11

Journal of Chromatography, 145 (1978) 11—27
Btomedzcal Applications.
© Else\ner Sexentnf‘c Pubhshmg Company, Amsﬁerda.m Printed in The Netherlands

CHROMBIO 075

RAPID PROCEDURE FOR CHROMATOGRAPHIC ISOLATION OF DOPA,
DOPAC, EPINEPHRINE, NOREPINEPHRINE AND DOPAMINE FROM A
SINGLE URINARY SAMPLE AT ENDOGENOUS LEVELS

Y. DALMAZ and L. PEYRIN =~
Laboratoire de Physiologie, UER Médicale Grange-Blanche, Université Claude Bernard
Lyon-1, 8 Avenue Rockefeller, 69373 Lyon Cedex 2 (France)

(Fu-st received Deeember 9th, 1976 rewsed manuscnpt received March 17th 1977)

SUMMARY

A three-step procedure has been investigated to extract 3,4-dihydroxyphenylalanine
(BOPA), 3,4-dihydroxyphenylacetic acid (DOPAC), epinephrine (E), norepinephrine (NE)
and dopamine (DA) from a single urinary sample with the object of obtaining extracts
pure enough for specific fluorimetric assay. The procedure described in this paper results
from the combination of urine purification on an aluminum oxide column, separation by
ion-exchange chromatography of the DOPA—DOPAC fraction from catecholamines, and.
ether isolation of DOPAC from DOPA. The whole procedure is rapid and easily performed

-in one work day. Extraction recoveries were 72.4 = 3.5%, 716 + 2%, 85.7 + 3.3%, 85.6 =
1.4% and 92.4 = 5.5% for DOPA, DOPAC, E, NE and DA respectively (n= 6).

" The lowest amounts of the five catechols that could be detected in urinary samples by
a combination of this extraction procedure and the methods of assay used in our Izborato-
ry were 15 ng.for DOPA, 40 ng for NE, 20 ng for E, 152 ng for DA and 2.95 pg for DOPAC.
Urinary volumes convenient for accurate estimation of each compound were 20 ml for
healthy human subjects. For pathologwal or pha:macologmal purposes, 5 ml of human
urine were sufficient. -

‘The daily excretion of DOPA, DOPAC E, NE and DA found by tms procedure agrees
with data obtained by other authors in healthy subjects. In pathological samples, our three-
step procedure led to lower amounts than methods using alumina purification only. The dis-
crepancies between the two methods are discussed in terms of development of internal
standards, relative specificity of fluorimetric assays, values of hlank eluates, and the pos-
s:bihf:y of interference from unknown abnormal body metaboiits or pha:macolog'xcal drugs
not eh.mmafed by a smgle-step alumm punficatxon. : . 2

INTRODUC"EON

A number of procedm:es have been prevmusly reported for determination of
catecholamines, epmephrme (B), norepinephrine (NE), dopamine (DA), (3,4-
chhydroxyphenylalanme (BOPA) and 3,4-dihydroxyphenylacetic acid (DOPAC) -
in urine or tisSues. Most of them enable molatlon of one, two, three or four
catechols [1—26]. :
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None of these methods can be used for specific extraction and assay of
DOPA, DOPAC, E, NE and DA from a single urinary sample. The only pro-
cedures suitable for this purpose are those of Sroka ef al. [27], Sourkes ‘et al.
[28] and Routh et al. [29], but they lack sensitivity for accurate estimation of
the five cztechols and are suitable only for pathological stu:dies.

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

In this paper, a procedure for isolating DOPA, DOPAC, E, NE and DA from
a single urinury 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.

MATERIALS

The following materials were used:

Pyrex glass columns (1 ¢cm diameter), w1th long-fibre glass wool (Corning,
Corning, N.Y., U.S.A) for alumina adsorption, and a porous glass plate for Am-
berlite use, at the bottom of the stem; A pH meter Metrohm E 510; a rotating
vertical mechanical shaker (home-made); and a Technicon AutoAnalyzer (for
fluorimetric and colorimetric assays).

