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ABSTRACT 

Z inc  p y r i t t i o n s h a s  been  e s t a b l i s h e d  as one  o f  t h e  most 

e f f e c t i v e  a n t i - d a n d r u f f  i n g r e d i e n t s  f o r  u s e  i n  shampoo fo rmula -  

t i o n s ,  t h r o u g h  v a r i o u s  c l i n i c a l  e t u d i e s .  However, t h e  c l i n i c a l  

e f f i c a c y  i s  d e p e n d e n t  upon i t s  release ra te  from t h e  v e h i c l e  and 

a d s o r p t i o n  o n t o  t h e  s c a l p  and  h a i r .  I n  l i g h t  o f  t h e s e  f i n d i n g s ,  

t h e  release of z i n c  p y r i t h i o n e  from a t y p i c a l  l o t i o n  shampoo 

b a s e  was i n v e s t i g a t e d  i n - v i t r o ,  The shampoo f o r m u l a t i o n  c o n s i s t e d  

o f  an  a n i o n i c  d e t e r g e n t ,  an  arnide and t h i a k e n i n g  a g e n t s  commonly 

used  i n  such  p r o d u c t s .  The a d d i t i v e s  u s e d  i n c l u d e d  e t h a n o l ,  

d i m e t h y l s u l f o x i d e  ( D M S O ) ,  p o l y e t h y l e n e  glycol-400, p r o p y l e n e  

g l y c o l  and u r e a  a t  5 % ,  10% and 1 5 %  by w e i g h t  o f  t h e  f o r m u l a t i o n s .  

R e l e a s e  e x p e r i m e n t s  were c a r r i e d  o u t  a t  37'C, w i t h  d i f f u s i o n  

cells  immersed i n  b e a k e r s  c o n t a i n i n g  d i s t i l l e d  water a d j u s t e d  t o  

pH 5. 

I n  g e n e r a l ,  t h e  p r e s e n c e  o f  t h e  a d d i t i v e  i n g r e d i e n t  i n c r e a s e d  

t h e  release o f  z i n c  p y r i t h i o n e .  Among t h e  samples  e v a l u a t e d ,  

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

h i g h e s t  release ra te  o f  t h e  drug .  And the rank  o r d e r  f o r  t h e  
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1508 BABAR ET A L .  

r e l e a s e  of  t h e  z i n c  p y r i t h i o n e  was observed t o  be  from t h e  

samples w i t h  e t h a n o l  dimethyl  s u l f o x i d e  > u r e a  > po lye thy lene -  

glycol-400 > propylene g l y c o l  > commercial p r o d u c t s .  

INTRODUCTION 

Dandruff i s  u s u a l l y  c h a r a c t e r i s e d  a s  t h e  e x c e s s i v e  s c a l i n g  

of t h e  s c a l p  wi thou t  c l i n i c a l  s i g n s  and symptoms of i n f l a m m a t i o n ( 1 ) .  

Th i s  should n o t  be confused w i t h  p s o r i a s i s  and s e b o r r h e i c  d e r m a t i t i s ,  

because t h e s e  two s k i n  d i s o r d e r s  have d i s t i n c t i v e  s i g n s  of  inf lam- 

mation and a l s o  invo lve  o t h e r  p a r t s  of t h e  body as w e l l .  

Leyden, e t  a l . ( 2 )  have e v a l u a t e d  dandruff  by g rad ing  on a 

scale of 0 -10 ,  where z e r o  be ing  no t r a c e s  of  v i s i b l e  s c a l i n g  and 

1 0  a s  t h e  massive s c a l i n g .  According t o  t h i s  system, g rades  4 ,  

5 and 6 i n d i c a t e  mi ld ,  moderate and s e v e r e  dandruff  r e s p e c t i v e l y .  

McGinley, e t  a l .  have developed a r e p r o d u c i b l e  t echn ique  f o r  

measuring t h e  numbers o f  desquamating horny c e l l s  ( 3 ) .  The method 

is r e f e r r e d  t o  as corneococyte  count .  The sampling t echn ique  i n v o l v e s  

removal of  co rneocy tes  i n  t h e  desquamating loose  o u t e r  zone, pooled 

and then mechanical ly  a g i t a t e d  t o  d i s p o s e  t h e  ce l l s  i n  t h e  b u f f e r e d  

0 . 1 %  t r i t o n  X-100 tes t  s o l u t i o n  and counted i n  a Fuchs - Rosenthal  

Hemocytometer. 

