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SUMMARY 

A thxee-step procedure has been investigated to extract 3,4-d.ihydroxyphenyManine 
(DOPA), 3.4-dihydro~henylacetic acid (DOPAC), epinephrine (E), norepinephrine (NE) 
and dopamine (DA) from 8 single urinary sample with the object of obtaining ext@&s 
pure enough for specifk fhkisnetric assay. Tixe procedure described in this paper results 
fiozn the combination of urine purification OP an ahuninum oxide cohunn, separation by 
ion-exchange chrt+&qraphy of. the DOPA-DOPAC fraction from catecholnmines, and. 
e&r isolatidn of,DOPAC from DOPA ‘ISe whole procedure is rapid and ea&y performed 

Gn one work-&y; Extr&tion r&overies were 72-4 + 3.5%, 76 * 2%, 85.7 * 3.346, 85.6 + 
1.4% and 92.4 f 5.5% for DOPA, DOPAC, E. NE and DL+ respectively (ir= 6). 

The Iowe& am&mts of the five c&eeh& that could be detected in urinary samples by 
a corsbination of this extractZon procedure m&the methods of a&y used in our hborato- 
ry ~urere 15 ng.for DOPA, 40 ng for NE, 20 ng for E, 352 ng for DA and 2.95 pg for DOPAC. 
Urinary volrrmes convenient for accurate e&ma&ion of each compound were 20 ml for 
healthy huni& subjects. For pathological or pharmacological purpose+ 5mlofhurnan 
urine Weresufficient, 

The daiiy. excretion of D&A, DOPAC; E, B& and DA found by thss procedure agrees 
with data obtained by other authors in hea.Rhy subjects. In pa&o&$zaI sampkts, our three- 
step procedure led to lower sm0tzxtt.s than methods using aInmina pmziiicatian only_ The dis- 
crepancies between the two methods are d&cussed in terms of deveIopme& pf internal 
standards, +&@e specificity of fhmtietric 85s8ys, values of .blanB: &IS& tid the pos- 
sibility of interfeie&e Atom nnknoti abnormal body metaboGtes or p3srmacolo~gid chgs 
II& eliminateil by’a &gie&ep alurGn& p&ification. > 

A n&her -Of mp&dti&s hake be& previously rept&ed for dekmination of 
ea~hoIan+s,_epiu~p@@.@ CE), nkepinephrine (NE), dopan@e (DA), (3,4 
dkydgoxyphenglslnnine (DOPA) and 3,4&hydrkyphe_nylacetic acid (DOPAC) - 
h~&.i~&~.,o~.~&&u&. &lo&t -of_ &em &able isok&on of one,_two, kbgee or four 
ca~o?.s [G-is‘l. -- -- 
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None of these methods can be used for specific extraction and assay of 
DOPA, DGPAC, E, NE and DA from a ‘single urinary sample. The only pro- 
cedures suitable for this purpose are those of Sroka et al. 127 J;~Sourkes “et al; 
[ 281 and Routh et al. [ 291, but they lack se&ivi+$ for accu&t&estimation of 
the five cztechols and are suitable only for pathological studies. 

Specific isolation of DOPA, DOPAC and catecholamines from one another is 
necessary because of the spectral similarities of these compounds and %he small 
amounts to be detected at endogenous levels. Thus, DOPA interferes in the 
fluorimetric assay of DA [30] and NE [31] and in the _co~orimetic assay of 
DOPAC [32] ; on the other hand, DOPAC must be separated from catechol- 
amines before its calorimetric determination 1321. 

In this paper, a procedure for isolating DOPA, DOPAC, E, NE and DA from 
a single urinzry sample is described_ Great care has been taken to obtain each 
compound in conditions convenient for its subsequent specific assay without 
any interference of DOPA or DOPAC on one another or on catecholamines. 
Furthermore, the final extracts may be used for fLow diagram analysis. Our 
method involves initial purification of urine on aluminum oxide followed by’ 
the fractionation of DOPA, DOPAC and catecholamines on Amberlite CG-50 
(NH,‘). Complete separation of DOPA and DOPAC is achieved by diethyl 
ether extraction. 

The following materials were used: 
Pyrex glass columns (1 cm diameter), with long-fibre glass wool (Corning, 

Corning, N.Y., U&A) for alumina adsorption, and a porous glass plate for Am- 
ber&e use, at the bottom of the stem; A pH meter Metrohm E 510; a rotating 
vertical mechan&al shaker (home-made); and a Tecbnicon AutoAnalyier (for 
fluorimetric and calorimetric assays). 

Reagents were: 9.2 and 0.5 M sodium acetate buffer containing 0.01% of 
disodium EDTA (buffer A and buffer B, pH 8.40); 0.2 &I ammonium acetate 
buffer, pH 6.10 (buffer C); 0.4 1M ammonium acetate buffer, pH 5.0 (buffer 
D). As&orbic acid (0.3 and 2%) in water, 0.01 &f citric acid, hydrochloric 
acid (R-P. d = l-19), die&&y1 ether (peroxide free), 10% (w/v) EDTA (disodium 
salt) in water, 20% (w/v) EDTA (disodium salt) adjusted to pH 8.6 with 1 M 
sodium hydroxide, and 0.1 M Tris buffer (pH 5). 

