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AESTRALT 

The e f f e c t  o f  emuls i f ie r  type on the  preparat ion and s t a b i l i t y  o f  iiiultiplc. 

emulsions was s tudied .  

s t a b i l i t y  with regard t o  the HLB of  emuls i f ie r  I1 was found t o  be d i f f e r e n t  

f o r  each emuls i f ie r .  

obtained when t h e r e  i s  a s i m i l a r i t y  between the  hydrophobic p a r t  of  the  

emuls i f ie r  and t h e  o i l  phase. 

The inf luence on t h e  y i e l d  of  preparat ion and 

The bes t  s t a b i l i t i e s  of  t h e  mul t ip le  emulsions were 

I NRODU I ON -~ 
The concept o f  mul t ip le  enuls ions is  very promising f o r  prolonged drug 

re lease  and there  a r e  a l ready some repor t s  on in viva experiments (1,~). 

The complicated na ture  of t h e  mul t ip le  emulsions causes various problem of 

i n s t a b i l i t y  due t o  re lease  of  the  drug from t h e  inner  drople t s  o f  the  emulsion 

via some poss ib le  mechanisns (3 )., Some of the  drug i s  already released i ~ t i i l ~  

preparing the  mult iple  enuls ion,  causing low y i e l d s  of  preparat ion [yl , 

Jefiricd JS precentage of tlic s o l u t e  remained i n  the inner dropletsl  . I t  \\':I\ 

recent ly  found t h a t  there  i s  xn o p t h l  HLL? and emuls i f ie r  concentrat ion foi. 
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792 MAGDASSI, FRENKEL, AND GARTI 

obtaining high y i e l d s  oi prepara t ions .  

concentrat ions o f  the second s t e p  emu1si f ie r ) i s  c l o s e  t o  the  required HLB of 

the  o i l  phase, leads t o  the idea hlmt there  snould be an optimal emuls i f ie r  

giving high s t a b i l i t y  a n d  y i e l d  of  preparat ion o f  the mult iple  emulsion. 

The f a c t  t h a t  the optimal HLB(at l i igh 

llie puipose of t h i s  work is  t o  study the d i f fe rences  b e h e e n  n iu l t i p l c  

eniulsioiis prepared by various ciriiilsifiers, and t o  poin t  out  some concl i i I io i i \  

which arc' important f o r  obtaining s t a b l e  mul t ip le  emulsions, 

Light mineral o i l ,  Pazdina 1 5 ,  w a s  obtained from Paz - I s r a e l .  
A l l  the emuls i f ie rs  used were commercial products of  At las  Europol S .P .A.  
Those noniondc emuls i f ie rs  were s o r b i t a n  f a t t y  ac id  e s t e r s  (Spans"), aid 
cthoxylated sorb i tan  f a t t y  and e s t e r s  (meens**) .  

'l'lic W/O emulsion was prepared by a dropwise addi t ion  of the water 
phase tc the o i l  followed by twenty minutes of  homogenization (Silverson 
Homogenizer), a t  a constant  speed. 
serving as a marker fo r  the determination of  the yield of preparat ion of  
the emulsion. 

The i n t e r n a l  phase contains  NaC1, 

"lie priirnry emulsion w a s  composed o f :  

1 0  W t  % 

60 wt % 

30 w t  9 

Span-Tween 80 ,  HLB=6 

l i g h t  mineral o i l  

NaC1 s o l u t i o n  (1% \Vm 

[ h i u l s i f i e r  I )  

All inult i l ) lc  emulsions i.101'~ prepared by two s t e p s  procedure ( 4 ) .  

~ ~ I I I K I I J '  iV/o emulsion i s  :idded dropwise i n t o  the  water phase, contairiing tlic 

~ccorid c : i i i u l ~ i i i c r ,  a t  ii coiisttant s t i r r i n g  r a t e  (magnetic s t i r r i n g )  . 
ailtlitiori is  completed within 10 iriinutcs. 

'Ilio 

'llie 

'I'lic coinpositioii o f  tlic mul t ip le  emulsion i s :  

2 I 1  IJ t % primly \V/O emulsion 

5 wt :> eiriulsifier I I 

75  I d t  % dc ion i zed water 

' ~ ' I I L ,  y i e l d  of preparation is  determined by t i t r n t i o n  of the c h l o r i ~ l c  
iuri.. 11wsciit a t  t l i c  cstcrnal 1)liase of tlic mul t ip le  emulsion. 

