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dose study, the urine samples were collected at the dosing intervals up to the 5th day and 
thereafter at 6-10 p.m., 10 p.m.-7 a.m., and on the 6th and 7th day from 7 a.m. to 4 
p.m. and from 4 p.m. to 7 a.m. Eleven days after the last dose a single urine sample was 
collected. Diuresis was measured and all aliquots stored at -18°C until analysis. 

Samples offaeces. Faeces were collected for O-24 and 24-48 h after administration of a 
single dose. The faeces were dried in vacua at 37°C weighed, powdered and aliquots 
stored at -18°C until analysis. 

Apparatus 
A Waters liquid chromatograph consisting of a Model 6000A pump, a Model 710B 

WISP autoinjector, a Model 440 ultraviolet (UV) absorbance detector (280 nm), a 
Model 730 data module and a Model 720 system controller was used. The columns were 
thermostated in a model LC Kratos oven 250/3. 

Chromatography 
The column set-up employed was as previously described [15, 161. The analytical 

column was a Knauer column, 120 x 4.6 mm i.d., packed with either LiChrosorb Si 60 (5 
pm) or Polygosil 60 (5 pm). The guard column (150 x 4.6 mm i.d.), situated between 
the pump and the autoinjector, was dry packed with LiChroprep Si 60 (15-25 km). 
Both columns were operated at 40°C. The mobile phase for the final analytical system 
was acetonitrile-methanol-O.2 M potassium phosphate (pH 7.5)-water (25:20:5:50 v/v) 
containing 1.25 mM iV,N,N-trimethylhexadecyl-ammonium bromide (CTMA). The 
flow-rate was 1.5 ml min-l. 

Extraction procedures 
Plasma. (a/b). An aliquot of 1.0 ml plus 2.5 ml phosphate buffer pH 6.5 with or 

without adding B-glucuronidase is taken following incubation at 37°C for 3 h. Then add 
0.5 ml 3 N HzS04 and 6.5 ml dichloromethane. Mix in a rotary mixer for 10 min and 
centrifuge at 5°C for 10 min (2500 rpm). Aspirate the aqueous phase and withdraw 5.0 ml 
of the organic phase. Evaporate with a gentle stream of N2 at 35°C and redissolve in 96% 
ethanol (100 ~1) and inject in liquid chromatograph (20-40 l~,l). 

(c). As above, but with sulfatase instead of B-glucuronidase incubation. 
(d). Plasma (1.0 ml) plus 0.5 ml 0.1 M NaOH refluxed for 1 h. Then proceed as above, 

from the point of adding 0.5 ml 3 N H2S04. 

Urine. (a/b). To urine (1.0 ml) is added 0.5 ml phosphate buffer pH 6.5, with or 
without adding B-glucuronidase and following incubation at 37°C for 3 h. Then add 200 
~13 N H2S04 and 1.5 ml methanol-acetonitrile mixture (1: 1 v/v). Mix on a rotary mixer 
and centrifuge for 10 min at 10°C (2500 rpm). Inject 15 ~1 of the centrifugate in the 
chromatograph. 

(c). As above, but substituting sulfatase incubation for B-glucuronidase. 
(d). Urine (1 ml) plus 0.5 ml 0.1 M NaOH is refluxed for 1 h. Then proceed as above 

from the point of adding 200 ~1 3 N H2S04. 

Faeces. (a/b). To faeces (100 mg dry weight) is added 2.5 ml phosphate buffer pH 6.5 
with or without adding B-glucuronidase and following incubation for 3 h at 37°C. Then 
add 0.5 ml 3 N H2S04 and 6.5 ml dichloromethane. Mix in a rotary mixer and centrifuge 
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at 5°C for 10 min (2500 rpm). Aspirate the aqueous phase and withdraw 5.0 ml of the 
organic phase. Evaporate with a gentle stream of N2 at 35°C redissolve in 96% v/v 
ethanol (500 ~1) and inject in the liquid chromatograph (20 l.~l). 

