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SUMMARY 

A new micro high-performan ce liquid chromatographic system has been developed, which 
detkniines catechokmines from directly injected human urine without any sample pre- 
treabn@nt. The system consists of a mixing junction for adjusting the sample to pH 8.5, a 

micro alumina precoIumn for enriching catecbolamines in the sample, and a dual electro- 
chemical detector for selectively detecting catecbolamines based on their electrochemical 
reversibility.. Tbe system k_ able to operate with directly injected body fluids and to deter- 
mine simultaneousIy all of the four catecholamines with high precision_ 

INTRODUCTION 

Catecholaniines play an important role in the central nervous system and in 
neurological diseases. Consequently, their separation and determination have 
received considerable attention, and electrochemical methods are proving very 
u&i& m s&h- ~stud‘res @-_51_- Dual electrochemical detectors, having two 
worhing. ~electro’des, for high-performance liquicl chromatography @PLC) are 
esp&&lIy _&Jkactive~ for seIective detection of electroactive species [4, q. MTcro 
li@i-@&~~c~ &_@I &.romatb~phy (MHPLC), using p&l&d coIumns of 
b-ore s&e less than J m-m, is avery suiZabIe technique for _analysTs of trace sam- 
pies of. biom_edic_aI origin @Ii _ An amperometric detector based on a thin-layer 
eIectrocI&micaI celI with one workiirg ~eIe&rode _ SuitibIe for MHPLC was 
recenffy t&$&&d_ and &3xss~y &IX&I for _tbe determination of amino- 
pb&x+I &@e’& separ+c$ by a micro SD_~‘coIumn [‘I. @ the p&e& work; a 
t$$+@xeIe&roIytic CeP _$tb two j&king eIe&odes Was designed and con- 
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strutted for use as the detector for MHPLC. A twin electrode detector was used 
to detect catecholamines selectively, based on their electrochemical reversibili- 
ty in many electroactive eluates_ 

In the development of analytical methods using liquid chromatography for 
biological samples (for example, urine, smum, saliva, plasma), one of the most 
timeconsuming steps, which introduces considerable sources of error, is sample 
pretreatment and enrichment prior to injection into the chromatograph, Ap- 
proaches towards oncolumn sample enrichment for direct injection of body 
fluids in HPLC have been reported [S-lo] _ So far, the determination of eate- 
ebolamines by direct injection of untreated body fluids into a micro liquid 
cbromatograph has not been reported. Thus, we adapted the idea of the use of 
a precolumn as a protecting device on the micro separation analytical column, 
following preconcentration of the catecholamines by adsorption on a very 
small alumina column. 

This paper describes a novel analytical system for the analysis of eatechol- 
amines by MHPLC with dual electrochemical detection, with micro precolumn 
sample enrichment, and for direct urine injection without the classical sample 
pretreatment steps. 

E-VERYMENTAL 

Sample pretreatmen f 
Typical classical steps in the pretreatment of human urine for subsequent 

HPLC runs for determining catecholamines with electrochemical detection are 
the following: urine (5 ml) + stabilize + buffer (pH 6.5) + adsorb (ion-ex- 
change resin) * wash --f elute + stabilize + buffer (pH S-6) --f adsorb (alumina) 
+ wash + dry +- extract + HPLC [I]. Nearly all steps are susceptible to errors, 
and waste time and laboratory capacity. The application of the proposed 
MHPLC system, with micro precolumn and dual electrochemical detector, 
reduces the number of steps significantIy; for exampIe, urine (50--100 ~1) + 
MHPLC. 

