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PHASE BEHAVIOR CHARACTERIZATION OF OINTMENTS CONTAINING LANOLIN OR 

A LANOLIN SUBSTITUTE 
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Heal t h c a r e  R&D 
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Calgon Vesta l  L a b o r a t o r i e s  
S t .  Lou is ,  MO 63166-0147 

Ointment v e h i c l e s  c o n s i s t i n g  o f  m ine ra l  o i l ,  w h i t e  p e t r o l a t u m  and e i t h e r  

anhydrous l a n o l i n ,  o r  t h e  l a n o l i n  s u b s t i t u t e  SOFTISAN@ 649 were i n v e s t i g a t e d  

by d e t e r m i n i n g  t h e  b i n a r y  and t e r n a r y  phase behav io r  o f  t hese  m i x t u r e s .  

Rheology measurements r e l a t e d  changes i n  v i s c o s i t y  w i t h  changes i n  phase 

behav io r .  

s h i f t s  i n  t h e  b i n a r y  and t e r n a r y  phase behav io r  which r e s u l t e d  i n  changes i n  

v i s c o s i t y  o f  t h e  o in tmen t  base. Whi le replacement o f  anhydrous l a n o l i n  w i t h  

t h e  l a n o l i n  s u b s t i t u t e  SOFTISAN@ 649 s i g n i f i c a n t l y  changed t h e  t e r n a r y  phase 

behav io r  o f  t h e y  system, s u i t a b l e  o in tment  v e h i c l e s  cou ld  be  prepared t h a t  

were v e r y  r e p r o d u c i b l e  u t i l i z i n g  d i f f e r e n t  l o t s  o f  SOFTISAN@ 649. 

L o t  t o  l o t  v a r i a b i l i t y  o f  t h e  anhydrous l a n o l i n  caused s i g n i f i c a n t  

INTRODUCTION 

M i x t u r e s  o f  m i n e r a l  o i l ,  w h i t e  p e t r o l a t u m  and l a n o l i n  p r o v i d e s  t h e  

o in tment  base f o r  v a r i o u s  t o p i c a l  o in tment  p roduc ts .  

m i x t u r e  o f  m i n e r a l  o i l / w h i t e  p e t r o l a t u m / l a n o l i n  i s  a s p e c i f i c  f o r m u l a t i o n  t h a t  

has presented  cha l l enges  w i t h  rega rd  t o  t h e  manufac ture  o f  a pharmaceut ica l  

o in tment  hav ing  c o n s i s t e n t  q u a l i t y .  

r o u t i n e l y  occu r red  f o r  t h i s  f o r m u l a t i o n ,  and have been l i n k e d  w i t h  l o t  t o  l o t  

The 25/55/20 by we igh t  

Unacceptably l o w  p roduc t  v i s c o s i t i e s  have 
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1284 OSBORNE 

v a r i a b i l i t y  i n  t h e  compos i t i on  o f  t h e  l a n o l i n .  The component(s) r e s p o n s i b l e  

f o r  these v i s c o s i t y  v a r i a t i o n s  has n o t  been i d e n t i f i e d .  

L a n o l i n  i s  t h e  s e c r e t i o n  o f  t h e  sebaceous g lands  o f  sheep wh ich  i s  

depos i ted  o n t o  t h e  wool f i b e r s .  Chemical ly,  l a n o l i n  i s  a complex m i x t u r e  o 

es te rs ,  d i e s t e r s ,  and hydroxy  e s t e r s  o f  a1 i p h a t i c  a l coho l  s / s t e r o l s  (C,2-C38) 

and normal, i s o ,  an te i so ,  and hydroxy ac ids ' .  

determined compos i t ions  o f  l a n o l i n  a l c o h o l s / s t e r o l s  and l a n o l i n  ac ids ,  t h e  

t h e o r e t i c a l  number o f  l a n o l i n  mono-ester combina t ions  t o t a l s  10,350'. L a n o l i n  

Based upon e x p e r i m e n t a l l y  

i s  a by -p roduc t  o f  t h e  wool scou r ing  i n d u s t r y ,  and t h e  q u a n t i t y  o f  wool grease 

v a r i e s  depending upon t h e  breed o f  sheep, t h e  anatomical  a rea  sheared, i n n e r  

and o u t e r  f l e e c e ,  and season. 

occur  depending on t h e  s to rage  c o n d i t i o n s  o f  t h e  sheared wool p r i o r  t o  

scour ing .  F o l l o w i n g  t h e  wool scou r ing  procedures,  t h e  l a n o l i n  i s  separa ted  

and p u r i f i e d  by techn iques  i n c l u d i n g  a c i d  c r a c k i n g  o r  c e n t r i f u g a l  washing, 

n e u t r a l i z a t i o n  , removal o f  soaps, f i l t r a t i o n ,  b leach ing  and deodor i za t i on ' .  

These techn iques  a re  n o t  u n i f o r m  th rqughout  t h e  wool scou r ing  i n d u s t r y ,  and 

thus  cons ide rab le  v a r i a t i o n  i n  compos i t ion  i s  t y p i c a l  f o r  l a n o l i n  f rom 

d i f f e r e n t  wool scou r ing  i n d u s t r i e s .  L a n o l i n  f rom numerous sources i s  poo led  

p r i o r  t o  purchase by t h e  U.S. s u p p l i e r  o f  l a n o l i n .  

g e n e r a l l y  n o t  known t o  t h e  U.S. s u p p l i e r .  Thus, source h i s t o r y  f o r  a 

p a r t i c u l a r  l o t  o f  l a n o l i n  i s  g e n e r a l l y  n o t  a v a i l a b l e  t o  t h e  pharmaceut ica l  

manufac turer .  

