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SUMMARY

Diclofenac was converted into either its methyl or ethyl ester in methanol or ethanol con-
taining 0.1% or 0.5% sulfuric acid, respeectively. The ester was extracted and subiected to
gas—liquid chromatagraphy with electron-capture detection. The esterification resulted in an
increased sensitivity of the gas chromatographic detection, three times batter than that pre-
viously reported for the formation of indolone ring in triflucroethanol containing 0.5% sul-
furic acid.

INTRODUCTION

Diclofenac {[sodium o-(2,6-dichlorophenyl}-aminophenylacetate; the active
constituent of Voltaren] is pharmacologically active as an anti-inflammatory .
and antirheumatic agent. Two methods for assaying diclofenac in biological
materials bave been reported {1, 2]. Both methods are based on indolone ring
formation: one in tzifluoroethanol containing 0.5% sulfuric acid [1}, the other
"in methanol saturated with HCI gas [ 2] . We applied both methads to the deter-
mination of diclofenac in rabbit plasma after drug administration. The second
method did not give good reproducibility because of interference in the resc-
tion by concomifant moisture. In the first method, however, the presence of
methanol in the trifluoroethanal gave a sensitivity about three times higher
than that previously reported. For convénience, we routinely used the metha-
nol—trifluoroethanol method for the quantitation of diclofenac. Meanwhila,
using thin-layer chromatography and gas chromatography—mass spectrometry
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(GC—MS), we identified a GC peak with a retention time of 16 min as the indo-
lone derivative and the methyl ester of diclofenac. On the basis of these obser-
vations and the fact that trifluoroethanol is a relatively expensive material, we
sought an improved and inexpensive method for the determination of diclo-
fenac. In the present paper, the search for more available reagents for derivae-
tive formation and the assay procedure using those reagents are described.

EXPERIMENTAL

Reagents : :
All chemicals were of analytical grade, and the organic solvents for exirac-
tion were of especially fine grade; these were purchased from Wako Pure

Chemicals, Osaka, Japan.

Extraction of diclofenac from plasma

Extraction was carried out with slight modifications of the method previous-
ly reported by Geiger et al. [1]. A 0.5-ml volume of plasma was acidified with
‘1 ml of 2.7 M phosphoric acid, and diclofenac in the solutiorn was extracted
with 5 ml of benzene under continuous shaking for 30 min. The mixture was
centrifuged at 1000 g for 10 min to separate the phases. A 4-ml aliquot of the
benzene extract thus obtained was added to 2 ml of 0.1 N sodium hydroxide
solution, and the mixture was stirred with a Vortex mixer. Affer cenfrifugation
at 1000 g for 10 min, as much of the benzene phase as possible was removed by
aspiraiion and the residual benzene was evaporated under 2 stream of nitrogen
gas. The aqueous phase was acidified with 0.2 ml of 43% phospharic acid, and
diclofenac in the solution was re-extracied with 3 ml of benzene using a
Vortex mixer. A 2.5-ml aliquot of the benzene layer in a test-tube was evap-
orated to dryness at 40°C under reduced pressure. The dried residue was dis-
solved in diethyl ether, and transferred to a 5-ml ready-made ampoule. The
test-tube was washed twice with ether. The ether washes were combined in the
ampotule and evaporated to dryness in a gentle stream of nitrogen gas. Diclo-
fenac in the residue was subjected to cyclization or esterification as described

below.

CyclizGtion of diclofenac

The procedure described by Geiger et al. [1] was medified as follows. The
dried residue in the ampoule was dissolved in 0.15 ml of iriffuoroethanol con-
taining 0.5% (v/v) sulfuric acid, and the ampoule was sealed, After reaction in
a water-bath at 75°C for 75 min, the ampoule was opened, and 0.4 ml of 25%
potassium hydrogen carbonate solution and 2 ml of n-hexane were added. The
mixture was shaken on a Vorfex mixer, and 1.5 ml of the hexane phase were
transferred to a 2.5-ml test-tube. Then hexane was evaporated to dryness in a
gentle stream of nitrogen gas below 40°C. The residue was dissolved in an ali-
quot of benzene containing aldrin (25 ppb), of which a 1-ul dliquot was in-
jected into the gas chromatograph.

