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3 The maxlmum thermogenlc capabllitles (HPnax) and fhe ;wf;

”f}naxlmum‘capah411t1es to produce heat v1a non-shlvering

hermogene51s (NSThax) vere estlmated at several tiues

°f¥thI°ughout the year ln;a;seasonal hlbcrnator, §E.rm02§il_ftf;‘??;

/T et - -

;z#fa h dSO“ll'- Th“ f°11°"139 Qight groups«uere tested~\i§ﬁ,ffﬁ.
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of actlvity and hlbernatlop.; Srnce NST and shlverlng : SR

thermogenesis (ST) are adéltive, the tuo paraueters

leasured, BPmax and NSTmar. also gave an 1ndlrect estlmate :%
 ;ﬁ:}:§ Although values for HPmax ranged from 101 A (16.3) ?}?§;
o cal/wto 73/hr in the JUNE-YO VG group to 1“2.1 (11u 7) :—
cal/uto 73/hr in the JUNE—AD iT group, no clear relatlonshlp

.[. was observed between HPmax a a the tlme of the year‘,u';”o*%;.

Houever. NSTmax vas observed to 1ncrease durlng the ? %@ff‘

hlbernatlon season,’fsgm Value516f uo to 50 cal/wt°~73/hr 1n
groups HARQ-ACCL, AUG YOﬁNG JUN”-ADULT and APEIL—ADULT, to -
.

66 5 (i2 7) and 79 2 (ie 8) cal/wt°-73/hr in groups HIB-78

.”fp” and HIB 77 respectlvely. No 51gn1f1cant 1ncréase 1n NSTmax

A‘,

7 was observed when cold accllmated an{mals (Group COLD-ACCL)
T 'A.J a

lvere compared to uarm accllmated anlmals (Group HARMaACCL).:

These results cuggest thataihe ;ncrease 1n NST observed in ¢

r : 4 ' . N

Whlbernatlng anlmals 1s a response to the 1ncreased Qemands

; hlbernatlon._.51nce no 1nc"7
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Mammals malntaln a consqant body temperature (Tb) by

";j prec1sely balanc1ng heat productlon (HP) and heat les (HL)

“,{'be}seen from Flg.,1jf

'f.rev1ews).

Q‘temperatures below T
for decreased Ta w1¢‘
‘“temperatures lower;7

‘“hypothermliﬁand evt

_obllgatory HP (bgsal metabollsm) and regulatory HP
._(Glrardler 1977

"pf two processe

'fuyls the result ox

“b*ls medlated by

D P o

A‘in the face of cdtndlng enV1rpnmen+al temperatures.v. d*_df-’

— B L

’¢:Homeothermy must be malntalned Hlthln narrow 11m1ts to allou

.Q

\,v‘normal functlon oi}?any v1ta1|processes (Prosser 1973)._,To;”,‘x

gfachleve thls,'mam als have evolved a flnely-tuned

L, e ) 9

'f;temperature sensxrg and regulatlng system (see Hammel 1965-”i-t »

AZCarlsoh 1573 Heller et ial. 1978;and'5atinof£ 1978 for_ﬁﬁ:

In resp&hse to dec’ea51ng amblent temperature (Ta)

<_mammals 1ncrease thelr HP by 1ncrea51ng metabollsm., It can .-

at at some lou temperature (Tc),

'.haiimum heat productl n (HPmax) 1s reached.~upbrbif.-tf;fd R

A . :< . - “ 'v .:‘
’ the anlmal can no 1onger compensate g;‘

.‘, - N
han Tc, herefore, results~rn g

Sy

At any glven temperature the total HP con51sts of

see Flg.'T).j Regulatory HP is the result

o shlverlng thermo eneéls (ST) and

noneshlverlng tuermogene51s (NST)._ Shlverlng tﬁermogene51svf=-w
small contractlo s, of skeletal muscles and

~-mat1c motor neur,ns (Jansky 1977).,‘ 3f3ﬂ[u:fff

\ o




' Flg L A diagramatic represem}:atn,on of. the metabollc '
~.rate of a “homeotherm as a: function of amblent temperature
(after Seydoux and Glrardier 1977) : S
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- skeletal muscles are also%thought to be of 1mportance

°:,_and; therefore, hlgh rates of HL BE unlt’welght. ‘;‘

Lo

REAT S
v .

e

-noreplnephrlne (NE) released from sympathetlc nerve endlngs,
w'actlng primarlly on beta-adrenerglc receptors (LeBlanc 1°76f
| Horw1tz-1978)., Although the mechanlsm of NST lS not fully
"hnders@bod it appears to. 1nvolve ‘the uncoupllng of _
qh.oxldatlve phosphorylatlon andggg 1qcrea51ng ATP utlllzatlon’j

.of the Na*-xt AmPase pump (see Seydoux and\Glrardler 1977

. -1. ‘. . o o
Hlmmstagen 1978- Horwltz 1978 for rev1ews). Brownéadlpose

tlssue (BAT) seems to be the prlmary effector organ‘of’

although supportlve organs (heart,’dlaphragm, etc. ) and_

‘-
ity e
s
v

{ . . o - "' .
(Jansky 1977; Foster and Frydman}1978)., S

|.‘

In addltlon to short term changes in temperature,.

Adrequlrlng mlnute to mlnute adjustmentbof HP and HL,'anlmals

~

;'experlence lcnger—term, seasonal changes 1n thermal demands.“

"Thls c¢an. be espec1ally 1mportant to small homeotherms, such

A
%S rodents, whlch have large surface area to mass ratlos

q

31Consequently,'many rodents make aajusfments in behav1or,3

(e eGa. nestlng, huddllns,‘and, seeklng less severe

¢
m1croenv1ronmenbs) and/or physlology (e.g. 1ncreas1ng

:gnsulatlon, and 1nrre lng capac1t1es to produce heat)

.-allow thelr surv1val turough the colder seasons (see Hact

1971 for—rev1eu of thermoregulatlon 1n rodents).,lnany

"dspec1es develop a: hlgher degree of NST when cold-accllmatfu_

°

(CA) than vhen warm-acclrmated (HA) (" attle and Carlson

U I

vl1956 rat. Cottle 1963,’rabb1f° Hemxnguay et ‘al. 1964, cat-‘n

R B

'*:,Pohl and Hart - 1965 13 llned gzound squlrrel Nagaska and



Carlson 1965, dog, Hllllams 1968, golden hamster.'Jansky et
N al. 1969 mouse? Bartunkova et al._1971, rat Portet et al
1971, rat;"Feist and Rosenmann 1976, red~backed vole). | "’5§
:becausesbST does not 1nterfere wlth muscular act1v1ty, the f{

o 1ncreased development Qf NST is v1ewed as. an adaptlve

response to combat cold, freelng the muscles from-the .

.....

