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SUMMARY 

A mass fragmentographic method for y -aminobutyric acid (GABA) quantitation using the 
heptafluorobutyryl-cyclohexyl-GABA derivative is described. Both capillary and packed 
column gas chromatography were used. This procedure employs 2,2[‘H,]GABA as an 
internal standard and allows the rapid, sensitive, and specific measurement of GABA with a 
minimum of sample clean-up. Application of the method is demonstrated in mouse 
embryonic brain, body, and palate and human platelets, plasma, cerebrospinal fluid, and 
urine. 

INTRODUCTION 

r-Aminobutyric acid (GABA) is present in high concentration in the 
mammalian brain and is believed to be a major inhibitory neurotransmitter [l] . 
Levels in cerebrospinal fluid (CSF) may reflect altered GABA metabolism in 
various neurologic and psychiatric diseases [ 2-61. High levels are also present 
in non-neuronal tissue of rat pancreatic islets [7], human insuloma [7], rat 
ovary [8], and rat Fallopian tube [9], whereas lower GABA concentrations 
occur in human blood [lo] and peripheral tissues [ll, 121. GABA is involved 
in respiratory regulation [ 131, cardiovascular control [ 141, temperature 
regulation [ 151, palate morphogenesis [ 161, and polyamine interrelations 
during neuronal development [17]. Measurements of GABA in body fluids and 
tissues will help elucidate its metabolic role and diagnostic value. 

Gas chromatography-mass spectrometry-selected ion monitoring 
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(GC-MS -SIM) with deuterated GABA as an internal standard provides a 
sensitive, rapid, and accurate method for GABA quantitation. The heptafluoro- 
butyryl (HFB)-cyclohexyl-GABA derivative described in this paper with its 
properties of a moderatively high GC retention temperature and abundant high 
mass ions gives it selected advantages for GABA analysis over derivatives 
previously described [18--211. This work reports a rapid method for GABA 
measurement and its application to a wide variety of biological specimens. 

EXPERIMENTAL 

Materials 
2,2[2H2]GABA (99%) was purchased from Merck Sharp & Dohme Canada, 

(Pointe Claire-Dorval, Quebec, Canada); GABA from Sigma (St. Louis, MO, 
U.S.A.), heptafluorobutyric anhydride from Regis Chemical (Morton Grove, 
IL, U.S.A.) and hydrogen chloride lecture bottle from Matheson Gas Products 
(Morrow; GA, U.S.A.). GABA and GABAd stock solutions of 10 mg/ml of 
deionized, distilled water were prepared and diluted to 20 ng/ml solutions. A 
stock solution of 1.5 M hydrochloric acid in cyclohexanol was prepared by 
bubbling hydrogen chloride gas from the lecture bottle into the cyclohexanol 
[22]. Human CSF specimens were obtained from University and Children’s 
Hospitals (Cincinnati, OH, U.S.A.). Human platelets and plasma were received 
from the Hoxworth Blood Center (Cincinnati, OH, U.S.A.). 

Sample preparation 
Palates of day 14.5 embryos of AJ mice were dissected as previously 

described [16]. Brains and bodies from the same developmental age embryo 
were also used. Five brains’ or bodies were homogenized in 1 ml and 50 palate 
pairs were homogenized in 0.1 ml of deionized, distilled water using a Thomas 
tissue hand homogenizer (A.H. Thomas, Philadelphia, PA, U.S.A.). Aliquots 
were taken for protein determination by the method of Lowry et al. [23]. 
The remaining homogenates were diluted with ethanol to a final concentration 
of 80%. The internal standard, GABAd (100 ng), was added to the palate 
homogenate or aliquots (50-500 ~1) of brain or body homogenates. Human 
plasma (1 ml), platelets (1 ml), and pooled child CSF (1 ml) were lyophilized 
with 100 ng GABAd and 0.5 ml of 80% ethanol was added. Samples were 
centrifuged at 10,000 g for 30 min. The supernatant was transferred to glass 
vials and evaporated to dryness by a stream of nitrogen at 80” C [22] . Other 
CSF specimens (200 ~1) and all urine samples (200 pl), after addition of 100 ng 
of GABAd2, were directly evaporated to dryness at 80°C with nitrogen 
without lyophilization. 

