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ABSTRACT 

Three commercially available antacids, two of 

them labeled either to be taken intact or to be chewed, 

(Bisodol@, MaaloxB No. 1) and one of them (Riopan@) 

available in two formulations, chew tablets and swallow 

tablets, were tested in vitro for disintegration time, 

pressure resistance, acid consumption capacity and 

acid neutralizing capacity and in vivo in man using 
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366 RITSCHEL AND KOELEMAN 

t h e  He ide lbe rg  Capsu le .  The t o t a l  a r e a s  under  t h e  

i n  v i v o  pH v e r s u s  t ime  c u r v e s  o b t a i n e d  wi th  t h e  i n t a c t  

and chewed t a b l e t s ,  r e s p e c t i v e l y ,  c o r r e c t e d  f o r  t h e  

i n d i v i d u a l  NaHC03 re sponse  t e s t  w e r e  d e t e r m i n e d .  

t h e  t ime  t o  r e a c h  pH 3 and t h e  p e r i o d  of  t ime  f o r  pH 

A l s o  

v e r s u s  t ime c u r v e  above pH 3 were d e t e r m i n e d .  The 

p r e p a r a t i o n s  were e v a l u a t e d  f o r  e x t e n t  of  a n t a c i d  

c a p a c i t y ,  e f f i c a c y  and l a g  t i m e .  From t h e  r e s u l t s  

o b t a i n e d  i t  becomes e v i d e n t  t h a t  by chewing r a t h e r  

t h a n  swal lowing  t h e  a n t a c i d  i n t a c t  t a b l e t ,  a q u i c k e r  

and more e f f e c t i v e  r e l i e f  i s  o b t a i n e d .  

I N T R O D U C T I O N  

In  a p r e v i o u s  s t u d y  t h e  H e i d e l b e r g  Capsule  was 

used f o r  i n  v i v o  e v a l u a t i o n  o f  t h i r t e e n  commerc ia l ly  

a v a i l a b l e  a n t a c i d s  i n  man, and a method f o r  

d e t e r m i n a t i o n  of  e x t e n t  o f  a n t a c i d  a v a i l a b i l i t y  o r  

e x t e n t  of  a n t a c i d  c a p a c i t y ,  E A C ,  w a s  deve loped  (1) .  

I n  t h a t  s t u d y  one  v o l u n t e e r  m i s t a k e n l y  swal lowed t h e  

a n t a c i d  t a b l e t  i n t a c t .  The r e s u l t i n g  pH v e r s u s  t i m e  

cu rve  w a s  markedly d i f f e r e n t  from t h o s e  o b t a i n e d  w i t h  

chewed t a b l e t s .  S i n c e  a t  l e a s t  two p r o d u c t s  o n  t h e  

marke t  a r e  s p e c i f i c a l l y  l a b e l e d  t h a t  t h e  t a b l e t  may 
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ANTACID TABLETS 367 

either be taken intact or be chewed, and that one 

preparation is on the market in the form of swallow 

and of chew tablets it was the purpose of this study 

to investigate the mode of administration, i.e. 

chewing or swallowing of the tablet on the EAC. 

Furthermore, the new bioavailability and 

bioequivalence regulation ( 2 )  specifically states, 

that a measurable pharmacologic response suffices for 

bioavailability testing of antacids. However, the 

authors do not agree with the new regulation in this 

point, because the cited statement: "This approach 

shall also be considered as sufficiently accurate for 

determining the bioavailability of dosage forms 

intended to deliver the therapeutic moiety locally, 

e.g., topical preparations for the skin, eye, ear, 

mucous membranes; oral dosage forms not intended to 

be absorbed, e.g.. an antacid or a radiopaque medium; 

and bronchodilators administered by inhalation if the 

onset and duration of pharmacological activity are 

defined" is contradictory to the definition of 

bioavailability since antacids are not absorbed and 

usually act locally ( 3 ) .  Furthermore, the regulation 

specifically lists antacids among those drug products 

which qualify for waiver of evidence of in vivo 

bioavailability ( 4 ) .  
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3 68 RITSCHEL AND KOELEMAN 

