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Abstract

A column-switching method was developed for the determination of total 3-methoxy-4-hydroxy-
phenylethyleneglycol (MHPG) in urine. This was performed by first treating samples with B-glucuronidase,
followed by extraction with ethyl acetate. The reconstituted extracts were injected onto an HPLC system
containing an amperometric detector and tandem Nucleosil C,, and C, reversed-phase columns connected by a
switching valve. The total analysis time for MHPG was 12 min. The limit of detection was 0.18 ng, or 9 ug/1 for 20-
ul injections of a 1.0-ml reconstituted extract prepared from 1.0 ml of urine. The linear range extended up to 80
mg/l. The within-day precision for a urine sample containing 170 pg/1 total MHPG was = 6% and the day-to-day
precision was = 15%. The average levels determined by this method for total MHPG in normal subjects showed
good agreement with previous literature values. This approach could be modified for the determination of free

MHPG by using only ethyl acetate extraction for sample pretreatment.

1. Introduction

MHPG (3-methoxy-4-hvdroxyphenylethylenc-
glycol) is a major end-pathway product of nor-
epinephrine metabolism in humans [1]. Norepi-
nephrine is one of the major neurotransmitters
in the body. MHPG is produced from norepi-
nephrine through deamination by the enzyme
monoamine oxidase and is made primarily in the
central nervous system [2]. These characteristics
have made MHPG useful as an index of norepi-
nephrine activity in the brain and related regions
of the nervous system [3.4]. Applications of
MHPG include its use in the study and charac-
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terization of various psychiatric disorders (e.g.
depression) and as an indicator of possible phar-
macological agents which might be useful in
treating these disorders (e.g. tricyclic antidepres-
sants) [5-7]. MHPG levels can also serve as an
aid in the diagnosis of catecholamine secreting
tumors [8.9].

Many current methods for MHPG are per-
formed using urine as the sample matrix [10-29].
MHPG is excreted into urine in both conjugated
and unconjugated forms. The concentration of
total MHPG in urine ranges from 10 to 2000
g/l with about 20% of this being present in the
unconjugated, or free, form. Although most
previous methods have been developed for the
measurement of total MHPG, several recent
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studies have also reported procedures for the
determination of free MHPG levels [16.21-25].

Previous techniques for quantitating urinary
MHPG have been based on either gas chroma-
tography (GC) [19,26] or high-performance lig-
uid chromatography (HPLC) [10-18.20-2527-
29]. One disadvantage of the GC techniques is
that they all require derivatization of MHPG
prior to analysis [19,26]. HPLC methods based
on absorbance or fluorescence detection general-
ly suffer from low sensitivity and usually require
derivatization of MHPG in order to obtain
acceptable detection limits [10-13,24].

The use of HPLC with electrochemical detec-
tion (LC-ED) is one approach that can be used
to obtain adequate detection of urinary MHPG
without requiring derivatization [14-18.20-
24,27-29|. However, current LC-ED methods
for MHPG still have a number of disadvantages.
For example, many of these techniques use
complex extraction procedures or are designed
to monitor several compounds in addition to
MHPG [14,15,17,18,20-24,27-29]. This has re-
sulted in long analysis times for previous MHPG
methods because of the extra time required for
sample pretreatment or for separating all of the
desired components with good resolution on the
HPLC system.

This work examines the development of an
HPLC method for MHPG that is both fast and
capable of directly measuring this compound in
urine. The presented approach is based on the
use of LC-ED along with a switching scheme
involving two tandem reversed-phase columns.
Items that were examined in the optimization of
this method included the extraction and elution
conditions required for sample pretreatment and
analysis. The precision, response, and speed of
this method were then evaluated and the results
obtained by this technique for normal subjects
were compared to those given in the literature.

2. Experimental

2.1. Reagents

The hemipiperazine salt of MHPG. MHPG
sulfate. glutathione and Helix pomatia f3-

glucuronidase (type H-2) were from Sigma (St.
Louis, MO, USA). The HPLC grade methanol,
ACS grade ethyl acetate, and reagents for the
creatinine colorimetric assay were obtained from
Fisher Scientific (Fair Lawn, NJ, USA). The C,g
Nucleosil Si-100-3 (3 um particle size, 100 A
pore size) and C, Nucleosil Si-100-5 (5 pm
particle size, 100 A pore size) supports were
from Alltech (Deerfield, IL, USA). All other
chemicals were of the purest grades available.
The Nylon filters were from Amicon (Beverly,
MA, USA). The deionized water used in this
work was produced in-house by a Nanopure
water system (Barnstead, Dubuque, 1A, USA).