Sample deriva tiza tion 
Cyclohexyl-GABA was prepared by adding 200 ~1 of 1.5 M hydrochloric 

acid in cyclohexanol and heating for 15 min at 115” C as previously described 
[22]. The mixture was evaporated to near dryness at 115°C with a stream of 
nitrogen and the residue was heated with 100 ~1 of heptafluorobutyl anhydride 
in 200 ~1 of ethyl acetate for 15 min at 80°C. The sample was then evaporated 
to dryness at 80°C and dissolved in 100 ~1 of methanol. The HFB-cyclohexyl- 
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GABA was stable in methanol at room temperature for over three years. 

Gas chromatography-mass spectrometry 
Initially, GABA quantitation was accomplished using a Finnigan 3200 

electron-impact mass spectrometer interfaced to a Finnigan 9500 gas chroma- 
tograph. The system was equipped with a Teknivent 29K data system 
(Teknivent, St. Louis, MO, U.S.A.). A 3% OV-17 column was used for iso- 
thermal injections at 185°C [22]. In later experiments quantitation was 
accomplished using a Hewlett-Packard (HP) 5970A mass selective detector 
equipped with an HP 5790GC having a 12.5 m X 0.2 mm I.D., cross-linked 
dimethyl silicone capillary column. The system was interfaced to an HP 2671G 
printer, an HP 9825B computer and an HP 9134A Winchester disc drive for 
data storage. After injection of l--4 ~1 of sample the column was programmed 
from 150°C to 275°C at 15”C/min, with GABA eluting at 188°C. Improved 
sensitivity and specificity were obtained using the capillary column. Quantita- 
tion was accomplished by monitoring the ions at m/z 282 (GABA) and m/z 
284 (GABAd*) with m/z 254, 299 (GABA) and m/z 256, 301 (GABA-&) as 
confirming ions. For each day’s analysis, levels of GABA were calculated from 
a standard curve employing at least five points containing 100 ng of GABA-& 
and increasing amounts of GABA from 10 to 1000 ng. 

RESULTS AND DISCUSSION 

The mass spectra of derivatized GABA and 2,2[2H2] GABA are shown in Fig. 
la and b, respectively. The peaks at, m/z 299 (GABA) and m/z 301 (2,2[2H2] - 
GABA), representing the (M-82)’ ion, result from the loss of the cyclohexyl 
group with a hydrogen transfer [22] . A standard curve was prepared by 
plotting the peak height ratio of m/z 282 (GABA)/m/z 284 (GABAd2) versus 
increasing amounts of GABA from 10 to 1000 ng. Each sample contained 100 
ng of GABAd2. A linear regression analysis of the data is described by the 
equation y = a + bx where the intercept a = 0.1241, the slope b = 0.0098, and 
the correlation coefficient r 2 = 0.9999. Fig. 2 illustrates the selected ion 
recordings for GABA quantitation in the mouse embryonic brain, body, and 
palate obtained on the Finnigan system. HFB-cyclohexyl-GABA gave increased 
GC retention temperatures compared with other GABA derivatives, such as 
pentafluoropropionyl-methyl-GABA, HFB-heptafluoro-1-butanyl-GABA [ 191 
and pentafluoropropionyl-hexafluoroisopropanyl-GABA [ 181. The increased 
retention temperature of HFB-cyclohexyl-GABA has the advantage of effecting 
better separation from other substances which might interfere with the 
analysis. Pentafluoropropionyl-hexafluoroisopropanyl-GABA was not 
recommended for analysis of picomole quantities due to variable yields [21]. 
McCaman et al. [20] prepared the trimethylsilyl derivative of GABA and his 
procedure, like the work of Faull et al. [ 191, required a time-consuming ion- 
exchange column purification step prior to derivatization. Colby and McCaman 

1211, using the Ndinitrophenyl-ethyl-GABA, with a high GC retention 
temperature, analyzed GABA without prior ion-exchange column purification 
although eight extraction steps were employed prior to CC-MS injection. 

Improved resolution and sensitivity were obtained using the capillary column. 
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Fig. 1. Electron-impact mass 
cyclohexyl-GABA derivatives. 