Vary ing  degrees o f  o x i d a t i o n  o f  t h e  l a n o l i n  may 

These sources v a r y  and a re  

I n  an e f f o r t  t o  improve q u a l i t y  o f  m ine ra l  o i l / w h i t e  p e t r o l a t u m / l a n o l i n  

o in tment  f o r m u l a t i o n s ,  two i n v e s t i g a t i o n s  were completed. F i r s t ,  t h e  phase 

behav io r  o f  t h e  m ine ra l  o i l / w h i t e  pe t ro la tum/ lano l  i n  system was c h a r a c t e r i z e d  

t o  de termine t h e  r e l a t i o n s h i p  between t h e  v i s c o s i t y  changes and t h e  phase 

boundar ies d i s c e r n a b l e  w i t h i n  t h e  system. 

p r e v i o u s l y  used t o  c h a r a c t e r i z e  s e m i s o l i d  f o r m u l a t i o n s  i n  

o in tments  i n  p a r t i c u l a r 4 .  

p o s s i b l e  replacement f o r  l a n o l i n .  

c a p r y l  i c ,  c a p r i c ,  i s o s t e a r i c  and a d i p i c  t r i g l y c e r i d e s ,  and i s  s t a b l e  a g a i n s t  

ox ida t i on6 .  

Phase behav io r  s t u d i e s  have been 

and 

Secondly, a l a n o l i n  s u b s t i t u t e  was eva lua ted  as a 

The l a n o l i n  s u b s t i t u t e  i s  a m i x t u r e  o f  

Since t h i s  p roduc t  i s  manufactured by h y d r o l y z i n g  coconut o i l ,  
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CHARACTERIZATION OF OINTMENTS 

d i s t i l l i n g  t h e  f a t t y  a c i d  f r a c t i o n s ,  and then  recombin ing  

fo rm t h e  a p p r o p r i a t e  t r i g l y c e r i d e  m ix tu res ,  v e r y  low l o t  

a n t i c i p a t e d  f o r  t h i s  m a t e r i a l .  

EXPERIMENTAL 

1285 

t hese  m a t e r i a l s  t o  

o l o t  v a r i a b i l i t y  i s  

Samples were prepared u s i n g  l a b o r a t o r y  r o b o t i c s  as p r e v i o u s l y  

described','. 

v i s c o s i t y  180 (Penreco, B u t l e r ,  PA), anhydrous l a n o l i n  USP (R.I .T.A.,  C r y s t a l  

Lake, I L ) ,  and S o f t i s a n  649 (HULS o f  America Inc . ,  Stony P o i n t ,  NY) were 

w i t h i n  t h e  manu fac tu re r ' s  s p e c i f i c a t i o n s ,  and were used as rece ived .  Phase 

behav io r  was de termined a f t e r  s to rage and repeated  m i x i n g  o f  t h e  samples a t  

60°C. A f t e r  check ing  t h e  phase behav io r  c h a r a c t e r i z e d  a t  60°C, t h e  

tempera ture  was lowered i n  5°C increments f o r  t h e  b i n a r y  systems o r  t o  t h e  

tempera ture  s p e c i f i e d  f o r  t h e  t e r n a r y  systems and t h e  samples a l l owed  t o  

e q u i l i b r a t e  w i t h o u t  a d d i t i o n a l  mix ing .  

tempera ture  f o r  e q u i l i b r i u m  t o  be e s t a b l i s h e d .  A l l  tempera tures  were 

c o n t r o l l e d  wi th in i: 0.1  "C u s i n g  an Espec LHU-112 Labora to ry  Chamber. 

White p e t r o l a t u m  USP (Penreco, B u t l e r ,  PA), m ine ra l  o i l  

A t  l e a s t  two days were a l l owed  a t  each 

Rheology s t u d i e s  f o r  t h e  m ine ra l  o i l / w h i t e  pe t ro la tum/ lano l  i n  m i x t u r e s  

were completed u s i n g  a F e r r a n t i  S h i r l e y  cone and p l a t e  v iscometer  ( F e r r a n t i  

E l e c t r i c ,  Inc. ,  Commack NY) a t  25°C w i t h  a 7 cm cone and 60 second sweep. 

t h e  m ine ra l  o i l / w h i t e  pe t ro la tum/So f t i san  649 m i x t u r e s  v i s c o s i t y  was measured 

u s i n g  a B r o o k f i e l d  S y n c h r o e l e c t r i c  v iscometer .  

t o  60°C and then  v ib romixed u n t i l  complete s o l i d i f i c a t i o n .  

t hen  a l l owed  t o  e q u i l i b r a t e  a t  25°C f o r  24 hours  p r i o r  t o  rheo logy  t e s t i n g .  

Fo r  

Rheology samples were heated 

The samples were 

RESULTS 

The phase behav io r  o f  f o u r  d i f f e r e n t  l o t s  o f  l a n o l i n  was de termined i n  

combina t ion  w i t h  a s i n g l e  l o t  o f  w h i t e  p e t r o l a t u m  and/or a s i n g l e  l o t  o f  

m ine ra l  o i l .  As seen i n  f i g u r e  1, t h e  phase behav io r  f o r  t h e  b i n a r y  system 

w h i t e  p e t r o l a t u m  and l a n o l i n  v a r i e s  d r a m a t i c a l l y  depending upon t h e  l o t  o f  

l a n o l i n  used. L a n o l i n  l o t  A i s  e s s e n t i a l l y  immisc ib le  w i t h  w h i t e  p e t r o l a t u m  

( f i g u r e  l a ) ,  w h i l e  L a n o l i n  l o t s  C and D a re  comp le te l y  m i s c i b l e  ( f i g u r e  l c ) .  