Standardization 
Control plasma, urine or faeces, spiked with tolfenamic acid and metabolites (la, lb, 

2, 3, 4), were analysed every day concurrently with the samples in order to construct 
standard curves and check the methodology. 

Chemicals 
Metabolite la, metabolite 2, metabolite 3 and metabolite 4 were synthetic products 

from the Synthetic Laboratories GEA Ltd. (Denmark). Tolfenamic acid and Clotam@ 
capsules were also obtained from GEA Ltd. Metabolite lb was obtained from Medica 
Ltd (Finland) in a slightly impure state isolated from human urine. 

B-glucuronidase (105-8, bacterial type 1) and sulfatase (S-9751 Type H-2) were 
obtained from Sigma. Acetonitrile HPLC S-grade was obtained from Rathburn 
Chemicals (Walkerburn, Great Britain). Polygosil 60 was obtained from Macherey- 
Nagel & Co. (Duren, FRG). All other chemicals were of analytical reagent grade and 
obtained from E. Merck (Darmstadt, FRG). 

Results and Discussion 

The chromatographic system 
As a basis for the development of the separation method a system previously described 

[16] was used. It was found that in order to elute tolfenamic acid within a reasonable time 
it was necessary to use a higher concentration of organic modifier and a lower amount of 
cetyltrimethylammonium bromide (CTMA) than in the standard system, due to the 
lipophilicity of tolfenamic acid and its ability to form ion pairs with CTMA. When using 
60% v/v methanol as the organic modifier it was not possible to separate the two 
metabolites la and 3, and when using 40% v/v acetonitrile separation of 3 and 2 could not 
be performed (Table 1). The final eluent containing 25% v/v acetonitrile and 20% v/v 
methanol was able to separate all the compounds under consideration. In order to 
achieve the lowest detection limits shorter retention times were desirable. In dynamically 
modified silica this may be accomplished without changing the selectivity or the column 
length and without increasing the flow rate, by using another type of silica with a smaller 
surface area [lS]. Using Polygosil 60 instead of LiChrosorb Si 60 the V-values were 
halved without any change in selectivity (Table 1). 

Chromatograms of a spiked plasma sample and of a urine sample from the multiple 
dose study are shown in Fig. 1. 

Detection limits, reproducibility and recovery 
The detection limits, i.e. the sensitivity of the method, defined as a signal-to-noise 

ratio of three, were determined using standard solutions of each compound. The 
minimum detectable quantities, expressed in ng injected on-column, were found to be in 
the range of lo-20 ng for all the known metabolites and tolfenamic acid. 

The detection limits of metabolites la, 2 and 3 and of tolfenamic acid in plasma are 
therefore about 50 ng ml-‘. The detection limits for metabolite lb and 4 in plasma are 70 
and 170 ng ml-‘, respectively, taking the recoveries (Table 2) into consideration. 



T O L F E N A M I C  A C I D  A N D  M E T A B O L I T E  P H A R M A C O K I N E T I C S  7 3  

I / 3  

e~ 

o 
0~ 

e~ 

_= 

O 

o ~  
..= 
e .  

1-  

8 

_= 

.=. 

O 

O 

e~ 

e~ 
~D 

."d. 

"6 

~7 
t~  

m 

u~ 

" O  

0~ 

e~ _o 

¢-q 

O 

or)  

o 

O 

.g 

O 
e~ 

r~ 

t ~  
• o o 

O~ t r  

06 ,~ 

O 

O 

+ ~  + ~  



74 STEEN HONOR6 HANSEN and S0REN BOLS PEDERSEN 

A 

I I 0.001 AU 

0 

2 

( 1 

5 

I 

6 

7 

0 5 10 15min 0 5 10 15 min 

Figure 1 
Chromatograms of: A, a plasma sample spiked with tolfenamic acid and its metabolites (10 t.r,g of each per ml 
plasma); and B, a urine sample from volunteer 1 at day 5 at 12 h in the multiple dose study. Peak identification: 
1: Metabolite 2a; 2: Metabohte la; 3: Metabolite 3; 4: Metabohte 2; 5: Metabolite lb; 6: Metabolite 4; 7: 
Metabolite lx; and 8: Tolfenamic acid (1). 

