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Abstract:
Glycogen metabolism has important implications for the functioning of the brain, especially the cooperation
between astrocytes and neurons. According to various research data, in a glycogen deficiency (for example
during hypoglycemia) glycogen supplies are used to generate lactate, which is then transported to neighboring
neurons. Likewise, during periods of intense activity of the nervous system, when the energy demand exceeds
supply, astrocyte glycogen is immediately converted to lactate, some of which is transported to the neurons.
Thus, glycogen from astrocytes functions as a kind of protection against hypoglycemia, ensuring preservation of
neuronal function. The neuro protective effect of lactate during hypoglycemia or cerebral ischemia has been
reported in literature. This review goes on to emphasize that while neurons and astrocytes differ in metabolic
profile, they interact to form a common metabolic cooperation.
Lactate concentration is reduced in the cerebral cortex in type 2 diabetes, in connection with the inhibition of
glycogen degradation. Lower amounts of lactate are also due to the presence of a glycogen phosphorylase
inhibitor. Glycolysis is activated in the presence of a glycogen phosphorylase inhibitor
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___________________________________________________________________________
Introduction
For decades, glucose has been thought to be the biggest factor affecting the human brain, because it is
the main energy substrate. When the body is in a state of energy depletion the supply of glucose may
be limited, which in turn can lead to a critically reduced level of cerebral extracellular glucose
(Bouzat, Sala, Suys, Zerlauth, Marques-Vidal, Feihl, Bloch, Messerer, Levivier, Meuli, Magistretti, &
Oddo, 2014). Cureton, Kwan, Dozier, Sadjadi, Pal, and Victorino (2010) and Smith, Pernet, Hallett,
Bingham, Marsden, and Amiel (2003) suggest that glucose is not the only important energy substrate
for energy metabolism and that lactate is just as crucial. However, some researchers consider that
lactate is not a crucial energy substrate to the brain for energy metabolism due to the impression that
lactate is just a waste product from glycolysis (Bouzat & Oddo, 2014; Dienel, 2014; Jalloh, Helmy,
Shannon, Gallagher, Menon, Carpenter, & Hutchinson, 2013; Rice, Zsoldos, Chen, Wilson,
Alessandri, Hamm, & Bullock, 2002) or due to lactate being impermeable to the blood-brain barrier,
suggesting that it is a useless energy substrate (Schurr, Payne, Miller, & Rigor, 1997). Conversely, in
the past decade research has been completed that suggest “neurons can carry out synaptic functions
with only lactate as the available source” (Rice et al., 2002; Schurr et al., 1997; Schurr, 1998, Schurr,
1999). This concept helps to propose that lactate is an acceptable fuel for neurons. Lactate has started
becoming just as important, if not more important than glucose in regards to traumatic brain injuries.
In individuals with traumatic brain 4 injury, lactate levels in extracellular fluid begin to increase
whereas glucose levels decrease. This poses the idea that lactate may be preferentially produced by
injured tissue (Rice et al., 2002).
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Figure.1. Lactate binding in neuron and astrocyte
Traumatic Brain Injury
Traumatic brain injuries are a major health problem and is a leading cause of mortality and disability,
(Maas, Stocchetti, & Bullock, 2008) this is partially due to there being no cure for traumatic brain
injury (Rice et al., 2002). Every year more than 50,000 individuals die due to traumatic brain injury,
and an additional 70,000- 90,000 individuals are permanently disabled (Rice et al., 2002; Thurman &
Guerreo, 1999). The World Health Organization predicts that by the year 2020 traffic deaths will be
the third greatest cause of injury, and traumatic brain injury mainly occurs because of traffic accidents
(Maas et al., 2008). Thus, while there is no cure for traumatic brain injuries, it is important to reduce
the damage that can occur in the brain as a result of a traumatic injury (Rice et al., 2002). A traumatic
brain injury results from an outside force causing tissue damage and from that damage, many different
cellular processes occur following the initial force that caused the injury. Even in severe cases of
traumatic brain injury, the damage that is caused is not necessarily evident on a CT scan of the brain,
suggesting that there is a great impact on the neurological and cellular function of the brain
(Carpenter, Jalloh, and Hutchinson, 2015). There are two classifications of brain injury, primary
damage and secondary damage. Both primary and secondary damage include the shearing of whitematter tracts, focal contusions, intracerebral and extra cerebral hematomas, and diffused swelling
(Fillenz, 2005). Secondary damage is more severe than primary damage and the mechanisms can last
and develop progressively. Primary damage is physical damage to the tissues and vessels (Haddad &
Arabi, 2012).
Astrocyte-Neuron Lactate Shuttle
The first researchers to discover that astrocytes could uptake glucose and in turn convert that into
lactate were Pellerin and Magistretti (1994). This process, which is termed the astrocyte-neuron
lactate shuttle was one of the first processes that challenged the idea that lactate was not just a waste
product. Once lactate is 7 produced, it is transported to various neurons to be used in the tricarboxylic
cycle. The astrocyte-neuron lactate shuttle suggests neurons that are activated use lactate that is
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provided by astrocytes in the body (Fillenz, 2005; Jalloh et al., 2013; Smith et al., 2003; Tanaka,
Nakamura, Mizokawa, Matsumura, Matsumura, Murata, Shigematsu, Kageyama, Ochi, & Watanabe,
2004). The astrocyte-neuron lactate shuttle is a controversial topic, due to the fact that the studies
conducted look into in vitro experiments, which are done in the laboratory, and not in vivo, which is
in the body, whether it is in animals or humans. It is hypothesized that there is an increase in lactate
due to the uptake of glutamate (Fillenz, 2005). Lactate that is produced in astrocytes gets transported
into neurons, and this transportation helps with neuron function when the brain is under glucose
deprivation (Tanaka et al., 2004).