Brain 

Fig. 2. Selected ion recordings for GABA quantitation in mouse embryonic brain, body, 
and palate obtained on the Finnigan 3200 GC-MS system. 
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Fig. 3. Selected ion recordings for GABA quantitation in mouse embryo brain, body, and 
palate obtained on the HP 5970A GC-MS system. The top trace represents the recording 
for m/z 284 (GABAd,) and the bottom trace is the sum of the monitored ions. G = GABA 
(m/z 282, 254,299) and GABAd, (m/z 284,256,301). 

Fig. 3 illustrates the selected ion recordings for GABA analysis of mouse 
embryonic brain, body, and palate specimens using the HP 5970A GC-MS 
system. Similar GABA quantitation was accomplished for various human body 
fluids as shown in Fig. 4. Table I lists the GABA concentration in the various 
biological specimens. The mean concentration of GABA in mouse embryonic 
brain of 6.54 is lower than the 14.1 nmol/mg of protein reported for mature 
mouse brain [24] as might be expected. Concentrations of GABA in mouse 
embryonic body or palate have not been previously reported. The greater con- 
centration in the body than the palate is not surprising since recent reports 
have indicated high GABA levels in selected tissues such as pancreatic islets 
[7], ovary [8], and Fallopian tube [9]. The successful measurement of GABA 
in the palate illustrates the applicability of the method to the trace levels found 
in complex biological tissues. 

GABA content in blood platelets has not previously been reported to our 
knowledge; however, GABA*-oxoglutarate transaminase activity has been 
demonstrated [25]. GABA uptake in platelets from Down’s syndrome patients 
was shown to be less than control [26]. Ferkany et al. [27] reported GABA 
concentration in pooled human plasma of 326 * 28 (n = 7) pmol/ml which is 
comparable to our value. Stability studies with blood GABA have shown no 
significant changes in GABA content after 24 h at room temperature [27]. 

CSF GABA levels shown in Table I are higher than previously reported [4]. 
CSF GABA exists loosely bound and conjugated in forms such as 
homocamosine [28, 291. The increased GABA content of CSF specimens may 
reflect the enzymatic hydrolysis of GABA conjugates since CSF GABA 
increases rapidly at room temperature [30, 311. More likely, the higher CSF 
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Fig. 4. Selected ion recordings for GABA quantitation in human platelets, plasma, CSF, and 
urine obtained on the HP 5970A GC-MS system. 

TABLE I 

LEVELS OF GABA IN VARIOUS BIOLOGICAL SPECIMENS 

Specimen n GABA 
(nmol f S.E.) 

Mouse embryonic brain (nmol/mg of protein) 14 
Mouse embryonic body (nmol/mg of protein) 9 
Mouse embryonic palate (nmol/mg of protein) 9 
Human platelets (nmol/ml) 2 
Human plasma (nmol/ml) 4 
Human CSF adult (nmol/ml) 4 
Human CSF children pooled (nmol/ml) 1 
Human urine (nmol/mg of creatinine) 2 

6.54 t 0.29 
0.59 f 0.02 
0.19 f 0.10 
0.55 + 0.05 
0.41 f 0.02 
1.08 f 0.13 
1.19 
3.41 f 0.40 

GABA levels shown in Table I result from the derivatization procedure; the 
acid conditions used for deproteinization liberate loosely bound GABA [28]. 
Some conjugated GABA may also be hydrolyzed during derivatization. To 
avoid pitfalls from artifactual increases in free CSF GABA levels, Grove and 
co-workers [31, 321 and Bijhlen et al. [33] suggested that total GABA 
released, after hydrolysis, representing conjugated plus free, would be a more 
reliable clinical indicator of brain GABA concentration. In a recent review, 
Grove et al. [34] concluded that there are no advantages and many 
disadvantages to measuring free GABA instead of total GABA concentration. 
The GABA concentration obtained for human urine was 3.41 nmol/mg of 
creatinine. The clinical significance of GABA excretion is not known. 

We have presented a rapid, reliable method for GABA measurement in a 
wide variety of biological specimens through the GC-MS-SIM analysis of 
HFB-cyclohexyl-GABA. This methodology provides researchers and clinicians 
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with the means to study the metabolic role of GABA and to determine the 
diagnostic importance of GABA in detecting disease states. 
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