_ 1nterference of shlverlng (Cottle 8 Carlson 1956' Horwltz

kL BN

1978)._ = S ‘ ' ‘

'Oftenviinterris a time of low f;E% supply, making it~ ,'
Adlfflcult .to meet the energy regu1rements for HP. :Onev}j
rstrategy to cope Hlth thls problem is to store energy 1n thef
:%form of seeds, other non~perlshable food 1tems, or fat. o
Also, energetlé demands can he reduced, as 1n hlbernatlon.,.
vIn hlbernatlon, Tb 1s.greatly reduced .as are, bodlly 3
R functlons, thereby decreasing the energy regulrements;-\For
;reasons whlch are not fu’ly understood anlmals 1n

bernatlon perlodlcally arouse (1.e. they re;arm from Tb

thCh 1s near amblent %whlch can be as: lavw as O°C) to normal

-
(37°C).- Hang (1979) estlmates that the energetlc cost of
- hlbernatlon for the Richardson® S ground sgnlrrel averages
l{12 2% of the normothermlc energy regulrements and reaches a
.low of 4% 1n J nuary.. The: bulk of the energetlc cost durlng

the hlbernat-on season 1s regulred for malntalnence of

-

I3

normal Tb between bours of torpor (51.6%).} The remalnlng
-fcost is d1v1ded between the stages of entrance 1nto torpor
_(12.8%), deep torpor (16 6%) and arousal (19 0%) - (uang

1979). Although-the largest total”cost is due'to the

‘



~ , - . N PTI o
L . . Ly g S
'Alnter-torpdr perlods,‘_hewrate'of HP'during the arousall .
process 15'3reater than that regulred durlng the f Lo '
1nter-torpor perlods of normothermy (Hang 1979; pefSonal' f”';
'1'observat10n).y Clearly, the overall eneﬁgy saV1ngs durlng.

hlbernataoﬁ are great, however, the demands made on the

Qel\sgfyénlsms fcr HP durlng the arousal process are hlgh.;

e

Seasonal hlbernators (ground squlrrels, marmots," ;'.;f
woodchucks, etc. ) breed in sprlng and remaln actlve L‘~'

throughout summer, fattenlng ‘for the comlng wlnter season.‘

In early fall, they enter. hlhernatlon for the year, arQu51g§"”';
’ . S
perlodlcally‘ as: prev1ously mentloned. ;n the_‘

«golden-mantled_ground sgu;rrel, thlS cycle has beea shown to
- be nnder éndogenous control 'i;e., 1t per51sts for several

‘ years wlth a per10d1c1ty of approx1mate1y one year even vheh

the anlmals are. kept in the laboratory wlthout any apparent_

seasonal cues (Pengelley and Flsher 1963). Annual cycles ofi: S

4
body welght parallel the endogenous hlbernatlon cycles wlth

peak- welght occurrlng ]ust pr*or to the onset of hlbernatlon
(Mrosovﬁky and Flsher 1970- Heller and Poulson 1970"‘5’n.f'

Mrosovsky 1975). f":1‘ --"J‘.fj\ 1

The present study 1nvestlgates the: seasonal changes in

: HPmax and the maxlmum capabll*tles to produce heat by NST

e 3

(NSTmax) in a'seasonal hlbernator, the Rlchardson's~ground

¢

squlrrel, Spermogﬂllus rlchardsonll.. The HPmax and NSTmax

|
. Were estlmated at. dlfferent tlmes throughout the year, 1n

“active, non- hlbernatlng phase ground squxrrels and ground

sgullrels in hlbernatlng phase, to ascertaln the spec1f1c
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'Q.cubes (Northwest Feeds, Ltd, Edmonton, Alberta) ad llb;t um

'f;;/;I}f;yateriaIS‘and Nethods: =

P L . Cow e . ST . . L. A

"ffﬂi; Anlmals o }

,' The Rlchardson's ground Squlrrels used. \n thls study :V i

W I

5“were llve trapped approxlma ly 15 km south of Edmonton,;

J

.'Alberta, Canada._ Upon capture,‘+he anlmals were taken to'

"rthe anlmal hcldlng fac111t1es at the Unlver51ty of Alberta,

\

*fvhefe they uere housed 1nd1v1dua11y in shbe-box type cages

(45 X 25 x 20 cm). Ground squ1rre1s malntalned 1n the

\

.;‘1aboratory from June 1977 to May 1978 were fed‘Vitamlte

oy

-,After May 1978, all anlmals uere fed a mlxture of Purlna rat

o _chow (Ralston-Purlna Co ) and Wayne dog food pellets (Allled

\
\' .
RN : —is

’_'Foods Inc.) aa 11b1tum.' '{*d7'_ RN f}-l : v-j‘ﬁ{ ]?&Q«i

N : DR RN

The folloulng groups of anlmals wer\\tested for NSTmax f

and HPmax to determlne changes in thermogenio\gapabllltles.~

R RIL—ADULT. Ground sgulrrels tested wlthln\\ne ueek Of

7"capture 1n mld Aprll rlor o blrth of young.‘Vg ,\\\
| | ¥

. { S

'_;l?”f.JUNE ADULT.» Ground sgulrrels determlned to ‘be adult

d‘;anlmals on the hfsls of uerght and tested wlthln onevf‘

"week of capture in mld June.

N S

‘ }Q“ltJUNE YOUNG.. Ground squlrrels determlned to be young offv

;;:the year on the baszs of Helght and teste' wlthln one

,week of capture lnsmld June.;{h : h” .

'1‘-TT*AUG+IOUNG, Ground’ Squ\rrels tested vlthln one Heek orf-

capture in early;August. 51nce adult anlmals enter

g e
"



.,Q-' L

. fhlbernatlon from late June to early—July (Hehrell 1973~

':'_chhener 197“); all anrﬁafs cap*ured at thls tlme vould

ﬂﬁque young of the year.__ ffffi””ff~fidf%g”fii,ﬂwﬁ

. v \
\‘\

'HIB-77.= Thls group of anlmals was captnred in the :
'summer of 1977 and malntalned 1n a ualkbln&inv1ronmental
"chamber at S (t1)°C UDtll the tlme of tesklng.,:At the -

'l‘tlme of testlng (February)¢ these anlmals had been 1n

I

'hlbernatlon for several months.' Anlmals whlch are_ fi

under901ng bouts of torpdr are referred to as.

o

-.hlbernatlng phase anlmaLs.," .

-uHIB-78.,1 hls group of anlmals eas captured 1n the:
-’summer of 1978 and malntalned 1n a walk-ln env1ronmental B
'_d;"chamber at 5 (11)°C untll the tﬂme of testlng.“rAt~the

'“7t1me of tesolng (October—November), theSe anlmals had f
! .

,.._gone through at least 3 bouts Of torpor,::*‘~“~
- coLD-ACCL.’ This group of ground sgulrrels ConSLSted of

"uanlmals vhlch were in the actlve,_or non-hlbernatlng-

3 T e

:.”ss,phase (1.e. they had not exhlblted torpor for at’ 1east 1
“fmonth) and were accllmated to’ 5 (t1)°C for at least u
weeks prlor to testlng in Aprll.,‘ | |
: HARM ACCL.v These ground squlrrels were accllmared.to 20 -
) r(11)°C 1n ; ualk—ln env1ronmental chamber for at- least u‘l'

aweeks prlor to testlng 1n OCtober-November., None of

' g-these anlmals had shown 51gns of torpor at thls Ta.



