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ABSTRACT 

A new procedure for the measurement of y-aminobutyric acid, norepinephrine, dopamine, serotonin and 5-hydroxyindoleacetic acid 

from the same brain region was developed. In general, two separate high-performance liquid chromatographic runs were performed, 

one for the y-aminobutyric acid determination and one for the determination of the monoamines. The electrochemical detection of 

y-aminobutyric acid was determined by a new procedure that utilized a small aliquot of the brain sample prepared for monoamine 

measurement. This assay was linear and parallel between 6 and 200 ng per 20-~1 injection with 5-aminovaleric acid utilized as an internal 

standard. Inter-assay variability averaged 5% throughout the assay with y-aminobutyric acid values in the gerbil hypothalamus of 344 

pg/g. The catecholamine assay has been characterized previously and utilizes 3,4-dihydroxybenzylamine as an internal standard with 

less than 5% variability. Norepinephrine, dopamine, serotonin and 5-hydroxyindoleacetic acid levels in the gerbil hypothalamus 

averaged 2922, 729, 797 and 272 rig/g,, respectively. This new protocol allows a wide range of neurochemicals to be determined and 

evaluated from the same brain region. 

INTRODUCTION simple to perform and yields excellent sensitivity 
[l-7]. This has allowed the determination of 

The ability to measure catecholamines and in- amine levels throughout the nervous system pro- 
doleamines by high-performance liquid chroma- viding researchers with a vast amount of data on 
tography (HPLC) with electrochemical detection aminergic neurotransmission [2]. The mono- 
(ED) is a well known technique that is relatively amines that are routinely measured include nor- 

epinephrine (NE), dopamine (DA), serotonin 
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Another compound within the nervous system 
that is found in greater quantities than the mono- 
amines is y-aminobutyric acid (GABA) [8,9]. 
This compound is believed to be the major inhib- 
itory neurotransmitter of the central nervous sys- 
tem [8,9]. It has been measured by a number of 
methods with a recent innovation involving 
HPLC with ED [lO-121. The present study de- 
scribes a new method for isocratic determination 
of GABA by HPLC-ED with the separate deter- 
mination of the monoamines from the same sam- 
ple of brain tissue. 

EXPERIMENTAL 

Equipment 
A Bioanalytical Systems isocratic high-per- 

formance liquid chromatograph (LC4B) was 
utilized with the mobile phase circulated by a 
Beckman Altex 110A pump at a flow-rate of 1 .O 
ml/min (GABA) or 1.5 ml/min (amines). The 
LC-4B electrochemical detector was set at + 0.67 
V at the working electrode for both assays. Two 
reversed-phase C r8 columns were used, one for 
each determination. Both columns were main- 
tained at a constant 40°C with a Bioanalytical 
Systems LC-22A column heater. The GABA as- 
say utilized a Supelcosil (15 cm x 2.1 mm LD.) 
RP LC-18 column (Cat. No. 5-7934, Supelco, 
Bellefonte, PA, USA) with a phosphate-buffered 
mobile phase containing 30% methanol and no 
sodium octyl. sulfate. The catecholamine assay 
utilized a Supelcosil (25 cm x 2.1 mm I.D.) RP 
LC-18 column (Cat. No. 5-8298, Supelco) and a 
phosphate-buffered mobile phase with 3% meth- 
anol and 20 mg sodium octyl sulfate per liter. 

Mobile phase 
The same mobile phase was utilized for both 

assays with the only differences occurring in the 
amount of methanol, sodium octyl sulfate and 
the pH of the buffers. Centrally available re- 
versed osmosis water was distilled and deionized. 
The water was added to 0.946 g of Na2HP04, 
2.80 g of citric acid and 18.6 mg of EDTA. The 
buffer for the catecholamine assay had 20 mg of 
sodium octyl sulfate added to the above reagents 

in 970 ml of water. This buffer has been found 
within a pH range of 2.6-2.8 and no further pH 
adjustment was necessary. The buffer for the 
GABA assay had no sodium octyl sulfate added; 
the remaining reagents were added to 700 ml of 
water and the resulting buffer was brought to a 
pH of 5.0. Both buffers were filtered through 
0.45~pm filters and degassed for at least 5 h under 
vacuum and 40°C. The catecholamine buffer was 
added carefully to 30 ml of methanol and mixed 
by gently inversion to prevent addition of excess 
gas. Likewise, the GABA buffer was added care- 
fully to 300 ml of methanol and mixed by gently 
inversion. Both buffers were allowed to sit over- 
night to allow equilibrium of the exothermic re- 
action. 

