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ABSTRACT 

A general problem found in the analysis of samples from brain 
microdialysis is the existence of some substances which can 
interfere with the dopamine. In our chromatographic conditions, 
we found an interfering peak with the following mobile phases: 
acetic acid / sodium acetate 1M (with 5% methanol and 1mM 
EDTA), and citric acid / sodium phosphate (with 5% methanol 
and 2mM EDTA). The solution for this problem was to employ a 
mobile phase consisting of KHzPO4 (with 1mM EDTA and 5% 
methanol), with an ion-pair agent of sodium salt of 1- 
octanesulfonic acid The interfering peak was identified as the 
uric acid (resulting fiom the cellular metabolism) based on its 
chromatographic properties. 
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INTRODUCTION 

High Performance Liquid Chromatography with Electrochemical Detection 
(HPLC-ECD) has been widely used for the determination of various 
neurochemical substrates. Two kinds of detector systems are currently used for 
the electrochemical detectors: a singleelectrode amperometric detector and a 
dual- or multiple-electrode coulometric detector. For the simultaneous 
determination of dopamine @A) and their metabolites 3,4dihydrow- 
phenylacetic acid @OPAC) and homovanillic acid (HVA) in brain tissue and 
microdialysis samples, the amperometric detection system is the most used. 
This system is simple and inexpensive, but it presents some difiiculties in 
clearly resolving the early eluting DA and its metabolites: 1) these substances 
interfere with the large solvent front and with other substances; 2) their low 
levels. On the other hand, coulometric detection systems are relatively 
expensive, but a series of two coulometric electrodes provide the capability to 
screen out interfering peaks.’ This potential ability of the coulometric detection 
system is based on a reversible oxidatiodreduction of the electroactive 
substrates in the electrodes and it may allow the improvement of their separation 
without increasing in the chromatographic analysis time. 

Many methods have been developed for the analysis of the catechol 
derivatives, including the substances implicated in the metabolism of the 
d~pamine.”~ Several papers have already described the WPLC method using the 
coulometric detector for the simultaneous determination of catecholamines and 
their metabolites in brain  sample^.^^',^ However, these methods are not 
satisfactory with respect to the analysis time andor the selectivity for the 
simultaneous determination of other related substrates, including uric acid. 

Many of those methods used buffered solutions with an acidic pH (in the 
mnge 3-5) for the separations of those compounds under isocratic reversed- 
phase  condition^.^ The use of ion-pairing agents (heme, heptane, and octane 
sulfonic acid) allows a better separation between the different catechol 
derivatives, even with respect to the indol derivatives, improving their 
separation from the solvent and reducing the effect of other interfering 
compounds.* 

Microdialysis permits the in vivo monitoring of drugs and endogenous 
compounds in the Central Nervous System (CNS)? The release of the 
neurotransmitters is measured in awaked freely-moving animals by the 
implantation of dialysis membranes in several brain regions in order to allow the 
exchange between the perfusion medium and the extraneuronal fluid. This 
technique presents some advantages with respect to other techniques previously 
used, as the push-pull perfusion and the implantation of electrodes into the brain 
because the tisular damage is very small, recovery of substances is high. The 
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major advantages of the microdialysis technique are that no sample preparation 
is needed and that the samples are ready for direct injection into the 
chromatograph. 

In the analysis of samples from striatal microdialysis we found a peak 
which interferes with the DA when we utilized the following mobile phases: 
acetic acid / sodium acetate 1M (with 5% methanol and 1mM EDTA) and citric 
acid / sodium phosphate (with 5% methanol and 2mM EDTA). In the present 
paper, we report a rapid HPLC method coupled to a coulometric detection with 
the use of an ion-par agent to resolve the chromatographic interference 
consisting of the co-elution of the uric acid (produced from the cellular 
metabolism of N) with the dopamine released from the neurons of the rat brain 
striatum. 

