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Clinical Relevance of Measuring GABA Concentrations in 
Cerebrospinal Fluid* 
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Determination of GABA concentrations in human cerebrospinal fluid can be used to assess GABA- 
ergic activity in the central nervous system. As CSF free GABA concentrations may vary with 
age, sex, CSF fraction, and collection and storage conditions, careful attention to these factors are 
necessary to allow interpretation of results. Longitudinal studies to investigate the influence of 
pharmacological agents on CSF GABA have proven especially useful to define clinical biochemical 
activity and have been utilized to attribute the anti-epileptic action of vigabatrin, a selective inhibitor 
of GABA-transaminase, to its effects on brain GABA metabolism. 
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Although gamma-aminobutyric acid (GABA) was known 
to exist in plants, bacteria, yeast and various animal 
tissues previously, the hallmark event in establishing the 
importance of this amino acid in biological function oc- 
curred with the publication of two companion papers in 
Volume 187 of the Journal of Biological Chemistry in 
1950. In the first paper, Roberts and Frankel reported 
the discovery of GABA in mammalian brain and dem- 
onstrated its formation via the decarboxylation of glu- 
tamic acid (1). In the fol lowing communicat ion,  
Udenfriend, using his new isotope derivative technique 
which permitted chemical identification at the micro- 
gram level, verified conclusively the presence of GABA 
in extracts of mouse brain (2). These nascent findings 
eventually Ied to the appreciation that GABA functions 
as the major inhibitory neurotransmitter in the central 
nervous system (CNS). 

Recognition of the role of GABA in neuronal func- 
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tion has prompted numerous studies to measure its con- 
centration in the CNS following various pharmacologic 
interventions as well as the influence of a spectrum of 
disease states. Whereas post-mortem examination of brain 
to assess GABA concentrations is possible in humans, 
a more convenient method to monitor CNS GABA is to 
determine GABA concentrations in the cerebrospinal fluid 
(CSF). CSF is readily accessible during life and can be 
repeatedly sampled in the same individual. 

Measurement of GABA in Human CSF. Three an- 
alytical methods are currently being used in various lab- 
oratories to determine GABA concentrations in human 
CSF, a radioreceptor assay (3), ion-exchange-fluoro- 
metry (4,5), and gas chromatography-mass spectrometry 
(6). An enzymatic assay has been described (7), but has 
been criticized as to specificity (8) and is seldom used. 

The problems that have arisen in measuring GABA 
concentrations in human CSF have been less related to 
the methodology used (with the exception of the enzy- 
matic method, as noted above) than with certain biolog- 
ical factors. This is illustrated in Table I in which lumbar 
CSF GABA values from selected publications are pre- 
sented. In all cases values were considered to be from 
control or normal adult subjects. Variations do not ap- 
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Table I. Values of GABA Concentrations in Human Lumbar 
Cerebrospinal Fluid in "Control" or "Normal" Adult Subjects 

From Selected Publications 

Analytical GABA 
Method* Subjects n (pmol/ml • SD) Reference 

I E / F  Neurological 9 534 • 266 9 
Healthy 

IE/F Volunteers 40 233 • 75 10 
Intervertebral 

IE/F disc disease 38 220 • 81 4 
Healthy 

IE/F volunteers 10 97 • 34 11 
I E / F  Neurological 18 89 • 49 12 

Neurologically 
IE/F normal 35 87 -+ 41 13 

Neurologically 
RR normal 41 273 • 122 14 

Neurological & 
RR psychiatric 26 230 • 122 15 
RR Neurological 27 203 • 29 16 
RR Not stated 25 127 • 26 17 
GC/MS Not stated 4 1080 • 130 18 
GC/MS Neurological 25 330 • 214 6 

* IE/F = ion-exchange-fluorometry 
RR = radioreceptor 
GC/MS = gas chromatography-mass spectrometry 

pear to be related to assay methodology used, but rather 
can be attributed to collection and storage conditions. 