L a n o l i n  l o t  B p rov ides  complex phase behav io r  when mixed w i th  w h i t e  p e t r o l a t u m  

( f i g u r e  l b ) .  B i n a r y  phase behav io r  f o r  t h e  m ine ra l  o i l  and l a n o l i n  m i x t u r e s  
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CHARACTERIZATION OF OINTMENTS 1287 

a l s o  i n d i c a t e  t h a t  l o t  t o  l o t  v a r i a b i l i t y  o f  t h e  l a n o l i n  can s i g n i f i c a n t l y  

a l t e r  p o s i t i o n i n g  o f  t h e  s o l u b i l i t y  reg ions .  

l a n o l i n  l o t s  A and B p r o v i d e  ve ry  s i m i l a r  phase behav io r  t h a t  i s  c h a r a c t e r i z e d  

by a l a r g e  two phase r e g i o n  ( f i g u r e  2a) .  

w i d t h  and tempera ture  range ove r  wh ich  t h i s  s e p a r a t i o n  occu rs  i s  reduced 

( f i g u r e  2b).  The b i n a r y  phase behav io r  f o r  m ine ra l  o i l  and w h i t e  p e t r o l a t u m  

i s  shown i n  f i g u r e  3, and i s  c h a r a c t e r i s t i c  o f  m u t u a l l y  s o l u b l e  s o l i d s  o f  

d i f f e r e n t  m e l t i n g  p o i n t s .  

When combined w i t h  m i n e r a l  o i l ,  

Fo r  l a n o l i n  l o t s  C and D b o t h  t h e  

For t h e  t e r n a r y  system mine ra l  o i l / w h i t e  p e t r o l a t u m / l a n o l i n  i t  i s  found 

t h a t  m i x t u r e s  o f  w h i t e  p e t r o l a t u m  and l a n o l i n  can n o t  i n c o r p o r a t e  as much 

m ine ra l  o i l  as can e i t h e r  w h i t e  p e t r o l a t u m  o r  l a n o l i n  a lone  ( f i g u r e  4 ) .  

Furthermore, t h e  maximum amount o f  m i n e r a l  o i l  t h a t  w i l l  remain  as a non- 

separa ted  s e m i s o l i d  v a r i e s  d r a m a t i c a l l y  w i t h  t h e  d i f f e r e n t  l o t s  o f  l a n o l i n  

t e s t e d .  

can i n c o r p o r a t e  12, 17, 27, and 35 we igh t  pe rcen t  m ine ra l  o i l  f o r  l a n o l i n  l o t s  

A, B, C, and 0 r e s p e c t i v e l y .  Note t h a t  f o r  t h e  s p e c i f i c  o in tmen t  f o r m u l a t i o n  

25/55/20 m i n e r a l  o i l / w h i t e  p e t r o l a t u m / l a n o l i n ,  o n l y  l a n o l i n  l o t s  C and D would 

p r o v i d e  a p h y s i c a l l y  s t a b l e  s e m i s o l i d  p roduc t .  

As seen i n  f i g u r e  4, t h e  25:75 1 a n o l i n : w h i t e  p e t r o l a t u m  we igh t  r a t i o  

To b e t t e r  c o r r e l a t e  t h e  phase boundary shown i n  f i g u r e  4 w i t h  p roduc t  

v i s c o s i t y ,  a rheo logy  s tudy  was completed. Composi t ions as shown on t h e  phase 

diagram i n  f i g u r e  5 produced t h e  s e r i e s  o f  rheograms shown i n  f i g u r e  6. 

o n l y  does t h e  shear r a t e  verses shear s t r e s s  p l o t s  show t h a t  v i s c o s i t y  i s  

Not  

F igu re  1. B i n a r y  f r e e z i n g  p o i n t  d iagrams f o r  l o t s  A, B, C and D o f  l a n o l i n  
when combined w i th  w h i t e  pe t ro la tum.  
observed t o  have t h e  f o l l o w i n g  appearance: (a )  s ing le -phase ,  
c l e a r ,  c o l o r l e s s  l i q u i d ;  (b )  two c l e a r  l i q u i d  phases, t o p  
c o l o r l e s s ,  bo t tom y e l l o w ;  ( c )  s ing le -phase  c l e a r  y e l l o w  l i q u i d ;  
(d) w h i t e  p e t r o l a t u m  w i t h  d i s s o l v e d  l a n o l i n ;  (e )  c loudy  s e m i s o l i d  
t o p  phase, c o l o r l e s s  c l e a r  l i q u i d  bottom phase; ( f )  homogeneous 
semiso l i d ;  ( 9 )  two s e m i s o l i d  phases, t o p  wh i te ,  bo t tom y e l l o w ;  (h) 
two semiso l i d ;  and ( i )  m u l t i p l e  phases b o t h  l i q u i d  and s e m i s o l i d .  
L a n o l i n  l o t  A d i d  n o t  produce a homogeneous semiso l i d ,  w h i l e  l o t s  
C and D r e s u l t e d  i n  phase behav io r  c h a r a c t e r i s t i c  o f  two m a t e r i a l s  
m u t u a l l y  m i s c i b l e  i n  bo th  l i q u i d  and s o l i d  phases. L a n o l i n  L o t  C 
produced complex phase behav io r  b e s t  desc r ibed  as i n t e r m e d i a t e  i n  
appearance compared t o  comp le te l y  m i s c i b l e  ( l o t s  C and D) and 
comp le te l y  immisc ib le  ( l o t  A ) .  

