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Abstract

A reversed-phase HPLC assay coupled with electrochemical detection for simultaneously measuring plasma levels
of norepinephrine, epinephrine, dopamine, and 3,4-dihydroxyphenylacetic acid (DOPAC) was developed. Separation
of the catecholamines and the internal standard isoproterenol was obtained by a mobile phase consisting of 7%
methanol in 0.1 M citrate buffer containing 0.3 mM sodium ethylenediaminetetraacetic acid (EDTA), and 0.5 mM
1-octanesulfonic acid, operated under isocratic condition at a flow rate of 1.2 ml/min. The potential of the guard cell
was set at +650 mV, the first electrode of the analytical cell at +100 mV and the second at +350 mV. Using a
signal-to-noise ratio of \3, the minimum detection limit assessed by direct on column injection was B10 pg for
analyte. The assays were linear from basal concentrations to 400 ng/ml. The intra- and inter-assay variations were
B10 and 15%, respectively. The assay has been applied successfully to measure plasma concentrations of these
catecholamines in humans, rabbits and rats. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Plasma concentrations of catecholamines and
their metabolites are often useful for diagnosis
and evaluation of therapeutic and pharmacody-
namic effects for psychiatric, neurological and
cardiovascular disorders [1–3]. Patients who re-
ceived anti-depressants such as monoamine oxi-
dase inhibitors, cardiovascular agents such as the
calcium antagonists or angiotensin receptor an-
tagonists may have altered plasma catecholamine
concentrations [4–7].
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Plasma catecholamine concentrations most
commonly have been determined by HPLC with
electrochemical detection [8–10]. Extraction of
catecholamines from plasma can be effectively
achieved using alumina adsorption followed by
desorption with a suitable solvent [9,11]. Other
extraction methods such as liquid–liquid extrac-
tion [12], solid-phase extraction [13], and ultrafil-
tration [14] have also been used. The current
paper describes a simple HPLC assay coupled
with electrochemical detection for simultaneous
determination of plasma concentrations of nore-
pinephrine, epinephrine, dopamine and 3,4-dihy-
droxyphenyl acetic acid (DOPAC).

2. Experimental

2.1. Chemicals and sol6ents

Norepinephrine, epinephrine, dopamine, DO-
PAC, the internal standard isoproterenol (Fig.
1), and other catecholamines were purchased
from Sigma (St. Louis, MO, USA). Various
medications which have been used to test for
interference of the assay were obtained from
their respective pharmaceutical manufacturers.
Acid-washed alumina (type WA-4, acid), and
sodium 1-octanesulfonic acid were purchased
from Sigma, and used as such without purifica-
tion. All solvents were HPLC grade (BDH
Chem., NS, Canada), and other chemicals
reagent grade (VWR or Fisher Scientific
Canada).

2.2. Instrumentation

The HPLC system consisted of a Shimadzu
LC-10AD pump (purchased from Man-Tech,
Guelph, Ont., Canada), a Rheodyne syringe
loading injector (model 9125), with a 100-ml
peek injection loop (purchased from Scientific
Products & Equipment, Concord, Ont., Canada),
a 5-mm 250×4.6-mm i.d. reversed-phase C18

column (Ultrasphere-ODS, Beckman Canada,
Mississauga, Ont., Canada) preceded by a 5-mm
4×4-mm i.d. C18 reversed-phase guard column
(Licrocart®, Merck, Germany), an ESA-Cou-

lochem II electrochemical detector with triple
glassy carbon electrodes (purchased from Scien-
tific Products & Equipment), and a Spectra
Physics 4600 Data Jet Integrator (Toronto, Ont.,
Canada). The system was operated isocratically
at room temperature, with a mobile phase made
up of 0.1 M citrate buffer, 0.3 mM disodium
ethylenediaminetetraacetic acid (EDTA), 0.5 mM
sodium 1-octanesulfonic acid in methanol:water
(7:93) with final pH adjusted to 2.5 using 20%
sodium hydroxide solution. The mobile phase
was filtered through a 0.22-mm filter (Type
GVWP, Millipore, Bedford, MA, USA) and de-
gassed prior to use. The flow rate was set at 1.2
ml/min and the operating pressure 1.5 kpsi. The
electric potentials of the detector were set as
follows: guard cell (model 5020) which was posi-
tioned between the pump and the injector at
+650 mV, the first electrode of the analytical
cell (model 5011) at +100 mV, and the second
at +350 mV. The detector range was set at 500
nA, and the output of the second electrode was
channelled to the integrator for recording. The
integrator was set at attenuation 4 to 8, and
chart speed at 0.25 cm/min.

