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Abstract 

Purpose: To compare Polygel Dual (PD) and four marketed alginate-antacid combination products, with 
respect to raft formation and antacid properties. 
Methods: The pharmacopeial tests used were selected based on demonstrable performance of raft-
forming potential, including speed and thickness, for all selected products. Evidence-based methods 
were used to determine the antacid effects in terms of acid-neutralizing capacity and increase in pH. 
Results: Raft-forming ability was demonstrated by three products, with AF-4 and PD outperforming in 
speed and thickness. PD, AF-1 and AF-2 exhibited superior antacid properties. However, PD was the 
only product that demonstrated superior performance with respect to raft-formation and antacid 
potential. Raft-forming capacity was exhibited by 3 out of 5 products, viz, PD, AF-1 and AF-4. Raft 
formation was faster in AF-4 (15 s), followed by in PD (25 s). Similarly, raft thickness (14.79 mm) was 
highest in AF-4, followed by (4.39 mm) in PD. Preliminary antacid test results showed that AF-4 failed to 
raise pH above 3.5, but PD raised pH to 5.86, while AF-1 raised pH to 5.88. Similarly, periodic test 
analysis revealed that PD maintained pH above 7 for the entire test duration of 210 min, whereas AF-4 
failed to raise pH to 7 during the test period. 
Conclusion: Polygel dual (PD) demonstrates desirable raft-forming potential and antacid properties. 
Moreover, it effectively raises pH and maintains it for longer duration than any of the other antacid 
products. Thus, PD may be considered a potentially effective treatment for acid-reflux problems. 
However, this claim should be validated in suitable clinical trials. 
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INTRODUCTION 
 

Gastro-esophageal reflux disease (GERD), a 
common and usually chronic ailment of the upper 

digestive tract, has prevalence of 10 – 20 % 
[1,2]. The prevalence of GERD is on the rise in 
Africa due to epidemic of obesity, advancing age, 
changes in diet, and sedentary lifestyle. A study 
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has reported a 26.34 % prevalence of GERD in 
Nigeria [3]. The common symptoms of GERD are 
heart burn and acid reflux. These symptoms 
reduce the quality of life of millions of GERD 
patients, majority of whom engage in self-
treatment. Thus, physicians are consulted only 
when the condition becomes chronic or 
intractable [4]. Mild GERD affects millions of 
people, and the prevalence of reflux is as high as 
29 % in people aged 20 – 69 years [5]. 
 
Given the consistent effect of gastric acid in 
reflux symptoms and mucosal damage, inhibition 
of gastric acidity is the mainstay of treatment for 
GERD patients. The intermittent nature of reflux 
symptoms implies that medicines are prescribed 
only when necessary. However, this approach 
leads to partial relief of the symptoms. Therefore, 
in order to treat reflux symptoms completely, one 
option is to use alginate-based reflux 
suppressants which offer rapid symptom relief. 
Indeed, alginate-based reflux suppressants are 
considered the best option for on-demand 
treatment. Alginate-based products are of two 
types i.e. alginate-only and alginate-antacid 
combination [6]. 
 
Alginate-based reflux suppressants have a long 
history of clinical use, and are suitable for the 
symptomatic treatment of heartburn and 
esophagitis. Moreover, they appear to act 
through a unique mechanism which differs from 
that of traditional antacids [4]. The alginate-
antacid combinations are more beneficial than 
alginate-only formulation since the former offer 
dual action in which alginate prevents reflux by 
forming a raft, while the antacid component 
neutralizes stomach acid [5]. The rafts formed by 
alginate-antacid combinations floats on the top of 
the ingested food in the region of the acid pocket, 
thereby offering more effective targeted therapy 
[7]. 

 
The raft also serves as a barrier that prevents 
penetration of stomach acid into the esophagus. 
Evidence has shown that the raft may be 
sustained for up to 4 h, leading to rapid and long-
lasting relief from postprandial heartburn [8]. In 
addition, it has been demonstrated that alginate-
antacid combinations provide longer-lasting 
symptom relief than antacids alone, which makes 
them more suitable as over-the-counter 
medications [9]. Alginate-antacid combinations 
are available in various forms such as 
suspensions, granules for suspension, or tablets. 
Liquid formulations are considered more effective 
than solid formulations because of availability of 
liquid formulations in dispersed forms [10]. 
 
There are several alginate-antacid combination 
products available in African markets. However, 
their raft-forming capacity and antacid efficacy 
vary to a great extent. Therefore, this study was 
aimed at comparing a new formulation (polygel 
dual) with four alginate-antacid combinations 
available in African markets, with respect to raft-
forming potential and antacid effect, using in vitro 
methods. 
 