The phase r e g i o n s  were 
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' O l  

OSBORNE 

clear single 
phase liquid 

lot A 
_ -  _ - -  - -  
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- lot B . , 

!- clear liquid upper phase 
30 cloudy semisolid lower phase 

semi so 1 id 
- 1  

100% 
Mineral 
O i  1 
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Lanolin 

clear single 
phase liquid 
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Figure  2 .  Binary f r e e z i n g  p o i n t  diagrams f o r  Lots  A ,  B ,  C ,  and 0 o f  l a n o l i n  
when combined w i t h  mineral o i l .  A t  h igh l a n o l i n  concentrat ions 
f o r  l o t s  C and D t h e  two phase region was n o t  d i s c e r n a b l e .  
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W h i t e  
P e t r o l a t u m  

OSBORNE 

Mineral 
O i  1 

Lano 1 i n  

F i g u r e  4. Pseudo- te rnary  phase behav io r  f o r  l o t s  A, 6 ,  C, and D o f  l a n o l i n  
when combined wi th w h i t e  p e t r o l a t u m  and m i n e r a l  o i l  a f t e r  m i x i n g  
a t  60°C and e q u i l i b r a t i o n  a t  25°C. 
i n c o r p o r a t e  t h e  g r e a t e s t  amounts o f  m ine ra l  o i l  b e f o r e  changing 
f rom a s e m i s o l i d  t o  a more f l u i d  m i x t u r e .  The h i g h  m ine ra l  o i l  
con ten t  s i d e  o f  t h i s  phase l i n e  was a f l u i d  r e g i o n  t h a t  separa ted  
upon s low c o o l i n g  ( s lower  than  5"Clday) b u t  remained p h y s i c a l l y  
s t a b l e  f o r  weeks a f t e r  f o r c e d  c o o l i n g .  

L a n o l i n  l o t  D was a b l e  t o  

s i g n i f i c a n t l y  l e s s  f o r  t h e  f o r m u l a t i o n s  t h a t  phase separa te  upon s tand ing ,  b u t  

a l s o  t h e  h y s t e r e s i s  l o o p  s i g n i f i c a n t l y  changes. 

e x i s t s  fo r  t h e  samples i n  t h e  f l u i d  r e g i o n  f u r t h e s t  f rom t h e  proposed phase 

boundary, 

were r e p r o d u c i b l e  and c h a r a c t e r i s t i c  o f  t h e  semiso l i ds  hav ing  t h e  h i g h e s t  

w h i t e  p e t r o l a t u m  concen t ra t i ons ,  b u t  were absent f o r  t h e  more v i scous  

semiso l i ds  hav ing  h i g h e r  l a n o l i n  concen t ra t i ons ,  i . e .  t r a c e s  

6. 

V i r t u a l l y  Newtonian behav io r  

The t h i x o t r o p i c  spur  seen f o r  rheo logy  t r a c e s  c and d o f  f i g u r e  6 

and j o f  f i g u r e  
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CHARACTERIZATION OF OINTMENTS 

Whi te  
Petrolatum 

1291 

i n  
O i  1 l o t  E 

F igure 5. D e t a i l  o f  t he  compositions s tud ied r h e o l o g i c a l l y  and t h e  phase 
boundary f o r  mix tures o f  mineral o i l / w h i t e  pet ro la tum/ l  anol i n  l o t  
E. As i n  f i g u r e  4, compositions i n  the f l u i d  reg ion  separated 
upon slow coo l i ng  (slower than 5"C/day) but  d i d  no t  r e a d i l y  
separate when forced cooled from 60°C t o  25°C. 

Combination o f  wh i te  pet ro la tum and So f t i san  649 r e s u l t s  i n  r a t h e r  

complex, bu t  very reproducib le  phase behavior. As seen i n  f i g u r e  7, a t  

temperatures o f  60°C and above a s i n g l e  phase c l e a r  l i q u i d  e x i s t s  f o r  mix tures 

o f  whi te  pet ro la tum and So f t i san  649 conta in ing g rea te r  than 45% So f t i san  649, 

Upon cool ing,  these mixtures appear t o  s o l i d i f y  as a homogeneous cloudy 

semisol i d .  

temperatures between 45 and 55°C resu l ted  i n  the composit ion con ta in ing  

g rea te r  than 60% Sof t isan 649 c louding a t  t he  top  o f  t he  sample w h i l e  the  

bottom o f  the sample remained c lea r .  

mixtures con ta in ing  l e s s  than 40% So f t i san  649. 

mineral o i l  and So f t i san  649 i s  shown i n  f i g u r e  8. 

Hcwever longer  term storage (approximately one month) a t  

D i s t i n c t  phase separations occurred for 

The b ina ry  phase behavior f o r  

While the  phase behavior 
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180 1 _ _  
7v 140 
aJ 
v) 
v 

5 100 

z 60 

20 

m 
0: 

L 

.c 
WJ 

500 1000 
Shear Stress (Dynes/cm*) 

1801 

1000 2000 
Shear Stress (Dynes/cm') 

F i g u r e  6 .  Rheology t r a c e s  a t  25°C f o r  t h e  compos i t ions  shown on t h e  t e r n a r y  
d iagram i n  f i g u r e  5. 
t h e  samples a t  60°C and e q u i l i b r a t i n g  f o r  24 hours  a t  25°C. Note 
d i f f e r e n t  sca les  f o r  t h e  shear s t r e s s  a x i s .  Apparent  v i s c o s i t i e s  
i n  Po ise  were as f o l l o w s :  a) 9.6  P, b) 2 . 5  P, c )  8 . 6  P, e )  
4 .0  P, f )  6 . 0  P, g) 9 . 2  P, h )  9 . 4  P i )  12.2  P and j) 12.6  P 

Rheology measurements were made a f t e r  m i x i n g  D
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Figure 8. Binary freezing point diagram 
lots A and B. 