_MHPLC system with micro precolumn and dual electrochemical defector 
The direct injection analytical system is shown schematically in Fig. 1. Three 

micro feeders (Azuma Denki Co., Model MF-Z), micro syringes (Terumo Co_, 
Model CAN-1.00) and three-way valves were used to feed the mobile phase, 
buffer solution and water. A sampIe injector (Rheodyne Co., Model 7125) 
with lOO+l sample loop and a six-way valve (Rheodyne Co., Model 50177M) 
were used for sample injection and alternative connection of the micro pre- 
column with the sample enrichment system and chromatographic system, re- 
spectively- The design of the twin electrode thin-layer electrolytic cell for the 
dual electrochemical detector and connection with the micro separation col- 
umn are shown in Fig. 2. The thin-layer cavity was constructed of two fluoro- 
carbon resin blocks separated by a.PTFE sheet 50 pm thick and 2 mm wide_ 
Two working electrodes were made With glassy carbon disks of 3 mm diameter 
contained in one of the blocks. The reference electrode, ~silver/silver chloride 
electrode, was held in a cylindrical hole in the other block. A stainless-steel 
tube served both as the counter electrode and the exit line_ A dual potentiostat 
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Fig. l_ Block diagram and flow-chart of the MHPLC system with micro precolumn and dual 
electrochemical detector_ 1 = micro feeder, 2 = micro syringe, 3 = three-way valve, 4 = sam- 
ple injector, 5 = mobile phase, 6 = buffer solution, 7 = water, 8 = six-way va!ve, 9 = mixing 
joint, 10 = solution filter, 11 = micro precolumn, 12 = micro separation column, 13 = twin 
electrode thin-layer electrolytic cell. 

Fig, .Zj_ C&&u&i& of twm electrode thin-layer electrolytic cell and connection with micro 
separation cohrmrr: (A) side view of &ll; (B) top view of,spacer_ -1, 2 = working electrode 
(gla&y. carbon), -3 ~==ri?femnce electrode (Ag/AgCl), 4 = counter electrode (stai_nless-steel 
tube); 5 = spacer (PTFE sheet), 6 = micro separation-column, 7 = hole_ .- -_ -. -. . _T 
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(Nikko Keisoku Co., Model DPGS-2) was employed to control independently 
the potentials of the two working electrodes and to measure the currents_ The 
anodic and cathodic chromatograms were simultaneously recorded on a dual- 
pen recorder (Yokogawa Co_, Model 3056). 

The micro separation column for analysis was filled by the technique de- 
scribed earlier pl] with ODS (Yanagimoto Co., Yanapak ODS, 5 pm) in a 
PTFE tube 15 cm X 0.5 mm I.D. The micro precolumn for enrichment was 
made by packing alumina (E. Merck, LiChrosorb Alox T, 5 ym) in a PTFE tube 
2 cm X 0.5 mm I.D. The solution filter (typical dimensions 1 cm X 0.5 mm 
.I_D.) was made by packing with fine quartz wool. 

Reagents 
Analytical reagent grade chemicals were used without further purification_ 

All solutions were prepared from distilled and deionized water_ For standard 
samples, noradrenaline, adrenaline, dopamine and Z-dopa were dissolved in a 
phosphate buffer of pH 3 to prepare the stock solutions_ The mobile phase for 
analysis was Britton-Robinson buffer (pH 1.8) cbntaining 0.5 mM l-heptane- 
sulfonic acid, sodium salt, as the ion-pair reagent_ The buffer solution for pre- 
treatment of the micro precolumn and pH adjustment of the sample was Tris 
buffer (pH 8.8) containing 0.25% EDTA (disodium salt) and O-05% NaHS03 
for stabilizing catecholamines. 

Procedures 
The flowchart for the direct injection MHPLC system is shown in Fig. 1. At 

