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Editorial
World is experiencing a consistent and steady increase in the ageing

population with even higher proportional differences in the developed
countries. Increase in ageing populations is directly correlated with the
increased prevalence of age-related degenerative diseases of the central
nervous system (CNS) such as Alzheimer’s disease and various other
forms of dementias, stroke, Parkinson’s disease, retinal degenerative
disorders, Huntington’s’ disease, multiple sclerosis, psychiatric and
behavioural disorders amongst others [1]. The brain also undergoes a
number of functional and structural changes during ageing, even when
no contributing disease factors or genetic associations exist. A basic
trait of ageing is impairment in cellular signalling pathways mediating
requirement based cellular energy metabolism. This energy deficiency
exerts a chronic negative impact on cellular functions and manifests
itself in the form of degenerative processes in the CNS such as
decreased clearance and repair of damaged proteins and nucleic acids,
protein aggregates and other cellular debris. Brain and retina have
highest energy requirements compared to all other tissues making
them exceptionally vulnerable to metabolic stresses and therefore
availability of energy substrates leading to optimal energy homeostasis
is critical in these tissues [2]. Energy regulation in the brain is a major
research area that includes the study of the transformation of energy
substrates in cells and several associated biochemical processes like
respiration and production and utilization of energy in the form of
ATP. Since Peter D. Mitchell's discovery of ATP generation in the
cellular organelles like mitochondria [3], many groups have identified
various aspects of cellular survival, synaptic network formation,
development, plasticity and neuronal function as some of the critical
processes in living organisms that require steady supply of energy
generation and utilisation.

During the last decade multiple groups have provided evidences
about how changes in energy regulation and its impairment can have a
modulatory impact on brain and retinal functions ranging from altered
synaptic plasticity and network formation to developmental changes.
Energy imbalance can also significantly alter the coupling of neuronal
cells with glial cells and oligodendrocytes [4]. Glucose is recognised as
the primary energy source but lactate, pyruvate and beta-
hydroxybutyrate are some of the other substrates that mediate ATP
generation in the CNS. Various growth factors and neurotropins play
essential role in the maintenance of effective energy equilibrium in the
neuronal tissues by their regulatory actions on glycolytic pathway,
mitochondrial function as well as cellular uptake of energy substrates
[5,6]. Neuronal energy demands are met by ATP production which in
turn is linked to optimal energy substrate endocytosis and expenditure.

Receptor mediated glucose uptake by neurons is tightly linked to
activation of IR/IGF1R, EGFR and neurotropin pathways [7,8]. Their
downstream effectors like PI3K/ Akt, MEK/Erk1/2 and PLCγ/ PKC/
NFκB in turn regulate various enzymatic catalytic steps involved in
ATP generation [9-11]. Cellular signalling pathways extensively cross-
talk with enzymes responsible for ATP production in the cytoplasm
and mitochondria and regulate their activity through
phosphorylation / dephosphorylation cascades involving various
receptor and non-receptor phosphatases and kinases [12,13]. This line
of research using cell biology and various animal models has helped to
identify the mechanisms underlying regulation of metabolic
machinery by the cellular signalling pathways. Human studies have
also helped understand the association of brain cognitive and
behavioural changes with metabolic disorders that primarily affect
energy metabolism such as diabetes. Recent studies further suggest
that modulating calorie intake helps preserve brain function and
improve cognition and reduce the risk of various neurodegenerative
disorders [14]. Nutritional changes to promote ketogenesis by altering
the dietary ratio of protein / carbohydrate and lipids have also been
shown to exert neuroprotective effects by providing higher quantities
of ATP and phosphocreatine and inducing an increase in the
mitochondrial number in the cells [15].