SOFTISAN' 649 
lots A and B 

for mineral oil and Softisan 649 
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CHARACTERIZATION OF OINTMENTS 1295 

W h i t e  
P e t r o l a t u m  

M i n e r a l  
O i  1 

SOFT I S A N ~  649 
l o t s  A and B 

F i g u r e  9. Pseudo- te rnary  phase behav io r  f o r  l o t s  A and B o f  S o f t i s a n  649 
when combined w i t h  w h i t e  p e t r o l a t u m  and m ine ra l  o i l  a t  60°C. 
V i s c o s i t i e s  were de termined f o r  t h e  compos i t ions  c i r c l e d  i n  t h e  
s i n g l e  phase r e g i o n  (Tab le  1). 

i s  once aga in  t y p i c a l  o f  m u t u a l l y  s o l u b l e  s o l i d s ,  s o l i d i f i c a t i o n  does n o t  

occur  u n t i l  t h e  tempera ture  i s  below 30°C. 

p e t r o l a t u m  and m ine ra l  o i l  were used f o r  a l l  o f  these s t u d i e s ,  two d i f f e r e n t  

l o t s /ba tches  o f  S o f t i s a n  649 were used w i t h  t h e  r e s u l t  o f  i n d i s t i n g u i s h a b l e  

phase behav io r .  For  t h e  t e r n a r y  system mine ra l  o i l / w h i t e  p e t r o l a t u m / S o f t i s a n  

649, t h e  phase behav io r  was s imp le  ( f i g u r e  9 ) .  

concen t ra t i ons  ex tend ing  f rom t h e  two phase r e g i o n  a t  g r e a t e r  t han  55 we igh t  

percent  w h i t e  pe t ro la tum,  t h e  t h r e e  m a t e r i a l s  fo rm p h y s i c a l l y  s t a b l e  o in tmen t  

bases. As w i t h  t h e  b i n a r y  S o f t i s a n  649 phase behav io r ,  i n d i s t i n g u i s h a b l e  

d i f f e r e n c e s  i n  phase behav io r  was found f o r  t h e  two d i f f e r e n t  l o t s  o f  S o f t i s a n  

Whi le  o n l y  one l o t  o f  w h i t e  

Except f o r  a range o f  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1296 OSBORNE 

Tab le  1 

V i s c o s i t i e s  i n  Po ise  as Determined Us ing  a B r o o k f i e l d  S y n c h r o e l e c t r i c  

Viscometer on 1:l Weight Ra t ios  o f  White Pet ro1atum:Sof t i san  649 Conta in ing  

t h e  I n d i c a t e d  Weight Percent  o f  M ine ra l  O i l .  

Apparent V i s c o s i t y  Apparent V i s c o s i t y  

X Minera l  O i l  Us inq  SDindle 4 I P 1  Us inq  SDind le  TF I P l  

35 180 230 

25 370 410 

15 680 7,000 

5 900 >25,000 

649. 

pet ro1atum:Sof t i san  649 a r e  g i v e n  i n  Tab le  1. 

DISCUSSION 

V i s c o s i t i e s  f o r  a s e r i e s  o f  compos i t ions  hav ing  a 1:l r a t i o  o f  w h i t e  

A s tandard  and v e r y  u s e f u l  method o f  q u a l i t a t i v e l y  p r e d i c t i n g  t h e  mutual  

s o l u b i l i t i e s  o f  m a t e r i a l s  i s  t o  cons ide r  t h e i r  H i l deb rand  s o l u b i l i t y  

parameters*. 

each o t h e r  a re  u s u a l l y  misc ib le ' .  

p r o g r e s s i v e l y  d i s s i m i l a r ,  t h e  l i k e l i h o o d  o f  even l i m i t e d  s o l u b i l i t y  o f  one i n  

t h e  o t h e r  becomes p r o g r e s s i v e l y  l e s s  l i k e l y .  Fo r  two m a t e r i a l s  hav ing  

s o l u b i l i t y  parameters v a r y i n g  by f o u r  u n i t s ,  t h e  a d d i t i o n  o f  a l i q u i d  hav ing  

an i n t e r m e d i a t e  s o l u b i l i t y  parameter may produce a m u t u a l l y  s o l u b l e  b l e n d  o f  

t h e  t h r e e  m a t e r i a l s .  The m a t e r i a l  hav ing  t h e  i n t e r m e d i a t e  s o l u b i l i t y  

parameter i s  c a l l e d  t h e  co -so l ven t ,  and t h i s  approach has been t h o r o u g h l y  

e x p l o i t e d  i n  t h e  pharmaceut ica l  indus t ry " .  

m ine ra l  o i l ,  w h i t e  p e t r o l a t u m  and l a n o l i n  a re  7.1, 7.3, and 7.5-8 

respec t i ve l y ' * "  these t h r e e  components shou ld  be m u t u a l l y  m i s c i b l e .  

b i n a r y  phase behav io r  shou ld  be s i m i l a r  t o  f i g u r e  10 which i s  t h e  i d e a l i z e d  

phase behav io r  f o r  two components o f  d i f f e r e n t  m e l t i n g  tempera tures  t h a t  a r e  

comp le te l y  m i s c i b l e  i n  b o t h  t h e  s o l i d  and t h e  l i q u i d  phases. 

Compounds t h a t  have s o l u b i l i t y  parameters w i t h i n  two u n i t s  o f  

As s o l u b i l i t y  parameters become 

S ince  s o l u b i l i t y  parameters o f  

Thus, t h e  
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CHARACTERIZATION OF OINTMENTS 

I 
liquid 

1297 

solid solution 
I 

A 50150 B 
COMPOSITION 

F i g u r e  10. I d e a l i z e d  b i n a r y  diagram f o r  a two-component system i n  which t h e  
components a r e  m i s c i b l e  i n  b o t h  t h e  l i q u i d  and s o l i d  phases b u t  
hav ing  d i f f e r e n t  m e l t i n g  p o i n t s .  

