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Identification of Vanillic Acid as a Catabolite of Noradrenaline 
Metabolism in the Human.* (27646) 

LAWRENCE ROSEN AND McC. GOODALL (Introduced by S. Rogers) 
Memorial Research Center and Hospital, University of Tennessee, Knoxville 

On the basis of elevated urinary levels of 
vanillic acid (VA) obtained under stress con- 
ditions in man, Smith suggested that VA 
might be an endogenous metabolite of adren- 
aline and/or noradrenaline ( 1,2 ) ; however, 
the evidence presented by Smith is not en- 
tirely convincing since the source of VA could 
also be exogenous, i.e., coffee, chocolate, va- 
nilla, etc. (3,4). 

The purpose of this paper is to report the 
isolation of radioactive urinary VA following 
intravenous infusion of radioactive noradren- 
aline in man. 

Materials. dl-Noradrenaline-2-C14 was ob- 
tained from Volk Radiochemicals, Skokie, Ill. 
(specific activity 20 mc/mM) ; Dowex-1-2X 
resin (200-400 mesh) from Calbiochem, Los 
Angeles, (Bio-Rad, AG-1-2X grade). Amber- 
lite IRC-150, XE-64 resin (200-400 mesh) 
from Rohm and Haas, Philadelphia; vanillic 
acid from Light and Co., London, England. 

Methods. InJusion and collection of urine. 
Four normal subjects were infused over a 
one-hour period with 9.5 pc dl-noradrenaline- 
2-C14; urine was collected for 24 hours post- 
in fusion. 

Separation of catabolites and isolation of 
vanillic acid. The VA present in the urine 
was separated in 2 ways: 

Procedure I .  The basic catabolites were re- 
moved by passing an aliquot of the 24-hour 
urine through an Amberlite IRC-50 column. 
A portion of the combined effluent and water 
washings (containing approximately 10,000 
cpm) was then fractionated on a 1 X 10 cm 
Dowex-1 acetate column using ammonium 
acetate buffer, pH 4.8 of varying molarity 
(0.05, 0.3, 1.0, and 3.0 M)  as described previ- 
ously( 5,6). Five ml fractions were collected; 
the radioactivity of each fraction was fol- 
lowed by using an end-flow Geiger tube coun- 
ter. ‘The radioactive peak which was eluted 
- -__ -- - - - _ _ _ _ _ _  - - . - 
*Supported by U.S.P.H.S. grant anti U. S. Air 

Force contract. 

from the Dowex column at  the beginning of 
the 3 M buffer contained VA. The fractions 
containing VA obtained from each of the 4 
subjects were then combined. The combined 
peaks were acidified (pH 1-2; 6 N HCl) and 
the phenolic acids extracted with ethylacetate 
(0.5 volume, 5 times). The ethylacetate ex- 
tract was evaporated under nitrogen to a small 
volume and then chromatographed on What- 
man 3mm paper using isopropanol: ammonia: 
water (8 : 1 : 1) as the developing solvent. The 
radioactivity chromatographed as 2 distinct 
peaks, the faster of which was VA and the 
slower was 3,4-dihydroxymandelic acid 
(DOMA). The radioactive peak containing 
VA was eluted from the paper with water and 
concentrated to a small volume and acidified 
to pH 2. This aqueous solution wits then 
added dropwise to an ethanolic solution of 
carrier VA. The precipitate was filtered, 
washed with cold water, and dried to constant 
weight. The precipitate was recrystallized 2 
more times from ethanol-water. The melting 
points of the recrystallized precipitates and of 
the starting material were identical, 2 11-2 12 O 

(uncorr. MEL-TEMP hot block). Two ali- 
quots from each recrystallization were as- 
sayed for radioactivity. These aliquots were 
assayed in the scintillation spectrometer using 
a solvent composed of 10 parts toluene (PPO, 
4 g/1 and POPOP, 0.100 g/l) : 2 parts etha- 
nol. 

Procedure ZZ. As for the second method 
of separating VA, the Amberlite IRC-50 ef- 
fluent and washings from selected urine sam- 
ples were acidified (pH 1-2, N HCl) and ex- 
tracted with ethylacetate (0.5 volume, 5 
times). The extracts containing VA and 
other free phenolic acids were evaporated 
under nitrogen and taken up in water. Car- 
rier VA, DOMA, and 3-methoxy-4-hydroxy- 
mandelic acid (MOMA) (0.5 mg each) were 
added to the aqueous solution. After adjust- 
nient of the pH to 6.1 with 0.2 N NaOH, the 
solution was passed through a 1 X 10 cm 



