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Abstract: Naked mole rats are subterranean eusocial rodents native to Kenya, Somalia and Ethiopia. They are
most unusual mammals because of their several exceptional features. They possess several morphological and
physiological adaptive features that suit their life and are known by their adaptations to harsh environments,
exceptional longevity and healthy lifespan, colonial lifestyle and poikilothermy. This paper reviews these
unusual and fascinating features and the processes related to extended longevity and stress resistance of naked
mole rats. The sociality of naked mole rats fully satisfies the original requirements of eusociality definition used
for insects. Naked mole rats are tolerant to both intrinsic and extrinsic stressors including oxidative damage.
They exhibit very slight morphological and physiological characteristic changes with age and are resistant to
age related diseases including cancer. They also do not show increase in mortality risk with age and are capable
to maintain a healthy reproductive status up until their death. Naked mole rats are unique among animals with
a surprisingly low body temperature and by successfully matching O2 supply to O2 demand in hypoxic
conditions. These exceptional features of naked mole rats make them a strong model animal to examine and
understand mechanisms involved in aging, cancer resistance and adaptation to chronic hypoxia as well as to
devise prevention and treatment to these challenges in humans.
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INTRODUCTION spoils from foraging and toilet chambers to excrete [8].

African mole rats are bathyergid rodents that share a They are known by their adaptations to the harsh
unique ecology and physiology [1]. They show a wide environments and relying on patchily and irregularly
range of lifestyles from strictly solitary to eusociality as distributed underground plant storage structures such as
adaptations to different environmental challenges [2, 3]. roots, bulbs, tubers and corms [9]. They also exhibit an
Naked mole rats (NMRs) are a sister lineage to other exceptionally long and healthy lifespan, living up to 30
bathyergids [4] and more closely related to the years [4, 5, 8, 10]. They live 5 times longer than their
Hystricidae (Porcupines) and Caviomorpha (Guinea pigs) expected body size [4] and 8 times more than mouse of
than to other rodents [4, 5]. They are fully underground, their size [8, 11]. Colonial lifestyle is one of the
functionally blind and eusocial African mole rats endemic contributing factors to the longevity of NMRs [4, 8].
to arid and semi-arid regions of Ethiopia, Kenya and Naked mole rats are cancer-resistant and do not
Somalia [2, 6]. Maree and Faulkes [7] have also included suffer from common rodent pathology [5, 8, 10]. Unlike
Djibouti as the fourth native country of NMRs. NMRs most rodents and other mammals, mortality rates in NMRs
naturally live in underground chambers linked by do not increase with age [8, 12]. They also exhibit very
networks of tunnels that may extend several kilometers few morphological and physiological characteristic
and often lie more than 2 meters deep from the soil changes with age [8, 11, 12]. The prolonged health span
surface. Burrow systems are highly organized structures is partly either due to attenuated or delayed age-related
divided into nests to sleep in, storage tunnel to store the body composition and functionality changes [12, 13].

Naked mole rats have several exceptional features [1].



World J. Zool., 14 (4): 33-44, 2019

34

Naked mole rats are also tolerant to oxidative damage and worker males and females [23]. O’Riain et al. [24] however,
other intrinsic and extrinsic stressors. reported unique colony members in some naked mole-rat

The exceptional longevity of NMRs makes them a colonies, the dispersers. Dispersers are big, fatty, lazy and
model animal to examine and understand mechanisms sexually-charged rare individuals probably serve only for
involved in adjusting aging [5, 11, 14]. They proved dispersal [25].
themselves as a strong candidate model animal in aging Social status and division of labor in the colony
research because they also provide novel insights into a members are purely based on body size of the individuals.
variety of physiological and biochemical questions related Reproductively active colony members are socially and
to age-related diseases [11]. physically dominant over the remaining members of the

Understanding the mechanisms that facilitate cancer colony [2, 25]. The queen has, therefore, a physical and
resistance in NMRs offers a unique insight into cancer social dominance over the colony members followed by
pathogenesis and may reveal important insights into the breeding males. Division of labor in the subordinates
cancer prevention and treatment [15, 16]. Naked mole rats also differs in their body size [26] where the larger non-
are also unique among animals that can successfully breeders are responsible to defend the colony from
match O  supply to O  demand while staying active and predators and/or intruders. Smaller workers are specialized2 2

warm in hypoxia without hyperventilation [17]. Thus, they in colony maintenance such as food gathering, burrow
provide an excellent model for studying adaptation to excavation and care for the queen and the pubs [22, 25].
chronic hypoxia and to devise hypoxia-related injury and Breeding females produce large litters, but do not
diseases prevention and treatment [5, 18]. show a menopause or decline in fertility with age [11].

