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SUMMARY 

DicIofenac was converted into either its methyl or et&I e&fir in snetbanol or ethanol can- 
tGning 0.1% or 0.5% sulfuric acid,respe&iveIy. Thee&r~~extractedandsub~ectedto 
-quid cbmnmtogrepbywithelectroncapture deteetion.The esterificationzesuEedi.nan 
increasedgenaitlvityofthegaschromato~p~edetection,~timesbetterthanthatp~ 
vioadyreported forthe forruationof indoloireringintrifluo~thanolcontaining 0.5%sul- 
furica&d. 

ENTRODUCTiON 

Diclofenac [sodium o-(2,6_dic~o~ophenyl)-anrinophenylace~~; the active 
constifxent of Vokren] is pharmacologic&y active asan anti_infIamEnatory- 

and entirheumdic agent. Two methods for assaying clidofenae in bio.dogical 
materials have been reported 11, 21. Both methods are based on indolone ring 
foxnation: one in tpinuoroethanol containing 0.5% sulfuric acid [I,], the other 
3.n methanol saturated with HCl gas 121. We applied both methods to tire deter- 
mination of dicJoZent&in rabbit plasma after drug administration. The second 
method did not give good reproducibility because of interference in the reac- 
tion by concotiWnt moistnre.~~efirs';me~d, ho~e~,thepreswce of 
methanol in the trBuoro@anoE. gave a sensitivity about Wee times higher 
than -&bit previotiy -repor&& For convenience, we roufkely used the metha- 
nol-triauoraetb2nol method for the quantitation 0T dit3ofeenac; Meamvhik, 
wing thin-layer cbromamphy and gas chromatography-mass specfxometry 
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@C-&B), 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 obs& 
vations and the fact that trifhroroethanol is a relatively expensive material, we 
sought an improved and inexpensive method for the determination-of diclti 
fenac. In the present paper, the search for more available reagents for deriva- 
tive formation and the assay procedure using those reagents are described. 

EixP-AL 

Reagerzts 
AU chemicels were of analytical grade, and the organic solvents for extrac- 

tion were of especi&y fine grade; these were purchased from Wake Pure 
Chemicals, OszBa, Japan. 

Extraction ofdicbfenac from plasma 
Exk&ion~was carriedoutwithsLightmodificationsoftheme~od previous- 

ly reported by Geiger et al. [l] . A 0.5ml volume of pJ.asma was acidified with 
.1 ml of. 2.7 M phosphoric acid, and diclofenac in the solution was extracted 
with 5 ml of benzene under continuous shaking for 30 min. The mixture was 
centrifi~ged at 1000 g for 10 min to separate the phases. A 4-d 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. After centrifugation 
at 1000 g for 10 min, as much of the benzene phase as possible was removed by 
aspiration and the residual benzene was evaporatid under a stream of nitrogen 
gas. T’ne aqueous phase was acidified with 0.2 ml of 43% phosphoric acid, and 
diclofenac in the solution was reez%acted with 3 ml of benzene using a 
Vortex mixer. A 2.5ml aliquot of the benzene layer in a test-tube was evap- 
orated to dryness at 40°C under reduced pressure. The dried residue wasdis- 
solved in-dietbyl 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 
ampoule and evaporated to dryness in a gentle stream of nitrogen gas. Diclo- 
fenac fn the residue was subjected to cycbza~on or esterification as described 
belOFT. 

The procedure described hy Geiger et al. Cl] was modified 8s follows. The 
dried residue in the ampoule was dissolved in 0.15 ml of trifluoroethanoi con- 
taining 0.5% (v/v) sulfuric acid, and the ampoule was sealed. After reaction in 
a water-bath at ‘75OC for 75 min, the asnpoule was opened, and-O.4 ml of 25% 
potassium hydrogen carbonate solution and 2 ml of n-hexane were added. The 
mixture vzas shaken on a Vortex mixer, and 1.5 ml of the hexane phase were 
transferred to a 2.5ml test-tube. Then hexane was evaporated to dryness in a 
gentle s&eam of nitrogen gas below 40°C. The residue was dissolved in an ah- 
quof of benzene containing a&in (25 ppb), of which a l+d &#.iquot was iu- 
jetted into the gas chromatogsaph. _ 

EstetiiTkation of diclofenac 
The dried residue in theampoirle was dksolvedin 0.15ml ofmethanolor 



43 

ethanol cont&ning 0.1% (v/v) or OS% (v/v) s&&zic acid, respectmely, and tie 
ampoule. was sealed, after reac~on in a water-bath at 60°C for 1 h, tie am- 
poule wqs opened and treated as described above. 