EXPERIMENTAL 
 
Sampling and composition of samples 
 
Samples of four marketed products from different 
African countries, and Polygel Dual (Shalina 
Healthcare) were transported to Research and 
Development Department of Shalina Healthcare, 
India. The four marketed products were assigned 
codes, i.e., AF-1 to AF-4. The name, code and 
composition of all selected products are shown in 
Table 1. 
 

 
Table 1: Composition of Polygel Dual (PD) and alginate-antacid combination products studied 
 

Product 
name/code  

Volume (mL) Composition 

Polygel Dual 
(PD) 

5 Dried aluminum hydroxide gel (254 mg) + magnesium carbonate 
(237.5 mg) + sodium alginate (250 mg) + simethicone (50 mg) 

AF-1  15 Dried aluminum hydroxide gel (250 mg) + magnesium hydroxide 
(250 mg) + magnesium trisilicate (250 mg) + alginic acid (200 mg) 
+ simethicone (125 mg) 

AF-2 5 Dried aluminum hydroxide gel (200 mg) + magnesium hydroxide 
(100 mg) + magnesium trisilicate (200 mg) + sodium alginate (100 
mg) + simethicone (25 mg) 

AF-3 15 Dried aluminum hydroxide gel (250 mg) + magnesium hydroxide 
(250 mg) + magnesium trisilicate (250 mg) + alginic acid (200 mg) 
+ dimethicone (125 mg) 

AF-4 5 Sodium alginate (250 mg) + sodium bicarbonate (133.5 mg) + 
calcium carbonate (80 mg) 
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The raft-formation and antacid properties of all 
selected products were determined using the 
following tests. 
 
Raft-formation capacity and raft-formation 
speed 
 
The time required for raft formation was 
measured as per the British Pharmacopoeia 
method [11]. In this measurement, 150 mL of 0.1 
M hydrochloric acid (HCl) was added to a 250-
mL beaker and placed in a water bath in such a 
way that the volume of water in the bath was 
level with the top of the acid in the beaker. The 
setup was allowed to equilibrate at temperature 
range of 36.5 - 37.5 °C. Using a syringe (without 
needle), an equivalent of 5 mL of suspension 
was removed from each antacid bottle which was 
previously shaken. The outer side of the syringe 
was wiped clean with a cotton wool, after which 
the 5-mL suspension was evenly dispensed into 
the central part of the beaker (the time taken to 
add the entire dose was approximately 5 sec). 
After 30 min, the beaker was removed from the 
water bath and dried on the outside. Then, the 
content of the beaker was examined for raft 
formation [11]. 
 
Raft thickness  
 
The thickness of the raft from the upper and 
lower marked positions from four sides of the 
beaker was measured using a calibrated Vernier 
caliper, and the value was recorded in 
millimeters (mm) for each of the products studied 
[11]. Raft thickness is a marker of good physical 
barrier against gastric reflux, and the thicker the 
raft, the better the quality of the product [12]. 
 
Antacid effects 
 
Antacid properties were measured using 
preliminary antacid test (PAT) [10], periodic pH 
[13] and acid neutralizing capacity (ANC) [14,15]. 
 
Preliminary antacid test  
 
Preliminary antacid test (PAT) was carried out as 
per the method described by Ayensu et al [10]. 
An accurate amount of a well-mixed antacid 
product (5 mL) was put into a 100-mL beaker. 
Sufficient carbon dioxide-free distilled water was 
added to the antacid to obtain a total volume of 
40 mL which was mixed by placing the beaker on 
a magnetic stirrer. Then, 10 mL of 0.5 N HCl was 
added to the test solution, after which stirring on 
the magnetic stirrer was done for exactly 10 min. 
The pH of the resultant solution was measured 
with a standardized pH meter to see if the value 

was 3.5 or higher, in order to ascertain the claim 
of antacid on the product label [10]. 
 
Periodic pH 
 
The objective of periodic pH is to measure the 
time taken by antacid product to raise the pH of 
0.1 N HCl above 7. The shorter the time, the 
faster the rate of acid neutralization by the 
product. In the determination of periodic pH, an 
accurate volume of a well-mixed antacid product 
equivalent to 10 mL was transferred into a 100-
mL beaker. Fifty milliliters (50 mL) of 0.1 N HCl 
was added to the test solution and mixed on the 
magnetic stirrer. Using a standardized pH meter, 
the pH of the resultant solution was recorded 
immediately, and also at different time intervals 
thereafter i.e. 15, 30, 60, 120 and 210 min [13]. 
 