Figure.2. The process of getting lactate into neuron
Lactate and the Benefits of Lactate
Lactate is released during anaerobic metabolism; and cells in the brain can use lactate as another
energy source (Cureton et al., 2010; Jalloh et al., 2013). Lactate is used as a signaling function in the
brain for both hypoperfusion and shock. Elevations in lactate could be due to ischemia, hypoxia, or
medications an individual is taking (Bouzat & Oddo, 2014; Cureton et al., 2010). Lactate can signal to
increase the blood flow and fuel that is being delivered to the brain. It has been thought that lactate is
unable to cross the blood brain barrier, deeming it useless as an energy substrate (Schurr et al., 1997).
However, many researchers, including Chen et al. (2000), Schurr et al. (1997), Smith et al. 8 (2003)
have discovered that the impermeability of lactate through the blood brain barrier, and that the
majority of lactate that an adult brain consumed was produced by cerebral glycolysis during oxygen
deprivation. Previous studies have indicated that after a traumatic brain injury lactate may cross the
blood brain barrier in increased levels (Chen et al., 2000) and that lactate can cross the blood brain
barrier with a permeability of nearly 50% that of glucose (Smith et al., 2003). It has also been
discovered that the production and accumulation of lactate occurs not only when the brain is lacking
oxygen, but also under cerebral stimulation under normal oxygen conditions. Suggesting that the brain
is responsible for producing lactate alone, and without the assistance of the lactate that crosses
through the blood brain barrier (Schurr et al., 1997). Brain lactate appears to fuel the recovery of
synaptic function (Chen et al., 2000; Phillis, Song, Guyot, & O’Regan, 1999). The discovery that
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lactates can maintain synaptic function in the brain suggests that lactate acts as a non-glucose fuel in
neurons (Tanaka et al., 2004). Studies have shown that lactate causes an increase in vasodilation,
which is the widening of blood vessels in the brain (Yamanishi, Katsumura, Kobayashi, & Puro,
2006). As lactate is increasing in the brain lactic acidosis occurs, which is a condition in which tissue
in the body has a low pH and there is a buildup of lactate. Lactic acidosis accounts for reduced
cerebral blood flow during reperfusion due to the swelling of endothelial cells (Phillis et al., (1999).
Materials and methods
Enzyme activity analyzes will be performed using the spectrophotometric method and the
electrophoresis method. The research has made at the Traumatology Center at Clinical Hospital
Tetovoand Clinical Hospital Skopje and in the research laboratory of Faculty of Medical Science,
University of Tetovo correspond to the results provided by WHO. These results will give a real
insight into the clinical condition of the researched patients and will contribute to their accurate
diagnosis.
Venous blood delivery
Blood from the vein is taken when more blood is needed for laboratory, biochemical and hormonal
analyzes.
Blood is mostly taken from the cubic vein or any other available vein.
At the beginning the arm is connected to the esmeraline and then disinfected with wad with selected
vein alcohol and bristled with the needle thread.
Depending on what tests are required for serum, platelet or blood elements, we can detect tubes
without dry (dry) and anticoagulant (EDTA, sodium citrate, heparin, etc.).
-

