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In an attempt to obtain the basic data necessary in 

research into the possible use of papaverine in sustained 

action formulas in the form of complexes with Montmorillg 

nite, the "in vitro" adsorption and desorptionofthe drug 

as a function of different factor was studied. 

The study of the interaction and adsorption mecha- 

nisms was carried out by adsorption isotherms, X-ray d i -  

ffraction and I.R. spectroscopy. 

The adsorption of papaverine by Montmorillonite in- 

creases with the rise in pH of the solution, within the 

pH range studied (2-4) in agreement with the solubility 

o f  the compound. According to the isotherms, adsorption 
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1910 SAYALERO ET AL. 

increases with the concentration of the solution u p  to 

79.16 mEq./100 g (very close tothe exchange capacity of 

the clay). The data fulfill Langmuir's equation,implying 

a chemical adsorption mechanism. 

The results of the X-ray diffraction and I.R. spec- 

troscopy studies confirm the intercalation ofthe organic 

cation into the interlayer space of montmorillonite, for - 

ming a complex of defined spacing i ) )  
The stud1.e~ revealed that cation exchange is the mecha- 

nism responsible for this interaction. 

(17.66 8 ( A = 8.06 

The "in vitro" desorption studies showed that the 

amount of papaverine desorbed from the complex depends 

on the pH of the solution, on its ionic strength, on the 

presence of free drug and on the elimination rate of the 

desorbed complex; in all cases, desorption was seen to be 

very low. 

In general, release of the drug follows a single 

first order kinetic process with a rapid initial desorp- 

tion of the drug. 

INTRODUCTION _ _ _ _ _ _ _ _ _ _ _ _  

Papaverine, a smooth-muscle relaxant, has been pri- 

marily used as a peripheral vasodilator. Its therapeutic 

efficiency is limited by its short plasma half-life and 

is affected by its very fast and almost complete metabo- 

lism. Consequently, frequent dosing is necessary and it 

is this aspect that leads to the consideration of the 

possible advantages of a sustained action formulation for 

maintaining therapeutic concentrations over longer times. 

The systems most frequently used to achive such sus - 

tained action formulations are those based on the control 

of the release rate of the drug, and thus of the absorp- 

tion process, by the use of inert matrices. 
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ADSORPTION-DESORPTION OF PAPAVERINE 1911 

Laminar silicates belong to a group of clay minerals 

which show the property of being able to form adsorption 

complexes with organic compounds by intercalation of these 

molecules into the interlayer space of the clay. The inter 

raction mechanism mainly depends on the molecular size of 

the organic compound and the structural characteristics 

of the silicate. Owing to its structure and properties, 

montmorillonite shows special features in terms of adsorp- 

tion which permit its use as a support in sustained action 

formulations. 

- 

The development of such formulations requires previous 

studies on the adsorption of the drug by the silicate, on 

its interaction mechanism and on its “in vitro” desorption. 

The adsorption and interaction mechanism of different 

drugs with montmorillonite have been the object of several 

studies reported in the literature. In this sense, experi- 

mentation has been carried out on diazepam and different 

benzodiazepine derivatives (1); clindamycine and tetracy- 

cline ( 2 ) ,  and several cation and amphoteric drugs ( 3 )  by 

dyalysis and solution methods, among others. Using X-ray 

diffraction, I . R .  spectroscopy and adsorption isotherrns,the 

authors of the present work studied chlorpheniramine malea- 

te ( 4 ) ,  propranolol hydrochloride (5) and quinidine sulpha 

te (6). The use of montmorillonite in sustained action for- 

mulations has also been described previously by McGinity and 

Lach (7). for amphetamine sulphate and Vicente Hernandez et 

at. (8) for sotalol hydrochloride. 

The present work studies the adsorption and interas 

tion mechanism of papaverine hydrochloride with montmori- 

llonite as well as the “in vitro” desorption of the drug 
as a function of different factors with the aim of obta- 

ining preliminary data for the possible “in vivo” use of 

the clay as a matrix in a sustained action formulation 

of this drug. 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1912 SAYALERO ET A L .  

MATERIALS AND EXPERIMENTAL METHODS 

Albagel montmorillonite was used in this study. The 

< u fraction of the clay was separated by sedimentation. 

The exchange capacity of the clay is 80 mEq/lOOg.Na-rnont- 

morillonite was prepared by successive treatments of the 

clay with solutions of sodium acetate followed by several 

washes with water and ethyl alcohol. 

