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SUMMARY 

A gas chromatography-mass spectrometry method for qua&it&ion of the thyreostatic 
&nkkw&ims&e in plasma is described. The drug w&s: transferred from the plasma sample 
and dermatized in one step by estm&ive alkylation. Either of two dkylating agents benzpl- 
chloride or pe~tafiuorobenzyl bromide were used. Deutezium~abelled methimazole was 
nsed ss interrA sC&~dard_ The precision of the method at the level of 5 ng meti&mzoIe per 
n1lplagmawas6%. 

ENTRODUCTKON 

Meehimazole (1-methylimidazole-2-thiol) is a drug used in tie treatment of 
hypothyroidism. It is also generated in the body from cqbimazole (ethyl-S- 
rne~y~-2;~0~0_4~d~o~~~~~~~~), another drug which is more 
widely *us& in the &e indication. Their struckrres are show& in Fig. 1. 
Metbds for the determination of methimazole in rat urine [I] and plasma 
[2-4] utilizing gas and liquid chromatographic techniques have heels de- 
scribed. Only one of these methods described is sensitive enough to reach 
those levels of methimazole in plasma xvhie result tim staudard ,oral therapy. 
But even thismethod lacks the sensitivitq to monitor the lowest therapeutic 
lev&, 

T&e t@ractitin of methimazo~e from pbma with o+anic solvents seems 
t0 & rathr variable. Some authors claim thati they-have achieved about 70% 
recOvery ’ [4] when es&acting into chloroform as orgaCc solveut whereas 
others hgve achieved 54Tq recovery 13) t&iug f&e same solvent. Extraction of 
metbimazok? from $asma with chloroform or ethyl acetate duSag the course 
of t&is work~&owed a variation in the extr+ion $ield ra&iug from below 50% 

*To whom correspondence sborrld be addressed. 



Fig. 1. a_cturaX fonnu.Xae of (a) metbirnade: (b) carbWe; (cl WWd m&S- 
mazoXe. 

to about 70%. The plasma samples used for these extractions were col.keted 
from different persons on different occasions. These results indicate that it 
is unsabsfactory to rely on methods depending on this type of extraction 
when different plasmas are used. 

In the method described in this paper, metbhnazoIe is extracted es an ion- 
pair into the organic phase where it is benzylated. The S-henzyl (or penta- 
fluorobenzyl) derivative of methimazole (Fig. 1) is quantified on a gas ehroma- 
tographimass spectrometzic (CC-MS) system equipped with a gks cap& 
Iary coIumn. A deuterium-label&d aualogue, I-trideuteromethyhmidezole-2 
tbiol, is use?Li as internal standard (IS). 

MA’l’ERIALS AND X!dEZHODS 

The measurements were carried out in a Finnigan 4000 gas chromatograph- 
m spectzometer equip@ with a mui?ple ion monitoring device (Fin&an, 
Sunny&e, Cal& U.&A.). The injector OL the gas chromatograph was of the 
Crab capillary type and operated at 200” in a splittess mode. The injector was 
equipped with v&es which were programmed to vent the injector 60 set after 
injection. The glass capillary column used was a 20-m UCON HB 5100 (Jaeggi, 
Tkogen, Switzerland). A pressure of 20-25 kpa of helium wss applied on the 
column which was directly interfaced to the ion source. The ektron energy 
was 70 eV. T%e temgmzdure of the GC oven was programmed to rise from 140 
to 180” at a rate of 10°/min. The sampks could be injected with 7-S min 
intervak For the injection, solid sample syringes (SGE, North Melbame, 
Australia) were used. They were ckaned in a Hamilton syringe cleaner between 
the injections. A Jeol FX-100 NMR spectrometer wes used for obtaining the 
NMR spectra. 

