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‘equilibrium after 1 to 3 hours in the ¢¢18.
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ha thoerwal Jderdnas GF Jhes two choon’ o codld onv irome nt e

wora calaglated on the pasids of o prodlmlooavy oo cinent to

'

be approximately ocqual.  Andmals of both cnidlagronnn appera
. "\
to pe able to adjust fo thelr rospective onvizpnments ond,.

-

with thoe oxception of plasma corticoild concentraticn, o
changes in the meacured blood paramctors indicaloed b L Phoco
wera no differonces betwoeen thoe ragponscs of tha andinsin

to tha two oeld onvironmonts. ﬁ%ﬁ animals in the Flugtusting

e

cold group had higher plasma condentrations of the adronal

corticoids than the animals of the other cold groap. Amfimaly |

of both cold groups had significantly highcr plosma conoen~

~trations of plasma protoin bound iodine (PRI} £p<l0.01) and

higher blood hematoanits (p<0.001) than the control .animuls,
’ I3 r - » = L . ‘ = {
There was no significant difference -.between the animals ,

of the two cold groups for either measurement .

R . Significant ‘increases (bngﬁOJ) occurred in
metébdlic rate, hematocrits, and in the p]asma'éoncgntra— ;
tioﬁs bf'glucose,‘free—fa@ty acids (FIA) ., kctdhes, and
corticoids dufing‘acute,vgevere cold expdsurs (-—‘25O
' thermal
L thc blocd

general, all apimals were able to re-—estallish
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parameters measured, oy giucone wes signid tcantly (p< 0. 0% .
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to the cold, A ‘small dacrcase iy moetobolico rato o
i , - . R ) ) B

o neloed.  Propioanaglol, o bhotoa-adron s bhloonang d(jﬁr‘xl P -

- . ) Rl - . . kY .

reduced tabolio pat and the plasea concoentrat ion: of
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glucone, PEA, nd ketopes when adiinistorcd during onee

soricn ol oOld togt o, . .

Prior <oposuvre to o cohronde cold, whethor conatant

or fluctanat g, Twad no sdagaifiocoant of fect on Lhe Cenponso

of  shoecp . to an acat e noevaera cold stress. The ef feckd. of
phoerosylrenzominme (PBA), an alpha— e mergia blocking adhent
. ,

administordd to cach andnal prior to one cotd test, appeaced \

to roveal a gl Iff(a:rg‘-mi(\ i Cold adagpstation ‘)u":-&,wc\(*fn thor
aarinals §1>‘f"' e constane cold m'u‘ip/i’ln(‘tn;xt:,i.nq cold @Uif?l 1255 .
ALLET 1B jlj; onty the constabt cold animals wdrq able to | W
re~cstablish t,l'u;"!}fin(t] eqgqull ibrium during acuote, scovere cold
exposure and thoy did so with a m~tabolie rate higher than
t’i‘xe”mc:-tni?ol Lo rate established during similar cold tests

» without PBA . DBaoth the fJ,ZUCtui’lxtiﬂq old and control Groups -

of animaPs sulfored severe decreascs in deep body temperass
A tura and .their rate of heat production was 12 to 157 less ‘
than thelr rate of heat production during cold tests with-

out I"BA. |
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1. INTRODUCTION o *

Adaptatioh tq‘ccid,ip mamngls involves insulative .

and metabolic adjustments which reducce the intensity of- the

-

cold stimulus and enhgnce;ihe capécity ©of the animal to
respond Lo cold, x_:cspc:vt ivcly, Small mandf;u,] 5, such as fhe
laboracory rae, have limited capacity to alter Ehcir thermal
ngulation.  They do, however, exhibit a clearly defined.
pattoern of metabolic accolimatien to cold. This involves the |
qxndual devcelopnent of non- shivering LhermOUfueel which caw
“LJmulatcd by exogenou) norackirenal ine and Jopears Lo
depend On the prescence of brown adipose vissuc.. Heroux
klﬂb%b), however, has drawn attention to diffcerences boetween
) the pdgtwrn of metabolic adjuatmente to cold dn the rat whdr
induced by continuous exposure to controliled aliy temporatures
in the Jiboratory or by patural exposurce (0 winter conditlions
out of doors. These adjuSFments have been termed cold acoli-

mation and wihter acclimatization, respectivaely.

The sheep, in common with snan and other animals
of Comperable size, does not possess brown adipose tigssus,
except in the first few days of life, and does not exhibit
non-shivering thermogenesisAto any significant extent. The
extreme cold tolerance of the sheep is dexrived principally
from the thermal insulation provided by the fleece. Adapta—
‘tion in sheep to chronlc cold exposure has previously becn,'

studied in thls laboratory by exposing shorn animals to 41&

temperatures béﬁow 10°c. such studiés showed that growtn B
of the fleece had the effect of reducing the intensit ty of
the cold g\\mgius and, thus, the magnltude of the metabellc;
'response. ‘ ‘ ; - I -
\/
h The . present study was undertaken t!?;a#estigate’*“’*'

several Ehxﬁ;@kag&eat“ﬁﬁﬁh&es whlch occur in sheep followlng

gt
pmsrpnparnpnti e

- cold exposure under condltions whereby the effect of 1nsu1a-
ltive changes on the lntenSLty of the cold stjmulus was

.“.“‘",v‘h‘v ', B . 'Y




a

) el
b ’
- ~ ..
/ ~ . . o , : o .
circunventoed. The responses ot the sheep werce assgssed 1n
. S i
two ways - PFirstly, the regsponges were assessed from the
- . ;€ :
in the conceftrdt ¥ous of <o rtain bload constituents
sheep measured
a

changes

and Ax<nn tht goeneral 1>Lr‘f(uiiaru'c of the
dur]rxg the course of g 6 week exposure period to eitheor
constant or fl\lCtlld(fi[Nj cold environment . Scceondly, the
Cesponses wore /l‘;‘(h sed fram the me Labo]ic‘ capacity of Qﬂ(
animals Lo x~<§>)13<)(1<i to cold as tested by acate (*3’},«¥f)xxA €5 te
cold condition (about -<2t50(1) for periodns of

(‘hu]lcnqﬂ‘_‘; WOIG aug-

severao
severe

a very
about 6 hbul‘f:‘-. !’I‘he:ae acutae,
mentced on occasion by selective pharmacological blockades of”
sympiathatic alphs and beta roeceptors uSing phenoxybensamrine

s

and propranolol, rQSpGCLJV(ly
The parametcers measurcd and'tests performed in

dml]al O meas urements and tests which had

this study wero
previously bcen u“ﬂdvln‘studles of metabOllc adaptation to

L1 S0 Vl.
All parameters mcasured were related to the dbvious need for

the animals  to produce more hgat 1n the~co]d in ordexr to
- In Lhe present study the measurencnt s

‘maintain homeotherfy .
wé}e used to indlcate whether}pr not metabolic acclimation
’ to cold can occu: in large mammalgxand to compare, Jn a

general way, sucn adaptation that, might occur with thé metar
bolic adaptation whlch is “known toﬂoécur in small mammalg.
In order to establlsh’the existence of adaptatjon B~£ se,

it 1s necessaly at first to seek clues frmn a wide range of
Inltlally, ;t was necessary to. examine
~More

0,

o
' ' poss;ble indices.
many‘of these ;ndlces at a rather superf1c1al level.

. adaptatlon, uncompllcated

{
[

':changcs agcqmpanying adaptatlonfcan only be Justlfléd Lf it
-can flrst be establlshe& that 1t 1s possible to achieve the
necessary env1ronmentdl condlf?Ons +0 induce metabolic .

by 1nsulat1ve adabtatlon, andyto,
of a’ changed pattern of responsa

profbund(analy51s of speclflovmggabolrp and endocrlnoiOglcal

\

Lo

- find uneqnlvocal ev1dence
that has adaptive s;gnlf;canoe.ﬁ N
”“m .."E  ,  o ‘ " ‘

cold in small rammals that exhibit non-shivering thermogenesis.



'thofcuqhncss of the above reviews,

71955); dis tlhﬁulp1ﬁd beWE(n phy81Cd] %hcfﬂorvqulatlun and
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L. Introdaction

The coorly literatare (prior to about 1954) on thao
fitliJ‘j(‘Qfl of vegulation of heat production in cold cenviron.
ments (Cold thernoregulat ion) has been roviewod on several
OCoas Logis (Buz';t()n and Bdhotm, 1955 von Bular, 1961; Gelinco,
19564, pavdy, 1961 li:ﬁllft, 1957) . Since 3960, thoere havae boen
goevoral roeyiows on tln‘*:‘m(),ﬁsqu];)t,i("m (}arucké\ 1970; Carlaoon,

1560; Chaffee and Re oberts, 1971 Davis, 1963, 1969; Hannon, ,

1963 "1laxrt,’ 1963; Flf‘lﬂ.x_rlqway, 19634, b; Horoux, 1969; Schon-
baum, . S,i{_l’i)jﬂf‘f, andl Stﬂlcirﬁ, 1970; Slondn, 1‘7&‘7) .~ In addi-
tion, several recent reviews have dealt mainly with the
neural coptrol of thermoragulation (Benzindgar, 1969, pligh,
1966, Hnmméi, 19G6, 1968) . Himms-Hagen's (1267) févi%w on

the sympathetic control of metabolinm dealsn, to some coxtaont,

"'h
;_il

with tho control of cold thermogenesis, In viaw o

nly the Arans more ralo-

i3]
i

O
vant to the topic ofiéhiﬁéth is will ba con

idared hevedn,

Rubﬂﬁx, in: ]902 (Cltéd by Burton and deglm,

Lhémiédl Lhcrmoregu]atlon. In more dFSQTiPtiV( terms, thcse

twes 1yptb of thermerQulatxon can be called "control of heat
1osd" and "control of heat production”, rcopeatively. The |
lower critical tc’mpz,raturn of an animal has becen defined as

ithe temperature'bc]ow whii,ch mctabollom must‘be 1ncreagcd in

order to maintain thermal equlllbrlum'(Scholanderrgg‘ii,
1950) . Thus, when’ anlmajcaare exposed to environﬁunto with
aix temoeratpres below the lQWQr crltlcal temperaturc %f :
the anlmal he@z production (Hp must be 1ncrea°cd and
regulated’ aCCOldlng to the thermal dgman Of the cold
envgronment whlch iS dcflnCd é~N\he amount of heat lost by

H]

W e T : : - °
. R: . ) 5 ‘ . - - o F ) i



the animal in that enviconment. (Burton and bBdholm, 1955) .

