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Homovanillic acid (HVA) (Fig. 1) is a major metabolite of the monoamine 
neurotransmitter dopamine. Its concentration in cerebrospinal fluid (CSF) has 
been frequently used to examine abnormalities of dopaminergic transmission in 
various neuropsychiatric disorders [ l-81. Liquid chromatography (LC) with 
electrochemical detection (ED) is now the most commonly used technique for 
quantifying HVA as it is both less expensive and simpler than previous methods 
employing fluorimetric analysis or gas chromatography-mass spectrometry (GC- 
MS). Despite its wide-spread use, however, there is little in the literature docu- 
menting a high degree of accuracy and precision for LC methods analyzing HVA 
in CSF, especially at the low concentrations ( < 10 ng/ml) frequently observed 
in Parkinson’s disease. We report here an accurate and precise isocratic high- 
performance liquid chromatographic (HPLC ) technique for HVA determination 

HVA HVACN 

Fig. 1. Chemical structure of HVA and its structural analogue HVACN aa the internal standard. 
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which employs a structural analogue of HVA as internal standard not previously 
reported. 

EXPERIMENTAL 

Instrumentation 
This study used a Model 6000 A solvent pump and U6K universal injector both 

from Waters Assoc. (Milford, MA, U.S.A.). An LC-4B amperometric detector 
with a glassy carbon working electrode and Ag/AgCl reference electrode from 
Bioanalytical Systems (West Lafayette, IN, U.S.A.) was used. The chromato- 
graphic column consisted of a Partisild ODS-3 (5 p particle size, 25 cmx4.6 
mm I.D.) from Whatman (Clifton, NJ, U.S.A.). For HVA quantitation, a Canon 
AS-100 computer using software designed by Binary Systems (Newton, MA, 
U.S.A.) and an analog digital computer interface from Quasitronic (Houston, 
PA, U.S.A.) was employed. 

Reagents and standards 
Potassium phosphate (A.C.S. reagent grade) and internal standard, 3,4-hy- 

droxymethoxyphenylacetonitrile (HVACN ) (Fig. 1 ), were obtained from Al- 
drich (Milwaukee, WI, U.S.A.). Methylene chloride and methanol (HPLC grade) 
were purchased from Fisher Scientific (Medford, MA, U.S.A.) and HVA from 
Sigma (St. Louis, MO, U.S.A. ). The stock solutions for HVA and HVACN were 
made by dissolving 1 mg of compound in 10 ml of deionized, redistilled water. 
They were then frozen at - 60°C in l-ml aliquots until needed. The working 
standards for HVA were prepared each day from stock by making serial dilutions 
to the concentrations required for the standard curve. Working internal standard 
solution was made daily by diluting from stock to a concentration of 100 ng/ml 
with deionized, redistilled water. 

Chromutographic conditions 
The mobile phase was a mixture of 20% (v/v) methanol in 0.075 M KH,PO, 

adjusted to pH 2.5. It was prepared by filtration through a Millipore membrane 
filter (Millipore, Bedford, MA, U.S.A. ), type HA, pore size 0.45 pm. The column 
temperature was kept ambient. The flow-rate was 1.8 ml/min with the working 
electrode operated at 1.0 V vs. Ag/AgCl. The detector was set at 1 nA full scale. 

Sample preparation 
CSF was collected from patients with Parkinson’s disease, major depression 

and Alzheimer’s disease, and immediately frozen in 2-ml aliquots. To a 16 

mm x 150 mm disposable glass test tube capped with inert Tainertops (Fisher 
Scientific ) ,500 ,ul of internal standard solution (HVACN, 100 ng/ml) were added 
to 500 ,ul of CSF. The samples were then acidified with approximately 100 fl of 
10 M hydrochloric acid to a pH less than 1.0. HVA was extracted by adding 5 ml 
of methylene chloride to samples, shaking them for 10 min on a horizontal shaker 
and then centrifuging for 2 min to separate the liquid phases. The upper aqueous 
and interphase layers were then aspirated and discarded. The lower organic layer 



114 

was evaporated to dryness under a gentle stream of dry nitrogen in the absence 
of heat. Subsequently, samples were reconstituted with 200 ~1 of mobile phase 
and 100 ~1 were injected. Under the described procedure, the retention times for 
HVA and HVACN were 5.0 and 7.0 min, respectively. 

