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ASSAY FOR URINARY 3-O-METHYLDOPAMINE

Y. DALMAZ and L. PEYRIN

Laboratoire de Plysiclogie ( Directeur Prof. J. F. Cier), U.E.R. Médicale Grange-Blanche, Université
Ciaude Bernard Lyon |, & avenue Rackefeller, 69373 Lyorn Cedex 2 { France)}

(First received Aprif 2ist, 1975; revised manuscript received July 29th, 1875)

SUMMARY

A technique for the selective extraction of 3-O-methyldopamine, normetaneph-
rine and metanephrine from a single urine sample has been investigated. After
hydrolysis of the conjugates, the diluted mixture is passed through a Dowex 50W-X2
column aud the methoxylated amines are eluted by means of concentrated ammonia.
The eluate, containing metanephrine, normetanephrine and 3-O-methyldopamine is
evaporated, and a solution of the residue in borate buffer is fractionated under strictly
coutrolled conditions on an Amberlite CG-50 column. The three amines so separated
are estimated by specific Huorimetric methods. The extraction recovery is 80 - 3%
for pure solutions and 78 4% for 3-O-methyldopamine added to urine. The
fluorimetric procedure, carried out under well-defined conditicns, allows the estima-
tion of 10 ng of 3-O-methyldopamine in the sample, the fluorescence intensity being
Hinear for up to 4 ug of 3-O-methyldopamine. The spectral characteristics of the
Buorescent derivative are similar to those obtained with dopamine, so that it can be
assumed that iodine oxidation of 3-O-methyldopamine demethylates this compound
and oxidises the resulting dopamine to the dopamine fiucrophore (5,6-dihydroxy-
indole). Of the compounds that might interfere in the fluorimetric procedure, dopa-
mine, DOPA and «-methyl-DOPA are destroyed by the ammoniacal elution from
the Dowex cotumn and 3-Q-methyl-DOPA is eliminated in the effiuent from the
Amberlite column. The elimination of interfering compounds and the improved sepa-
ration on Amberlite ensure high specificity for this procedure. We have applied the
method to neormal urine and to pathological urines from patients with adrenergic
tumours or untreated and treated parkinsonian subjects; vital information has been
obtained on the prognosis of adrenergic tumours. The presence of Iarge amounts of
dopamine, normetanephrine and/or metanephrine does not affect the assay for 3-O-
methyldopamine. The method is also applicable to rat and dog urine, and can be
applied to tissue extracts with little modification.

INTRODUCTION

'3-O-Methyldopamine (or 3-methoxytyramine, 3-MT) an intermediary metab-
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ofite of dopamine, results from the direct effect of catechol methyltransferase (EC
2.1.1.5) on the latter. It has been detected in human urine®—> and in several nervous
tissues*® also containing large amounts of dopamine. The specificity of 3-MT as a2
metabolite of dopamine gives rise to much interest in its determination in urine;
guantitative studies on dopamine metabolism in various physiological conditions as
well as in pathological situations resuiting from increased synthesis of this amine
{sympathetic tumours or the therareutic use of L-DOPA) might benefit from this
assay. Few analytical procedures are available for the simultaneous exfraction and
determination of the methoxyamines 3-MT, normetanephrine (NMN)} and metaneph-
rine {MN)} in a single biclogical sample (see Table I}.

The aim of this work has been rigorously to separate the three methoxyamines
from a single urine sample and to determine them with minimal interference from
pigments or related chemical compounds. To accomplish this, we have taken advan-
tage of the properties of Dowex 30 and Amberlite CG-58 resins and have devised a
highly efficient extraction procedure based on a method used by one of us for sepa-
rating urinary MN and NMN®.

The method consists in: ]

(1) purification of urine on Dowex 50W-X2 (%), with ammoniacal elution of
the unseparated methoxyamines,

(2) rigorous separation, on Amberlite CG-50 (NF,*} with 0.5 M sodium
torate (pH 8.78) as cluent of MN, NMN and 3-MT in the ammoniacal eluate, and

{3) specific fuorimetric assay of the three methoxyamines in the fractions sepa-
rated on the Amberlite.