EXPERIMENTAL 

Drug P r o d u c t s  I n v e s t i g a t e d  

P roduc t  A :  Bisodol@ T a b l e t s ’ ,  0305-25A 

Produc t  B:  Maaloxd No. 1 T a b l e t s ’ ,  L 6 5 7  I ,  

C o n t r o l  No. 26504 

P roduc t  C :  Riopana Swallow T a b l e t s 3 ,  N D C  00460790- 

60 ,  Lot  #701QTE 

P r o d u c t  D :  Riopan@ Chew T a b l e t s 3 ,  N D C  00460791-81, 

Lot  $6506 U B  

The t a b l e t s  were pu rchased  from a r e t a i l  pharmacy. 

I n  V i t r o  T e s t i n g  

Mechanica l  p r e s s u r e  r e s i s t a n c e  ( h a r d n e s s ) :  Ten 

t a b l e t s  each  were s u b j e c t e d  t o  mechan ica l  p r e s s u r e  

r e s i s t a n c e  ( h a r d n e s s )  t e s t i n g  u s i n g  t h e  H e b e r l e i n  

h a r d n e s s  t e s t e r 4 .  The H e b e r l e i n  t e s t e r  was used  s i n c e  

i t  w a s  found t o  g i v e  t h e  most r e p r o d u c i b l e ,  c o n s i s t a n t  

and p r e c i s e  d a t a  when compared t o  o t h e r  h a r d n e s s  

t e s t e r s  ( 5 ) .  

’Whi t eha l l  L a b o r a t o r i e s  I n c . ,  N . Y .  

‘ W i l l i a m  H .  R o r e r ,  I n c . ,  F o r t  Washington,  Pa .  

3Ayer s t  L a b o r a t o r i e s  I n c . ,  N . Y .  

‘Hebe r l e in  Hardness  T e s t e r ,  Model 2 E ,  Vec to r  Corp . ,  

Hiawatha,  Iowa 
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ANTACID TABLETS 369 

Disintegration Time 

Disintegration was tested by the USP method (6), 

and by using the Erweka tester'. In both tests 

distilled water was the test fluid. 

Acid-Consuming Capacity 

The acid-consuming test was carried out according 

to the USP (7). 

Acid Neutralizing Capacity 

The acid neutralizing capacity test was carried 

out according to the Code to Federal Register ( 8 ) .  

In Vivo Testing 

Healthy, male, Caucasian volunteers participated 

in the cross-over study for each preparation 

taken once intact (swallowed) and once chewed. Food 

and beverages were withheld for at least 3 hours prior 

to the experiment. Two tablets each were administered 

with 5 0  ml of water of room temperature. 

The temperature of the water €or rinsifig was 

kept constant at 2209C since temperature may 

influence gastric emptying time (9). 

'Erweka, Model Type VZ 4 ,  Chemical & Pharmaceutical 

Industry Co., Inc., New York, N.Y. 
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370 RITSCHEL AND KOELEMAN 

The c a l i b r a t i o n  and use  of  t h e  H e i d e l b e r g  Capsu le6  

and t h e  t e s t  p r o c e d u r e  was d e s c r i b e d  i n  a p r e v i o u s  

communication (1) .  

