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Alternative Perspectives on Aging
in Caenorhabditis elegans:

Reactive Oxygen Species or Hyperfunction?

David Gems and Yila de la Guardia

Abstract

Significance: The biological mechanisms at the heart of the aging process are a long-standing mystery. An
influential theory has it that aging is the result of an accumulation of molecular damage, caused in particular by
reactive oxygen species produced by mitochondria. This theory also predicts that processes that protect against
oxidative damage (involving detoxification, repair, and turnover) protect against aging and increase lifespan.
Recent Advances: However, recent tests of the oxidative damage theory, many using the short-lived nematode
worm Caenorhabditis elegans, have often failed to support the theory. This motivates consideration of alternative
models. One new theory, conceived by M.V. Blagosklonny, proposes that aging is caused by hyperfunction, that
is, overactivity during adulthood of processes (particularly biosynthetic) that contribute to development and
reproduction. Such hyperfunction can lead to hypertrophy-associated pathologies, which cause the age increase
in death. Critical Issues: Here we assess whether the hyperfunction theory is at all consistent with what is
known about C. elegans aging, and conclude that it is. In particular, during adulthood, C. elegans shows a number
of changes that may reflect pathology and/or hyperfunction. Such changes seem to contribute to death, at least
in some cases (e.g., yolk accumulation). Future Directions: Our assessment suggests that the hyperfunction
theory is a plausible alternative to the molecular damage theory to explain aging in C. elegans. Antioxid. Redox
Signal. 00, 000–000.

Introduction

What is aging? According to one theory, it is caused by
molecular damage, particularly oxidation by reactive

oxygen species (ROS). Here the superoxide free radical (O2
- ),

hydrogen peroxide (H2O2), and their derivatives, generated
as by-products of mitochondrial respiration, have been con-
sidered major culprits (22, 47).

This theory predicts that interventions that reduce levels of
oxidative damage should retard aging, while those that in-
crease levels of oxidative damage should accelerate aging.
During the last decade, stringent tests of these predictions
have been performed using several model organisms. Al-
though the results have been mixed, a growing number of
findings do not support the theory (39, 42).

This has created an exciting challenge to researchers: to
conceive and test fundamentally different ideas about how
aging occurs. In this essay, we explore one such new idea
about the biology of aging that it is the result of continued
activity (hyperfunction) during adulthood of pathways and
processes that evolved to optimize development to adult-

hood. This idea argues that the resulting overgrowth causes
pathologies that limit lifespan (4, 5). We will first briefly
outline the crisis in the oxidative damage theory, then de-
scribe the hyperfunction theory, and finally ask whether it
could explain aging in one key model organism, the nematode
Caenorhabditis elegans.

The Oxidative Damage Theory in Crisis

Many studies that have used C. elegans to test the oxidative
damage theory of aging have been previously surveyed (17, 52).
In many cases, their results have been difficult to reconcile with
the oxidative damage theory. For example, treatment with the
inhibitor of glycolysis 2-deoxyglucose increases C. elegans life-
span, apparently by increasing mitochondrial ROS production
(44). Similarly, lifespan is increased by treatment with low
concentrations of the O2

- generators juglone (23) and paraquat
(59). Other irreconcilable studies involve the gene sod-2, which
encodes the major mitochondrial Mn superoxide dismutase
(SOD) in C. elegans. SOD is an antioxidant enzyme that de-
toxifies O2

- , converting it into H2O2. sod-2 mutants are
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hypersensitive to oxidative stress and show elevated levels of
protein oxidation, yet their lifespan is unchanged (13, 60) or
even increased (51). Even worms in which all five sod genes are
deleted do not show any reduction in lifespan (53).

One interpretation of these studies is that oxidative damage
is a part of a broader spectrum of molecular damage that
causes aging (16). However, a more radical interpretation that
we consider here is that molecular damage accumulation is
not the primary cause of aging at all.

Aging As Quasi-Programmed Hyperfunction

The hyperfunction theory, proposed by Mikhail Bla-
gosklonny, encompasses central elements of the biology of
aging, including interventions that slow aging (dietary,
pharmacological, and genetic), the oxidative damage theory,
cellular senescence, the relationship between aging and dis-
ease, and the evolutionary theory of aging. In broad terms,
what Blagosklonny has done is to remove certain elements
from the existing conceptual framework of biogerontology,
add some new ideas, and rearrange the rest. The result is a
radically new, coherent integrated theory that presents a very
different big picture of aging (4–6).

