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DETERMIXATION OF INDOMETJXACfN IN SERUM AND URINE BY 
ELECTRON-CAPTURE GAS-LIQUID CKROL~~TOGRAPHY 

A speciik and sensitive method for the quantitative determination of indometk- 
acin in serum and mine is described. The drug is extracted at pH 5.0 with 1,2- 
di&Ioroetiane and a portion of the orgnic extract is concenWated and made to react 
ivitlr diazaethane in dietkyl ether. The ethyl ester derivative is analyzed by electron- 
capture gas-Iiquid ckromatography, quantitation being ackieved by comparison of 
peak 2.~2~ for samples md standards, wkiek are prepared in serrfm or urine and 
treated in the same manner as the sampfes. Tke limit of sensitivity is 50 ng/mI and the 
relative standard derivation for repeat determinations on tke same sample is about 
3 %_ 

Quantitative determinations of indometkacin Cl-(p-chlorobenzoy+5-metkoxy- 
2-methyl-indole-3-acetic acid] in biologicai fiuids have in the past utiilized either 
radioactive14 or spectrofluorimetric techniques Is5. Except for the isotope dilution 
method of Drrggan ei a!.‘, afl of these methods suffer from lack of specificity, causing 
interference not onfy from the unconjugated metabolites of indometkacin, btit also 
from co-extractives such as saIicyIates’. 

In man and aII laboratory animals so far examined, indometkacin kas been 
found to undergo extensive biotransformation to O-desmethytindomefhacin, N- 
deschlorobenzoytindometkacin, O-desmetk$-N-descklorobcnzoylindomethacin and 
their glucuronidesz. *e6. AtI of these metabofites are devoid of anti-inffammatory 
activity7 and are present in significant 2m0unts in the circrrfating pfasmsls. 

Yesafr and Coutinho’ separated indometkacin, O-desmethyIindometkacirn 
and N-descklorobenzoylindomethacin by anion-exchange chromatography using 
specrrophotometry for quantitation. However, zhis method Iacks the sensitivity 
seeded for cIicica1 pharmacological studies. 

This paper describes 2 method in wkich eIectrorL-capture gas-liquid ckromato- 
graphy (GLC) permits the specific determination of serum and urine levels of indo- 
nethacin derived from therapeutic doses- 
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A Pye Series i&t, MedeE 64, gas chromatogr2ph with 2 nickel-63 electron- 

cqtrrre detector and 2 PWas PM So00 strip-chart recorder was used. The dexctor 
~2s operated 2t 350” in the-FdIsed voltage mode with 2 puke interval of 500,usec. 
The a~tenl;ation f2ctor ~2s 500 2nd the chart speed IO mm/m&~ The I.5 m x 4 mm 
I.D. coiied glass cohunn p9cked with 2% (w/w) SE-52 (Perk&Elmer, Norwdk, 
C‘onn., TJ.S_A.) on Chromosorb AW DMCS, EOO-EZU mesh (Perkin-EImer) was con- 
ditioned 2t 300” for 45 h sod then “Ioaded” with repeated injections of indometi- 
acin ethyl ester until the peak are2s were constax. The injection port temperature 
~2s about 290” 2nd the coErrmn temperature 245”. Nitrogen filtered tbrorrgb 2 5-A 
moleccrriar sieve w2s used 2s carrier gas 2t rhe flow-r2te 60 ml/m&. Szmp!es were in- 
jected with 2 l-,,A syringe (Scientific Glass Engneering, Melbourne, Austr2li2). 

The foffoting chemicals were used : benzene (2nalytic2Lreagent _mde), 
citric acid (anaIyticaI-reagent gr”rade), I ,%dic%oroethane (extra pure) from _uercic 

(Darmstadt, G.F.R.); diet&y! ether, zbsofrite over sodirrm (pnrissim2], I-ethyEI-nltro- 
sourea (purissima) from Fluka @u&s, SwitzerIand); po~ssium hydroxide (analytical- 

reagent sade), sodium hydroxide (2nalytiaLred,, “==nt grade) from Elektrokemiska 
AB (Bohus, Sweden}; indomethacin from Dumex A/S (Copenhagen, Dermxrk); 2nd 
GdesmethyGndometh2cin from Alfred Benzon A/S (Copenhagen, Denmark). 