Eusociality and Piokilothermy in Naked Mole Rats chance of survival [8]. A queen constantly and actively
Eusociality in Naked Mole Rats: Eusociality  is an suppresses and controls the reproductive physiology of
evolutionarily advanced level of colonial lifestyle with both breeding males and non-breeders [22, 27].
overlapping  generations,  cooperative  offspring  care Specifically, a queen stimulates breeding males and
and  division   of   labor   between   reproductive   and physically intimidates other individuals to prevent
non-reproductive groups of animals [4, 16, 19, 20]. It is transition to a breeding status [8]. As a result, most of the
extremely rare among mammals [16]. This was first non-breeders remain as non-reproductive subordinates in
described among mammals in naked  mole  rats  [21]. their colony throughout their lives [11].
Naked mole rats sociality fully  satisfies  original The colony members of NMRs are closely related
requirements of eusociality definition [2]. They live mostly because of their philopatric nature [2, 23].
cooperatively in large colonies with varying numbers of Furthermore, NMRs do not show incest avoidance and
individuals. Most often, naked mole rats colony contains exhibit low genetic diversity [8]. However, colonial life in
from 2 to 300 individuals with a mean size of about 60 these animals is not perfect as high ranked colony
individuals [5, 8, 22]. The discovery of eusociality in members aggressively interact with lower ranked colony
naked mole rat paved the way for further discovery of members to maintain social order, to increase their
such behavior in other mammals [2]. reproductive success [27- 29]. 

Eusociality in NMRs differs from that of social Shoving, a prolonged head to head pushes between
insects because non-breeders experience extended two individuals, is the most common aggression in NMRs
longevity similar to the breeders and retain their ability of [29]. The queen recurrently participates in aggressive
breeding [5]. Non-breeder individuals are able to interactions with breeding males to suppress reproduction
effectively mate and reproduce when opportunity arises, and non-breeder males and females probably to incite
for example, after the death of the breeding female, or work activity [29]. According to Stankowich and Sherman
when a colony is split off [16]. [30] shoving of small pups has an adaptive significance as

Colony Structure of Naked Mole Rats: A colony of naked weaning.
mole rats is characterized by reproductive division of Schieffelin and Sherman [28] have also reported
labor, an overlap of generations and  the  co-operative tugging contests as another form of aggressive
care  of   young   offspring   like    eusocial    insects   [2]. interaction between starved NMRs. The larger and older
It consists of a reproductive female (The queen), one to females of NMRs often engage in lethal fight following
three breeding males (The kings) and non-breeding the death of a queen to take over her position as the sole

However, pups of the older queens have relatively poor

it encourages them to flee from danger and enforce
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breeding female [2, 8]. New colonies of NMRs are formed different localities and found genetic differences among
by fission of existing groups and so will be genetically the colonies from these different sites in support of their
similar to the parent colony [25, 26]. argument.

Evolutionary Origin of Eusociality in Naked Mole Rats: Poikilothermy in Naked Mole Rats: Poikilotherms are
Offspring delay dispersal and remaining with their parents animals that are incapable of maintaining their body
is reported to be the evolutionary origin of most temperature and whose internal body temperature can
temporally stable mammalian groups [2]. Eusociality in vary considerably. Subterranean animals in general have
NMRs is an adaptation to ecological constraints such as a low body temperature, possibly because they live in
low food availability and unpredictable and low rainfall in stable and protected environments [33]. Naked mole rats
the habitats [2, 23]. Extreme constraints for dispersal and exhibit a low body temperature compared to other
limited opportunities for independent breeding have fossorial mammals and are the only described
forced naked mole rats natal philopatry, group living and poikilothermic mammals [16, 33]. They cannot maintain
cooperative foraging [28]. Soil hardness, temperature and thermal homeostasis [1] and have poor thermoregulatory
rainfall are some of these extremes that account for the capacity, but use their social environment to regulate their
evolution of this unique social system [4]. body temperature by clumping in groups [16]. 

Naked mole rats are the only mammal  species  that Certain phenotypic characteristics such as thick,
undergo continuous close inbreeding with no obvious hairless skin  and  little  subcutaneous  fat  are  some  of
effects of inbreeding depressions [25]. Incestuous and the features of NMRs poikilothermic nature [16]. Lack of
xenophobic behaviors to foreign colony members have an insulating layer of fur and the loosely folded
contributed to the evolution of inbreeding mating system morphological arrangement on skin of NMRs contribute
and high colony relatedness in NMRs [25, 26]. According to poikilothermic responses to their changing
to Burland et al. [23] inbreeding and high colony temperatures [1, 34]. Further  evidence  for poikilothermy
relatedness was the major underlying factors driving in the NMR is indicated by the presence of pigment
cooperative breeding in African mole  rats.  The  evolution containing cells in  the  dermis,  rather  than  epidermis.
of group living in NMRs is also favored by high levels of The lack of fur is compensated by a thicker epidermal
relatedness that offset the costs of helping behavior [2]. layer and a marked reduction in sweat glands [34].  It  is
According to these scholars, high levels of relatedness the lack of cognate melatonin  receptors  that  contribute
are not a prerequisite for the evolution of groups and to the inability of NMR to adequately respond to
helping behavior, but rather a factor that may contribute fluctuating temperature [1]. Poikilothermic nature of
to the maintenance of sociality in these species. NMRs has significant implications for longevity or

