
The idea is that intense training produces more free radicals than moderate exercise, which 

may ―overwhelm antioxidant defenses‖ and cause ―irreparable oxidative damage… 
potentially resulting in ill health and/or disease,‖ writes Dr. Kelsey Fisher-Wellman, the 

author of a review published in 2009.
(4)

 

Before we dive into the evidence, let’s examine what oxidative stress is. 

Oxidative Stress: A Quick Primer 

During normal metabolism, your body produces unstable molecules, free radicals being the 

most common. These molecules can damage your cells and create more free radicals, causing 

more damage. 

Your body uses different antioxidants to control free radical (oxidative) damage. The two 

main kinds of antioxidants are endogenous (produced inside your body) and exogenous 

(consumed from diet and other sources). 

When free radicals overwhelm your antioxidant defenses, your cells are damaged. This 

damage is called oxidative stress.
(5,6)

 

There’s still some question as to whether or not oxidative stress accelerates aging.
(7-

11)
 However, most data indicate that excessive and chronic oxidative stress may cause 

cellular damage and contribute to atherosclerosis, heart disease, cancer, dementia, and 

many other diseases.
(12-18)

 

Why Oxidative Stress Isn’t Always Bad 

When we first discovered that free radicals existed in humans, they were quickly blamed for 

aging and other diseases.
(19)

 

Contrary to what researchers first thought, we now know that oxidative stress is beneficial in 

small amounts. In fact, it’s essential. Newer research has shown that oxidative stress prompts 
your cells to become stronger over time by increasing your body’s antioxidants.(20)

 

Free radicals also serve as important signaling molecules for a number of functions in your 

body, so getting rid of them entirely would likely be counterproductive.
(21) 

 

All forms of exercise cause some oxidative stress.
(22)

 This is probably one of the reasons it 

makes you healthier. Your body is slightly weakened, recovers, and becomes more resistant 

to oxidative stress from the next workout (or other stressors).
(23-30)

 

Most researchers agree that moderate exercise produces healthy amounts of oxidative stress, 

to the point they call it an antioxidant.
(31)

 

The concern is that doing more than that may have the opposite effect. 

When Exercise May Be too Much of a Good Thing 

Your body has a limited capacity to increase its antioxidants and control free radicals. 
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Some researchers believe that long, intense exercise (especially endurance training) may 

cause more oxidative stress than humans can handle.
(32)

 

―Heavy and sustained exercise training generates large quantities of free-radicals that likely 

outstrip the buffering capacity of the system, leaving these individuals susceptible to 

oxidative stress…‖ writes Harshal R. Patil, the author of a recent review on this topic.
(33)

 

This is thought to be true ―even in superbly trained individuals.‖(34)
 

In theory, your body runs out of antioxidants during extreme exercise. Free radicals 

overwhelm your cells and oxidative stress rises far beyond healthy levels. Over time, this 

damage increases your risk of heart disease, cancer, and an early death. 

Dr. James O’Keefe, the author of a review on how endurance exercise affects heart health, 

states it this way:
(35)

 

―If we went out for a run right now and you ran hard… by 60 minutes something starts 
happening… the free radicals blossom, and it starts burning the heart. It starts searing and 

inflaming the inside of your coronary arteries.‖(36)
 

Every athlete has a limit to how much oxidative stress they can handle. The question is 

whether or not extreme exercise can push your body past this point. 

Before we look at the research, let’s define ―extreme‖ exercise. 

What is “Extreme” Exercise? 

If you ask most researchers in this field, the answer will probably be ―whatever causes lots of 
oxidative damage.‖ 

The problem with with this definition is that any kind of exercise can cause oxidative 

damage.
(37)

 If your training is challenging, it’s probably causing significant oxidative stress, 
regardless of your sport.

(38)
 

This is true for: 

 Strength training.
(39-42)

 

 Sprinting.
(43)

 

 Motocross.
(44)

 

 Indoor rock climbing.
(45)

 

 Running.
(46-49)

 

 Cycling.
(50-53)

 

 Swimming.
(54)

 

 Rowing.
(55,56)

 

 Kayaking.
(57,58)

 

 Canoeing.
(59)

 

 Soccer.
(60,61)

 

 Tennis.
(62)

 

 Football.
(63,64)

 

 Rugby.
(65,66)
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 Handball.
(67)

 

 Martial arts.
(68,69)

 

 Volleyball.
(70,71)

 

Some limited data also indicates that oxidative stress may contribute to fatigue. If this is the 

case, it’s possible that any workout that can make you tired will probably cause some 
oxidative damage.