Reagents were: 6.2 and 0.5 M sodium acetafe buffer contalmng 0.01% of
disodium EDTA (buffer A and buffer B, pH 8.40); 0.2 M ammonium acetate
buffer, pH 6.10 (buffer C); 0.4 M ammonium acetate buifer, pH 5.0 (buffer
D). Ascorbic acid (0.3 and 2%) in water, 0.01 M citric acid, hydrochloric
acid (R.P. d = 1.19), diethyl 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 cbkemicals were analytical grade and purchased from Prolabo(Rhone-
Poulenc, France) or Merck, (Darmstadt, G.F.R.). ’

Aluminum oxide (activity II—1II), standardized for Brockmann chromato-
graphic adsorption, from Merck, and activated as previously described [33] .

Amberiite CG-50 (H"; 200—400 mesh) from BDH (Poole, Great Britain) is
used in NH,* form as described by Hirs et al [34] and Kirshner and Goodall
[22] . The pH of the resin was stabilized to 6.10 by five successive washes (30
rin each) in buffer C. At the end of urinary analysis, Amberhte may be re-
used after numerous washings with buffer D and buffer C. -

Standard solutions of DOPA ‘(Fluka, Buchs, Switzerland), DOPAC (Fluka),
DA hydrochloride {(Fluka), L.(NE) bitartrate (Fluka), L-(E) (Slgma, St. Louis,
Mo., U.S.A.); stock solutions of caiechols (100 pug/ml) were: prepared by d1s—
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solution in 50 ml of 0.01 M hydrochlorie 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; these
solutions were stored at 4° and kept for no more than three weeks. For speci-
ficity studies, the following compounds were used: epinine hydrochloride
(Regis, Morton Grove, Ill., U.S.A.), 3-O-methyldopamine (3-MT) hydrochloride
(Sigma), 3,4-dihydroxymandelic acid (DOMA) (Sigma), 3,4-dihydroxybenzoic
acid (DOBA) (Sigma), 3,4-dihydroxycinnamic acid (DOCI) (Merck), 3,4-dihy-
droxyphenylglycol (DHPG) (Regis), tyrosine hydrochloride (Sigma).

The following radioactive compounds were obtained from Commissariat
Energie Atomique, CEA, Saclay, France: DOPA-3-1*C (specific activity 58
mCi/mmole), DOPA-2-'%C (25 mCi/mmole), DA-2-'*C (58 mCi/mmole),
DOMA-2-'*C (47 mCi/mmole), DHPG-7-'*C (45 mCi/mmole), DL-NE-7-1“C
(48 mCi/mmole), L-tyrosine-3-5-*H (54 Ci/mmole), E-}*C (38.6 mCi/mmole).

METHODS

Urines were collected, stored and hydrolyzed as described elsewhere [33].
The successive steps of the method are explained in Fig. 1.

Alumina adsorption
Hydrolyzed human urine (25 ml) or rat urine (2 ml) were diluted to 50 or -

20 ml, respectively, with distilled water; 1 ml of 10% 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 M, 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
mil 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 M hydro-
chlorie acid.

Fractionation of aluming extract on Amberlite 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 gl of 20% EDTA and 100
¢l of 2% ascorbic acid were added to the alumina eluate, whose pH was then
brought to 6.10. The volume of the extract was made up to 10 ml with bui-
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 1) was poured on fo the column as eluant. Five fractionated eluates
were collected (Fig. 2): fractions A (containing urinary pigment) and C (fol-
lowing neutral and acidic catechols) were discarded; fraction B contained _
DOPA and DOPAC and fractions D1 and D2 confained E, NE and DA. Eluates
D1 and D2 were used without further treatment for the specific assay of E,
NE and DA.

