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ABSTRACT 

Procyanidin hydrogels suitable for antacid therapy were deve- 

loped from alginates with antipeptic properties. The influence of 

calcium ion on the gelling of colloidal solutions of sodium and 

potassium alginates was studied. Calcium gluconate displayed a 

marked reticulating ability, accentuating the pseudoplasticity and 

reducing the limpidity of the colloids. 

INTRODUCTION 

During work on the pharmaceutical uses of tannins ( 1 )  it was 

demonstrated that anti-ulcer activity of water soluble procyanidins 

obtained by fermentation of an extract of strawberry rhizomes was seen 

( 2 ,  3). The development of procyanidins hydrogels, a drug dosage 

form suitable for anti-acid therapy was recently undertaken. The 

results of gel formulation based on cellulose and carrageenan 

derivatives have been reported (4, 5). 
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The p r e p a r a t i o n  and  e v a l u a t i o n  o f  a l g i n a t e  ge ls  a re  s t u d i e d  h e r e .  

L i k e  t h e  c a r r a g e e n a n s ,  t h e s e  colloids p o s s e s s  v a l u a b l e  a n t i p e p t i c  

p r o p e r t i e s  t h a t  j u s t i f y  t h e i r  u s e  i n  a n t i - u l c e r  treatments.  I t  w a s  

o f  p a r t i c u l a r  i n t e r e s t  t h a t  t h e  i n f l u e n c e  of c a l c i u m  i o n  on 

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

a l g i n a t e  t e s t e d  w a s  s i g n i f i e d .  

MATERIAL AND METHODS 

Raw Materials 
@ The f o l l o w i n g  a l g i n a t e s  were tested : S a t i a l g i n e  S 1100 , 

8 @ S a t i a l g i n e  S 1600 ( S a n o f i  B i o - I n d u s t r i e s )  ; Texamid 778 

( H e n k e l )  ; Kelmar improved , Kelset (Kelco) . 
Calcium g l u c o n a t e  was u s e d  as t h e  r e t i c u l a t i n g  a g e n t .  

@ 

The p r o c y a n i d i n s  i n c o r p o r e d  i n t o  t h e  gels were p r e p a r e d  i n  

t h e s e  l a b o r a t o r i e s  ( 6 ) .  

Methods 

Preparation of Gels 

The g e l l i n g  a g e n t  was d i s p e r s e d  i n  water w i t h  a n  IKA RW20 

h e l i c a l  s t i r rer  a t  2OOC. The s t i r r i n g  rate was 500 r .p .m.  

Determination of Spreadability 

O n e  gram of g e l  which w a s  24 h o u r s  o l d  w a s  p r e s s e d  be tween 

t w o  h o r i z o n t a l  p l a t e s  20 c m  s q u a r e ,  of which  t h e  u p p e r  p l a t e  

weighed 1 2 5  9 and  i ts  diameter was measu red  a g a i n s t  t i m e  ( 4 ) .  

Evaluation of Opalescence 

The o p a l e s c e n c e  o f  t h e  ge ls  was s t u d i e d  u s i n g  t h e  method 

d e s c r i b e d  i n  t h e  F rench  Pharmacopoeia  ( 7 ) ,  a n d  s p e c t r o p h o t o m e t r i c  

measurements o f t h e  t r a n s m i s s i o n  a t  610 nm o f  r e f e r e n c e  s o l u t i o n s  

and  t h e  t e s t  gels were d e t e r m i n e d .  

Rheoloqical Study 

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

a t  ambian t  t e m p e r a t u r e  ( 2 1 ' C )  u s i n g  a b r o o k f i e l d  RVTD V2@ i n s t r u -  

ment f i t t e d  w i t h  an  SC -28/13R smal l  a d a p t e r .  4 

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 
X

av
ie

r 
U

ni
ve

rs
ity

 o
n 

01
/2

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PROCYANIDIN HYDROGELS 2709 

RESULTS AND DISCUSSION 

T h i r t y - t h r e e  c o l l o i d  and g e l l e d  v e h i c l e s  were p r e p a r e d  con-  

t a i n i n g  0.15 % N i p a g i n e  @ w i t h  d i f f e r e n t  types a n d  c o n c e n t r a t i o n s  

o f  a l g i n a t e s  and  w i t h  and  w i t h o u t  added  calcium g l u c o n a t e .  

Four  o f  t h e  p r o d u c t s  t e s t e d  were basic a l g i n a t e s  : sodium a l g i -  

n a t e  ( S a t i a l g i n e  S l l O O @ ,  S a t i a l g i n e  S1600 

potassium a l g i n a t e  (Kelmar improved ) . C a l c i u m  i o n  h a s  a r e t i -  

c u l a t i n g  action on  a l g i n a t e  ne tworks  t h r o u g h  t h e  f o r m a t i o n  o f  

a g g r e g a t e s .  G e l s  may be  o b t a i n e d  w i t h  a m o d e r a t e l y  s u b s t i t u t e d  

sodium/ca lc ium a l g i n a t e  such  as Kelse t  ( 8 ) .  