Braude [31] and Ciszek [32] reported contrasting hypoxia tolerance [16].
results to this widely accepted mating system from wild
and captive bred mole rats, respectively. These scholars Stress and Stress Resistance in Naked  Mole  Rats:
boldly  rejected  inbreeding  and  claimed   dispersers   and Stress refers to a disturbance in biological state of
out-breeding as a frequent mating system in NMRs. homeostasis [35, 36]. It occurs as a response to a brief
According to Braude [31] inbreeding mating system that stimulus such as ultraviolet radiation, temperature
was accepted in early research findings is only due to the changes, nutrient limitation, oxidative stress, hypoxia and
inability of these researchers to identify small and isolated exposure to various drugs or toxins [37]. Cells encounter
colonies in the fields. a range of physiological and environmental stresses that

Perhaps, it is these findings that recently have led can be either acute or chronic [35]. Endogenous or cellular
Igram et al. [21] to contest the long standing views of stresses are triggered due to the metabolic activities of the
eusociality evolution in NMRs. Igram et al. [21] has organism, but exogenous or environmental stresses are
argued that inbreeding mating systems is not the driving posed from external sources [12, 38]. 
factor for the evolution of eusociality in NMRs. The main Stressful conditions require adaptive changes and
evidence they brought is that the original genetic studies involve endocrine responses. Cells primarily activate
were based on limited sampling from the geographic hypothalamus-pitiutary-adrenal (HPA) axis and the
distribution of the species not representative of the release of hormones to overcome stressful situations and
species-rather   reflecting   a   single   founder  event. improve its fitness [39]. Corticotrophin releasing factor
They then conducted a study on samples collected from (CRF),  adrenocorticotropin hormone (ACTH) and cortisol
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Fig. 1: Schematic summary of the physiological adaptations of naked mole rats (Modified from Schuhmacher et al. [16])

(Corticosterone)  are  the  three  primary  hormones of Some phenotypic adaptations of NMRs to subterranean
HPA  axis  and  often  kwon  as  stress  hormones  [36]. life are loose and elastic skin to aid movement through the
The activation of HPA axis and elevated concentrations substrate, but could also impact on thermoregulation and
of stress hormones are, therefore, most commonly used as moisture loss [45] extrabuccal incisors for digging,
indices to measure the immediate physiological responses elongated bodies with shortened limbs for efficient
to stress [36, 37, 40]. In other words, any stimulus that tunneling, reductions in their auditory systems and
causes an increase in HPA axis activity is a stressor [36]. auditory sensitivity [44, 45] degeneration of the visual

Environmental Stress: Environmental stress is an [33]. The unusual lung morphology also enables NMRs to
environmental factor causing potential injurious changes have extreme tolerance to these conditions [33].
to biological systems. It has played as a major driving Low rates of gas exchange and heat production, low
force in the evolution of living organisms [41]. Predators body temperatures, tolerance of hypoxia (Low levels of
and extreme climatic fluctuations and stress of oxygen) and hypercapnia (High levels of carbon dioxide)
temperature and humidity are the major stresses that an and tolerance of vitamin D deficiency and efficient mineral
environment poses on an organism. Stressful metabolism in the absence of sunlight are physiological
environmental conditions affect major physiological adaptations for subterranean life in NMRs [5, 48, 49, 50].
systems and lead to a sharp decline in the fitness of the Physiological adaptations of NMR are diagrammatically
organism [11, 35, 37, 42]. Naked mole rats and their close summarized in Fig. 1.
relatives avoided these challenges by being subterranean Naked mole rats overcome patchy distribution of
[41]. Subterranean habitat offers good protection from food sources by colonial  existence  [5].  Sociality in
extreme changes in weather and temperature and against NMRs  can  also  worsen  hypoxic/hypercapnic
predation [12, 16]. Lower body temperature also helps to conditions within the burrows [16]. Buffenstein [5] has
control environmental stresses [33, 43]. reported  that  NMRs  lead  their  life  independence of

Underground   life  poses  challenges  associated free water sources and digest  poor-quality  foods  with
with life in a dark dank environment [22]. It is the most the aids of microbes. Social  life  is  mostly  appreciated
inhospitable habitat characterized by reduced oxygen, and an effective way of life across all animal species.
elevated carbon dioxide, absence of light,  scarcity of Social interactions are also important evolutionary
food and a substrate that is energetically costly to burrow sources of social stress [42]. Social stress is a chronic or
[5, 12, 44, 45]. recurring factor in the lives of virtually all higher animals

