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Abstract: Phospholipids (PLs) of neuronal membranes are active universal neuromodulators. They regulate many functions 

of the neurons, including receptors signaling, which during a hemorrhagic shock (HS) get damaged, leading to encephalopathy. 

An analysis of the data, presented in this review, suggests that the dysregulation of PL metabolism in synaptic membranes is a 

key mechanism of encephalopathy during HS. Stabilizing the PL composition of the neuronal membranes may become one of 

the most important treatment methods for shock-induced disorders of brain functions. 
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1. Introduction 

High vulnerability of the central nervous system at shock 

genicity exposures defines difficulty of restoration of its 

functions at HS. One of the important CNS damage elements 

in the post-resuscitation period of HS is the phenomenon of 

non-reinstatement of synaptic contacts between neurons, 

which occurs as a result of changes in the structure of the pre- 

and postsynaptic membranes [1]. Changes in receptor systems, 

processes of signal generation and transduction in the brain 

tissue during circulatory disorders and in the post-resuscitative 

period are the leading pathogenic components of post-ischemic 

encephalopathy [2]. It is known that brain activity is largely 

determined by the metabolism of PLs of neuronal membranes, 

which are active universal neuromodulators. Activation of 

phospholipases leads to the modification of the lipid bilayer of 

nerve endings. Metabolites of neuronal synaptic membranes 

PLs efficiently activate many membrane-associated enzymes, 

as well as, endocytosis and exocytosis of neurotransmitters and 

control pathogenic mechanisms of a number of 

neurodegenerative diseases [3, 4]. Disruption of membrane 

PLs significantly contributes to neuronal death at pathological 

conditions [5]. Based on the foregoing, research of PL 

metabolism features in synaptic membranes in various parts of 

the CNS seems promising in the development of new 

approaches to the treatment of HS. 

In this review we analyzed the mechanisms of PL 

metabolic disorders influence in synaptic membranes on 

processes of transmission in the frontal areas of the brain and 

medulla oblongata. In the frontal part of the brain is located 

the associative area of the cortex. The importance of studying 

the disorder mechanisms of compensatory ability of the cells 

of the medulla oblongata during HS is associated with the 

participation of the medulla oblongata structures in the 

regulation of vascular tone and coordination of blood 

circulation and respiration, as well with the regulation of 

activity of highest brain departments. 

In the medulla oblongata, there are nerve cells that contain 

neurotransmitters such as acetylcholine, catecholamines, 

serotonin, neuropeptides (including met- and leu-encephalin, 

substance P, somatostatin, neurotensin, cholecystokinin, 

vasoactive intestinal peptide, pancreatic polypeptide) [6], 

which demonstrate the complexity of regulating this part of 

the CNS. 

2. The Role of Phosphatidylinositol in 

Compensatory and Pathological 

Changes of Neurotransmission 

The general tendency of the phospholipids composition 

changes in synaptic membranes of the medulla oblongata and 
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frontal region of the brain during the early stages of HS is the 

reduction of phosphatidylinositol (PI) level [7, 8]. The 

metabolism of inositol-containing PLs is considered as the 

general transduction mechanism for extracellular signals, 

mediated by various biologically active substances, including 

neurotransmitters. The interaction of mediators, released 

from the presynaptic membrane, with the receptors of the 

postsynaptic membrane, forms the active receptor-ligand 

complex, which initiates neurotransmission along the way 

defined by the phosphorylated form of the PI. Considering 

that the activation of cholino- and adrenoceptors is a factor 

leading to the stimulation of phosphoinositide hydrolysis [9. 

10], we can deduce that adrenergic and cholinergic 

hyperactivity, induced by massive blood loss, leads to an 

accumulation of PI decay product - 

inositol-1,4,5-trisphosphate, - capable to activating the Ca
2+

 

channel for take Ca
2+

 from the extracellular space [11]. Since 

the hydrolysis of PI-4-phosphate and PI 4, 5-bisphosphate 

can occur at concentrations of Ca
2+

 in the cytoplasm of cells 

corresponding to the state of rest (about 10
-7

), while the 

hydrolysis of PI by phospholipase C requires higher 

concentrations of Ca
2+

, the initial increase of 

phosphoinositide hydrolysis, as result of massive hemorrhage, 

is necessary for the subsequent activation of PI hydrolysis. 

It has been shown that Ca
2+

-binding protein- neuronal 

calcium sensor-1 (NCS-1) - is presented in synaptic 

membranes and in the membranes of synaptic vesicles and 

participates in processes of neurotransmission [12, 13]. 