the positions of each valve as shown in part A, the following two procedures 
are first performed_ The mobile phase, buffer solution and water are filled in 
each respective micro syringe_ The first sample of human urine is taken with a 
lOOjt1 micro syringe and injected into the sample loop of the sample injector_ 
By switching each valve as in Fig. 1 part B, the procedures for conditioning the 
micro precolumn followed by sample enrichment and for conditioning the 
micro separation column are performed at the same time_ The micro precolumn 
is conditioned with the buffer solution of pH 8.8 delivered at a flow-rate of 33 
plimin_ The sample is delivered by the water at a flow-rate of 33 pl/min for 
enrichment -by the micro precolumn, solid particles in the sample being re- 
moved through the solution filter, and the sample is mixed with a flow of 
the buffer solution of pH 8.6 in the mixing joint to adjust the sample to pH 
8.5. The sample is injected into the micro precolumn for 15 min with a mixed 
flow of the water and the buffer solution, and then the micro precolumn is 
washed for a further 15 min with only a flow of water by stopping the flow of 
the buffer solution_ The flow-line from the mixing joint to the micro precol- 
umn was made of a PTFE tube 12 cm X 0.5 mm I.D. to mix the sample with 
the buffer solution completely_ Parallel to the enrichment procedure, the micro 
separation column ia conditioned with the mobile phase delivered at a flow-rate 
of 5.3 I.rl/min_ Next, by switching the six-way valve, as in Fig. 1 part C, the 
mobile phase is introduced into the micro separation column through the micro 
precolumn, In this procedure, the adsorbed compounds are eluted from the 
micro precolumn and simuItaneously separated by the micro separation col- 
umn_ Parallel to the chromatographic procedure, the next sample is taken by 
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switching the valve of the sample injector again. After the adsorbed compounds 
are completely eluted from the micro precolumn, the next sample enrichment 
is performed during the separation process of catecholamines by switching 
again each valve in Fig. 1 part B. There was no need to change the alumina pre- 
cohmm in a series of at least 100 analyses with direct injection of the urine 
samples. 

Selective defection of catecholamines 
Consider a reversible or quasi-reversible redox couple. The anode and 

cathode of the twin electrode thin-layer cavity are set at potentials where the 
reductant is oxidized and the oxidant is reduced, respectively. The reductant of 
the reversible or quasi-reversible species is oxidized at the anode placed up- 
stream and the product of this electrode reaction is re-reduced at the cathode 
placed downstream, while the reductant of the irreversible species is not re- 
reduced at the cathode. It should, therefore, be noted that only the reversible 
and/or quasi-reversible species are selectively detected at the cathode. 

The separated catecholamines are introduced into the twin electrode thin- 
layer electrolytic cell, in which the anode and cathode are set at the potentials 
(V vs. Ag/AgCl) of (+) 0.80 and (+) 0.20, respectively. The catecholamines are 
selectively detected by monitoring the reduction current at the cathode. The 
reduction current was measured with one pen of the dual-pen recorder through 
the electric filter having the time constant of ca. 1 set to cut out high-frequen- 
cy noise. 

The potentials of the anode and cathode suitable for the selective detection 
of catecholamines were selected by measuring the cyclic semiderivative of 
current vs. electrode potential curves by means of semidifferential electroanal- 
ysis [12,13]_ The details will be described elsewhere_ 

RESULTS AND DISCUSSION 

Quantitation of catechofamines 
The MHPLC system with micro precolumn and dual electrochemical detec- 

tor was used for the quantitative analysis of catecholamine mixtures_ Typical 
chromatograms of the four catecholamines obtained from a loo-p1 injection 
of a solution of 30 ng/ml of each of noradrenaline, adrenaline and dopamine 
plus 60 ng/ml of Z-dopa using the micro ODS column are shown in Fig_ 3, in 
which parts A and B are, respectively, the anodic and cathodic chromatograms. 
It should be noted that the negative and positive direction peaks correspond to 
the armdic and cathodic responses, respectively_ All the above four catechol- 
amines gave both anodic and cathodic chromatographic peaks. This indicates 
that their electrode reactions in the Britton-Robinson buffer of pH 1.8 con- 
taining 0.5 m&1 1-heptanesulfonic acid sodium salt used for the mobile phase 
are reversible or quasi-reversible. The peak separation is good enough and both 
the anodic and-,cathodic responses were linear with the amounts of catechol- 
amines injected, as shown in Table I. The procedure of sample enrichment with 
the alumina precolumn of 2 cm X 0.5 mm I.D. was found to be linear up to the 
amount-injected of ca. 40 ng of each of the four catecbolamines. It should be 
mentioned that the percentage enrichment of Z-dopa with the micro alumina 
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TABLE I 

RELATIONSHIPS~ BETWEEN ANODIC AND CATHODIC PEAK HEIGHT AND AMOUNT 
OF CATECHOLAMINES BY MHPLC WITH MICRO PRECOLUMN AND DUAL ELEC- 
TROCHEMICAL DBTFXTOR 

Potentials (V VS. Ag/AgCi): anode (+) 0.80, cathode (+) 0.20; flow-rate of mobile phase, 8.3 
pllmin. 