Naked mole rats are strictly subterranean rodents that that alters a very wide range of behaviors [40]. Social
have developed several morphological, physiological and subordination, crowding, isolation and social instability
behavioral adaptations to meet all the high demands of are the common forms of social stresses in small mammals
underground life of harsh environments [5, 33, 41, 44, 46]. including NMRs [37].

system and an apparent inability to sense chemical pain
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Social defeat is the most prominent form of stressful generation of free radicals and active intermediates in a
social stress in these animals. Disputes over resources system exceed the ability of the system to neutralize and
may involve agonistic  behaviors  that  result in eliminate them [52, 53]. A rise in intracellular oxidant levels
wounding, exhaustion and sometimes even death [40]. potentially damage mitochondrial DNA and cellular
Crowding also creates congested environment and macromolecules and trigger the activation of specific
enhance intraspecific competition that may lead to short signaling pathways. The balance between ROS
damage, injury and disease [37]. Social stress has been production and antioxidant defenses determines the
identified as an important factor in the pathogenesis of degree of oxidative stress [54].
disease [36]. It also reduces aggression and increases High levels of oxidative damage accelerate
defenses [42]. physiological decline and the  development  of several

Cellular Stress: The evolution of using oxygen for shorter lifespan  and  mutations  that  contribute to
efficient energy production was a driving force for the higher incidences of  neurodegeneration,  cancer  and
evolution of complex organisms [50]. Normal cellular other age-associated diseases [11]. The potential effects
processes of the biological system also produce free of oxidative stress are inherently greater in smaller than in
radicals and their intermediates, heat energy and ionic and larger mammals [15]. Oxidative stress to lipids, proteins
pH changes which are known to cause damage to and DNA in multiple tissues is high in early stages of
mitochondria and cellular macromolecules such as NMRs, yet these levels do not accumulate with age and
proteins, DNA and lipids [50-52]. Oxygen radicals and impact the longevity and health of NMRs [8, 11, 56].
their derivatives are one of the major cell stressors [15]. Naked mole rats are able to tolerate high levels of
Free radicals are usually unstable and highly reactive oxidative stress without an endpoint of cancer and
atoms and molecules that have unpaired electrons [53]. neurodegenerative disease [22, 15].
The reactive oxygen metabolites are more highly reactive
than the original oxygen molecules and are called reactive Stress Resistance in Naked Mole Rats: Naked mole rats
oxygen species (ROS) [53]. Superoxide, hydrogen are resistant to both endogenous and environmental
peroxide, hydroxyl radicals and singlet oxygen are ROS stressors as well as age-related diseases such as cancer,
[53, 54]. Superoxide is the primary and a highly reactive cardiovascular disease and neurodegeneration  [12,  54].
ROS produced in the course of oxygen metabolism [52]. In the next topics, the mechanisms how NMRs have

Organisms have built numerous protective systems developed resistance to cellular stress and hypoxia as well
and mechanisms against the oxidant production and their as cancer are discussed.
toxic effects [54, 55]. Primarily, they develop systems of
preventing free radical formation, but when these primary Resistance to Oxidative Stress: Living in an oxygenated
protective systems are insufficient and ROS have already environment has required aerobic organisms to evolve
been formed, antioxidants scavenge and turn them into effective cellular strategies to detect and detoxify the
non-radical and nontoxic metabolites. If protection of the harmful effects of ROS metabolites [11, 54]. Cells have
organism also fails at this level, then repair systems evolved a network of defenses to deal with intrinsic
recognize impaired molecules and decompose them [55]. stresses [51]. Numerous antioxidant and cytoprotective
The burden of ROS production is largely counteracted by mechanisms   neutralize   and   detoxify    ROS    before
an intricate antioxidant defense system [52, 54]. However, they accrue and induce substantial damage [4,  11,  15].
this antioxidant defense system may be overwhelmed by The burden of ROS production is largely offset by a
various pathological or environmental factors and a complex antioxidant defense system [54]. Protective
fraction of ROS may escape destruction and form the far mechanisms also contribute to cytotoxin resistance by
more reactive hydroxyl radicals and cause oxidative stress limiting the role of oxidative stress in leading to diseases
[52]. During electron transfer in the electron transport from unchecked ROS [11].
chain, electrons may leak out of mitochondrial complexes, A sophisticated enzymatic and non-enzymatic
leading to superoxide formation [11]. antioxidant defenses counteracts and regulates

