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SUMMARY 

A high-performance liquid chromatographic method with electrochemical detection was devel- 
oped for the simultaneous determination of the levels of norepinephrme (NE), serotonin (5-HT), 
acetylcholine (ACh) and their metabolites in the cerebrospinal fluid (CSF) of anaesthetized rats. 
The response curve for each compound was hnear for the concentration way of interest. The 
within- and between-day coefficients of variation (C.V.) for NE, 5-HT and their metabolites were 
less than 7 85% and 15.67%, respectively, and those for ACh and choline were less than 3.08% and 
6.2’7%, respectively. This simultaneous determination should be useful for elucidating the nor- 
adrenergic, serotonergic and choline+ nerve activity in the central nervous system. 

INTRODUCTION 

Norepinephrine (NE) and serotonin (5hydroxytryptamine; 5-HT) are 
principal biogenic monoamines which play an important role in neurological 
disorders and cardiovascular diseases such as hypertension and/or acute stroke 
as neurotransmitters in the central nervous system (CNS) [l-4]. Acetylcho- 
line (ACh), a neurotransmitter of the CNS cholinergic nerve, is believed to 
play a significant role in neuropsychological disorders such as Alzheimer’s dis- 
ease and progressive dementia [ 5-71. 
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Fig. 2. Chromatograms of (A) a standard solution of 50 pg of NE, Ep, DA, &HIAA, 5-HT, DHBA 
and epinine and 100 pg of DOPAC and HVA, (B) a directly injected unprocessed rat CSF sample, 
with CSF DOPAC, 5-HIAA, HVA and 5-HT concentrations of 21.64,148.15 and 31.11 ng/ml and 
767.85 pg/ml, respectively (epmine internal standard) and (C) alumina extracts simultaneously 
determmed from rat CSF samples with CSF NE, Ep and DA concentrations of 364.79,196.85 and 
184.02 pg/ml, respectively (DHBA internal standard). The applied potential was 700 mV vs. an 
Ag/AgCl reference electrode and the flow-rate was 0.7 ml/min. 
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Fig. 4. Concentrations of NE, 5-HT, ACh and Ch in the CSF of normotensive Wistar rats. Each 
value represents the mean S S.E.M. Numbers in parentheses indicate the number of rats. 

TABLE I 

CONCENTRATIONS OF MONOAMINE METABOLITES IN THE CEREBROSPINAL 
FLUID OF RATS 

Compound” n Concentration 
(mean + S.E.M ) 
(ng/mll 

DOPAC 10 25.16 k 1.72 
HVA 10 38.81+ 4.37 
5HIAA 10 169.28 k 8.89 

“DOPAC=3,4-Dihydroxyphenylacetic acid; HVA=4-hydroxy-3-methoxyphenylacetic acid; 5- 
HIAA= 5-hydroxymdole-3-acetic acid. 

CSF concentrations of ACh and Ch 
The ACh concentration in the CSF ranged from 18.56 to 100.84 pmol/ml 

with a mean ( + S.E.M.) of 59.41+ 7.06 pmol/ml (n= 13) and the CSF Ch 
concentration ranged from 3.63 to 32.73 nmol/ml with a mean of 13.58? 2.35 
mmol/ml (n= 13) (Fig. 4). 

DISCUSSION 

It is well known that CSF monoamine metabolite concentrations reflect the 
monoaminergic nerve activity in the CNS [g-12]. However, the monoamines 
themselves rather than their metabolites in the CSF would provide a more 
direct index of neuronal activity in the CNS. For instance, in human studies, 
reports that CSF NE concentrations increased in hypertensive patients with 
cerebral infarction [ 3,4] or in primary hypertensive patients [ 1,2] suggest that 
increased central noradrenergic nerve activity is involved in the pathogeneses. 
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Meyer et al. [3] reported that the 5-HT concentration in the CSF also in- 
creased after the onset of cerebral infarction. Despite numerous reports on 
monoamine metabolites in the rat CSF [ 21,221, few have focused on the de- 
termination of the monoamines themselves because of the small CSF sample 
volume. In this study, NE, 5-HT and the monoamine metabolites DOPAC, 
HVA and 5HIAA in the CSF were determined in rats using HPLC-ED with 
a newly developed and highly sensitive graphite electrode. The method showed 
good reproducibility, high selectivity and high sensitivity. Moreover, CSF 5 
HT and monoamine metabolite levels obtained by this method concur with 
previous reports [ 16,23,24]. 

We simultaneously determined the ACh and Ch in the same rat CSF sample 
using an HPLC-ED system connected with an immobilized enzyme column. 
The first determination of ACh and Ch using HPLC-ED was reported by Pot- 
ter et al. [ 251. Since the immobilized enzyme column replaced their infused 
enzyme column method, many reports concerning ACh determination in the 
brain [ 261, heart [ 271 andblood cells [ 281 have appeared. However, no reports 
are available on the determination of ACh and Ch in the rat CSF. In this study, 
ACh and Ch in CSF were determined with good reproducibility and high selec- 
tivity. Moreover, the levels of ACh in the CSF of rats did not differ from those 
of humans [29-311. The role of CSF ACh in various pathogeneses is still un- 
clear. Several cardiovascular and neuropsychological studies have reported ac- 
etylcholinesterase (AChE) or choline acetyltransferase activity in the CSF. 
One example is that CSF AChE activity increased in patients with acute ce- 
rebral infarction [ 321. In progressive dementia, CSF AChE activity decreased 
[ 71, whereas in Alzheimer’s disease, CSF choline acetyltransferase activity 
decreased [ 61. A recent report about ACh determination in human CSF dem- 
onstrated that CSF ACh concentrations in middle-aged (40-59 years) and el- 
derly (60-80 years) normal subjects were markedly lower than that of a young 
group (20-39 years) [ 291. These facts suggest that CSF ACh may change in 
various pathogeneses. Hence, the determination of ACh and Ch concentra- 
tions in the CSF may provide a direct indication of CNS cholinergic nerve 
activity. 

In conclusion, the simultaneous determination of NE, 5-HT, ACh and their 
metabolites in the CSF is a useful method in neurochemical studies to inves- 
tigate the activity of monoaminergic and cholinergic nervous systems. 
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