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Summary. The purpose of this study was to deter- 
mine whether a concomitant single dose of antacid ~ 
or multiple doses of antacid administered prior to, 
and with tolmetin, alter the pharmacokinetics of 
tolmetin when the drug was administered as a com- 
mercially available tablet 2 containing tolmetin 
sodium. The possible effects of the antacid on plas- 
ma concentrations and urinary excretion of tolmetin 
and its major metabolite were evaluated following 
administration of: (a) tolmetin sodium alone; (b) 
antacid four time a day for three days prior to 
a single dose of tolmetin sodium, with continuation 
of the antacid during the day tolmetin was given; 
and (c) co-administration of single doses of tolmetin 
sodium and antacid. The twenty-four subject study 
was of the crossover type. There were no significant 
differences among treatment means for: (i) peak 
plasma concentrations of both tolmetin and metabo- 
lite, (ii) AUC 0-8 h and AUC 0 - ~  for both tolme- 
tin and metabolite, (iii) time to peak plasma con- 
centration for both tolmetin and metabolite, (iv) 
plasma concentrations of both tolmetin and the 
metabolite at all sampling times (except for tolmetin 
at 2 h), (v) renal clearance of both tolmetin and its 
metabolite, and (vi) the amount of metabolite ex- 
creted in  the 0-24 h urine. There were small, but 
sign~cant, differences among amounts of tolmetin 
excreted in the 0-24 h urine. Semilogarithmic plots 
of both tolmetin and metabolite plasma concentra- 
tions past the peak concentrations were curved over 
the entire 8-h observation period; although the 
eliminatiola half-life of tolmetin has been reported 
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to be about one hour, the half-life most probably 
exceeds 2.6 h in most subjects. The results of this 
study indicate a lack of a significant drug-drug in- 
teraction between the non-steroidal anti-inflamma- 
tory agent, tolmetin sodium, and a commonly used 
antacid, which is a mixture of magnesium and 
aluminium hydroxides. 

Key words: Tolmetin, pharmacokinetics, bioavail- 
ability, antacid, oral dose. 

Tolmetin (1 - methyl - 5 - p - toluoylpyrrole - 2 - acetic 
acid) is an anti-inflammatory drug recommended for 
the relief of the signs and symptoms of rheumatoid 
arthritis. The chemistry (Carson et al., 1971) and 
pharmacology (Wong et al., 1973) have been re- 
ported, and the major metabolite [5-(p-carboxyben- 
zoyl)-l-methypyrrole-2-acetic acid] has been iso- 
lated from the urine (Sumner et at., 1975; Plost- 
nieks et al., 1975). The pharmacokinetics of tolme- 
tin have been studied in normal subjects (Plostnieks 
et al., 1975; Cressman et al., 1975; Selley et al., 
1974; Selley et al., 1975) and the mean elimination 
half-life was reported as about 1.0 h. The mean 
elimination half-life was reported to be between 
0.83 and 1.0 h in arthritic patients (Plostnieks et al., 
1975; Selley et al., 1974; Selley et al., 1975). 

Antacids are widely used drugs which might be 
taken by patients along with tolmetin, either with or 
without the knowledge of the attending physician. It 
is well established that some antacids can affect the 
gastrointestinal absorption of drugs via complexa- 
tion, adsorption, or modification of the percent of 
drug ionized in the gastrointestinal tract, because of 
changes of gastrointestinal pH. Drugs whose rate or 
extent of absorption have been affected by antacids 
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Table 1. Study design for three treatment crossover with 24 sub- 
jects and six treatment sequences with details of treatments 

Treatment 

Group Subject number Week I Week II Week III 

I 3, 9, 15, 22 A B C 
II 1, 1I, 13, 20 C A B 
III 2, t2, 14, 21 B C A 
IV 4, 7, 16, 24 A C B 
V 5, 8, 17, 23 B A C 
VI 6, 10, 18, 19 C B A 

