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Abstract 

Gamma scintigraphy has been used to monitor the gastric residence of tabletted alginate preparations. It was 
found that a new formulation of Gaviscon tablets containing calcium carbonate as an excipient formed a raft which 
persisted in the stomach for approx. 2 h. In contrast, the raft formed from Gastrocote tablets readily dispersed and 
emptied with the food contents of the stomach. In vitro experiments illustrated a greater raft breaking strength for 
the 'new' Gaviscon tablets but raft thickness and time of raft formation were similar for both preparations. The 
study suggests that new Gaviscon tablets may display superior anti-reflux activity and that the ability to form a strong 
persistent raft may be influenced by the ion content of the formulation. 
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1. Introduct ion 

The inherent gelling properties of alginates 
are utilised in formulations for preventing oe- 
sophageal reflux. After ingestion, alginates can 
produce raft-like structures that float on the 
stomach contents. These may serve as mechanical 
barriers inhibiting reflux or provide neutral mate- 
rial for preferential discharge, should such an 

* Corresponding author. 
i Present address: School of Pharmacy, University of Otago, 
P.O. Box 913, Dunedin, New Zealand. 

Present address: Glaxo Group Research Ltd, Park Road, 
Ware, Herts SG12 0DP, U.K. 

episode occur. 'Liquid Gaviscon' forms a strong 
raft in vitro which has also been shown to remain 
in the upper part of the stomach for 1-2 h 
(Washington et al., 1986). However, alginate for- 
mulations may occasionally contain high propor- 
tions of Mg 2+ or A13+ ions. Whilst these ions are 
included for their buffering activity, they also 
appear to reduce raft strength. In contrast, Ca 2+ 
ions are important to the alginate gelling mecha- 
nism (Rees, 1972). Alginates contain or comprise 
polyguluronate chains which form linear corru- 
gated shapes. When packed together, interstices 
occur in the structure in which suitable cations 
may be accommodated. Stability is enhanced by 
the presence of sufficient oxygen atoms suitably 
placed on each chain producing a complete coor- 
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dination sphere. This arrangement is described 
by Rees (1977), as the 'egg box model'. The 
configuration results in a screening of the electro- 
static charge that would otherwise cause the 
chains to repel, thereby enhancing the formation 
of a cross-linked matrix. It is believed that hy- 
drated Mg e+ and AI ~+ ions are unable to fit into 
this packing arrangement. 

To date, reports in the literature regarding in 
vivo raft formation experiments have been largely 
based on liquid preparations. Therefore, the aim 
of the present study was to evaluate the perfor- 
mance of tabletted alginate preparations. A ran- 
domised cross-over study in 12 volunteers was 
performed, comparing raft formation in viw~ of 
alginate preparations containing Mg e* and AI -~+ 
ions, with and without the presence of excipient 
Ca -~ ~ ions. The behaviour of the formulations in 
relation to raft formation and gastric retention 
was monitored by gamma scintigraphy over a 3 h 
period. 

To further characterise the properties of the 
raft, in vitro studies that included breaking 
strength, time for raft formation and raft thick- 
ness were also performed on the tabletted prepa- 
rations. 

fL~"'ln eluate was diluted to 10 ml with absolute 
ethanol. The quantity of diluted eluate required 
to give the correct activity at the time of adminis- 
tration was added to cach tablet in 100 /.z[ 
aliquots. Approximately one quarter of thc total 
was applied to each side of each tablet and the 
solvent evaporated by warm air. This technique 
did not affect the physical aspects of the tablets 
and the l~3mln has been shown to remain bound 
to the alginate component under in vitro lesl 
conditions. 

2.2. In l'itro studies 

2.2. 1. Assessment o f  ::~'"ln binding, to the dosage 
.form 

Two tablets labelled as described above werc 
crushed using a small mortar and pestle. The 
resulting powder aggregates were mixed with 10 
ml of water before transference to a 1(10 ml 
measuring cylinder. (].1 M HCI was added care- 
fully so as not to disperse the alginate raft. 
Gamma camera images were taken in order to 
assess the activity associated with the raft over 3 
h. The results are illustrated in Fig. I. 

2. Materials and methods 

2. 1. MateriaLs 

Two Gaviscon tablets (Reckitt & Colman 
Products), labelled with 3 MBq ll3mln and two 
Gastrocote tablets (MCP Pharmaceuticals Ltd) 
labelled with 2 MBq l~3mln were used. 

2. 1.1. Test meal 
The test meal consisted of the following: two 

slices (6(1 g) toasted white bread; 200 ml unsweet- 
ened orange juice; 25 g butter; 30 ml milk; and 
two scrambled eggs labelled with 3 MBq ~mTc 
tin colloid (total calorific value 2554 kJ (611 keal)). 