(72)
 

Is Endurance Exercise Especially Bad? 

Endurance sports often get the most blame for being ―extreme‖ or ―excessive‖ when it comes 
to oxidative stress. 

Mitochondria (the ―power plants‖ of cells) are believed to be one of the main sources of free 
radicals. Endurance sports use more oxygen, which sends more energy through your 

mitochondria. In theory, the higher your metabolic rate and energy needs, the more free 

radicals your mitochondria will produce.
(73,74)

 

However, free radicals are also created through other pathways, and are not always related to 

your oxygen needs.
(75) 

Several studies have shown that despite much higher oxygen intakes 

during aerobic exercise, anaerobic exercise (sprinting, weight lifting, etc) can produce similar 

levels of oxidative damage.
(76,77)

 

Studies that didn’t measure oxygen consumption have also found similar levels of oxidative 
damage after strength and endurance training.

(78,79)
 

That said, it’s generally possible to do more endurance training, which will probably create 
more free radicals over time. No athlete runs sprints for six hours straight, but many pro 

cyclists ride their bikes that long every day. 

On the other hand, there are a lot of bodybuilders, football players, and other physique or 

mixed sport athletes who train several hours a day. 

For the rest of the article, we’ll loosely define ―extreme‖ exercise as anything that has you 
working at a moderate to high intensity for more than about 1-2 hours per day, endurance or 

not, endurance or otherwise. 

Now let’s see if this kind of training is bad for you. 

What the Evidence Says About Extreme Exercise and Oxidative Stress 

Despite many inconsistencies and problems with the research, most data indicate that hard 

exercise increases oxidative stress.
(80-84)

 

However, long-term studies, as opposed to short-term, have shown that extreme 

training can increase your body’s antioxidant levels which can help prevent and repair 

oxidative damage.
(85-88)

 



According to Dr. Karl-Heinz Wagner, ―during exercise… ROS [free radicals] formation can 
stimulate adaptive mechanisms… which can lead to decreased oxidative damage or apoptosis 
[cell death],‖ in a review published in 2011.

(89)
 

In one study, untrained people ran five times per week, for an hour at a time, at  80% of their 

maximum heart rates (basically, the definition of ―chronic cardio‖). There was an increase in 
lipid peroxidation and oxidative stress at the beginning of the study. Twelve weeks later, 

however, the runners had less lipid peroxidation, higher antioxidant levels, and less oxidative 

stress than before the study.
(90)

 

Most people wouldn’t call five hours per week of running ―extreme,‖ but other studies have 
shown the same adaptations can occur with much more training. 

With consistent training, the ―capacity of the body will expand or adapt; ultimately leading to 

improvements in health and/or human performance,‖ continues Dr. Wagner. 

Endurance athletes are able to prevent or at least minimize oxidative stress after races and 

brutal training periods. The rise in oxidative stress is moderate to nonexistent, and usually 

goes back to normal hours or days later.
(91-103)

 

Oxidative damage sometimes occurs, but it’s minimal.(104)
 It’s also repaired quickly and most 

data indicate there is no lasting harm.
(105,106)

 

Multiple studies have shown that after Ironman triathlons, well-trained athletes have a large 

decline in DNA damage for about three weeks.
(107-109)

 The researchers believe this is thanks 

to ―the upregulation of repair mechanisms and enhanced endogenous antioxidative 
systems.‖(110)

 

In other words, their training increased their body’s ability to prevent and repair DNA 
damage, largely by increasing its antioxidant defenses. 

 

Figure 1. DNA damage tends to decline after an Ironman in well-trained athletes. This is 

because training increases your body’s antioxidants and DNA repair mechanisms. 
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It’s also likely this boost in antioxidant defenses protects against oxidative stress from 
“non-exercise related conditions.”(111)

 

That is, if you get stuck in an elevator with someone reeking of cigarettes, your body will 

probably suffer less damage than if you weren’t training like nuts. 

Animal studies have also shown that exhaustive and moderate exercise helps increase 

antioxidant levels and protect against oxidative stress.
(112-117)

 

Elite endurance athletes (who train more than almost anyone) also tend to live longer than the 

average population, although it’s impossible to tell if this is from better antioxidant protection 
or other reasons.