2.2. Apparatus

The chromatographic system consisted of two
isocratic single-stroke LC-350 SSI pumps (Sci-
entific Systems, State College, PA, USA) and
one LDC/Milton Roy 715 autosampler (Riviera
Beach, FL, USA) equipped with a 7125 Rheo-
dyne injection valve (Cotati, CA, USA) and a
20-p1 injection loop. Column switching was
performed using a 5701 Rheodyne valve
equipped with a DVI actuator (Chromtech,
Eden Prairie, MN, USA). The switching se-
quence was controlled by an LDC/Milton Roy
GM4000 gradient manager.

Electrochemical detection was performed
using an LC-4C electrochemical detector from
Bioanalytical Systems (Lafayette, IN, USA). A
glassy carbon working electrode was used at a
potential of +0.800 V vs. a Ag/AgCl reference
electrode. Creatinine measurements were per-
formed on an RA-1000 autoanalyzer from Tech-
nicon Industrial Systems (Tarrytown, NY, USA)

The precolumn used in this study was a 100 X
4.6 mm 1.D. stainless steel column containing
C,, Nucleosil Si-100-3 and the analytical column
was a 250 x 4.6 mm [.D. stainless steel column
containing C, Nucleosil Si-100-5. Both columns
were downward slurry-packed at 28 MPa (i.e.
4000 psi) using an Alltech HPLC column packer.

2.3. Methods

A primary stock solution containing 100 mg/I
MHPG was prepared by dissolving  the
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hemipiperazine salt of MHPG in 0.10 M phos-
phate buffer (pH 7.0). This solution was stored
at 4°C until use. Calibration standards were
prepared fresh daily by diluting a portion of
the primary standard in 0.20 M phosphate
buffer (pH 6.0). Pooled controls were pre-
pared from urine obtained from two normal in-
dividuals and were stored in 10-ml aliquots
at —20°C.

Samples and standards analyzed for total
MHPG content were first hydrolyzed by placing
1.0 ml of each sample into a clean 13 X 100 mm
borosilicate tube and adding 0.2 ml of 0.20 M
phosphate buffer (pH 6.0) plus 20 ul of a
commercial B-glucuronidase preparation. The
amount of added enzyme was equivalent to
approximately 2600 units of glucuronidase activi-
ty and 100 units of sulfatase activity at pH 5.0.
The sample/enzyme mixtures were incubated for
4 h at 60°C. The mixtures were next extracted
two times with separate 4.0-ml portions of ethyl
acetate and the combined organic fractions were
evaporated to near dryness under air at room
temperature. The extract was reconstituted in
1.0 ml of 0.10 M phosphate buffer (pH 7.0),
passed through a Nylon 0.45-um filter, and
injected onto the HPLC system. Samples for the
free MHPG analyses were treated in a similar
fashion but excluding the step involving -
glucuronidase treatment.

The setup of the column-switching system used
in this study is illustrated in Fig. 1. The mobile
phase used for sample injection (mobile phase
A) was methanol-0.10 M phosphate buffer (pH
3.0) (10:90, v/v) applied at a flow-rate of 1.0
ml/min. The solvent used for elution of strongly
retained peaks on the C, precolumn (mobile
phase B) was methanol-0.10 M phosphate buf-
fer (pH 3.0) (40:60, v/v), also applied at a
flow-rate of 1.0 ml/min. The time sequence of
the HPLC analysis was as follows: at 0.0 min
(position 1) mobile phase A was applied to both
the precolumn and analytical column and sample
was injected; at 2.5 min (position 2) the pre-
column was switched to mobile phase B in order
to wash off strongly retained analytes, while
mobile phase A was still applied to the analytical
column for the separation and detection of
MHPG; at 10.0 min (position 1) the precolumn

Position 1 Position 2

Analytical
Column

Detector Deteclor

Fig. 1. Column-switching system used for the determination
of urinary MHPG. Position 1 was used for sample injection
and application of MHPG from the precolumn to the
analytical column. Position 2 was used to continue elution of
MHPG on the analytical column and wash strongly retained
components off the analytical column.

was switched back to mobile phase A and re-
equilibrated for 2 min before the next injection.

