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Summary 

The in vitro adsorption of quinidine sulphate on some commercial antacid and antidiarrhoeal preparations was assessed; the 

effect of some of these admixtures on drug absorption in human bioav~lability studies was also measured using salivary secretion 

data. The adsorption of quinidine on Kaopectate (kaolin-pectin suspension) (25.8 mg/g) and magnesium-trisilicate (23.6 mg/g) was 

greater than that on Simeco tablets (aluminium hydroxide, magnesium carbonate and hydroxide, simethicone) (5.8 mg/g) or bismuth 

subnitrate (3.3 mg/g}. Salivary q&&line concentrations decreased by 54% and the AUT by 58%. compared with control data, during 

the quimdine-Kaopectate interaction in viva. This latter finding suggests a need for clinical monitoring of patients taking quinidine 

concomitantly with this type of adsorbent-antacid-antidiarrhoeal formulation. 

Literature is full of reports of drug interactions 
with adsorbents, antacids and antidi~rh~al pre- 
parations (Gibaldi, 1984; Thoma and Lieb, 1983; 
Remon et al., 1979; Huruwitz, 1977). These pre- 
parations are usually available for self-medication 
and are often used when the side-effects of a drug 
include gastrointestinal disturbances such as di- 
arrhoea. The interactions were shown in many 
cases to decrease the bioavailability of drugs 
(Moustafa et al., 1986; Takahashi et al., 1985; 
Gouda et al., 1984; Bucci et al., 1981; Albert et 
al., 1978). 

Correspondence: M.A. Moustafa, College of Pharmacy, King 

Saud University, Riyadh, Saudi Arabia. 

Quinidine is an antia~hyth~c drug, the ther- 
apeutic effectiveness of which is associated with a 
rather narrow plasma concentration level (Re- 
ynolds, 1982). The bioav~lability of quinidine is 
variable and incomplete owing to first-pass 
metabolism (Guentert et al., 1979; Ueda et al., 
1976). Considerable inter- and intra-subject varia- 
bility was noted in its biological half-life (Re- 
ynolds, 1982). Further variation in bioavailability 
may be anticipated when the drug is taken concur- 
rently with antidiarrhoeal preparations because of 
possible interactions. A study in 4 healthy subjects 
indicated that aluminium hydroxide mixture did 
not interfere with the absorption of quinidine 
sulphate (Romankiewicz et al., 1978). Remon et 
al. (1983) on the other hand, reported bioavailabib 
ity changes of antiarrhythmic drugs, including 
quinidine, when given with aluminium hydroxide 
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and magnesium oxide to dogs. In vitro interaction 
studies involving quinidine salts with kaolin, 

pectin, montmorillonite and other antacids and 
adsorbents also suggest possible alteration of drug 
absorption from the gastrointestinal tract (Sanchez 
and Sanchez, 1982; Bucci et al., 1981; Remon et 
al., 1979; Hayden and Comstock, 1975). Relative 
bioavailability studies have been suggested (Bucci 
et al., 1981) to determine the significance of 
quinidine interactions with kaolin and pectin. Ad- 

sorption-desorption studies of quinidine salts 
(Bucci et al., 1981; Sanchez and Sanchez, 1982; 

Remon et al., 1979) have interpreted the extent of 
adsorption in terms of pH and ionic strength of 
the medium. The general pattern of the findings 
was that quinidine, being a weak base, was ad- 
sorbed to a greater extent when the pH was in- 
creased and/or the ionic strength decreased. 

The object of this report is to study the in vitro 
adsorption of quinidine sulphate on commercially 

available Kaopectate (kaolin-pectin suspension), 
Simeco (codried aluminium hydroxide and mag- 

nesium carbonate with magnesium hydroxide and 
simethicone tablets) and on magnesium trisilicate 
and bismuth subnitrate. The effect of some of 
these interactions on drug absorption is also to be 
assessed in a limited bioavailability study using 

salivary secretion data in humans. 

Materials and Methods 

Quinidine sulphate (E. Merck, Darmstadt, 
F.R.G.), Kaopectate (Kaolin-pectin suspension, 
lot RD 119, Upjohn, Puurs, Belgium), Simeco 
(co-dried aluminium hydroxide and magnesium 
carbonate with magnesium hydroxide and 
simethicone tablets, lot (E) 4591, Wyeth, Havant, 
U.K.), bismuth subnitrate (Riedel-De Haen, 
Seelze-Hannover, F.R.G.) and magnesium trisili- 
cate (BDH Chemicals, Poole, U.K.) were used. All 
other chemicals were reagent grade. 