Acid-neutralizing capacity  
 
The acid-neutralizing capacity (ANC) test was 
performed as per the procedure described in 
United States Pharmacopoeia (USP) [14]. In 
essence, 5 mL of an antacid suspension was 
measured into a 25-mL beaker and weighed. The 
suspension was transferred into a 250-mL 
beaker and made up to 70 mL with carbon 
dioxide-free distilled water, followed by stirring for 
60 sec. Then, 30 mL of 1.0 N HCl was pipetted 
into the suspension while stirring for 15 min. The 
excess HCl was titrated against 0.5 N NaOH to a 
threshold pH of 3.5 [14]. The number of 
milliequivalents (mEq) of acid consumed per 
gram of antacid was calculated using Eqs 1 and 
2. 
 
Total mEq = (VHCl x NHCl) – (VNaOH x NNaOH) 
……………… (1) 
 
where VHCl, and VNaOH represent the volume of 1 
N HCl, and volume of 0.5 N NaOH, respectively, 
while NHCl, and NNaOH represent the normality of 
HCl, and NaOH, respectively. 
 
ANC (per gram of antacid) = Total mEq/Density 
of antacid ………….. (2) 
 
The higher the neutralizing effect of the antacid, 
the more effective the antacid [15]. 
 

RESULTS 
 
Raft-forming capacity  
 
Raft formation potential was compared amongst 
the various brands. Raft formation occurred in 
only 3 of the 5 alginate-antacid products studied. 
These were Polygel Dual (PD), AF-1 and AF-4. 
In spite of the alginate in their formulations, 
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neither AF-2 nor AF-3 produced a raft. These 
results are shown in Figure 1. 
 

 
 
Figure 1: Raft-forming potential of the products 
studied 
 

 
 
Figure 2: Schematic representation of Polygel Dual 
(PD) antacid efficacy and raft forming ability 

 
Speed of raft formation 
 
Results showed that AF-4 formed a raft in 15 
sec. This was closely followed by polygel dual 
which required 25 s for raft formation, while raft 
formation was slowest in AF-1 (60 s). In contrast, 
raft formation did not occur in AF-2 and AF-3. 
The antacid efficacy and raft formation speed of 
PD are shown in Figure 2. 
 
Raft thickness 
 
Raft thickness values for AF-4, PD (Figure 2) and 
AF-1 were 14.79, 4.39, and 3.46 mm, 

respectively. Thus, raft thickness was highest in 
AF-4, and thinnest in AF-1. 
 
Antacid efficacy 
 
The results of preliminary antacid test revealed 
that all the products raised pH above 3.5, except 
AF-4, while AF-1 and PD (Figure 2) had higher 
values of pH rise i.e. 5.88 and 5.86, respectively. 
In contrast, AF-4 produced the lowest pH of 2.46. 
 
Periodic pH 
 
PD produced the fastest rise in pH (within 1 min), 
followed by AF-1, AF-2 and AF-3 which raised 
pH above 7 in 30, 60 and 120 min, respectively. 
All the products, except AF-4, raised and 
maintained pH above 7 for 210 min. These 
results are shown in Table 2 and Figure 2. 
 
Acid-neutralizing capacity 
 
All five products passed the ANC test as per 
USP, with AF-2 having the highest ANC of 11.44 
mEq/g, followed by PD with ANC of 8.25 mEq/g. 
The lowest ANC value was seen in AF-4. These 
data are presented in Figure 2 and Figure 3. 
 

 
 
Figure 3: Acid-neutralizing capacity (ANC) of each of 
the products studied 
 

DISCUSSION 
 
The results of the study indicate that polygel dual 
produced the second best performance in raft-
forming capacity, speed of raft formation, raft 
thickness and ANC. In addition, polygel dual 
raised pH faster, and maintained pH above 7 for 
longer duration than any of the other products 
studied. 