Standard solutions (5,10,20,25,50 and 100 ng/ml) were prepared from HVA 
stock standard. These standard solutions were taken through the procedure and 
a linear relationship between standard solution concentrations and peak heights 
was demonstrated. Quantitation was done by computer, from peak-height ratios 
of HVA to the internal standard. 

RESULTS 

Accuracy and precision 
In order to evaluate within-day variation we prepared a HVA standard solution 

with a concentration of 40 ng/ml as a high control point, pooled human CSF with 
a determined concentration of 28 ng/ml as the midpoint and the CSF pool was 
diluted to a concentration of 9 ng/ml as the low point. By replicate analysis of 
these samples we assessed coefficients of variation (C.V.) of 4.0, 2.5 and 4.1% 
(n = 7) for low, mid and high points, respectively. Standard curves were set up 
with each batch of samples to account for any variable that could not be con- 
trolled such as changes of ambient temperature and loss of response of the glassy 
carbon electrode. Linear least-squares regression analysis of the standard curves 
gave an average r value of 0.997 (n = 3). 

Detector conditions 
In this study, an applied potential of 1.0 V was chosen after several higher and 

lower different voltages were examined. At an applied potential of 0.7 V, a lOO- 
pl injection of HVA and HVACN at 100 ng/ml was undetected. Readable re- 
sponse peaks were first detected at + 0.8 V. As demonstrated in a hydrodynamic 
voltammogram (Fig. 2)) both compounds displayed similar response curves with 
a maximum oxidation potential of + 1.0 V. 

Mobile phase 
After experiments with different methanol concentrations (3-25% ), a concen- 

tration of 1822% was found acceptable without causing co-elution of HVA and 
HVACN. Good resolution between HVA and HVACN and a relatively short total 
analysis time (9 min) was obtained with a 20% methanol concentration (Fig. 3). 
Elution times of both internal standard and HVA were found to be significantly 
affected by mobile phase pH. An increase in pH from 2.5 to 4.5 caused a 13-min 
increase in retention time of HVACN, while decreasing the elution time of HVA. 

Sample preparation 
Under acidic conditions (pH 1) the extraction method with methylene chloride 

was selective for HVA and HVACN and gave absolute recoveries for HVA of 60% 
and for HVACN of 79% at a concentration of 50 ng/ml. Relative recovery for 
HVA from standard curve samples ranged from 96.5 to 105.3%. (Table I). 
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Fig. 2. Hydrodynamic voltammograms of HVA (0 ) and HVACN ( x ). The details of chromato- 
graphic and detector conditions are described in Experimental and Results. 
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Fig. 3. Chromatograms demonstrating separation of I-WA and HVACN. (A) Aqueow standard so- 
lution containing 20 ng/ml HVA and 100 ng/mI HVACN; (B) extracted patient pool CSF containing 
28 ng/mI HVA and 100 ng/ml HVACN. Peaks: 1 = I-WA, 2 =HVACN. 

TABLE I 

RELATIVE RECOVERIES 

Standard concentration CalcuIated concentration Recovery 
(ng/mU (4!/mU (96) 

5.0 4.99 99.8 
10.0 10.53 105.3 
20.0 19.31 96.5 
50.0 50.15 109.3 

100.0 101.70 100.2 
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DISCUSSION 

Many LC methodologies for detection of HVA have been published. However, 
each of these assays had shortcomings that made them unacceptable for our stud- 
ies. These included: (1) a demonstrable lack of sensitivity and/or precision in 
the concentration range found in disease states investigated [g-16], (2) no use 
of an internal standard [9,10,12,16-181, (3) internal standardization utilizing 
metabolites to be measured [9,11,14,16,18], (4) complex sample preparation 
[ 10,12,16+17,19,20] and (5) requirement for expensive special equipment such as 
multiple-electrode ED [9,12,17,19,21,22]. 

