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Introduction

The metabolism of diflunisal (2',4’-difluoro-4-
hydroxy-3-biphenylcarboxylic acid) was first
described in 1975 by Tocco et al. [1]. They
found that diflunisal was excreted in the urine
as an acyl glucuronide (DAG) and a phenolic
glucuronide (DPG). The acyl glucuronide was
later shown to be highly unstable [2] as well as
reactive towards plasma proteins in vivo [3].

After multiple dose administration of di-
flunisal a new metabolite, the sulphate con-
jugate (DS), was isolated from human urine by
Loewen et al. [4] in 1986. The amount of DS
excreted accounted for less than 10-20% of the
administered dose. There has been some dis-
cussion in the literature concerning the role of
sulphate conjugation for the elimination
kinetics of diflunisal in the rat [5, 6]. In humans
the sulphate conjugate is found after single
dose administration of diflunisal [7]. Dickinson
and King [personal communication] have
identified some “diglucuronides” of diflunisal
originating from positional isomers of DAG
after i.v. administration of DAG and isomers
of DAG.

Despite the similarity of diflunisal to salicylic
acid (salicylic acid is partly excreted as an
ortho- and a para-hydroxylated phase I meta-
bolite [8]) there have been no reports of phase
I metabolism occurring in the case of diflunisal.

In the present paper the isolation and
identification of a hydroxylated metabolite of
diflunisal is reported.

Experimental

Apparatus

A HPLC consisting of a Waters 6000 A
pump (Milford, MA, USA), a Rheodyne 7125
loop injector equipped with either a 20 or
1000 pl loop (Cotati, CA, USA), a Kontron
SFM-23 fluorescence detector (Miinchen,
Germany) operated with an excitation wave-
length of 264 nm and emission at 420 nm and a
Carlo Erba DP 700 Data Processor (Milano,
Italy) was used. The columns were thermo-
stated at 38°C in a Shimadzu CTO-6A column
oven (Tokyo, Japan).

Chemicals

Diflunisal (+99.5%) was a gift from Dumex
Ltd (Copenhagen, Denmark). DAG and DPG
were isolated from human urine as described
earlier [2]. DS was synthesized as described
previously [9]. B-Glucuronidase from Helix
Pomatia 100.000 ie/ml, dodecyltrimethyl-
ammonium bromide (DTMA) and D-14-
saccharo lactone were obtained from Sigma
(St. Louis, MO, USA). All other chemicals
were of analytical grade and were supplied by
Merck (Darmstadt, Germany).

Chromatography

A pre-separation of the metabolite from
human urine (2800 ml) was performed using a
Pharmacia (Uppsala, Sweden) column 700 X
33 mm i.d. packed with Amberlite XAD-4
as described previously [2]. The fractions
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collected containing the unknown metabolite
were pooled and concentrated by roto-
evaporation followed by freeze drying. The
freeze dried product was dissolved in 50 ml
methanol-water (50:50, v/v) and preparative
HPLC was performed using a Knauer column
(Berlin, Germany) 250 X 8 mm i.d. packed
with Spherisorb octyl 5 pm (Phase Sep-
arations, Queensferry, Clwyd, UK) and an
eluent  consisting of  methanol-0.1 M
potassium citrate pH 3.5 (60:40, v/v) contain-
ing 8 mM of DTMA was used at a flow-rate of
4.0 ml min™'. After roto-evaporation followed
by freeze drying of the collected fractions, the
product was dissolved in water.

This solution was passed through a 50 x
8 mm column packed with Dowex 50 W X 4
(200—-400 mesh in the acid form). The collected
aqueous solution was finally purified on a
HPLC column 120 X 4.6 mm packed with
5 pm Chromasil C8 (Eka Nobel, Surte,
Sweden) using a mobile phase consisting of
methanol-water—glacial acetic acid (100:
100:0.2, v/v).