All chemicals were analytical grade and purchased from Prolabo(RhGne- 
Poulenc, France) or Merck,.(Dsnnstadt, G.F.R.). 

Aluminum oxide (activity H-HI), standard&zed for Brockmann chromato- 
graphic adsorption, from Merck, and activated as previously described [33] . 

AmIoerLite CG-50 (H’j 200-400 mesh) from BDH (Poole, Great Britain) is 
used in N&+ ‘form as described by Hirs et al [34] and Kirshner and Goodall 
1221 . The pH of the resin was stabilized to 6.10 by five successive washes (30 
min each) in buffer C. At the end of urinary analysis, Amberlite may be re- 
used after numerous washings with buffer D and buffer C; .’ 

Standard solutions of DOPA A-(Fluka, Buchs, Switzerland), DOPAC (Fluka), 
DA hydrochloride (Fhzka), L-(NE) .bitartrate (Fluka), b(E) (S&n&- St. ~Louis, 
MO., U&A.); stock solutions of catechols (100 pg/ml) wer&:prcpa&d by di” 
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solution in 50 ml of .O_Ol M hydrochloric acid containing 5 mg of DOPA, 5 mg 
of DOPAC, 6.2 mg of DA, 9.95 mg of NE and 5 mg of-E respectively; %hese 
solutions were stored at 4” and kept for no more than %ree weeks. For speck- 
ficity studies, the following compounds were used: epinine hydrochloride 
(I&is, Morton Grove, Ill., U&A.), 3-O-methyldopamine @-MT) hydrochloride 
(Sigma), 3&Iihydroxymandelic acid (DOMA) (Sigma), 3,4&hydroxybenzoic 
acid (DOBA) (Sigma), 3,4dihydroxycinnamic acid (DOCI) (Merck), 3,4-dihy- 
droxyphenylglycol (DHPG) (R&s), Qrosine hydrochloride (Sigma)_ 

The following radioactive compounds were obtained from Comm&ariat 
Energie Atomique, CEA, Saclay, France: DOPA-3-l‘% (specific activity 58 
mCi/mmole), DOPA-2-14C (25 mCi/mmole), DA-2-14C (58 mCi/mmole), 
DOMA-2-W (47 mCi/mmole), DHPG-7-W (45 mCi/mmole), DL-NE-7-l‘% 
(48 mCi/mmole), L@rosine-3-5-3H (54 Ci/mmole), E-f4C (38.6 mCi/mmoIe). 

METHODS 

Urines were collected, stored and hydrolyzed as described elsewhere 1331. 
The successive steps of the method are explained in Fig. 1. 

Alumina adsorption 
.Ziydrolyzed human urine (25 ml) or rat urine (2 ml) were diluted to 50 or 

20 ml, respectively, with distilled water; 1 ml of 105% EDTA and 0.5 ml of 
0.3% ascorbic acid were added, and the pH was adjusted to 8.4 by-successive 
use of 5 M, 2.5 &f, 0.2 M sodium hydroxide. Activated aluminum oxide (2 g) was 
poured into the glass columns and washed just before use with 20 ml of buf- 
fer A. After the urinary sample had slowly percolated (10 drops per min) 
through the column, the alumina was washed with 10 ml of buffer 3 and 100 
ml of 0.01% aqueous disodium EDTA. The elution of all catecholic compounds 
was performed at a very slow rate (5 drops per min) by 7 ml of 1 itf hydro- 
chloric acid. 

Fractionation of alumina exfmct on Amber&e CG-50 
Amberlite CG-50 columns (10 X 1 cm) were prepared in buffer C and 

washed with 20 ml of this buffer just before use. 100 ~1 of 20% EDTA and 100 
~1 of 2% ascorbic acid were added to the alma eluate, whose pH was then 
brought to 6.10. The volume of the extract was made up to 10 ml with buf- 
fer C, centrifuged at 6000 g at 20” for 10 min and poured carefully on the 
top of the Amberlite column. As soon as it had been completely- adsorbed, 
buffer D was poured on to the column as eluan%. Five fractionated eluates 
were collected (Fig. 2): fractions A-(containing urinary pigment) and C (fol- 
lowing neutral tid acidic catechols) were discarded; fraction B contained 
DOPA and DOPAC and fractions Dl and D2 contained E, NE and DA. Eluates‘- 
DI. and D2 we= used without further treatment for the specific assay of E, 
NE and DA. 

Separatinof-DOPA from DOPAC 
J.n elu&te S, a further separation of DOPA and DGPAC was achieved by 

ether extraction:- 2-5 ml. of fraction-B were brought to pH 2 and extracted for 
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Fil~m.non of urine 

HYdmiysi* of urine (pH 1. IqoT. IO ain, 
: 

U&e adjusted to. pH 8.4 

~+I_z dimeter 10,alui~k g 

Elution : lM,HCl (7 ~1) ---- 

AIBERLITECG-50 (M4+) CHRCIUTOGRWHY 

Iluaina eluk adjusted to #I 6.10 
co1 1anx1ocS.m&e rl-ite IX-50 PH 6.10 A_ _-52 
Fractionated elution : buffer II pH 5 (see diagram Fig. 2) -------_--- 

Fraction A B C 01 02 

Elution voltime 
(ml ) 

O-6 6 - 24 24 - 30 30 - 35 35 - 70 

Eluate ‘8' of Anberlite’s column (2.5 ml) adjkted to pH 2. extracted 
with diethyl ether (15 ml. 10 lain) 

I 

Ether layer (12 ml) 
evaporated to dryness and 
redissolved in 0.01 I( citric acid 

A~e.qus phase (2.5 ml) 
a 

Colorinetric assay of OOPAC 

C32J 

Fluoriretric.assay of WPA 

I31 

Fk- 1. pdain s@m of the general procedure used for the-extraction of DOPA, DOPAC, E, 
NEandDAfromasbgie urinary sample. F’Or details, see text. 