N

Control ot Hoat }:l."_‘,)f“,l.(f( ton

‘Ph(:: motabollice rate of a4 homeothoerm in its normal,
thermopeut 1al oenviromnent (hoereafter calleoed li'&;:;t,ing et i
bolice rate ox RMR)L Is determiped by 4Ats basal wmotabollic rate
(BMR), metabolism due to muscular act ivity (minimal), and .
metabolism due o diqgesting and maetabol iz ing the ingestoed
food (heat incroment of fﬁ"("(i,inq) (Wobster, 190G7h) . Basa)
metabol Lo rgtad is a term which descoribes the minimal meta-
bolic rato of an andmal . "}‘lw (:g:;,)c'i,,i,ti,i,()n:g undoer whitoh BMR

0

i5 measured are that the andmal b? atk rnft in a thoermo-

,

’ 3 X 3 4 : » r‘rr -
ncutral onvironment. and ba in a post-absorptive statd. o Tt .

is difflcult to fulfill all Of:thé%éRCOﬂditiOhS in ruminpants,
éspééially in experiments where a3 to 5 day fast' would
Anterfore with the results. It is convenient to use the

*term RMR wheon reforsing to metapolic rates detorminoed on tha
M .

o
O

fed apimal (but nopf during, or immediately after, a meal) in
’ ;

a thétm@ﬂﬁutral environmant, and with minimal activity,
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bolic Responsc to Aouta and C

Little inféfmatiéﬁ éxis&é concerning the Pﬁttéfn
of éhaﬁgé in bheat production during cold acclimation.  Cottle
and Carlson (1954) and Sellers and You (1950) described
changes in the metabolic rates Of r!agtS during a period of
cold acclimation. They found that after an initial increase
in heat production, there was a period of slower increase
that peaked during the first 30 to 40 days of cold exposure;
" After this,tbne there was a ﬁenaency for a smali:decliné in
heat: bfodgction, but for as long as 3 months in the cold,
heat production was still much higher than that produced

Jin a thermoneutral envinonment .

LI



‘Motabolie Choangoes Asaociatod with Cold Atolimat ion o o
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‘taineéd in a thermoneutral environment. One dlffelence is

3 .
S ¢
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o

in addition to thoe Increascod rate of hoat pro-
daction at the accelijnation tomperature, heat production at
a thormonoutral tenpoerature ;31‘(:\/.1()\1:;fl)/ defined an RMR) is
also increasced.aftor cold acclimation. This is (especially
evident in smaller th}nﬂlfk] 5 such as rats (Sellers andd You,
1950; Hoeroux ot al, 1959 Hoeroux, 1903h; Hart and Jansky,
1963), bhamstors (Adolph and Lawrow, 1951), rablbito (K(kﬂﬁ)§d
and Jansky, 1968; toeroux, 1967) and dogs (Gelinco, 1964)
Thoera is a great daal of variation in the literature regaird-
ing the percentage increase in RMR due to cold acolimation,
This is probably due teo a great deal of variation botween
spectas of animals. Howover, it appears that the dncrcaso
in RMR is obout 15 to 20/, “ -

Evidence for changes in RMR in shaep during
acclimation to cold is ﬁe}nty‘ We bster, ‘Hicks, and Hays
RMR increcascod siightly in sheoep kept in . .

m at an alr temperaturc that pfoviﬂed an

Sykes and Slee (1968) sugqeeted that;RMR may increase in.

sheep during cold acclimation, but they used measurements of

heart rate as an 1ndléator of metabolic rate. Webster

(1967a) has shown thcre can be a close relationship between

heart rate and heat production, but he has cautioned that , '

there may be ‘a great deal of variability between animals

and that the relation ship may hold true only within a

Certaln range

IS

between cold acclimated anlmdls and conttol.animals main-

that ' cold accllmated animals have a greater heat. productlo

s

-
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. species of cold accllmated animals haVe shown an lngreased o

Lthan contraol .iniﬁl‘;i‘j over a wide range of tempoeratures. In
his review, Hart? (L"‘ 7) found this to e true in‘ all vspoecios
studied exoopt dcf"}:‘ mice. Contrary to 1,tu=ufﬂindings; of et
(1o572), it was f«)\ﬂmd by Kockova and Jansky (1968) ‘that cold
a(,"cl imat.ed rabbitys Q‘m(i a lowesr motabolic rate \Umn control an-
bunls at all tc‘%t;ap(* (n nres. below the oritical temperature of theo

animals This' U((Ul L‘e‘*d( in both shavad and unshaved andmals and

was intorproetoe &( 1>y I‘ht aut hors as an dndicoation that rabbits

au

"acclimated Lo (,ol(l hy increasiong bovho insulation .Uui RMR .~

second difference 1“' that the metabolic capacity of cold:

A
acclimated animals s greater than that of control animnils.
This increased matabol ic capacity c¢an ba domonstrated in
two ways. - The first is by an increasc in the maximum meti-

bolic. rate that can bdé attained and the sccond is by the

ability of an animal to maintain a high rato of metabolish.

! ""Sw”mnit metabolism and peak metabolic ef fort arc

lart andd Horoux

tarms used ﬁy Alexander {iQGEb) and . Dopogis,

(1957), réspectiveiy, to describe the maximum metabolic rate

attained by animals bafore ructal temperature fell enough

to lower é‘ﬁbOllC rate. The péak metabolic rate of cold 5
acalimated rats wasg 50/ hiihc:'ﬁhan that of control animels )

(Dép©¢as et al, 1957). Summit metabolism was gféatér in”
cold acclimated lambs than im control animals, although the
rééults were quite variable (Alexander, Bell, and williams,'
1270) .  Summit metabolism has not been méas&réd in eilther

cold acclimated or control adult sheep. Year-old cold : 7;:.

acclimated sheep exposed to.an alr tempcraturc of. about

~30 C did not reach summit metabolism (Webster gg\al 1969b)

The abllxty to maintain a high ‘rate of metabollsm
can be judged by several criteria, includlng (1) survival
time during a severe cold test and (2) magnitude of the fall
in deep body temperatiire during a severe cold test. several



ability to maintaln a high rate of mctabolism compared Lo
& ()r1t:1T<> L animals as judged by one or both of the above ori-
texl,x. These species include rabbits (Blair and Dimitroff,
1952; Heroux, «1967), rats (Heroux, 1963a; Scellaers, Reilchman
/
and Thomas, 195la), and mice {llart, 1953; Scalander, 1953) .
Rats and 1ﬁ<i<:g: , adopted to intermittent cold exposure, sur-
vived longer when tested at -207C than contreol rats and mice

(LeBlance, 1967; neBlanc et al, 1967).

Metabolic Changes Agsocated with Winter Acc) tmat izatlon

Most roports indicage that RMR doos not A fer ap-
preciably between sumnoer and winter in animals 1iving outdoors.
Ixving, Krog, and Monson (1955, cited by Hart, 1957) found, this
to be true for the red fox, pordebine, and red squirrel. ¢« The
red fox and porcupine did show an increase in total insulation
which was accompanied by a fall in critical: temperature.

White rats left outtloors during thénwinter WORG fqund to have
a RMR similar to comparable,andmals ieﬁt ountdoors during the
summet (ﬁefoux et al, ’953? :Wart’and Heroux (i955} found a
lovwer RMR in winter’ acelimatized lemmings compared to ]melnqu
studied during tha summer. However, a decreasa in eritical -
temperature of the winter ‘acclimatized lemmings was accom-
panied by an;increase in insulation. In 1953, Hart'end
éeroux found no difference im RMR between deer miﬁe in the
summer and deer mice in the wipter, although they had lower
Critical temperatures in the winter than in the summer . }

The RMR of sheep kept outdoors, duridg €he winter steadily
1ncreased during the eXperlmental period lastlng from Novem-
ber to March.JWeaster et al, l969b) ' Webster, Chlungcky

and’ Young (1970) concluded thqy cattle exposed to the winter
showed some adjustmentsﬁin RMR which were attg;bﬁéable to

the cold weather. Even though it appears ‘that there is
~little or no adjustment in the RMR of several species of

winter accllmatlzed mammals ncreases 1n 1nsulatlon enable
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these . animnals Lo reopond: Lass, mvt.‘;lml,i,(,ﬂxlly, to alr tompoxa-

tures below their lower oritical temperatures.,
’

Thero ars very fow reports ind‘icatinq an increasce
in the metabolice copacily of wint er acclimatized animals .
Judqging from {,lwil*‘ survival time at a ‘y(fr'y Tow L(.“H\}M‘Ifdtl{!"(‘,
mice (Hart and Beroux, 19573 Sealander,; 199%1), white rats
(Heroux CLoal, 195%9) 0 and wild rats (}I(:’:li()\l?(, ,l"‘)(')Z) bhave hoeen
shown to be more cold resistant during the winter than Afring

the summoar ., ) /
. .
Y

b.  Shivering and Non-Shiver ”ino The rgrﬁ)LnL 5is
b ' :

Tha sources of cold thermogenesis ar ez (J)gf"o‘
musoular u(‘tlvlty, (2) shivering, and (3) non-: »lleuring
U’mﬂnoq< nesis (NST) . Energy cxpended in Jqross muséulﬁr
activity results in the release of heat, and metabol ic rafe 7 F
can be incrcased toen to twenty times dur ing vigorous excoroise
(Hemingway, 1963a). Exeroisa thermogenesis can ;qrtlﬂlly
substitute for shivering thermogcnesis in cold exposed rats.

lowever, shivering alémé is more effic 1<,nt in rnalntaining

el

deep body tcmperature (Hart and Jcmsky, 1963) .

Shivering involves involuntary rhythmié'éontracﬁ
tions of skeletal muscles. It is a type of muscular activi-
ty in which no external work is done?TBléxter, 1967) . Shiver-
ing has been"fOund to inérease oxygen conSumption'in arma-
dillos by'50Q0%. This appears to be the mdximum increase in
metabolism in homeotherms due to shiveringﬁ(Iampietro et al,
1969) . : | |

Non-shivering thermogenecis can be defined as the
1ncrement in rate of heat production caused by cold exposure
and not accounted for by shivering. Non-shivering cold
the;mogene51s is “developed during chrpﬁic cold exposure and
several tiésues‘may contribute to it. When maximum heat

production is needed in the cold acclimated_white rat, NST

i

Qe

ma
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appears to be additive to shivering thermogénesis (Fansky, -
1966) . B -

| For a lohg time there was no real proof that the
increased heét production in tpeico}d was due to anything
but shivering thermogenesis. You and Sellérs (1951) showed
that there was aﬁ increased iﬂ\Vitro oxygen cohsumption bg
livers from cold acclimated rats éoﬁpaned to lkvers‘from
control -animals. In 1954 ‘Sellers, Scott, and Thomas found

that col@lexposed, cold dcclimated rats shivered much less

than cold exposed controlfanima}éﬁrlTheSQ authors interpreted

the results of both of the above reports to mean that metabo-
1ism of visceral tissues plays an important; role in main—
taining the increased heat production..in cold accllmated
rats. A reduction in ShlVering has Slncc been noted in cold
acclimated rats (Depocas 1958; Hart:'and Jansky,,,OG?) A
progressive¢ decline in shiverlng during thc accllmdtlon
period was mnoted in rats (Hart, HerOux, and Depocas, 19569
ahd recently in rabbits (Heroux, 1967)., Winter accllmatized
wild rats (Heroux, 1962) and winter acclimaéized white rats
(Heroux et al, 1959) have also been feund tegexﬁibit less
*shivering than summer acclimatized, animals during “evere
cold tests. i . _'

Proof that the heat productlon of vlsoerdl

tissues could be 1ncreased during, cold exposure came, when

W. Cottle and Carlson (1956)° flrsthdemonqtrated that curarized,

cold acclimated rats could increase»their heat produdtion
enough to nearly maintain their deep bodv temperature durlng
2 hours of cold exposure. Curarized contrpl anlma]s could
not increase their heat production durlng cold exposure and.
their deep body temperature dropped markedly. Thls observa-
‘tion has 51nc€'been noted by Depocas (1958) and DaVlS et al
(1960) ..’ In all of these ERperlments, curare 1nh1b1ted
muscle aCtiVlty due to its actxpn as a’ neuromuscular block~

ing agent. o ‘ o Bk o
Lo " ‘ . . ‘l ‘ ,1.;@ :‘\‘

oo

e
;?’
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rels (Pohl and Hart, 1965), hedgehogs (Jansky et al, 19

