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The research studies the separate and combined action of inhibitor of GABA-T
ethanolamine-O-sulfate (EOS) and glutamate and GABA precursor glutamine on glutamine family
amino acid content in the brain and liver of rats. The study demonstrates a higher efficiency of
combined administration of those compounds at GABA level in brain and liver. The combined
administration of those compounds produces a protective effect on the amino acids in the organs of
rats with experimental streptozotocine diabetes, more specifically, in the brain and the pancreas. The
pancreas of rats maintains concentrations of neuroactive amino acids the compared with brain. Given
the role of GABA in the regulation and secretion of insulin, the combined use of glutamine and EOS
can be substantial in the first type diabetes.

Brain — pancreas — diabetes — neuroactive amino acids

Munultwuppgly £ AUYE-npubtuwdhimgh wpghyulhy tpuinpudhu-O-unydunh (EOU) L
QUYE-h bwunpy gninnudhih whgwn b dhwubwlwb wqpkgmpniup gununwidhith pinwthph wdh-
twppniutph wupniiwlnipyut Jpu wntbnh mpbnnud b yupgnod: 8nyg E wpdlp dhwubwljut wg-
nlgnipjutt wdkjh pupdp wpymbwbnmpmoiip FUYE-h dwjuppuih Jpu mpbnnud b jupgnuod:
Pugwhwynyby £ iymptph dhwutwljub npdw yuownuwihy wgntgnipniup wntubnh opquibpnid
wdhtwppniubph yupnibtwlnipyut ypu, duutuynpuybu mpbinnud b Eupuunwdnpuughtt gindnud
thnpdwpuwpuljut unpiywnngnuinghtught phwpbnh dudwiwl: 8nyg L wpdl] Wuwppuwljnhyg
whtuppenitbiph mnknh htn hudbdwindwb §nbgkinpughwikph wpluynipmniip Eupuuinudnp-
uuyghl gindnud: Zwgh wntibim] @UYE-h nhipp hunyhth uhtipkqh b uklpkghwgh fupquynpdwb dke
qnunudhth b EOU-h dhwubwljut ogunuugnpénidp Yupny E bwljub (hul] wpwghtt whwyh ghwpknh
dudwluly:

Mnkny — Ehpwunudnpuuyhl gknd — phwpln — uppuulnpy wdhbwppniibp

HccnenoBano pasnensHOEe W coBMecTHOe aeiictBue mHruburopa I'AMK-tpancamuHasbl
stanonamuH-O-cynbdara (D0C) u npeamectBeHHnka riryramara u ' AMK riryramuna Ha conep-
JKaHUE aMHHOKHUCIIOT CEMEHCTBa IIlyTaMHHa B MO3Te U nedeHu Kpsic. [Tokazana Gonbmast 3¢ pex-
TUBHOCTb COBMECTHOT'O BBEJIEHHMS mpernaparoB Ha ypoBeHb 'AMK B mosre u meuenu. Brrasnen
MIPOTEKTUBHBINA 3((PEKT COBMECTHOTO BBECHUS IIPENIapaToB Ha YPOBEHb aMUHOKHCIIOT B OpraHax
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KpbIC, B YaCTHOCTH B MO3T€ U MOKEIYAOUHON *Kene3e MPH IKCIEPUMEHTAIbHOM CTPENTO30TOIH-
HOBOM Jabete. [lokazaHO HanaMuue CPaBHUMBIX C MO3TOM KOHLEHTpaluii HEHPOAKTHBHBIX aMH-
HOKHCIIOT B MOJKEITy TOYHOH xkemne3e kpric. C yaetom ponu TAMK B perymnsuun cuHTe3a u ceKpe-
UM HHCYJIMHA COBMECTHOE MpuMeHeHue TiayTaMuHa 1 DOC MOXKeT OBITh CYIIECTBEHHO MPHU JHa-
0eTe IepBoro THIIA.

Mose — nankpeac — ouabem — Hetipoakmugnvle AMUHOKUCTIOMbI

The amino acids of glutamine family play a key role in nitrogen metabolism. They
provide jointing processes of protein a-amino nitrogen release and its resynthesis. Possibly
this role determines the use of these amino acids not only as a source of energy and
plasticity but also as potent mediator of metabolism, particularly as neurotransmitter. It
should be mentioned that glutamate- and GABAergic systems are the principal
neurotransmitter systems, involved in nearly all functions (energy, plasticity, information,
cognition) of brain in norm and pathology [3, 13, 19, 22].