10 mixi with ci volumes of diethyl ether (15 ml) on 8 rotating Artical shaker. 
12 ml- of the ether layer were evaporated to dryness at 40? under-atmospheric 
pressure. The dry -idue was dissohzd by vigorous shaking (5 min) in 5 ml of 
0.01 M citric acid. DOPAC was estimated in this ‘Yinal DOPAC extract’-’ and 
DOPA in the aqueous phase saved’ after ether treatment of fraction 3 (“final 
DOPA extract”). -. _.:- _ 

Assay oft@ uarious cmnpounds 
DOPAC. The DOPAC estimation was performed .im+e %nal DOPAC:ex- 

tract” as described by .Peyrin et al; [32] by using the z&o-M colqrimetric 
assay based on the fdrmation.of a red compound under effect of nitxotiolyb- 
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Fig. 2. Elution pattern. of exo&enous DOPA, DOPAC, E, NE and DA on am Arnberlite CG- 
50 NH*+ column (10 x 1 cm) at pH 6.10. The solution applied wns the acidic alumina ehate 
obtained .from .tie (20 9). h this experiment stable DOPA (10 pg), E (10 rg), NE (LO pg), 
DA (10 fig) and radioactme “C DOPAC (0.25 pCi i.e. 1.6 pg) were added to the alumina 
eluate just before ioti-excbange cbrornatography. The ehan~ was buffer D @H 5.0). F~c- 
tions of 3 ml were colkted.. 

die reagent and sodium hydroxide on DOPAC. External standards of DOPAC 
(1 pg/ml) were prepared in 0.01 M citric acid. 

DOPA. The acidic aqueous phase (2.5 ml) saved after DOPAC extra&ion 
was adjusted to pH 6 by the addition of asi equal volume of 0.38 M ammonia. 
DOPA was then estimated as described by Cottet-Emard and Peyrin 1351 
using automated fIuorimetic assay based on the formation of a 5,64%hydroxy- 
hidoIe derivative after ferricyanide oxidation of DOPA. Internal standards of 
DOPA were prepared by mixing equal parts of “DOPA eluate” with standard 
DOPA solutions (100 ng/ml for human urines, 50 ng/ml for rat urines) in O-2 
M ammonium acetate of pH 6. 

Ej&zf?phrirze. E was es$imated in fractious Dl and D2 as described by P&rin 
and Co&et-Emard 1311 using the automated fluorimefzic assay of 3,5,64rihy- 
d.roxy&dole deriwative, resultti~ from specific ferricyknide oxidation of E. 
Intenraz standards of E were prepared by mixing equal parts df eluates Dl or 
D2. with standard E solutions (50 ng/ml for hum-m urines, 10 ng/ml for rat 
urines) in 0.2 M ammonium acetate of pH 5.2. 

Norepinephrine. NE was estimated in Amberlike &action D2 by applying 
the automated specific fhxorime$ric assay of NE trihgdroxyindole derivativ? 
[31]. Internal dadarch of NE were prepared by mixing equal parts of eluate 
D2 with staudard NE sol&i&s (200 ng/@ for human urines, 50.ng/ml for rat 
urines) in 0.2 M ammonium acetate of pH 5.2. 

DopamrireXhe determiuation of -DA was made-in Amberlite fraction Di by 
fluorimetic assay -of the 5~64ibydroxyindole derivative resu&iug from iodine 
oxid&ion df DA. The procedure was the same as for 3-MT 1361 except that 
0.2 M ammonium acebh buffer (pH 5.2) was used for preparation of &an- 
dards. Internal standards of DA were prepared by mixing equal parts of eluate 
D2 with standard DA solutions (100 ng/ml for human uriues, 50 ng/ml for 
rat urin+s) in 0.2 M ammonium acetate of pH 5.2. 
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XEWLTS . . 

‘Stability of each compound to heating in t&z course of acidic hy&lysis 

Table I shows that the five compounds studied- were not destroyed by 
boiling at pH 1 for 10 min. 

Pattern of et&ion mm amberlife CG-50 
The ionexchange chromatographic analysis of the alumina eluate on Am- 

berlite CG-50 (NH,‘) led to efficient separation of catechol compounds into 
acidic or neutral (fraction B) and basic fractions (D1 and D2) (Fig. 2). 5-- 
10% of E-were present in fraction Dl, the remainder being eluted together with 
NE and DA in fraction D2. Fraction Dl may be useful to control any displace- 
ment of the elution pattern; however, for routine use, fractions Dl and D2 
were mixed for E assay. The methods used for E, NEand DA assay were suf- 
ficiently specific so that a more effective separation of these amines is not ne- 
cessary. 