Adsorption study 
Quinidine solutions (4-42 mg/50 ml) in 0.05 

M KCl-HCl buffer pH 2.2 were added, in sep- 
arate bottles to the adsorbents; namely, Kaopec- 
tate (5 ml), magnesium trisilicate (1 g, previously 

heated at 120°C and screened through No. 170 
sieve), Simeco (1 g equivalent to 2.5 tablets ground 
and screened through No. 170 sieve) and bismuth 
subnitrate (1 g previously heated at 120°C and 
screened through No. 170 sieve). The volume in 
each bottle was adjusted to 50 ml using the same 
buffer. The bottles were shaken in a constant 
temperature water-bath at 37 5 0.5”C for 3 h. 
Equilibrium was established at that time. Aliquots 
were filtered (Millipore, 0.45 pm) and quinidine 
was determined spectrofluorometrically (Bucci et 

al., 1981); maximum excitation at 350 nm and 
maximum emission at 443 nm. 

Bioavailability study 

Four healthy adult informed volunteers with no 
evidence of cardiac, renal, or gastrointestinal 
abnormalities participated in the study, in a 
cross-over design. The study was carried out under 
medical supervision. All subjects did not receive 
any medication for 7 days or any enzyme-inducing 
agent for 30 days before the study. During the 

study, subjects received only the medication pre- 
scribed, with 14 days separating each of the treat- 
ments design. Subjects were required to fast from 
22.00 h the night before their allocated treatment 

until 4 h after taking the medication. Smoking was 
not permitted during the experiment. One treat- 
ment consisted of administering 100 mg of quini- 
dine sulphate; the other treatment required ad- 
ministering of 30 ml of Kaopectate prior to 100 
mg of quinidine sulphate. Subjects were required 
to expectorate into 10 ml test tubes until 3 ml of 
mixed saliva have been collected. Samples were 
obtained at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10 
and 12 h after administration. Aliquots (2 ml) of 
saliva (centrifuged to remove sputum) were 
analysed for quinidine (Jaffe et al., 1975). Blank 
specimens of saliva were assayed in the same 
manner as the samples, and the appropriate blank 
corrections were applied. 

Results and Discussion 

The adsorption of quinidine sulphate on anta- 
cid and antidiarrhoeal preparations was found to 
follow both the Freundlich and Langmuir adsorp- 
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Fig. 1. Freundhch adsorption isotherms of quinidine on A, 

kaolin-pectin; 0, magnesium trisihcate; 0, bismuth sub- 

nitrate; 0, Simeco. 

tion isotherms (Figs. 1 and 2). Adsorption param- 
eters evaluated from the plots are shown in Table 
1. It can be seen that Kaopectate and magnesium 
trisilicate adsorbed quinidine to a much greater 

extent than Simeco and bismuth subnitrate. Com- 
parison of results of the present study with those 
of previous reports (Remon et al., 1983; Bucci et 
al., 1981; Romankiewicz et al., 1978) shows that 

agreement was only qualitative. The relatively poor 
adsorption of quinidine on aluminium hydroxide 
preparations, as found with Simeco tablets in the 
present study, might be the reason why such an 
interaction was reported, not to interfere with the 
extent of drug absorption in humans (Romankie- 
wicz et al., 1978) while, in another study in dogs, it 
was found to decrease the maximum drug plasma 

Ce (mg/50ml) 

Fig. 2. Langmuir adsorption isotherms of quinidine on:O, 

bismuth subnitrate; Cl, Simeco; 0, magnesium trisilicate; A, 
kaolin-pectin. 

concentration, shift the time required to reach that 

concentration but does not decrease the area un- 
der the plasma concentration-time curve (Remon 
et al., 1983). Poor adsorption was also found for 
quinidine on bismuth subnitrate and other ad- 
sorbent antacids studied (bismuth subnitrate, bis- 
muth subsalicylate suspension, calcium carbonate) 
which adsorbed less than 5% of the drug. 