The extraction recovery of MHPG was de-
termined by using split samples of pooled work-
ing standards, with half being injected directly
onto the chromatographic system and half being
extracted with ethyl acetate prior to injection.
The freeze—thaw stability of MHPG was ex-
amined by thawing control samples for up to
four times prior to extraction. Reinjection
stability was determined by extracting and inject-
ing control samples two times at 24-h intervals.
The results were then quantitated against the
standard curve used for the first sample injec-
tion. Samples for the spiked recovery studies
were prepared by combining 50 ul of a 100-500
mg/l MHPG solution in 0.10 M phosphate buffer
(pH 7.0) with 1.0 ml of urine. System carryover
was examined by injecting a 10 mg/I MHPG
standard or an extracted urine sample followed
by the subsequent injection of a blank sample
containing only 0.10 M phosphate buffer (pH
7.0).

The subjects used in the normal value study
were 10 male and 10 female healthy college age
volunteers selected randomly from a study per-
formed by Dr. Richard Dienstbier in the Psy-
chology Department at the University of Neb-
raska (Lincoln, NE, USA). The males participat-
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ing in this study had a mcan weight of 77 = 6 kg
(i.e. 170 =14 LB). The females had a mean
weight of 57+4 kg (i.e. 1268 LB). Urine
samples were collected at defined time intervals
from these subjects and combined with approxi-
mately 0.5 mg of glutathione per ml urine. The
samples were then stored at —20°C prior to
analysis. The creatinine level in each sample was
determined using the Jaffé method [30], as
performed on an RA-1000 autoanalyzer.

3. Results and discussion
3.1. Sample pretreatment

Prior to the analysis of total MHPG, all
samples were pretreated with the enzyme B-
glucuronidase in order to hydrolyze MHPG
conjugates back into the free form of the mole-
cule. Direct detection of these conjugates with-
out enzymatic treatment was not possible since
these compounds did not give a response at the
potential used to monitor the column eluent (i.e.
+0.800 V versus Ag/AgCl). The conditions
required to obtain complete hydrolysis of the
MHPG conjugates were initially examined by
combining 1.0 ml of a solution containing 500
png/l total MHPG sulfate in 0.20 M phosphate
buffer (pH 6.0) with 20 ul of B-glucuronidase
and incubating the mixture at 60°C. Aliquots of
the reaction mixture were then collected at
various times and injected onto the HPLC sys-
tem. Similar studies were performed with a urine
sample containing a total MHPG level equal to
2690 pg/l. The results are shown in Fig. 2.

MHPG sulfate was chosen as the substrate for
the initial hydrolysis study since it was readily
available and it represented the substrate having
the lower enzymatic activity in the B-glucuronid-
ase preparation. For example, the enzyme prep-
aration used in this work had an estimated
activity of 132 000 units per ml for glucuronide
conjugates at pH 5.0 but an activity of only 5000
units per ml for sulfate conjugates under the
same conditions. The results in Fig. 2 show that
quantitative cleavage of the MHPG sulfate test
solution was obtained in about one and a half
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Fig. 2. Effect of incubation time on the hydrolysis of MHPG
conjugates in urine (¢) and MHPG sulfate (M) by B-
glucuronidase. The experimental conditions are given in the
text.

hour under the given incubation conditions. In
order to allow for the possible presence of other
endogenous substrates” in urine, a minimum
incubation time of 4 h was used throughout the
remainder of this work. As shown in Fig. 2, this
time was more than adequate for the complete
hydrolysis of MHPG conjugates in the actual
urine samples.

After the enzymatic treatment, samples for the
total MHPG determinations were extracted in
order to remove MHPG from the original sam-
ple and B-glucuronidase solution. Extraction was
also used in the pretreatment of free MHPG
samples without prior addition of enzyme. Ethyl
acetate was chosen as the solvent for this ex-
traction since it has been successfully used in a
number of previous methods for total MHPG
[13-18,20-25,27-29]. Because MHPG is a neu-
tral molecule, its degree of extraction with ethyl
acetate was not affected by pH. However, the
extraction of other sample components was pH
dependent and could be minimized by keeping
the aqueous phase buffered at pH 6.0. Table 1
shows the recoveries obtained at pH 6.0 for
standard solutions of MHPG using a two-step
extraction. The mean recovery of the standards
over the range of concentrations tested was 85 +
4%.
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Table 1
Extraction recovery of MHPG standards

Concentration (ug/1) Recovery (% )"

500 90 ( + 3)
250 88 ( *5)
100 85( *2)
50 82(+2)
25 87( + 3)
10 79(+1)

“The values in parentheses represent= 1 S.D. for three
trials.