.~

“Ba . 1

Catecholamlnetlnauced thermogenes1s.was used to

estlmate NSTt. There LS con51derab1e ev1d nce whlch .

o 1nd1cates that NST 1n rodents is medlated Brlmarlly V1a‘

beta—adrenerglc receptors (HOIHltZ 1978).: Exogenous
beta adrenerglc agonlsts mlmic thls*actlon Qnd thus have
'.sbeen used as a method to estlmate NST (Portet, _t ;.r197];.»

lemms-Hagen 1978- Horwltz 1978). For thls study,

: iilsdproterenol, a beta adrenerglc agonlst (Rotenberg 1977-‘;

”hZHorwltz 1978), was used to 1nduce NST*. Heat productlon was

‘4measured.by monltorlng the rate of oxygen cogsumpt on (VOZ).;

'H;f0s1ng an RQ of 0 7, V02 could be converted to 1ts calorlc

.fﬁlegm1valent uslng a conver51on factor of 3.7 cal/ml 02

,l(Kle}ber 1961)._ Prellmlnary data, obtalned when C02

’fproductlon (VC02) and V02 were monltored s1multaneously,

'-rllndlcated that thlS uas ‘a reasonable value fonsthe RQ.;-

In order to measure catecholamlne—lnduced

ke

i‘fdtheruogenesls, the a@gmals were cannulated in theijugular:“:
;V‘veln wlth polyethelene tublng (3510 Clay—Adams Inc.) whlle
';under sodlum pentobarbltal anesthe51 (50 mg/kg Nembutal,_
o Abbott Labs Inc.).' Once the cannula§>as secured anlmals -
fduere placed in a. plex1qlass metabdllsm chamber . _ »f*-
kr(zo X 15 x 15 cm).; The anlmals rested on a bed of coéperf‘v

/ *

7tub1ng through uhlch hot (35°C) or*cold (SQC);uater flouedx.5'



n

to heat or cool the: anlmal‘and thus malntamn lts Tb. Hater l_
flow uas controlled hy a IST temperature con roller (Yellow
f; \\:rlngs Inc., Model 63RC) through/a 3—way electrlc solen01d
5 lve (Sklnner Electric Valve D1v151on). A rectal v
thermlsﬂbr probe (Yellow SprlngSvInc., No.éu02) 1nserted to |
‘, a depth of 4 cm and taped to the tall was used to measure Tba

and to ccntrol sultchlng of the solen01d valve., Thls systeml

nerally contr lled Tb wlthln a range of 36 39°C. Data was?_
not used - on the occasxons wheq/Tb exceeded thls range. ;/Fl
- r”fv;- The flou cf compressed a1r through the metabollsm
’/ghgmber, depressurlzed to 5 p51,'was regulated at 1000 ‘
-ml/mln (STP) by a’ Matheson (Model 8240) flow controller B
(Tlg.lz).” The exhaust gas from the metabollc chamber was‘
d1v1ded 1nto two streams (Flg.-Z).A One stream\{as drled V,
Hlth Casoa (Drlerlte) and the C02 removed (Ascarlte) for
andﬁy51s by a Beckman G‘2 paramagnetlc oxygen analyzer.* The

-

Other stream led through a. drylng tube (Drlerlte)'tova*sf‘

Beckman (Model 8&4)

”nfra-red.carbon-dloxiderahaiYier;ﬂ:The~
V02 was calculated ;utomatlcally by a. Texas Instrumentsﬂ
(Model 980A) dlgltal mlnlcomputer as descrlbed by Hang &
Peter (1975).> Values for V02 were prlnted out every 60 sec
ﬂr »on a Texas Instruments (Model 733) data termlnal. For some :
| 1n1tial trlals uhen C02 was analyzed, VCOZ and BQ were |
! calculated and prlnted along wlth V02. Thls alloued the
g conflrmatlcn of RQ valuc of 0 = for the conversaon of V02

b

' to the calcrlc egulvalent. .gf *y",;’ SR g,' ’";‘V f“;,W

'ﬂ Once the anlmal was - 51tuated 1n the metabollsm chamber,

S



K ° ; s . . K : L . g »"' .. .
. Fig. Q - Schematic representation of the .data
-acquisition system‘for measuring metabolism.. : = 7

K . N . . B
' B - . P ’
. CNC S . . . . / . i
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.,speCies (Hang, unpubllshed). Flow rat

'laO ml/hr by a Sage syrlnge pump (Mooel 352). Isoproteren$1:‘
::solutlons of the approprlate concentratlons were prepared/
~f}fresh before each trlal by dllutlon of a stock solutlon of

~;1sqprotex:enol (lO mg/ml.vehlcke).' The stock solutlon of
;:1soproterenol was prepared from d l lsoproterenol HC'

.Chemlcal Co.) prlor to each trlal. Isoproterenol ua R N,

.":v_‘_-"“klnfused at .dcses of 1. o,.:z 5,5, 10 and 20 ng f :
‘L;c1soproterenol-HCl/wt(1n grams)°-7*/m1n (equlvalent m_ ah _

,‘doses are 4 O,.10.j, 20 2, HO 2, and 80 7 pM/wtOe7 /‘1 ).;j‘
'fhll 5 doses of 1soproterenol vere admlnlstered.ﬁ//ﬁ A
j ground sgulrrel 1§y?he anlmal's condltlon pe:gltte,'
A"-order of drug admlnlstratlon ‘was. varled Each dO'e

"1nfused untll a plateau 1eve1 of VO? was obtalne
uvehlcle and V02 allowed to stablllz several tlmes

~had not changed Each trlal lasted 3—1/2 to h—1/2 nourS*\
/._Supplementary doses of Nembutal (10 to 20 mg/kg) Here \
~administered perlodlcally via the 1ﬁfu51on cannula to i;”

‘ malntaln the level of anesthesxa.

hid e

1

'1nfu51on of the drug-carrylng vehacle (1 mg/ml ascorblc ac1d

. _(Flsher Chemlcal Co.) in double dlstllled delonlzed uater) L

o

wvas begun. All tests were conducted at rocm temperature

(ZOQC);“thCh 1s wit h1n the thermoneutz7l zone of thls ; \
|
f

for the 1nfu51on 0

*.the vehlcle and all doses of 1soproterenol was controlled at.f

P /
/o o

v, “

¥

'”; )*C

"‘m,.( .

\

L approx1hate1y 20 to 30 mln. Infu31o uasfretur"ed-t_t

throughout the experlment to be certaln that the basa

/

R : . ¥ z\ .
. . . - . O N
R : S S . \ R
; N R ISR S



o

o the conduct1v1ty of hellum is approxlmately 6 trmes greater

N

To estlmate HPmax, anrmafs\were placed 1n a pap%r—llned

\’,‘g'

metal metabollsm chamber (modlfled frOm a 1 gal palnt can)

©

o and exposed to cold temperatures (-15 to -25 (i1)°C) under‘t'f

hellum (39%) and oxygen‘(21%) gas mlxture (ﬁelox). Because

' than that of nltrogen,\Helox has been uSed ‘to: 1ncrease heat

)
loss for the lnductlon of hypothermla (Mussachla 1972

Hussach\h 8 Jacobs 1973 Wang & Petl‘h1975) and to ellclt

HPmax (Rosenmann 8 morrlson 1972°'Rosenmann _t _l 1975'

Hang 1978) _ These condltlons were thought to have ellc;ted‘j'

t max1mum thermogenesxs beqhuse V02 dld not 1ncrease.anY"‘

—1

further when the temperature was decreased WLthln the test

range (-15 to ‘25°C) or: when HL. was 1ncreased by uettlng the

%

;anlmal wlth water. Exhaust gases vere treated as mentioned

-

prev1ously, and V02 was prlnted out every two mlnutes along

¢
wlth Ta.. Body temperature uas measured by 1nsert10n of a’

