicin and eighteen ointment bases, so t h a t  each base contained 

one o f  t h e  a n t i b i o t i c s  i n  0.3% concentraiton. 

cautions, t he  appropr ia te amount o f  a n t i b i o t i c  was t r i t u r a t e d  wi th 

the s t e r i l e  base by means o f  a s t e r i l e  mortar and pest le .  

ointment was packed i n  p rev ious l y  s t e r i l i z e d  c o l l a p s i b l e  tubes and 

s tored a t  4-5' u n t i l  required. 

Release o f  A n t i b i o t i c s  from Ointments 

Using asept ic  pre- 

The f i n i s h e d  

25 A m ic rob io log i ca l  agar p l a t e  method as described by Yousef 

was employed us ing Staph aureus 209 P as the  t e s t  organism f o r  t he  

two a n t i b i o t i c s .  

and t o  pH 8 f o r  gentamicin 

measured f r o m  the  edge o f  t h e  hole t o  the  per iphery o f  t he  zone 

( rad ius segment) t o  the nearest 0.1 mn. The r e s u l t s  o f  zones o f  

i n h i b i t i o n  produced by the  ointments represent t h e  average o f  f o u r  

separate experiments, w i t h  a standard dev ia t i on  o f  n o t  more t h a t  

0.5 mn i n  each instance, are i l l u s t r a t e d  i n  Figure 1. 

The medium was adjusted t o  pH 6 f o r  c a r b e n i c i l l i n ,  
47 . The extent  o f  growth i n h i b i t i o n  was 

A rank ing o f  the i nves t i ga ted  ointment bases was computed from 

Figure 1 by adding the number o f  f i r s t ,  second, t h i r d ,  etc.,  p lace 

pos i t i ons  fo r  each o f  t he  eighteen ointment bases w i t h  each o f  t he  

two a n t i b i o t i c s .  The eighteen ointment bases and the  t o t a l  po in ts  

f o r  each base a re  presented i n  Table 2 i n  decreasing o rde r  o f  a n t i -  

b i o t i c  re lease ef fect iveness.  

RESULTS AND DISCUSSION 

I n  t h i s  study the general order  o f  e f fect iveness o f  c a r b e n i c i l l i n  

and gentamicin i s  taken as the  amount o f  i n h i b i t i o n  o f  growth produced 

by Staph. aureus, t h i s  indeed dependent upon the release o f  a n t i -  

b i o t i c  f r o m  the ointment i n t o  the  agar medium. 

F igure 1 and Table 2 i n d i c a t e  a s i g n i f i c a n t  d i f f e rence  i n  t h e  

a n t i b i o t i c  re leas ing  a b i l i t y  o f  the i nves t i ga ted  ophthalmic ointment 
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,- Ca rbeni c i 1 1 i n  .-, 
EL-SHATTAWY 

,- Gentamicin ,-, 

Ointment 
+Base No. 

FIGURE 1 

Effect of Various Ophthalmic Ointment Bases on Carbenicillin 
and Gentamicin Release Effectiveness 

bases. 

a n t i b i o t i c  tested. Thfs i sev iden t  from the change i n  the rank order 

o f  effect iveness o f  a n t i b i o t i c  release from the ointment bases w i th  

the tested an t ib io t i cs .  

No one base was found t o  be consistent ly superior w i th  each 

Figure 1 i l l u s t r a t e s  tha t  the i n h i b i t i o n  zones o f  ca rben ic i l l i n  

i n  Bases 10 and 18 were more than twice the zone produced by the 

same a n t i b i o t i c  i n  the o f f i c i a l  eye ointment base speci f ied f o r  

sulphacetamide eye ointment (Base 3) and about twice the zones pro- 

duced i n  case o f  the o f f i c i a l  eye ointment bases sFecif ied i n  BP 1953 

(Base 1) and BP 1980 (Base 2). While i n  the case c f  gentamicin, the 

i n h i b i t i o n  zone produced by the a n t i b i o t i c  i n  Base 8 was found t o  
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626 EL-SUT’J!AW 

be m r e  than twice the zone produced i n  case o f  Base 1 and about 

167% the zones produced i n  case o f  Bases 2 and 3. Also i t  i s  evident 

f rom Table 2 tha t  the f i v e  poorest ointment bases i r i  t h e i r  a b i l i t y  

t o  releaseeach of ca rben ic i l l i n  and gentamicin were Bases 1, 5, 3, 

4 and 2,even though the rank order o f  effect iveness changed w i th  

the tested an t ib io t i cs .  

ointment bases are s ign i f i can t l y  superior w i th  each a n t i b i o t i c  tested 

than the reference bases. Possible reason f o r  t h i s  poor a n t i b i o t i c  

release exhibi ted by the former bases i s  the s t i f f  body and consis- 

tency o f  these bases. 

The experimental resu l ts  indicate tha t  a l l  the e igh t  best o in t -  

This means t h a t  the suggeslied ophthalmic 

ment bases (Bases 8, 10, 18, 12, 14, 7, 9 and 15) except Base 14 were 

composed o f  castor o i l  gel led by hydrogenated castor o i l ,  Aerosi l  

o r  white wax and may contain ce ty l  alcohol, Span 80. Span 40, wool 

alcohols, g lycery l  monostearate and cetostearyl alccihol as wett ing 

and spreading agents. Posslble reason f o r  the super io r i t y  i n  car- 

b e n i c i l l i n  and gentamicin release exhibi ted by castor o i l  gel led bases 

i s  the th ixo t rop ic  behavior of these semisolid l ipoge ls  as upon ex- 

t rus ion  from the co l laps ib le  tubes, they underwent shear th inning 

and l iquefy.  This i s  i n  agreement w i th  e a r l i e r  where i t  

was found tha t  a base containing 75% castor o i l ,  155; hydrogenated 

castor o i l  and 10% Tween 80 t o  be superior i n  an t i b io t i cs  release 

than three ophthalmic ointment bases (Bases 2, 4 and 5 i n  t h i s  study) 

even a f t e r  the addi t ion o f  10% Tween 80 t o  the l a t t e r  bases. 

From t h i s  study,. i t  seems tha t  i t  i s  not the type o f  the base 

nor the presence o f  spec i f i c  wett ing o r  spreading agent which produces the 

super io r i t y  o f  one base t o  release the a n t i b i o t i c  i t .  incorporates. 

For carben ic i l l i n ,  the best two bases (Base 10 and 1.8) were ab- 

sorption bases containing ce ty l  alcohol and Span 80 respectively 
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wh i le  t h e  poorest base (Base 3) was oleaginous. 

t he  best base (Base 8) was oleaginous con ta in ing  no we t t i ng  o r  

spreading agent w h i l e  the  poorest base (Base 5) was absorpt ion base 

con ta in ing  c e t y l  alcohol. 

lease f r o m  an ointment a re  o f  complex nature . General ly, drug 

release f r o m  an ointment i s  a t t r i b u t e d  t o  p a r t i t i o n i n g  and/or d i f -  

fusion, depending on the drug p roper t i es  and t h e  s p e c i f i c  veh ic le  
17 se lected . 

For gentamycin, 

However, t he  f a c t o r s  a f f e c t i n g  drug re -  
9 

Fur ther  work i s  c u r r e n t l y  being conducted on these eighteen 

exp lo ra to ry  ointment bases f o r  poss ib le  ophthalmic use. 
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