The nature of aging.

Part I: Aging

Every one desires to live long, but no one would be old.
- Jonathan Swift (1667-1745), Thoughts on Various Subjects, Moral and Diverting '

To lengthen thy life, lessen thy meals.
- Benjamin Franklin, Poor Richard's Almanack, June 1733 *

Calories are a primary cause of aging, and the limiting factor in lifespan.
Key insight: cutting calories slows the aging process and prolongs life.

Aging is due to a combination of years of age and total calories eaten in your lifetime.’
The road to aging is paved with calories.
The simplest way to reduce calories is to reduce portion size: use a small plate!

By my calculations, every calorie above the absolute minimum ages your body and your mind and hastens death by about 31
seconds (+/- 10). This means that you age one day (and lose one day of life span) for every 2800 calories you eat - above a
starvation diet with good nutrition (adequate protein, fats, vitamins and minerals). Carrying an extra pound of weight for one
year costs 2 days of life span. In dollar terms, a candy bar might cost $20 in potential lost wages. (See “Effect of CR.XLS” for
calculation details). A 40-year-old man can live 8 years longer by eating 25% less; a 15-year-old can live 16 years longer by
eating 25% less. Slowing aging means MORE YOUTH, not more old age.

Turn this around: it is VERY expensive — in terms of money, aging, disability and early death — to keep your weight up!
Can you afford to stay plump?

Last updated 2007-01-01

Part 1. What is aging?

Aging is not just a property of life: it happens to inanimate objects such as houses and cars. Even the
soil in our yard is made of decomposed granite, the result of aging effects on this very hard rock. In some
ways, “aging” seems to be a term for describing the increasing disorder that comes with time. On a low
level, “Aging is a stochastic [random] process that occurs after reproductive maturation and results from increasing systemic
molecular disorder. This disorder has multiple etiologies, including damage by reactive oxygen species, but generally from the
diminishing loss of energy states necessary to maintain molecular fidelity.”* At first glance, aging on a gross scale is
something we all “know”, but stating the properties of aging is useful. In animals and man, aging takes place
on many levels. The following is my own listing in approximate order from large to small. Many span
several levels and are in turn influenced by other aging processes.

1. Whole body
a. QGross injuries: broken bones, auto accidents, war wounds.
b. Loss of hormone regulation

2. Organ

a. Gradual accumulation of damage to various parts of the body from infection, inflammation,
cavities, surgery, etc.

b. Increasing blood vessel damage: atherosclerosis leading to dementia, heart failure, heart
attacks and stroke.

c. Ever-accumulating incidence of certain catastrophic diseases such as cancer, multiple
sclerosis, stroke and heart attack. In turn, the incidence of these diseases is influenced by
various risk factors including genome and exposure to toxins.

d. Gradual loss of the youthful structure and composition of various organs such as muscle and

skin.

Loss of the stem cell population
Sarcopenia

g. Osteoporosis & arthritis

o



h. Loss of insulin sensitivity
3. Cell

a. Limitations on cell replication (perhaps related to telomeres).

b. Accumulation of waste.

c. Accumulation of toxins.

d. Failure of mitochondria from accumulation of reactive oxygen species-induced damage to its

DNA and membranes.
4. Molecule

a. Damage to the body’s proteins: glycation leading to AGEs (Advanced Glycation End-
products = sugar-protein molecular bonds that have reached a stage that is difficult for the
body to eliminate), ultraviolet damage from the sun, calcification of blood vessels, other
chemical reactions.

b. Free radical damage to many classes of molecules, including proteins, membrane lipids and
DNA. This is especially important in mitochondria, where perhaps 90% of the free radicals in
the body are formed - and react.

c. Random breakdown of the organic molecules that make up our body, through chemical
reactions, natural radiation effects, etc.

d. Intracellular damage to nuclear and mitochondrial DNA.

e. Changes in DNA hypomethylation.’

Certain other things occur with age, but I do not think they are necessarily part of the aging process per se:
1. Natural changes with time such as sexual maturation, male baldness and presbyopia. For example,
presbyopia probably results from the ever-increasing size and stiffness of the lens.
2. Hormonal changes: decreased growth hormone levels in the 40’s, menopause.

