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ABSTRACT 

The i n  vit:ro release of  t e s t r s t e r o n e  from t h r e e  d i f -  - --- 
f e r e n t  ointment: b a s e s  i n c l u d i n g ,  t he  w a t e r  washable  , t h e  

modi f ied  B e l l e r  and t h e  modi f ied  lnydrophyl l ic  o in tmen t  

b a s e ,  U.S.P. w e r e  s t u d i e d .  Among t h e  b a s e s  e v a l u a t e d ,  

t h e  w a t e r  washable  o in tmen t  b a s e  p rov ided  t h e  b e t t e r  re- 

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

a d d i t i v e s  ( 3 , 5  and 1 0 %  u r e a ,  5% e t h y l  a l c o h o l ,  5% DFlSO, 

3 , 5  and 1 0 %  PEG-400,  and a combina t ion  of 5% e t h y l  alco- 

h o l  and 5% DMSO) on t h e  release o f  tes tor ; t .erone from t h e  

w a t e r  washable  b a s e  w e r e  i n v e s t i g a t e d .  The a d d i t i v e  i n -  

g r e d i e n t s  a t  3 and 5% l e v e l  had l i t t l e  O:K no e f f e c t  on 

t h e  release o f  d rug  when compared t o  t h e  c o n t r o l  w a t e r  

washable  base .  However, t h e  release w a s  s i c p i f i c a n t l y  
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2494 PARIKH, BABAR, AND PLAKOGIANNIS 

higher from the sane ointment base containing 10% by 

weight of PEG-400 and 10% by weight of urea respectively. 

In addition,the values for the release rate constant, 

the diffusion coefficient, the permeability coefficient 

and the partition coefficient were calculated to develop 

the meaningful kinetic parameters to assess the release 

of this hydr.ophobic drug from a topical dosage form. 

INTRODUCTICK 

-___ In vltro procedures have been widely used to evalu- 

ate drug release from various types of pharmaceutical 

formulations especially ointment by utilizing diffusion 

processes (1, 2, 3 ) .  

Testosterone and its derivatives are the most com- 

monly used androgenic steroids. In addition to their 

androgenic properties, they exert anabolic effects (4). 

Testosterone when injected as a solution in oil is so 

quickly absorbed, metabolized, and excreted that the 

androgenic effect is minimal. Testosterone given by 

mouth is readily absorbed, but it is even less effective 

since most of the hormone is metabolized by the liver 

before reaching the systemic circulation i 5 1 .  

During the process of drug absorption from ointments 

it is likely that diffusion plays an important role, and 

the drug must be released from the ointment vehicle be- 

fore absorption takes place. In addition, the release 
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MEDICAMENT RELEASE: FROM OINTMENT BASES. I1 2495 

of t h e  d rug  from t h e  v e h i c l e  depends on physicochemi-  

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

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

These pa rame te r s  may s e r v e  as a model for p r e d i c t i n g  

d rug  r e l e a s e  p a t t e r n s  and s c r e e n i n g  f o r m u l a t i o n s  w i t h  

maxinum t h e r a p e u t l c  a c t i v i t y .  The a i m  of t h i s  i n v e s t i -  

g a t i o n  w a s  t o  Eormulate a t e s t o s t e r o n e  o in tmen t  dosage 

form which w i 1 . L  overcome s o m e  of  t h e  above mentioned 

s h o r t c o n i n g s  a s s o c i a t e d  w i t h  t e s t o s t e r o n e  t h e r a p y .  A l s o ,  

t o  s t u d y  the ii7-vitro re'ease of t e s t o s t e r ' o n e  from d i f -  

f e r e n t  o in tmen t  b a s e s ,  t h e  i n f l u e n c e  of t h e  a d d i t i v e s  on 

i t s  release ra te ,  and c a l c u l a t e  t h e  d i f f u s i o n  c o e f f i -  

c i e n t ,  t h e  p e r i n e a h i l i t y  c o e f f i c i e n t  and t h e  p a r t i t i o n  CO- 

e f f i c i e n t  valul2s. 