- 10 -
An incroeased calorigenic response to noradroenas
}inc by cold acclimated rats was first obscrved by Hsich and

Carlson (1957).' Othoers have since contirmed this obsciva-
tion (bepocas, 1960; Evonuk and Hannon, 19637 Heroux, 1961,

1963a, 19G7; Jansky, Bartunkova, and Zcisberger, 1967; Le

Blanc ¢t al, 1967). Noragrenaline induced thermogonesins in
choal 4

cold adapted animals has also beceh observed in winter popu-
lations of wild Norway rats (Heroux, 1962) and in white rats
kept under outdoor conditions (1teroux, 1961) . Howevoer, rats
adapted to short-term cold exposure did not respoad to nor-
a&rena]l‘ho even though they did ¢xhibit signs of cold ac- ,
Clﬁ’hdLlOn as shown by increased survival time at very cold

temperatures (LeBlanc, 1967) . e

. Nor%drénaliné has a ea]ofigéﬂiﬁ action in cola
acclimated adults of species othér than rats. A response
in rabhits has been found by several workers. cottle (1965)
and Judy (1966, cited by Hayward, 1968) used unshaved rab-
bits and the increases were small. Heroay‘(lg67) and
Kockova and Jaasky (1968) u%cd shaved ra’bblt“%dnd obtained
a much larger increase in nuradlxnallne induced thermogen-
esis. Hcmlngway, Pricc, and Stuart (1964) dq”ﬁ@nbtl—dtLd a
moderate noradrenaline induced heat production in cold
acclimated cats. Modest increases have.,also been noted in
humans Kioy, 1963; Budd and Warhaft, 1966), guinea piys ;
(Janéky et al, 1969), and white mice (Jansky 92 51, 1969) .
Some éther species respond to noradrenaline in botﬁlt§e
warm and cold acclimated state. Thgse includé groundQS‘ ix~

I
golden hamsters. (Cassuto and Amit, 1968), and dogs (NagaSaka
and Carlson, 1965) Noradrenallne lnduced NST was not
foung‘ln adult sheep (Webster et al, 1969a), while in the
new-born lamb it was found to occur (Ale&ander"and Wi;liamé,
1968; Thompson énd J%hkinéon, 1969) . The effect of noradren-
aline on new—bdrn,mémmalj wi;l be,discyséed_latér:"Much

(.

LA



authors rep
’hours, with demedullation alone, to about 3 hours with a }

- 11 -
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evidence exists for a link between NST and the sympathetic

.nervous system, besides the Increased calorigenic response

to noradrenaline.

W. Cottle and Carlson (1956) showed that adrenal
demedullation caused a reduction in the metabolic rate of
cold aeclimgted, curarized rats in the cold. In another
investigation, Maikel et al (1967) showed a marked reduction
in cold resistance of adrenal demedullated, warm acclimated
rats. Mean survival time. at 4OC was reduced from longer
than 24 hours for intact animals to 11 hours for[demedullated
animelsa The only other change in a measured paramecter was
a prevention’ of the dncrease in plasma glucose in the de-
medullated animals. An injection of adrenaline priof to v
cold exposure reversed the deleterious effects of adrenal
demedul lation (Maikel et al, 1967).

. Use éf sympathetic blocking agents has provided
inf@rmatibn regarding the necessity of the sympathetic
nervous system:ih the response to cold. Hsieh, Carlson,
and Gray (195%) found that hexamethonium, a §aanioﬁie e
blocking druq! and piperoxan, an adrenolytic agent, markedly
depressed the metabolic rate Gf cold acclimated rats during
cold exposure. The effects of these drugs, which Ainterfere
with the noxmal functioning of the sympathetic nervous sys-
tem and Whlch were used in conjunction with adrenal "demedul la-

tion, showed tbat a normal sympathetic nervous system is
necessary lz/éold exposed rats (Maikel et-al, 1967) . These .. \

rted a reduction in mean survival time from 11

combination of demedullation and chemical sympathecgomy.

This lasp treatment also reduced glucose and free-fatty acid "
mobilizaéioﬁ, as well as appearing to inhibit shlveblng ang - 5!
vasoconstriction (Malkel et.al, 1967). In both of Ehe abqve
studles, admlnlstratlon of exogenous catecholamlnes partlally

or wholly reversed the effects -of the sympathetlc blocking

-
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drugs.  Propranalol and proncthalol, drugs which block the

beta-adrencrgloe receptors, bave been usced to study thoe con-

trol of cold thermogonesis.  These two drugs have been shown

to roeduce cold thermogencsis in mice (Estler and Amtnon, 1969),
rabbits Uloiﬁizuﬁillull, 1966), and (ﬂ)ﬁ& a plgs (Bruck, 1970).
Only a small reduction in cold thermogenesis occurred in
adult fs'lx§‘<'}> (Webostor ctoal, 19694) 0 With the exception of
Webster ot al (19694) and Alexander and Williams (1968), the
above authors have assumed that propran®dlol and }\1”'(.')rxr:1il'17x£('>}

influence thermogenesis by dnhibiting the portion of toé@%

P

thermogencesis that is NST. However, propranolol d appear

to de press shivering in the young lamb (Alexander@and wWilliams,
1968) . Administration of alpha-adrencrgic blbcking agents,
such as phenoxybenzamine and phentolami{ne, has been shown Lo
have deletcerious effocts on animals during cold .expoaure.
Alexander and Willlams (1968) found a veduction in the cold

thermogenesis of young 1ambﬁ;nftér:aaministraﬁiéﬂ of either

.drug. Johnmson and Scllers (1961) found that pnvnoxybgn amine

reduced noradrenaline induced Lhermoqenesls ln rats. Leduq

(1961) found that .all rats dlied when exposed to coll after

Ezphﬁnoxybén7amine3¥§ administered. Cold ac limatedgrats sur~

vived for several dﬁys whereas warm acclimated ﬂEQS'uufv;vcd -
for lessg than 1 day _In older sheep, which do nbt apﬁe
geto noradrenallne, phenoxybenzamine reducedéth$:§h 3
pro@tction of control animals in the cold (Webstcr et %_ ‘
1969a) Cold acclimated sheep responded with a hlgher ﬂétaw
bolic ra in the'cold after phenoxybenzam{;e wag‘gzven . ,
iigglar trials without the drug. -A hlgher metdbollc“

than in
rate was apparently necessary to compensate for a reduction
in tissue insulation due to the blockade of vasocdnstriction

by phenoxybenzamine and the’ subsequent vasodllatlon whlch

occurred (judged from skin temperature changes)

n




of catecholamines and their metabolites by cold stressed

rats (Cottle, 1960; Johnson, Schunbaum and sellers, 1966; y
Leduc, 1961; l.eBlanc and Nadcau, 1961; Shum, Johnson und l
Flattery, 1909). Catecholdamine cxcretion increased in cold
stressed sheep (Webster et al, 1969a), and it appeareﬂﬁihat
there was a direct rclationshﬂp boetween increases in excre-
tion and increcases in the intcnsity of the cold stress. .TLiS
would suggest that (’,‘atc(fh()]t‘il!\il)(ff): have a role in (x;,ld thermeo-

genesis.
! )

) The relationship between the/sympathetic nervous ’
system and NST in rats is further demonstrated by the in-
fluence of tcmporature of adaptation, length of time inlthe
*cold, and amb;enL temperature Yuring infusion of noradrenaline
on thé metabol ic response of rats to noradrenaline. It has
been demonstrated that the calorigenic response of cold xi
acclimated rats to noradrenaline increases as the duratlon\
of cald exposure increases (Depocas, 1960; Himms-Hagen, 1969 ;.
Jansky et al, 1967). These authors found that a:maximal re;
sponse was, obtaincd after 30 to 40 days of c¢@ld accllmatlon.'
The capacity of rats to respond to infused nozadrenaline,

‘whlch develops with time of exposure to cold, parallels the
time course of dlsappearance of shlverlng and also the in-
creas¢ 1in food consumption, survival time in severe cold, and

PreS%stance to body cooling, all of which occur during cold

s

acclimation (Depocas, 1960). .

Jansky‘_;%_l_(l967) fohnd*ﬁhat the metabolic re-
spOnse of cold acclimated rats to noradrenallne increased as
\ghe -acclifmation temperature decreased. It has also been shown
that the metabolic response to noradrenaline bx cold accl:matcd
‘kats (Jansky et al 1969) and rabbits (Kockova and Jansky,
1968) decreased as amblent temperature. decreased. Thls 1m-
,plles thdt the thermogenlc response to noradrenal1ne and to

; %COld are the sameﬁphenomenon. Jansky (1969) concluded that‘.‘
' the metabolic response to noradrenallne can be used as an ’ ‘“ff
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indication o%ythe magnitude of NsT in rats.

®ere has been a great deal of controversy over
which tisseés Contribute to non-shivering thermogenesis.
Fun<t10nql qv1qceratlon did . not prevent the immediate in-
crease in éﬂygen consunption seén in the anaesthetized, cold
acclimated rat during cold exposure (Depocas 1958) . Func-
tlonal evxscerdtlon was dccompllvned by tying off thce¢ colon,
ebophagus coeliac arteries suPerJor mesenterie arteries,
" and the poxtal vein. This procedure resulted in exclusion
~ of the heat produced by the liver and other abdominal organs
(excluding kidneys) from the total heat produced in the cold.
Some shivering was recorded, but it was not nearly as much
as the. shivering exhibited by intact, warm acclimated animals
at app@bximately the same metabolic rate. Curarization did
not impediately abolish the metabolic response of ecviscerataed
’ anim3191 Depocas (1260) showed that noradrenaline was nearly
as Pffucﬁrve in increasing the oxygen consumption of the (
ev;sceléted cold acclimated rat as that of sham ¢perated rats.,
These results tend to suggest that a . gcod part of non-shivering
[ heat productlon originates in muscle Or in brown fat.
: : gnsky and Hart (1963) found an increase in tﬁé
oxygen consumption of the leg, but not of the kidney, of cur-
Y arlzed colh accllmated rats durlng cold eXposure. In the
same study,~horadrena11ne caused an increase in the oxygen
3 consumptlon,of the leg, but not' of the kidney, in cold ac-
glimated'rats. These results w0u1d tend to support the sug-
qestion 6f Depocas (1960) that muscle is the prlnC1pal site
of non—Shlvering thermogéhe51s. However muscle does not
appearzto account for all of the increased metabollsm at very
1ow temperatpres (Jansky, 1966) .. The consensus of Oplnldn
"‘apﬁearg‘to be that the contrlbution of tlssues other than
muscle anA br'own adipose ‘tigsue- (BAT) to.-aen- shlvermg :
Hermbgenesﬁs igﬁgmall (Jansky, 1966 Hayward 1967)