The coneocytes  coun t  i s  always performed 4 days a f t e r  a 

brand shampoo is used and expres sed  a s  t h e  q u a n t i t y  of horny cel ls  

p e r  squa re  c e n t i m e t e r  p e r  4 days.  The coun t  5 cons ide red  a s  t h e  

d i r e c t  measurement of cel ls  t u r n o v e r .  As a r u l e ,  s u b j e c t s  hav- 

i n g  counts  more than  8 0 0 , 0 0 0  ce l l s  p e r  sq. con. a r e  cons ide red  t o  

have moderate to s e v e r e  dandru f f .  

Many i n v e s t i g a t o r s  c o n s i d e r  t h a t  micro f l o r a ,  y e a s t s  and 

b a c t e r i a  a l s o  i n f l u e n c e  t h e  symptoms of  d a n d r u f f .  Among t h e  

organisms commonly found on s c a l p  i n c l u d e  anaerobe,  p. acnes ;  

y e a s t s  of t h e  genus pi tyrosporum, and a e r o b i c  cocci (4). These 

organisms a r e  p r e s e n t  on t h e  s c a l p  r e g a r d l e s s  of dandruff  and 

abou t  45% of them a r e  pi tyrosporum. However, d u r i n g  t h e  dandruff  

t h e  amount of t h e s e  is i n c r e a s e d  up t o  75%, and t h e  dominant 

y e a s t  i s  i d e n t i f i e d  t o  be pi tyrosporum o v a l e .  
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IN-VITRO RELEASE OF ZINC IJYRITHIONE 1509 

A n  i n v e s t i g a t i n g  s t u d y  (5) w a s  undertaken t o  e v a l u a t e  t h e  

r o l e  of microorganisms by e l i m i n a t i n g  them one a t  a t i m e  w i t h  

a p p r o p r i a t e  a n t i m i c r o b i a l  a g e n t s  and f i n a l l y  s u p r e s s i n g  t h e  e n t i r e  

m i c r o f l o r a  w i t h  combination of t h e s e  a g e n t s .  The c l i n i c a l  e f f e c t s  

on dandruff  w e r e  a p p r a i s e d  by u s i n g  t h e  c l i n i c a l  g rades  and 

e r r n e o c y t e  coun t s .  The s t u d y  concluded t h a t  t h e  d a t a  are s t r o n g l y  

a n t i t h e t i c a l  t o  t h e  b e l i e f  t h a t  t h e  microorganisms p l a y  a role 

i n  dandru f f .  

A s  dandruff  i s  commonly a s s o c i a t e d  w i t h  a marked m i c r o b a i a l  

P r o l i f e r a t i o n ,  it i s  u s u a l l y  recommended t h a t  a n t i m i c r o b i a l  

e s p e c i a l l y  e f f e c t i v e  a g a i n s t  pi tyrosporum o v a l e  be i n c o r p o r a t e d  

i n  an t i -dandru f f  fo rmula t ions .  S ince  d u r i n g  t h e  cour se  of shampoo- 

i n g ,  t h e  c o n t e n t s  of t h e  shampoo remain i n  c o n t a c t  w i t h  t h e  s c a l p  

and h a i r  f o r  o n l y  a s h o r t  p e r i o d  o f  t i m e ,  t h e r e f o r e ,  an a n t i -  

dandruff  agen t  m u s t  immediately be r e l e a s e d  by t h e  fo rmula t ion  

and be of  s u b s t a n t i v e  n a t u r e .  A l s o ,  it should be p a r t i a l l y  

adsorbed on t h e  s c a l p  f o r  i t s  t h e r a p e u t i c  e f f e c t  between shampoo- 

i n g  ( 6 ) .  

Various a g e n t s  have been sugges t ed  f o r  use i n  a n t i d a n d r u f f  

shampoos. Among t h e s e ,  z i n c  p y r i t h i o n e  has  been found t o  be t h e  

most s u i t a b l e  and e f f e c t i v e  a n t i d a n d r u f f  i n g r e d i e n t  f o r  use i n  

shampoo fo rmula t ion .  One of t h e  advantages of t h i s  t y p e  of  

subs t ance  i s  its s u b s t a n t i v i t y  and t o l e r a n c e  when used e x t e r n a l l y .  