Chemicals 
All of the standards and dry reagents were ob- 

tained from Sigma (St. Louis, MO, USA). The 
liquid reagents were obtained from Fisher (Hous- 
ton, TX, USA). The standards for the catechol- 
amine assay were diluted to the proper concen- 
tration in 0.16 M perchloric acid (PCA) with 400 
~1 of 1 M NaHS03 per liter. The standards for 
the GABA assay were diluted to the proper con- 
centration in 70% ethanol. The derivatizing solu- 
tion for the GABA assay contained 250 mg of 
o-phthaldialdehyde in 2 ml of ethanol mixed with 
46 ml of 0.4 M borate buffer, pH 10.4, and 2 ml 
of mercaptoethanol. This stock solution was di- 
luted 1: 10 with borate buffer for brain GABA 
determination or 1: 100 for dialysate determina- 
tion. 

Animals 
Samples of brain regions were collected from 

male gerbils (Meriones unguiculatus) prior to or 
after receiving, for ten weeks, daily saline or me- 
latonin injections (25 c(g per day) at 1630 h. The 
gerbils were lightly anesthetized with metofane 
and injected with 3-mercaptopropionic acid (100 
mg/kg, intraperitoneally) 3 min before decapita- 
tion to prevent GABA catabolism after death. 
Brain regions of interest were rapidly removed, 
weighed to the nearest milligram and frozen rap- 
idly in microcentrifuge tubes. The samples were 
stored at - 70°C for up to three months. 
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Assay procedure 
The brain regions were removed from the 

freezer, placed in an ice bath and received an ap- 
propriate amount of 0.16 M PCA containing di- 
hydroxybenzylamine (DHBA, amine internal 
standard, 200 ng/ml). For hypothalamus, 100 ~1 
of PCA containing DHBA was appropriate for 
samples weighing between 10 and 20 mg. Other 
brain regions required approximately 100 ~1 of 
PCA with DHBA per 10 mg wet weight. The tis- 
sue samples were disrupted by sonication and 
centrifuged at 13 000 g for 2 min. A 20-4 volume 
of the supernatant was transferred to another mi- 
crocentrifuge tube that contained 60 ~1 of 70% 
ethanol with 5-aminovaleric acid (AVA, GABA 
internal standard, 2.5 pg/ml). The remainder of 
the brain supernatant was kept refrigerated in the 
dark until assayed for catecholamine and indo- 
leamine content (see below). 

The 80-~1 mixture formed above was vortex- 
mixed well and a 20-4 aliquot was added to a 
204 portion of the derivatizing solution. After 1 
min, 20 ~1 were injected onto the HPLC column 
for GABA determination. It is important to mix 
the go-p1 solution well prior to aliquoting the 
20-4 sample, since the acid and acohol compo- 
nents tend to separate. GABA and AVA were 
quantified by electrochemistry using a glassy car- 
bon electrode at +0.67 V. Sample peak heights 
were compared to standard peak heights using a 
Hewlett-Packard integrator (3390A) (Fig. 1). The 
standards were processed in the same manner as 
the samples. The internal standard (AVA) was 
utilized to accommodate for changes in derivati- 
zation efficiency and detector sensitivity. Sample 
values were expressed as pug/g of tissue wet 
weight. 

A 204 aliquot of the remainder of the brain 
sample supernatant was injected directly onto the 
HPLC column for standard amine determination 
[13-171 (Fig. 2). If the solvent front obscured the 
NE peak of the samples, then an aliquot of the 
supernatant was extracted onto alumina, washed 
and the resulting bound catecholamines resus- 
pended in PCA [15]. This extraction procedure 
removed the indoleamines, so an unextracted 
sample was also injected onto the HPLC column 
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Fig. 1. Chromatograms of GABA and the internal standard, 

AVA, from standard and hypothalamic preparations. Retention 

time for GABA is 3.85 min and for AVA is 7.15 min. The stan- 

dard peak heights represent 50 ng of GABA and AVA. Mobile 

phase characteristics and assay procedures are described in the 

text. 

to measure these compounds. As above, the sam- 
ple peak heights were compared to standard peak 
heights and the internal standard (DHBA) was 
utilized for changes in extraction efficiency and 
detector sensitivity. Sample values were ex- 
pressed as rig/g of tissue weight. 

RESULTS AND DISCUSSION 

Characterization of the monoamine HPLC 
methodology has been performed repeatedly in 
the past by this laboratory and other laboratories 
[l-7, 13-171 (Fig. 2). The methodology for the 
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Fig. 2. Chromatograms of norepinephrine (NE), dopamine (DA), Shydroxyindoleacetic acid (SHIAA), serotonin (5HT) and the 

internal standard, dihydroxybenzylamine (DHBA), from standard and hypothalamic preparations. Retention times for the compounds 

are 2.97 min (NE), 4.19 min (DHBA), 6.00 min (DA), 11.27 min (SHIAA) and 15.59 min (5HT). The standard peak heights represent 2 

ng of each of the amines. Mobile phase characteristics and assay procedures are described in the text. 