After the column has been prepared, the resin has 00 be washed again with 
20 ml of buffer C to avoid the release in the eluates of disturbing fluorescent 
mafxxials fkom Amberlite CG-50 resin 17, 10, 121. Fluorescence blanks from 
resin wer. then very low (Table IV). 

Eztiction recoveries for each compound 
Satisfactory recoveries ranging from about 72 to 92% were obtained through- 

out the whole procedure for the five catechols (Table II). 

Reproducibilify of the procedure 
Results obtained from a urinary sample were satisfactorily reproducible, 

whatever its catechol content (Table III). 

Sensitivity of ihe method for each catechol 
Taking into account, for each compound, extraction recoveries, elution or 

recuperation volumes and assay sensitivity, the least amounts of catechols 
which must be present in the sample. to be adsorbed .on alumina are 15 ng for 
DOPA, 40 ng for NE, 20 ng for E, 152 ng for DA and 2.95 pg for D.OPAC. 
The smailest volume of urine to be extracted is calculated from the sensitivity 

TABLE I 

STABILlTY OF CATECHOLS TO THE ACIbIC HYDROLYSIS 

Exogenous ?‘C campound Recovery from abninum~oxide 
added to urinary sample 
w3qrci1 Compound boiid with urine Compound added at the end of 

10 min at 100” (96) z@iic hydrolysis of urine (%) 

DOPA “C 86 
EXBPAC 14C 

33.’ .~ .‘-. . 
78.3 

E “C 
79 . . 

e 14c . 

92 90 -. 
90 93. - 

DA 14C 92.5 sM 
.--. : -._ 

._ 
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TABtin 

J=TRACTfON RECOVERIES FOR EACH CATECHOL AFTER ALUMINA ADSOJXP- 
TION, ION-EXCHANGE CHROMATOGRAp,yy ON AMBZRm CG-50 OR ETHER EX- 
TRACZION 

Exogenous 14C Extraction recoveries after Whole extrac- 
compound tion recovery 
(0.2-.&i) AIuminaadsorp- Amber&z CG-SO** E&er extrac (%I 

tion* (X) (n = 6) *o=atographs tion*** 
(%) (n = 6) (%) (n = 6) 

nOPA 94 + 6 so* 2 0 2 0.9 72.4 f 3.5 
DOPAC 86.4 r 4 90 + 2 98 f 1.9 76r 2 . . 
E 91 + 1.8 962 2 85.7 * 3.3 
NE 95 * 1 93 f 2 85.6 * 1.4 
DA 94 + 2 9853 92.4 + 5.5 

*Urinary samples were added with a single radioactive compound and adsorbed on du@na 

as described in Methods. Recoveries were calcuJ.ated on the 1 M HCI eilrate (7 ml). 
l + Alumina eluates free of radioactive compound were added with one radioactive catecbol 
and chromatographed on Ambeete CG-50 as described in Methods. Recoveries ‘were c&m- 
lated in the corresponding Amberlite ebmtes. 
***Amberlite eluates free of radioactive traces were added with radioactive DOPA or 

DOPAC just before ether extraction as described in Methods. Recoveries were calculated in 
the aqueous and ether layers. 

TABLE IEI 
I 

REZ?RODUCIBZLITY OF THE PROCRDURE EXPRESSED AS VALUES (MEAN 5 SS.j 
OF TOTAL URINARY DOPA, DOPAC, E, NE AND DA OBTAINED FROM THREE 
DETERMINATIONS ON THE SAME URINARY SAMPLE 

Utiarg 
sample 

v01lune of Concentration &g/l) 
mine ex- 
tracted DOPA DOPAC E NE DA 

Adults 25 ml. 
Ckldren 25mI 
Children with 
neuroblastoma 5mI 
Mean standard 
emor % 

3lk3.2 1547574 18.2al.l 138k9.5 7Olk8.4 
44.3k2.6 1290265 3.7+ 0.34 29.8r3.4 1016+8_3 

93.3k12.9 164353.3 16.5el.67 96.5e6.3 1788573.5 

9.922.3 3.9r0.96 8.4kl.2 . 8.2~1.6 2-o+ 1 

procedure, Accordingly, urinary volumes of 25 ml for healthy human subjects 
or 2 ml for human patients axe recommended. 

Specificity of: ghe extraction .a 
Relates compounds that interfere in the calorimetric or fIuori.metric assay -. __.__ 

were tested as to I%& extraction properties, recoveries and occurrence in the 
final e&&es (&.g_ 3). Over-a2l interference is summa&z&d as f&lows. 

