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ABSTRACT 

co 

semi sol 

loidal and porous silicas are used 

d and liquid dosage forms. Adsorpt 

onto their large surface areas can be used 

as carriers .in solid, 

on of dctive ingredients 

to regulate drug re- 

lease or for the uniform distribution of drug i n  single dose units 

with a very low drug content. In the adsorbates the contact bet- 

ween drug and carrier surface on the molecular level can be of 

great importance for the chemical stability o f  drug preparations. 

This is demonstrated by the following examples: 

Hydrolytic degradation of acetyl salicylic acid i n  dry silica adsor- 

bates i s  mainly determined by alkaline impurities of the carrier 

a n d  strongly adsorbed water on the si  1 ica surface. The “catalytic“ 

action of silicas i s ,  therefore, directly dependent on the prepa- 

ration technique of the carrier. Propantheline a cationic ester 

2 1 2 7  
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2128 DANIELS ET A L .  

compound is adsorbed on silica from aqueous solution. In aqueous 

silica suspensions and in dry adsorbates the ester hydrolysis is  

controlled by the pH, the neutral salt content, and buffer substan- 

ces, due to different adsorption mechanisms. 

The oxidative degradation of butylhydroxyanisole in silica ad- 

sorbates was also found to be enhanced in the presence of alkaline 

impurities. The oxidation of linoleic acid methylester in oleogels 

of colloidal silica proved to be influenced both by carrier impu- 

rities and the specific adsorption of intermediates (peroxides) 

onto the surface. 

INTRODUCTION 

The concept of drug deposition on insoluble hydrophilic inor- 

ganic carriers is o f  great interest both in terms of the controlled 

enhancement o f  drug dissolutlon rate and/or an uniform distribu- 

tion of low dosed drugs in single-dose application forms ( 1 , Z ) .  

Silica is o f  outstanding importance as a carrier material for this 

technique due to its excellent physicochemical and physiological 

properties and the large specific surfaces of colloidal and porous 

silica preparations, available for drug deposition ( 3 ) .  

In surface deposits of drugs of the adsorbate type the single 

drug molecules are uniformly distributed over the surface o f  the 

carrier and bound by specific adsorption sites. The stability of 

the drug may, however, be influenced by the catalytic action o f  

the active surface sites of the carrier, impurities of the exci- 

pient or adsorbed water at the solid surface. At surface coverages 
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STABILITY OF DRUG ADSORBATES O N  S I L I C A  2129 

8 $ 1  each  d rug  molecu le  i n  the d e p o s i t  i s  i n  c o n t a c t  w i t h  the 

c a r r i e r  and s i m u l t a n e o u s l y  exposed  t o  t h e  a tmosphe re ,  a]! lowing oxy- 

gen o r  water molecu le s  t o  a t t a c k  r e a c t i v e  s i t e s  d i r e c t l y  from t h e  

gas  phase .  

The main i n t e r e s t  o f  t h i s  a r t i c l e  is t o  d e m o n s t r a t e  s p e c i f i c  

f e a t u r e s  of some d e g r a d a t i o n  p r o c e s s e s  on s i  l i c a  s u ~ ~ f a c e s .  Repre- 

s e n t a t i v e  drug  models were chosen  which were s e n s i t : i v e  -to h y d r o l y -  

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

o f  d i f f e r e n t  p a r t i c l e  and s u r f a c e  s t r u c t u r e s  o f  t he  s i l i i c a  c a r r i e r s ,  

t h e i r  t y p i c a l  i m p u r i t i e s  a s  well a s  t he  humid i ty  o f  the  s t o r a g e  

c l  imate .  

MATERIALS 

The silica c a r r i e r s  used i n  o u r  e x p e r i m e n t s  were a l l  o f  the 

hydrophi  1 i c  amorphous t y p e ,  c h a r a c t e r i z e d  by r e a c t i v e  S I  l a n o l  

g roups  on the sur f3ce  and a n o n r e a c t i v e  S i 0 2  f rame !work ( 4 )  (Tab .  1 ) .  

The f lame hydro lyzed  p r ' x l u c t s  A e r o s i l  200 ( A  200)  alnd t i D K  N 20 a r e  

composed o f  noriporoiis co l  l o i d a l  p a r t i c l e s  w i t h  t r a c @ s  of adso rbed  

t ic1 form thc  conlbuj t ion  01- SiCI4 ( 3 ) .  S i l i c a s  produced  by s o l - g e l  

t r a n s f o r m a t i o n  o f  N a - s i l i c a t e s  - S y l o i d  244 ,  K G  60 .- a r , ?  po rous  a s  

well as b e i n g  p a r t i c u l a t e  and a r e  o b t a i n e d  by hydro ly t i l :  po lycon-  

d e n s a t i o n  of p o l y e t h o x y s i  l o x a n e s  ( 5 ) .  They c o n t a i n  I m p u r i t i e s  such  

a s  Na20, Fe203, A1;!03, o r  NH3. 