Prepamtion of l-trideuteromethyhmidazol~2-thiol: AcetAyMGxarbimide 
[5) (5.45 g), prepared from aminoacetal, was mixed with trideuteromethyl 
amine UC1 (2.36 g) and 5 ml ethanol in a screwcapped tube. The mixture 
was cooled in iced water and sodium hydroxide (1.64 g) was added. The tube 
was. then Slowly shaken until it reached room temperature (22”), where it was 
allowed to stand for a couple of hours. T&e sodium chloride that bti formed 
was f&red off and the solvent evaporated. The residue was hydrolysed by re- 
fluxiug it with 2O.m.l 30% sulphuric acid for 30 min. After coohug, it was 
neutralized with 4 64 sodium hydoxide solution and extmcted with ethyl 
acetate (4 X 50 ml). Evaporation of the solvent gave a crude residue which 
was purified on a silica cohxmn eluted with chloroform conteining 4% ethanol. 
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The amount of pure I-tideuteromethylimidazole-2-tiiol isolated was about 
800 mg. 

&truct~on of metkimuzole and fomxttkm of deriuutiues 
To 1 ml of plasma in a screwepped tube were added 100 ~1 water coutain- 

ing internal standard (concentration 200 ng/ml) and 50 ~10.1 M tetrabutyl- 
ammonium solution followed by I ml 0.5 M carbonate buffer (pH IO). ‘I’he 
tekabutylam;monium solution was prepared by adding an equimolar amount of 
4 M sodium hydroxide ko te~butglammonium hydrogen sulphate and theu 
adding water until the desired concentration was reached. The sample mix- 
ture was extracted with 5 ml dichloromethane containing 2.5% (v/v) of benzyl 
chloride (or pentafIuorobenzyl bromide when determining plasma concentra- 
tions below 20 ng/ml). The extraction was performed in a water-bath at 
50° for 20 min. After cooling to room temperature the tube was cenkifuged 
(500 g) and the organic phase was then transferred to a new tube and evapo- 
rated to dryness with a stzeam of nitrogen. The residue was dissolved in 20 ~1 
of ethyl acetate and l-2 ~1 was evaporated on the needle of the solid sample 
WW=. 

Methimazole is extracted from plasma as an ion-pair with the t&abut& 
alElmOnium ion into dichloromethaue. Since methimazole is converted to a 
more Ilpopmc compound in the orgauic phase through reaction with beuzyl 
chloride (or pentafiuorobenzyl ixomide), it is efficiently extracted from the 
aqueous phase. Possible variations ia the coucEtious are compensated for by 
the use of the J.abeUed mekhimazole as internal stauciard. 

The extraction aud alkylation step is car&d out at a temperature of 50°. 
The yield of S-benzyl methimazole decreased considerably when the extractive 
alkylation was performed at room temperature but this could be circumvented 
to some extent by an increase of the concentzation of benzyl chloride in the 
o-c phase, A comparison of tie yields is shown in Table I, where the yield 
in the reaction at 50” has beeu set to 100. The reaction at 5O”is completed 
within 20 min. The effect of elevated temperature has been reported previously 

TABLE I 

EXTRAtIZFlVE BENZYLATION OF -0LE IN CARBONATE EUFFW (ppf 
lO)-DlCHLOROMEZKANE SYSE’EBQ 

Thereetiontimewaslh_ 

Bewyl chloride Temper&mz YkkI (%) 
coneentrationr (a) CC) 

2.5 50 ‘100 
2.5 22 a2 
5 22 60. 

10 22 75 
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Fig. 2. Maae ~pectro of (a) S-bonzylatod mothimazolo and (b) S-pentafluorobenzylated motbimaaolo, 



inareport [S] W%C$I containsa~~ofeomporrndsthat~~~e~~~~ 
when subjected to exkmtive s&y~tion.~a~esofex~~ons,the pHof 
the aqufxus phase x&s increased &om 7 to 12 and an knproved -on 
could be demonskated up to but not akve pHlO.Thedkylationwithpenta- 

_ fluorobe~~~ bromide result& %n increased ,5ensititity because a bigher 
mokcuk weight moves the molecukr ion into a range with a tower back- 
ground. Ben@ chloride is used as alkylaking agent for samples where the con- 
centration is IikeIy to be above 20 ng/ml because it is cheaper aqd readily 
aw&ab~e. The senrcture of the benzyl derivatives was i.n&ti by 13C-NMR 
spectra The thiocarbonyl carbon situated ak 159.9 ppm rehikive to TM6 
dkapp=red and a new peak appeared at 138.9 ppm corresponding to =$SS. 

