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ABSTRACT 

The use o f  c l o u d  p o i n t  tempera ture  e l e v a t i o n  t o  p r e d i c t  

t ransdermal  d e l  i v e r y  enhancers was eva lua ted  b y  conduc t ing  c l o u d  

p o i n t  exper iments on p e n e t r a t i o n  enhancers o f  known a b i l i t y .  The 

a b i l i t y  o f  a compound t o  e l e v a t e  t h e  c l o u d  p o i n t  tempera ture  c o u l d  

n o t  be r e l a t e d  t o  p e n e t r a t i o n  enhancement n e i t h e r  i n  r a n k i n g  n o r  

magnitude. A f t e r  comparison o f  t h e  mo lecu la r  i n t e r a c t i o n s  t h a t  

cause c loud  p o i n t  e l e v a t i o n  and t ransdermal  d e l i v e r y  enhancement, 

no c o r r e l a t i o n  between these  two mechanisms cou ld  be e s t a b l i s h e d .  
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394 OSBORNE 

The successful manufacturing and marketing of transdermal 

drug delivery systems has caused increased research concerned with 

finding compounds that enhance the rate that a drug penetrates 

intact skin. 

dimethyl sulfoxide 3 , 4  demonstrated the necessity of an enhancer 

to be non-irritating to the skin and preferably to be effective at 

relatively low concentrations. 

cadaver or animal skin are usually required to establish the 

ability of a material to enhance percutaneous penetration. The 

development of an alternative method for rapidly screening single 

compounds or complete formulations for their enhancing abilities 

would dramatically reduce the time required to optimize a topical 

drug delivery formulation. 

Early work on penetration enhancers such as 

In vitro studies using either 

In a recent European Patent Applicatioo 5 ,  a cloud point 

elevation method was described for screening nonelectrolytes as 

transdermal activity enhancers. I n  this application, an activity 

ennancer was considered any compound whose presence improved 

delivery o f  an amphiphillic drug (log octanol/water partition 

coefficient between 0.5 and 3.5) to the skin by effectively 

increasing the partition of the drug into the skin. 

studies, the inventors observed that the compounds that functioned 

as activity enhancers were all capable of substantially increasing 

the cloud point temperature of a nonionic surfactant. The 
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USEFULNESS OF CLOUD POINT ELEVATION 395 

c r i t e r i a  f o r  a n o n - e l e c t r o l y t e  t o  be cons idered an a c t i v i t y  

enhancer was t h a t  a t  a c o n c e n t r a t i o n  o f  5% by  we ign t  i t  c o u l d  

i nc rease  t h e  c loud  p o i n t  temperature o f  a 0.025 M aqueous s o l u t i o n  

o f  po l yoxye thy lene  ( 8 )  nony lpheny l  e t h e r  b y  a t  l e a s t  10°C. I n  t h e  

pa ten t  a p p l i c a t i o n ,  t h e  i n v e n t o r s  d i d  no t  specu la te  how a non- 

e l e c t r o l y t e ' s  a b i l i t y  t o  e l e v a t e  t h e  c loud  p o i n t  tempera ture  

r e l a t e d  t o  i n c r e a s i n g  p a r t i t i o n i n g  o f  a d rug  i n t o  t h e  s k i n .  

To e v a l u a t e  t h e  use fu lness  o f  t h i s  method f o r  sc reen ing  

e i t h e r  s i n g l e  compo e n t  p e n e t r a t i o n  enhancers o r  f o r m u l a t i o n s  

c o n t a i n i n g  p e n e t r a t  on enhancers, r e q u i r e s  an unders tand ing  o f  t h e  

mechanisms i n v o l v e d  i n  b o t h  c l o u d  p o i n t  e l e v a t i o n  and p e n e t r 2 t i o n  

th rough t h e  s t ra tum corneum. 

