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SUMMARY 

The determination of urinary homovsniliic, isohomovanillic and varrillylmandelic acids as 
their tri~uoroa~tylhex~uoroisopropyl ester derivatives by glass capillary gss-iiquid chro- 
matography has been studied. It was shown that even with high column efficiencies a single 
peak-single compound relationship could not be assumed and for reliable quantitation it 
was necesszy to check determinations with a second gas-liquid chromatography column. 

IX’I’RODUCI’ION 

Many methylated phenolie compounds derived from aromatic amino acids 

and catecholamines have been discovered in urine. Synthetic and degradative 

routes have been published [I] _ HomovaniUic @VA), isohomovzmillic (MVA) 
and vanillyhnandelic (VMA) acids have been widely studied because of their 
clinical importance in cases of neuroblastoma, ?ark&sonism and neural chest 

turnours and other conditions [1,2]. Various techniques have heen used for 
their determination such as calorimetry [3], fhxorimetry [4,5] _ spectrophoto- 
m&y [Sj, thin-layer chromatography [1-C?], paper chromatography [IO], 
high-performance liquid chromatography [II-151, gas chromatugraphy [16- 
363 and mass fragmentography [2,37-391. Mass fragmentography is probably 
the he& method for specifically determinin g small quantities of these metabo- 
J.ites in biological fhCls, hecause it can eliminate interfezence due to other 
compounds, but the method is only available to a limited number of workers. 

G-quid chromatography (GLC) with the electron+apture detitor QECD) 
offers a method of high sensitivity, btit problems arise because of the multiplic- 
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ity ofpeaks obtained with urine samples. Thus it is necessary to analyzesamples 
on diffemnt liquid phases in order to confirm the purity and identie of com- 
pounds represented by individual peaks. With GLC-ECD the nature of the 
metaboli*iRs shown on the chromatogram can also be inferred. 

Urine samples show large differences between the retention tunes of a range 
of compounds and temperature programming is nw 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 been introduced f40-463. 

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

EXPERIMEXTAL 

Vanillylmandelic acid (VMA), homovanillic (HVA) and bis(4-hydroxy-3- 
methoxyphenylglycol) piperazine salt (HMPG) were obtained from Sigma (St. 
Louis, MO, U.S.A.), homovanihyl alcohol (HMPE) from Aldrich (Milwaukee, 
WI, US-A.), 3-(p-hydroxyphenyl)propionic acid @-OHPPA) and p-hydroxy- 
phenylacetic acid (p-OHPAA) from R.N. Emanuel (Wembley, Great Britain), 
hexafluoroisopropanol (HFIP), trifluoroacetic anhydride (TFAA), p-hydroxy- 
diphenyl (p-GH_diphenyl), ethyl acetate, sodium chloride and hydrochloric 
acid were obtained from BDH (Poole, Great Britain). Dexsil3OOGC was Tom 
Analabs (North Haven, CT, U.&_4_), OV-101 and SP-2250 were from chromate- 
graphy Services (Wirral, Great Britain), OV-225 was from Phase Separations 
(Queensferry, Great Britain) and polypropylene sebacate (PPSeb) ‘Tom Griffin 
and George (Alperton, Great Britain). Glass l-ml ampoules were obtained. from 
Baird and Tatlock (Chadwell Heath, Great Britain). Isohomovenilhc acid 
(IVHA) was a gift from Roche Products (Welwyn Garden City, Great Britain). 