A s  examples o f  h y d r o l y z a b l e  d r u g s  the es ters  a c e t y l s a l i c y l i c  

a c i d  ( A S A )  and p r o p a n t h e l i n e  bromide ( P r o p ) ,  a c a t i o n i c  aggrega -  
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S T A B I L I T Y  OF DRUG ADSORBATES ON S I L I C A  2131 

ting drug, were sclected. While ASA shows no ddsorption from aqueous 

solution onto silica surfaces ( 6 )  Prop i s  strongly adsorbed from 

aqueous media (7). Butylhydroxyanisole (13HA) was the drug model 

used to study the oxydative degradation of phenolic compounds in 

silica adsorbates. Autoxidation was monitored in silica suspensions 

of linoleic acid rriethylester ILME) (Tab. 2). 

PREPARATION OF THE ADSORBATES 

Numerous artic:les deal with the chemical stability of drugs, 

in which the drugs are deposited on the silica surface as crystals 

or thick amorphous layers (1 ,8,9) .  The surface deposites used in 

our experiments, however, were prepared i n  a different manner by 

establishing adsorption equilibria a t  the silica/solution inter- 

face by means of tin appropriate solvent. By this technique well de- 

fined drug adsorbates on the silica carriers were obtained. In these 

adsorbates the position of the drug molecules on the carrier sur- 

face can be evaluated from adsorption data - surface coverage, heat 

of adsorption - arid by IR and UV spectroscopy of t h e  adsorbed mole- 

cules (4). 

Acetylsalicylic acid (ASA) 

ASA was adsorbed from dichlormethane solution on silicas by a 

standard procedure: After equilibration of the silica w:ith the drug 

solution at 20°C (within 12 h), the adsorbates were removed from 

the liquid phase by filtering or centrifugation arid then dried in 

a vacuum. The dry adsorbates were stored over P205 and the initial 
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2 1  32 DANIELS ET A L .  

TAB.2. -DRUG MODELS 

9: C -  OH 
C-CH, 

@H3 

0-C-CH, OCH3 
I 1  
0 

Ac et y I sa Ii cy li c acid 8 u ty  l hyd rox ya nisol 
A S A  B H A  

0 II 

H C-O- 

& 
l o  

I 
CH 2-N -C H 3 

CH 
/ \  

H3C CH3 

0 
Br 

Propantheline bromide 
Prop  

0 
Cl” 
\ 

OCH3 

Linoleic acid met hylester 
L M E  
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STABILITY OF DRUG ADSORBATES ON SILICA 2133 

c o n t e n t s  o f  ASA acid s a l  i cy1  i c  a c i d  de t e rmined  b e f o r e  s L a r t i n g  the 

s t a b i l i t y  e x p e r i m e n t s .  

In F i g  1 the  p o s i t i o n  of an ASA molecu le  i n  a d s o r b a t e s  on s i l i -  

c a  s u r f a c e s  i s  g i v e n  s c h e m a t i c a l l y .  The d r u g  i s  adso rbed  by hydro- 

gen bonds between s u r f a c e  s i l a n o l  g roups  and p r o t o n  a c c e p t o r  g roups  

o f  ASA, the es ter  l i n k a g e  o r  the K e l e c t r o n  systern of  the r i n g .  

T h i s  a d s o r b a t e ' s  s t r u c t u r e  was deduced from h e a t s  of a d s o r p t i o n  

- 17 kJ mol- ' ,  and I R  s p e c t r a  o f  the a d s o r b a t e s  ( 6 ) .  I n  a d d i t i o n ,  

s t r o n g l y  adso rbed  w a t e r  molecu le s  a r e  p r e s e n t  i n  the  d rug  adso rba -  

tes on the s i l i c a  c a r r i e r s -  

B u t y l h y d r o x y a n i s o l e  ( B H A )  

Fo r  the a d s o r p t i o n  of  BHA o n t o  the s i l i c a s  t h e  same p r o c e d u r e  

was used ,  except,  t h a t  cyc lohexane  a s  s o l v e n t  was employed. For the 

s t r u c t u r e  o f  the a d s o r b a t e s  i t  i s  supposed  t h a t  the BHA molecu le s  

a r e  f l a t l y  a t t a c h e d  t o  the s u r f a c e ,  f i x e d '  i n  t h i s  p o s i t i o n  by hy- 

drogen  bonds between the  p h e n o l i c  g roups  and the  s i l a n o l  g roups  of  

the s i l i c a  ( F i g .  2 )  (10) .  