a l coho l  n o n i o n i c  s u r f a c t a n t  system t o  po l yoxye thy lene  (8 )  

nony lpheny l  e t h e r  was completed t o  de termine i f  t h e  r a n k i n g  of 

enhancing a b i l i t y  i s  s p e c i f i c  t o  a s u r f a c t a n t  o r  genera l  f o r  

n o n i o n i c  s u r f a c t a n t  systems. F i n a l l y ,  t h e  a b i l i t y  o f  r e l a t i n g  t h e  

magni tude o f  c loud  p o i n t  e l e v a t i o n  t o  t h e  magnitude o f  enhanced 

t ransdermal  d rug  d e l i v e r y  was eva lua ted .  From these  s tud ies ,  a 

Comparison o f  a po l yoxye thy lene  

c r i t i c a l  e v a l u a t i o n  o f  t h i s  enhancer sc reen ing  method c o u l d  be 

coinp 1 e t e d  . 
PROCEDURES - 

Cloud p o i n t s  were determined u s i n g  an apparatus as shown i n  

F i g u r e  1. 

t h e  c loud  p o i n t s  t o  be r e p r o d u c i b l e  w i t h i n  2 0.5OC. 

M u l t i p l e  de te rm ina t ions  f o r  each o f  t h e  m i x t u r e s  showed 

T e r g i t o l  

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



396 0s BORNE 

WATER 
L E V E L -  

- 

( ( p > A S T I R  BAR 

HOT P L A T E  S T I R R E R  

F i g u r e  1. Schematic o f  C l o u d  P o i n t  T e m p e r a t u r e  A p p a r t u s .  

15-S-7 was obtained from Union Carbide,  and Igepal CO-610 

(polyoxyethylene (8)  nonylphenyl ether) was obtained from GAF 

Corporation. 

J.T. Baker Chemical. Acetone, t e t r ahydro fu ran ,  1 , 4  dioxane, and 

cyclohexane were chromatography grade so lven l s  from American 

i3urdick and Jackson Company. Azone was t e c h n i c a l  grade,  while  the 

d i o l s  and o t h e r  n o n e l e c t r o l y t e s  were h ighes t  q u a l i t y  a v a i l a b l e  

from Aldrich Chemical. 

The a l coho l s  were h ighes t  q u a l i t y  a v a i l a b l e  from 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



USEFULNESS OF CLOUD POINT ELEVATION 397 

TABLE I 

The Nonionic S u r f a c t a n t  Systems Wit3 Cloud Point  Temperatures 
For Added Ngn-electrolytes  

Non-el ec  t r o  1 y t e  
Added (5% w/w)  

None (Control ) 

1- b u t  ano 1 
1 -hexano 1 
1-octanol 
1 -decanol 

Propyl ene G 1  ycol 
1 , 3  Propanediol 
1 , 4  butaned i 01 

Cloud Point  of 
I gepal CO-610 
(1.0% aqueous s o l u t i o n )  

24.5 

38.8 
5.0 
5.0 
5.0 

28.0 
28.4 
32.3 

1 , 5  Pentanediol 42.0 
1 , 2 , 6  Trihydroxyhexane 30.3 
1 , 7  Heptanediol 57.5 

Azone 5 .O 
Oleyl Alcohol 5.0 
Ethyl Caprate 5.0 
Dibutyl Pha tha la t e  5.0 
Tr i ethanol arni ne 25.8 
Te t r  ahydro f u  ran 33.5 
Acetone 34.4 

Cloud Point  o f  
Tergi to1 

aqueous __ s o l u t i o n )  - 
15-S-7 (1.0% 

38.0 

26 .O 
5.0 
5 .O 
5.0 

42.5 
41.2 
44.3 
49.0 
42.4 
56.0 

5.0 
5.0 
5 .O 
5.0 

39.5 
44.0 
44.5 

RESULTS 

The e f f e c t  of a 5% n o n e l e c t r o l y t e  s o l u t i o n  on t h e  cloud po in t  

temperature of a 1% T e r g i t o l  15-S-7 and 1% Igepal CO-610 aqueous 

s o l u t i o n s  i s  given i n  Table I .  The e f f ec t  of a given non- 

e l e c t r o l y t e  i s  s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  d i f f e r e n t  nonionic 

s u r f a c t a n t s .  Not only i s  t h e  magnitude of t h e  e f f e c t  d i f f e r e n t ,  
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398 0s BORNE 