EXPERIMENTAL 

Chemicals and Reagents 

Methanol HPLC grade was supplied by Merck. Water was obtained from 
a MilliQ system Wllipore). Pure substances of DA, DOPAC, WA, SHIAA, 
and uric acid were obtained from Sigma (St. Louis, MO, USA). The stock 
solutions of pure substances (10 mg/mL) were kept at 4OC during a long period 
of time. The other reagents (KHzPO, EDTA, citric acid, sodium acetate, acetic 
acid, and the sodium salt of 1-octanesulfonic acid SOS) were analytical grade 
and they were supplied by Sigma (St. Louis, MO, USA). 

Microdialysis 

Male Sprague-Dawley rats (250-300 g) were anaesthetized with chloral 
hydrate (400 mg/g, i.p.) and placed in an stereotaxic apparatus (Narishige). The 
probe (CMA/12, 0.5 mm internal diameter, 3 mm length) was stereotaxically 
placed within the left striatum (coordinates from bregma: A +2, L +3, and V +6) 
through a hole drilled in the skull. A standard Ringer medium (147 mM NaCI, 
3.4 mM CaClz, 4 mM KCl) was perfused through the probe at 2 pL/min, and the 
samples were collected eveq 15 min. 

The microdialysis samples were used for the determination of the levels of 
DA, DOPAC, and HVA. The typical in vitro probe recovery was found to be 
approximately 15 % for DA and 25 % for its metabolites. 
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Figure 1. Representative chromatogram of dialysate of rat striatum obtained using eluent 
consisting of acetidacetate buffer 1 mM EDTA and 5% methanol at pH 5.0 and flow rate 
of 1 mL/min. Peaks: 1= DA + uric acid, 2= DOPAC, 3= 5-HIAA, 4= 5-HT. 

Chromatographic Conditions 

The HPLC system was an HP Series 1050 Pump equipped with an 
injection valve, Rheodyne 7125. The separation of the DA and its acidic 
metabolites (DOPAC and HVA) was made under isocratic conditions, using 
reversed-phase columns Spherisorb ODs-1 (with particles of 10 pm). 

The ESA model 5 lOOA Coulochem electrochemical detector (ESA Inc., 
Bedford, MA) was used with a model 501 1 dual electrode analytical cell. The 
potential used for the analysis was +400 mV. 
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Figure 2. Hydrodynamic voltamnograms of 1 nghjection of DA (1); DOPAC (2), 5-HT 
(3), 5-HIAA (4) and HVA ( 5 )  with acetic/acetate mobile phase at pH 4.0. Flow rate 1.5 
mL/min. 

For the hydrodynamic voltammograms, the oxidation potentials assayed 
were in the range of +lo0 to +500 mV. The output signal from the detector was 
registered by an Omniscribe Series D5000 Recorder (Houston Instruments). 
The mobile phases assayed were the following: 

1. A buffer of acetic acid / sodium acetate 1M with 5% methanol and 
1mM EDTA, at a flow rate of 1 mL/min. The assayed pHs were 4.0, 4.5, 
and 5.0. 

2. A buffered solution of citric acid I sodium phosphate with 5% 
methanol and 2mM EDTA. The flow rate was 1 mL/min. The assayed 
pHs were 3.5,4.0, 5.0,6.0, and6.5. 
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3. A solution of potassium phosphate (KH~POS) with 1mM EDTA, using 
as ion-pair agent the SOS. The different conditions were as follows: a 
pH range 3-4, a YO of methanol between 5-10, and a flow rate between 1 
and 2 mL/min. 

The parameters used to evaluate the retention of the different compounds 
were the Retention Time (RT) and the Capacity Factor (K'). In order to 
calculate the parameter of retention K', we used the RT obtained in the same 
chromatographic conditions. 

RESULTS 

A representative chromatogram obtained from a dialysate of shiatum 
using the acetic-acetate eluent is shown in Figure 1. It is observed that the DA 
concentration is about 20-30 ng/20 pL of sample, while the metabolite 
concentrations are about 3 ng/20 pL. 

The amount of DA is higher than expected, which made us think that other 
substances present in the sample could co-elute with DA. The uric acid produced 
from the cellular metabolism of N could be the substance which produces the 
intedence with the DA peak. 