Ihiplizates of 2.5 g sa rp les  of  mul t ip le  emulsions were t i t r a t e d  fo i  
ch lor ide  deternunat ion,  by the mcrcuration method (S), using lower 
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MULTIPLE EMULSION STABILITY 793 

concentrat ions of Hg(NOj)2 
n i t r i c  ac id  in  1 l i t e r ) .  
the  raiigc of  ~ 8 % .  

( 1 . 2  g i n  1 l i t e r )  and HN03 (0.75 n i l  conc. 
The reproducib i l i ty  o f  the t i t r a t i o n s  was i l l  

A systematic  deviat ion from the r e a l  end poin t  was observed f o r  
each entulsion, since the white co lor  of the eriulsion has a masking c f f c c t  

on purple cnd point  c o l o r .  

was therefore  used [ b) . 
A cor rec t ion  f a c t o r  o f  0.86 for each r e s u l t  

* Sp 20 Sorb i t an  mono Laurate 
S]' 40 " Palmitntc 

sp t l i l  " 5tear;itc 

s11 so " (Ilea te 

Sp 85 " t r i  Oleate 

1 .  Y1elJ Lnti "LB 

lwo iriclin factors arc involved ; i t  the second emulsif icat ion s t e p  of  tlic \ \ / u  ,~ 

emulsion: 

bc considered :is a prep:ii-<itioii o f  311 o i l  i n  water emulsion, i t  could tic c ~ s i ~ c c t ~ ~ i l  

t h a t  hy preparing tlic inu l t i p l c  eiiiulsion w i t h  various emuls i f ie rs ,  emulsions 

tlic type of tlic o i l  pliast. and the e i i r l s i € i e r .  Since this s t q  C;IJI 

haviiig d i f f e r e n t  s t a b i l i t i e s  would be obtained. ils was shown elscwhcrc(b) 

thc opt irna1 111.1~ of  the inultiplc eimilsion ( a t  h i g h  concentrations O F  einulsi 

1 1 )  I> tlic r-cciuirctl Ill.li oi the  o i l .  Since we a r e  deal ing w i t h  Iiiincral o j  1 

1 C I  

t11c t-cqiiirc~d 111.11 is 10-11. Ser ies  of ~ i iu l t ip le  emulsions were p r c p r c d  a t  lll.lf, 

IU-I2 in order t o  s tudy  the e f f e c t  of  cniuls i f icr  type on the y i e l d  and s t : i l ) i l i t \ ,  

of the mul t ip l e  eniulsions. 

,k stio\m i n  F ig .  1 ,  f o r  each emuls i f ie r  I1 combination, the y i e l d  

01 tlrc. iiiul t i l ) lc  cyiulsioii ;is ~~icnsuretl onc Jay a f t e r  preparat ion (Y,) , tlcci~eascs 

v i t l i  tlic incrcasc i n  the IILB, regardless o f  t h e  emuls i f ic r  type. ' I ' l i r  t171r 0 1  

erriulsi l 'icr p l ays  ;in irrportant role iri determining the dej'eritkncc of the v l i i  

on the I l L U  ciiange. For example, a ciimge of lLf3 froni 1 0  t o  11, has almost 

no e f f e c t  on the y i e l d  ithen Span 80 - "ween SO are used, b u t  when Span 80 - 

' n b a m  2 0  arc  ~ised.n decrease froni 50 t o  1 7 %  i s  observed. I t  must he noticl t l u t  
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50 

40 

30 
2 0  

10 It 12 10 tl 12 
s p 2 0  spm 
T w 2 0  Tw40  

Sp8O-TwBO 
Tw20  

10 It 12 10 1 1  12 
Sp20 spa5  
Tw8O Tw8O 

- HLB 

'HLB 

1. llie y i e l d  of mult iple  eniulsions a f t e r  one day ( Y , ) ,  when prepared 
by various eniuls j f ier  I1 ( 5  w t  %) and H L B ' s .  

the  Y, vs. Ii1.B curves a r e  q u i t e  s i m i l a r  f o r  a l l  combinations of  Span' 20 

Iiueeiis, h i t  d j f f c r  s i g n i f i c a n t l y  f o r  conibinations of Span 80 - ?keens. 

c l i  ffererices c:~n l x  ex7,lainocl by the conpatab i l i ty  between the cniulsificr ;ind 

the o i  1 pliasc, as w i l l  tie discussed I n t e r .  

