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Conceptsrelated to metabolism and hibernation can be difficult to directly explore in an animal

physiology teaching lab. We are developing laboratory protocols that utilize a native hibernator, o VO o) was meﬂsured Wlth Op cn (ﬂOW-through) I'eSpiI'OInetl'y

the thirteen-lined ground squurrel (Spermophilus tridecemlineatus). This animal model 1s well- .

suited for mcorporation into a semester long animal physiology course because of the seasonal (AD InStrumentS Power Lﬂb 26t, GaS Anﬂlyzer, aﬂd Splrometel') ® Thil‘teen_ lined gl‘OllIld Squil‘l‘els can be easily C aptul‘ed

changes i11_ metabnlism assngiated with daily torpor and llibEI‘llE.lﬁD.ll. For mstance, measqring.gas . 1\/‘[e tabolism res il‘a to eXChall e ra th (RER) an d lun VOlll mes were . . . . . .

exchange in unrestrained animals, we are able to demonstrate significant (P<.05) reductions in ’ P ry & g and maintained 1n a live animal faClllty.

metabolism between late summer and early fall (35.46 + 4.35ml O,/kg/min vs 15.71+ 2.17 ml > : > : i > > F

O,/kg/min, mean + SE. summer vs fall, respectively, n=6) as anima:is mcrease theiwr level of Calculated usmg mOdlﬁed rat metabOhsm p TOtOCOIS p rOVlded by ADL * Oﬂly Sllght mOdlﬁcatIOHS to eqUIpmeﬂt aﬂd prOtOCOIS

torpidity. Similarly, we can examine the changes in substrate utilization during this tume period ® 1 ’ ’ i i s -

through the measurement of respiratory exchange ratios (.90 +.07 vs .78 +.07, summer vs fall, Squlrrels were SFudled at three dlﬂérent tme p omts. arc necessary to Study these an]InalS n a lab Oratory

respectively, P<.05). Additionally, we will be able to measure and compare ventilatory variables . Summel' (AC’[IVG, J U.IY) Setti_n

such as tidal volume and minute ventilation in these same animals. Plans are underway to . . g 3

continue data collection and the development of teaching protocols once animals have reached ° Fall (Pl‘e-hlb ematlon, Septel’nb el‘) ® These ground Squirrels ShOW Si gniﬁc ant alterations m

their full hibernation state. The thirteen-lined ground squirrel 1s an abundant, easy to care for . . . . .

native hibernating species that can be used to greatly enhance the educational quality of * Late Fall/E arly Winter (Hlbematlonﬂ November) Veﬂtllatory and metabolic pal‘ametel‘s between the

advancec piysiologytabs. * Anmmals were placed i a custom-built hibernation chamber by the active, pre-hibernation and hibernation phases that are
* Continuous airflow is provided through the chamber and similar species (Heldmaier, et al., and Milsom and

L . * Temperature is maintained at 4°C + 0.5 °C
* Metabolism is an area of physiology that can be P __ ) Jackson).

explored in a laboratory setting.

* Whereas the measurement of oxygen
consumption (VO,) can be conducted in rats or
human subjects, the metabolic changes associated
with hibernation are most often inferred.

* Thus, we aim to develop laboratory procedures to
allow for the direct observation of metabolic
alterations in a hibernating species.

Ground squirrels show profound metabolic and respiratory

* The thirteen-lined ground squirrel (Spermophilus changes between the summer and pre-hibernation states. ’ The. measurement of metabolism' In a te.:aching !ab
tridecemlineatus) 1s a native hibernator that shows setting can greatly enhance physiology mstruction.
remarkable seasonal changes 1n metabolism. 45 1.2 * Whereas the use of humans or common laboratory

« These animals show peak activity in the summer E;‘z " ) anmimals 'SUCh as rats 1s ben§ﬁcial to the stgdy of |
months, and transition to winter hibernation with %30 A 0.8 5 metabohgrp, the use ot a hlbematmg‘ SPECICS PTOVK%@S
repeated torpid bouts during the early fall. % 2s o opportunities to expand the exploration of metabolism.

* These animals are easy to capture and maintain Efz -- =, * The thirteen-lined ground squirrel 1s a native hibernator
and can thus be an excellent animal model. § 10 L . that can be successfully maintained in a live animal

. ; facility.

" | | | | * The thirteen-lined ground squirrel displays metabolic

Summer Pre-hibernation Summer Pre-hibernation .

and ventilatory changes over the course of several

Figure 1. Both oxygen consumption (VO,, panel A) and respiratory months, and as such could be studied multiple times in

exchange ratio (RER, panel B) are significantly reduced during the a semester-long course.

fall transition state. * P<.05 vs summer, n=6. * The profound changes in VO, and RER shown by this
ground squirrel provide opportunities to examine the
concepts of heat production, energy expenditure and
metabolic substrate utilization during active, pre-
hibernation, and hibernation phases of the year.

 All procedures were reviewed and approved by Table 1. Ventilatory parameters show seasonal alterations.

the Luther College Institutional Animal Care and
Use Commuttee.
* The capture and utilization of thirteen-lined

ground squirrels m teaching and research requires 2021-5 |summer 0.66 220 145.2 Heldmaier, G., Ortmann, S., and Elvert, R., 2004. Respiratory Physiology and

approval by both the Towa Department of Natural Neurobiology 141, 317-329.

Resources and the U.S Department of Agriculture.

* Squirrels were captured throughout the summer
months and maintained in a dedicated room of the
Luther College Live Animal Facility.

2021-5 |pre-hibernation 0.182 184 33.49
2021-5 |hibernation 0.102 30 3.06

Milsom, W.K., and Jackson, D.C., 2011. Comprehensive Physiology 1, 397-420.