EXPERIFENTAL 

M a t e r i a l s  

The f o l l o w i n g  chemicals w e r e  used  as  r e c e i v e d  frolr  

t h e  manufac tu re r s :  T e s t o s t e r o n e ' ,  m u l t i s t e r o l  e x t r a c t  

of  l a n o l i n 2  I i sopropy l  l a n o l a t e 3  , g1yceromonas tea ;~a te  

s e l f - e m u l s i f y i n g 4 ,  po lyoxye thy lene  s t e a r a t : e 5 ,  s t e a r y l  

a l c o h o l 6  , and -el Lophane membrane (molecu la r  weight  c u t -  

o f f  p o i n t  1 0 0 0 ) 7 .  A l l  o t h e r  chemicals w e r e  of r e a g e n t  

q r a d e s  and used as r e c e i v e d .  

Ointment Formula t ions  - 

T e s t o s t e r o n e  w a s  fo rmula t ed  i n  o in tmen t  dosage 

forms by u t i l i z i n c j  w a t e r  washable  base ,  zrevised 
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2496 PARIKH, BABAR, AND PLAKOGIANNIS 

T a b l e  I .  Testosterone Oin tmen t s  

I n g r e d i e n t s  

Water Washable Base 

% w/w 

M u l t i s t e r o l  e x t r a c t  of l a n o l i n  5 . 0 0 0  

I s o p r o p y l  es ter  of l a n o l i n  2 . 0 0 0  
f a t t y  acids  

P e t r o l a t u m  USP 

CMS-SE 

Myrj-52 

S t e a r y l  A lcoho l  

P r o p y l  Pa raben  

Methyl  Pa raben  

G l y c e r i n  

T e s t o s t e r o n e  

Addi ti ve s 

D i s t i l l e d  Water 

20.000 

5.000 

4.000 

3.000 

0 .067  

0.150 

5.000 

1.000 

3 ,  5 o r  10 

q . s . t o  100,090 

Revised H y d r o p h i l i c  O i n t x e n t s  USP (o/w) 

Wh i t e P e t  ro 1 a. tum 2 5 . 0 0 0  

S t e a r y l  A l c o h o l  15.000 

Sodium L a u r y l  S u l f a t e  1.000 

P r o p y l e n e  G l y c o l  1 2 . 0 0 0  

h y d r o p h i l i c  o i n t m e n t  U S p  and r e v i s e d  B e l l e r ' s  

b a s e  as shown i n  Table I. all o i n t m e n t s  w e r e  

p r e p a r e d  by t h e  f u s i o n  method. 
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MEDICAMENT RELEASE FROM OINTMENT BASES. I1 2497 

Table  I.  Tes t .os te rone  Ointments  ( c o n t i n u e d )  ___-___ 

I rig r e d  i e n t s % w/w - - ~ _ _  

Propy l  Paraben 

Methyl Paraben 

T e s t o s t e r o n e  

D i s t i l l e d  Water q.s. t o  

Revised B e l l e r ' s  B a s e  ( o / w )  

0.015 

0.025 

1.000 

100.000 

C e t y l  Alcohol  

White Wax 

S t e a r y l  Alcohol  

Propylene  Glycol  

Sodium 1 ,au rv l  S u l f a t e  

Propy 1. P a raben  

Methyl. Faraben 

T e  s t o  c; t e r on e 

D i s t i l - l e d  Water g.s. t o  

15.006 

1.000 

2.000 

10.000 

2.000 

0.015 

0.025 

1.000 

100.000 

Release  S t u d i e s  - 
A prewei ghed one ounce o in tmen t  j a r  having  s u r f  ace 

a r e a  of 6 . 8 3  crn2 was f i l l e d  w i t h  each  o in tmen t  formula- 

t i o n .  The e x c e s s  of  t h e  o in tmen t  was removed from t h e  

edge of t h e  j a r  w i t h  a s p a t u l a  t o  produce an even s u r -  

f a c e ,  and t h e  weight  o f  t h e  o in tmen t  i n  t h e  j a r  was 

de te rmined .  T h e  open end w a s  covered  by a semipermeable  
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2498 PARIKH, BABAR, AND PLAKOGIANNIS 

c e l l o p h a n e  membrane, p r e v i o u s l y  soaked  i n  phospha te  buf-  

f e r  (pH = 6 )  for 6 hour s .  I t  w a s  c a r e f u l l y  p r e s s e d  t o  

e n s u r e  a comple te  c o n t a c t  of t h e  membrane w i t h  t h e  o i n t -  

ment and s e a l e d  by a s i l k  t h r e a d .  