Samples of 0.5 ml of serum or urine were pipetted into IS-ml gI2ss-stoppered 

centrifqe tubes ad diluted with 0.5 ml of Sorensens citr2te buffer @H 5.0). Using 2 

Er2nd Dispensete (Wertheim-Glash3tte. Wertheim, G.F.R.), 5.0 ml I,‘-dfchlcro- 
eT:hane were added 2nd the tubes were shaken for 15 min in the horizontal position at 2 

rnte of approximateljr 7, F st~okes/min. Following centriftigation for 10 tin at 1800 z, 
the aqueous phase WEZS removed by aspiration. Bcc2sional emuEsians wxe broken by 
reperted centrifqgatiorr. A 6.O-ml volume of the orgznic phase ~2s trasferred into 
another centifug tube and ex-aporated to dryness under 2 gentle stream of dry oi- 

trogeen 2t 37”. The sides of the tubes were rinsed with 0.5 mI of diethyl ether, then 
0.5 ml of2 solution ofdi2zoetbane in dietbyl ether (see below) was added 2nd the tubes 
M ere ir,cubared for 30 min at 30” . The diethyl ether zad excess of diazoethaoe were re- 
moved under 2 gentie stieam of dry nitrogen. The residue was disscIved in an appro- 

priate volume of benzene and 1 ,ul of th e scfutlon was injeaed cm to the column. 
The sofntion of d&oethane In diethyl ether was prepared from l-eth$-l- 

nitrosourea by nsing the me”&od for the synthesis ofdiazometb2ne described by ArndP. 

The ether solution ~2s dried over pellets of potassium hydroxide 2nd stored at - 18” 
in 2 desiccator for 2 mtimrtm of 2 weeks. 

The vnount of indomethacir, was c&rrfated by cumptiso~ of the pe2k areas, 
expressed 2s pe2k height x width 2t haff-hei$$ for sampfes 2nd st2ndards. Staan- 
d2rds with k~ohi~r concentr2tiom of irrdametfiacir; were prepared from indomethacin- 
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stored at - 18”_ The stzndar& were assayed in the sane manner and run with each 

batch of samples. 

RESULTS AND DISCUSSION 

The extraction of indome:haein with f,2-dichloraethane was pI-i dependent. 
As shcxvn in Fig. I, there was a marked decrease in recovery when the piF was either 
higher or Iower than 5.0. Identicai curves were found for the extraction of indometh- 
a& from setzf_m and an aqueous pht~~tse without protein. 
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Fig I. Eff2ct of pH on the extraction of indomethacin from human seam. The p!3 of the semm was 
adjusted by the a&d&ion of diS&ent Sorensen buf5ers. G_~ndometbxin wzs qusntitated spectrokori- 
z-Eetic?ri>-_ 

Recoueties in the extraction of mixtures of equaf volumes of serum and citrate 
buffer (pE 5.0) with a seven-fold greater vo!,ume of different organic solvents are given 
in Table 1. It can be see= that the recovery increases with increasing polarity of the 
solvent. The recovery could be increased by repeating the extraction, but this increase 
was not sufkient to justify the additional labour. A solution of 3-5 % of amyl atcohot 
in fieptine has been used by other workers L-s, bur: the low volatility OF amyl alcohol 

made the use of this solvent impractical. 
Endomethacin does not have a sufficient vapour pressure to permit its direct 

GLC at temperatures befow 300”. The GLC of indoks which are aromatic acids 
f&xving metIqIation with diazomethane has been described”. This procedure was 



The boron trifuuo&k-meth2noi compkx has been used successftrfly to form 
the merhyi ester of f2tty acids” 2nd 2cetyIsalicylic aciP, but even regting for I k 

did not rcsu!t ir? 2 useM derivative of indometkach Escetitic2tion using an 2HqI 
iodide in an a&&lne polar solvent system Pas been describedL3, brat &is ptincipIe could 
not be used here .zs indome+&acin is decomposed in basic solntion~‘~~. 

