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ABSTRACT

A method for the simultaneous measurement of norepinephrine, epinephrine, dopamine. 3,4-dihydroxyphenylacelic acid, homowa-~
nilic acid, serotonin and 5-hydroxyindole-3-acetic acid in cat and human plasma by in vilre micredialysis—microbore high-performance
liquid chromatography with electrochemical detection is described. The detection limit (signal-to-noise ratio = 3) is about 0.05- 0.1 pg
per injection. The volume of plasma samples required is very small (<200 ul), hence there is minimal blood loss in repeated blood
sampling, especially in experiments using small animals. Within 15 min, a fast 1socratic separation of these analytes by using a
microbore reversed-phase QDS column is achicved, hence over 90 analyses can be performed in a single working day. As microdialysis
per se is not destructive to plasma samples, the remaining plasma sample and perfusate can be repeatediy analysed for other substances.
This simple, efficient and sensitive method can therefore be used as a routine clinical und basic rescarch technigue in the investigation of
blood biogenic amines and their metabolites.

INTRODUCTION strategy used in evaluating the etiology of mental

(1,2] and ncuroendocrinology disorders [3,4] and

The metabolic pathways of catecholamines
and serotonin have been established. Therefore,
the measurement of these biogenic amines in
plasma is a common and important research
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in studying the role of the autonomic nervous
system in various physiological or pathophysio-
logical conditions [5-7). Many more disease
states involve these biogenic amines. For exam-
ple, patients with haemorrhage shock have high-
er levels of plasma norepinephrine and epi-
nephrine [8}; patients with idiopathic orthostatic
hypotension have lower levels of dopamine than
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normal [9]; the diagnosis of pheochromocytoma
may be made via plasma catecholamine determi-
nation [10]; and a uscful monitor for neuroblas-
toma is the increased secretion of dopamine and
norepinephrine [11).

Many analytical procedures have been devised
for these purposes. Quantitative methods for de-
termining these compounds include gas chroma-
tography-mass spectrometry (GC-MS) [12), ra-
dioimmunoassay (RIA) [13] and various high-
performance liquid chromatographic (HPLC)
techniques with fluorescence and electrochemical
detection (ED) [14,15]. Inter-laboratory compar-
isons [16] of many different methods in measur-
ing plasma catecholamines have been performed
and no “reference method™ was suggested. The
disadvantages of GC-MS procedures are that
they are not only cumbersome and time-consum-
ing but also require expensive equipment and
technical skill. RIA methods are tedious, expen-
sive and hazardous owwg to the usc of radio-
aclive malerials. Therefore, a standard method

that identifies as many constituents as possible
without tedious pretreatment is seriously needed
by various laboratories for the simultaneous
measurement of catecholamines, serotonin and
their metaholites.

HPLC mcthods offer advantages of reasonable
simplicity, versatility, sensitivity and specificity.
Improvements in the sensitivity ol HPLC tech-
niques have allowed measurements of catechol-
amines i small plasma volumes, as would be re-
quired for the study of small cxperimental ani-
mals [17]. In comparison with other methods,
HPLC-ED is considered to be one of the most
popular and highly sensitive methods in the de-
termination of these compounds. However., no
simple and ideal HPLC method exists for the si-
multaneous determination of these compounds
in plasma without extensive and time-consuming
clean-up procedures. Sample clean-up prior to
HPLC-ED is necessary for plasma biogenic
amine determinations because many other com-
ponents that may interferc with the analysis exist
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in a plasma sample. These clean-up methods re-
quire sample purification by means of ion ex-
change [18], organic solvents [19] or extraction
procedures with alumina [20,21]. The variation of
the recovery is a serious problem with all of these
methods in ter-laboratory comparisons. In ad-
dition, the use of a canventional HPLC column
lucks rapidity and simplicity as it requires long
retention times for simultancous measurements
of catecholamines, serotonin and their metabo-
lites (4060 min) with tedious pretreatment or, if
a short retention time is required, two columns
with different pretreatments must be applied. The
other problem is that some of these biogenic
amine levels in the plasma are far below the de-
lection limil [22], so thal the detection requires at
least 4 3-5 ml blood sample for a tedious pre-
treatment.