-
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- BAT (Bruck 19270;

potential heat in cold exposed rats by smith (1961). BAT has
been found in ﬁ%ny species, 1ncl&é1ng the hedgchog, bat, rae,
mouse, hamster, guinea plg, ground %qulrrel golden-mantled
squirrel, chipmunk, marmot, lemming, and in the newborn d.:lhc
rabbit, cat, monkey, man, and sheep (Afzelius, 1970). In at
least the rat and guinea pig, the amount of BAT decreases '

with agye (Afzellus, 1970) . l

The responslvencss of different SPGCL65 to the,
~

calorigenic effects of noladrenallne is highkly correlated

with the amount of BAT present.‘ Thus, in the new~born lamb

~there is a metabolic response to noradrenaline (Thompson and

Jenkinson, 1969), while in the adult there is not {(Webster

et al, 1969a) . Thercalorigcnic effect of noradrenaliﬁe has

been shown to decrease with age in rats (Himms-llagen and

Hagen, 1964) and in guinea pigs, humans, and cats (Bruck,

1970) . Cold acclimation will cause an increase in the amount

of BAT'??Esent anz)prolong theigostnatal disappearance of
arnard and Skala, }970)

-

X surgical removal of BAT from animals markedly
reducéS»the responseaﬁq noradrenaline. This has been shoyh
in- the rabbit (Hull‘and'Segall 1965) and in the rat (Leduc
and Rlvest 1969, cited by Himms-Hagen, 1969)h Leduc and

-‘mvest (1969, cited by Himms-Hagen, 1969) also ,eported that
. - removal of BAT from cold acclimated rats resulted in a de—

crease in cold reglstance. HlmmsmHagen (1969) has shown that

‘removal of 1nterscapu1ar BAT from mice results in a pro-

gressive loss ‘of response. to noradrenallne and adrenallne-:’
This suggests that BAT exerts its 1nfluemce on NST indlrectly,

'since the- decreased metabollc response to nortdrenallne can-

not'be accounted for by the loss in the heat roduction. of

N BAT (Chaffee and Roberts, 1971y Himms-Hagen (1969) suggested
that, although BAT is- not present in sufflcieng,mass to make a
;majpr contrlbution to the cal igenlc response to noradren—”

aline invthe:cqﬁﬂ acclxmated

1t serves,as an endocrlne




gland whose scecrctory product modifies the ability of other
tissues Lo respond culorigvniédlly to catecholamines. ‘This
hypothesis is highly speculative. ‘Recent cevidence found by
Hayward «nd Davices (1972) supports the theory of a sccrctory
function or some other mediatory role of BAP. Bruck (1970)
suggested thiat BAT has an important local effect since it is
Sithﬁted around vital organe. He postulates that thc‘intcnﬁc
Jheat produced by BAT éuPpreSSes shivering by warming thermal
;éceptors in the spinal cord, which would then allow NST Lo

. develop.
i

Although there is controversy concerning sites of
non-shivering heat produotiOn, it can probdbly be sald that
several tissues partlcipate to some dLgrLC in NST. BAT con-
fers a special type of NST as 1t appcears to be 1cceo1§ry for
the calorigenic response to noradrenaline by cold acclimated
animals. The presencae of Byé in the newborn of some species
may improve their cold tolerance at bjirth compared to newhorn
without BAT.

Noradrenaline induced NST has ;ot.been demonstrated
to any Siqnificant'extent in specles which do pot possess |
brown adipose tissue. Thus, it 1is probably true that the
quantitative importance of NST to acdult sheep is very small,

as they possess no BAT.

. 4
N . . ’ ERL
3. Endocrine Changes, S : Qg&

a. Adrenal Cortical Hofmonesl

Acute Cold E3p05ure

‘The lmportance of adrenal cortical hormones to
B anlmals during- severe cold stress has been recognlzed for a
| long. txme.j In 1942 Tyslowitz and Astwood observed that
adrenalegﬁfmlzed rats were unable to malntaln normal body
temperature when expOSed to a cold environment. This ob- "
sexvatlon has. since been confirmed by others (Fregly, 1960; -
Sellers, You, and Thomas, 1951b) Heroux (1955) demonstrated\

o
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“that adroeniilectomized rats did not survive as long in

sSevero cold as o intact andmals.

Many studics tend to indicato that adrenal
h :

: . . i . : ". 0
cal activity is inorcased during initial oxposwioe to

Stress. These studios have usod a nuunbor of indicos

dicata an lncrcase in adroenal cort joal  act ivity. Moht

: i - ‘, i b R ; 5 s =
wstudies, have bdet porf ormaed on whité xrats.  Thoesoe indices

- ~ e . _ . A . . )
Includde:s 0 (1) Incrensed plagma concentrat ion of glucocorti-
colds (Boulouard, 1963, 1966), (2) increasced adrenal gland

wadaghts (Heroue apd f:rb#;ninu, 19659 Straw and Frogly, 196G7),

.

(3) Adepletion ,‘o‘ﬁ agvorbic ncld f:r()}n the adronal gland (Bookor,

19G0; ﬂoi)r‘r‘" 19460; schonbdyn , Cu*:*iolm:x’n, and Large, 1959),
(1) a fall in Llood eros'i:aop;:‘ll (,ountf‘(liriir()uf' and Ilart, 1€ )54.;
Speirs and Mwycr 1949) '(3) un 1ncreusud 1n vitro, pzudU(ilwn
Of,ﬂiucocorticoid,; by rat adxena] (Scl’xonb;mm ;c_;lt‘; g’jrl,j 1959),,

Tand - (6) an ’i,ncréa:*fc‘d 11?3{13'}’}7 exeretion of glucocont: j& oid -

. breakdown pr(ulULf (Murxday and Blanc, 19()0) .

~Faw st ud{u“ hava baan made with, large animals.
An jr rease in tho pla,ﬁsma copcentration of glucoa corticoids

= -

in cold stressed sheep (Punarctto anc

ory, 1970; Redd, 1962). In addition, paparctto and

&

!f wWhila the cvldun(,m C@rﬁainly sugg ests Lhat there’

is 1ncreased adrenal cortlcal aczt:gi/lty durjihg. the carly
?tages, of cold exposure, it app“ears that after prolonged eX~
posure to cold, adrepal gctivity returns to normal., several
of the indices of adrcnal activity which re previously

- R I'

found to indlcate 1ncrea<scd adrbpal act:,v:\t)f, have bcen founu

to return to hormal after cold acc;;téat on.t These include;

(l) eosanphll counts (Heroux% viigirt fl$54), (2) plasma

,aw;ﬂ

f

»
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concontration of glucocorticoilds (psoulouard, 1966), and
(3)in vitro seerction rate of glucocorticolds paralleled
the disappoarance of shivering.  Pho above studies S0t
that incrcased adronal cortical activity is pot necessary for
the maintenance of non-shivering thegmogenesis and that one
criterion for thoe proesence of NST might Lo the return Lo
normal adronal activity.

Winter Accel imat ization

Althougly thore is only a little evidepce avallabloe

s

to suggest it, winter accllnatizatlon appears to involvae o
Al fferont adrenal rasponsa than cold acolimation.  The in 7
vitro sccretion rates of adrenal glucocorticolds by adeenals
f} om wild Norway rats (Willmer and Heroux, 1963) and whito
rats (Haroux apd Schonbaum, 1959) wore groeater in winter

climat ized animals than in apimals studied during tha sum-

found a hiqhéf plas-

—
J
"'\

aor,  Yousef, Camcron, and Luick (1571)

ma concaontration of cortigpoel and a greater cortisol scoration
rata in raindecer Ftldlvd durinq tha winter than when studied

udies suqggaest that the stre:

\:]\

during tho summoer. Theoese

causad by the fluctuating natu

than that caused by prolonged

= ¥

el
[t

o
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-
L
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ect of the pattern being increascd
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\ﬂ\
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several stracs
glucoccrtié@ié secretion. iﬁghlﬁ Studlés of the genecral adap-
tation ' gyndrﬁmc, as the patte n of response tu these stressors
was called, Sclyc z 1936) iound that cold was an ideal stressor
If it can beéaSSqud that any ‘stressful cold results in in- |
creased'secretioh éf glucocorticoids, ong possible explanation '
of the normal adrenal cortical activity following chronic cold
exposure might be that after Cold acclimation haé deve}oped,
moderate,éold exposure is no’ longer a stressor and more gluco-

corticoids are not;needed.,!Exposure to cold winter climate

Jmlght rusult in a contlnual stress because of ‘the fluctuatlng

']nature of the weather and, thus, a greater secretion of gluco-

cort1c01ds in wlnter accllmatized animals.

a .
: '



1‘;¢ess in 1arge animals, one cri-

tration, wméa
)

Cold Ag<11mat10n

A great volume of literature exists which sug-
gests that one response to cold is an increase in thyroid
gland activity. At leastipart of the increased metabolic
rate of cold acclimated animals at a thermoneutral tempera-
ture has been ascribed to*an increased secretion of thy~
roxine (Adolph, 1950; Scllers and You, 1950), because of the
~well known metabolic effect of thyroxine (Rali, Robbins, and
Lewalen, 1964; Whaley, Hart, and Klitgaard, 1959);

§éveral indices have been studied which sques%,
an increased thyroid activity in cold acclimated small mam- 1
mals. These indices include: (1) an increase iﬁﬂthe thyroid
gland weight of rats (Rand, Riggs, and Talbot, 1952; St.raw
and Fregly, 1967) and hamsters (Knigge, 1963), (2) an in-
crease in the rate of uptake and release of labelled iodine
by the thyroid gland of rats (Cottle, M, and Carlson, 1956;
Straw and Fregly, 1967), (3).an increase in the amount of
thyroxine needed for replacement therapy after thyroidectomy
(Woods and Carxlson, 1956), (4) an increase in the amount of
exogenous tthoxine needed to block the release of labelled
iodine from the thyroid gland of rats (Heroux, 1969), (5) an
increase in the rate of disappearance valabelled thyroxine
from .the blood of rats (Cottle, M. and Carlson, 19567 Gregerman
and Growder, 1963), (6) an increase in the thyroxine Secre-
tion rate of‘rats (Bauman and Turner, 1967), and (7) an in-
crease in. turnover of thyroxine in rats (Gregerman and’
Growder, 1963). -

There -are very few reports on thyroid'activity in

A

]



cold acclimated large animals. Yousef, Kibler, amd John-

son {(1967) reported a faster rate of disappcarance of ja-
) . . ; e O

belled thyroxine from the plasma of cattlc c;):p()?Eﬁd to ¥ C

. , i O
comparced to an nals oxposed Lo 18 .

Reports on changes in plasma level of proteln
bound iodine (PBL) in cold acclimatoed animals have been
variable. Most roports indlcate that pBI (fmm('sn.t:ral;'i_(f)nf's ro-
main unchanged or agre ‘even lowered in cold acclimatoed animal:s
(Cadot, Julicn, and Chevillard, 1969; Freinkel and Lewls,
1957; Straw and Fregly, 1967) . llowc\}CL‘, Halliday et al (]")(1)"))
found & 104 incroease in PRI levels in cold acclimatoed sheep
comparcd to control animals and Yousef ct al (1967) roeportaed
higher PBI levels in cattle exposced to 1% comparaed to levels

whoen exposoed to 18YC.