The g&quid cbroma#x~gmphic (GLC) analysis was carried out on a 
Shirnadzu Model GC-4CMPFE gas chromak~graph, which was operated at a 
puke-rate of IO k&z and a temperature of 290°C. The glass cob.nm, 2 m X 
3 mm I.D., was packed with 1.5% Silicone OV-17 on ShimaBe W AW DMCS, 
80-100 mesh. The carrier gas was nitrogen at a flow-rate of 50 ml/min. The 
electrometer setting was continuously kept at range 102, attenuation 8. The 
injection port temperature was 29O”C, cohuun oven 260°C The peak height 
ratio xvzs used for quantitation. Typical gas chromatogmns obtained using the 
present procedures are shown in Fig. 1. 
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@‘ii_ 1. Typical gas cbomatogmms, with eleetmn-capture detection, of the reaction products 
obtaised using four diiferen’ L mxwtion systems: trifIuoroethano~-~,so~ (A), trifluoro- 
ethanoI-metha.nol--SO, (B), methanoI-H$O, (C) and ethanoFH$O, (D). An&tical 
conditions were as described in Experimental. IS., internal standard faklrin). 

RESULTS AND DISCUSSION 

Deriutztive formation from diciofemc 
Since we had noticed ihat the presence of methanol in trifluoroethanol 

caused about a threefold increase in sensitivity compared to trifluoroethanol 
alone, tie determination of diclofenac iu plasma was carried out using the mix- 
ture of methanol and trifluoroethanol. Thereafter, we attempted to react diclo- 
fenac in methanol or eUm.nol alone, instead of in tzifluoroethanol, in the pm+ 
sence of smlfuric acid under the same reaction conditions of Geiger et al. Cl]. 
Reaction in methanol or trifluoroethanol yielded a single peak with a retention 
time of 16 min when analyzed by GC-MS under the conditions described 
above except that the column oven temperature was naintained at 200°C and 



Fig- 2_ Thin-Lager cbromato~ of readion products obtained in five different reaction 
SJrstes~. Chromatography was perfornqed on silica gel (wakogel BSFM Ear W detection), 
and each spot n Fisualieed by W absorption. Diclofenae (1 mg) was readed with each 
reagent ~trifluoroethano~-E&SO, (A), triftuoro&baEPotmetol-H.$O, (B), methanol- 
HtSQ, (C), etio+KSO, (D) or methanol-HCI (S)] and each reaction product extracted 
with n-heraue was sub&cted to thin-layer chromatography. 

that. the chief reaction product in a mixture of fzifkoroethanol (0.15 ml) and 
methanol (0.05 ml) is the methyl ester of diclofenac, The reaction products 
produced in those systems were subjected to W-MS, and were confiwed to 
contain the indolone or the ester (see Fig. 3). Geiger et al. tied using diazo- 
methane for the eskrification of diclofenac and found tire simultaneous forma- 

tion of the ester and the indolone. We exaLnin ed the methylation reaction using 
diazomethane; we de+kcted no indolone, tit dimethylated diclofenac ti addi- 
tion to tahe monoester, which wee detected by GC-MS analysis. 

Remtim conditions for derivative formatian 
To &at&h optimum reaction conditions, the reaction temperature and sul- 

fur&z acid comzentration were changed in three reaction systems. From the re- 
suk (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. 

