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ABSTRACT

We developed a method for simultaneous quantification of the urinary 3-O-methylated catecholamine metabolites 3-methoxytyra-
mine, normetanephrine and metanephrine by stable isotope-dilution ammonia chemical ionization mass fragmentography. Prepu-
rification of lyophilized samples was done by simultaneous deconjugation and pentaflucropropionylation, followed by extraction and
rederivatization. Compared with our previously described method, based on acid hydrolysis, alkaline extraction, derivatization and
electron-impact mass fragmentography, the present method was found to be less laborious, more sensitive and presumably more
accurate. New urinary excretion valucs were established for apparently healthy adults. The present prepurification method may prove

applicable for profiling of a variety of naturally occurring mono-, di- and polyamines in biological samples.

INTRODUCTION

Metabolism of the catecholamines dopamine
(DA), norepinephrine (NE) and epinephrine (E)
takes place by oxidative deamination (mono-
amine oxidase; EC 1.4.3.4), O-methylation (cate-
chol-O-methyltransferase; EC 2.1.1.6), conjuga-
tion with sulphuric and glucuronic acids and
combinations of these reactions (for review see
ref. 1). Following neurotransmission processes
catecholamines are primarily catabolized by
monoamine oxidase, finally yielding acidic and
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alcoholic metabolites. Circulating catechol-
amines are primarily deactivated by catechol-O-
methyltransferase, yielding the 3-O-methylated
metabolites 3-methoxytyramine (3-MT; from
DA), normetanephrine (NM: from NE) and
metanephrine (M; from E). 4-O-Methylation is a
minor process, accounting for about 5% of DA
and 0.5% of NE and E metabolites [2]. The vast
majority of catecholamine metabolites are excret-
ed via the urine and are considered to derive from
neurotransmission processes [1].

In clinical chemical laboratories quantification
of catecholamines and their metabolites in body
fluids is notably used in the diaghosis and follow-
up of catecholamine-producing tumours (i.e.
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neuroblastoma and phaeochromocytoma). Em-
bryologically, both tumours derive from the neu-
ral crest. Phaeochromocytomas are predomin-
antly located in the adrenal medulla. In a minor-
ity of cases they occur in and around the sympa-
thetic ganglia, at locations that parallel the ana-
tomical distribution of extra-adrenal chromaffin
tissue, such as the organ of Zuckerkandl [3).
Phaeochromocytomas may be responsible for hy-
pertension in approximately 0.1% of cases [3].
Characteristically they secrete NE, E or both, re-
sulting in sustained or paroxysmal hypertension
and increased urinary excretion of vanillylman-
delic acid (VMA), 3-methoxy-4-hydroxyphenyi-
ethylene glycol (MHPG), NM, M, NE and E [4].

Extra-adrenal phacochromocytomas, or para-
gangliomas, may merely produce and secrete NE.
This is explained by their lack of phenylethanol-
amine-N-methyltransferase (PNMT; EC
2.1.1.28), which converts NE into E. PNMT in

the adrenal medulla is induced by locally high

concentrations of adrenal corticosteroids [5].
Low corticosteroid levels may prevent PNMT in-
duction in extra-adrenal phacochromocytomas
[6). Malignant phaeochromocytomas make up
about 10% of cases. Additionally, increased urin-
ary excretion of DA and its metabolites is regard-
ed as a marker of malignancy [7,8]. Increased
urinary  excretion of N-methylepinephrine
(NME) and its 3-O-methylated metabolite N-
methylmetanephrine (MM) has been noted in
several cases of adrenal phaeochromocytoma.
Both compounds are believed to be secondary to
E formation [9-11].