The a b s o r p t i o n  of t h e  z i n c  p y r i t h i o n e  has  been shown t o  r e a c h  

maximum a t  c o n c e n t r a t i o n  of abou t  1% i n  shampoos, b u t  t h e  n a t u r e  

of t h e  v e h i c l e  may n o t a b l y  e f f e c t  t h e  a b s o r p t i o n  r a t e  as w e l l  

a s  t h e  germicide a c t i v i t y  ( 7 ) .  

The e f f i c i e n c y  of z i n c  p y r i t h i o n e  has  been e s t a b l i s h e d  through 

s e v e r a l  c l i n i c a l  s t u d i e s  ( 8 ,  9 ,  1 0 ,  11, 12, 13 ,  1 4 ,  15 and 1 6 ) .  

Kligman (11) showed t h a t  t h e r e  was no a n t i d a n d r u f f  a c t i v i t y  

observed when shampoo c o n t a i n i n g  z i n c  p y r i t h i o n e  were used f o r  

a s h o r t e r  p e r i o d  of t i m e .  Horin ( 1 7 )  demonstated t h e  a d s o r p t i o n  

of z i n c  p y r i t i o n e  necessa ry  t o  t r e a t  dandruff  depended on pH, 
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BABAR ET A L .  1510 

temperature  and i t s  c o n c e n t r a t i o n  i n  a shampoo base .  H e  a l s o  

s t u d i e d  t h e  a d s o r p t i o n  of z i n c  p y r i t h i o n e  o n t o  h a i r  and s k i n  a s  

a f u n c t i o n  of  t i m e ,  pH, t empera tu re  and c o n c e n t r a t i o n .  The s t u d y  

concluded t h a t  among o t h e r  t h i n g s ,  t h e  amount of  z i n c  p y r i t h i o n e  

adsorbed i n c r e a s e d  w i t h  i n c r e a s i n g  t i m e .  

I n  l i g h t  of t h e  p r e v i o u s  f i n d i n g s ,  t h e  purpose of  t h i s  s t u d y  

was t o  i n v e s t i g a t e  t h e  i n - v i t r o  r e l e a s e  of  a c l i n i c a l l y  impor t an t  

an t idandru f f  a g e n t  " z i n c  p y r i t h i o n e "  from a t y p i c a l  shampoo base. 

Also,  t o  s tudy  t h e  e f f e c t s  of v a r i o u s  c o s m e t i c a l l y  a c c e p t a b l e  

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

i t s  release and t o  compare a g a i n s t  v a r i o u s  conmerc ia l ly  popu la r  

a n t i d a n d r u f f  shampoos c o n t a i n i n g  t h e  same a c t i v e  i n g r e d i e n t .  

EXPERIMENTAL 

MATERIALS 

Zinc p y r i t h i o n e  was o b t a i n e d  a s  4 8 %  suspens ion  from O l i n  

Corporat ion,  Stamford,  CT. Standapol  Bs p a s t e ,  c e t i o l ,  

Standapol  ES-40 c o n c e n t r a t e  and Euperlan PK-771 were o b t a i n e d  

from Henkel I n c . ,  Hoboken, EJJ. 

PREPARATION OF SHAMPOOS 

Each i n g r e d i e n t  w a s  a c c u r a t e l y  weighed i n  t h e  pe rcen tage  weight  

r a t i o  d e s c r i b e d  i n  Table 1.  A l l  i n g r e d i e n t s  were hea ted  t o  

8 0 ° C  f 5OC and s t i r r e d  w i t h  a l i g h t i n i n g  mixer e x c e p t  z i n c  

p y r i t h i o n e  f o r  about  15  minutes .  The mix tu re  w a s  coo led  t o  5OoC 

and z i n c  p y r i t h i o n e  d i s p e r s i o n  was s lowly  added wh i l e  mixing. 

Any a d d i t i v e  used was a l s o  i n c o r p o r a t e d  a t  t h i s  s t a g e  of sample 

p r e p a r a t i o n .  