Treatment A:  400 mg of tolmetin sodium as two (2) Tolectin ® 
(tolmetin sodium 200 rag) tablets administered with 200 ml of 
water. 
Treatment B: On each of the three days preceding drug adminis- 
tration the subjects received a 20 ml dose of Maalox ® magnesium 
and aluminium hydroxides suspension four times per day at 8: 00 
a.m., 1: 00 p.m., 6: 00 p.m. and 11 : 00 p.m. The container was 
rinsed two times with 20 ml volumes of water and the contents 
consumed each time. On the day of dosing, immediately follow- 
ing the 8:00 a.m. antacid administration, 400 mg of tolmetin 
sodium as two (2) tolectin ® (tolmetin sodium 200 mg tablets) 
were administered with 140 ml of water. Antacid was adminis- 
tered during the remainder of the dosing day as above. 
Treatment C: 20 ml of Maalox ® magnesium and aluminium hy- 
droxides suspension were administered and the container rinsed 
two times with 20 ml volumes of water and the contents con- 
sumed each time. Immediately thereafter 400 mg of tolmefin 
sodium as two (2) Tolectin ® tablets (tolmetin sodium 200 mg tab- 
lets) were administered with 140 ml of water. 

include (but are not limited to) propantheline 
(Herxheimer and Chaput de Saintonge, 1973), bis- 
hydroxycoumarin (Ambre and Fisher, 1973) and as- 
pirin (Lieberman and Wood, 1964). In addition, an- 
tacids may affect urinary pH (Gibaldi et al., 1974; 
Gibaldi et al., 1975) and changes in urinary pH have 
been shown to affect the elimination half-life of such 
drugs as sulfonamides (Kostenbauder et al., 1962) 
and salicylates (Levy and Leonards, 1971). 

A crossover study was performed with 24 nor- 
mal volunteers during which plasma concentrations 
and urinary excretion of both tolmetin and its major 
metabolite were measured after administration of 
tolmetin with and without antacid. The phar- 
macokinetics of the drug and the major metabolite 
are discussed. 

Material and Methods 

Twenty-four male volunteers (aged .21--43 years; 
weight 66-89 kg) in good health participated in the 
study. All subjects received a screening medical ex- 
amination and a drug history was taken; 20 different 
blood and urine sceening tests were performed and 
all subjects were found to be within normal labora- 

tory limits for all tests. A three-treatment crossover 
study was performed utilizing all six possible treat- 
ment sequences, as shown in Table 1. 

All subjects selected received no other drugs 
than tolmetin and the antacid for a period of at least 
14 days preceeding initiation of the study, nor until 
its completion. All subjects consumed a standard 
meal (no milk) on the evening prior to dosing, and 
then received no food or beverage, except water, for 
at least 12 h before the tolmetin doses and until at 
least four hours post dosing with tolmetin, at which 
time another standard meal (no milk) was con- 
sumed. Each dose of tolmetin consisted of two tab- 
lets 2 each containing the equivalent of 200 mg of 
tolmetin as the sodium salt (see Table 1). 

Seven ml blood samples were collected 3 at 0, 10, 
15, 20, 30, 40, 60, and 90 min and 2, 3, 4, 6 and 8 h 
after dosing and the plasma was immediately har- 
vested and frozen. Each subject voided his bladder 
immediately prior to the dose of tolmetin, and the 
0 to 24 h urine was collected on the day of dosing 
and frozen until assayed. 

All plasma samples were assayed for totmetin 
and the major metabolite using high pressure liquid 
chromatography (Ayres et al., 1977). The same pro- 
cedure was used for urine samples except that each 
urine sample was diluted (1 ml of urine plus 10 ml 
of distilled water) prior to determining the metabo- 
lite, in order to keep the concentration in the range 
of the standard curve. 

