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Interaction of Glutamate and Oxytocin 
(OXY)

It is supposed that Glu, and OXY are synthesized and stored in 
the same structure and parts of the brain. Both Glu and its receptors 
are located in different neurosecretory nuclei of the hypothalamus 
which are associated with neuroendocrine function. It have been 
demonstrated the presence of Glu in nucleus Paraventricularis 
(PVN), nucleus Ventro-Medianus (VMN), nucleus arcuatus, nucleus 
Supraopticus (SON), eminentia mediana and infundibulum of 
hypophysis [6]. In the pituitary gland Glu was found in pituicytes 
and terminal axons of hypothalamic neurosecretory cells reaching to 
the posterior pituitary [7]. Moreover mGluRs have been detected in 
different regions of hypothalamus and pituitary three parts [8], and 
expression of the gene GLU - mainly in the vicinity of hypothalamic 
related with the regulation of neuroendocrine activities. Distribution 
of mGluR in area relevant to process of reproduction and 
neuroendocrine activities may be the main role of Glu in the 
regulation of these phenomena (OXY is synthesized primarily in 
giant nuclei neurons of the PVN and SON of hypothalamus) [9]. 
Additional evidence of the interaction between Glu and OXY derived 
from animal studies. Pampillo et al [10] have shown that in adult 
male rats Glu regulates the release of hypothalamic OXY by mGluR 
stimulation and excitation of cAMP signal transduction. Similarly 
Morsetta et al [11] demonstrated that mGluR stimulation increases 
the in vitro release of OXY from rat hypothalamic-pituitary tissue 
sections. Studies conducted on animals treated with phencyclidine 
- specific antagonist of ion channels of NMDARs exhibit inhibition 
of prepulse. This is similar to the neurological situation in which a 
weak impulse inhibits the body’s reaction to a stimulus, respectively 
stronger, what was found in adult schizophrenics. Data concerning 
schizophrenia and other psychiatric disorders, may also suggest a 
link between Glu and OXY [12]. Long-term use of phencyclidine 
in male rats resulted in shortening the time to establish social and 
societal relationships [13]. There is still unknown mechanism which 
would explain the changes in social behavior caused by the drug, 
but it seems that the principal mediator of such behavior in rodents 
is the endogenous OXY. Studies performed by Caldwell et al [14] 
appear to confirm this hypothesis. In model of OXY knockout mice 
phencyclidine treatment increases prepulse inhibition in comparison 
to wild-type mice, what suggest that OXY is a natural antipsychotic 
compound. In addition Le et al [15] demonstrated that long-term use 
of phencyclidine in rats inhibits transcription of oxytocin mRNA in 
PVN of the hypothalamus and significantly reduce the OXY uptake by 
receptors. Moreover, OXY therapy returns social behavior inhibited 
by chronic use of phencyclidine.

This is interesting to verify unresolved research hypothesis of 
cellular damaging mechanism of ketamine (nonspecific iNMDAR’s 
antagonist) in comparison to Glu action (neuroexcitotoxicity). The 
neurotoxicity model enable to recognized molecular mechanism 
of Glu and ketamine action, what is especially important in the 
treatment of neurodegenerative civilization diseases.

Letter to the Editor
The rationale for this letter is Olney’s conclusion [1,2], 

the  precursor  of research focused on the excitotoxic action 
of excitatory amino acids, as well as Kostic et al [3] that damage over 
80% of neurons results in the typical symptoms of Parkinson’s, and 
multiple sclerosis disease. The substance responsible of this neurons 
degeneration is Glutamic acid [Glu]. This acid is one of the strongest 
(except aspartic acid) excitatory neurotransmitters. It occurs in all 
structures of the CNS and ANS as well as in tissues organs where it 
stimulates specific receptors. The construction of Glu receptor is very 
complicated, because it consist an ion- (NMDA) and metabotropic 
(mGlu) part, as well as various other binding sites, including 
polyamines or glycine.