Table 2 
Analysis of plasma samples spiked with tolfenamic acid and five of its metabolites 

Sample 
Concentration Mean concentration found Precision* Recovery 
(ng ml-‘) (n = 4, ng ml-‘) RSD (%) (%) 

Tolfenamic 2500 2502 2.5 100 
acid 1000 934 4.4 93 

250 210 3.9 84 

Metabolite la 2500 2549 1.0 102 
1000 1026 3.6 103 
250 250 9.0 100 

Metabolite lb 2500 1950 
1000 790 

250 176 
t 

5.0 

78 
79 
71 

Metabolite 2 2500 2432 4.1 97 
1000 959 5.6 96 

250 257 4.4 103 

Metabolite 3 2500 2655 2.6 106 
1000 1010 1.7 101 

250 244 4.0 98 

Metabolite 4 2500 725 18.1 29 
1000 320 24.1 32 

250 68 8.6 27 

*Relative standard deviation. 
+Only a single determination was carried out due to limited amount of standard. 
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The reproducibility and precision of the method were determined by adding standard 
solutions to plasma samples. The results are shown in Table 2. For metabolite la, 2 and 3 
and for tolfenamic acid the recoveries were cu 100%; the precision was also good, but the 
recovery and the precision of metabolite 4 were poor. 

When analysing the urine samples, recovery and precision were excellent for all the 
substances, due to the simple sample preparation. 

Pharmacokinetics and metabolism of tolfenamic acid 
The pharmacokinetics of tolfenamic acid in man have been described by a two- 

compartment open model, with a central compartment volume of about 6 1, and a p- 
phase volume of about 25 1, with a total elimination rate constant of 1.6 h-’ and a p- 
phase half-life of about 2 h. The total plasma clearance was around 150-200 ml min-‘, 
and complex absorption was observed, with an average half-life of about 2 h [14, 201. 

As seen before, very different tolfenamic acid plasma profiles are observed for the two 
subjects in this study after p.o. administration, mainly due to differences in the 
absorption phases (Figs 2 and 4). The excretion in the urine and faeces of tolfenamic acid 
are similar to earlier results (Tables 3-5). 

The elimination of tolfenamic acid occurs principally by extrarenal mechanisms, i.e. by 
hepatic metabolic clearance. The metabolism of tolfenamic acid in man is shown in 
Scheme 1. Metabolite la, lb, 2 and 3 have been identified previously [13, 21-231. 
Metabolite 4 has been synthesized and identified in biological fluids by chromatography. 
The structures of metabolite lx and 2a are speculative only. They appear as small 
chromatographic peaks in subjects treated with Clotam@ (Fig. 1). They have profiles 
corresponding to metabolites la and 2, respectively, and finally their polarities in the 
chromatographic system are consistent with the structures proposed. 

L.0 

Figure 2 
Plasma concentrations after single peroral dose of 200 
mg tolfenamic acid for volunteer 1, 0: T.A.; 0: 
T.A. as conjugate; q : Metabolite la as conjugate; 
V: Metabolite lb as conjugate. 
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Table 4 
Excretion of tolfenamic acid (TA) and its metabolites in the faeces after a single per oral dose of 200 mg to two 
volunteers 

Subject 

1 
2 

Excretion in the faeces (O-48 h) (% of dose) 
Tolfenamic acid Metabolite la Metabolite lb Metabolite 3 “Total” 

1.0 0.2 0.2 0.4 1.8 
5.9 N.D.* 0.6 0 6.5 

*Not determined: obscured by a larger background peak. 