Species Relationship* Correlation 
coefficient 

Noradrenaline Anodic y = -15_7lx + 6-55 O-999 
Cathodic y = 7-33x - 4-39 0.996 

Adrenaline Anodic y = -5.28~ + 1.06 0.997 
Cathodic y = 2_4lx - 0.77 0.994 

Dopamine Anodic y = -4.82x + 3.88 0.994 
Cathodic y = 2.37x - 1.93 0.996 

I-Dopa Anodic y = -0.21x + 0.37 0.987 
Cathodic y = 0.09x - 0.15 0.993 

l y = peak height measured in nA; x = amount of catecholamine measured in ng. 

precolumn in this system is small compared with that of the other catechol- 
amines, as seen in Fig. 3 and Table I. This would be improved by selecting a 

more suitable buffer solution for adjusting the sample to pH 8.6. 
The cathodic responses were found to be about 44,45,48 and 42% for nor- 

adrenaline, adrenaline, dopamine and Zdopa, respectively, of the corresponding 
anodic responses under the experimental conditions used; i.e. mobile phase 
flow-rate 8-3 rl/min, anode potential (+) 0.80 V and cathode potential (a) O-20 
V vs. Ag/AgCl. The ratios of cathodic to anodic responses for the four catechol- 
amines were substantially constant in the range of cathode potentials from (+) 
020 to 0 V under an anode potential of (+) 0.80 V vs. Ag/AgCl. The back- 
ground current on the cathode tended to increase with decreasing cathode 
potential. Therefore, the cathode potential of (+) 0.20 V vs. Ag/AgCl was 
selected for the selective detection of catecholamines in this study. 

The cathodic responses reached a high level of precision, as shown in Table 
II. The relative standard deviations for repetitive determination of catechol- 
amines in the MHPLC system with micro precolumn and dual electrochemical 
detector were 0.6, 0.9, 1.8 and 5.1% for noradrenaline, adrenaline, dopamine 
and d-dopa, respectively. 

Cafecholamines in human urine 

Typical chromatograms -for the determination of catecholamines in 100 ~1 
of human -urine directly injected without any pretreatment in the MHPLC 
system are shown in Fig. 4a and b. Parts A and B are, respectively, the anodic 
and cathodic chromatograms. Peaks 1,2,3 and 4, due to noradrmaline, adrena- 
line, dopamine and Zdopa, are the expected endogenous compounds in the 
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TABLE II. 

PRECISION FOR DETERMINATION OF CATECHOLAMINES BY MHPLC WITH MICRO 
PRECOLUMN AND DUAL ELECTROCHEMICAL DETECTOE 

Sample: 100 pl of 40 ng/mI each of noradrenaline, adrenaline ;nd dopamine plus 200 ng/ml 
of Z-dopa~ Potentials (V vs. Ag/AgCi): anode (+) 0.80, cathode (+) 0.20. 

Number Cathodic peak height (inches) 

Noradrenaline Adrenaline Dopamine I-Dopa 

1 3.32 1.04 0.97 0.35 
2 3.32 1.06 0.99 0.31 
3 3.36 1.05 0.96 0.34 
4 3.35 1.04 0.95 0.33 