The meal was labelled according to an estab- 
lished method (Washington et al., 1987) by addi- 
tion of 3 MBq '~gmTC to the eggs prior to cooking. 

Gaviscon and Gastrocote tablets were each 
labelled by the addition of 2 MBq ~13mln. 1 ml of 

2.2. 2. Raft  strength 
The apparatus consisted of a stainless-stcc[ 

wire probe (diameter 1.6 ram) the end of which 
was formed into a loop (diameter 18.3 ram) and 
set at a 90 ° angle to the shaft. The probe was 
motor driven which ensured a constant rate of 
travel through the liquid. Half a 'new' Gaviscon 
or one Gastrocote tablet was finely ground and 
wetted with 5 ml of distilled water. This mixture 
was added to a 100 ml beaker containing 60 ml of 
0.03 M HCI, previously warmed to 37 + I°C. Af- 
ter stirring for 30 s, the beaker was placed on a 
top pan balance and the probe lowered so that 
the loop was situated beneath the alginate mate- 
rial. The raft was allowed to form fl)r 5 rain 
before taring the balance and commencing the 
experiment. As the probe was raised through the 
raft, force fluctuations were recorded by a pro- 
grammed BBC micro-computer, and the peak 
value was taken as the breaking strength of the 
raft. 
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2.2.3. Time for raft formation 
125 ml of 0.03 MHC1 in a 250 ml beaker  was 

warmed to 37 _+ I°C and half a new Gaviscon or 
Gastrocote tablet was prepared  as above and 
added to the acid. The time for the majority of 
the alginate material to move to the top half of 
the beaker  was recorded. 

2. 2.4. Raft thickness 
The gel suspension from above was returned 

to a 37°C water bath and after raft formation had 
been allowed to take place for 20 min, the thick- 
ness of the raft was measured in four places and 
the mean calculated. 

2.3. In rit,o study 

2.3.1. Scintigraphic test procedure 
12 healthy volunteers (Caucasian, male or fe- 

male, aged 18-40 years) participated with in- 
formed consent. The protocol was approved by 
the South Glamorgan Joint Ethics Committee 
and conducted in accordance with the Declara- 
tion of Helsinki. 

An open cross-over study was performed,  al- 
lowing a 7 day washout period between treat- 
ments. Following an overnight fast, volunteers 
had radioactive anterior and posterior markers  
placed on the thorax opposite the stomach to 
allow accurate alignment of subsequent images. 
They then consumed the standard ~gmTc-labelled 
meals, followed 30 min later by two l~3mln- 
labelled Gaviscon tablets or two labelled Gastro- 
cote tablets chewed with 100 ml water. 

Volunteers stood in front of a G.E.C. Maxi- 
camera II fitted with a medium-energy, parallel- 
hole collimator (400 keV maximum) immediately 
after consuming the meal. Anterior and posterior 
images of 30 s duration were taken at 10 min 
intervals for 3 h post tablet administration. In- 
dium and technetium channels were monitored 
simultaneously. 

2.3.2. Data analysis 
Images from each channel were analysed by 

creating two regions of interest; one around the 
whole stomach and a second to assess back- 
ground activity. The count rates from the region 
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Fig. 1. In vitro a s s e s smen t  of the  ~ m  In labell ing efficiency of 
a lginate  rafts. ( • ) Gaviscon raft; ( zx ) Gas t roco te  raft, 

of interest around the stomach were corrected for 
background radiation and decay of the isotope. 
The ~ m f c  count rates were also corrected for 
]13rnln scatterdown into the technetium channel. 
The activity in the stomach was calculated as the 
geometric mean of the anterior and posterior 
images. This corrected for the movement  of the 
isotope from the fundus to the antrum, since the 
fundus is closer to the posterior of the body 
(Hardy and Perkings, 1985). 

Graphs of per cent of meal and Gaviscon or 
Gastrocote formulations remaining in the stom- 
ach with time were constructed for each subject 
for the initial and final tests. 

3. Results and discussion 

Fig. 1 illustrates that the labelling procedure 
efficiently binds the isotope to the alginate con- 
tent of both dosage forms for at least 3 h under in 
vitro test conditions. 

