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Abstract: The plasma level determination of catecholamines and their metabolites is

necessary in studies aimed at evaluating neuroendocrine disorders. A micellar liquid

chromatographic procedure was developed for the determination of epinephrine,

norepinephrine, and their naturally occurring derivatives, metanephrine and nor-meta-

nephrine, in serum samples using direct injection. The optimisation studies were

performed in a C18 column, using solutions containing sodium dodecyl sulphate

(SDS) modified with propanol, butanol, or pentanol as mobile phases. The method

proposed for the determination of these catecholamines used a hybrid micellar

mobile phase of 0.075 M SDS–1.6% butanol–0.01 M phosphate buffer (pH 7) at

258C, and electrochemical detection. The serum samples were injected directly

without any pretreatment and eluted in 14 min, in accordance with their relative

polarities as indicated by their octanol–water partition coefficients. Calibration was

linear in the 0.5–50 ng mL21 range with r2 . 0.999. The limits of quantification (pg

mL21) in serum samples were within the 2.7–17 range. Repeatability and intermediate

precision were tested for four different concentrations of the drugs, and the residual
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standard deviation values were below 2% for most of the assays. A study using UV

detection is presented for comparison purposes.

Keywords: Epinephrin, Norepinephrine, Electrochemical detection, Serum

INTRODUCTION

Epinephrine and norepinephrine are the main endogenous catecholamines,

which can act as hormones and/or neurotransmitters in several physiological

and pathological situations related to both the autonomic and central nervous

systems. Catecholamine drugs are also used to treat hypertension, bronchial

asthma, and organic heart disease, and they are employed in cardiac surgery

and myocardial infarction.[1,2] Levels of the catecholamines, epinephrine and

norepinephrine and their 3-O-methylated metabolites (metanephrine and nor-

metanephrine, see Figure 1) in biological fluids, are of clinical interest in fields

such as the diagnosis of altered functioning of catecholamine-synthesising

tissues, assessment of disease severity and prognosis, and the study of

adaptive responses to stress and pharmacotherapy.[3] Recently, the measure-

ment of plasma free metanephrine and normetanephrine has been claimed

to be clinically more sensitive than urinary free catecholamines and

metanephrines.[4]

Figure 1. Metabolic pathway of catecholamines studied. COMT ¼ catechol-o-

methyltransferase.
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The plasma level determination of catecholamines and their metabolites

is necessary in studies aimed at evaluating neuroendocrine disorders and the

role of the autonomic nervous system in several physiological and

pathological situations and, on the other hand, catecholamines are major

physiological markers of human stress.[5 – 8] The accurate assay of cate-

cholamines in response to experimental psychological stress could be

useful to investigate the possible changes associated with aggressiveness

and anxiety.[9]

Nowadays, high performance liquid chromatography (HPLC) is the most

commonly used technique for measuring these catecholamines and their

metabolites in biological samples. The detection methods prevalently found

in most research works are electrochemical,[8,10 – 13] fluorimetric,[14,15] and

chemiluminescence.[16,17] The introduction of electrochemical detection

(HPLC-ED) has provided a new tool to determine the levels of these

compounds.[18,19] Catecholamines and their metabolites can be detected by

their reversible oxidation at a carbon-based electrode. The amounts of

neuronal amines to be determined in plasma are in the submicroanalysis

range, i.e., a few parts per billion. This is a difficult analytical problem,

especially if one takes into account the complex matrix from which they

have to be extracted. Despite the large number of papers published on this

subject, there are still problems associated with the plasma sample clean-up

procedure. Due to the complexity of biological matrixes, such as urine or

plasma, very effective and intensive clean-up steps are required. Human

plasma catecholamines are usually purified by adsorption on alumina[8,20]

or on boric gel[21] or by extraction with organic solvents.[22] However, these

methods are not sensitive enough and, furthermore, they often do not give

high extraction yields.

