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SUMMARY

Urinary 3-methoxy-4-hydroxyphenylglycel has been reliably assayed on a routine hasis
using an electron-capture detector method. Modifications of previous prozedures include
simplification of extraction and derivatization of urine, inclusion of an internal standard,
prevention of lcsses during concentration, use of each urine as its own standard, and better
chromatographic resohition by lengthening of columns and programraing temperature. The
assay shows a coefficient of variation of 3.1%.

INTRODUCTION

3-Methoxy-4-hydroxypnenylglycol (MHPG) was first measured with electron-
capture gas chromatography by using trifluoroacetyl derivatives that enhanced
the sensitivity and resolution of the analysis by Wilk et al. [1]. Their use of
an AG 1-X4-chloride ion-exchange column removed freed phenolic acids, but
introduced a 30% loss of MHPG. Dekirmenjian and Maas [2] simplified the
procedure, and investigated many of the variables that contributed to the ir-
reproducibility of the assay. Karoum ef al. {3] utilized tryptophol as a ubi-
quitous intemal standard with 3-methoxy-4-hydroxyphenethanol (MOPET)
and MHPG added to one aliquot of a duplicate sample. Sharpless [4] has
analyzed MHPG as the heptafiuorobutyrate derivative and determined tnat
there is no significant difference between MHPG in acidified and non-acidified
urine that had been repeatedly thawed and refrozen during 10 months of
storage.
'~ The present assay is based on the method developed by Dekirmenjian ard
Maas [2]. Modifications were maie in the initial sample size, transfer and
derivatization procedure, use of:afi' internal standard, and addition of isoamyl
alechol £o prevent loss of MHPG during evaporative concentration. Each




urine sampl2 is made to serve as its own standard curve, compensating for
variaticns irn extraction, hydrolytic and derivative losses, and instrument
r&sponse

EXPERIMENTAL

Maierizls

The di-MBPG piperazine sait 3-methoxy-4-hydroxyphenethanol (MOPET)
and S-glucurcnidase—aryl sulfatase enzyme mixture (Cat. No. 34742) were:
obtained ffom Calbiochem (Los Angeles, Caiif., U.S.A.). The (2-methoxy-4-
sulfonyloxyphenyl)-glycoi potassium salt (MHPG-SQO;) was obtained from
Tridom Chemical (Hauppauge, N.Y., U.S.A.).

“Nanggrade’ ethyl acetate obtained from Mallinckrodt (5t. Louis, Mo.,
U.S.A.) was distilled just prior to use and stored in the dark. Triflucrosacetic
arhydride (TFAA) was obtzined from Pierce (Rockford, Ill., U.S.A.). A solu-
tion of 1.G M, pH &.0 acetate buffer was mixed with a soluticn of 2% EDTA
in a ratio of 2:1.

The gas chromatograph was a Model 5713 A Hewleti-Packard equipped with
an eleciron-capture detector. An on-column injection configuration 12 f£. X
2.0 inm L. glass column was used, packed with 1.5% OV-225 on 100—120
mesh Chromesorb G AW DMCS from Applied Scienca Labs. (State College,
Pz, U.S.A.). A Hewleti-Packard automated sample injector Model 7671 A was
added tc the chromatograph, allowing the overnight use of extended tempera-
ture programming from 130° to 190° zt 1°/min. The injection port was main-
tained at 250°, and the detector at 350°. The carrier gas was 5% methane in
argon, flow-rate 30 mwi/min. The electron-capture detector contains 15 mCi
of internally plated *>Ni.

Methods

Portions of the measured urine samples (20 ml) were stored frczen at —20°
in glass screw-capped vials (scintillation vials) without any added preservative.
For assay, tour 1-ml aliquots of a urine sample are piaced in 30-ml fubes with
PTFE-lined screw caps. MHPG standard solution {2 mg/100 ml, as the free
form) is added to give final concentrations of 0, 1, 2, and 4 zg/ml of urine.
. MOPET internal standard {200 ul of a 3 mg/100 ml solution) is added to each
tube. Each tube also receives 500 ul of buffer-EDTA and 60 gl of enzyme.
The fSinai volumes are made constant by adding 200, 150, 100, and O pl of
saline to the four tubes. A saline standard curve is pzepared by substituting
1 ml of saline for the urine sample. The samples are mixed briefly and incubat-
ed at 37° for 24 h.