30 

Figure 3 
Plasma concentrations after single peroral dose of 200 mg tolfenamic acid for volunteer 1. n : Metabolite 2 as 
conjugate; A: Metabolite 3 as conjugate; A: Metabolite 3; 0: Metabolite 4 as conjugate; *: Metabolite 2a as 
conjugate. 

Figure 4 
Plasma concentrations for volunteer 2 after single dose T.A. (200 mg)p.o. Symbols as in Fig. 2. 



Table 5 
Daily urinary excretbn of tolfenamic acid and its metabolites after multiple peroral doses of 200 mg to two volunteers 

Daily urinary excretion (% of dose) 

Day/dose 

T.A. 

s.l s.2 

11600 mg 10.1 5.3 
2/600 mg 7.9 6.3 
3/6OEl mg 8.6 5.9 
4/600 mg 9.9 6.0 
5/600 mg 8.7 6.7 
6/O mg 0.2 0 
710 mg 0 0 

Metabolites 

la lb 2 3 4 “lx” 

s.l s.2 s.l s.2 s.l s.2 s.l s.2- s.l s.2 s.l s.2 

9.8 8.3 1.1 1.5 22.2 14.9 4.2 5.2 0.4 0.4 0.7 0.6 
12.9 13.4 5.2 6.4 22.8 21.0 6.8 8.2 1.3 1.3 0.8 1.2 
12.2 12.9 10.2 8.9 23.6 20.6 4.9 6.3 1.3 1.8 0.7 1.0 
16.2 14.2 14.5 12.0 29.4 20.3 6.9 6.5 1.2 2.1 1.1 1.1 
15.3 15.0 15.8 11.8 28.3 21.1 4.5 8.5 1.4 2.1 0.9 1.2 

4.5 6.3 10.3 10.7 3.6 2.0 0.6 1.8 ‘1.1 2.0 0.1 0 
2.2 3.0 7.4 8.1 1.0 0.4 0 0 1.0 1.5 0 0 

2at 

s.l s.2 

1.2 2.2 
1.7 3.5 
2.5 3.4 
3.8 4.0 
3.3 2.6 
0.5 0 
0 0 

“Total” 

s.l s.2 

2 

49.7 38.4 

59.4 61.3 

E 

64.0 60.8 : 

83.0 66.2 78.2 69.0 2 

20.9 22.8 
11.6 13.0 

g 

Overall recovery in 7 days 73.4 66.3 

*Calculated as T.A. with T.A. as reference standard. 
tcalculated as metabolite la with metabolite la as reference standard. 
T. A. = tolfenamic acid. 
S. 1. = subject 1. 
S.2. = subject 2. 
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Figure 5 
Plasma concentrations for volunteer 2 after single dose T.A. (200 mg) p.o. Symbols as in Fig. 3. 

Excretion 
The total drug excretion is mainly by renal excretion of the metabolites (Tables 3-5) as 

conjugates of tolfenamic acid; the metabolites of Scheme 1 account for up to about 80% 
of the dose determined by the present chromatographic method. The advantage of the 
multiple dose study with respect to estimating the amounts excreted is clear from the 
tables. Practically no tolfenamic acid or metabolites are excreted in unconjugated forms 
in the urine. p-Glucuronidase treatment yielded the reported amounts. Sulfatase 
treatment (from Helix pomatia with glucuronidase activity) and hydrolysis in hot alkali 
yielded the same results, except that metabolite 3 was totally decomposed by base. 
Earlier, it was found that acid hydrolysis did not release any drug compounds in the 
unconjugated form [24]. These findings clearly indicate that tolfenamic acid and its first- 
order metabolites are all excreted as glucuronic acid conjugates, more specifically as 
ester glucuronides. 