ANALYTICAL METHOD 

A l l  samples were ana lyzed  f o r  z i n c  p y r i t h i o n e  by a non- 

pub l i shed  method, "Assay o f  z i n c  p y r i t h i o n e  i n  shampoos by 

p o t e n t i o m e t e r i c  t i t r a t i o n  wi th  i o d i n e " .  (18)  

CONTENTS UNIFORMITY 

A l l  shampoo samples were analyzed f o r  z i n c  p y r i t h i o n e  c o n t e n t s  

p r i o r  t o  t h e i r  d i f f u s i o n  s t u d i e s .  Only samples wi th  z i n c  p y r i t h i o n e  

c o n t e n t s  w i t h i n  1 0 0  f 1 0 %  were used f o r  d i f f u s i o n  s t u d i e s .  
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IN-VITRO RELEASE OF ZINC PYRITHIONE 15 11 

TABLE 1: 

FORMULATION 

INGREDIENT 

S tandapo l  CS P a s t e  

S tandapo l  ES 4 0  Conc. 

Ce t io l  LC 
Euper l an  PK-771 

Sodium S t e a r a t e  
Methoce l  HG-4000  
( 2 %  s o l u t i o n )  
Zinc  Omadine 
( 4 8 %  s o l u t i o n )  
Water ( d e - i o n i z e d )  

CTFA NAME 

(sodium l a u r y l  s u l f a t e  
( and)  sodium c e t y l  ( and)  
l a u r e t h - 3 )  

(sodium myre th  s u l f a t e )  

(coco-caprate/caprylate) 
(sodium l a u r e t h  s u l f a t e  
( and)  g l y c o l  s t e a r a t e  ( and)  
cocoamide DEA ( and)  
l au re th -10)  

% w/w 
3 0 . 0 0  

2.00 

1 . 0 0  
3 . 0 0  

(sodium s t e a r a t e )  5 . 0 0  
(hydroxypropylmethyl  c e l l u l o s e )  4 0 . 0 0  

( z i n c  p y r i t h i o n e )  4 . 0 0  

water q.s .  t o  1 0 0 . 0 0  

I N - V I T R O  RELEASE STUDIES 

A c c u r a t e l y  weighed 23.5 gm samples  o f  e a c h  shampoo was p l a c e d  

i n  a two ounces  g l a s s  j a r  of a 2 "  d i a m e t e r  w i t h  approx ima te  s u r f a c e  

a r e a  o f  3 . 4  q u a r e  inches .  A s e m i  permeable  c e l l o p h a n e  membrane 

w i t h  a c u t  o f f  p o i n t  o f  1 0 0 0 ,  p r e v i o u s l y  soaked  i n  d i s t i l l e d  water 

f o r  1 2  h o u r s  w a s  s e c u r e l y  f a s t e n e n d  on t h e  l i p  o f  t h e  j a r  w i t h  a 

rubberband and a c o t t o n  s t r i n g .  

The samples  were t h e n  i n v e r t e d l y  p l a c e d  a t  t h e  c e n t e r  of 

t h e  b e a k e r s  c o n t a i n i n g  150 m l  o f  d i s t i l l e d  water.  The d i f f u s i o n  

s u r f a c e  was a r r a n g e d  t o  be a b o u t  4 c m .  below t h e  s u r f a c e  o f  t h e  

d i f f u s i o n  medium as shown i n  f i g u r e  1. 

PROCEDURE 

Three  r e p l i c a  samples  o f  each  f o r m u l a t i o n  were p l a c e d  i n  

t h r e e  s e p a r a t e  b e a k e r s ,  e a c h  c o n t a i n i n g  1 5 0  m l  of p r e v i o u s l y  h e a t e d  

water t o  37OC.  Samples were n o t  d i s t u r b e d  u n t i l  wi thdrawn 

f o r  a n a l y s i s .  F i r s t  b e a k e r  w a s  withdrawn a f t e r  1 5  m i n u t e s  and 

s t i r r e d  w i t h  a glass rod .  The whole s o l u t i o n  w a s  t h e n  a n a l y z e d  

for t h e  z i n c  p y r i t h i o n e  c o n t e n t  r e l e a s e d  from t h e  shampoo sample .  

Second and t h i r d  b e a k e r s  were withdrawn from t h e  water b a t h  a f te r  
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15 12 BABAR ET A L .  