Virtually all aging effects can cause loss of function or death. If you drink from the fountain of youth
in the morning and die in an auto accident that night you have gained nothing. Sorting through which of
these is most important is challenging; but it appears that mitochondria damage is the most important cause
of aging, and cardiovascular disease is the largest apparent cause of death and disability. Caloric restriction
(CR = eating less) with optimal nutrition (ON) is the most effective way to reduce both of these.

One interesting part of aging in living organisms is its dapple nature. “One of the most characteristic and
widely observable features of senescence, usually ignored by scientific investigation, is a very variable, dapple distribution of
its manifestations, seen within systems, organs, and tissues of the same individual. Different parts of an organ or tissue undergo
senescence at different ages. ... The results of the interpretation allow us to suppose that different parts of a human body
usually have unequal genetic limits of life duration and their own programs of ageing; each of them has its own 'biological
watch' which tells a different time. The genesis of this diversity can be explained by hybridization of persons with different
genetic susceptibility to internal and/or environmental factors inducing senescence.” ®

Aubrey de Grey (Cambridge University aging theorist) has started an effort to “cure aging”, SENS
(Strategies for Engineered Negligible Senescence). He has identified seven aging processes that he thinks
are critical:’

Cell loss & atrophy

Nuclear mutations.

Mitochondrial mutations

Death-resistant cells

Extracellular cross-links (AGEs)
Extracellular junk (e.g., in Alzheimer disease)
Intracellular (lysosomal) junk

Nk w—

Part II: Aging markers

People clearly recognize external signs of aging in other people: such as gray hair, wrinkles, and
slowness of thought. It may be useful to recognize other markers that could be used to help assess whether
an intervention slows the aging process. For example, using this approach, CR slows the onset of most of
these markers (below):
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1. Whole body. There are some grossly obvious aging biomarkers: wrinkles, arthritis, mental slowing,
failure of the senses, and increasing rate of many diseases.
2. Organ. The following are associated with aging on the organ level.®
Loss of structure and function in aging.
Figures represent percentage of a given function remaining in
an average 75-year-old man compared with that found in an
average 30-year-old man, the latter value taken as 100%.

Weight of brain 56%
Blood supply to brain 80
Output of heart at rest 70
Number of glomeruli in kidney 56
Glomerular filtration rate 69
Speed of return to normal pH of blood after displacement 17
Number of taste buds 36
Vital capacity 56
Strength of hand grip 55
Maximum O, uptake during exercise 40
Number of axons in spinal nerve 63
Velocity of nerve impulse 90

3. Cell’
Mitochondrial damage (reduced by CR)
DNA mutations accumulate
Increased production of reactive oxygen species (ROS, e.g. H,0, and O, -)

Decreased level of cardiolipin (reversed by acetyl-L-carnitine)
Decreased inner membrane potential (less efficient production of ATP for use by the cell)
Reduced cytochrome ¢ oxidase activity
Increased susceptibility to oxidative stress
Shortening of the telomeres and failure of cell division
3. Molecule "
Accumulation of advanced glycation end-products (AGEs; reduced by CR and by reducing
intake of food with high glycemic index, and perhaps reduced by certain supplements)
Accumulation nuclear DNA damage
Accumulation of oxidized proteins (some inactive, some cross-linked and thus “stiff”)
Accumulation of oxidized lipids
Accumulation of lipofuscin
Accumulation of toxins such as heavy metals

Part III: Theory

I like to divide aging theory into two somewhat related categories: A) Mitochondrial damage and B)
Entropy. Any theory of aging has to account for the profound beneficial effects of caloric restriction:
mitochondria damage theory does this best, as best I can tell (glycation also works to a limited degree).

There are other theoretical mechanisms of aging, having to do with telomere damage, the effects of
insulin (mediated by mitochondria free radical production'' %), IGF-1 (insulin-like growth factor), Sir2,
heat-shock protein etc. However, to me they seem to be relatively less important, are positively affected by
the same things that prevent mitochondria damage, are less studied or studied only in lower organisms (yeast
and nematodes); at this time I do not see a way to personally make constructive use of these theories. Note:
reduced accumulation of toxins such as Advanced Glycation End-products (AGEs) can also account for
some of the beneficial effects of CR.