MATERIALS

The following materials and reagents have been applied: Pyrex glass columns
for Dowex and Amberlite resins®; long-fibre glass-wool {Corning, Corning, N.Y.,
U.8.A.); acidic ascorbate solution [2 mg of ascorbic acid (E. Merck, Darmstadt,
G.F.R.) in I ml of 5 M hydrochloric acid, prepared just before use]; 0.02 M iodine
sojution in absolute ethanol, stored at 4° in darkness and kept for no more than three
weeks; alkaline sulphite solution (8.02 3 anhvdrous sodium suiphite in 4.5 A/ sodium
hydroxide, freshly prepared each day); 0.5 Af sodium tetraborate buffer, pH 8.78; 0.3
Af sedium tetraborate buffer, pH 5.2, prepared from the pH 8.78 buffer by adding 0.5
A acetic acid; standard solution of 3-MT hydrochloride (mol. wt. 203.6; Sigma, St.
Louis, Mo., U.8.A)); stock solution of 3-MT (108 gg/mi) (6.2 mg of 3-MT in 30 mi
of .31 Af hydrochioric acid, stored at 4° and kept for no more than three weeks);
solutions of 3-MT (0 yg/m! and 1 ug/mi), prepared by diluting the stock solution
with glass-distilled water (this sofution must be prepared daily).

The reagents for the NMN and MN assay are those used previously®.

The cation-exchange resins are obtained from Fluka (Buchs, Switzerland), and
are treated as follows. Amberlite CG-50 (NH,T: 200400 mesh) is rigorously stabi-
lized at pH 8.78 before use by successive washings with 0.5 M borate buffer (pH 8.78).
Bowsax 30W-XZ (H~; 100-200 mesh) is rigorously adjusted to pH 5 before use by
numerous washings with glass-distified water. Both resins are purified before use as
described elsewhere®,
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METHODS

Principle

The generzal procedure is based on the method used in our Iaboratory for ex-
tracting urinary metanephrines®!®. After initial purification of the urine hydrolysate
on Dowex 50W-X2, the ammoniacal eluate is evaporated, and the residue is dissolved
in borate buffer; the three methoxyamines are then separated on an Amberlite CG-50
{pH 8.78) column, with borate buffer of pH 8.78 as cluent, and collected in separate
fractions for fuorimetric assay.

Urine collection and hydrolysis of conjugates

Urine (24-b specimen} is collected over hydrochloric acid (5 m! for 100 ml of
urine). Methoxyamines are less sensitive to oxidation than are catecholamines; thus,
acicd urine (pH 1) may be stored at 4° for at least a month without addition of ascorbic
acid or EDTA. Hydrolysis of conjugated methoxyamines s performed as described
previously®.

Mazthoxyamiite extraction

Exckange on Dowex S6W-X2 (pH 5). The procedure is the same as that previ-
ously described for MN and NMN?, but borate buffer of pH 8.78 is used instead of
a buffer of pH 8.80.

Separation on Amberlite CG-50 (pH 8.78) column. The Dowex eluate is trans-
ferred to an Amberlite column, prepared as described previously®, the only modifica-
tion being that the borate buffer and the resin have a pH of 8.78 instead of 8.80. The
effiuent is collected as soon as the extract has been applied to the column; the first
15 ml of effluent {contzining pigments and other coumpounds) is discarded. Elution
takes place at a flow-rate of 15 ml/h and under atmospheric pressure and the com-
pounds of interest are eluted as follows (see Fig. 1}):