Our methodology addressed all of these issues. We were able, through employ- 
ment of HVACN as an internal standard, to obtain accuracy and precision with 
coefficients of variation less than 5% even for lower concentration ranges of HVA 
(9 ng/ml). This assay, involving a simple one-step extraction and the use of only 
elementary LC-ED apparatus, resulted in a fast and sensitive method (levels of 
5 ng/ml HVA could be detected) in which no interfering substances from CSF 
were present. 

Using a one-electrode system we could not measure low concentrations of HVA 
simultaneously with other neurotransmitter metabolites. This finding likely re- 
lates to the relatively low detector response of HVA. Mayer and Shoup [ 121 also 
noted this problem when assaying concurrently norepinephrine, epinephrine, do- 
pamine, serotonin, 3,4dihydroxyphenylacetic acid, 5-hydroxytryptophan, 5-hy- 
droxyindole-3-acetic acid (B-HIAA) and HVA. They reported that all compounds 
examined, except HVA, were oxidized under “diffusion-limiting conditions” at a 
potential of 800 mV. We found at this potential that low-level HVA quantitation 
by peak height or area measurement from direct injections of unextracted CSF 
samples was non-reproducible. Increasing injection volume augmented peak height 
and area but reduced chromatographic resolution and did not improve precision. 
We, therefore, needed to employ applied potentials above 800 mV and found after 
voltammogram determinations that 1 V was optimal for detection of HVA and 
internal standard. Use of this higher potential, however, elicited additional in- 
terfering chromatographic peaks with HVA that were not present at the lower 
potentials and thus an extraction method isolating HVA and internal standard 
was required. 

Whether to remove endogenous interferences or improve sensitivity, other 
studies [ 13,17,19,20,23,24] have also employed extraction techniques for mea- 
suring HVA in CSF, brain tissue and other physiological fluids. We chose a liq- 
uid-liquid extraction to isolate HVA and internal standard. Use of ethyl acetate 
and diethyl ether as extractants were not suitable because of their lack of selec- 
tivity. In addition to HVA, ethyl acetate and diethyl ether tended to extract 5- 
HIAA and other phenolic acids present in CSF. These latter compounds, when 
concentrated, interfered significantly with the chromatographic resolution of 
HVA. Furthermore, neither ethyl acetate nor diethyl ether extracted HVACN 
reproducibly. Diethyl ether, primarily due to its extreme volatility, had an added 
disadvantage of requiring special precautions for its use. We eventually found one 
extractant to be free of all these disadvantages: methylene chloride isolated HVA 
and HVACN in a selective and reproducible manner. 
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Our choice of HVACN as an internal standard was based on its similar struc- 
ture to HVA as well as its ability to behave electrochemically and chromatograph- 
ically like HVA. It is our belief that accurate determination of this metabolite 
using HPLC necessitates the use of a good internal standard. This is in agreement 
with Van Bockstaele et al. [ 111 who stated “In order to determine quantitatively 
the metabolites in CSF various procedures can be used. Precise and accurate 
results will be only obtained by using an internal standard method”. We find that 
manipulation of samples (e.g. extraction) as well as gradual loss of detector re- 
sponse as a function of time and applied voltage are clear sources of error requir- 
ing use of an internal standard. This response loss is inherent to electrochemical 
detectors commonly in use today and in our experience can occur over a relatively 
short period of time (as little as 5-6 h). 

Instead of using a single compound as an internal standard, a number of pub- 
lished methods [ 10,11,13,16,18] have utilized a procedure, the standard addition 
technique, whereby samples to be analyzed are spiked at some point during their 
preparation with known amounts of metabolites being assayed. We did not at- 
tempt to examine this methodology and felt that spiking samples with concen- 
trations greater than that of the original sample value could not give quantitatively 
accurate and reproducible measurements. This view was supported by the lack of 
precision data presented in these papers. 
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