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Ah&met-Five subjects were infused i.v. with 75 rc of 3.4-dihydroxyphenylacetic a&d-2- 
1% (DOPAC) and urine collected at various intervals for 24 hr. The radioactive metabolic 
products in the urine were separated and identified. The results indicate that DOPAC is 
rapidly O-methylated to 3methoxy4hydroxyphenylacetic acid @TVA). Within 24 hr 
after an i.v. infusion of DOPAG2Je 40 per cent of the radioactivity was recovered 
in the urine as HVA. Whereas HVA was the principal metabolic product, approximately 
5 per cent of the DOPAC was metabolized to the conjugate of HVA. 3&Dihydroxy- 
benxoic acid (DOBA) and trace amounts of vanillic acid were found, plus several 
unidentified metabolites. 

THE PRESENCE of 3,4dihydroxyphenylacetic acid (DOPAC) in the urine was first 
demonstrated by von Eulerr and later co&rmed by others.+4 DOPAC was shown by 
Goodall and Alto& 6 to be a minor metabolite of both adrenaline (epinephrine) and 
noradrenaline (norepinephrine). Further, it has been shown to be a major metabolite 
of both 3,4dihydroxyphenylalanine (DOPA)7-1o and 3-hydroxytyramine (dopaminc). 
11-r* Also, it has been found in tissues ;14* l5 of particular significance is its occurrence 
in the corpus striatum,‘6? r’ a structure rich in dopamine.rs-a+3 

Werdiniusrs showed that DOPAC was rapidly eliminated from the blood and 
excreted in the urine. Further, it is well established that DOPAC is O-methylated to 
3-methoxy4hydroxyphenylacetic acid (homovanillic acid, HVA). However, little 
is known about the other metabolites of DOPAC or how the human metabolizes 
circulating DOPAC. 

METHODS 

General. A total of 5 normal, healthy males between 25-35 yrs were infused i.v. 
with 75 F of 34dihydroxyphenylacetic acid-2-L’C (DOPAC-2J%)t (spa&. 5 mc/ 
m-mole). Three subjects were infused at a steady rate for a period of 1 hr with 
DOPAC-2-r% mixed in 250 ml of physiological saline. The urine was collected via 
an indwelling catheter at hourly intervals for 6 hr and then at 12 and 24 hr. 

The second group of 2 subjects was injected over a I-min period via the antecubital 

l Supported by U.S. Public Health Service Grant AM 12805 and U.S. Air Force Contract No. 
F33615-68-C-1096. 

t Source of material: Dowex-l-X2, 200-400 mesh, Bio Rad Laboratories, Richmond, Calif.; 
3,4dihydroxyphenylacetic acid-2-14C. Mallinckrodt, Nuclear Research Chemicals, Inc., Orlando, 
Fla.; My&e P (from Aspergillus oryzae), Mann Research Laboratories, New York, N.Y.; Packard 
Instrument Corp., Downers Grove, III. 
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vein with 75 @ of DOPAC-2-W mixed in 10 ml of physiological saline. In this latter 
group the urine was collected via an indwelling catheter at O-2, 2-5, 5-10 min and 
at 10 min intervals for 1 hr; then at 6,12 and 24 hr. Each urine sample was stored at 
-20°C until assayed. 

Procedure for separating, identifving and measuring the DOPAC-2-i% metabolites. 
The method for separating, identifying and measuring DOPAC-2-W and its meta- 
bolites in urine is rather similar to that used in following the metabolites of hydroxy- 
tyramine, noradrenaline and 3,~ihy~ox~andelic acid.lrg 2% 2s 

An aliquot of urine containing 100,000 dpm was placed on 1 x 35 cm column of 
Dowex-l-X2 acetate anion exchange resin, To the aliquot of urine was added carrier 
compounds of 3-methoxy-4-hydroxymandelic acid (MOMA), 3methoxy_Q_hydroxy- 
phenylacetic acid (HVA), 3,4_dihydroxymandelic acid (DOMA), 3,4dihydroxy- 
phenylacetic acid (DOPAC), vanillic acid (VA), and 3,4dihydroxybenzoic acid 
~rot~a~h~c acid, DOBA). The c&mm was placed on an automatic fraction 
collection system and eluted by a variable gradient elution consisting of four series- 
connected chambers, the first of which contained water, the second 1.5 M ammonium 
acetate, pH 48, the third water and the fourth 6 M ammonium acetate, pH 4.8. Each 
chamber contained 275 ml of solution. The flow rate was adjusted to approx. 1 ml/ 
min. 