2.3. Preparation of working standards and samples

Stock solutions (1 mg/ml) of norepinephrine,
epinephrine, dopamine and DOPAC were pre-
pared in methanol. An aliquot of each of the
stock solutions was combined, and diluted with
distilled water to produce a spiking stock solu-
tion (6 mg/ml). This solution was prepared im-
mediately before it was used to prepare plasma
standards at 20, 40, 100, 200 and 400 ng/ml
using rat plasma by serial dilution. A working
internal standard solution (100 ng/ml) was pre-
pared in distilled water. All solutions were stored
at −80°C in the dark.

Blood samples were obtained from healthy
volunteers (n=3), New Zealand White rabbits
(n=6) and normotensive Sprague–Dawley rats
(n=5) for validation. They were immediately
centrifuged to separate plasma which was then
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Fig. 1. Chemical structures of norepinephrine, epinephrine, DOPAC, dopamine and the internal standard isoproterenol.

stored at −80°C in the dark. These samples
were analyzed within 2 weeks after the collec-
tion.

2.4. Extraction of catecholamines from plasma

To a 1.5-ml polyethylene microcentrifuge tube
was added 0.1–0.5 ml of plasma sample or stan-
dard, 0.5 ml of tris buffer (1.5 M, pH 8.6) con-
taining 0.07 M EDTA, 5 mg of acid-washed
alumina, and 50 ml of working internal stan-
dard solution (5 ng). The mixture was shaken
vigorously for 30 min (Vibrax, Terochem
Canada, Markham, Ont.), then centrifuged at
2000 rpm for 1 min at room temperature (Ep-
pendorf centrifuge model 5415, Brinkmann,
Westbury, NY, USA). The supernatant fraction
was aspirated and discarded. The remaining alu-
mina was washed twice with 1 ml of glass-dis-
tilled water, and subsequently with a mixture of
0.04 M phosphoric acid–0.2 M acetic acid
(20:80, v/v, pH 1.5–2.0) to desorb the cate-
cholamines. The acidic eluate was transferred to
a microcentrifuge tube, and stored at −80°C
until analysis.

2.5. Data analysis

Peak height ratios of norepinephrine,
epinephrine, dopamine or DOPAC to the inter-
nal standard versus plasma concentrations of the
standards after background subtraction were an-
alyzed by linear regression analysis. Each con-
centration was assayed in quadruplicate. Plasma
concentrations of each of the catecholamines in
unknown samples were calculated from the re-
spective standard curves. Robustness of the as-
say was evaluated using spiked plasma
standards which were repeatedly analysed over a
1-month period, and using samples obtained
from healthy volunteers rabbits and rats.

3. Results

3.1. Specificity, reco6ery, sensiti6ity and linearity

Norepinephrine, epinephrine, dopamine, DO-
PAC and the internal standard isoproterenol
were well separated from each other and other
plasma endogenous materials with retention
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Table 1
Mean retention times of catecholamines and related compoundsa

CompoundCompound Retention time (min)Retention time (min)

HVANorepinephrine 153.5b

Epinephrine 4.1 Clomipramine \30
DOPAC 5.2 Amitriptyline \30

Desipramine7.0 \30Dopamine
8.55-HIAA Moclobemide \30

Isoproterenol Diltiazem9.6 \30
Verapamil \30B2.0VMA

a DOPAC, dihydroxyphenylacetic acid; 5-HIAA, 5-hydroxyindoleacetic acid; VMA, vanillylmandelic acid; HVA, homovanillic
acid.

b Each value is determined by direct injection of standard solution of each compound, and represents the mean of three injections.