-
MK NMN IMT
o=
==
¢ L
A 8 [»
1 b3 3 £} &
_—
L !—Fl X — - 4

2] - L L
0 10 20 30 &C 50 EG TC 8C SC 10Q
EFFLUENT VOQLUME (mt}

Fig. 1. Fractionztion of methogyamines on an Amberlite CG-50 column (11.5cm X I cm)at pH 8.78.
The solution applied is an ammoniacal eluate coming from filiration on a Powex 50W-X2 column
at pH § of urine (20 mi} diluted to 80 mi and containing added MN (28 xg), NMN (20 g} and
3-MT (20 ug); the eluent is 0.5 Af borate buffer of pH £.78. The reaction steps are described in Table
II and ref. 9.
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MN in fraction A (15 to 40 mb)

NMMN in fraction B (40 to 70 mi)

3-MT in fraction C (70 toc 95 mi}
Each compound is collected in two fractions (see Fig. [} (I and 2 for MN; 3 and 4
for MMN; 5 and 6 for 3-MT) in order to highlight the overlap between the three
aminzs and to indicate any displacement of the separation diagram!®. The eluates
from the Amberlite column can be stored at 4° for 24 h.

Fluorimetric assays

MN and NRfN. Fluorimetric assay is performed for each cluate (A or B) ad-
justed to pH 4.5 or 5 acd oxidized with potassium metaperiodate®.

3-MT. The pH of Amberlite eluate C (fraction No. 5, 3 ml; fraction No. 6,
20 ml} is adjusted 1o 5.2 by means of glacial acetic acid (about 2 drops for each 5 ml),
and the Ruorescent derivative of 3-MT is obtained in three steps (see Table II} as
follows: oxidation with 8.02 Af icdine; cessation of oxidation by means of 0.02 M
gikaline sulphite; stzbilisation of the fiuorescent derivative by acidification with 5 M
hydrochloric acid.

For each eluate, twc samples of different volumes (0.3 and 0.8 ml} are used,
and an internal standard is prepared by adding 8.2 gg of 3-MT to 6.3 ml of elzate.
The pattern of oxidation is as set out in Table II.

TABLEE

PROCEDURE FOR FLUORIMETRIZ ASSAY OF URINARY 3-MT IN AMBERLITE CG-50 ELUATE
Spectrofivorimeter: Jobin-Yvon (Bearn type); Auorescence wavelengths, 335-390 nm. If the final volume is inade-
quate for the cel's, 1 m! of glass-distilled water may be added to each sample before fluorescence readings are made.

Sample 3-MT szandard 0.5 M Borate .02 M ladine 2.5% Alkaline 5 Af Hydro-
(1 pgpermi . buffer cf pHF 5.2 {mi) sulphite ckloric acid
solution} (r2f} fml} {mf}

Exterraf standard

3-MT 0.2 ug) 0.2 mt 0.8
Blank — 1 10.2; altow G.2; allow 0.4; allow
{3 min for 3 mino for 30 min for
Eluates at pH 5.2 }oxidation reaction with  stabilization
{a} 0.3 m! - 0.7 excess of
003 mi 4+ - MTOZ e 0.2 ml 0.5 iodine
(c} 0.8 m! — 6.2

Caleuiation. The amounts (g; and @y of 3-MT present in the volumes of
eluate {¥; and V.; V; = Sml: ¥, = 20 ml) are derived from the flucrescence dif-
ference between the two samples 0.8 and 9.3 ml) arnd from the fuorescence intensity
of the internal standard (&;) by the folowing relationship (@ in pg):

_ e —ay-V
o= 220

where E; = {6 — a}, and a, & and ¢ arc the fluorescence intensities of the eluate
. samples a, b and ¢, respectively, referred to in Table Il
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The 3-MT concentration in ug/l of urine (with a 20-ml sample) is given by
(@ + @2 x 50

RESULTS AND DISCUSSION

Choice of technique for extracting 3-MT

Some gas chromatographic procedures for 3-MT assay have been describeds-#!,
but none is suitable for studying normal urine; ion-exchange chromatography seems
to be more suitable for isolation of 3-MT from biological samples: The most fre-
quently used adsorbents (see Table I} are the cationic resins Dowex 50W-X2 (H*)!2,
X4 (HH)3, X4 (Na+®)™:5, X8 (H*)*S, -X8 (Nat)*® gr Amberlite CG-5G
(NH4*)%V, CG-12G (H*)S, CG-120 (Na*).

