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ABSTRACT

Antacids are commonly used drugs which are conetiérert and free of pharmacological effect by mpatients
and physicians. They are weak bases that neutrtiizgastric acid and relief paiiThese weak bases dissociate to
neutralize gastric acid and form neutral salts. Thiémate goal of antacid therapy is to reduce tlomcentration
and a total load of acid in gastric juice to a pH 4. This in vitro study was promised to study the adtralizing
capacity (ANC) of six commonly available antaciasl¢ts in the Iraqi market by using back titratiorethod. The
highest ANCvalues were for Rennie (17.131+ 0.083 and 16.92&6P mEq) in two different hydrochloric acid
(HCI) concentrations 1N and 0.5 N, respectivelye $tatic analysis revealed that there was a sigaift difference

of ANC in favor of Rennie versus other antacidatbktudied. The current in vitro study showret ANC value is
the most important factor in determining the poteatthe antacid which may help in designing andhufiacturing
new antacid formulation.
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INTRODUCTION

Antacid tablets are probably one of the most widedgd self-prescribed medications [1]. They arekwleases
mostly they consist of magnesium and aluminum saits sodium/calcium carbonate or their combinati@r6].
The chief indication for administration of antacidsto perform a neutralization reaction (Eq.1¢, they buffer
gastric acid, raising the gastric pH above 4-5,iahibition of the proteolytic enzyme, pepsin [T, 8

Antacid (weak base) + HCI (stomach acidy—» Salts + 0 + CG........ Eq.1

An effective antacid is characterized by the fasted of action, buffering the pH of the stomachvitg a high acid
neutralizing capacity (ANC) not less than 5 mEq pgnimum single dose, and cause minimal side eff¢a}L
Moreover, a physician also needs to consider th@Wng factors; the antacid should neutralize giheatest amount
of acid per unit cost; should be both palatable @m/eniently consumed by the patient [10].

There are several different antacid tablets omtheket; the active ingredients are the aluminumgmaaium, and
calcium salts. Sodium alginate may be combined thithantacid to encourage the adherence of theidrttathe

mucosa and it also acts like a protective to ttsrggamucosa. Simethicone and dimethicone are clarfitgs that may
decrease foaming by breaking down bubbles witheéngtlt renders gas available for absorption [11, 12]

Various in vitro tests have been developed to atelthe performance of antacids which are interideflect
theirs in vivo efficacy [13]. The measurement of @Nf antacids is one such widely used test whicbk first
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determined in 1973 by Fordtran and co-workers [@dd they evaluated the ANC values at that timeceSihat
time, their published results have served as aegiaidphysicians prescribing antacids.

The objective of this in vitro study was to detammithe ANC of six containing antacid tablets (Ren@aviscon
Extra strength, Barkalox plus, Ballox plus, Maafys, and Moxal plus), table 1, which were the nmamshmonly
prescribed brands, commercially available in tlagilmarket in two different acid concentrations.

Table 1: List of the commercial antacids and their composition

Brand Name Manufacturer Ingredients
Calcium Carbonate 680mg
Magnesium Carbonate 80
Sodium alginate 500mg
Gaviscon Extra strength Reckitt Benckiser Healthcare / UK Sodium hydrogen carbonate 267mg
Calcium Carbonate 160mg
Aluminum hydroxide 200mg
Maalox plus Sanofi-Aventis/ Italy Magnesium hydroxide 200mg
Dimethicone 25mg

Aluminum hydroxide 200mg
Barkalox plus Barakat pharmaceutical industriesi€By Magnesium hydroxide 200mg
Simethicone 25mg

Aluminum hydroxide 200mg
Ballox plus Brawn/ India Magnesium hydroxide 200mg
Simethicone 25mg

Aluminum hydroxide 200mg
Moxal plus Julphar/ U.A.E Magnesium hydroxide 200mg
Simethicone 25mg

Rennie Bayer/ France

MATERIALSAND METHODS

Materials

Six antacids (Rennie, Gaviscon Extra strength, &ask plus, Ballox plus, Maalox plus, and Moxal plaablet
dosage form were obtained from the market. Sodiydrdxide (NaOH) was obtained from Fluka AG, Switaed,
hydrochloric acid (HCI) was purchased from AvantoSA, and anhydrous sodium carbonate (&) of GR
grade used for standardization was obtained fronckie

The standard solutions were prepared and stanédrdiz per the procedures of United States PharmeizoflJSP)
[15].

