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MECHANISMS OF INSTABILITY IN W/O/W MULTIPLE EMULSIONS 

D . Whitehill and A .  r .  F lorence ,  Depar tment  of Pharmaceut ics  , 
University of Strathclyde, Glasgow G1 1xw. 

Water-in-oil-in-water (W/O/W) multiple emuls ions  have shown p r o m i s e  as druq 
de l ivery  s y s t e m s .  
ba lance  of f ac to r s  which maintain stabil i ty.  If the  p r o c e s s e s  of instabil i ty of t hese  
s y s t e m s  w e r e  be t te r  understood, it should be  poss ib le  to  fo rmula t e  s t ab le  s y s t e m s  
with many biopharmaceutical  advantages.  The stabil i ty of t h e s e  s y s t e m s  composed 
of two emuls ions  is difficult  to study and t h e r e  is little published work on the 
subjec t .  
(1977a,b) have measu red  migra t ion  of ions  f rom the  in te rna l  phase  and a visco- 
m e t r i c  technique to follow breakdown of multiple emuls ions .  
Three  different s y s t e m s  of water/isopropyl myr i s t a t e  (IPM ) /water  w e r e  prepared  
using var ious  nonionic su r fac t an t s .  
cases IPM, Span 80 ( 2 . 5 ~ ~ )  and wa te r  (5oy0). 
prepa red  by emulsifying the  p r i m a r y  sys t em in  a n  equal volume of wa te r  contain- 
ing 270 sur fac tan t :  3 r i j  30 ( s y s t e m  A ), 
Tween 80 3:l  ( s y s t e m  C ) .  Sys tem A had s m a l l  multiple (o i l )  d r o p s  (mean  
d iame te r  8 .6pm) ,  82y0 of which contained only one in te rna l  aqueous drople t .  
Sys tem 3 had somewhat l a r g e r  multiple d rops  ( m e a n  s i z e  19pm) with seve ra l  
s m a l l e r  internal aqueous d rops .  System C compr is ing  much l a r g e r  multiple 
d r o p s  than A or B ( m e a n  size 25pm) contairec' l a r g e  numbers  of in te rna l  d rops  
which w e r e  imposs ib le  to r e so lve .  
Using conventional photomicrography, the  d e c r e a s e  i n  the  r a t i o  of filled/empty 
multiple d rops  and in  the  number  of in te rna l  drople t s  ins ide  the  multiple drops  
w a s  observed .  The in te rna l  d rop le t s  of emuls ions  A and B showed little chanqe 
in  d i ame te r  ove r  a per iod  of twenty weeks ,  and only sl ight changes  in  the  mean 
size of the  multiple d r o p s  w e r e  noted. 
d o  provide s o m e  information on multiple d r o p  stabil i ty.  
modified t ime-lapse c inemicrography technique desc r ibed  by Dawson (1963) to  
study drople t  movements  for pe r iods  of up to  twenty four h o u r s ,  i n  t h e  p re sence  
and absence  of e lec t ro ly te  i n  the  in te rna l  and ex terna l  aqueous phases .  
h a s  shown the  in te rna l  d rop le t s  to be fa i r ly  s tab le  in the  e a r l y  s t ages  of the  life 
of the  emulsion. 
and high-speed c inemicrography have a l so  been used. 
e lec t ro ly te  in the  ex terna l  phase ,  d r o p s  of emuls ion  A r u p t u r e ,  re leas ing  the 
in te rna l  aqueous d rop le t s .  
l ike  a normal  O/W emuls ion ,  leaving the  in te rna l  drople t s  in tac t .  The main 
f ac to r s  l ikely to  influence coa le scence  in  the  cons t ra ined  envi ronment  of the  
d i spe r sed  oil phase  are the  v iscos i ty  of the  oil phase ,  
t he  interfacial  f i lms  and Brownian movement.  
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Additives such  as d rugs  can  markedly  upse t  the  delicate 

Davis et a1 , (1976 ) have used f r eeze - f r ac tu re  techniques ; Kita & - -  

The p r i m a r y  W/O s y s t e m  compr i sed  in  all 
The multiple emuls ion  was  

Triton X-165 ( s y s t e m  B )  and Span 80: 

Although these  methods  are tedious,  they 
W e  have  also used a 

This 

They appear  to coll ide frequently but do  not coalesce. Normal 
In the  p r e s e n c e  of 

Drops  of emuls ion  R, however,  coalesce, behaving 

in te rac t ions  between 
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