Separation of DOPA from DOPAC ]
In eluate B, a further separation of DOPA and DOPAC was achieved by
ether extraction: 2.5 ml of fraction B were brought to pH 2 and extracted for
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ErmEis of urine (pH 1. DO’C. 10 uin)

ALUMINA ADSORPTION

Urine adjusted to pH 6.4
Colimn : diameter 1 cm, alwmina 2 g

Elution : TMHCY (7 al)-

EIBERLITE CG~50 (I(H‘.f) CHROMATOGRAPHY ‘ ’

’ Alumina eluata adausted to pH 6.10°
umn 3 1 oo X R riite C6~30 pH 6.10

Fractionated elution : buffer D pH 5 (see diagram Fig. 2)

Fraction A B c 01 Dy

E‘"ﬁ?gl‘)“’“‘“e 0-6 |6-2a l24-30 J30-35) 35-70

Discar- |DOQPA + Discar- E CE+NE+DA

ded DOPAC ded \ E / / /

/ Specific fluorimetric
: - assay - -

Eluate "B* of Asberlite's column {2.5 ml) adjusted to pH 2, extracted
' with diethyl ether (15 ml, 10 min)

Ether tayer (12 aml) - Agueous phase (2.5 ml)
-

evaporated to dryness and
redissolved in 0.0l M citric acid

’ Colorimetric assay of DOPAl:l lFluoriﬂetric'assay of DOPA l
67 : (S|

Fig. 1. Main steps of the general procedure used for the extraction of DOPA DOPAC, E,
NE and DA from a single urinary sample. For details,seetext

10 min with 6 volumes of diethyl ether (15 ml) on a rotating vertical shaker.
12 ml of the ether layer were evaporated to dryness at 40® under atmospheric
pressure. The dry residue was dissolved by vigorous shaking (5 min) in 5 ml of
0.01 M citric acid. DOPAC was estimated in this *“final DOPAC extract” and
DOPA in the agueous phase saved aﬂ;er ether treatment of fractlon 3 (“ﬁnal
DOPA extract”). . o :

Assay of the various compounds

DOPAC. The DOPAC estimation was performed .in_the “final DOPAC ex-
tract” as described by Peyrin et al. [32] by using the automated colorimetric
assay based on the formation of a red compound under effect: of nitromolyb-
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Fig.'2. Elution pattern of exogenous DOPA, DOPAC, E, NE and DA on an Amberlite CG-

50 NH,* column (10 X1 cm) at pH 6.10. The solution applied was the acidic alumina eluate
ob&amed from urine (20 npl). In this experiment stahle DOPA (10 gg), E (10 £g), NE (10 £g),
DA (10 zg) and radioactive *C DOPAC (0.25 £GCi i.e. 1.6 pzg) were added fo the alumina
eluate just before ion-exchange chromatography. The eluant was buffer D (pH 5.0). Frac-
tions of 3 ml were collected.

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

DOPA. The acidic aqueous phase (2.5 ml) saved after DOPAC extraction
was adjusted to pH 6 by the addition of an equal volume of 0.38 M ammonia.
DOPA was then estimated as described by Cottet-Emard and Peyrin [35]
using automated fluorimetric assay based on the formation of a 5,6-dihydroxy-
indole 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 unnes) in 0.2
M ammonium acetate of pH 6.

" Epinephrine. E was estimated in fractions D1 and D2 as described by Peyrin
and Cottet-Emard [31] using the automated fluorimefric assay of 3,5,6-trihy-
droxyindole derivative, resulting from speecific ferricyanide oxidation of E.
Internal standards of E were prepared by mixing equal parts of eluates D1 or
D2 with standard E solutions (50 ng/ml for human urines, 10 ng/ml for rat
urines) in 0.2 M ammonium acetate of pH 5.2.

Norepinephrine. NE was estimated in Amberlite fraction D2 by applying
the automated specific fluorimefric assay of NE trihydroxyindole derivative
[31]. Internal standards of NE were prepared by mixing equal parts of eluate
D2 with standard NE solutions (200 ng/ml for human urines, 50 ngf/ml for rat
urines) in 0.2 M ammonium acetate of pH 5.2.