Dowex 50W retains 3-MT at pH values from 5 to 6.5, the compound being
desorbed by acid!-2¢-8.13 gr alkaline elution!?-1%. However, the exclusive use of Dowex
has two shortcomings.

{I) The acid elution is not specific for methoxylated amines; catecholamines

8N NMN 4T

A pH 864
RS I
3 i wad

o1 76 30 40 55 50 10 & 50 100
effluent volume {mil)

(4

MN NMN  3MT

=4
B 4 8.78
+4 iy 4 >
¢ mw ZQ G &L ‘L’ 7C 82 ¢§ Mg
- efffuent volume (mil
o | MN NN 3MT
C pH 8.85
st

4

{

¢

T 0B85 60708080 100 >

afffuent volume(mi}
Fig. 2. Separation of methoxyamines on an Amberlite CG-50 column (11.5cm X I cm) at the pH
values shown. The soluticn applied is as in Fig. 1. The eluent is 0.5 M borate buffer of pH 8.64 (A},
8.78 (B), or &.85 (C).
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(including dopamine) are eluted as well, and, although dopamine can be partially
removed by fractional acid elution®, it is never completely separated from 3-MT2.

{2) The basic elution has the advantage of destroying the catecholamines;
however, the ammoniacal eluate cannot be used directly for fluoriretric assay, be-
cause it contains a large amount of urinary pigments.

The cationic Amberlite CG-38 or CG-120 retains the methoxylated amines at
pH wvalugs to 8.8%1%-1%-2% The use of an appropriate eluent (borate buffer, am-
monium geetate bufier, or hydrochioric acid} [eads to complete separation of MN,
NREN znd 3-MT, each of which can be determined without mutual interference.
However, satisfaciory separation on Amberlite is obtained onfy from a partially
purified extract, and for this reason, an initial purification stage is usually performed
either on Powex 50%° or on zlumina?®.

Resules obtained by coupling Powex 50W-X2 and Amberlite CG-30
' Dowex procedure. One essential condition for quantitative figation of methoxy-
amines on Dowex 50 and good exchange of organic compounds on the resin is a low
sal’ne content of the sample; to achieve this, the urine shouid be diluted fourfold
with giass-distilled water (until the creatinine conlent is less than 6.5 mg/mi).
Effect of Amberlite pH and buffer pH. The separation of the three methoxy-
amines is achieved by displacement chromatography with 0.5 # borate buffer on
Amberlite CG-50. At constant bufier molarity, small variations in pH of Amberfite
or buffer lead to modifications in the elntion volumes and the separation pattern of
the three amines {see Fig. 2). An increase in pH value seems to offer the advantage of
recucing the elution volume, but detailed analysis of the diagrams obtained at pH
8.64 to 8.85 shows that separation of 3-MT from NMN was good over a wide range

TABLE I
MAIN PRGCEDURES FOR FLUORIMETRIC ASSAY OF 3-MT

Reference Oxidation step
Buffer DH Recgent Fime
(e}
Carlsson and Waldeck” 1 Af Citrate and 1 A phosphate 6.5 0.02 M lodine (0.1 mi) 7
Eaverty and Taylor™* 8.05 Af Borzte 8.8 0.02 Af lodine (005 ml) 3
Geissbihler? 0.25 Af Citrate and 0.25 Af borate 6.3 0.02 Af Iodine (005 mb) 7
Kaser and Thomke? 0.5 &f Citrate, 0.5 &f borzate an: 6.5 0.02 Af lodine (02 ml} 4
saturated sodium chloride
Guldberg er al.® 2 &f Perchloric acid and potassium 7 0.029; Potassium 2
carbonate ferricyanide (1 mb)
Kehr™ 1 Af Ethznolic {509%} hydrochloric 0.01 %4 Potassium ferri- 3
acid and 10 Af ammonium cyanide (0.05 ml}
hydroxide. Heat mixture at 55°
for 15 min

TFhis paper 6.5 Af Borate 52 002 Af Todine (02 ml} 2
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of pH (8.70 to 8.85), whereas MN and NMN were rigorously separated only at pH
values between 8.75 and 8.80.

