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SUMMARY 

Two methods have been developed for the concurrent measurement of biogenic 
amines in rat brain. After a simple extraction procedure, catecholamines and sero- 
tonin can efficiently be separated in a reasonably short time if a pellicular cation 
exchanger is used with appropriate buffers. The column capacity factor was studied 
as a function of sodium ion concentration in different buffers. 

INTRODUCTION 

Several micromethods for the determination of catecholamines, serotonin (bio- 
genie amines) and their metabolites have been developed based on fluorescenceld, 
gas chromatography-mass spectrometry @C-MS)‘-’ l and radioenzymatic 
methods’ 2~1 3. Liquid chromatography coupled with electrochemical detection (LC- 
EC) offers a degree of sensitivity and specificity which is probably unsurpassed by 
any other methodology. LC-EC methods have used reversed-phase14, ion-pair re- 
versed-phase’ 5 or ion-exchange liquid chromatography16T1 ‘I for the separation of 
biogenic amines, their precursors and metabolites. 

The sensitive and simultaneous determination of individual catecholamines 
and serotonin has always been difficult. With high-performance liquid chromato- 
graphic (HPLC) separations the main difficulty arises from the fact that the retention 
properties of noradrenaline (NA) and serotonin (S-HT) differ considerably. Pre- 
viously published reversed-phase procedures using octadecylsilane or octylsilane col- 
umns have shown that NA is separated from the solvent front’*. However, this 
separation is not consistent from column to column. On the other hand, such columns 
and solvent systems do not result in short retention times for 5-HT, tR > 60 min. The 
addition of an ion-pairing agent, e.g., octyl sulphonate, markedly increased the re- 
tention time of dopamine (DA) and especially that of 5-HT, but had little or no effect 
on the retention time of NA. Besides, most of the reversed-phase HPLC techniques 
require elaborate sample pre-purification prior to the analysis19. 

The present study was carried out in an attempt to show that ion-exchange 
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LC-EC techniques using pellicular cation exchangers have distinct advantages over 
existing reversed-phase methods if biogenic amines without their metabolites are to 
be determined. These advantages include: 

(a) minimum of sample pre-treatment due to the more selective separation 
methods 

(b) longer lifetime for columns and detection cells (little or no organic solvent 
is needed in the eluent) 

(c) remarkable sensitivity permitted by the very high yields of the sample prep- 
aration and by eluents that are highly compatible with electrochemical detection. 

These advantages easily offset those expected from the somewhat higher plate 
numbers found in reversed-phase systems. 

We have developed two methods for the concurrent measurement of biogenic 
amines in rat brain. One of them can determine adrenaline (A), DA and 5-HT with 
very low detection limits, the other is suitable for the measurement of NA, A, DA 
and 5-HT. Since 3,4-dihydroxybenzylamine was found to co-chromatograph with A 
in several systems, a-methyldopamine (a-MDA) proposed by Hallman et aLzo was 
used as internal standard with both methods. 

EXPERIMENTAL 

Apparatus 
The liquid chromatograph was constructed from individual components. A 

Varian 8500 high pressure pump was used and samples were injected by a home- 
modified, syringe-loaded Altex AX 201-56 (Tefzel) valve with a 100~~1 loop operated 
in the partial loop mode. Glass columns (500 x 2 mm) dry packed with Zipax SCX 
(25 pm) or Vydac-CX (35 pm) pellicular cation exchangers were employed. The am- 
perometric detector comprised a Bioanalytical Systems potentiostat LC-2A and a 
thin-layer type cell with carbon-paste working electrode. The electrode potential was 
+ 550 mV vs. an Ag/AgCl reference electrode. A Type OH-814/l strip chart recorder 
(Radelkis, Budapest, Hungary) was used. 

Chemicals 
The water used in preparing solutions was deionized and then double glass- 

distilled. A citrate-acetate buffer was used as eluent. Before use, eluents were degassed 
in vacua Eluents: I, 8.6 g citric acid monohydrate, 10.2 g sodium acetate trihydrate, 
1.6 ml glacial acetic acid and 3.6 g sodium hydroxide dissolved and diluted to 1 1 in 
distilled water and adjusted to pH 5.3; II, 5.75 g citric acid monohydrate, 6.80 g 
sodium acetate trihydrate, 1.05 ml glacial acetic acid and 2.40 g sodium hydroxide 
dissolved and diluted to 1 1 in distilled water and adjusted to pH 5.3; III, 95% eluent 
II and 5% methanol. 