The papaverine hydrochloride was of B.P and U.S.P 

standards. In the studies on adsorption,100 mg of sodium 

montmorillonite equilibrated in an atmosphere of 50 % 

H2S0 5 0  r n l  in volume, and a temperature of 40 O C  were 

used in all cases. A water bath was used and the suspen- 
sion was shaken continously. 

4 '  

In the study of the influence of pH on the adsorp- 

tion of the drug by montrnorillonite, 100 rng of Na-rnontmo 

rillonite were treated with a solution of papaverine hy- 

drochloride ( 0 . 2  rnEq in 5 0  ml) adjusted to pH values rap 

ging between 2 and 4 (the solubility range of the cornpo- 

und). The suspension was shaken in a water bath for 30 

rnin. Following this, it was centrifuged and the amount of 

drug in the supernatant liquid was determined by U.V spec - 

troscopy. (maximum adsorption 2 5 0  nrn). 

To obtain the isotherm, the amounts adsorbed were 

determined as a function of the concentration, as descri - 

bed above, using the following amounts of papaverine: 

0 . 0 2 ;  0.04; 0.06; 0 . 0 8 ;  0.10; 0.15; 0 . 2 0 ;  0 . 2 5 ;  0 . 3 0 ;  and 

0 . 3 5  mEq. pH was 3 and contact time 30 min. 

For the study by X-ray diffraction, oriented aggre- 

gates were prepared of the samples of Na-rnontrnorillonite 

and of the rnontrnorillonite-drug complex with and without 

previous washing in distilled water, adjusted to the pH 

ofthe solution employed. X-ray diffractograrns were obtai- 

ned forthecomplex dried in air anddried under a 0.1 mrn 
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ADSORPTION-DESORPTION OF PAPAVERINE 1913 

Hg v a c u u m .  I n  t h e  l a t t e r  c a s e s ,  t h e  a g g r e g a t e s  were  w r a -  

p p e d  i n  M y l a r  t o  p r e v e n t  r e h y d r a t i o n .  T h e  c o r r e s p o n d i n g  

d i f f r a c t o g r a m s  were  r e c o r d e d  o n  a P h i l l i p s  P.W. 1010 

a p p a r a t u s  w i t h  K C U  r a d i a t i o n  a n d  a N i c k e l  f i l t e r .  

F o r  1.R s p e c t r o s c o p y  K B r  d i s c s  a t  0 . 8 - 1 . 0  % were  

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

l l o n i t e ,  p a p a v e r i n e  h y d r o c h l o r i d e  a n d  o f  t h e  m o n t m o r i l l o  

n i t e - p a p a v e r i n e  c o m p l e x e s .  T h e s e  w e r e  r e c o r d e d  o n  a B e c k  

man A c c u l a b  6 d o u b l e  beam a p p a r a t u s .  

- 

- 

- 

I n  t h e  s t u d i e s  o n  d e s o r p t i o n ,  i n  a l l  c a s e s ,  1 0 0  mg 

o f  t h e  montrnorillonite-papaverine c o m p l e x  were  u s e d  c o n  

t a i n i n g  6 5 . 1 3  10 mEq o f  a d s o r b e d  d r u g .  
-3  

T h e  s t u d y  o f  t h e  i n f l u e n c e  o f  pH o n  d e s o r p t i o n  was 

c a r r i e d  o u t  by  t r e a t i n g  1 0 0  mg o f  t h e  c o m p l e x  w i t h  5 0  m l  

o f  d i s t i l l e d  w a t e r  a d j u s t e d  t o p H  v a l u e s  b e t w e e n  2 a n d  6 .  

T h e  s u s p e n s i o n s  were  s h a k e n  i n  a w a t e r  b a t h  a t  40  O C  c o n  

t i n o u s l y .  A t  i n t e r v a l s  o f  5 , 5 ,  1 0 ,  1 0 ,  2 0  o r  3 0  m i n .  t h e  

s u s p e n s i o n  was c e n t r i f u g e d  a n d  t h e  e q u i l i b r i u m  c o n c e n t r ~  

t i o n  was d e t e r m i n e d . A t  e a c h  i n t e r v a l ,  5 0  % o f  t h e  s u p e r -  

n a t a n t  l i q u i d  was r e n e w e d  w i t h  t h e  s a m e  a m o u n t  o f  d i s t i -  

l l e d  w a t e r  a d j u s t e d  t o  t h e  c o r r e s p o n d i n g  pH v a l u e  a n d t h e  

s u s p e n s i o n  a as r e s u b j e c t e d  t o  s h a k i n g .  