Similar extraction recoveries were obtained for
urine samples spiked with various amounts of
unconjugated MHPG. For example. the spiked
extraction recoveries obtained with 4 urine sam-
ples to which had been added 4.8, 12 or 24 mg/I
MHPG were 88 =2, 82 =4 and 96 = 4% (mean,
88 +7%) when performed in triplicate using
both B-glucuronidase hydrolysis and ethyl ace-
tate extraction for sample pretreatment (i.e. the
protocol for total MHPG analyses). The spiked
recoveries obtained on the same samples after
using only ethyl acetate extraction (i.e. the free
MHPG protocol) were 93 +2. 906 and 82 =
2% (mean, 88 = 6%).

The extraction recovery and overall precision
of the HPLC method developed in this work
were both high enough that free and total
MHPG levels could be determined without the
use of any added internal standard. This is the
same approach that has been adapted in previous
MHPG  methods [10,13-16,18.20,22-25.28].
Some experiments were performed early in this
work to examine a number of compounds for use
as possible internal standards. These included
isoproterenol. 1,2.4-benzenetriol and 1-phenyl-
1,2-ethanediol. However, none of these com-
pounds were found to be satisfactory when used
in this method. Isoproterenol had a low recovery
in the ethyl acctate extraction and l-phenyl-1,2-
ethanediol did not give any measurable response
on the electrochemical detector. 1.2.4-Benzenet-
riol was extracted and did give a detector re-
sponse, but it also had much stronger retention

than MHPG on the reversed-phase columns,
thus requiring significantly longer times for the
analysis of samples.

3.2. Chromatographic conditions

Initial separations on the HPLC system were
performed by injecting reconstituted sample ex-
tracts onto a single C, reversed-phase column
under isocratic conditions. It was found that a
mobile phase of methanol-pH 3.0 phosphate
buffer (10:90, v/v) gave good resolution of
MHPG from all background peaks; however,
several late eluting peaks also appeared in the
chromatogram. When using a 250 X 4.6 mm 1.D.
column and a flow-rate of 1.0 mi/min, MHPG
eluted at 3.7 min (i.e. a capacity factor of 3.76).
The latest eluting component in the sample came
off the column at approximately 35 min, thus
adding over 30 min to the total analysis time.

A reversed-phase precolumn and a column-
switching scheme were used to reduce the overali
analysis time of the HPLC system without sac-
rificing any resolution of the MHPG peak. In
this approach, the sample was first injected onto
a tandem arrangement of a C,, precolumn and
C, analytical column in the presence of the 10:90
mixture of methanol-pH 3.0 phosphate buffer.
After MHPG had eluted onto the C; column,
the C,, precolumn was switched to a stronger
mobile phase for washing off more strongly
retained compounds. A 40:60 methanol-pH 3.0
phosphate buffer was used for this purpose.
Under these conditions, all of the late-eluting
peaks left the precolumn in about 12 min.

By using the switching system to prevent
strongly retained compounds from eluting onto
the analytical column, the total time between
injections was reduced to 12 min. This included
10 min for the separation of MHPG from other
components on the analytical column and 2 min
for re-equilibration of the precolumn before the
next injection. The retention time of MHPG
under these conditions was 6.0 min. Typical
chromatograms obtained on this system are
shown in Fig. 3. Depending on the type of
sample pretreatment used, this method could be
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Fig. 3. Chromatograms for an cxtracted urine sample in the
analysis of free MHPG (a) and total MHPG (b). The free
MHPG concentration in the sample was 15 pg/l. or 0.24 ug
MHPG/mg creatinine. The total MHPG level was 140 ug/l,
or 2.21 ug MHPG/mg creatinine.

applied to the analysis of either total MHPG or
free MHPG levels in urine (see Fig. 3a.b).

A typical calibration curve obtained on this
system for extracted MHPG standards had a
slope of 0.0170 =0.0002 nA l/ug and an inter-
cept of —0.02 +0.03 nA. The correlation coeffi-
cient was 0.999 over ten MHPG concentrations
in the range of 0 to 70 mg/l. The detection limit
of the assay at a signal-to-noise ratio of three was
estimated to be 0.18 ng, or 0.7 pmol MHPG.
This was equivalent to a level of 9 g/l for 20-ul
injections of a 1.0-ml reconstituted extract pre-
pared from 1.0 ml of urine. The linear range of
the curve (i.e. the range of concentrations giving
a response within 5% of the best-fit line)
extended up to about 80 mg/l MHPG. The
dynamic range extended over at least four orders
of magnitude, or from 9 ug/l to 100 mg/l
MHPG.

