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Abstract 

A microbore high-performance liquid chromatographic method with electrochemical detection was developed for 
the measurement of small quantities of dopamine and its metabolites, 3,4-dihydroxyphenylacetic acid and 
homovanillic acid, in microdialysis samples from rat striatum. The limit of detection of dopamine was in the low 
nmol/l range (10 fmol/40/~1 dialysate). Standard mixtures of dopamine and its metabolites were stored in tubes 
made of polypropylene, soda-lime glass or borosilicate glass. Dopamine and homovanillic acid were stable in all 
three types of container for 24 h providing they were kept at an acidic pH. However, 3,4-dihydroxyphenylacetic 
acid was only stable in tubes made of polypropylene or borosilicate glass. Basal levels of dopamine in the dialysate 
obtained from rats which had been chronically implanted with a microdialysis probe in the anterior striatum were 
stable for one to three days following probe implantation. However, the levels of 3,4-dihydroxyphenylacetic acid 
and homovanillic acid in the dialysate decreased rapidly with time after the first day. This indicates that the 
synthesizing capacity of the neurons is compromised by the microdialysis probe after day one, and that 
microdialysis experiments in freely moving animals should be confined to the day immediately following probe 
implantation. 

1. Introduction 

Dopamine (DA) is an important neurotrans- 
mitter in the central nervous system. Its effects 
are mediated by an interaction with either D l- 
like (D1 and D5) or D2-1ike (D2, D 3 and D4) 
receptors [1]. The major dopaminergic tract in 
the brain originates in the substantia nigra and 
sends projections to the striatum; indeed, 80% 
of all DA is found in this area [1]. Microdialysis 
is a technique which allows continual perfusion 
of discrete areas of the brain with minimal 
exposure of the brain tissue to the perfusion 
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medium by means of a special probe [2-4]. The 
technique has been used in the past to determine 
the effects of various centrally acting drugs on 
dopamine release and metabolism in the striatum 
of rats [5,6]. However,  because microdialysis is a 
method which involves animal experimentation,  
attempts have been made in the past to chroni- 
cally implant microdialysis probes and thereby 
reduce the number  of animals used [7-10]. 

Microbore and capillary high-performance liq- 
uid chromatography (HPLC)  techniques have 
been developed for the measurement  of biogenic 
amines in microdialysis samples [11-13]. Tem- 

reserved 
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perature, pH and length of storage have been 
shown to have dramatic effects on the stability of 
biogenic amines [14-16]. The aim of this study 
was to develop an efficient microbore HPLC 
method based on commercially available micro- 
bore HPLC columns for the measurement of DA 
and its metabolites, 3,4-dihydroxyphenylacetic 
acid (DOPAC) and homovanillic acid (HVA), in 
microdialysis samples, and to determine the 
optimal type of tube for sample storage. In 
addition, the effect of chronic implantation of 
microdialysis probes on the levels of DA, 
DOPAC and HVA in the striatum over a 4-day 
period was determined. 

2. Experimental 

2.1. Apparatus 

The HPLC system consisted of a Merck- 
Hitachi (Darmstadt, Germany) L-6200 intelli- 
gent pump, a refrigerated Gilson 231-401 auto- 
sampler (Abimed, Diisseldorf, Germany) with a 
Rheodyne injection valve (5 /xl loop) and a 
Bioanalytical Systems LC-4C amperometric elec- 
trochemical detector purchased from Axel Sem- 
rau (Sprockh6vel, Germany). The electrochemi- 
cal detector was equipped with a glassy carbon 
working electrode and a Ag/AgC1 reference 
electrode. The potential was set to 750 mV, the 
range to 5 nA, the filter to 0.1 Hz and the offset 
to 1-10 nA. An online degasser from VDS 
Optilab (Berlin, Germany) was also used to 
ensure that the mobile phase was free of air. 
Microbore HPLC columns (SepStik, 100 x 1 mm 
I.D.) filled with octadecylsilane-bonded silica (3 
tzm) were purchased from Bioanalytical Systems 
(West Lafayette, IN, USA). Three different 
sorts of tube, all purchased from K. Ziemer 
(Mannheim, Germany), were used for storing 
acidified standard solutions: 12 × 32 mm, poly- 
propylene tubes (0.3 ml), 5 x 30 mm soda-lime 
(also called soft or AR) glass tubes (0.1 ml) and 
12 x 32 mm borosilicate (Type IA) glass tubes 
(0.1 ml). 