This conceptual reorganization hinges on two ideas in
particular. First, that aging is not the result of molecular
damage. Second, that the real cause of aging is hyperfunction,
especially excess biosynthesis (hypertrophy). This hypertro-
phy is driven by the nutrient-sensitive signaling network that
controls growth (and thereby, reproduction), and includes the
insulin, insulin-like growth factor 1 (IGF-1), and in particular,
the target of rapamycin (TOR) kinase pathways (8). Hyper-
trophy leads to a broad spectrum of pathologies in late life
that cause the age increase in mortality (Fig. 1A, B).

Of the signaling network controlling growth, TOR is
viewed as the critical element controlling aging. This is rea-
sonable, particularly since inhibition of the TOR pathway
increases lifespan in budding yeast, C. elegans, Drosophila, and
mice (28). Moreover, TOR appears to mediate effects on life-
span of dietary restriction (DR) in yeast, worms, and flies.
Pharmacological inhibition of TOR with rapamycin increases
lifespan in animal models (including mice), raising the pos-
sibility that it may do so in humans.

Crucially, the hyperfunction theory proposes mechanistic
explanations for how TOR controls aging, for example, by
regulating biomass within cells. TOR inhibits autophagy and
promotes translation of mRNA into protein. Model organism
studies have shown that autophagy is required for life ex-
tension in a number of contexts, and that inhibition of protein
synthesis can increase lifespan (28). The molecular damage
theory was able to explain why autophagy promotes lon-
gevity: it removes damaged molecules. However, why pro-
tein synthesis should promote aging has been a puzzle.

Autophagy disposes of damaged cellular constituents. It
also reduces biomass and recycles cellular components during
times of nutrient deprivation to assure survival. The hyper-
function theory suggests that it is reduction of biomass that is
critical to longevity assurance, rather than removal of dam-
aged molecules (Fig. 1C, D). The theory also provides a simple
explanation for why protein synthesis promotes aging, be-
cause it contributes to hypertrophy. Inhibition of protein
translation reduces hypertrophy, thereby retarding the de-
velopment of pathology and delaying age-related mortality.

According to the hyperfunction theory, the life-threatening
diseases of aging should typically be driven by hypertrophy.
Moreover, this hypertrophy should be associated with over-
activity of TOR. In fact, this is often the case (5, 49). For ex-
ample, in mammals, insulin resistance tends to increase with
age, which to some extent is driven by overactivation of TOR
in fat and skeletal muscle. TOR-dependent hyperactivity in
osteoclasts contributes to osteoporosis, leading to bone frac-
tures. Various forms of hypertrophy contribute to the loss of
blood supply that leads to myocardial infarction, atheroscle-
rosis, cardiomyocyte hypertrophy, increased coagulation and
platelet hyperactivity, hypertension, and inflammation.
Cancer, of course, is a hyperplastic disease. Plausibly, the re-
duced cancer levels in long-lived rodents (mutant or under-
DR) reflect suppression of hyperplasia rather than reduced
levels of founder mutations. In short, there is an association
between TOR signaling, hyperfunction, and age-related dis-
ease in mammals.

However, does molecular damage really not contribute to
aging? Blagosklonny suggests that there are two relationships
between damage and aging. First, he observes that molecular
damage surely does accumulate with time, but it makes little
contribution to mortality. This is because hyperfunction cau-
ses death long before damage has had time to accumulate to a
level sufficient to cause life-threatening pathology. Second, he
suggests that major contributors to the observed age increase

FIG. 1. The hyperfunction theory of aging. (A) Simplified
representation of molecular damage theory (including oxi-
dative damage theory). (B) Simplified representation of hy-
perfunction theory. (C) Mode of action of target of
rapamycin (TOR) pathway on aging, based on the molecular
damage theory. (D) Mode of action of TOR pathway on
aging, based on the hyperfunction theory. Derived from (5).
IIS, insulin/IGF-1 signaling.
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in levels of damage are the pathologies caused by hyper-
function.

Hyperfunction and the Evolution of Aging

The evolutionary theory provides a convincing account of
how aging evolves. It is a consequence of the reduced force
of natural selection on the effects of genotype on phenotype
at late ages at which, in the wild, little or no reproduction
occurs (38). Here, an outcome is that mutant alleles that in-
crease early life fitness, but have deleterious effects late in
life, may increase overall fitness. Such alleles that exhibit
antagonistic pleiotropy (with good effects in the young, but
bad in the old) will therefore increase in frequency in the
population (57).