Water Bath at no C --- 

Shampoo 

-Cellophane 
Membrane 

Schomtle diagram of dmrion apOuatur u8.d for roloaro oxp.rkrwnt 

30 and 4 5  minutes  r e s p e c t i v e l y  and analyzed acco rd ing ly .  Each 

shampoo sample was run i n  t r i p l i c a t e .  Also,  i n  o r d e r  t o  c o r r e l a t e  

t h e  r e l e a s e  r a t e  d a t a  w i t h  a c t u a l  use on head, a s e l e c t e d  group 

of samples waB d i l u t e d  wi th  d i s t i l l e d  wa te r  i n  a r a t i o  of 1 : l O  

by wei-ght and t h e  d i f f u s i o n  s t u d i e s  were c a r r i e d  o u t  i n  t r i p l i c a t e  

a s  d e s c r i b e d  p r e v i o u s l y .  

RESULTS AND DISCUSSIONS 

SOLUBILITY 

The s o l u b i l i t y  of Zinc p y r i t h i o n e  (ZnPT) was determined i n  

t h e  d i f f u s i o n  medium and was found t o  be 0 . 0 0 1 4 %  f 0 . 9 9 2  a t  36OC, 

va lue  is expres sed  a t  t h e  mean ? S D .  

RELEASE OF ZnPT FROM THE SHAMPOO BASES 

Table 2 e x h i b i t s  t h e  i n - v i t r o  r e l e a s e  d a t a  o b t a i n e d  from v a r i o u s  

samples e v a l u a t e d .  From t h e  d a t a ,  one obse rves  t h a t  t h e  r e l e a s e  
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IN-VITRO RELEASE OF Z I N C  PYRITHIONE 1513 

TABLE 2 

IN-VITRO RELEASE OF Z I N C  PYRITHIONE 

FROM THE VARIOUS SHAMPOO SAMPLES 

Amount Re leased  (mg i S D )  

SAMPLE 15 (min)  30 (min) 45 (min)  

Commercial P r o d u c t  ( s )  

A 
B 

Exper imen ta l  

C o n t r o l  

With E thano l  

5% 
10% 
15% 

1.62 ? -04 
1.89 t .27 

2.75 ? .08 
2.10 F .30 

2.80 f .17 
2.96 t .27 

2.80 t .08 4.30 t .15 8.90 f .55 

14.50 ? -58 
14.50 ? .65 
7.30 i .37 

23.90 i .70 
24.50 f .80 
10.00 i .38 

25.80 t .62 
24.80 i .62 
18.90 i . 0 8  

With P ropy lene  Glyco l  

5% 
10% 
15% 

2.75 i .09 
2.85 i . 2 6  
3.35 i-.18 

3.92 i .14 

8.42 i .51 
7.20 t .28 

8.20 ? .21 
9.20 f .10 
14.90 i .48 

With DMSO 

5% 
15% 
15 % 

With PEG-400 

5% 
10% 
15% 

With Urea 

5% 
10% 
1 5 %  

3.25 i -54 
3.90 i .18 
4.82 ? .20 

8.35 f .42 
8.85 i .35 
9.30 i .SO 

13.82 i .55 
10.30 t .90 
11.90 F .54 

2.74 t . 7 0  
3.30 i . 0 6  
2.75 i .05 

8.40 t .38 
9.50 i .51 
5.10 ? .24 

11.00 ? .25 
12.44 i -10 
8.30 i . 3 0  

3.90 t .22 

8.66 i .10 
4.20 i .16 

7.22 f .34 
8.10 f .34 

10.50 i .61 

13.90 i .39 
14.50 i .44 
16.80 t .17 

of ZnPT from t h e  e x p e r i m e n t a l  c o n t r o l  i s  s i g n i f i c a n t l y  h i g h e r  

t h a n  from any o f  t h e  commercial  p r o d u c t s  i n c l u d e d  i n  t h i s  s t u d y .  

I n  a d d i t i o n ,  t h e  p r e s e n c e  of a d d i t i v e  i n g r e d i e n t s  s t r o n g l y  i n -  

f l u e n c e d  t h e  r e l e a s e  of ZnPT i n  a lmos t  a l l  t h e  samples  e v a l u a t e d .  

