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z4BsTRAm 

Three conceptually different titration pmc&wes are used to 

evaluate the performance of several antacid suspension products: 

RIOPAN, FUOPAN PLUS, W X ,  W X  PLUS, AND MYLANIIA. When the 

static acid neutralization capacity test is performd, both RIOPAN 

and RIOPAN PLUS possess more acid neutralizing capacity, on an 

equal weight basis, than W X ,  MAAulX ms or MYLANIX. Ihe 

results of a pHstat titration test shaw the RIOPAN products react 

10 times faster with acid than other prcduced based on time to 

half-neutralization. 

(modified BeelaMn proceaUre) s h m s  onset of action at pH 3 for the 

RIOPAN product to be 20 times faster than for MAALDX PLUS and 56 

times faster than for MYIANTA. Ixuation of acid neutralization at 

p~ above 3 for the NOPAN products is two times longer than for 

MAAu))( or m X  PLUS and 1.6 times longer than for MYLANIIA. 

The dynamic acid neutralizing capacity test 

* For correspoxfience 
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1810 JOHNSON ET AL. 

The  in-vitro perfonnar~= of antacid formilations can be 

assessed using various analytical tests. 

information on the neutralizing capacity utder both static am3 

dynamic conditions and permit various paraaneters to be evaluated; 

characteristics such as total neutralizing capacity, time to 

attain a specified higher pH value (onset of action), and others 

result fram an in-vitro study of this type. 

are carefully corrtrolled and specified, they can be applied to a 

variety of market products that would permit a relative evaluation 

These tests pruvide 

when test conditions 

of t h e  prcducts. 

The purpose of this study was to evaluate antacid suspensions 

of lnarketed products such as NOPAN, FUOPAN mus, MAAL(3x, MAXLOX 

PLUS, and M!lGWW by the tutal acid neutralizing capacity test 

(1) , the @-stat titmtion method (2,3) and dynamic acid 

neutralizing capacity test (modified Beekman procedure 4,5). - 
Materials 

Camen5a.l antacid suspensions, FUOPAN, RIOPAN PLUS, MAALOX, 

MAAL(3x PLUS and MyLANIlA were used. 

variation and to ensure a true product ccglplarison, six different 

lots of each product wex-e obtained. me follawing products w e r e  

tested: 

To compare lot-to-lot 
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IN-VITRO EVALUATION OF ANTACID SUSPENSION 1811 

1. 

2. 

3.  

4. 

5. 

RIOPAN-I-rOtN~. 1EEM, 1EEN, lFB6, E l ,  1Fa; 

Label: each 5 mL contains 540 mg IMgdldrate 

RIOPANPLUS- I-rOtNos. 1FB9, IFIS, lF", 1FLV, I.F"I lF'JX; 

Label: 

simethicone 

each 5 mL contains 540 mg magaldrate and 20 mg 

MAALOX - I& NCS. R42, R56, R59, S18, 52308, 55199; 

Label: 

mg aluminum hydroxide 

each 5 niL contains 200 mg magnesium hydroxide and 225 

MAALOX PLUS - Lot NOS. S38, 51353, 54316, 5527, 56264, 56343; 
Label: each 5 mL contains 200 mg magnesium hydroxide, 225 mg 

aluminum hydroxide, and 25 mg sirnethicone 

MYIANTA - IAt Nos. X0445, xoQ50, X0456, XO474, X0486, 5184X; 

Label: 

aluminum hydroxide and 20 mg simethicone 

each 5 mL contains 200 mg magnesium hydroxide, 200 nq 

Static Acid Neutralizinq capacitv Test 

An acid-neutralizing capacity test method in the USP xx 
monograph (1) was used as the total acid neutralizing capacity 

test. 

@-Stat Titration Test 

A Radiometer capenhagen recording titration system w a s  used. 

It consisted of the p I - - ~ t e r  FMM 84, Titrator TIT 80, Autoburet 

ABU 80, Titration Assembly TllA 80 and Recorder R M ~  80. 

Experimentdl pmcedues involved adding 5 mL of the antacid 

suspension of 50 mL water, equilibration to 37 C, and titration 

with 1.0 N HC1 to maintain a constant pH of 3.0. The p-stat 
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1812 JOHNSON ET AL. 

titrigram was a graphicdL representation of mL of 1.0 N HCl added 

over t i m e .  Generated data wen? stored on an archival disc in the 

camputerized ~ ~ ~ r a t o r y  autcanation system (CALS)~  for possible 

further proaessing and plutting. 

Dvnamic Acid Neutralizhm Camcitv Test 

% nrodified Bee)anan method (4) w a s  adopted w i t h  some 

modifications t o  determine a l l  operating parameters. 

mL) w a s  added to 0.1 N HCl (50 xnL) a t  37 C in a jacketed glass 

vessel (250 xnL) equipped with a cxpnbination pH electrode, magnetic 

stirring bar (25 mm diameter, 7 cm length), and tubing to 

intmduce the acid and to remcnre the antacid-acid mixture . A  

glass reservoir of 0.1 N HC1 was maintained a t  37 C. 

in-flow and out-flw were adjusted to be the same rate a t  270 

myhr w i t h  a proportioning pump. 