The j a r s  w e r e  i n v e r t e d l y  i m m e r s e 6  i n  a 250 n l .  

beake r  c o n t a i n i n g  p r e h e a t e d  1 0 0  m l .  of phospha te  b u f f e r  

(pH = 6 . 0 0 )  and m a i n t a i n e d  a t  37 f 1 ° C  i n  a c o n s t a n t  

t e m p e r a t u r e  wa te r -ba th .  A t  5 ,  1 5 ,  3 0 ,  4 5 ,  6 0 ,  90  ar-d 

1 2 0  minu tes  t h e  a l i q u o t s  o f  t h e  d i f f u s i o n  medium were 

drawn o f f  and r e p l a c e d  w i t h  e q u a l  volume of t h e  phos- 

p h a t e  b u f f e r .  During t h e  expe r imen t  t h e  d i f f u s i o n  medi- 

um ~ f a s  c o n s t a n t l y  s t i r r e d  t o  m a i n t a i n  s i n k  c o n d i t i o n s .  

The samples  w e r e  a s sayed  s p e c t r o p h o t o m e t r i c a l l y  a t  2 4 0  

nm and t h e  c o n c e n t r a t i o n s  o f  t e s t o s t e r o n e  r e l e a s e d  w e r e  

de t e rmined  from a s t a n d a r d  c u r v e  c o n s t r u c t e d  from known 

c o n c e n t r a t i o n s  of d rug  i n  t h e  same d i f f u s i o n  medium. 

RESULTS AND DISCUSSION 

The i n  v i t r o  d a t a  of t e s t o s t e r o n e  from t h e  three 

b a s e s  and t h e  e f f e c t s  o f  t h e  a d d i t i v e s  on i t s  release 

f r o m  water  washable  b a s e  are shown i n  F i g .  1 aild 2 

r e s p e c t i v e l y .  These l o g a r i t h m i c - p r e s e n t a t i o n s  were 

c o n s t r u c t e d  by p l o t t i n ?  l og  ( 1 0 0 - R )  , where I: i s  the mean 

p e r c e n t  release vs t i m e .  These l i n e s  i n d i c a t e  a l i n e a r  

r e l a t i o n s h i p  f o r  a l l  cases e x c e p t  f o r  t h e  w a t e r  washable  

b a s e  w i t h  1 0 %  PEG-400 as shown i n  F ig .2 .  S i n c e  PEG-400 

-____ 
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MEDICAMENT RELEASE FROM OINTMENT B A S E S .  II 
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FIGITRE 1 

L o g a r i t h m i c  P r e s e n t a t i o n  of l i e l e a s e  of T e s t o s t e r o n e  f r o m  O i n t m e n t  
B a s e s :  K e y :  A ,  R e v i s e d  B e l l e r ' s  B a s e :  0. R e v i s e d  H y d r o p h i l i c  
O i n t m e n t  B a s e ;  y) ,  Water Washable B a s e .  
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2500 PARIKH, BABAR, AND PLAKOGIANNIS 
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FIGURE 2 

Logarithmic Presentation of Release of Testosterone from Water 
Washable Base: Key: 0 ,  Water Washable Base; 0, 10% Urea; 

A ,  10% PEG-400. 
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MEDICAMENT RELEASE FROM OINTMENT BASES. I1 2501 

has e x c e l l e n t  s o l u b i l i t y  i n  w a t e r ,  d u r i n g  t h e  expe r imen t s  

it w a s  observ'ed t h a t  t h e  w a t e r  washable  o in tmen t  w i t h  

t h e  1 0 %  PEG-400 abso rbed  w a t e r  t o  t h e  e x t e n t  t h a t  t h e  

s u r f a c e  of t h e  Inerbrane became v i s i b l y  ccnciave. From 

t h e s e  f i g u r e s  the release r a t e  c o n s t a n t s  were c a l c u l a t e d  

and t h e  d a t a  <are e x h i b i t e d  i n  Tablle 11. From t h i s ,  i t  i s  

