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Summary

The present study reports the adsorption of ketoprofen and bumadizone calcium, two non-steroidal anti-inflammatory drugs, on
three aluminium-containing antacids. The type of aluminium antacid, the initial drug concentration and the pH of the medium were
found to influence drug adsorption. At pH 34, binding of both drugs to aluminium hydroxide and dihydroxyaluminium sodium
carbonate indicated co-operative adsorption, while adsorption profiles of bumadizone calcium on aluminium glycinate suggested a
constant partitioning pattern. pH (1-8) adsorption profiles for ketoprofen and bumadizone calcium binding to aluminium hydroxide
and dihydroxyaluminium sodium carbonate passed through a maximum in the pH range 3.5-4.5. Antacid dissolution during the
adsorption runs was also investigated at different pH values. The effect of coadministration of ketoprofen and aluminium hydroxide
on the bioavailability of ketoprofen was investigated in healthy volunteers. Urine was collected for 24 h following drug administra-
tion and samples were analyzed by HPLC for ketoprofen and its conjugates. The urinary excretion data indicated a decrease in drug

bioavailability upon coadministration with aluminium hydroxide.

Introduction

Drug interactions involving antacids continue
to be of interest both clinically and in research.
One challenging aspect of these interactions is
their non-consistant effects on drug efficacy as
evident from the numerous reports of the effect of
antacids on drug bioavailability. Results reported
in these studies have ranged from no effect on
drug absorption (Spahn and Mutschler, 1985; Reed
and Schwartz, 1984), to decreased or delayed ab-
sorption (Tobert et al.,, 1981; Naggar et al.,, 1978).

Correspondence: N. Khalafallah, Department of Pharmaceutics,
Faculty of Pharmacy, University of Alexandria, Alexandria,
Egypt.

At the same time, though less frequently, some
studies have reported acceleration of drug absorp-
tion upon coadministration with antacids (Luca-
rotti et al., 1972; Rivero-Calimlim et al., 1971). As
a result extrapolation of data from one drug to
another cannot be advocated and prediction of the
possible consequences of concomitant antacid in-
take on drug efficacy is mere speculation.

The study of drug-antacid interactions be-
comes more important for drugs prescribed in
combination with antacids. Animal studies have
indicated an inhibitory effect of antacids on le-
sions of the gastric mucosa caused by non-steroidal
anti-inflammatory drugs (Tsurumi et al., 1979),
suggesting that administration of antacids with
these drugs may reduce gastrointestinal side ef-
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fects and intolerance. Theophylline is also recom-
mended to be administered with antacids for pa-
tients at risk of upper gastrointestinal bleeding
(Foster et al., 1979). Similarly, anticholinergics
and ulcer-healing drugs are often administered
with antacids in modern therapeutics.

The present study reports the interaction of
aluminium-containing antacids with ketoprofen
and bumadizone calcium, two acidic non-steroidal
anti-inflammatory drugs known to cause gastroin-
testinal irritation. Both in vitro and in vivo data
are reported.

Materials and Methods

The drugs used were kind gifts from the sup-
pliers: ketoprofen, Alexandria Pharmaceutical Co.,
Alexandria-Egypt; bumadizone calcium, BYK
Gulden, Pharmazeutika, Konstanz, F.R.G.; de-
clofenac sodium, Swisspharma S.A.A.; diflunisal,
Merck Sharp & Dohme Research Lab., US.A;
Fentiazac, Wyeth Laboratories, Taplaw, Maiden-
head, Berks. Profenid Capsules I, manufactured
by Alexandria Pharmaceutical Co., Alexandria-
Egypt, under licence from Rhone Poulenc, Paris-
France, batch no. 910016, were purchased locally.
The antacid powders used were aluminium hy-
droxide, B.P.; dihydroxyaluminium sodium car-
bonate (DHASC), Warner-Lambert Co., Morris
Plains, NJ, US.A.: aluminium glycinate, B.P;
magnesium trisilicate, B.P., Paul Lohmann,
F.R.G.; and light kaolin, B.P. All antacid powders
were sieved (mesh size 100 pm), dried at 120°C
for 3 h, and stored in air-tight bottles. Dialysis
bags used were Spectrapor membrane tubing,
M.W. cutoff 12,000—14,000, Spectrum Medical In-
dustries, LA.