I n  o r d e r  t o  s t d y t h e  i n f l u e n c e  o f  e l e c t r o l y t e  o n  t h e  

d e s o r p t i o n  o f  t h e  d r u g  t h e  rnontmorillonite-papaverine com- 

p l e x  w a s  t r e a t e d  w i t h  N a C l  s o l u t i o n s  o f  80 a n d  1 4 0  m E q / l  

o f  NaC1. T h e  m e t h o d  u s e d  was t h e  s a m e  a s  t h a t  d e s c r i b e d  

f o r  t h e  s t u d y  o f  t h e  i n f l u e n c e  o f  pH. T h e  pH v a l u e s  a t  

w h i c h  t h i s  p a r t  o f  t h e  s t u d y  was c a r r i e d  o u t  w e r e  4 . 5  

a n d  6 .  T h e  r e p l a c e m e n t  o f  5 0 %  o f  t h e  s u p e r n a t a n t  l i q u i d  

w a s  d o n e  w i t h  N a C l  s o l u t i o n s  a d j u s t e d  t o  t h e  c o r r e s p o n -  

d i n g  pH v a l u e .  I n  t h e  s t u d y  o f  t h e  i n f l u e n c e  o f  M g C l  

t h e  same p r o c e d u r e  was u s e d ,  w i t h  a pH v a l u e  o f  4 .  
2 ’  

W i t h  r e s p e c t  t o  t h e  s u t y  o n  t h e  i n f l u e n c e  o f  f r e e  

d r u g  i n  t h e  s o l u t i o n  a n d  t h e  e l i m i n a t i o n  r a t e  o f  t h e  
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1914 SAYALERO ET A L .  

desorbed compound, the method followed was the same - 
as that described above for the study of the other fac- 

tors. In the first case (free drug in the solution) an 

amount of free drug equal to that adsorbed by 100 mg 

of complex was added to the solution. In the second 

case, extractions were carried out successivly every 

five min. In both cases, the renewals of liquid used 

140 mEq/l NaCl solutions adjusted to pH =5. 

RESULTS AND DISCUSION 

Figure 1 shows the results obtained in the study 

of the influence of the pH of the solution on the adsorp 

tion of papaverine hydrochloride by Na-montrnorillonite. 

The pH interval studied was chosen according to the solu - 

bility of the compound, since the drug is not very so- 

luble at pH values close to the pKa of the substance 

(pKa = 5.9). 

Adsorption may be seen to increase with the rise 

in the pH of the solution and at pH 3.5 and 4 it is grea - 

ter than the exchange capacity of the clay. 

The principal reaction taking place in adsorption 

must be that of exchange of the Na’ ions of the montmo- 

rillonite by the papaverinium ions in the solution. Ad - 

sorption at pH 3.5 and 4 in excess of the echange capa - 

city of the silicate is a phenomenon which has already 

been described in the adsorption of arnine salts by rnont; 

rnorillonite (9,10,11), and is attributed to the additig 

nal adsorption of molecules by Van der Waals forces. The 

molecules may be found adsorbed as an amine s a l t o r z s  a 

neutral amine. 

Bearing in mind the pKa of papaverine it seems pro- 

bable that the molecules adsorbed in excess are adsorbed 

in the l’orm of the amine hydrochloride.This additional 
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ADSORPTION-DESORPTION OF PAPAVERINE 1915 

60 'O. 

40' 

I- I 1 I 1 I 
2.0 3.0 4.0 pH 

FIGURE 1.- Influence of pH on the adsorption of papaveri - 

ne hydrochloride by montmorillonite. 

adsorption by Van der Waals forces was confirmed by X- 
ray diffraction, as will be described below. 

At very low pH values, there must be considerable corn - 
petition between the H+ ions and the papaverinium ions, 

preventing the total substitution of the Na' ions by 

the organic cation. 

The study of the influence of contact time on ad- 

sorption shows that the reaction is rapid and that the 

re is no additional adsorption after 15 min of treat- 

ment. 

