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Abstract

The comparison of two HPLC methods, one with electrochemical detection and the other with coulometric detection, for the simul-
taneous analysis of catecholamines and 4-hydroxy-3-methoxyphenylethylene glycol (MHPG) in human plasma is presented. The careful
pre-treatment of plasma samples is based on an innovative two-step procedure by means of solid-phase extraction (SPE) which uses one singls
hydrophilic—lipophilic balance cartridge. The extraction yield values found were higher than 85% for epinephrine, norepinephrine and MHPG,
and higher than 70% for dopamine. The assays carried out on real plasma samples with the coulometric system gave good results in terms
of sensitivity (limits of quantitation: 0.10-0.15 ngmilfor catecholamines, 0.6 ng mifor MHPG) and selectivity, while interference was
sometimes found when using the amperometric system. Precision was also satisfactory, with relative standard deviation values for intermediate
precision always lower than 6%. The HPLC method with coulometric detection coupled to a novel SPE procedure is thus suitable for the
simultaneous determination of catecholamines and MHPG in plasma of volunteers subjected to experimental stress.
© 2004 Published by Elsevier B.V.
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1. Introduction reliable analytical methods available for the determination
of CAs and MHPG in human plasma.
Epinephrine (EFig. 19, norepinephrine (NEFig. 1b Since CAs are electroactive compounds, several papers

and dopamine (DAJFig. 19 are the main endogenous [5-16] have been published on their analysis in biological
catecholamines (CAs) which can act as hormones and/orfluids by means of HPLC methods with electrochemical
neurotransmitters in several physiological and patholog- detectors. Fluorimetric detection after derivatisatidT]
ical situations related to both the autonomic and central or chemiluminescence detectidt8,19] have also been
nervous systems. Thus, the determination of CA levels reported. Only a few papers have been published on the
in biological fluids is a useful tool for the correct di- analysis of MHPG in plasma, based on HPLC with flu-
agnosis of related diseases. The main metabolite of NEorimetric [20], amperometrid21,22] or coulometric[23]
is 4-hydroxy-3-methoxyphenylethylene glycol (MHPG, detection. Since MHPG is chemically rather different from
Fig. 1d. High plasma levels of this compoufiti 2] are as- CAs, their determination is usually carried out separately
sociated with states of anxiety in humans, are a marker for on different chromatographic systems. To our knowledge,
neuroblastomd3] and are used for the diagnosis of cardio- only one recent papg4] simultaneously determines CAs
vascular diseasdd]. From all this stems the need to have and some metabolites by HPLC with coulometric detection.
This method uses one plasma sample, however, the ana-
lytes are extracted by means of two solid-phase extraction
* Corresponding author. Tek39-051-2099700: (SPE) proce_dure_s usi_n_g two different cartri_dges, namely
fax: +39-051-2099734. one hydrophilic—lipophilic balance (HLB) cartridge and one
E-mail address: mariaaugusta.raggi@unibo.it (M.A. Raggi). Cig cartridge. In this paper, we compare the performance
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of two different HPLC methods, one with amperometric
detection and other with coulometric detection, for the
simultaneous analysis of E, NE, DA and MHPG. Both
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2.2. Solutions

Sock solutions (1 mg mi-1) of E, NE, MHPG, DA and

methods are coupled to an original, sequential double SPEIS were prepared by dissolving 20 mg of pure substance,

procedure using only one HLB cartridge. This study is a

part of a broader interdisciplinary research on neuroen-

160 mg of NaCl, 20 mg of sodium metabisulphite and §00
of 37% HCI in 20 ml of ultrapure water. This saline solution

stress or aggressivend@b—29]in healthy humans and in
subjects with substance abuse problems.