Against the background of activation of phospholipase C 

NCS-1 increases the agonist-induced and Ca
2+

-mediated 

transmembrane signaling. It is believed that either 

cytoplasmic NCS-1 or NCS-1 of vesicle membrane binds to 

PI 4-kinase, that is located on the plasma membrane and 

catalyzes the initial step of PI phosphorylation, by increasing 

enzyme activity. As consequence, there is an increase in 

formation PI 4-phosphate - a metabolite, of which PI 4, 

5-bisphosphate later is formed - major substrate for 

PI-specific phospholipase C. The regulatory role of 

hydrophobic diglycerides released from PI should also be 

noted as they remain in the membrane and at presence 

phosphatidylserine (PS) activate protein kinase C, which 

controls the synthesis and secretion of neurotransmitters and 

changes in receptor sensitivity [14]. The activation of 

PI-specific phospholipase C may be induced by the 

stimulation of metabotropic glutamate receptors and such 

activation depends on the availability of extracellular Ca
2+

 

[15]. In this aspect it is interesting to consider the hypothesis 

about the protective role of metabotropic glutamate receptors, 

considering that the activation of protein kinase C caused by 

stimulation of these receptors, leads to the phosphorylation 

(desensitization) of ionotropic NMDA-receptor [16], which 

play a leading role in the induction of ischemic damages due 

to their high affinity for excitatory amino acids (EAAs) and 

high permeability for Ca
2+

 [17]. The stimulation of 

phospholipase C, initiated by neurotransmitters, is regulated 

by GTP-activated by G-protein, which links the receptor 

stimulus with the signaling pathway inside the cell. 

G-protein-coupled receptor-mediated signaling is attenuated 

at activation of the processes, directed on desensitization. In 

these processes the initial role is played by the 

agonist-dependent phosphorylation of specific 

G-protein-coupled kinases, including protein kinases A and C 

[18, 19]. The stimulation of these kinases disturb coupling of 

the receptors with G-proteins, thereby attenuating the 

activating effect of agonists on the receptor-mediated 

activation of phospholipases, thus limiting the magnitude and 

duration of receptor signaling. There is also a model in which 

the activation of protein kinase C leads to an increase of 

phosphorylation of the protein that transfers PI from places 

of its intracellular synthesis into the plasmalemma, depriving 

this protein of transport function and thus being responsible 

for the inhibition of receptor signaling [20]. It is believed that 

when protein kinase C impairs the delivery of PI into the cell 

membrane, it reduces phosphoinositide synthesis and 

consequently, reduces phospholipase C-mediated signaling. 

The mechanisms of PI metabolites participation in 

regulation of the neurotransmission processes is of interest. 

In particular, the importance of PI 4, 5-bisphosphate in the 

regulation of signal transmission is defined by controlling of 

the reconstruction of protein-targets, which mediate the 

membrane transport (including endocytosis, exocytosis and 

binding vesicles), during its interaction with 

phosphoinositide-binding domains of these proteins [4, 20]. 

PI-monophosphate also possesses fusogenic activity, since a 

change in its concentration in the acceptor membrane has an 

effect on the physical and chemical properties of the receptor 

environment and thus regulates their interaction with 

mediator vesicles [21]. The fusogenicity of PI 4-phosphate 

and PI 4, 5-bisphosphate undoubtedly increases the affinity 

of the receptors towards ligands in the frontal part of the 

brain and medulla oblongata on the early stages of HS. 

Furthermore, PI-4, 5-bisphosphate inhibited the ability of 

β-adrenergic receptor kinases 1 and 2 to phosphorylation 

(desensitization) of agonist-occupied m2 muscarinic 

acetylcholine receptors [22], what may be one of cholinergic 

hyperactivity mechanisms during the development of HS. It 

is known that the stimulation of the synthesis of PI 

4-phosphate is connected with a Ca
2+

-mediated increase in 

release of noradrenaline and glutamate [13]. Thus consider, 

that the activation of PI-4-kinase, providing a substrate for 

the synthesis of PI 4,5-bisphosphate, mediates the opening of 

voltage-dependent Ca
2+

 channels of P/Q and N-types, which 

regulate the exocytosis of neurotransmitters in nerve endings. 

Furthermore, inositol 1, 4, 5-trisphosphate, plays a large role 

in signal transduction, promoting increase in neurotransmitter 

release from nerve endings through Ca
2+

-dependent pathway 

[11]. The inositol 1, 4, 5-triphosphate-dependent pathway of 

mediators exocytosis increase is described, in particular, for 

the mechanism of activation of muscarinic cholinergic 

receptors [23]. 