P r o p a n t h e l i  ne bromide ( P r o p )  

I n  c o n t r a s t  t o  ASA ,and BHA the  a g g r e g a t i n g  c a t i o n i c  Prop  was 

adso rbed  from aqueous s o l u t i o n  o n t o  the s i l i c a  s u r f d c e  ( F i g  3 )  f l l ) .  

Depending on the e q u i l i b r i u m  c o n c e n t r a t i o n  the Prop  c a t i o n s  a r e  p r i -  

m a r i l y  bound t o  t h e  s i l i c a  s u r f a c e  by ion  exchange  i n  the low con- 

c e n t r a t i o n  r ange  ( F i g .  3 A ) a c c o r d i n g  t o  

Prop' + : S i  -. OH ~===2 E Si - 0 Prop 4- ti' 
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21 34 DANIELS ET AL. 

c 1 ,o, y 4  \O-H// 
I 
I 
H 
\ 

0 

Si S i  

I 

/ I \  Silica / I \  

FIGURE 1 

I 

FIGURE 2 
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STABILITY OF DRIJG ADSORBATES ON SILICA 2135 

r 
0.34 

I---- 

0 6 1 2  
equilibrium conc 

(adsorption i so the rm 

[ rnmol . I-' I 

adsorbate @ 

F I G U R E  3 

a d s o r b a t e  (9 

S t r u c t u r e s  of- p r o p a n t h e l  i n e  a d s o r b a t e s  on t h e  s i  1 i.ca sur- 
f a c e ,  d e p e n d i n g  on t h e  a d s o r p t i o n  e q u i l i b r i u m .  
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2136 DANIELS ET AL. 

I I 

70 110 
t ime [ d l  - 

F I G U R E  4 

Hydrolysis of ASA in adsorbates on different silicas 
o +  ( 2 1  C -  0,5; 32% R.H.; Q = 1 )  

D- HDK N 20 
A- A A 200 

0- 0 Kr 36 

+- 4- Syloid 244 
V- V K G  60  

* -  * T K  900 

This mechanism i s  indicated by a decrease of the pH in the superna- 

tant aqueous phase during the establishment of the adsorption equi- 

librium (i.e. pH 4,5 4 pH 3 , 8 )  and by the difference i n  counter 

i o n  - Br' - binding. 

At higher concentrations Prop cations are adsorbed by hydrophobic 

bonding to the primary bound species whi,ch are themseives orientated 
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S T A B I L I T Y  OF DRIJG ADSORBATES O N  S I L I C A  2 1 3 7  

pei w d i c u l a r  t o  t he  s u r f a c e  ( F i g .  3 B ) -  These Prop c a t i o n s  a r e  

accompanied t o  a g r e a t  e x t e n d  by t he i r  c o u n t e r i o n s ,  Br , a c c o r d i n g  

t o  the c o n c e p t  of hemimice l l e  b i n d i n g  of  s u r f a c t a n t s  ( 1 2 ) -  

Q 

The a d s o r p t i o n  o f  Prop a t  the s i l  c a  s u r f a c e  can be improved by 

i n c r e a s i n g  the pH and t h e r e b y  i n c r e a s  ng the c a t i o n  exchange  o r  by 

the a d d i t i o n  of n e u t r a l  s a l t s  w i t h  w a t e r  s t r u c t u r e - b r e a k i n g  coun- 

t e r i o n s  of P r o p ,  such as n i t r a t e  ( 7 ) .  T h i s  e f f e c t  c.an be  a t t r i b u -  

t e d  t o  an enhancement o f  i on  p a i r  a d s o r p t i o n ,  a s  c : o n t r o l l e d  by hy- 

d rophob ic  and e l e c - t r o s t a t i c  i n t e r a c t i o n s .  Consequen t ly  t.he Prop  ions 

a r e  o r i e n t a t e d  w i t h  the i r  p o l a r  head g roups  t o  the : s i l i c a  s u r f a c e  i n  

the ion  exchange  I d y e r .  The s e c o n d a r i l y  a t t a c h e d  Prop  a r e  o r i e n t a t e d  

w i t h  t he i r  q u a t e r n d r y  ammonium groups  t o  the aqueous phase ,  w i t h  some 

o f  t he  c o u n t e r i o n s  i n  c l o s e c o n t a c t  ( i n  the S t e r n - l a y e r )  and some o f  

them i n  the d i f f u s e  p a r t  of the e l e c t r i c a l  d o u b l e  l a y e r  a t  the  i n -  

t e r f a c e .  