Mean 3.34 l-05 0.97 0.33 
Relative SD_ 0.6 0.9 1.8 5.1 
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Fig. 3. Typical cbromatograms of standard catecholamines by the MHPLC system with 
micro precolqmn and dual electrochemical detector: (A) anodic response, (B) cathodic re- 
cons??_ -Peaks:-l-=~~oradrenaline, 2 = adrenaline; 3 = dopamine; 4 =Z-dopa. Sample: 100 ~1 
df a?dadardVbIution of 30 ng/kI each of noradrenzdirie, adrenaltie ana dopamine plus 60 
og/ml of I-dofia. Poteotiah (V vs. Ag/AgCl): anode (+) 0.80, cathode-(+) 0.20; 
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urine. Their peaks were verified using the standard samples. Of particular inter- 
est in part -4 are the peaks appearing as the shoulder of noradrenaline in Fig. 
4b and as the background of Zdopa in Fig. 4a. The compound or compounds 
responsible for these peaks and the peaks appearing after klopa in part A were 
not identified. By recording the cathodic current, it was shown that there were 
essentially no cathodic peaks corresponding to the unknown anodic peaks (see 
part B), suggesting that the compound or compounds producing anodic peaks 
are irreversibly oxidized. On the other hand, the compound responsible for the 
peak appearing after adrenaline in part A of Fig. 4 seems to be one of the 
metabolites of the catecholamines, because the corresponding cathodic peak 
appeared in the cathodic chromatograms. It is clear that the proposed dual 
electrochemical detector can selectively detect catecholamines from many 
electrroactive qxcies co-existent in the uriue on the basis of their electrochem- 
ical reversibility. 
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Fig.& Typi&l &mmatogratns of c&echo&nines in d&c&r injected h uma&urine: (A) 
~odicresponse;(B)cathodicrrsponse.Peaks: l= noradrenaline, 2= adrenaline, 3= dopa- 
mine, 4 = L-dopa PotentiakfVvs.Ag~AgCl); anode(+)O.80~ cathode(+)0.20.Sample:lOO 
plofhumanurine. 
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_-Human urine from -five- healthy individuals was analyzed from the linear 
regression equations in Table-1 using the cathodic chromatograms, The results 
are shown in Table III, .The concentrations for noradrenaline, adrenaline and 
dopamine in Table III are within the range of results reported in the literature 
for normal human urines using HPLC methods with a single electrochemical 
detector @] and with a -fluorimetric detector [14]. Values for normal urine 
levels of Zdopa do not appear to be available in the literature. This seems to 
be due to the Jack of sensitivity for Z-dopa in the fluorimetric detection and 
that the classical pretreatment of-urine for electrochemical detection involves 
ionexchange procedures before adsorption on alumina, Zdopa not being en- 
riched [1] _ The values in Table III are somewhat smaller than those obtained 
using the classical manual method with single electrochemical detection_ This 
indicates that single electrochemical detection tends to overestimate the true 
values because of lack of selectivity in detection_ 

The present system appears to be the first method which simultaneously 
determines all four of these catecholamines in human urine directly injected 
into the micro liquid chromatograph. Total analysis time for one sample was 
approximately 1.5 h. One hour is required for the analysis of each additional 
sample_ This time can not be said to be shorter than in the classical manual 
method, because the &anual method may process more samples on a batch- 
wise basis per working day. However, the sample through-put time in this 
automated system will be able to be shortened by improving the speed of 
MHPLC and by arranging for more precolumns to be operated at the same 
time. 

Although this entire article refers to catecholamine analysis in urine, it 
seems that the system is applicable to other body fluids such as plasma, serum 
and saliva. 

TABLE III 

ANALYTICAL RESULTS OF CATECHOLAMINiS 
DIVDXJALS 

IN URINE FROhl HEALTHY IN- 

Sample Concentration (ng/mI) 
number 

Noradrenaline Adrenaline Dopamine I-Dopa 

1 17 16 101 70 
2 17 10 94 65 
3 10 7 80 63 
4 16 11 86 70 
5 16 9 133 60 

CONCLUSIONS 

The MHPLC system with micro precolumn and dual electrochemical detec- 
tion is applicable to body fluid samples such as urine without any pretreat- 
ment, for the. simultaneous determination of four catecholamines with high 
precision at low concentration. Three processes in this system provide maxi- 
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mum selectivity for catecholamines. Initially, the -compounds are extracted 
via liquidsolid -adsorption on an ahmina precohnnn. Secondly, separation is 
effected by means of reversed-phase Iiquid chromatography. F’inally, detection 
is -selectively acComplished by dual electrochemical detection based on their 
electzochemical reversibility. 

Characteristic features of this system are: automated sample pretreatment, 
direct injection of body fluids (mine, etc.), no internal standard required, high 
precision, only small amounts of materials for precolumn and separation col- 
umn and reagents for mobile phase, etc., required_ The possibility of further 
development of this system for clinical purposes seems clear. 
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