(118-120)
 

That said, at least one study has found higher levels of oxidative damage in well-trained 

endurance athletes at rest.
(121)

 

This is misleading, however, because the athletes had done a hard race two days before being 

tested, and it’s possible this wasn’t enough time for them to recover. Even so, they were 

better protected against some markers of oxidative stress after exercise than healthy non-

athletes. 

Most other studies have also shown similar or lower levels of oxidative stress in athletes 

compared to healthy non-athletes.
(122,123)

 

Before you decide to do an Ironman or become Mr. Olympia however, understand that 

boosting your antioxidant levels often requires a lot of training. 

How Much Should You Train to Protect Your Body? 

This depends on what you’re training for. 

If you exercise only for health, you don’t need to train three hours a day to be well protected 
against oxidative stress. 

Moderate endurance and strength training can significantly reduce oxidative stress and 

increase your antioxidant defenses.
(124-131)

 

It’s a different story if you’re a competitive athlete. You probably need to train more to 
protect yourself. 

A low-volume training plan might be fine if your event is short, but it’s probably not best for 
longer or more intense competitions. It takes a lot of hard training to increase your 

antioxidant levels enough to protect you from something like an Ironman or marathon.
(132)

 

―The training programme must be sufficiently long and intense to trigger a consequent 
adaptive response of the antioxidant system and a decrease of oxidative stress,‖ writes Dr. 
Julien Finaud, the author of a 2006 review.

(133)
 



If you don’t train adequately, your antioxidant system may not be strong enough to 
protect you from permanent oxidative damage if you suddenly increase your training 

volume. In other words, being a “weekend warrior” may not be ideal.(134)
 

One study found a large increase in oxidative damage after a football game. The the 

researchers concluded that ―higher amounts of physical activity may be required‖ to protect 

them from this kind of exercise.
(135)

 

Athletes with the highest training volumes, experience, and fitness often have higher 

antioxidant levels and lower levels of oxidative stress.
(136-138)

 Well-trained cyclists are also 

better able to minimize oxidative stress after a workout than amateurs.
(139)

 

Small amounts of endurance training can also increase your Vo2max before it significantly 

raises your antioxidant levels.
(140)

 Basically, you can get fitter without necessarily being 

better protected against oxidative stress. 

In one of the studies mentioned previously, Ironman athletes were well protected against 

oxidative stress after training 13 hours per week.
(141) 

Other data have shown that triathletes 

training 14-17 hours per week were able to manage the oxidative stress from their 

workouts.
(142,143)

 

That’s a lot of training, but minimal considering it took these athletes around 10-12 hours to 

finish an Ironman. 

If your training is consistent and specific to your sport, it will probably increase your 

antioxidant levels enough to protect you from excessive oxidative damage.  

Of course, you can still overdo your training. 

How Much is Too Much? 

Some authors have suggested that there is an ―optimal level of exercise‖ and that  extreme 

training ―exceeds the currently undefined optimal level.‖(144)
 

The problem with this notion of an “optimal level of exercise” is that it’s relative to the 
individual and changes over time. 

If an elite Ironman triathlete were to to do a two hour bike ride, they’d probably experience 
almost no oxidative stress. For them, that’s an easy workout. 

If a couch potato who hasn’t exercised in 30 years were to do the same workout, it might 
cause far more damage. 

Oxidative stress is not necessarily dependent on how much you exercise, but how much 

you do relative to your current ability level.  

In untrained people, intense, moderate, and light exercise all cause about the same amount of 

oxidative damage.
(145)
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Figure 2. Intense, moderate, and easy training all increase MDA levels (a marker of oxidative 

damage) about the same amount in untrained people. 

According Dr. Niels Vollaard, the author of a review published in 2005, oxidative stress is 

―desired, or even a required consequence of exercise, which is controlled to such an extent 
that it occurs whenever the relative exercise intensity is sufficiently high, regardless of 

training status.‖(146)
 

For example, professional cyclists often train over 1,000 hours per year — over 3 hours per 

day, and at times, 30-40 hours per week. Considering the demands of their sport, this might 

be ―optimal.‖ 

They tend to have higher antioxidant levels than amateur cyclists and healthy non-athletes. 