Endeed, the location of the elution peak of 3-MT is little modified over the pH
range 8.64 to 8.78 and is clearly advanced at higher pH values {Fig. 2). The effect of
pH is more important for metanephrines, which are retarded and better separated at
pH values less than 8.75, but drawn forward and overiapped at pH values greater
than 8.8C (Fig. 2). These facts led us to choose z pH of 8.72 (see Fig. 2b) for the
Amberlite CG-50 and for the borate buffer used in the fractionation procedure.

Use of resins. The preparation, storage and use of the Dowex and Amberlite
resins need particular care (see Materials}. Dowex 50W-X2 (H*), used for the first
step, retains most of the urinary pigments; thus, it cannot be regenerated, and each
sample must be purified on a2 pewly prepared Dowex column. Amberlite CG-5C
{NH,™) can be regenerated after each use by at least five successive washings with .5
Af borate bufier of pH 8.78 and is stored in the same buffer. A single batch of Amber-
lite can be re-used 50 times, but, for each changs of the resin, 2 new fractionation
diagram has to be established; this is achieved by apalysing a sample of urine to
which 3-MT has been added.

A steady pH value of the resins is essential for reliable extraction of the me-
thoxyvamines. Moreover, under our conditions for preparing the Amberlite CG-50,
and eluting the amines from the column, there is no interfering flzorescence between
335 and 390 nm; this contrasts with what happens when Amberlite is used with 1 A
hydrochloric acid as eluent?®.

Purity af eluates. Urinary pigments in the ammoniacal efuate from the Dowex
interfere seriously with fluorimetric assay: they are totally removed in the rejected
fraction of eluate (0-15 ml) from the Amberlite column.

Reductior: step

Stabilizarion step

Temperature Wavelengetlr Sensitivity

c ) e (1 . 3
Reagent Time Reagent Time e rauge (nm) - (ng per mi)
{(mir)} (min)
2.59% Alkealine 5 5 M Hydrochloric 15 20 335385 Not mentioned
sulphite (0.5 ml) acid (0.7 mi)
2.5% Alkzaline s Glacial acetic acid 40 160G 320-375 8
sulphite (.25 mi} {0.25 ml)
2.6% Alkaline 5 3 Af Hydrochloric 38 45 340-380 Not mentioned
suilphite (0.5 ml) acid (I mil)
2.5% Alkzaline 5 5 A Hydrochloric 30 20 330-385 Not mentioned
suiphite (0.5 mb) acid (I ml)
0.1 Y Cysteine 0 315430 8
0.1 mi)
0.1 9, Cysteine 0 330430 4.5
(0.05 mil)
2.5% Alkaline 3 5 M Hydrochlorc 36 2G 335390 5.5
sulphite (0.2 ml} acid (0.4 mil}
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Exrtraction recoveries. At pH 8.78 and with the procedure described under
Methods, recovery of 3-MT {mean - standard error} is 80 = 3% {n = 3) for pure
scluticas aad 78 + 49 (z = 8) for 3-MT added to urine samples. At the same pH,
recoverics of MIN or NMN are, respectively, 85 L 3¢ (n=10)and 97 2% (n =
10).