- 

The adsorption isotherm ofpapaverine hydrochloride 

by montmorillonite is shown in figure 2a, where the equi - 

librium concentration is plotted as a function of the 

amount adsorbed. This amount is seen to increase with 

the concentration of the solution until an adsorption 

of 79.16 mEq/100 g is reached, very close to the ex- 

change capacity of the clay, on the limit of the con- 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1916 SAYALERO ET AL.  

80  - 
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0 
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40 

20 
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-3 E 

\ 
X .. 

0)  
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-1 

0.1 OI2 0.3 
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FIGURE 2.- Adsorption isotherm of papaverine hydrochlori - 

de by Na-montmorillonite a) amount adsorbed 

for 100 g of clay (x / ml as a function of 

the equilibrium concentration (Ce), b )  Lang- 

muir plot for the adosrption isotherm. 

centration employed. If the adsorption data are plot- 

ted according to Langmuir's equation a straight line 

is obtained (figure 2b). P,ccordingto Giles (12), the 

agreement of these data with this equation suggests a 

chemical adsorption mechanism. 

In order to confirm the adsorption of the papave- 

:>iniu'li ions into the interlayer space of montmorillo- 

nite and to suggest the possible disposition of the or- 

ganic cations in the interlayer X-ray diffractograms were mg 
d e  of Na-montmorillonite and o f  the same substance tre 
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ADSORPTION-DESORPTION OF PAPAVERINE 1917 

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

a n 5  pH v a l u e s  ( t a b l e  I a n d  1 1 ) .  

T h e  i n c r e a s e  o b s e r v e d  i n  t h e  d b a s a l  s p a c i n g  o f  001 
t h e  s i l i c a t e  w i t h  t h e  a m o u n t  a d s o r b e d  i n d i c a t e s  t h a t  

i n t e r c a l a t i o n  o f  t h e  p a p a v e r i n i u m  i o n s  i n t o  t h e  i n t e r -  

l a y e r  s p a c e  o f  t h e  c l a y  t a k e s  p l a c e .  T h e  s i z e  o f  t h i s  

i n c r e a s e  d e p e n d s  o n  t h e  pH a n d  t h e  c o n c e n t r a t i o n o f t h e  

s o l u t i o n .  

T h e  i n c r e a s e  i n  pH i s  t h u s  r e f l e c t e d  b y  a n  i n c r e a  

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

i n  s p a c i n g  w i t h  r e s p e c t  t o  t h e  v a l u e  o f  9 . 6  8 o f  d e h y  

d r a t e d  m o n t m o r i l l o n i t e  v a r i e s  f r o m  6 . 7 5  A a t  pH=2  t o  

9 . 8 0  A a t  p H = 4 ,  i n  u n w a s h e d  s a m p l e s .  I f  t h e  s a m p l e s  

t r e a t e d  w i t h  s o l u t i o n s  a t  pH 2 a n d  3 a r e  w a s h e d  r e p e a  

t e d l y  w i t h  w a t e r  a n d  v a c u u m  d r i e d  t h e i r  b a s a l  s p a c i n g  

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

w i t h  s o l u t i o n s  a t  pH 3 . 5  or 4 a r e  s u b j e c t e d  t o  t h e  s a  

me t r e a t m e n t  t h e i r  b a s a l  s p a c i n g s  a r e  s h i f t e d  t o  1 7 . 6 6  

8 .  ' T h i s  e a s e  i n  d e s o r p t i o n  o f  t h e  m o l e c u l e s  a d s o r b e d  

i n  e x c e s s  o f  t h e  e x c h a n g e  c a p a c t i t y  o f t h e  c l a y  a t  t h e -  

s e  pH v a l u e s  c o n f i r m s  t h e i r  p h y s i c a l  a d s o r p t i o n  by  Van 

d e r  Waals f o r c e s .  

- 
0 

- 

- 

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

me pH i n c r e a s e  w i t h  t h e  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  

f r o m  1 4 . 7 2  8 ( a m o u n t  a d s o r b e d  = 1 8 . 8 6  m E q / 1 0 0  g )  t o  

1 7 . 6 6  A .  T h e  s p a c i n g s  a r e  n o t  m o d i f i e d  o n  w a s h i n g  t h e  

s a m p l e s  w i t h  d i s t i l l e d  w a t e r  n o r  by v a c u u m  d r y i n g . T h i s  

s h o w s  t h a t  n o  p h y s i c a l  a d s o r p t i o n s h o u l d  b e  t a k i n g  p l a -  

c e  a n d  t h a t n o m o l e c u l e s  a r e  b e i n g  r e t a i n e d  w e a k l y  by  

Van d e r  Waals f o r c e s ;  f u r t h e r m o r e ,  t h e  o r g a n i c  c a t i o n s  

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

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

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

c a t i o n s  b y  o r g a n i c  c a t i o n s .  