The mcubatOd samples are .,xtracted once with 12 ml of ethyl acetate by
reciprocz] shaking for 45 min, 2nd briefly cenirifuged. Ten milliliters of the
ethyl acetate is transferred to a 50-m] round-botitcmed flask {14,/20 taper)
and 1.2 ml of isoamyl alcohol is added. The sample is evaporated just to
dryness on a Rinco rotary evaporator connected to a double-irepped vacuum
pump. TFAA (0.4 ml) is added and the stoppered flask is kept 2t 37° for 1 h.
The excess TFAA is evaporated with a gentle siream of nitrogen and the
recidue is distributed in 8 mi of tcluene by vortex mixing. After a brief set-
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tling period, a portion of the toluene is placed in red septa capped autosampier
vials, and 3-z¢1 aliquots are injected into the chromatograph at an attenuation
of 512 or 1024. Fig. 1 shows a chromatogram of a urine sample containing
additions of 6 ug of MOPET and 1 ug of MHPG per ml of urine.
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Fig. 1. An electron-capture—gas—liquid chromatogram of the TFAA derivatives of MOPET
and MHPG obtfained during analysis of urirce with an initial 2.6 uzg/ml MHFG content apd
additions of 6 pg/ml of MOPET and 1 yg/ml of MHFG.

" A standard curve is obtained for each urine sample, using the four supple-
mented points. The ratio of peax heights of MHPG to MOPET is plotted
against the amount of MHPG (ug) added per milliliter of urine (Fig. 2). The
line is exirapolated through the Y-axis to the X-zxis, which gives the micro-
grams of MHPG originally present in the sample per miliilitar of u.ine. This
is equivalent to prrojecting a horizontal line from the Y-intercept to a theoreti-
cal standard curve originating st zero, and then down to the X-axis. Fig. 2 is
an analysis of a urine sample calculated by linear regression to contain 1.53
ug of MHPG per milliliter of urine.

RESULTS AND DISCUSSION
Assay procedures

There is enough MHPG present in urine to permit the use of only a porticn
of the organic phase after a single extraction. However, the shaking time was
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Fig. 2. Stendard curse obtained for a urine sample initially containing 1.5 pg/ml of MHPG.

extended to ensure that the MHPG and MOPET had partitioned completely in
the two phasas. Tha urine samples often have different thicknesses of gel
at the aqueous—organic interface, and transferring less than the total volume
of ethyl acetate avoids contact with the gel. Removal of phospnates and sui-
fates with barium chloride [3, 4] accelerates the enzymatic hydrolysis of
MHPG conjugates, but introduces additional steps that can be avoided by
using enoughi: enzyme and ovearnight incubation.

Dekirmienjian and Maas [2] propose a wash of the organic phase with a
1.0 M KHCO; solution tc vnmove interfering acidic components. We found
this step removed only chromaftagraphic peaks that were remote from the
MHPG and MCPET when using OV-225, and was deemed unnecessary.

Erratic losses in MHPG recovery were traced to the evaporative concenira-
tion step. Isoamyl alocohol in heptane was tried as an alternative solvent during
the concentration step. The presence of isoamyl alcoho! was found to decrease
the MHPG lossss during evaporation from hejpfane. The addition of 12% or
more isoamyl alcohol to the transferred volume of ethyl acetate also decreased
the MHPG losses during evaporaticn of the ethyl acetate.

Karoum et al. {3} preferred diethyl ether to eithyl acetate because of its
betfer recovery of catecholamine alcoholic metabolites and easier evaporation.
We avoided diethy! ether due to difficulty in its quantitative transfer and its
potential danger in our hospital-based laboratory.