Adsorption study

Equilibrium adsorption runs were carried out
in 100 ml glass stoppered conical flasks containing
50 ml of 0.005-0.1 N HCL Aliquots of a
methanolic solution of each drug were added to
give an initial concentration range below the
saturation solubility of each drug, determined in

! Containing 50 mg of ketoprofen.

the present study. The methanolic content in the
medium did not exceed 5%. Five hundred mg of
antacid powder were added to each flask. The
flasks were shaken horizontally at 37°C for 18 h,
a length of time found necessary for equilibrium,
and the contents were filtered through Whatman
no. 1 filter paper. Filtrates were measured for pH
and were analyzed spectrophotometrically at ap-
propriate wave lengths.

Because of a filtration problem in the case of
colloidal aluminium hydroxide suspension, ad-
sorption runs with this antacid were carried out
using dialysis bags filled with 10 ml of the medium.
The bags were suspended in 40 ml of the medium
in conical flasks together with 500 mg of the
antacid and different concentrations of each drug.
At equilibrium, the bags were removed, blotted
dry and the contents read spectrophotometrically.
Adsorption results recorded are the average of
duplicate runs.

Solubility determination

Equilibrium drug solubility data were obtained
in water and in 0.1 N HCL Excess drug was
shaken with the medium in vials at 37°C for 24 h.
Filtrates were analyzed spectrophotometrically.
Solubility data were also obtained for the
aluminium antacids. The extent of antacid dissolu-
tion during the adsorption runs was determined at
adsorption equilibrium by measuring the con-
centration of aluminium ions released in the
medium by a tritrimetric method (Vogel, 1961).
Standards were prepared using aluminium chlo-
ride solution, 0.01 M.,

Bioavailability study

Five informed volunteers, 3 males and 2 females
participated in this study. Their ages ranged from
23 to 40 years, and their weights from 52 to 65 kg.
The study was carried out in a random cross-over
manner. Each volunteer received two treatments
one week apart. In treatment A, one profenid
capsule was swallowed in the morning with 200 ml
of water after an overnight fast. The volunteers
abstained from eating for a further 4 h post-drug
administration. Urine was collected at 0, 1, 2, 3, 4,
6, 8, 12 and 24 h following drug intake; volume
and pH of each urine sample were recorded before



freezing the sample pending analysis. Treatment B
was identical to A except that the drug was admin-
istered with 1 g of aluminium hydroxide powder
suspended in 100 ml of water followed by drink-
ing another 100 ml of water.

Urine samples were analyzed for ketoprofen
(free and conjugated) by an HPLC method (Ban-
nter et al., 1980) following extraction. The extrac-
tion procedure (Populaire et al, 1973) involved
initial alkaline hydrolysis of the drug conjugates
followed by a cleansing extraction step with di-
ethyl ether (analytical grade, Prolabo-Paris) in al-
kaline medium. The drug was then extracted from
acid medium with ethyl acetate {Reidel-De Haén,
Seezle, Hannover, F.R.G.) which was evaporated,
and the residue reconstituted in mobile phase. Ten
pl were injected onto a reversed-phase column
(Perkin-Elmer RP-8 column). The mobile phase,
consisting of 0.025 M phosphate buffer, pH 3.0,
containing 50% acetonitrile {acetonitrile for chro-
matography, E. Merck, Darmstadt), was pumped
at flow rate of 1.3 ml/min. UV detection was
carried out at 264 nm. Bumadizone calcium was
used as internal standard, 20 pg being added to
each urine sample and standard (1 ml each) before
extraction. Retention times were 6.5 and 11 min
for ketoprofen and internal standard, respectively.
Recovered standards were prepared by spiking
control (drug free) urine with ketoprofen to cover
a concentration range of 10 to 50 pg/ml and
processing them with the test samples. Recovery
values were 87.5% for ketoprofen and 58.8% for
internal standard. These recovery values were ob-
tained by comparing peak heights of standards
prepared in urine with peak heights of direct-on-
the-column injection of the same amount of keto-
profen and internal standard. Inter-day coeffi-
cients of variation determined at 4 concentration
levels, ranged from 13,3% at a concentration level
of 10 pg/ml to 0.13% at a level of 100 pg/ml with
a mean of 6.38% + 5.97 (S.E.).