. 

Gas chmnafo.@tqhy 
The CTCION HB 51CO glass eagdlazy column was used to achieve good peak 

symmetry when chromatograpbk~g tie netbimazole dezivatives and the low 
background produced by t&s cohunn was also beneficial to the sensitivity of 
the system. The b-1 and pentafiuorobenzy~ derivatives eluted after 4.2 
and 6S min respectively, The mass spectrometer was focused on the mokcu- 
lar ions of the two types of metbimazoIe/IS derivakives wbi&_bad m/e values 

_ of 204/207 and 294/297 respectiwely. Fig- 2a and b shows mass spectra of 
benzylend pedafhmro~enzylmethimazo!e.Figs. 3and4ilIustxate chrom~~ta- 

grams recorded when the molecular ions of the different methimazole deriva- 
tives were mo&ore& 

b 

6G2:min’ - 6 4 2 min 

Hg. 3. (a) Ckomatogram of plasuza co&aining 20 ng/ml of methimszole obtained after 
benzyiation; berm@ methhazole corresponds to the peak eih.ng after 4.2 min. (b) #Bra- 
matogram of blank pEasma sample, internal standard, m/e = 207. 
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mle 297 

mle 2% 
1 8 

6 4 2 min 6 G 2 min 

E’ig. 4_(a)Cbro1n&agram of plnnmn sample contaiPing 5 ng/mlof~~ethbmzole obtained 
after pentdhzoro~la~~;p~~uorobenzy~ me*' le corresponds to the peak 
ekitingafterS2min.(b)Cbromatogram ofblankp~asample,~~rnal8tsndard,m/e 
=297. 

In the chromatograms of the blank samples a background peak can be ob- 
served which interferes with the methimazole derivatives. In the case when 
benzyl derivatives were u&d #is background peak corresponds to about 7 
ng/ml of methimazole in a p&ma sample. The use of the pentafluorobenzyl 
deriva&ive gave a background peak corresponding to about 1 ng/ml. The back- 
ground peak originates from the plasma samples since no interfering peak 
could be detected when a sample of pure water was analysed according to the 
method. Due to the blank peak the detection limits of the method have been 
set to 15 and 2 ng/ml of methimazole for the benzyl and pentafluorobeuzyl 
derivatives respectively. Blank plasma samples have been analysed both &om 
healthy volunteers and from thyreotoxic patients. In these samples no signif- 
icant variation in the interfering background peaks could be detected. 

The two calibration graphs in Fig. 5a aud b were prepared by adding dif- 
ferent amounts of methimazole to plasma samples and arMysing them accord- 
ing to the described method. In Fig. 5a, the ratio of the peak heights resulting 
from the molecular ions 204 and 207 of the be&y1 derivatives were plotted 
versus the concentration of methimazole. The amounts of methimazole that 
had been added to the plasma samples ranged from i5 to 150 ng/mL In Fig. 
5b, a similar plot is showu using the molecular ions 294 and 297 obtaiued 
from the pentafluorobenzyl detiatives, In this case the amounts that had 
been added to the plasma samples ranged from 2-50 ng/m?_ The calibration 
graphs were both Linear in the range investigated. The two graphs were con- 
structed in the lowest range possible for each derivative. The precision of the 
method was determined by adding 50 ng/ml of memole to plasma sam- 
ples, which were aualysed according IXI the method. The precision was 2.5 
(n = 10) and 1.5% (n = 10) for the beuzyl and pentafiuorobeuzyl derivatives 