YSI therm1stor probe a cm 1nto the rectum after each trlal

‘to ascertaln 1f hypothermla had been 1nduced._ The max1mum

V02 sustalned for at least 5. m1n was used to estlmate HPmax._fp

>

v



CE . T »
= . . . s

i‘C._‘Heat Prbduetionfduring*Ardhsal froibﬂiberdatibn‘\“.””r

’ The V02 was measure& durlng 1nduced arousal from

.1_‘v. o

~hlbernatlon 1n 15 ground squlrrels to determlne the maxlmum'

rate of HP durlng arousal (HPmax ar)wand the tlme to ”ff /3

HPmax‘ar.thalues for HPmax ar vere. obtalned u51ng the peah

702 sustalned for at least 5 m1n dwrlng the rewarmlng ﬁk,'h

v N

, process._ o . o f-;", S e LR

Anlmals were removed from thelr hlbernaculae,'a

A_cbpper—constantan thermocouple 1nserted ‘4 cn 1ntQ the rectumfﬂ"

s

v

f;and taped securely to the tall., Tbe anlmalé uere then

‘ placed 1n a paper-llned metabollsm chamb%r na temperature

\

-;controlled cablnet (t1°C).ﬁ Temperatures ‘at” uhlch arousal

]

zwas 1nduced are as follows. /)OC (n 1), 1°C (“‘7)v.“.c
44(n Z)L uoc (n 3),.5°C (n 1), 10°C (n—1).f By arousxng
_ e
o ‘anlmals at dlfferent temperatures the}effect of Ta on

tHPmax ar could be detormlned.,_Rectal temperature (Tr) and

. /

"::Ta vere prlnted out automdtlcally every 5 min along Hlth

I



Ko

,ata Aaa1x51s *g~'” -fft,t:" ff" -lﬂ g;;ifg' B s‘fs“s:

B The basal metabollc rate of E%lmals of dlfferent body

dnsize does not vary Hlth welghtaput wlth some fractlonal"d
ﬂifpower of the welght (Brody 19H5).J Brody (19“5)}terus thlS
'_the "metabolrbally effectlve body sxze":and suggests that

{7thls fractlonal power of welght 1s a more approprlate 5(‘{,1

:”reference than welght alone._ Data from many sourceS'

~

'1”comp11ed by Hart (1971) shovs the standard metabollsm of a

i'varlety of rcdents to vary Hl‘h wélght (1n grams)°'73

S0

Slnce the welght of Rlcaardson s ground sgulrrels varles ,/X’\.
L greatly at dlfferent tlmes of tne year, from 200 to 550 gm

g - 7 ke

T(personal observatlon~ Wang, unpubllshed), metabollc rates

. for thlS study are expressed 1n terms of we1ght°°73 to

-

ﬁfcorrect for thls varlance An” body welght.gp_f'
\_/

All data uere analyzed us1ng programs 1n the jiff;pf;f

"Statlstlcal Package for the Soc1a1 Sc1ences" (SPSS), whlch

/'\

fls avallable to computer users at the Unlver51ty of: Alberta.‘

" The partlcular tests used, analy51s of varlance Hlth

N Duncan s multlple range tast t- tesf and llnear regreSSLOn,-'

vare mentloned uhere appllcablo 1n the results.~ ”:Jf'ifx
: e . [ R
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\ S III. Results |

_A.. Estimation of Non-<Shivering Thermogemesis
1%" i | » . s “ . . R . .

" Time. Cour se Qg.ggggiggtigg

- ———

Flg. 3 shows the typlcal tlme course of response to-

' isoproterenOl;‘ The upper graph (A) 1nd1cates Ehe response

'“of a male ln hlbernatlng phase to a dose of 10
ng/ut°-74/m1n/m1n. The lower graph (B) shovs the response'
»
of a female in hlbernatlng phase to a much lower dose, 1 0

ng/ut0'7’ Shortly (2 to 5 mln) after the onset of

~

,f,i*\\\rsgproterenol 1nfu51on, the metabollc rate of the anlmals

began to.lncrease.‘ After 20 to 30 mln of 1nfu51on the

metabollc rate had reached a plateau.. It remalned at thlsi
'»level ugtll druc admlnlstratlon ceased. When 1nfu51on vas
'_returned to the vehlcle, metabolic rate began to drop wlthln

several mlnute , When suff1c1ent tlme was allowed between

_ A -
’fdoses, metabollc rate returned to near basellne levels, as

:shovn_ln"Flg. 3., 0 r}, ;‘ j - R _L

~oo=
K3

- ?-;




: Fig. 3. Typlcal time course of response to
3lsoproterenol. : :

_ A) Response of a male (D12 wt 488 g) in hlbernatlng
'phase to a dose of 10 ng/wt0 /m1n

o

B) Response of a female (323, wt= 292 g) in
;hlbernating phase to a dose of ‘1.0 ng/wt0 7h /m1n

Black bars 1nd1cate duratlon of drug 1nfusion.
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~51gn1f1cant1y greater than

;doses of 5 ng/wt°-74/m1n and greater.:

'doses (5, 10 and‘ZO ng/wtoi

'dlfferent frcm each other

4

A3
N

-

All groups exhlblted 51gm01d dose-response“

“Trelatlonshlps‘between HP and the dose of 1soproterenol
fnmadmlnlstered., Increa31ng doses e11c1ted greater responsesi'
;untll a max1mal response vas attalned ' ThlS~lS shoun for o

) tvwo: groups; COLD-ACCL and HTB-77- in Flg.rﬂ. é?he curves for~

all groups are roughly parallel ~ﬁ1ffer1ng only 1n the‘ ;‘

;vmaxlmum response. S R

¢

Tne mean metabollc response of each group to all doses,

of 1soproterenol 1s llsted in Tah}e 1., Hetabollc response

to a dose of 1 ng/wt°-7‘/m1n uas 51gnlf1Cant1y greater xhan:'

basal levelc in groups COLD ACCL JUNE ADULT AUG-YOUNG ana

v 3 .
‘uHIB—78 (one—talled t-test. p < 0 05).; Admlnlstratlon of all

'.hlgher doses of lsoproter nol e11c1ted responses ;g'

lbasal rates 1n all groups ‘
(one-talled t—tes% p < 0. Sf; Hlthln each group the hlgher )
7‘/m1n) were not. 51gn1f1cantly
(two talled t-test p“< 0.01),

1nd1cat1ng that a maxlmal »esponse(ﬁ/d been atralned forﬂ

1
4



t

Fié\yé. Typical do ngeépongeirélationship

* 1 ‘SE. for \roups COLD-ACCL and 'HIB-77 .are plott _
- of .values used to obtain’gachvmean a:e shown in parentheses .

at each point. - - L o .

 >»

. Meaps-"
ed..'Number,
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¢
B Slnce doses of 5, 10 and 20 ng/wt°°74/m1n all ellclted

i1
4

gmax1mal responses, the response to a dose of 10

:‘ngywt°~7‘/m1n wa= used to - estlmate NSTmax.'-Flg. 5 shous1

mean values for NSTnax for.each group.v'Basal rate of HP was -

'ﬂuestlmated usmng the stable rate of HP. when no drug Was.

5;1nfused and is also shown 1n Flg. 5.~ Ana1y51s of varlance
V:and Duncan's multlple range test(p < 0 01) revealed that the

."

k%anxmals 1n group HIB-77 ‘had - 51gn1f1cant1y greater NSTmaf

‘ than all other groups exceft HIB 78. HIB-?B showed greaterv

"NSTmax than all other groups except COLD—ACCL. COLD—ACCL s

'*a‘anlmals showeoﬂhlgher NSTmax than the anlmals 1n group

]

"V'AJUNE-YOUNG.‘ NSTmax vas. not Slgnlfl-éantly dlfferent in all.
other groups (see legend Flg. 5)._ The only 51gn1f1cant -
‘*dlfferences in basal HP between groups 1s between the groups

,'ylth the lowest (UARM-ACCL) and the hlghest (JUNE YOUNG)

‘basal HP»(see legend Flg. 5)._

o



. b

_Fig. 5. Coﬁpariébn of mean . maximum response to

aisoproterenol between groups. Histogram plots mean -
responges’ to a dose: of 10 ng/wt0. 74 /min (+ 1 SE) as an _
estimate of NSTmax. Dotted lines indicate mean basal HP.