Oxidative stress is an imbalance between production potentially dangerous ROS levels to maintain
of free radicals and reactive metabolites and their physiological homeostasis [11, 52]. Enzymatic
elimination by protective mechanisms [55]. It is a very antioxidants, scavengers and proteins that reduce
complicated and complex process that arises when the oxidized antioxidants and recycle them for further use are

age-related diseases [38, 52, 54, 55]. It may results in a
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the prominent antioxidants [15]. Superoxide dismutase This maintenance of proteasome activity contributes to
(SOD), catalase and glutathione peroxidase are enzymatic the maintenance of protein homeostasis even in the
antioxidants that convert toxic ROS. SOD converts presence of cell stressors and is a likely feature of cellular
superoxide to a far less reactive product, hydrogen stress resistance, without requiring autophagy to remove
peroxide, whereas catalase and glutathione peroxidase larger protein aggregates and damaged organelles [8].
convert hydrogen peroxide to water [52, 54]. A variety of Autophagy is a lysosomal system that degrades
other non-enzymatic, low molecular mass molecules are intact proteins and protein aggregates. Autophagasomal
also important scavengers of ROS [54]. Antioxidant and lysosomal  enzymes  remove  potentially  toxic
defenses work either by over expressing key genes or proteins before they can negatively impact upon organ
knocking them out in various species [15]. functionality and play an important role in the

Long living species seemingly have lower rates of maintenance of protein quality in NMR [15]. An increased
ROS production [5] and accrue less cumulative damage by autophagy in NMRs facilitates the removal of damaged
more complete neutralization by antioxidants than do organelles and protein aggregates and could also
short living species [15]. Naked mole rats  have  high contribute to better cell maintenance and protection [8].
levels of oxidative damage at  young  age,  but  able to Naked mole rat genome has a low background mutation
deal with it more efficiently than other organisms [22, 38]. rate and low nucleotide diversity, which would point to
The elevated levels of oxidative damage do not negatively more efficient DNA damage control [38]. Naked mole rat
impact on their health and exceptional longevity [15]. proteins have high levels of cysteine residues, which
Species with enhanced antioxidant defense also ought to have been suggested to act as a buffer of oxidative
have a greater lifespan and lower levels of oxidative damage [38]. 
damage [4]. 

In addition to antioxidant defenses, cells are capable Resistance to Hypoxia: Hypoxia is a low level of oxygen
to detect  and  repair  different  types  of  DNA  damage that is involved in several pathological conditions such as
[51, 52, 54]. Cells have a powerful repair system to stroke, heart defects, cancer and neurodegenerative
counteract DNA damage and maintain cellular disorders [16]. A poorly ventilated burrow of NMRs
homeostasis [15, 57]. If a damaged cell has not been coupled with their colonial existence creates a lifelong
eliminated, an unrepaired or incorrectly repaired DNA hypoxic environment [4, 16, 17]. Naked mole rats are one
damage results in mutations [57]. Slower accumulation of of the most hypoxia-tolerant mammals because they
oxidatively damaged macromolecules in long-lived species remain active, alert and warm in hypoxic conditions, an
is linked to both with better repair and reduced free radical impossible scenario in other mammals [17].
production [52]. Naked mole rats are capable of tolerating The ability of NMRs to deal with sustained low levels
high levels of oxidative damage throughout their long of oxygen is explained by several physiological and
lives with no ill effect [4]. The resistance of NMR cells to molecular adaptations. A major reorganization for life
stressors indicates that they have acquired a suite of underground relates to respiratory adaptations in
cytoprotective defenses and/or superior and highly accordance with the extreme hypoxic-hypercapnic
efficient repair mechanisms to maintain DNA and subterranean atmospheres [44]. The key to tolerating
proteome integrity with age [8, 11]. Nuclear factors hypoxia is to match O  supply to O  demand [17].
erythroid 2-related factor-2 (Nrf2) signaling activity Physiologically, NMRs have surprisingly low basal
coordinate many of the stress resistance traits seen in metabolic rate that reduces the requirement of oxygen and
cells and plays regulatory role [11, 12, 58]. equate it with oxygen supply [16, 41, 47]. They can also

Cells also rely on proteasome degradation and greatly increase it when needed to meet the high energetic
autophagy to remove damaged proteins and organelles demands of digging [41]. Most hypoxia-tolerant animals
[15]. Damaged proteins and protein aggregates are reduce their metabolic rate sufficiently to rely entirely
degraded   by      intracellular    proteolytic  machinery upon anaerobic energetic pathways while in hypoxia
(The ubiquitin-proteasome system) and by extracellular through drastically reducing body temperature [17].
processes (Autophagy). The proteasome in particular NMRs poikilothermic thermoregulation suppresses
appears to be a key component in NMR biology [8]. metabolic rate in hypoxia and plays its part in resisting
Unlike the proteasomes of mice and humans, NMR against it [16]. Higher oxygen affinity of NMRs
proteasomes appear resistant to inhibition by either hemoglobin is also another physiological adaptation to
oxidative  damage  or  proteasome-specific  inhibitors. secure oxygen delivery under low oxygen conditions [16].

