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ABSTRACT

ARTICLE INFO

The choice of antacid suspension that will provide prompt, effective and sustainable
symptomatic relief from pain due to excessive gastric secretion by physicians for patients
remains a major challenge. Both the acid-neutralising capacity (ANC) and buffering
capacity (BC) of antacids determined the effectiveness and quality of antacid suspensions.
This study was conducted to evaluate and compare the acid-neutralizing and buffering
capacities of twenty (20) brands of antacid suspensions from pharmacies in Benin City.
The ANC was evaluated using the United States Pharmacopeia (USP) method, while the
BC was determined with standard established method by addition of 1.0 N HCI and titrating
with 0.1N NaOH at 5 minutes interval up to 50 minutes. The ANC for all the Brands was
greater than 5 mEq per dose. The ANC was in the range of 11.30+0.26 to 27.01+0.26
mEg/dose, while the BC was from 5 to 30 minutes. Inferential analysis using Pearson’s
Correlation test produced R% = 0.4375 with B = 0.354. All the antacid suspension brands
investigated met the ANC specification limit for effective antacids. However, ANC alone is
not the sole determinant of their BC. Rapid, effective, and sustainable antacid activity can
be achieved with antacid suspensions containing both aluminium hydroxide and
magnesium hydroxide. ANC and BC values should be included on antacids’ labels and
hospital formulary to assist physicians, pharmacists and patients in the rational choice of
antacid products as well as to facilitate proper prescription policy and provision of optimal
pharmaceutical care.
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INTRODUCTION

Antacids are weak bases that chemically neutralize gastric
acid, protect lining of the stomach and oesophagus, as well
as provide symptomatic relief from pain due to excessive
gastric secretion [1]. The effectiveness of antacids depends
on their acid neutralizing capacity (ANC) and buffering
capacity (BC). The ANC is a measure of the ability to
neutralize the gastric acid while the BC is a measure of the
ability to resist change in pH of the stomach acid. Hence, the
ANC determine the degree to which acid can be neutralize
while the duration to sustain the antacid activity depends on
the BC [2]. The stomach secretes too much gastric acid in
certain individuals due to a variety of factors such as; rare

conditions like the Zollinger-Ellison syndrome, bad eating
habit, smoking, intake of carbonated drinks, alcohol and non-
steroidal  anti-inflammatory drugs (NSAIDS), treatment
involves the prescription of antacids and lifestyle
modificaton  Also, antacids are often use in
Gastroesophageal reflux disease (GERD) which is a
gastrointestinal motility condition caused by the reflux of
stomach contents into the esophagus or oral cavity, which
could manifest as heartburn, dyspepsia and other acid-
related disorders [3]. Antacids help to stop gastric acid from
getting in contact with ulcer wound in the gasto-intestinal
tract (GIT) by protecting the lining of the mucus in peptic
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ulcer diseases (PUD) such as oesophageal ulcer, gastric
ulcer and duodenal ulcers. In addition, it prevents irritation
and reduces peptic activity thereby promoting the healing of
stomach ulcer [4].

Antacids include bicarbonates of alkali metals and the
hydroxides and carbonates of group Il and Ill metals which
are sourced from minerals available naturally on earth.
Systemic antacids such as sodium carbonate react instantly
with hydrochloric acid to produce water and carbon dioxide.
On the other hand, non-systemic antacids such as aluminum
hydroxide and magnesium hydroxide have more sustainable
effect and greater acid neutralizing power, although not as
fast-acting as sodium bicarbonate. Different antacid
component has risks, particularly when taken by older
people or for long periods and they do not require
prescription [5]. The effectiveness and potency of an antacid
are influenced by its acid-neutralizing capacity and this
varies from one brand to another [4-6].

The method for evaluation of ANC was developed by the
United States Food and Drug Administration (FDA) while the
BC was established standard method that involves addition
of 1.0 N HCI to antacid suspension and titrating with 0.1N
NaOH at 5 minutes interval up to 50 minutes [2, 7]

The choice of antacid suspension that will provide prompt,
effective and sustainable symptomatic relief from pain due to
excessive gastric secretion by physicians for patients
remains a major challenge. Literatures search revealed that
there is paucity of information regarding the BC of liquid
antacid formulations in Nigeria. The quality and effectiveness
of antacids depend on their ANC and BC. Hence, this study
was carried out to evaluate and compare the acid
neutralizing capacity (ANC) and Buffering capacity (BC)
which both determine the quality of an ideal antacid.

