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SUMMARY 

A high-performance liquid chromatographic procedure is described for the determination 
of octopamine. The method, which is based on the separation on a microparticulate bonded 
strong cationexchange resin and measurement of the native fluorescence, has been applied 
to give a &sitive assay of dopemine @-monooxygenase (EC 1.14.17.1) activity in human 
serum with tyramine as the substraker The procedure, which has been designed for use with 
en-eutomatic sempler, has a detection limit of about 50 pmoles of octopemine, and the 
analysis time is approximately 10 min per sample. 

IN’i’RODUCTION 

A number of high-performance liquid chromatographic (HPLC) systems 
have recently been found to offer convenient methods for the microanalysis 
of catecholamines [r-4] , using different detectors. So far, three principles 
of detection- have been .used: an electrochemical detector Cl.1, a W detector 
12-41 and, more recently, fhzorimetric detection following derivatization 
with .o-phtbakddehyde [5 1. Due -t& the relatively Iow sen+ivi~ of the W 
detRctor and the: experimental co&&&y of the other two methods of detec- 
tion, an alternative_m&bod has been developed in the present study. 

The native- fltiorek&erke of catecholamines is considered to be weak [6], 
but has nevertheless been used for a simple and rapid assay of total catechol- 
amines in tissues such as the adrenal gland [7) _- The application of this method 
to cntd& extracts of biolOgical mat&k& -is, ‘however, complicated by considerable 
intkference from various’~endoge~ous cotitituents which exbibii%ative fluo- 
resctince; at. the &me or similar WaGelengths as the catecholamines, or by com- 
pounds which-- quench the. catechokunine ‘fluoresckce 181. The& probkms 
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are elinkated when HPLC is used. In the present report we desctibe the 

detection of. mAqmnine (and tyramine), bzsed on its native ~fiuorescence, 
which gives a sensitivity comparable to the eiectrochemical detector Cl] and 
the fluorescence derivative method [ 51. However, due to itssimpler expcri- 
mental approach, native fluorescence can also be more easily applied to auto- 
mated analysis to meet the special requirements of multiple analyses. We have 
found the’ method very useful in the assay of the dopsmine p-monooxygenase 
(dopamine fi-hydroxylase) catalysed hyclroxylation of tyrsmine to octopamine 
in, for example, human serum. 

EXPERIMENTAL 

Ma teriais 
: 

Tyramine HCl was obtained from Koch-Light (Colnbrook, Great Britain), 
DGoctopamine HCl @-hyclroxyphenyl ethanolamine) and catalsse (crystalline, 
thymol -free) from -the Sigma Chemical Co. (St. Louis, U.S.A.), and fusaric 
acid ikom ICN, (U.S.A.). All other chemicals were obtained from various 
commercial sources and were of analytical grade quality. 

Dopamine fl-monooxygensse was purified from bovine adrenal medulla 
as described earlier 191. 

Serum samples were collected fPom healthy adults and stored at 0” until 
Used. 

HPLC anal&s 
A con&an~volume HPLC pump (Model Constametric II G from Laboratory 

Data Control, Riviera Reach, Fla_, U.S.A.) supplied with a Rheodyne valve- 
loop injector (20- and lOO_crl loops) was used. The chromatographic com- 
ponents were detected using a spectrofluorometer (Model SFM 22 from Kon- 
tcon, Zurich, Switzerland) supplied with a 150-W Xenon lamp (XBO 150 W/l 
from Osram, Miinchen, G.F.R.) and a 20-,~l flow-through cell. The instrument 
was operated at the highest range of the gain setting (“‘High HV var”). Fluores- 
cence excitation and emission spectra were monitored by an X-Y recorder 
(Model 7035 from Hewlett-Packard). No corrections were made for photomulti- 
plier response, monochromator sensitivity or Xenon arc-lamp emission. The 
fluorescence intensity was expressed on a linear scale.. 

The chromatographic separation was achieved at 20” on a microparticulate 
bonded strong cation exchanger (Part&l-l0 SCX, pm-packed from Whatman 
in a 25.9 cm X 4.6 mm I.D. stainless-steel tube) with a theoretical plate number 
of 21,5000/m. A short pm-column (40 X 2 mm I.D. stainless-steel tube) packed 
with pelliculsr silica (HC Pellosil from Whatman) was used. to protect the 
cationexchange column. The mobile phase, consisting of 50 a acetate 
buffer (pH 4.2), was pumped at a flow-rate of 2 ml/min (1400 p.s.i) 

Assay of dopamine fl-monooxygenase activity 
The assay of dopamine @-monooxygenase activity in human serum ‘was 

performed as described by Fujita et al. 151, but with the following modifica- 
tions. The pH was 6.0 and the resction mixture also contain@ 50 m&J 2-(N- 
morpholino)-ethanesulphonic acid (see .Results section). The .re+ction was 
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quenched by adding zm equal volume of ethanol containing 1.0 %mM fusaric 

acid, and the mixture was left at 0” for 30 -min before centrifugation at 10,000 
rpm for 10 min (Eppeudorf Model 5412 Microfuge). The supematant fluid 
was diluted (4-20 times, depending on the enzymic activity of the serum 
analysed) with 50 mlti acetate buffer (pH 4.2), and 2U-loo-~1 &cluots were 
injected into the liquid chromatogmph. The concenkations of the unknown 
samples were determined from standard curves. 