2 2
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Naked mole rats cannot easily use behavioral and non-telomere-based anti-cancer resistance mechanisms
thermoregulatory means to alter their metabolic rate and [8].
conserve energy [17]. Hypoxia inducible factor 1  (HIF- The key to NMR cancer resistance might be a
1 ) activation may be an important mechanism for hypoxia phenomenon termed early contact inhibition [16]. Naked
adjustment [18]. HIF-1 is the master regulator of mole rat cells rapidly stop dividing and undergo crisis in
mammalian O homeostasis [59]. It activates transcription response to potentially mutagenic agents or cellular2

of target genes by binding to their promoters, initiating modifications [4, 16]. Naked mole rats are reported to have
physiological and biochemical responses to hypoxic extra-cellular signals in a form of contact inhibition to
stress that reduces or eliminates the negative impact suppress growth [61]. The specialized skin of NMRs
caused by low oxygen [18]. secretes a high molecular mass hyaluronan that conveys

In a recent laboratory study, NMRs have coped cancer resistance via early contact inhibition [62]. Genetic
extremely well in oxygen-deprived conditions by differences in genomic maintenance could also explain
substituting fructose for glucose as a substrate for NMRs exceptional longevity and part of its cancer
anaerobic metabolism [48, 49]. Fructose has drived resistance [63]. The lower levels of protein carbonylation
sufficient anaerobic glycolysis in hypoxic NMR tissues to in the nuclear and endoplasmic reticular fractions of
preserve tissue physiology during oxygen deprivation. NMRs may also indirectly contribute to their pronounced

Cancer Resistance: Unlike other small mammals, NMRs increase in mortality may also reflect the marked
are impressively resistant to both spontaneous and resistance of NMRs to cancer [22, 38].
experimentally induced cancers [8, 12, 14, 22]. NMR Naked mole rats are also resistant to many  of  the
fibroblasts are remarkably resistant to transformation and age-related diseases [22] and there are sparse published
chemical stressors such as harsh toxins, surveys of disease [60]. Only Delaney et al. [64] have
chemotherapeutic drugs, heat and  low-glucose  medium reported age-related diseases and pre-cancerous lesions
[4, 22]. A resistance to chemical stressors, DNA-damaging in NMRs for the first time. The absence of  cancer  and
agents and toxins of NMRs may contribute substantially age-associated diseases in NMRs reflects sustained
to its pronounced cancer resistance [4]. Sick NMRs are health span and an extreme longevity of these animals
seldom to find and cancer incidence has not been [45].
observed and formally described in large laboratory
colonies for many years [5, 11, 14, 45]. Aging and Aging Resistance in  Naked  Mole  Rats:

Recent case reports, however, have challenged the Aging refers to a gradual and irreversible deterioration in
claim of NMRs spontaneous neoplasia and cancer function of living systems due to accumulations of
resistance. Delaney and  his  co-workers  have diverse deleterious changes and incompetency of its
documented  two   cases   of   spontaneous   neoplasia repair mechanisms with advancing age [5, 38, 65]. It is the
and cancer in NMRs for the first time. The source of the result of an increase in molecular disorder and a decrease
infection of these two cases is yet to be known and the in metabolic stability that leads to increased risk of
reports, therefore, do not alter the longstanding disease, mortality and fertility decline over  time  [14, 66].
observation of cancer resistance [60]. The absence of In short, it is a progressive decline in function and
cancer in the wild NMRs up to date also further suggests survival with time [65, 66].
that these incidences are most probably associated with Aging is an extremely complex and multifactorial
the conditions of the captivity not with NMRs. It may, process [65] that are tightly linked to the complex
however, raise questions on the scope of cancer dynamics of the physiological systems that maintain
resistance and the interpretation of biomedical studies in homeostasis [67]. Although the maximum life span differs
this animal. between organisms, almost all known organisms age [66].

Only a handful of publications exist on potential Maximum lifespan potential is a useful indicator of the rate
mechanisms of cancer resistance in NMR and many of the of aging [22]. It is directly correlated with body mass
mechanisms contributing to this phenomenon have yet to across all animal species, that means as body mass
be identified [8]. Other long lived animals suppress increases, extrinsic mortality decreases and species can
telomerase activity in somatic cells in adult life to prevent invest more in maintaining fecundity and long-term
cancer, but NMRs retain telomerase activity in their survival [38]. Long-lived species are organisms that live
somatic cells [16]. This suggests that  NMRs  employ more than twice as long as predicted by body mass [22].

resistance to cancer [22]. The lack of age-related gradual
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Naked mole rat is the longest-living rodent that contributes to longevity by sharing costs of life among
exhibits extraordinary longevity [8]. They live eight times different members of the colony. In NMR, cost of
longer than mice of their size with only slight age-related reproduction is borne by only a few individuals and other
changes in physiological and morphological relatives bear the burden of foraging costs [5]. The
characteristics [8, 14, 22, 38]. Body composition and bone proposal of patchy and unpredictable distribution of food
density, cognitive, body fat, basal metabolic rate and as a contributing factor for the extended longevity has
biochemical activity of mitochondrial and antioxidant been proved unlikely [5]. 
enzyme activity remain unchanged with naked mole rats It has been also speculated that low body
age [22]. temperature might contribute to the evolution of longevity