The use of the eluent consisting of acetic-acetate buffered solution at pH 
5.0 permitted the resolution of all analytes of interest @A, 5-HT, and metabolites) 
in 18-20 min, with 5-HT eluting as the final component (Table 1). However, the 
uric acid appears with a RT coincident with the DA (6.8 min). In chromatograms 
obtained from external standard mixtures of DA and uric acid it appears as a unique 
peak, which is the sum of both substances. 

The o w  potential for the analysis, accordmg to the hydrodynamic 
voltammograms (Fig. 2), was determined to be N.4 V for DA and all the 
metabolites. Substances with a catechol or 5-hydroxyindol structure generate 
detector signals at relatively low oxidation potentials, while the 0-methylated 
derivatives (HVA) require potentials of at least +0.4 V in order to obtain 
measurable detector signals." 

The retention times (RT) for the different external standards @A, 
DOPAC, HVA, 5HT, 5-HIAA, and uric acid) in dif€-t analytical conditions are 
shown in the Table 1. 

The retention parameters K' calculated for the diffemnt substances and 
chromatographic conditions are shown in the Figure 3. The results are expressed as 
the mean of 4 4  determinations. 
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Table 1 

Retention Data for Uric Acid, Biogenic Amines, and Acidic 
Metabolites Using Different Eluents in Different Conditions 

pH UricAcid 

AceticlAcetate 1M 4.0 - 
F=lmL/min 4.5 -- 
ImM EDTA 5.0 I 

5% Methanol 

Citricffhosphate 3.4 6 
F=lmL/min 4.0 6 
2mM EDTA 5.0 6 
O%Methanol 6.0 4 

6.0 4 
6.4 3.2 

Conditions 

KHZPO4 without 2 

F=2mL/min withSOS, 1.6 

1mM EDTA without 1.6 

S%Methanol withSOS, 1.6 

SOS, pH 3.0 

pH 3.5 

SOS, pH 4.0 

pH 4.0 

O/O Methanol 

mZpo4 5% 4 
F=lmL/min 6% 3.6 
ImM EDTA 7% 3.6 
ImM sos 10% 2.8 

Retention Time (Min.) 
DA 

9.2 
6.4 
6.8 

5.2 
6 

6.4 
6 
6 

6.8 

1.6 

4.8 

1.6 

5.2 

12.8 
12.6 
10.8 
6.8 

DOPAC 

9.2 
6.8 
5.6 

14.4 
13.2 
7.2 
4.4 
4.4 
4 

4.8 

4.4 

3.6 

4 

10.8 
9.6 
10 
6.8 

5-HT 

14 
16.4 
17.6 

I_ 

22.4 
29.6 
25.2 
25.2 
29.2 

4 

16.8 

4.8 

17.2 

I 

- 
- 
- 

5-HIIAA 

20.4 
16 

12.8 

- 
42.4 
24 

12.4 
12.4 
11 

10.4 

10.4 

9.6 

9.6 

I_ 

- 
- 
- 

2805 

HVA 

25.6 
18.8 
13.6 

- 
45.2 
25.2 
13.6 
13.6 
11.4 

16 

13.6 

12.4 

12 

- 
I 

I 

- 

Figure 3 Uustrates the effect of the pH change and the Werent mobile 
phases on the retention of the substances analyzed. As we can see, K’ is pH- 
dependent for all the substances. The values of K’ decrease when the dissociation 
of the solutes increase (low pH). For the acidic compounds, the pH of the mobile 
phase was low enough to suppress the dissociation of the molecules and to obtain 
longer retention times and better separation. 
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Figure 4. Standard chromatogram (1  nglinjection of each I= DA, 2= DOPAC, 3= 5- 
HIAA and 4= HVA) obtained using the mobile phase KH2P04 with SOS, 5% methanol 
and pH 4.0. Flow rate 2 ml/min. 