There are a few reports, in the: literature which

‘suggest that thyroid activity is unchanged or ceven reduced

in cold acclimated animals. Heroux (1969) has reviewed
thesec reports and concluded that in spitae of these fow re-
ports, the great majority of the studies related to thyroid
activity durind cold exposure indicate that thyroid actilvity
iz increased-in cold acclimated apnimals. However, thcré is
some questian 'as to the actual necesgity for increased thy-
roid activity in cold acclimated animals. Selléts and You
(1250) found that, although thyréideetémiZéd rats could not
survlve in'the cold for more than a few days, 'hey could sur-
vive 1ndef1n1tcly in the cold if given minimal replacement
doses of thyroxine Furthermore, Lhesaianimals were able to
respond metabollcally‘to cold. Sellerxs and Yoy (1950) in-
terpreted their results«as showing that increased metabollsm

-, in the cold did not depend on increased amounts of thyroxine,

but only on the presence of. thyroxine. The report by Hsieh
(1966, cited by Cbaffee and Roberts, 1971) supports the flnd—
ings 'of Sellers and You (1950) . H;leh (1966, cited by Chaffee
and Robepts, 197%) fqﬁnd that thyroidectomized, cold accl}mated
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rats maintained on a small replacement dose of thyroxine,
responded to cold cxposure witlh An increase in non-shiver-
ing thermogenesis.  He concluded tlmt, the thyroid gland doces

not actively control hon-shivering thermogenesis.

}:\;j,(](fll(fi‘ 15 now beginning to accumulate which sug-
gests that the changes in thyroid activity secen in cold ex- |
poscd andmads are dict dependent and are unpecessary to the
animals once cold acclimation has taken place (Chattfee and
Roberts, 1971) .  Rais }'<-%1 commer clal lab chows oxcraeted
about twice as puch thyrox inc in 6§.klfﬁj<1* faces as rats fed a
synthetic, thyroxine freoee ’(TQ:freé) diet (Magwood and Herowr,
1967; Sellérs et al, 1971). peroux (1968) fodnd that rats
fed a Ty~ free dicet during acclimation did not show an ih-
creasead metabolic'rntg at. a thermoncutral_tcﬁperaturé and
that thyroid waelght }emainéd normal . « However, those animals

Iincreased their cold resistance (ﬁcroux,l968) and sensitivity

)

to noradranaline (Heroux and Pct?ovic, 1969) . At this timc,
the effect of diet and its thyroxine content on the cold re-
sistance of rats appcars to be rather confusing. lleroux 1
(1969) suggests that the incrcased thyroxine seécrction may be
the indirect result of a greator fecal excretion of thyroxina
.due to an increased metabolism of all tissue, However, he
cautions that the reverse may also be true. - In view of the
fact that thyroidectomized rats receiving a constant, minimal
dose oOF thyrox1ne ¢an survive in the cold and even increase
their restlng metabolism, it seems questionable whether the
inoreased thyroid activity usuallf'found in the intact rat is
necessary for the metabolic résponse to cold and the subse-

Quent development of non-shivering thérmogenesis.

Winter Acclimatization .

Resultﬁ from studles on therld activity in ani-
mals exposed to the outdoor cllmate during the  winter suggest
a basic difference’ between the processes of cold. aCCllmathn
-End winter dccllmatizatlon. ThlS differeng S WA S prev1ously

o “
. ‘o [}



guggested several timers There appears to be no incrcase

in thyrold activity of wintor acclimatized small mammals,
Heroux (19G72b) found no incroase in thyroid gland weight

or in thoe amount of exogenous thyroxine necded to block thoe
releasc of  Tabel 1ed t,hy'r()xin(“ from the thyroid gland in

winter acolimatized white rats or wild Norway rats eomparoed

to animaln studied during the summer. Thoere is some indica-
tion that thyroid activity may be increascd in winteor V
aca) mat izod Targe andmals.  Frednkel and Lewis (195%7)  Lound
an increasc in the rate of disappearance of labellad thyroxine
from the plasma and an incrcasce in turnover of thyroxine in ¢
wintoer acclimatized shceep comparaed to animals studied during

the swumer .

Suminary

Most indiccs of thyroid activity that have beon’
studied in cold exposed; animals indicate that thyroid ac-
tivity is increased in cold acclimatad small animals and -
unchanged in winter acclimatized small animals.  The thyr‘eid
activity of large mammals may be increased under bc’):th con- :
ditions,although little evidence is available. However, the
question remains as to whether or not the increased thyroxine,

which ib apparently secreted, 1s né cessarxy to the cold accli-

‘mated animal. It is known that some thyroxlne 1s necessary,
but evidence is mountjné‘tbnt more, than normal amounts of thy-~
roxine are not needed and that tn‘ increase in thyroid ac-
tivity may be due to an 1nc:reasfeca1 loss. of thyrox:me.’
Because of these doubts and because there is so. little in-
formatién on thyroid activity in cold exposed. large ‘animals,
,two possible indices of thyr01d function were studied in the
present experiment involving chronlc exposure of sheep to
>

constant and fluctuatlng cold. R ) QD" ‘ Qj

O
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B. rifcct of ftress on the Plasma Concentration of pFree-

Patty pcids, Ketones, and Glucosc

The plasma concentrations of free- fatty acids
(Fra), ketoncs, and glucose are known to change during stress
ful situations.  Three types of stressful situations wi.il be
discussed: (1) cold stress, (2) psychological stress, and

(3) stress of wdernourishment.

Large ipcreases in the plasma concentrations of

JEA (Halliday ct al, 1969; Slee and Halliday, 1968), ketones

(Hélliday éﬁ.il' 1969) , and glucose (flalliday et al, 1969;

Reid, 1962) are known to occur in shoep during periods of
-acute, scevere cold stress. Plasma glucose concentrations in

non- pregnant ewes wintered outdoors were reported to be ele-

vated during periods of extreme cold (Karibaloo et al, 1970).

Psychological stress would include any situation
where an animal becomes excited. Various types of disturb-
anccs have been used to psychologically stress sheep. Reid
and Mills (1962) found that plasma glucoseilevels yere in-
creased durdng and after transportation by truck. Slee and
Halliday (1968) reported that plasma levels of FFA increased
after animals were handled. It scems likely that in thes
types of disturbances mobilMa#ion of glucose and of free-
fatty acids increases. | ,

It bas been °uggested that plasma, concentratlons
of the enerdy substrates, glucosej Fra, and ketoncs, are re-
lated to feed intake and can be used to assess the nutrition-
al status of ruminants-(quden, 1971 R81d and Hinks, '1962;
Russel, Doney, aﬁd Reid,.l967). When'Yeed intake of sheep is
restricted, dncreasegs in the plasma concentratlons of 'FFA

and ketones occur, as well ‘as a decrease in plasma glucose:

concentration (Annlson and White, 1961; Karihaloo, Webster,

and Combs, 1970 Reld and Hinks,. 1962; Russel et al, 1967)
Further demands of'pregnancy in an undernourlshed animal '

|
LY
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result in even greutgr changesn in piacma ]LVC]) of glucouse,
FEA, and ketones (Karihaloo et al, 1970; Russe] ot oal, 1967),
The (,fi(«.ts of preygnancy wore superimposced on, the offects of
winter in a study by Dietz (1971)using beef cows. pDuring
this study plasma FFA concentration incrcased steadily over
a 4 month time period. It has been shown by some authors
that during puzll'od:; of undernourishment, the rates of utili-
,Zﬁtion of glucose and FFA are directly proportional to their
plasma conoventrations (Annison and White, 1961; ATmsLrong

et al, 1961; west arln(‘i Anni"‘s‘aon, 1964) . Ketone copcentrations
are usually elevated‘during instances when FFA concentrat ions

are high (Krebs, 1966).

Increases in plasma concentration probablyv raflect
increases in mobilization in an atteanpt to provide encrgy
substrates during stressful situations that requirce incereasaos

in metabolism. If utilization also increcases,’ the rate of

-mobilization must increase to a greater oxtent than the in-

I

Credse in the rate of utilization in order for ap increcase in
plégma concentration to occur. During a period of feed re-
striction, decreases in plasma glucose levels reflect a de-
crease in availability of qluccqe and an 1ncreastd dependence
on fat as a source of energy.

It has not been shown whether theré is a linear
relatiohship between plasma concentration and rates of utili-
zation of glucose or FFA" durlng cald eXposure of ruminants.
It has not even been shown that rates:of utillzatlén of thcse
energy substrates are increased durlng cold eXposure, but it
is reasonable to assume that.they are, S}nce metabolism’ is
increased. It is.not known how sensitive a measure of the
degree of stress changes in concenptration are or, for that
matter, 1f changes in concentration mean anythlng at all-

It is 90551b1e that the extent of any 1ncrea%e in plasma

doncentration of glucose or FFA could Pe proportional to the
- con FF? =d { O
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seyerity of the cold stress which is being imposed on an
animal . Considcoration should be given to the possibility
that cxcitoment may beoe one response of animals to a sevoere
cold stress. It is then possible that the ceffect of Qxcitx»
ment on blood levels of the energy substrates might: bae supor-
imposcd on the responsce o 1 he u(:t_ud‘] nced for more onerqgy
subpstrates due to the ix*x(:r‘g:xsed thermal demand of a cold on-

vironmoent .

In the preesent study short term changes 1n the
plasma concentrations of glucose and FI'A were measured.
since ketones can bo an important source ol encrgy {(Krebs,
1966), they, too, were measured. It was thougﬁl that plasma
levels may reflect differences in the response of sheep with
different tharmal histories to severe cold stress. It is
hoped that excitcment of the animals was minimal due to

thorough training.



I11.  MATEKIALS AND METHODS

An investigation was made of some of the physio-
logical changes which occur in shecp during exposure to

cold. The study consisted of three series, of Léxperimcnt};.
4

Experiwent 1. Measuremont of physio%qiéal
changes occurring in sheep expofed to

acute, sevoere cold for 3 to 6 hours.

Experiment. 1I. Mcasurement of physiological
changes occurring in shecp exposed to
constant or flucthiating moderate cold

for 6 weeks.

Experiment II1. - Measurement of the effects of
prior thermal history on the physlological
7;responses of sheep to acute, scvere cold.
A. Animals and 1 _Management
Some charac¢teristics of the animals used are list-
ed in Appendix I. Ages of the animals ranged from about 2 to
5 years for Experiment I and, from 1.5 to 2 years for Expeci-
ments IT and IIT. The apimals used for Experiment II weke

also used for Experlnent~fif.

Animals were kept in 1ndiv1dual stalls during the
experiments, except when used for acute cold 'tests. During
any long periodsibetween experiments, the animals were
either kept indoors in small pens or outdoors in fields.
Individual stalls were made of wood and had slotted floors.
Fiberglass and metal stalls: with'screen floors replaced the
wooden ones for the control animals used durlng Experlments
II and III. All stalls measured approximately 0.6 x 1.5
meters. During acute cold tests, animals were held in a
specialrstancﬁion (figure 1) .. The'sﬁanéhionlwas on rubber

casters to facilitate movément.
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Pigurce 1. Showp prepurcd for an acute cold

exposura.,

All acute cold tests and ehrénie cold tfialsiweret
conducted in environmental chambers measwring 3 meters
'square. Alr temperature *ould be controlled in one room
oyver the range 10 C to ~32 C and in the oth er rooms, 18 C
to —20 c.

When several acute cold tests were run on one
animal, the tests were spaced 19 to 21 days apart. At the
beginning of‘each expefiment the animals were assumed to
have adjusted to their thermoneutral env1ronment and will be
called warm acclimated. It will be assumed ‘that the animals
remained warm accllmated unless exposed to one of the chronic
cold environments. However, it lS recognized that exposure '
to acute, severe cold may . inf}uence the response to sub—

eequent cold tests.
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Animals in Fxperiment I were fed good quality ,
chopped alfalfa-brome Lay. Fceeding was restricted Lo two
1 hour periods cach day. The first perioed was from about
7:30 to 8:30 AM and the second pexioé was from abg
" to 5:30 PM. Animals were allowed to eat as much as they
wanted during the feeding periods. In Experiments IT and
171, alfalfa pellets were substituted for the chopped hay .