Discovering the biochemical and cellular causes of aging will
hopefully allow an understanding of the mechanisms under-
lying the tradeoffs between early and late life traits. An im-
portant early attempt to integrate evolutionary and mechanistic
theories of aging yielded the disposable soma theory (31). This
incorporated the view that aging is caused by accumulation of
molecular damage, whereas longevity is enhanced by somatic
maintenance processes (detoxification, repair, and turnover).
The disposable soma theory hinges ingeniously upon the as-
sumption that somatic maintenance is costly in resource terms
(e.g., energy). Consequently, to optimize fitness, a given species
must optimally partition resources between reproduction and
somatic maintenance. Such optimization will maximize repro-
ductive output, while ensuring organismal (somatic) survival
only to the end of the reproductive period. The result is a short-
lived, disposable soma.

The development of the disposable soma theory was an
important landmark in biogerontology. Critically, it provides
a template for integrated evolutionary mechanistic theories of
aging. However, according to the hyperfunction model, aging
is not driven by molecular damage, nor do somatic mainte-
nance processes protect against aging (except in the sense that

they are needed acutely to keep an organism alive) (6). In this
case, the disposable soma theory cannot be true (6, 7).

The disposable soma theory has also been applied to try to
explain the effects of DR, which extends lifespan and, typi-
cally, reduces fertility. It has been suggested that organisms
under DR increase resource investment into somatic mainte-
nance (36) (Fig. 2A). As Blagosklonny points out, this is
paradoxical (6). Why, under conditions of unrestricted food,
should organisms limit investment of resources into somatic
maintenance? Arguably, the hyperfunction theory provides a
simpler explanation that low food reduces signaling via the
growth-promoting pathways (particularly TOR). This sup-
presses hypertrophy, thereby retarding aging (Fig. 2B).

One might say that Blagosklonny has substituted the idea
of a disposable soma with one of a bloated soma. In evolu-
tionary terms, bloated soma makes a lot of sense. A major
challenge to organismal survival is fluctuation in the food
supply. To optimize fitness in the face of such fluctuation,
organisms have evolved a dynamic and extensive phenotypic
plasticity that allows rapid switching between states of
growth and reproduction on the one hand (ample food), and
starvation resistance and diapause on the other (scarce food).
Bloated soma presents a plausible biological mechanism for
the evolution of aging by antagonistic pleiotropy. Mutations
that boost growth in early life given ample food (e.g., by in-
creasing TOR signaling) will increase rates of biosynthesis,
and thereby of growth and reproduction. They will also, in
later life, exacerbate hypertrophic pathologies, thereby accel-
erating aging.

The hyperfunction theory can also resolve the old question
of whether or not aging is programmed. According to the
evolutionary theory, aging does not evolve for a purpose and
in that sense cannot be genetically programmed. Yet, genetic
studies have identified scores of genes where mutation leads
to increased lifespan (29). This shows that aging is under ge-
netic control, that is, programmed. According to the hyper-
function theory, insofar as aging rate can be altered by growth

FIG. 2. Explanation for ef-
fects of dietary restriction
(DR) in terms of the bloated
soma theory. (A) Prior inter-
pretation in terms of dispos-
able soma theory. (B) New
interpretation in terms of
bloated soma theory (incor-
porating hyperfunction theo-
ry). Based on (6). IGF-1,
insulin-like growth factor 1.
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control pathways, it is quasi-programmed. Here, quasi-
program means an unintended continuation of the develop-
mental program (4, 6). The importance of the prefix quasi- is
that the evolved function of the program is not to cause aging.
Blagosklonny draws an analogy between development and
running a bath. If you leave the water running, the program
for filling your bath becomes a quasi-program to flood your
bathroom. In fact, open faucet models have been suggested
previously in relation to aging in C. elegans (24, 35).

Could Hyperfunction Cause Aging in C. elegans?

Despite intensive research on the biology of aging in C.
elegans in many laboratories over the last 20 years, the
mechanisms of aging in this creature remain obscure. Could
the hyperfunction theory provide the necessary illumination?
The theory predicts that when C. elegans die of old age, it is as
the result of pathologies associated with hyperfunction, par-
ticularly hypertrophy. However, is there any evidence that
this is the case?

In broad anatomical terms, C. elegans consists of an outer
tube that includes a cuticle with underlying hypodermis and

body wall muscle, within which run two smaller tubes: the
alimentary canal (pharynx and intestine) and the gonad.
Within the worm anatomy, a number of changes occur during
aging that are suggestive of both pathology and hypertrophy
(summarized in Fig. 3).