MATERIALS AND METHODS

Materials

Twenty brands of antacids suspension were purchased from
community pharmacies in Benin City, Edo State, Nigeria and
labeled A-T. All the brands of the antacid suspension were
not expired as at the time of the study. The reagents used
which include Hydrochloric acid (Gunsgdong Guandgua
Chemical Factory Co. Ltd. China), Sodium Hydroxide pellets
(Central Drug House (P) Ltd., India) and Methyl orange (SD
Fine Chemicals, India), were of analytical grade.
Preparation and standardization of sodium hydroxide
and hydrochloric acid

The standardization of sodium hydroxide and hydrochloric
acid solution was carried out using established standard
method accordingly [6]. Briefly, sulphamic acid was used to
standardize 0.5 N sodium hydroxide. Thereafter, 0.5 N

RESULTS

Twenty (20) brands of antacid suspensions available in
Pharmacies in Benin City were used in this study. The
details of the composition, as well as the strength of the
antacid agents, are presented in Table 1. The results for the
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sodium hydroxide was used to standardize 1.0 N
hydrochloric acid. All weighing were carried out with G & G
Electronic weighing balance (G & G Electronic Scale
JJ224BC).

Determination of Acid Neutralizing Capacity (ANC)

The ANC was determined as described in the United States
Pharmacopeia and National Formulary [7]. First, the sample
was well shaken until its contents were uniform. An accurate
measured quantity of 10 mL of the uniform suspension
equivalent to the minimum dose indicated on the bottle label
was then transferred into a 250 mL beaker. Water was
added to the sample to obtain a 70 mL mixture, which was
then stirred on a magnetic stirrer for 1 minute. Next, an
accurate volume of 30 mL of 1.0 N HCI was added to the
suspension, followed by stirring of the mixture for 15
minutes. Excess HCI was titrated against 0.5 N NaOH until a
pH of 3.5 was obtained using pH meter SEARCHTECH
(Serial No 600415059091). The number of milliequivalents
(mEq) of acid consumed by each antacid was calculated
using the following equation:

TotalmEq = (Vyai X Nuc1) — (Vnaon X Nyaon)
Where Nhc and Nyaon are the normalities of HCl and NaOH,
respectively, and Ve and Vaon are the volumes of HCI and
NaOH, respectively.

Determination of buffering capacity (BC)

The determination of buffering capacity was carried out
using established standard method [2].

A measured volume of 5 mL each of the antacid was
transferred into 250 mL beaker, and 50 mL of distilled water
was added to the suspension and heated to 37 £ 3 °C. The
suspension was stirred for one minute and the initial pH was
recorded with a standardized pH meter. A 100 mL of 0.1 N
HCI previously heated to 37 £ 3 °C was added to the
suspension with continuous stirring. The rate of pH change
of the resulting solution was measured ten times at an
interval of 5 minutes, at ambient temperature. During this
process, 20 mL of the suspension was removed by means of
a pipette and replaced with 20 mL of fresh 0.1 N HCI. This
process was repeated at 5.0 minute intervals until a pH
below 2.75 was observed for the different brands in five
determinations.

Data Analysis

The determinations were carried out in five replicates, and
the results were expressed as mean * standard deviation.
Descriptive statistics of ANC and BC values for antacid
suspensions were analysed using IBM SPSS 25. Inferential
analysis was done using Pearson’s Correlation test to
compare the ANC with BC.

Acid Neutralizing Capacity and Buffering capacity of the
twenty brands of antacid suspensions are presented in Table
2. The results for the inferential analysis of the relationship
between ANC and BC using Pearson’s Correlation test were
summarized in Figure 1.
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Table 1: Composition and strength of active ingredients in the different brands of antacids suspensions

