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-A rapid, seusitive, and specific reversed-phsse high-performance liquid chromatography 
assay was developed for Se determioation of 1,3,4-tripheny~~~le-5aeetic acid (iso- 
fezolac) in plasma and urine. The assay involves extraction into diethyl ether from plasma 
buffered at pH 4.4. The organic phase is evaporated and the residue, dissolved in the mobile 
phsse [acetouitrile_wate~.2 M phosphate buffer (pH 3) (65 : 15 : 20)] is chromato- 
graphed at a Row-rate of1.5 ml/min_Tt~e drug is detected byits Wabsorption (detection 
limit 100 ng/ml)oritsveryintensefluorescence (detectionlimit lOng/ml).Absoh~teanaiyt-. 
icalreemreries forisofezoiac varied from 32.3 to lOOA%.The accuraeyisea. l%.Eachsep- 
aration requires about 6 min. This method was applied successfuily to the determkation of 
isofezolae In humans for pharmacokinetic studies. 

ENTEtODUcTmoN 

kOfeZOk, 1,3,4-triphenylpyrazole-5-acetic acid (Fig. l), is a new drug 
seEeeted on the basis of its anti-inflammatory, analgesic and antipyretic proper- 
ties. This new non-s+kroid anti-inflammatory drug appeared to be as active as 
iudomethacin in the various tests performed. Its a&k&y is always greater than 
that of phenylbukzone and its ulcerogenic activi~ in the rat is 2.5 times 
w&ker &h&n that of indornethacin [I J _ 

In order to perfornl pharmacokinetic studies, we&we developeda sensitive 
technique for the detemination of isofezolac in biological fluids. The method 
cons& of a reversed-phase high-perform&e liquid chromatographic (EEPLC) 
sepmtion. The drug is detected by its UV absorption or its very intense fhm- 
rescentie. 

1;PhenyL-3,4-di-pco~opheny~p~o~~~cetic acid (Fig. I) was used as 
iM.e~standand : ~. 

--%%-&ezwxxrespondence should be ad-. 
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Fi_ 1. Chemical structures of isofezolac (a) and internal standard (b). 

Chemicals and reagenis 
Isofezobx and 1-phenyl-3,4-d&p-chlorophenyipyrazohz-5acetic acid (used as 

internal standard) were kindly supplied by Pharmuka (Gennevilliers, France). 
All reagents were of anal&al grade and used without fur#herpurification: 

diefhyl ether (E. Merck, Darmstadt, G.F_R.), disodium citrate, 1 hi sodium 
hydroxide, O-1 N hydrochloric acid, orthophosphoric acid, potassium dihy- 
drogen phosphate, acetonitrile and methanol (Prolabo, Paris, Frmce), enzyme 
solution coniainin g 100,000 rmits of &gh~curonidase per ml and l,OOO,OOO 
units of arylsulfahse per ml (LFLF., Genneviiliers, France), 

Buffm solutiom 
Citric acid-O.1 M disodium citrate buffer @H 4-4) and 0.2 M phosphate 

buffer (pH 3) were stored at +4%. For studies in which the pH of the eluent was 
varied, the pH was adjusted with a 10% solution of orthophosphoric acid or a 
10% solution of sodium hydroxide in water_ The phosphate concentration was 
maintained constant (O-02 moles/l) over the pH range investigated. 

stocJ2 sotutions 
Isofezolac stock solution (20 mg per 100 ml) and internal standard stock 

solution (20 mg per 100 ml) were prepared in methanol. 

Apparatus 
HPLC analyses were performed on a Chromatein 38 liquid chromatograph 

(Touzart et Matignon, Paris, Fran=) opera&d at ambient temperature_ A 
Job&Yvon Model J.Y. 3 D spectrofhzorescence detector (Jobin-Yvon, Long- 
jnmeau, Paris, France) was operated at 273 nm for excitation and 335 nm for 
emission_ The output of the detector was displayed on a recorder Model PE 
1286 (Se-, Paris, France) ha&g a 1-V f&&e range. For UV detection, a 
1Model 770 spectrophotometric detectir (Spectra Physics, Saute Clara, C& 
U.S.A_) was operated at 265 nm, 

The column was 15 cm X 4.6 mm I.D. stainless steel, packed with LiChrosorb 
RP 8 (5 pm particle size; E. Merck) by a balanced density shuz technique [21_ 
A 20-l.ri loop injection valve Model 70-10 (Rheodyne, Berkeley, CA, USA.) 
was used to introduce samples into the chromatographic system_ The test of 
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the reversed-phase cohunn was carried out with benzene, naphthalene and 
B&&JO, as unretzined compound_ Under these conditions, the column efficien- 
cy was 3660 theoretical plates for benzene and 3150 for naphthalene. 

chromtztogmphic conditioRs 
The mobile phase; acetonitrile-water-O.2 M phosphate buffer (pH 3) 

(65:X:20), was filtered through a 0.45pm membrane filter (l&lJ.ipore, 
Redford, MA, U.S.A.) under negative pressure, and degassed by ultrasonic 
vibration. The cohmm was preconditioned with mobile phase until a stable re- 
corder output was obtained. The flow-rate was then adjusted to 1.5 ml/m& 
generating a pressur e of about 105 bar. 