Hence, the specified amino acids and their agonists and antagonists are used in the
treatment of a number of neurodegenerative and neuropsychical processes of the central
nervous system [4, 27]. It is known that the main source of glutamate and GABA in brain is
glutamine wich, in contrast to glutamate, is not neurotoxic and may preferably be used as
GABA source. The latter, as per our data, can be formed in a roundabout way [15, 16]. In
this connection, it is more reasonable to use glutamine together with non toxic or low toxic
inhibitors of GABA-T for the purpose of GABA generation. The presence of GABA and
the enzymes of its synthesis and breaking up in pancreas has long been known [11, 12, 24].
The participation of glutamic acid decarboxylase localized in B-cells in the launching of
autoimmune processes, inducing their death is also well known (2). The determination of
antibody to glutamic acid decarboxylase is used as a screening test on the diabetes type I
risk of development [2, 18]. In addition, the GABA participation to autoimmunity inhibition
on the CD-3, CD-4 and CD-8 levels of T-cells [30, 32] as well as ability to stimulate insulin
synthesis and secretion by B-cells of Lanherhance islets have been shown [6, 29].

In the present study, we examined the influence of glutamine as a GABA source and
EOS as an inhibitor of GABA-T on the content of the glutamine family amino acids in the
brain, liver and pancreas in norm and experimental diabetes, induced by streptozotocine.

Materials and methods. Mail white rats with weights of 180-200 g were used for the
experiments. The animals were housed in a vivarium of the Institute of Biochemistry of the
National Academy of Sciences of Armenia and had access to standard foods. The animals were
split into 4 groups, with 5 rats in each group: I-control group received intraperitoneal 0.5 ml
physiological solution a day, IT — 40mg/kg glutamine, III — 500 mg/kg etanolamine-O-sulfate, IV —
both preparations together. In 3 days the animals were decapitated with light ether anesthesia,
brain and liver were removed, carefully cleaned from covers and blood in the cold, and samples of
tissues were homogenated in 6% HClO,4. After proteins precipitation, the extracts were neutralized
with 2 M KOH to pH 5.0, centrifuged at 6000 revolutions per minute and 0°C for 10 min. The
supernatants remained at 0°C for 24 hours, and then were centrifuged again for 20 min at 16000
revolutions per minute. The separation of perchlorate extracts amino acids was performed by high
voltage paper (FN11, Germany) electrophoresis in pyridine-acetate buffer, pH 3.9. The
electrforesis duration was 1.5 hour at current power 0.5 mA/cm and 1300 V. The amino acids were
revealed by 0.2 % solution of ninhydrin in 95 %acetone with some drops of ice acetic acid. The
electroforegrams were dried in thermostat at 60°C for 20 min, then the amino acids were eluted by
Sml of 0.005 % CuSO, in 75% ethanol and after exposition during 1 hour the colour intensity was
recorded at 540 nm on the Specol-11. Amino acids contents were calculated using standard curves,
constructed with amino acids of Sigma Chemical Company (USA) [17]. Blood glucose was
determined using Accu-Chek glucometer (Germany). In a separate series of experiments, the
influence of preliminary intraperitoneal administration of glutamine and EOS on the amino acids
content in rat organs (brain, liver, and pancreas), subjected to the toxic action of diabetogen
streptozotocine (60 mg/kg), was studied.
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The rats were separated into 2 groups: the first group received physiological solution the
duration 3 days, second group received EOS mixture with glutamine. On the forth day
streptozotocine was administrated intraperitoneally to all animals and in 5 days the rats were
decapitated with light ether anesthesia. Amino acids contents were determined in brain, liver and
pancreas.

In separate experiments, the content of amino acids in the pancreas of sheep was determined.

Statistical analysis was done by GraphPad Prism software using unpaired Student’s t-test.
The differences were considered as significant at the level of p<0.05 and marked with asterisk.

Results and Discussion. The literature data testify to the presence of appreciable
quantity of GABA in animal pancreas. With this regard, we determined the content of
neuroactive amino acids of the sheep pancreas in the initial series of our experiments. The
data obtained testify to the presence of high level of neuroactive amino acids such as
aspartate, glutamate, GABA and glutamine in the rat pancreas. The concentrations of the
specified amino acids can compare with those present in brain. Given that GABA is
basically present in -cells of Lanherhanse islets, for the latter the GABA level in pancreas
is most likely to be higher than in brain.