2. Experimental
2.1. Chemicals

Dopamine, norepinephrine, epinephrine hydrochloride,
4-hydroxy-3-methoxyphenylethylene glycol, dihydroxyben-
zylamine hydrobromide (internal standard (15ig. 16 for
the quantitation of CAs, diphenylboric acid 2-aminoethyl es-
ter (DPB), tetrabutylammonium bromide (TBA) and bovine
albumin were purchased from Sigma (St. Louis, MO, USA).
Ethylenediaminetetraacetic acid sodium salt (EDTA), citric
acid, 1 mol -1 sodium hydroxide, potassium chloride (KCI),
sodium chloride (NaCl), ammonium chloride (YEl),
sodium metabisulphite, 30% (w/w) concentrated ammonia,
85% (w/w) phosphoric acid and 37% (w/w) hydrochloric

acid, all analytical grade, were purchased from Carlo Erba

(Milan, Italy); methanol for HPLC and 1-octanesulphonic
acid sodium salt monohydrate (OSA) were purchased fro
Fluka (Buchs, Switzerland). Ultrapure water (18.2m)
was obtained from a Millipore (Milford, MA, USA) Milli-Q
apparatus.
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Fig. 1. Structural formulae of: (a) epinephrine; (b) norepinephrine; (c)
dopamine; (d) 4-hydroxy-3-methoxyphenylethylene glycol; (e) dihydroxy-
benzylamine hydrobromide.

to avoid analyte degradation, as previously repoftes].
Standard solutions were obtained by diluting stock solutions
with ultrapure water.

Buffer solution A was prepared by dissolving 600 mg of
TBA, 250 mg of EDTA and 5.35 g of NECI, in this precise
order, in about 30 ml of water; the solution was then buffered
up to pH 8.5 with 30% ammonia and 100 mg of DPB pow-
der were added. The mixture was finally stirred for 15 min
maintaining the pH at 8.5. The solution was then brought
up to 50 ml with ultrapure water and stored atCifor one
night; in the morning, the solution was buffered again at pH
8.5 with 30% ammonia. This solution is stable for about 3
months at 4C.

Buffer solution B was prepared as follows: 200 mg of
TBA, 25 mg of EDTA and 535 mg of Nk{CI were dissolved
in about 30 ml of water and brought up to pH 8.5 with 30%
ammonia, then the solution was brought up to 50 ml with
ultrapure water.

The “recongtituted” plasma was prepared by dissolving
800mg of NaCl, 20mg of KKPQy, 115mg of NaPOy,
20mg of KCl and 4 g of bovine albumin in 100 ml of ultra-

m pure water.

2.3. HPLC methods

2.3.1. Chromatographic conditions

The chromatographic separation was achieved on a Var-
ian (Harbor City, CA, USA) Microsorb reversed-phase col-
umn (G, 250 mmx 4.6 mm i.d., 5um), with a Phenomenex
Security Guard precolumn ¢C4.0 mmx 3.0 mm i.d.). The
mobile phase was a mixture of 5% of methanol and 95%
of an aqueous solution of 10.57 citric acid, 20 mgt?
EDTA and 20 mgt! OSA buffered at pH 3.5 with 1 motTt
NaOH. The flow rate was 1 ml mit.

The samples were injected by means of aP@op for the
coulometric detector and a p0 loop for the amperometric
detection.

2.3.2. Detection systems

Coulometric system: a Beckman Instruments (Palo Alto,
CA, USA) 168 chromatographic pump with an ESA (Mil-
ford, MA, USA) Coulochem Il coulometric detector (the
conditioning cell was set at 0mV, while the analytical
cell was set at detector £ +450mV and detector 2=
—350mV).

Amperometric system; a Varian model 9002 chromato-
graphic pump with an Antec (Leiden, The Netherlands)
Decade amperometric detector (set -8800mV, 30°C;
working electrode: glassy carbon; reference electrode:
Ag/AgCI; auxiliary electrode: stainless steel 316).



C. Sabbioni et al./J. Chromatogr. A 1032 (2004) 65-71

Data obtained with the Coulochem Il detector were anal-
ysed by means of Beckman “Gold Noveau” software in-
stalled on a Intel Pentium processor while data obtained with
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2.6. Sample collection

Blood samples were drawn into test tubes containing

the Decade amperometric detector were handled by mean€DTA; 100.g mI~! sodium metabisulphite were added and

of Varian “Star Chromatography” software installed on a
Intel Pentium processor.