TABLE I 1  

Cloud Point Temperatures f o r  Nonionic Surfactant Systems 
With Added Non-electrolyte Mixtures 

Cloud Point o f  
Cloud Point of Tergi to1 15-S-7 

Non-electrolyte Added Igepal CO-610 (1 .O% aqueous 
(5% o f  Mixture w/w) (1.0% aqueous solution) solution) 

None (Control ) 2 4 . 5  38.0 

But ano 1 /Propyl en e G 1 yco 1 
(Mole 2atio 0.25) 27.8 

HexanollPropylene Glycol 
(Mole Ratio 0.25) 5.0 

OctanollPropylene Glycol 
(Mole 2atio 0.25) 5.0 

DecanollPropylene Glycol 
(Mole Ratio 0.25) 5.0 

42.4 

7.0 

5.0 

5.0 

but, also the ranking. The most dramatic example Seing 1-butanol 

which elevates the Igepal CO-610 cloud point 14.3OC but decreases 

the Tergitol 15-S-7 cloud point 12.OoC. 

Table I 1  gives cloud point data for a series o f  binary 

enhancing systems that were investigated by Cooper using in 

vitro transdermal delivery methods. For this series the delivsry 

o f  salicylic acid (log P = 2.24) had the penetration ranking 

decanol -propylene glycol (greatest), hexanol -propylene glycol , 

octanol-propylene glycol, butanol-propylene glycol, propylene 

glycol (least). This ranking is opposite o f  the cloud point 

elevating ability o f  the enhancer systems. 
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C O N C E N T R A T i O N  N O N I O N I C  S U R F A C T A N T  

F i g u r e  2 .  C l o u d  T e m p e r a t u r e  Diagrams f o r  t h e  C o m m e r c i a l  N o n i o n i c  
S u r f a c t a n t  S y s t e m s  T e r g i t o l  1 5 - S - 7  ( O ) ,  a n d  I g e p a l  
CO-610 ( 0 ) .  

The e f f e c t  on t h e  c l o u d  p o i n t  o f  v a r y i n g  t h e  s u r f a c t a n t  

c o n c e n t r a t i o n  i s  shown i n  F i g u r e  2. I t  i s  seen t h a t  T e r g i t o l  

15-S-7  and I g e p a l  CO-610 behave s i m i l a r i l y  t o  pu re r  n o n i o n i c  

7 systems . 
DISCUSSION 

The c loud  p o i n t  phenomenon o f  a po l yoxye thy lene  t y p e  non- 

i o n i c  s u r f a c t a n t  can be a t t r i b u t e d  t o  t h e  e f f e c t  i n c r e a s i n g  

temperature has on h y d r a t i o n  o f  t h e  n o n i o n i c  headgroup. The water  

hydrogen bonded t o  t h e  e t h e r  oxygens a p p a r e n t l y  decreases as 

temperature inc reases .  S ince  t h i s  h y d r a t i o n  o f  t h e  e t h e r  oxygens 

i s  t h e  p r i m a r y  i n t e r a c t i o n  keep ing  t h e  n o n i o n i c  s u r f a c t a r l t  i n  

s o l u t i o n ,  t h e  m i c e l l a r  we igh t  o f  t h e  po lyoxye thy lene - t ype  non- 
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400 OSBORNE 