- Number 'of values used to obtain each mean is 1nd1cated for -
'~ each mean in parentheses. R

_ Sign flcance with Duncan s multiple range test
. {p % 0.01) is shown below. TGroups ‘which are not -
" gignificantly different are underlined by a common 11ne
. . L B / S e

' BASAL °  WARM HIB - JUNE APRIL . HIB COLD  AUG ° JUNE

HP. - ACCL 77  ADULT ADULT 78 ACCL . YOUNG YOUNG

NSTma¥ JUNE JUNE ° WARM .APRIL AUG  COLD HIB HIB

YOUNG ADULT ACCL' ADULT' YOUNG ACCL 78 - 77

%
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‘;B.,.Estimatioﬁlof-Maximhm‘ﬁéatVPrOduction"

The .mean HPmax for each group is shown 1anlg; 6.: 4
Analysis. of varlance and Duncan s multlple nange test ; _

(p < 0.01) 1nd1cated that the hlghest Qroup (JUNL-ADULT)

c A

'exhlblted 51gn1f1cant1y greater HPmax than the 1c est group

a

F(JUNE YOUNG), houever nelth@r of these groups were

51gn1f1can+ly dﬂfferent from any of the other groups (see

' legend Fxg. 6).

JUNE—YOUNG anlmals, 1uladdition to showingbthetloﬁestf.
HPmax, becamo hypothermlc very rapldly after the onset of
Helox exposure at -10°C.v Adult»anrmals‘ln all groups,
‘hOWeverTcould maintaiu homeotheruy for the‘tuo'hours tested

in temperatures down to -25 °C unless the fur uas soaked

b4 .

: prlor to exposure. The Th of aplmals which were thoroughly

soaked wlth ‘water prlor to exposure to test condltlons e;~
bdropped to between 28 to 34°C in 6 of 11 cases.__whether
d—anlmals ‘were tested wet or dry had no. effect on: the observed
values of HPmax, suggestlng the attalnment of HPmax under

: 'these experlmental cond1t10ns.i7

2



1 Fig 6. Comparlson of ‘mean max1mum heat productlon
between groups. qustogram plots mean HPmax -(+ 1: SE) for

»each group of animals. Number of values used to obtain each
mean 1is shown in parentheses. »

_Slgniflcance with Duncan s multiple range test
(p < 0.01) is shown below. .Groups~which are not: - _
signlflcantly dlfferent are underl;ned by .8 .common. llne.

JUNE WARM ~ HIB - COLD -_APR_IL T avg ; I_{IBw ‘JUNE. -
YOUNG ACCL 78 . ACCL ' "ADULT _ YOUNG . 77 ADULT

o
N
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$‘\v 'Bjn
C.f Heat Productxon durlng Arousal from Hlbernatlonv

| Maxlmum rate of HP durlng arousal from hybernatlon vas :
taken from V02 records of 15 anlmals durlng 1nduced arousal.'
. The mean HPmax:ar. was 93 3 (13 2) cal/wto-"':"/hr.v~ Noi“
srgnlflcant relatlonshrp was observed betueen HPmax ar and
the temperature at Uhlch the anlmal was aroused (r= 0 124).‘
Average T at whlch HPmax ar'was observed vas. 8 2 (0. 7)°C
(n 13), wlth a range of 6 to 3°C. Mean tlme to HPmax ar

uas 165 (19 7) mln Hlth a. range of 110 to 2u9 mln.

o



IV. :Discussion.

'5§.]eNon-sh1ver1ng Thermogene51s TR ‘.;v"\.“

./Y Increase in NST capacrtles ulth cold-accllmatlon has v e

<

‘been well documented in many spec1es (Cottle and Carlson

;-,-i956 rat' Cottle 1963, rabblt'.ﬂemlngway et.al.;196u,rcat;

-.Pohl and Hart 1965,«13 llned ground squlrrel Nagaska and
T-Carlspn 1965, dog; ﬁllllams 1968 golden hamster' Jansky et
:'Vgl 1969, mouse ‘Bartunkova et al. 1971 rat Portet et al.f:;
1971 nat-'Ferst and Rosenmann 1976 red backed vole).~>for )
example, Bartunkova et al. (1971) report that 1.m. or 1.v.“ﬁ
f llnjectlon of NE at room +emperature more than doubles the HP
oln CA (5°C) rats whlle WA (28°C) rats show a much smaller |

';1ncrease (20 to 30%).9 Slmllar 1ncreases of dlfferent :'
.,magnltudes were - observed 1n all the spec1es c1ted above, fe*[
'.ranglng fromhz to d -fold 1ncreases above basal HP 1n ground
”squlrrels (Pohl and Hart 1965) to a 7-fold 1ncrease in

»red backed voles (Felst and Rosenmann 1976). In thlS study,
a 3.3 fold rncrease above basal HP was observed in CA (5°C)

_anlmals.; Increased NST with' cold accl&matlon is thought to.

be 1mportant because the use of NST for HP allous the anlmal

~ to produce suff1c1ent heat to malﬁxéaé Tb w1+hout hamperlng

b~voluntary movemen&s Hlth shlver;n (Cottle and Carlson‘

1956). 'Slmllarly, 1nvestlgators ‘have reported 1ncreases in-

g . \

A

NST Hlth seasonal acclrmat*zatlon from summer to wlnter
) \.

"(Lynch 1973 Felst and Rosenmann 1976).-'Thls response too




can be v1eved as an adaptlve response ‘of the anlmal to
'1ncreased demand for HP., = h S =
Petrovic.et.al.,(1972) tested ground sgulrrels (spec1es

unreported) for NSL by monltorlng V02 at’ 30°C before and

ported 1ncreased respon51veness to NE (1ndlcat1ve of

: after Pe 1n3ectlon of-NE. As uas observed in {fls study,
-theyj

‘y_lncreased NST) 1n anlmals hlbernatlng at 5 to 10°C in

.February~narch (166%-above'basal 2 112~6a}/m2/2uhr) when
_compared to HA (25 to 26°C) anlmals (115% above basal 1 559
cal/mz/zuhr) or CA (5 to 10°C) anlmals (32% above basal,

a, 391 cal/m2/2uhr). A much greater basal rate of HP was

.