Microbore HPLC-ED is one ol the best meth-
ods for the determination of ncurotransmitters at
trace levels. Microbore columns have advantages
of very high sensitivity and a relatively small
sample introduction. Microdialysis coupled with
microbore HPLC ED is rapidly becoming a rou-
tine research tool dealing with minute amounts
of samples in a wide range of applications.

A mucrobore column (100 mm x 1.0 mm [.D))
in combination with HPLC-ED was successfully
applied in simultaneous measurements of cate-
cholamines, serotonin, and their metabolites by
Huang ef af. {23]. This technique markedly re-
duced the time required for separation to 15 min.
Microdialysis is a bioanalytical technique used 1o
sample chemical components from body uids.
This technique usually deals with minute sam-
ples, ir vivo or in vitro, and oflers several advan-
tages over traditional sampling techniques. The
most important one is that because of the closed
liquid system of the dialysis probe, local protcins
and large molecules are precluded by the mem-
hrane. Indeed, the microdialysis technique is one
of the lastest developing methods by which bi-
ological fluids can be cleancd and applied directly
to HPLC analysis |24,25]. A high-efficiency (re-
covery >060% for most biogenic amines, at very
stlow perfusion rates) microdialysis  probe
(CMA/20} also became commercially available
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recently, Here, we describe a method for the de-
termination of these biogenic amines and their
metabolites in plasma using a coupled technique,
in vitro microdialysis—microbore  HPLC-ED,
which is very simple and rapid to perform and
has very high sensitivity. This method can meet
the requirements of routinc clinical and basic re-
scarch laboratories.

EXPERIMENTAL

Apparatus and chromarographic conditions

The microdialysis sampling system consisted
of a CMA/100 mini-pump, a CMA; 140 micro-
fraction collector and CMA/20 microdialysis
probes (10 mm in length) from Carnegie Medicin
{CMA., Stockholm, Sweden). A diagram of the
instrument for the in vitro microdialysis experi-
ment is shown in Fig. 1. The microbore HPLC
system consisted of 4 Beckman Model 126 pump,
a CMA/200 microautosampler, a BAS-4C ampe-
rometric detector (Bioanalytical Systems, West
Lafayette. IN, USA), a microbore reversed-phase
column {GSK-C,q. 5-um ODS) (150 mm x 1.0
mm L.D.), a Beckman [[O 406 interface and
Beckman System Gold data analvsis software.
The glassy carbon working electrode potential
was held at +0.75 V with respect to a silver/silver
chloride reference electrode. In order to increase
the sensitivity of the microbore HPLC system, a
very thin spacer (14 pm) was used instead of a
conventional one to create a sub-microlitre thin-
fayer electrochemical cell and very slow Aow-
rates (50-60 ul/min} were used to minimize pulse
fluctuations.

Chemicals and reagenis

Norepinephrine (INE), epinephrine (E), dopa-
mine (DA), 3,4-dihydroxyphenylacetic acid (DO-
PAC), hamavanillic acid (HVA). 5-hydroxytryp-
tamine (serotonin} (5-HT), 3-hydroxyindole-3-
acetic acid {5-HIAA), cthylenediaminetetraacetic
acid (EDTA), diethylamine, sodium 1-octancsul-
phonate (SOS), sodium dihydrogenphosphate,
sodium cilrate. isopropvlenetryptamine (IPT)
{internal standard) and picrotoxin were pur-
chased from Sigma (St. Louis, MO, USA).
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HPLC-grade methanol, acetonitrile and tetra-
hydrofuran (THF) were purchased from Merck.
All reagents were of analvtical-reagent grade un-
less stated olherwise.

Sample preparation and assay

Human venous blood samples were obtatned
between 7.30 and 830 a.m. to avoid physical ac-
tivitv and possible diurnal fluctuations in metab-
olite levels. All subjectis had [lasted and remained
in bed overnight for 12 h before each puncture.
Cat plasma samples were obtained under anaes-
thesia, in a basal condition and in a sympathetic
exciled state induced by intravenous administra-
tion of picrotoxin. Blood samples were collected
in pre-chilled polypropylene tubes with heparin
as an anticoagulant and centrifuged (10 min, 700
g at 4°C) to separate the plasma. Frozen plasma
samples were kept at —70°C and thawed in an
ice-bath prior to assays.