HYDROLYSIS OF ESTER COMPOUNDS 

A c e t y l s a l i c y l i c  a c i d  a d s o r b a t e s  ---__ 

The loss of ASA i n  d d s o r b a t e s  on d i f f e r e n t  s i l i c a  c a r r i e r s  s t o -  

red a t  2 I o C  and 31% r e l .  humid i ty  ( R . H . ) ’ * )  I S  shown i n  F i g .  4 ,  de- 

-- 
’*)  Tht. a d s o r b a t e s  were s t o r e d  i n  g l a s  vessels w l t h l  a c o n t r o l l e d  

exchange  of the g a s  phase  t o  remove r e a c t i o n  p r o d u c t s :  

“open s t o r a g e  c o n d i t i o n s ”  (13). 
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2138 DANIELS ET AL. 

monstrating a significant order of rank: The lowest rate of hydro- 

lysis is observed on HDK N 20, foIIowed by A 200 with a moderate sta- 

bility for ASA, both being flame-hydrolyzed nonporous colloidal sili- 

cas. In contrast, the colloidal nonporous TK 900 as well as the po- 

rous KG 60 H show the strongest catalytic action on ASA degradation. 

The porous silicas Kr 36 and Syloid 244 are characterized by inter- 

mediate degradation rates of ASA. 

This order of catalytic action of the silica carriers on ASA hy- 

drolysis is obviously more dependenton the corresponding sum of ca- 

talytic impurities on their surfaces (i-e. Na20, A1203, NH3)  than 

on their structure characteristics (particle size, porosity, sila- 

no1 group density). According to Edwards (14) the ASA degradation 
8 rate constant k is related to the OH concentration in an aqueous 

envi ronment by 

k = k' [OH'] 

In the silica-ASA adsorbates an adsorption equilibrium also exists 

between water in the gas phase and on the silica surface. The a d -  

sorbed H20 can react with alkaline impurities deposited on the si- 

l i c a  surface present as NaHC03 and/or Na2C03. Hydrolysis of these 

compounds releases OH-ions which then attack the ester linkages of 

adsorbed ASA molecules. Adsorbed NH3 serves in the same way as an 

OH' ion source. 

On the other hand, surface bound HC1 and Al2O3 (the latter be- 

ing a 6ronsted centre when adsorbed on Si02) can produce H30' ions 

with the adsorbed water, thus stimulating an acidic catalyzed ester 

hydrolysis ( 1 5 ) .  
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STABILITY OF DRUG ADSORBATES ON SILICA 2139 

These conclusions are supported by the direct; 'correlation bet- 

ween the ASA hydrolysis-rates and  the relative humidities of the sto- 

rage c l  imate which determine the water-"supply" i n  the adsorbates. 

From F i g .  5 i t  i s  clearly seen t h a t  ASA degradatio,n i s  continuously 

accelerated by increasing the R . H .  of the storage c l  imate, when 

using the nonporous HDK N 20 as a support. The rat(? of ASA-degra- 

d a t i o n  shows a maximum value a t  86% R.H., however, i f  t.he porous 

Kr 36 i s  used as  carr ier  for the ASA adsorbates ( F i g .  6 ) .  This can  

be explained by capillary condensation a . t  higher R.H. values ( i . e .  

98%),  thereby f i l l i ng  the s i l i ca  pores w i t h  aqueous phase. I n  the 

presence of a l i q u i d  water phase a quite different si tuation exists 

Dissolution of s i l i ca ,  d i l u t i o n  effects as well as the influence of 

water structure phenomena must now be ccmsidered a s  influencing ASA 

decomposition ( 1 6 ) .  

The mechanism o f  A!;A hydrolysis i n  adsorbates o n  s i l i ca  sur- 

faces 

water 

A t  0% 

can now be discunjsed I n  de t a i l ,  considering the amount  of 

molecules on the surface, available for ester hydrolysis. 

R . H .  the porous Kr 36 adsorbate contains 7,3X H p ,  w h i c h  

corresponds t o  one t i  0 molecule on each surface s i l a n o l  group. There- 

fore the r a t i o  between adsorbed A S A  and water molecules is  1 10. To 

establish a close packed water monolayer on the s i l i ca  surface, R . H .  

values > 60% are necessary, however. Even i n  a water vapor saturated 

atmosphere the amoun t  of adsorbed water on the ASA adsorbates i s  f a r  

distant from forming "soiutlon layers". On HDK N 20 the ra t io  i s  

1 :  400 and on Kr 36, 1.150. For comparison, the rat io  between ASA 

2 

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2140 DANIELS ET AL. 

- 100 s 
Y 

+ 
C 
aJ 
C 
0 
0 

c 

75 Q 
v, 
Q 

50 

I I 

70 140 
time d 1 - 

FIGURE 5 

Hydrolysis of ASA in adsorbates on HDK N 20 at different re- 
lative humidities ( 2 1 O C  2 0,5; 0 = 1)  

we.-... 4 0% R.H. - 32% R.H. 
M -  - .. 5f-% R.H. 

