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Abstract: Internasal administration of g-aminobutyric acid (GABA) induced prolonged behaviour changes
and the appearance of three new compounds absent in the brain extracts of control rats. Two peptides
associated with GABA administration were isolated and sequenced: Thr-Tyr-Thr-Phe, which corresponds to
a g-immunoglobulin segment, and Val-Leu, which is present in a great number of proteins, hence its
precursor could not be established. The third compound was not amenable to the Edman degradation
technique. The data obtained show that the introduction of a neurotransmitter could cause specific changes
in the levels of tissue-specific peptide components. Copyright © 2000 European Peptide Society and John
Wiley & Sons, Ltd.
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INTRODUCTION

The systematic analysis of peptide components of
bovine and rat brain has shown that brain tissue
contains a limited set of components (500–800)
detectable by computer analysis of the chro-
matograms [1,2]. The major components were iso-
lated and identified as fragments of functional
proteins. Brain tissue contains a set of fragments of
neurospecific proteins (myelin basic protein and
neurogranin), fragments of several cellular en-
zymes, the major source of the peptides being
haemoglobin [1–4]. The chromatographic analysis
of individual brain samples has shown that the set
of brain-derived peptides is quite stable under nor-
mal conditions [1,3].

The sets or the pools of peptide components of
other sources, such as rat heart, spleen and lung
tissues, lysate and supernatant of human erythro-

cytes, being quite stable at normal conditions, sig-
nificantly differ from each other and from the
peptide pool of brain [5–7]. That is, the composition
of the components of a tissue-specific peptide pool
can be considered as an important characteristic of
the tissue.

However, significant changes in the composition
and the content of peptide components of brain
were shown to accompany the pathologies associ-
ated with alterations of brain metabolism, such as
Alzheimer’s disease [3] and brain ischemia [8].
Changes in the levels of haemoglobin fragments
were detected in human erythrocytes for Hodgkin’s
disease [9] and lymphosarcoma [10], and in lung
tissue during lung carcinoma [11]. Levels of
haemoglobin-derived peptides were shown to in-
crease in human blood plasma of donors subjected
to physical exercise [12]. On the basis of the data
given above, the composition and the content of
components of tissue-specific peptide sets were
suggested to reflect both the pathological and the
compensatory changes in the organism [7,13].
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This paper studies the changes in content and
composition of low molecular weight components of
rat brain induced by the introduction of a well-
defined neuromediator, g-aminobutyric acid (GABA).

MATERIALS AND METHODS

Preparation of Brain Specimen of Control Rats

Non-thoroughbred white rats (12 animals) were kept
in groups of three for 1 week under normal condi-
tions. After that period, the animals were killed by
dislocation of the neck. Brains were removed imme-
diately and placed in liquid nitrogen. The procedure
of killing was completed within 40–50 s after re-
moval of each rat from the cage. No animals were
kept in the room where the killing took place. Inves-
tigators responsible for manipulating the specimens
over the course of the study were not involved in the
killing.

Preparation of Brain Specimen of Rats with
GABA-mediated Behaviour Reactions

GABA (0.1 ml, 22 mg per animal) was introduced
internasally. The experimental group contained six
animals. The physiological solution (0.1 ml) was
introduced to the control animals (six rats per
group). The animals were sacrificed as described
above after 3 days from the beginning of the experi-
ment. The effects of GABA were examined for in tests
of locomotor and research activities and non-recep-
tive sensitivity. The evaluation of locomotor and
research activities was carried out using the auto-
matic complex ‘Rodeo’. The level of GABA-
induced analgesia was determined by means of the
tail flick test. The tail was placed into a reservoir with
water pre-heated to 55°C. The time to elicit a tail flick
response was determined.

Preparation of Rat Brain Extracts

Individual specimens of rat brain were stored in
liquid nitrogen. Brain preparations were homoge-
nized in a Potter’s homogenizer in 10% acetic acid (5
ml). The mixture obtained was centrifuged at 10 000
rev/min for 8 min. The supernatant was lyophilized.
All procedures were carried out within 12–15 min of
starting at 0°C.

Size-exclusion Chromatography

The size-exclusion separations of individual brain
specimens were performed using a liquid chromatog-

raphy set (Pharmacia/LKB, Sweden) equipped with
Sephadex G-25 sf column (1.0×85 cm) equilibrated
with 0.1 M acetic acid (see Figure 1A and B). The
fractions obtained were lyophilized.

Reverse-phase HPLC Separation

Analytical separation of fractions B, obtained
after size-exclusion chromatography of individual
brain extracts from control rats and from rats treated
with GABA (Figure 1), was carried out
on a Nucleosil 7m C8 (4.6×250 mm) column
equilibrated with 0.1% trifluoroacetic acid (TFA).