 
         Table 2: Antacid efficacy measured as change in pH 

 

Product name 0 min 15 min 30 min 60 min 120 min 210 min 

PD  7.09 7.26 7.42 7.44 7.74 7.69 
AF-1 5.81 6.67 7.14 7.23 7.62 7.65 
AF-2 5.93 6.68 7.07 7.17 7.3 7.32 
AF-3  6.11 6.75 6.89 6.94 7.11 7.12 
AF-4 6.03 6.17 6.44 6.39 6.51 6.66 
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This study also found that two alginate-antacid 
combinations did not form raft, despite having 
alginate in their compositions. The mechanism 
involved in raft formation may be explained thus: 
Alginate-antacid combination product contains 
carbonate-based compounds (e.g. calcium 
carbonate and magnesium carbonate) which 
generate CO2 gas in the presence of gastric acid 
(HCl), with simultaneous release of free metal 
ions which diffuse through the alginate, leading 
to formation of an egg-box structure which has a 
good mechanical strength. The CO2 gas gets 
trapped in the alginate network and forms an 
expanding, buoyant foam which is commonly 
called ‘alginate raft’ [8]. The buoyancy of alginate 
raft is crucial for the effectiveness of an antacid 
formulation in preventing reflux in that it hinders 
the upward displacement of the corrosive gastric 
content of the upper part of the stomach, thereby 
reducing the likelihood of its being emptied with a 
meal [9]. The absence of raft formation in AF-2 
and AF-3 formulations could be related to the 
fact that these formulations do not contain 
carbonates. Therefore, AF-2 and AF-3 may have 
limited efficacy in the prevention of reflux, when 
compared to polygel dual, AF-1 and AF-4. 
Besides, raft formation was fastest in AF-4 i.e. 15 
sec, followed by polygel dual which formed a raft 
in approximately 25 sec. These results are 
consistent with published data which consistently 
show that raft-forming formulations rapidly form 
floating raft-like structures within a few seconds. 
Moreover, it has been reported that, in absence 
of vigorous mixing, the raft formed may be 
sustained for several hours [4]. Another crucial 
property of rafts formed by alginate-antacid 
combinations is thickness. The present study 
shows that AF-4 formed the thickest raft, with 
thickness of 14.79 mm, followed by polygel dual 
with thickness of 4.39 mm, while the thinnest raft 
(3.46 mm) was formed by AF-1. A study has 
demonstrated that products with stronger rafts 
were more resilient and more resistant to gastric 
refluxate than those with weaker rafts, thereby 
protecting the delicate esophageal mucosa and 
the airways in a pathological condition like GERD 
[12]. Antacid efficacy was measured using PAT, 
periodic pH and ANC. As reported in the 
literature, to be qualified to be properly so-called, 
an antacid should produce pH greater than 3.5 
[10]. This study has demonstrated that all 
products, except AF-4, passed PAT, with AF-1 
producing the highest rise in pH i.e. 5.89, 
followed by polygel dual which raised pH to 5.86. 
The high pH value produced by AF-1 might be 
due to the presence of three antacids in the 
formulation. Moreover, in periodic pH test, 
polygel dual raised the pH to 7.09 within a 
minute, which was faster than the rate of pH 
increase by any of the other products studied. In 

addition, unlike the other products, polygel dual 
maintained the pH above 7 for 210 min. Indeed, 
AF-4 did not raise the pH value up to 7. The 
higher and longer antacid efficacy of polygel dual 
may be attributed to its relatively high antacid 
content, as well as presence of aluminum 
hydroxide, a long-acting antacid. Another 
important antacid efficacy parameter is ANC, 
which is an index of the amount of acid 
neutralized by an antacid. Several studies have 
demonstrated variabilities in ANCs of antacids 
due to factors such as pharmaceutical form, 
composition, and type of antacid salt used [16]. 
Similarly, the present study has shown the range 
of ANCs produced by some antacid products, all 
of which met the cut-off value of 5 mEq, as per 
the official method described in USP. The ANCs 
of the products studied were in decreasing order 
of AF-2 > Polygel Dual > AF-4. The high ANC 
values of AF-2 and polygel dual may be linked to 
the presence of high levels of aluminum 
hydroxide (in gel form) per 5 mL of product which 
can influence the ANC value of an antacid [10]. 
 
Limitations of the study 
 
The present study has some limitations: raft 
strength, stability and duration of all tested 
products were not measured. Therefore, it was 
not possible to report comparative data on 
complete reflux prevention potential of all the 
products used in this study. 
 

CONCLUSION 
 
Polygel dual (PD) produce better outcome than 
other antacid tested in this study, with respect to 
raft formation and acid neutralization, while other 
antacids demonstrate satisfactory performance 
only in one of these two parameters. Therefore, 
PD may provide consistent anti-reflux and 
antacid benefits as an effective treatment for 
GERD or hyperacidity. However, further clinical 
studies are required to establish its clinical 
benefits in patients with reflux disease or 
hyperacidity. 
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