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3-Methoxy-48ydroxyphenylglycol sulfate in brain and cerebrospinal fluid 

(Received 17 January 1968 ; accepted 22 March 1968) 

THB MAJOR urinary metabolites of catecholamines are the products of two enzymatic reactions, 
deamination and 0-methylation. The major metabolite of dopamine, 3-methoxy-~hydroxyphcnyl- 
acetic acid (homovanillic acid), has been found in brain and in cerebrospinal fluid,11 2 but attempts to 
find the corresponding metabolite of norepinephrine (3-methoxy-4-hydroxymandelic acid) have 
faiied.3, * 

We have recently demonstrated that the sulfate conjugate of 3-methoxy-4-hydroxyphenylglycol 
(MHPG) is the major metabolite formed in brain when norepinephrine-eH or normetanephrine-He 
is injected into the cisterna magna of rats.5 These findings led us to examine brain and spinal fluid of 
several species for endogenous 3-methoxy-4-hydroxyphenylglycol sulfate, 

Brains of animals killed by decapitation were rapidly removed and homogenized in 4 volumes of 
ice-cold 0.4 N perchloric acid. Proteins in ccrebrospinal fluid obtained by lumbar or ventricular 
puncture were precipitated by addition of 0.04 vol. of perchloric acid (60percent). Aftercentrifugation, 
aliquots of the clear supematant equivalent to 1.5-2.0 g brain or 5 ml cerebrospinal fluid were adjus- 
ted to pH 5.5 with 1 N sodium hydroxide; 1 ml of 1 N sodium acetate buffer (pH 5.5) and 0.4 ml 
of a sulfatase {Glusulase, Endo Products, New York) were then added. Free MHPG was extracted 
and assayed without incubation, while total MHPG was determined after incubation at 37” for 
24 hr. The procedures for isolation and assay by gas chromatography of MHPG have been described 
by Wilk et al.” When possible, samples were assayed in duplicate and samples with 1 or 2 pg MHPG 
added were assayed in parallel to assess recovery. In some experiments, a trace amount of MHPG- 
sulfate-3H (previously isolated from the urine of rats treated with norepineph~ne-7-3H) was added 
to correct for completeness of hydrolysis as well as for recovery of the free MHPG. (Hydrolysis 
was 40-80 per cent effective, while recovery of hydrolyzed MHPG was 8&90 per cent.) 

In other experiments, pooled ethyl acetate extracts of the products of hydrolysis were evaporated 
in uacuo and the dry residue was taken up in a small volume of ethyl acetate and applied to ~atrn~ 
No. 3 mm filter paper. After chromatography in butanol:ethanol:water (4:1:1), elution and re- 
chromatogramming on thin-layer silica gel (isopropanol: ammonia: water, 8:l :l), a compound was 
found which had the same & value and the same color after treatment with diazotized p-nitroaniline 
as authentic MHPG. 

Free or conjugated MHPG was present in the brains of all species examined (Table I). In the cat 
there appeared to be little if any conjugated MHPG, while in the rat and guinea pig only MHPG 
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sulfate was found. In the Green monkey most MHPG was conjugated, but in the Rhesus monkey 
almost all MHPG was free. MHPG was present mostly in the conjugated form in human spinal 
fluid. Levels of MHPG sulfate were higher in fluid (four samples) obtained from the cerebral ventricles 
(250-400 mpg/ml) than in lumbar (6 samples) spinal fluid (50-200 mpg/ml). 
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Microsomal monoamine oxidase in sympathetically innervated tissues* 

(Received 12 January 1968; accepted 1 March 1968) 

MOST OF the monoamine oxidase (MAO) from rat liver homogenates appears to be predominantly 
associated with the mitochondrial fraction ,I-* although a small portion of the enzyme activity has 
also been found in the “microsomal” fraction.2 However, in rat.5 human,6 dog,G* cat7 and bovine6 
brain as well as in the bovine adrenal medulla *,9 MAO has been reported to occur exclusively in the 
mitochondrial fraction. In fact, Rodriquez de Lores Amaiz and de Robertis concluded that MAO is 
not present in synaptic vesicles or intact nerve endings.5 In addition, no MAO has been found in the 
microsomal fraction of brain homogenates.6 Recently, Roth and StjlrnelO have reported that a large 
portion of the MAO in bovine splenic nerve appears to sediment not with the mitochondria, but rather 
in the fraction containing the amine storage granules. Further investigation revealed that during 
density gradient centrifugation the MAO in this preparation did not sediment any further than the 
amine storage granules in a linear sucrose gradient. In fact, the MAO activity peaked in a fraction 
less dense than that of the major amine peak. I1 The significance of this finding was unclear, but could 
be indicative of any of the following possibilities: (a) that the microsomal-like MAO may be contained 
in fragments of mitochondrial membrane sheared off during homogenization; (b) that splenic nerve 
tissue contains a specialized type of mitochondria with different sedimentation properties and electron 
microscopic morphology; (c) that some MAO in this tissue is located in a site other than mitochondria, 
perhaps in the amine storage granules. Therefore, an investigation was conducted to compare the 
distribution of MAO activity in rat liver with that in sympathetically innervated tissue such as the rat 
heart, vas deferens, salivary gland and also the bovine splenic nerve by means of techniques previously 
applied for the isolation of amine storage particles from bovine splenic nerve and rat heart.12 

*This work was aided in part by Grants Sol-FR-0535805 (R.H.R.) and 5-RO-I-NB-00940 
(N.J.G.) from the U.S. Public Health Service. 