Their antioxidant levels are also increased at the end of a 20 day stage race, suggesting they 

handled the oxidative stress well.
(147)

 

Other studies have also found that well-trained cyclists are able to control the  oxidative 

stress from intense training and racing.
(148-151)

 

If you push yourself outside of your comfort zone, you’re probably going to experience some 
oxidative stress. If you do too much, you might hurt yourself. If you don’t do enough, you 
may not be protected from higher training loads and other sources of oxidative stress. 

This process ―can be seen as no different from other responses to exercise: a certain load 
disturbs homeostasis, resulting in adaptations in the body to be able to cope with a similar 

load in the future,‖ writes Dr. Vollaard.(152)
 

Some athletes beat themselves into the ground with too much volume, intensity, or both. In 

these cases, it’s possible oxidative stress may play a role in overtraining.(153,159)
 

Luckily, it’s usually not hard to tell when this is happening. Overtraining makes you sick, 

anxious, and moody. It destroys your sleep, performance, appetite, and libido. It also 

perpetuates sore or fatigued muscles, causes injuries, and usually makes you feel horrible.
(160-

163)
 

If that sounds familiar, you’re doing too much. 

The Truth about Extreme Exercise, Oxidative Stress, and Your Health 
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Every kind of hard exercise creates free radicals that cause some oxidative damage. 

This damage is quickly repaired, and sparks adaptations that make you more resistant to 

oxidative damage from high volume and/or intensity training. 

With more training, your body increases its antioxidant levels to control the additional free 

radicals, generally keeping oxidative stress within safe limits. 

It’s possible to hurt yourself by overtraining, and oxidative stress may be part of this process. 

However, it’s not news that overtraining is bad for you. High volume training is also not 

the same thing as overtraining. 

If you train smart by providing enough stimulus to progress, but not so much that you 

overtrain, the oxidative stress from your training will probably not damage your health. 

At present, ―there are no indications that exercise-induced oxidative stress has any negative 

impact on health…,‖ according to Dr. Vollaard.(164)
 

As with fatigue, muscle soreness, and any other response to exercise, oxidative stress should 

not be avoided, but managed with smart, consistent training. 

You don’t need to do extreme athletics to be healthy. 

On the other hand, if you do train hours a day for extreme sports, you probably don’t have to 
worry about it damaging your health or shortening your life. It might even make you 

healthier. 

Most evidence indicates that if you train in a progressive, intelligent manner, with 

adequate recovery between workouts, you can build up to extremely high training loads 

and still be protected against potentially dangerous levels of oxidative stress. 

You’re reading Part 5 of a series on whether or not exercise damages your heart. Click here 

to read Part 6. 
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Bald, blind, never get cancer, resistant to low oxygen. Look like hotdogs with teeth. Live for 

thirty years. Teeth stick out through their skin. Live in colony- air supply is very limited- use 

up much of the oxygen and generated high levels of carbon dioxide. Brain is very protective 

against low oxygen- taking tens of millions of years.   
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Live – how is it that breathing in high levels of carbon dioxide is not painful.  

 

Live in central east Africa where they are considered to be a pest eating the vegetables of the 

farmer from underground.  
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Moderate exercise is an antioxidant: 

upregulation of antioxidant genes by 

training. 
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Abstract 

Exercise causes oxidative stress only when exhaustive. Strenuous exercise causes oxidation 

of glutathione, release of cytosolic enzymes, and other signs of cell damage. However, there 

is increasing evidence that reactive oxygen species (ROS) not only are toxic but also play an 

important role in cell signaling and in the regulation of gene expression. Xanthine oxidase is 

involved in the generation of superoxide associated with exhaustive exercise. Allopurinol (an 

inhibitor of this enzyme) prevents muscle damage after exhaustive exercise, but also modifies 

cell signaling pathways associated with both moderate and exhaustive exercise in rats and 

humans. In gastrocnemius muscle from rats, exercise caused an activation of MAP kinases. 

This in turn activated the NF-kappaB pathway and consequently the expression of important 

enzymes associated with defense against ROS (superoxide dismutase) and adaptation to 

exercise (eNOS and iNOS). All these changes were abolished when ROS production was 

prevented by allopurinol. Thus ROS act as signals in exercise because decreasing their 

formation prevents activation of important signaling pathways that cause useful adaptations 

in cells. Because these signals result in an upregulation of powerful antioxidant enzymes, 

exercise itself can be considered an antioxidant. We have found that interfering with free 

radical metabolism with antioxidants may hamper useful adaptations to training. 
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Walking the oxidative stress tightrope: a 

perspective from the naked mole-rat, the 

longest-living rodent. 
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Author information  

Abstract 

Reactive oxygen species (ROS), by-products of aerobic metabolism, cause oxidative damage 

to cells and tissue and not surprisingly many theories have arisen to link ROS-induced 

oxidative stress to aging and health. While studies clearly link ROS to a plethora of divergent 

diseases, their role in aging is still debatable. Genetic knock-down manipulations of 

antioxidants alter the levels of accrued oxidative damage, however, the resultant effect of 

increased oxidative stress on lifespan are equivocal. Similarly the impact of elevating 

antioxidant levels through transgenic manipulations yield inconsistent effects on longevity. 