2.4. Extraction procedure

The cartridges used for the SPE step were Waters (Mil-
ford, MA, USA) Oasis HLB (30mg, 1 ml). The extraction
of CAs and MHPG from plasma was carried out following
three steps.

24.1. Sepl: MHPG extraction

Different amounts of CAs and MHPG (as standard solu-
tions), 5ng mt? of IS, 100ul of 1 M hydrochloric acid and
300pl of ultrapure water were added to 5Q0of plasma

(human or reconstituted), and loaded onto an Oasis HLB car-

tridge previously activated with 1 ml of methanol two times
and conditioned with 1 ml of water two times. The cartridge
was washed with 30@l of water; loading and washing solu-
tions were collected in a 5ml glass tube (solution 1). Then,
the cartridge was washed with 1 ml of water two times and
the elution was carried out with 3Q0 of MeOH. This elu-
ate containing MHPG was brought to dryness in a rotary
evaporator at 37C.

2.4.2. Sep Il: catecholamine extraction

The Oasis cartridge was washed two times with 1 ml of
methanol and two times with 1 ml of water, then conditioned
with 1 ml of methanol two times, 1 ml of water two times and
1 ml of buffer solution B two times. An aliquot of 3Q of
buffer B was added to solution 1 and mixed, then 1.2 ml of
buffer solution A (containing 8.8 mM of the DPB complex-
ing agent for CAs) was added. The resulting mixture was
loaded onto the previously used and conditioned cartridge.
After loading, the cartridge was washed with 1 ml of buffer
A, then 1 ml of a buffer B-methanol (1:1) mixture twice.
The elution was carried out with 5Q0 of the mobile phase.

2.4.3. Sep I1I: merging of the two extract solutions

The dried residue of the MHPG eluate was redissolved in
the eluate obtained in step Il that contains the CAs. Then,
20 or 50ul of the resulting solution were injected into the
HPLC system (coupled to an amperometric or coulometric
detector) for simultaneous analysis of CAs and MHPG.

2.5. Extraction yield

Known amounts of CAs and MHPG and constant amounts
of IS standard solutions were added to p0®f recon-
stituted plasma to obtain concentrations of 0.5, 1.0 and
2.0ngmi?! of the analytes, then the mixture was subjected
to the extraction procedure described earlier, to obtain ex-
traction yield values.

the blood was centrifuged at 3000 rpm for 20 min. The su-
pernatant plasma was transferred into test tubes and frozen
at —80°C until analysis.

2.7. Method validation

2.7.1. Calibration curves

Standard solutions of the four analytes and the IS were
added to 50Q.1 of reconstituted plasma to obtain concen-
trations in the 0.2-10.0 ngmt range for CAs and in the
1.0-30.0 ngmt! range for MHPG, then the mixtures were
subjected to the extraction procedure described earlier and
injected into the HPLC system. The six-point calibration
curves were calculated plotting the analyte/IS peak area
ratio values against the analyte concentrations. Limits of
guantitation (LOQ) and detection (LOD) were evaluated for
both HPLC systems according to the USP XXIV guidelines
[30].

2.7.2. Precision

The SPE procedure described earlier was carried out on
plasma samples spiked with the analytes: six times during
the same day to obtain relative standard deviation (R.S.D.,
%) values for repeatability (intraday precision), and six times
over six different days to obtain R.S.D. values for interme-
diate precision (interday precision). These values were ob-
tained at three different concentration levels, namely: 0.5,
1.0 or 2.5ngmt? for each catecholamine and 4.0, 8.0 or
12.0 ng mt for MHPG.