Direct derivatizaiion of the vacuum dried residue eliminates re-solution and
transfer steps. Evapcration of excess TFAA and resuspension in the same
flask eliminates the effort of quantitative transfer and dilution to volume.
Toluetie used in this lasl dilution dissolves the MHPG—TFAA derivative, but
leaves much of the more polar residue behind. .

During preliminary studies, individual uvrine samples presented minor peaks
that coincided with the MHPG and MOPET peaks. Slow peaks from previous
runs also occasionally carried over into subsequent runs. The 12-ft. polar
colurn and extended temperature programming increased the resolution and
eluted most of the long retention-time peaks during each run. Karoum et al.
[3] also found a long, polar coiumn necessary (18 ft. 5% OV-210 + 1% SE-52)
The temperature programming may be shortened (130 °—170°, 1°/min) if
overrunning peaks are not interfering.



The standard curve
. We have found MOPET to be a readily available internal standard that
closely follows the extraction and chromatographic resolution of MHPG.
Since each urine sample contains a small but independer:t amount of MOPET
each urine standard curve would have a slightly different MOPET divisor in
its ratio calculation. This gives a different slope for each urine sample, and
individual urine standard curves cannot be compared fo a saline standard
curve. However, supplementing the urine with MHPG makes each urine
sample serve as its own standard curve and effectively determines the sample in
quadruplicate. The curve is self-compensating for possible hydrolytic losses of
MHPG during incubaticn, individual urine variations in partiticning during ex-
traction, degradation of the derivatives, and daily variations in the response of
the gas chromatograph.
These variables all change the slope but not the X-intercept. Fig. 3 demon-
strates the theoretical effects on the observed slopes of a urine sample if it
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Fig. 3. Thearetical effect of consistent changes in origiral and added MHPG and MOPET.
Chromatographic peak heights are assumed equal to the amounts of MHPG and MOPET
originglly present and added (MHPG, 2 pg/ml originally, 0—4 pg/ml added; MOPET, O or
3 ug/mi originally, 6 pg/ml added). (1) 100% MHPG:100% MOPET or 50% MHPG:50%
MOPET; (2) 50% MHPG:100% MOFET; (3) 100% MHPG:50% MOPET; {(4) 100% MHPG:
150% MOPET.

had systematic percentage losses in the total (endogenous and added) MHPG
andfor MOPET during the analysis. The sample is assumed {0 contain 2 ugfml
of MHPQG, 0 ug/ml of MOPET, and the peak heights are assumed proportional
to the amounts added. The curves extrapolate to the same MEPG content for .
all the samples. The presence of 3 ygg/ml of “endogenous” MOPET in a sam-
ple (100% MHPG, 150% MOPET) does not change the finat MHPG value.

The effect of varying amounts of efidogenous MOPET was simulated by ad-
ding small increments of MOPET (0, 0.3, 06, 1.2 pg/ml) fo four aliquotsofa
urine-sample. The four seis were asszyed with the usual supplements of MOPET
and -MHPG.. The incremants of MOPET produced no d:fferences (Fig. 4) in
the calculated original MIIPG content of the urine.



A
B
C
N >
.8
o 2
o —
B
o2
T a
3 2 i ! 1 2 3 4
Jriginal ug MHPG/mil urine pug MHPG added/mi urine
Fig. . Effect of increments of MOPET on determination of MHPG content of 2 urine

mmple All the members of a urine set received either: A, 6.0; B, 6.3; C,6.6;0or D, 7.2 ug/
ml of MOPET. Each set was then supplemented with 0, 1, 2, or 4 ug/m! of MHPG hefore
2ssay.

The amount of MOPET present in a sample may be determined by supple-
menting the set with increasing amounts of MOPET, using MHPG as a constant
internzi standard.