a p g s r e n t  t ha t  t e s t o s t e r o n e  was r e l f e a s e d  t o  a g r e a t e r  ex- 

t e n t  and a t  a f a s t e r  r a t e  from t h e  w a t e r  washable  b a s e  

t h a n  t h e  o t h e x  f o r m u l a t i o n s .  Furtlhermore, t h e  p r e s e n c e  of 

a d d i t i v e s  i n  t h e  w a t e r  washable  baise had no e f f e c t  on t h e  

release,  w i t h  t h e  e x c e p t i o n  o f  1 0 %  u r e a  which i n c r e a s e d  

t h e  release by 50% and 1 0 %  PEG-400 which i.s a lmos t  doubled  

t h e  r e l e a s e  of t e s t o s t e r o n e  as from t h e  c o n t r o l  and i s  

shown i n  F i g .  2 .  

The r e l e a s e  of a d rug  f r o m  an o in tmen t  i n  which t h e  

d rug  i s  i n i t i a l 1 . y  un i fo rmly  d i s s o l v e d ,  g e n e r a l l y  foLlow 

t h e  well-known Eliiquchi Equat ion  ( 2  ,, 6 )  . 
?i 

Q = 2 co (7- (Eq. 1) 

2 where,  Q = amount of  d rug  r e l e a s e  p e r  u n i t  a r e a  (mg/cm ) 

C, = i n i t i a l  c c r c e n t r a t i o n  of druq  i n  o i n t m e n t  ( m g / c m  ) 

D = d i f f u s i o n  c o e f f i c i e n t  of  d rug  1.n o in t r r en t  (cmL/sec) 

t = t h e  a f t e r  a p p l i c a t i o n  ( s ec ) .  

3 

c 

Equat ion  (1) t h e o r e t i c a l l y ,  s t a t e s  t h a t  t h e  amount 

of drug  release p e r  u n i t  area i s  d i r e c t l y  p r o p o r t i o n a l  

t o  t h e  s q u a r e  r o o t  of  t i m e ;  Co, D and A b e i n g  c o n s t a n t  
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MEDICAMENT RELEASE FROM OINTMENT BASES. I1 2503 

f o r  a p a r t i c u l a r  sys t em.  T o  ensurle t h a t  t h e  e x p e r i m e n t s  

w e r e  c a r r i e d  oulz under  " s i n k "  c o n d i t i o n  t h r o u g h o u t  t h e  

two h o u r s  a n  e q u i l . i b r i u n  s t u d y  was u n d ~ e r t a k e n  ar,d 

t h e  r e s u l t s  a.re shown i n  F i g .  3 and 4 .  It. i s  a p p a r e n t  

t h a t  by t h e  end  of e i g h t  h o u r s  t h e  d i f f u s i o n  medium was 

a b l e  t o  accomodate  t h e  re l e a s e d  t e s t o s t e r o n e .  And ~ 

when 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 ea  w a s  p l o t -  

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

l i n e  was o b t a i n e d  i n d i c a t i n g  a l i n e a r  r e l a t i o n s h i p  a s  

shown i n  F i g .  5 and 6 .  

Dy u t i l i z i n g  klie d a t a  f rom f icyures  5 ai?d 6 the d j  V i i -  

.?j.on c o e f f i c i e n t  w e r e  c a l c u l a t e d  arid a r e  r e p o r t e d  i n  

Tab le  11. S i m u l t a n e o u s l y  t h e  d i f f u s i o n  c o e f f y i c i e n t  

v a l u e s  c a l c u l a t e d  from t h e  a c t u a l  e x p e r i m e n - t a l  d a t a  

are  r e p o r t e d  i.n T a b l e  11. A s  i t  i s  s e e n  from t h e  d a t a  

i n  Table II,, a good ag reemen t  i s  found be tween t h e  Val- 

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

of t h e  l i n e s  and  t h e  c a l c u l a t e d  val-ues  obta.ir ied from ex- 

p e r i m e n t a l  dat:a. 

The p e r m e a b ' i l i t y  c o e f f i c i e n t s  ( P )  f o r  e a c h  b a s e  

w e r e  d e t e r m i n e d  by u s i n g  e q u a t i o n  >! and are r e p o r t e d  

i n  T a b l e  11. 