- 

0 
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1918 SAYALERO ET A L .  

T A B L E  I 

d o o l b a s a l s p a c i n g  o f  N a - m o n t m o r i l l o n i t e  

o f  p a p a v e r i n e  h y d r o c l o r i d e  a t  d i f f e r e n t  pH. 

t r e a t e d  w i t h  s o l u t i o n s  

2.0 0.200 49.00 16.35 6.75 16.35 6.75 

2.5 0.200 62.00 16.98 7.38 16.98 7.38 

2.8 0.200 73.50 16.98 7.38 16.98 7.38 

3.0 0.200 77.34 17.66 8.06 17.66 8.06 

3.5 0.200 90.37 18.39 8.79 17.66 8.06 

4.0 0.200 99.00 19.19 9.59 17.66 8.06 

F i g u r e  3 s h o w s  t h e  1 . R  s p e c t r a  o f N a - m o n t m o r i l l o n i  _ 
t e  ( A ) ,  p a p a v e r i n e  h y d r o c h l o r i d e  ( B )  a n d  N a - m o n t m o r i -  

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

r i d e  a t  d i f f e r e n t  c o n c e n t r a t i o n s  a n d  a t  t h e  same pH ( p H  

= 3 )  ( C , D  a n d  E ) .  

- 

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

compound  e x i s t s  i n  t h e  i n t e r l a y e r  s p a c e  o f  m o n t m o r i l l o  - 

n i t e ;  t h i s  may b e  s e e n  f r o m t h e  p r e s e n c e  o f  p r i n c i p a l  a b  
s o r p t i o n  b a n d s  c o r r e s p o n d i n g  t o  p a p a v e r i n e  i n  t h e  s p e c  

t r a  o f  t h e  c o m p l e x e s  w a s h e d  s e v e r a l  t i m e s  w i t h  d i s t i -  

l l e d  w a t e r  ( f i g u r e  3, C - D - E ) .  T h e  i n t e n s i t y  o f t h e  b a n d s  

i n c r e a s e s  w i t h  t h e  r i s e  i n  c o n c e n t r a t i o n  o f  t h e  s o l u -  

t i o n ,  i n d i c a t i n g  t h a t  t h e  a m o u n t  o f  o r g a n i c  c a t i o n  p r e  - 
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ADSORPTION-DESORPTION OF PAPAVERINE 
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1920 SAYALERO ET A L .  

1 W 

F I G U R E  3 . -  I . R .  spectra of A )  Na-montmorillonite; B )  pa- 

paverine hydrochloride, C ) ,  D) and E )  Na-mont 

morillonite treated with papaverine hydrochlo 

ride at different concentrations, p H = 3  (0.04 

mEq/50 m l ,  0.10 mEq/5O r n l ,  0.25 mEq/SO ml). 

- 

- 
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ADSORPTION-DESORPTION OF PAPAVERINE 1921 

sent in the interlayer space increases parallel to the 

rise in the amount adsorbed. Thus a decrease may be ob 

served in the intensity of the stretching and bending 

vibration bands of the water associated to the exchan- 

ge sites of montmorillonite (at 3430 and 1620 cm-') on 

increasing the concentration of the solution, since 

such water is progressively displaced from the interla - 

yer space of the silicate by the organic cations. 

- 

The stretching bands of the NH+ group, which ap- 

pear in the spectrum of papaverine hydrochloride at 

1940 and 1980 cm and as a wide unstructured band 

with a slight maximum at 2500 cm (corresponding to 

the C=NH+ group), are shifted in the spectra of the 

complexes towards regions between 2800-3000 cm and 

3100-3300 cm-', respectively. Such shifts reveal that 

interaction must between the NH+ groups and the negati 

ve surface of the oxygen atoms of the silicate. 