W 77% R.H. .----+ 86% R.H. .---- -. 98% R.H. 
and water molecules in a saturated aqueous solution is 1:2500 at 

2l0C (17). 

Therefore it i s  concluded that the diffusion rate o f  water mo- 
0 lecules on the silica surface and/or OH and H30+ ions, are the ra- 

te determining factors for ASA hydrolysis. It i s  here assumed that 
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---1 -- 

, 

t ime [ d  1 -- 
FIGURE 6 

Hydro lys i s  of ASA i n  a d s o r b a t e s  on K r  36 a t  d i f f e r e n t  hu-  
o +  m i d i t i e s  (21  C - 0 , s ;  Q = I )  

0 77% and 98% R .H. .-.._. 0 0% K . H .  - _ . - _  

0 -  0 32% K . H .  
0 56% R . H .  .-.-. 0 86% R.H. 0 . - - . - -. 

a t r o o m t e m p e r a t u r e s  o n l y  wa te r  molecu le s  a r e  a b l e  t o  m i g r a t e  on the 

s u r f a c e ,  w h i l e  ASA inolecules  e s s e n t i a l l y  remain on t h e i r  a d s o r p t i o n  

si tes.  T h i s  view of  ASA h y d r o l y s i s  i s  confirmed by the s t r o n g  c o r r e -  

l a t i o n  observed between the r a t e  c o n s t a n t  of  ASA degradat, ion and 

the wa te r  c o n t e n t  o f  the  a d s o r b a t e s ,  based on a sec:olnd o r d e r  k i n e -  

t i c s  (17 ) .  
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2142 DANIELS ET A L .  

Propantheline-adsorbates 

Considering the stability of propantheline (Prop) on silica sur- 

faces there is a different stress on the drug during the production 

of the adsorbates, compared with ASA. In contrast to the adsorption 

of ASA from dichlormethane so!ution where water can be sufficiently 

excluded, the adsorbates of Prop are formed from aqueous solutions. 

Therefore hydrolytic degradation and adsorption become parallel 

processes in these systems. 

In Fig. 7 the different loss of Prop decomposed to a quaternary 

ammonium alcohol and xanthene carboxylic acid is shown during the 

preparation phase of adsorbates on Kr 36 by dotted lines. Taking 

the adsorbates obtained from aqueous solutions of Prop as a stan- 

dard (pH % 6 ) ,  the influence of different additives, which may serve 

to enhance the adsorption is clearly seen. In the presence Qf a 

phosphate buffer (pH 6) the degradation rate remains on the same 

level as in pure aqueous solutions. Change of the pH to 7,6 by 

addition of NaOH accelerates the propantheline decomposition due 

to an increased concentration of catalytic OH ions. An unexpected 

low degradation rate is observed in the presence o f  NaN03. 

Different effects may contribute to the better stability of 

Prop i n  the presence of this inorganic electrolyte. NO3' ions, 

counterions of Prop' as well as Br' and OH', may displace the ca- 

talytic active hydroxyl ions from the diffuse electrical double 

layer at the adsorbate-solution interface and, particularly, in 

the Stern layer o f  the adsorbate. I t  should also be considered 

that the amount of Prop adsorbed by hydrophobic interactions to 
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7 

$ 100 
L 

c 

= 80 

* 60 
2 
a 4 0  

20 

0 

a, 
c 
0 

Q 

c 

FIGURE 7 

Hydrolysis of propantheline in adsorbates on Kr 36, pre- 
pared i n  the presence of different additives ( 2 1 O C  f 0 ,5 ;  

0% R . H . )  

0 0 "Nitrate" - sorbate 
V "Water" - sorbate 'I' -- 

c1 0 "Phosphate buffer" - sorbate 
A A " N a O H "  - sorbate 

the primarily-bound Prop cations i s  increased by the ions. 

These Prop ions are orientated t o  the aqueous phase and may be 

prevented from coming i n t o  close contact w i t h  the s i l i c t i  surface 

( 7 ) .  This portion of the adsorbed Prop i s ,  therefore, n o t  available 

as a substrate for the catalyt ic  a c t i o n  of s i l i ca  surface groups. 
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DANIELS ET AL. 2144 

After removing the  a d s o r b a t e s  from the aqueous d i s p e r s i o n  and 

d r y i n g  them ( i n  vacuo)  t h e y  were s t o r e d  o v e r  P205, c o r r e s p o n d i n g  

t o  0% R . H .  a t  2 1 O C .  A residue of 7% s t r o n g l y  adsorbed H20 remains 

under these c o n d i t i o n s  i n  Kr 36-Prop a d s o r b a t e s .  W i t h i n  the f i r s t  

three weeks of  s t o r a g e  the h y d r o l y s i s  of  Prop i n  each of the a d s o r -  

b a t e s  i s  c h a r a c t e r i z e d  by an i n i t i a l  phase w i t h  high d e g r a d a t i o n  r a -  

t e s ,  fo l lowed  then by a p e r i o d  of  an a lmos t  c o n s t a n t ,  c o n s i d e r a b l y  

lower r a t e  ( f u l l  lines i n  F i g .  7 ) .  