Micellar liquid chromatography (MLC), which uses mobile phases of sur-

factants above the critical micellar concentration, has proven to be a useful

technique in the determination of diverse groups of drugs in biological

fluids by direct injection of the sample.[23 – 28] MLC provides a solution to

the direct injection of physiological samples by solubilizing the protein com-

ponents, and coating the analytical column with surfactant monomers to avoid

clogging.[29] One of the major advantages of MLC is its capacity to describe

the retention behaviour of compounds eluted with hybrid micellar mobile

phases of surfactant and organic modifiers with a high degree of accuracy.

This description allows the simple selection of the optimum composition of

the mobile phase.

The aim of this work is to propose a rapid and sensitive method

for the determination of epinephrine, norepinephrine, metanephrine, and

normetanephrine in serum samples using electrochemical detection

and direct injection. The chromatographic behaviour of the highly hydrophilic

catecholamines eluted with pure and hybrid micellar mobile phases is also

studied. A comparison between two detection modes, UV and ED, is

presented.
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EXPERIMENTAL

Reagents

Sodium dodecyl sulphate (SDS, 99% purity, Merck, Darmstadt, Germany),

1-pentanol, 1-butanol, 1-propanol (Scharlab, Barcelona, Spain), sodium dihy-

drogenphosphate, potassium chloride (Panreac, Barcelona), HCl, NaOH

(Probus, Badalona, Spain) were used to prepare the mobile phases.

Methanol (Scharlab) was employed to clean the column.

Epinephrine, norepinephrine, metanephrine, and normetanephrine were

purchased from Sigma (St. Louis, MO, USA). Stock solutions containing

10 mg L21 of the catecholamines were prepared in distilled deionised water

(Barnstead, Sybron, Boston, MA, USA), and conveniently diluted for analysis.

Instrumentation

Absorbance measurements were obtained with a Perkin Elmer UV-Vis-NIR

spectrophotometer (model Lambda 19, Norwalk, CT, USA). The pH was

measured with a Crison potentiometer (model micropH 2001, Barcelona),

equipped with a combined Ag/AgCl/glass electrode.

An Agilent chromatographic system (model HP 1100, Palo Alto, CA,

USA), equipped with a quaternary pump, an autosampler, a thermostated

column compartment, a UV-Vis, and an electrochemical detector (model

HP 1049A, Palo Alto, CA, USA) was used, and a Kromasil C18 column

(5mm particle size, 120 mm � 4.6 mm i.d.) (Scharlab) was also employed.

Injection of the solutions into the chromatograph was performed through a

Rheodyne valve (Cotati, CA, USA). The dead time was determined as the

mean value of the first significant deviation of the base line in the chromato-

grams. The signal was acquired by a PC connected to the chromatograph

through an HP Chemstation.

Serum Sample Preparation

Human blood samples were collected using a DB SST Tube (BD Vacutainer

Systems, Plymouth, UK) and centrifuged for 5 min at 3000 rpm at 48C. The

human analyses were performed with 1 mL of the serum samples, which

was diluted in a ratio of 1 : 5 with the mobile phase before injection. The

aqueous and serum solutions of the catecholamines were injected into the

chromatographic system without any pretreatment except filtration, which

was carried out directly into the autosampler vials through 0.45mm Nylon

membranes (Micron Separations, Westboro, MA, USA). The optimisation

of the procedure was performed with spiked serum samples containing accu-

rately known amounts of catecholamines.
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HPLC conditions

A micellar mobile phase composed of 0.75 M SDS, 1.6% butanol, and 0.01 M

NaH2PO4 was adjusted to pH 7 and then filtered through 0.45mm Nylon

membranes (Micron Separations). The pH was measured after the addition

of the SDS and before the addition of the alcohol. No effect was observed

in the performance of the pH electrodes. The column temperature was set at

25 + 0.28C. The flow rate and injection volume were 1.0 mL min21 and

20mL, respectively. Monitoring was performed at 280 nm for UV detection

and a potential of 0.7 V was applied across the electrodes of the electrochemi-

cal detector.