-1 

-1 

-1 

In order to discern the possible arrangement of 

the organic cations in the interlayer space ofthe clay 

its molecular dimensions were c,i;culated from the i?n- 

gles and bonding distances (13,14) and with the help 

of scale atomic models. A l s o  taken into account was 

the fact that the molecule should adopt an orientation 

with the NH' group towards the negative surface of the 

oxygen atoms of montmorillonite. 

0 2  The flat surface of the molecule (108.10 A ) is 

greater than the available surface for a monovalent 

exchange cation (80 8 1 .  A flat arrangement, 

sider that adsorption, is close to the exchange capa- 

city of the clay, requires the formation of a two-la- 

yer complex. This would account for the increase in 

spacing observed (8.06 A )  since the thickness of each 

layer, assuming a flat arrangement for each of them, 

is approximately 4 2 .  

if we COG 
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1922 SAYALERO ET AL. 

"In vitro" desorption . . . . . . . . . . . . . . . . . . . . .  

As a previous step to the "in vivo" application 

of papaverine as a complex with montmorillonite, studL 

es were carried out on the "in vitro" desorption of 

the drug. The aim of such research wastoobtain infor 

mation on the release rate and the amount released as 

time progressed as a function of various factors. 

The amount of drug released over a given period 

increased with a decrease in thepH of the solution. 

Thus in the first 5 min, the amount released varied 

from 6.09 mEq/100 g at pH=6 to 12.55 mEq/100 g at pH 

=2. The phenomenon which must be taking place is that 

of exchange of the papaverinium ions by the H+ ions 

of the solution, this displacement becoming greater as 

the pH value falls or as the concentration of H+ ions 

in the solution increases (figure 4-A). 

In order to make an approximate study, for cornpa 

rative purposes, of the kinetic release processof the 

drug, the experimental data were fitted to a first or 

der process. The amounts of drug remaining in the in- 

terlayer space and the logs of such amounts (log (a-x)) 

were plotted as a function of time for each of the fac 

tors studied. In all cases the equations of the regres 

sion straight lines were calculated, together with the 

linear correlation coefficients and the release rate 

constants (table 111). 

- 

- 

- 

In the study on the influence of pH it may be se - 

en (figure 5) that the release follows a first order 

kinetic process with a rapid initial desorption of the 

drug. The release constants (table 111) are very low 

and their values are very close to each other, indica - 

ting that the determining factor in desorptionmustbe 

the amount released in the first 5 min which, as repor 

ted above, becomes greater as pH falls. This study 
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ADSORPTION-DESORPTION OF PAPAVERINE 1923 

m A 140 mEq/l. CI, Mg 

5 25- 
0 4 P H  4 

* P H 5  

.PH 4 

- .PH 5 

0 
0 ' * P H 4  

2 0 -  wo\mEq/l. CI Na 0 
0 

W 
u15 - 
E 

10 - 

5 -  

- 

I 1  I 1 I I 
_ _ _ _ ~ ~ -  

5 10 20 30 50 70 100 min. 

m 
0 
0 2 25 

n ; 20 
1 
0- 15 

E 
10 

5 

0) 

0 

W 

-10- 

6 

1 0 0  min. 3 
F I G U R E  4.- Influence on the desorption of papaverine of: 

A )  pH and ionic concentration;B) presence of 

free drug in the solution and of the elimina- 

tion rate of the desorbed compound. Cumulati- 

ve amounts as a function of time. 
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1924 S A Y A L E R O  ET A L .  

T A B L E  I11 

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

4 , -1 4 . -1 4 .  k 10 rnin K 10 min 
2 

SISTEMA K 10 min  1 

pH = 2 

pH = 3 

pH = 4 

pH = 5 

pH = 6 

pH = 4 ;  8 0  m E q / l  C lNa  1 8 4  

pH = 5 ;  80 m E q / l  C lNa  

pi-1 = 5; 8 0  mEq/ l  C lNa  

pH = 4 ;  1 4 0  m E q / l  C lNa  2 0 7  

pH = 5 ;  1 4 0  m E q / l  C l N a  

pH = 6 ;  1 4 0  m E q / l  C lNa  

pH = 5 ;  1 4 0  m E q / l  C l N a  
f r e e  d r u g  

pH = 4 ;  1 4 0  m E q / l  C lNa  
e l i m i n a t i o n  r a t e  5 m i n .  

PH = 5 ;  1 4 0  m E q / l  C l N a  
e l i m i n a t i o n  r a t e  5 m i n .  