Gas chromatography 
G&s chromatography was carried out with a Hewlett-Packard Model 76208 

gas chromatograph fitted with a 2 mCi 63Ni electroncapture de&&x. Peak 
areas were determined with a Hewlett-Packard integrator Model 3370A. Capil- 
lary columns were drawn with a Hupe-Busch machine from I.5 m of Pyrex 
glass tubing (9 mm 0-D. and 3 mm I.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 volumes 
were usually restricted to 0.3 ,xI by Hamilton syringe i&&d directiy into the 
lumen of glass-lined tubing. The columns gave approximately 1400-2500 
‘&eoretical plates/m with the HVA peak, 

Prepam fion 0 f sample+ 
It was necesszry to standard&e the method for urine samples. The creatinine 

content of urine was determined and a volume of urine [47] was then taken 
(usually 0,7-l-5 ml) which contained 1.15 mg of cm&nine. This was made up 
to 2.0 ml with distilled water. Ep.cess sodium chloride to saturate (500 mg) was 
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added, followed by 50 ~1 of 6 M hydrochloric acid (pH < 1) and a known 
quantity of internal standard, HMPE or p_OHPPA. The solution thus obtained 
was extracted three times with f-ml volmes of ethyl acetate. A simi7.ar method 
was shown with [ “C&EEJA to give 99.9 2 1.9% extraction [Zl_~. From the ccm- 
bined ethyl. acetate extracts 0.25-1111 aJ.iqrrots were transferred to I-ml ampoules. 
The were taken to dryness in vacua over phospho_rus pentoxide. The dried 
residue from tie mples .was derivatized with f!IO ~1 of a mktmz of HFIP- 
TFAA (l:l, v/w) in sealed ampouies at 100% for 1 h. ‘I’be arapoule was cooled 
and the excess of reagents removed under a stream of nikogen. The dried 
residue was dissolved in 150 ~1 of ethyl acetate and 0.3 ~1 was irrjected onto' the 
GLC column. It was for-m6 that pure HVA, IHVA and VMA (500 pm01 to 15 
_nmol) were completzly de&at&d with HFIP-TFAA (3 : 1, v/v) at 100°C in 
15 nin, but no change was seen with incubation for 2 h. 

RESULTS AND IXSCtJSSiON 

It is adv%ab!e to use as low an injection ;3urt temperature as possible con- 
sistent with good peak eff!iciency par6ic*~Iarly for heat-sensitive compounds. An 
Wet temperature of 270°C was used. Although &ere was substantial loss of 
bipptic acid at this temperature, no decomposition products were observed on 
the c%romatogram. Br-.low 250°C reduced responses were obtained due to in- 
adequate volatilization of the sample. 

Fig. 1 shows the response curves for different compounds (pmol) ag.zGnst the 
peak area response. The linear dynamic range was approximately I.00 for each 
compound under the conditions quoted. It is possible to increase the linear 
range by increasing the pulse interval. But increasing the p&e interval led ti 
ircreased 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 Reactivti 1271. Sealed glass ampoules were used. 

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

The time course of the reaction for VMA, HVA and IHVA in urine using a 
reaction mixture of HFIP-TFAA (l:l, v/v) showed that the reaction at 200°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 EtVA and IEZVA ]27 1. HVA and IHVA 
were derivatized with HFIP-TFAA (1: 3, v/v) at 65°C for 15 min [28] but in a 
later paper 1393 HFIP-TFAA (1:2, v/v) incubation at 75°C for 60 min was 
used. We were uI;able 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 (l:lO, v/v) described for the pentafluoropropionyl-pentsfluoropropyl 
ester derivative of KVA 1341. Hippurk acid always gave a big detector response 
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pm01 injected 

Fig- l_ F’Eo- oncentration curve for trifluoroacetyl-hexafuoroisopropyl ester deriva- 
tives. Preparation of sample: see Experimental. GLC conditions: 50 m x 0.27 mm ILL)_ 
coated with 5% Chromosorb R and 5% m-2250 SCOT column; carrier gas, hydrogen at a 
flow-rate of 3 ml/min; make-up gas, argon--methane (9O:lO) flow-rate, 50 ml/mini tempera- 
tures, detector, 290°C; injector, 275-C; column, 100°C programmed at 4”C/min; pulse 
interval, 15 rsec; attenuation, 2 x 1Oz; sample size, 0.3 ~1. m = HMFG, o = V&L%, A = HVA, 
l = IHVA, 0 = p-OHPAA, l = hippuric acid, A = HMPE. 