Experimental

The reaction between the weak base of the antdaichvis slightly soluble in water and an acidicnstard solution
is problematic. So, a back titration procedureppliad. Firstly the antacid tablet of different commercialurces
was weighed and then triturated in mortar and edstla fine powder .The powder was transferredaskfthen
dissolved in an excess exactly measured volume lafosvn concentration of the HCI solution, the migtwas
heated to ensure a complete and timely reactioatelWwill always be some excess left after neuiralithe antacid.
The amount of unreacted HCI that remained in thetism was determined by back- titration of theusimn with a
standardized solution of NaOH.

Two different HCI concentrations in vitro have besd#veloped to evaluate the performance of antaghish are
intended to reflect theirs in vivo efficacy.

Thefirst acid concentration was 1N

Procedure: 30 ml of 1N HCI was pipetted into tresKk containing the crushed antacid tablet. Stimtheure well,
heat to boiling for 15 seconds to ensure compkgbet dissolving, cool, and 3 drops of phenolptaimaindicator
was added to the mixture and the excess HCI wasdetit with 0.5N Sodium hydroxide. At the end pothg test
solution changes from colorless to pink.

The second acid concentration was 0.5N
Procedure: 50 ml of 0.5N HCI was pipetted intoftask containing the crushed antacid tablet. &grmixture well,
heat to boiling for 15 seconds to ensure compkghet dissolving, cool, and 3 drops of phenolptaimaindicator
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was added to the mixture and the excess HCI wasetit with 0.5N Sodium hydroxide. At the end pothg test
solution changes from colorless to pink.

Calculations
The amount of acid reacted with NaOH would, themfgive the neutralizing capacity for the antaaidich

represents the ANC of assigned antacid tabletAt€ were expressed in terms of milliequivalents ¢nBf acid
consumed per one tablet by the following formulallg]:

mEq of acid consumed per one tablet 5W% N yc) - (V naon X Nnaor)

Where:

V ycr=Volume of HCl used in ml

N pci=Normality of HCI

V naon=Volume of NaOH used in ml
N naon=Normality of NaOH

The protocol of this work; for each antacid bratidlee different strips were selected and sevemtmbere chosen
from each strip, seven readings of ANC were obthexed the mean (per strip) was calculated. The hetgmean

was calculated by considering all 21 readings ipstfor each brand using two different HCI cortcations (1 and
0.5 N).

Statistical analysis

Statistical Package for Social Sciences (SPSS)orers8 was used for data coding and analysis. Goatis
variables were presented as the mean + Standaratidev(SD), Coefficient of variation and weightettan were
calculated for each brand. Analysis of variance QAM\) was used to test the significant differencetween

means of different brands followed by Posthoc aialysing Tukey's test. The P value of less th&s @vas
considered statistically significant.

RESULTSAND DISCUSSION

The mean of ANC values in mEqg. for each strip watrulated in table 2 and the weighted mean ofhallthree
strips was calculated per brand. The highest ANIdevavas obtained from Rennie followed by Gaviscdrereas

all the other brands with anti-foaming agents webserved to have the lowest ANC values in both acid
concentrations (Table 2, Figures 1and 2).