Esterification of diclofenac
The dried residue in the ampoule was dissolved in 0.15 ml! of methanol or
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ethanol containing 0.1% (v/v) or 0.5% (v/v) sulfuric acid, respectively, and the
ampoule . was sealed. After reaction in a water-bath at 60°C for 1 h, the am-
poule was opened and freated as described above. _ :

Gas—hquzd chromatography S

The gas—liquid chromatographic (GLC) analysis was carried out on a
Shimadzu Model GC-4CMPFE gas chromatograph, which was operated at a
pulse-rate of 10 kHz and a temperature of 290°C. The glass column, 2 m X
3 mm L.D., was packed with 1.5% Silicone OV-17 on Shimalite W AW DMCS,
80—100 mesh. The carrier gas was nitrogen af a flow-rate of 50 ml/min. The
electrometer setting was continuously kept at range 102, attenuation 8. The
injection port temperature was 290°C, column oven 260°C. The peak height
ratio was used for quanfitation. Typical gas chromatograms obtained using the
present procedures are shown in Fig. 1.
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Fig. 1. Typiecal gas chromatograms, with electron-capture detection, of the reaction products
obtained using four different reaction systems: trifluoroethanol—§i,SO, (A), trifluoro-
ethanol—methanol—t,S0, (B), methanol—H,SO, (C) and ethanol—H,SO, (D). Analytieal
conditions were as described in Experimental. 1.S., internal standard (aldrin).

RESULTS AND DISCUSSION

Derivative formation from dicloferac

Since we had noticed ihat the presence of methanol in frifluoroethanol
caused about a threefold increase in sensitivily compared fo trifluorcethanol
alone, the determination of diclofenac in plasma was carried out using the mix-
ture of methanol and trifluorcethanol. Thereafter, we attempted to react diclo-
fenac in methanol or ethanol alone, instead of in frifluorcethanol, in the pre-
sence of sulfuric acid under the same reaction conditions of Geiger et al. [1].
Reaction in methanol or trifluorcethanol yielded a single peak with a retention
time of 16 min when analyzed by GC—MS under the conditions deseribed
ahove except that the column oven femperature was maintained at 200°C and
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the flow-rate of carrier gas (helium) was 40 ml/min; reaction in ethanol yielded

a peak at the retenfion time of 19 min. At this point, it was thought that the
indolcne derivative and the methyl ester of diclofenac might overlap each other
on the gas chromatogram. To analyze the reaction praducts in five independent
reactions, thin-layer cbromatography was carried out (Fig. 2). It was shown
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Fig. 2. ThinJayer chromatogram of reaction products obtained in five different reaction
systeras. Chromatography was performed on silica gel (Wakogel BSFM for UV detection),
and each spot was visuzlized by UV absorption. Diclofenae (1 mg) was reacted with each
reegent [trifluoroethanol—H. SO, (A), trifluorgethanol—methanal—H SO, (B), methanol—
H,S0, (C), ethanol—H, SO, (D) or methanol—HC] (E)] and each reaction product extracted
with n-hexane was subjected to thinlayer chromatography.

that the chief reacticn product in 2 mixture of trifluorcethanol (0.15 ml) and
methanol (0.5 ml) is the methyl ester of diclofenac. The reacticn products
preduced in those sysiems were subjected to GC—MS, and were confirmed to
contain the indolone or the ester (see Fig. 3). Geiger et al. tried using diazo-
methane for the esterification of diclofenac and found the simultanecus forma-
tion of the esfer and the indolone. We examined the methylation reaction using
diazomethane; we detected no indolone, but dimethylated diclofenac in addi-
tion to the monoester, which were detected by GC—MS analysis.

Regction conditions for derivative formation

To establish optimum reaction conditions, the reaction femperature and sul-
furic acid concentration were changed in three reaction systems. From the re-
sults (Fig. 4), it was concluded that the most preferable conditions were the
methanol system with 0.1% (v/v) sulfuric acid, and with reaction temperature
and time of 60°C and 1 h, respectively.