A s  soon a s  a c o n s t a n t  b a s e l i n e  f o r  g a s t r i c  pH was 

r e g i s t e r e d ,  t h e  a l k a l i  t e s t  w a s  pe r fo rmed .  The a l k a l i  

t e s t  c o n s i s t e d  of  t h e  p e r o r a l  a d m i n i s t r a t i o n  of 5 ml 

of  s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n  t o g e t h e r  

w i t h  50 m l  o f  w a t e r .  Only s u b j e c t s  whose pH r e t u r n e d  

t o  t h e  b a s e l i n e  l e v e l  between 5 and 1 5  minu tes  were 

i n c l u d e d  i n  t h e  e x p e r i m e n t .  When a c o n s t a n t  b a s e l i n e  

was o b t a i n e d  a g a i n ,  two a n t a c i d  t a b l e t s  of  a g i v e n  

p r e p a r a t i o n  were a d m i n i s t e r e d .  On each  s u b j e c t  t h e  

a l k a l i  t e s t  and t h e  t e s t  f o r  a g i v e n  p r e p a r a t i o n  w i t h  

two t a b l e t s  swal lowed i n t a c t  and two t a b l e t s  m a s t i c a t e d  

were per formed.  Ten minu tes  a t  b a s e l i n e  c o n d i t i o n s  

was a c h i e v e d  between i n g e s t i o n  of  t h e  two s e t s  of  

t a b l e t s .  A t  t h e  end of t h e  expe r imen t  t h e  t h r e a d  w a s  

swal lowed.  

For  RiopanB, P r o d u c t  C ( t h e  swal low t a b l e t s )  was 

compared w i t h  P r o d u c t  D ( t h e  chew t a b l e t s ) .  Thus t h e  

chew t a b l e t s  were n o t  g i v e n  i n t a c t  and t h e  swal low 

t a b l e t s  were n o t  chewed. 

‘He ide lbe rg  Capsu le ,  E lec t ro -Med ica l  D e v i c e s ,  A t l a n t a ,  

Georg ia  
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ANTACID TABLETS 37 1 

The individual pH versus time curves were 

evaluated with regard to area under the pH curves for 

pH above baseline from 0 to m using the trapezoidal 

rule, the time needed to reach pH 3 and the time the 

pH remained above 3. Although opinions as to which 

pH range comprises optimal antacid effectiveness 

vary widely between investigators, a pH of above 3 was 

considered a good indication that the antacid effect 

has started since at a pH above 3, pepsin is 

practically inactivated. In order to obtain a relative 

measurement correlated for individual variation, the 

"extent of antacid capacity", EAC, for each type of 

administration of each given preparation was calculated 

according to equation 1: 

0- 
AUCTable t 

O'm 
AUCAlkali Test 

Eq. 1 Extent of Antacid Capacity = 

0 + m  where AUC = total area under the pH versus time 

curve. 

In addition to this, the "efficacy" and the "lag time" 

ratios were calculated according to equations 2 and 3, 

respectively : 

(Time pH above 31Tablet 

(Time PH above 31Alkali Test Efficacy = Eq. 2 
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372 RITSCHEL AND KOELJIML” 

(Time to reach pH 3)Tablet 

(Time to reach pH 3)Alkali Test Lag time = Eq. 3 

RESULTS AND DISCUSSION 

The results for the tablet pressure resistance 

(hardness) and disintegration time are listed in 

Table 1. Plotting the disintegration time versus 

pressure resistance, as shown in Fig. 1, a linear 

relationship was demonstrated. The correlation 

coefficients for the regression lines of disintegration 

time by the USP and Erweka method, respectively, 

versus pressure resistance were r = 0.9981 and r = 

0.9979, respectively. 

All tablets were within specification limits of 

both acid-consuming capacity and acid neutralizing 

capacity as shown in Table 2. 

A typical pH versus time profile obtained in the 

in vivo studies is shown in Fig. 2 .  The mean data 5 
0” S . D .  for the alkali test expressed as AUC for 
NaHC03’ 

the intact tablets AUCIntact Tablet, chewed tablets 

the EAC (according to eq. l), the AUCChewed Tablet ’ 
efficacy (according to equation 2 )  and the lag time 

(according to equation 3 )  are listed for the products 

A, B, C and D in tables 3 ,  4 and 5 ,  respectively. 