RESULTS AND DISCUSSION

Optimisation of the Oxidation Potential

In order to establish the most adequate oxidation potential, which gives the

maximum peak area, for the detection of the four studied substances, hydrodyn-

amic voltammograms were plotted (Figure 2). The potential applied was varied

betweenþ0.1 andþ0.8 V, in 0.1 V steps. At each voltage, ten injections of each

substance were made and the peak area measured. Results indicated that cat-

echolamines were oxidised at potentials higher than 0.2 V, whereas their metab-

olites were oxidised at potentials above 0.4 V. The sensitivity of the analytes

increased in parallel to the applied potential up to 0.6–0.7 V range. On the

other hand, the use of potentials higher than 0.7 V gave rise to a loss of reprodu-

cibility, possibly due to contamination of the electrode surface by the oxidation

products. In this work, optimum oxidation potential under the criteria of

maximum area, minimum voltage, occurs at 0.7 V.

pH Selection

Figure 1 indicates the octanol-water partition coefficients and protonation

constants of the catecholamines in aqueous solution.[30,31] We did not find

the pKa of metanephrine in the literature, but it should be similar to the

other compounds studied because their structure and functional groups are

very similar. The micelles of the anionic surfactant increase the stability of

the protonated species of the drugs and, consequently, their protonation

constants. Since the protonation constants of the catecholamines and their

metabolites studied are above 8.5, they are protonated in the working pH

range of the column (2.5 , pH , 7.5) used. Thus, the retention of the

drugs did not vary in the working pH range using mobile phases of SDS,

SDS-propanol, SDS-butanol, or SDS-pentanol. In addition, pH 7 is more

Direct Injection Analysis by Micellar Liquid Chromatography 3269
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suitable for the preservation of the column than an acidic media. Thus, the pH

was set at 7 for the subsequent trials.

Effect of SDS Concentration on Retention Behaviour and Efficiency

In MLC, the mobile phase consists of an aqueous solution of surfactant at a

concentration above the critical micellar concentration, in contact with an

alkyl bonded stationary phase. The adsorbed surfactant layer affects the

surface of the stationary phase (i) by possibly changing its charge density,

and (ii) by modifying the stationary phase mobile phase interfacial tension.

A layer of ionic surfactant molecules adsorbed on a stationary phase creates

a charge density at the silica surface. The retention of solutes of opposite

charge, as for catecholamines, is dramatically increased. Therefore, the

retention of catecholamines in a C18 column with pure micellar eluents

(without modifier) was high (.30 min). The high values of retention factors

Figure 2. Oxidation curves for the compounds studied using electrochemical detec-

tion. Hydrodynamic voltammograms were obtained by plotting the relative peak areas

of each standard as a function of the potential (V). Epinephrine (B), norepinephrine

(†), metanephrine (V), and normetanephrine (O).

D. Bose et al.3270

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



and the high eluent strength of SDS indicated that catecholamines were

strongly bound to both the modified stationary phase and the micelles.

Although the retention decreased rapidly when the SDS concentration was

increased, the separation of the catecholamines was not accomplished

because the chromatographic peaks of metanephrine and normetanephrine

were overlapped throughout all the compositions tested. On the other hand,

the use of pure micellar eluents produces experimental problems like the

formation of bubbles, foam, and changes in the pressure of the chromatograph.

The elution order of the compounds was in accordance with their hydropho-

bicity (octanol water partition coefficient, Figure 1), and thus eluted in the

following order: epinephrine, norepinephrine, metanephrine, and normeta-

nephrine. Efficiencies also decreased at increasing concentration of SDS.

The efficiencies of epinephrine, norepinephrine, metanephrine, and normeta-

nephrine were 3100, 2800, 2800, and 3100, respectively, at 0.05 M SDS,

while they decreased to 1600, 1900, 1800, and 2000, respectively, when the

concentration of SDS was increased to 0.15 M.