Brand Composition and Strength of Antacid Agents in 10 mL

Aluminium compounds Magnesium compounds Sodium compounds Others
A Sodium  Alginate BP Calcium Carbonate
500mg Ph  Eur 160mg,
Sodium Bicarbonate Ph saccharine
Eur 267mg
B Dried Aluminium Hydroxide Magnesium Hydroxide Simethicone
Gel USP USP Emulsion USP
Equivalent to  Aluminium 200 mg Equivalent to
Hydroxide 612 mg polymethylsiloxane
250 mg
C Dried Aluminium Magnesium  Hydroxide Activated
Hydroxide Gel USP 650 mg  USP 200 mg Polymethylsiloxane
Equivalent to USP 250 mg
Aluminium Hydroxide
597.24 mg
D Aluminium magnesium Magnesium  Trisilicate Sodium Bicarbonate BP  Simethicone BP 40
silicate BP 60 mg BP 500 mg 500 mg mg
Magnesium  Carbonate
BP 500 mg
E Oxethazine 20mg
Magaldrate 1080
mg
Simethicone
100mg
F Dried Aluminium Hydroxide Magnesium Hydroxide Activated
Gel 936.2 mg 200 mg methylpolysiloxane
(simethicone) 250
mg
G Dried Aluminium Hydroxide Magnesium Hydroxide Alginic Acid BP
BP 166.67 mg BP 166.67 mg 133.33 mg
Magnesium  Trisilicate Simethicone 83.33
BP 166.67 mg mg
H Aluminium Hydroxide (Dry Magnesium Hydroxide Simethicone BP 100 mg
Gel) BP 450 mg BP 400 mg
Aluminium Hydroxide Gel Magnesium  Hydroxide Simethicone USP
USP Equivalent to 200 mg 40mg
Aluminium Hydroxide
918mg
J Magnesium  Trisilicate Sodium Bicarbonate
500 mg 500 mg
Light Mag Carbonate
500 mg
K Magnesium  Trisilicate Sodium Bicarbonate
250 mg 250 mg
Light Magnesium
Carbonate 250mg
L Dried Aluminium Hydroxide Magnesium Hydroxide Simethicone 250

Gel US.P
Equivalent to Aluminium
Hydroxide 760 mg

200 mg

448
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Aluminium Hydroxide Gel
USP 500 mg

Equivalent to  Aluminium
Hydroxide 382.50 mg

Dried Aluminium Hydroxide
Gel BP 500 mg

Aluminium Hydroxide Gel
USP

Equivalent to  Aluminium
Hydroxide 730 mg

Dried Aluminium Hydroxide
gel BP 600 mg

Dried Aluminium Hydroxide
gel USP 500 mg

Dried Aluminium Hydroxide
BP 950 mg

Magnesium  Hydroxide
USP 500 mg

Magnesium  Trisilicate
BP 500 mg
Light Magnesium

Carbonate BP 500 mg
Magnesium  Hydroxide
BP 500 mg

Magnesium
BP 500 mg

Trisilicate

Magnesium
160mg

Hydroxide

Magnesium  Trisilicate
BP 300mg
Magnesium
BP 200mg
Magnesium  Hydroxide

USP 500 mg

Hydroxide

Magnesium  Hydroxide
BP 200 mg
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Sodium Bicarbonate
BP 500 mg

Simethicone USP
100 mg

Alginic Acid BP
400 mg

Activated
Dimethicone BP
250 mg
Simethicone 200
mg
Deglycyrrhizinated
Liquorice 400 mg
Dimethyl

polysiloxane USP
50mg

Simethicone USP
100mg

Magaldrate USP
1080mg
Simethicone USP
200mg
Simethicone 250
mg

Table 2: The results for the Acid
suspensions

Neutralizing Capacity and Buffering Capacity of the different brands of antacid

Brand Acid Neutralizing Capacity Buffering Capacity (BC) (Minutes)
(mEqg/10 mL)
A 11.30£0.26 5
B 27.10£0.21 30
C 17.8310.03 10
D 24.80+0.26 20
E 21.80+0.08 15
F 16.131£0.15 10
G 14.35+0.13 5
H 22.26+0.03 20
I 23.23£0.15 30
J 24.201£0.20 25
K 20.5610.31 15
L 20.56+0.50 20
M 25.55+0.50 20
N 22.15+0.13 20
0 19.83+0.31 10
P 24.5610.50 10
Q 18.95+0.18 10
R 19.80£0.10 10
S 25.30+0.26 10
T 23.7£0.10 10
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Figure 1: Scatter plot of Acid Buffering Capacity (BC) (min) against Acid Neutralizing Capacity (ANC) per dose (mEq/10mL) of 20

brands of antacid suspension

DISCUSSION

Fourteen brands of the twenty brands investigated contain
aluminum hydroxide and magnesium hydroxide. This is
similar to reports obtained from the United States of
America, Ghana, Libya and Morocco, where most of the
antacids investigated contain aluminum hydroxide and
magnesium hydroxide, which are both non-systemic
antacids [8-11]. Magnesium hydroxide is fast-acting antacid,
while aluminum hydroxide is slow-acting. Hence, the
combination is very appropriate. In addition, it is safer for
patients with cardiovascular and renal diseases when
compared with systemic antacids like sodium bicarbonate as
well as carbonates of sodium and magnesium [5].