Other studies have reported various pharmacologically bioactive
compounds such as Tropomyosin kinase receptor B (TrkB) agonists
that help to modulate or preserve brain and retinal function.
Modulators of neurotropin signalling such as 7,8 dihydroxyflavone and
Deoxygedunin can activate Akt and Erk pathways which in turn
modulate the activity of various phosphatases and kinases that play a
role in cellular energy metabolism [16,17]. Apart from
pharmacological approaches, gene therapy to modulate the
neurotropin signalling can be used to target key enzymes involved in
ATP generation as well as their upstream regulators and downstream
effectors. Genetic approaches have already reached clinical practice in
retinal disorders using AAV therapy in Leber’s Congenital Amaurosis
(LCA) [18]. The great advantage in using AAV is that it poses minimal
antigenic responses and ensures long-term expression of the gene in
the neuronal cells. In this regard, AAV9 serotype is particularly of the
essence as it can cross the blood brain barrier following intravenous
administration which has been the major challenge in the field [19].
Transgene expression in the neurons using specific promoters can be
helpful to understand mechanisms underlying various CNS diseases,
physiological processes and develop therapeutic tools and approaches.
The effects of such gene therapy treatments can be investigated in
animal model of disease with specific genes upregulated or knocked
down. Similar studies can also be carried out in the transgenic animals
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and tissue specific expression modulation using cre-lox or CRISPR
technologies with inducible promoter expression system [20-22]. With
the advent of new approaches and instrumentation we are now in a
position to study the whole brain changes in a three dimensional
network using techniques like small animal magnetic resonance
imaging (MRI) and positron emission tomography (PET) scanning in
vivo and CLARITY technique in vitro to study cellular resolution of
the whole connectome [23,24]. Bioinformatics and molecular
modelling studies can also be of help to identify novel interacting
partners and binding sites [25]. These studies will help to carry out
unbiased research on synaptic and neuronal network and identify
region specific changes moderated by the ageing / disease processes or
their modulation by pharmacological or therapeutic approaches.
Altogether, improved understanding of energy homeostasis in brain
mediated through the network of various cellular signalling pathways
using cutting-edge technologies has enormous implications in
understanding the pathophysiological mechanisms and improved
therapeutic targeting.

References
1. Gammon K (2014) Neurodegenerative disease: brain windfall. Nature

515: 299-300.
2. Wong-Riley MT1 (2010) Energy metabolism of the visual system. Eye

Brain 2: 99-116.
3. MITCHELL P (1961) Coupling of phosphorylation to electron and

hydrogen transfer by a chemi-osmotic type of mechanism. Nature 191:
144-148.

4. Herculano-Houzel S (2011) Scaling of brain metabolism with a fixed
energy budget per neuron: implications for neuronal activity, plasticity
and evolution. PLoS One 6: e17514.

5. Gomez-Pinilla F, Vaynman S, Ying Z (2008) Brain-derived neurotrophic
factor functions as a metabotrophin to mediate the effects of exercise on
cognition. Eur J Neurosci 28: 2278-2287.

6. Agrawal R, Tyagi E, Vergnes L, Reue K, Gomez-Pinilla F (2014) Coupling
energy homeostasis with a mechanism to support plasticity in brain
trauma. Biochim Biophys Acta 1842: 535-546.

7. Marosi K, Mattson MP (2014) BDNF mediates adaptive brain and body
responses to energetic challenges. Trends Endocrinol Metab 25: 89-98.

8. Plum L, Schubert M, Brüning JC (2005) The role of insulin receptor
signaling in the brain. Trends Endocrinol Metab 16: 59-65.

9. Yin F, Boveris A, Cadenas E (2014) Mitochondrial energy metabolism and
redox signaling in brain aging and neurodegeneration. Antioxid Redox
Signal 20: 353-371.

10. Gupta VK, You Y, Gupta VB, Klistorner A, Graham SL (2013) TrkB
receptor signalling: implications in neurodegenerative, psychiatric and
proliferative disorders. Int J Mol Sci 14: 10122-10142.

11. Rajala A (2013) Light activation of the insulin receptor regulates
mitochondrial hexokinase. A possible mechanism of retinal
neuroprotection. Mitochondrion 13: 566-576.

12. Basavarajappa DK, Gupta VK, Dighe R, Rajala A, Rajala RV (2011)
Phosphorylated Grb14 is an endogenous inhibitor of retinal protein
tyrosine phosphatase 1B, and light-dependent activation of Src
phosphorylates Grb14. Mol Cell Biol 31: 3975-3987.

13. Gupta VK (2012) Shp-2 regulates the TrkB receptor activity in the retinal
ganglion cells under glaucomatous stress. Biochimica et biophysica acta
1822: 1643-1649.