and in order to minimiz e this the derivatization reaction was standardized at 
100°C for 60 min with HFIP-TFAA (l:l, v/v). This Loss of hippti~ 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 sampIes were as foJ.Iows: VMA, 
95 i 4.5%; HlrA, 96 t 3.8%; EiV,4, 98 t 3.5% in = 4). Using the same deriva- 
tives v&h GLC determination recoveries from urine were reported as follows: 
V&IA, HVA and IHVA 95-105% 1391. 

Choice of s&z fionary phase 
Relative retention $imes of six metabolites on nine different liquid phases are 

given in Table I. Au columns wjth the exception of PPSeb were temperature- 
programmed and basebe separation was obt&ned for all the compounds 
l&ted. Exceptionally VMA had a Longer retention time than HVA and IHVA 
with QF-1 liquid phase, although this did not occur with other polar stationary 
phases OV-225 and PPSeb. 

The relative mofaf response (RMR) values of the metab&tes were deter- 
mined tith diffenznt liquid phases (Table II). This work was done because it 
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had heen reported that recoveries varied with the hquid phase. Using the same 
derivatives with ECD, recoveries were heported of 79 + 6% for HVA on a 3.8% 
SE-30 cohnnn, 65 C 4% with a 2% SE-52 column and 65 t 5% tith a 2% QF-1 
column [27]. VMA showed the highest standard deviation. Comparing liquid 
phases the RMR values showed some variation for aI3 the metabohtes but these 
may be attributed to the inherent problems with ECD where many critical 
parameters such as gas flow-rate and temperature have been specified C48-531. 

Fig. 2a shows the separation of seven metaboli.te derivatives on a SP-2250 
SCOT column (1420 theoretical plates/m) in about 12 min. Approximakly a 
15-fold 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 

1 I I I J 
0 4 6 72 16 

Time (min) 

I I I I I I 
0 4 8 12 16 M 

Tin-e (min) 

Fig. 2. Separation of trifluoroacetyl-hextiuoroisopropyl ester derivatives on SP-2250 SCOT 
coIumn. GLC conditions as in Fig_ 1. (a) Standard compounds injected: p-OHPA& 4.6 pmol; 
VMA, 3.4 pmol: HVA, 4.3 pmol; U-WA, 4.5 pmol; hippuric acid (HA), 8.8 pmol; HMPG, 
1.4 pmol; HMPE, 13.3 pmol (b) Urine sample, with internal standard WUPE. 
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TABLE Ill 

URINARY CONCENTRATIONS (mnol/mi) OF VANILLYIMANDELIC, HOMOVANILLIC 
AND IsOHOMOVANXLLlC ACZDS DETEXMNED ON DIFFERENT LIQUID PHASES 

Gu: conditions as in Fig. 1. rz = 3. 

Liquid phase VMA WA IHVA 

ov-101 4.4 21.3 3.2 
OV-225 18.5 229 t 

QF-I + 20.3 t 

Dexsil3OOGC 4.7 21.7 0.6 
SP-2250 9.4 42.4 0.5 
ov-201 f ov-17 4.3 19.6 * 

Dessil300GC + OV-17 4.9 19.8 5.7 

*lVot deteminedowingtointerferingpea?x 

chromatogram obtained for the metabolites in a urine sample. The VMA peak 
was only partially resolved from some unknown peak. changing the tempera- 
ture progmmme 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 III). VMA gave spuzionsly high values with OV-225 and SP-2250 
because there were obscured peaks with compounds having the same retention 
times. I-WA gave an average value of 20.9 f 1.26 nmol/ml urine 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 smah and adjacent peaks made accurate integration difficult. 