C l o u d  T e r i i p e r - a t u r e  
D i a q r a i r i  

c 1 oudy 

c l e d r  

5% 10% 15% 
SURFACTANT 

CONCENTRATION 

I 

WATER 5 %  10% 1 5 %  20% 
c ~ o u ~ y  SURFACTANT CONCENTRATION 

F i g u r e  3. R e l a t i o n s h i p  Between a C loud  T e m p e r a t u r e  Diagram f o r  a 
N o n i o n i c  S u r f a c t a n t  S y s t e m ,  a n d  t h e  C o r r e s p o n d i n g  
I d e a l i z e d  T e r n a r y  P h a s e  B e h a v i o r  when a 
e l e c t r o l y t e  i s  a d d e d .  

i o n i c  s u r f a c t a n t  s o l u t i o n s  inc reases  w i t h  i nc reas  

! y d r o  c a  r bon N on -  

ng tempera ture  

i .e.,  decreas ing  h y d r a t i o n .  T h i s  i nc rease  i n  s i z e  u l t i m a t e l y  

causes t h e  s o l u t i o n  t o  become t u r b i d  ( c l o u d  p o i n t  tempera ture)  

f o l l o w e d  by separa t i on  i n t o  two phases. 

F i g u r e  2 shows t h a t  t h e  c loud  p o i n t  behav io r  of these 

commercial s u r f a c t a n t s  i s  very  s i m i l a r  t o  t h e  behav io r  o f  p u r e r  

s u r f a c t a n t s  s t u d i e d  i n  t h e  l i t e r a t u r e  ’. Such p l o t s  g i v e  

cons ide rab le  i n s i g h t  i n t o  the  a s s o c i a t i o n  p r o p e r t i e s  o f  t hese  non- 

i o n i c  systems. Fo r  an i d e a l i z e d  system, c l o u d  p o i n t  tempera ture  

p l o t t e d  a g a i n s t  s u r f a c t a n t  c o n c e n t r a t i o n  ( F i g u r e  3 ) ,  t h e  

cor respond ing  wa te r lhyd roca rbon lnon i  on i c  s u r f  a c t a n t  t e r n a r y  phase 
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USEFULNESS OF CLOUD POINT ELEVATION 401 

behavior can be estimated. As seen, the minimum in the cloud 

point temperature versus surfactant  

corresponds t o  a two phase region w 

on the diagram. A s  temperature i s  

behavior will change as outlined by 

concentration curve 

th in  the normal mice1 

ncreased, the ternary 

Friberg '. For added 

e area 

phase 

non- 

e lec t ro ly tes  t h a t  are  s t ruc tura l  ly  s imilar  to  hydrocarbons, the 

cloud point temperature elevating or depressing capab i l i t i e s  of 

t h e  added non-electrolyte can be understood by examining these 

ternary diagrams. Cloudiness r e su l t s  when the addition of 5% n o n -  

e lec t ro ly te  causes the f i n a l  composition t o  f a l l  outside the 

micellar s ingle  phase region. If  the added non-electrolyte i s  

more soluble in the  micellar region, or i f  i t  a l t e r s  the phase 

behavior by changing the phase trarisi t i o n  temperatures of the 

sur fac tan t ,  then the f ina l  composition will  be a c l ea r  solut ion.  

Similar arguments hold f o r  when the alcohol and diol  a c t i v i t y  

enhancers are the added non-electrolyte.  

Transdermal penetration enhancers are substances tha t  e i the r  

reversibly or i r revers ib ly  a l t e r  the bar r ie r  function ( t h e  stratum 

corneum) of the skin in such a way tha t  drugs or other top ica l ly  

applied substances can more readi ly  pass i n t o  the viable 

epidermis. Molecularly, the enhancer i s  probably e i the r  

disrupting the protein s t ruc tures  o f  the keratin squames of the 

stratum corneum, or disrupting the hydrated bilayer s t ructured 

l ip ids  o f  the stratum corneum in t e rce l lu l a r  regions. 