T h e r e f o r e ,  a t t e n t i o n  was d i r e c t e d  t o  t h e  i n f l u e n c e  o f  c a l c i u m  

g l u c o n a t e  on  t h e  g e l l i n g  o f  t h e  c o l l o i d s  s t u d i e d .  

@ @ , Texamid 778  ) ,  
8 

@ 

Influence of the nature and concentration of alqinates 

A s  shown i n  T a b l e  1, a l l  t h e  f o r m u l a t i o n s  t e s t e d  had  a pH 

close t o  9 ,  i . e .  s u i t a b l e  f o r  a n t i - u l c e r  t h e r a p y .  Measurement o f  

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

co l lo ida l  s o l u t i o n s  showed t h e  S a t i a l g i n e  p r o d u c t s  t o  be best .  

They were more v i s c o u s  s o l u t i o n s  t h a n  p o t a s s i u m  a l g i n a t e .  

I n  a l l ,  t w e l v e  f o r m u l a t i o n s  w i t h  s a t i s f a c t o r y  c o n s i s t e n c i e s  were 

o b t a i n e d ,  n i n e  based o n  sodium a l g i n a t e  ( n o s  2 t o  5 ,  7 t o  9 ,  1 2  

and  13)  and t h r e e  based on  potassium a l g i n a t e  ( n o s  14  t o  1 6 ) .  

778@ and K e l m a r  improved @ 

o f  t h o s e  c o n t a i n i n g  S a t i a l g i n e  @ were marked ly  so. 

f o r m u l a t i o n s  were f i n a l l y  a c c e p t e d  : n o s  7 ,  1 2  and  15. A r h e o l o -  

g ica l  s t u d y  of t h e s e  colloids showed them t o  be p s e u d o p l a s t i c  

and  t h i x o t r o p i c .  

Q 

A s  shown i n  T a b l e  2 ,  a l l  t h e  p r e p a r a t i o n s  b a s e d  on  Texamid 

were weakly  o p a l e s c e n t ,  w h i l e  most 

T h r e e  

Influence of calcium qluconate on the qellinq of alqinate solutions 

The i n f l u e n c e  o f  c a l c i u m  g l u c o n a t e  on t h e  g e l l i n g  w a s  s t u d i e d  

f o r  t h r e e  co l lo ida l  a l g i n a t e  s o l u t i o n s  w i t h  similar s p r e a d i n g  d i a -  
@ 

meters ( a p p r o x i m a t e l y  70 mm) ; n06  w i t h  1 .5  % S a t i a l g i n e  S1600 , 
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2710 VENNAT ET AL. 

TABLE 1 

Procyanidin G e l s  based on Alqinates. pH and Spreadability 

Spreading 
Type of Gelling Concentration d i m e  t er Formulation 

alginate  agent (w/w)  pH a f t e r  1 min no 
(m) 

1.5 9.3 81 1 
d 2 9.3 65 2 

2.5 9 .3  62 3 
3 9.3 57 4 
4 9.1 50 5 

1.5 9.3 I1 6 
2 9 .3  61 1 

S 1600 2.5 9.2 55 8 
3 9 .2  51 9 

Sat ia lgine 
s 1100 

Sodium 

alginate  
Q 

Satialgine 

d 
Texamid 

i i a  

1 
2 
3 

9.3 
9 .3  
9.3 
9.2 

101 
14  
60 

10 
11 
1 2  

3.5 50 13 

Kelmar 
improved 

Potassium 

alginate  

2 
2.5 

9.1 
9.15 

70 
62 

14 
15 
16 3 

3.5  
9 
9 

56 
49 11 

TABLE 2 

Procyanidin G e l s  based on Alginates. Assessment of Limpidity 

Concentration 
(w/w) 

T % a t  610 nm Formulation no Gelling agent 

2 
2.5 
3 

28 
2 1  
26 
22.5 

2 
3 Q Satialgine S 1100 4 
5 4 

Q 
Satialgine S 1600 

2 
2.5 

42 
39.5 
36.5 

1 
8 
9 3 

d Texamid 118 3 
3.5 

67 
55.5 

12 
13 

d Kelmar improved 
2 68 

59 
52.5 

14 
2.5 
3 

15 
16 
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PROCYANIDIN HYDROGELS 271 1 

@ @ noll with 2 % Texamid 778 and n014 with 2 % Kelmar improved . 
The characteristics of the 12 formulations tested are collected 

in Tables 3 and 4. These tables also include the results obtained 

in the formulation of reference gels based on moderately substi- 

tuted sodium/calcium alginate (Kelset ) .  

