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SUMMARY

The determination of urinary homovanillie, isohomovanillic and vanillylmandelie acids as
their trifluoroacetylhexafluoroisopropyl ester derivatives by glass capillary gas—liquid chro-
matography has been studied. It was shown that even with high column efficiencies 2 single
peak—single compound relationship could not be assumed and for reliable quantitation it
was necessary to check determinations with a second gas—liquid chromatography column.

INTRODUCTION

Many methylated phenolic compounds derived from aromatic amino acids
and catecholamines have been discovered in urine. Synthetic and degradative
routes have been published [1]). Homovanillic (HV A), isohomovanillic (IHVA)
and vanillylmandelic (VMA) acids have been widely studied because of their
clinical importance in cases of neuroblastoma, Parkinsonism and neural chest
tumours and other conditions [1,2]. Various fechniques have been used for
their determination such as colorimetry [3], fluorimetry [4, 5], specfrophoto-
metry [6], thin-layer chromatography [7—2], paper chromatography [10],
high-performance liquid chromatography [11—15], gas chromatography [16—
36] and mass fragmentography {2,37—39]. Mass fragmentography is probably
the best method for specifically determining small quantities of these metabo-
lites in biolugical fluids, because it can eliminate interference due fo other
compounds, but ithe method is only available io a limited number of workers.

Gas—liquid chromatography (GLC) with the electron-capfure detector (ECD)
offers a method of high sensitivity, but problems arise because of the multiplic-
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ity of peaks obtained with urine samples. Thus it is necessary to analyze samples
on different liquid phases in order to confirm the purity and identity of com-
pounds represented by individual peaks. With GLC—ECD the nature of the
metabolites shown on the chromatogram ean also be inferred.

Urine samples show large differences between the retention times of a range
of compounds and temperature programming is necessary in order to obtain
satisfactory peaks for both quickly and slowly migrating compounds. The ECD
is normally used in conjunction with isothermal conditions with packed col-
umns, but more recently capillary columns have heen introduced [40-—-485].

We report here on the determination of HVA, IHVA and VMA in human
urine using glass capillary gas chromatography with temperature programming
and ECD. This work was developed for the particular study of urine in high-
pressure neurosyndrome.

EXPERIMENTAL

Materials

Vanillylmandelic acid (VMA), homovanillic (HVA) and bis(4-hydroxy-3-
methoxyphenylglycol) piperazine salt (HMPG) were obtained from Sigma (St.
Louis, MO, U.S.A.), homovanillyl alcohol (HMPE) from Aldrich (Milwaukee,
WI, U.S.A.), 3+(p-hydroxyphenyl)propionic acid (p-OHPPA) and p-hydroxy-
phenylacetic acid {p-OHPAA) from R.N. Emanuel (Wembley, Great Britain),
hexafluoroisopropanol (HFIP), trifluoroacetic anhydride (TFAA), p-hydroxy-
diphenyl (p-OH-diphenyl), ethyl acetate, sodium chloride and hydrochloric
acid were obtained from BDH (Poole, Great Britain). Dexsil 300GC was from
Analabs (Noxth Haven, CT, U.S_A.), OV-101 and SP-2250 were from Chromato-
graphy Services (Wirral, Great Britain), OV-225 was from Phase Separations
(Queensferry, Great Britain) and polypropylene sebacate (P2Seb) from Griffin
and George (Alperton, Great Britain). Glass 1-ml ampoules were cbtained from
Baird and Tatlock (Chadwell Heath, Great Britain). Ischomovanillic acid
(IVHA) was a gift from Roche Products (Welwyn Garden City, Great Britain).

Gas chromatography

Gas chromatography was carried out with a Hewlett-Packard Model 7620A
gas chromatograph fitted with 2 2 mCi °*Ni electron-capture detector. Peak
areas were determined with a Hewlett-Packard integrator Model 3370A. Capil-
lary columns were drawn with a Hupe-Busch machine from 1.5 m of Pyrex
glass tubing (9 mm O.D. and 3 mm L.D.) to give 75 m of coiled length. This was
coated with 5% Chromosorb R and 5% liquid phase by a single step method
and 12.5-m lengths at each end were removed and discarded. Sample vclumes
were usually restricted to 0.3 ul by Hamilton syringe injected directly into the
lumen of glass-lined tubing. The columns gave approximately 1400—2500
theoretical plates/m with the HV A peak.