For the clinical chemical diagnosis and follow-
up of patients with phaeochromocytoma mea-
surements of plasma catecholamines [12,13],
urinary catecholamines (notably free NE [14]),
urinary acidic catecholamine metabolites (nota-
bly VMA {15]), and urinary total (sum of free and
conjugated) metanephrines (NM and M [3,16))
have been used. Correct interpretation of plasma
catecholamine concentrations requires cumber-
some standardization of blood sampling to avoid
stress-related artefacts. The need for protocolized
blood sample collection hampers diagnosis of pa-
tients with paroxysmal hypertensive attacks. Be-
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cause of high metabolic pressure on circulating
catecholamines, measurements of urinary metab-
olites in either 24-h urines or spontancous void-
ings (notably after paroxysmal attacks) may offer
both highest specificity and sensitivity to estab-
lish increased catecholamine production rate.
Unlike urinary total catecholamines, urinary to-
tal metanephrine levels are not significantly influ-
enced by diet [17]). Deactivation of circulating
catecholamines by initial 3-O-methylation fol-
lowed by sulphoconjugation and excretion sug-
gests highest sensitivity and specificity for urinary
total metanephrines, compared with oxidatively
deaminated catecholamine metabolites. There-
fore, determination of urinary total metaneph-
rines is generally considered to be the principal test
for the clinical chemical diagnosis of phaeochro-
mocytoma [3,18].

Several analytical techniques have been devel-
oped that either quantify the sum of urinary total
metanephrines or selectively determine the 3-O-
methylated catecholamines 3-MT, NM and M.
These include; electrophoresis [19], paper [20]
and thin-layer [21} chromatography with subse-
quent chromogen formation and spectrophoto-
metric detection, ion-exchange chromatography
followed by vanillin formation and spectropho-
tometric detection [22], fluorescent derivatization
[23], radioenzymatic quantification of NM [24],
reversed-phase high-performance liquid chroma-
tography with fluorimetric [25,26], ultraviolet-
absorbance [27] or ¢lectrochemical [28,29] detec-
tion, and gas chromatography with mass spectro-
metric detection [16,30].

Adhering to the principle of isotope dilution
for urinary total 3-O-methylated catecholamine
metabolites, we developed an alternative method
to our previously described prepurification meth-
od by acid hydrolysis and alkaline extraction, fol-
lowed by electron-impact mass fragmentography
of their pentafluoropropionyl (PFP) derivatives.

EXPERIMENTAL
Standards and reagents

HPLC-grade acetonitrile and heptane were ob-
tained from Rathburn (Walkerburn, UK), pen-
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tafluoropropionic anhydride (PFPA) and di-
methylformamide (DMF, silylation grade) from
Pierce (Rockford, IL, USA), ethyl acetate was
from Merck (Darmstadt, Germany), and 3-MT,
NM and M were from Sigma (St. Louis, MO,
USA). All reagents were at least of analytical-
reagent grade.

Samples

For assessment of excretion values of 3-MT,
NM and M, urine samples from nineteen appar-
ently healthy adults (ages 27-63 years) were col-
lected without dietary restrictions and in an un-
defined metabolic state. Total urine outputs over
24 h were collected in 2-1 brown polypropylene
bottles (Sarstedt, Nuembrecht, Germany), con-
taining about 250 mg each of Na,S$;0s and
EDTA as preservatives. Urine specimen were
acidified to pH 4.0 with acetic acid before freez-
ing. Samples were stored at —20°C and analysed
within one month after collection.

Urinary creatinine levels, used to quantify ex-
cretion in terms of creatinine, were measured by a
picric acid method on an SMA-2 analyser (Tech-
nicon Instruments, Tarrytown, FL, USA).