Cobalt icdized salt dnd water were available at all times

ey

except during the acute cold tests.

The fleece of each sheep was shorn to about 3 mm in
length 3 to 4 days before an.acute colJd test. Animals in
Experiment II were shorn 3 to 4 ddys prior to the start of *
chronic cold exposure. The warm exposed (control) shcep .
- were also clipped at this time. During the 6 weeks of the
chronic cold trials the sheep were not clippedfetut~air
temperature was progressively reduced each week.in an attempt
to compensate for wool qrowth and to keep the thermal dcmand
of the @old environment relatively constant for the sheep.
Further details of this are given later. - . )
During all experiments, animals were kégt ;n con—_;*fr
_stant light. This was necessary because the large room, in
;fwhich the control sheep were kept, held other animals re-
quiring a constant llght regime. Another reason for a
constant llghL reglme was to attempt to reduce seasonal
,.varlatlon in pardmeters such as wool growth, which are under
= the 1nfluence of photoperiod.. 1

All warm exposed sheep were kept in a large hold-
ing: room at a temperatu&e of 18 C to. 21 c. Thls was. con-
81dered to be above the lower critlcal"temperature of these
‘anlmals. An approx1mate crltlcal temperature of these ani- "’
’mals,can be calculated, since the Suffolk sheep used ‘in
Exper- ent I ‘had been used in the experiment of Webster et o
al (1969b) " In that experlment, the control sheep had an —;;;23

”“average 'RMR of about 1 9 Mcal/m .24 hr and a tissue




insulation (IT) of about 6.ZOC.m2-2%hr/Mcal_(W@bster et al,
1969b) . Webster and Blaxter (1966) found an external in-
sulation (IE) of 8.4OC'm2-24 hr/Mcal for very closely shorn
suffolk sheep. Using thesc valuecs, critical temperature
(Tpac) can be calculated using the formula of Webster et al
(1969Db) , .

Tac = (T + 0.3Ip) -H, (Ip + I).

where T is rectal temperature and up is RMR. A critical

temperature of 13.8% is found at a rectal remperature of
o o . .

39°c.  This is below the temperature at which the sheep 1n

the prescnt experiment were held.

B. Experimental Procedures for Acute ©old Tests and Chronic
Ccold Trials

“

1. Experiments I and IIX

ggsgonses of sheep to Acute, Severe Cold Exposure

objective

7nggﬁcr;terieﬂwby“which'the“001d tolerance of an'
'“f”éﬂiﬁéi”hQQVbe assessed is by its ability to withstand a
severe cold stress. In Experiment I, the changes in several
physiological parameters were measured when shorn, warm
acclimated. sheep were exposed to an alr temperature of about
—28 Cc for 3 to 6 hours, In some tests Ythe addltlonal effects’
of wind and,propranolol were measured,” In Experiment III,
changes in sevérsl physiological parameters'were measured -
when éold exposed animals were .exposed to a temperature of
-28 . for 3 to 6 hours.- This was done to 'assess the in—
Mfluence that priox exposure to chronlc, moderate cold had

bn the response to acute, severe cold.' L - T

"g Procedure

The basic procedure usep for a§%3acute cold tests




is described fielow, followed by a brief description of
P -
the diffcerences between the several series of acute cold

tests. !

1. An initial‘blood sammple was taken from the animals
through a jugular catheter while they were in thedr
usual holding stalls, prior to the morning feeding on
the day of the acute cold test. This sample, rceferred
to as the pre-cold sample, was considered to glve the
best estimate of the normal values of the blood '
paramectoers under ‘resting conditions. A sample was
taken prior to feeding on the morning alter tho acﬁte
cold tests. This sample was taken to detexmine 1f the
values of the péramet@rs had returned to pre-test
levels.
2. After the morning feeding, the animals were
weighed and a jugular catheter containing a thcermo-
couple for ﬁeasurement of jugular blood tgnmperature
was implanted in animals used during Series 4 of
Experlment I and duripg Experiment II The animals
were then placeéd in the special stanghlon and Drepared e
for the cold test. Thermocouples were fixed to vari-
ous sites on the skin (see later) and a probe’ ‘was
placed in the rectum for measurement of rectal temp-
erature duringlthe tests of Experiment I, Series 1.

'A face mask, madle of rubbes and‘sbeeﬁ metal, was

' “placed over tHe nose and attached securely in place.

.Figure 1 shows an animal prepared for an acute cold-
test. , Ce - ( ) Co

3 Skln and rectal or Jugular blood tempexatures
,were recorded for 30 minutes prlor to the cold test.
After the .animal- was placed 1n "the' cold room, air
5témperature usually reached 26 (o] to —28 C w1th1n an hour,

Ay
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ST Table 1 . gives the detalils of: the procedures
followed in the warious acute cold tests. Table 2 gives |
. ' '
the paramoeters which were measured in cach series of acute

cold tests listoed dntable 1.

srperiment. I, Series 1, involved cold exposuras
of 3 hours duration. Thercafter, it wag ;1(;}(‘,1(10«1 to incroease
the longth of " the cold test to 6 hours in order to increasa
the intensity of the cold straess. During the cold tests of
“Serdes 3, a fan was also switched on durdng the sixth hour
to produce an alr movement: on the anlmals of about 110
metors/min and thoreby increasc tho intensity of cold. At
these times air tanperaturces were abpubt HB,]‘OCA This was
the maximum cold stress which could ba obtained with the
facil;i;t;;qs avallable. %\?};op’)ranolol (1 mg/kqg, i,v,). was
% given ﬂ, the begirmiﬂq of "the sixth hour of Series 4 in an
"y ﬂtﬁ}él’f\'pt: to block zmy. non~ shivering thermogenesis., In this

" NP P o . o . . A i
series wind was applied during tbe fifth bour and con-

Clnubdﬁdurlnq-thé sixth. \ | I

The same procedure usced for Series 4 of Exporiy
A s

ment I was used for the aéu%e cold tasts of T?{pil,ljn(:nt IIX.

e the same as those

Andmals uned during Bxperiment I1T wer
used for Exper
(8145, B8196) were added to the contiol group . figpraﬁiﬁals

; . A . . . ) 1
in the cold groups of Experiment IXI remained in théir cold

iment, 11 with the exoeption that two apimals

qnvir@hménts at al@ tdmes except during the 2 acute cold

Eesté ruggbn each animaliwﬁich make up Experiment iIIa The
S/ adimals of the flgctuatingﬁéold group were taken out ?f

their cold environment about 30 minutes after the .start of

the cold part'oflﬁheir temperature cycle:' There was a \
‘ gs to 2 hour :periOd of time between removal of the animals
k ffdmatheip chrénic cold. environiment and pﬁgkement ip’the
" sévere‘eold,eﬁ?%ronment. After the 6 week:chronic cold
exposure, all'ahimals were in%?ia%ly subjected’§o acute
A i
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cold for 6 hours in'the way described above.  Three woeeks

later this procedure was rvpcatui after the animals had been
glv<11})h(xw>xy)nuxzuh\1n( (3 uu;/k<L i.vi). The tests with phe-
noxybcenzamine woere of variable/ J(nqth. A Qon&inqtion of fall
in decep body teunparature and 1/41<: general physical appearance
determincd how long tho animais were allowed to remain-in the
cold (up to 6 hours). Decp body temperature was not allowead
to fall below 31YC. oOther characteristics of the tests and
paramctors measured are given in tables 1oand 2.

2. Exporiment IT

Metabolic Changes . Durineg Chronic BExposurce to Cons stant
:i_!lsugb otuating Cold.

1)](( t l\f(
various physiologyical parameters were maasuraod

aurinq exposure of sheep to 6 woeeks of chronic. cold. Since
dlifGT{ﬂQCQ have boen iouﬁd boetwoon the rcsponses of small

mammals to constapt cold abd thig rasponsas to winter, shaep

were expoged to fluctuating cof, as well as copstant cold,
in ap attempt to simulate condltlona more closely related
to the naturally ogcurring stresses of winter,

5

b. preliminary Experiment

Equat ing the thermal demand of the fluctuating and con-
stant cold énvlronmcntq. z .

, In ordér to make a valid é@ﬁpériSGﬂ between
metabollc rcsponses induced in sheep by adaptation to
:constant and flu&tuatlng cold env1ronments, it is first
necessary to énsugc that the therggl demands of the two
~environments are pproximately the same. In the present
experiment the flu\tuatlng cold con51sted of 12 hours of
cold, at the end of which the refrigeration unlts were turned
off. and the air allgwed to gradually warm for 12 hours to
about 18°C. The minimum tempepqture was reached about 30

minutes after the cold Wasvtuyded on. The cold'was tupnea on .




at 8:00 pM and off at 8:00 pPM. Air temperature, during the
12 hours of cold,was regulated so that the sheep in the {1luc~
tuating cold wore exposed Lo twice the intensity of cold, but
for half as long as those in the constant cold envivonment .
Measurcments made later of 24 hour metabol o rates of sheep
in ("()Il.‘it‘,i)\“t’: and fluctuating cold environments confirmed that
the two (,fxi\)i‘ror'lmﬂnts did, in ftact, constitute a comparablaoe

thaermal demand.

Two shorn Suffolk wethoers woeroe cx;‘»o::vd Lo cach

type of cold opvironment . Skin temporatures werc meaauraoed
continuously at six sites on the trunk. TH: toampoeratarce of
the skin of thtru-lk (trunk skin temperature) of those animals
which corrensponds to the critical air toenperature, at a tissuce
insulation of 6H20(‘ -m? ~24 hr/Mceal and at a thermoncutral moeta-
bolic rate of 1.9 Mcal/m?.24 hr, is 29.5°C (about 30°C) ;
assuming tha ratio of the arca of trunk to extremities to be

Y21 and mean extramity temperature to be abo ut, 69C (Wébster

\J‘
M“

and Blaxter, 1966). The thermal demands of the two cold envi-
ropments werc regulated to be the same by controlling adir

temperature so that the number of degrec-hours that the trunk

JJ\

skin temperature was below 3090 was the same for both groups

7@

\']1

It was found that an air tempedature of for the constant
A

49

H
7’1\
' ﬁ' P‘*n o

o
‘cold environment and 12 hours at =0,4%C the fluctuating
¢old environment pruducvd equivalent thermal dc_rndndb as
assessed by number of degree-hours at which skin temperaturcs

were bulow 30°¢C (about 50 degreée-hours) . .