The a d d i t i o n  of e t h a n o l  t o  t h e  c o n t r o l  f o r m u l a t i o n  o f  a l l  

p e r c e n t a g e  levels a f f e c t e d  t h e  release o f  ZnPT. Highes t  r e l e a s e  
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BABAR ET A L .  1514 

of t h e  a c t i v e  w a s  found t o  b e  from t h e  sample  c o n t a i n i n g  5 %  

e t h a n o l .  The r e l e a s e  w a s  e q u a l l y  good from t h e  sample  c o n t a i n i n g  

1 0 %  by w t .  of e t h a n o l .  Hoever,  t h e  amount o f  a l c o h o l  a t  15% l e v e l  

d i d  n o t  i n c r e a s e  t h e  release o f  ZnPT a s  o t h e r w i s e  e x p e c t e d .  T h i s  

c o u l d  be  a t t r i b u t e d  t o  t h e  i n c r e a s e  i n  a p p a r e n t  v i s c o s i t y  o f  t h e  

p r o d u c t  w i t h  i n c r e a s e d  amount o f  a l c o h o l  u sed .  

The release of ZnPT from t h e  samples  c o n t a i n i n g  p r o p y l e n e  

g l y c o l  as t h e  a d d i t i v e  w a s  also a f f e c t e d .  The sample  c o n t a i n i n g  

15% p r o p y l e n e  g l y c o l  by w e i g h t  o f  t h e  f o r m u l a t i o n  gave  s i g n i f i c a n t l y  

h i g h e r  r e l e a s e  o f  t h e  d rug  compared t o  the c o n t r o l  o r  t h e  commercial 

p r o d u c t s .  

The i n c l u s i o n  of DMSO and p o l y e t h y l e n e  g lyco l -400  i n  t h e  

c o n t r o l  f o r m u l a t i o n  m o d e r a t e l y  enhanced  t h e  release of ZnPT 

from t h e  shampoo b a s e .  However, t h e  a d d i t i o n  of u r e a  as t h e  

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

r e l e a s e  of  t h e  d rug .  

I n  o r d e r  t o  i n t e r p r e t  d i f f u s i o n  r a t e  d a t a  i n  t e r m s  o f  meaning- 

f u l  p a r a m e t e r s ,  t h e  da ta  were t r e a t e d  by v a r i o u s  k i n e t i c  f a s h i o n s .  

R e l e a s e  r a t e s  of t h e  i n s o l u b l e  d r u g s  i n  t h e i r  f o r m u l a t i o n  b a s e s  

g e n e r a l l y  f o l l o w  t h e  well-known e q u a t i o n  o f  Higuchi  ( 1 9 , 2 0 )  

which  i s ,  

I n  t h i s  e q u a t i o n  Q d e f i n e s  t h e  amount of  d r u g  r e l e a s e d  p e r  u n i t  

a r e a  a t  t i m e  t ,  A i s  t h e  c o n c e n t r a t i o n  o f  d rug  e x p r e s s e d  i n  u n i t s /  

c m 3 /  C s  i s  i t s  s o l u b i l i t y  as un i t s / cm3  i n  t h e  e x t e r n a l  p h a s e  of 

t h e  s e m i s o l i d  and D i s  t h e  d i f f u s i o n  c o e f f i c i e n t  o f  d r u g  molecu le  

i n  t h e  e x t e r n a l  phase .  Because i n  t h e  s e m i s o l i d  of t h e  s u s p e n s i o n  

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

s o l u b i l i t y  ( A  z C s ) ,  t h e  e q u a t i o n  g i v e n  above can  be  more s i m p l i f i e d  

t o  g i v e  e q u a t i o n  2 ,  

Eq. 2 

t h i s  t h e o r e t i c a l l y  p r o v e s  t h a t  t h e  amount o f  d r u g  r e l e a s e d  i s  
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IN-VITRO RELEASE OF ZINC PYRITHIONE 15 15 

L 
h c 
N 

0 

PRODUCT A 

1s 30 

TIME - MINUTES 

45 

FIGURE 2 

Effect of ethanol on the reka8e of zinc pyrlthlone from a 8hampoo base plotted in 
f h t  ordor kinetic faahion 

p r o p o r t i o n a l  t o  t h e  s q u a r e  root o f  t h e  amount o f  d r u g  in p e r  u n i t  

volume, d i f f u s i o n  c o e f f i c i e n t ,  s o l u b i l i t y  of t h e  d r u g  and  t h e  t i m e .  