Dopamine.The determination of DA was made in Amberlite fraction D2 by
fluorimetric assay of the 5,6-dihydroxyindole derivative resulting from iodine
oxidation of DA. The procedure was the same as for 3-MT [36] except that
0.2 M ammonium acetate buffer (pH 5.2) was used for preparation of stan-
dards. Internal standards of DA were prepared by mixing equal parts of eluate
D2 with standard DA solutions (100 ng/ml for human urines, 50 ng/ml for
rat urines) in 0.2 M ammomum acetate of pH 5.2. :
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RESULTS

‘Stability of each compound to heating in the course of acidic hy&f'blyszs -
Table I shows that the five compounds studied were not destroyed by
beiling at pH 1 for 10 min.

Pattern of elution from amberlite CG-5 0

The 1on-exchange 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 D1, the remainder being eluted together with
NE and DA in fraction D2. Fraction D1 may be useful to control any displace-
ment of the elution pattern; however, for routine use, fractions D1 and D2
were mixed for E assay. The methods used for E, NE and DA assay were suf-
ficiently speciﬁc so that a more effective separation of these amines is not ne-
cessary.

After the columan has been prepared the resin has ¢o be washed again with
20 ml of buffer C to avoid the release in the eluates of disturbing fluorescent
materials from Amberlite CG-50 resin [7, 10, 12]. Fluorescence blanks from
resin wer.. then very low (Table IV). '

Extraction 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).

Reproducibility of the procedure
Results obtained from a urinary sample were satlsfactonly reproducible,

whatever its catechol content (Table III).

Sensitivity of the 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 DOPAC.
The smallest volume of urine to be extracted is calculated from the sensmwty

TABLEI

STABILITY OF CATECHOLS TO THE ACIDIC HYDROLYSIS

Exogenous “C compound Recovery from alummum oxzde

addedtounnarysa_mple : - o
(025 uGi) Compound boiled with urine - - Compound added at the end of

» 10 min at 100° (%) . acidic hydrolysis of urine (%)
DOPA *C 86 ’ S ST
DOPAC 14C : 78.8 © 79 -
E*C 92 oo - 90 -
NE “C - - 80 - - . a3 -

DA G 22.5 . 94
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TABLE II
EXTRACTION RECOVERIES FOR EACH CATECHOL AFTER ALUMINA ADSORP-

TION, ION-EXCHANGE CHROMATOGRAPHY ON AMBERLITE CG-50 OR E'I‘HER EX-
TRACTION

Exogenous **C Extraction recoveries after Whole extrae-
compound ] tion recovery
(0.2-Ci) Alumina adsorp- Amberlite CG-50** Ether extrac- (%)

tion* (%) (r =6) chromatography tion***

. (%) (r = 6) {(®) (n = 6)

DOPA 894+ 6 80=:2 009 72.4+ 35
DOPAC 864 £ 4 90+ 2 98+ 1.9 76 £ 2
E 91+1.8 96 + 2 85.7 + 3.3
NE 95: 1 93+ 2 . - 856+ 1.4
DA 94 + 2 98 + 8 92.4 £ 5.5

*Urinary samples were added with a single radioactive compound and adsorbed on alumina
as described in Methods. Recoveries were calculated on the 1 M HCI eluate (7 ml).

** Alumina eluates free of radioactive compound were added with one radioactive catechol
and chromatographed on Amberlite CG-50 as described in Methods. Recoveries were ealeu-
lated in the correspording Amberlite eluates.