Prepurification

Deuterated analogues of 3-MT (550 pmol of
ring-deuterated, prepared as described by Lind-
strom e? al. [31]) and NM and M (900 and 600

pmol, respectively; C*H;O-deuterated, prepared

as previously described [32]) were added to 300-ul
aliquots of urine as internal standards. After lyo-
philization overnight (or evaporation to dryness
in a stream of nitrogen at 40°C), 100 ul each of
acetonitrile (distilled and stored over anhydrous
sodium sulphate}, DMF and PFPA were added.
The mixtures were derivatized for 15 min at 80°C
in sealed vials. Samples were cooled to room tem-
perature and aliquots of 2 ml of heptane and 2 ml
of water were added. Following vortexing for 30
s and centrifugation at 800 g for 5 min, the hep-
tane layers were collected, washed with 2 ml of
water as above, and evaporated to dryness in a
stream of nitrogen at 40°C. Residues were dis-
solved in 50 ul of ethyl acetate~-PFPA (250:1, v/
v). Yolumes of 1-5 ul were injected into the gas
chromatograph—mass spectrometer (see below).
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Analysis and quantification

(Gas chromatography-mass fragmentography
was performed on an HP-3890 gas chromato-
graph (Hewlett Packard, Avondale, PA, USA)
directly coupled to a VG-70 250-S mass spectom-
eter (VG Instruments, Manchester, UK). The gas
chromatograph was equipped witha 25m x 0.25
mm [.D. CP-8il 19 capillary column (Chrom-
pack, Middelburg, Netherlands), and operated
under the following conditions: splitless injec-
tion, injection temperature 250°C, oven temper-
ature programme 100°C, 10°C/min to 230°C. The
ion source temperature of the mass spectrometer
was 250°C; ionization energy was 120 eV. Sam-
ples were monitored in the ammonia chemical
ionization mode, using the [M + NH,]" ions at
mfz 477 and 480 (3-MT and 3-MT-d;, respec-
tively), m/z 639 and 642 (NM and NM-ds, re-
spectively) and m/z 653 and 656 (M and M-d,,
respectively). The peak arca ratios of 477/480,
639/642 and 653/656 at the retention times corre-
sponding to PFP-derivatized 3-MT, NM and M,
respectively, were calculated by a VG 11-250 data
system.

Quantification was done by the use of calibra-
tion curves, as previously described [16]. Calibra-
tion curves were prepared from the peak area ra-
tios of seven derivatized standards containing 0—
720 pmol of 3-MT, 0-1300 pmol of NM and 0-
915 pmol of M, added to 550 pmol of 3-MT-d;,
900 pmol of NM-d; and 600 pmol of M-d.

Validation of the assay

The detection limit was determined by subse-
quent analysis of a urine sample that was pro-
gressively diluted with water. The detection limit
was defined as the injected amount that produced
a signal-to-noise ratio of 3. Linearity was verified
by analyses of standard mixtures containing in-
creasing amounts of 3-MT, NM and M added to
550 pmol of 3-MT-d3, 900 pmol of NM-d; and
600 ng of M-dj.

Within-series precision was determined by six-
fold analysis of three urine samples of different
concentrations in one series, Within-series recov-
ery was determined by six-fold analysis of a
300-g] urine sample with or without enrichment
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with 240 pmol of 3-MT, 440 pmol of NM and  distributed over eight series, in a period of one
305 pmol of M in one series. Between-series pre-  month. Between-series recovery was assessed by
cision was evaluated by eight-fold analysis of  eight-fold analysis of a 300-1 urine sample with
four urine samples of different concentrations,  or without enrichment with 240 pmol of 3-MT,
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Fig. 1. Typical ammonia chemical ionization mass fragmentograms of PFP-derivatized 3-methoxytyramine (3-MT), normetanephrine
{NM) and metanephrine (M}, and their trideuterated internal standards in a 600-u] standard mixture (A) and 300-41 aliquots of urine
from an apparently healthy adult {B) and a patient with phaeochromocytoma (C). The signals are normalized to full scale for the
highest peak in the window. Retention time is indicated in min. 3-MT, NM, M, 3-MT-d,, NM-d, and M-d, denote [M + NH,]" ions
of the naturally occurring compounds and their trideuterated internal standards, respectively. In the mass fragmentograms at m/z 656,
the minor peak at higher retention time represents iso-M-d,, which is formed during synthesis of M-d,. Is0-NM-d, and NM-d,
co-elute. Since 3-MT-d, is synthesized from 3-MT by ring deuteration, 3-MT-d contains no impurity of iso-3-MT-d,. Concentrations
of the standard mixture and the urine samples were (A) 3-MT 600, NM 1100 and M 760 nmol/l; (B} 3-MT 65, NM 85 and M 37
pmol/mol of creatinine; (C) 3-MT 98, NM 662 and M 619 umol/mol of creatinine. In all three cases 530, 900 and 600 pmol of the
tridenterated forms of 3-MT, NM and M, respectively, were added as internal standards.
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440 pmol of NM and 305 pmol of M, in eight
series equally distributed over a period of two
months.