As seen i n  f i g u r e  1, l a n o l i n  l o t s  C and D are  comp le te l y  m i s c i b l e  w i t h  

w h i t e  p e t r o l a t u m  b o t h  as l i q u i d s  and semiso l i ds ,  and t h e  exper imen ta l  phase 

behav io r  i s  i d e a l .  

two comp le te l y  immisc ib le  m a t e r i a l s  t h a t  r e s u l t s  when w h i t e  p e t r o l a t u m  i s  

mixed w i t h  l a n o l i n  l o t  A .  

seen i n  f i g u r e  1 f o r  w h i t e  p e t r o l a t u m  and l a n o l i n  l o t  6.  

o f  phase behav io r  emphasizes t h a t  w h i t e  p e t r o l a t u m  and l a n o l i n  a re  complex, 

p o t e n t i a l l y  h i g h l y  v a r i a b l e  m i x t u r e s  o f  components. 

i n t r o d u c t i o n ,  l a n o l i n  i s  a complex m i x t u r e  o f  e s t e r s ,  d i e s t e r s ,  and hydroxy  

e s t e r s  o f  a l i p h a t i c  a l c o h o l s / s t e r o l s  ( C , 2 - C 3 6 )  and normal,  i s o ,  an te i so ,  and 

hydroxy ac ids ’ .  Depending upon t h e  p rocess ing  method u t i l i z e d ,  a l a r g e  amount 

o f  o x i d i z e d  m a t e r i a l  may be p resen t  i n  anhydrous m a t e r i a l ,  i . e .  h i g h  l e v e l s  o f  

f r e e  a c i d i t y .  

w i l l  have a cor respond ing  H i l deb rand  s o l u b i l i t y  parameter.  The H i l deb rand  

I n  s t a r k  c o n t r a s t  i s  t h e  e q u a l l y  i d e a l  phase behav io r  o f  

E q u a l l y  d i s c o n c e r t i n g  i s  t h e  complex phase behav io r  

T h i s  complete range 

As s t a t e d  i n  t h e  

Note t h a t  each o f  these many and c h e m i c a l l y  d i v e r s e  components 
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1298 OSBORNE 

s o l u b i l i t y  parameter va lue  o f  7.5-8 s t a t e d  above r e p r e s e n t s  t h e  we igh ted  

average va lue  f o r  t h e  many components t h a t  make up l a n o l i n .  

o f  components i s  a n t i c i p a t e d ,  components o f  i n t e r m e d i a t e  p o l a r i t y  w i l l  se rve  

as coso lven ts  f o r  t h e  more p o l a r  and more n o n - p o l a r  components. A d d i t i o n  o f  

s i g n i f i c a n t  amounts o f  a more non-po la r  m a t e r i a l  c o u l d  overwhelm t h e  

coso lvancy  a b i l i t y  o f  t h e  components o f  i n t e r m e d i a t e  p o l a r i t y .  

separated l a n o l i n  raw m a t e r i a l  may e x i s t  t h a t  w i l l  phase separa te  upon 

a d d i t i o n  o f  s i g n i f i c a n t  amounts o f  a more non-po la r  m a t e r i a l  such as w h i t e  

p e t r o l a t u m  o r  m ine ra l  o i l .  A l t e r n a t i v e l y ,  l a n o l i n  c o n s i s t i n g  o f  components 

hav ing  a nar row range o f  p o l a r i t y  cen te red  around H i l deb rand  va lues  o f  7 . 5  t o  

8 w i l l  be comp le te l y  m i s c i b l e  w i t h  w h i t e  p e t r o l a t u m  o r  m i n e r a l  o i l  and e x h i b i t  

i d e a l  phase behav io r  (see f i g u r e  10). 

t hese  h i g h l y  v a r i a b l e  m i x t u r e s  may a t  t imes  e x h i b i t  phase behav io r  

i n d i s t i n g u i s h a b l e  f rom i d e a l  pu re  components, 

f rom l o t  t o  l o t  o f  raw m a t e r i a l  w i l l  n o t  occur .  

S ince  a d i v e r s i t y  

Thus, a non- 

T h i s  d e s c r i p t i o n  emphasizes t h a t  w h i l e  

r e p r o d u c i b l e  phase behav io r  

Th is  s tudy  i n d i c a t e s  t h a t  v a r i a t i o n  i n  phase behav io r  d i r e c t l y  r e l a t e s  

t o  unacceptab ly  l ow  p roduc t  v i s c o s i t i e s  f o r  m ine ra l  o i l / w h i t e  

p e t r o l a t u m / l a n o l i n  o in tmen ts .  As seen i n  f i g u r e  4 ,  s e p a r a t i o n  o f  t h e  o in tmen t  

s e m i s o l i d  occurs  f o r  m i x t u r e s  t h a t  a r e  coo led  s low ly .  T h i s  s e p a r a t i o n  can be 

a t t r i b u t e d  t o  t h e  same mechanism as desc r ibed  above f o r  t h e  phase behav io r  o f  

t h e  w h i t e  p e t r o l a t u m - l a n o l i n  o r  m ine ra l  o i l - l a n o l i n  b i n a r y  m i x t u r e s .  As 

e i t h e r  t h e  m i n e r a l  o i l  o r  w h i t e  p e t r o l a t u m  i s  added t o  l a n o l i n ,  s e p a r a t i o n  o f  

t h e  more p o l a r  l a n o l i n  components can occur .  The amount o f  m i n e r a l  o i l  and 

w h i t e  p e t r o l a t u m  t h a t  can be i n c o r p o r a t e d  i s  dependent upon t h e  range i n  

p o l a r i t i e s  o f  t h e  components p resen t  i n  t h e  l a n o l i n .  

between t h e  compos i t ions  t h a t  w i l l  separa te  upon s l o w l y  c o o l i n g  a f t e r  h e a t i n g  

t o  60°C and t h e  o in tment  p r o d u c t i o n  batches t h a t  had unacceptab ly  l o w  p roduc t  

v i s c o s i t y ,  t h e  rheo logy  s tudy  summarized i n  f i g u r e  5 was completed. M u l t i p l e  

samples were prepared and t h e  phase behav io r  f o r  l a n o l i n  l o t  E was determined 

as be fo re ,  i .e .  heated  t o  60°C, s l o w l y  coo led .  Se lec ted  samples were then  

heated  t o  60°C and then  v ib romixed  u n t i l  s o l i d i f i c a t i o n .  These " f o r c e d  

coo led"  samples were then  a l l owed  t o  e q u i l i b r a t e  a t  25°C f o r  24 hours  p r i o r  t o  