.MonophenoIs (o@opa@ne, -tyrztmke), acidic or alcoholic pb&ols (homo- 
vani&? acid, v@Jlomandelic acid, 3-methoxy-he~y~~y~l and 
~ethq@.a&zd @neS (3-W,. .normetanephrine, metanepbrine) are removed 
in the ah.m$ina step.- Thus, the interference of 3442’ on -DA iodine assay is 
com$eteiy eliminated. 
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FPACT ION 
*__a_, *- -) D 

Fig. 3. mution pz&t.em of other related compounds on an Amberlite CC-50 W4 column 
(10 x 1 cm) at pH 6.10. 
Compounds were dissolved in 0.9% NaCl (7 ml), kxed with 20% EDTA @H 8.60) (100 
gl) and 2% ascorbic acid (50 ~1). adjusted to pH 6.10 and brought up to 10 ml before ion- 
exchange chromatography. The eluant WBS buffer D (pH 5.0). Fractions of 2 ml were col- 
lected. The positions of the fractions usually collected are noted under the figure. 
The whole interference (per cent) of related compounds in the determination of DOPA, 
DOPAC, E, NE and DA is calculated on the basis of three parameters: fii recoveries after 
alumina, .Amberlite and diethyl ether extractions; position in the elution pattern of Amber- 
iite 4X-50 (i.e. occurrence in the same eluate as the studied catechok). 
Interference in tbe fluorimetric assay of MapA 1351, E, NE 1311, DA 1303 and calorimetric 
assay of DOPAC [32]. Each compound was dissolved in 25 ml of 0.9% N&l. Alumina ad- 
sorption, Amb&ifz CG-50 chrwnatcgraphy and ether extraction ere described in Methods. 
Radioactive ‘*C DHPG was wd for recovties. 

Compound Relative in&r- Ektraction recoveries Final recoveries Whole interference 
.fereace in as- in fractions of OII 

say -procedure of 

(a) DOPA DOPAC Alumina Amberiite Ether DOPA DOPAC DOPA DOPAC 

DOhiA 0 15.7 76 96.7 27 53.4 20 0 3 
DOBA 011 83 - 88 - 39 36.7 25 0.04 20 
DOCI 1.2 41 -64- 54 20 22 0.24 9 
DKPG 1 76 70 85.6 12 ... 49 6.7 0.49 5 

(b) E NE DA E+NE+DA E NE DA 

Epinine 0 3.8 0.5 62 96 - 59.5 0 2.2 o.so 

Most catechols are extracted by the double-step procedure (ahunina, Am- 
be&e); their location in the elution pattern of Amberliti (X-50 is &own in 
Fig. 3. Epinine was extmcted in the same fraction as catecholamks (E, 
NE, DA) : ‘its final interference was 2.2, 0.3 and- 0% on NE, DA and E assays 
respectively. The ~atech01 COII.I~OU~~~ DOB& DOMA, DOCI; DHPG -were 
eluted toge+Yher with DOPA snd DOPAC; their final -interference-was re- 
specti*ely -21, 3, 9 and 5% on DOPAC determination, arid 0.04,. 0; 0.24 and 
0.49% on DOPA assay. These interferencks 8fe acceptable for oti pkrpose; 
Epinine, DOBA and DOCK have never been founds-ixY urin&ry sampl&s [32].; 

- 
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the amounts of DOMA present in urine-are low compared with DOPAC con- 
izentrations and theirinterferenee may be neglected_ The possible interference 
of tyrosine :has been -investigated in more detail because the high concentra- 
tion Of- this monophenol in urine (the range varied for total tyrosiue from 41-- 
Ill mg per day) 137, 381 and because of the possibility of hydroxylation of 
tyrosine to DOPA during the alumina step as suggested .by Lindqvkt et al. 
[39]_ r 

For ,this purpose, tritiated tyrosine (1 gCi in 25 ml of buffer A) was first 
purified from its radioactive DOPA content by alumina adsorption. Tyr&ne 
present in the ahnina filtrate was used immediately. Only 0.13% of the ini- 
tii tyrosine was present in the DOPA fraction from Amberlite (Fig. 3). When 
the interference of tyrosine on the DOPA assay (0.02%) is taken into account, 
the whole interference of @rosine is of 0.000024%; No detectable interference 
on DOPA assay may be expected from the.great amounts of tyrosiue normally 
present in urine. Furthermore, no added fluorescence in DOPA determination 
was found when purified -sine (20 mg/l) was added to urinary samples be- 
fore extraction. However, the final interference of tyrosine may be increased 
to 0.05% when the alumina columns, after urine percolation, are left to stand 
overnight before being washed. This effect may be due to the hypothetical 
transformation of tyrosine into DOPA, previously suggested by Lindqvist et 
al. [39]. A consequence of these observations is that the alumina step must be 
completed in reasonable time (no longer than 4 h). 

Our final method enabled us to estimate DOPA, DOPAC, E, NE and DA in 
urinary samples from healthy human subjects or from patients with diseases 
correlated with adrenergic dysfunction and in urine of laboratory animals. 
Daily excretion in 34 healthy adults was 2.85t0.3 mg for DOFAC, 385+84 
pg for DA, 89kIL pg for NE, 81t8 pg for DOPA and IS3 pg for E. except 
for NE and E, only few data on total daily excretion from men at physiolog- 
ical levels are available in the literature. Our E, NE, DA and DOPAC values 
agree with data published earlier by other authors for hydrolyzed urines [14, 
15, 40, 411. No comparison was possible for DOPA results because all the 
values reported up to now in the literature came from analyses of unhydro- 
lyzed urines [26,42,43] _ 

Comparison of the data obtained by our procedure or by the use of alumina 
purification only wiJJ be discussed below. 

The method allows separate estimation of the five compounds even in 
urines of patients with excessive amounts of DOPA and catechohnnines, i.e. 
children‘with sympathetic tumors, adult subjects with chromaffin tumors or 
parkinsonian patients under treatment with L-DOPA. Even in these cases, no 
overlap was observed of DOPA on DOPAC nor from neither of them on cate- 
cholamines. 