Metabolite pharmacokinetics 
The present study revealed several interesting features. The tendency to give, or the 

appearance of explicit double peaks in the plasma profiles of tolfenamic acid and some of 
the metabolites strongly suggest enterohepatic recirculation of these compounds (Figs 
2-5). The recovery of metabolites in the faeces supports the idea of biliary excretion. 
Enterohepatic recirculation has been suggested as a typical feature of fenamates [25]. 

Metabolites 3 and 4 exist both in the unconjugated and in the conjugated forms in 
plasma. The profiles are non-parallel, with the conjugated form reaching the maximum 
first and having the shortest half-life. Thus, the conjugated form could not be associated 
with the plasma-circulating metabolite as its only precursor. This may be due to the 
possibility that metabolite 3 conjugate is formed directly from metabolite 2 conjugate, or 
formed in situ from metabolite 3 just after its formation in the liver. Another possibility is 
that the conjugate is formed from intestinal enzymes during enterohepatic recirculation 

WI- 
Because of these interesting but complex terms, the present authors have refrained 

from performing speculative pharmacokinetic calculations. 
The apparent pharmacokinetic parameters are as follows. 
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Figure 6 
Plasma concentrations for volunteer 1 after multiple dose T.A. (200 mg t.i.d.)p.o. 0: T.A., 0: T.A. plus T.A. 
conjugate. 
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Figure 7 
Plasma concentrations for volunteer 1 after multiple dose T.A. (200 mg t.i.d.)p.o. n : Metabolite 2 as 
conjugate; 0: Metabolite la as conjugate; V: Metabolite lb as conjugate. 

Tolfenamic acid glucuronide: Plasma half-life around 4 h, renal clearance about 60 ml 
min-r and volume of distribution of the order of lo-40 1. 

Mefabolite la glucuronide: Plasma half-life around 9 h, renal clearance about 50 ml 
min-’ and volume of distribution of the order of 30-40 1. 

Metabolife lb glucuronide: Plasma half-life around 16 h, renal clearance about 75 ml 
min-’ and volume of distribution around 100 1. 
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Figure 8 
Plasma concentrations for volunteer 1 after multiple dose T.A. (200 mg t.i.d.)p.o. A: Metabolite 3; A: 
Metabolite 3 plus its conjugate; 8: Metabolite 4; $: Metabolite 4 plus its conjugate. 

Metabolite 2 gfucuronide: Plasma half-life around 6 h, renal clearance about 70 ml 
mitt-’ and volume of distribution about 17 1. 

Metabolite 3 (unconjugated + glucuronide): Plasma half-life around 20 h, renal 
clearance about 10 ml mitt-’ and volume of distribution of the order of lo-20 1. 

Mefabolite 4 (unconjugated + glucuronide): Plasma half-life around 120 h, renal 
clearance about 10 ml min-t and volume of distribution about 100 1. 

Metabolites lx and 2a: These were only observed in the urine samples and in a few 
plasma samples (Table 5). 

Pentikainen et al. [22] have calculated the half-lives of some of the metabolites from a 
single-dose human experiment. Their figures were obtained from thin-layer chromato- 
graphic analysis of the urine. The half-lives for tolfenamic acid, and for metabolites la, 
lb and 2 were of the same order of magnitude as reported in the present paper, whereas 
metabolite 3 was not reported by Pentikainen et al. For metabolite 4, however, there is a 
discrepancy as the present authors found a plasma half-life around 120 h, whereas 
Pentikainen found an average excretion half-life of ca 11 h. The reason for this 
discrepancy seems to be a big difference in the half-lives of the glucuronide (about 9 h) 
and the unconjugated metabolite (about 120 h) found in this experiment. Pentikainen et 
al. measured a hybrid half-life of the glucuronide and other polar, non-resolved 
metabolites at the start of the TLC plate. 

Futher study in the fields of biliary excretion, individual single metabolite dosing and 
on the structure elucidation of lx, 2a and perhaps other minor metabolites could be 
valuable. 
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