Antacid (5 

The punping 

Punping of the continuous flwirrg system and stirring of the 

antacid-acid mixture a t  the rate of 400 qm w e r e  initiated 

immediately after 5 mZ, of antacid suspension w a s  intrcduu=d w i t h  a 

syringe into the reaction vessel. 

a function of t i m e  were  recorded. 

storage, retrieval, plotting and averaghq were done w i t h  aid of a 

H e w l e t t  Fa- ccanputer. 

At the same t h e  pH charrges as 

All infonnation collection, 

The modified Beelanan pmceduns (4) uses 15 mL of suspension 

sarrq?les and a paddle stirnzr a t  400 r p .  S i n c e  different antacid 
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IN-VITRO EVALUATION OF ANTACID SUSPENSION 1813 

Tatdl Acid Neutralizing -city (TANC) of the Six Batches form 
Ehch Antacid Suspension 

MEAN 

t W m L 1  
ANTACID TANC S.D. C.V. 

RTOPAN 3.11 0.12 4.01 

RIOPAN PIUS 2.99 0.11 3.73 

MA?SDX 2.84 0.14 5.08 

MA?SDx PLUS 2.85 0.07 2.53 

MYLANTA 2.65 0.03 1.29 

products have different reaxmm3ed dosage levels, a uniform 

volume of approximately 5 mL was used in all cases. Also, a 

stirring bar, inStead of a paddle stirrer, was used; and its r p n  

was controlled accurately and reproducibility with the aid of a 

Strobe. 

Total Acid Neutralizina Camcity 

The total acid neutralizhg capacity (TANC) of the six 

The average batches from each antacid pruduct was measured. 

values of neutralizing capacity (mEq/mL), standard deviations 

(S.D.) and coefficient of variation (C.V.) are given in Table I. 
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1814 JOHNSON ET AL. 

A statistical ccaapariscn of the means was done with tw sided 

t-tests. 

significant at the 0.05 level of significance, Satterthwaite’s 

appmximation for the deqree of freedcan was used in the t-test. 

When RIOPAN is CcBnpared to MArUDx, MAALDX PIUS, and M”WA, the 

means are significantly different at the 5% significance level 

with RIOPAN higher in all cases. 

MAAu))( PmS any MYIANIIA, there again is a statistically 

significant difference at the 5% significance level with RIOPAN 

If a preliminary F-test for equality of variances was 

when RIOPAN PIUS is CCBnpared to 

Pms greater in both cases. RIOPAN mrrs and MAALDX are not 

significantly different, hwever. 

RIOPAN PUTS are not found to differ significantly from one 

another. 

In the same manner, RIOPAN and 

pH-Stat Titration 

@-stat titrigrarns w e m  obtaned ’ on eadl of the six different 

antacid suspension products; averaged titrigram are shuwn in 

Figure 1. Initial pH of sample, half neutralization tirne, illrd 

acid neutralization capacity (mEQ at the end of titration runs) 

are given in Table 11. 

A precision assesSmerrt was made in order to evaluate fully 

the pH-stat data and to demonstrate that the techniques, 

apparatus, and data requisition aanponents under control. Half 

neutralization time and acid neutralization capacity were the 

parameters selectd for evaluation of RIOPAN. 

statistical analysis shw that the estimate between day variance 

Results of 
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16 - 
1 

2 4 6 8 10 12 14 
TIME( M IN) 

pH-stat titrigram of 5 mT., antacid suspensions at pH 3.0 and 37OC. 
Key: (l), Riapan; (2) Riopan Plus; (3) Maalox; (4) Maalox Plus; 
(5) Mylanta. 

TABLE I1 

In-Vim Evaluation of Antacid by pH-Stat Titration Pmxdure 
(m 5 S.D.) 

HALF ACID 
AtWACID SAMPIE NEuImIJmm ranluuxmoN 

mm llwrlxl TImP CAPACITYb 
(cr) m hl.in) fmEcrl 

RIOPAN 5.027 If: 0.082 8.90 5 0.13 0.592 5 0.209 14.64 5 0.20 

RIOPAN 5.018 2 0.004 8.76 5 0.11 0.456 2 0.053 14.35 5 0.18 
PLUS 

MAAIDX 5.010 5 0.009 8.06 5 0.05 4.280 5 0.206 12.715 0.21 

MAALDX 5.003 5 0.005 8.14 5 0.17 5.297 5 0.493 12.80 5 0.22 
PLUS 

MYIAIWA 5.012 5 0.009 8.18 & 0.15 6.739 5 1.217 12.17 2 0.21 

a Time to reach half the maxhmn acid volume * t o  
neutralize the antacid sanples 

b Milliecpivalent (mEq) of acid wnsm'ed at the end of the 
titration runs 

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

5/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1816 JOHNSON ET AL. 

is zero, and C.V.'s are 7.7% and 0.41% for half-mutzalization 

the and acid neutralization capacity respectively. 

variability is acceptable for the intended use of this data. 