A t  the  beg inn ing  of  the  s t o r a g e  p e r i o d  the r a t i o  1 : 1 1  between ad- 

sorbed d rug  and w a t e r  molecu le s  on the s i l i c a  s u r f a c e  i s  of  the same 

o r d e r  a s  discussed w i t h  ASA a d s o r b a t e s .  

A t  0% R . H .  there exis ts  no supp ly  o f  wate r  f o r  the h y d r o l y s i s  

of  the d rug  from the g a s  phase.  Water,  w h i c h  i s  consumed by the hy- 

d r o l y s i s  p r o c e s s  must come t o  the s i tes  of  a c t i o n  - the  ester group.  

T h i s  wa te r  t r a n s p o r t  becomes aga in  the r a t e  d e t e r m i n i n g  f a c t o r  f o r  

the h y d r o l y s i s  r e a c t i o n ,  w h i l e  the a d d i t i v e s ,  very impor t an t  i n  

aqueous d i s p e r s i o n s ,  a r e  o f  minor importance here. 

The d e g r a d a t i o n  o f  Prop i s  a c c e l e r a t e d  i f  the  a d s o r b a t e s  on s i -  

l i c a  a r e  exposed t o  a s t o r a g e  c l i m a t e  w i t h  an i n c r e a s e d  r e l .  h u m i -  

d i t y  ( F i g .  8 ) .  Adsorba te s  p repa red  from p u r e  aqueous s o l u t i o n s  and 

from phospha te  buffer a r e  c h a r a c t e r i z e d  by the same o r d e r  o f  decom- 

p o s i t i o n  r a t e  a t  34% R.H.  ( d o t t e d  r a n g e  F ig .  8 and R . H .  >76%, ha tched  

r ange  Fig.  8 ). As  expec ted  i n  "NaOH" a d s o r b a t e s  h i g h e r  d e g r a d a t i o n  

r a t e s  a r e  obse rved  ( d o t t e d  l i nes ) ,  b u t  the differences a r e  s m a l l e r  

t h a n  i n  aqueous s i l i c a  s u s p e n s i o n s  ( 7 )  and n o t  so pronounced a s  i n  

a d s o r b a t e s  o f  ASA on s i l i c a  w i t h  the  same c o n t e n t  o f  NaOH. Adsor- 
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FIGURE a 
y s i s  i n  a d s o r b a t e s  on s i l i c a  Kr 36. I n -  
on i 2 I 0 C  2 0.5). 

34% R . H .  

/1ll1lill~llIil1lllllllililllllllil 76 - ool - - 
34% R . H .  - .- 
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0% R .H. 
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. _ . _ _ .  

. . - . . -- . . 

...-...- -... 

} s o r b a t e  " w a t e r "  and 
"phospha t  b u f f e r "  

"wa te r "  and } s o r b a t e  
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s o r b a t e  
" N  a OH I' 

100% K .H. . . . . . . . . . . . .  
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DANIELS ET AL. 2146 

bates, prepared i n  the presence of NaN03 show the most substantial 

enhancement of the Prop hydrolysis rate i f  the R.H. i s  increased 

( F i g .  8 hatched-dotted l ines) .  

Summarizing, the hydrolysis of Prop i n  s i l ica  adsorbates 

racterized by the f o l l o w i n g  features: 

The decomposition rates are strongly dependent upon the re 

s cha- 

ative 

humidities of the storage climate a n d ,  consequently, on the water 

content of the adsorbates. Transport of water t o  and on the surface 

i s  proposed t o  be the rate determining process. 

From the specific degradation rates of the adsorbates found i n  

the presence of different additives i t  seems apparent t h a t  Prop  i n  

direct c o n t a c t  w i t h  the s i l ica  surface decomposes faster t h a n  Prop 

adsorbed i n  the hemimicellar s ta te ,  and therefore orientated w i t h  

the polar groups t o  the aqueous phase. 

Compared t o  ASA adsorbates contaminated w i t h  alkaline impurities, 

the Prop adsorbates are not so sensitive t o  hydrolytic a c t i o n  upon 

the a d d i t i o n  o f  N a O H .  