The results obtained from this study showed that all the
antacid suspensions analyzed contain at least two active
ingredients  (Table 1). A minimum ANC of five
milliequivalents (5 mEq) per dose is required for an antacid
suspension to have adequate activity [6]. Hence, all of the
brands of antacid suspension investigated had ANC that
were above the US Food and Drug Administration's (FDA)
specification of five milliequivalents (5 mEq) per dose (Table
2). Brand B has the highest acid neutralizing capacity with
an ANC of 27.01£0.21 mEg/10ml, while Brand A has the
least acid neutralizing capacity with an ANC of 11.30+0.26
mEg/10ml. Brand A, which had the lowest ANC value,
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contains only sodium carbonate and Calcium Carbonate,
while brand B, which had the highest ANC contains a
combination of aluminum hydroxide and magnesium
hydroxide (Table 1). This finding is similar to previous
reports in  which antacid suspensions containing
combinations of Aluminium and Magnesium compounds
possess greater ANC [2, 6, 9-11].

The results obtained in the determination of BC for the
brands of antacid suspensions investigated were in the
range of 5 minutes to 30 minutes. Brand B and | had the
highest BC maintained for 30 minutes, while brand A and G
had the lowest BC maintained for 5 minutes (Table 2). In
addition, brand G with ANC 14.35+0.13 mEq/10 mL and BC
of 5 minutes contains lower amount of Aluminium Hydroxide
BP (166.67 mg) and Magnesium Hydroxide BP (166.67 mg)
while brand B with ANC of 27.10+£0.21 mEg/10 mL and BC
of 30 minutes contains a greater amount of Aluminium
Hydroxide (612 mg) and Magnesium Hydroxide USP (200
mg). Hence, it was observed that an increase in the quantity
of both Aluminium Hydroxide and Magnesium Hydroxide
resulted in higher ANC and BC (Table 1 and Table 2). These
findings are similar to a previous report for ANC in Morocco
[11].

A direct comparison of the ANC and BC for each brand of
antacid suspension revealed that a high ANC does not
always give a corresponding high BC. Although brands G
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and A both maintained BC for 5 minutes, the ANC for G was
14.35+£0.13 mEq/10 mL, while that for A was 11.30+0.26
mEg/10 mL, respectively. Similarly, both brands B and |,
which maintained BC for 30 minutes, as well as brand J with
BC of 25 minutes, had ANC values of 27.10, 23.23, and
24.20 mEqg/10 mL, respectively. Also, brands E and S that
both contain Magaldrate (1080 mg), had ANC of 21.80+0.08
and 25.30+0.26 mEq/10 mL, respectively. However, their BC
was maintained for 15 minutes and 10 minutes, respectively
(Table 2).

The result obtained from the Comparison of ANC and BC
using Pearson’s Correlation test gave an R? value of 0.4375
with a B value of 0.354 (Figure 2). The result showed that
there was a positive linear relationship between ANC and
BC. Higher ANC per Dose was associated with longer BC
time. Buffering time was a significant predictor (B = 0.354, p
= 0.0015), which indicates acid neutralizing ability rose by
0.354 units for every minute of buffering time. The moderate
R? (43.8%) showed that ANC per Dose alone is not the sole
determinant of BC time.

The results obtained from the study revealed that antacids
suspension containing a high amount of magnesium
hydroxide and aluminium Hydroxide will produce acid
neutralizing activity that will be rapid, effective and
sustainable. Antacids with high ANC and BC are essential in
assuring quality and efficacy in the treatment of peptic ulcer
diseases and management of hyperacidity [12, 13]. Hence, it
is a necessity that the ANC and BC of antacids be included
in their label to guide physicians and patients in their choice
of antacids for optimal therapeutic outcome [14, 15].

CONCLUSION

All the brands of antacid suspension investigated met the
ANC specification limit approved by the US FDA for effective
antacids. However, significant variations were observed in
buffering capacity among the brands because ANC alone is
not the sole determinant of their BC. Rapid, effective and
sustainable antacid activity is achieved with antacid
suspensions containing both aluminum hydroxide and
magnesium hydroxide. ANC and BC values should be
included on antacids’ labels and hospital formulary to assist
physicians, pharmacists and patients in the rational choice of
antacid products as well as to facilitate proper prescription
policy and provide optimal pharmaceutical care.
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