Our laboratory first reported that when untreated 
human CSF waskept at room temperature, GABA con- 
centrations increased progressively with the rate of in- 
crease differing in different individuals (4). This rate of 
increase could be retarded by cooling (4, 19) and accel- 
erated by deproteinization with acid (19). The origin of 
this "artifactual" increase in CSF GABA has been at- 
tributed to the stoichiometric hydrolysis of homocarno- 
sine, the histidine-GABA dipeptide, with the rate of 
GABA increase correlating with the CSF homocarnosine 
concentration (20). Thus, it is clear that extreme care 
and uniformity of collection and storage procedures must 
be used to allow interpretation of results of CSF GABA 
determinations. 

During our investigations on human CSF GABA 
concentrations we discovered that, after strong acid hy- 
drolysis, the GABA concentration in CSF increases 40- 
100 times. We assigned the term "total GABA" to this 
GABA fraction and "free GABA" to the concentration 
found prior to hydrolysis (21). As the concentration of 
homocarnosine could only account for about 30% of to- 
tal GABA, we initially attributed the origin of the re- 
mainder to "unidentified conjugates" (12) since, in 
addition to homocarnosine, other GABA conjugates have 
been identified in human CSF, e.g., GABA-cystathion- 

ine (22), GABA-lysine (23), N-carboxyethyl-GABA (24). 
This designation was never satisfying since the total mo- 
lar concentrations of all known GABA-conjugates in CSF 
represent only a small fraction of the GABA generated 
upon hydrolysis. We recently reported that essentially 
all the GABA previously unaccounted for in the total 
GABA fraction of human CSF derives not from a GABA- 
conjugate but from the cyclized lactam of GABA, 2- 
pyrrolidinone (25). The biological activity of 2-pyrroli- 
dinone has not been investigated and its clinical rele- 
vance is unknown. 

Does CSF GABA Bear any Relationship to Brain 
GABA. As CSF bathes the brain and spinal cord, it is 
assumed that it reflects variations in the state of activity 
of these organs. In the case of GABA, there is evidence 
to support this assumption. In rats treated with various 
doses of vigabatrin (gamma-vinyl GABA), a selective, 
enzyme-activated, irreversible inhibitor of GABA-trans- 
aminase, a linear correlation was observed between the 
increase in free and total GABA in whole brain and the 
increases in cisternal CSF (26). Hence, increases (but 
not necessarily decreases) in brain GABA concentrations 
are mirrored by increases in CSF. In addition, in man a 
rostrocaudal gradient for free and total GABA has been 
demonstrated, both when successive fractions of lumbar 
CSF were examined as well as when suboccipital and 
lumbar CSF from the same individuals were compared 
(27). Such a gradient suggests a brain origin of the GABA 
found in lumbar CSF. This gradient, estimated at about 
0.35 and 33 pmol/ml for free GABA and total GABA, 
respectively, also indicates that comparisons of lumbar 
CSF concentrations are only valid if similar CSF frac- 
tions are obtained. 

Influence of Disease States on CSF GABA Concen- 
trations. The concentrations of free GABA in lumbar 
CSF have been assessed in a wide variety of neurological 
and psychiatric conditions. There is seldom agreement 
as to whether a disease state is associated with a CSF 
GABA concentration different from a control group. For 
example, decreases in CSF GABA concentrations of pa- 
tients with Huntington's disease claimed by some au- 
thors (15, 28, 29) have not been confirmed by others 
(13, 30); decreases associated with Parkinson disease 
(30, 31) were not found by others (15, 32). Similar dis- 
crepancies can be found with epilepsy, schizophrenia, 
spasticity, Alzheimer's disease and other clinical states 
where multiple research groups have investigated this 
relationship. These differences in results are not surpris- 
ing in view of the considerations mentioned above with 
respect to problems associated with sampling, handling 
and storage. In addition, decreases in CSF free and con- 
jugated GABA (total minus free fraction) concentrations 
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have been reported with age in adults (33, 34), females 
showing a greater change with age than males (35). Thus, 
inattention to age and sex of control populations may 
also contribute to these disagreements. 