Effect of Organic Modifier on Retention Factor and Efficiency

The addition of a small amount of an organic solvent was convenient to

decrease the retention times. Micellar eluents composed solely of surfactants

are generally weak and suffer from poor efficiency. The reduced efficiency

with the micellar mobile phases may be attributed to the small rate constant

for solute exit from the micellar aggregates. The problem of efficiency can

be overcome by the addition of an alcohol to the micellar mobile phase, as

this will increase the solute mass transfer kinetics between the stationary

and aqueous phase by increasing the solute micelle exit rate constant, as

well as decreasing the viscosity of the stationary phase and the amount of

adsorbed surfactant. Thus, when an alcohol is added to the pure micellar

mobile phases, the efficiency increases and the retention time decreases.

However, the opposite behaviour was observed for catecholamines as far

as efficiency is concerned. The loss of efficiency caused by the addition of

alcohol when amines are eluted with an anionic micellar phase has already

been observed by other authors.[32] It is assumed that mass transfer takes

place by two mechanisms, that is, by direct transfer from the micelles to the

stationary phase, which is opposed by the electrostatic repulsion between

them, and by transfer through the continuous aqueous pseudo-phase. When

alcohol is present, the polarity of the continuous phase decreases, thus

increasing the transfer rate of hydrophobic solutes through it. However, the

solubility and transfer rate of the highly hydrophilic catecholamines through

the continuous aqueous pseudo phase probably decreased when the alcohol

concentration increased, which could explain the decrease in efficiency.

The use of hybrid micellar mobile phases at varying concentrations of sur-

factant and modifier (such as propanol, butanol, or pentanol) produces changes
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in the retention factors (k), efficiencies (N), and asymmetries (B/A) of the

chromatographic peaks. Suitable control of the concentrations of surfactant

and modifier is, therefore, necessary to achieve chromatograms showing

good resolution and sufficient elution strength.

The optimum mobile phase for the separation of the catecholamines was

obtained through the application of an interpretive procedure, which requires

the retention data and peak shape parameters of the chromatographic peaks

eluted in selected mobile phases of surfactant and modifier, adequately distrib-

uted in the variable (surfactant and modifier concentrations) space.[33,34] In

this study, serum samples spiked with the drugs were injected into the chroma-

tographic system and eluted with seven mobile phases, in a design with four

mobile phases located in the corners of a rectangle, one at its centre, and

another two inside it (SDS (M)-propanol (%, v/v): 0.05–2.5, 0.05–12.5,

0.15–2.5, 0.15–12.5, 0.1–7.5, 0.1–10, 0.1–5); SDS (M)-butanol (%, v/v):

0.05–1, 0.05–7, 0.15–1, 0.15–7, 0.1–4, 0.1–2.5, 0.15–5; and SDS (M)-

pentanol (%, v/v) 0.05–2, 0.05–6, 0.15–2, 0.15–6, 0.1–4, 0.1–3, 0.1–5.

All contained phosphate buffer at pH 7). The retention behaviour of the

drugs was modelled according to:[29]

k ¼
KAS

1þ KSDw
1þ KADw

1þ KAM
1þ KMDw
1þ KADw

M½ �
ð1Þ

where [M] and w are the concentrations of surfactant and modifier, KAS and

KAM correspond to the equilibrium between solute in bulk water and stationary

phase or micelle, respectively; KAD, KSD, and KMD measure the relative

variation in the concentration of solute in bulk water, stationary phase, and

micelles due to the presence of modifier, as referred to a pure micellar

solution (without modifier).

The accurate prediction of the retention according to eq. (1) allowed the

application of an interpretive procedure to predict the optimum mobile phase,

following a criterion that uses the overlapping fractions.[35] Incorporation

of the peak shape in the optimisation procedure improves the results.

The reliable simulation of the peak shape for any mobile phase of the

variable space was carried out with an asymmetrical Gaussian function

where the standard deviation is a first-degree polynomial function.[34] Using

eq. (1) and the mathematical treatment described here, the relative global

error in the prediction of retention factors was below 5% for all drugs

studied.