14. Bishop NA, Lu T, Yankner BA (2010) Neural mechanisms of ageing and
cognitive decline. Nature 464: 529-535.

15. Lutas A, Yellen G (2013) The ketogenic diet: metabolic influences on
brain excitability and epilepsy. Trends Neurosci 36: 32-40.

16. Gupta VK, You Y, Li JC, Klistorner A, Graham SL (2013) Protective
effects of 7,8-dihydroxyflavone on retinal ganglion and RGC-5 cells
against excitotoxic and oxidative stress. J Mol Neurosci 49: 96-104.

17. Nie S, Xu Y, Chen G, Ma K, Han C et al. (2015) Small molecule TrkB
agonist deoxygedunin protects nigrostriatal dopaminergic neurons from
6-OHDA and MPTP induced neurotoxicity in rodents.
Neuropharmacology 99: 448-458.

18. Testa F, Maguire AM, Rossi S, Marshall K, Auricchio A et al. (2016)
Evaluation of Ocular Gene Therapy in an Italian Patient Affected by
Congenital Leber Amaurosis Type 2 Treated in Both Eyes. Adv Exp Med
Biol 854: 533-539.

19. Byrne LC, Lin YJ, Lee T, Schaffer DV, Flannery JG (2015) The expression
pattern of systemically injected AAV9 in the developing mouse retina is
determined by age. Mol Ther 23: 290-296.

20. Cheng JK, Alper HS (2014) The genome editing toolbox: a spectrum of
approaches for targeted modification. Curr Opin Biotechnol 30: 87-94.

21. Gupta V, You Y, Li J, Gupta V, Golzan M et al. (2014) BDNF impairment
is associated with age-related changes in the inner retina and exacerbates
experimental glaucoma. Biochim Biophys Acta 1842: 1567-1578.

22. Gupta VK, Rajala A, Rajala RV (2012) Insulin receptor regulates
photoreceptor CNG channel activity. Am J Physiol Endocrinol Metab
303: E1363-1372.

23. Viel T, Boehm-Sturm P, Rapic S, Monfared P, Neumaier B, et al. (2013)
Non-invasive imaging of glioma vessel size and densities in correlation
with tumour cell proliferation by small animal PET and MRI. Eur J Nucl
Med Mol Imaging 40: 1595-1606.

24. Chung K, Deisseroth K (2013) CLARITY for mapping the nervous
system. Nat Methods 10: 508-513.

25. Gupta VK, Gowda LR (2008) Alpha-1-proteinase inhibitor is a heparin
binding serpin: molecular interactions with the Lys rich cluster of helix-F
domain. Biochimie 90: 749-761.

 

Citation: Gupta VB and Gupta VK (2016) Impaired Energy Metabolism: Involvement in Neurodegenerative Processes and CNS Ageing.
Bioenergetics 5: e136. doi:10.4172/2167-7662.1000e136