Effect of Drug Treatment on CSF GABA Concen- 
trations. It is obvious from the above discussions that 
the most sensitive design to assess changes in CSF GABA 
would be a longitudinal-type of study. Such a design is 
most applicable to assess the effects of pharmacological 
agents on CNS GABA metabolism, with values for each 
individual prior to drug administration serving as the 
control for subsequent results. CSF GABA concentra- 
tions in the same individual appear to be stable over time 
with repeated lumbar punctures and do not vary as a 
function of time of day (11). 

Vigabatrin was specifically designed as an irrever- 
sible inhibitor of GABA-transaminase (GABA-T), the 
enzyme which catalyzes the inactivation of GABA (36, 
37). Following the demonstration of its biochemical ef- 
fects in animals (38, 39), a longitudinal study was car- 
ried out in patients to determine if vigabatrin was 
biochemically active in man. Oral administration of this 
GABA-T inhibitor to patients with various neurological 
diseases produces dose-dependent increases in CSF con- 
centrations of free and total GABA as well as increases 
in homocarnosine and beta-alanine, an alternate sub- 
strate for the enzyme (21, 40). The biochemical effects 
of vigabatrin in CSF outlast the presence of inhibitor in 
this compartment by several days, consistent with its 
action as an irreversible enzyme inhibitor (41). An ex- 
ample of changes in CSF concentrations with vigabatrin 
is illustrated in Figure 1. Drug-refractory epileptic pa- 
tients had oral vigabatrin treatment added to their anti- 
epileptic regimen, initially 1 g/day for 14 days and then 
2 g/day for 14 days (40). Prior to vigabatrin administra- 
tion and after 14 days at each dose, CSF obtained via 
suboccipital puncture was analyzed. Dose-dependent in- 
creases in free GABA, total GABA, homocarnosine and 
vigabatrin concentrations are evident. 

Knowledge of the biochemical efficacy of vigaba- 
trin in man and the doses at which these effects occurred, 
could be exploited to demonstrate therapeutic efficacy 
of this agent at these same doses. Vigabatrin has proved 
to be extremely useful in the treatment of refractory epi- 
lepsy (42). Its biochemical specificity, as shown by CSF 
studies (40, 43), allows the attribution of its anti-epilep- 
tic activity to its effect on CNS GABA metabolism. 

Other pharmacological agents have also been eval- 
uated in longitudinal studies to assess effects on human 
CSF GABA concentrations. Thus, gamma-acetylenic 
GABA and isoniazid, two other GABA-T inhibitors, in- 
creased CSF GABA concentrations (44, 45). Valproic 
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Fig. 1. Suboccipital CSF concentrations of total GABA, homocarno- 
sine, vigabatrin and free GABA of epileptic patients prior to treatment 
and after sequential treatment with 1 g/d and 2 g/d oral vigabatrin, 14 
days each. Values represent means • SE (n = 7-9/point). Data from 
reference 40. 

acid, believed by some to act as an anti-epileptic agent 
via its effect on brain GABA metabolism, increased CSF 
GABA in some studies (46) but not in others (47, 48). 
Diazepam has also been shown to increase CSF GABA 
in one study (49), whereas haloperidol had no effect 
(50). 

CONCLUSIONS 

The determination of GABA concentrations in hu- 
man CSF has clinical utility only in those cases where 
scrupulous attention is paid to sampling, collection and 
storage conditions of the fluid obtained. When popula- 
tions are compared, properly age-matched and sex- 
matched individuals are required to allow interpretation 
of results. An argument has been advanced that the mea- 
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surement  of total G A B A ,  rather than free G A B A ,  in CSF 
may  have major  advantages (12). Assuming  the neces-  
sary precautions are taken in sample handl ing ,  the most  
useful application of CSF G A B A  studies is in assessing 
the inf luence of pharmacological  agents on CNS G A B A  
metabol i sm,  with individual  pre- t reatment  values  serv- 
ing as control .  Studies with vigabatr in ,  a selective irre- 

versible  inhibi tor  of GABA- t ransaminase ,  illustrate this 

util i ty.  Based on these studies,  it can be asserted that 

vigabatrin represents the first effective anti-epileptic agent 

whose  action can be unequivoca l ly  attributed in m an  to 

its effects on the CNS GABA-erg ic  system. These find- 
ings focus on the potential  to target this neuronal  system 
to discover effective new therapeutic agents. 
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