GABA assay has been recently developed and is 
based on a fluorescence method [18] and other 
ED methodologies [lO-121. The base mobile 
phase for the catecholamine assay was modified 
for the GABA assay for ease of buffer transi- 
tions. The use of 30% methanol and a pH of 5.0 
provided good peak separation and retention 
times (Fig. 1). A voltammogram for both GABA 
and AVA was constructed with an optimal volt- 
age of +0.670 V determined for both com- 
pounds. Column temperature was adjusted and 
evaluated, with 40°C determined to be the most 
effective. GABA peak heights were unaffected by 
the column temperature, but AVA peak heights 
increased with increased column temperature. 

Both compounds had reduced retention times 
with increased column temperature. Derivatiza- 
tion time was also adjusted and it was determined 
that l-2 min produced the best derivatization. As 
mentioned earlier, diluting the stock derivatizing 
solution 1:lO with borate buffer provided the 
same level of derivatizing ability with a decrease 
in noise and extraneous peaks. Standard curves 
of GABA and AVA were assayed and found to 
be linear and parallel between 6 and 200 ng per 
injection. Likewise, the same standard curves 
were run with the addition of 20 ~1 of superna- 
tant from homogenized gerbil brain and the re- 
sults were parallel to a standard curve run with- 
out addition of supernatant. Multiple runs of the 
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TABLE I 

GABA CONTENT FROM GERBIL BRAIN REGIONS AND 

FROM DIALYSATES OF RAT SUPRACHIASMATIC NU- 

CLEUS 

values are presented as means f standard errors with at least six 

values in each group. 

Sample 

Cortex 

Hippocampus 

Striatum 

Dialysate 

GABA content @g/g) 

132 f 11 

138 f 9 

198 f 27 

200 f 22” 

’ Values are in pg per 20 ~1 of dialysate. 

standard concentrations (n = 17) were utilized to 
determine the percentage variability of the assay 
which averaged 4.99% for GABA (range = 
0.1 l-l 5.68%) and 5.54% for AVA (range = 
0.12-17.2%). The assay sensitivity was deter- 
mined using standards and regional brain dialy- 
sates from rat suprachiasmatic nucleus. The 
range of values from dialysates was 143-754 pg 
per 20 ~1 of dialysate. Three times the variability 
of the noise produced a sensitivity of 53 pg for 
GABA. 

pothalamic and cortical tissues. No differences in 
GABA or monoamine levels were observed be- 
tween the treatment groups from gerbil hypotha- 
lamic tissues (Table II). The values of GABA 
measured in the present study (Tables I and II) 
were approximately ten-fold higher than previ- 
ously observed values form gerbil hippocampus 
and striatum [19,20]. The increased GABA levels 
in the present study could be due to the use of 
3-mercaptopropionic acid to prevent endogenous 
GABA degradation [ 181. This compound was not 
used in the previous studies and, therefore, lower 
levels of GABA could have been determined. The 
catecholamine and indoleamine values observed 
in the present study (Table II) were similar to 
values observed in this and other laboratories in 
the past [ 16,17,20-221. 

The GABA assay was utilized to measure GA- 
BA in striatum, hippocampus, cortex, and brain 
dialysates (Table I). Pairing the GABA assay 
with the catecholamine assay was utilized for hy- 

In conclusion, an assay methodology for the 
measurement of neural GABA levels has been de- 
veloped and paired with an existing amine assay, 
so that GABA and the monoamine neurotrans- 
mitters can be determined from the same tissues. 
This allows for direct comparisons to be made 
between GABA and the monoamines while re- 
ducing the intra-animal variability obtained 
when these compounds are measured in multiple 
brain portions. The techniques described are easy 
to perform and can provide additional data on 
the neurochemistry of brain regions without the 
use of exhaustive experimental procedures. 

TABLE II 

GABA, NE, DA, 5HT AND 5HIAA CONTENT FROM GERBILS PRIOR TO AND AFTER RECEIVING DAILY INJECTIONS 

OF SALINE OR MELATONIN (25 pg, SC) AT 1630 h FOR TEN WEEKS 

Tissues were collected and assayed for the above neurochemicals with all of the compounds determined in the same portion of 

hypothalamus. Values are presented as means f standard errors. 

n Hypothalamic content (ng/g) 

GABA” NE DA 5HT SHIAA 

Pretreatment 5 344 2922 129 797 272 

f28 f 270 f88 +90 f29 

Saline 7 371 3026 1034 901 369 

f34 f 340 f150 f 131 f44 

Melatonin 4 292 3361 1054 1013 406 

f40 *497 f134 f179 f60 

’ Values are in fig/g. 
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