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O ° O Urinary Vaniimandelic Acid (VMA)

Vanilmandelic acid (VMA) is the major urinary
product resulting from the metabolic degradation of

the catecholamines norepinephrine and epinephrine. i - i O
This pathway is illustrated in Figure 1. In diseases 2 ¢
that alter this metabolism, the determination of uri-
nary concentrations of VMA has been shown to be HO HO

OH OH

clinically useful. Elevated concentrations of VMA are

cormmonly found in cases of catecholamine secreling NE E
tumors such as pheochromocytoma, neuroblastoma,
and ganglioneuroma. Determining VMA can dif-

ferentiate these diseases from those with similar

symptoms (e.g. pheochromocytoma versus essential - NHOHg
hypertension). Many times these cases are further :
confrmed by determining plasma or urinary

catecholamines, urinary metanephrines, and/or uri- OCHg OCHg

nary homovanillic acid. NM M

MAO

The most commonly used methods for determinimg l OH
urinary VMA rely on the spectrophotometric

measurement of vanillin following periodate oxida- CHO
tion{1) or on the diazonium compound formed by the
reaction of VMA with p-nitroaniline(2). These reac-
tions are not specific for VMA and interferences from
other phenolic compounds of endogeneous and |
dietary origins is common. Gas chromatographic (in- AD
cluding GC/MS) methods have been developed but l

OCH3

OH

Figure 1. Metabolic pathway of norepinephrine and COOH
epinephrine to urinary vanimandelic acld. NE,
norepinephrine; E, epinephrine; NM, normeta-
nephrine; M, metanephrine; VMA, vanilmandelic
acid: COMT, catechol-o-methyl transferase; MAO, VMA
monoamine oxidase; AD, aldehyde dehydrogenase.
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L Figure 2. Electrochemical reaction mechanism of VMA in aqueous solution. J
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Flgure 3. Typlcal hydrodynamic voltammogram of
VMA,

require derivatization and extensive sample clean-up
and thus are not applicable for routine use.

LCEC has been used extensively to determine
catecholamines and their metabolites from a number
of biological samples{3). This Capsule details a pro-
cedure for determining urinary VMA concentrations.
The method was modified from a published report by
Morrissy and Shihabi{4).

Electrochemistry and LCEC Determination of
VMA

A fundamental requirement for using the LCEC tech-
nique is the electrochemical reactivity of the analyte
at a suitable electrode. This section reviews this re-
quirement with special emphasis on VMA.

VMA is electrochemically oxidized at a carbon
electrode in a aqueous solution according fo the
reaction mechanism shown in Figure 2. Following
the inttial two electron transfer at the electrode sur-
face, the resulting oxonium compound undergoes a
further chemical reaction yielding an o-quinone
product and methanol. This reaction sequence is
typical of all compounds containing the vanil moiety
{(e.g. homovanillic acid, metanephrines, 3-methoxy-4-
hydroxyphenylglycol (MHPG). Figure 3 is a voltam-

mogram (the current response as a function of ap-
plied potential of VMA under convective
(hydrodynamic) mass transport conditions.  The
selectivily of a direct electrochemical measurement
derives from: (1) not all compounds are eleclro-
chemically aclive, and (2) the ability to screen out
certain species by careful choice of applied potential.
At a constant applied potential, all compounds that
react at this polential will give a response. This
electrochemical method can differentiale between
compounds that are more difficult to oxidize (or
reduce) but not between those that undergo a reac-
tion at lower potentials.

Electrochemical methodologies, then, are inherently
low resolulion techniques, but they can be very sen-
sitive. This is particularly true in the case of con-
stant applied potential where double layer charging
current is negligible and where mass transport to the
electrode surface is controlled by hydroynamics. To
take advantage of this high sensitivity, the sample
must be fractionated before the electrochemical
measurement. At present, the most rapid high
resolution  technique  compalible with  this
electrochemistry is liquid chromatography.

The electrochemical measurement requires that the
solution in contact wilh the electrode have charge or
current carrying capacity. This requirement is met
by having a solution with a relatively high dielectric
constant so that lonic compounds dissolve and dis-
sociate in it. Aqueocus buffers, salt solutions, and
mixtures of these in polar nonaqueous sclvents (e.g.,
acetonitrile, methanol, THF) meetl this criteria. Liquid
chromatography experiments that can be performed
using mobile phases of this type are generally
referred to as ‘reverse phase” (including ion ex-
change and ion pair as special cases). The most
popular and versatile liguid chromatography being
done today uses reverse phase packings with buf-
fered aqueous or agueous/methanol- acetonitrile
mixtures as the mobile phase.

By combining the high separating power of modem
reverse phase liquid chromatography with the sen-
sitivity and selectivity of an elecirochemical detector,
VMA can be easily determined in urinary samples.
Very seldom though can a urine sample be injected




directly into the LC column. The exception to this is
when the assay involves simple screening for highly
elevated concentrations. For monitoring normal or
depressed amounts of VMA, some pre-L.C sample
clean-up is suggested to eliminate chromatographic
and electrochemically reactive impurities found in
these samples.