Three optimisation procedures were carried out using the alcohols propanol,

butanol, and pentanol as modifiers in each case. The analysis time of the cat-

echolamines decreased when propanol was replaced by butanol, and then by

pentanol. On the other hand, the efficiencies obtained with butanol were the

highest for all the compounds compared to those obtained using propanol or

pentanol (e.g., for epinephrine the efficiencies were 1900, 2300, and 1400
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when eluted with the mobile phases 0.1 M SDS and the modifiers propanol

(7.5%, v/v), butanol (7%, v/v) and pentanol (6%, v/v), respectively). After

the application of the optimisation procedure, results indicated that the resolution

of the catecholamines in SDS-propanol and SDS-butanol was similar (0.989),

but in SDS-pentanol the epinephrine-norepinephrine and metanephrine-

normetanephrine couples are not separated from the base-line, resulting in low

resolution and, on the other hand, the epinephrine-norepinephrine couple

appears near the zone of the serum protein band. Mobile phases with propanol

show higher retention factors for all the substances and, thus, the highest

analysis time. Therefore, butanol was chosen to carry out the optimisation

procedure under the criteria of good resolution, minimum analysis time.

After checking the chromatographic behaviour of the catecholamines

studied in all the optimisation space, and considering the optimisation

criteria (maximum resolution, maximum efficiency, minimum analysis

time), a mobile phase containing SDS 0.075 M with 1.6% butanol (v/v)

and 0.01 M monosodium dihydrogenphosphate at pH 7 was chosen as the

optimum for separation of the four catecholamines. In this mobile phase, the

retention times (min) for the catecholamines were: 8.2 for epinephrine, 8.8

for norepinephrine, 10.4 for metanephrine, and 12.2 for normetanephrine.

The prediction errors obtained with the model and corresponding experimental

designs are below 1.5%.

Figures of Merit

Calibration curves were constructed for the catecholamines using the areas of the

chromatographic peaks measured at eight increasing concentrations. The concen-

trations were in the 0.5–50 ng mL21 range for electrochemical detection, while for

UV it was in the 50–500 ng mL21 range. The calibration curves were obtained for

aqueous solution and spiked serum samples. The calibration parameters (slope and

intercept) obtained in both, were statistically equal, meaning that the serum does

not cause a matrix effect or interference in the method. The slopes and intercepts

of the calibration curves with electrochemical detection were higher than those

with UV detection, and the determination coefficients were usually r2 . 0.999

(Table 1). Therefore, no matrix effect existed in the serum samples when the

MLC procedure coupled with electrochemical detection was used.

Table 1 shows the limits of quantification (LOQs, 10s criterion, which

corresponds to a signal equal to ten times the standard deviation of the back-

ground noise) evaluated by injection of series of 10 solutions containing the

catecholamines at the lowest concentration of the calibration curve in

serum. The LOQs in serum were between 2.7–17 pg mL21 with ED, while

with UV higher, LOQs in the range of 7.4–11 ng mL21 were obtained. The

ED values of the LOQs allowed the detection and quantification of the cate-

cholamines in serum with the method proposed in this work, taking into

account that the serum samples were injected without any previous treatment.
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Table 1. Parameters of the calibration curves (slope, intercept and determination coefficient, r2), and limits of quantification (LOQ) for the drugs

studied, using electrochemical and UV detection

Compound

Electrochemical detection

LOQ

(pg mL21)

UV detection

LOQ

(ng mL21)Slope Intercept r2 Slope Intercept r2

Epinephrine 1.03 0.77 0.99998 4.6 0.15 0.025 0.9999 7.9

Norepinephrine 8.48 0.84 0.998 7.3 0.49 0.276 0.997 7.4

Metanephrine 3.63 1.15 0.99996 2.7 1.84 0.801 0.9994 10

Normetanephrine 1.48 1.52 0.9996 17 0.90 0.190 0.9997 11
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Repeatability values were calculated by measuring the areas of the peaks

obtained by injection of series of ten replicates of spiked serum samples at four

concentrations between 50 pg mL21 and 1 ng mL21 (Table 2). The variation

coefficient was always below 2.0%. The inter-day repeatabilities (intermediate

precision; samples injected along ten different days) were also obtained, and

the variation coefficients were in the 0.2–1.8% range (Table 2).