A boost of PI catabolism may be caused by influence of PI 

3-kinase, which plays a crucial role in the regulation of 

systemic blood pressure. Increased expression of PI 3-kinase 

in brain leads to an increased adrenergic stimulation induced 
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by angiotensin II [24]. PI 3, 4, 5-trisphosphate and PI 3, 

4-bisphosphate are key components of the signaling pathway 

which prevents apoptosis. 

There are at least three distinct PI-specific phospholipase 

D isozymes, which control the breaking down of PI 3, 4, 

5-trisphosphate up to inositol 3, 4, 5-trisphosphate [25]. 

These PI-specific phospholipases D are Ca
2+

-dependent. It is 

believed that the activation of PI-specific phospholipase D 

promotes a transient increase in the content of phosphatidic 

acid (PA), by a way, different from way of 

phosphatidylcholine (PC)-specific phospholipase D. In this 

connection, the role of PA in enhancing the formation of 

superoxides through the stimulation of NADPH-oxidase 

becomes interesting [26]. It is possible, however, to believe 

that the activity of superoxides in the synaptic membranes of 

the medulla oblongata, in the early stage of development of 

HS, in a certain way, is limited due to the high content in 

these membranes of PC [7] possessing the antioxidant 

properties [27]. It is generally believed that the activation of 

PI-specific phospholipase D is a risk factor of pathological 

conditions. On the other hand, 3-phosphatase 

dephosphorylates PI 3, 4, 5-trisphosphate up to a secondary 

messenger – PI 4, 5-bisphosphate, which undoubtedly 

promotes neurotransmission increase. 

Decrease of PI level in synaptic membranes on early stage 

of HS may be caused by activation of phospholipase A2, 

which is active both with an increase in the concentration of 

Ca
2+

 and in its absence under the condition that PI 

metabolites are present [28]. The activation of both isoforms 

of phospholipase A2 is partly the mechanism mediating the 

change of properties of AMPA-sensitive glutamate receptors, 

playing an important role in the modulation of 

neurotransmission [29, 30]. It is possible also to note the role 

of phospholipase A2 in enhancing the secretion of 

neurotransmitters in the nervous system, mediated by 

independent of Ca
2+

 liberation of fatty acids (especially 

arachidonic) from the PLs of the synaptic membranes, which 

initiates the fusion of the mediator vesicles with the acceptor 

[31]. It is believed that phospholipase A2 plays a crucial role 

in cell damage in CNS, given its importance in the preferable 

hydrolysis of PLs, containing arachidonic acid, which has 

both physiological and pathophysiological importance. 