Stock standard solutions of NE, E, DA, DO-
PAC, HVA, 5-HT, 5-HIAA and IPT werc pre-
pared at a concentration of 0.02 ng/mlin 0.1 M
perchloric acid and stored at —70°C in the dark
and thawed in an ice-bath prior to preparation of
a standard mixture. The internal standard TIPT
and standard mixture were prepared fresh each
day from a portion of these stock solutions after
appropriate dilution with Ringer solution con-
taining 10~ 7 M ascorbic acid in 0.1 M perchloric
acid.

In 4 small polypropylene tube, 190 (¢ of each
standard mixture or plasma sample were mixcd
with 10 ul of Ringer solution containing 10~ 7 M
ascorbic acid and 0.2 ng of IPT (as an intcrnal
standard). In order (o prevent carry-over con-
tamination, at the beginning of each perfusion,
microdialysis probes were rinsed in a microvial
containing Ringer solution for 3 min and then
transferred to a small polypropylene tube. Ringer
solution was used to perfuse microdialysis probes
at 1 pl/min by a high-precision pump
(CMA/100). Scquential [0-min perfusates were
collected by a  microfraction  collector
(CMA/140) in polyethylene microsamplc tubes
containing 5 pl of 0.1 M perchloric acid with
1077 M ascorbic acid and 5 ul of the perfusates
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were analysed for NE. E, DA. DOPAC, HVA,
5-HT and 5-HIAA using a microbore HPLC -ED
system. The performance of cach microdialysis
probe was calibrated by dialysing a known
amount of the standard mixiure, and recoveries
of all analytes were then determined. Plasma con-
centrations of NE, E, DA, DOPAC, HVA_ 5-HT
and 5-HIAA were calculated by determining
cach pcak-height ratio rclative to the internal
standard IPT and also corrected by each probe
performance.

Maobhile phase prepararion

The mobile phase was prepared by dissolving
30 ml of acctonmitrile, 0.42 g of SOS (2.2 mM),
2.00 g of sodium dihydrogenphosphate (14.7
mAf), 8.82 g ol sodium citrate {30 mAM), 10 mg of
EDTA (0.027 mAf) and 1 ml of diethylamine in
doubly distilled water. The solution was adjusted
to pH 3.5 with concentrated orthephosphoric
acid and its final volume was adjusted to | 1. The
mixture was filtered through a 0.22-gm nylon fil-
ter under reduced pressure and degassed by purg-
ing with helium for 10 min. The flow-rate was
5060 plymin, maintaining the column pressurc
at ca. 7.6 MPa.

RESULTS AND DISCUSSION

Quality of the method

A typical chromatogram of a standard mixture
of 50 pg of catecholamines, serotonin, their me-
tabolites and IPT (internal standard) is shown in
Fig. 2A. All components under study were well
resolved. An analysis was completed within 15
min. Fig. 2B and C show typical chromatograms
of the second fraction perfusate of plasma ob-
tained [rom a cat and from a patient with neu-
roblastoma, respectively. The identities of the
peaks were first confirmed by their retention
times, standard addition, and then by a super-
impose-alignment technique which was provided
by the Beckman System Gold data analysis soft-
warc (version 6.01). All components in Fig. 2B
and C were identical with those in Fig. 2A excepl
for some unknown cormponents. Further identifi-
cation of these unknown components might be of
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Fig. 2. Typical chromatograms of (A) a standard mixture containing ([) NE (62 pg) (2) E {44 pg). (3) DOPAC (34 pg). (4) DA (46 pg),
(3) 5-HIAA (58 pg), (8) TPT (internal standard) (97 pg), (7) HVA (64 pg). (8) 5-HT (47 pg); (B) the second fraction perfusate of the
plasma obtained from a cat; (C) the second fraction perfusate of the plasma obtained from a patient with neurcblastoma.

interest in finding new biomarkers for various ill-
nesses. Reliable assignment of peaks is often con-
firmed by the collection of fractions eluting from
a column and obtaining conventional mass spec-
tra. However, confirmation in this way is diffi-
cult, especially at trace levels.