times of 3.5, 4.1, 7.0 and 9.6 min, respectively
(Table 1 and Fig. 2). A series of catecholamines
and related drugs acting on the cardiovascular
and central nervous systems tested did not inter-
fere with the assay (Table 1). Using plasma stan-
dards of 40 and 100 ng/ml for validation, mean

recoveries were 9098.6 and 85911% for nore-
pinephrine, 7294.9 and 71911% for
epinephrine, 68912 and 5296.5% for dopamine,
68912 and 5296.5% for DOPAC, and the re-
covery for isoproterenol at the concentration used
(ca 5 ng/ml) was 89910%. Using a signal-to-
noise ratio of \3, the minimum detection limit
assessed by direct on column injection was less
than 10 pg per injection for all the analytes mea-
sured. The limit of quantitation varied depending
on the baseline plasma concentrations which
tended to fluctuate between samples. Based on
our experience and depending on many factors
such as method of blood sample collection,
plasma concentrations of catecholamines can vary
by as much as 20-fold. Therefore, it is necessary
to use plasma standards of higher concentrations
such that the lowest concentration (20 ng/ml)
could still produce a peak height ratio greater
than three times that of the baseline concentra-
tions. The standard curves for all the analytes
were linear from baseline concentrations to 400
ng/ml, with coefficient of determination (r2)\
0.99. The mean relative standard deviations (%
CV) for the concentration range were less than
15% in all cases (Table 2).

3.2. Precision and accuracy

Intra- and inter-assay variations determined
over a 1-month period were less than 15%. Accu-
racy of the assay over the concentration range of

Fig. 2. HPLC-UV chromatograms of the catecholamines in a
typical rat plasma sample: (A) 5 ml injection of a standard
solution containing 50 pg each of the catecholamines; (B) 20
ml injection of a typical plasma sample; and (C) 5 ml injection
of a plasma standard containing 20 ng/ml of each analytes).
Notation: (1) norepinephrine; (2) epinephrine; (3) DOPAC; (4)
dopamine; (5) isoproterenol.
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Table 2
Standard curves data for catecholamines

EpinephrineConcentration (ng/ml) DOPACNorepinephrine Dopamine

%CV Mean %CV MeanMean %CV Mean %CV

Baseline 4.2a 12 1.0 8.5 0.67 15 0.24 12
13 2.6 6.6 3.2 13.6 5.320 4.97.4

9.6 4.9 9.9 5.314 4.840 10 7.7
35100 7.0 13 12 13 12 25 6.5

1.6 24 2.0 34200 9.270 51 2.9
11 55 13 65150 8.2400 110 12

Mean % CV 9.0 8.6 11 7.7
\0.99 \0.99 \0.99r2 \0.99

0.14 0.170.37Slope 0.27
−0.62Intercept −0.93−1.3 −0.54

a Each value represents mean peak height ratio of four replicates.

the standard curves was from 96 to 120% for
norepinephrine, 92 to 120% for epinephrine, 92 to
130% for DOPAC, and 96 to 110% for dopamine.

3.3. Plasma samples

Plasma concentrations of the catecholamines
determined from three healthy volunteers were
0.9490.21 ng/ml for norepinephrine, 1.490.51
for DOPAC, and 0.2090.02 ng/ml for dopamine.
Epinephrine was measurable only in one volun-
teer (0.56 ng/ml). Plasma concentrations of the
catecholamines were comparable in the three spe-
cies studied. The results are summarized in Table
3.

4. Discussion

A main objective of the project is to develop an
assay for simultaneous determination of plasma
catecholamines and some of the metabolites for
pharmacokinetics studies, which are becoming in-
creasingly important for discovery and clinical
evaluation of cardiovascular and CNS drugs [4–
7]. In order to maximize sensitivity and minimize
interference, the assay condition was optimized to
obtain maximum recovery from the alumina ex-
traction, and adequate separation of the analytes
from drugs and other plasma endogenous materi-
als. The method requires only 0.1–0.5 ml of
plasma samples, and thus can be used for both
clinical and preclinical studies.