A control urine sample with a mean total
MHPG concentration of 170 ug/l was used to
determine the day-to-day and within-day preci-
sion of this method. The control was analyzed
162 times during the study with up to six analyses
per day over 28 working days. The within-day
precision was + 6% and the day-to-day was =
15% at this concentration level.

System carryover was examined by making
alternate injections of a 10 mg/l MHPG stan-

dard, or an extracted urine sample, and a sample
containing only 0.10 M phosphate buffer (pH
7.0). In each set of injections, no detectable
levels of MHPG were seen during the analysis of
the buffer sample. Based on the limit of detec-
tion that had been measured for the HPLC
systemn and the total amount of MHPG that was
known to be present in the standard and urine
samples, it was determined that there was less
than 0.1% carryover for MHPG between con-
secutive injections.

The long-term stability of the LC-ED method
was evaluated by comparing the slopes and
intercepts obtained for peak-height calibration
curves generated over the course of 28 working
days. A total of approximately 1670 standards
and samples were analyzed over this period of
time. The mean slope obtained during this time
was 0.017 +0.002 nA l/ug (range, 0.020-0.012
nA l/ug) and the mean intercept was —0.003 +
0.052 nA (range, —0.150-0.034 nA). The aver-
age correlation coefficient was 0.998 (range,
0.989-1.000 for seven levels of standards and 28
calibration curves).

The MHPG samples tested in this study
proved to be quite stable to both temperature
fluctuations and freeze—thaw cycles. In one
freeze—thaw cycle, the change in the total
MHPG concentration for the urine control was
determined to be only —1.84 £0.03% (n = 6). In
two freeze—thaw cycles, the change was —6.62 +
0.09% and in three cycles it was —3.9+0.2%.
These changes were not significant compared to
the within-day or day-to-day variation noted with
the method. To test for reinjection stability,
control samples were applied onto the HPLC
system two times over a 24-h interval. The
percent change upon reinjection was 1.3+ 0.8%
for 18 replicate injections. This level of variation
was also not significant compared to the preci-
sion of the method.

The total MHPG levels for a series of normal
volunteers, ten female and ten male, were de-
termined with this method. To correct for varia-
tions in urine volume, all results were normal-
ized against the level of creatinine measured in
the corresponding urine samples. The results are
shown in Table 2. Good agreement was seen
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Table 2
Total MHPG concentrations in normal individuals

n Concentration Reference

(mean £ $.D.) (ug/mg cre.)’

Female

10 1.5=0.3 Present method
7 1.4+£0.2 21

43 1.3=0.1 25

Male

10 1.7+0.4 Present method
8 1.3+0.2 21

46 1.3+£0.1 25

* The value following each number represents + 1 S.D. of the
mean.

between the results obtained by this method and
those reported previously in the literature. The
range of values observed in the total MHPG
results was 0.22-2.80 ug MHPG/mg creatinine
in the males and 0.49-4.94 ug MHPG/mg
creatinine in the females, with no significant
differences being noted in the average levels
obtained in the male vs. female subjects.

4. Conclusions

This study examined the use of tandem re-
versed-phase HPLC and electrochemical detec-
tion for the determination of MHPG in urine.
For the analysis of total MHPG. simple en-
zymatic treatment and extraction steps were all
that was required for sample preparation. By
using a column-switching scheme, it was possible
to obtain the separation of MHPG from other
sample components in only 12 min per injection.
The limit of detection that was measured for
MHPG by this technique was 9 ug/l. The
response of this method was linear over almost
four orders of magnitude in concentration, or up
to 80 mg/l. This covered the range of clinical
interest and was adequate for the determination
of both free and total MHPG concentrations. In
addition, the results for total MHPG in normal
subjects were found to have good agreement
with previous literature values. The described

method had good reproducibility, with within-
day and day-to-day precisions of * 6% and =
15%, respectively, for a sample containing 170
ng/l total MHPG. Overall, this method was
found to be a fast and reliable means for the
routine determination of MHPG in urine.
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