Figure 4 illustrates the problems that occur when a
urine sample is injected directly on the LC. Inter-
ferences make peak quantitation more difficult,
reduce sample throughput, and cause rapid
electrode passivation. The procedure described
below follows a simple double extraction method with
final separation and quantitation using LCEC.

Materials

Reagents

hloric Acid. Add 83 mL concentrated
HCI to ca. 400 mL deionized, distilled water in a 500
mL volumetric flask. Dilute to the mark with
deionized, distilled water.

0.10 M, pH 4.0 Phosphate Buffer. Add 3.4 mL con-

centrated phosphoric acid to ca. 490 mL deionized,
distilled water in a beaker. Adjust the pH 10 4.0 by
using a pH meter, adding either a concentrated solu-
tion of sodium hydroxide or solid pellets while simul-
taneously stirring the solution. Transfer the solution
to a 500 mL volumetric flask and dilute to the mark
with deionized, distilled water. This solutiori should
be made fresh every day.

Ethyl Acetate. Analytical Reagent Grade (ACS or
equivalent).

0.20 M, pH 3.0 Monochloroacetate (MCAA) Buffer
with 2 mM Ethylenediaminetetraacetate (EDTA).

Dissolve 37.7 g monochlorcacetic acid, 12.5 g
sodium hydroxide, and 1.5 g EDTA (disodium salt) in
approximately 2 L of deionized, distilled water. Ad-
just the pH to 3.0 using a pH meter, adding solid
MCAA or NaCH as needed while stirring. This is the
chromatographic mobile phase and should be filtered
(0.2 um pore size membrane filter) and degassed
(sfirring while under aspirator vacuum for about 10
minutes) prior to use.
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Figure 4. Typical chromatogram following 50-fold dilution of the urine sample and direct injection into the
LCEC system. Chromatographic conditions as described in Experimental.
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VMA Stock Solufion. 1.2 mg VMA/mL in 0.1 M
perchforic acid. Dissolve 60 mg VMA standard (P/N
CF-1030, Bioanalylicat Systems) in 50 mL of 0.1 M
perchilloric acid.

Synthetic Sample. 0.10 M, pH 4.0 phosphate bufler
contaiining 6 pg VMA/mL. Prepare phosphate buffer
as described above. Pleace exactly 0.50 mL VMA
stock solution in 100 mL volumetric flask and dilute
to mark with phosphate butfer.

Recommended Accessorles
Clin Elut Extraction Columns.
- 0.3 mL total capacity.

Model CE 1001-M,

Centrifuge tubes. 12-15 mL capacity, conical, glass
or poiypropylene.

Small Centrifuge. Modet MF-C (P/N MF 5060,
Bioan alytical Systems).

Volumetric or Mechanical Pipets. 3 mL, 125
microliters, 5 mL sizes.
Mobile Phase Filtering Assembly. BAS P/N MF-

6126, an all glass system which includes
regenerated cellulose membranes {0.2 um pore, 47
mm diameter). A 500 mL suction flask is used as an
inline trap. Use 0.2 ym membrane filters (P/N MF-
5620, regenerated cellulose or MF-5621, Nylon-66.
Both are 0.2 pm pore size).

Experimental Conditions

Liquid Chromatograph: LG-154T (Bioanalylical Sys-
tems), BAS 200, BAS 460 or BAS 400

Mobile Phase: 0.20 M, pH 3.0 monochloroacetate
with 2 mM EDTA

Flowrate: 1.5 mL/min

Stationary Phase: Biophase ODS 5 p (P/N 6017,
Bioanalytical Systems)

Temperature: 30°C

Amount Injected: 100 pL

Detecior: Glassy carbon working electrode
(Bioanalytical Systems)

Detector Potential: +0.75 volts (vs. Ag/AgCl)

Controller Sensitivity: 10 or 20 nA/V
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Figure 5. Comparison of UV (254 nm, upper trace)
and EC (lower trace) detection. Chromatographic
conditions and sample workup procedure are the
same as described under Experimental Conditions.

Procedure

1. Place Clin Elut columns in an appropriate rack
with 15 mL glass centrifuge lubes positioned below
each column.
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Figure 6. Comparison of normalized hydrodynamic
voltammograms of VMA from a urine sample (+) and
a standard solution (x). Chromatographic conditions
and sample work-up procedure are the same as
described under Experimental.

2. Add 5 mL of 0.1 M, pH 4.0 phosphate buffer
solution to each glass collection tube.

3. Add 125 pl of 2 M HCI solution to each column.

4. Add 125 pL of urine sample or synthetic sample
solution to each column. Wait approximately 3
minutes. At least two synthetic samples should be
assayed with each batch of urine samples.