Furthermore, comparative data from a wide range of endotherms with disparate longevity 

remain inconclusive. Many long-living species such as birds, bats and mole-rats exhibit high-

levels of oxidative damage, evident already at young ages. Clearly, neither the amount of 

ROS per se nor the sensitivity in neutralizing ROS are as important as whether or not the 

accrued oxidative stress leads to oxidative-damage-linked age-associated diseases. In this 

review we examine the literature on ROS, its relation to disease and the lessons gleaned from 

a comparative approach based upon species with widely divergent responses. We specifically 

focus on the longest lived rodent, the naked mole-rat, which maintains good health and 

provides novel insights into the paradox of maintaining both an extended healthspan and 

lifespan despite high oxidative stress from a young age. 

aked Mole-Rat Unfazed By Oxidative Stress 

Date: 

October 10, 2006 

Source: 

American Physiological Society 

Summary: 

The long-lived naked mole-rat shows much higher levels of oxidative stress and damage and less robust repair mechanisms 

than the short-lived mouse, findings that could change the oxidative stress theory of aging. The new study comparing the 

naked mole-rat, which has a life span of 28 years, and the mouse, which has a lifespan of three years, will be presented at 

The American Physiological Society conference, Comparative Physiology 2006: Integrating Diversity. 
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A naked mole rat (Heterocephalus glaber).  

Credit: Photo Roman Klementschitz, Wien / courtesy of Wikimedia Commons 

The long-lived naked mole-rat shows much higher levels of oxidative stress and damage and less robust repair 

mechanisms than the short-lived mouse, findings that could change the oxidative stress theory of aging. 

The new study comparing the naked mole-rat, which has a life span of 28 years, and the mouse, which has a lifespan of three 

years, will be presented Oct. 8 at The American Physiological Society conference, Comparative Physiology 2006: 

Integrating Diversity. The results fly in the face of the oxidative stress theory of aging, which holds that damage caused by 

oxidative stress is a significant contributor to the aging process. 

Under this theory, naked mole-rats should be better at preventing or repairing oxidative stress than their much shorter-lived 

cousin, the mouse. The study, "High oxidative damage levels in the longest-living rodent, the naked mole-rat," was done by 

Blazej Andziak and Rochelle Buffenstein, of The City College of New York, Timothy P. O'Connor, of Weill Medical 

College of Cornell University, and Asish P. Chaudhiri and Holly Van Remmen of the University of Texas Health Science 

Center, San Antonio. The study was presented during a poster session on October 8. 

Don't toss the oxidative stress theory of aging out the window just yet, but prepare to modify it, said Buffenstein, the senior 

author. Her team suspects that the naked mole-rat's longevity stems from its ability to defend against acute bouts of oxidative 

stress. That is, the kind of oxidation that happens because of an unusual occurrence rather than the kind that happens as a 

result of normal aerobic respiration. 

For example, when hydrogen peroxide is added to a culture containing naked mole-rat fibroblast cells, they remain viable 

and appear to repair the acute damage more rapidly than shorter-lived animals, explained Buffenstein. 

What is old age? 

We know that all organisms age and die. It's such an inevitable course of events that most of us spend more time thinking 

about how to hide the wrinkles and gray hair than we do about what our cells are actually doing to usher us to the end. 

Physiologists are looking at molecules and cells to understand this process. 
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One way to look at aging is to compare closely related organisms with different life spans. That's why it made sense to 

compare mole-rats and mice: They're the same size and they're rodents, but the mole-rat lives to 28 years, about nine-times 

longer than the mouse. 

"mole-rats must have something happening at the biochemical level to allow them to do this," said Andziak, the study's lead 

author. Specifically, he wanted to see if oxidative stress could explain the difference. 