This level of 

A review of results the pH-t test permits conclusions 

to be dram as follaws: 

1. 

2. 

~ O P A N  PLUS exhibits the highest product uniformity. 

MYIANTA W i t s  the widest product performance 

variation betwetm ba-. 

All ~~~-RIOPAN prochrcrts data show half-neutralization 

times that range frnn 4.3 to 6.7 minutes I -=, 
3. 

correspondirrg times are mouth faster for RIOPAN at 0.59 

minutes and for RIOPAN PLUS at 0.46 mhates.  

Dvnamic Acid Neutralizins Cawcity 

Six different batches frcgn each of five different pmd~~cts 

were evaluated using the modified BeelaMn pmcedure (4 ) .  

@-time profiles are shwn in Figure 2, where Badl curve 

represents averaged values of six batches for a given pmduct. 

Numerical p~ and time values extracted from these 

in Table 111. 

The 

are given 

To assess the reproducibility and precision of the test 

procedure, two parameters W a 3 =  select€& the m a x h l m  pH level and 

the time at or akwe p~ 2. The variance 

obtained fram three batches of RIOPAN assayed on eadl of four 

estimates were 
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IN-VITRO EVALUATION OF ANTACID SUSPENSION 1817 

~ 

5 10 15 20 
TIM E( M IN) 

Plots of pH against time for modified Beelman procedure. 
(1) Riapan; (2) Ricpm Plus; (3) Maalox; (4) Maalox Plus; (5) 
Mylmta. 

~ e y :  

days. m e  within-day and between-day variance ccanponerrts were 

estimated using a two-way analysis of variance where the batch 

effect was fixed and the day w a s  a randcan effect. m e  sum of 

between4ay and within-day variance caponents gave estimted 

total C.V. of 1.5% an3 13.7% for mxinum pH ard time greater than 

or equal to that reqmred * for reaching pH 2 respectively. 

variability was acceptable. 

This 
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1820 JOHNSON ET AL. 

The mean values in Table 111 are ccarpared for significance 

using a two-sided t-test. 

for this aclIparison wem perfoxmed on the follawing product pairs: 

Both RIOPAN and RIOPAN PIUS are CQnPared to MAAmx, MAAmx PLUS 

and EWtANll. 

The inferential statisticdL analyses 

Results of analyses are given in Table IV. 

Results Shawn in Table 111 allaw the following conclusions 

supported by inferential statistics sham in Table IV: 

1. 

2. 

3. 

4. 

5 .  

1. 

RIOPAN mdles pH 3 in 0.05 mirruteS or about 18 times faster 

than MAAIDX (0.89 h.), 25 times faster than MAAulX PLUS 

(1.27 b.), and 50 times faster than M"Di (2.52 h.). 

RIOPAN Ems reaches pH 3 in 0.04 minutes or about 22 times 

faster than MAAmX, 32 times faster than M?AJBX PUTS, and 63 

times faster than MYI?NcA. 

RIoPAN maintains cell pH at or above pH 3 for 11.1 minutes or 

a b o u t 2 t i m e s a s l o n g a s ~ a n d M A A I 1 3 X P U T S ,  and1.5times 

as long as IwIAtwA. 

RIOPAN PLUS maintains cell pH at or above pH 3 for 13.1 

minutes or abaut 2.5 times as long as m X  and MAALI3X PUS, 

and about 1.7 times as long as MYLANIIA. 

None of the RIOPAN or RIOPAN PILJS batches reach pH 4, whereas 

six each of the MAAIDX and MAAulX PUTS and three of the 

EWtANll sanples attain pH level. 

SUMMARY 

A statis acid neutralization capacity test shuws that the 

FUOPAN products tested possess more acid neutralization 
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IN-VITRO EVALUATION OF ANTACID SUSPENSION 1821 

capacity, on an equal weight basis, than W X ,  W X  PLUS 

or MYUMI!A. 

Results of a pHstat titration test damstrate that 

half-neutralization time for RIOPZU products is about 10 times 

faster than for the othes products. 

The dynamic acid neutralizing capacity test (modified E!a&nan 

procedure) shows that the onset of action (as measured by time 

to pH 3) for RIOPAN products is about 20 times faster than for 

MAAlDX mzlS and 56 t i n s  faster than for MYLAERIA. 

2. 

3. 

Ixlration of acid neutralization (as measured by time at or 

above pH 3) for NOPAN products is two times longer than for 

MAAT.I3X or MAAT.I3X PLUS, and 1.6 times longer than for MYIANTA. 

The authors wish to acknowledge Dr. Earl Nordbrock for 

reviewing of this manuscript. 
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