T h e r e f o r e ,  when Q v e r s u s  t are  drawn, g e n e r a l l y  s t r a i g h t  l i n e s  

are o b t a i n e d ,  b u t  t h e y  a r e  n o t  a lways  l i n e a r  ( 2 1 , 2 2 ) .  When t h e  

l o g a r i t h m  of t h e  amount of d r u g  r e l e a s e d  i s  p l o t t e d  a g a i n &  t h e  

l o g a r i t h m  of d i f f u s i o n  t i m e  (23) or t h e  amount r e l e a s e d  v e r s u s  
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15 16 BABAR ET AL. 

+ 
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N 

20 
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6 
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4 

3 

2 
COMMERCIAL 
PRODUCT A 

15 30 45 

TIME - MINUTES 

FIGURE 3 

Effect of propylene glycol on the release of zinc pyrithione from a shampoo base 
plotted In flrrt ordu kinetlc fashion 

the  s q u a r e  r o o t  o f  t h e  t i m e ,  b e t t e r  f i t t i n g s  a r e  s e e n  i n  t h e  

l i t e r a t u r e  ( 2 4 , 2 5 , 2 6 ) .  

The d i f f u s i o n  r e s u l t s  were a l so  t r e a t e d  by bo th  f i r s t  and 

second o r d e r  k i n e t i c s ,  and l i n e s  w i t h  h i g h e s t  c o r r e l a t i o n  co- 

e f f i c i e n t s  were o b t a i n e d .  I n  m o s t  cases, t h e  r e g r e s s i o n  co- 

e f f i c i e n t  v a l u e s  were c l o s e r  t o  1. The release d a t a  of z i n c  

p y r i t h i o n e  from t h e  shampoo b a s e  c o n t a i n i n g  5 %  e t h a n o l  as t h e  

a d d i t i v e  are p l o t t e d  i n  F i g u r e  2 .  According  t o  t h e  s t a t i s t i c a l  
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IN-VITRO RELEASE OF Z I N C  PYRITHIONE 1 5 1 7  

20 

10 

l- 
L 
C 
N 4 

2 

COMMERCIAL 
PRODUCT A 

15 30  45 

TIME - MINUTES 

FIGURE 4 

Effect of dimethyi wltoxide on the release of zinc pyrithione from a shampoo base 
plotted in tlmt order kinetic fashion 

e v a l u a t i o n ,  t h e  r e l e a s e d  amounts o f  t h e  d rug  were s i g n i f i c a n t l y  

h i g h e r  t h a n  e i t h e r  t h e  e x p e r i m e n t a l  c o n t r o l  o r  a l e a d i n g  commercial 

shampoo c o n t a i n i n g  t h e  same amount o f  z i n c  p y r i t h i o n e .  

F i g u r e  3 .  e x h i b i t s  t h e  e f f e c t  of p r o p y l e n e  g l y c o l  on t h e  

release of d r u g  from t h e  shampoo base. From t h i s  one c l e a r l y  

o b s e r v e s  t h a t  t h e  release of z i n c  p y r i t h i o n e  i s  s i g n i f i c a n t l y  

h i g h e r  t h a n  e i t h e r  t h e  c o n t r o l  o r  t h e  commercial  p r o d u c t .  
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1518 BABAR ET AL.  

20 

l C  
5 
E 

I 

t 

I 

4 

15 30 45 

TIME - MINUTES 

Effect Of polyethylene glyooC.40a On the reioa8. of zinc pyrithiom from a shampoo 
ba8e plottqd in f l n t  order klrntlc fa8hlOn. 