Figure 1 Size-exclusion chromatography of acidic ex-
tracts of individual rat brain preparations on Sephadex
G-25 sf column (1.0×85 cm) equilibrated with 0.1 M

acetic acid. A—typical elution profile for preparations ob-
tained from brain tissue of intact animals; B—typical
elution profile for preparations obtained from brain tissue
of animals subjected to GABA administration. Collected
fractions are marked.
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Figure 2 RP-HPLC of fractions BC (control animals) and BE (experimental animals) (Figure 1) obtained after size-exclusion
chromatography of acidic extracts of individual rat brain specimens on Nucleosil 7m C8 column (4.6×250 mm) equilibrated
with 0.1% TFA. Elution was performed by acetonitrile concentration gradient 0–50%; duration: 60 min; flow rate: 0.8
ml/min); wavelength detection: 226 nm (1800 mV=2.56 AUFS); sample size: 1/2 from total fractions B. A and B—elution
profiles for preparations obtained from brain tissue of intact animals (Figure 1A); C and D—elution profiles for preparations
obtained from brain tissue of animals after GABA administration (Figure 1B). Elution zones differing in the brain samples
of the control and the experimental animals are marked.

Chromatographic conditions are given in the legend
to Figure 2.

Semi-preparative separation of the combined
fractions B was carried out on a Nucleosil 7m C8

(10×250 mm) column. Chromatographic condi-
tions are given in the legends to Figures 3–5.

The elution profiles were obtained using an inte-
grator (Ampersend, Russian Federation) at 226 nm.
The optical density values given in Figures 2–5
correspond to the formula: 2.56 OD=1800 mV.
Analysis of the elution profiles was performed with
the Multi-Chrom V2.60 program (Ampersend, Rus-
sian Federation).

The stability and reproducibility of the data ob-
tained were checked by analysis of elution profiles
from three independent experiments. Both the com-
parative analysis of elution profiles and the se-

quencing data were used to verify the
reproducibility of the results.

Peptide Sequencing

Amino acid sequences were determined by means of
a gas-phase sequencer (Model 477A, Applied
Biosystems).

Sequence Identification

Identification of the sequences established was per-
formed using the PIR databank, version 38.

RESULTS AND DISCUSSION

Internasal administration of GABA (22 mg per ani-
mal) induced reliable changes in the behaviour of
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Figure 3 RP-HPLC of combined fractions B (Figure 1) on Nucleosil 7m C8 (10×250 mm) column equilibrated with 0.1%
TFA. Gradient conditions are given. Flow rate: 2.5 ml/min; wavelength detection: 226 nm (1800 mV=2.56 AUFS).
A—fractions BC corresponding to control animals; B—fractions BE corresponding to experimental animals. Elution zones
with detectable differences are marked.

rats. The behavioural characteristics were deter-
mined for different time intervals after administra-
tion (from 1 h to 14 days). As a result, GABA was
shown to cause a pronounced stimulation of loco-
motor and research activities. The effect was de-
tected within 7–10 days of introduction, with
maximal activity at days 3–5. Internasal adminis-
tration of GABA also caused a reliable increase in
the time required to elicit a tail flick response, i.e. it
induces an analgesic effect.

The aim of the study was to determine the possible
changes in composition of peptides induced by the
introduction of a neuromediator. The animals were
separated into small groups and kept under normal
conditions. The brain preparations were frozen in
liquid nitrogen immediately after the decapitation
procedure. The method of killing excludes prolonged
stress action. Extracts of individual specimens of rat
brain were obtained after homogenization in 10%
acidic acid at 4°C within 5–7 min. The obtained
extracts were centrifuged and then lyophilized. The

conditions applied ensured minimal post-mortem
proteolysis of brain components [2,4,14].

Brain extracts corresponding to individual ani-
mals were separated using size-exclusion chro-
matography. Chromatographic separation was
carried out under standard conditions. All extracts
gave highly reproducible elution profiles. Typical
profiles corresponding to control (A) and experimen-
tal (B) animals are given in Figure 1. Comparative
analysis revealed no reliable differences between the
elution profiles of brain preparations within the
control group and the experimental animals.

Fractions A and B corresponding to individual
animals were subjected to RP-HPLC. The portions
corresponding to a half of the material comprising
fractions A and B were analysed. The elution profiles
of fractions AC (1.0–4.5 kDa) (not shown) and BC

(containing the compounds with molecular weight
B1 kDa and the sorbed material) (Figure 2A and B)
from the control animals were, as expected [1],
highly reproducible.
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Figure 4 Enlarged elution profiles marked in Figure 3. Elution zones with detectable differences are shaded and marked
as BC2 and BE2; BC3 and BE3, respectively. The corresponding fractions containing no detectable differences are shaded
and marked as BC1 and BE1.