2 .  S t a b i l i t y  and Emulsif ier  Type 

,~ lliosc 

lflilen the y i e l d  of preparat ion o f  t h e  inul t iple  emulsion i s  detuniiincd 

irmnetliately af ter  preparat ion (y,), and one day l a t e r  (y2), i t  i s  poss ib le  

t o  olitaiii infoniiation 011 thc s t a b i l i t y  of  t h e  niultiple emulsion towards 

release o f  the  s o l u t e  from the inner  phase. 
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MULTIPLE EMULSION STABILITY 795 

Y1 - y2 

Y 1  
'Ihe s t a b i l i t y  index, I < ,  is dcfined a s :  I< = 

This index ind ica tes  the r e l a t i v e  change of  the  tracer concentrat ion i n  the 

inner  phase during one day. Therefore, a small R means a small amount of 

t r a c e r  re leased from the  inner phase, and a more s t a b l e  mul t ip le  emulsion, 

while a l a r g e  R value means unstable  emulsion w i t h  extensive amounts of  t racer  

rc lcased from an inner  phase. 

The R values f o r  mul t ip le  emulsions prepared by d i f f e r e n t  emuls i f ie rs  
are presented i n  Table 1. 

increases  with the  increase  i n  t h e  HLB from 10 t o  1 2 ,  i n d i c a t i n g  lower s t a b i l i t i e s  

a t  higher  HLUs.  

s i z e  of t h e  mult iple  emulsion and t h e  nature  o f  the  i n t e r f a c e  around t h e  

mult iple  drople t s .  

rupture  of  the  inner  drople t s  would take a long per iod o f  time, so the mul t ip le  

emulsion would exhib i t  an improved s t a b i l i t y .  In  addi t ion ,  when a firm 

intcrf t lcc  is  fomied around the d r o p l e t s ,  i t  prevents t h e  m p t u r e  of the 

inner drople t s ,  y ie ld ing  a high s t a b i l i t y ,  

emulsions i s  10-11, it is  c l e a r  why t h e  h ighes t  R values are obtained a t  HLB 1 2  

f o r  a l l  the  emuls i f ie rs  used. 

A s  it' can be seen from t h i s  t a b l e ,  t h e  value o f  I?  

The explanation f o r  t h i s  phenomenon i s  based on the  p a r t i c l e  

When t h e  mul t ip le  emulsion drople t s  are very la rge  the  

Since t h e  optimal HLB o f  those 

llie nature  of the i n t c r f a c e  which i s  foniicd around the  mult iple  droplc t s  

i s  determined by the  compatability o f  the  hydrophobic emuls i f ie r  wi t11  t h e  

hydrophi l ic  one and the compatability o f  the  emuls i f ie rs  p a i r  with t h e  o i l  
phase. A5 can be seen (Table 1) , when emulsions are prepared by combinations 

of  Span 80 and various Tweens, R decreases ( a t  a l l  HLBs) whi le  increasing t h e  

length of  t h e  hydrophobic p a r t  of t h e  Tween emuls i f ie r  from C12 t o  q18. This 

fact can be explained by t h e  cornpatability o f  the  emuls i f ie r  with the long carbon 

chains of t h e  p a r a f f i n i c  o i l .  

between the two emuls i f ie rs ,  as i n  the  combination o f  Span 85 - 'heen 80, due 

t o  s t e r i c  hindrence, R values a r e  higher ,  ind ica t ing  a l e s s  s t a b l e  emulsion. 

When the emulsions were prepared by combinations o f  Span 20 and var ious "weens, 

the t rend i s  not  so c l e a r  probably because the  formation of very big aggregates 

and o i l  separa t ion  i n  some o f  those emulsions. 

On the cont ra ry ,  i f  there  i s  incoi i~patabi l i ty  
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796 MAGDASSI, FRENKEL, AND GARTI 

TABLE 1: R index of  mut l ip le  emulsions prepared by various emuls i f ie rs  
and percentage o f  o i l  separa t ion  from o/w emulsions prepared by 
the same emuls i f ie rs .  