See also the SENS website"? for a list of the seven (and only seven!) major categories of age-related
damage that result in the aging process.


http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/T/Taste.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/pH.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/K/Kidney.html#nephron

A) Mitochondria theory

The mitochondria are where nearly all of our useable energy comes from: they take the food we eat
(in the form of glucose, protein, fats & alcohol) and convert it to useable energy in the form of ATP.
Damage to mitochondria DNA and membranes occurs with age, resulting in some mitochondria which lose
oxidative phosphorylation capacity. Unexpectedly, these defective mitochondria become dominant in a
small number of postmitotic cells (e.g., brain and muscle), and these cells spew out toxic superoxide .

A recent theoretical study of the effects of free radical damage to mitochondria showed that these
effects alone can account for most of the properties of aging (gradual loss of function, the mortality curve,
and the effect of CR)." In essence, reduction of mitochondria damage is the bottleneck in reducing aging
(but see de Grey’s hypothesis below).

A study in Nature (May 27, 2004)"* found a causative link between progressively increasing
mitochondria DNA defects and aging. The authors engineered a mouse with defective mitochondria DNA

polymerase. Over time, the mitochondria in the mice had increasing defects: “This increase in somatic mtDNA
mutations is associated with reduced lifespan and premature onset of ageing-related phenotypes such as weight loss, reduced
subcutaneous fat, alopecia (hair loss), kyphosis (curvature of the spine), osteoporosis, anaemia, reduced fertility and heart

enlargement. Our results thus provide a causative link between mtDNA mutations and ageing phenotypes in mammals.”
These same progressive mitochondria defects occur with age in normal mice and men, and are directly
related to caloric intake. Also see Science 2005'%. As I understand it, the calories are “burned” in the
mitochondria => free radical damage to the mitochondria inner membrane & mtDNA. Common antioxidants
such as vitamins E & C do not affect this process.

A 2005study in Science found that mice that made more catalase in the mitochondria lived about 20
percent longer; “These results support the free radical theory of aging and reinforce the importance of mitochondria as a
source of these radicals.” !’

Mitochondria are the main source for useful energy in all eukaryotic cells (e.g., the cells in all
animals): this is where the metabolism of fats and glucose takes place. This is also where the large majority
of free radicals are generated, slowly causing damage and eventual failure. Mitochondrial damage may be
the main cause of aging and death, anything protects mitochondria may slow the aging process. This damage
seems to come from damage to the inner membranes, from DNA damage (“Because mitochondrial DNA, which is
essential for execution of normal oxidative phosphorylation, is located in proximity to the ROS-generating respiratory chain, it
is more oxidatively damaged than is nuclear DNA. Cumulative damage of mitochondrial DNA is implicated in the aging
process and in the progression of such common diseases as diabetes, cancer, and heart failure.”'® 19), or both. There are a
few things that may reduce the rate of this metabolic damage: caloric restriction, R(+) alpha lipoic acid,
limiting polyunsaturated fatty acids (DHA from fish), and avoiding ultraviolet-A (sunlight) exposure. It has
been shown that “Mitochondrial membrane peroxidizability index is inversely related to maximum life span in mammals”,
with long-lived animals having less DHA in the mitochondria membranes.*® (Parenthetically, a special and
expensive form lecithin (that is not available for supplement purchase) may reduce mitochondrial DNA
damage®': if so this one fact alone may be of great importance in reducing the rate of aging.) This is all
promising, but unproven. (see Michael Rae’s discussion®, and Aubrey de Grey’s discussion on PDF* )

I think the following abstract is worth quoting in its entirety**:

“Available studies are consistent with the possibility that oxygen radicals endogenously produced by mitochondria

are causally involved in the determination of the rate of aging in homeothermic vertebrates. Oxidative damage to

tissue macromolecules seems to increase during aging. The rate of mitochondrial oxygen radical generation of post-
mitotic tissues is negatively correlated with animal longevity. In agreement with this, long-lived animals show lower
levels of oxidative damage in their mitochondrial DNA (mtDNA) than short-lived ones, whereas this does not occur in
nuclear DNA (nDNA). Caloric restriction, which decreases the rate of aging, also decreases mitochondrial oxygen
radical generation and oxidative damage to mitochondrial DNA. This decrease in free radical generation occurs in
complex I and is due to a decrease in the degree of electronic reduction of the complex I free radical generator,
similarly to what has been described in various cases in long-lived animals. These results suggest that similar
mechanisms have been used to extend longevity through decreases in oxidative stress in caloric restriction and during
the evolution of species with different longevities.”