To s t r e n g t h e n  t h e  l i n k  
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t e s t i n g .  

separa ted  a t  t h e  t i m e  o f  t e s t i n g .  

t e s t e d  showed t h a t  p roduc t  v i s c o s i t y  s i g n i f i c a n t l y  i nc reases  as t h e  

e q u i l i b r a t e d  phase boundary i s  approached. 

s i g n i f i c a n t l y  f rom l o t  t o  l o t  o f  l a n o l i n ,  o n l y  c e r t a i n  l o t s  o f  l a n o l i n  w i l l  

r e s u l t  i n  acceptab le  p roduc t  f o r  t h e  25/55/20 m ine ra l  o i l / w h i t e  

p e t r o l  atum/l ano l  i n  o in tment .  

r e s u l t s  do n o t  i n d i c a t e  t h a t  these a r e  sharp boundar ies .  Rather,  t h e  

t r a n s i t i o n s  occu r  ove r  a few we igh t  pe rcen t  as expec ted  t o r  a complex m i x t u r e  

of es te rs ,  f a t t y  a l coho ls ,  and f a t t y  s t e r o l s  hav ing  a range o f  c h a i n  l e n g t h s .  

The rheo logy  t r a c e s  o f  f i g u r e  6 p r o v i d e  b o t h  v i s c o s i t y  i n f o r m a t i o n  and 

For  t h e  compos i t ions  shown i n  f i g u r e  5 a l l  o f  t h e  samples were non- 

The f o r c e d  coo led  w i t h  m i x i n g  compos i t ions  

S ince  t h i s  boundary s h i f t s  

It shou ld  be emphasized t h a t  t h e  r h e o l  ogy 

an i n d i c a t i o n  o f  m i c r o c r y s t a l l i n e  s t r u c t u r e .  

s o l i d  and l i q u i d  hydrocarbons hav ing  a s t r u c t u r e  i n  wh ich  t h e  t h r e e  

d imens iona l  c r y s t a l 1  i n e  hydrocarbons enc lose  and immob i l i ze  t h e  hydrocarbons  

t o  fo rm a shear  s e n s i t i v e  g e l  (12). Whi le  t h e  apparent v i s c o s i t y  p r o v i d e s  a 

conven ien t  comparison between compos i t ions ,  t h e  t h i x o t r o p i  c a rea  i n d i c a t e s  t h e  

degree o f  m i c r o c r y s t a l l  i n e  s t r u c t u r e .  

s t r u c t u r e ,  t h e  a p p l i c a t i o n  o f  shear s u f f i c i e n t  t o  d i s r u p t  t h i s  s t r u c t u r e  

r e s u l t s  i n  shear - induced r e d u c t i o n  o f  v i s c o s i t y .  Rapid s t r u c t u r a l  breakdown 

a t  a l o w  r a t e  o f  shear produces t h e  t h i x o t r o p i c  spur no ted  i n  t r a c e s  c and d 

o f  f i g u r e  6. 

t h e  t h i x o t r o p i c  area. 

g r e a t e r  t h e  o r i g i n a l  m i c r o c r y s t a l l i n e  s t r u c t u r e .  

t h e  h y s t e r e s i s  l oops  f o r  compos i t ions  f u r t h e s t  f rom t h e  " e q u i l i b r i u m "  phase 

boundary (samples e and f)  have low apparent v i s c o s i t i e s  and e s s e n t i a l l y  no 

t h i x o t r o p i c  area, w h i l e  compos i t ions  w i t h i n  t h e  " e q u i l i b r i u m "  s i n g l e  phase 

boundary have t h e  h i g h e s t  apparent v i s c o s i t i e s  and g r e a t e s t  t h i x o t r o p i c  areas 

(samples i and j ) .  

v i s c o s i t i e s  a l s o  have t h e  g r e a t e s t  m i c r o c r y s t a l l  i n e  s t r u c t u r e  and cor respond 

w e l l  w i t h  t h e  compos i t ions  t h a t  a re  s i n g l e  phase upon " e q u i l i b r a t i o n . "  

Remember t h a t  none o f  t h e  rheo logy  samples s p e c i f i e d  i n  f i g u r e s  5 and 6 showed 

any i n d i c a t i o n  o f  phase separa t i on  a t  t h e  t i m e  t h e  r h e o l o g i c a l  s tudy  was 

Pe t ro la tum c o n s i s t s  o f  b o t h  

For  systems t h a t  have m i c r o c r y s t a l l  i n e  

The g r e a t e r  t h e  shear - induced r e d u c t i o n  i n  v i s c o s i t y  t h e  g r e a t e r  

Th is  i n f e r s  t h a t  t h e  g r e a t e r  t h e  t h i x o t r o p i c  a rea  t h e  

As seen i n  f i g u r e s  5 and 6 

Thus, t hose  compos i t ions  w i t h  t h e  h i g h e s t  apparent  D
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1300 OSBORNE 

completed, i . e .  24 hours  a f t e r  f o r c e d  c o o l i n g  f rom 60°C w i t h  m ix ing .  However, 

t h e  d i f f e r e n c e s  i n  t h e  r e s u l t i n g  h y s t e r e s i s  l oops  would undoubted ly  r e s u l t  i n  

s i g n i f i c a n t  changes i n  s k i n  f e e l  . 1 3 . 1 4  

As shown above, t h e  l o t  t o  l o t  v a r i a b i l i t y  o f  l a n o l i n  causes 

unacceptab le  v a r i a b i l i t y  i n  t h e  a t t r i b u t e s  o f  o in tment  p roduc ts .  

l a n o l i n  may c o n t a i n  s k i n  s e n s i t i z i n g  contaminants t h a t  have been a t t r i b u t e d  t o  

p e s t i c i d e s / h e r b i c i d e s  i nges ted  by t h e  sheep p r i o r  t o  shear ing  o f  t h e  wool'. 