o f  the bilayer structured l i p ids  i s  a l i ke ly  explanation of how 

Alterat ion 
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402  OSBORNE 

propy lene g l y c o l - a l c o h o l  b i n a r y  enhancer systems f u n c t i o n .  The 

propy lene g l y c o l  mo lecu le  can d i s r u p t  t h e  i n t e r f a c i a l  i n t e r a c t i o n s  

r e q u i r e d  f o r  m a i n t a i n i n g  a b i l a y e r  s t r u c t u r e .  Once t h e  

s d isar ranged,  t h e  a l coho l  can r e a d i l y  a l i g n  w i t h i n  t h e  

caus ing  i t  t o  remain more f l u i d  even a f t e r  t h e  propy lene 

i-moved s y s t e m i c a l l y  o r  by evapora t i oq .  Cons ide r ing  

t h i s ,  t h e  e f f e c t  o f  an enhancer on a model ep idermal  l i p i d  in igh t  

be a more accura te  i n  v i t r a  p r e d i c t i v e  t e s t .  

W i th  t h i s  unders tand ing  o f  t h e  mechanisms i n v o l v e d  i n  b o t h  

c loud  p o i n t  e l e v a t i o n  and p e n e t r a t i o n  th rough  t h e  s t r a t u m  corneum, 

i t  i s  n o t  apparent  how c l o u d  p o i n t  e l e v a t i o n  cou ld  i n d i c a t e  which 

n o n - e l e c t r o l y t e  w i l l  bes t  d i s r u p t  t n e  s t r u c t u r e s  o f  t h e  s t r a t u m  

corneum. 

Comparis-3ns of a po l yoxye thy lene  a l c o h o l  n o n i o n i c  s u r f a c t a n t  

t o  a po l yoxye thy lene  a l ky lpheno l  n o n i o n i c  s u r f a c t a n t  showed t h a t  

oud p o i n t  tempera tdre  

n o n i o n i c  s u r f a c t a n t s .  

t s  f o r  a p a r t i c u l a r  

s u r f a c t a n t  t y p e  appear t o  be s p e c i f i c  f o r  t h a t  s u r f a c t a n t  and 

cannot be compared w i t h  r e s u l t s  f o r  o t h e r  s u r f a c t a n t  systems. 

F i n a l l y ,  t h e  a b i l i t y  o f  c l o u d  p o i n t  e l e v a t i o n  t o  rank  t h e  

n e i t h e r  t h e  r a n k i n g  nor  t h e  magnitlrde o f  c 

change was t h e  same f o r  t hese  two t ypes  o f  

There fore ,  any conc lus ions  based upon r e s u  

degree t h a t  a m 

conf  i rrned by i n  

system examined 

v i r t u a l l y  oppos 

x t u r e  can enhance p e n e t r a t i o n  o f  a drug was n o t  

v i t r o  t ransdermal  s t u d i e s .  I n  f a c t ,  f o r  t h e  

here, c l o u d  p o i n t  e l e v a t i o n  p r e d i c t e d  a r a n k i n g  

t e  t h a t  found f rom i n  v i t r o  exper iments.  
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I n  conclusion,  f o r  t h e  systems s tud ied  here, cloud po in t  

e l e v a t i o n  does not r e f l e c t  a non-e l ec t ro ly t e  m i x t u r e ' s  a b i l i t y  t o  

enhance transdermal de l ive ry .  Nei ther  an experimental  nor 

t h e o r e t i c a l  l i n k  between t h e  two phenomena i s  apparent.  Further, 

any c o r r e l a t i o n  betweerl cloud po in t  e l e v a t i o n  and transdermal 

a c t i v i t y  enhancing f o r  a non-e l ec t ro ly t e  should he considered 

s p e c i f i c  f o r  a s i n g l e  nonionic s u r f a c t a n t ,  namely polyoxyethylene 

(3)  nonylphenyl e t h e r .  
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