Considering the involvement of PI metabolites – PI 3, 4, 

5-trisphosphate and PI 4, 5-bisphosphate - in the signaling 

mechanisms that prevent the development of apoptosis [25], 

it can be expected that the formation of phosphorylated 

derivatives of PI in combination with the release of 

arachidonic acid concerns mechanisms, promoting the 

development of inflammatory processes in the neurons of the 

medulla oblongata during HS. Furthermore, it is known that 

arachidonic acid is a regulator of cellular processes such as 

the activation of protein kinase C and the modulation of ion 

channels activity [28]. Arachidonic acid stimulates 

NMDA-receptors and enhances glutamate concentration in 

the synaptic cleft through increase in its release and/or 

through reuptake blockade [32, 33]. It can directly affect the 

integrity of the membrane, acting as a detergent. Thus, the 

initial reduction of PI level in the synaptic membranes of the 

frontal part of the brain and the medulla oblongata during the 

initial stage of HS [7, 8] may be associated with an increased 

secretion of neurotransmitters - noradrenaline and 

acetylcholine, - induced by blood loss and may be reflexion 

of the existence of the of critical cellular mechanisms which 

control the modulation of the excitability of neurons and are 

ways to maintenance of their viability. Moreover, adrenergic 

and cholinergic hyperactivity of the CNS can be considered 

as one of the mechanisms of receptors stimulation of EAAs, 

what is consistent with the existing ideas about the 

significance in the regulation of these receptors work of 

adrenergic and cholinergic influences [34, 35]. The activation 

of metabotropic glutamate receptors, apparently, significantly 

contributes to enhancing compensatory mechanisms of 

neurotransmission. It is possible that an increased 

metabolism of PI of the synaptic membranes is a factor 

limiting the impact of the excitatory neurotransmitters on the 

neurons and represents one of the protection key features of 

neurotransmission pathways in the frontal part of the brain 

and medulla oblongata during a developing HS. A relative 

weakening of the metabolism of PI in the synaptic 

membranes of the medulla oblongata is observed in later 

stages of HS [7]. It is possible that this fact is partly due to 

the activation of ionotropic glutamate receptors, since this 

activation causes inhibition of various metabotropic receptors, 

including glutamate and muscarinic receptors which 

mediated phospholipase C activation [36]. A characteristic 

feature of the changes in the composition of PLs in the 

synaptic membranes of the frontal part of the brain during the 

late stage of HS is the considerable increase in the 

concentration of PI [7] that specifies in a significant 

inhibition in the activity of phospholipase C. In connexion 

with this, data about the delayed post-ischemic regional 

decrease in phospholipase C expression in the brain are of 

interest [37]. Authors of this research connect this fact with 

definitive degradation of dendrites. 

3. Dysregulation of Phosphatidylcholine 

Metabolism and Weakening of 

Neurotransmission 

The depletion of PC may be considered as one of the main 

factors damaging synaptic membranes of the medulla 

oblongata that can be observed in the late stages of HS [7]. A 

range of mechanisms of the PC hydrolysis modulation - 

independent on the activity of protein kinase C and 

conversely dependent on it, - have been described. In 

particular, it is known that during cholinergic hyperactivity 

and the increased demand in the acetylcholine precursor - 

choline - the stimulation of PC- specific phospholipase D, 

controlling the formation mechanism of acetylcholine from 

PC in the cell membranes of CNS, becomes important [38]. 

There is also an activation mechanism for this enzyme, 

connected with stimulation of α1-adrenergic receptors [39]. 

Furthermore, the role of glutamate in the activation of 
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PC-specific phospholipases A2, C and D has been described 

[40]. Protein kinase C is characterised by dual influence on 

the catalytic activity of phospholipase D. On the one hand, 

protein kinase C stimulates phospholipase D (the path that 

does not require ATP), and on the other hand - the 

phosphorylation by protein kinase C of this enzyme 

correlates with its inhibition [41, 42]. Taking into 

consideration the energy deficit, typical for later stage of HS, 

the dominance of the stimulating effect of protein kinase C 

on the PC metabolism in the synaptic membranes of the 

medulla oblongata can be expected for this period. 

A fall in the level of PC in the synaptic membranes of the 

frontal part of the brain occurs in the early stages of the HS 

[8] and is combined with a decrease in the concentration of 

PI. In connexion with this are of interest the observations, 

that during increase of the neurotoxic processes the increase 

in the hydrolysis of PI is an initial step of Ca2
+
 -dependent 

processes, which lead to the damage of the structure of the 

neurons [4]. It was found that the mobilization of the 

PI-dependent signaling pathway is often accompanied by the 

activation of PC-specific phospholipase D [44]. The 

metabolite of the PI – PI 4, 5-bisphosphate - is a special 

activator of this enzyme. On the other hand, it should be 

noted that activation of the PC-specific phospholipase D 

increases the release of PA from PC. Observations on the 

ability of PI 4, 5-bisphosphate to activate PC-specific 

phospholipase D and the data on the participation of PC in 

the activation of PI 4-phosphate kinase formed the basis of 

the model in which the formation of PA and PI 4, 

5-bisphosphate take part in the circuit, which plays an 

important role in fusion of vesicles with acceptor membranes 

[45]. It is believed that the interaction of the mediators with 

acceptors of membranes activates the brain  membrane 

phospholipase D. This leads to the release of PA from PC, 

accompanied by an increased activity of PI 4-phosphate 

5-kinase, presumably localized on the acceptor membrane. 

This fact is considered as the cause for the increase in the 

formation of PI 4, 5-bisphosphate, which activate the 

PC-specific phospholipase D. The metabolic pathway 

described can cause very rapid and profound changes in the 

lipid composition of the membranes, accompanied by the 

formation of micro domains depleted in PI and later on - in 

PC. At a late stage of HS, the PC level in the synaptic 

membranes of the frontal part of the brain are normalized [8]. 

This circumstance may be the result of an increased energy 

deficit, that prevent the phosphorylation of PI. The foregoing 

suggests that membrane PI metabolism plays a key role in the 

regulation of the functional activity of the frontal part of the 

brain. 