The small SE values displayed in Fig. 2a and b 
illustrate that there was little intersubject varia- 
tion in the data. The results for gastric residence 
(expressed as AUC 0-180 rain) of each radiola- 
belled component  were analysed using two-way 
A N O V A  and Duncan's  Multiple Range Test (p  
< 0.05). The results indicated that gastric empty- 
ing of the meal was the same in the presence of 
each formulation. It was also evident from the 
scintigraphs that new Gaviscon tablets formed a 
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Fig. 2. Gas t r ic  r e t en t ion  ( + S E )  of a lg ina te  con ta in ing  table t  

fo rmula t ions  in re la t ion  to a s t andard  meal  in hea l thy  w)lun- 

teers.  (a) Gaviscon:  ( [] ) test meal ,  ( • ) (n - 11 ): (b) Gas t ro-  

cote:  ( c )  tes t  nleal ,  (e)  (n = 12). 

raft which persisted for approx. 2 h, when 80% of 
the activity remained within the stomach. In con- 
trast, only 40% of the Gastrocote activity, which 
appeared to be dispersed within the food, was 
detectable in this area after 2 h. These observa- 
tions were supported by significant differences in 
AUC values between new Gaviscon (l~mln) and 
both food (gOmTC) and Gastrocote (113mln). Con- 
sequcntly, the gastric residence of Gastrocote was 
similar to that of the labelled meal, whereas 
Gaviscon was significantly slower. It was only 
after a substantial amount of food had left the 

stomach, i.e.. after 110 min, that the Gaviscon 
raft descended to the lower regions and in com- 
parison to the earlier stages of the study, a faster 
rate of alginate emptying was observed. 

In order to form a physical barrier between 
the oesophagus and stomach contents, the algi- 
natc material must not only form a persistent 
coherent mass but also position itself correctly in 
the upper gastric area. The reaction between 
NaHCOs present in the formulation and gastric 
acid releases carbon dioxide which elevates the 
raft. However, it has been shown (Washington ct 
al., 1987) that in addition to interfering with thc 
cross-linking process of the gel, particulate 
antacids in the fl)rmulation may compete with the 
NaHCO~ fl~r ft " ions. Table I illustrates that 
both formulations contain approximately equal 
quantities of AI(OH)~ and Mg (OHL. However, 
Gaviscon contains a higher quantity of NaHCO~ 
and in addition the ratio of particulate antacids 
to alginic acid is approx. 1:2 for Gastrocote and 
1:4 for new Gaviscon tablets. In the latter, a 
supply of Ca -~ ~ ions are available from a subther- 
apeutic amount of calcium carbonate in the for- 
mulation which may further strengthen the raft. 
Since it is possible that the superior behaviour of 
new Gaviscon tablets in vivo may be duc to the 
higher amount of alginic acid, in vitro studies 
were performed comparing half a Gaviscon tablet 
with one Gastrocote tablet. Time for raft R)rma- 
lion and raft thickness (Table 2) were similar for 
both formulations, but breaking strength was far 
greater for Gaviscon tablets. It was observed dur- 
ing these studies that, in comparison to Gastro- 
cote, the raft formed by Gaviseon tablets ap- 
peared a much more coherent mass. On a thco- 
retical basis, this was assumed to be the result of 
a higher degree of cross-linking achieved in the 
Gaviscon raft. Therefore, the in vitro data suggest 

Table  1 
Compos i t ion  of new Gaviscon and Gas t roco te  tablets  

Table t  Algin ic  acid Dr ied  M a g n e s i u m  Sodium Calc ium 
a lumin ium tr is i l icate  b icarbonate  ca rbona te  

hydroxide 

Gaviscon 500 mg 100 mg 25 mg 170 mg 40 mg 
Gas t roco te  200 mg 80 mg 40 mg 70 mg I) 



N.M. Davies et al. / International Journal of  Pharmaceutics 105 (1994) 97-101 101 

Table 2 
In vitro results for new Gaviscon and Gastrocote tablets 
(n = 5) 

Tablet Mean SX Mean SX Mean SX 
raft raft raft 
strength time thickness 
(g) (s) (cm) 

Gaviscon 
(half tablet) 2.86 0.30 34 3 1.5 0.2 

Gastrocote 
(one tablet) 1.60 0.14 38 8 1.3 0.2 

that the poor raft formation in vivo displayed 
with the Gastrocote preparation appears to be 
due to the ionic composition of the formulation 
as opposed to the amount of alginic acid present. 

In conclusion, from the above study on the 
residence of tabletted alginate preparations, it 
would appear that the new formulation of cal- 
cium strengthened Gaviscon has a longer gastric 
residence than the Gastrocote preparation. This 

suggests that the former may display superior 
anti-reflux activity. The study also indicates that 
the ability of an alginate to form a strong persis- 
tent raft in vivo may be influenced by the ion 
content of the formulation. 
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