Results
In vitro data

Equilibrium drug solubility data at 37°C indi-
cated that only ketoprofen and bumadizone

19

calcium showed appreciable solubility in water at
pH 1.4 (15.3 and 22.4 mg%, respectively). Fentia-
zac solubility value did not exceed 1.0 mg% while
declofenac sodium and diflunisal showed negligi-
ble solubility at this pH. Only a slight increase in
solubility was observed for all drugs at pH 4.
Because of the limited aqueous drug solubility, the
capacity of antacids to reduce the effective drug
concentration in aqueous medium could only be
investigated for ketoprofen and bumadizone
calcium. Among the antacids tested, only
aluminium-containing ones showed interaction
with these two drugs.

The adsorption profiles of ketoprofen and
bumadizone calcium on the three aluminium
antacids tested at pH 4 are shown in Figs. 1 and 2.
Plotting x/m as a function of C,, permitted iden-
tifying the adsorption class as suggested by Giles
and coworkers (Giles et al., 1960). Based on the
resulting initial slope, adsorption of both drugs on
aluminium hydroxide and DHASC could be iden-
tified as an S class of adsorption, where the more
solute that was adsorbed, the easier it appeared

s o
s o
%adsarplion

Equilibrium drug cenc.,mg %

mg drug adsorbed per g antacid , x/m

2 & 6 8 10
Equilibrium drug concentration, mg¥%
Fig. 1. Adsorption of ketoprofen on 1% w/v of aluminium

hydroxide (®), dihydroxyaluminium sodium carbonate (M), and
aluminium glycinate (a) at pH 4 and temperature 37°C.
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Fig. 2. Adsorption of bumadizone calcium on 1% w/v of
aluminium hydroxide (®), dihydroxyaluminium sodium
carbonate (M), and aluminium glycinate (a), at pH 4 and
temperature 37°C.

for additional amounts to become fixed on the
adsorbent. Adsorption by both these antacids re-
sulted in drug depletion from the medium such
that a constant and low equilibrium drug
concentration was maintained in spite of the rising
initial concentration, particularly in the case of
aluminium hydroxide (insert A in Figs. 1 and 2).
This adsorption pattern has previously been iden-
tified as co-operative adsorption (Giles et al,
1960), to describe the side-by-side association be-
tween adsorbed molecules believed to be vertically
oriented. The adsorptive power of aluminium
glycinate for both drugs was much poorer under
the conditions of the study. Changes in x/m as a
function of C,, suggested a C class of adsorption
in the case of bumadizone calcium (Fig. 2); this
pattern also being known as a constant partition-
ing adsorption one (Giles et al., 1960). The effect
of these two different adsorption patterns on the
percent drug adsorbed is shown in insert B of
Figs. 1 and 2.
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Fig. 3. pH-adsorption profile for ketoprofen (®) and bumadi-
zone calcium (A) on aluminium hydroxide. The open circles
(O) denote the extent of antacid dissolution during the adsorp-
tion run.

Adsorption data for ketoprofen and bumadi-
zone calcium on aluminium hydroxide and
DHASC were generated over a pH range of
1.25-8.0 at a constant initial drug concentration
of 10 mg%. Aluminium hydroxide adsorption
profiles were found to pass through a maximum at
pH 3.7 and 4.2 for ketoprofen and bumadizone
calcium, respectively (Fig. 3). Corresponding max-
ima in the case of DHASC were 4.25 and 4.5 (Fig.
4). Superimposed on the pH-adsorption profiles
in Figs. 3 and 4 are the pH-solubility profiles of
the antacids used. Slight but expected increases in
antacid solubility occurred with increasing medium
acidity. The relative shapes of each pair of drug
adsorption and antacid solubility curves indicated
that while the slight increase in antacid dissolu-
tion, as the medium became more acidic, may
have partially contributed to the decreased ad-
sorption observed over a pH range of 1-4,5, the
decreased drug adsorption beyond pH 4.5 could
not be attributed to changes in antacid solubility.
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Fig. 4. pH-adsorption profile for ketoprofen (@) and bumadi-
zone calcium (A) on dihydroxy aluminium sodium carbonate.
The open circles (O) denote the extent of antacid dissolution
during the adsorption run.

