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SUMMARY

A statistical comparison of data on levels of amino acids obtained from analyses.
by an automatic analyzer and by thin-layer chromatography and paper chromato-
- graphy showed good agreement between analyzer and thin-layer chromatographic
data except for glutamine. Paper chromatography gave lower levels for glycine, -

~alanine and glutamme Comparison of analyzer data only obtained after extraction
" of the tissue with picric or perchloric acid revealed no mgmﬁcant differences in the ‘
- levels of the amino aculs studied.

INTRODUCTION

W1t11 the increasing use of thin-layer chromatography (TLC) automatlc anal- -
ysrs and/or paper chromatography (PC) to study the concentrations of amino acids
:-in the central nervous-system (CNS), the question arises as to. whether or not vahd]
* comparisons between these data can be made. Furthermore, even when the. same. .
~technique has been employed to determine the levels of the amino acids, often the -
: tissue has been prepared for analysis by different extraction procedures Although it
- seemed worthwhile in- general to ascertain whether such data were comparable, we.
_‘had a partlcular interest in this problem. At one time or another each of these three ©
'_;methods had been used in our laboratory and we wanted to be able to compare data
from our. earlier studies’ with those from our later ones.. Therefore, it was; necessary‘f_’,
1o evaluate statlstlcally the data we had obtained with each method .The results of -
a compara‘twe analysrs of our data.on amino acxd levels in- the 'CNS- obta.med w1th~_‘ff
..these three techmques and with two dlfferent extract:on procedures are the sub]ect
fof thls report : : : )
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MATERIALS AND METHODS

Since the procedures used in our laboratory to determine amino acid levels in
the CNS by PC and by automated analysis have been fully described in previous
papers!—¢, only the methodology for TLC will be given in detail here.

Preparalion of tissue

Twelve Wistar rats bred in our animal colony were killed by decapitation. The
calvarium was quickly removed; the brain was sectioned at the level of the calamus
scriptorius, immediately frozen between sheets of dry ice and stored at —45° until
extracted. The brain from each of six animals was homogenized with 15 volumes of
1.09%, picric acid. The homogenate was centrifuged at 5000 r.p.m. for 20 min and the
supernatant was decanted2. The protein pellet was washed twice with 4.0 ml of
distilled water and centrifuged and the supernatant and the washings were pooled.
To remove the picric acid, the solution was mixed with Dowex-2 (2 X 8—400) ion-
exchange resin, 200—400 mesh, and filtered (Beckman Instruction Manual A-IM-3,
1965). The sample was lyophilized, dissolved in 4.0 ml of glass-distilled water and run
through a 10 X g cm Dowex-50W (50 X 8-400), 200-400 mesh ion-exchange resin
column which was then washed with 30.0 ml of glass-distilled water to remove bio-’
logical contaminants?8, This fraction also contains taurine, glycerophosphoethanol-
amine, phosphoethanolamine and urea (personal observations). The amino acids were
then eluted with 30.0 ml of 8.09%, ammonium hydroxide and lyophilized. The samples
were dissolved in 1.5~2.0 ml of 109, isopropanol, centrifuged and stored at —45° until
used. Aliquots of the samples were used for the determination of the levels of the
amino acids by TLC, PC and the amino acid analyzer.

The remaining six brains were extracted by a method using 6.0%, perchloric
acid as described by AGRAWAL ¢t al.4, and amino acid levels jn these six brams were
determined by the amino acid analyzer only.

Thin-layer chromalography

Sonified (1.0 min) slurries of 16 g of Cellulosepulver MN 300 (Macherey, Nagel
and Co.) washed according to the method of HAWORTH AND HEATHCO1E? to remove
impurities and mixed with 75.0 ml of glass-distilled water and 5.0 ml of 1009, ethanol
were spread on the chromatoplate in a layer 0.4 mm thick by means of a Shandon
Upoplan Leveller (Shandon Scientific Company, Inc., Sweickley, Pa.). The plates
were developed in a Colab glass chromatank (Colab Laboratories, Inc., Chicago
Heights, I1l.). By using a Teflon plate holder designed in our laboratory, as many as
twenty plates could be developed at one time in one chromatank (Fig. 1).

The plates were spotted in duplicate with aliquots equivalent to 10.0 mg of
tissue and run through two solvent systems. The developing solvents were 95%
ethanol-double distilled water—acetic acid (35:15:1) and chloroform-methanol-am-
monia (4:4:1). The first phase required 2.5 h running time and the second 1.5 h; the
plates were dried after each phase. I'ilter paper placed on the four sides of the chroma-
tank provided the saturated atmosphere necessary for good separation.

An 0.119, solution of ninhydrin in 1009, ethanol-acetic acid (66:23) was used
as the color reagent. The plates were dipped in the ninhydrin solution and allowed
to stand overnight at room temperature or, for quick analysis, were heated at 60°
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Fig. 1. Specification drawing of Teflon plate holder used for thin-layer chromatography. All
measurements are in inches.

for 8 min, The spots were removed from the plates and the color was eluted first with
1.0 ml of a 0.59%, solution of ninhydrin in 809, ethanol for 15 min and then by adding
4.0 ml of 70%, acetone to the 0.5%, ninhydrin for 30 min. The samples were centri-
fuged to remove the cellulosepulver.,

The amino acid standards were obtained from Mann Research Laboratories,
New York, N.Y. The standard stock solutions were prepared by dissolving the amino
acid in 109, isopropanol to contain 5.0 ug/10.0 ul. In recovery experiments the amino
acid standards were added directly to the tissue homogenate. Standard aliquots of
5 ug were spotted on plates and run simultaneously with the sample plates.