The mobile phase consisting of citric/phosphate at pH 6.0 or 6.4 permitted 
the separation of DA and uric acid, but interferences between other substances have 
been observed, besides a run time too long. A standard chromatogram showing the 
separation of 1 ng of each substance, using the eluent consisting of potassium 
phosfate solution containing SOS, is shown in the Figure 4. The compounds were 
resolved and identified in base of RT, as well as because their electrochemical 
behaviour. 

Figure 3 (left). Retention data of DA, DOPAC, 5-HIAA, 5-HT, HVA and uric acid with 
(A) acetidacetate eluent in the pH range of 4.0-5.0, (B) citratelphosphate eluent in the pH 
range 3.5-6.5, (C) KH2P04 eluent without SOS in the range of 3.0-4.5, (D) KH2P04 
eluent with SOS, and (E) with methanol in the range of 5-10% methanol. 
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1 

1 

1 2  

4 

3 

12 min 0 

Figure 5. Representative chromatognun of dialysate of rat striaturn obtained using the 
mobile phase KHzP04 with SOS, 5% methanol and pH 4.0. Flow rate 2 mL/min. Peaks 
1= DA, 2= DOPAC, 3= S - m ,  4= HVA. 

At pH 4.0 and with 5% of methanol, all compounds were well resolved, 
without interferences and the analysis was completed in less than 18 min. The 
on-column limit of detection was estimated ftom external standards to be 
approximately 100 pg/ 20 pl. 

An increase in the concentration of methanol lead to a denease in 
K'values for all compounds without affecting the order of elution. optimal 
resolution was achieved with a methanol concentration of 5%. The presence or 
absence of SOS in the eluent interfered with the retention of amims, especially DA 
and 5-W, and uric acid (Table 1, Fig. 3). Figure 5 shows a typical chromatogram 
from the rat brain striatum obtained using KH2PO with SOS, 5% methanol and pH 
4.0. The two monoamine neurotmsmittm @A and 5-H") and the three major 
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metabolites (DOPAC, 5-HIAA and HVA) were well separated from each other 
and S-om tissue-derivated intderences. No solvent front peak interfered with the 
separation of the early elubng peaks, being apparent the uric acid peak. 

DISCUSSION 

A very common problem present in the analysis of samples from 
microdialysis is the existence of an interfering compound, which co-elutes with 
DA. Because of the high levels of this compound and the very low levels of 
endogenous DA, the problem is practically impossible to resolve with mobile 
phases without ion-pair agents. This problem is not present in the case of post- 
mortem  sample^.^ In our chromatographic conditions, we found that 
interference with the mobile phases of acetic acid / sodium acetate 1M (with 5% 
methanol and 1mM EDTA), and citric acid / sodium phosphate (with 5% 
methanol and 2mM EDTA). We resolved this problem with the use of a 
mobile phase consisting of KH2P04 with 1mM EDTA, using as ion-pair agent 
the SOS. 

The interfering peak was the uric acid from the cellular metabolism and it 
was identified by its chromatographic behaviour. That was also demonstrated 
by the use of the pure substance in the same chromatographic conditions. 

Reversed-phase chromatography has long been employed for the general 
analysis of biogenic amines." However, the chromatographic method shown 
here was specifically designed to measure DA, DOPAC, 5-HIAA, and HVA 
from microdialysis samples within the time constraint imposed by sampling. 
DA was selectively separated from potential interferences present in the 
perfusate output (such as uric acid) using as ion-pairing agent the SOS. 

Alkylsulfate ion-pair agents form a strong ion-pair complex with 
monoamines. The relatively high level of SOS in the mobile phase was required 
to enhance the selectivity and separation from the solvent front. However, the 
strong retaining effects of the long chain ion-pair agent on the lateeluting HVA 
had to be moderated by the high content of a strong organic modifier 
(methanol). As expected, methanol enhanced the elution of all compounds, 
whereas SOS increased the retention of amines only." 

Thus, pH choice and level of ion-pair agent, and organic modifier 
percentage were manipulated in order to exert control over metabolite and 
catecholamine-SOS pair placement and retention time. Additionally, EDTA in 
the mobile phase stabilized the catecholamine structure and it avoided the 
possible interference of inorganic ions." 
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