Aubrey de Grey’s hypothesis is based on the fact that there are a small number (<1%) of post-mitotic cells,
that gradually increase in time, which change their oxidative mechanism and spew out superoxide. This
toxic superoxide then causes widespread damage. As best I can tell, his hypothesis is well based and well
thought out, fits with known data, and has yet to be seriously challenged, unlike several other mitochondrial
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damage hypotheses.

B) Entropy.
Reliability theory / Systems redundancy. This theory points out that aging and death are direct and

inevitable consequences of systems redundancy.” *°
Reliability theory is a general theory about systems failure. It allows researchers to predict the age-related failure kinetics
for a system of given architecture (reliability structure) and given reliability of its components. Reliability theory predicts
that even those systems that are entirely composed of non-aging elements (with a constant failure rate) will nevertheless
deteriorate (fail more often) with age, if these systems are redundant in irreplaceable elements. Aging, therefore, is a direct
consequence of systems redundancy. Reliability theory also predicts the late-life mortality deceleration with subsequent
leveling-off, as well as the late-life mortality plateaus, as an inevitable consequence of redundancy exhaustion at extreme
old ages. The theory explains why mortality rates increase exponentially with age (the Gompertz law) in many species, by
taking into account the initial flaws (defects) in newly formed systems. It also explains why organisms "prefer” to die
according to the Gompertz law, while technical devices usually fail according to the Weibull (power) law. Theoretical
conditions are specified when organisms die according to the Weibull law: organisms should be relatively free of initial
flaws and defects. The theory makes it possible to find a general failure law applicable to all adult and extreme old ages,
where the Gompertz and the Weibull laws are just special cases of this more general failure law. The theory explains why
relative differences in mortality rates of compared populations (within a given species) vanish with age, and mortality
convergence is observed due to the exhaustion of initial differences in redundancy levels. Overall, reliability theory has an
amazing predictive and explanatory power with a few, very general and realistic assumptions. Therefore, reliability theory
seems to be a promising approach for developing a comprehensive theory of aging and longevity integrating mathematical
methods with specific biological knowledge.

I think this theory is at least partially correct. Another way of putting it is that we get frailer with age.

Complexity theory explains the frailty that comes with age as a loss of complexity*’ (similar to
failure of parts of redundant systems). As I interpret it this is another way of stating the Systems
Redundancy theory.

Mortality doubling time can be thought of as inversely related to the “rate of aging” for a species;
e.g., baboons mortality doubling time is smaller (3.5 yr doubling time in the wild) than that of people (7-9
yr), so they die sooner.”® Why does his matter? Because an intervention that eliminates a prominent cause of
death at a certain age (e.g. breast cancer in women less than 60 yr) but does not change the mortality
doubling time will have an insignificant effect on prolonging life, while an intervention such as CR that
lengthens this doubling time will have a substantial effect.

Part I'V: Interventions

Mitochondria damage theory implies that the single most important factor in slowing aging is caloric
restriction, and that this is the over-riding factor in helping to prolong life as well. Systems redundancy &
complexity theories imply that the approach to health should be multi-factorial.

I think one should seek to improve health in as many ways as are reasonable (caloric restriction,
avoiding advanced glycosylation end-products, reduction of specific disabling and deadly diseases such as
Alzheimer's & cardiovascular disease, safety, exercise, avoidance of toxins such as tobacco and partially
hydrogenated (trans-) fats, proper diet, avoiding sunlight damage etc.) On the other hand, figuring out what
interventions make a worthwhile difference takes the carefully considered application of lab and clinical
science. The results of this research are what make up the documents “3 CR.doc” and “4 Diet specifics.doc”.

Do interventions work in people? See the other documents for the details, but in brief the answer is
yes, to a large degree. My guess is that a person who started the primary interventions in middle age (35-45
yr) could add perhaps 10 years of useful lifespan and reduced aging, while a person who started in early
youth could add perhaps 20 years. A study of 7 Day Adventists in California estimated that “Choices
regarding diet, exercise, cigarette smoking, [and] body weight ..., in combination, appear to change life expectancy by [up to
ten] years.”29 Another study showed that those people with few “life style-related risk factors, including cigarette
smoking, physical inactivity, and under- or overweight” had fewer disabilities until just at the end of life. “The risk-
factor-free group showed average disability scores near zero 10-12 years before death, rising slowly over time, without
evidence of accelerated functional decline. In contrast, those with two or more factors maintained a greater level of



disability throughout follow-up and experienced an increase in the rate of decline 1.5 years prior to death. For those at
moderate risk, the rate of decline increased significantly only in the last 3 months of life.”*" I interpret this as showing
that you can prevent age-associated disability by taking care of yourself.