2.7.3. Accuracy

Known amounts of CAs, MHPG and IS standard solu-
tions were added to known amounts of real plasma samples,
which had already been analysed. The method accuracy was
evaluated by calculating the difference between the spiked
sample peak area ratios and the original sample peak area
ratios, then comparing these differences with the peak ar-
eas obtained by injecting standard solutions having the same
concentration as the sample spiking.

3. Results and discussion
3.1. Chromatographic conditions

Some chromatographic parameters such as column type,
mobile phase and conditioning time were investigated to ob-
tain a good separation of the four analytes within an accept-
able time span. Differently from other pap§24,24] which
use Gg stationary phases, we chose to use gacGlumn
to obtain good separation in a relatively short times. With
this column, however, the mobile phase already used for the
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analysis of CA415] did not allow for the separation of NE  cartridge; the mobile phase is acidic and thus disrupts the

and MHPG and that used for the analysis of MHRG] did complex and allows to obtain free CAs.

not retain NE. Thus, the percentage of methanol (between

2.5 and 8.0%) and the pH value (in the 2.5-4.0 range) of 3.2.3. Sep Il

the mobile phase were studied. Best chromatographic per- The dry extract of MHPG (from step ) was redissolved

formance was obtained with a mobile phase at pH 3.5 con-in the eluate (step Il) to obtain a solution containing all the

taining 5.0% of methanol. At least 4 h are necessary to reachanalytes, which is then injected into the two HPLC systems.

an equilibrium between the mobile phase containing OSA

and the stationary phase; if samples are injected earlier, re-3.3. Method validation

tention times vary considerably, thus impairing correct peak

identification. Since CAs and MHPG are endogenous substances,
Regarding the electrochemical detection, the potential val- method validation was carried out using samples of recon-

ues already established in our previous pafi$s16,22,23]  stituted plasma (seSection 3 as “blank human plasma”.

were used (seBection 2. These samples spiked with different concentrations of CAs
and MHPG were subjected to the procedure described
3.2. SPE procedure devel opment earlier. The analyte/IS peak area ratios were compared to

the area ratios of standard solutions at the same nominal

Several sample pre-treatments are reported in the lit- concentration, obtaining extraction yield values. The chro-
erature for the analysis of CAs based on different re- matograms obtained from a reconstituted plasma sample
tention mechanisms: for example, anion exchafit@], spiked with 2ngmt! of CAs and IS and 10ngmt of
reversed-phase extraction after complexing of CA with MHPG, injected into the coulometric and the amperomet-
DPB [12,15,24] direct-phase extraction by means of alu- ric systems, are shown iRig. 2a and brespectively. NE,
mina cartridgeg7,10]. To our best knowledge, only three MHPG, E, IS and DA were detected at retention times of
papers use an SPE procedure for MHPG extraction from 8.1, 10.1, 11.1, 13.7 and 22.0 min, respectively. No interfer-
the matrix, and all of them utilise Oasis HLB cartridges ence was found at retention times corresponding to those
[22-24] Starting from the procedures we previously im- of the analytesTable 1shows the values of the extrac-
plemented to separately extract CA$] and MHPG[23], tion yield obtained for three different concentrations of the
we tried to develop a sequential SPE procedure for the ex-analytes and the corresponding relative standard deviation
traction of all analytes from the same plasma sample usingvalues. As can be seen, the values of absolute recovery
the same Oasis HLB cartridge. It is able to retain MHPG gre satisfactory; for E, NE and MHPG, in particular, the
due to its hydrophilic-lipophilic balance, while it does not extraction yield values are higher than 85%, and for DA
retain CAs, which are then reloaded onto the same cartridgethey are higher than 75%. These values are similar to those
after suitable complexation. The entire extraction procedure reported in the literature (about 65% for DA, 75% for NE

consists of three steps. and 85% for E and MHPG24]). The precision data are
also satisfactory considering the very low concentrations
321 Sepl investigated: the R.S.D. values are always lower than 3.5%