Analysis of Serum Samples

The background signal of serum samples, due to the proteins (wide band at the

head of the chromatograms) and several endogenous compounds (peaks at

diverse retention times), can seriously affect the detection of catecholamines.

In the UV detection mode, direct injection of serum samples gives a broad

band at the head of the chromatogram with severe tailing, which affects the

detection of compounds in a low concentration range. This obstacle is

overcome by using ED, since the width of the band depends on the

oxidation of the eluting compounds, which are mainly serum protein and

some endogenous substances that are mainly non-oxidizable.

Moreover, the injection of a large number of serum samples can produce

damage to the packing material, thus shortening the life of the column, or can

make frequent regeneration of the stationary phase necessary. It was,

therefore, decided to carry out the analysis of serum samples after their

dilution. For all the studied compounds, the sensitivity achieved after

dilution in a ratio of 1 : 5 was adequate for their detection in serum.

To determine the specificity of the assay, blank serum samples collected

from healthy adult volunteers were analysed using the reported procedure. No

interfering peaks from endogenous compounds appeared at the same retention

times for the drugs studied when the chromatograms were inspected. Thus, the

specificity of the procedure was successfully proven in this assay.

The method described above has an excellent sensitivity for serum

samples. To prove the usefulness of this procedure, blank serum samples

Table 2. Intra- and inter-day assay (CV, %; n ¼ 10) values for the determination of

the drugs studied in serum samples using ED

Compound

Intra-assay precision Inter-assay precision

c1 c2 c3 c4 c1 c2 c3 c4

Epinephrine 0.92 0.86 0.14 0.11 1.43 1.01 0.32 0.42

Norepinephrine 1.21 0.95 0.22 0.14 1.67 1.13 0.29 0.32

Metanephrine 1.02 0.59 0.18 0.11 1.21 0.81 0.23 0.18

Normetanephrine 1.71 0.78 0.15 0.12 1.81 0.91 0.41 0.53

c1 ¼ 50 pg mL21, c2 ¼ 100 pg mL21, c3 ¼ 250 pg mL21, c4 ¼ 1 ng mL21.
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were spiked with known amounts of each catecholamine (three different

concentrations) and then injected into the chromatographic system. Table 3

shows the amounts found in the spiked serum samples (recoveries were in

the 96–103% range for UV and 98–104% for ED detection).

Determination of Catecholamines in Human Blood

Samples of serum from several volunteers (n ¼ 4) under emotional stress were

analysed and the concentrations of catecholamines determined. After the

extraction of blood for the determination of serum catecholamines, the

samples were immediately centrifuged and frozen at 2808C. The mean con-

centration (pg mL21) of these substances in healthy volunteers were: epineph-

rine 75 + 15, norepinephrine 320 + 20, metanephrine 40 + 8, and

normetanephrine 60 + 5 pg mL21. These results have been obtained using

an electrochemical detector set at 0.7.V LOQs, allow determination of these

concentrations in real serum samples. Figure 3 depicts a chromatogram of

human serum from a healthy volunteer.