The high biochemical activity of PC metabolites allows to 

consider the decrease of this PL level in synaptic membranes 

among the key factors that trigger the weakening of 

neurotransmission in the brain during HS. In this connexion 

PC seems to play an important role in the stimulation of 

superoxide formation [26]. Given that PC is the main PL in 

cell membranes, the enhanced damaging effects of another 

metabolite PC - arachidonic acid - can be expected. It should 

be noted that arachidonic acid and diglycerides released from 

the PC are activators of protein kinase C [28]. 

It is known that stimulation of NMDA-receptors, 

mediating the release of choline from PC; prevent the 

inclusion of this metabolite back to the PC, inhibiting the 

activity of choline phosphotransferase. This path of 

glutamatergic activation precedes death of neuronal cell [46]. 

Therefore, it is possible that in late stages of HS in the 

synaptic membranes of the medulla oblongata may be a 

disturbance of PC synthesis through the CDP-choline 

formation - metabolic pathway, which is fundamental in the 

synthesis of PC in the brain [47]. Depletion of PC in synaptic 

membranes can be seen as a increase factor of nonspecific 

permeability of the neurons, mediating their swelling. 

Medulla oblongata is subjected to the greatest damaging 

action. 

4. Dysregulation of the 

Phosphatidylethanolamine 

Metabolism and Excitotoxicity 

In the synaptic membranes of neurons the metabolic 

pathway of phosphatidylethanolamine (PE) has an important 

physiological significance. It is controlled by 

N-methydyltransferase and is related to the synthesis of PC, 

participating in the formation of the acetylcholine precursor - 

choline. Increased level of PE, and low content of PC are a 

distinctive feature of the changes in the PLs spectrum of the 

synaptic membranes of the frontal part of the brain and 

medulla oblongata during the development of HS [7, 8]. This 

circumstance does not exclude possibility of slowing down 

the process of methylation of PE in the nerve endings. This 

may be due to the accumulation of cytoplasmic Ca
2+

, which 

observed in neurons after massive blood loss [48]. Ca
2+

 

inhibits the activity of phosphatidylethanolamine-specific 

N-methyltransferase [49], that may be accompanied by a 

further complication in the synthese of PC. 

N-methyltransferase has a specific role in regulating the 

activity of nerve cells. In particular, the methylation of PLs is 

considered as an important mechanism for the transmission 

of nerve impulses, mediated through amino acids [50] using 

which, nerve cells regulate the concentration of amino acids 

in neurons. The high level of methylation of PLs in the 

synaptic membranes is accompanied by a decrease in the 

capture of EAAs by the nerve endings, while at low level of 

PLs methylation the inhibition of EAA capture is decreased 

[50]. Therefore, the PE accumulation in synaptic membranes 

during the development of HS can be accompanied by 

qualitative changes of its metabolites, which bypass an 

transporter-molecule of EAAs. This circumstance can 

facilitate interaction of EAAs with receptors. Thus, it is 

believed that metabolic disturbances of PE metabolism in the 

synaptic membranes during the development of HS are a 

fundamental mechanism of neurotoxic damage to brain 

neurons. 
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5. Dysregulation of Phosphatidylserine 

Metabolism and Encephalopathy 

PS is an annular PL of opiate receptors and can bind opioid 

peptides. Given the fact that the capture of opioid peptides by 

receptors at action on the synaptic membranes of the 

PS-specific carboxylase is inhibited [51], it is possible that 

the PS depletion in the synaptic membranes of the frontal 

part of the brain and medulla oblongata in later stages of HS 

[7, 8] is accompanied by decrease in the coupling of 

endogenous peptides with the receptors. Data on the 

reduction of the content of the PS in the synaptic membranes 

during HS is consistent with the idea that cholinergic 

activation, which accompanies, in particular, massive blood 

loss, reduces the action of opioid peptides on neurons in the 

brain by reducing their specific binding to the cell membrane 

[52]. On the other hand, the opioid peptides are inhibitors of 

glutamate release through pathway of cellular signaling 

mediated by the activation of phospholipase A2 [53]. Thus, it 

is possible that synaptic membrane depletion in PS in the 

frontal part of the brain and medulla oblongata is a 

mechanism that increases the entrance of glutamate into the 

synaptic cleft and excessive accumulation of EAAs in 

extracellular fluid, as observed in the brain during prolonged 

hypotension [54]. 