5. Add 3 mL of ethyl acetate to each Clin Elut
column. Wait approximately 5 minutes for complete
elution. '

6. Cap and vortex mix each collection tube for a
least 2 minutes.

7. Centrifuge each collection tube at least 5
minutes.

8. Inject 100 pL of the lower agueous phase into the
LC.

Sample Calculations
The amount of VMA in each urine sample is deter-
mined by comparison with a synthetic sample with a

known amount of VMA carried through the same
procedure. At least two synthetic samples should be
run with each batch of 12-15 urine samples. The
concentration of VMA in the unknown sample can be
determined from the following equation:

[VMAJurknown  (ug/mlL) =

(peak helght, VMA) unknown X

[VMA] synthetic (pg/mL)
(peak height, VMA) gynthetic

Example: A synthetic sample containing 6 pg
VMA/mL gave a peak height of 10.0 nAmps. The
unknown urine sample gave a peak height of 3.6
nAmps. The VMA concentration in the urine sample
Is:

[VMAJurknown = 3.6 nAmps x

6.0 ng/mL
10.0 nAmps

= 2.2 ug/mlL

Often the VMA concentration is expressed as pg/mg
creatinine or mg/24 hour. The amount of creatinine
per mL of urine is determined separately. To obtain
ng VMA/mg creatinine, simply divide the amount of
VMA/mL as determined above by the amount of
creatinine in mg/mL. Expressed as an equation, this
becomes:

[VMA] (ng/mg creatine) =

[VMA] {pg/mL}
[creatinine] {mg/mL)

To express the concentration as mg/24 hours, multi-
Ply the VMA concentration determined above by the
total volume of urine collected in the 24 hour period
and divide by 1000 to convert g to mg. The con-
version equation is:

[VMA] {(mg/24 hr)) = [VMA] (ug/mL) x

(total Urine Volume, mL) x 1 mg/1000 ng
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Results and Discussion

The urinary VMA procedure described has been
evalualed for routine clinical use. A rapid sample
preparation was employed to avoid long
chromatographic analysis times. Qualitative analysis
was performed to assure adequate chromatographic
resolution and purity. The method was used tfo
determine VMA concenirations from healthy urine
samples and diseased patients. From these deter-
minations, absolute and relative recoveries were cal-
culated, the precision of the assay evaluated, and
detection limits ascertained.

The method described in this note was modified from
a previously published repori{4). In the above proce-
dure, a slightly more elaborate pre-LC isolation pro-
cedure based on a commercially available liquid-lig-
uid extraction column, the Clin Elut tube, is
employed, rather than using the simple phase
separation technique of reference 4. For some urine
samples, exiraneous compounds were found that
gither interfered with the VMA peak or had excessive
retention times when the simple extraclion was used.
These were not found using the Clin Elut column ex-
traction. Both the reliability and the analysis time per
sample were reduced. In addition, chromatographic
resolution and minimum quantifiable amounts were
improved because of the higher efficiency Biophase
ODS column used in this work. The detection limits
from a urine sample at a signal/noise ratio of 3 was
0.2 pg/mL, which corresponds to 500 pg per 100 puL
injected, at a 100 pAmp noise level. The absolute
recovery was 86 3% r.s.d. (N = 5) at a concentra-
tion of 2.5 pg/mL. The relative recovery averaged
99 +3%. The method was shown to be linear from
2-20 pg/mL in urine samples collected from
laboratory personnel. Approximalely 30 samples can
be assayed per day including sample work up and
chromatographic run time.

A typical chromatogram illustrating the separation of
VMA in a urine sample is shown in the lower trace of
Figure 5. The upper trace is a chromatogram of the
same urine sample using a UV (254 nm) detector in
series with the electrochemical detector. For the
VMA determination, clearly the electrochemical
detector exhibits superior selectivity and sensitivity.
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Figure 7. Typical chromatogram illustrating the
"dilute and inject” procedure for screening urinary
samples for elevated amounts of VMA. Neurobias-
toma urine sample diluted 1:1000 with mobile phase
and injected onto the LG. The VMA response cor-
responds to 7.0 ng injected or 70 ug VMA/mL urine.
Chromatographic conditions are the same as
described in Experimental.

Figure 6 is a comparison of normalized hydro-
dynamic voltammograms (HDV's) of a synthetic VMA
sample versus the VMA peak in the aclual urine.
The overlap of these curves confirms the purity of
the VMA peak in the sample and demonstrates suffi-
cient resolution. Coeluting interferences would show
up as deviations in the sample plot as compared to
the authentic VMA plot.

Screening urine samples for elevated concentrations
of VMA was accomplished by simply diluling the
sample and injecting. Figure 7 fillustrates a

N =
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chromatogram of a urine sample from a neurcblas-
toma patient following a 1000-fold dilution with
mobile phase. Interferences may occur since no
sample clean-up is involved.  All questionable
sample must be assayed according to the extended
proceedure to accurately determine the amounts
present.

For urinary VMA determinations, liquid chrom-
atography with electrochemical detection is a selec-
tive approach with more than adequate sensitivity
and detection limits. When combined with simple
extraction steps, the technique is applicable to as-
saying large numbers of samples in a minimal
amount of time with the required precision and ac-
curacy.

CAUTION

Liquid chromatography with electrochemical detection is a
highly useful tool for biomedical research. As with any in-
strumental techrique, the precision and accuracy of the
measurement depends on the instrumentation, the skill
and knowledge of the operator and the integrity of the
sample preparation procedure, Use of these techniques
for medical diagnosis and accountability for the same
rests entiraly with the user of this equipment.
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