Extractbrr procedures 
Plasma. To 1 ml of plasma tiansferred into a 45-ml screw-capped centrifuge 

tube, were added 1 ml of citrate buffer, 100 ~1 of internal standard solution 
(4 mg per 100 _ml) and I.5 ml of diethyl ether. After agitation and cenkifuga- 
tion (5 min at 3060 g), the organic phase was carefully pipetted out intO a 
15-d conical centrifuge tube and evaporated to dryness under a stream of 
nitrogen at 40°C. The sample residue was dissolved in various volumes (O-5-3 
ml) of mobile phase depending on the expected drug concentration; 209.~1 ali- 
quots were injected into the cbromatograph, 

Utine. In order to determine the total amount of isofezolac excreted in 
urine, tie conjugated drug must be f&st hydrolysed. The best conditions for 
complete hydrolysis consisted of incubating 0.1 ml of urine, 1 ml of citrate 
buffer (pH 4_4), LOO ~1 of internal standard dilution (4 mg per 100 ml) and 
0.1 ml of the enzyme solution at 37°C for 16 h. The sample was then treated as 
before, The residue was dissolved with l-2 ml of mobile phase and 2091 ali- 
quots were injected into the cbromatograph. 

The calculations of plasma and urine concentrations were always made by 
the internal standard method using peak area ratios. 

RESULTS AND DISCUSSION 

Chroma tographic conditions 
Reversed-phase liquid chromatography using bonded hydrocarbon stationary 

phases has proved to be an extremely versatile and easily used analytical tech- 
nique for the analysis of ionogenic compounds [3-5]_ Since isofezolac and the 
internal standard sre compounds with a carboxylic function they can be deter- 
mined by such a method. In order to achieve the best cbromatographic condi- 
tions, the composition and pH of the mobile phase were varied. 

MobiIe phases studied included various ratios (v/v) of acetonitrile~ater- 
phosphate buffer; namely 50:30:20, 55:25:20, 60:20:20, 65:15:20 and 
70:10:20. The capacity factor (k’) and resolution (Rs) of the two compounds 
were affected at higher acetonitriIe concentrations (Fig. 2). When the ace- 
tonitrile concentration exceeded 65%, a loss of resolution between isofezolac 



FGz- 2, Effect of the solvent acetonikiie content at pi-i 4 on cap&Q fwtors (k’) of iso- 
fezolac (*) and intemal standard (0). 

and i&ernal standard was observed. Moreover, the eMian peak of isofezolac 
was near&e peak of rapidly eluting pW constitmnts. 

At a lower acetonitrile conce&a&ion (50%) the resohtion was very good 
(Rs = 11.2) but the &&ion time was more than 16 min. h order to optimize 
both resolution znd elution time the anoun% of acetonibile in the mobile phase 
wasfixed at65%_ 
4he pH of *e sohrent system is the most critical factor hflue~cing the reso- 
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Pi. 3_ EXfe& of vmiation of the s&t?& pFS on cap&* f&c&s (k’) of kof&k <*) and 
iEternal standard (a)_ Mobile phase: acetmi~~~.Z M-phosphate buffer (65 : 15 : 
20). 
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.’ Zu+&, as shmv~ in Fig. 3. Ai pH > 5, the capacity fqztor decreased .&pidly. 
Under- these pH:conditions, tie two eompomxts are ion.ized and have a maxi- 
m&. .affinifq~~ .for : the .aqueous :phase; thus they camof be resoJved. Excellent 
resohtions are. achieved at pH- < 5. The PH. chosen for the separation of the 
Compounds -was pH 4: Resolution and Cohn& efficiency were very .good (Rs = 
7, $I .= .30$0. .theoretid: plates for isofezokzc). The total chromatographic time 
-was &zss t&m 6 mia-Moreover, at IFEZ 4,.the life N&e cohzmn is verylong. 
... Under i&e chromata~hic conditions desc&ed, the retention times of iso- 

fez&x and internal standard weti 2.7 zmd 4.5 min, respectively.-Fig. 4B showti 
the chro~atogram of an e&r& corresponding to 1 ml of human plasma con- 
Sning0_7~~g/ml kofezolacad lyg/dintemalstandard,~g. 4Ashowsthe 
cbromatogram of an extract of the same vohxne of a blank plasma from the 
same subject,. 

Fig. 5 shows the cbromatogmm of an extract corresponding to 0.1 ml of 
urine. 
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Fig. 4. C%zomatograms of isafezdac in plasma. A, blank plasma sample (arrow indicates iso- 
fezoSacmelution pasition);B, plasmasampL i h afterasimg.le oddose of50mg. Isbfezdae 
(p&k I) c0ncentratio~ = 0.73 p&d; infernal standard (pe8k 2) concentr2kion = 1 gg/ml. 

pii. -5; Chmmatogmms of- isofezoksc in t&e (U---l2 h colZectiorrf_ XsofezoLc (peak 1 j C&I- 
centration = 16.53 pg/d; internd standard (peaei; 2) concentratic~~ = 2 &g/ml. 



