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degree of sensitivity and specificity since the plasma concentrations are ex- 
tremely low_ Among the detectionY methods which have .&%n ;de%ribed <for 
plasma. c&echo&+.nes are fluorimetry, radiometry, @ ch#X@$o@phy (GC) 
and mass eentograph$. Fluo&ietic procedures nOrmaBy sh& a certain 
lack of specificity [I, 21, or need relatively large plasma samples C33. The 
radioenzymatic double-isotope assay affords good reliability and specificity 
143. An increased sensitivity was obtained with tritiated S-adenosyl-methionine 
as methyl donor [5]. However, the experimental effort required for these 
methods is considerable. GC procedures with electron capture dete&icn &w 
the required sensitivity 161, whereas the specificity is inadequate for the small 
amounts present m-plasma. A-GCmetbod with a_ duaJ hydrogen’flahie detector 
has been reported, but the stru+ure of .$he .-emploged ‘derivatives w+s not 
clarified 171 I 

Wang et al. [S] have published a low-resolution mass fragmentographic 
method using per-trifluoroacetyl _derivativcs. Drawbacks to t@s procedure, 
in addition to the low mass numbers of the detected f&gm&ts,“are the in- 
stability and the poor GC separation of these derivatives. 

Due to the high reliability and sensitivity of mass fragmentography we have 
developed another, improved method for plasma catecholamines using higb- 
resolution mass fragmentography, which offers an outstanding degree of 
specificity. 

EXPERIMENTAL 

All reagent% and solvents were of anaIytical grade and ‘were obtained from 
E. Merck (D.armstadt; G.F.R.), unless otherwise specified. NoradrenaJine waS 
pnrcbas+ Scorn FIW (Bucks, Switzerbmd), isoprenaline. .was a. gift from 
Boehringcr Ingelheim (Ingelheim; G.F;R_)_ Alumina (Woelm,. neutral, activity 
grade I) was supplied -by ICN Pharmaceuticals (Eschwege, G;F.R.) and treated 
as described by Von Stud&z [ 91. N-Methyl-N-trhnetbylsilyl-trifluoroacetemide 
(MSTFA) and N-methyl-bis-(toacetamide) (MBTFA) were obtained 
from Macherey-Nagel (Diiren, G.F.R.). 

Procedure 
Blood. sam&s were collected (after a shcrt rest) from the- brachial .vem, 

into lo-ml Li-heparinized tubes which e&h contained 5 mgsodium dithionite 
as antioxidant. The blood was imm&iately cooled with Fee-w&r and cen- 
trifuged (4”) 15 mm, 1660 .g); A 2-ml ii&me of plasnia was..d&ot&i&ed 
+itb 0.16.ml of-70% p&chloric acid.and again centrifuged (4”) 2f)mi& Z5606’g). 
The superrat&& -was transfermd, 20 ng isoprcnaline -and 1 inl cf -0.2.M Nai- 
EDTA were added, and the pH was adjusted to 6 with 4 M NHiOH.,A 300-mg 
amount of alnmina was neutralized with 0.1 M ammoni&i acetate, both -the 
adsorption, _and elution of the catechokunines were performed 3 ,describe$ 
by. Wang et al. 181. .A .lO-~1 volu&e of a @l% solution~of .methyl orange m 
methanol was added -to ,the eluat& which we concentrat& ‘at $$9?. by vq,cuum 
evaporation and. dried in a vacuum desiccator -over potassium hyciroxide-phos- 
phords pentoxide for at least 8 h. The residue was derivati&d in-a :I-mI glass- 
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stopljered tuberfollovving the procedure of Doziike [lo, 113 by dissolving in 20 
pi of trifhroroacetic acidand treating with 45-55 ~1 MSTFA (the exact amount 
depends on the colour ‘change of the indicator from red to yellow)-for 30 mm 
at 80”. A lO_crl volume of MBTFA was added and after a 10-min treatment 
at ambient _temperature the mixture was heated for 5 min at SO”. Of this SO~U- 
tion 2 ~1 were. used for mass fragmentography. The solutions ,can be s&xl 
in a. desiccator for several days, provided .that a possible coiour change of 
the indie&& i.6 titrati~ x&h a slight~excess of MSTFA- 

Gas chromatogiaphy-mass--spectrometry 
GC--mass spectmmetry (MS) andyses.were performed on a double focusing 

mass spectrometer MAT 311 A, which was coupled to a gas chromatograph 
Vakian 1440 ~(Varian, Bremen, G.F.R_). An all-glass coupling system with a 
one-stage glass frit separator was used. A device for removal of large quantities 
of .the solvent was installed : between the GC column and the separator_. The 
peak matching .decade servd for the. exact monitoring of the desired mass 
using-m perfhrorokerosene as reference substance;~ GC-MS conditions -are as 
follows: colunin, 2 m x 2 mrn1.D.; 4% OV-17 on Chromosorb W AW DMCS; 
carrier gas, He, 30 ml/n@n;.-injector 250” ;- column temperature 2000 ; connec- 
tion capillary 240”; separator 250”; line-of-sight 160” ; ion source 160” ; ion- 
ization energy 70 eV; emission current 3 mA; electron multiplier 2;0-2.4 KV; 
resolving power 5000; detected mass 355.1568. 