*%% 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 IOI _ i

REPRODUCIBILITY OF THE PROCEDURE EXPRESSED AS VALUES (MEAN : SE.)
OF TOTAL URINARY DOPA, DOPAC, E, NE AND DA OBTAINED FROM THREE
DETERMINATIONS ON THE SAME URINARY SAMPLE

Urinary Volume of Concentration (zg/1)
sample urine ex-

tracted  POPA DOPAC E NE DA
Adults 25 ml. 31+£3.2 1547+74 18.2+1.1 - 138+9.5 701+8.4
Children 25 ml 44.3:2.6 1290:65 3.7£0.34 29.8:3.4 -~ 1016+8.3
Children with
neuroblastoma 5 ml 83.3:12.9 1643+3.3 16.5+1.67 96.5:6.3 1788+73.5
Mean standard )
error % . 9.9:2.3 3.9+0.96 8.4+1.2 8.2:1.6 2.0=1

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

Specificity of the extraction

Related compounds that interfere in the colorimetric or fluorimetric assay
were tested as to their extraction properties, recoveries and occurrence in the
final eluates (Fig. 3). Over-all interference is summarized as follows.

.Monophenols (octopamine, tyramine), acidic or alcoholic phenols (homo-
vanillie . acid, vanillomandelic acid, 3-methoxy-4-hydroxyphenylglycol and
methoxylated amines (3-MT, normetanephrine, metanephrine) are removed
in the alumina step. Thus, the interference of 3-MT on DA iodine assay is
completely eliminated.
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Fig. 3. Elution puttern of other related compounds on an Amberlite CG-50 NHj column
(10 X 1 cm)at pH 6.10.

Compounds were dissolved in 0.9% NaCl (7 mi), mlxed with 20% EDTA (pH 8.60) (100
ul) and 2% ascorbie acid (50 ul), adjusted to pH 6.10 and brought up to 10 ml before ion-
exchange chromatography. The eluant was 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 wkole interference (per cent) of related compounds in the determination of DOPA,
DOPAC, E, NE and DA is calculated on the basis of three parameters: final recaveries after
alumina, -Amberlite and diethyl ether extractions; position in the elution pattern of Amher-
lite CG-50 (i.e. occurrence in the same eluate as the studied catechols).

Interference in the fluorimetric assay of DCPA [35], E, NE [31], DA [30] and colorimetric
assay of DOPAC [32]. Each compound was dissolved in 25 ml of 0.9% NaCl. Alumina ad-

sorption, Ambearlite CG-50 chrematography and ether extraction are described in Methods.
Radioactive **C DHPG was used for recoveries.

Compouvnd  Relative inter- Extraction recoveries . Final recoveries  Whole interference
ference in as- in fractions of - on
say procedure of
(a) DOPA DOPAC Alumina Amberlite Ether DOPA DOPAC DOPA DOPAC
DOMA 0 15.7 76 96.7 27 - 534 20 o 3
DOBA 011 83 - 88 — 39 38.7 25 0.04 20
DOCI 1.2 41 - 64 - 54 T 20 22 0.24 .9
DHPC 1 78 70 85.6 12 49 6.7 0.49 5
(b) E NE DA E+NE + DA E NE DA

Epinine [+] 3.8 0.5 62 96 - 59.5 | [ 2.2 0.30

Most catechols are extracted by the double-step procedure (alumina, Am-
berlite); their location in the elution pattern of Amberlite CG-50 is shown in
Fig. 3. Epinine was exiracted in the same fraction as catecholamines (E,
NE, DA): its final interference was 2.2, 0.3 and 0% on NE, DA and E assays
respectively. The catechol compounds DOBA, DOMA, DOCI; DHPG ‘were
eluted together with DOPA and DOPAC; their final - interference  was re-
spectively 21, 3, 9 and 5% on DOPAC determination, and 0.04, 0, 0.24 and
0.49% on DOPA assay. These interferences are ‘accepfable for our purpose.
Epinine, DOBA and DOCI have never been found in urinary samplés [32];
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the amounts of DOMA present in urine are low compared with DOPAC econ-
centrafions and their interference 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 tyrosine from 41-—
111 mg per day) [37, 38] and because of the possibility of hydroxylation of
tyrosine to DOPA dunng the alumina sfep as suggested by Lindqgvist et al.
[391. ° -

For this purpose, tritiated tyrosine (1 pCi in 25 ml of buffer A) was first
purified from its radioactive DOPA conient by alumina adsorption. Tyrosine
present in the alumina filirate was used immediately. Only 0.13% of the ini-
tial 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 tyrosine is of 0.000024%. No detectable interference
on DOPA assay may ke expected from the great amounts of tyrosine normally
present in urine. Furtkermore, no added fluorescence in DOPA determination
was found when purified tyrosine (20 mg/l) was added to urinary samples be-
fore exiraction. 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 Lindgvist et
al. [39]. A consequence of these observations is that the alumina step must be
completed in reasonable time (no longer than 4 h).

