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SUMMARY

The concentrations of urinary phenylacetic, m- and p-hydroxyphenylacetic, mandelic (MA), p-
hydroxymandelic, indoleacetic, homovanillic, vanillylmandelic, 5-hydroxyindoleacetic and 3,4-di-
hydroxyphenylacetic (DOPAC) acids and 3-methoxy-4-hydroxyphenylethyleneglycol (MHPG) and
the concentrations of the above plasma acids (except MA, MHPG and DOPAC) were determined by
gas chromatography-mass spectrometry with selected-ion monitoring at the time of receipt of the
samples and after three, six and nine months storage at — 18°C. The samples were not treated 1n any
way before storage. The concentrations of most of the urinary metabolites declined significantly
(analysis of variance) over the nine-month storage period, whereas most of the plasma metabolites
did not.

INTRODUCTION

It is frequently neither possible nor practical to carry out quantitative deter-
minations on biological samples on the same day that they are received in the
laboratory. Storage of the samples for quite long periods of time may be necessary.
During storage some of the analytes of interest may decompose, the rate of de-
composition depending on temperature, pH, the presence of light, enzymes or
other factors. When finally analyzed, the observed concentrations will be lower
than the true values. The losses due to decomposition can be automatically cor-
rected by the use of deuterium-labelled analogues as internal standards and mass
spectrometry (MS) for quantification. However, for very labile substances and
very long storage times, both the deuterio and protio compounds may decompose.
It is of interest, therefore, to ascertain the extent of decomposition of the major
metabolites of the biogenic amines in biological materials after long periods of
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storage. This information is essential no matter what method of quantification
is used.

The stabilities of 3-methoxy-4-hydroxyphenylethyleneglycol (MHPG) [1-5],
5-hydroxyindoleacetic acid (5-HIAA) [6-9], homovanillic acid (HVA) [8,9] and
vanillylmandelic acid (VMA) [4] have been investigated by a number of authors,
mostly for relatively short storage periods of a month or less and mostly for uri-
nary or standard solutions. The effects of longer periods of storage on these me-
tabolites and on the “trace” acids have not been investigated. In this study, eleven
urinary and eight plasma metabolites have been quantified by capillary column
gas chromatography-high-resolution mass spectrometry (GC-MS) with se-
lected-ion monitoring (SIM) after three, six and nine months of storage of the
untreated samples.

EXPERIMENTAL

Chemicals and reagents

All organic solvents were glass-distilled HPLC grade (Caledon, Georgetown,
Canada). Pentafluoropropionic anhydride was purchased from Pierce (Chro-
matographic Specialties, Brookville, Canada)} and trifluoroethanol from Aldrich
(Milwaukee, W1, U.S.A.). The deuterium-labelled acids used as internal stan-
dards were synthesized as described previously [10] except for [2H; ] MHPG pi-
perazine salt which was obtained from Merck Sharp and Dohme (Montreal,
Canada). The abbreviations used for the metaholites are explained in Table I.

Instrumentation

GC-MS analysis was performed with a VG 70-70F double-focussing mass spec-
trometer equipped with an HP 5700 gas chromatograph. The outlet of a J & W
Scientific bonded-phase silica column, DB-1, 60 m x0.32 mm 1.D., was inserted
directly inte the ion source. For SIM, the mass spectrometer was operated at a
resolution of 5000. The operating conditions for the gas chromatograph, mass
spectrometer and multiple-ion detection controller have been described in an
earlier paper [10].