For serum, we need dry tubes
For plasma - anticoagulant tubes
For blood components - anticoagulant tubes

After the blood serum collection the test tube is centrifuged in the centrifuge - the hitachi 6000
rotations per minute lasts 5 - 10 minutes. While plasma and blood elements, respectively, with
anticoagulants, should be carefully mixed from one side to the other, so that the blood components are
not hemolytic.
Results
In this research are involved total of 55 patients where 35 of the patients was with cerebral injury and
25 of the patients was with cerebral stroke. The results are taken from the analyses of lactate
dehydrogenase during cerebral injuries in time period of 24 hours, 48 hours and 72 hours.
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Prevalence of lactate dehydrogenase in patients with cerebral stroke,
cerebral injuries and in control patients
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Graph.1. Prevalence of lactate dehydrogenase in patients with cerebral stroke, cerebral injuries
and in control patients
In the graphic was shown the results for patients who were detected the level of lactate dehydrogenase
during brain injuries. We saw that patients with cerebral injuries have an increased level of lactate
dehydrogenase.

Prevalence of lactate dehydrogenase during 24h-72h in patients
with cerebral stroke and cerebral injuries
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Graph.2. Prevalence of lactate dehydrogenase during 24h-72h in patients with cerebral stroke
and cerebral injuries
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From the obtained results, enzymatic activity of dehydrogenase lactate was increased in the second
groups of patients, except that in patients with cerebral insult the activity of this isoenzyme was higher
for 10-20%.
Discussion and Conclusion
To summarize the current evidence, this review shows that brain energy metabolism involves more
complex mechanisms than were previously thought. Interactions between astrocytes and neurons have
the purpose of not only meeting the energy needs of these cells, but are also important in the control
of many important brain functions such as homeostasis of the body or memory consolidation.
Metabolic disorders in the interactions between neurons and astrocytes can cause neurodegenerative
disorders and a number of other pathologies. New therapeutic options in order to preserve or
strengthen the neuroprotective function of astrocytes may set new directions for research. Along with
the findings suggest that the injured human brain is able to metabolize lactate through the
tricarboxylic acid cycle. Gallagher et al. (2009) used microdialysis, a crucial factor for the
measurement of endogenous molecules and the monitoring of cerebral metabolism to assist in
determining the way that the brain used lactate. Microdialysis is used in a lot of research, and has
helped to increase the understanding of brain injuries and the pathophysiology of the brain when an
injury occurs.

Figure.3. Reaction of lactate dehydrogenase during cerebral injuries
(http://www.labpedia.net/test/98)
From our research and our conclusion we saw that the patients who were detected the level of lactate
dehydrogenase during brain injuries. We saw that patients with cerebral injuries have an increased
level of lactate dehydrogenase. Also enzymatic activity of dehydrogenase lactate was increased in the
second groups of patients, except that in patients with cerebral insult the activity of this isoenzyme
was higher for 10-20%.
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