The study was run according to the study design 
in Table 1 with six treatment sequences and four 
subjects per treatment sequence. The computer 
program available for analysis could not do an 
analysis of variance (ANOVA) for this design. 
Therefore, for the computer-performed ANOVA's,  
three groups (rather than six) were assigned as fol- 
lows: Group I consisting of subjects. 3, 4, 7, 9, 15, 
16, 22 and 24 who received treatment A on week I; 
Group II consisting of subjects 2, 5', 8, 12, 14, 17, 
21 and 23 who received treatment B on week I; and 
Group III consisting of subjects 1, 6, 10, 11, 13, 18, 
19 and 20 who received treatment C on week I. This 
change meant that the "Group Mean Square" for 
the computer performed ANOVA did not mean 
"Treatment Sequence". The computer-performed 
ANOVA's were compared to the results of 
ANOVA's  performed with a desk calculator accord- 
ing to the appropriate study design for some of the 
variables to see if the change in group assignments 
distorted the F values and significance levels of the 
Treatment Mean Square of the computer-performed 
ANOVA's.  The power of each ANOVA, calculated 

3 Vacutainers ® with sodium heparin, Bectin-Dickinson 
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IB1g. 1. Mean and individual plasma concentrations of tolmetin for 

from the residual mean square (RMS), for a given 
difference in extreme means was determined. 

All plasma concentration, time data for tolmetin 
and its major metabolite and all urinary excretion 
data were analyzed pharmacokineticaUy. Area un- 
der the curve (AUC) values from 0 to 8 h were cal- 
culated using the trapezoidal rule. AUC 0-oc values 
were estimated from: AUC 0-8 + (plasma concent- 
ration at 8 h) //3, where fl was estimated from the 
last two plasma concentrations (see Discussion). Re- 
nal clearance was calculated from the ratio: (amount 
excreted in the urine 0-24 h)/(AUC 0-8),  which is, 
in this case, essentially equivalent to (amount ex- 
creted in the urine 0-:¢) / (AUC 0-oo). 

Results 

No adverse effects were observed following the 
three treatments, Table 2 summarizes the means 
and the results of ANOVA's for the major phar- 
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all three treatments 

macokinetic parameters following each treatment• 
In those cases where both types of ANOVA's were 
performed, there were no appreciable differences in 
the results obtained, when the criterion was the 
magnitude and significance level of the Treatment 
Mean Square. Table 2 shows that no significant dif- 
ferences were found among treatment averages for 
any of the parameters compared, except for the 
plasma concentrations of tolmetin at two hours. 

Figure 1 shows the mean plasma concentrations 
of tolmetin as well as the individual subject plasma 
concentrations for all three treatments. Figure 
2 shows the same type of information for the major 
metabolite of tolmetin. Figures 1 and 2 were com- 
puter generated. It is apparent without statistical 
analysis, that there Was no effect of the antacid on 
mean tolmetin or metabolite levels. The statistical 
analysis strongly supports this viewpoint. The mean 
peak plasma concentrations of tolmetin were 44.5, 
41.9, and 43.9 txg/ml for treatments A, B and C, 
respectively and the differences among means were 



J. W. Ayres et al.: Pharmaoakineties of Tolmetin 425 

_,o, 

~o 

II \ 

o to 
ct~ 

3 6 
~- TIME RFTEB DBUG RDMINISTRATION{HOUBS) ~- TIME RFTEB OAUG RDMINISTBRTION(MOUfl5) 

CTJo C:}~! 