14 

14 

9 

18 

18 

1 6  

21 

6 2  

4 6  

s h o w s  t h a t  t h e  d e s o r p t i o n  o f p a p a v e r i n e  t a k e s  p l a c e  t o  

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

A c c o r d i n g  t o  t h e  a b o v e ,  a f u r t h e r  s t u d y  w a s  c a -  

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

l y t e  i n  t h e  s o l u t i o n  u s i n g  NaCl c o n c e n t r a t i o n s  a n d  pH 
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ADSORPTION-DESORPTION OF PAPAVERINE 1 9 2 5  

0 
- 1.80 

1- PH 5 

1.70 1 \ CI Na 

free drug 
- 

I 
I 

I I 1 I -I I 

5 10 20 30 50 70 100 min. 

FIGURE 5 . -  D e s o r p t i o n  k i n e t i c  o f  p a p a v e r i n e  a s  a f u n c t i o n  

o f  d i f f e r e n t  f a c t o r s  ( a : a m o u n t  o f  p a p a v e r i n e  

i n  t h e  i n t e r l a y e r  s p a c e  a t  t i m e  0 ;  x : s r n o u n t  

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

v a l u e s  c l o s e  t o  t h o s e  o f  t h e  G.1 t r a c t  ( 8 0 - 1 4 0  m E q / l  

a n d  pH 4 . 5  a n d  6 ) .  

F i g u r e  4 a s h o w s  t h e  r e s u l t s  o b t a i n e d  a n d  i n c l u -  

d e s ,  f o r  c o m p a r i s o n ,  t h o s e  o b t a i n e d  i n  t h e  s a m e  c o n d i  - 

t i o n s  b u t  w i t h o u t  t h e  p r e s e n c e  o f  e l e c t r o l y t e .  I t  may 

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

t h e  p r e s e n c e  o f  N a C 1 .  T h u s  a t  100  m i n  t h e  a m o u n t s  d e s o r  

b e d  i n c r e a s e  f r o m  8 . 7 9  rnEq /100  g a t  p H = 5  t o  1 6 . 3 6  m E q /  

100  g i n  a s o l u t i o n  a t  t h e  same pH b u t  w i t h  1 4 0  m E q / l o f  

N a C 1 .  F o r  t h e  same c o n c e n t r a t i o n  o f  e l e c t r o l y t e  t h e  amo 

u n t s  r e l e a s e d  i n c r e a s e  w i t h  t h e  f a l l  i n  t h e  pH o f  t h e  

s o l u t i o n .  

- 

- 

A t  pH 5 a n d  6 , i n  t h e  p r e s e n c e  o f e l e c t r o l y t e  t h e  r e  - 

l e a s e  o f  t h e  d r u g  f o l l o w s  a s i n g l e  f i r s t  o r d e r  k i n e t i c  

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

s o r p t i o n  p h a s e  o f  t h e  d r u g  ( f i g u r e  5 ) .  A t  p H = 4 ,  t h e  e x -  
- 
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1926 S A Y A L E R O  E T  A L .  

perimental points obtained may be fitted to two inter- 

secting straight lines, showing that release takes pla- 

ce in two stages, bothof first order but with different 

release constants (table 111). In other words, the rate 

of the process varies as time progresses. The K2 rate 

constant increases for the same pH value when there is 

electrolyte in the solution. A t  pH=4, the value of the 

K1 rate constant also increases as a function of electrg 
lyte concentration. 

The faster desorption of the drug in the presence 

of NaCl is due to the greater displacement power of the 

Na' ion, compared with the H' ion, for the papaverinium 

cations. 

Such results point to the importance that the pre- 

sence of ions in the solution has on the process, even 

though the amount desorbed islow for the purposes prop2 

sed. It was therefore decided to study the influence of 

different concentrations ofMgC1 in the solution (figu- 

re 4 A )  in similar conditions to the previous studies. 

The amounts of desorbed drug in these conditions may be 

seen to be slightly greater than when there is NaCl in 

the solution. Thus in the first 5 min, the amount desor 

bed was 10.62 mEq/100 g at pH=4 in the presence of 80 

mEq/l of MgC12, 

the same conditions but with NaC1. 

2 

compared with 9.65 mEq/100 g desorbed in 

The kinetic process takes place in two first order 

stages, each with different release constants (table 111). 