Fluorimetric assay of 3-MT

3-MT can be converted into a fluorescent compound by oxidation with potassi-
um ferricyanides-13-27 or iodine!--%2! {(see Table III}. The spectral features of the fuo-
rescen: compound differ according to the nature of the oxidant, suggesting that the
fluorescent derivatives are not the same. For the assay of 3-MT, we have modified the
procediure described by Fleming ef ¢l.?? for dopamine assay. All (he parameters of the
reaction have been studied znd are discussed below.

Oxidatior: time. The Auorescence intensity of the 3-MT filuorophore shows &
rapid increase up to 1.5 min after iodine oxidation, after which it remains constant
between 2.5 and 3 min, and then decreases (Fig. 3). As the oxidation time is critical,
it is iraportant not to oxidize more than 20 samples at once.

2

>
=
<&
=z
w 30— a__, DOPAMINE
=z
w /
L 1ec °
g A/ a 3-M1
S 5/
2
:  /
0. ) . . . 2 >
o 1 z 3 4 5

IODINE OXIDATION TIME (8 MINUTES
Fig. 3. Fluorescence intensity of 3-MT {1 ug){A}and dopamine (I ug} (O) as a function of iodine
oxidation time. The sample is 1 m! of amines in 0.5 £ borate buffer of pH 5.2. The reaction steps
are described in Table H.

Kinetics of fluorescence development. At rcom temperature, the fluorescence
intensity of 3-MT increases rapidly soon after the final acidification, but the maximum
is reached only at 30 min (Fig. 4}; the fiuorescence intensity then remains constant for
3 h. The addition of ascorbic acid{2 mg in I mi of 5 A hydrochloric acid), as sug-
gasted by Fleming ef ¢l.# for dopamine assay, IS not necessary.

OCxidation pH. In our experimental conditions, the Suorescence intensity of 3-
MT (. ug) is maximal whken the initial pH before oxidartion is 5.2 (Fig. 5). In fact, the
optimum pH depends also on other parameters {the buffer molarity and the nature
and concentration of the oxidising reagent). Thus, in the Laverty and Taylor proce-
dure®, the optimum pH for 3-MT assay is 8.8; better sensitivity can bz obtained by
adding 15 M ammonia® to the medium before oxidation. This was not confirmed in
our procedure.
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Fig. 4. Development of fluorescence intensity of dopamine ( } (t ugyand 3-MT (———} (i p¢g)
oxidized as described in Table II. For dopamine, the stabilizing reagent is 8.4 mi of § A hydrochloric
acid containing 2 mg of ascorbic acid per mi (see ref. 22); for 3-MT the fiuorescence development
is the same whether the stabilizing reagent is as above or only 5 A hvdrochloric acid.
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Fig. 5. Effect of pH of 0.5 A barate buffer on fluorescence intensity of 3-MT (0.5 pg}). Alkaline pH
values (zbove 10} are obtained by adding glacial ammonia to the medium before oxidation. Thesample
is t m! of 3-MT in 0.5 M borate of varying pH. The reaction steps are described in Table If.

Afolarity of medium. The molarity before oxidation differs in the methods used
by different authors (see Table I}, varyving from 0.05 to 1. Kaser and Thomke? used
a sodium chloride-saturated medium before oxidation. A study of the effect of borate
buffer molarity (Fig. 6} shows that the flucrescence intensity due to 3-MT is constant
at molarities from 0.3 to I, but decreases greatly when the molarity excesds 1. Thus,
in order to ensure good filuorimetric sensitivity, the eluates must not be diluted by a
factor greater than 3.