From these results i t  i s  concluded t h a t  Prop ca t ions  are c a t a -  

lyzed i n  their  hydrolysis by adsorptive interaction w i t h  the s i l i -  

ca surface. Bound by the electrostatic forces between the quarter- 

nary ammonium groupsand negatively charged adsorption s i tes  on the 

s i l ica  surface they establish a d d i t i o n a l  hydrogen bonds between 

the ester carbonyl groupsand surface silanols ( F i g .  9 ) .  This can 

be concluded from IR measurements of the adsorbates ( 1 7 ) .  

As a consequence the carbonium state  of the ester linkage may 

be stabilized by these adsorptive interaction. I n  this way the 
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H 
\ 
0 

ad!sorbate structui-e 

L_ 

F?’, ,C)-R” 
C - 
8 
H 
\ 
0 

/OH - 
R,. @,O-W’ 

90 
C 
I 

H 
\ 
0 

OH- a t  tack 

FIGURE 9 

P r o p a n t h e l i n e  a d s o r b a t e  on the s i l i c a  s u r f a c e :  I n t e r a c t i o n  
by e l e c t r o s t a t i c  f o r c e s  and hydrogen bond ing ;  a t t a c k  of the 
OH ion  a t  t h e  es ter  g roup  8 
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attack of hydroxyl ions - the rate determining step o f  ester hy- 

drolysis in aqueous solution (SN2-reaction) - i s  facilitated (15). 

An increased number o f  dissoziated silanol groups at higher pH- 

values (after addition of NaOH) increases the number o f  ion ex- 

change sites, but diminishes the number of silanol groups acting 

as proton donators for hydrogen bonding. This explains the rela- 

tive intensitivity of the Prop adsorbates to alkali in comparison 

to ASA adsorbates. Adsorption in the presence o f  NaN03 means that 

most of the adsorbed Prop species are not in the correct position 

to allow these two adsorption mechanisms; they show better stability. 

In contrast to ASA, a desorption of  the Prop at high water contents 

or in aqueous solutions i s  prevented by the electrostatic interaction, 

and, therefore, the total adsorptive state i s  not as sensitive to the 

water content o f  the adsorbates. 

OXIDATIVE DEGRADATION 

Butylhydroxyanisole (BHA) 

The antoxidant BHA was chosen as a sensitive model for studying 

oxidative degradation in silica adsorbates. After reaction with 

oxygen dibenzofuran chinone i s  finally formed, with phenoxiradi- 

cals and a diphenol as intermediates (Fig. 10) (18,19). The loss 

of BHA was monitored by amperometric determination of the BHA con- 

tent of the adsorbates (20). 

In Fig. 11 the degradation of BHA in adsorbates on different s i -  

licas stored at 2 I 0 C  and 37% R.H. are contrasted. With the excep- 
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Autoxi d. in the presence 
in t-BuOH 

o f  sllica 

2149 

r 1 

3-BHA Phenoxiradical 5, i pheno 1 
(2.2' -Di hydroxi - 
5.5 ' -(I imethox i - 
3 . 3  ' - d i - t - b u t  y ! b i phen y 1 ) 

Cyclohexadienone 2 . 2 '  -Bi phenoqui none 

Di benzofuranquinone Hemicetale 

f ' IGURE 10 

Course o f  3-BHA d e g r a d a t i o n  

t i o n  o f  S y l o i d  244 t h e  s i l i c a s  d o  n o t  s i g n i f i c a n t ;  .y i n f l u e n c e  t h e  

oxidation o f  a d s o r b e d  13HA. Any c a t a l y t i c  e f f ec t  o t h e  s i l i c a  sur- 

f a c e  c a n  therefore b e  e x c l u d e d .  The d i f f e r e n t  BHA s t a b i l i t y  i n  

S y l o i d  244 a d s o r b a t e s  i s  a t t r i b u t e d  t o  t h e  h i g h  c o n t e n t  o f  i rnpur i -  

t i e s  (Tab .  1 )  on t h e  c a r r i e r ,  w h i c h  a c t  a s  c a t a l y s t s  i n  t h e  o x i -  

d a t i o n  p r o c e s s  ( 2 1 ) .  

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

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2150 DANIELS ET AL. 