The saline standard curve
The saline standard cuive is not necessary for data calculation, but should
be included in the assay periodically as a precantionary measure. The curve
will intercept the X-axis to the right of zero if a fixed amount of MHPG is
-lost from each sample by evaporative losses or column degradation. The
curve will intercept the X-axis to the left of zero if contaminating MHPG is
brought into the assay by the reagents. The Calbiochem enzyme preparation
has never introduced a visible MHPG peak at the gas chromatographic attenua-
tions used in this assay. MHPG losses during the gas chromatographic analysis
are avoided by the 4—6 injecticns of an MHPG-contzining sample at 1-min
mtezvals £ the beginning of a run.

Frecision of the assay ,

A urine sample was analyzed by ten sequential assays. The MHPG content
and slopes were determined. for each set of four points by the linear regres-
sion method. Data from these analyses revealed a eoefficient of variation (C.V.)
of tae siope of 1.1% and of the value for MHPG of 3.1%..

Wik et al. [1] report carrying two sets of cight identical samples thmugh
he procedure and obtaining standard deviations from the mean (C.V.) of 6.9%
and 5.7%. Recalculation:of the data of Table I of Karoum et al. [3] indicates
that duplicate determinations of three 24-h urine samples gave a mean C.V.
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of 5.5%. Sharpless [4] found the mean + S.D. recovery of free MHPG added
to urine was 78.5 £ 12.7% (n = 25), in effect a C.V. of 16.2%.

Stabzlzty of MOPET and MHPG

Dekirmenjian and Maas [2] showed that MHPG loses stability below pH
6.0. Enzymatic hydrolysis is most effective at slightly acidic pH. and intro-
duces a possible loss of MHPG during incubation.

MHPG and MOPET stabilities under assay conditions were studied by an
extended four-day incubation of nine sets of a urine sample. Each set was
supplemented with 0, 1; 2, 3 or 4 ug/ml of MHPG, 6 ug/mpl of MOPET and
60 1 of enzyme. The sets were then incubated for 0, 3,6,12, 18, 24, 48, 72,
or 96 h, and each set was assayed for MHPG and MOPFT The MHEG content
of the urine sample was calculated for each set by the exirapolation method,
and the change in original MHPG content with time of incubation is shown
in Fig. 5. The incubation period was extended to deliberately produce losses
in the original and supplemented MHPG and MOPET content (see beiow).
The extrapolafion method compensated for the losses and presented a con-
stanf final value for MEHPG after enzymatic hydrolysis (Fig. 5).
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Fig. 5. The original MHPG content of a urine sample during extended incubation as deter-
mined by the extrapolation methad.

The detected units of MOPET internal standards were well grouped for
each time period (Table I), but showed a rapid 13% loss durihg the first siz
h of incubation. Little further change occurred during the normal incubation
period. These changes do not prevent the use of MOPET as an internal stan-
dard.

Stability of MHPG was determined by replotting the curves wﬁ:hout the
internal standard. The peak heights of the 4 yg MHPG per ml vrine supple-
mented points were taken from the curves for each supplemented set and re-
plotted against time (Fig. 6). An analysis of the 12—96-h values by linear
regression indicates that MHPG is lost from the incubation mixture at the
rate of 1 0% per 24 h.

Stability of the derivatives
The appropriate amounts of MHPG and MOPET dissolved in ethyl acetate
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TABLEI o
STABILITY OF MOPET DURING EXTENDED INCUBATION

Incubaiion MOPET C.V, Percentage
tinde (k) units {S.D.Y* - luss

o 5,36 (0.11) 205 - —

3 - - 422 (0.19) 2.07 10.1

6 , 455(0.20) 430 133
12 ) 483(0.11) 2.56 99
18 - 452(0.04) 0388 157
24 : £53(0.17) . 3.78 15.5
48 4,50 (0.13) 2.89 18.6 -
72 .- 445 (0.07) 15¢& 164
95 4.29(0.09) 210 20.0

*em of peak height at 1024 attenuation, 5 points averaged per time period.
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Fiz. 6. The peak heights of the 4 ug MHPG per ml supplemented points during extended in-
cubation. Peak heights are in cm at 1024 attenuation, taken from curves developed for
each incubaticn time.