A l i p h a t i c  a l c o h o l s  con ta ined  w i t h i n  t h e  l a n o l i n  have a l s o  been i d e n t i f i e d  as a 

source o f  s k i n  s e n ~ i t i z a t i o n ' ~ .  

f o r m u l a t i o n  o f  t o p i c a l  p roduc ts  c o n t a i n i n g  l a n o l i n ,  t h e  use o f  t h e  l a n o l i n  

s u b s t i t u t e  S o f t i s a n  649 was i n v e s t i g a t e d .  As seen i n  f i g u r e  7, t h e  b i n a r y  

phase behav io r  o f  w h i t e  p e t r o l a t u m  and S o f t i s a n  649 cannot be desc r ibed  as 

i d e a l ,  b u t  i s  ve ry  r e p r o d u c i b l e  between t h e  two l o t s  s tud ied .  

r e g i o n  t h a t  e x i s t s  f o r  t h e  b i n a r y  system a t  h i g h  w h i t e  p e t r o l a t u m  

concen t ra t i ons  remains upon a d d i t i o n  o f  m ine ra l  o i l ,  and ex tends  s i g n i f i c a n t l y  

i n t o  t h e  t e r n a r y  diagram f o r  r a t i o s  o f  w h i t e  pe t ro1a tum:So f t i san  649 between 

85:15 and 65:35. 

minera l  o i l / w h i t e  pe t ro la tum/So f t i san  649 system ( f i g u r e  9 )  i s  n o t  e q u i v a l e n t  

t o  t h e  m ine ra l  o i l / w h i t e  petrolatum/anhydrous l a n o l i n  phase behav io r  shown i n  

f i g u r e s  4 and 5. 

can be formed upon f o r c e  

phase r e g i o n  a t  60°C shown i n  f i g u r e  9. 

s u i t a b l e  compos i t ions  f o r  a t o p i c a l  o in tment  c o n t a i n i n g  w h i t e  pe t ro la tum,  

m ine ra l  o i l  and t h e  l a n o l i n  s u b s t i t u t e  S o f t i s a n  649, t h e  v i s c o s i t y  o f  a s e r i e s  

o f  compos i t ions  was determined. 

a re  p o s s i b l e  w i t h  t h e  compos i t ions  hav ing  t h e  g r e a t e s t  amount o f  m ine ra l  o i l  

be ing  o f  t h e  l owes t  apparent v i s c o s i t y .  

u n i f o r m l y  upon c o o l i n g  and i n i t i a l l y  appeared t o  be homogeneous o in tmen t  

p repara t i ons .  S l i g h t  syne res i s  was no ted  f o r  t h e  samples c o n t i n u i n g  15 and 

25% minera l  o i l  a f t e r  ambient s to rage  f o r  one month. 

N a t u r a l  

Cons ide r ing  these d i f f i c u l t i e s  w i t h  

The two phase 

I t  i s  apparent t h a t  t h e  t e r n a r y  phase behav io r  f o r  t h e  

However v e r y  r e p r o d u c i b l e  homogeneous semisol  i d  p r e p a r a t i o n s  

c o o l i n g  t h e  compos i t ions  w i t h i n  t h e  l a r g e  s i n g l e  

I n  an a t tempt  t o  v e r i f y  a range o f  

As seen i n  Tab le  I ,  a range o f  v i s c o s i t i e s  

Each o f  t h e  compos i t ions  c louded 

I n  summary, t h e  v i s c o s i t y  v a r i a t i o n  f o r  o in tments  c o n s i s t i n g  o f  m ine ra l  

o i l ,  w h i t e  pe t ro la tum,  and anhydrous l a n o l i n  can be r e l a t e d  t o  l o t  t o  l o t  
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CHARACTERIZATION OF OINTMENTS 1301 

v a r i a b i l i t y  o f  t h e  l a n o l i n  i n  t h i s  o in tment  base. 

correspond t o  d e f i n i t e  changes i n  t h e  " e q u i l i b r a t e d "  phase behav io r  o f  t h e  

system. 

range o f  p o l a r i t i e s  t h a t  a r e  balanced w i t h  rega rd  t o  t h e i r  s o l u b i l i t y  

parameter va lues  t o  fo rm a mult icomponent c o - s o l v e n t  system. A d d i t i o n  o f  t h e  

r e l a t i v e l y  non -po la r  m ine ra l  o i l  o r  w h i t e  p e t r o l a t u m  d i s r u p t s  t h i s  c o - s o l v e n t  

balance f o r  a l o t  o f  l a n o l i n  t h a t  con ta ins  h i g h  amounts o f  p o l a r  m a t e r i a l  and 

phase s e p a r a t i o n  r e s u l t s .  

m a t e r i a l  remain s u f f i c i e n t l y  balanced w i t h  rega rd  t o  s o l u b i l i t y  parameters 

even a f t e r  a d d i t i o n  o f  m ine ra l  o i l  o r  w h i t e  p e t r o l a t u m  and r e s u l t  i n  phase 

behav io r  c h a r a c t e r i s t i c  o f  i d e a l l y  m i s c i b l e  m a t e r i a l s .  80 th  t h e  problems o f  

l o t  t o  l o t  v a r i a b i l i t y  and s k i n  s e n s i t i z a t i o n  assoc ia ted  w i t h  l a n o l i n  can be 

avoided by t h e  use o f  S o f t i s a n  649. 

f o r  l a n o l i n  f rom a phase behav io r  pe rspec t i ve ,  S o f t i s a n  649 f o r m u l a t i o n  

p r o p e r t i e s  a r e  v e r y  r e p r o d u c i b l e  and produc ts  o f  s i m i l a r  a e s t h e t i c s  shou ld  be 

o b t a i n a b l e  a f t e r  s u i t a b l e  compos i t i ona l  changes. 
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