.iobtalned 1n the CA group, accountlng for. the low percent

ulncrease whlch they observed.; No such change in basal rate
- was observed in the COLD ACCL group in thls study.‘ Petrov1c‘
(1912) reported no slgnlflcant dlfferences in total

;HP ellclted by NE between the CA- group and the HA group,

'

_51m11ar to the results observed 1n the Rlchardson s ground',;;l

R
sgulrrel. These results suggest that the seasonal charge 1n

NST is prlmarlly an adaptatlon to a1d 1n the arousal process

;gvln ground sgulrrels, rather than an adaptatlon to cold, aS'

'-,1n the rat. It should also be no*ed that Petrov;c and

e

: narkov1c Glaja (1975) observed a greater response to NE 1n

'

,'ground sgulrrels accllmated to 36°C than in rats accllmated
'hto the same temperature; Although non—hlbernators, such as;r»ﬁ
rats,,develop Nsl as a response to cold, ground squlrrels .
‘seem to ma;ntaan hlgh levels ofVNST even 1n;the,warm, and:-

pare CQnseguéntly:Hell_prepared at;alljtimes for the colda”



A R ‘ ' S ’
'During”the'hibernation season, there is a great'denand-
'vfor HP durlng the perlodlc arousals.r"The animal’must be - {

able to produce suff1c1ent heat at depressed Tb to ralse 1t

can be near free21ng) to normothermy.
fIn addltlo Jannmal must alsp produce sufflcaent heat to
'malntaln normal Th once they have reached 1t.' Non-shlverlng
'-thermogenesls has béen %hown to be 1mportant as a ‘heat. |

"’sou “ce. durlng arousal, especrally 1n the early stages (Ball

1965; Hayward and Lyman 1967- Hayhard 1971- Jansky 1973).

/_Therefore, the 1ncreases in MST observed w;th hﬂbernatlon

can be v1ewed as an adaptatlon to meet the 1ncreased demand
’ S8 R U : .

'ffor HP durlng hlbernatlon."ff*ﬁw. : "d" | ': 55 LT

. °,

\

In addltlon to 1ncreased abllltles to produce heat at.-

!

'wgnormal Tb the ablllty to produce heat at louered Tb sets

hlbernatlng anlmals apart from non—hlbernators.- Whlle

]

viground sgulrrels can produce suff1c1ent heat to reuarm from d-“

"lowered Tb at Ta . as low as 0°C durlng arousal (personal
’.observatlon),_rats cannot rewarm/from Tb 1ouer than 20°C at
.Ta of 19°C wlthout the a1d of exogenous heat sources (Hang

‘ and Peter 1975). u&ithougn further studles are needed to
,:compare the effects of 1nduced hypothermla between rats and .
lground sgu1rrels 1n hlbernatlng and non-hlbernatlng phases,'
*thls 1ncreased power of HP at depressed Tb suggests B
_gualrtatlve dlfferences ‘in cellular funcﬁhon between o
hlbernatcrs and non-hlbernators. Thls 1s also suggested by
’rstudles whlch ccmpare 1solated tlssues and cells of

1h1besaafors and non-hébernators. Tlssues from hlbernatlng

S
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_functlon at low temperatures.

35
7 |

Sy

“spec1es generally can remaln v1able at 1ouer temperatures

than tlssues from non-hlbernatlng spec1es (see Hlllls 1978

1

~ for rev1eu). j I IR ‘_ R

Qualltatlve dlrferences between the membranes of

”hlbernators and non-hlbernators have been suggested as an

- explanatlon cf the lncreased ab'llty of hlbernators to

Lyons and Ralson (1970) and

Ralson and Lyons (1971) reported sharp breaks 1n Arrhenlus~

plots of suc01nate ox1dase act1v1ty, a membrane-bound

- enzyme, in the rat and non- hlbernatlng phase golden-mantled‘

ground sgulrrels, but not in hlbernatlng phase ground

' squlrrels. Also, Ra}son et al. (1971) found that these'

,tbreahs correcpond to the temperatufes at vhlch the membrane

ndergoes phase change from fluld to crystalllne. These ;v

' resultsﬁsuggest that membrane functlon is 1mpa1red at lower

4+

temperatures in non-hlbernatlng anlmals due to loss of

‘fluldlty of the membrane (Palson and Lyons 1971).‘

fAloma et al» reports that golden—mant‘cd ground squlrrels in

-

"hlbernatlng phase have. a greater proportaon of phOSphOllpldS

A

1n the membrane than non-hlbernatlng phase anlmals._ 51nce o
| .

this would 1ncrease the fluldlty of the membrane at lower
‘temperatures, they suggest that thlS 1ncrease in “'.."- e

.Lphosphollpld may allow the normal functlon of the membrane,

and thus normal cellular functlon, at 1ower temperatures.>
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VhB;_ Nou-Shlverlng Thermogene31s in Arousal

Although NST has been shoun to be 1mportant durlngf
_.arousal,‘expe01ally durlng the early stages (Ball 1965'-“;
_Hayuard and Lyman 1967; Hayuard 1971‘ Jansky 1973), the o

*guantltatlve role of NST in arousal is™ dlfflcult to a

]

'determ;ne and has only been lndlrectly calculated. Ball‘
(1965) calculated the contrlbutlon of NST to HP durlng the

Qflrst tuo hours of arousal 1n the followlng manner._,

' '1:, 051ng the data of Joel (1965) on'in v1tro etahollsm of

4

- BAT, he estlmated the 'aiiuum”HP of BAT to be 0 3u kcal

durlng the flrst tuo-‘_ rS'Of arousal.

t2¢, Assumlng a specr lc heat of l kcal/kg/°C he estlmated

that Ow555 ;: al nwould be needed to Harm the thoracxcv

reglon (apg&ox1mately 30% of the body welght) of a. 185

gm 13 llDEd ground squlrrel from 5 to 15°C. )

3. stng 1) as an estlmate ‘of the HP due to NST and 2) as
an estlmate of the total heat regulred durlng the flrst
‘“tuo hours, he calculates the contrlbutlon of NST to be

] o.3u/o 55 of 61%..“““'

4 - L

' Thls value of 61% 1s not accurate for several reasons.;IHL7'

ﬂof the anlmal was not taken 1nto account._ No attempt qasv,'

*

'h-ma@e to account for temperature effects on EAT metabollsm

’;3that would occur as arousal progressed.‘ In addltlon, the

'temperature of the thorac1c area: would probably mncrease
. [ Y .
much more than the 10°C change that Ball assumes._YFor

' example; 1n the Rlchardson's ground sgulrrel, a. sxmllar

spec1es, bﬂiln temperature, and therefore core bodyj
\ : . .



temperature, 1ncreases from 5 to 30°C durlng the flrst tuo
: 5 ’

hours of arousal. In 2 51m11ar manner,,uSLng cytochrome c

f 5data for the sanme spe01es (Joel 1965), Smlth and Horw1tz

3 '(1969) estlmate the contrlbutlon of NST to HP to ‘be us 7%

dunlng the flrst two hours of arousal.e Wlthout further
verlflcatlon the appllcatlon of 1n vi data to processes.:
occurrlng fﬁ“an 1ntact anlmal,\as vas done 1n the above
_studles,_ls of questlonable accuracy and’ sho 4a - be v1eued
'Hlth that in mlnd. | . -

e For the llttle brown ba Myo g; 1 ggugb_ﬁafuard‘
(1968) calculates the percent‘of total_HP during arOusalsby'v

( B

the mean maxlmum NE—lnduced P by the mean_'

-dividing ‘
' 4

_HPmaX'ar. Thls ylelds a Value of 81% for the contrlbutlon
“of NST to HP durlng arousal 1n thls specres. When shlverlng
'was blocked by curare durlng arousal, the rate'of arousal in

E'bats Was unaffected, whlle.ln dorulcejandvl

ansters the rate

’

was decreased 20% and HO%, respectivéiv“(ﬂ,Yﬁard and Lyman

1967);_ ‘One night expect therefore. a lar'ef cdhtrihution
‘of NST to HP 1n arousal in. bats than 1n,ro:eutvhiberhaforsf
o such as dormlce ‘and hamsters,“and”pérhais 'rpund'sguirre;s.d
| The method -of Hayvard (1968) outllned boue;may_be a
.:reasonable method to estlmate the'contrlbutvohfof"héTFidl.
_'arousal.ln bats, assumlng that- the relatlve cohtributions‘of
a'NST and ST do not change throughout the protess'of.arousal
': and that the max1mum rate of . NST durlng aroxsal is equal to
‘j the max1mum rate of NST when the anlmal 1s normothermlc.