The extraction procedure of MHPG from plasma was car-
ried out as previously describg3], with some minor mod-
ifications (seeSection 2. In these conditions MHPG was
adsorbed onto the resin, while CAs and the IS flowed out of
the cartridge during the loading and washing steps (solution
1). MHPG was then eluted from the cartridge with MeOH

Table 1
Extraction yield results for CAs and MHPG, as obtained by means of the
coulometric system (precision data are also reported)

Analyte  Amount added Mean extraction Intermediate precision

1 i 0, 0,

and the eluate evaporated to dryness. = (r:)g: D) ylzg‘ (;2;3 ;Rés(féy/oy
1.0 91 (92) 3.9 (3.7)
3.22. Sepll 2.5 96 (95) 1.2 (1.2)
Since the complexation reaction of CAs with DPB re- HPG 40 102 (101) 41 (4.3)
quires a basic pH, buffer B is added to solution 1 (which is 8.0 95 (96) 3.7 (3.8)
acidic), followed by the addition of buffer A (containing the 12.0 99 (97) 2.9 (2.8)
DPB complexing agent). This solution is then loaded onto 05 87 (84) 48 (5.1)
the already used Oasis cartridge (which in the meantime 1.0 86 (85) 3.6 (3.9)
has been suitably washed and conditioned). The condition- 25 85 (87) 2.9 (3.0)
ing step is different from that used in our previous paper pp 05 77 (77) 5.9 (6.0)
[15]; in fact, buffer A was substituted with buffer B to avoid 1.0 78 (76) 5.5 (5.7)
overloading the sorbent with excess DPB (which is present 25 72 (73) 3.2 (3.3)

in a large amount in the loading mixture). The elution was — a, _g.
carried out by passing 5Qd of mobile phase through the b The data in parentheses are relative to the amperometric system.
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Fig. 2. Chromatograms of a blank plasma sample spiked with 2n§ofl NE, E and DA, 10 ngmi® of MHPG and 2ngmt! of the IS, obtained by
means of: (a) the coulometric system; (b) the amperometric system. Peak identification: (1) NE; (2) MHPG; (3) E; (4) IS; (5) DA.

for the high concentrations and lower than 6.5% for the low ods, even though it is known that the coulometric detector
concentrations. has much better intrinsic sensitivity.

Linearity was found in the 0.2-10.0 ng™l range for
CAs and in the 1.0-30.0 ng mt range for MHPG. Regres-  3.4. Application to human plasma samples
sion parameters are reported Table 2together with the
LOQ and the LOD. It can be observed that these limits are  The method was applied to plasma samples from young
suitable in all cases for the purpose of analysing CAs and volunteers subjected to emotional stress. The chromatogram
MHPG in human plasma. The use of a larger loop {50 (Fig. 39 was obtained from a plasma sample analysed by
for amperometric detection than that (20 used for coulo- means of the coulometric system; as one can see, all four
metric detection allowed to obtain limits of detection and analytes give neat and resolved chromatographic peaks. The
quantitation that are roughly comparable for the two meth- analyte concentrations found were: 1.17, 10.53, 0.78 and

Table 2
Linearity parameters
Analyte  Amperometric detector Coulometric detector
Regression equation r? LOD (hgmi1) LOQ (ngmi1) Regression equation r? LOD (hgmi1) LOQ (hgmiY)
NE y =374+ 7251 0.9950 0.10 0.20 y =532+ 69133 0.9980 0.05 0.10
E y = 3146+ 7598« 0.9952 0.10 0.20 y=1312+6817% 0.9968 0.05 0.10
DA y=—4794+566% 0.9944 0.15 0.20 y=-1022+59318& 0.9936 0.06 0.12

MHPG  y = —668+ 8003« 0.9978 0.30 0.60 y = —419+ 2180% 0.9978 0.20 0.50
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Fig. 3. Chromatograms of a human plasma sample spiked with 2ig ml Fig. 4. Chromatograms of the same sample of human plasma sample as in

of the IS, obtained by means of: (a) the coulometric system; (b) the Fig. 3 spiked with 1.0ngmi® of E, 0.5ngmi? of NE, 10.0 ngmi? of

amperometric system. Peak identification asig. 2 MHPG, and 0.5 ng mi* of DA, obtained by means of: (a) the coulometric
system; (b) the amperometric system. Peak identification &gin2