The release from t h e  base  c o n t a i n i n g  dimethyl  s u i f o x i d e  i s  

g iven  i n  F igu re  4 .  Here a g a i n  t h e  amount o f  z i n c  p y r i t h i o n e  

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

commercial p roduc t .  The e f f e c t s  o f  p o l y e t h y l e n e  glycol-400 and 

u r e a  are shown i n  F i g u r e  5 and 6 r e s p e c t i v e l y .  I n  each case, 

p re sence  of t h e  a d d i t i v e  s i g n i f i c a n t l y  enhanced t h e  release o f  
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IN-VITRO RELEASE OF ZINC PYRITHIONE 15 19 

1 

PRODUCT A 

15 30 45 

TIME - MINUTES 

FIGURE 6 

Effect of una on tho relosoo of zinc pyrithione from a rhrmpeo baw pl0tt.d 
In tlnt order klmtlc tarhhn. 

zinc pyrithione from the shampoo base and the amounts releaeed 

were higher than either the control or the commercial products. 

As shown in Table 3 ,  the amounts of the zinc pyrithione 

released with time were hlso higher from the diluted samples of 

shampoo containing variour concentrations of propylene g l y c o l .  

This suggests that the presence of additives does influence the 

release of zinc pyrithiQne from the shampoo base with time. 
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1520 BABAR ET A L .  

TABLE 3 

IN-VITRO RELEASE OF Z I N C  PYRITHIONE FROM THE DILUTED SHAMPOO 

C O N T A I N I N G  (PROPYLENE GLYCOL) AS THE ADDITIVE 

SAMPLE 
~ 

COMMERCIAL PRODUCT ( S )  

A 

B 

CONTROL 

WITH (PG) 

5% 

1 0 %  

15% 

AMOUNT RELEASED (mg f SD) 

15 ( M I N )  30  ( M I N )  4 5  ( M I N )  

1.50 _+ 0 .35 

1 . 3 0  i 0.40 

2.20 s 0 .55  

2 .40  _c 0 . 7 4  

2.60 f 0 . 3 8  

2 .67  f 0 . 5 9  

NOTE: EACH READING I S  THE AVERAGE O F  THREE ( 3 )  DETERMINATIONS. 

The r e a s o n s  f o r  t h e  enhanced release o f  d r u g  from t h e  shampoo 

b a s e s  a r e  l i k e l y  t o  be due t o  t h e  c o - s o l v e n t  e f f e c t  of v a r i o u s  

a d d i t i v e s  on t h e  d r u g  and c a u s e  an  i n c r e a s e  i n  osmotic p r e s s u r e  

of t h e  shampoo b a s e s  which c o u l d  i n f l u e n c e  t h e  p e n e t r a t i o n  of 

t h e  d rug .  A l s o ,  t h i s  c o u l d  be  a t t r i b u t e d  t o  t h e  e f f e c t s  o f  ad- 

d i t i v e s  on t h e  r h e o l o g i c a l  p r o p e r t i e s  o f  t h e  shampoo b a s e .  

Although p r e d i c t i o n  a b o u t  which b a s e  might  release t h e  

d rug  b e s t  does  n o t  seem t o  be  p o s s i b l e  f o r  t h e  b a s e s  under  con- 

s i d e r a t i o n .  But i n  g e n e r a l ,  s o l u b i l i t y  o f  z i n c  p y r i t h i o n e  i n  

p o l y e t h y l e n e  g l y c o l ,  e t h a n o l ,  p ropy lene  g l y c o l  and i t s  water  

m i s c i b i l i t y  i n  t h e  emul s ion  b a s e  may be c o n t r i b u t i n g  f a c t o r s  

i n  a c h i e v i n g  improved release ra tes  o f  t h e  d rug .  

The -- i n -v ivo  e x p e r i m e n t s ,  a b s o r p t i o n  p r o p e r t i e s  o f  t h e  d rug  

is as  i m p o r t a n t  as t h e  release p r o p e r t i e s .  T h e r e f o r e ,  t h e  same 

r e s u l t s  may n o t  n e c e s s a r i l y  be  a p p l i c a b l e  i n  v i v o .  However, i t  
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IN-VITRO RELEASE OF Z I N C  PYRITHIONE 1521 

i s  p o s s i b l e  t o  e x p e c t  a c e r t a i n  deg ree  o f  c o r r e l a t i o n  between t h e  

i n - v i t r o  f i n d i n g s  and in -v ivo  r e s u l t s .  Also,  t h i s  e n a b l e s  one 

t o  s c r e e n  f o r m u l a t i o n s  f o r  "optimum" d rug  d e l i v e r y  v i a  t o p i c a l  

pha rmaceu t i ca l  dosage forms. 
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