The reaction between indometkacin 2nd diazoethane appeared to be quznti- 

tat?re wken dietkyf ether wzs used 2s the soEvent, 2s there was no increase in peak 
2rezs when the incubation, of the re2ction mixt-ure was protonged for 2 b, 2nd 2s tkin- 

layer ckromatogmpky using custom-mede rilic2 geel plates 2nd chloroform-benzene- 
formic acid (500 : 20 : 2) zs f&e solvent revealed 20 trace of underivatized Zndometkacin. 

The use of l-ethyl-I-nitFocorrre2 2nd diazoetkane involves czrcinogenicity, toxicity 

aad explosion hzards. However, when proper preczrrtions %e taken, the small 
amonnts invoIved minimize these problems. 

A singie symmetrical pezk of the indomethacin ethyl ester detiv2tive ~2s ob- 

tained on Apiezon L, SE-30, SE-52 2ad QF-I coIamns. However, the separation of 
the indome’ckiacin 2nd O~esmethyl;ndomet~c~~ derivative peaks was acizieued only 
with the SE-52 column. Trace A in Fi g. 2 shows the cbromatogram of a. mixture of 
0.35 ng of indometkacin 2nd aboat 1 ng of O-diesme~~findome~bacilr deriv2Czed 

with diazoethane. Under the c~~omatograpbic can&ions describe&, the ctexztion 

times for tke indometkzcfr. and the O-desmethylindomethzcin derivatives were 9.4 

and 10.6 min, respectiveiy. A third peak w3.t. a retention time of about 14 min indi- 
cares that two derivatives of O-desmetirylindome~~c~n were formed. The ethyl 
esters of N-deschforobenzoyEindometh2cin snd O-desmerhyldesc’blorobenzoylindo- 
methacln were cot recorded by the electron-cqtirre detector. 

The detector was c2Ilbr2ated by i@zcctions of known amounts of indomethacin 
et.h@ ester derivative In I JG of benzene. -4s skown in Fig. 3, the detector response was 
line= over the r2ange 0.05&4G ng of irrdometk2ci11 injected. 

A targe number of compounds were screened 2s intern21 standards, but none 
was found suitable. 

Chrom&ogr.zms of _hrrmac serz 2ssayed 2s described 2re she%% in Fig. 2. 
The ser2 were either indomethacin-free (Cl or estimated to conrzin 2,6 &ml of indo- 
merhacin (Sj. ._ 
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Fig, 2. C&mn~to~ms of indomethaciz A, Mixture of 0.35 ng of indomethxin and about I ng 
of O-desmethyiindomethack reacted wisitfi diszoethane; 33, extrzct of human serum estimated to 
contain 2.6 ,ug/rrrl of indomethacin; C, ext_zxt of indomethzcin-free htmaa serzim. 

Serum and urine from several subjects who had not ingested indomethacin 
were analyzed, and no interfering peaks were observed. Among a large number of 
dru@ Ehz~t possess ekcwon-captu,ing properties, only @seofufvin and chforcycIizin 
disturbed the zn&%is5 whereas commonly used drugs such as benzodiazepines and 
chlorpromazine did not interfere. The lower Eimit for tie refizbk quzntitation of 
indomethacin using 0.5 ml of serum was 50 ~&IL As the sensitivity was Iimited by 
the presexxe of impurities in the diazoethane reagent, the serrsitlviw could be enhanced 
by increasing the amount of serum used in the analysis. 



ReproducibiIity strrdies Hieze peticr_rEned on serum with fndometbzin added at- 
axtczitmtians of 0. I and 5.0 /&rnL For fCr samples analyzed at e2cIr concentration, 
the reistlve staandard deviation was 37; in each i&tance. 

Fig. 4 shows 31e serc~li concen’~aions of kdomethacin in a human subject 
f~Sowing t&e intravenous admitis”&atiorr of 25 mg of iodomethfracin. 

Hours z&r dase 

Fig. 4. Semm concentratioos of indometbzcin in i+ hir;;rrari subject fofhving a rzpid intravenous in- 
jection ofZSng ofindomzt_h2cin. Thelinereprese-nts thecc~~cctitr;rtions pre&id& by2 tnxx-com- 

pnrtmentopznmodcl. 
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