Precision and accuracy

The response of the electrochemical detector
(v) was found to increasc lincarly with amounts
injected (x) between 0.2 pg and 20 ng for all ana-
Iytes: the regression equation and correlation
cocflicient for cach analyte were as follows: NE, v
= 3523x + 156,77 = 0999; F, y = 496.7x +
8.1, r* = 0.997, DOPAC, y = 275.8x + 8.8, r?
= 0.999; DA, y = 266.3x + 22.0, ¥* = 0.998;
5-HIAA, vy = 205.1x + 4.9, r* = 0.992; HVA, y
= 240.6x + 31.6,#* = 0998; 5-HT, y = 227.6x
+ 1.1, ¥* = 0.989. The precision of the assays
was tested using a standard mixture in 0.1 M per-
chloric acid and a Ringer solution containing
1077 M ascorbic acid with or without perchloric
acid. The intra-assay variabilities were assessed
with 25 replicates (at i-h intervals) and expressed

lui

as coeflicients of variation (C.V., %). S-HIAA
(9.1%) and E (6.1%) were relatively unstable
whereas the others were stable (< 5.2%) when a
standard mixture was prepared in 0.1 A per-
chloric acid. All components were less stable
(> 5.8%) when a standard mixture was prepared
in Ringer solution containing 10~7 M ascorbic
acid. The best matrix gave CV. < 3.1% for all
components when a standard mixture was pre-
pared in a Ringer solution containing 1077 M
ascorbic acid and 0.1 M perchloric acid. This ma-
trix was then chosen for inter-assay evaluation
and for further study. The inter-assay variabil-
ities assessed with a standard mixture during ten
consecutive working days were less than 7.5% ex-
cept for DOPAC (10.1%). The intra- and inter-
assay stabilities and C.V.s calculated for the stan-
dard mixture and pooled cat plasma samples are
summarized in Table 1. The detection limit (sig-
nal-to-noise ratio = 3) of analvtes per injection
were between 0.05 and 0.1 pg.
Recovery—fraction (from the first to the tenth
fraction) histograms for the internal standard
IPT using CMA/20 microdialysis probes (n=3)
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ANALYTICAL PRECISION AND EFFECTS OF DIFFERENT ANTIOXIDANTS ON THL INTRA-ASSAY (n=25, at I-h
INTERVALS) AND INTER-ASSAY (4= 10. IN TEN CONSECUTIVE WORKING DAYS) STABILITIES OFF TTHE MICRO-

BORE HPLC ED SYSTEM

Antioxidant C.V. (%)

NE E DOPAC DA
Infra-assay
0.1 ¥ HCIO, 28 6.1 3.6 38
Ringer -+ vitamin C 6.8 83 9.0 38
(0.1 M HCIO, - 1.9 3.5 2.0 1.7
Ringer =+ vitamin C
Inrer-assay
0.1 M HCIO, + 54 6.5 101 7.5

Ringer + vitamin

are shown in Fig. 3. Although the recoveries of

the probes differed from one to another, the in-
ternal standard IPT peaks reached plateaux at
the second and following tractions. This is pre-
dictable, as the total dead volume of a probe was
5.0 wl (the volume from the top of the tip of a
probe was 1.4 gl and that of the outlet tubing was
3.6 pl). At a perfusion rate of 1 pljmin, the first
5-min wash-out period should be able to flush
out the dead volume ol the prebe. Then, the fol-
lowing 10-min period (in the collection of the first
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Fig. 3. Recovery—({raction histograms for TPT internal standard

{100 pg). The IPT was dialysed by CMA 20 nucrodialysis probes

perfused with Ringer solution at [ul/min for 100 min. Ten con-

secutive [ractions were collected at 10-mun intervals,

9.0
78
3.8

6.1

Standard mixtures consist of 30 pg of calecholamines, serotonin and their metabolites.