Table 1. The content of amino acids in the rat pancreas

Amino acids uM/g
Glu 4.1+0.03
GABA 0.98+0.06
Gln 4.6+0.2
Asp 1.340.15
Ethanolamine 0.68+0.08

There are also remarkable ethanolamine quantities observed in the pancreas, which
like GABA, favour the glucose carrier via biological membrane [23]. Oleil-ethanolamine
also promoted glucose transport on the streptozotocine induced model of rat diabetes [5].
At the same time, the glucose inhibits the insulin secretion by B-cells through the
intensification of GABA-shunt [31]. In addition both ethanolamine acylation [1] and
acetylation [17] as well as anti-inflammatory and anti-allergy properties of ethanolamine
acyl derivatives provide possible still long ago [7, 28]. It should also be noted that EOS is
an inhibitor widely presented in pancreas GABA-T [9]. The synthesis of that inhibitor is
quite possible in liver, where the enzymes of monoamines sulfatation are quite active.

Tab. 2 shows the data of the content of amino acids in the brain and liver after a 3
day intraperitoneal administration of EOS, glutamine and its mixture to rats.

The content of amino acids in rat brain increases more in the case of GABA-T
inhibitor EOS administration (7.8 against 4.5 uM/g) than in the case of GABA precursor
glutamine (6.2 against 4.5 uM/g). Interestingly, in case of combined administration of EOS
and glutamine the effects on the GABA cumulate. Thus, the combined application of non
toxic inhibitors of GABA-T and GABA precursor is reasonable in pathologic conditions
related to brain GABA-ergic mechanisms.

It is characteristic that the level of neurotoxic dicarboxylic amino acids in the brain
doesn’t change, while the glutamine concentration increases both when administered
separately and in combination with EOS. In the liver compared the brain, although small
but statistically significant increase of GABA level is observed more, with pronounced in
combined administration of preparations. At the same time, a decrease of aspartate and
ethanolamine concentration is observed.
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Table 2. The influence of intra-peritoneal administration of glutamine and EOS on the amino
acid and ethanolamine content in rat brain and liver

Amino Control EOS Glutamine EOS + glutamine
acids brain liver brain liver brain liver brain liver
nM/g

8.5+0.9 2.0+0.3 10.24+0.7 1.840.2 9.3+0.7 1.7£0.3 7.9+0.4 1.740.2

GABA | 4.5#0.4 | 0.13+0.02 | 7.840.6* | 0.16+0.01* | 6.240.3* | 0.14+0.01 11+0.5*% | 0.19+0.02*
Gln 4.540.4 | 3.2+0.26 3.940.2 3.0+0.38 6.240.3* 3.6+0.5 6.3+0.5* 3.1+0.3
Asp 3.9+0.4 2.9+0.4 3.9+0.4 2.3+0.25* 4.2+0.3 1.4+0.2% 3.6£0.5 1.5+0.1*

EA 2.2+0.3 2.1+0.17 2.1+0.18 1.3+0.3*
* - p<0.05, n=5, EA-ethanolamine

In a separate part of experiments we investigated the change in the content of amino
acids in rat brain, liver and pancreas. After a combined intra-peritoneal administration of
EOS and glutamine to rats during 3 days, streptozotocine has been injected on the 4™ day.
Rats of an other group were injected with physiological solution during 3 days, and then
streptozotocine was injected on the 4™ day. 5 days later the rats were decapitated with a
light ether anesthesia, and the content of amino acids in specified organs was determined.

The results presented in tab. 3 show that the preliminary administration of EOS and
glutamine to rats promote the conservation of amino acid concentrations in organs,
particularly of GABA, in brain and pancreas.

Many authors, back in 70-80s, showed the increase of GABA level in brain and
peripheral organs in various modes of EOS administration [8, 9, 1, 29].

We revealed brain an alternative way of GABA formation from glutamine via
GABA-amid, which is activated in neurointoxication [15, 16]. The presence of this process
in the B-cells of pancreas is quite possible. Some GABA-T inhibitors are used in the
treatment of brain activity disturbances, related to GABA ergic mechanisms [4, 27]. Also
the EOS influence on the content of neuroactive amino acids in the liver and kidney [26],
but not in pancreas is shown, where GABA affects both the endocrine [11, 12, 24] and the
exocrine function [6, 25].