Biological applications .

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 2.85£0.3 mg for DOPAC, 385:84
ug for DA, 89+11 ug for NE, 81+8 ug for DOPA and 19+3 ug 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, 41]. No comparison was possible for DOPA resulis 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 alumma
purification only will be discussed below.

The method allows separate estimation of the five compounds even in
urines of patients with excessive amounts of DOPA and catecholamines, i.e.
children* with sympathetic tumors, adult subjects with chromaffin fumors 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-
chola.mmes

DISCUSSION :

Chozce of extractzon procedure :
Whatever. the method used to extract and separate the urinary catechols
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(neutral, acidic or aminated) specific isolation of DOPA and DOPAC is ne-
.cessary because of the interference of DOPAC. on DOPA, E, NE and DA [32]
" and ‘of DOPA on the three catecholamines [35]. On the other hand, rigorous
separation- is not necessary ior K, NE or DA since the last does not interfere in

E and NE assay and specific assay of E and NE may be performed [31].

It is now well known that all catechols may be adsorbed on alumina and
eluted together by an acidic agent [5, 8, 9, 1517, 26—28]. 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 {9, 17]. However, the speciral properties of these catechols are too sim-
ilar for .complete elimination of interference from one another. Accordingly,
the specific estimation of these five compounds may be expected only after
their true separation has been achieved by a convenient isolation procedure.

Separation of catechols contained in the alumina eluate has been achieved
by paper or thin-layer chromatography [15, 20]. Some authors have also sug-
gested the separation of catecholamines (E, NE, DA) from DOPA or DOPAC
by a graduated aeidic elution of catechols adsorbed on alumina [19, 24]. Cat-
ionic exchange resins have been used to elute the three catecholamines to-
gether [6, 14, 29] or to separate them partially [1, 7, 9, 13, 18, 23] or com-
pletely from one ancther [12, 22, 24, 44 45].

The problem of specific isolation of DOPAC from DOPA has not been
satisfactorily resolved by earlier methods based on the use of organic solvents,
coupled with chromatographic analysis [2, 3, 41, 46—48].

Most of the published methods either lack specificity [2] or are not con-
venient for catechol determinations at physmloglca.l 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 analysis.

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

Critical study of alumina adsorption

Adsorption 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
[1Y, 24]. To investigate the effect of adsorption pH and nature of the saline
confent on the alumina procedure, NE and DOPA solutions were prepared
either inr 0.2 M sodium acetate or in 0.2 M sodium phosphate and adsorbed on
alumina columns (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 alumina adsorption. At
pH 6.10, NE and DOPA in phosphate buffer were not retained on alumina;
when catéchols were in acetate buffer at pH 6.10, DOPA was strongly fixed
(recovery 93%), whilst NE was found in part in the water washes applied just
before acidic elution (recovery in alumina eluate 42%). Owing to the presence
of great amounts of phosphate ions in most urinary samples, it seems necessary
to perform alumina adsorption at pH 8.40.

- Molarity 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 {19].