Naked mole    rats    do    not    show    the   typical and is likely to explain a small part of exceptional
age-associated increase in mortality risk  and  do not longevity in naked mole-rat [33]. These scholars have
follow the expected actuarial aging pattern that extrapolated the increases in the rates of aging with
characterizes  nearly   every   other   mammalian  species increasing metabolism and molecular damage at higher
[5, 14, 22]. Death occurs with equal low frequency in all temperatures in other mammals to the longevity of NMRs
age-cohorts and may show a sudden increase near the with their low body temperature. A drop in body
maximum lifespan [14]. Naked mole rat is also capable to temperature is believed to reduce the production of ROS
maintain a healthy reproductive status up until death and which prolongs lifespan [43]. A low body temperature is
it is the first mammal to show negligible senescence over by no means a prerequisite for the evolution of longevity
the majority of their long lifespan [14, 38]. Females show or always associated with it [33]. These scholars have
no signs of menopause and often produce considerably also clarified an over simplicity of the view that a drop in
larger litters when older [8]. body temperature by itself increases lifespan and

Disposable soma theory of aging states that animals decreases accumulation of molecular damage. The
either partition more energy to somatic maintenance or relationship between temperature and longevity is more
into reproductive processes. Naked mole rat reproductive indirect and can be achieved through down regulation of
data, however, does not support this theory because endocrine activities or utilization of various metabolic
breeding females partition a considerable proportion of pathways, which suppress autoimmunity in old age [33].
their energy resources into reproduction, yet adequately They have also recommended the need of considering
maintain their soma and reproductive tissues far longer body temperature in comparative studies of aging.
than do most small mammals [14]. Mutations of different Longevity is often associated with resistance to
types and DNA damage accumulate with age in oxidative injury within and among species [58]. Cellular
mammalian tissues. Naked mole rats have high levels of stresses are positively correlated with mammalian
oxidative damage at a young age, but able to deal with longevity because they produce damage that may
this damage more efficiently than other organisms [22, 38]. accumulate and cause aging [15, 51]. Many theories have
Elevated levels of DNA damage can accelerate linked ROS-induced oxidative stress to aging and health
physiological decline and the development of age-related [15]. Long-living species supposed to have lower rates of
diseases in mammals, but do not negatively impact the ROS production [5] and accrue less cumulative damage
health and longevity of NMRs [15, 38]. than do shorter-living species that have higher metabolic

Factors Contributing to Naked Mole Rats Extended correlation with overall longevity than metabolic rate
Longevity: Numerous contributing factors have been because in some species the strict correlation between
proposed  for  an  extended  lifespan  of NMRs. metabolic rate and life span is not maintained [54].
Eusociality and subterranean  habits  are  among  the Extended longevity in NMR has been strongly
major factors that led to the evolution of extreme associated with enhanced stress resistance [22] and
longevities in NMRs [4, 5, 14, 38, 68]. A complex and attenuated levels of oxidative stress [56]. Like any long-
heavily defended burrow system has minimized the risks lived animals and species, NMRs have notably lower
of  extrinsic   mortality   by  creating  a  thermally  buffered incidences of cancer, can be very resistant to different
environment from climatic extremes and safeguards them toxic or xenobiotic compounds and also show delayed
from most terrestrial predators [5]. However, it has been imperfection during their long lifespan that contribute to
argued that eusociality is a more important driver of aging and longevity [8]. Sustained genomic maintenance
longevity than subterranean habit [38]. Colonial existence may also contribute significantly to the extreme longevity

rate [15]. ROS production provides the strongest
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of NMRs [22]. These scholars have also proposed that Contributions of Naked Mole Rats in Biomedical
the mechanisms evolved to counteract allelochemicals or
secondary defenses of food plants are the integral
component to the extraordinary longevity of NMRs. 

The pursuits for molecular mechanisms that delay the
aging process and extend good health still remains
obscure [12]. Defenses that an organism utilizes to protect
itself from cellular stressors may provide a clue to
mechanisms of aging and the key determinants of
longevity [8]. Oxidative stress resistance is a relatively
important factor in the relationship to extended longevity
[15, 58, 69]. The network of gene regulating the cellular
response to stress through somatic maintenance and
repair is functionally important in aging and longevity
[51]. Extraordinary longevity of NMRs compared to their
rodent relatives may be explained by the production of
less ROS and/or extremely efficient mechanisms to protect
this species against oxidative damage [15]. However,
NMRs produce ROS comparable to those of shorter-lived
species but show no significant changes in their
mitochondria throughout their lives [4].