Stabifizing pH. By varying the molarity of the hydrochloric acid added at the
final step to the oxidized sample, a final pH ranging from 0.4 to 11.5 can be obtained.
A high fluorescence intensity is reached only when the final pH is acid; the optimal
value (1.6} is obtained by adding 8.4 ml of 2.5 M hydrochloric acid to the oxidized
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Fig. 6. Effect of molarity of borate buffer of pH 5.2 on flucrescence inteasity of 3-MT (0.5 ug). The

sample is 1 m! of 3-MT in borate buffer of varying molarity. The reaction steps are described in
Tabie il

mixtare (Fig. 7). However, this pH is not easily reproducible because of the unsatis-
factory stability of the pH of 2.5 Af hvdrochloric acid and of acetate ions present in
eluates with high bufier strength; for these reasons, in spite of a 109 foss in assay
semsitivity, 5 A hydrochloric acid has to be used to ensure good reproducibility. In
fact, as has been shown for the oxidation pH, the final optimum pH depends on the
operating conditions: thus, for the method of Laverty and Taylor?, the optimal pH
is 4.5,

Specificity. Possible interference in the fiuorimetric assay of 3-MT by eguimolar
amounts of related compounds is indicated in Table IV. Only dopamine (1509%),

FLUORESCENCE INTENSITY
8
1

3 [ I I . &
-
L

XL b -4
t 2 T &5 § g 8 @ i 2
FINAL pH

Fig. 7. Fluorescence intensity of 3-MT (3.5 zg) as z fuaction of pH of the finzl mixture. The sample
-is | ml of 3-MT in 6.5 if borate buffer of pH 5.2. The flucrescence reaction is as described in Tabie
IL. The fina! stabilisation is achievad by adding hydrochloric acid (0.4 mi) of the following molarity:
SforpH 04 ;4forpHO6;3forpH F;2.S5forpH 1.6; 24 for pH 2.7; 2.3 forpH 4.4: 2.2 for pH 4.9;
2.1 for pH 5.2; 2 for pH 5.5; and I for pH 11.5. Each point represents the mean of five determina-
tions.
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TABLE IV
FLUQORESCENCE OF EQUIMOLAR AMOUNTS OF 3-MT AND RELATED COMPOUNDS

Different compounds (in I ml of 0.5 M borate buffer of pH 5.2} are oxidized as described for 3-MT
in Table IL

Conipound Relative fiuorescence
3-MT 160
Dopamine 150
DOPA 30
a-Methyl-DOPA . 14

3-O-Methyl-DOPA
3,4-Dihydroxyphenylacetic acid
Epinine

Aleudrine

NMN

MN

Norepinephrine

Parasympathot
3-hMethoxy-<4-hydroxyphenylethanediol
Serctonin

Epinephrine

Homovaniilic acid
Vannilylmandelic zcid
3,4-Dihydroxymandelic acid
Octopamine

Tyramine
Dihydroxyphenylserine

[ e W TN NSRS W N S R PP VR SNV WP |

DOPA (30%) and 3-O-methyl-DOPA (79) exhibit interfering fluorescence. c-
Methyl-DOPA gives a fluorescence of 149, but this compound is not present in
normal urine. Dopamine is totally destroyed by the ammoniacal elution from Dowex
38; most of the DOPA is destroved by 5 M ammonia and the remainder is eluted
from the Amberlite CG-50 in the first fraction of effiuent. 3-O-Methyl-DOPA resists
alkaline treatment, but is eluted from Amberlite CG-50 (pH 8.78) in the fraction
from 4.5 to 17 mi of eluate; under the same conditions, 3-MT is eluted in the fraction
70 to 925 ml. Inm contrast to other techniques (see Table @), the 3-MT extraction
procedure described here eliminates dopamine, interference from which would make
fluorimetric estimation of 3-MT impeossible.

Sensitivity and Fineariry of reacrion. The sensitivity of the fluorescence reaction
{calculated for a fluorescence value twice that of the blank) is 30 ng of 3-MT in the
reaction mixture. However, 10 ng of 3-MT, ie., 5.5 ng/m! of sample can be easily
detected (Fig. 8A). The fluorescence intensity is linear for up to 4 pzg of 3-MT in the
reaction mixture (Fig. 8B).