Table 3. The influence of intraperitoneal glutamine and EOS administration on the content
of amino acids and ethanolamine in rat with experimental diabetes

Amino acids CT Gln+ EOS +CT
brain liver pancreas brain liver pancreas
Asp 2.240.065 | 2.0+0.18 1.2+0.1 2.6+0.3 2.9+0.2* 1.4+0.2
Glu 6.5+0.7 1.4+0.3 2.1£0.2 8.0+0.6* 1.6+£0.25 4.6+0.7*
Gln 4.0+1.0 2.4+0.36 3.120.4 6.5+0.4 3.9+0.3* 7.1£0.9*
GABA 1.7+0.1 0.4+0.07 0.7+0.1 3.240.5* | 0.65+0.1* 1.240.2*
EA 1.45+0.25 | 1.05+0.06 | 0.63£0.1 2.3+0.3* 1.240.2 1.1+0.2*

n=5, CT- streptozotocine, EA-ethanolamine

The data obtained (tab. 3) with regard to maintaining the level of GABA and its
precursors in pancreas in case of induced damage of B-cells by streptozotocine, where
GABA, according to most studies, assists the insulin synthesis and secretion [2, 11]. Of
course, there are data on the inhibition, by GABA and baclofen, insulin synthesis and
secretion by B-cells of perfused pancreas with safe microcirculation [10]. The authors
associated this with the activation of GABAB receptors. Along with it, there is dependency of
this effect on both the concentration of amino acids and on the glucose in the perfused solution.

The participation of GABAergic mechanisms in the regulation of blood glucose homeo-
stasis is widely known. The inhibition of central GABAA receptors leads to an increase of
blood plasma glucose level [20]. Consequently in the pathogenesis of diabetes, not only the
disturbances of the pancreas GABA ergic mechanisms are important, but also those of brain.
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Glutamine and EOS administration also provide a higher level of amino acids in

such organs as brain and liver. Moreover, the blood glucose concentration, compared to
streptozotocine group, is 1.4 times less (16.5+1.2 against 23.7+1.9 mM/I). Possibly, the
preparations influence not only the synthesis and secretion of insulin but the glucose
utilization as well.

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Bachur N.R., Udenfriend S. Microsomal synthesis of fatty acid amides. J.Biol.Chem.,
241, 1308-1313, 1966.

Baekkeskov S., Anastoot H.J., Christgua S., Reetz A., Solimena M., Cascalho M., Folli
F., Olesen H., Camilli P.D. Identification of the 64K autoantigen in insulin-dependent
diabetes as the GABA-synthezing enzyme glutamic acid decarboxylase. Natire, 347,
151-156, 1990.

Balazs R., Bridges R..J., Cotman C.W. In: Excitatory amino acid transmission in health
and disease. New York: Oxford Univ. Press., 269-307, 2006.

Bhat R., Axtell R., Mitra A., Miranda M., Lock C., Tsien R.W., Steinman L. Inhibitory
role for GABA in autoimmune inflammation. Proc.Natl.Acad.Sci. USA, 107, 6, 2580-
2585, 2010.

Capasso R, Izzo A.A. Gastrointestinal regulation of food intake: general aspects and
focus on anandamide and oleoylethanolamide. J Neuroendocrinol. 20, Suppl 1, 39-46,
2008.

Dong H., Kumar M., Zhang Y., Gyulkhandanyan A., Xiang Y.Y., Ye B., Perrella
J.,HyderA., Zhang N., Wheeler M., Lu W.Y., Wang Q. Gamma- aminobutyric acid up-
and downregulates insulin secretion from beta cells in concert with changes in glucose
concentration. Diabetologica, 49, 697-705, 2006.

Epps D.E., Schmid P.C., Natarayan V., et a.l, N-Acylethanolamine accumulation in
infracted myocardium. Biochim. Biophys. Res. Commun., 90, 2, 628-633, 1979.
Fletcher A., Fowler L.J. GABA metabolism in rat brain after in vivo inhibition of
GABA-T by ethanolamine-O-sulphate. J.Neurochem., 2, 437-442, 1973.

Fowler L.J. Analysis of the major amino acids of rat brain after in vivo inhibition of
GABA-T by ethanolamine-O-sulphate. J. J.Neurochem., 2, 437-442, 1973.

Franklin 1., Wollheim C. GABA in the endocrine pancreas:its putative role as an islet
cell paracrine-signalling molecule J. Jeneral Physiology., 123, 3, 185-190, 2004.

Garry D.J., Coulter H.D.,Mc Intee T.J., Wu J.Y., Sorenson R.L. Immunoreactive GABA-
T within the pancreatic islets localized in mitochondria in the B-cell. J. Histo-
chem.Cytochem., 35, 831-836, 1987.

