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Arctic ground squirrel hibernation represents an extreme 
model of reversible insulin sensitivity and metabolic flexibility.

During hibernation, basal metabolic rate is suppressed by 
more than 98%, and carbohydrate metabolism is severely 
suppressed [1].

Medical cooling and synthetic (CHA-induced) torpor often 
cause harmful hyperglycemia in non-hibernators. The arctic 
ground squirrel provides a natural blueprint for regulating 
glucose clearance during hibernation [2].
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Arctic ground squirrels were evaluated following their 
seasonal fattening phase.

Deep torpor significantly reduces glucose clearance, mirroring 
the overall suppression of basal metabolic rate during 
hibernation.

Glucose clearance is restored abruptly at the onset of early 
arousal, preceding any measurable increase in body 
temperature.

These results indicate that the processes restoring glucose 
utilization are initiated before thermal recovery.

This early restoration implies that neural or circulatory 
mechanisms, rather than temperature-dependent enzyme 
kinetics, trigger the reactivation of carbohydrate metabolism.
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Objective: Determine 
how early arousal from 
a hibernation state 
influences glucose 
clearance.

Hypothesis: Glucose 
clearance is 
suppressed during 
torpor but recovers 
during early arousal 
with processes 
independent of body 
temperature.

Results

Figure 9. Proposed sympathetic nervous system mechanism driving rapid glucose clearance 
during early arousal, created with ChatGPT. 

Glucose tolerance tests were preformed across four distinct physiological 
states. Sampling began in September at the end of the seasonal fattening 
phase (Prehibernation, euthermic), and during the hibernation season at 
time points defined as Hibernating, Early Arousal, and Interbout Arousal 
[IBA ]). 

Methodology
Yearling female arctic ground squirrels (n=3) were instrumented with 
femoral artery and vein catheters (Instechlabs.com) and abdominal 
temperature transmitters (DSI Inc). Animals were initially housed at 16°C 
under a 12:12 L:D photoperiod. Beginning Sept 21, the light cycle was 
adjusted to mimic the North Slope of Alaska, transitioning to a winter 
4L:20D cycle on Oct 7. Ambient temperature was ramped from 16°C to 2°C 
between Oct 4 and Oct 6.

Figure 2. Glucose clearance curve of a hibernating squirrel. Glucose given at 
T=0. Ta=2oC, 4L:20D no increase in RR. (11.21.25)

Figure 4. Glucose clearance curve from -5 to 120 minutes in early arousal. 
Glucose given at T=0. Ta=2oC, 4L:20D, increase in RR during sampling. (2.6.26)

Figure 6. Glucose clearance of an induced interbout arousal. Glucose given at T=0. 
Ta=2oC, 4L:20D, increased RR, Tb range 33-36oC. (12.10.25)

Figure 8. Area Under the Curve (AUC) from 15-120 minutes of glucose clearance across 
physiological states. Statistical significance determined via Mann-Whitney test.

Figure 3. Respiratory rate (bpm) and body temperature of a hibernating squirrel. 
Glucose given at T=0. Ta=2oC, 4L:20D.

Figure 5. Respiratory rate (bpm) and body temperature during an early arousal. 
Glucose given at T=0. Ta=2oC, 4L:20D.

Figure 7. Glucose clearance curve prehibernation, euthermic. Glucose given at 
T=0. Ta=16oC, 12L:12D. (9.12.25)

Figure 1. Annual body temperature cycles in the Arctic Ground 
Squirrel. During hibernation, the squirrel's temperature drops to 
near 0°C for long periods, broken up by brief, IBA periods where 
the body warms back up. (Adapted from Drew et al., 2023) [3].

Figure 9. Baseline blood glucose across physiological groups. Data are expressed as Mean ± SD. Statistical 
significance was determined by One-way ANOVA followed by Tukey’s multiple comparisons test. Asterisks 
indicate significant differences between groups (*p < 0.05, **p < 0.01).
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