Methanol was purchased from Merck, dopamine hydrochloride, noradrenaline 
hydrochloride and adrenaline from Chrompack (The Netherlands) and a-methyl- 
dopamine hydrobromide from Merck Sharp & Dohme (Rahway, NJ, U.S.A.). All 
other chemicals were of analytical reagent grade. Catecholamine stock solutions were 
made up in 0.1 h4 trichloroacetic acid containing glutathione (20-40 $/ml) as an- 
tioxidant. Dilute solutions were prepared daily. 
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RESULTS AND DISCUSSION 

The main parameter studied in our chromatographic system was the column 
capacity factor, k’, which is a measure of the degree of retention of a solute compared 
to that of a non-sorbed compound: 

fR - to k’=.----- 
tR 

Since a pH value of 5,3 was found optimal for both the selectivity of the cation- 
exchange separations and the amperometric oxidation of the biogenic amines, k 
values were determined at constant pH, as a function of the sodium ion concentration 
in neat aqueous citrate-acetate buffers as well as in citrate-acetate buffers containing 
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Fig. 1. Effect of sodium ion concentration on capacity ratio, k’, in neat aqueous &a&acetate butt&s 
(0) and citrate-acetate buffers containing 5% methanol ( x ). 

Fig. 2. Separation of catecholamines (each 250 pg) A, DA and 5-HT using or-MDA as internal standard. 
Column: Zipax SCX (25 m), 500 x 2 mm I.D. Eluent: citrate-acetate buffer (eluent I). Flow-rate: 0.6 
ml/min. Chart speed: 10 cm/h. Temperature: ambient. 
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1 or 5% methanol. Fig. 1 shows the dependence of k’ on sodium ion concentration 
in neat aqueous buffers and in those containing a small amount of methanol. The 
column was packed with Vydac-CX, a pellicular cation exchanger. 

When the ionic strength of the buffer is below 4 x 10e2 M, methanol causes 
a dramatic decrease in sensitivity due to the substantial increase in the uncompen- 
sated resistance in the cell. At ionic strengths higher than 0.15 M the resolution 
becomes unsatisfactory and in the presence of methanol the resolution deteriorates 
further. Glutathione is a more effective antioxidant and stabilizing agent than sodium 
bisulphite and has a very sharp front peak which does not disturb the separation of 
NA.- 
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Fig. 3. Separation of NA, A, DA and S-HT (80, 100, 400 and 20&250 pg, respectively) using a-MDA 
(2W250 pg) as internal standard. Column: Vydac-CX (35 pm), 500 x 2 mm I.D. Eluent: citrate-acetate 
buffer (eluent II). Other details as in Fig. 2. 

Fig. 4. Separation of NA (250 pg), A (80 pg), DA (350 pg) and 5-HT (250 pg) using a-MDA (250 pg) as 
internal standard, as in Fig. 3 except that the eluent (III) contained 5% methanol. 
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Sample preparation 
Before the measurements, all of the volumetric flasks, glass and polyethylene 

tubes, vessels, syringes, etc., have to be checked by HPLC for possible contaminants. 

TABLE I 

THE SENSITIVITY RANGES OF THE MOST FREQUENTLY USED METHODS 

Abbreviations: RP = reversed phase; IE = ion exchange; F = fluorescence; NF = native fluorescence; 
DF = derivative fluorescence; OPA = o-phthalaldehyde; THI = trihydroxyindole; REA = radioenzy- 
matic assay; no = not measurable with the mentioned method. 

Method Sensitivity (pg) 

A NA DA 5-HT Histamine 

RP-HPLC-EC 
IE-HPLC-EC 
HPLC-F, NF 
HPLC-F, DF, OPA 
HPLC-F, DF, THI 
GC-MS 
REA 

2&looo 20-loo0 2@-loo0 20-1ooo 
IO-100 l&loo l&loo l&loo 
3&looo 30-1ooo 3&looo 2&200 
no lo&300 10&300 1w300 20-100 
l&l00 10-100 no no 
5&500 5&500 5&500 5&500 
2-20 2-20 2-20 IlO 

Weighed whole rat brain tissue samples (1-3 mg) were placed in polyethylene 
tubes. After adding 200 ~1 of oxygen-free (deaerated by N,) 0.2 M trichloroacetic 
acid containing 30-40 pg/ml glutathione, the samples were frozen and homogenized. 
The centrifuged brain extract was directly injected (40 ~1) into the chromatographic 
system by using a-MDA as internal standard. The whole brain homogenate contained 
800 pg DA per mg wet brain tissue and 500 pg 5-HT per mg wet brain tissue. 

Figs. 2-4 show the systems used for the separation of biogenic amines. Table 
I summarizes the sensitivity ranges of the most frequently used methods. 
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