Preparation of samples

It was necessary to standardise the method for urine samples. The creatinine
content of urine was determined and a volume of urine [47] was then taken
(usually 0.7—1.5 ml) which contained 1.15 mg of creatinine. This was made up
to 2.0 ml with distilled water. E~cess sodium chloride to saturate (500 mg) was
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added, followed by 50 gl of G Af hydrochloric acid (pH < 1) and a known
quantity of internal standard, HMPE or p-OHPPA. The solution thus obtained
was extracted fhree times with 1-ml volumes of ethyl acetate. A similar method
was shown with ["*CIHYA to give 33.9 +1.9% extraction [21]. From the com-
bined ethyl acetate extracts 9.25-ml aliquots were transferred to 1-ml ampoules.
These were taken to dryness in vacuc over phosphorus pentoxide. The dried
residue from urine samples was derivatized with 100 gl of a mixture of HFIP—
TFAA (1:1, v/v) in sealed ampouies at 100°C for 1 h. The ampoule was ccoled
and the excess of reagents removed under a stream of nitrogen. Tne dried
residue was dissclvad in 150 g1 of ethyl acetate and 9.3 ¢l was injected onto the
GLC column. It was found that pure HVA, IHVA and VMA {50C pmol to 15
nmol) were completely derivatized with HFIP—TFAA (2:1, v/v) at 120°C in
15 min, bui no change was seen with incubaticon for 2 h.

RESULTS AND DISCUSSION

It is advisable fo use as low an injection port temperature as possible con-
sistent with good peak efficiency particuiarly for heat-sensitive compscunds. An
inlet temperature of 270°C was used. Although there was substantial loss of
hippuric acid at this temperature. no decomposiiion products were observed on
the chromatogram. Brlow 250°C reduced responses were obtained due to in-
adequate volatilization of the sample.

Fig. 1 shows the response curves for different compounds (pmol) against the
peak area response. The linear dynamic range was approximately 1080 for each
compound under the conditions quoted. It is possible to increase the linear
range by increasing the pulse interval. Rut increasing the pulse interval led to
increased size of dips in the baseline with corresponding peak integration dif-
ficulties. It was found that the size of the dips varied with the liquid phase and
we do not attribute the dips to a dirty detector as suggested previously [48].

The derivatization procedure was complicated by the presence of carboxylic,
phenolic and alcoholic groups on the compounds being studied. Recoveries
were dependent on the amount derivatized as well as the ratio of reagents used.

Variable results due to leakage were obtained when using glass-stoppered
test-tubes and Reactivials [ 27]. Sealed glass ampoules were used.

The effect of changing the HFIP:TFAA ratio six-fold from 1:2 to 3:1
showed no effect on the derivatization of HVA and IHVA but VMA in urine
showed low recoveries with TFAA in lower ratio than 1:1 (v/v).

The time course of the reaction for VMA, HVA and IHVA in urine usinga
reaction mixture of HFIP—TFAA (1:1, v/v) showed that the reaction at 100°C
was completed in 15 min, but no losses were incurred by incubation for a
period of 90 min. These results agree with other workers who used HFIP—
TFAA (1:2, v/v} at 100°C for 1 h for HVA and THVA [27]. HVA and IHVA
were derivatized with HFIP—TFAA (1:3, v/v) at 65°C for 15 min [28] butin a
later paper [39] HFIP—TFAA (1:2, v/v) incubation at 75°C for 60 min was
used. We were unable to obtain good yields for VMA at 75°C. Similarly we
were unable to use the conditions (75°C, 90 min) or reagent ratio alcohol:an-
hydride (1:10, v/v) described for the pentafluoropropionyl-pentafluoropropyl
ester derivative of HV A [34]. Hippuric acid always gave a big detector response
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Fig. 1. Response—conceniration curve for trifluoroacetyl-hexafluoroisopropyl ester deriva-
tives. Preparation of sample: sece Experimental. GLC conditions: 50 m X 0.27 mm LD.
coated with 5% Chromosorb R and 5% SP-Z2250 SCOT column; carrier gas, hydrogen at a
flow-rate of 3 ml/min; make-up gas, argon—methane (90:10) flow-rate, 50 ml/min; tempera-
tures, detector, 290°C; injector, 275°C; column, 100°C programmed at 4°C/min; pulse
interval, 15 psec; attenuation, 2 X 10?%; sample size, 0.3 ul. # = HMPG, c = VMA, a = HVA,
o = IHVA, o = p-OHPAA, ¢ = hippuric acid, « = HMPE.