Simdtz~ curves and calibmtion curves 
Fig. 5 show standard curves (without extraction procedure) of dklofenac in 

four systems. The curves are linear up b a% kzst 10 pg_ Fig_ 6 shows calibration 
cumes for e-ach analytical procedure v&h the txtzaction procedure. A good 
Enftaritg is seen up to at least 10 gg/m.L -As little as 0.1 pg of diclofenac can be 
mezswed by-the present method_ 
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Fig. 3. Gas ckomatograms of the reaction products obtained in five different reaction sys- 
tems by GC-MS. The reaction products obtained as desczibed in Fig. 2 were alsO subjected 
to God6s, which was performed OP a shimadm LKB 9000 gas chromatography 
spectrometer. The column oven tempfzrature was maintied at 200°C. and the fiow-rate of 
carrier gas (b&tam) was 40 mllmin. Column packings and size were as described in Experi- 
mental. Reaction of diclofenac with methanol-E&SO, or tzifiuoroethauol-methano~- 
!&SO, gave the peak at 310 as M+ (the methyl ester), wb!le reaction with trifluoroethanol- 
E&SO, or methanol-KCl gave the peak at 278 as M+ (indolone). Reaction v&h ethanol- 
E&SO, gave the peak at 324 as &I’ (the ethyl ester). 

Oo 1 2 3 LhO 12 3 ?h 0 1 2 3 4h 

Fig. 4. The effect of temperature and time and S&Q&Z acid concentration on the esteriEca- 
tian of diclofenac. Didofenae was tea- with 0.15 ml of alcohol containing 0.5% sdftic 
add at three diffmt tezsqmati (upper panels). To test the optimum concentration of 
dfisic Ad, diclofenac was reacted with 0.15 ml of alcohol co&&zing various concentm- 
tions of sulfuxic acid at 60°C for 1 h (lower panels). Es&&ion and determination were 
carried out as des&bed in Experimental. 
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Fig. 5. staodard crrrPesofdiclofe~c.Vargingamo~~ofdi~ofenaemet;hanolsolutionin 
~amp=ulewereewporafedtodryness,reactedinfourdiKerentsysfems,arrdme~by 
GC~~e~ncaptarede~onafterbeing~~Fnanaiiquotofbenzene~ntaining 
25 ppbof&irin.-- re~ntsthestandardcurveobtainedbyrwtctioaofdi~of~c 
with 0.15 ml of methanol containing 0.1% (v/v) aulfwic acid at 60°C for I h, o- - - by 
rfs&i0ntitil0.15 mioftrifkomethall 01 containing 0.5%(v~v)subFwicacid~d0.05 ml of 
methatxdat 60"Cforl h,a-- -A by~a~on~~0.15mlofethenolcon~0.5%(~/~) 
s&kricatId at6O"C for L h,anda - --byreactionwith0.15mI oftriftwxoet&a_rmlcon- 
bini.ng0.5A(v/v)staEuic acidat 75°C for75 min. 
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- Didofenoz tIhcetdmtion(p&nl) 

Z’ig- 6- Cdihraticm cuxves of didofenac_ Varying a.umunts of aqseous diclofenac solution 
~retreateda.sdgQibedin&tra&ion ofdiclofenacfmmpll4sma,~enreactedinfourdif- 
ferentsystemsaadmxmred by.GC~+~ele~ncapturede@ctianafterb~~~~in 
an~~~tofhenzeneeontaining25ppbofaldein.o~ represents the caEk~3tion curve 
obtaktedbyreactioavuith O_l5 mlofmethzaoicontGnkg0.1% (v/v)suLf~&~acidat6~~C 
forlh,o-- -o byreac~onFRith0_15mloftrinuorciethan~lcoa~0_5%(v~w)~c 
acid~d0.05~bfmetharrolat60°Cfor1h,r- -~byreaceian~~0_15~ofethanai 
co~~~.5%(v/v)~~~cacid~60°C forlh,a.u&A- ---hyreactiontith0_15mZof 
trinrro~~con~0.5%(v~v)~ullurica~d~t:t5~C~oor75min. 



Diclofenac 
added 
(P&w 

1.0 
2.0 
4.0 
6.0 

Diclofenac determined (t&ml) 

B C 

0.97 0.96 
1.87 1.84 
3.64 3.58 
5.72 6.23 

D 

1.00 
1.96 
3-26 
5.79 

Recov-=Y (%I 94.1 f 2.6 95.2 = 6.3 94.0 f 8-5 
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