Statistics
Confidence intervals (95%) were calculated by
non-parametric analysis [33].

RESULTS

Chromatography

Fig. 1 shows typical mass fragmentograms of
PFP-derivatized 3-MT, NM and M, and their tri-
deuterated internal standards in a standard mix-
ture (Fig. 1A), a 300-ul aliquot of urine from an
apparently healthy adult (Fig. 1B) and a patient
with phaeochromocytoma (Fig. 1C).

Methadological characteristics

The amounts of urinary constituents in a
300-ul aliquot of lyophilized urine harbouring up
to about 4.5 umol of creatinine (corresponding to
a urinary creatinine concentration of about 15
mmol/l) had no adverse effects on the derivatiza-
tion reaction. However, if the amounts exceeded
6 umol of creatinine equivalents, recoveries were
found to become progressively lower (as derived
from mass fragmentographic peak areas), where-
as the contribution of compounds with the same
fragment ions eluting at different retention time
became higher. In these (rare) cases, a propor-
tionally lower sample volume was taken. Com-
pared with overnight lyophilization, similar re-
sults were obtained by addition of 300 pl of meth-
anol and evaporation to dryness under a stream
of nitrogen at 40°C. Derivatization time was var-
ied from 5 up to 30 min. From both mass frag-
mentographic peak areas and their ratios it was
concluded that the reaction was completed in 10
min. As a standard procedure we chose 15 min.
Overnight storage of the washed heptane layer
did not show any appreciabie influence on the
analytical outcome, compared with direct analy-
sis. Rederivatization of phenolic and benzylic hy-
droxyl groups increased mass fragmentographic
peak areas, but did not alter peak area ratios.
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Validation of the assay

Detection limits (signal-to-noise ratio = 3;
data in pmol of injected compound from diluted
urine) for 3-MT, NM and M were 0.3, 2.6 and 0.3
pmol on-column, respectively. For 3-MT and M
these amounts corresponded to a urine volume of
about 10 ul; for NM the detection limit was
reached at about 50 ul of urine. The endogenous
concentrations of the urine sample were 980,
1602 and 881 nmol/l for 3-MT, NM and M, re-
spectively. Calibration curves, prepared from
eight derivatized standards containing 0-1075
pmol of 3-MT, 0—1970 pmol of NM and 0-1370
pmol of M and fixed amounts of 550 pmol of
3-MT-d3, 900 pmol of NM-d; and 600 pmol of
M-d; gave linear correlations (» > 0.999),

Table I shows the within-series precision for
three urine samples with different concentrations
of 3-O-methylated catecholamine metabolites.
The coefficients of variation ranged from 1.7 to
4.2%. Variance in creatinine results was not ac-
counted for, Within-series recoveries were deter-

TABLE 1

PRECISION AND REPRODUCIBILITY OF URINARY 3-
METHOXYTYRAMINE (3-MT), NORMETANEPHRINE
(NM) AND METANEPHRINE (M)

Sample Concentration (umol/mol of creatinine)

3-MT NM M

Within-series precision”

NP1 80 = 2 15+ 3 84 x 2
NP2 101 + 2 143 £ 6 85 = 2
Pl 90 =+ 2 576 £ 10 082 = 14
Between-series precision®

NP3 58 + 3 152 £ 11 97 + 6
NP4 92 + 7 268 £ 12 103 £ 5
P2 91 = 14 597 £ 37 592 + 49
P3 102 £ 8 581 £ 19 577 £ 39

¢ Mean + S.D. for three urine samples from non-phaeochromo-
cytoma patients (NP1, NP2) and a patient with phagochremo-
cytoma (P1) determined six-fold in one series.