Initially, an experiment was conducted in which
six shecp were put into three gfoups‘of two sheep each,
including a coneﬁaﬁk cold group (CC), a fluctuating, cold ,'-
group (FC), apd a control group (Cont).. .Problems’ Wers o ' Ci
encountered during the experiment which were probably -
as&oc1ated Mlth the chronlc catheterizations. Anlmals from
- khe FC and COnt groups were found to have slgns of infection
+in the pulmonary drterles and Jugular veins after 7 to 8 weeks

@

‘



of exporimentation. This, together with a conbtinuous loss
of body weight and low plasima protein bound iodine (PBI)
concentration, suggested that the animuls woere abnormal, at
least for part of the experlment.  PFor this reason, much
of the data was of 1ittle value and is npot presentoed in
detail in this thesis. Two obsorvations were, however, of
interest and just ified ropeating the exper iment with
appropriatoe changes in expoer fiental proceduro:
1. The CC animals gained weightt and had a high feoed
intake, even though thoey were repeatedly catheterized
like the other animals,. This suggests that theroe wore
differcnces betweon the CC animals and the other tpo
groups of animals. It is dnteresting to Sﬁécglatﬁlthat
the CC group did adapt to the stress of cold and there-
by acquired an incrcased resistance to non-spaecific
stress leading to an increased resistance to infection

as suggested by Webstoer (1970)

to be a significant difference be-

,.ﬁ
J\
joh

2. There ;

)-—T

Spa
to acute cold of tha CC animals and

(:\
Ly
o]

Q, twean the respon

other two groups after the alpha-

s

i)

the animals in the
adrenergic blocking agent, phén@fybénzaminé (PBA) , had
been administered. These results have been reported
elsewhere (Webster et al, 1969a) . Briefl}, after PBA

* was ddmlnlbrerpd the animals in the FC and Cont groups
were unable to produce enough heat to maintain homco—
thermy; their rates of heat production were about 40%
less than the&r ;ates of heat production at. an equiva-
lent time during trials without PBA. The animals in
the CC group produced heat at a rate about 30% higher
in trlals with PBA than in trials without PBA. Ab-
normalltles of 'the Cont and FC anlmals may, however,
have been partially responsible for the difference in

the response. ‘ . o <

( &

e



The average 24 hour hcat production was
118.5 kcal/kq$/4-24 hr for the CC animals and 117.1 kcal/kq3/4»
24hr for the FC animals. The average trunk skin tempera~
turcs were 27.8°C for the CC animals (OVQF£24 hours) and
26.1°C for the PChanimals (over 12 hours). NeitheT pardﬁeter
varioed 5iqnificunrly:hmong the threo successive measurements
for either group of cold cquﬁed’unimalsi Air temperature
was i;ud\x("(*(l (').80(‘ cach week o compensatae for wool growth.
This is gbviously an uv:§ simplification since the same
factor was used for both onviroomoents. H@wevcr,,éhc fact
that hcat production and skin témpwgaturus did not alter
between successive trials,gn either group  suggests that
the tachnmiduce for equating the thermal demands of the two

enviroments was valid.

Q.. Main Experivent

In this exveriment, teon animals weréfdiviaéd
into three groups: fqur into the CC group, four into the
FC qr@ﬁp, and two into the control group. All of these
animals were obtained in the early fall of 1969 and kept 3
indoors during the winter for usé;in the late summer of,
1970. Animals in the CC and FC greupé wéré!§oid exposed in
pairs. Experiﬁenﬁs on control animals were conducted at
approximately even intervals over the 9 month period of -
duration of the experiment. Any Séasoﬁal effect on the
parameters measured should have been'present in all groups.
The init%al air températures used yere the ones determined
.in tpe»preliminary experiment .

Blaod samples for the determination of hemato-
crit and the plasmagcghCent:ation of PBI,'glucosé, adrenal
corticoids, FFA and keéﬁnes wefe-takén before éachnfeeding
on 2 days during~th§»middle of the.first, second, fourth,

and fifth weeks of cold expesure. Similar sets of samples



e

were taken from the control animals five times during tne”
entire experiment.  The blood samples from the FC animals
were taken at the end of the warm period and after 8.5 hours
of the cold period.

The plasma half-1ife of C]4 labelled thyroxine
was determined on one pair of animals in each of the cold
groups during the first apd the fourth weeks of cold expo-
sure.  Trials on the second pair of animals 4n each group
were run on the second and fifth wecks. Similar trials
were run three times during the entire experinent on the
pair of control animals. The general procedure for theseo
trials was modified from that used by Youscf and Johnson
(1967); only half-1ife was measured in the present trials,
whereas the technique of Yousef and Johnson (1967) was de-
veloped to measure thyroxine secretion rate. The night
before a trial was to begin, a 25 ml sample of blood was
taken trough a catheter implanted earlier. The blood was
centrifuged for 30 %inutes at 2050 x gravity. The separateaed
Plasma was measured and put into a 20 ml glass syringe wlth
a cap over the ‘luer~lok end. Enough 0.9% NaCl was aducd
to make the final volume 20.5 ml. While the piasma was
being gently stirred with a magnetic stirrer, 3 niérocurlf
(po)  from the stock ‘isotope solutlonl were added. The stir-
ring was continued for 1 hour and then the syringe wés
stoppercd and stored in a refrigerator overnight. The next
morning:the solution was allowed to warm to room témperature
for at least 2 hours while being stirred again. Just prior
to 1anCtlon into the animal, two Solpl allquots were added
td 15 mJ of Bray's sc1nt111atlon fluid for counting in a
llqu16 501nt111at10n ygtem. The glass plunger was intro-
duced into the barrel of the syringe and the 1sotope solue-

tion was aneCted through an 18 gauge,hypodermlc needle

[

-

»

1 ‘DL-Thyroxiné-214¢, 3 pc/300 p1 .
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into the jugular vein without the catheter. The injectjion
was given 2 hours after the end of the m()rnin‘q teeding
period.  Samples of blood were withdrawn from the animals
through the cathetor at various intcervals from 2 to 98 hours
after injection. Plasma from these samples was frozen unt. i1
analyzcd. A description of the isotope preparation, isola-
tion of thyroxine, and counting of the samples will follow

later.

After the 6 weck cold exposure p&riod, acute
cold tests, constituting Experiment II1I which was descoribed
earlicr, were run on the animals. The animals werae shorn
on the last day of ‘the 6 wceek period and the amblent teoempera-
ture was raised to that of the beginning of the period. The

first acute cold test was run 3 to 4 days lator.

A
-« Mcasurement of Energy Expenditure

Y
I

Enerqgy expenditure was estimated from the
measurement of 02 é@ﬁsﬁmptién aﬁdrkiﬁ the trials of Experi-
méﬁt III, from the measurement of both OQ consumption and
Coé production, The system used was thézépéﬂ—CirCUit resplr-
atory system described by Webster and iicks (1968) . During

the acute cold tests, a face mask was attached over the nose
of the animal and air was drawn through it. Flow was kept
constant and was monitored using a wet-test gas meterz. The
 wventilation rates used varied betwéen 2400 and 3SOQ liters
(at STP)/hour. This is well above the maximum volume of
%xpired air of 800 liters/hour found for sheep during cold
exposure (Joyce and Blaxter, 1964). ‘ ST
“ rThg O

content and the CO, content of a continuous

i

2 2

Z American Meter Company, Erie, Pennsylvania.



aliquot of the ventilating ailr stream were mecasured using a
3

Beckman -3 ()2 analyrzoer and an IR- 2153 _ CO2 analyzer,
respectively . The aliguot of alr was driced by passage
through silica gel boefore entoering the analyzers.

Encrgyy oxpenditure (heat prodnctionq Hp, koeal/hr)
was' calculated from o, consunption (liters/hr) according to
the formula of Iﬂuxti(-; and Joyce {(1963): gf‘?

5,

up = 0., (1iters/hr) x 4.68 (kcal/liter 02)

-

In trials where both O, consumption and CO,

2 2
production were measured, Hp was calculated from the formula
of Brouwer .(1965), excluding the terms for nitrogen excre-

tion and mecthane production:

(1iters/hr) x 3.866(kcal/liter)t CO, (liters/hr)x
1.200(kcal/liter})

HpZ O,

Z

D. Temperature Mcasurcments

Various body tempdratures' were continuously

measured during most of the.acute cold tests. Two types of
potentiometric recorders with internal reference junctions
were used: ‘a Speedomax-W 4 and a Honeywell Electronix 16 5-
Figure 2 shows‘the various sites on the animal which were -

used for temperature measurements.

3

3 Beckman Instruments, Inc:, Fulierton, California .
4 Leeds and Norshrup (Canada) Ltd., Toronto 15, ontario.
5 ‘ -

Honeywell-Industrial Products Group, Wayne and Windrim
Ave., Philadelphia 44, Pennsylvania. '
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Figure 2. Placement of thermocouples for skin temperaturc

mecasurements. All positions were duplicated on
the %éaﬁt side of the animal as well.
Copper-constantan thermocouple wire( 23" gauge)
was used and ope end was made ipto a junction. “Phis was
attached to the variOu$ sites on the animals and held in
place by rubber Cémént and a patch of surgical tape. FOx
the measurcment of rectal temparature, a length of thermo-

couple wire was secured inside the metal jacket ef a probg

and inserted into the rectum approximately 8 cm. During

trials when jugular blood temperature was used, ingtead of

rectal température, as an index of deep body temperature, the
therﬁécouple wire was threaded into a polyethylene catheterxr.
The catheter was then put into the jugular vein in the same
manner as’ fﬁr blood samﬂ!es, which will be described in the

next section.

In Exéefiment IiI, thermocouples from similar
sites on the animal were first connected in parallel throuéh

‘a. common wire that led to the recordér. 'This resulted in

average temperatures belng printed for the six sites on the

trunk, the four legs, and the two ears. The wires’ to the

—trizs
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recorder passced through metal conduit which went through a
port-hole in the wall of the cold room. Thus, the tempera-

ture recorder was kept outside the dold room.

E. Cathceterization, Blood Sampling, and Drug Administration
AL LS, ALY ! LAY
1. Catheterization

Blood samples were withdrawn from and drugs were
given through jugular vein catheters. The tip of the cath-
eter was placed in the right side of the heart. This could
be judged by the appearance of a pulse in an air bubble
introduced into the catheter. A polyethylene intramedic
“catheter (PE-190/536) 6 was used and was introduced into -
the jugular vein through a 13-gauge,?2 inch hypodermic needlco.
The cathcter was held in place by a pilece ofHSurgical tape
and a skin suturce. A 3-way tap was conpected to the frce
end of the caﬁhcter and attached to a collar around the
animal's neck. The coilér was wrapped with gauze to kéeb
the catheter close to the neck so it would not freeze.

When not in use, the catheter was filled with a 1% hepar-
inized saline solutdion (100 U.S.P. units of sodium heparin7/
ml of 0.9% NaCl). :

Catheterization normally toock place 18 to 24
hours before blood samples were taken. In a few cases when
catheters came out during,the nplight, a new catheter was put

in_the next morning priofr to ;éediné.

2. Blood Sampling \ .
- Inmediately prior to collection of a blopd e

Becton, Dickinson and Company, Parsippany. N.J. ]
'7,‘Raker,Pharmaceutical'Company Ltad., Cocksville, Ontario.

ko
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sample, the cath r was flushed with heparinized saline and
~the contents of fﬁ%&%atheter, along with the first ml of
‘blood, were dr§Wn tAiough the 3-way tap and discarded. The
tap was then turned and 10 to 20 ml of blood were drawn 3 td
a disposable plastic syringe which contained a drop of
sodium heparin7. The contents were expelled into a poly-
propylene test tube where the blood was gently mixed. Du- -
plicate samples were then immediately withdrawn for the
determination of blood hematocrit (Hcet), which is the per-
centage of cells in the blood. The remainder was centrifuged
for 30 minutes at 2050 x gravity. The éeparated plasma was
then divided among several small giass test tubes and frozen
at ~26°C for subsequent anal&Eis. . ‘
‘ \
Duplicaté hematocrit dete}minations were made on
each blood ample u51ng heparlnlzed capxllary tubesB, a
icrocapillary centrlfuge (Model MB) . and ‘a microcapillary
tube reader (cat. #2201) After the caplleary tubes were
filled, one end was sealed with Crltdseal > nd the tubes
were then centrifuged for 15 minutes a@ 16,06Q x gravity.
Afterwards, the tubes were read on the tube reader.