Purified dopamine p-monooxygenase was also assayed as described by 
Wallace et al. [IO] _ 

RESULTS 

Fluorescence properties of octopamine 
The uncorrected fluorescence excitation and emission spectra of octopamine 

are shown in Fig. 1. The amine (10 nmoles) was injected into the liquid chro- 
matograph, and when the peak height was reached the solvent flow was stopped 
and the spectra recorded. It is seen that the solvent contributed very little 
to the spectra of octopamine (A, = 280 nm and Aem = 303 nm). The fluores- 
cencepropertiesof tymminewereveryshilart0th0se0f octopamine. 

250 275 300 

Wavelength kml 

I I I 

290 315 3LO 

303 

Fig. 1. Uncorrected fluorescence excitation (A) and emission (B) spectra of octopamine at 
20” obtained by a Model SFM-22 spectrofluorometer from Kontron, supplied with a 20-gi 
flow--u& cell. The fluorescence spectra of the mobile phase represent the baselines 
in (A) and (B). h, = 28q run +nd A, = 303 nm were selected for the recording of the 
fhxeicence emission and excitation spectra, respectively. For experimented details, see 
text. _ 

: 
Chronmfogmphic conditions 

A microparticukte bonded strong cationexchange resin was selected for the 
separation -of octopamine from @zmin e using a 50 mM acetate buffer, @H 
4.2) as the mobile phase. Fig. 2 shows that the sekcted chromatographic 
conditions ahow the complete separation. of octopamine (tR = 3.65 min) from 
@imine (TV- -=: -4.35 min), and this separation was obtained even in the pre- 
sence of a IOOO-fold tioncentration of tyramine. .The peak height was lowered 
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Fig. 2- HPJX fluorescence elution pattern of 100 ~1 supematant from an incubation mixture 
in the assay of dopamine B-monooxygenase activity of a human serum. (A) Zero-time 
control, and (B) separation of octopamine (Cl&, fR = 3.65 min) from tyramine (TV = 4.85 
min). The arrows indicate the solvent front. 100 pl of the diluted (16 times) incubation 
mixture were injected into the liquid chromatograph; h, = 280 nm and h, = 303 nm. 
For experimental details, see text. 

by approx. 10% only when the same amount of octopamine was injected in 
100 ~1 compared with 20 ~1, with no loss in resolution. 

Linearity and sensitiuity 
A linearrelationship wes obtained between the injected amount of octopamine 

and the peak height (r = 0.99) or the integrated peak area (data not shown). 
The knit of detection was approx. 50 pmoles octopamine (signal-to-noise 
ratio of 5)._ 

Assay of dopamine @-monooxygenase in human serum 
The useful application of the HPLC method to the assay of dopamine 

fi-monooxygenase activity is most. clearly shown by the assay of the enzyme 
in human serum. The hydroxylation of tyremine to octopamine by doptiine 
&monooxygenas& in human serum of high activity is shown in Fig. 2. None 
of the endogenous substances of the serum or components’of the incubation 
mixture interfere with the chromatographic separation. and the. fluorimetric 
detectiok of octopamine, which is completely Separated from. the- substrate 
to be hydroxylated (tyramine). Furthermore,: no interference from compounds 
with high retention times was observed in multiple~analyses in sequence. ; 

In the standard assay procedure (pH 6-O) the amount of oetopamine formed 
was proportional to the reaction. time. up to approx. 30. min (Fig; 3A) and 
to the amount .of -enzyme (serum ) added (Fig:3B). ThisresuMsin contrast 
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biogenic amines have their characteristic fluorescence spectra. Thus, detection 
by native fluorescence can be applied to a wide range of catecholamines and 
their biosynthetic precursors. Secondly, the method can be adapted to all 
commercially available spectrofluorometers now supplied with micro flow- 
cells. Finally, when used in combination with fully automated equipment 
(auto-injector), this method allows routine determination of 50 pmoles of 
octopamine wi*h an efficiency of 6 analyses per h. 

The useful application of the technique to the assay of dopamine P-mono- 
oxygenase activity in human serum is also demonstrated in the present study, 
including the assay conditions necessary to ensure lineari* as a function 
of time and serum concentration. The method allows convenient and accurate 
measurements of Iow activities of dopamine p-monooxygenase in human 
serum, and presents advantages compared with other assay methods. The 
samples after incubation require little preparation, .i.e. only precipitation of 
protein; the time required for a complete chromatogrsm is less than for the 
system based on reversed-phase partition chromatography 151, and no deriv- 
atization is required before detection. 

The method presented in this report, although somewhat less sensitive 
than current radiochemical assay methods, offers advantages due to its speed, 
low cost, and avoidance of coupled enzyme reactions (see ref. I.1 for references 
to methods and a discussion of problems in interpretation of dopamine @- 
monooxygenase assays). The sensitivity of our method, however, can be 
increased with the use of labelled tyramine. The advantage of the present 
chromatographic method is the more rapid separation of substrate and product 
compared with previously published HPLC methods [l-4]. 
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