Oxidative stress occurs during metabolism when oxygen (O2) splits into single oxygen atoms, known as free radicals. These 

oxygen atoms may circulate by themselves, or combine with other atoms and molecules to form reactive oxygen species 

(ROS). ROS can damage DNA, lipids and proteins thus impairing normal cellular function. Antioxidants help to neutralize 

ROS, thus restricting the potential of ROS to damage biological molecules. 

mole-rat has more oxidative stress 

The study compared two-year-old naked mole-rats to four-month-old mice. The researchers chose those ages so that the 

animals would be equivalent ages relative to their maximum lifespans, Andziak said. 

First, the researchers compared the ratio of reduced glutathione, an antioxidant, to oxidized glutathione. As the body uses up 

its reduced glutathione to fight oxidative stress, the pool of oxidized glutathione increases. This ratio of reduced to oxidized 

glutathione is thus an indicator of oxidative stress: the greater the ratio, the less oxidative stress has occurred. The oxidative 

stress theory predicts that in naked mole-rats this ratio will be higher than in mice. 

When the researchers measured this ratio in the liver, they found that the opposite was true. mole-rats had less reduced 

glutathione and thus a lower ratio, indicating the mole-rat experienced much more oxidative stress. These results fit with the 

findings of a previous study in which Andziak found that naked mole-rats did not have superior antioxidant capacity when 

compared to mice. mole-rats had much lower activity of the ubiquitous antioxidant enzyme, cellular glutathione peroxidase. 

mole-rat shows greater oxidative damage 

The researchers next looked at how much damage the oxidation had caused. It is possible, they reasoned, that the mole-rat 

suffers greater oxidative stress, but its physiology had somehow prevented damage from occurring. 

The researchers measured oxidative damage in lipids, DNA and proteins and found that naked mole-rats showed much 

greater levels of damage to each of these biological molecules, in all tissues assayed, when compared to mice. The study 

found multiple signs of lipid damage: The level of isoprostanes found in the urine was 10 times higher in the naked mole-rat, 

the level of malondialdehyde in liver tissue was twice as high and isoprostane levels in heart tissue was two-and-a-half times 

the level of the mice. 

The researchers found significantly more protein damage in the kidney and in the heart. DNA damage was greater in the 

kidney and liver. 

"All of the classical measures of oxidative stress are higher in the mole-rat," Andziak concluded. "Given that naked mole-

rats live an order of magnitude longer than predicted based on their body size, our findings strongly suggest that mechanisms 

other than attenuated oxidative stress may explain the impressive longevity of this species." 

Next steps 

The next step is to determine how the mole-rats manage to live with the damage caused by oxidative stress. Buffenstein said 

she suspects that the mole-rat is able to fend off the occasional oxidative insult that can occur, and that may be more 

important than what happens with the steady-state levels of oxidative stress that result from normal metabolic activity. 

Buffenstein theorizes that the naked mole-rats in her laboratory suffer higher levels of oxidative stress than they would in 

their natural underground habitat, where they encounter much lower levels of oxygen. But this exposure at an early age may 

provide some protection against acute oxidative stress and may be of considerable importance in their resistance to bursts 

oxidative stressors throughout their lives, she said. 

"The naked mole-rat, with its surprisingly long lifespan and remarkably delayed aging, seems like the perfect model to 

provide answers about how we age and how to retard the aging process," Buffenstein said. "This animal may one day 

provide the clues to how we can significantly extend life." 
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Stress resistance in the naked mole-rat: the 

bare essentials - a mini-review. 
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Abstract 

BACKGROUND:  

Studies comparing similar-sized species with disparate longevity may elucidate novel 

mechanisms that abrogate aging and prolong good health. We focus on the longest living 

rodent, the naked mole-rat. This mouse-sized mammal lives ~8 times longer than do mice 

and, despite high levels of oxidative damage evident at a young age, it is not only very 

resistant to spontaneous neoplasia but also shows minimal decline in age-associated 

physiological traits. 

OBJECTIVES:  

We assess the current status of stress resistance and longevity, focusing in particular on the 

molecular and cellular responses to cytotoxins and other stressors between the short-lived 

laboratory mouse and the naked mole-rat. 