Dowex-1 acetate column. The column was 
washed with 150 ml of water and then at- 
tached to a gradient elution system. The elu- 
tion system was composed of 4 reservoirs con- 
nected in series, i.e., 175 ml of water, 1 7 5  ml 
of water, 175 ml of 2 M ammonium acetate 
(pH 4.8), and 175 ml of 6 ill ammonium ace- 
tate (pH 4.8). The order of elution from the 
Dowex-1 acetate column by this technic is 
JIOJIA, DOMA, and VA. Five ml fractions 
were collected and measured for optical dens- 
ity (279 mp, Zeiss Spectrophotometer PJIQ 
TI), and assayed for radioactivity. The radio- 
active fractions which were eluted from the 
Dowex column and contained Carrier 
were concentrated, acidified, and extracted 
with ethylacetate. The concentrated extracts 
were chromatographed (ascending) on \\'hat- 
man No. 4 paper in either ch1oroform:glacial 
acetic acid: water ( 2  : 2 : 1 ) (Solvent System 
A) or in benzene:propionic acid: water 
(10:9:1) (Solvent System R ) :  or on What- 
man 3mm paper (descending) in n-butanol: 
glacial acetic acid : water (4: 1: 1 )  (Solvent 
System C).  After development, the chroma- 
tograms were cut into 1 cm strips and the ra- 
dioactivity assayed. Chromatograms were 
assayed by either measuring the activity of 
an aliquot in the end-flow counter or by im- 
mersing the strip directly into a counting vial 
for use with a scintillation spectrometer 
(Packard Tri-Carb). 

Results. Urine containing 42,000 cpm was 
placed on 4 Dowex columns, i.e., one for each 
of the 4 subjects. Results indicate that 1,200 
cpm may be accounted for as radioactive \'.A: 
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this was calculated from the data presented 
in  Table I (400 mg x 3 cpm/mg). Thus, 
\'A represents 2.9%) of the non-basic catabo- 
lites. Since lo./;, of total radioactivity recov- 
ered in the 24-hour period following infusion 
is composed of basic catabolites (5 ,6) ,  the final 
value for vanillic acid accounts for 2.6% of 
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the radioactivity recovered in the 24-hour pe- 
riod following infusion of the 4 subjects. The 
amount of VA was not determined for each 
individual. 

After acidification and extraction with 
ethylaceta te of the radioactive material eluted 
with Carrier VA using Procedure 11, it was 
found that the major portion of this radioac- 
tivi ty co-chromatographed with Carrier VA 
in the 3 different solvent Systems used (Fig. 
1 ) .  Solvent Systems A and B are extremely 
useful in separating free phenolic acids such 
as MOMA, DOMA, and VA since additional 
hydroxy groups, whether aromatic or ali- 
phatic, markedly slow down the rate of move- 
ment ( 7 ) .  The chromatographic peak from 
System C (Fig. l ) ,  containing Carrier VA, as 
indicated by optical density, and radioac- 
tivity, was collected, adjusted to p H  6.1, 
placed on a Dowex column and subjected to 
gradient elution (400 ml total volume; 100 
ml per reservoir). The presence of VA-C14 
is indicated by the elution pattern of the ra- 
dioactivity and Carrier VA from this column 
(Figure 2). 

Discussion. The ultimate formation of a 
small amount of VA from noradrenaline in- 
volves oxidative degradation of the side 
chain; therefore, the most likely immediate 
precursor is MOMA. The recent findings( 8) 
that the perfusion of rat liver with MOMA 
led to formation of VA supports this concept; 
however, Pellerin and D’Iorio( 7) found that 
incubation of DOMA with rat liver or kidney 

slices led to formation of both MOMA and 
VA; thus, it is possible that DOMA may un- 
dergo degradation to 3,4-dihydroxybenzoic 
acid which could then be methylated to yield 
VA. Two other compounds formed from nor- 
adrenaline ( 9 ) ,  3-methoxy-4-hydroxy-mandel- 
aldehyde, and 3-methoxy-4-hydroxyphenyl- 
ethylglycol, could also be degraded to VA. 
The contribution of the various possible path- 
ways leading to VA requires further study. 

VA has been identified as a 
urinary catabolite of noradrenaline in man. 
In the 24-hour period following infusion of 
dl-noradrenaline-2-C1* into 4 subjects, the 
urinary VA accounted for 2.6% of the recov- 
ered C14. 

Summary. 
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The Price Virus. An Unclassified Enterovirus Isolated from Patients 
with Central Nervous System Disease.* (27647) 
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AND ANNA WIENER 
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Over the past 5 years viral isolation at- virus which appear to be distinct from any of 
tempts on stool specimens from patients with the currently recognized enterovirus types. 
symptoms of CNS disease have led to the re- This report describes certain properties of 
covery of 6 immunologically related strains of these viruses and presents evidence confirming 

*This work was supported by a grant from Nat. their human Origin. 
Inst. of Allergy and Infect. Dis., U.S.P.H.S., Dept. viral isolation at- 
o f  H.E.W. tempts. All of the isolates were recovered in 
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Materials and methods. 