2.2. Reagents 

Chloroacetic acid was purchased from J. T. 
Baker (Grol3-Gerau, Germany), EDTA (ethyl- 
enedinitrilo tetraacetetic acid, disodium salt) as 
Titriplex III, acetonitrile (Lichrosolv) and tetra- 
hydrofuran (Lichrosolv) from E. Merck (Darm- 
stadt, Germany), NaOH from Fluka (Neu-Ulm, 
Germany), and octylsulphate, sodium salt from 
Aldrich (Steinheim, Germany). Standard DA 
and DOPAC were obtained from Research Bio- 
chemicals International (Natick, MA, USA), 
and HVA and 5-hydroxyindoleacetic acid (5- 
HIAA) from Serva (Heidelberg, Germany). All 
other reagents were at least of reagent grade. 
Purified water was prepared by means of a 
Millipore Q-System. 

2.3. H P L C  procedure 

The mobile phase was prepared freshly each 
week: 9.87 g (0.1 mol/1) chloroacetic acid, 
0.1953 g Titriplex III (0.525 mmol/1) and 0.137 g 
octylsulphate, sodium salt (0.59 mmol/l) were 
dissolved in purified water. The pH was adjusted 
to 3.2 by adding 32% NaOH (ca. 7.0-7.3 ml). 
The solution was then made up to 1000 ml and 
filtered through a 0.45-/xm membrane filter from 
Schleicher and Schiill (Dassel, Germany). A 
volume of 990 ml was withdrawn to which 52 ml 
acetonitrile (4.95%) and 8.3 ml tetrahydrofuran 
(0.79%) were added. The mobile phase was then 
degassed by stirring for ca. 10 min under vac- 
uum. The mobile phase was pumped at a flow 
rate of 80-90 /zl/min. A pulsation-free chro- 
matogram was achieved without the need of a 
splitting system or microheads with the Merck- 
Hitachi intelligent pump. Peak identification was 
performed with external standards and concen- 
trations were calculated on the basis of peak 
areas. The injection volume was 5 /xl. 

2.4. Microdialysis procedure 

The microdialysis procedure used in these 
experiments was identical to that previously 
described [17]. The microdialysis probe (CMA/ 
10, 3 mm) was implanted in the anterior striatum 
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with the stereotaxic coordinates + 2.5 mm ros- 
tral, + 2.5 mm lateral and -6 .5  mm ventral 
relative to the bregma and dura [18]. The probes 
were secured by means of a guide cannula, 2 
small metal screws and a small amount of Tech- 
novit 3040 cold-curing resin from Kulzer (Wehr- 
heim/Taunus, Germany). On the following day, 
approximately 18-24 h following implantation, 
the microdialysis probe was perfused with a 
physiological Ringer solution (147 mmol/l NaCI, 
2.3 mmol/l CaCI2, 4 mmol/l KCI, pH 6.0) at a 
flow-rate of 2/ .d/min for 80 min before collect- 
ing samples. Thereafter, samples were collected 
every 20 min (40/zl) until a total of 17 had been 
collected. The microinjection pump was then 
switched off and the procedure repeated on days 
2 and 3. Aliquots (40 /xl) of standards and 
microdialysis samples were immediately acidified 
with 5 /xl perchloric acid (0.25 tool/l) such that 
the pH of the mixture was between 1 and 2. 

2.5. Data calculation 

HPLC data were collected and stored with a 
Nelson Analytical Series 900 interface from 
ESWE Analytik (Sinsheim, Germany). Peak 
integration was carried out with Nelson 2600 
chromatography software on a Hewlett-Packard 
Vectra personal computer. 

3. Results and discussion 

The method described in this paper provides 
an excellent separation of DA from its metabo- 
lites, DOPAC and HVA, in standard mixtures 
and microdialysis samples (Fig. 1). The lower 
nmol/l range sensitivity achieved with this meth- 
od is comparable with previously published mi- 
crobore systems [11,12], although not quite as 
good as the upper fmol/l sensitivity achieved by 
capillary HPLC methods [13]. Nevertheless, the 
present method uses commercially available mi- 
crobore columns without the need for special 
HPLC pumps. It was also possible to use a 
splitting system consisting of a piece of fused- 
silica tubing such that only about 10% of a 

normal flow-rate of approximately 1 ml/min 
passes through the microbore column. This is 
useful for HPLC pumps which cannot deliver 
low small flow-rates without problems of pulsa- 
tion. However, careful attention must be given 
in both systems to degassing; a better baseline 
was always obtained when a degasser was con- 
nected onqine. 