® Mean + 8.D. for four urine samples from two non-phaeochro-
mocytoma patients (NP3, NP4) and two patients with phaeo-
chromocytoma (P2, P3) each determined eight-fold in eight
series equally distributed over a period of one month,
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URINARY EXCRETION VALUES FOR 3-METHOXYTYRAMINE (3-MT), NORMETANEPHRINE (NM) AND META-
NEPHRINE (M) ESTABLISHED FOR NINETEEN APPARENTLY HEALTHY ADULTS

Data are indicated as median (95% non-parametric confidence interval).

Compound Extractive derivatization® Alkaline extraction®
(umol/mol creatinine)
pumol/mol creatinine nmol/24 h
3-MT 86 (58-139) 1183 (878-2036) 66 (40-141)
NM 141 (82-234) 2053 (1561-3379) 112 (71-248)
M 66 (38-87) 911 (574-129¢6) 40 (26-65)

" Data established in nineteen apparently healthy adults by isotope-dilution mass fragmentographic analysis preceded by direct deriv-

atization and extraction.

® Data (recalculated from Muskiet et af. [16]) established in thirieen apparently healthy adults by isotope-dilution electron impact mass
fragmentographic analysis preceded by acid hydrolysis, alkaline extraction and derivatization.

mined by six-fold analysis of a urine sample with
and without enrichment with 800 nmol/l 3-MT,
1466 nmol/l NM and 1017 nmol/l M. The recov-
eries were (mean + S.D.) 88.5 + 5.6% for 3-MT,
85.1 =+ 3.1% for NM and 100.5 + 10.7% for M.
The endogenous levels in the urine sample (mean
+ S.D., in nmol/l) were 1213 % 25 (3-MT), 1712
+ 77 (NM) and 1025 + 29 (M).

Table 1 shows the between-series precision for
four urine samples with different concentrations
of 3-O-methylated catecholamine metabolites.
The coefficients of variation ranged from 3.3 to
15.4%. Between-series recoveries were deter-
mined by eight-fold analysis of a single urine
sample, with and without enrichment. The analy-
ses were performed in eight series, equally distrib-
uted over a period of two months. Enrichment
amounted to 800 nmol/l 3-MT, 1466 nmol/l NM
and 1017 nmol/l M. The recoveries were (mean
£ S.D.): 1002 £ 14.53% for 3-MT, 91.2 £
12.3% for NM and 97.7 + 6.8% for M. The
endogenous levels in the urine sample (mean +
S.D., in nmol/l) were 497 + 48 (3-MT), 2367 +
260 (NM) and 719 £+ 63 (M).

Urinary excretion values

Table II shows median urinary excretion val-
ues for 3-MT, NM and M, togecther with non-
parametric 95% confidence intervals for nineteen
healthy adults (median age 41 vears, range 27—

63), as obtained by the direct derivatization
method. Data are given in ymol/meol of creatinine
and nmol/24 h. The results are compared with
urinary excretion values (in umol/mol of creati-
nine) that were obtained by the method employ-
ing acid hydrolysis and alkaline extraction. [16].

