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In Support of our rwearch on tyrtlsine met&o&n, we have been developing 
a s&es of specific assay procedures for the vtious basic, n,eutr& and acidic 
met&o&es in body fluids and tissue homogenates. The present brief report OR 
urinary 3,+Sdihydroxyphenylacetic acid (DOPAC) is intended to complement 
pubkhed work on 3-methosy4hydrosyphenylacetic acid (homovanillic acid, 
HVA) [I] and the c&echolamines [Z] . DOPAC and EVA are the major cata- 
bolita from the caPR&darnine dopamine(DAjand as such both must be 

DOPAC can be measured by condensation with ethylene diamlne and sub- 
sequent monitotig of the Buorescent p~&uct. This approach has been used 
by several atrthors following isolation by various extra&ion procedures com- 
bined with column chromatugraphy or electrophoresis 13-5). A more recent 
metixxl employs @a chromatugraphy- with ele&~~n-ca@u~ dete&ion_ls;) 
After isof&ion af the DOPAC by adsorption chromatogrzphy, avo&Ze deriv- 
ative is formed by reaction with pentafluoropnpionic anhydride. 

fn &.i~ paper we de~Cti&? a metid fOF the memrnent Of Urin2Ky DOPAC 
&wed OKI liquid chmmata&y with ekctmchemicd detection. DOPAC is 
&x.&t& ~DB acidSed urine by ethyl wet&e extraction and adsorption onto 
airrmina, and is t&en qwzntitiW by liquid chromatography with electaxhem- 
ic& dat?ction. 



. . 

kt+akydrate dissolved in 4.1 of distilled water); 0.05 &f Tris(trikydroxymethy~- 
aminomethane) buffs, pH 8.5 (2.22 g Tris kydroektoride and 4.36 g of f&e 
free base ci.issoiv& in 1 f of distiked water); 0.1 I&f acetate buffer, pH 4.7 
(mobile phase); creatinine s-tan- solution (2 mgjml in disti.lIed water); 3% 
p&ic acid in disliked water; 10% (w/v) sodium kydmxide; zkunina (acid- 
washed Woe&n W 200 neutral akmina according to the method of Anton and 
Sqre [?I); and standard tie pool, which is prepared as follows: Combine 
urine co&cted from healthy humans. Acidify to pH 2 with 6 J# HCl and store 
20-ml aliquots at -35” In glass scintillation vials. Determine the concentration 
of DOPAC iu the urine pool by the method of &;andsrd additions. Analyze the 
urine pool with and without added DOPAC. PIot the peak height versus 
amount of DOPAC added and extrapolate to zero peak height to obtain the 
concentration of DOPAC iu the uriue pool. 

The liquid ckrom&ographic system wz.s a commercial unit based OR our 

earlier work [8,9] using a thin-layer amperometic detector (Biomalytical 
Systems, Model IX-2A). DuPont Zipax auion exchange resin wss dry packed 
in a 50 cm x 2.1 mm I.D. ghss column (Altezz Scientific, Model 252-02). Tke 
mobile phase was pumped at a flow-rate of 0.4 ml/miu. The defxxtor potential 
was set at +0.60 V versus au Ag/AgCl reference electrode. Semples were injected 
using a pneumatically actuated non-metelhc 20+1 slider valve (Laboratory 
Data Control, Model CSV-20). 

Prm-edure . 
Acidify urine to. pH 2 with 6 W EXX upou cokectioon and store fEozen at 

-35” .prior to analysis. Place 4 ml of urine (pH 2) in a +2-ml glass centrifuge 
tube, saturate with N&l (ca. 0.6 g NsCi) snd sdd 4 ml of ethyl acetate. Sk&e 
for 10 miu on a reciprocal skeker, centrifuge briefly aud transfer the ethyl acetate 
to a 6-in. culture tube using a disposable Pasteur pipet. Repeat the extraction 
with two additional 4-pnl voiuumes of ethyl acetate. Dry the combined ethyl 
acetate layers over anhydrous sodium s&fate (ca._ 1.5 g)_ Transfer the ethyl 
acetate to an acid-washed 12-mi centrifuge tube. Wash tke residual sodium 
sulfate witk about 1 ml of etkyl acetate srnet combine witk the origiual extract. 