and in order to minimize this the derivatization reaction was standardized at
100°C for 60 min with HFIP—TFAA (1:1, v/v). This loss of hippuric acid was
not investigated. Additional peaks corresponding to benzoic acid or glycine
were not observed on the chromatogram.

The recoveries of metabolites added to urine samples were as follows: VMA,
95 + 4 5%; HVA, 96 = 3.8%; IHVA, 98 = 8.5% (n = 4). Using the same deriva-
tives with GLC determination recoveries from urine were reported as follows:
VMA, HVA and IHVA 95—105% [39].

Choice of stationary phase

Relative retention times of six mefabolites on nine different liquid phases are
given in Table I. All columns with the exception of PPSeb were temperature-
programmed and baseline separation was obtained for all the compounds
listed. Exceptionally VMA had a longer retention {ime than HVA and IHVA
with QF-1 liquid phase, although this did not occur with other polar stationary
phases OV-225 and PPSetb.

The relative molar response (RMR) values of the metabolites were deter-
mined with different liquid phases (Table II). This work was done because it
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had been reported that recoveries varied with the liquid phase. Using the same
derivatives with ECD, recoveries were reported of 79 + 6% for HVA on a 3.8%
SE-30 column, 65 + 4% with a 2% SE-52 column and 65 * 5% with a2 2% QF-1
column [27]. VMA showed the highest standard deviation. Comparing liquid
phases the RMR values showed some variation for ali the metabolites but these
may be atiributed to the inherent problems with ECD where many critical
pararneters such as gas flow-rate and femperature have been specified [48—53].

Fig. 2a shows the separation of seven metabolite derivatives on a SP-2250
SCOT column (1420 theoretical plates/m) in about 12 min. Approximately a
15-fcld reduction in quantity injected gave the same peak height as with a
packed column in shorter time and with improved resolution. Fig. 2b shows the
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Fig. 2. Separation of trifluoroacetyl-hexafluoroisopropyl ester derivatives on SP-2250 SCOT
coluran. GLC conditions as in Fig. 1. (a) Standard compounds injected: p-OHPAA, 4.6 pmol;
VYMA, 3.4 pmol: HVA, 4.3 pmol; IHVA, 4.5 pmol; hippuric acid (HA), 8.8 pmol; HMPG,
1.4 pmel; HMPE, 13.3 pmol. (b) Urine sample, with internal standard HMPE.
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TABLE I

URINARY CONCENTRATIONS (nmol/ml) OF VANILLYLMANDELIC, HOMOVANILLIC
AND ISOHOMOVANILLIC ACIDS DETERMINED ON DIFFERENT LIQUID PHASES

GLC conditions as in Fig. 1. n = 3.

Liquid phase VMA HVA HVA
0v-101 4.4 21.3 3.2
ov-225 18.5 22.9 *
QF-1 * 20.3 *
Bexsil 300GC 4.7 21.7 0.6
SP-2250 9.4 42.4 0.5
OV-101 + OV-17 4.8 19.6 *
Dexsil 300GC + OV-17 4.9 19.8 5.7

*Not determined owing to interfering peaks.

chromatogram obfained for the metabolites in 2 urine sample. The VMA peak
was only partially resolved from some unknown peak. Changing the tempera-
ture programme did not improve the resolution.

Because of the multiplicity of peaks with urine samples and the possibility of
overlap, quantitative recoveries were determined with seven different liquid
phases (Table IIT). VMA gave spuricusly high values with OV-225 and SP-2250
because there were obscured peaks with compounds having the same retention
times. HVA gave an average value of 20.9 £1.26 nmol/ml vrine on six liquid
phases, but SP-2250 (as shown in Fig. 2b) gave the very high value of 42.4
nmol/ml urine because of an unseen interfering peak. The peak for IHVA was
always very small and adjacent peaks made accurate integration difficult.