““Eluate blank”. The determination of the eluate blank is important. Bianks,
determined on urinary eluates by replacing the oxidant by 109 EDTA solution (0.2
ml) or by inverting the order of adding reagents (hydrochloric acid, sulphite, iodine}
often give high fiuorescence values. It is therefore more convenient to take increasing
volumes of efuate (0.3 and 0.8 ml) and to calculate the amounts of fluorophore formed
by the difference in fluorescence between them (Fog o — Fos mi)- THis procedure is
suitable only if the eluate blank fluorescencs is slight with respect to the sample value
and can therefore be regarded as constant.
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Fig. 8. Sensitivity (A} and linearity (B) of the fiuorimetric estimation of 3-MT. The sample is ! ml
of 3-MT in 0.5 Af borate buffer of pH 5.2. For the fluorescence procedure see Table H.

Nature of fluorescent product. The technical steps of fluorimetric assay for 3-MT
are the same as for dopamine®*. The dopamine estimation is based on oxidation of the
molecule to quinone and cyclisation to give aminochrome; this undergoes intra-
molecular rearrangement to form 35,6-dihydroxyindole, the fluorescent derivative. The
similaritics in activation and Sucrescence spectra of the dopamine and 3-MT deriva-
tives (Fig. 9) suggest that they are the same. This gbservation can be compared with
the esiablished fact'® that oxidztion of MN and NMN by potassium periodate leads
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Fig. 9. Activation and fluorescence spectra of 3-MT (1 #g) and dopamine {f ug). -
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to the formation of a fluorophore exhibiting the same activation and fluorescence
spectra as epinephrine and norepinephrine, respectively. Adler and Magnusson® ex-
plain the spectral similarities between these amines and corresponding methoxyamines
(MN and NMN} by demethylation of the latter during oxidation.

In the same way, we suggest that 3-MT might be demethylated during oxidation
and that the subsequent chemical steps dre the same as for the iodine oxidation of
dopamine (Fig. 10). This hypothesis is supported by the fact that the iodine oxidation
of dopamine is quicker than that of 3-MT. The greatest fluorescence intensity is
reached in 1.5 min for dopamine and in 2.5 to 3 min for 3-MT (Fig. 3). In addition,
the kinetics of fluorescence stabilization are the same for 3-MT and dopamine (Fig. 4).

=”C°@-—?«, H:@_ . o\\@— Et /‘ cx
Qe Nﬁfxz H " zl-(, o oL 2 A\ \Héca

———— ———— ———
demethylation oxidatiocn

3-0-METHYLOCPAMIKE DQPAMINE AMINOCHROME 56— CIHYDROXYINDOLE
Fig. 10, Suggested scheme for formation of the fluorescent derivative of 3-MT.

BIOLOGICAL APPLICATIONS

The method described here has been successfully applied to the determination
of urinary 3-MT in physioclogical and pathological situations, with reproducible results.
Under physiclogical conditions, the mean excretion of total (free and conjugated) 3-
MT for 43 adults (aged from 18 to 55 vears) was 98.4 - 83 ugper24h*or 8.8 - 0.8
rg per 100 mg of creatinine™. Few results for urinary 3-MT in man have been pub-
lished, and our values are lower that those previously reported!-2-*¢, This may be

ccause most of the other procedures are insufficiently specific for 3-MT assay and do
not completely eliminate interference from dopamine.

Qur procedure is highly specific for 3-MT even in urine from patients with
such diseases as phaeochromocytoma, where high concentrations of MN and NMN
and normal levels of 3-MT are found: NMN and MN excretion are respectively
49.5 + 10.5 and 42 - 7.2 times the control values, whilst 3-MT is increased by a
factor of only 1.4 4 0.3. Also, urinary 3-MT estimation is of value for adrenergic
tumour pregnosis in children and adults and can assist in determining the degree of
malignancy of tumours®’. The assay is not affected by high concentrations of
dopamine; for instance, in parkinsonian patients receiving L-DOPA urinary dopamine
levels are increased 110 times, whereas excretion of 3-MT is only 44 times the control
value?s,

* Mean - standard error.
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