Attempts io separate catecholamines, DOPA end DOPAC by a double-step
elution of alumina. Fractionated elution of catechols retained on alumina has
been applied by some authors [5, 19, 24, 41]. 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 molarities. All the eluents studied were able fo elute
catecholamines but recoveries greater than 75% were obtained only for eluants
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 elite DOPAC, but did elute 32% of the DOPA. The complete
recovery of DOPA and DOPAC needed the use of acids with strong molarities,
which, moreover, also eluted catecholamines. An alternative method of separa-
ting the two groups of catechols 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 (6.2 M phosphoric acid) to achieve complete elution of DOPA and
DOPAC. In these conditions, a satisfactory separation of pure E, NE and DA
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Fig. 4. Separation of catecholamines from DOPA and DOPAC by a single alumina adsorption.
Solutions applied were catechols diluted in 0.2 M sodium acetate buffer (pH 8.40) and ad-
ded with 10% EDTA (1 ml) and 0.3% ascorbic acid (0.5 ml). Alumina adsorption was per-
formed as described in Methods but eluant A and B were used instead of 1 N HCI. Eluant
A: 0.05 M ammonium acetate buffer (pH 4.0) (20 ml). Eluant B: 0.2 M phosphoric acid (8

mi). i
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from DOPA and DOPAC was obtained (Fig. 4); however, results from urinary
samples were not reproducible and a variable overlap (2—30%) of DOPA and
DOPAC was observed on catecholamine fractions. 3y the use of a similar
procedure, Drell [12] reported an overlap of 10% between aminated and acidic
catechols. For these reasons, the double-step alumina elution was not further

Critical study of Amberlite CG-50 procedure

pH and ionic form of the resin. The pH value of 6. 10 prewously used by
other authors [6, 22, 24] has been found convenient for separation of acidic
or neutral catechols from catecholamines. Higher recoveries were obtained
when the resin was used in the NH," form, suggested by Kirshner and Good-
all [22] instead of the Na' form used by Fleming et al. [6] and Lishajko [13].

Volume of the extract to be deposited and height of the column. Changing
the extract volume (from 7 to 10 ml) — but neither the amount of catechol
nor the column height (7.5 cm) — delayed the elufion of neutral and acidic
catechols and increased the eluting volumes of the cafecholamine 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. 3ecause of the disturbing effect of salts
previously - observed on the elution patiern from Amberlite CG-50 [30] 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/1). All of them resulted in high recoveries of added catechols and in
stability of the fractionation pattern.

Effect of catechol concentration in the alumine eluate. The amounts of
catechols to be passed through Amberlite 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 ug of DOPA, E, NE and DA (2 mg/l) or 500 pg of DOPAC (20 mg/l) had
been deposited on the column. Such amounts may be found only in highly
pathological samgles, or in urines from L-DQOPA-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.

Critical study of the ether separatzon of DOPAC and DOPA

Dlethyl ether {5] or ethyl acetate [2, 3, 9, 41, 46, A7] have been used to
extract DOPAC from biological samples. Although similar recoveries were
found with both of these solvents, we have preferred diethyl ether for routine
use because of easy evaporation at low temperature to avoid oxidative de-
struction of DOPAC. The prior purification of diethyl ether on alumina, sug-
gested by Spano and Neff [5], has not improved DOPAC recoveries. ’

Comparative studies with eluates at pH 1, 2 or 3 txreated by ether in amounts
from 2 to 6 volumes, showed that recoveries were improved from 67 to 98%
when an eluate at pH 2 was extracted by 6 volumes of ether. The best recov-
eries were obtained after evaporation of the ether layer and dissolution of the
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Fig. 5. Transfer of DOPAC from ether to agqueous layer under various buffers.

14C DOPAC was diluted in 2.5 ml of 0.4 M ammonium acetate at pH 5.0, adjusted to pH
2.0 and dissolved in 6 volumes of diethyl 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 tris (pH 8.0), B: 0.25 M disodium phosphate (pH 7.0), C: 0.4 M ammonium acetate (pH
5.70), D: 0.2 M ammonium acetate (pH 5.70), E: 0.01 M citric acid.)

dry tesidue.in 0.01 M citric acid (5 ml) (Fig. 5). Furthermore, this diluent is
the most convenient for development of color from DOPAC [32].