It may be seen that there is an increment in the K and 

K2 rate constants when thereisMgC12 in the solution corn 

pared with the values obtained in the same conditions 

but in the presence of NaC1. This must be due tothe grea - 

ter polarizing power of the Mg ion compared with the 

behavioiir shown by the Na' ion for the drug cations. 

1 

2 + .  
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ADSORPTION-DESORPTION OF PAPAVERINE 1927 

In certain circunstances, in order to achieve effi - 

ciency in a sustained action formulation it may be nece 

ssary to use a dosage schedule in which the drug is par 

tially administered in the free form and partly in the 

adsorbed form. Experiments were therefore carried out to 

study the influence of free papaverine in the solution 

on the desorption of the drug. The results obtainedare 

plotted in figure 4 B  and include, for comparison, those 

obtained in the same conditions but without free drug. 

It may be seen that, initially, additional adsorption of 

the drug takes place, the amount of papaverine adsorbed 

being 11.26 mEq/100 g. After 10 min, desorption of the 

drug begins, the amount released being very similar to 

those obtained in the same conditions but without free 

drug in the solution. In the studies on the adsorption 

of the drug it was shown that in certain conditions, the 

drug was adsorbed in amounts greater than the exchange 

capacity of the silicate. Bearing in mind that 77.93. 10 

mE q  were adsorbed in the formation of the complex used 

in the desorption experiments, i t  may be inferred that 

the complex formed still showedthe ability to adsorb mg 
re organic cations. 

-3 

From the start of desorption (figure 5) the release 

of the drug follows a single first order kinetic process 

(table 111). From a comparison of the results obtained 

with those corresponding to desorption in the same condi - 

tions but without free drug it may be deduced that in the 

presence of free papaverine the desorption rate during 

the first 10 rnin decreases,while later it is practically 

equal. 

Such finding indicate that a dosing in which part 

of the drug is administered in the free form and the 

other part in adsorbed form, would contribute considera 

bly to achieving a sustained action formulation since 
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1928 SAYALERO ET A L .  

initially only the free drug (and then not all of it) 

would be available after which the drug being desorbed 

would become available; this could be of great interest 

in "in vivo" application. 

The rate at wich the compound is absorbed by the o r  

ganism must influence the release o f  the drug from the 

complex to a considerable extent. The variations in this 

absorption rate may be simulated "in vitro" by varying 

the times of renewal of the solution. Thus an increase 

in absorption is equal to a decrease in the renewal ti- 

mes o f t h e  solution. The results obtained after carrying 

out extractions followed by renewals from the solution 

every 5 min are plotted in figure 4 B ;  also included, aga 

in for comparative purposes, is the desorption of the 

drug from the complex in the same conditions (140 mEq/l 

of NaC1, pH=5) but with less frequent extractions and re 

newals. The amount of drug released at a given time is 

seen to increase with the rise in the elimination rate 

of the cations desorbed from the solution.Thus the amount 

desorbed at pH 5 after 50 min was 17.77 mEq/100 g compa- 

red with 13.59 mEq/100 g desorbed in the same conditions 

but with less frequent extractions and renewals. A l s o  at 

pH=4, the desorbed amouts were 23.32 mEq/100 g and 18.43 

mEq/100 g respectively. 

- 

The release kinetics process may be adjusted to a 

single first order process with a rapid initial desorp- 

tion 01' the drug. It may be seen (table 111) that there 

is a noteworthy increase in the rate constants as a conse 

quence o f t h e  more frequent elimination of cations from 

the solution. This points to the fact that the increase 

in the elimination rates is one o f t h e m o s t  importantfac 

tors in the control of the desorption o f  papaverine ad- 

sorbed by montmorillonite. 

- 

- 
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ADSORPTION-DESORPTION OF PAPAVERINE 1929 

F r o m  t h e  " i n  v i t r o "  d e s o r p t i o n  s t u d i e s  i t  may b e  d e  _ 
d u c e d  t h a t  t h e  p a p a v e r i n i u r n  c a t i o n s  m u s t  s h o w  g r e a t  a f f i  

n i t y  f o r  t h e  c l a y .  Two m a i n  f a c t s  a r e  a p p a r e n t :  o n  o n e  

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

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

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

o f  f r e e  d r u g  i n  t h e  s o l u t i o n .  W i t h  d u e  c a r e ,  s u c h  f a c -  

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

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

" i n  v i v o " ,  i n  t h e  f o r e s e e a b l e  f u t u r e .  
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