There exists also a second biological GluR stimulant (aspartic 
acid, N-methyl-D-Aspartic Acid =NMDA), which in deficit or 
lack of Glu replaces it in the stimulation of the same neural tissue 
structures. It remains unknown, to what extent Glu acid and Asp 
acid are complementary, and to what extent they have an additive 
or super additive effect in disturbed homeostasis, due to lack e.g. 
ATP or other substances significantly important in the processes of 
neuronal transduction. Especially since applied on a large scale in 
pregnant for anesthesia/analgesia ketamine (nonselective inhibiting 
of iNMDARs), may cause neurodegenerative changes in the foetus. 
That is interesting to clarified, if the NMDAR is inhibited that 
endogenous Glu may act by uninhibited mGluR or this is the result of 
uncontrolled intracellular and/or mitochondrial receptors activation 
or perhaps damage to the cell structures (e.g. cell membrane). 
It is interesting investigate the molecular mechanisms of ketamine 
neurotoxic action on progenitor cells and definitive neurons of brain 
structures (hypothalamus, hippocampus and prefrontal cortex, 
certainly). Neurodegenerative action of ketamine will be verified with 
known Glu-derived excitotoxicity and to examination of different 
substances (DA, GABA, OXY) that may have a shielding effect on 
neurotoxic action of analyzed molecules. In particular, that some 
protection properties against glutamate neurotoxicity have been 
already demonstrated for dopamine [4]. There are also reports of 
existing interactions between Glu and GABA as well as Glu an OXY, 
both in humans and animals [5].
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Glutamate is widely used as a food flavor enhancer. It may 
gradually move to the CNS, and may cause time-dependent damage 
fetus neurons  and/or developing after birth, which in turns may 
resulted in neurodegeneration of the CNS structures responsible for 
motility and/or emotions organisms known form of degenerative 
diseases in humans and animals. Paradoxically NMDA inhibitors 
such as memantine or phencyclidine are designed to prevent or 
protect the structure of the brain from glutamate neurotoxicity.

The Neurotoxicity of Glutamate 
Contrary to the assertions of universal role of Glu as the main 

stimulating neurotransmitter, in excess it is unfortunately highly toxic 
to neurons. This negative influence of Glu is called neuroexcitotoxicity 
[16]. Even at low concentrations Glu supplementation to neuronal 
cultures, irreversibly destroyed them. Already in 1970 have been 
demonstrated that orally administered Glu causes degenerative 
changes in neurons. These conclusions caused a general alarm, 
because the Na-Glu is widely used as a food supplement. Is a well-
known Chinese restaurant syndrome, consisting of a sharp attack 
neck stiffness and pain in the chest, after a meal seasoned with this 
compound, but the possibility of neurotoxic action of Glu in this 
disease is rather hypothetical. To induce postneurotoxic failures 
(for experimental purposes) local injection of kainic acid is used. It 
stimulate local neurons to release of Glu (selectively stimulating both 
NMDA and mGlu receptors) which resulted in the death of neurons 
[17]. The primary factor in the development of Glu excitotoxicity is an 
excess of release Ca2+ ions. The mechanisms leading to this condition 
and to facilitate cell death they are:

*Glutamic acid stimulates NMDAR, AMPAR and mGluR. 
Activation of AMPA receptors depolarizes the cell, which unblocks 
NMDA channels [18], which allows to influx of free Ca2+ to the 
neuron. Depolarization of neuron fiber terminations opens Voltage-
Calcium Channels (VGCC), which intensify Glu release. Stimulation 
of mGluR Glu in turns causes the release of intracellular Ca2+ from 
endoplasmic reticulum. As a result of those changes Na+ passes into 
the cell and facilitating the entry of Ca2+ by stimulating the exchange of 
Ca2+/Na+. Depolarization inhibits the reuptake of Glu, and ultimately 
increasing extracellular concentrations of Glu.

*In homeostasis exists a mechanisms counteract increased [Ca2+]
i concentration, which operate by pumping Ca2+ outside the cell and 
indirectly by pumping Na+ ions.

•The mitochondria and endoplasmic reticulum act as capacious 
sinks for Ca2+ and normally keep [Ca2+]i under control. Loading of 
the mitochondrial stores beyond a certain point, however, disrupts 
mitochondrial function, reducing ATP synthesis, thus reducing the 
energy available for the membrane pumps and for Ca2+ accumulation 
by the endoplasmic reticulum. Formation of Reactive Oxygen Species 
(ROS) is also enhanced. This represents the danger point at which 
positive feedback exaggerates the process.

•Raised [Ca2+]i affects many processes, 
the chief ones relevant to neurotoxicity being: 
- increased Glu release

- Activation of proteases (calpains) and lipases, causing 
membrane damage. 

- Activation of Nitric Oxide Synthase (NOS); while low 
concentrations of nitric oxide are neuroprotective, high 
concentrations in the presence of ROS generate peroxynitrite and 
hydroxyl free radicals, which damage many important biomolecules, 
including membrane lipids, proteins and DNA.

- Increased Arachidonic acid release, which increases free radical 
production and also inhibits Glu uptake.