There is also theoretical reason to think that these interventions should start as early in life as

possible: “even small progress in optimizing the early-developmental processes can potentially result in a remarkable
prevention of many diseases in later life, postponement of aging-related morbidity and mortality, and significant extension
of healthy life span.”™'



The nature of aging.

References



1 http://www.giga-usa.com/gigaweb1/quotes2/quautswiftjonathanx004.htm

2 http:/sln.fi.edu/qa98/musing9/almanack1733.html

3 Modified from Gruber RP, Kalamas AD. Measuring human age by estimating lifetime caloric consumption. Gerontology
2000 Jan-Feb;46(1):44-6; PMID: 11111228

4 http://www.soa.org/research/Hayflick Final. PDF

5 Liua L, Wyliea RC, Andrewsa LG, Tollefsbol TO. Aging, cancer and nutrition: the DNA methylation connection

6 Rumyantsev SN. The intra-individual diversity in senescence. Biogerontology. 2003;4(3):171-8. PMID: 12815317

7 http://www.sens.org/just7.htm

8 http://users.ren.com/jkimball.ma.ultranet/BiologyPages/A/Aging.html

9 Calabrese V, Scapagnini G, Giuffrida Stella AM, Bates TE, Clark JB. Mitochondrial involvement in brain function and
dysfunction: relevance to aging, neurodegenerative disorders and longevity. Neurochem Res. 2001 Jun;26(6):739-64.
Review. PMID: 11519733

10 Calabrese V, Scapagnini G, Giuffrida Stella AM, Bates TE, Clark JB. Mitochondrial involvement in brain function
and dysfunction: relevance to aging, neurodegenerative disorders and longevity. Neurochem Res. 2001 Jun;26(6):739-64.
Review. PMID: 11519733

11 Julian D, Leeuwenburgh C. Linkage between insulin and the free radical theory of aging. Am J Physiol Regul Integr
Comp Physiol. 2004 Jan;286(1):R20-1. Review. No abstract available. PMID: 14660473

12 Lambert AJ, Wang B, Merry BJ. Exogenous insulin can reverse the effects of caloric restriction on mitochondria.
Biochem Biophys Res Commun. 2004 Apr 16;316(4):1196-201. PMID: 15044112

13 http://www.sens.org/just7.htm

14 Van Leeuwen IM, Kelpin FD, Kooijman SA. A mathematical model that accounts for the effects of caloric restriction
on body weight and longevity. Biogerontology. 2002;3(6):373-81. PMID: 12510176

15 Trifunovic A, Wredenberg A, Falkenberg M, Spebrink JN, Rovio AT, Bruder CE, Bohlooly-Y M, Gidlof S, Oldfors
A, Wibom R, Tornell J, Jacobs HT, Larsson NG. Premature ageing in mice expressing defective mitochondrial DNA
polymerase. Nature. 2004 May 27;429(6990):417-23. PMID: 15164064

16 Mitochondrial DNA mutations, oxidative stress, and apoptosis in mammalian aging. Science. 2005 Jul
15;309(5733):481-4. PMID: 16020738

17 Schriner SE, Linford NJ, Martin GM, Treuting P, Ogburn CE, Emond M, Coskun PE, Ladiges W, Wolf N, Van
Remmen H, Wallace DC, Rabinovitch PS. Extension of Murine Lifespan by Overexpression of Catalase Targeted to
Mitochondria. Science. 2005 May 5; [Epub ahead of print] PMID: 15879174

18 Kang D, Hamasaki N. Mitochondrial oxidative stress and mitochondrial DNA. Clin Chem Lab Med. 2003
Oct;41(10):1281-8. PMID: 14580153

19 Chinnery PF, Samuels DC, Elson J, Turnbull DM. Accumulation of mitochondrial DNA mutations in ageing, cancer,
and mitochondrial disease: is there a common mechanism? Lancet. 2002 Oct 26;360(9342):1323-5. PMID: 12414225