5-HIAA  HVA S-HT
4.3 5.2
&1 .7
[.& 34
4.9 43

fraction) should have allowed the system to reach
an equilibrinm condition. Indecd, the second and
following perfusion fractions should have a rep-
resentable composition of a standard mixture.
The sccond and third fractions werc then chosen
to evaluate the validities of all the assays in the
present experiment unless mentioned otherwise.

In order to check the reliabilities of the probes,
a known mixture of eight analytes (ca. 50 pg of
cach) was dialyscd by ninc different CMA/20
probes perfused with Ringer solution and six
conseculive [ractions were collected. The data
were calculated and are reported as recoverics
relative to IPT in Table I1. The recoveries of NE,
DA, HVA and 5-HT relative to IPT were very
close to 1.0 and that of F was about 1.5 with C.V.
between 4 and 15% for the sccond to the sixth
fractions. The recoveries of NDOPAC and 5-
HIAA to IPT were lower (0.48-0.94) with stan-
dard deviations between 12 and 26% for the sec-
ond to the sixth fractions. Because of these lower
recoveries of DOPAC and 3-HIAA, measure-
ments of these two components led to greater
standard deviations. 'This phenomenon can be
explained by variations of the diffusion rates of
analytes across the membrane. However, these
variations between probes or analytes can be
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TABLE I

RECOVERIES RELATIVE TO IPT INTERNAL STANDARD (100 pg) OF SEROTONIN, CATECHOLAMINES AND THEIR
METABOLITES IN A STANDARD MIXTURE CONTAINING 50 pg OF EACH ANALYTE

Microdialysis probes (n=9) were perfused by Ringer solution at 1 gl/min {consecutive fractions were collected at 10-min intervals).

Fraction Recovery relative wo IPT
NE E DOPAC DA

Ist 099+021 163+0.18 0.38x0.14 086%0.08
2nd 1.04£006 1344019 0634017 0974007
3rd 106016 1.341£0.19 0711016 099+0.04
4th 105016 1422015 01010 1014008
Sth 1.10£0.18 1.48+0.16 0.88:012 103005
Gth 11220016 1542017

094+0.13 1.04+002

carefully corrected by the recovery of the internal
standard 1PT in any particular event.

In order to check the validity of the assays,
pooled cat plasma samples {(n=9) with and with-
out addition of a known amount of standard
mixture (about 50 pg each) were dialysed and
anatysed. The second and third [ractions were
collected and evaluated as shown in Table 111
The values of these analytes in pooled cat plasma

TABLL 111

5-HT

0.714£0.20
0.96+0.08
0.98 £0.06
0.99£0.05
1.0240.07
LO6+0.05

0.98x0.12
1.01£0.08
1.05%0.08
1.05+0.06
1.07+0.07
1.09 - 0.07

0484:0.11
0.54+0.08
0.60+0.09
068 £0.11
081 M!S

samples, corrected by the IPT recovery at each
run, were consistent between two [ractions and
the C.V. of each pair of fractions was between 3
and 10%. Addition of a standard mixture has
two aspects. First, the addition of a known
amount of analytes should increase their peak
beights but not change their peak shapes. Sec-
ond, the addition and observed amounts of ana-
Ivtes should be consistent in each pair of fractions

CONCENTRATIONS OF CATECHOLAMINES, SEROTONIN AND THEIR METABOLITES IN POOLED CAT PLASMA
WITH AND WITHOUT THE ADDITION OF A KNOWN AMOUNT Ol' STANDARD MIXTURE

The second and third fractions were collected at 10-min intervals.

Fraction Concentration (ng;/ml)

NE L DOPAC
Puoled plusma
2nd 124+£20 6.i4+1.2 [98+28
3rd 12.0£1.8 6.2+05 17.3+1.8
Mean 12.2 6.2 18.6
Paoled plasma - standard mixture
2nd 2044133 145426 20714
3rd 210425 13206 27216
Mean 21.2 13.9 270
Amount added 9.2 0.6 8.0
Amount measured”  10.0 1.1 84