Most of the PyrazoXe cXass of c0mpo~~ds exhibit very i~teAse UV absorption 
and f&xi resceme. So monitoring of i3ofezdac plasma levelsis pbssible~vcith less 
&a~ 1 ml of biological fluid, using~titlwr UV or fhoreicence detectors, - 

Under the conc?itions of the assay (PH ad solve~ti midare) isofezolae and 
the i~ternai stana give an absorption maaim- at 265 nm (Fig, 6);.Molar 
absorptivities are 18,600 for isofezolac and 21,800 for tile internal standard_ 
However, for pharmncokinetic studies, where a greater setiWQ is reqrrired, 
ftwrescence detection must be preferred. Excitatim and emission spectra are 
shown in Fig_ 7, Isofezolac aud the intermA standard show the same excitation 
mnnimmx at 273 nm. The emission maxima are 335 nm for isofezalac and 345 
nm for the internal standard. In order to obtain greater semi-, the waue- 
lengths chosen for the assay were 273 nm (excitation) and 335 nrn (emission)_ 
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Pig. 6. UV absorption spectra of 2 gg/sd isofezolac (-) and internsI standard (-3-m) in 
acetonitrS-ua~~2 M phosphate buffer (pK 4) (65 : 15 : 20). 

Repeatability a@ accuracy 
Etepeab~ility and accuracy of the assay were &died by me$itming the COIL- 

centrations of isofezolac in -plasma sampks spiked T&I isofezdac at cpncentra- 
tions of O-2,1 md 2 ,ug/mL The results list& in Table I show thai the repeat- 
ability and accuracy at lower concentrations are still very good and within the 
generally accepted knits for dnrgas&ys_ 
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Fig. 7. Excitation and emission spectra of 200 rg/d isofezolac (-) arid internal standard 
(01-e) in acetonitril~a~.2 M phosphate buffer (pH 4) (65 : 15 : 20). 

TABLE I 

REPEATABILITY AND ACCURACY 

&ofezohc n Isofezolac 
added measured 
(rg/=v (PgImw 

0.5 5 0.203 
(0.005) 

1 5 0.994 
(0.007) 

2 5 1.986 
(0.021) 

Mean error 

0.002 

0.003 

0.009 

Relative 
error 
(a) 

1.5 

0.6 

0.7 

ff 

2.34 

0.66 

1.04 

*Standard deviation in parentheses. 
**Coefficient of variation. 

Recovery 
The absoiute analytical recovery from plasma of isofezokxc and the internal 

stam?ard was measured in tie following way. The.two ~ompounck were added 
to plasma to achieve c&mmtrations ranging between 0.2 and 2 pg/rnl. The 
p&ma samples were then assay4 with t.fie method ckscrihed. Absolu~ anal@- 
ical recovery was cakulatecl by corn&ring the pealqareas frond plasma extracts 
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. with the peak areas obtained by &ire& iixjec~op of tile pure ~~JQZ S@nd.ards- As 
shown in Table I& the extraction eBkiencie3 are quite compar3ble foF t&e drug 
and! ix.lM standar& 

TA.BLEZSi 
ABSOLUTGAPdALYTlCAC~VERYOF~OP~O~cAND -ALsTANDARD 
Compound COUCCXlfratioll Recoverg 

t-lJk?lml~ (%I 

lkofezroke 0.2 92.9 
1 92.9 
2 1OQ.4 

rnternalstaadard 0.2 93.9 
1 94.1 
2 99.6 

The calibration curve was obtained by plotting the ratios of isofezokc peak 
ire3 to tiat of internal standard_ vetsus their respective concentration3 in five 
differentpools 0fpIasmacon~gcOncentrationsranging~Om 02to Z&g/ 

mi. Therelation is linearova*ismnge(r= 0.9999, dope = 0.n31, aEd inter- 
cept = 0.0063). 

Defection &nit 
The described extraction prooxk.re yiekk a reiatively &au extract (Fig. 4A). 

Thus, isofezokc may be measured at the b&best de-r sensitivity, Under the 
conditions of this assay, the detection limit is about 10 ng/ml with fluorescence 
detector. 
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Fig_ 8_ Piasma decay of isotezolac after the adxn&istrafion of 
fez&c. f, Intravenous administration; 0, oral admii&tration_ 



A complete profile of the plasma isofezolac levels of one subject from a 
clinical &dy is shown in Fig, 8, This subject received one single intravenous 
dose Of. 50 mg of isofemlac and a week later a single ord dose of 50 mg. The 
half-life of isofezofac is about 1 h and the analytical method isable to measure 
plasma concmtitious for more than 24 h, which is sufficient to achieve cor- 
rect pharmacokinetic studies. 

The proposed method is simple, sensitive, and rapid for the determination of 
isofezolac in- biological fluids during phzmnacokinetic studies. 
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