100 
u 

m 
I 50 m 

210 d 
q 4  
b4 

/ 
60 d 

* 

I 
m 

I 50- m 

I I I I I 

0 10 20 
time [ d 1 - 

F I G U R E  1 1  

3-BHA degradation i n  adsorbates on different silica-carriers 
(20 C - 0 , 5 ;  32% R.H.) o +  

A- A A 200 

M- HDK N 20 
v -  V Syloid 244 
0 -  0 Kr 36 

By increasing the R.H. an opposite effect is observed on "clean", 

low contaminated silicas and on Syloid 244. In adsorbates on colloi- 

dal A 200 and porous Kr 36 (both silicas with a low content o f  im- 

purities), the oxidation is accelerated if R.H. values are estab- 

lished > 76% (Fig. 12). This can be explained by a progressive ad- 

sorption o f  the transport medium water on the surface. 
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3-BHA degradation i n  Si02 adsorbates a t  different re l .  h u  

midities (20°C 0,5; 8 = 0,5). 

0 Kr 3 6  3-BHA content a f te r  861 d 

0 Kr 3 6  water uptake of the aalsorhte 
A -- A A 200 3-BHA content a f te r  i36 d 

A - _ _ _  A A 200 water uptake of the adsorbate 

On the S y l o i d  244 surface, however, increasing amotlnts of adsor- 

bed water (corresponding R.H.> 80%) are accompanied by decreasing 

reaction rates for BHA o x i d a t i o n  ( F i g .  1 3 ) .  The most outstanding 

difference i n  impurity content i s  the relatively h i g h  tontent of 

A1203. I t  i s  supposed t h a t  i n  the presence o f  higher amounts of 

water the surface-bound a l u m i n a  may progressively a c t  (IS Bronsted 
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FIGURE 13 

3-BHA degradation in Syloid 244 adsorbates at different re1 
humidities (20°C 2 0 , 5 ;  0 = 0 , 5 ) .  

v- V 3-BHA content after 10 d 
v - - - -  v 
v . - . - .  v 

water uptake of the adsorbates (10 d) 
water uptake of pure Syloid 244 (10 d) 

centres, generating H30+ ions which reduce the surface pH in the 

adsorbates. Consequently, the stability of BHA is improved ( 2 0 ) .  

Linoleic acid methylester ( L M E )  

In addition to the stability studies of different drug molecu- 

les on silica surfaces in dry adsorbates, the action of silica in 

contact with liquid LME should be outlined in brief. 
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FIGURE 14 

Oxygen uptake o f  1 inoleic acid met,hylester-Si02 (6%) dis- 
persions during autoxidation, when exposed to UV-light 
(25 C - 0,005; po2= 213 rnbar) o +  

LME 

LME Kr 36 
LME Syloid 244 

.- .-.-.-_. 
- _ .  - 

- - - - .- - - 
- LlYE A 200 
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Following the autoxidation of LME in suspensions o f  different 

silicas (6%) by measuring the oxygen consumption,characteristic 

differences are obtained (Fig. 14) .  The silicas are obviously 

promoting the autoxidation of the unsaturated compound, with the 

nonporous colloidal A 200 being the most effective catalyst, 

followed by Syloid 244 (with a high content of Fe203)- Kr 36 exhi- 

bits the lowest catalytic action. 

The enhancement o f  LME oxidation in the presence o f  silica is 

explained by adsorption of the reaction intermediates, the peroxides, 

onto the surface, which are then activated in the adsorbed state (20). 

A l s o  taking into consideration the significant influence o f  metal 

impurities as catalysts, the different action o f  porous and non- 

porous silicas is obviously due to the slow transport processes in- 

side the porous particles. This is in contrast to the rapid exchange 

of pro- and educts on the surfaces of the nonporous colloidal par- 

ticles suspended in the liquid LME. 

Summarizing the characteristic features of the oxidative or hy- 

drolytic degradation of drugs in contact with the silica surface a 

different influence o f  the commercially available silicas on drug 

stability has to be considered. 

Hydrolytic degradation i s  stimulated by basic as well as by 

acidic impurities, with the alkaline ones being the most effective 

by generating OH ions with adsorbed water. 

The hydrolytic action of impurities is enhanced by increasing 

amounts of adsorbed water, which are dependent on the relative hu- 

midities of the storage climate. 
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Strong adsorption from aqueous medial - i .e. by electrostatic in- 

teractions -provokes c,atalytic action o f  the silica surface on the 

hydrolysis o f  ester compounds by direct interactions between sila- 

no1 groups and the ester groups. Molecules missing these strong 

electrostatic action are desorbed in aqueous dispersion from 

the silica and th'erefore a catalytic action is restricted to im- 

purities, generating OH- or H ~ o + .  

Oxidative processes such as the phenol oxidation can also be 

stimulated by impurities, expecially by a combination o f  alkaline 

and heavy metal oxides. 

Autoxidation of unsaturated compounds is catalyzed by an ad- 

sorption of the reaction intermediates, the peroxides, onto the si- 

lica surface. 

The structure of the silicas - porous and nonporou:; - only in- 

fluences the decomposition if the exchange of pro- and educts is 

necessary at the surface. 
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