The eluate was passed through-a quartz-ffow cell (1.0 ml vol.) of a Beckman DB-G 
spectrophotometer and the optical density was measured at 279 m,u. The output of 
the DB-G spectrophotometer was recorded on one channel of a dual-pen recorder. 
After passing through the DB-G spectrophotometer, the eluate entered a lo-ml 
flow cell and the radioactivity was monitored with a Packard model 3041 flow monitor 
equipped with an analog, ratemeter, output. This output was recorded on the other 
channel of the dual recorder. From the flow cell, the eluate was then passed to an 
automatic fraction collector and fractionated. From the fraction collector, an 
impulse was relayed to an event marker on the recorder to indicate the change of each 
fraction by the fraction collector. Those fractions comprising a single radioactivity 
peak were pooled and assayed for total radioactivity. Figure 1 represents a 
typical tracing obtained by this method from a 2-3-hr collection period following a 
I-hr infusion of DOPAC-2-W. 

The recovery of the total radioactivity placed on the Dowex-l-X2 column was 
approximately 100 per cent. The peaks containing specific free phenolic acids, such 
as VA, HVA, DOPAC and DOBA, were each conthmed by paper chromatography 
using three different solvent systems, i.e. n-butanol : acetic acid :HzO (4 : 1: I), benzene : 
propionic acid:HeO (8:2:2) and isopropanol:5% NHs (8:2). The peaks containing 
the conjugated HVA or DOPAC were confirmed by hydrolysis of the conjugate in 
2 N HsSO4, under nitrogen for 60 min at lOO”, followed by extraction of the free 
acid into ether. The ether extract was then chromatographed in each of the pre- 
viously described solvent systems. 

RESULTS 
The results of the l-mm and I-hr infusion of DOPAC-2-W are summarized in 

Tables 1 and 2 and Figs. 2 and 3. The metabolic products of DOPAC are 3-methoxy- 
4-hydroxyphenylacetic acid (homovanillic acid, HVA), 3,4_dihydroxybenzoic acid 
(DOBA), the conjugate of HVA, and trace amounts of VA and the conjugate of 
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FIG. 2. Accumulative recovery of HVA, HVA conjugate and DOPAC after a l-min injection of 
DOPAG2J’C. 
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FIG. 3. Accumulative recovery of HVA, HVA conju te and DOPAC after a I-hr infusion of 
DOPAC-2-G. 
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DOPAC. HVA, the major metabolite of infused DOPAC, represented about 40 per 
cent of the radioactivity recovered in the 24-hr urine collection from both the 1-min 
and the I-hr infusion. (See Figs. 2 and 3.) 

%iom Table 1 it can be seen that most of the radioactivity recovered in the urine 
during the infusion period and for 20 min following the l-mm injection is represented 
by DOPAC-2-l4c. This decreases slowly over the following 12-hr period to trace 
Arnold. Concomit~~y, there is a rapid increase in the total radio~ivity recovered 
as HVA, such that 30-40 min following a I-min injection or immediately following 
the I-hr infusion, the radioactivity recovered in the urine as HVA represented more 
than 50 per cent of the total radioactivity. There is also a gradual increase in the 
radioactivity recovered as the conjugate of 3-methoxy4hydroxyphenylacetic acid, 
such that during the 6-12-hr period this compound represented over 15 per cent of 
the urinary metabolites. The conjugate of DOPAC was found only in trace amounts. 
These conjugates appear to be the sulfate since they are hydrolyzed when incubated 
with the sulfatase enzyme, Mylase P. 

DOBA and unknown 1 are consistently present and gradually increase following 
the I-hr infusion of DOPAC-2-14C, such that DOBA represented 73 per cent of 
the radioactivity recovered during the l-2-hr period and unknown 1 represented 
17.1 per cent of the radioactivity recovered during the 6-12-hr period. (See Table 2.) 
VA was recovered in trace to small amounts throughout the collection period, as 
were several unknown peaks. 

DISCUSSION 

DOPAC is a minor metabolite of adrenaline and noradrenaline5~ Q and a major 
metabolite of DOPA and dopamine .‘-1s Its origin from dopamine seems particularly 
significant since in recent years much attention has been focused on dopamine as a 
possible neurohormone with transmitter functions in the central nervous system. 
119 tQ* 2% 2% 2s~ QQ-3Q The fact that both dopamine and DOPAC have been found in 
relatively high concentration in the same structures, i.e. corpus striatum, emphasizes 
the possible importance of DOPAC as a metabolite. 

The fact that DOPAC, as well as HVA, is found in the nervous system suggests 
that a direct deamination may very well be the important step in the metabolism of 
DOPA and dopamine and that the DOPAC formed is then 0-methylated to HVA. 
The latter step could occur both locally and distantly. However, from these studies 
it is apparent that circulating DOPAC is readily 0-methylated to homovanillic acid. 

Whereas, the principal metabolite of circulating DOPAC is HVA, these studies 
clearly indicate that HVA is not the only metabolic product. Approximately 5 per 
cent of the infused DOPAC appears as conjugated HVA. Further, DOBA is formed 
as well as trace amounts of VA plus several ~identified metabolites. 
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