Color concentration was determined on a Beckman DU spectrophotometer and
compared with that produced by 5.0 ug of the amino acid standard.

Since only glutamic acid, GABA, glutamine, aspartic acid, glycine, alanine,
threonine and serine can be readily determined in this way, the RESULTS AND DISCUS-
SION relate only to these eight compounds.

Papey chromatography

Paper chromatography was performed according to the method of MOUREK
et al.S.

AUTOMATED ANALYSIS

Analyses of the amino acid levels were made on a Beckman automatic amino
acid analyzer Model 120C by a method previously described®.

An analysis of variance of unequal samples and Student s ¢ test were used to
determine significant differences.

RESULTS AND DISCUSSION

Each of the R, values for the amino acid standards shown in Table I is the
mean of six analyses 4~ SEM. In most instances distinct separation of the amino
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acids was achieved by the technique described above. Glycine-serine and isoleucine~
leucine tended to overlap slightly, but could be separated successfully when removed
from the plate. Cystine trailed during the first solvent phase. Except for proline and
hydroxyproline, which gave a yellow color, all of the commonly occurring amino
acids eluted from the Dowex-50W column gave a light blue to dark purple color
with ninhydrin.

In control experiments the recovery of glutamic and aspartic acids, glutamine,
GABA and alanine ranged between go and 110%, with a 959%, average. By adding the
standard amino acids directly to the tissue homogenates, not only the sensitivity of
the TLC procedure but also the effectiveness of the method of extraction could be
assessed. The procedures employed eliminate biological contaminants from the tissue
extract and also remove from the cellulose powder contaminants that produce distor-
tions on TLC?-9,

The TLC procedure described here is a relatively rapid and accurate method
for the qualitative and quantitative determination of the concentrations of amino
acids in nervous tissue. Standard amino acids in quantities as low as 5 ug and amino
acids in aliquots equivalent to 10 mg or less of nervous tissue can be accurately
analyzed. I'or those amino acids present in lower concentrations a larger aliquot can
be used to intensify the color of the spots. These solvent systems give compact spots
and except for cystine, control trailing, so that the separate spots can be removed
from the chromatoplate and the color ecluted for colorimetric quantitation with
relative ease. The systems also give highly reproducible Rp values as shown by the
low SEM values in Table I. ‘

A comparison of values obtained from material extracted with either a 19,
picric acid or a 69, perchloric acid solution (Table IT) and analyzed on an automatic
analyzer showed no differences between these extraction media. There was a slight
but significant difference between the levels of glutamine as determined by automated
column analysis and by TLC (Table II): that determined by TLC being approximately
1.0 umole/g wet tissue weight lower than that determined by automated analysis. On
the other hand, PC gave significantly lower values in the levels of glutamine, glycine
and alanine (Table II) than TLC or automated analysis.

It was concluded that the two extraction procedures were equally effective, and
that there were relatively few differences between the analyses of samples for the
amino acids whether performed on the automatic analyzer or on TLC. In contrast,
the more significant differences observed with PC were probably due to the method
itself, especially since there were no differences between the levels of brain amino
acids determined in the two groups of rats by automatic analysis (Table I1I) when
the methods of extraction were being compared

There is considerable advantage in using TLC for biological application since
10 mg or less of tissue produces well separated spots on the chromatograms and a
large number of samples can be analyzed at one time. TLC is a rapid, reproducible
method for studying amino acid concentrations in the small areas and nuclei of the
brain in animals of any age. Moreover, to obtain a quick, accurate indication of the
amino acids present, smaller amounts of blood, cerebrospinal fluid and urine are
required for TL.C than for the automatic analyzer.

J. Chyomatogr., 66 (1972) 333339



ANALYSIS OF RAT BRAIN AMINO ACIDS

339

REFERENCES

O et BN

A. R. DraviDp, W. A, HimwicH AND J. M, Davis, J. Neurochem., 12 (1965) gol.

H. C. AgrawarL, J. M. Davis aND W, A, HmmwicH, [. Neurochem., 13 (1966) Go7.

H. C. AgrawaL, J. M. Davis AND W. A, HimmwicH, [. Neurochem., 15 (1968) 917.

H. C. AGrAawAL, J. M. Davis, E. E. HavNEs AND W. A, HimwiIcH, Ann. N.Y. Acad. Sci.,
166 (1969) 225.

J. M. Davis, W. A, Himwicie axn M., Stour, Biol. Psychiat., 1 (1069) 387,

J. Mouregk, H. C. AGrawAL, J. M. Davis anp W, A, HiMwiIcH, Brain Res., 19 (1970) 229.
E. R. Cook anp M. LuscoMBEe, J. Chromatogr.,, 3 (1960) 75.
A. IZ. RAMIREZ DE GUGLIELMONE AND C. J. GOMEz, Acta Physiol. Lat. Amer., 16 (1966) 26,
C. Haworti aNp J. G, HeATHCOTE, J. Chromalogy., 41 (1969) 380.

J. Chromalogr., 69 (1972) 333—339