Glutamate and Ca2+ are arguably the two most ubiquitous 
chemical signals, extracellular and intracellular, respectively, 
underlying brain function, so it is disconcerting that such cytotoxic 
mayhem can be unleashed when they get out of control. Both are 
stored in dangerous amounts in sub cellular organelles, like hand 
grenades in an ammunition store. Defense against excitotoxicity is 
clearly essential if our brains are to have any chance of staying alive. 
Mitochondrial energy metabolism provides one line of defense, and 
impaired mitochondrial function, by rendering neurons vulnerable 
to excitotoxic damage, may be a factor in various neurodegenerative 
conditions, including Parkinson disease [above cit. accordingly to 
Rang et al. [19]].

The role of excitotoxicity in ischaemic brain damage is 
well established, and it is also believed to be a factor in other 
neurodegenerative diseases, such as those early was discussed [20].

References
1. Olney JW. Neurotoxicity of excitatory amino acids. In: Kainic acid as a Tool in 

Neurobiology. E.G. McGeer, JW Olney, PL McGeer (eds), Raven Press, New 
York, NY, USA 1978; 95-112. 

2. Olney JW, de Gubareff T. Glutamate neurotoxicity and Huntington’s chorea. 
Nature. 1978; 271: 557-559.

3. Kostic M, Zivkovic N, Stojanovic I. Multiple sclerosis and glutamate 
excitotoxicity. Rev Neurosci. 2013; 24: 71-88.

4. Vaarmann A, Kovac S, Holmström KM, Gandhi S, Abramov AY. Dopamine 
protects neurons against glutamate-induced excitotoxicity. Cell Death Dis. 
2013; 4: 455.

5. Riedl V, Bienkowska K, Strobel C, Tahmasian M, Grimmer T, Forster S, et al. 
Local activity determines functional connectivity in the resting human brain: a 
simultaneous FDG-PET/fMRI study. J Neurosci. 2014; 34: 6260-6266.

6. Gould BR, Zingg HH. Mapping oxytocin receptor gene expression in the 
mouse brain and mammary gland using an oxytocin receptor-LacZ reporter 
mouse. Neuroscience. 2003; 122: 155-167.

7. Meeker RB, Swanson DJ, Greenwood RS, Hayward JN. Ultrastructural 
distribution of glutamate immunoreactivity within neurosecretory endings and 
pituicytes of the rat neurohypophysis. Brain Res. 1991; 564: 181-193.

8. Durand D, Pampillo M, Caruso C, Lasaga M. Role of metabotropic glutamate 
receptors in the control of neuroendocrine function. Neuropharmacology. 
2008; 55: 577-583.

9. Silverman AJ, Zimmerman EA. Magnocellular neurosecretory system. Annu 
Rev Neurosci. 1983; 6: 357-380.

10. Pampillo M, del Carmen Díaz M, Duvilanski BH, Rettori V, Seilicovich A, 
Lasaga M. Differential effects of glutamate agonists and D-aspartate on 
oxytocin release from hypothalamus and posterior pituitary of male rats. 
Endocrine. 2001; 15: 309-315.

11. Morsette DJ, Sidorowicz H, Sladek CD. Role of non-NMDA receptors in 
vasopressin and oxytocin release from rat hypothalamo-neurohypophysial 
explants. Am J Physiol Regul Integr Comp Physiol. 2001; 280: 313-322.

12. Levin R, Edelman S, Shalev L, Ebstein RP, Hharesco-Levy U. The role of 
oxytocin in neuropsychiatric disorders: Concepts and mechanisms. In: 
M.S. Ritsner (ed.), Brain Protection in Schizophhrenia, Mood and Cognitive 
Disorders. Springer-Science+Business Media B.V. 2010; 611-634. 

http://www.amazon.com/Kainic-Acid-Neurobio-Edith-McGeer/dp/0890042799
http://www.amazon.com/Kainic-Acid-Neurobio-Edith-McGeer/dp/0890042799
http://www.amazon.com/Kainic-Acid-Neurobio-Edith-McGeer/dp/0890042799
http://www.ncbi.nlm.nih.gov/pubmed/146165
http://www.ncbi.nlm.nih.gov/pubmed/146165
http://www.ncbi.nlm.nih.gov/pubmed/23152401
http://www.ncbi.nlm.nih.gov/pubmed/23152401
http://www.ncbi.nlm.nih.gov/pubmed/23303129
http://www.ncbi.nlm.nih.gov/pubmed/23303129
http://www.ncbi.nlm.nih.gov/pubmed/23303129
http://www.ncbi.nlm.nih.gov/pubmed/24790196
http://www.ncbi.nlm.nih.gov/pubmed/24790196
http://www.ncbi.nlm.nih.gov/pubmed/24790196
http://www.ncbi.nlm.nih.gov/pubmed/14596857
http://www.ncbi.nlm.nih.gov/pubmed/14596857
http://www.ncbi.nlm.nih.gov/pubmed/14596857
http://www.ncbi.nlm.nih.gov/pubmed/1687373
http://www.ncbi.nlm.nih.gov/pubmed/1687373
http://www.ncbi.nlm.nih.gov/pubmed/1687373
http://www.ncbi.nlm.nih.gov/pubmed/18616955
http://www.ncbi.nlm.nih.gov/pubmed/18616955
http://www.ncbi.nlm.nih.gov/pubmed/18616955
http://www.ncbi.nlm.nih.gov/pubmed/6301350
http://www.ncbi.nlm.nih.gov/pubmed/6301350
http://www.ncbi.nlm.nih.gov/pubmed/11762705
http://www.ncbi.nlm.nih.gov/pubmed/11762705
http://www.ncbi.nlm.nih.gov/pubmed/11762705
http://www.ncbi.nlm.nih.gov/pubmed/11762705
http://www.ncbi.nlm.nih.gov/pubmed/11208557
http://www.ncbi.nlm.nih.gov/pubmed/11208557
http://www.ncbi.nlm.nih.gov/pubmed/11208557
http://link.springer.com/chapter/10.1007/978-90-481-8553-5_20
http://link.springer.com/chapter/10.1007/978-90-481-8553-5_20
http://link.springer.com/chapter/10.1007/978-90-481-8553-5_20
http://link.springer.com/chapter/10.1007/978-90-481-8553-5_20