Whatever. the method used to extract and separate the urinary catechols 



(neutral, acidic or aminated) specific isolation of DOPA and DOPAC is ne- 
cessary hecause -of the interfemnce of DOPAC.. on DOPA, E, NE and DA [32] 
and -of DOPA on the three catecholamines [35]. On the other hand; rigorous 
separatio&js not necessary for E, N& or DA since the last does not interfere in 
E and NE assay and specific assay of E and NE may be performed 1311. 

It @ now well known that all catechols may be adsorbed on alumina and 
eluted together by an acidic agent [5, 8, 9, 15-17, 26-281. To estimate the 
relative amounts of DOPA, DOPAC, .E, NE and DA; an alternative method 
consists in applying specific assay procedures of each compound to the mixed 
eluate 19, -171. However, the spectral properties of these catechols are too sim- 
ilar for complete elimination of interference from one another. Accordingly, 
the specific estimation of the.se five compounds may be expected only after 
their true separation has been achieved by a convenient isolation procedure. 

Separation of catechoIs contained in the alumina eluatc has been achieved 
by paper or thin-layer chromatography [I& 20 J _ Some authors have also sug- 
gested the separation of catecholamines (E, NE, DA) from DOPA or DOPAC 
by a gmduated acidic elution of catechols adsorbed on alumina [19,24]. Cat- 
ionic exchange resins have heen used to elute the three catecholamines to- 
gether [S, 14, 291 or to separate them partially 11, 7, 9, 13, 18, 231 or com- 
pletely from one another [12,22,24,44,45]. 

The problem of specific isolation of DOPAC from DOPA has not heen 
satisfactorily resolved by earlier methods based on the use of organic solvents, 
coupled @h chromatographic analysis ]2,3,41,46-481. 

Most of the published methods either lack specificity 123 or are not con- 
venient for catechol determinations at physiological levels. 

The aim of our work has been not only to extract the above five compounds 
from a single sample, but also to attain: rigorous isolation so as to overcome 
spectral interference inherent in assay procedures; reliable recoveries for each 
compound; and. short experimental duration for the method to be .used in 
Serial‘aIIalysis. 

The method described in this paper results f&n a combination of the most 
convenient steps of previously published procedures for either amine [5, 22, 
24]_ The method is based on the askociation of adsorption of catechols on 
alumina, separation of acidic (DOPAC) or neutral (DOPA) catechol compounds 
from catecholamines on Amberlite CC-50 at pH 6.10 and selective extraction 
of DOPAC with ether. Several steps have -been studied to optimize isolation 
and recoveries. 

Critical study of alumina adsorption 
Adsorptim pH as a function of the nature of the saline content. pH values 

lower than 8.5 have been used to adsorb pure catechol compounds on alumina 
[19, 243 i To investigate the effect of adsorption pH and nature of the saline 
content on the alumina procedure, NE and DOPA soh&ions were prepared 
either in 0.2 M sodium acetate or in 0.2 M sodium phosphate and adsorbed on 
alumina cohmms (as described above) at two different pH values. 6.10 and 
8.40). When adsorption was carried out at pH 8.40 recoveries were good for both 
DOPA and NE and higher when 0.2 M sodium acetate (96 and 95% respective- 
ly) instead of 0.2 M sodium phosphate (85% for DOPA, 89% for NE) was 
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used as a’ diluent to dissolve these compounds before al&a adsorption. At 
pH 6.10, NE and mPA in phosphate buffer were no% retained on alumj.na; 
when catkchols were +I acetate buffer at pH 6.10, DOPA was strongly fixed 
(recotiery93%), whilst NE was found in part in the water washes applied just 
before acidic elution (recovery & ekmina eluate 42%). Owing to the presence 
of great amounts of phosphate_ions in most urinary samples, it seems necessary 
to perform alumjna adsorption at pH $_40. 

Mohity of the washing solutions. To ensure the highest recoveries for NE, 
it was important to use washing- solutions (sodium acetate) with molarities 
greater than that of the initial mixture placed on the column. On the other 
hand, the molarity of the washings did not modify DOPA recoveries. The same 
conclusions were obtained by Drell f19] _ 

Attempts to sepamte catecholamines, DOPA and DOPAC by a double-step 
elufion of alrcmin.a. Fractionated elution of catechols retained on ahunina has 
been applied by some authors 15, 19, 24, 411. However, none of these pro- 
cedures was completely satisfactory. We therefore studied the eluting proper- 
ties of orthophosphoric acid, hydrochloric acid, acetic acid and ammonium 
acetate buffer at different moltities. All the eluents studied were able to elute 
catecholamines but recoveries greater than 75% were obtained only for e1ua.nt.s 
with pH values at or below 4 and molarities of 0.05 M or more. 

On the other hand, ammonium acetate (pH 4) with molarity greater than 
0.05 M did not elute DOPAC, but did elute 32% of the DOPA. The complete 
recovery of DOPA and DOPAC needed the use of acids with strong molarities, 
which, moreever, also eluted catecholamines. An alternative method of separa- 
ting the two groups of catechok may consist in the use of a calculated volume 
of 0.05 M ammonium acetate (pH 4) to elute catecholamines, followed by a 
strong acid (0.2 M phosphoric acid) to k&ieve complete elution of DOPA and 
DOPAC. In these conditions, a satisfactory separation of pure E, NE and DA 

E __ 

NE . . . . 