Aging in the gonad arms

In the adult hermaphrodite gonad, mitotic germ cells pro-
liferate and then enter meiosis, yielding mature oocytes. The
latter are fertilized in the spermatheca, and then pushed into
the uterus where embryogenesis begins (20). During aging,
the gonad undergoes two kinds of gross anatomical change:
atrophy of the germline and hypertrophy within the uterus.

In the absence of mating, the hermaphrodites’ own sperm
deplete by day 3–5 of adulthood. After this, oocyte production
carries on for a period before grinding to a halt. Initially, oo-
cytes continue to pass through the spermatheca and uterus,
and are laid unfertilized. Such oocytes are polyploid as the
result of multiple rounds of endoreduplication, and have
large nuclei (56). Excess oocytes also accumulate within the
gonad, and become stacked (squashed together) (Fig. 3), such

FIG. 3. Evidence for hypertrophy during aging in Caenorhabditis elegans. This figure shows six examples of age change
that involves hypertrophy, as follows: (i) accumulation and redistribution of yolk (shaded area, high levels of yolk [VIT-
2::GFP fluorescence]); (ii) stacking of oocytes in the gonad; (iii) appearance of tumor-like, intrauterine masses, a likely
consequence of runaway endoreduplication in unfertilized oocytes (O, oocyte; T, tumor); (iv) cuticular hypertrophy (C,
cuticle; H, hypodermis); (v) neurite outgrowth (NO, neurite outgrowth); and (vi) lipid droplet accumulation (here in aging
muscle, L, lipid droplet; M, muscle). In each part, young adult worm is shown above and an older worm below. Redrawn
after published observations (12, 15, 18, 24, 27, 37, 48).
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that cell density more than doubles (27). Thus, cessation of
reproduction leads to hypertrophy in the germline, at least
initially.

From around day 5 of adulthood, the gonad distal to the
spermatheca starts to deteriorate. First, the density of nuclei
decreases; next, the gonad begins to shrivel (15), and then dis-
integrate (Fig. 4), leaving a small number of large mature oocytes
that remain adrift in the body cavity. Such germline disinte-
gration could be consistent with the hyperfunction theory, as
follows. In younger animals, during starvation-induced adult
reproductive diapause, reversible germline atrophy occurs,
which can reduce the number of germline nuclei from *125 per
gonad arm to as few as 35 (3). This atrophy is a programmed
process, blocked by mutation of the cell death gene ced-3, which
abrogates apoptosis, and which contributes to reproductive fit-
ness after diapause. Moreover, in fully fed worms, some 50% of
oocytes are destroyed by apoptosis, and prevention of this by ced
mutations reduces oocyte quality (2). These observations sug-
gest that continued (quasi-programmed) apoptosis might lead
to age-related germline disintegration.

Aging in the uterus

From around day 9 of adulthood, the hermaphrodite uterus
shows a marked increase in DNA content (18). This is asso-
ciated with the appearance of intrauterine masses (Fig. 3),
which the authors of the study liken to tumors, and may be the
result of runaway endoreduplication in unfertilized oocytes
(18). This is another salient example of hypertrophy during
aging in C. elegans. Development of uterine masses can be
suppressed by feeding worms with fluorodeoxyuridine
(FUdR), which blocks DNA replication. However, FUdR ad-
ministration does not usually increase C. elegans lifespan (14),
implying that these uterine growths do not contribute to
mortality. More broadly, age changes in the gonad seem not

to have major effects on organismal aging, since removal of
the entire gonad does not increase lifespan, at least not in
wild-type fully fed animals (25, 58).

Age changes in yolk and lipid droplets

A number of studies have reported age changes in levels
and distribution of yolk and lipid in C. elegans. The protein
component of yolk (vitellogenin) is encoded by the genes vit-2
to vit-6. Yolk is synthesized in the intestine, and then trans-
ported across the body cavity to the gonad, where it provi-
sions developing oocytes (30).

Depletion of sperm and cessation of oogenesis trigger a
striking redistribution of yolk within the worm, as visualized
using a transgene expressing VIT-2 tagged with green fluo-
rescent protein (GFP). In worms with sperm, VIT-2::GFP is
seen only in the intestine and oocytes. When sperm depletes,
yolk rapidly appears throughout the worm, particularly in the
body cavity, where it accumulates to high levels (12, 15, 24, 37)
(Fig. 3). This suggests that intestinal yolk production contin-
ues after oocyte production stops, resulting in excess yolk that
has effectively nowhere to go. Distribution of lipid also seems
to change in aged worms. Electron micrographs reveal an age
increase in lipid inclusions in the intestine, muscle (Fig. 3), and
hypodermis in C. elegans (24).