Fig. 3a shows the separation of standard metabolites on an OV-101 SCOT
column and Fig.3b shows the peaks obtained with a urine sample. Relizble
values for VMA and HV A were obtained on this column but interference with
the ITHVA peak on this column resulted in a spuriously high value (see also
Table III). Thus OV-101 could only be used to determine HVA and VMA but
not IHVA in urine samples. HMPE was used as internal standard with this
stationary phase [28,39]. It was reported that free HMPE occurred naturally in
rat urine [54], but none was detacted in human urine by these authors or in

this work.
The liquid phases OV-225, GE SE-54 and QF-1 gave a satisfactory separation

of standard metabolite derivatives, but they were not satisfactory for urine
samples. The separation of the standard metabolites on Dexsil 300GC is shown
in Fig.4a and a urine sample in Fig. 4b. HMPE could not be used as an internal
standard on this column because of interference by an unknown compound
with a retention time of 16.5 min in Fig. 4b. Instead, p-OHPPA and p-OH-di-
phenyl were used as internal standards. A constant peak area ratio for these
two standard compounds was a good indication that no urine metabolite was
present having the same refention times. The values for VMA, HVA and IHVA
(Table III) indicated that on Dexsil 300GC there were no interfering peaks
leading to spuriously high values. But for IHV A this was not always true and it
was necessary fo analyze each urine sample on two columns as a check on

accuraey of quantifation.
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Fig. 3. Separation of trifluoroacetyl-hexafluoroisopropyl ester derivatives on OV-101 SCOT
column. GLC conditions as in Fig. 1. (a) Standard compounds; (b) urine sample with internal
standard HMPE.

Table IV shows the analysis of VMA, HVA and IHVA in five urine samples
of male healthy volunteers obtained with two different GLC columns. The
results are given as nmol per ml urine, ug per mg creatinine and mg/day in order
to enable full comparison to be made with published results. There is general
agreement for the VMA and HVA results on the twc columns. IHVA deter-
mined on Dexsil 300GC shows values of 0.44—1.01 nmol/ml in urine, whereas
on OV-101 the values are falsely high 0.99—3.85 nmol/ml (as expected, see
Table III). Our results agree with other published values for HVA (4.05 mg/day)
and THVA {0.1 mg/day) obtained by mass fragmentography [39], HVA (3.36
1.08 S.D. ug per mg creatinine) by GLC—ECD [21], HVA (4.45 £ 0.62 S.EM.
mg/24 h) by fluorimetry [55] and HVA (5.4 mg/24 h) and IHVA (0.05
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TABLE IV

VANILLYLMANDELIC, HOMOVANILLIC AND ISOHOMOVANILLIC ACIDS IN URINE
DETERMINED WITH TWO GLC LIQUID PHASES

Compound No. OV-10i - Dexsil 306GC
nmol/mi ug/mg mg/day nmol/ml ug/mg mg/day
creatinine creatinine
- VMA i 15.19 1.73 2.03 13.57 - 1.54 1.81
2 13.99 1.86 3.04 15.12 2.01 3.28
3 5.98 1.43 243 5.28 1.27 2.15
4 14.46 1.89 3.43 15.30 2.00 3.63
5 10.74 2.02 2.83 9.797 1.85 2.57
HVA 1 23.59 3.51 4.13 33.81 3.54 4.16
2 39.36 481 7.85 40.86 5.00 8.15
3 . 16.02 - 3.53 5.99 15.54 3.42 5.81
4 44 69 5.37 9.75 44.28 5.33 92.66
5 23.25 4.03 5.62 25.76 4.65 6.23
IHVA 1 2.38 0.24 0.29 0.59 0.05 0.06
2 2.36 0.28 0.47 0.85 0.10 0.17
3 0.29 0.21 0.37 0.44 0.09 0.16
4 3.85 0.46 0.84 1.01 0.12 0.22
5 1.83 0.31 .44 0.65 11 0.15

mg/24 h) by paper chromatography and colorimetry [56].

Grcb [57] has pointed to the problem of single peaks which may be due to
several ccmpounds. This work confirms the real need to check on single peaks
obtained from urine samples even with high-efficiency capillary columns. We
have tried to meet criticism that methods which are acceptable with pure
metabolites should also be applicable to urine samples [ 58,59].
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