DA - 
DOPAC 

________ .-. 
*- ELUENT A -_t +ELUENT, 

B 
(ml) 

E'ig.4.SeparationofcatecboIanxi~1esfrom DOPA and DOPAC byasingleal uminnadmxption. 
Colutionsapplied were c&ecboI~ diMed in 0.2Msodiu111acetate buffer @H8.40)mdad- 

dsU nsr -A -91 1'0% EDTA(1 ml)and 0.3% ascorbic acid (0.5 ml). Ai& adsorptipn was per- 
formed asdesaibedin~e~odsbuteluantA~dBwereusedinsteadof1N HCLEItit 
A: O.OE iMazmxonium acetate buffer(pH4.0)(20 ml),EluantB:0_2Mphospfioricacid(8 
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from DOPA and DOPAC was obtained (Fig, 4); however, results from urinary 
samples were not reproducible and a variable overlap (Z--30%) of DOPA and 
DOPAC was observed on catecholamine fractions. 3y the us--of a similar 
procedure, Drcll [X9] reported an overlap oP.lO9Z between aminated and acidic 
catechols. For these reasons, the double-step alumina elution was not further 
used. 

Critical study of Amberlite CG-50 procedure 
pH and ionic form of the resin. The pH value of 6.10 previously used by 

other authors 16, 22, 241 has been found convenient for separation of acidic 
or neutral catcchols from catecholamines. Higher recoveries were obtained 
when the resin was used in the m’ form; suggested by Kirshner and Good- 
all [22] instead of the Nd form used by Fleming et al. [S] and Lishajko 1131. 

Volwne of the extract to be deposited and height of the cohqnn. @hanging 
the extract volume (from 7 to 10 ml) - but neither the amount of catechol 
nor the column height (75 cm) - delayed the elution of neutral and acidic 
catechols and increased the eluting volumes of the caLtecholamine fractions. 
A column height of 10 cm improved the separation - with a parallel increase 
of elution volumes by only 20% 

Effect of the urinary saline content. because of the disturbing effect of salts 
previously -observed on the elution pattern from Amberlite CC-50 1303 the 
position of peaks and recoveries for each compound were studied on four 
urinary samples with different- initial saline contents (creatinine from 160 to 
1500 mg/l). All of them resulted in high recoveries of added catechols and in 
stability of the fractionation pattern. 

Effect of catechol concentmtion in the alumina eluate. l%e amounts of 
catcchols to be passed through Amberliti may be fivefold to tenfold the nor- 
mal human daily excretion without great modifications in recoveries, except 
for DA whose recovery fell to 80% at very high concentrations (20 mg/l). The 
eluting pattern was constant over a wide range of concentrations for either 
compound; however 5% overlap was seen between fractions B and D, when 
50 pg of DOPA, E, NE and DA (2 mg/l) or 500 yg of DOPAC (20 mg/l) had 
been deposited on the column. Such’ amounts may be found only in highly 
pathological samples, or in urines from L-DOPA-treated patients. In such cases, 
it would be advisable to use small volumes of urinary samples (2-5 ml) instead 
of the 25 ml suggested for normal subjects. 

Cri<ical study of the ether separation of DOPAC and DOPA 
Diethyl ether 153 or ethyl acetate [2, 3, 9, 41, 46, 471 have been used to 

extract DOPAC from biological samples. Although similar recoveries were 
found with both of these solvents, we have preferred dietbyl ether for routine 
use because of easy evaporation at low temperature to avoid oxid&ive de- 
struction of DOPAC. The prior purification of diethyl ether on alumina, sug- 
gested by Spano and Neff E5], has not improved DOPAC recoveries. 

Comparative studies with eluates at pH 1,2 or 3 treated by ether in amounts 
from 2 to 6 volumes, showed that recoveries were improved from 67 to 98% 
when an eluatc at pH 2 was extracted by 6 volumes of ether. The best recov- 
eries were obtained after evaporation of the ether layer and dissolutionQf the 
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A B C D E 

Fig. 5. Ttansfer of DOPAC kom ether to aqueous layer under various buffers. 
I4 C DOPAC was diluted in 2.5 ml of 0.4 M ammonium acetate at pII 5_0,_adjusted to PI-I 
2.0 and dissolved in 6 volumes of diethy1 ether- After shaking two methods were used: open 
areas, direct transfer of the ether layer in two volumes of buffer; hatched areas, evaporation 
of the ether layer and redissolution of the dry residue in 5 ml of buffer A, B, C, D, E. A: 0.1 
M &is (PI-I 8.0), B: 0.25 M d&odium phosphate (pl3 7.0), C: 0.4 M ammonium acetate @II 
5.70). D: 0.2 M ~IIUIIO~~U~ acetate (pH 5.70), E: 0.01 M citric acid.) 

ciry residue. in 0.01 M -tri cl c acid (5 ml) (Fig. 5). Furthermore, this diluent is 
the most convenient for development of color from DOPAC [32] _ 

Purity of find eluates 
The extracts obtained by our procedure are clear and suitable for &or& 

metric assay. This was demonstrated by comparing the absorbance at 310 nm, 
of alumina eluates or Amberlite fractions at 0.44 f 0.07% (range 0.2 to 0.8) and 
0.06 C 0.01% (range 0 to 0.09) respectively. The high degree of purification of 
Amberlite extracts was further proved by the low blank values obtained in the 
fluorimetric assay of each compound (Table IV). 