DA S-HIAA HYA 5-HT
411038 139118 143116 62.9+07
4403 105+ 0.8 144+08 664423

3 12.2 12,9 68.2
1L.7+£09 216413 23413 769+£30

114207 20.2£0.9 239411 75.6+2.2

116 20.9 23.7 76.3
6.9 8.6 9.6 7.1
7.3 8.7 0.8 &1

* Amounts of analytes measured were calculated by subtracting the mean values of the 2nd and 3rd pooled plasma from the mean

values of the 2nd and 3rd pooled plasma plus standard mixture.
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CONCENTRATIONS OFF SEROTONIN, CATECHOLAMINES AND THEIR METABOLITES IN CAT AND HUMAN PLAS-
MA SAMPLES DETERMINED BY THE SNV FITRO MICRODIALYSIS-MICROBORE HPLC-ED MLETHOD

Sample n Concentration (ng/m?)

NE E DOPAC DA 3-HIAA HVA 5-HT
Neuroblastoma 4 0254007 1.63+0.2 2,724 1.7] 0.23+£0.32 S501=09 7.25+19] 418+ 1.76
Cat plasma 5 417+5.12 6.59 +4.43 2.66%1.22 N.D* 8.806+3.20 448+1.65 59.83446.29
Picrotoxin-injected 5 454643262 13236+12327 270+ 1.0% N.D* 10.96 386 5.63+190 32041206

cat plasma

4 Naot detectable.

(the second versus the third fraction) after careful
correction. The amount measured by our assay in
the perfusare of each pooled plasma with addi-
tion of a standard mixture, minus the value of
thesc components originally in the plasma, was
compared with the known amount added. The
amounts of analytes measured and added were
very close. These results indicate that both the
second and third fractions are adequate for the
determination ol these analytes. Results of stud-
ies In plasma samples obtained from patients
with neuroblastoma and from cats are shown in
Table 1V. These data are very close to thosc ob-
tained using a deproteination technique and alu-
mina extraction methods in a previous study. Al-
though our quantitative results correlate well,
these data were not interpreted clinically.

Many problems arise with reproducibilities of
conventional extraction methods, particularly
with varied batch-to-batch and extensive pre-
treatment betore use. The method described in
this paper can be an alternative procedure to sim-
plify pretreatment. The automated HPLC meth-
od is advantageous when many samples have to
be analysed in a short period of time. In this
study, good recoveries of catecholamincs, seroto-
nin and their metabolites (about 50%) in micro-
dialysis sampling were found and only microdia-
lysis probes should be standardized based on the
intcrnal standard [PT.

Interfering peaks in HPLC methods tcported
by some investigators are attributed to some sub-
stances present in the plasma or created after pre-

treatment [26). Although the microdialysis proce-
dure is simple, rapid and crcates no substances,
we should pay attention to interfering substances
originallv existing in the plasma. Some interfer-
ing peaks of unknown substances did occur in the
chromatograms using a microdialysis probe in
sampling plasma shown in Fig. 2B and C. These
unknown substances have not heen reported be-
fore and might be of importance. Further investi-
gation of these substances will probably lead to
more detailed physiological information.

A great advantage of the described method is a
very low detection limit (typically 0.1-0.05 pg per
injection). No further purification was necessary
to obtain a complete separation within 15 min.
Hence over 90 analyses can be done in one work-
ing day with the antomatic microbore HPLC sys-
tem. The required volume of plasma samples is
very small (< 200 ul). Measurements of plasma
contents in very small volumes have great analyt-
ical potential in the fields of routine paediatric
examination, repeated blood samplings and
small experimental animal studies. As microdia-
lysis per se 1s not destructive to plasma samples,
the remaining same plasma sample, in addition to
the perfusate, can be repeatedly analysed for oth-
er substances.

CONCLUSION
Although compromises between economy and

performance often have to be made, we conclude
that the method presented here is a good alterna-
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tive to some rather complicated methods, such as
alumina or cation-exchange extractions currently
used for the determination of scrotonin, cate-
cholamines and their metabolites in plasma. Tt is
suggested that this method can be considered as a
“reference method™ in inter-laboratory compari-
sons of the determination of plasma biogenic
amines and their metabolites. We would recom-
mend this method as a suitable tool for use in
basic research and routine clinical applications.
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