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Heightened interest in the aging process by the public and 
scientific community has occurred due to the increase in percentage 
of elderly in the population and the increase in health care 
expenditures committed to the elderly [1]. Due to this increased 
interest, current research into aging demonstrates it as a complex 
process that is the result of interplay between naturally occurring 
processes, such as changes in hormonal levels and gene transcription 
that occur during the biological timeline of human development, 
and the exposure of our body’s systems to environmental damage 
[2]. At a physiological level, aging is the functional decay overtime of 
cells, organs and tissues, specifically through chemical damage of the 
cellular components proteins, DNA and lipids. The problems of aging 
include issues such as declining muscle tone and mass, wrinkled skin 
and mutant mitochondria. What is noteworthy with studies done on 
laboratory animals is that it is not necessary to combat individually 
all the problems of aging, since through modifying a regulatory gene 
or signaling network is sufficient to induce longevity along with the 
postponement of age related diseases [3].

One of the prevalent theories regarding a causal agent for aging 
involves free radicals, which are molecules containing unpaired, 
highly reactive electrons. Harman postulated that damage to 
macromolecules by free radical production in aerobic organism 
is a major determinant of life span [4]. It was later discovered that 
normal aerobic metabolism naturally produces superoxide (O2

-) and 
hydroxyl (OH-) byproducts (known collectively as reactive oxygen 
species or ROS) that can adversely modify lipids, proteins and DNA 
[5]. ROS have been implicated in aging and in many age related 
diseases including Alzheimer’s, Parkinson’s and Cancer [6].

Signaling pathways become activated in cells to limit the insult 
from ROS by generating antioxidant proteins (e.g. Superoxide 
Dismutase (SOD) and Glutathione S-Transferase (GST) proteins) 
that remove high levels of ROS, induce cell survival or increase cell 
death and senescence. Levels of reduced glutathione are lower in 
Parkinson Disease brains indicating oxidative stress [7]. In humans, 
there are a number of stress-activated pathways [2], such as the 
nuclear factor erythroid-2-related factor 2 (Nrf2) pathway that plays 
a prominent role in oxidative stress response. The Nrf2 pathway 
induces the expression of antioxidant and cytoprotective enzymes 
suggesting that increasing activity of this pathway would potentially 

*Corresponding author: Terrance J. Kubiseski, PhD, Department of Biology 
and Department of Neuroscience, York University, Toronto, Ontario, M3J 1P3, 
Canada, E-mail: tkubises@yorku.ca

Received: November 21, 2012 Accepted: November 26, 2012 Published: 
November 29, 2012 

be useful for the treatment of age related diseases such as Alzheimer’s 
and Parkinson Disease [8,9].

However, theories regarding the precise role of ROS in influencing 
aging are still debatable. Recent data has demonstrated that small 
amounts of ROS in worms increase lifespan [10,11] although large 
amounts may still be harmful. The increase in lifespan upon low 
exposure of ROS may be due to induction of stress response pathways 
that promote longevity when active. Although these findings do not 
dismiss the theory that molecular damage causes aging, they do 
suggest that ROS can act as a protective signal and, at the very least, 
demonstrate that a thorough study of stress response pathways is 
necessary to properly understand the aging process.
References

1. Kregel KC, Zhang HJ (2007) An integrated view of oxidative stress in aging: 
basic mechanisms, functional effects, and pathological considerations. Am J 
Physiol Regul Integr Comp Physiol 292: R18-R36.

2. Haigis MC, Yankner BA (2010) The aging stress response. Mol Cell 40: 333-
344.

3. Kenyon CJ (2010) The genetics of ageing. Nature 464: 504-512.

4. Harman D (1956) Aging: a theory based on free radical and radiation 
chemistry. J Gerontol 11: 298-300.

5. Halliwell B, Gutteridge JMC (1999) Free Radicals in Biology and Medicine. 
(3rdedn), Oxford university Press, New York, London, Toronto.

6. Weinberg F, Chandel NS (2009) Reactive oxygen species-dependent 
signaling regulates cancer. Cell Mol Life Sci 66: 3663-373.

7. Zeevalk GD, Razmpour R, Bernard LP (2008) Glutathione and Parkinson’s 
disease: is this the elephant in the room? Biomed Pharmacother 62: 236-249.

8. Cuadrado A, Moreno-Murciano P, Pedraza-Chaverri J (2009) The 
transcription factor Nrf2 as a new therapeutic target in Parkinson’s disease. 
Expert Opin Ther Targets 13: 319-329.

9. Calkins MJ, Johnson DA, Townsend JA, Vargas MR, Dowell JA, et al. The 
Nrf2/ARE pathway as a potential therapeutic target in neurodegenerative 
disease. Antioxid Redox Signal 11: 497-508.

10. Heidler T, Hartwig K, Daniel H, Wenzel U (2010) Caenorhabditis elegans 
lifespan extension caused by treatment with an orally active ROS-generator 
is dependent on DAF-16 and SIR-2.1. Biogerontology 11: 183-195.

11. Yang W, Hekimi S (2010) A mitochondrial superoxide signal triggers 
increased longevity in Caenorhabditis elegans. PLoS Biol 8: e1000556.

http://www.ncbi.nlm.nih.gov/pubmed/16917020
http://www.ncbi.nlm.nih.gov/pubmed/16917020
http://www.ncbi.nlm.nih.gov/pubmed/16917020
http://www.ncbi.nlm.nih.gov/pubmed/20965426
http://www.ncbi.nlm.nih.gov/pubmed/20965426
http://www.ncbi.nlm.nih.gov/pubmed/20336132
http://www.ncbi.nlm.nih.gov/pubmed/13332224
http://www.ncbi.nlm.nih.gov/pubmed/13332224
http://books.google.co.in/books?id=Eok5AQAAIAAJ&source=gbs_book_other_versions
http://books.google.co.in/books?id=Eok5AQAAIAAJ&source=gbs_book_other_versions
http://www.ncbi.nlm.nih.gov/pubmed/19629388
http://www.ncbi.nlm.nih.gov/pubmed/19629388
http://www.ncbi.nlm.nih.gov/pubmed/18400456
http://www.ncbi.nlm.nih.gov/pubmed/18400456
http://www.ncbi.nlm.nih.gov/pubmed/19236154
http://www.ncbi.nlm.nih.gov/pubmed/19236154
http://www.ncbi.nlm.nih.gov/pubmed/19236154
http://www.ncbi.nlm.nih.gov/pubmed/18717629
http://www.ncbi.nlm.nih.gov/pubmed/18717629
http://www.ncbi.nlm.nih.gov/pubmed/18717629
http://www.ncbi.nlm.nih.gov/pubmed/21151885
http://www.ncbi.nlm.nih.gov/pubmed/21151885

	Title
	Corresponding author
	References