RESULTS:  

Like other experimental animal models of lifespan extension, naked mole-rat fibroblasts are 

extremely tolerant of a broad spectrum of cytotoxins including heat, heavy metals, DNA-

damaging agents and xenobiotics, showing LD(50) values between 2- and 20-fold greater 

than those of fibroblasts of shorter-lived mice. Our new data reveal that naked mole-rat 

fibroblasts stop proliferating even at low doses of toxin whereas those mouse fibroblasts that 

survive treatment rapidly re-enter the cell cycle and may proliferate with DNA damage. 
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Naked mole-rat fibroblasts also show significantly higher constitutive levels of both p53 and 

Nrf2 protein levels and activity, and this increases even further in response to toxins. 

CONCLUSION:  

Enhanced cell signaling via p53 and Nrf2 protects cells against proliferating with damage, 

augments clearance of damaged proteins and organelles and facilitates the maintenance of 

both genomic and protein integrity. These pathways collectively regulate a myriad of 

mechanisms which may contribute to the attenuated aging profile and sustained healthspan of 

the naked mole-rat. Understanding how these are regulated may be also integral to sustaining 

positive human healthspan well into old age and may elucidate novel therapeutics for 

delaying the onset and progression of physiological declines that characterize the aging 

process. 

Antioxid Redox Signal. 2013 Oct 20;19(12):1388-99. doi: 10.1089/ars.2012.4911. Epub 2012 
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The naked mole-rat response to oxidative 

stress: just deal with it. 
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Abstract 

SIGNIFICANCE:  

The oxidative stress theory of aging has been the most widely accepted theory of aging 

providing insights into why we age and die for over 50 years, despite mounting evidence 

from a multitude of species indicating that there is no direct relationship between reactive 

oxygen species (ROS) and longevity. Here we explore how different species, including the 

longest lived rodent, the naked mole-rat, have defied the most predominant aging theory. 

RECENT ADVANCES:  

In the case of extremely long-lived naked mole-rat, levels of ROS production are found to be 

similar to mice, antioxidant defenses unexceptional, and even under constitutive conditions, 

naked mole-rats combine a pro-oxidant intracellular milieu with high, steady state levels of 

oxidative damage. Clearly, naked mole-rats can tolerate this level of oxidative stress and 

must have mechanisms in place to prevent its translation into potentially lethal diseases. 

CRITICAL ISSUES:  

In addition to the naked mole-rat, other species from across the phylogenetic spectrum and 

even certain mouse strains do not support this theory. Moreover, overexpressing or knocking 

down antioxidant levels alters levels of oxidative damage and even cancer incidence, but does 

not modulate lifespan. 
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FUTURE DIRECTIONS:  

Perhaps, it is not oxidative stress that modulates healthspan and longevity, but other 

cytoprotective mechanisms that allow animals to deal with high levels of oxidative damage 

and stress, and nevertheless live long, relatively healthy lifespans. Studying these 

mechanisms in uniquely long-lived species, like the naked mole-rat, may help us tease out the 

key contributors to aging and longevity. 
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Abstract 

The naked mole-rat is the longest living rodent with a maximum lifespan exceeding 28 years. 

In addition to its longevity, naked mole-rats have an extraordinary resistance to cancer as 

tumors have never been observed in these rodents. Furthermore, we show that a combination 

of activated Ras and SV40 LT fails to induce robust anchorage-independent growth in naked 

mole-rat cells, while it readily transforms mouse fibroblasts. The mechanisms responsible for 

the cancer resistance of naked mole-rats were unknown. Here we show that naked mole-rat 

fibroblasts display hypersensitivity to contact inhibition, a phenomenon we termed "early 

contact inhibition." Contact inhibition is a key anticancer mechanism that arrests cell division 

when cells reach a high density. In cell culture, naked mole-rat fibroblasts arrest at a much 

lower density than those from a mouse. We demonstrate that early contact inhibition requires 

the activity of p53 and pRb tumor suppressor pathways. Inactivation of both p53 and pRb 

attenuates early contact inhibition. Contact inhibition in human and mouse is triggered by the 

induction of p27(Kip1). In contrast, early contact inhibition in naked mole-rat is associated 

with the induction of p16(Ink4a). Furthermore, we show that the roles of p16(Ink4a) and 
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p27(Kip1) in the control of contact inhibition became temporally separated in this species: 

the early contact inhibition is controlled by p16(Ink4a), and regular contact inhibition is 

controlled by p27(Kip1). We propose that the additional layer of protection conferred by two-

tiered contact inhibition contributes to the remarkable tumor resistance of the naked mole-rat. 

 

 

 

 

 

 

 