Z ID 

¢:ICc~ 
(~ 3 15 (;Z 
~- TIME RFTEB DBUG flOMINISTBRTION(HOUBS) 

B 
TIME AFTER OAUG ADMINISTRRTION(HOUB5) 

Fig. 2. Mean and individual plasma concentrations for the major metabolite of tolmetin for all three treatments 

not significant (F = 0.26, p>0.25). Week averages 
for mean peak plasma concentrations were 44.7, 
41.7, and 43.9 ~g/ml for weeks I-III, respectively, 
and the differences among the means were not sig- 
nificant (F = 0.20, p>0.25). The treatment se- 
quences (groups) gave F = 0.68, (p>0.25). The co- 
efficient of variation (C.V.), calculated from the 
RMS, was 34.1%. The power of the ANOVA 
(1-  fl) was 0.84 for a 30% difference in extreme 
means. Such results, along with the results in Table 
2, clearly show that the antacid did not produce any 
significant effects on tolmetin plasma levels. 

Figures 3 and 4 show representative semi- 
logarithmic plots of terminal plasma concentrations 
of tolmetin and its major metabolite, respectively. It 
is clear that each of these plots is curved and a true 
"log-linear or fl phase" has not yet been reached at 
the end of 8 h following oral dosing. A "true half- 

life" cannot be obtained from such data, but a mean 
half-life of greater than 2.6 h for tolmetin and 
greater than 1.7 h for the metabolite can b e  esti- 
mated by considering only the 6 and 8 h concentra- 
tions of each compound for each subject (see Table 
2), 

Although there was no evidence of an effect of 
the antacid on plasma AUC or concentrations of 
either totmetin or its major metabolite, the antacid 
did significantly alter the urinary excretion of tolme- 
tin (F = 6.79, 0.005 > p > 0.001), but not its ma- 
jor metabolite (F = 1.62, p > 0.25). The average 
amounts excreted in the urine were treatment 
B > treatment C > treatment A for both tolmetin 
and the major metabolite as would be expected for 
acidic drugs. The mean amounts of tolmetin excret- 
ed in the 0-24 h urine were 12.4 mg (3.1% of the 
dose), 18.6mg (4.9% of the dose) and 13.5 mg 
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concentrations of the major metabolite of tolmetin 
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Fig. 5. Power of the analysis of variance v s .  coefficient of varia- 
tion for detecting 15%, 20% or 30% difference in extreme 
means. Key: Curves are for 1 5 % ,  2 0 %  and 30% difference in 
extreme mean. AM = a r e a  0 - 8  h for metabolite; AD = area 
0 - 8  h for tolmetin (drug); PM = peak plasma concentrations of 
metabolite; PD = peak plasma concentrations of tolmetin (drug) 

(3.4% of the dose) for treatments A, B and C, re- 
spectively; the overall mean was 14.8 mg (3.7% of 
the dose) with a range of 0.778 mg to 50.2 mg 
(0.2% to 12.5% of the dose). 

The mean amounts of the major metabolite ex- 
creted in the 0 - 2 4 h  urine were 183, 207 and 
212 rag, equivalent to 39.1, 44.2 and 45.3% of the 
dose of tolmetin for treatments A, B and C, respec- 
tively. The overall mean was 201 mg (42.9% of the 
dose) with a range of 20.8 mg to 309 mg (4.4% to 
66% the dose). 

There were no significant differences (0.10 
> p > 0.05) among the treatment mean renal clear- 
ances of tolmetin (3.20, 4.69 and 3.49 ml/min for 
treatments A, B and C, respectively). There were no 
significant differences (0.25 > p > 0.10) for treat- 
ment mean renal clearances of metabolite (141,169 
and t64 ml/min for treatments A, B and C, respec- 
tively (see Table 2). 

The powers of the ANOVA for detecting 
a 15%, 20% or 30% difference in extreme means of 
parameters obtained following the three treatments 
were calculated and the results are given in Figure 5. 
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Discussion 

There was no evidence of a significant drug-drug in- 
teraction between tolmetin and the antacid. The 
time to peak plasma concentration, the peak con- 
centration, the area under the plasma concentration, 
time curve, and the renal clearance of tolmetin were 
all not significantly perturbed by the antacid. These 
results show that the antacid employed may be 
taken chronically, or as a single dose administered 
with tolmetin, and it will have no significant effects 
on the pharmacokinetics of the tolmetin. 