Q 
A C o t  

p = _____ 
(Eq. 2 )  

where ,  Q = t h e  amount of d r u g  r e i e a s e d  (mgs:) a t  t i m e  t ,  

A = area  ( c m  ) and Co = i n i t i a l  c o n c e n t r a t i o n  o f  d r u g  2 
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MEDICAMENT RELEASE FROM OINTMENT BASES. I1 

, 
0 1 2 3 4 5 6 7 8 

Time (Hours) 

FIGURE 3 

Release of Testosterone from Different Ointment Bases: 

Base; 0 Water Washable Base. 

Key: 
4 ,  Revised Beller's Base; 0 ,  Revised Hydrophilic Ointment 
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MEDICAMENT RELE,ASIS FROM OINTMENT BASES. I1 2505 

Time (Hours) 

FIGURE 4 

Effect of Additives on the Release of Testosterone from Water 
Washable B a s e :  K e y :  , Water Washable B a s e ;  0 ,  10% U r e a ;  

A , 10% PE:G-ItOO. 
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FIGURE 5 

Amount of Testosterone Release as Function of (time)': 
Revised Beller's Base; 0 ,  Revised Hydrophilic Ointment Base; 

Key: A , 

0 , Water Washable Base. 
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MEDICAMENT RELE,$SE FROM OINTMENT BASES. I1 

275 
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FIGURE 6 

Amount of Testosterone Release a s  Function of (time)%: Key: 0 ,  
Water Washable Base; 0 ,  10% Urea; , 10% PEG-400. 
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2508 PARIKH, BABAR, AND PLAKOGIANNIS 

(mg/cm3). 

p e r m e a b i l i t y  c o e f f i c i e n t s  w e r e  o b t a i n e d  from t h e  F i g .  5 

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

and 6.  

The p a r t i t i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  by 

u t i l i z i n g  t h e  f o l l o w i n g  e q u a t i o n  and are a l s o  g iven  i n  

Table  11. 

P h  
D Kp = ___ ( E q .  3 )  

where,  Kp i s  p a r t i t i o n  c o e f f i c i e n t ,  P i s  p e r m e a b i l i t y  

c o e f f i c i e n t  (cm/sec), h i s  t h i c k n e s s  o f  t h e  b a r r i e r  

( 0 . 0 8  c m )  and D i s  d i f f u s i o n  c o e f f i c i e n t  (cm2/sec). I t  

i s  e v i d e n t  from t h e  d a t a  i n  Tab le  I1 t h a t  t h e  amount of 

d rug  r e l e a s e d  t e n d s  t o  d e c r e a s e  as t h e  a f f i n i t y  o f  d r u a  

t o  t h e  v e h i c l e  i s  i n c r e a s e d .  

The r e a s o n s  f o r  t h e  enhanced release of t e s t o s t e r o n e  

from t h e  o i n t m e n t  b a s e s  c o n t a i n i n g  PEG-400 and u r e a  a r e  

l i k e l y  t o  be  due t o  t h e  co-so lvency  e f f e c t  of  PEG-400 

and an  i n c r e a s e  i n  osmotic p r e s s u r e  o f  t h e  b a s e  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  drug .  

The i n - v i v o  a b s o r p t i o n  p r o p e r t i e s  of t h e  d rug  are 

as i m p o r t a n t  as t h e  i n - v i t r o  r e l e a s e  of t h e  drug .  There- 

f o r e ,  i t  i s  n o t  n e c e s s a r i l y  p o s s i b l e  t o  c o r r e l a t e  kkre i n -  

v i t r o  and i n - v i v o  d a t a .  Fowever , the  i n - v i t r o  release 

d a t a  serves as a model and makes it p o s s i b l e  t o  s c r e e n  

f o r m u l a t i o n s  w i t h  optimum drug  d e l i v e r y  f o r  i n -v ivo  e v a l -  

u a t i o n .  Based on these f i n d i n g s  t h e  i n - v i v o  work i s  

p r e s e n t l y  underway and t h e  r e s u l t s  w i l l  be  r e p o r t e d  ac- 

c o r d i n g l y .  
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