As above, all the gels had an appreciably basic pH, close to 9, 

i.e. compatible with anti-ulcer therapy. The two selection cri- 

teria, spreading diameter and percentage transmission at 610 nm, 

showed Kelset @ to be a remarkably good gelling agent. They also 

served to evaluate the influence of calcium gluconate on the 

gelling of the basic alginate solutions tested. 

For simplicity, six representative formulations of colloids 

and alginate-gluconate gels will be considered ; their carac- 

teristics are compared in Table 5. 

The influence of calcium gluconate was studied for 

three colloidal solutions of alginates with similar spreading 

diameters ( >  70 m m ) ,  n06 with 1.5 % Satialgine Sl6OO , noll 
with 2 % Texamid 778 and n014 with 2 % Kelmar improved . 
The results in Table 5 confirm the reticulating power of calcium 

gluconate towards sodium and potassium alginates. The fluid col- 

loidal solution with 1.5 % Satialgine S1600 @ displayed a sprea- 

ding diameter of 71 mm (formulation n06). The additionof 0.18 % 

calcium gluconate produced a gel with a spreading diameter of 

57 mm (formulation n020). 

Likewise, formulation n028 with 2 % Kelmar improved and 0.15 % 

calcium gluconate displayed a spreading diameter of 61 mm against 

70 mm for the corresponding calcium-free colloid. 

A rheological study of these different formulations also showed 

that the addition of calcium gluconate accentuated the pseudo- 

8 

@ 

@ @ 

8 

platicity of the preparations. 

The addition of calcium gluconate reduced the limpitidy of the 

gels ; however, values of T % at 610 nm were still satisfactory, 

i.e. over 42 % ,  the value below which the preparation is consi- 

dered opalescent ( 4 ) .  
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TABLE 3 

Procyanidin Gels based on Alginates. 

Influence of Calcium Gluconate on pH and Spreadability 

Gelling Calcium Spreading Formulation 
no Type of agent gluconate pH diameter alginate 

% (w/w) % (w/w) (m) 

0.1 9.3 7 1  18 
0.15 9.4 67 19 
0.18 9.4 57 20 
0.2 9.4 52 21  

Satialgine 
S 1600@ 
1.5 % Sodium 

Texamid 
178 @ 
2 %  

alginate 0.15 9 70 
0.2 9.1 68 
0.25 9.1 6 1  
0.3 9.1 50 

22 
23 
24 
25 

0.05 9 67 
0.1 9 65 
0.15 9 6 1  
0.2 9 55 

Potassium Kelmar @ 

improved 
alginate 2 %  

26 
27 

29 
28 

Spreading Formulation 
no PH diameter Type of Gelling Concentration 

(m) alginate agent % (w/w) 

0.75 9 78 
@ 0.8 9 66 

0.9 9 62 
1 9 56 

Sodium-calcium 

alginate 
Kelset 

30 
31 
32 
33 

TABLE 4 
Procyanidin Gels based on Alginates. 

Influence of Calcium Gluconate on Limpidity 

Gelling agent 
% (w/w) 

Formulation no Calcium gluconate % at 610 nm 
% (w/w) 

Satialgine S 1600 @I 
1.5 % 

0.15 
0.18 
0.2 

67 
43 
33 

19 
20 
21 

@ Texamid 778 
0.15 
0.2 

80.5 
79 

22 
23 

2 %  0.25 1 2  24 
0.3 66 25 

0.05 79 26 
0.1 7 1  27 Q Kelmar inwroved 

2'% 0.15 
0.2 

64 
41 

28 
29 

Gelling agent Concentration 
% (w/w) T % at 610 nm Formulation no 

0.8 51 31 
0.9 54 32 
1 45 33 

@ Kelset 
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PROCYANIDIN HYDROGELS 2713 

TABLE 5 
Influence of Calcium Gluconate on the Gelling 

of three Colloidal Solutions of Alginates 

Calcium Spreading 
Gelling Concent r a t  ion diameter a t  ' Formulation 

Agent % ( w / w )  G ~ u ~ ~ ~ S e  a f t e r  1 min.  610 mn no 
(m) 

Sat ia lg ine  1.5 7 1  52 6 

1.5 0.18 57 43 20 
@ 

S 1600 

Texamid 2 14 71 11 
778 @ 2 0.25 6 1  12 24 

Kelmar 2 10 68 14 
Q 

improved 2 0.15 6 1  64 28 

Hence,the study of the influence of calcium gluconate on gel- 

ling produced three gel formulations with particularly favorable 

consistencies and limpidities ; n019 with 1.5 % Satialgine S1600 

and 0.15 % calcium gluconate, n023 with 2 % Texamid 778 @ 

0.2 % calcium gluconate, and n026 with 2 % Kelmar improved and 

0.05 % calcium gluconate. 

@ 

and 
d 
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