Table 2: The mean and the weighted mean of calculated ANC of antacid brandsin different HCI concentrations

Antacid brands Calculated ANC in mEq using 1IN HCI Calculated ANC in mEqusing 0.5N HCI
Mean per strip Weighted mean M ean per strip Weighted mean
Rennie 17.121| 17.129| 17.143 17.131 16.928 | 16.935| 16.914 16.926
Gaviscon Extrastrength | 8.086 | 8.114 | 8.078 8.093 7.919 | 7.922 | 7.957 7.933
Maalox plus 5.521 | 5.486 | 5.571 5.526 5.343 | 5.336 | 5.35 5.343
Barkalox plus 6.035 | 6.029 | 6.157 6.074 5.938 | 5.941 | 5.957 5.945
Ballox plus 5.857 | 6.064 | 5.914 5.945 5.929 | 5.95 5.928 5.936
Moxal plus 6.314 | 6.293 | 6.314 6.307 6.107 | 6.114 | 6.136 6.119
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Figure 1: Weighted Mean Acid Neutralizing Capacity (ANC) (in mEq) of antacid brandsusing 1N HCI standard solution
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Figure 2: Weighted M ean Acid Neutralizing Capacity (ANC) (in mEq) of antacid brandsusing 0.5 N HCI standar d solution
As the highest mean of ANC value was obtained \Rémnie in comparison to the five other brands #iative

effectiveness of the other antacids was then catled| considering Rennie as 100. Table 3 showedelagive
effectiveness using 1 N HCI, and table 4 usinghND9CI.
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Table 3: Weighted mean, Standard Deviation, Coefficient of Variance and Relative Effectiveness of antacid tabletswith respect to Rennie

(AN HCI)

Antacid Brands Weighted mean of ANC (mEq) | Standard Deviation | Coefficient of Variance | Relative Effectiveness
Rennie 17.131 0.083 0.484 100
Gaviscon Extra strength 8.09: 0.13% 1.69¢ 47.2¢
M aalox plus 5.52¢ 0.317 5.64( 32.2¢
Barkalox plus 6.074 0.379 6.246 35.46
Ballox plus 5.945 0.651 10.952 34.70
M oxal plus 6.307 0.138 2.190 36.82

Table 4: Weighted mean, Standard Deviation, Coefficient of Variance and Relative Effectiveness of antacid tabletswith respect to Rennie
(05N HCI)

Antacid Brands Weighted mean of ANC (mEq) | Standard Deviation | Coefficient of Variance | Relative Effectiveness
Rennie 16.92¢ 0.05% 0.304 10C
Gaviscon Extra strength 7.933 0.080 1.003 46.87
M aalox plus 5.343 0.121 2.259 31.57
Bar kalox plus 5.945 0.197 3.310 35.12
Ballox plus 5.936 0.153 2.571 35.07
M oxal plus 6.11¢ 0.17¢ 2.88: 36.1¢

To study the differences between mean ANC of théosands ANOVA was used to test the significantedénces
in mean ANC using HCI, 1 N, and 0.5 N concentratiorable 5 and 6 showed the differences in mean ASlQgy
posthoc Tukey's test. The differences were stediltyi significant (P< 0.05) between all brands etdeetween
Barkalox plus and Ballox plus using 1N HCI concatitm and between Barkalox plus and Ballox plus ldioctal
plus using 0.5 N HCI concentration.

Table5: Differencesin mean ANC (in mEq) between the six tested antacid brands (1IN HCI)

Antacid Brands Rennie | Gaviscon Extrastrength | Maalox plus | Barkalox plus | Ballox plus | Moxal plus
Rennie X 0.000 0.000 0.000 0.000 0.000
Gaviscon Extrastrength | 0.000 X 0.000 0.000 0.000 0.000
Maalox plus 0.000 0.000 X 0.000 0.000 0.000
Barkalox plus 0.000 0.000 0.000 X 1.000* 0.001
Ballox plus 0.000 0.000 0.000 1.000* X 0.000
Moxal plus 0.000 0.000 0.000 0.001 0.000 X