In the case of the experimental animals, no de-
tectable changes in the set of components of high
molecular weight fractions AC and AE were found
(not shown), while local changes were observed in
the elution profile of fraction BE (Figure 2C and D).
Zones of the elution profiles differing in the groups
of the control and the experimental animals are
shaded.

The high reproducibility of the elution profiles in
the groups of control and experimental animals al-
lowed the combination of peptide material present
in fractions B. The resultant portions contain the
material corresponding to all remaining brain ex-
tracts of the control or the experimental rats. The
combined fractions B were subjected to a standard
chromatographic procedure (Figure 3A and B). Elu-
tion zones differing in the brain preparations of the
control and the experimental group of animals are
marked. As seen from the expanded fragments of
elution profiles given in Figure 4, only two fractions
corresponding to the elution zone given in Figure 3,
i.e., BC2 and BC3, BE2 and BE3, show detectable
differences due to GABA introduction. In contrast,

elution zones corresponding to fractions BC1 and
BE1 were identical.

The fractions corresponding to elution zones BC1,
BC2, BC3, BE1, BE2 and BE3 were subjected to
further separation (Figure 5). Comparative analysis
of the profiles obtained has demonstrated that the
detected differences result from the presence of two
novel substances in fraction BE2 (Figure 5B and E)
and a single substance in fraction BE3 (Figure 5C
and F). To confirm the similarity of the elution
profiles of fractions BC1 and BE1, the latter were
subjected to chromatographic separation under the
same conditions and were found to have no de-
tectable differences. The substances corresponding
to the peaks marked in Figure 5E and F were iso-
lated to homogeneity and subjected to automatic
Edman degradation, giving rise to the amino acid
sequences Thr-Tyr-Thr-Phe and Val-Leu, shown in
Figure 5E and F. The third shaded peak (Figure 5E)
contained material for which the amino acid se-
quences could not be determined. This component
had an absorbance maximum at 268 nm, i.e. this
substance is not of peptide nature and does not

Copyright © 2000 European Peptide Society and John Wiley & Sons, Ltd. J. Peptide Sci. 6: 168–174 (2000)



GABA-INDUCED CHANGES IN RAT BRAIN PEPTIDES 173

Figure 5 RP-HPLC of fractions BC1 (A), BE1 (D), BC2 (B), BE2 (E), BC3 (C) and BE3 (F) (Figure 4) on Nucleosil 5m C18

(4.0×250 mm) cartridge equilibrated with 0.05 mM ammonium–acetate buffer (pH 4.8). Elution was performed by
acetonitrile concentration gradient 0–10%; duration: 30 min; flow rate: 0.75 ml/min); wavelength detection: 215 nm (1800
mV=2.56 AUFS). The fractions containing the substances detected after GABA administration are marked and respective
amino acid sequences are given.

contribute to changes in the brain peptide pool
caused by GABA administration. The content of
pure material was not sufficient for more detailed
structural analysis. The peptide Thr-Tyr-Thr-Phe
corresponds to a g-immunoglobulin o-chain seg-
ment. The dipeptide Val-Leu might be derived from
a great number of protein precursors. Considering
that this sequence is repeated six times in rat
haemoglobin, and taking into account the high con-
tent of the dipeptide in brain tissue (more than 0.3
nmol/g tissue), we suggest that the Val-Leu dipep-
tide might be of haemoglobin origin. The data
obtained show that the introduction of a
neurotransmitter might cause relatively prolonged
and specific changes in the levels of tissue-specific
peptide components. These peptides could be in-
volved in prolonged behaviour changes induced by
GABA introduction.

The comparative analysis of peptide components
of individual samples of brain of the control rats has

demonstrated that the peptide set of brain tissue is
highly stable if animals are kept under normal con-
ditions. These results support our previous data on
the stability of peptide pools of different tissues
under normal conditions.

At the same time, the introduction of GABA gives
rise to at least three new compounds in brain tis-
sue, two of them being of peptide nature. These
changes are highly reproducible and non-
dependent on individual differences of the animals.
That is, homeostatic changes induced by GABA in-
troduction include distinct changes of the composi-
tion of brain-derived peptides. Analogous to the
changes in peptide sets of tissues associated with
the pathologies, we believe them to participate in or
to result from the compensatory processes at tissue
and cellular levels [8,13]. Although the mechanisms
of these alterations are not yet established, the data
obtained suggest an essential in vivo regulatory role
of the fragments of functional proteins.
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