Semitogarithmic plots of terminal plasma con- 
centrations of both tolmetin and its major metabo- 
lite were curved (Figs. 3 and 4). This curvature is 
most probably due to saturable tissue-binding of the 
drug as has been reported by Ayres et al. (1977). 
This does n o t  mean that there is anything "wrong" 
with the drug, but just that simple linear phar- 
macokinetics do not apply in calculating the appar- 
ent elimination half-life of the drug. It does mean 
that the reported elimination half-life values of less 
than one hour for tolmetin (Plostnieks et al., 1975; 
Cressman et al., 1975) are most probably incorrect, 
as the mean "true half-life" is probably in excess of 
2.6 h. It is not known whether the curvature in the 
semilogarithmic plot for the metabotite is a reflec- 
tion of the curvature for the drug or due to non- 
linearity inherent in the metabolite. 

Estimation of AUC 0-zc by the classical 
methods will not give the exact answer from tolme- 
tin data because of the nonlinearity which exists. 
However, for tolmetin plasma concentrations the 
AUC 0-8 was 97-98% of the estimated AUC 0-zc 
using classical methods (Wagner, 1975) and the 
6 and 8 h concentrations to obtain the apparent 
elimination rate constant. This indicates that the 
majority of the AUC 0-zc resides in the AUC 0-8, 
and the AUC 0-8 can be used to conclude that 
there was no significant treatment effect on the 
amount of tolmetin absorbed. 

The observation that the antacid did not signifi- 
cantly affect the plasma levels of tolmetin, but did 
significantly alter the urinary excretion of tolmetin 
must be attributed to two factors: (a) the antacid did 
n o t  significantly affect the absorption of tolmetin; 
and (b) the change in such a small amount of un- 
changed drug excreted in the urine is significant, but 
is not well reflected in the plasma level data since an 
overall of 96.3% of the tolmetin is metabolized. 
This relatively small effect on excretion of un- 
changed drug due to treatment with antacid would 
be of no clinical significance. 

An important consideration is the power of the 

analysis of variance. If the h~pothesis that certain 
means were equal was false, a so-called type It error 
(/3 error) would occur if the tested hypothesis was 
accepted when it was false. The probability of re- 
jecting the tested hypothesis when it was false is cat- 
led the "power of the test against a specified alter- 
native" and is denoted by 1-/3. For example, if 1-/3 
= 0.8, then the chances are 0.8 out of t.0 of detect- 
ing the specified difference in means. Figure 5 is 
a plot of the power, 1-/3, against the coefficient of 
variation calculated from the residual mean square 
(RMS) of the ANOVA and the tables of Dixson and 
Massey (1957) and is specific for the number of sub- 
jects and treatments used in the present study i.e., 
the figure is based on the RMS having degrees of 
freedom, va = 2 and vz = 44 with a = 0.05. One 
curve in the figure is for a 15% difference in ex- 
treme means, a second curve is for a 20% difference 
in extreme means, and a third curve is for a 30% 
difference in extreme means. To use the figure one 
requires a coefficient of variation listed in the last 
two columns of' Table 2. Four examples are shown 
in the figure. For example, AM indicates that 1-/3 
= 0.98 where the coefficient of variation was 
12.4% and Am symbolizes AUC 0-8 for the 
metabolite. From Figure 5 and the coefficients of 
variation listed in Table 2, one can see that one ob- 
tains a high power for a small difference (15%) in 
extreme means for AUC 0-8, but for peak concen- 
trations the difference in extreme means must be 
20% or 30% to get a high power since the coeffi- 
cients of variation are larger. The parameter, time to 
peak concentration, is associated with the highest 
coefficient of variation and hence the power is rela- 
tively poor. These results obtained in this study with 
these three parameters are consistent with those ob- 
tained in other bioavailability studies performed by 
the authors. 
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