Long-living species may also have structural
macromolecule characteristics and/or better repair
processes that make them effectively resistant to the
effects of oxidative damage [15]. The exceptional
longevity in NMRs is attributed to sustained good health
and pronounced resistance to cancer [46]. A higher
threshold of damage tolerance and mechanisms in place
to facilitate structural resistance to the harmful effects of
oxidative damage, therefore, enabled NMRs to maintain
cellular integrity and function and contributed to their
exceptional  longevity  [4,  15].  Nuclear  factor  erythroid
2-related factor (Nrf2) is important for the cellular adaptive
response to toxic insults [58] and possibly contributing to
NMRs longevity [8, 12, 15]. Autophagy may also be a
mechanism contributing to their longevity [8].

Many other factors play a more dominant role in the
aging process than oxidative damage [11]. Genome
maintenance is an essential defense system against aging
and cancer because both are characterized by increased
genome instability [63]. Naked mole rats show minimal or
no differences in a wide array of biochemical processes
and protein homeostasis. This sustained genomic
maintenance may have contributed largely to the extreme
longevity of NMRs [22]. Oxidative stress causes the
decline of the proteasome with age in all animals except
NMR. Maintenance of the proteasome contributes to the
increased longevity seen in the NMR [8]. A naturally low
insulin or insulin like growth factor signaling pathway
may play a role in NMR longevity [4].

Research: Aging is the largest risk factor for numerous
human diseases and understanding the aging process
may thereby facilitate the development of new treatments
for age-associated diseases. Animal models are useful
candidates for the study of aging in humans [66] because
of a long natural life span of humans and ethical issues.
Significant advances in the field of aging [4] and the
understanding of hypoxia-induced neuronal damage [16]
have resulted from the study of traditional animal model
species such as laboratory mice and rats and Drosophila
melanogaster [4, 5]. However, these traditionally used
animals are short lived and may not yield  relevant
insights and may be problematic into the aging process of
long-lived species because they must not have evolved
good defenses against aging [4]. Here, long-lived species
are useful to highlight mechanisms that may be involved
in retarding aging processes [22].

In modern years,  NMR  has  become  a  unique
animal model in behavioral, neurological and eco-
physiological researches due to their highly unusual
mammalian traits and physiological adaptations to extreme
living conditions [16]. Naked mole rats possessed
outstanding anti-aging defenses and are unique animal
model for aging and cancer research due to their extreme
longevity and apparent resistance to cancer [5, 60, 64].
Naked mole rats are non-aging mammal and an exceptional
natural model for biogerontology [10, 14]. A naked mole
rat has a plethora of different mechanisms to resist cancer
and presents a unique insight into cancer pathogenesis,
prevention and suppression [16]. 

The peculiar poikilothermic thermoregulation of
NMRs establishes them as a unique mammalian model to
study metabolic suppression in hypoxia and the role of
thermoregulation in the development of hypoxia-mediated
pathological conditions [16]. Naked mole rats are naturally
tolerant of hypoxia and provide an excellent model for
studying adaptation to chronic hypoxia [18]. It is possible
that mechanistic understanding of these strategies could
identify new targets for the prevention and treatment of
hypoxia-related injury and diseases [5]. 

Despite huge credibility of NMRs in biomedical
research, the use of NMRs as a standard laboratory
animal model  has  also  some  experimental  limitations
[16]. The same scholars have identified three major
problems associated with using NMRs  as  model animal
in  biomedical  research.  Firstly, they challenge the
relative  gap   separating  NMRs  from  humans to
develop appropriate translational therapeutic strategies.
This argument also remains the same for traditionally used
laboratory rodents. Secondly, breeding NMRs in the
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laboratory is more uncertain and time consuming than 5. Buffenstein, R., 2005. The naked mole-rat: a new long-
commonly used  laboratory  mice/rat  colonies  due to
their eusociality and the length of gestational period.
Thus, development of transgenic NMRs would be hard to
achieve in the near future, but use of other options is a
possibility. Lastly, poikilothermic and eusocial nature of
NMRs ask huge logistic investments for laboratory set up
viz. to house this species a research facility must have
sufficient space to accommodate a large interconnected
caging system with controlled temperature and humidity.

CONCLUSIONS

Naked mole rats are unique mammals that live colonial
lifestyle like social insects. They are the only mammals to
rely on external environments to maintain their internal
temperature and to satisfy their need of  oxygen in
oxygen deprived environments without hyperventilation.
They are unique animals that  resist  to  environmental
and cellular stressors. They also  live  exceptionally
healthy long life than any other rodents of  their  size.
They devised morphological, physiological, behavioral
and molecular adaptations that best fit with their
subterranean life and unusual features. These makes them
unique animal model to study aging, cancer and other age
related diseases as well as to devise preventive and
treatment measures.
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