For comparative purposes, serum samples were compared with those

obtained with an HPLC method, using an aqueous organic mobile phase contain-

ing 15% methanol, 0.1 M citric acid, 0.1 M sodium acetate (pH 5.5), 0.4 g 1-octa-

nesulphonic acid. The recommended potential was 780 mV. Sample pretreatment

was performed by adding 25 mg of alumina to each standard, adjusting the pH to

Table 3. Determination of the drugs in spiked serum samples (n ¼ 10) at three differ-

ent concentrations (ng mL21) using UV and electrochemical detection

UV ED

Compound Added Found

RSDa

(%) Added Found

RSD

(%)

Epinephrine 15 15.04 1.2 0.5 0.499 0.8

30 30.12 0.9 1.0 1.01 0.4

50 49.81 0.7 2.0 1.97 0.3

Norepinephrine 15 14.98 1.4 0.5 0.495 1.2

30 30.09 0.6 1.0 0.98 0.8

50 48.11 0.9 2.0 1.99 0.6

Metanephrine 15 15.46 1.1 0.5 0.489 0.9

30 29.96 1.0 1.0 1.04 0.8

50 50.11 0.8 2.0 2.04 1.3

Normetanephrine 15 14.76 1.9 0.5 0.51 1.0

30 29.88 0.9 1.0 1.03 0.2

50 50.01 0.2 2.0 1.98 0.4

aRSD ¼ residual standard deviation.
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8.6 with Tris-EDTA buffer, shaking for 10 min, washing the alumina twice with

water, and finally eluting the catecholamines with HClO4 100 mM. We checked

the analytical accuracy of the results by obtaining the linear regression parameters

of MLC versus aqueous organic HPLC data, with regression coefficients above

0.94 (n ¼ 22). Results for each catecholamine were: MLC ¼ 0.984 �

HPLC20.029 (R ¼ 0.95) for epinephrine, MLC ¼ 0.977�HPLC 2 0.067

(R ¼ 0.94) for norepinephrine, MLC ¼ 0.984�HPLC 2 0.056 (R ¼ 0.97) for

metanephrine, and MLC ¼ 0.994�HPLC 2 0.075 (R ¼ 0.95) for normetanephr-

ine. The MLC method gave slightly higher concentrations for catecholamines as

compared to aqueous organic, although there was no substantial difference

between both in the practical sense of clinical analysis.

Interference Studies

Substances tested as interferents in this work were: ampicillin, acetami-

nophen, amphetamine, benzodiazepines, caffeine, chlorpromazine, cimeti-

dine, dexamethazone, ephedrine, phenothiazines, hydralazine, isoetharine,

isoproterenol, labetolol, levodopa, metamphetamine, metoclopramide,

3-methoxytyramine, methyldopa, niacin, nicotine, pseudoephedrine,

Figure 3. Chromatogram of human serum samples of catecholamines eluted in

the mobile phase 0.075 M SDS 1.6% butanol with electrochemical detection.

Peak assignation: Epinephrine (1), norepinephrine (2), metanephrine (3), and

normetanephrine (4).
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phenylpropanolamine, promethazine, reserpine, salsolinol, serotonin, and

theophylline. These substances were spiked to the serum in concentrations

of 10 ng mL21 and chromatographed.

Results indicated that using the recommended mobile phase (0.075 M

SDS 1.6% (v/v) butanol pH 7) and an oxidation potential of 0.7 V, most of

these substances do not interfere because they need a high oxidation

potential or derivatization reactions to become electrochemically detectable.

Thus, theophylline needs potentials higher than þ1.0 V, for caffeine they

must be above þ1.2 V or photolysis to be electrochemical active, cimetidine

is oxidised with Hg/HgCl2 at 408C and is not oxidised on a carbon electrode,

amphetamines needs derivatization, and benzodiazepines are detected at a

reductive mode mercury electrode. Acetaminophen is a hydrophilic

substance that appears in the dead time in spiked serum samples while

using the recommended mobile phase. The other substances appear after

15 min, when all the catecholamines have been eluted.

CONCLUSION

The results indicate that the MLC procedure developed here can easily be used

for the determination of epinephrine, norepinephrine, metanephrine, and nor-

metanephrine in serum samples with an analysis time below 14 min, using a

mobile phase of 0.075 M SDS 1.6% butanol buffered at pH 7. The

procedure is sensitive enough to monitor catecholamines in clinical

samples, with adequate limits of quantification, taking into account that the

serum samples were injected directly into the chromatographic system

without any previous treatment.
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