Emulsifiers 

Sp 80 'Ik 20 

Sp 80 'lk 40 
Sp 80 Tw 60 
Sp 80 no 80 
Sp 85 Tw 80 

Sp 20  m 40 
Sp 20  Tw 80 

sp  20  m 20 

R ,  a t  various HLB's 

11 - 10 _- 
0.42 0.79 
0.29 0.31 
0.18 0 . 2 7  
0.08 0 .11  
0.11 0.46 
0.11 0.14 
0 .01  0 .31 
0.13 0.15 

% v/v o i l  separat ion 
(of o/w emulsipn) 

a t  HLB 11 
1 2  - 

0.87 18 
0.64 2 
0.32 2 . 5  
0 . 3  2.5 
0 .57  2 . 5  
0.45 15.4 
0.65 23 
0 .59  13.6 

One would think t h a t  the s t a b i l i t y  o f  t h e  mul t ip le  emulsion is d i r e c t l y  

dcrivcd from t h c  s t a l i i l i t y  of t h c  s i m i l a r  o/w crnulsion. 

p o s s i b i l i t y ,  a series o f  o/w emulsions was prepared by the  same emuls i f ie r  

p a i r s  which were used fo r  t h e  mul t ip le  emulsions (@=20% w/w, 5% emuls i f ie r  a t  

HLB 11) .  

shown in Table 1. From these r e s u l t s  i t  is  clear t h a t  there  i s  no c o r r e l a t i o n  

between t h e  s t a b i l i t i e s  o f  the  o/w emulsions and w/o/w emulsions. 

I n  o rder  t o  check tliis 

The separa t ion  of o i l  a f t e r  one day a t  55'C w a s  measured and is  

These f indings i n d i c a t e  that the  mechanism which leads t o  the  coalesence 

of the mult iple  cmulsion drople t s  i s  not  necessar i ly  combined w i t h  the 

mechanism of rupture o f  t h e  inner mul t ip le  emulsion drople t s .  

coalesence could increase the  apparent s t a b i l i t y  of  t h e  mul t ip le  emulsion, due 

t o  the increase i n  the p a r t i c l e  s i z e .  

On the  cont ra ry ,  

In order  t o  compare the  R values with t h e  s t a b i l i t y  of mul t ip le  emulsions 

f o r  a long per iod  of  time, the  y i e l d  o f  th ree  emulsions was measured during 

one month (Fig. 2 ) .  These three  emulsions were prepared a t  HLB 11, by d i f f e r e n t  

combinations of emuls i f ie rs .  

As can be seen,  t h e  process o f  emulsion rupture  i s  very r a p i d  during t h e  

f irst  week a f t e r  preparat ion o f  the mul t ip le  emulsion: when prepared using 
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MULTIPLE EMULSION STABILITY 797 

8 
i 

Sp80-Tw80-  a 
Sp80-Tw40-  A 
Sp85-Tw80-  0 

(o t  H L B = I I )  

2 7 10 16 26 

40 

20 

60 \  2 7 10 16 26 
I  I (I 

T ,days 

2. ?he y i e l d  of mul t ip le  emulsions prepaied by d i f f e r e n t  emuls i f ie r  I1  
combinations ) as measured' during one month. 

Span 80 and Tween 40 o r  Tween 80, Y decreases from 81-91%, t o  37-32%) respec t ive ly .  

Af te r  the  f i r s t  week, the  decrease of  Y i s  much slower, from 37-32% t o  12.4% during 

19 days. 

using Span 85 Tween 80: 

from 19% t o  4 %  during 19 days. 

'The same trend i s  observed when the  mul t ip le  emulsion is  prepared 

Y drops from 76% t o  19% during one week, and then 

When R values of those emulsions are compared it is expected that the  

combination of Span 80 - Tween 80 (R=O.11) would be b e t t e r  than Span 80 - 

Tween 40 (R=0.31), which i s  b e t t e r  than Span 85 - Tween 80 (R=0.46). The 

changes of y during 10  days f o r  these emulsions a r e  

92 t o  24% (Sp 80 -Tw 40) and 76 t o  8% (Sp 85 Tw 80) ) i n  accordance with the 

R values .  

80 t o  26% (Sp 80 - 71.1 80) , 

CONCLUSIONS 

1. 

on emuls i f ie r  type and i ts  

2. 'Ihc most s t a b l e  mul t ip le  emulsions a r e  obtained when tlierc i s  ;I c l i c~ i i ic~l  

s i m i l a r i t y  between the o i l  phase and the hydrophobic p a r t  of t h e  emuls i f ie rs ,  

as well a s  within the  p a i r  of  emuls i f ie rs .  

The y i e l d  of  prepara t ion  and s t a b i l i t y  of  mul t ip le  emulsion a r e  dependent 

HLB. 
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798 MAGDASSI, FRENKEL, AND GARTI 

3.  

the coalescence mechanism of the outer droplets.  

The mechanism for  rupture of multiple emulsion droplets i s  independent on 

4 .  

days a f t e r  preparation. 

'fie rupture of the multiple emulsion is  very pronounced during the f i r s t  
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