':‘These assumptlons may 1ndeed be true for bats, as the




-

\

~

contrlbutlon of the perlpheral tissues in the form of
shlverlng is lou (Hayward and Lyman 1967) and the
temperature of the. 1nterscapular reg*on (and thus the
prlmary effector organ for NST, BAT) 1s near normothermlc
temperatur¢"when HPmax ar is achleved (Hayward 1968).,v

the Rlchardson s ground sgulrrel, however, the braln .

;

: temperature, and therefore core hody temperatures is

approxrmately 30°C uhen HPmax ar- is at@alned (Glass 1979)._
Non-shlverlng thermogenesrs at thlsatlme w1ll be reduced du

\ .
to temperature effects on the metabollsm of BAT._ Joel

(1965) reports the Q10 of BAT ln the 13-11neﬂ ground

1sgu1rrel to be 1 u._ Applylng thls to the average NSTmax at

'warmed the contrlbutron of shlverlng\could change

’drastlcally.> However, durrng the flrst two. hours of

normal Tb (37°C) obtalned 1n thls study for both hlbernatln
groups (81 1 ln HIB~77, 67. 8 1n HTB-78,\average = 7u 5
cal/wt°-73/hr), a value of 58 7 cal/wt°'73/hr can be
calculated for the maxlmum NST at Tb 30°C._ D1v1d1ng thls
value for the maxrmum NST durlng arousal (58. | EEE

cal/wt°-73/hr) by the" mean HPmax ar (93 3 cal/ut°-73/hr). a

. value of 63% 1s obtalned for the contrlbutlon of NST to HP

-yt

durlng arousal.l

e

. [EEPLEN
V-

g

o Unllke bats,'uhere the contrlbutlon of ST to arousal HP

is small, ST does play a 51gn1f1cant role in arousal of |

rodents (Hayward and Lyman 1967),'1nc1ud1ng the Rlchardson
ground sgulrrel (Wang, unpubllshed).d»clearly, as the

per1phera1 c1rculat10% opens up and perlpheral tlssue 1s*

\L:

v

S
*.



arousal, c1rculat10n is pr1mar11y restrlcted to

’core, and llttle 1ncrease in temperature is obseIVed in the,
perlphera1 tlssue. Slnce HPmax ar occurs shertly after or
rfconcurrent w1th this uarmlng of the perlpheral t;ssues (mean-
';itame to- HPmax ar observed in thlS study vas 165 (19 7)m1n),-”
;:thls estlmate of 62.9% for the contrlbutlon of NST to
',arousal probably reflectsJonly/the contrlbutﬂon of NST
~arousal at thls tlme. It seems 11kely,that the contrlbu+lon-
of NST 1s somewhat hlgher durlng the earlf\stages of arousal\s
' prlor to the openlng of the perlpheral c1rcu1atlon. As has
been p01nted out by Smlth and Horwitz.- (1969) and Hafuard
(1971),‘these 1nd1rect measures are far from satlsfactory._‘
f'In addlrlon, at }east for rodents, the relatlve contrmbutlon
of ST and NST may change durlng the COurse of-aJousal and |
 zth1s factor must be- con51aered 1n any study of the relatlve“

_"contrlbutlons o*c NST and ST to HP durlng arousal.

« L3

—
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. Ce hnalysis\of DOSeéResponse Relationships:"
The“concept of drugs interacting with specific

.receptors Lo exert their actions is vell established in

,pharmacology. The first attempts to quantify the

5

'relationships betueen dose and response uSing this concept

is credited to Clark in 1937 (Goldste*n_ et al. 1974). T e

-

hclark's formulation, however, cannot explain adeguately some
aspects cf dose—response relationships. Presently, the ' o

idmagnitude of response is thought to, be a- function of 3

properties' :

-

f'iithe affinity of the drug for the receptor - e

'i; = .. the efficacy of the drug, a term uhich describes the}

Y

-effect or biological actiVity of the drug |
:f-irthe total number of rnceptors availéhle for binding
: (McKay 1966; Goldstein et ; 19714). 4 5 | .

It is well knoun that changes in drug receptor affinity

manifest themselves by shifts of the dose response curves to
,the right or left (Goldstein et ald. 1970).‘ Results of this
; study show no such shifts Qhereby eliminating charges in.
. affinity as. an exp'anation of the observed changes in the

‘dose response relationshias.i Changes in. catecholamine R

f_hreakdown ﬁwhich in the intact animal would appear to” have

‘ﬁfthe same, effect as changes in afflnity) also cannot explain

the resultiﬁof this study. Therefore, the-obserVed
increases ‘in  he maximal response to isoproterenol are

-?probably due to either an increase in. the efficacy oQ the

: _drug and/or an increase in the number of receptors. ;//;;//a\



- N

Clearly, changes in the efficacy of"the‘drug must beddue to

blochemlcal changes 1n the anlmal as the drug 1tse1f would’
ﬂnot change.¢ Chaffe et al. (1966) reports an 1ncrease in
the metabollc actvv1ty of BAT with the vlnter season in the
golden-mantled ground squxrrel._ Also, Joel (1965) reports

1ncroases in the Fytochrome c content oF ‘BAT durlng the

,hlbernatlon season in the 13 lined ground Squrrel. TheSe
J

fobservatlons seéﬁ to suggest that some blochemlcal changes'~

'are occurr}mg concurrently Hlth the onset of the hlbernatlon‘g

sSeason and ‘that these changes may account for the 1ncreased .

efflcac{(of the 1soproterenol., Changes in the total number

of receptors éan be accompllshed by 1ncrea51ng ‘the number of .

receptors per cell or. srmply by 1ncreaslng the nass of ‘the

" active tlssue, in thlS case BAT. rncreases in the mass of

BAT accompanylng 1ncreases 1n NST. have been reported for

-ﬁseveral spec1es (Dldow amd Hayuard 1969 meadow vole. Felst
an Quay 1969 golden hamster,‘ ynch 1973, whlte footed

md/ie; Felst and. Rosenmann 1976 red backed vole).

JConseguently, 1t appears that changes in. NST accompanylng

“hlbernatlon are not a resul of lncreases in drug receptor

: fflnlty,‘but due to blochemlcal changes cau51ng an

_1ncreased efflcacy in 1sooroterenol and/or 1ncreases in BAT

mass. Hovever, speculatlons such as these based solely ont.

indlrect eV1dence ard dose response curves are dangerous,

and are not conclu rve. Further 1nvest1gatlons are -
—~{ .
.necessary to determtne the actual changes whlch are

'respon51ble for the observed 1ncrease in NST. durlng the pe

4

b
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" hibernation season.
i . L .

-fl
‘Do Maxlmum Thermogene is . e
- R P ’ .