Fig. 3a shows the separation of standard metabolites on an OV-101 SCOT 
cdumn and Fig. 3b shows the peaks obtained with a urine sample. Reliable 
values for VMA and HVA were obtained on this column but interference with 
the IHVA 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 II-WA in urine samples. H&WE was used as intemaI standard with this 
stationary phase 128,391. It was reported that free HMPE occurred naturally in 
rat urine C54 1, but none was detected in human urine by these authors OF in 
this work. 

The liquid phases OV-225, GE SE-54 and QF-1 gave a satisfactory separation 
of standard metabohte derivatives, but they were not satisfactory for urine 
samples. The separation of the standard metabolites on Dexsil300GC is shown 
in Fig. 4a and a urine sample in Fig. 4b. HMPE could not be used as an internal 
standard on this cohunn because of interference by an unknown compound 
with a retention time of 16.5 mm in Fig.4b. Instead, p_OHPPA and p-GH_di- 
phenyl were used as internal standards. A constant peak area ratio for these 
two standard compounds was a good indication that no urine metabohte was 
present having the same retention times. The values for VMA, HVA and IIiV..4 

(Table III) indicated that on Dexsil 300GC there were no interfering peaks 
leading to spuriously high vdues. But for IHVA this was not always true and it 
was necessary to analyze each urine sample on two cohunns as a check on 
accuracy of quantitation. 



395 

I I I 1 i 
0 4 6 12 16 

Tire (min) 

- 
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, . a I I 
4 6 12 16 20 

Time (min) 

Fig. 3. Separation of trifluoroacetyl-herafluoroisopropyl ester derivetives on OV-101 SCOT 
colu;nn. GLC conditions es in Fig. 1. (a) Standard compounds; (b) urine sample tith intemzd 
s.tandardHMPE. 

Table IV shows the analysis of W-4, HVA and JHVA in five urine samples 
of male healthy volunteers obtained with two different GLC columns. The 
results are given as nmol per ml urine, pg per mg creatinine and mg/day in order 
to enable fM comparison to be made with published resuk. There is general 
agreement for the VMA and HVA results on the twc; columns. IHVA deter- 
mZaed on Dexsil300GC shows values of 0.44-I.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) 
am? IHVA (O-1 mg/day) obtained by mass fragmentography [39], WA (3-30 f 
1.08 S.D. pg per mg creatinine) by GLC-ECD [?I], HVA (4.45 -t 0.62 S.E.M. 
me/24 h) by fluorimetry 1551 and WA (5.4 mg/24 h) and IHVA (0.05 
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TABLE Iv 

VANILLYLMAN DELIC, HOMOVANhLLIC AND ISOHOMOV ANILLICACXDSINURXNE 
DETER%¶lNiD WITH TWO GLC LIQUID PHASES - 

Compound No. OV-101 Dexsil3ooGc 

I!IIlOI/ml remi! mgldw nmol/lnl rglmg mglday 
creatinine creatinine 

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 5.98 143 243 5.28 1.27 215 
4 14.46 L89 3.43 15.30 200 3.63 
5 10.74 202 283 9.77 1.85 257 

HVA 1 3859 3-51 613 33.81 3.54 4.16 
2 39.36 4.81 7.85 40.86 5.00 a15 
3 - 16.02 3.53 5.99 15.54 3.42 5.81 
4 44.69 5.37 9.75 44.28 5.33 9.66 
5 23.25 403 5.62 25-76 4.65 6.23 

IHVA 1 238 0.24 0.29 0.59 0.05 0.06 
2 2.36 0.28 0.47 0.85 0.10 0.17 
3 0.99 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 0.44 0.65 @_I_1 O-15 

mgj24 h) by paper chromatography and calorimetry 1563. 
Grcb [57] has pointed to the problem of single peaks which may be due to 

several compounds. Tbis work confirms the real need to check on single peaks 
obtained from urine mples even with high-efficiency capillary columns. We 
have tied to meet criticism that methods which are acceptable with pure 
metabolites should also be applicable to urine samples [58,59]_ 
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