were addad to round-bottom flasks to which were also transferred the ethyl
acetate extracts of duplicate saline standard curves containing no standards.
After normal preparation, the samples were repeatedly analyzed on the gas
chromatograph over a 69-h period to determine the stability of the derivatized
standards at room temperature. The slopes calculated by the MHBPFG:MOPET
ratio remainad linear, but decreased with time. The peak height of MHPG de-
creased continuaily with time, showing a 46-h half-life (calculated by the
linear regression method) for the first 24 h, and a 198-h half-life thereafter.
The MOPET peak height fell for the first 24 h (£, = 89 h) and remained steady
thereafier. The ratics calculated with these varying values showed a half-life
of 102 1. These losses would be theoretically compenmted for durmg an
analvs.s using the extrapolation method.



TABLE II |
URINARY MHPG EXCRETION OF NORMAL SUBJECTS ANALYZED BY GAS CHROMATOGRAPHY

Source Group No.of pgMHPG/24h Range ug MHPG/mg  Range
subjects (mean t 8.D.) creatinine
(mean ¢ 8.D.)
Hollister et al, [6] 1978 Men 11 2082 + 842%  1168—4226** 1,80 £ 0.80*  0.08~1.92%W

Women 6 1634+ 200%  1003—2018** 160+ 0,81* - 0.90-3.40""
Al 17 1924:711%  1003-4226** 1.20: 0,36*  0.68—38.40%*

Taube et al. {6] 1978 Women 10 1029%#**
Sharpless [4] 1977 Men 6 2106 1168—2808 1.48
4 Women 6 1618 8569—2016 1.82
All 11 1884 869—2808
Maas [8] 1975 Men 19 1674
Women 21 1348
Bond and Howlett {7] 1974 Men 7 2080 141
Women 6 19020 1.61
Karoum et al, [3] 1973 All 9 1863 11302220 1.27 0.94—1.82
Dekirmenjian and Maas [2] 1970 Men b 1600 0.96
Women 6 1320 1.09
Maas et al. (9] 1968 Men 5 1600 1.16
: . Women 6 1397 1.16
N Al 11 1.16
Wilk et al. {1] 1967 All 36 0.86 0.26~1.49

*Three consecutive 24-h urine collections averaged per subject.
#*Individual sample range.
th%0—4 geparate 24-h MHPG values averaged per subject,
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Completeness of enzymatic hydrolysis

The extent of enzymatic hydrolysis during incubation was determined by
comparing the amount of MHPG detected after supplementing sets of a urine
with MHPG or the equivalent amount of MHPG-SO;. MOPET (6 ug/ml) was
used as the internal standard. As the added MHPG-SO,4 is hydrolyzed, the
slopz of th= curve increases and the X-intercept approaches that of the MHPG-
supplemented sample. At complete hydrolysis the two curves are identical.

The use of 30 ul oi enzyme gave incomplete (81%) hydrolysis in 24 h. Com-
plete hydrolysis occurrad when the incubation time was doubled or additional
enzyme was added at 24 h and tke incubation continued to 48 h.

Under the conditions of this assay, 6C ul of enzyme and 24 h incubation,
the MHPG-SQ, is completely hydrolyzed. The slopes remain superimposed
after adding additional enzyme or extending the incubation time.

Application of the method

This method was used in a study of urinary excretion of MHPG in normals
[5]. In Table II the results of this investigation are compared with others
which measured excretion of MHPG in normal subjects. Some investigators
obtain somewhat lower amounts of MHPG in their normal subjects than do
others. The reasons for this difference are not entirely clear and could be many.
Recent reworts of MHPG excretion, both in normals as well as in depressed
subjects, tend to report higher values than those originally reported. It is
likelv that modifications in the technique of measurement, such as those
described in this paper, may have increased the extraction of MHPG and
prevented its loss, resuiting in the trend toward higher values.
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