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Methodology
We began the evaluation of our hypothesis by conducting a sandwich ELISA 

comparing GLUT4 expression in hippocampal tissue of mice (N = 2, M = 14.940ng/mL, 
SD = 4.427), and naked mole-rats (N = 12, M=10.235ng/mL, SD = 1.262). We found 
that the differences were not statistically significant, t(1.027) = 1.487, p = .371079, 
despite a very large effect size, g = 2.664 (Figure 2). However, because GLUT4 is most 
expressed in muscle and fat tissue, we processed cardiac muscle tissue of four naked 
mole-rats and four mice, respectively, and conducted protein quantification in 
preparation for, and leading up to, a Western blot utilizing these tissues (Figure 1).

Figure 3. Connections amongst various physiological systems 
and conditions. Illustrative of the role of GLUT4 and insulin in 
the non-dispersing naked mole-rat.

Figure 2. ELISA-based comparison of hippocampal GLUT4 
concentrations between naked mole-rats and mice, with 
standard error.

Discussion
Qualitative Western blot results suggest that GLUT4 concentration is significantly 

higher in the cardiac muscle tissue of mice than in non-dispersers. We aim to confirm 
these results with additional Western blot data from the same tissue. These results 
suggests that naked mole-rats are indeed under-utilizing glucose, and that insulin in 
this species is not critical to metabolic regulation. This matches findings by 
Buffenstein and Pinto (2009) which suggest that naked mole-rats are insulin 
insensitive. More critically, they found that naked mole-rats are only insensitive to 
their own insulin, suggesting that the switch observed in dispersers is a change in the 
functionality of insulin, and not merely an increase in insulin response. In addition to 
confirming these results, we aim to examine GLUT4 levels in the same tissue in 
dispersers of the species. We are currently working with RFID data to develop a 
machine learning method which can reliably detect transient changes in the level of 
colony member activity, and in the amount of time they spend in the nest. Together, 
these can suggest the hypothesized morphological and behavioral changes expected of 
dispersers. Since we know that non-dispersers of the species preferentially spend the 
majority of their time in the nest, and that dispersers spend more time in the 
periphery of the colony, we can use these changes to identify potential dispersers. 
Disperser status can then be confirmed using morphological, and endocrinological 
features, such as fat accumulation, and increased blood leptin concentrations. We 
then aim to conduct another Western blot comparing the GLUT4 expression found in 
the cardiac muscle tissue of the disperser morph with that of non-dispersing colony 
members. Going forward, glucose tolerance testing of mice, and of both the 
non-disperser and disperser morphs can be employed to support these results.

Figure 1. Standard curve for protein quantification of naked mole-rat and mouse 
heart tissue in preparation for Western blot.

Figure 4. Morphological comparison between disperser 
and non-disperser morphs of the African naked mole-rat 
species.

  Conclusions
● Despite a very large effect size, we found no statistically significant differences 

between the levels of GLUT4 in naked mole-rat hippocampal tissue and that of 
mice, possibly due to having too few specimens, or due to the low GLUT4 
concentration in hippocampal tissue across species.

● Qualitative Western blot data suggests, pending confirmation, that mice have a 
significantly higher concentration of  GLUT4 in their cardiac muscle tissue than 
do non-dispersers of the naked mole-rat species.

Background
African naked mole-rats are a species of eusocial rodent that spend their lives in 

underground colonies, where they are routinely exposed to high levels of carbon 
dioxide. Far from being encumbered by these conditions, behavioral analysis suggests 
that they strongly prefer them, preferentially spending nearly all of their time in the 
nest environment, where CO2 concentrations can exceed 20,000ppm (Zions et al. 
2020). Park and colleagues (2017) found that naked mole-rats can survive in anoxic 
environments for up to eighteen minutes, concluding that the species may rely upon a 
fructose-driven glycolysis pathway for energy. However, a unique disperser morph of 
the species was described by O’Riain and colleagues (1996), with behavior different 
from other members of the species (Figure 4). Not only did these animals not 
preferentially spend all of their time in the nest, but they would make forays into the 
outside world (Braude, 2000), where environmental conditions can provoke epileptic 
seizures in non-dispersers (Zions et al. 2020). 

A mechanism unique to naked mole-rats must, therefore, exist that allows them to 
transition from extreme CO2 tolerance in the nest, to a tolerance for normoxic air upon 
dispersal. We hypothesize that the naked mole-rat species relies upon substrate level 
phosphorylation using a unique fructose-based pathway, but that, in some animals, a 
physiological change is triggered which switches them to a primarily glucose-based 
oxidative phosphorylation pathway. To explain this switch, we further hypothesize 
that an epigenetic change results in the transcription of a functional form of the 
normally nonfunctional insulin found in the non-dispersers of the species, and that 
this, in effect, can be observed as an increase in the expression of the 
insulin-dependent glucose transporter, GLUT4. Several traits unique to naked 
mole-rats, including natural insulin resistance, low blood glucose levels, slow 
metabolism, poikilothermy, and slow heart rate, may be tied to this level of expression 
(Edrey et. al., 2011). A slower metabolism, and less oxidative stress, may explain why 
naked mole-rats live up to fifteen years, and why they are extremely resistant to 
cancer, while a switch to oxidative phosphorylation, and increased reliance on insulin, 
helps to explain the increased total body fat, and oxygen tolerance, that we observe in 
the disperser morph.