Page 2 of 2

Bioenergetics
ISSN:2167-7662 BEG an open access journal

Volume 5 • Issue 1 • 1000e136

http://www.nature.com/nature/journal/v515/n7526/full/nj7526-299a.html
http://www.nature.com/nature/journal/v515/n7526/full/nj7526-299a.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3515641/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3515641/
http://courses.ucsd.edu/rhampton/bibc102/things_interest/Mitchell_1961.pdf
http://courses.ucsd.edu/rhampton/bibc102/things_interest/Mitchell_1961.pdf
http://courses.ucsd.edu/rhampton/bibc102/things_interest/Mitchell_1961.pdf
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017514
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017514
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017514
http://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2008.06524.x/abstract;jsessionid=0CC9946361D4184DEF305F5495410623.f02t03?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2008.06524.x/abstract;jsessionid=0CC9946361D4184DEF305F5495410623.f02t03?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1460-9568.2008.06524.x/abstract;jsessionid=0CC9946361D4184DEF305F5495410623.f02t03?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://www.sciencedirect.com/science/article/pii/S0925443913003591
http://www.sciencedirect.com/science/article/pii/S0925443913003591
http://www.sciencedirect.com/science/article/pii/S0925443913003591
http://www.sciencedirect.com/science/article/pii/S1043276013001781
http://www.sciencedirect.com/science/article/pii/S1043276013001781
http://www.sciencedirect.com/science/article/pii/S1043276005000093
http://www.sciencedirect.com/science/article/pii/S1043276005000093
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.ncbi.nlm.nih.gov/pubmed/
http://www.mdpi.com/1422-0067/14/5/10122/htm
http://www.mdpi.com/1422-0067/14/5/10122/htm
http://www.mdpi.com/1422-0067/14/5/10122/htm
http://www.sciencedirect.com/science/article/pii/S1567724913002389
http://www.sciencedirect.com/science/article/pii/S1567724913002389
http://www.sciencedirect.com/science/article/pii/S1567724913002389
http://mcb.asm.org/content/31/19/3975.short
http://mcb.asm.org/content/31/19/3975.short
http://mcb.asm.org/content/31/19/3975.short
http://mcb.asm.org/content/31/19/3975.short
http://www.sciencedirect.com/science/article/pii/S0925443912001779
http://www.sciencedirect.com/science/article/pii/S0925443912001779
http://www.sciencedirect.com/science/article/pii/S0925443912001779
http://www.nature.com/nature/journal/v464/n7288/abs/nature08983.html
http://www.nature.com/nature/journal/v464/n7288/abs/nature08983.html
http://www.sciencedirect.com/science/article/pii/S0166223612002020
http://www.sciencedirect.com/science/article/pii/S0166223612002020
http://link.springer.com/article/10.1007/s12031-012-9899-x
http://link.springer.com/article/10.1007/s12031-012-9899-x
http://link.springer.com/article/10.1007/s12031-012-9899-x
http://www.sciencedirect.com/science/article/pii/S0028390815300629
http://www.sciencedirect.com/science/article/pii/S0028390815300629
http://www.sciencedirect.com/science/article/pii/S0028390815300629
http://www.sciencedirect.com/science/article/pii/S0028390815300629
http://link.springer.com/chapter/10.1007/978-3-319-17121-0_71
http://link.springer.com/chapter/10.1007/978-3-319-17121-0_71
http://link.springer.com/chapter/10.1007/978-3-319-17121-0_71
http://link.springer.com/chapter/10.1007/978-3-319-17121-0_71
http://www.nature.com/mt/journal/v23/n2/abs/mt2014181a.html
http://www.nature.com/mt/journal/v23/n2/abs/mt2014181a.html
http://www.nature.com/mt/journal/v23/n2/abs/mt2014181a.html
http://www.sciencedirect.com/science/article/pii/S0958166914001074
http://www.sciencedirect.com/science/article/pii/S0958166914001074
http://www.sciencedirect.com/science/article/pii/S0925443914001549
http://www.sciencedirect.com/science/article/pii/S0925443914001549
http://www.sciencedirect.com/science/article/pii/S0925443914001549
http://ajpendo.physiology.org/content/303/11/E1363.short
http://ajpendo.physiology.org/content/303/11/E1363.short
http://ajpendo.physiology.org/content/303/11/E1363.short
http://link.springer.com/article/10.1007/s00259-013-2464-1
http://link.springer.com/article/10.1007/s00259-013-2464-1
http://link.springer.com/article/10.1007/s00259-013-2464-1
http://link.springer.com/article/10.1007/s00259-013-2464-1
http://www.nature.com/nmeth/journal/v10/n6/abs/nmeth.2481.html
http://www.nature.com/nmeth/journal/v10/n6/abs/nmeth.2481.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpha-1-proteinase+inhibitor+is+a+heparin+binding+serpin%3A+molecular+interactions+with+the+Lys+rich+cluster+of+helix-F+domain.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpha-1-proteinase+inhibitor+is+a+heparin+binding+serpin%3A+molecular+interactions+with+the+Lys+rich+cluster+of+helix-F+domain.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alpha-1-proteinase+inhibitor+is+a+heparin+binding+serpin%3A+molecular+interactions+with+the+Lys+rich+cluster+of+helix-F+domain.

	Contents
	Impaired Energy Metabolism: Involvement in Neurodegenerative Processes and CNS Ageing
	Editorial
	References