In vivo data

Table 1 provides the cumulative urinary excre-
tion data obtained for the 5 volunteers adminis-
tered treatments A and B. The percent drug ex-
creted, both free and as conjugates, in treatment A
ranged from 65.1 to 91.7 of the administered dose,
with a mean of 78.34%. Upton and coworkers
(Upton et al., 1980), reported excretion of 73.7 +
6.4% of a 50 mg oral dose of ketoprofen, in the
form of conjugates over a 6-h period in 5 volun-
teers. Administration of ketoprofen with alumin-
ium hydroxide in the present study resulted in a
decrease in the amount of drug excreted in each of
the 5 volunteers (Table 1). The average percent
drug excreted dropped from 78.34% in treatment
A to 60.86% in treatment B. the difference was
found to be statistically significant (Table 1). Ex-
cretion rate profiles were consistantly lower in
treatment B compared to A (Fig. 5). No effect of
antacid on ketoprofen elimination was anticipated
based on the observed lack of difference between

,mg/h.

rate

excretion

Urinary

AVERAGE

0 2 4 6 8 10 18 2 L 6 8 10 18

Time, hours.

Fig. 5. Urinary excretion rate of ketoprofen following the
administration of 50 mg of ketoprofen to volunteers with 1 g of
aluminium hydroxide (O) and without antacid (®).

treatment A and B in urine pH, and the fact that
ketoprofen is almost completely excreted as gluco-
ronide which is not likely to be affected in its
elimination by urinary pH changes. Furthermore,
antacids through elevating urine pH, if they cause
a rise in urinary pH, are expected to increase the
excretion of acidic drugs by supressing tubular
passive reabsorption. This permits the conclusion
that the observed decrease in drug excretion in



treatment B resulted from a decrease in drug
bioavailability as a result of coadministration with
the antacid.

Discussion

The present study has looked into ketoprofen
and bumadizone calcium interaction with alumin-
ium antacids. Both the in vitro and in vivo data
obtained indicated that an interaction does take
place. The pattern of the in vitro drug uptake
pointed to drug adsorption on the surface of the
antacid particles. Aluminium antacids have been
found to bind a variety of substrates including
anions of incompletely dissociated acids (Bowden
et al., 1973), pepsin (Sepelyak et al. 1984) and
drugs such as oral hypoglycaemics (Naggar and
Khalil, 1980; Said and Abdullah, 1981) and anti-
cholinergics (Blaug and Gross, 1965; Khalil and
Moustafa, 1973).

The adsorption of ketoprofen and bumadizone
calcium on aluminium hydroxide and DHASC
indicated co-operative adsorption and was found
to be pH-dependent. Maximum adsorption oc-
curred between pH 3.5 and 4.5, which points to
electrostatic attraction as an important factor in
the binding of these two drugs to the antacid
surface. Similar pH-adsorption profiles were re-
ported for pepsin on aluminium hydroxide (Sep-
elyak et al., 1984) and anions of incompletely
dissociated acids on metal oxides (Bowden et al.,
1973). It can be reasoned that aluminium hydrox-
ide with a reported zero point charge of 8.5 (Schott,
1977) will be positively charged while ketoprofen
and bumadizone calcium with reported pK, val-
ues around 5 (Wallis and Simkin, 1983; Seebald
and Forth, 1977) will be negatively charged in the
pH range studied (pH < 8), resulting in electro-
static attraction. The negative charge on the drug
will decrease as the medium acidity increases lead-
ing to reduced electrostatic attraction and declin-
ing pH-adsorption profiles from pH 4.5 to 1.5
(Figs. 3 and 4). Beyond pH 4.5, the antacid surface
becomes less positive at a rate possibly greater
than the rate of dissociation of the drug resulting
in the downward pH-adsorption profiles above
pH 4.5.
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While drug binding to the antacid surface ap-
peared to be the dominant event in the in vitro
study, other factors may have contributed in vivo.
For instance, antacids may affect drug bioavaila-
bility by altering stomach pH. For acidic drugs
administered in solid dosage form, an increase in
stomach pH will enhance drug dissolution and
will increase drug dissociation which exert oppo-
site effects on drug bioavailability. Furthermore,
aluminium antacids, through yielding aluminium
ions in acid medium, are recognized to delay
gastric emptying rate (Hurwitz and Sheehan, 1971),
a factor known to influence the rate and possibly
extent of drug absorption. The aluminium hydrox-
ide powder used for the in vitro and in vivo study
was of the slowly dissolving type, and hence no
appreciable effect on gastric emptying rate was
anticipated in this study.

In conclusion, based on the results obtained in
the present study, the practice of administering
ketoprofen with antacids to alleviate its irritating
effect in the stomach should be viewed with cau-
tion as many of the antacid preparations contain
aluminium hydroxide. A decrease in ketoprofen
bioavailability is a likely event in this therapeutic
combination.
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