It is known that PS has an important role in the 

mechanisms of activation of protein kinase C, which due to 

ionic interactions with this PL, is connect with the plasma 

membrane and is remains in it [55]. Consequently, the PS 

depletion in synaptic membranes prevent an input in them of 

cytoplasmic protein kinase C, weakening its activity in these 

sites of the neurons and, as a consequence, promotes increase 

of EAA excitotoxicity. Reduced level of PS in the synaptic 

membranes of the frontal part of the brain can be regarded as 

a key factor in the development of encephalopathy during HS 

because this PL has an important role in the mechanisms of 

memory and cognitive functions. Exogenous PS significantly 

improves memory, ability to training, the concentration of 

attention, and psycho-emotional condition [3, 56, 57]. 

Thus it can be assumed that decreased level of PS in the 

synaptic membranes is a factor that strengthens the 

degenerative processes in the frontal part of the brain and in 

the medulla oblongata on later stages of HS, which associate 

with the activation of glutamatergic neurotoxic processes. 

These mechanisms presumably to have a particularly 

damaging effect on the neurons of the frontal lobe of the 

brain in late stages of HS, while compensatory recovery in 

PS levels occur in the medulla oblongata at this stage in the 

synaptic membranes [7, 8]. 

6. Damaging Effects of 

Lysophosphatidylcholine 

Glutamatergic hyperactivation, accompanied by the 

stimulation of phospholipase A2 is presumably the main 

cause of the accumulation of an active metabolite of PC - 

lyso-PC - in the synaptic membranes of the medulla 

oblongata in late stage of HS [7]. Accumulation lyso-PC can 

cause rapid entry of Ca
2+

 from the extracellular environment 

into the cytosol and increase of the mobilization of 

intracellular Ca
2+

 [58, 59]. Lyso-PC influences this process as 

through the stimulation of phosphorylation of phospholipase 

C [60], as well without the hydrolysis of phosphoinositides, 

at damaging of cell membranes. It is possible that the 

stimulating effect of lyso-PC on the activity of phospholipase 

C defines the normalization of PI level in the synaptic 

membranes of the medulla oblongata in later stage HS (7). 

However, it is known that lyso-PC dose-dependently inhibits 

PI kinase and PI 4-kinase [61]. Lyso-PC exhibits properties 

of inhibitor of cytidine triphosphate (CTP): 

cholinephosphat-cytidyltransferase, of enzyme, which 

possesses a high importance for the synthese of PC in the 

brain [47]. Moreover, lyso-PC is capable to stimulating of 

enzymes controlling the catabolism of PC, since it increases 

the activity of phospholipase D [62] and promotes the 

translocation of phospholipase A2 from the cytosol into the 

membrane [63]. Therefore, the accumulation of membrane 

lyso-PC can be considered among the causes of the depletion 

of PC in the synaptic membranes of the medulla oblongata on 

late stage of HS. 

7. Conclusion 

A reduction in the level of PI is a general feature of 

changes of the PLs composition of the synaptic membrane of 

the frontal lobe of the brain and the medulla oblongata during 

the initial stages of development of HS. This is appears to be 

largely determined by increased cholinergic, adrenergic, and 

glutamatergic stimulation. PI catabolism, in turn, initiates a 

series of activation mechanisms of neurotransmission that 

can be considered as compensatory-adaptive. Dysregulation 

of membrane PI metabolism is a crucial damaging pathway 

for neurotransmission in the frontal part of the brain during 

the late stages of HS. Decrease of PE decay throughout the 

development of HS and the depletion of PS in the late stages 

of HS are key mechanisms of damage of the synaptic 

membranes of the frontal lobes of the brain. This change of 

synaptic membranes structure mediates the activation of 

glutamatergic neurotoxic processes. Given the nootropic 

function of PS, a decrease in its level in the synaptic 

membranes during HS seems like a crucial mechanism of 

posthemorrhagic cognitive impairment. The depletion of PC 

and accumulation of lyso-PC in the synaptic membranes of 

the medulla oblongata can be considered as the main 

damaging factors of the brain showing the importance of the 

hyperactivity of the cholinergic nervous system in the 

pathogenesis of functional disorders CNS. Depletion of 

membrane PS and the accumulation of membrane PE in later 

stage of HS points at the characteristic features of 

PL-dependent initiation of glutamatergic hyperstimulation in 

the medulla oblongata. 

Thus, the foregoing suggests that the dysregulation of PL 

metabolism in the synaptic membranes is a key mechanism 
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of encephalopathy at HS. The normalization and stabilization 

of the PL composition of the neuronal membranes may be an 

important treatment of shock-induced disorders of brain 

functions. 
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