Standard curves and calibretion curves

Fig. 5 shows standard curves (without extraction procedure) of diclofenac in
four systems. The curves are linear up to at least 10 ug. Fig. 6 shows ecalibration
curves for each analytical procedure with the extraction procedure. A good
Linearity is seen up to at least 10 pg/mi. As little as 9.1 ug of diclofenac can be
measured by the present method.
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Fig. 3. Gas chromatograms of the reaction products obtained in five different reaction sys-
tems by GC—MS. The reaction products abtained as described in Fig. 2 were also subjected
to GC—MS, which was performed on a Shimadzu LKB 9000 gas chromatograph—maess
spectrometer. The column oven temperature was maintained at 200°C, and the flow-rate of
carrier gas (helium) was 40 ml/min. Column packings and size were as described in Experi-
mental. Reaction of diclofenac with methanol—H.SO, or trifluoroethanol—methanol—
H,SO, gave the peak at 310 as M* (the methyl estor}, while reaction with trifluoroethanol—
H.80, or methanol—HCI gave the peak at 278 as M* (mdolone) Reaction with ethanol—
H,SO, gave the peak at 324 as M* (the ethyl ester).
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Fig. 4. The effect of temperature and time and sulfuric acid concentration on the esterifica-
tion of diclofensac. Diclofenae was reacted with 0.15 ml of alcohol containing 0.5% sulfuric
acid at three different temperatures (upper panels). To test the optimum concentration of
sulfuric acid, diclofenac was reacted with 0.15 m! of alcohol containing various concentra-

tions of sulfuric acid at 60°C for 1 h (lower panels). Extraction and determination were
carried out as deseribed in Experimental.
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Fig. 5. Stardard curves of diclofenac. Varying amounts of dicloferac methanol solution in
an ampoule were evaporated to dryness, reacted in four different systems, and measured by
GC with electron-capture detection after being dissclved in an aliquat of benzene containing
25 ppb of aldrin. e———e represents the standard curve obtained by reaction of diclofenac
with 0.15 ml of methanol containing 0.1% (v/v) sulfuric acid at 60°C for 1 h, o——-—o by
reactiont with 0.15 m! of triflzoroethanol containing 0.5% (v/v) sulfuric acid and 0.05 ml of
methanol at 66°C for 1 k, A— - —a by reaction with 0.15 mli of ethanol containing 0.5% (v/v)
sulfuric acia at 60°C for 1 h, and 4— - —a by reaction with 0.15 mi of mﬂuomethanol con-
taining 0.5% (v/v¥) sulfuric acxd at 75°C for 75 min.
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Fig. 6. Cslibration curves of diclofenac. Varying amounts of aqueous diclofenac solution
were {reated as described in Extraction of diclofenac from plasma, then reacted in four dif-
ferent systems and measured by GC with electron-capture detection after bing dissolved in
an aliguot of henzene containing 25 ppb of aldrin. e~———e represents the calibration curve
obtained by reaction with 0.15 ml of methanol containing 0.1% (v/v) sulfuric acid at 60°C
for 1 h, o———o by reaction with 0.15 ml of trifluorcethano! containing 0.5% (v/¥) sulfuric
acid and 0.05 ml of methanal at 60°C for 1 h, oA— - —4 by reaction with 8_15 ml of ethanal
containing 0.5% (v/v) sulfuric acid at 60°C for 1 h, 2nd a— - - —a hy reaction with 0.15 m? of
trifluoroethanocl containing 0.5% (v/v) sulfuric acid at 75°C for 75 min.
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Recovery tests
In order to apply the esﬁenﬁcahon methods fo the assay of diclofenac in
plasma, recovery tests were carried out. Various amounts of diclofenac were
added to each sample of plasma and the amount of diclofenac was measured by
the pracedure given above. The resulfs are summarized in Table 1. Recovery data
obtained from the esterification method are comparable with those from the
method of Geiger et al. [1].

TABLE I
RECOVERY OF DICLOFENAC ADDED TO PLASMA

Diclofenae extracted from plasma was reacted in three different systems, trifluoraethanol—
methanol—¥.SO, (B), methanol—H,SO, (C) or athanol—H,SO, (D). Each value is the mean
of duplicate determinations.

Diclofenac Diclofenac determined (ug/mil)

added

(ug/ml) B ’ C D

1.0 0.97 0.96 1.00

2.0 1.87 1.84 1.96

4.0 3.64 3.58 3.26

6.0 572 6.23 5.79
Recovery (%) 941+ 26 95.2 + 6.3 940+ 85
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