0” 

0+m 
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374  RITSCHEL AND KOELEMAN 

t 5  z 
E 
0 ‘ O I L  2 4  

PRESSURE RESISTANCE (Hardness in kp  

F i g .  1: P l o t  o f  d i s i n t e g r a t i o n  t ime v e r s u s  p r e s s u r e  
r e s i s t a n c e  o f  a n t a c i d  t a b l e t s  t e s t e d .  Open 
symbols d i s i n t e g r a t i o n  t ime  t e s t e d  by USP- 
method,  f i l l e d  i n  symbols  by ERWEKA-method. 

For  a l l  t h r e e  p a r a m e t e r s ,  namely,  t h e  E A C ,  

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

t a b l e t s  were compared w i t h  t h o s e  f o r  t h e  chewed 

t a b l e t s  by means o f  t h e  Wilcoxon p a i r e d  t e s t  ( 1 0 )  a t  a 

s i g n i f i c a n t  l e v e l  of  d i f f e r e n c e  o f  p = 0 . 0 5 .  The 

r e s u l t s  a r e  g i v e n  i n  T a b l e  6 .  

From t h e  r e s u l t s  i n  Tab le  6 i t  i s  e v i d e n t  t h a t  

t h e r e  i s  a s i g n i f i c a n t  improvement i n  t h e  E A C  and l a g  

t ime f o r  p r o d u c t  A and p r o d u c t  B when t h e s e  t a b l e t s  

were chewed b e f o r e  swal lowing  them. A s  f a r  a s  
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Fig. 2 :  Typical recording of pH as function of time 
with the Heidelberg Telemetric Capsule. 

efficacy is concerned (time that pH was raised above 

pH 3 )  the difference between chewed and intact tablets 

for product B was significant but not for product A .  

For products C and D tablet differences between chewed 

and intact tablets could not be proven in any of the 

parameters. 

If the disintegration times and hardness of the 

various tablets are also considered, it is evident that 

the effectiveness of product C could in fact not be 

influenced much by these physical properties since the 

disintegration times are relatively very short. In 

product D, the disintegration time and hardness of the 

tablets were the highest of all the tablets tested, 

yet between the chew and the swallow tablets no 

significant differences in the three parameters were 

found. Product B tablets had a relatively fast 

disintegration time (2.52 min) and a tablet hardness 
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r o u g h l y  h a l f  t h a t  o f  p r o d u c t  I), w i t h  a s i g n i f i c a n t  

d i f f e r e n c e  b e t w e e n  i n t a c t  a n d  chewed t a b l e t s  f o r  a l l  

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

e x i s t e d  b e t w e e n  t h e  " E A C "  a n d  l a g  t i m e  f o r  t h e  i n t a c t  

a n d  chewed t a b l e t s  w i t h  a d i s i n t e g r a t i o n  t i m e  o f  1 1 . 4 7  

min .  and  a t a b l e t  h a r d n e s s  1 0 . 3 4  k p .  

From t h e  r e s u l t s  o b t a i n e d  i t  becomes a p p a r e n t  

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

t a b l e t  i n t a c t ,  a q u i c k e r  a n d  more e f f e c t i v e  r e l i e f  i s  

o b t a i n e d  a s  shown i n  t h e  b a r  d i a g r a m  o f  F i g u r e  3 .  

F i g .  3: B a r  d i a g r a m  of  e x t e n t  o f  a n t a c i d  c a p a c i t y  f o r  
p r o d u c t s  t e s t e d  when e i t h e r  t a b l e t s  a r e  
s w a l l o w e d  i n t a c t  o r  a r e  chewed a n d  mas t ica ted .  

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
/1

9/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



ANTACID TABLETS 385 

Al though  v a r i o u s  i n  v i t r o  t e c h n i q u e s  s i m u l a t i n g  

i n  v i v o  t e s t s  have been  t r i e d ,  none have  a s  y e t  b e e n  

s u c c e s s f u l .  When s u c h  a n  i n  v i t r o  method c a n  be  

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

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

t a b l e t s  c o u l d  be  i n v e s t i g a t e d  more e a s i l y .  
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