RESULTS -AND UISCUSSION 

tic to their high stabilim against oxidation and excellent GC properties 
we chose the N-trifluoroacetyl-0-trimethylsilyl (N-TFA-0-TMS) derivatives 
[ 10, 111. They can be well separated on silicon phases and do not show ad- 
sorption effects either on the GC column or in the GC-MS coupling system. 
The derivatiation has to be carefully performed in a t%vo-step procedure 
under controlled silylation conditions as outlined by Donike [IO, 111. 

The mass spectra of the N-TFA-O-TMS derivatives exhibit weak molecular 
ions, whereas the base peaks are formed by very intense benzylic fragments 
at m/e 355, which we used for mass fkagmentography. Detection of the frag- 
ment ion at m/e 355, and not the molecular ion, leads to the loss of important 
information concerning the molecular structure, However, tbis mutual ion 
allows the simultaneous detection of both catecholamines and the internal 
standard isoprenaline. 

The N-TFA-0-TMS derivatives have been successfully applied to the low- 
resolution mass fragmentogra&ic determination of: catecholamines from 
tissues [lo]. Hitherto plasma samples could not- be assayed using this type 
of derivative because of the low content of catecholamines and the large 
amounts of interfering subskmces from. the biological matrix. 

The sensitive and selective low-resolution mom&ing of ‘the betiylic frag- 
ment ,is e@ud,ed by the-presence of ions with the -same nominal mass number 
(Fig_ I)- The@e i@$?&able~ioris &igiqate either -from the sihcon &ha& cif the 
column-,and the septum. or from the -biological material. The9 are Iparticularly 
intensified in the analyses of plasma samples, where sometimeseven negative 
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_. 
Fig. 1: D&ecti~n of N-TFAXkTMS eate&olarnin~.in plasmaSweep,fmmmags3~.~ t,~ 
355,5.(R=5900). Tbqewe$-ed @m!.of tt;efpellzJTlic fqzmentC,,i&O$ii.(qz/e 355.1566) 
~~di~~.byan~ow(N?.3)andcorrespon~_fotheisop~ep~,~~e~o~~; ._ 

peaks are observed. However; these difficulties could be overcome by incr@&ig 
the. resol@ng power of the. mass spectrometer to 5OOO...Tbuswe kere -able to 
separa* completely the mbnitored signal of the benzylic fragment C&ijiOsSia; 
etb‘_*e gp- anas of 355.1568, froni’.: the background, .-The.: impressive 
specifici~:‘~f high-resolution mass fr&gmentography Was previously shown 
~.t&‘d&&ion.qf&roi& by mgtok et 4. [12)_: . . :: .‘_ .-. :_:_ : : 

-The’cotiparison of the analyses of the same plasma samplk iviti~low-resolu- 

tion d&&ion (Fig. 2% R = 1000, m/e 355) and- high-resoltitikm .detection 
(Fig. 2b, R = 5000, m/e 355.1568) clearly demonstrates the superior specificity 
of high-resolution mass fragmentography. The lo?-resolution fragm&to&Gi 
results in totdIy incorrect intensity ratios. 

.R=lWl 
mle~~355 

(b) RsJxa 
mle 355.1568 

1’ 
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The detection 
ratio of 2 to 1. 

J.&nit was 2 cg of in@cted pure sample with a siguakt83noise 
The coefficient of variation of the method is 16% (n = 6) at 

a tiakcholamine level of 0.2 to:O;7:ng/nzl plasma The standarclcurve-for adren- 
aline shows’a:cd~~tion-coeffici~nt d;f &9901 @Fig: 3): Plasma le+ls‘of~~f+~y 
vol&t&% ti;s at%il--rig/x&for ~mn&e-and’@oti 0.2~‘tq1_014 _ng/,@ foi nor- 
adrenaline. These values cowotid w’ell eti t&k&_ &a&~ fk&j~~th$ .fie- 
b. ._e de-& why ~+enZym&i~_ @sqs. - . . 

7 8 9 lOng/ml 

Fig. 3. Standard cuve for adrenaline (N-TFA-O-TMS derivative). 

By our method a pheochromocytoxna could be diagnosed and kxalked 
before confirmation by surgical excision of the tumour. The determination 
of the catecholamine concentration in the vena cava inferior gave the following 
values. 

TABLE I 

VENOU& CATECHOLAMINE CONCENTRATIONS 

Sample site Noradrenaline Adrenaline 

(w/m (w/~) 

V. cava inferior (superior psrt) 10.0 6.0 
V. suprarenalis dextra * 15.0 6.5 
Abouchement of w. rem&s 7.5 1.9 
V_ cava inferior (bifurcation) 4.0 1.5 
V. iliaca communis destra 1.0 1.0 
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