DISCUSSION

Several procedures have been described for the
isolation of metanephrines from biological ma-
trices. These include ion-exchange chromatogra-
phy [25,34], (paired ion) solvent extraction
[16,35], solid-phase extraction [30] and extractive
derivatization [36,37]. For chromatographic
methods that require initial derivatization and in-
jection from an organic solvent, such as gas chro-
matography, the usual procedure is to isolate
metanephrines in a water- and salt-free form pri-
or to derivatization. This is necessary because of
the susceptibility of commonly employed deriv-
atization reagents to water and inhibition of the
reaction by salts. Becausc of the somewhat am-
photeric nature of metanephrines only a few pre-
purification methods seem appropriate to reach
this goal, i.e. organic solvent [16] or solid phase
extraction [30], both at high pH, and extractive
derivatization in which the amine functional
group is blocked and the amide or amide-like
products extracted into an organic solvent
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[36,37]. Our previously described method, which
we used routinely for over 10 years, was based on
ethyl acetate extraction of urine at pH 10-12. The
main disadvantage of this approach is its low ab-
solute recovery (notably for NM), probably
caused by partial oxidation of metanephrines at
high pH and saponification of ethyl acetate. The
latter unfavourably influences organic solvent/
aqueous medium ratio and reduces pH. Al-
though not of crucial importance to a method
based on isotope dilution, low absolute recovery,
especially for NM, occasionally resuited in peak
areas that were close to the detection limit. Im-
provement of recovery by use of solid-phase C5
columns [30] necessitated adjustment of samples
to pH 8-9 to obtain reasonable recoveries, cspe-
cially for NM. This pH is clese to the point of
C1a column deterioration. Extractive derivatiza-
tion methods based on the addition of methyl
chloroformate [37] and PFPA [36] have been re-
ported. The rcaction with methyl chloroformate
occurs at two different pH values and seems rath-
er critical and laborious, whereas the reaction
with PFPA requires a temperature of 0°C to pre-
vent excessive PFPA decomposition in aqueous
medium.

In the present method addition of the water-
sensitive derivatization reagent to the agqueous
medium is circumvented by initial removal of wa-
ter through lyophilization or evaporation to dry-
ness. Up to a urinary creatinine concentration of
15 mmol/l no inhibitory effects of salts and other
urinary constituents on derivatization with a
mixture of PFPA—acetonitrile-DMF were expe-
rienced. Weak combinations of a strong acid and
slightly acidic hydroxyl groups, as constituted by
PFP-derivatized phenolic or benzylic hydroxyl
groups, may hydrolyse during the subsequent ex-
traction in which urinary constituents are parti-
tioned between water and heptane. A second de-
rivatization at room temperature, comprising ad-
dition of ethyl acetate- PFPA prior to analysis,
was found to replenish PFP groups.

Since it is known that the major part (56-87%,
ref. 35) of urinary metanephrines is conjugated,
deconjugation prior to analysis is a standard pro-
cedure. This is usually accomplished either by
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acid hydrolysis at high temperatures [22] or by
enzymatic hydrolysis with sulphatase [35]. Using
enzymatic hydrolysis with sulphatase, Buu ez al.
[35] compared their data on the sum of free and
sulphoconjugated urinary NM and M with those
obtained by other laboratories that employed
acid hydrolysis. From the close agreement they
concluded that the vast majority of O-methylated
catecholamine conjugates in human urine are sul-
phoconjugated. Alton and McGoodall [38] esti-
mated the contribution of NM glucuronide to be
approximately 4%, whereas the percentage M
glucuronide was probably somewhat higher [39].
During preliminary experiments we found that
results of the direct derivatization procedure
were in close agreement with those of the acid
hydrolysis—alkaline extraction procedure. We
therefore anticipated that the direct derivatiza-
tion procedure was able to transesterify metane-
phrine sulphate esters into their PFP esters. To
confirm this we performed an experiment in
which results of the direct derivatization method
were systematically compared with those ob-
tained from preceding acid hydrolysis for 30 min
at pH | and 90°C, foliowed by the standard direct
derivatization method. From the obtained close
similarity of results from ten urine samples it was
concluded that the direct derivatization method
is indeed capable of deconjugating metanephrine
sulphates. It is unlikely that the more stable ether
bonds in metanephrine glucuronides are hydro-
lysed quantitatively. In this respect solvolysis
does not seem to differ from acid hydrolysis,
since the latter also causes incomplete glucuro-
nide deconjugation [39]. In addition we found
that, compared with preceding acid hydrolysis,
mass fragmentograms from directly derivatized
urine samples showed higher absolute peak areas
and fewer compounds giving rise to the same
fragment ions at different retention times. These
data suggest higher absolute recovery and less in-
terference, respectively, in the direct derivatiza-
tion method. Omission of the hydrolysis and ai-
kaline extraction steps in the direct derivatization
procedure significantly reduces the required time
for prepurification.