Age changes in the level and/or distribution of yolk and
lipid may well contribute to mortality. For example, knock-
down of expression of vit-2 and vit-5 increased lifespan (40),
and yolk levels are greatly reduced in long-lived daf-2 insulin/
IGF-1 receptor mutants (12). Similarities have been noted
between worm yolk (lipoprotein) particles and mammalian
apoB-dependent low-density lipoprotein (LDL) (9, 45). In
mammals, LDL particles contribute to atherosclerosis, sug-
gesting distant parallels between the pathology of aging in
worms and mammals. Moreover, the appearance of lipid

FIG. 4. Age-associated go-
nadal atrophy. (A–D) pro-
gressive stages of atrophy of
hermaphrodite gonad. (A) 1-
day-old adult, healthy, full-
sized gonad; (B) 5-day-old
adult, gonad slightly atro-
phied; (C) 7-day-old adult,
shrunken, but largely intact
gonad; (D) 9-day-old adult,
fragmented gonad.
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inclusions in multiple tissues during aging (24) (Fig. 3) is
something that happens during mammalian aging (54). One
mechanism by which obesity is thought to cause metabolic
syndrome is ectopic deposition of lipid in nonadipose tissue
(steatosis), for example, in the muscle and liver, causing lipid-
induced pathology (or lipotoxicity) (50, 54).

Interestingly, a number of recent studies have reported that
genes promoting lipolysis or fatty acid desaturation also
promote longevity (11, 19, 33, 55). Potentially, this could re-
flect altered energy metabolism, or changes to lipid compo-
sition, membrane fluidity, and signaling pathways (10, 11). A
further possibility is that they retard the accumulation of
pathogenic forms of lipid (e.g., lipotoxic inclusions) (1).

Aging in the intestine

In the laboratory, C. elegans are typically cultured on agar
plates with a lawn of Escherichia coli as a food source. In el-
derly worms, the lumen of the entire alimentary canal
(pharynx and intestine) can become clogged up (constipated)
with packed E. coli (15). Aging intestinal cells also show
marked deterioration, including atrophy, abnormalities in
nuclear morphology (e.g., affecting the nuclear lamina), and
loss of nuclei and microvilli (15, 18, 21, 24, 37). Although
constipation is a problem of E. coli hyperproliferation, there is
no obvious evidence that hyperfunction within intestinal cells
causes their degeneration. However, the process of organis-
mal death involves a systemic cascade of cellular necrosis,
which passes in a wave along the intestine, propagated by
calcium signaling (C. Coburn and D. Gems, unpublished
observations). This could constitute a quasi-program.

Aging in the nervous system and musculature

It was recently discovered that aging neurons often sprout
additional neurite branches (41, 48) (Fig. 3). By day 15, *70%
of animals showed extraneuronal processes in mechan-
osensory (touch) neurons, and *25% in GABAergic motor
neurons (48). This is a striking example of hypertrophy during
aging in C. elegans. Such neurite branching was found to affect
neuronal function, but not organismal mortality.

Although age changes in muscle are not as marked as those
in the gonad and intestine, some deterioration has been ob-
served during aging in both pharyngeal and body wall
muscles. Aging pharynges show various signs of decline (15).
Body wall muscles show some atrophy and loss of organi-
zation of sarcomeres, and lipid inclusions appear within the
muscles of older worms (24). Whether these or other factors
contribute to the rapid age decline in the rate of pharyngeal
pumping and locomotion remains unclear.

Aging in the cuticle and hypodermis

Ultrastructural studies have shown a marked thickening
with age of the cuticle. In some places, the cuticle of elderly
worms is up to 10 times thicker than those of young worms
(24) (Fig. 3). From this, the authors deduce that cells of the
underlying hypodermis continue to synthesize cuticle colla-
gens well into adulthood, another example of hypertrophy.