It was determined during the method develop-
ment that increasing the pH from 2 to 3 decreased
the retention times of the basic catecholamines.
On the other hand, the acidic catecholamine
metabolites such as DOPAC, HMA, and VMA
were relatively unaffected. These results are con-
sistent with earlier report by others [15]. At pH
2.5, there was close to baseline separation and a
single run can be completed in less than 10 min
(Fig. 2). However, at pH higher than 2.7, DOPAC
and dopamine had the same retention time. On
the other hand, if the pH was 2.3 or below,
dopamine and 5-hydroxy indoleacetic acid (5-
HIAA) became co-eluted. Thus controlling the
pH of the mobile phase is extremely important
during day-to-day analysis. This can be accom-

Table 3
Plasma concentrations of catecholamine in humans, rats and
rabbits

Cate- RatsHumans Rabbits
(ng/ml) (ng/ml)cholamines (ng/ml)

0.9490.21a 0.3890.20 0.7390.40Nore-
pinephrine

0.56bEpinephrine 0.3290.18 0.69 90.078
3.991.31.490.51 1.490.22DOPAC

Dopamine 0.4890.0300.2090.02 0.2790.14

a Each value is mean9S.D. of three to four subjects.
b Measurable only in one of the three healthy volunteers.
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plished readily by examining the mobile phase
pH at the beginning of each experiment day.
Another factor which needs to be optimized is
the concentration of the ion-pairing reagent. As
reported in earlier studies [15], we have found
that a suitable ion-pairing agent is necessary to
retain the basic catecholamines in reversed-phase
HPLC, although it has relatively minor effect on
the retention of the acidic catecholamine metabo-
lites. For the ion-pairing agent 1-octanesulfonic
acid, the optimal concentration was about 0.5
mM which provided adequate separation of the
catecholamines for most samples. Higher concen-
trations of the ion-pairing agent would further
improve separation, but at the same time increase
cost of analysis and require more regular clean-
ing of the system due to the higher salt content.

Many HPLC assays for catecholamines have
used dihydroxybenzylamine (DHBA) as the inter-
nal standard [16,17]. When it was injected into
the HPLC system under the current conditions,
however, it co-eluted with DOPAC and therefore
was not a suitable internal standard under the
current conditions. Isoproterenol is a commer-
cially available catecholamine which has a similar
detector response as the analytes, and has a re-
tention time of less than 10 min. The recovery of
isoproterenol was also comparable to the ana-
lytes using the described alumina extraction (90
vs 70–90%). Thus it would be a suitable internal
standard for measuring plasma catecholamines.

Among the many different methods of isolat-
ing catecholamines from plasma, alumina extrac-
tion is one of the most widely used methods
[9–11]. It is highly selective for the cate-
cholamines and its metabolites. Bioactive amines
which carry similar chemical structures such as
serotonin or 5-HIAA were not extracted by the
alumina (unpublished results). The method pro-
duces a relatively clean sample which allows
simultaneous determination of the cate-
cholamines. It has been reported that extraction
of DOPAC by alumina is difficult and highly
variable depending on the amount of alumina
used and the nature of the desorption solvent
[9,18]. We have found that the recovery of DO-
PAC was inversely proportional to the amount of
alumina, but the recovery of the other analytes

were relatively unaffected. The pH of the desorp-
tion solvent was also crucial for the extraction
such that at pH\2.2, the recovery of DOPAC
was greatly reduced, although the other cate-
cholamines were less affected. Thus it is impor-
tant to examine the pH of the desorption buffer
regularly for routine analysis to ensure that it is
between 1.5 and 2. It is probable that the poor
recovery is attributed to both adsorption and
desorption, and these factors must be controlled
during routine analysis.

During the course of method development
which requires relatively large volume of plasma
for assay validation, we have observed greater
than ten times higher plasma concentrations of
the catecholamines in animals when the blood
samples were collected by cardiac puncture. To
overcome the high background of catecholamine
concentrations in these plasma samples, the stan-
dard curves were constructed covering the range
from 20 to 400 ng/ml. Using the described HPLC
assay, we were able to simultaneously determine
plasma concentrations of norepinephrine,
epinephrine, dopamine and DOPAC in humans,
rabbits and rats (Table 3). The results are com-
parable with those reported by others [11,17,19–
21]. It is interesting to note that plasma
concentrations of the catecholamines are quite
similar among the three species tested. These re-
sults suggest that species differences may not be a
significant factor for plasma neurohormone con-
centrations, and that neurohormone effects ob-
served in animal studies may have clinical value
although further research studies are needed.

In summary, the described HPLC assay is sim-
ple, reproducible, rapid, and has adequate sensi-
tivity and specificity to measure plasma
norepinephrine, epinephrine, dopamine and DO-
PAC in both humans and animal species. It is
suitable for preclinical and clinical pharmacoki-
netic and pharmacodynamic studies.
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