Table 1I shows that median urinary excretion
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values obtained with the present method are
somewhat higher than those previously reported,
using the acid hydrolysis—alkaline extraction
method [16]. Although the reason for the discrep-
ancy is, as yet, not fully established, the following
observations offer some connecting points. Ex-
periments in which urines were enriched with
NM and M prior to acid hydrolysis showed that
this procedure causes low recovery of added stan-
dards, compared with the direct derivatization
method (data not shown). As previously estab-
lished by others [39—41], experimental conditions
for acid hydrolysis of urinary metanephrines are
critical. Factors such as pH, temperature and hy-
drolysis time influence the outcome substantially.
Decomposition of NM and M takes place at pH
values below 1, and when hydrolysis time exceeds
30 min [41]. It suggests that methods based on
acid hydrolysis and subsequent addition of in-
ternal standards are subject to incomplete recov-
ery of total metanephrines, resulting in somewhat
lower excretion values. Low recovery from acid
hydrolysis does not explain the higher median ex-
cretion values for 3-MT by the direct derivatiza-
tion procedure, since 3-MT is a highly acid-stable
compound. In this case the most likely explana-
tion is additional measurement of 4-O-methyldo-
pamine {iso-3-MT) with the present method.
Analogous to iso-HVA [2], contribution of iso-3-
MT may be of the order of 6%. As previously
reported [32], is0-3-MT is poorly extracted from
alkalinized medium, resulting in low recovery in
our previously described method. By virtue of
is0-3-MT 1solation in the direct derivatization
method and similar gas chromatographic reten-
tion times of PFP-derivatized 3-MT and iso-3-
MT, higher values for 3-MT with the direct de-
rivatization method may be anticipated. The
magnitude of the discrepancy will depend on
both the relative contribution of iso-3-MT to 3-
MT in the sample, and the difference in the yields
of the m/z 477 ions from equimolar amounts of
PFP-derivatized iso-3-MT and 3-MT. Also when
compared with other reference data established
with mass fragmentographic analysis [30], our
reference group showed higher values for NM
and M. However, reference data established by
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HPLC with electrochemical detection [42] show
comparable data for NM and M.

The employed prepurification method is spe-
cific for those compounds that display apolar
properties following direct PFP derivatization -
and subsequent contact with water, i.e. notably
amines and possibly sugars. Except for the isola-
tion of 3-MT, NM and M this approach was also
found {data not shown) to recover DA, NE and
E, and the products of the alternative catechol-
amine biosynthetic pathway, synephrine, octopa-
mine, epinine and tyramine {false neurotransmit-
ters). However, as might have been expected for
compounds harbouring tertiary amine groups,
NME and MM were poorly recovered. In the
present application the required specificity is in-
troduced by the use of mass fragmentographic
detection. Monitoring of other fragment ions, to-
gether with those of appropriate internal stan-
dards, offers the possibility to use the same isola-
tion method for analyses of a wide variety of bi-
ologically occurring mono-, di- and polyamines.
Alternatively, by employing gas chromatography
with electron-capture or nitrogen—phosphorus
detection, the isolation procedure may enable de-
velopment of a more generally applicable profil-
ing method.

In conclusion, we developed a prepurification
procedure for the quantification of vrinary 3-O-
methylated catecholamines by isotope-dilution
chemical ionization mass fragmentography. The
prepurification method may prove applicable in
the development of profiling methods for a wide
variety of biologically occurring amines.
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