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Determination of 5-hydroxyindoles and catecholamines in microdialysis
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chromatography with fluorescence detection and its practical application to
research on the brain functions
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Abstract

Serotonin (SHT), norepinephrine (NE) and dopamine (DA) are important neurotransmitters, which are involved
in control and regulation of numerous functions of the central and peripheral nervous systems. Monitoring the
levels of monoamines and their deaminated metabolites in body fluids and tissue biopsies is important in basic
research on the brain functions and diseases investigations. In this study, a sensitive microbore-column liquid
chromatographic methods for the single and/or simultaneous determination of fluorescent derivatives of 5-HT,
NE, DA and their metabolites in tissue and microdialysis samples from rat and/or mouse brain are described.
The method is based on precolumn derivatization of the 5-hydroxyindoles (5-HIs) with benzylamine and
catecholamines (CAs) with 1,2-diphenylethylenediamine (DPE) in a weakly alkalic medium and in the presence
of potassium hexacyanoferrate (Il) and organic solvent resulting in the corresponding highly fluorescent and
stable benzoxazole derivatives. The detection limits for NE, 5-HT, DA and their major metabolites were in the
attomole range. These methods permit the highly sensitive, selective and simple single and/or simulitaneous
determination of 5-Hls and CAs. These methods should be useful for research on the brain functions and many

diseases investigations.
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Fraction collector

Syringe pump

Mobile phase:Ringer’s solution
(147 mM Na*, 4 mM K*,
3mM Ca*, 155.6 mM CI')

Flow rate:2 pl/min

Diameter:0.2 mm

Length:3.0~4.0 mm
MW cut ofi:50,000

Fig. 1 Microdialysis system
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Fig. 2 Derivatization reaction scheme of 5-hydroxyindoles and catecholamines with

benzylamine and DPE in the presence of potassium hexacyanoferrate (III).
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Chart 1 Procedure for the fluorescence derivatization

of serotonin with benzylamine Saline solution Methamphetam'ne
Microdialysate sample 10 uL
Reagent solution 10 uL 5-HT
0.3 M CAPS buffer (pH 12.0) 5 vol
0.2 M Benzylamine 9 vol S-UT
0.1 M K;Fe(CN), 3 vol
MeOH 3 vol l
v Stand, room temp., 2 min

Apply onto HPLC (5 pL)

HPLC conditions
Column:TSK gel ODS-80TM (100x1.0 mm.i.d.) s ! ! 1
Mobile phase:CH;CN-40 mM phosphate buffer Time (min) Time (min)
(pH 7.5) [57:43, v/v] containing Fig. 3 Chromatograms obtained with the hippocampus

1 mM EDTA - 2Na
Flow rate:50 pL/min

dialysates of rat, which was administrated

Fluorescence detection:Ex.345 nm intraperitoneally ~ with  saline solution or

Em.480 nm methamphetamine (3 mg/kg).
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Fig. 4 Effects of tail pinch (5 s) and handling (3 min) on extracellular levels of 5-HT in the

mouse frontal cortex and hippocampus (n=3 in each test).
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Chart 2 Procedure for the fluorescence derivatization

of norepinephrine with benzylamine HPLC conditions
Microdialysate sample 10 uL )
Reagent solution 10 uL Colufnn.L-Column (150x1..0 mm.l.d'.)
0.45 M CAPS buffer (pH 12.0) 7 vol Mobile phase: CH3CN-Br1tton-R‘ot.>mson buffer (pH 7.5)
0.2 M Benzylamine 9 vol [3.4.66, v/v]' containing 1 nllM .
0.01 M K;Fe(CN)q 1 vol dld(?decyld1methylammomum bromide
N,N-Dimethylformamide 3 vol Flow rate:40 L/mlr.1
y Stand, 50°C 20min Fluorescence detection:Ex.345 nm
Apply onto HPLC (10 L) Em.480 nm
Saline solution Maprotyline Anmitriptyline
8 Animyptiline
40 -8 Mygrotyline
NE
/ 30
NE g
NE ;Er
2
/ 100g
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Fig. 5 Chromatograms obtained with the frontal cortex Fig. 6 Effect of maprotyline and amitoryptiline
dialysates of rat brain, which was administrated on NE level in the frontal cortex.