The extent of adsorption of quinidine on kaolin 
in Kaopectate was found to be more than 25 
mg/g, whereas a value of less than 4 mg/g was 
reported by Bucci et al. (1981). The discrepancy is 
probably due to the hypothesis, previously re- 

TABLE 1 

ADSORPTION PARAMETERS FOR QUINIDINE SULPHATE INTERACTION WITH VARIOUS ADSORBENTS 

Magnesium Kaopectate Simeco Bismuth 
trisilicate subnitrate 

Freundhch isotherm, slope X 10 2 71.4 73.6 65.6 25.0 
Freundlich isotherm, intercept X lo2 7 25 -40 12 

Langmuir isotherm, slope x 10’ 4.237 3.882 17.326 30.200 

Langmuir isotherm, intercept x lo2 55.0 7.0 265.0 80.0 

Langmuir isotherm, constant b. x lo2 7.70 55.50 6.50 37.80 

Limiting adsorptive capacity, (l/Langmuir slope, mg/g) 23.60 25.76 5.77 3.31 
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ported (Moustafa et al., 1986) that kaolin in 
Kaopectate exists in a fine state of subdivision 
together with other formulation ingredients which 

make the preparation a much more effective ad- 
sorbent than kaolin alone. The high adsorption 

capacity of magnesium trisilicate is probably due 
to a high specific surface as a result of the forma- 
tion of colloidal silicic acid in the low pH buffer. 
A pH 2.2 buffer was used, in the present study, to 
simulate conditions in the stomach when the drug 

is ingested. 
A good correlation between plasma and saliva 

quinidine concentration was observed after a single 
dose of the drug (Narang, 1983). Various reports 
have given salivary concentration data for quini- 
dine, and most of these suggest the possible use of 
saliva in bioavailability studies rather than for 
clinical monitoring (Narang, 1983; Danhof and 
Breimer, 1978; Jaffe et al., 1975). In the present 
study, salivary quinidine concentrations were used 

to find out the effect of one important interaction, 
namely, quinidine-Kaopectate, on the bioavaila- 
bility of quinidine. A decrease in peak saliva 
quinidine concentration of 54% and a decrease of 
AUC of 58% were observed; absorption rate, how- 
ever, was not significantly affected (P > 0.05). Re- 
sults are shown in Fig. 3 and Table 2. 

It can be seen that in spite of the limited 

number of subjects receiving the drug alone or in 
combination with Kaopectate and inter-subject 
variability in maximum saliva concentration levels, 
time to reach this maximum and area under the 
saliva concentration-time curves, the ratio of these 

TABLE 2 

Time ( hours) 

Fig. 3. Effect of adsorption on the mean salivary quinidine 

concentration-time curve. 0, control; A, kaolin-pectin. 

values (treatment to control) was essentially the 
same for each individual. Saliva concentrations as 
measured in this report reflected more of the free 

rather than total quinidine concentrations in saliva 
(Jaffe et al., 1975). Saliva pH was also variable 
and might, consequently, account for intrasubject 
variability (Levy and Lampman, 1975). The highly 
significant decrease (P < 0.05) in maximum 
salivary concentrations and area under the saliva 
concentration-time curve, a bioavailability de- 
crease of more than 55%, with the quin- 
idine-Kaopectate interaction would suggest a need 
for clinical monitoring of patients taking quini- 
dine regularly when adsorbent-antacid or antidi- 
arrhoeal therapy of this type is concomitantly 
instituted. 

QUINIDINE BIOAVAILABILITY FROM SALIVARY CONCENTRATION DATA 

Subject C,, (ng/ml) 

Expt. Control 

(Expt./Control) 

x100 
t mBx (h) AUC (ng h/ml) 

Expt. Control Expt. Control (Expt./Control) 
x100 

A 53 107 49.53 4.25 4.00 346 816 42.40 
B 39 88 44.32 2.50 2.25 172 410 42.00 
C 55 122 45.08 3.50 3.25 383 924 41.30 
D 45 99 45.45 3.75 3.50 295 714 41.45 

Mean 48 104 46.10 3.50 3.25 299 716 41.75 
C.V., % 15.40 13.76 5.08 21.02 22.65 30.78 30.91 1.21 

Expt. = 30 ml of Kaopectate preceded administration of 100 mg quinidine sulphate. Control = a dose of 100 mg of quinidine 

sulphate. 
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