Garry D.J., Sorenson R.L., Elde R.P., Maley B.E., Madsen A. Immunohistochemical co-
localization of GAIIA and insulin in beta cells of rat islet. Diabetes, 35, 1090-1095,
1986.

Ikegaya Y., Matsuura S., Ueno S. f-Amyloid Enhances Glial Glutamate Uptake Activity
and Attenuates Synaptic Efficacy* J. Biol. Chem., 277, 32180-32186, 2002.

Kamalyan R.G. Ethanolamine and their derivatives role in their derivatives role in the
metabolism in the norm and pathology. Synopsis of thesis, Yerevan, 8-9, 1984.
Kamalyan R.G. The possible new way of GABA formation in brain. Electronic Journal
of Natural Sciences (Biochem.). National. Acad. RA. 2, 9, 2007.

Kamalyan R.G., Vardanyan A.G. GABA and GABA-amide metabolism in the brain.
Neurochemical J. 6, 2, 100-103, 2012.

Kamalyan R.G., Buniatyan H.Ch., Movsesyan S.G. The participation of some nucleoti-
des and pyridoxalphosphate in the glutamate metabolism in the brain mitochondria.
Vopr.. Biokhimii Mozga, [zd. AN ArmSSR, 21, 5, 16-26, 1968.

Kaufman D.L., Erlander M.G., Clare-Salzler M., Atkinson M.A., Maclaren N.K., Tobin
A.J. Glutamate Decarboxylase Autoimmunity in Insulin-dependent Diabetes Mellitus. J.
Clin. Invest. 89, 1, 283-292, 1992.

65



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

R.G. KAMALYAN, N.KH. KHACHATRYAN, A.G. VARDANYAN, S.Q. TAROYAN, L.N. ERITSYAN

Kew J. N., Kemp J.A. lonotropic and metabotropic glutamate receptor structure and
pharmacology. Psychopharmacology (Berl)., 179, 4-29, 2005.

Lang C. Inhibition of central GABA A receptors enhances hepatic glucose production
and peripheral glucose uptake. Brain Res. Bul., 37, 611-616, 1995.

Loscher W. Effect of inhibitors of GABA aminotransferase on the metabolism of GABA
in brain tissue and sinaptosomal fractions. J. Neurochem. 36, 4, 1521-1527, 1981.
Mohler H. GABA(A) receptor diversity and pharmacology. Cell Tissue Res. 326, 505-
16, 2006.

Movsesyan S.G. The action of GABA on the glucose uptake by different tissues. Vopr..
Biochimii. Izd. AN Arm SSR, 2, 87-91, 1961.

Okada Y., Taniguchi H., Shimada C. High concentration of GABA and high glutamate
decarboxylase activity in the rat pancreatic islets and human insulinoma. Science. /94,
620-622, 1976.

Park Y-D., Cui Z-Y., Wu G., Park H-S., Park H-J. y-aminobutyric acid secreted from is-
let B-cells modulates exocrine secretion in rat pancreas. World J. Gastroenterol. 72, 19,
3026-3030, 2006.

Quame M., Fowler L.J. Effect of chronic oral treatment with GABA-T inhibitors on the
GABA system in brain, liver, kidney and plasma of the rat. Biochem. Pharmacol., 52, 9,
1355-1363, 1996.

Schousboe A., Waagepetersen H.S. GABA: homeostatic and pharmacological aspects.
Prog. Brain Res. /60, 9-19, 2007.

Smith W.G. The effect of ethanolamine on changes in lung lipids induced by anaphyla-
xis. Biochem. Pharmacol. /1, 183-191, 1962.

Sorenson R.L.,Garry D.G.,Brelje T.C. Structural and functional considerations of GABA
in islets of Langerhans.Diabetes. 40, 1365-1374, 1991.

Tian J., Lu Y., Zhang H., Chau C.H., Dang H.N.,. Kaufman D.L. GABA inhibits T cell
autoimmunity and the development of inflammatory responses in a mouse type 1 diabe-
tes model. J. Immunol. 173, 5298-5304, 2004.

Wang C., Kerckhofs K., Van de Casteele M., Smolders 1., Pipeleers D., Ling Z. Glucose
inhibits GABA release by pancreatic B-cells through an increase in GABA shunt activity
American Journal of Physiology - Endocrinology and Metabolism. 290, E494-E499,
2006.

Wong F.S., Janeway A.C. The Role of CD4 vs. CD8T Cells in IDDM. Journal of Auto-
immunity. 13, 290-295, 2000.

Received on 12.06.2015

66