with saline solution (orally), maprotyline (orally,
10 mg/kg) or amitriptyline (subcutaneously, 10

mg/kg).
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Chart 3 Procedure for the fluorescence derivatization of

serotonin and norepinephrine with benz;llamine

Microdialysate sample 15 uL

Reagent solution 15 uL

0.3 M CAPS buffer (pH 12.0) 5 vol

0.5 M Benzylamine 9 vol
0.01 M K;Fe(CN), 3 vol
MeOH 3 vol

Stand, 50°C, 20 min

\J
Apply onto HPLC (20 pL)

HPLC conditions

Column:TSK gel ODS-80TM (100x1.0 mm.i.d.)
Mobile phase:CH3;CN-15 mM acetate buffer
(pH 5.0) [31:69, v/v] containing
1 mM EDTA-2Na
Flow rate:50 uL/min
Fluorescence detection:Ex.345 nm
Em.480 nm

Ringer 100 mM K" Calcium-free
Solution Ringer solution Ringer solution
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Fig. 7 Chromatograms of the microdialysis samples from rat hippocampus at Ringer solution,

100 mM K' Ringer solution and calcium-free Ringer solution.
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Fig. 8 Effects of desipramine (10 mg/kg i.p.) and imipramine (10 mg/kg i.p.) on 5-HT and NE

levels in the frontal cortex dialysat
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Chart 4 Procedure for the fluorescence derivatization

of 5-hydroxyindoles and catechols with
benzylamine and DPE

Microdialysate sample 20 uL
Reagent solution 1 20 uL
0.3 M CAPS buffer (pH 10.0) 2 vol
0.3 M Benzylamine 6 vol
0.02 M K;Fe(CN), 3 vol
MeOH 24 vol
Stand, room temp., 2 min
Reagent solution 2 12 uL
0.3 M Glycine 1 vol
0.1 M DPE 2 vol
v Stand, 50°C, 20 min

Apply onto HPLC (20 uL)
HPLC conditions

Column:L-Column (150x1.5 mm.i.d.)

Mobile phase: CH3CN-acetate buffer (pH 4.5)
[34:66, v/v] containing | mM
1-octanesulfonic acid sodium salt

Flow rate:100 uL/min

Fluorescence detection:Ex.345 nm

Em.480 nm
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Chromatogram of a standard solution of S5-hydroxyindoles and
catecholamines. Peaks: 5-Hydroxytryptophan (S-HTP, 50 fmol); NE (50
fmol); 3,4-Dihydroxymanderic acid (DOMA, 5 pmol); 5-HT (50 fmol);
L-DOPA (500 fmol); Epinephrine (E, 50 fmol); S-HIAA (50 fmol);
5-Hydroxytryptophol  (5-HTOL, 50 fmol); N-Acetyl-serotonin
(N-Ac-5-HT, 50 fmol); DA (50 fmol); 3,4-Dihydroxyphenylglycol
(DOPEG, 50 fmol); 3,4-Dihydroxyphenylacetic acid (DOPAC, 50 fmol).

Table 1 Retention times and detection limits of 5-hydroxyindoles and catecholamines

Compound Retentign time Detection limit
(min) (fmol)
>-HTP 4.7 0.40
NE 6.1 0.08

DOMA 7.5 86.8

S-HT 9.9 0.20
L-DOPA 1.3 565
E 14.6 0.05
SHIAA 16.7 0.24
5-HTOL 21.9 015
N-Ac-5-HT 23.1 0.15
DA 26.0 0.13
DOPEG 37.5 023
DOPAC 412 0.68
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Fig. 10 Effect of clorgyline on SHT, SHIAA, NE, DA and DOPAC levels in the rat striatum

tissue. Clorgyline (4 mg/kg) was intraperitoneally injected.
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Fig. 11 Chromatograms of the microdialysis samples from rat from rat striatum, which was

administrated intraperitoneally with saline solution and phenelzine (5 mg/kg).
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