20 Pamplona R, Portero-Otin M, Riba D, Ruiz C, Prat J, Bellmunt MJ, Barja G. Mitochondrial membrane
peroxidizability index is inversely related to maximum life span in mammals. J Lipid Res. 1998 Oct;39(10):1989-94. PMID:
9788245 free full text

21 Seidman MD, Khan MJ, Tang WX, Quirk WS. Influence of lecithin on mitochondrial DNA and age-related hearing
loss. Otolaryngol Head Neck Surg. 2002 Sep;127(3):138-44. PMID: 12297801

22 http://lwl14fd.law14.hotmail.msn.com/cgi-
bin/getmsg?curmbox=F000000001&a=b33bc505162cb12e8ce86d1627425¢33&msg=MSG1067118631.18&mfs=& HMact
ion=move&tobox=F000000004&direction=next

23 http://www.gen.cam.ac.uk/sens/mmmmmm.pdf ; http://www.sens.org/mmmmmm.pdf

24 Barja G. Endogenous oxidative stress: relationship to aging, longevity and caloric restriction. Ageing Res Rev. 2002
Jun;1(3):397-411. Review. PMID: 12067594

25 Gavrilov LA, Gavrilova NS. The reliability theory of aging and longevity. J Theor Biol. 2001 Dec 21;213(4):527-45.
Review. PMID: 11742523

Free full text available at http://www.src.uchicago.edu/~gavr1/JTB-01.pdf

Author’s web site at http://longevity-science.org/
26 Gavrilov LA, Gavrilova NS. The quest for a general theory of aging and longevity. Sci Aging Knowl Environ. 2003 Jul

16;2003(28):RES. PMID: 12867663

27 The Journals of Gerontology Series A: Biological Sciences and Medical Sciences 57:B115-B125 (2002)

28 Proc Natl Acad Sci U S A 2002 Jul 9;99(14):9591-5; PMID: 12082185

29 Fraser GE, Shavlik DJ. Ten years of life: Is it a matter of choice? Arch Intern Med. 2001 Jul 9;161(13):1645-52. PMID:
11434797

30 Hubert HB, Bloch DA, Oehlert JW, Fries JF. Lifestyle habits and compression of morbidity. J Gerontol A Biol Sci
Med Sci. 2002 Jun;57(6):M347-51. PMID: 12023263

31 Gavrilov LA, Gavrilova NS. Early-life programming of aging and longevity: the idea of high initial damage load (the
HIDL hypothesis). Ann N'Y Acad Sci. 2004 Jun;1019:496-501. PMID: 15247073



http://www.giga-usa.com/gigaweb1/quotes2/quautswiftjonathanx004.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15247073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12023263&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11434797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11434797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12082185&dopt=Abstract
http://biomed.gerontologyjournals.org/cgi/content/abstract/57/3/B115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12867663&dopt=Abstract
http://longevity-science.org/
http://www.src.uchicago.edu/~gavr1/JTB-01.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11742523&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12067594&dopt=Abstract
http://www.sens.org/mmmmmm.pdf
http://www.gen.cam.ac.uk/sens/mmmmmm.pdf
http://lw14fd.law14.hotmail.msn.com/cgi-bin/getmsg?curmbox=F000000001&a=b33bc505162cb12e8ce86d1627425c33&msg=MSG1067118631.18&mfs=&_HMaction=move&tobox=F000000004&direction=next
http://lw14fd.law14.hotmail.msn.com/cgi-bin/getmsg?curmbox=F000000001&a=b33bc505162cb12e8ce86d1627425c33&msg=MSG1067118631.18&mfs=&_HMaction=move&tobox=F000000004&direction=next
http://lw14fd.law14.hotmail.msn.com/cgi-bin/getmsg?curmbox=F000000001&a=b33bc505162cb12e8ce86d1627425c33&msg=MSG1067118631.18&mfs=&_HMaction=move&tobox=F000000004&direction=next
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12297801&dopt=Abstract
http://www.jlr.org/cgi/content/full/39/10/1989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12414225&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14580153&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15879174&query_hl=5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16020738&query_hl=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15164064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12510176&dopt=Abstract
http://www.sens.org/just7.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15044112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11519733&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11519733&dopt=Abstract
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/Aging.html
http://www.sens.org/just7.htm
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12815317&dopt=Abstract
http://www.soa.org/research/Hayflick_Final.PDF
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11111228&dopt=Abstract
http://sln.fi.edu/qa98/musing9/almanack1733.html