No clear relat1 nsh*p cé be seen in this study betueen
the stage in the seasonal cycle 0T accllmatlon temperat%ii
aand HPmax (Flg. 6). This 1s contrary to what has been

fvreported for other specres of small rodents. Rosenmann gt
al. (1975) report, for the red-backed vole, HPmax 1n the
' summer to be 9 tlmes the standard metabolmc rate, while 1n'
"ulnter the anlmal 15 capablehof produc1ng heat at 1u 5 tlmes
‘“1ts standard metabollc rate. Voles are knoun to venture
above ground and above snou coverteven in the coldes+ nonths.——
'(Rosenmann et al. 1975) . and would therefore be exposed to a

14

“wider range of- temperatures than a h;bernat*ng ground o
sgurrrel in 1ts burrow.; Consequently,\the voles may need |
1ncreased abllitrES for HP to survwve over winter. =~ ‘

. In the 13—llred ground sgurrrel, Pohl and»ﬁartt‘1955)o ‘g;\

.report ‘that the HP\ at =300C is greel*e*‘ for cA (6°C) than for
HA (28°C) anlmals, and ‘that HPmax is. reached under less

_ severe condltlons ln WA anlmals._ 51m11ar results have been

*rjg,shoun Dy Pohf (1965) for hamsters accllmated to 6 and 28°C.

| The 13—11ned groupd squlrrel, llke the Rlchardson 5 ground
sgulrrel, hlherne,es underground throughout the wlnterw;
Thelr,dlstrlbutlcns are 51m11ar, although the- range of t+he

g 13 11nedbground squirrel extends consrderably further outh
4(MacC11ntocn 1970) & ‘For thls reason, ‘one vould expect the

two spe01es to be exposed to the same range of temperatures.

L
¢



‘Consequently; one might expect a similarﬁrepertOire df

“-adap tations in these two closely related spec1es. The

v

dlsparlty between the results of Pohl and Hart (1965) and

the results in thls study can perhaps be explalned by

dlfferences in accllmatlon temperature. The accllmatlon

- temperature used in thls study for HA anlmals (20°c) 1s only

sllghtly above the lower crltlcal temperatur° of the;Q

) thermoneutral ‘zone (Wang, unpubllshed), whlle A'anlmals”in

'_f the'study of Pohl and Hart (1965) were accllmated to a

con51derably hlgher temperature'128°C). Consequently, WK
anlmals in this study (WARH-ACCL) may not have been . | el
suff1c1ently "drlven" to show decr ased.. HPmax, as they mlght

have been 1f accllmated to hlgher t mperatures such as 28°C.v

o . . o ,'_' ’ a -
—_ . . . . . . . .

S - ‘ N

'Et Relatlonshlp Betveen Non-Shlverlng Thermogenesxs and

“N

Haxlmum Heat Productlon

fv81nce at'HPmax,.NST would be enployed at its maximal

) levels;dthe relatlve contrlbutlon'offNSTvto'HPmaf_canrbe_,.

‘::;_calculated Flg. 7.} mhe relatlve contributi@n_of:NS$ was

v

greater 1n the hlbernatlng phas ‘vhile‘that bf%basal'HP
remalnedvthe same. Slnce NST and ST are addltlve (Jansky

1973), the fractlon of HPmax not accounted for by c1ther VST

or basal HP is due to the process of shlverlng.f Data'

°

presented earller 1n thlS study (Flg. 6) 1nd1cates that

~HPmax does not change 51gn1flcantly wlth the onset of the

' hlbernatlng phase. For the Rlchardson S ground sgulrrel

R

.-therefore, not only does the relatlve contrlbutlon of ST

(3

c [ . . S . . : .

— P



Fig. 7. Relatlve contribution of basal heat productlon
,and non—-shivering thermogenesis to . maxlmum’heat production.
Dotted lines ‘indicate the percent contribution of basal ﬁP X
" to HPmax. Solid lYines indicate the percent contrlbutlon of
NST to HPmax corrected for the contribution of basal HP:

( (NSTmax - basal. HP) / HPmax ). Numbers above llnes
indlcate exact percentages. v

Lo B
R :
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'depends 0n muscular movement and +hereforg’the max1muh

: protein-over*the-Vh01é hibernationfseason, possrbly

4o -

"decrease witﬁ»hibernation but so does its absolutel

4

‘magu;tude."ihis is’a surprasing'reeﬁltnin that, were thej
Mcaéacity of the animal to produce’heat via.ST»to-remarn:the
,same, we would expect to see an. rncrease 1n HPmax wlth B
. increases: 1n NSTmax, since N$T and ST are addltlve (Jansky

o 1973)._ Thrs appears not to be the.case.: ThlS flndlng

-

indicates-ttat 1) the capacity of_the'uuscle:;issueftb\

produce heat via shiVering is decreased duriug‘the”f .

'hibernating‘phase;.or‘2) the HP due'tofshivering is somehow

limited byffactors'uhiChrsetﬁthe.upper'ceilinérfor'HPmax in

the cold.u ‘The flrst p0551b111ty seems‘unllkely as shlverlng'

‘e
. 1261

—

“magnltude of ST =hould aepend only on- the muscle mass.ff

Galster_andAMorr;son’(1935)‘report in the arctlc ground

' sguirrelxspermophiius.undulatus)ba decrease of 31 g 1n body .

-~

1nd1cat1ng a loss of muscle tlssue. HoueVer, thls decrease
should not manlfest ltself earLy 1n.the h1bernat10n season

and cause ar decrease in shlverlng. If\also seems unllkely

4

’: that a small decrease such as that observea by Galster and

Horrlson would cause the large decreasé in the ablllty of

‘the muscles tO'shlver'whlch was.observed in thls study. The -

[ 3 .
second p0551b111ty reqqlres furth - experlmentatlon before

b

1t can be establlshed as +he underlylng mechanlsm. Houever;

the resul*s of Hang (19’ J suggest that, at least in the

. rat, the avallablllty of substrate’to the cells may llmlt

";

BPmax._
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“Th?;, Conclu51ons , - y/7gvjl I

‘>jthat HPmax, and therefore ST, are p0551b1y llmrted by energy ff'

E of the drug and/or increases. in the total number of - _‘ A

~HP .in these two tyPes of-aniuais.l,:

o or substrate avallahlllty rather than the ca;

‘cellular,oxldatlve\mechanlsms.

~

In this- study, I observed 1ncreases in-:

1soproterenol-st1mulated NST with the onset of the

'hlbernatlno phase 1n a seasonal hlbernator, Sger ggh;;g

-vrlchardsonzl., In view of the role of: NST 1n perlodlc

p
arousal‘from hibernation, this increase in NST is
”; ) ) _

interpreted ashan,adaptatlon,tO’ald-thehanlmals-1n_producing,

‘heat at dépreésed Tb.'-Analysis of dosedreSponse curves of -

1soproterenol—st1mulated HP suégests that this increase in

NST is nct due to 1ncreased drug-receptor afflnlty out due

'possibly to blochemlcal changes which 1ncrease the eff1cacy~

-1

receptors. Furthormore, the fact that hlbernators can

produce enough ‘heat at gepressed Tb to rewarm to -

tnormothermy, while non—hlbernatlng spe01es cannot, suggests

“_thatvthere_may be gualltatlve:dlfferences in mechanlsms of

e

Maximum HP, on the other hand dld not change wlth the

1ncreases 1n NST observed during hlbernatlon. These resultslxn

contrad*ct those reported for other spec1es of rodents._

?

’Thls dlsparlty can perhaps be explalned by the dlfferences

<

in accllmatlon temperatures between this study and those

““’-M
ER

'whlch reported changes in HPmax. These results do suggest

P4 = ‘ R
/

. /

“; ) K
_‘llty of the;
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