Concentrate tke exXract ti a volume of about 2 IzEt under a stream of 
nitrogen zt 25”. Transfer the &vent to a 5-r& conid screw cap vial (Pierce, 
React&Vial). Wash the centrifuge tube wit& about 1 ml etkyi acetate and com- 
bine with the ethyl acet&e concentr&e. Evsparate to dryness at room tern- 
perature using a stream of nitmgeu sad add 3 ~ELE of 0.05 M pH 8.5 Tris buffer 
to the residue. Immedfately add ca_ 70 mg of ahunimm OXi& andshaIreCX&Zt 
reciprocal skaker for 15 rrin. The s&me qua@&. of abmina m&be added to 
each vial in order to naintaiu a reproducible recovery. Ahow the &,uuina-to 
settle, then aspirate tke buffer witk a fine @ass capi&ry. W&t the &~+a 
twice witk pH 7.4 pkospkete buffer aud once with vz&er;‘rnb&g t&&m 
well each time, CerefuUy aspi.m&z the fin* wask ti- hem. dryness: Cove;,* 
vial with akuukum foil .and phi a &ETOW (~a 5 :rpmj a@ .p&&&&. 
thm@ if do* in the-foil ‘atendiug kit.&%k&we%.zd ~~P&&&&&&a 

-1: vacuum 0ve.u ana dzy io v;ti=tro _f;.46~: f&zlo_&u_’ ff-$&&& $&&.i;L~*;~@&~: : 
_-- .-: -. . : . _~ 

: : ; -._ -_ . . ,__:_ 1; :__ -, -,.:.. 
.<. ;. ::.: :.‘_ l;_r .~._ 



aspiration step, then drying the i&m&m is not necessary. The smaH +nount 
of mater remaining after the fir& wash does not significantry influence the 
precision or accwacy of the method. 

Elate the DQPAC from the alumina by the addition of 1 ml 1 I!$ acetic acid 
TV each vial; Shake the viais on 8 vortex mixer for 20 see and aHow the ahmina 
to settle. Inject 20 ,u1 of the eluent onto the chromnatagraphic column using the 
2&~l slider valve. Measure the peak height of DOPAC and determine the 
DQPAC concenbatjon by comparison with the peak height obtained! for the 
standard urine pool. Fig. I ilk&rates 8 represent-at&e chromakwzun obtained 
from healthy individuals. 

Levels of DQPAC axe usually reported relative to the creatinine concentra- 
tion. t&&nine is determined by the standard picric acid speetrophotaxetric 
method [lo] . 

DOPAC was determined in 15 urine samples colk&ed from ten appaent- 
ly healthy males, ranging from 2l to 35 years of age. DCIPAC levels ranged 
from 0.35 to 1.05 fig per mg me&nine, which is in general agreement with 
other investigators. The absolute recovery of DOPAC was 48 t 5.0% relative 
standard deviation and was found to be constant over a concentration range 
of at least 1 to 7 gg per mf of urine. The relative standard deviation of the 
method was found to be +4.3% The detector response current WES messwed 
from 1 to 100 ng injected and the linear calibration in nA versus ng DOPAC 



is described by the following equation: 

Current (nA) = (1.63 2 0.004) (ng DQPAC)-(0.54 k 0.06) 

The detection limit for DQPAC in an aqueous stand& VZ~.S found TV be 100 
pg. 

The present method has advantages of selectivity and sensitivi& compared 
with other soIution phase methods. The se&&i&y of the assay is derived from 
the combinztion of four steps, liquid-liquid extraction, Liqui&olid extraction, 
liquid chromatography and electrochemical detection. The initial ethyl acetate 
extraction removes a majority of the aromatic acids from urine. Only those 
acids containing a catechol moiety are zdsorbed onto the alumina and are then 
separa+kci by high-performan& liquid chromatography. Finally only those 
compounds oxidizing at H3.6 V W~ISUS Ag/AgCl or less are detected. In zddi- 
tion the high-performance liquid chromatographic approach does not require 
derivatization as do all gtiquid chromatographic methods. 

TABLE I 

RRTENTIQN OF CATECHQL ACIDS 

Acid Retention tisne (min) 

3,HXiydroxymandelic 13.2 
DOPAC 17.0 
RoQ.Xatecktic 20.8 
3,4-Dihydroxy-phenylpropionic 24.1 
Gzllic 35.0 
Caffeic 67.1 
Cblorogenic Q1 

Several potential interferences have been examined anCe found ‘;o be ade- 
quately resolved Tom DOPAC by the DuPont zipax (see Table E). Those 
compounds which elute from the column close to DOPAC are norm&y found 
in urine in much lower coczentrations and therefore present no problem. If 
desired, bet‘ter resolution at the expense of time can be aceomp&hed by a 
decrease in the mobile phase ionic strength. 