Austin Therapeutics 1(2): id1012 (2014)  - Page - 03

Kania BF Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

13. Adolphs R. Is the human amygdala specialized for processing social 
information? Ann N Y Acad Sci. 2003; 985: 326-340.

14. Caldwell HK, Young WS. Persistence of reduced aggression in vasopressin 
1b receptor knockout mice on a more “wild” background. Physiol Behav. 
2009; 97: 131-134.

15. Lee BK, Lee DH, Park S, Park SL, Yoon JS, Lee MG, et al. Effects of KR-
33028, a novel Na+/H+ exchanger-1 inhibitor, on glutamate-induced neuronal 
cell death and ischemia-induced cerebral infarct. Brain Res. 2009; 1248: 22-
30.

16. Watkins JC, Jane DE. The glutamate story. Br J Pharmacol. 2006; 147: 100-
108.

17. Jelinger KA. Cell death mechanisms in neurodegeneration. Journal Cell 
Molecular Medicine. 2001; 5: 1-17. 

18. Huettner JE. Kainate receptors and synaptic transmission. Prog Neurobiol. 
2003; 70: 387-407.

19. Rang HP, Dale MM, Rittner JM, Flower RJ. Rang and Dale’s Pharmacology. 
6th Edn. Churchill Livingstone, Edinbourgh-London-NewYork-Tokyo. 2007. 

20. Lipton SA, Rosenberg PA. Excitatory amino acids as a final common pathway 
for neurologic disorders. N Engl J Med. 1994; 330: 613-622.

Citation: Kania BF and Wronska D. Excitatory Amino Acids Interaction and Neurotoxicity. Austin Therapeutics. 
2014;1(2): 1012.

Austin Therapeutics - Volume 1 Issue 2 - 2014
ISSN: 2472-3673 | www.austinpublishinggroup.com 
Kania et al. © All rights are reserved

http://www.ncbi.nlm.nih.gov/pubmed/12724168
http://www.ncbi.nlm.nih.gov/pubmed/12724168
http://www.ncbi.nlm.nih.gov/pubmed/19419666
http://www.ncbi.nlm.nih.gov/pubmed/19419666
http://www.ncbi.nlm.nih.gov/pubmed/19419666
http://www.ncbi.nlm.nih.gov/pubmed/19022230
http://www.ncbi.nlm.nih.gov/pubmed/19022230
http://www.ncbi.nlm.nih.gov/pubmed/19022230
http://www.ncbi.nlm.nih.gov/pubmed/19022230
http://www.ncbi.nlm.nih.gov/pubmed/16402093
http://www.ncbi.nlm.nih.gov/pubmed/16402093
http://www.ncbi.nlm.nih.gov/pubmed/12067447
http://www.ncbi.nlm.nih.gov/pubmed/12067447
http://www.ncbi.nlm.nih.gov/pubmed/14511698
http://www.ncbi.nlm.nih.gov/pubmed/14511698
http://www.us.elsevierhealth.com/category/rang-dale-pharmacology-paperback/9780443069116/
http://www.us.elsevierhealth.com/category/rang-dale-pharmacology-paperback/9780443069116/
http://www.ncbi.nlm.nih.gov/pubmed/7905600
http://www.ncbi.nlm.nih.gov/pubmed/7905600

	Title
	Letter to the Editor
	Interaction of Glutamate and Oxytocin (OXY)
	The Neurotoxicity of Glutamate 
	References