The purity of the isolated metabolite was
tested using an analytical HPLC system ident-
ical to the preparative system given above but
using an analytical column with the dimensions
120 X 4.6 mm i.d.
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Figure 1
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Spectroscopy

'H and *C-NMR spectra were obtained on a
Bruker AMX 400 WB instrument. In order to
remove exchangeable protons the metabolite
was dissolved in deuterium oxide followed by
evaporation. The metabolite was then dis-
solved in hexadeutero acetone (5 mg in 500
pl). 'H and '*C correlated spectra were ob-
tained using standard pulse sequence from the
AMX-pulse library. The correlation was
optimized for a 'J; ;5_of 130 Hz. A damping
of 1 and 2 dB was used for the 'H and '*C
channel, respectively. Fast atom bombardment
mass spectrometry FAB-MS was performed on
a Varian VG 12-250 instrument. The samples
were dissolved in glycerol.

Collection of urine

Urine from one person (male, 34 years old,
weight 68 kg) given 1 g of diflunisal was
collected over a period of 48 h. A total volume
of 2800 ml of urine was collected.

Results and Discussion

When urine samples from two patients re-
ceiving diflunisal were analysed according to
the HPLC method in ref. 2 a minor peak co-
eluting with DPG was observed (after enzym-
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Chromatogram of urine sample from patient. (A) untreated sample, (B) sample treated with B-glucuronidase/sulphatase
from Helix pomatia. Column: Spherisorb octyl 5 um, 120 X 4.6 mm i.d. Eluent: Methanol-0.1 M potassium citrate pH
3.5 (60:40, v/v) with 8 mM of DTMA added. Flow-rate: 1.0 ml min™'. Fluorescence detection: Ex. 264 nm and Em.
420 nm. Peaks 1, DAG; 2, DPG; 3, DS; 4, diflunisal and 5, unknown metabolite.
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IDENTIFICATION OF A METABOLITE OF DIFLUNISAL
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atic treatment of the samples). Having a
fluorescence similar to diflunisal it was pre-
sumed to be an unknown metabolite of di-
flunisal.

Recently, it was found that diflunisal, its
known conjugates DAG, DPG and DS and an
unknown metabolite could all be separated by
reversed-phase HPLC using an octyl-silica
column with an eluent containing a long chain
quaternary ammonium ion as an ion-paring
agent (Fig. 1). The unknown metabolite in this
system was found to be identical to the peak
coeluting with DPG in the above LC system.

The new conditions therefore were used for
the preparative HPLC experiments despite the
fact that it was necessary to remove the
quaternary ammonium compound by ion-
exchange and finally use HPLC in order to
remove the buffers. The final product was
found by HPLC analysis to yield a single peak
corresponding to the unknown metabolite.

The retention time and size of the chromato-
graphic peak of the metabolite was not
changed when the urine was treated with (-
glucuronidase/sulphatase, acetic acid or base
indicating that the metabolite was neither
glucuronic acid nor sulphate conjugate.

In the spectroscopic studies the isolated
metabolite was compared to diflunisal. FAB-
MS gave MH"' = 251 and MH" = 267 for
diflunisal and the unknown metabolite, respec-
tively, the difference of 16 corresponding to an
oxygen atom.

From NMR data given in Table 1 it is obvious
that a modification of the phenolic ring has
taken place. A proton in position 5 is missing,
and assuming that it has been replaced by an
extra phenolic group in position 5 *C-NMR
data for this ring has been calculated. The
calculated data are in good agreement with the
observed values for the unknown metabolite.
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Figure 2
The chemical structure of diflunisal and the new meta-
bolite. R = H: diflunisal. R = OH: metabolite.

The FAB-MS and the NMR data show that
the unknown metabolite is 2’,4’'-difluoro-4,5-
dihydroxy-3-biphenylcarboxylic acid (Fig. 2).
This metabolite is excreted as less than 2% of
the ingested dose.
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