Sample treatment and quantification

On receipt of urine and plasma samples (from twelve individuals), eight un-
treated 500- ul aliquots were transferred to microcentrifuge tubes which were then
placed in a light-proof box and frozen at —18°C. Two aliquots were analyzed
immediately (without freezing}), the others (in duplicate) at three, six and nine
months after receipt. At the time of analysis, the aliquots were thawed, treated
with deuterium-labelled internal standard mixtures, 500 ul of 10% sulfosalicylic
acid (to precipitate protein and acidify the solution ) and 100 gl of an anti-oxidant
solution containing sodium bisulfite and EDTA. After centrifugation, the super-
natant was processed and the metabolites quantified as described previously [10].
With each batch of samples, blank solutions (distilled water) and freshly pre-
pared standard solutions (known quantities of authentic metabolites) were run
in parallel with the biological samples.
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Calculations and statistics

For each subject, the value obtained at 0 months (that is, the initial value
before storage) was calculated and the percentage of the initial value remaining
at three, six and nine months was determined. The results are summarized for
the urinary and plasma acid metabolites in Figs. 1-4. Analysis of variance on the
four groups in both plasma and urine was carried out (Table I).

RESULTS

The results summarized 1n Figs. 1 and 2 show that there is a clear decline in
the concentrations of most of the urinary metabolites over the nine-month pe-
riod. Only PAA, MA and VMA are unchanged after nine months. pHPA concen-
tration appears to increase with increasing storage time, possibly reflecting
degradation of conjugates to free acid. MHPG and 5-HIAA have completely dis-
appeared after nine months. Plasma metabolites, on the other hand, are essen-
tially unchanged after nine months (Figs. 3 and 4), except for 5-HIAA which hes
completely decomposed (MHPG and DOPAC were not quantified in plasma). In
Table I, the F values, significances and direction of change in the concentratiors
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Fig. 1. Urinary trace amine metabolite concentrations remaining after storage for three, six and nine
months (as percentage of nitial value). Internal standard was adced at time of analysis. For abbre-

viations see Table 1.
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Fig. 2. Urinary catecholamine and serotonin metabolite concentrations remaining after storage for
three, six and nine months (as percentage of initial value). Internal standard was added at time of
analysis. For abbreviations see Table 1
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Fig. 3. Plasma trace amine metabolite concentrations remaining after storage for three, six and nine
months (as percentage of initial value). Internal standard was added at time of analys:s. For abbre-
viations see Table I.
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Fig. 4 Plasma catecholamine and serotonin metabolite concentrations remaining after three, six and
nine months (as percentage of initial value). Internal standard was added at time of analysis. For
abbreviations see Table L.

of the metabolites are summarized for analysis of variance on the four groups. In
Table I, the initial values are compared with a weighted average of the means
from several studies previously reported [11].

DISCUSSION

The catecholamines, serotonin and their metabolites have been shown to be
stable to varying degrees in stored biological material. Thus, urinary MHPG is
stable when frozen at —20°C with a preservative at neutral pH for periods as
long as 31 months [1-3]. In acidified urine, MHPG is less stable, although Mole-
man [4] has reported that MHPG is stable for at least a year if the anti-oxidants
sodium metabisulfite and EDTA are present. However, under acidic conditions,
conjugated MHPG is hydrolyzed almost completely to free MHPG when urine is
stored at —14°C for two weeks [5]. MHPG in cerebrospinal fluid (CSF) at neu-
tral pH also appears to be stable for up to 71 days when stored at —18°C, even
without anti-oxidants [2].

5-HIAA appears to be less sensitive than MHPG to storage under acidic con-
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TABLEII

INITIAL VALUES COMPARED WITH LITERATURE VALUES

Metabolite* Urine (mg per 24 h) Plasma (ng/ml)
This study Literature This study Literature

PAA 9.0 8.5 / 126.4 124.0
pHPA 20.8 18.6 54.4 69.0
mHPA 3.56 6.8 18.2 13.4
MA 0.30 0.23 3.3 13.6
pHMA 2.27 2.80 119 9.7
HVA 4.64 4.79 11.0 9.7
VMA 3.65 4,07 8.0 7.2
IAA 7.54 10.2 320.5 293.1
DOPAC 0.91 1.90 Not measured 3.5
5-HIAA 4.38 4,53 31.0 114
MHPG 0.17 0.11 Not measured 3.55

*For abbreviations see Table I.

