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THE PATHWAYS of cerebral catecholamine metabolism have been evaluated in animals 
by application of radioisotopic techniques. These studies involved incubation of 
brain slices with labelled norepinephrine (NE), dopamine (DA) and their precursors 
or intraventricular or intracisternal administration of these compounds. These 
studies have indicated that dopamine is preferentially metabolised to the acids, 
homovanillic acid (HVA) and dihydroxyphenylacetic acid (DOPAC), whereas 
norepinephrine is preferentially metabolised to the alcohols, 3-methoxy-4-hydroxy- 
phenylethylene glycol (MHPG) and dihydroxyphenylglycol (MANNARINO et al., 1963 ; 
RUTLEDGE and JONASON, 1967; BREESE et al., 1969; JONASON, 1969); Because of 
the inaccessibility of the human brain to direct study, similar information for man is 
lacking. Evaluation of cerebral catecholamine metabolism in man is best achieved by 
study of the metabolites of the catecholamines in cerebrospinal fluid (CSF) (MOIR et 
al., 1970). The occurrence of HVA and MHPG in CSF has been documented and 
these metabolites can be accurately quantitated (ANDEN et al., 1963; WILK et al., 
1971). In man the major NE metabolite excreted in the urine is vanillylmandelic acid 
(VMA) (ARMSTRONG et al., 1957). The presence of this compound in brain and 
CSF of man or other species has not been documented (SHARMAN, 1971). To 

evaluate the metabolic significance of VMA in human brain, a highly sensitive 
method was developed which is of general use for the quantitation of acidic metabol- 
ites of biogenic amines in brain and CSF (WILK and WATSON, 1973). This procedure 
utilises gas-liquid chromatography and electron capture detection (GLC-ECD). 

The esterification of acids with trichloroethanol using trifluoroacetic anhydride as 
catalyst was reported in 1971 (SMITH and TSAI, 1971). Utilising the principles 
described in this publication, we developed a new reagent, 20 % pentafluoropropanol 
in pentafluoropropionic anhydride, for the preparation of derivatives of phenolic 
acids which possess excellent electron capture properties. In this reaction, the 
anhydride catalyses esterification of the carboxyl group with pentafluoropropanol 
and itself reacts with the hydroxyl groups. Derivatives of VMA, HVA, DOPAC, 
5-hydroxy indoleacetic acid (5-HIAA), and p-hydroxy phenylacetic acid were prepared. 
Excellent separation of these compounds was obtained on a 3 % OV-17 column. 
The derivative of 5-HIAA was chromatographed at 145” whereas the other acid deriv- 
atives were chromatographed at 115”. 

Although as little as 15 pg of these derivatives can be detected, the true sensitivity 
of this method is dependent upon the fraction of sample that can be injected onto the 
column. This in turn is governed by the sample background. The anticipated low 
levels of VMA in CSF led to the consideration of a system that could offer the highest 
degree of sample purification. This was achieved by thinlayer chromatography (TLC). 
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The procedure developed for the quantitation of VMA and .HVA in CSF involves 
acidification of the sample and extraction of the acids into ethyl acetate. After 
evaporation of the solvent, the residue is applied to a cellulose coated TLC plate and 
chromatographed in a benzene-acetic acid-water (100-50-2) system. Zones corre- 
sponding to the acids are eluted, the eluate acidified and the acids reextracted into 
ethyl acetate. The solvent is removed under nitrogen and the residue treated with the 
anhydride-alcohol mixture for 15 min at 75”. The derivatives are chromatographed 
on the 3 % OV- 17 column. Recoveries have averaged 60 per cent. The purity of these 
samples permits one-tenth of the total sample to be applied to the column. 

All spinal fluid samples examined had very low levels of VMA (< 2ng/ml). 
Accurate quantitation of a 10 ml CSF sample gave a value of O-50 ng VMA/ml 
(Fig. 1). Because of these low levels the identity of the peak attributed to VMA 
could not be confirmed by auxillary techniques such as mass spectrometry. However, 
these studies indicate that VMA in CSF is present at levels less than 2 ng/ml. In 
contrast, HVA can be easily quantitated. HVA levels in CSF have averaged 30 ng/ml. 

The alcohol metabolites of NE and DA can be measured by GLC-ECD after 
formation of trifluoroacetyl derivatives. Levels of MHPG in CSF average 16 ng/ml 
(WILK et al., 1971). The alcohol metabolite of dopamine 3-methoxy+hydroxyphenyl 
ethanol, was not detected in CSF (WILK, 1971). If present levels of this compound 
are less than 1.5 ng/ml. 

The MHPG/VMA ratio in CSF (~16) is in sharp contrast to this ratio in urine 
(- O-5) (WILK~~U~., 1965; WILK et al., 1967). To eliminate the possibility that VMA is 
rapidly transported out of CSF, preliminary studies were carried out on patients who 
were treated with large doses of probenecid (100 mg/kg) (GOODWIN et al., 1973). Meas- 
urement of CSF probenecid levels in such studies is of importance since it was shown 
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FIG. 1 .-The demonstration of VMA in CSF. 10 ml of CSF was purified by thin layer 
chromatography where R, values were: VMA = 0.25, SHIAA = @25, DOPAC = 
0.25, p-hydroxyphenylacetic acid = O-70, HVA = 0.80. Retention time of derivatives 
on 3 % OV-17 at 115” relative to VMA: p-hydroxyphenylacetic acid = 0.58, DOPAC = 

0.82, HVA = 1.90. The 5-HIAA derivative is chromatographed at 145”. 
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that the accumulation of acidic metabolites in CSF is linearly related to the CSF pro- 
benecid concentration (KORF and VAN PRAAG, 1971; SJOSTROM, 1972). The penta- 
fluoropropanol-pentafluoropropionic anyhdride reagent can derivatise probenecid and 
measurement of CSF probenecid levels can be achieved using as little as 50 microliters 
of CSF. In these studies HVA accumulated to several hundred q/ml whereas after 
probenecid the level of VMA in CSF averaged 2 ng/ml. Therefore rapid transport of 
VMA out of CSF cannot account for the finding of low levels of this metabolite. 

The metabolism of catecholamines in human brain has been evaluated by measure- 
ment of the endogenous levels of metabolites in CSF. This approach avoids the diffi- 
culties inherent in the use of radioisotopes in which one assumes mixing of endogenous 
and exogenous material. The assumption made in the studies reported here is that me- 
tabolites in the CSF accurately reflect metabolism in brain. While there is good 
evidence that HVA in CSF has its origin in brain (PAPESCHI et al., 197 1; CURZON ef al., 

1971) the relative contribution of spinal cord NE to the levels of the NE metabolites 
in CSF is still unknown. 

On the basis of these gas chromatographic determinations ‘one may conclude 
that within the central nervous system of man NE is preferentially metabolised to the 
alcohol, MHPG, whereas DA is preferentially metabolised to the acid HVA. These 
results are in agreement with a growing body of literature from animal studies and 
provide the first direct evidence that within the central nervous system of man the 
predominant pathway of NE metabolism is reductive to MHPG. 
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