Comparison of the system described in this 
paper with a classical HPLC method previously 
applied in our laboratory for measuring DA in 
microdialysis samples [17] highlighted the three 
main advantages of the new microbore tech- 
nique. Firstly, because the mass sensitivity of 
microbore techniques is greater, a much smaller 
volume of sample (5 /zl) than was previously 
required (20-40 /~1) can be injected onto the 
column. Consequently, slower microdialysis 
perfusion rates can be used to increase recovery 
or a normal sample can be split for simultaneous 
determination of several different neurotransmit- 
ters. Secondly, the analysis time was shortened 
from approximately 25 min to 14 min. More 
samples can therefore be measured over the 
same period of time. Thirdly, at a flow rate of 80 
/zl/min, the use of mobile phase is reduced to 
less than 5% of the previous system (flow rate = 
1.9 ml/min). This is of considerable benefit to 
the environment because of the organic solvents 
present in the mobile phases. 

In an elegant study, Palazzolo and Quadri [16] 
defined the optimal conditions for the long-term 
storage of biogenic amines for subsequent analy- 
sis by HPLC with electrochemical detection. On 
the basis of their recommendations, all standards 
and microdialysis samples in the present study 
were acidified immediately with perchloric acid 
such that the pH of the resultant mixture was 
between 1 and 2. The concentrations of DA, 
DOPAC and HVA in a standard mixture stored 
in tubes made of three different materials were 
measured every hour for 24 h. A representative 
plot of the concentrations against storage time 
(Fig. 2) revealed that the level of DOPAC in 
soda-lime glass tubes decreased rapidly from an 
initial concentration of 40 pmol/40 /.tl to less 
than 3 pmol/40/~1 after 24 h. This represented a 
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Fig. 1. Microbore HPLC separation of (A) a standard mixture of DA (0.48 pmol/40/zl), DOPAC (40 pmol/40/zl), 5-HIAA (24 
pmol/40 /zl) and HVA (32 pmol/40 /.d) and (B) a typical baseline microdialysis sample. The chromatogram is plotted on a 
vertical scale of 50 mV and the elution time was 14 min. The microdialysis sample was found to contain DA (0.15 pmol/40/~1), 
DOPAC (81.76 pmoi/40/xl) and HVA (41.96 pmol/40 p.1). 

loss of  more  than 90%. In contrast,  no clear 
decrease in the concentrations of D A  and HVA 
was observed in any of the tubes (Fig. 2). No 
additional peaks  were observed in these chro- 
matograms.  These results were reproducible and 
show that  tubes made  of soda- l ime  glass are not 
suitable for storing acidified standard mixtures 
containing D O P A C  even for short periods of 
time. 

The  mean-- -S .D,  baseline concentrations of 
DA,  D O P A C  and HVA in the dialysate from a 
microdialysis p robe  implanted in the anterior 

striatum 18-24 h previously were 0.17---0.09, 
86.37---22.29 and 51.07---13.13 pmol /40  /xl re- 
spectively. The concentrat ion of D A  in the 
dialysate remained stable on days 2 and 3 follow- 
ing probe  implantation,  whereas the levels of 
D O P A C  and HVA rapidly decreased: the levels 
on day 3 were 6.43---5.13 and 18.35--+2.50 
pmol /40  /zl, respectively. Robinson and Camp  
[8] have previously repor ted  a similar phenom-  
enon: they demonst ra ted  a marked  t ime-depen-  
dent decrease in the basal concentrations of  
D O P A C  and HVA. Osborne  et al. [7] have also 
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Fig. 2. Effect of time on the stability of acidified standard 
mixture of DA, DOPAC and HVA stored in tubes made of 
polypropylene, soda-lime glass or borosilicate glass. Each 
point represents one injection. O=Polypropylene; V =  
soda-lime glass; • = borosilicate glass. 

shown a time-dependent decrease in the ex- 
tracellular concentrations of DOPAC under simi- 
lar conditions. Although the perfusion rates in 
our study (2/zl/min) and the study of Robinson 
and Camp (1.5 txl/min) are comparable, the 
latter study also perfused the microdialysis con- 
tinually overnight at a rate of 0.3 /zl/min in 
between experiments. One criticism of this work 
is that this overnight perfusion might have 
caused a washout or exhaustion of DOPAC in 
the extracellular space. However, the present 

study illustrates that even in the absence of 
overnight perfusion, there is still a time-depen- 
dent reduction in DOPAC and HVA levels. 

In summary, this paper describes a microbore 
HPLC method for the measurement of DA and 
its metabolites in microdialysis samples from the 
striatum of freely moving animals. The results 
demonstrate that acidified standard mixtures and 
samples are best stored in tubes made of poly- 
propylene or borosilicate glass. In addition, 
microdialysis studies in awake, freely moving 
rats should be confined to the day following 
probe implantation. 
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