The final DOPAC extract obtained by diethyl ether treatment of AmberWe 
eluates was completely free from pigments (absorbance at 310 nm = 0.03%) 
and much clearer than if directly obtained from an ahm&a eluate as suggested 
by other authors [5,9,40,41]. 

TABLE Iv 

FLUORESCENCE COMUUG ‘FROM THE AL UMINIJM OXIDE AND AMBERLITE CC+50 
RESIN 
Blank vahes are expressed as ng of each compound in the whole fraction co&c&d. 20 ml of 
0.2 M sodium acetate buffer (pH 8.40) were adsorbed on alumina as described in Methods 
and eluted either by 0.25 M acetic acid (10 ml) orbylMHCI(7ml).TheHQ~~~~ 
ehromatographed on Amhe_rlite CG-50, and fractions B and D were collected as described in 
Methods. 

DOPA E NE DA 

AluminRelK& 70 10 0 200 
0.25 M acetic acid 
Amberlite CG-50 fractions 10 0 0 10 
0.4 M ammonium acetate 
(PH 5) 
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RmlcremvemM .: _ .. 

:. The‘ f&d recoveries were isd&fgdry for. the five compounds studied (Table 
II);.Cur recoveries obtained for E, NE and DA-were in the same kange for E and 
NE as in~refs; 9,X2, 24 and .for DA as in refk. 9,12,19 and 24 or higher for E 
.kd NE 1151 and for DA [IS]; Recoveries of DQPA and DOPAC agreed for 
-DOPA [I, 9] and for DOPAC .[5, 483 or weke better for DOPA [26] and for 
DOPAC 15,481 than those reported by other authors. However, slightly higher 
recoveries for DOPA were mentioned bp some authors 119,291. 

I 

DA, NE and E values obtained by applying our final procedure to urinary 
samples of healthy subjects correlated satisfactorily -with results obtained by 
the use of alumina exkaction alone [31] (Table V). 

l3y contrast, in the same kind of comparison on pathological samples from 
severe hypertensive patients (n = 3) and from one subject. with pheochromo- 
cytoma, higher amount-s of the. three amines were found when alumina purifi- 
cation only was used (Table V). 

The ~disqepancies between the results obtained with the two methods might 
be explained by differences in the development of internal standard fluores- 
cence, or in the specificity of the amine assay in the two elution buffers (0.25 
M acetic acid for alumina and 0.4 M ammonium acetate for the Amber&? 
procedure). Table V shows that the differences in NE values resulted.primarily 
from higher inhibition of the NE internal standard in alumina extracts. For 
DA,- fluorescence factors (internal standard and assay specificity) accounted 
for differences averaging 20% between the two methods, but were not suffi- 
cient to explain the great variations observed in urinary samples. The fh$ores- 
cence data are inadequate to account for 40% differences in E amounts ob- 
tained after the two methods were applied to pathological samples. 

- .- Since the greati& discrepancies between the result-s were observed in patbo- 
1ogica.l ,samples, it may be reasonably assumed that interferences arise either 
from therap&& drugs or from abnormal metabolites not eliminated by a 
single&ep alumina procedure. The formation of catechols as in&ermediatZ 
metabolites of N-aJ.kyl amphetamines has been recently suggested by COW% 
et al. 1491. The possibility of such interference demonstrates the need for 
high purification. Our final procedure supplies this need. 

No previous published procedure- enables one to extract DOPA, DOPAC, 
E, NE tid DA-f&m a single urinary sample, and to obtain these five com- 
pounds with a high degree of purification allowing their specific assay. 

The extraction pro+dure described in this Paper consists in three steps: (i) 
purification of hydrtilyzed. urines on ahnnina & pH 8.40; (ii) separation of 
catecholamines from catecholacides on Amber&e CG-50; and (iii) ether sep- 
aration of DOPA and DOPAC. 

The step sequence is %ell adapted ‘to urine analysis for twq reasons. The 
ahnninum oxide purification &hnina~s~.~om urik most salts, proteins and 
pigments that would dkturb the Subsequent ion-exchange separation of the 
five compounds and their fluorimetic assay. The AmberMe step leads to h&h- 
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ly effective separation of DOPA plus DOPAC and catecholamines. Fudheimon?, 
the three steps are necessary to ensure a high extraction specificity for the-five 
compounds.- DOPAC is extracted by ether aud separated from DOPA which is 
compbtely retaired in the aqueous phase. This step eliminates the-high inter- 
ference of DOPA (44%) on ~the calorimetric assay of DOPAC. DOPA, which 
interferes iu the -E, NE and DA assay, is always separated from these amines 
without any overlap. E, NE aud DA are removed from Ambe~%te in the same 
fraction but the low interference of NE (0.7%) and E (0.1%) on the DA fluori- 
metric assay 8301 and. the specificity of E and NE assay 1311 do not require 
a better separation between the three catecholamines. The interference of re- 
lated compounds is either completely eliminated or greatly reduced by the 
whole procedure. This point has not been especially studied by most other 
authors. 

__ 
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