Purity of final eluates )

The extracts obtained by our procedure are clear and suitable for fluori-
metric assay. This was demonstrated by comparing the absorbance at 310 nm,
of alumina eluates or Amberlite fractions at 0.44 £ 0.07% (range 0.2 to 0.8) and
0.06 £ 0.01% (range O to 0.09) respectively. The high degree of purification of
Amberlite exiracts 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 Amberlite
eluates was completely free from pigments (absorbance at 310 nm = 0.03%)
and much clearer than if directly obtained from an alumina eluate as suggested
by other authors [5, 9, 40, 41].

TABLE IV

FLUORESCENCE COMING FROM THE ALUMINUM OXIDE AND AMBERLITE CG-50
RESIN .

Blank values are expressed as ng of each compound in the whole fraction collected. 20 ml of
0.2 M sodium acetate buffer (pH 8.40) were adsorbed on alumina as described in Methads
and eluted either by 0.25 M acetic acid (10 ml) or by 1 M HCI (7 ml). The HCI 2luate was
chromatographed on Amberlite CG-50, and fractions B and D were collected as described in
Methods. -

Extraxt DOPA E NE DA
Alumina eluate 70 10 ) 200
0.25 M acetic acid . .

Amberiite CG-50 fractions 10 o 0 10

0.4 M ammonium acetate
(pH 5)
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Final recoueries - - o

The final recoveries were sat:sfactory for the five compounds stmﬁed (Table
II) .Our recoveries obtained for E, NE and DA were in the same range for E and
‘NE as in refs. 9, 12, 24 and for DA as in refs. 9, 12, 19 and 24 or higher for E
‘and ‘NE - [15] and for DA [16]. Recoveries of DOPA and DOPAC agreed for
-DOPA [1, 91 and for BOPAC [5, 48] or were better for DOPA [26] ard for
DOPAC: [5, 48] than those reported by other authors. However, slightly higher
recoveries for DOPA were mentmned by some authors [19 29].

Bzologtcal appltcatzons

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

By contrast, in the same kind of comparison on pathological samples from
severe hypertensive patients (2 = 3) and from one subject with pheochromo-
cytoma, higher amounts of the three amines were found when alumina punfi
cation only was used (Table V).

The discrepancies between the results obtained with the two methaods 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 Amberlite
procedure). Table V shows that the differences in NE values resulted primarily
from higher inhibition of the NE infernal 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 ﬂléores-
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 greatest discrepancies between thie results were obsezved in patho-

logical samples, it may be reasonably assumed that interferences arise either
from therapeuri¢ drugs or from abnormal metabolites not eliminated by a
singlestep alumina procedure. The formation of catechols as intermediaté
metabolifes of N-alkyl amphetamines has been recently suggested by Coutts
et al. [49]. The possibility of such interference demonstrates the need for
high purification. Our final procedure supplies this need.

General comments :

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

The extraction procedure described in this paper consists in three steps: (i)
purification of hydrolyzed urines on alumina at pH 8.40; (ii) separation of
catecholamines from catecholacides on Amberlite CG-5O and (iii) ether sep-
aration of DOPA and DOPAC.

The step sequence is well adapted to urine analysxs for f:wo reasons. The
aluminum oxide purification eliminates from uriné most salts, protems and
pigments that would disturb the subsequent ion-exchange separation of the
five compounds and their fluorimetric assay. The Amberlite step leads to high-
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ly effective separation of DOPA plus DOPAC and catecholamines. Furthermore,
the three steps are necessary to ensure a high extraction specificity for the five
‘compounds. DOPAC is extracted by ether and separated from DOPA which is
completely retained in the aqueous phase. This step eliminates the high inter-
ference of DOPA (44%) on the colorimeiric assay of DOPAC. DOPA, which
interferes ir the E, NE and DA assay, is always separated from these amines
without any overlap. E, NE and DA are removed from Amberlite in the same
fraction but the low interference of NE (0.7%) and E (0.1%) on the DA fluori-
metric assay [30] and the specificity of E and NE assay [31] do not require
a better separation between the three catecholamines. The inierference 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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