Conclusions

In this review, we have explored the possibility that aging
in C. elegans is not caused by molecular damage, but by hy-

perfunction. In particular, we have asked whether aging in C.
elegans is accompanied by anatomical changes consistent with
the occurrence of hyperfunction-driven pathologies. A num-
ber of previous reports provide evidence that supports this
idea. In particular, the age increases in levels of yolk and lipid
inclusions, neurite outgrowths, cuticle thickness, and uterine
tumors are consistent with the occurrence of hypertrophy (or
bloating of the soma) during aging. In some cases (e.g., yolk
accumulation), there is evidence that these changes contribute
to age-related mortality. The hyperfunction theory also fur-
nishes alternative explanations for the effects on aging of
autophagy and protein synthesis. We conclude that this new
theory provides an account of aging in C. elegans that is at least
as plausible as the accumulation of molecular damage. Fur-
ther studies of the role of hypertrophy (and atrophy) in aging
in C. elegans (and other model organisms such as Drosophila)
are warranted.

In fact, observation of age changes led the authors of one of
the anatomical studies cited here to draw conclusions that
anticipate the hyperfunction theory, as follows. ‘‘Overall, the
extensive accumulation of macromolecules, such as yolk
proteins, cuticle proteins and lipid, suggest that in post-
reproductive animals, a life-stage that has been subject to little
(if any) natural selection pressure over time, biosynthesis/
protein turnover is not tightly regulated like it is in develop-
mental and reproductive phases. [.] We speculate that
nonregulated biosynthesis might contribute to the senescent
decline of C. elegans by causing the continued production of
irrelevant macromolecules’’ (24).

The very short natural lifespan of C. elegans suggests that
whatever mechanisms drive aging are active to a high degree
in this organism. As described here, observations of pathol-
ogy in aging worms suggest the presence of intense hyper-
function. One possibility is that the relative contribution to
aging of damage and hyperfunction varies between species.
For example, in mammals, DNA damage contributes to can-
cer, a major disease of aging, though hyperfunction also plays
an important role (4, 5). By contrast, there have been no re-
ports of somatic mutation-induced hyperplasia (i.e., true
cancer) in C. elegans. Adult C. elegans are relatively insensitive
to the life-shortening effects of UV radiation, which likely
reflects the lack of somatic cell division during adulthood (32).
Only doses of ionizing radiation above 100 krad begin to
shorten C. elegans lifespan (26). These findings suggest that
lifespan in this organism is not limited by DNA damage. We
postulate that while DNA damage contributes to aging in
mammals, molecular damage makes little contribution to
aging in C. elegans (Fig. 5).

This by no means implies that mitochondria play no role in
worm aging. Many interventions that disrupt mitochondrial
function in C. elegans lead to increased lifespan, often ac-
companied by delayed development—the so-called Mit phe-
notype (43). One possibility is that hyperfunction is
suppressed in Mit mutants, thereby increasing lifespan. Un-
der nutrient-replete conditions, high fuel influx will cause
mitochondria to be fully polarized leading to increased pro-
duction of not only ROS but also intermediates for anabolism.
Thus, perhaps it is the latter rather than the former that ac-
celerates aging rate, by promoting hyperfunction.

One unresolved issue from tests of the ROS theory in C.
elegans is how conditions that increase oxidative stress lead to
increased lifespan (23, 44, 59). If aging in C. elegans is the result
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of hyperfunction, then one possibility is that oxidative stress
ameliorates hyperfunction. This could occur either indirectly,
via effects on signaling (e.g., HIF-1 activation) (34), or directly
on proximal hyperfunction mechanisms.

Finally, if the molecular damage theory really is incorrect,
how could we have all got it so wrong for so long? Here, a
historical perspective may be helpful. In the absence of fun-
damental knowledge about a topic, the human intellect is
bound to generate plausible theories to fill the void. Wide-
spread acceptance of such ideas may owe more to the at-
tractiveness of the theory to intuition (or common sense) than
to any careful empirical investigations. For example, before
the 17th Century, it was believed that the Sun revolved
around the Earth.

Like the geocentric theory, the molecular damage theory is
plausible and intuitively appealing. After all, living systems
are intricate nanomachines, and all forms of man-made ma-
chinery wear out eventually, even Volkswagen Beetles. Such
primordial theories derived from guesswork and common
sense have been referred to as folk science (46). Historically,
scientific advance often really kicks off when the fruits of
empirical research lead to replacement of the founding folk
theories. In contrast to folk theories, such empirically based
concepts are often counterintuitive. For example, the helio-
centric theory required the acceptance of the initially incred-
ible idea of a world that both spins around on its axis, and
hurtles through space at a terrific speed. Perhaps, the molec-
ular damage theory will prove to be the great folk theory of
biogerontology.
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