ditions, but has been widely reported to decompose on exposure to light. Forn-
stedt [6] has observed that standard solutions of 5-HIAA are stable at both pH
3 and 7 at —20°C when stored in a freezer in daily use only if the storage vials
are covered in foil. Otherwise, 50% of the 5-HIAA decomposes in 100 days and
75% in 150 days. De Jong et al. [7] found standard solutions of 5-HIAA to be
stable at 4°C and pH 0.7 for a week. The concentration of urinary 5-HIAA under
the same conditions of stcrage decomposed to 70% of the initial value after 27
days. However, at pH 6.5 and — 20°C, urinary 5-HIAA was found to be essentially
unchanged after 27 days [7]. Verbiese-Genard et al. [8] tested the effects of di-
lute perchloric acid treatment on standard solutions of 5-HIAA and found no
significant degradation during the first 24 h of storage, but after 72 h (at —20°C
in the dark) 30% of the 5-HIAA had decomposed, although the use of anti-oxi-
dants reduced decomposition t9 15%. A similar sensitivity to light, particularly
under acidic conditions, has been reported for 5-HIAA in CSF [9], although when
stored at neutral pH and —70°C in the dark for 28 days no decomposition of 5-
HIAA in CSF occurred.

VMA in urine [4] and HVA in CSF [9] or standard solutions {8] appear to be
stable indefinitely even under acidic conditions.

The results of the present study have shown that only 5-HIAA and mHPA in
plasma decompose significantly over nine months storage. In view of the earlier
work cited above, the decomposition of 5-HIAA was to be expected, however, a
statistically significant decline in the concentration of plasma mHPA is a sur-
prise, although at 18% the loss is not great. It is worth noting that the PAA
concer:tration does not increase significantly during long-term storage since about
two thirds of total plasma PAA is present in conjugated form, probably as phen-
ylacetylglutamine [12]. Evidently, the plasma environment is not conducive to
appreciable hydrolysis of this conjugate.
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The urinary environment, however, is conducive to the decomposition of most
of the measured metabolites. 5-HIAA and MHPG disappear completely in nine
months, which is not inconsistent with previous reports. VMA is stable, confirm-
ing an earlier study [4], as is MA, a new finding. The dopamine metabolites,
DOPAC and HVA, show a marked decline in concentration, possible due to oxi-
dation since no anti-oxidants had been added. As in plasma, urinary mHPA sur-
prisingly declines significantly, although after nine months this decline amounts
to only 15%. Urinary pHPA, on the other hand, increases significantly, which
may reflect hydrolysis of sulfo-conjugated pHPA. That a corresponding increase
was not observed for plasma pHPA may indicate that there is not an appreciable
amount of sulfo-conjugated pHPA in plasma. A significant decline was observed
for urinary IAA, but not for plasma [AA. It is not immediately obvious way this
should be so. If the decomposition of so many urinary metabolites is due to oxi-
dation during long-term storage one must conclude that urine, but not plasma,
contains some as yet unidentified oxidizing materials. As in plasma, urinary PAA
concentration does not significantly change, convincing proof of the stability of
its conjugate, phenylacetylglutamine, which is present in urine in a ten- to
hundred-fold excess over unconjugated PAA.

The lessons to be learned from this study are the following.

(i) For plasma samples, only 5-HIAA (and possibly MHPG) concentrations
change significantly on long-term storage. As previous studies have shown, these
compounds should be analyzed within a few weeks during which time they remain
most stable at neutral pH, —70°C and in the dark, preferably in the presence of
anti-oxidants. The trace acids and other metabolites appear to be stable more or
less indefinitely.

(ii) For urine samples, long-term storage of untreated samples results in mas-
sive decreases in the concentrations of 5-HIAA, MHPG and TAA. Much smaller
but still significant declines in the concentrations of mHPA, pHMA, DOPAC and
HVA are also observed. PAA, MA and VMA are stable at least for nine months.

These results are of particular importance when quantification is to be carried
out by GC or high-performance liquid chromatography in which less than ideal
internal standards must be used. The addition of anti-oxidants to urine samples
may lessen or eliminate decomposition. However, analysis by GC-MS using deu-
terium-labelled analogues of the metabolites as internal standards is clearly to be
preferred if samples must be stored for many months.
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