*The differences in mean ANC was statisticallysighificant (P>0.05) using ANOVA-Tukey's test.
Table 6: Differencesin mean ANC (in mEq) between the six tested antacid brands (0.5N HCI)

Antacid Brands Rennie | Gaviscon Extrastrength | Maalox plus | Barkalox plus | Ballox plus | Moxal plus
Rennie X 0.000 0.000 0.000 0.000 0.000
Gaviscon Extrastrength | 0.000 X 0.000 0.000 0.000 0.000
Maalox plus 0.000 0.000 X 0.000 0.002 0.000
Barkalox plus 0.000 0.000 0.000 X 0.831* 0.246*
Ballox plus 0.000 0.000 0.000 0.831* X 0.01
Moxal plus 0.000 0.000 0.000 0.246* 0.01 X

*The differences in mean ANC was statisticallysighificant (P>0.05) using ANOVA-Tukey's test.
DISCUSSION

This study clearly shows that there is considerahlgation in the in vitro ANC of different antaclirands in the
Iragi market. The order of ANC values from hightsiowest potency of the tested brands are Rei@e&jscon
Extra Strength, Moxal plus, Barkalox plus, Balldugpand Maalox plus in different HCI concentrations

The relative effectiveness gives indication tha ANC value of Rennie is almost three times momnaaring to
the ANC values of the antacid brands containingmtitffoaming agent (Barkalox plus, Ballox plus, Meaplus,
and Moxal plus) and more than two times concertinthe ANC value of Gaviscoxtra strength probably this is
due to the presence of Magnesium carbonate andu@alcarbonate combination in Rennie tablets fortmha
when compared with other brands. Mostly, carbosalis considered as very potent antacids with pged time of
action[12, 17]. Drake et al [18], demonstrated a tenfdifference in the ANC between the lowest and tlghést
effective antacid formulations. Another study eBtiled by Kibwage et al [13howed that the ANC per tablet of
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antacids varied three times among seventeen coriahproducts. Later on Ebenezer et al [20] fourat the ANC

of the most potent antacid formulation was thirtéeres potent than the least one. Because of titis variation in
the neutralizing capacity, the product as well s ANC must be known, when antacid therapy is being
recommended.

Moreover, the statistical observation showed thatstmantacids ANC variation with statistically sificént
difference. The potency in term of ANC varied frdW.131+ 0.083 mEq (Rennie) to 5.526+ 0.312 mEq (bMaa
plus) and 16.926+ 0.052 mEqg (Rennie) to 5.343+ DAEQ (Maalox plus) using 0.5N HCI. While, diffeoas in
mean ANC was observed statistically not signifioqd@®#0.05) between Barkalox plus and Ballox plunggiN HCI
concentration and between Barkalox plus and Ballag and Moxal plus using 0.5 N HCI concentratiamg also a
variation in the ANC values in the same formulatiort with different acid concentration may be rethto various
reasons, such as manufacturing, formulation, tatdéght and the amount of the active ingrediertirand itself.

CONCLUSION

In this in vitro study the antacid tablets werelested, various potencies were measured in ternteeif ANC
values According to this factthe treating physician should use the antacids withhigher ANC to obtain faster
symptomatic relief from dyspepsia. It is recommehtieat the ANC values be included in the leafldtthe antacid
products and also in hospital formulation to enlegmper prescribing practices.

This work may help further research works suchessghing and manufacturing new antacid formulation.

Abbreviations: N: Normality; V: Volume; HCI: Hydrochloric Acid; &0H: Sodium Hydroxide; ¥D: Water; CQ: Carbon dioxide; NaCOs:
Sodium Carbonate; Eq: Equation; mEq: milliequivamml: milliliters; ANC: Acid neutralizing capagit SPSS: Statistical Package for Social
Sciences; USP: United States Pharmacopeia; ANOWAlyAis of variance.
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