0.56 ngmtt for NE, MHPG, E and DA, respectively. Simi- i
lar results were obtained by means of the amperometric SyS_tlons cuts off many substances that do not have a reversible

tem (Fig. 3b), although the presence of an interference peak ©Xidative process. _

which partially overlaps that of MHPG, is apparent in the  Other analyses were also carried out on plasma samples

latter chromatogram. taken from healthy volunteers not subjected to stress, us-
The accuracy of the method was verified by means of re- N9 only the coulometric system. The mean *basal” CA

covery studies, adding known amounts of CA and MHPG and MHPG levels were found to be: 0.3 ngthifor NE,

1 1 1
standard solutions to a known amount of (already analysed)9-2ngmt=for E, 0.2ng mf = for DA, 5ng mI™* for MHPG.
The accuracy assays carried out on these samples also gave

human plasma and subjecting the mixture to the usual extrac-
tion procedure. An example is reportedfiy. 4 (a: coulo- good results (mean recovery of 90% for E and NE, 80% for
DA and 95% for MHPG).

metric detector; b: amperometric detector), where the same
plasma sample dfig. 3was spiked with 1.0 ngmf* of E,
0.5ng mt! of NE, 10.0 ngmt?! of MHPG and 0.5 ng mi*
of DA. The accuracy data resulted good for all analytes: 4. Conclusion
90% for NE, 89% for E, 96% for MHPG (coulometric only)
and 81% for DA ¢ = 6). Two HPLC methods (one amperometric and one coulo-
One can note ifrig. 4bthat after MHPG spiking a new  metric) which use the same chromatographic system for the
peak corresponding to MHPG appears near the interferencesimultaneous analysis of CAs and MHPG have been devel-
peak, however, its quantitation is difficult. Thus, the am- oped and compared. A novel SPE pre-treatment of plasma
perometric detection system allows for the determination of samples has also been implemented which requires only
CAs but not always of MHPG, while the coulometric detec- 500pl of plasma, using one single cartridge and a two-step
tion system gives good results for all four analytes. In fact, procedure for the extraction of CAs and MHPG from the
the coulometric detector is more selective than the amper-biological matrix. Good results for all analytes in terms of
ometric one: the coupling of oxidation and reduction reac- linearity, extraction yield and precision were obtained with
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both detectors. The coulometric detector demonstrated better [8] B. Dirks, C. Vorwalter, A. Grunert, F.W. Ahnefeld, Chromatographia
performance for sensitivity and selectivity than the ampero- 25 (1988) 223. ,

metric detector. The procedure herein proposed needs only ! ;i\éva”g’ D-S. Fice, P.K.F. Yeung, J. Pharm. Biomed. Anal. 21 (1999)
one chromatographic column and the analysis of CAs and 10} u, Beschi, M. Castellano, E. Agabiti-Rosei, D. Rizzoni, P. Rossini,
MHPG is carried out with one single injection. Compared G. Muiesan, Chromatographia 24 (1987) 455.

with the only other paper which reports an HPLC method [11] E. Brandsteterova, K. Krajnak, I. Skacani, Pharmazie 50 (1995) 825.
with an SPE procedure for the simultaneous determination [12] G. Grossi, A.M. Bargossi, G. Sprovieri, Chromatographia 36 (1993)
of CAs an(_j MHPq24]’ the present method _Showed compa- [13] P. Kualabec, E. Brandsteterova, J. Leothay, J. Cizmarik, Pharmazie
rable precision and shorter chromatographic runs, and needs ~ 49 (1994) 897.

only one SPE cartridge, thus leading to a reduction in cOStS. [14] H. Yamasaki, A. Miyanaga, M. Umino, Chromatographia 20 (1999)
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