A\

3. Drug_Admlnlstratlon J ‘ A\ A
h\ A

Propranolol 10 was given at a dosage &f 1 mg/kg -

body weight (BW). The propranplol powder was\dlssolved in
10 ml of warm 0.9% NaCl. At the appropriate time lt was
injected quickly via the_iugularggétheter.

) ;if; s

v
Fa .

8  pisher Scientifié Compaﬁy,‘Ltd.; Montreal, 'Quebéi.
American Hospital Supply corp., EvanstonA Illl@@ls. | ‘;

10 Inderal (Propranolol Hydrovhlolide), Ayerst Laboratorles, ;}

"Montreal Quebec.



' DS R A :
Phenoxyboenzamine , adftinisterced once to each
Y phaad

animal in Experiment 11T, was preparcd fresh for cach trial

and given at a dosage of 3 mg/kg BW. It was first dissolved

in a volumc of propylene glycol equal to 10%4 of the fipal
volume.  Acidified (pH 6.0) i0.9% NaCl was added to make

the final concentration of druj 1.5 mg/ml. The drug was

administered over 1 hour using'a varfable speced infusion -

1

withdrawal puwap (series 600-950V}v,/.

F.

Blood pnalysis

The various chemical analyses on frozen plasma

are described bxlefly below. Detailed descripnlons of some

analytical procedures, which differ magkedly from published

reports, arc given in ‘appendices.

1. Plasma Glucose:

A
Plasma giucose was determincd usiﬂg a Technicon
automated procedure (N-9a or N—Za)l3 and a Technicon
dutoanalyzqr;g. The N-2a procedure was modified to di-
lute the é%ﬁbi%; andrstandérds approximately SO%Vmore
than the pcheduré%réquircﬂ.z The exiF§ dilutionfwas

used during .-the analysis of samples from the acute cold

. tests when high plasma-glucose concentrations were ex-

peécted. The dilution expéﬁ@ed Fhe'anal, Jval rangé of
the procedure.- | R A ‘

4%

2. Plasmé‘brotein—éound Iodine (PBI):

Plasma PBI co%centfhfioh was measured by;g;e

' o - ‘ -
. v | &

11

* o ‘ ‘ . %

Dibenzylige (Phenoxybenzamine ‘Hydrochloride), Smith Kline

T and‘FrenCh ' Montreal, Québec.

" 12

13 -,

~

Harvard Apparatus COmpany, Dover, Mass.‘

Teqpnlcon Instruments Corp., Chauncey, New York. , ?':
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iycel cuvetto PBI m®hod '14. The ordginal procedurc
was modifjod by asing 3.9/ perchloric acld to pire-
cipitate the plasma proteins, ruuxur/ than using an
jon-cexchange resin to remove #fthe dnorganio dTodine.
Using the protein precipitatdon, the inorganic fodine
is left in the supernatant nnd Che precipitated can be
digestad with tho Qigoent i,czxi roagent and tha normal pro-

codure f{ollowaed from Lpi::' stadge.

’
3.0 Plasma Froesbatty pcidd (FFA):

FI'A conaentriation was ostimated using an adap-
tation of pola's ,rntetl'iﬁd (Mosinger, 1965) . A slight
modificat ion was usod to extead the range of standards
Auring analysis of somples from the acute cold trials.

‘Detaills of tho proccdure ard in Appendix II . /

\_
4. g}asmﬂ Kotones:
GBI, R L NS,
, - .
Plasian ketone concentration was estimated
R ~ N

using a slidhtly modificd version of BaKer and White's
(1957) technique. Datails of tha modifded technigque
are in Appaondix, IIT. The technique, as used, measures

total kefoncs, axpres

1, and make€ no

£

' plasma corticoid concentration was estimated

"usding a fluorometric téqhﬁiqué modified fiom Silbec,
Busch, and Oslapas (1958) . The modified technique, is

outlined in Appendix IV. ~This technique measures

fac)

. .mainly the glucocorticoids, cortisol and corﬁicostargne,

( .
p
u

H

¢

Hycel, IncC-., ﬁouston, Tgxas; - Manual No. 5004.



although a few othcer steroids arce slight contaminants.
For this reason the substances mceasurad by this proce-
. dure have beoen ‘:11%‘A:I) the general name corticolds.
Sinco hydrocortisone (cortisol) is the predowinant
glucocorticoid ih :311<%(‘i> (Bush and Forguson, 1953
' Coghlan, Wintour, and Scoggins, 1966), cortisol was

. uncd as the standard.

G. Thyroxinge- jf/l(.‘: BOtope P r< paration, Thyroxine Iso-

;th 1(;11 .xi)(l 71:_ up(. (u'u)t '“(,l i

In - -the present studles, l)fr‘l‘hyrox,iné:~2—lAC

wasn usod (NEC-2 ‘)‘7)]5. This isotopce was obtalned as a
crystalline solid and bad a specific activity of

N, 17.9 mo/mM.  The thyroxine was first dissolvaed in 1 ml

of 0,01 M NaOI1 :xx?d then diluted to 5 ‘ml with Ova‘,f/u NaCl .

The final concentration was approximately 0.01 pe/pl. .

Tho laballed thirﬁ%iﬁéfszﬁm plasma, was isolated
14

B

110)@:(7 th }Iyw 1 putanol BExtractable Todine pIUC‘A—JUIC

which was modifi 4 to use 3 to 4 ml of p]aumaﬁ" on

extracted with 4 volumg; {fo butancol .

for 10 miputes at AOSO x o/

. from the ﬁupe;nﬂtdntg whigh

con tuiﬂu thé thyroxine, was then carried through the

Y

rést of the procedurb for jodine determination. The
. rest of LhL recoverable supcrnatant was placed in a
sclntlllatlén vial apd the volume reduced by evaporation
: under’ a ‘stream of air. Bray's Sclntlllatlon fluld (15,
el ml, Bray, 1960) was added dlrectly to th€ scintillation
I (I vials, whlch ‘were then Counted ;Ln a Nuclear Chicago Mark
16 for 10 to 20, mlnutes.

a

: I Liquid Scintillation System

o

i . . , w

£ h )
35 )New England Nuclear, Boston, Mags. 02118.
2 gland $

= : ' 4 ] :
& R I * V

1§ ?uclear Chicago Corp., Chicago, Illinois.



Bach sample was counted in triplicate. Counting
efficiency was detoermined by the channels ratio method

. : ) 16
using quonched standards Lrom Nuclear Chicago .

G. Statistical Analy:sin
g

The data was anal yzod according to statistical
procedures desoribed by Stecel and Torrie (1960) . Tosts of
significance woere: done using the anpalred t-test.  In sone
of thoe oxporiments the valuae of n was dpcredsed by using
multiple andmals and naltiple tfials on cach animal. No

{
attonpt was made to soparato. sources of crror.
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IV__Results

AL Experiment 1

I

Sowme Responsces of Warn Exposcd Sheop to poutoe, Severe

Cold stress;  Bffecots of the Additional s s of Wind

and_of the Sympatholytic beug, Proprapolol

Effccts of Cold

Values o1 thoe parameters measuroed are illan-
trated in figures 3 to 7 (Refer to Appendices V-VIIT for
moean valuoes.) . In addition, some lovels at 3 hours of cold
exposurse and maximum or plateau values are summarized in table
3 {for all series of acute cold tests., All aVGraqé increasos

referred to bhaolow are weighted to take into consideration

the differeont npumboeors of cold tests in the diffarc nL SArlos.
1. ”“‘1 PI‘JdlFlﬁif?lgjlﬁilngZQ}L(ﬂE??FHZF?Jéﬂﬁfi

‘Heat production increascd steadily during the

first 1 to 2 hours of the cold tests and then stabhilizad

(figures 3-6) at an average of about 3.9 Méal/mQ*ZA hi .

This is abuut 4.5 times the assumced fast lnq maotabollic rata
)

(0.85 Meal/m?:24 hr, Blaxter, 1967)

(

. ifigﬁﬁéﬁ 3 & 7) deareasad
an’ averago uf 0.49 (39.5
hours of cold exposure.

Skin tcmperaturcs of the trunk (figurcs 57&37),ﬁv
legs (figure 3), and ears (figures 3 & 7) decreased quickly
at fifst, but all values tended to stabilizezaftér about 1
hour. The skin temperature-of the rruﬂk otabllnced at about
lZOC, that of the legs about ZOC, and the ears about 7% ’0 in

. o .
Series 1 and 13 C in Series 4.

17 m2 - surface arca :4Of09 X BW (kg‘)z/3

4"

"
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2. Blood Hematocrit and Concentration of Plasma Constituents

‘Maximum increases in hematocrits amounted to, on
the average, 25% of the pre-cold levels (table 3). This dif- '
ference was highly significant (p < 0.001). 1In series 2
(figure 4) and 4 (figure 6), a large part of the increases 1in
hematocrit occurred durlpg the first hour of cold exposure. ’
Thercafter, noderate increases occurred. In Series ] (figﬁrﬂ 3)
and 3 (figurc 5), increases in hematocrit were sloweﬁ and

tended to plateau near the end of the cold tests.,

There was a marked 1ise in plasma adrenal yortju
coid concentrations (figures 4-6) . The avéfage max imum con-
centration was 74% above the average pre-cold concentration
(table ;3) and this was highly significant (p<0.001). '
There was po indication that plasma adrenal cdrticold levels

stal*ilized during the acute cold tests.

pPlasma glucose concentrations (figures 3-6) in-
creased and reached a peak during the first 1 to 1.5 hours
of the cold tests and then declined. The average maximum Ccon-

centration was about 75% above the average pre-cold level

(table 3) and this difference was highly significant (p<{0,001)."

Plasma glucose concentrations declined steadily after the’

peak concentration was reached.

There was a marked continuous rise in plasma
FFA concentrations (figures 4-6) during the cold tests. The
averagé level at the end of the cold exposure period was |
240% above thé average pre-cold COncentfatiOn (table 3) aha'
this difference was highly significant (p<0.001). |

Concentration of plasma ketones rose and showed no
tendency to stabilize (figures 3,5, & 6). The average levels
at the end of the cold exposures ranged froﬁ 204 to 164% above
the’éverage pre—coid levels (table 3), and these increases were
" also highly significant (b<(0.0l)L The percentage increase
in Series' 3 was much higher than in either Seties i or

P
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’ %,f prlor to propranolol or prior to propranolol and cold are

3

AU

“}Nﬁv (figure 7).

B “\"‘ ,\
i i
/ ’(A‘

Wyl

Series 4. When comparced to Series 4, the high percentage
Angrease in:Series 3 1s a.reflection of a significantly

lower pre-cold concentration in Serics 3 (p<€0.01).
""Additional EAEpCtS‘Of Wind
7 L D d

y \
g uring the sixth hour of cold in Scries 3 .

(glgun )) nnd\ the Lifth hour of cold in Serices 4 (fiqures
6 & /} a 110 m&tox/mln wind was Jdirected at £he animals and,

n addltlon, rOOm Qir temperature was lowered another 3 to

4AC. No signiﬁicdnt'chanqcs occurred in any of the parawma-
attributed to wind.

s ters measured in Series 3 which. could be

"Ip Series 4 (figure 6) a significant increase in glucost,
fiom about 90 to 103 nmy%, was found (p<i0-05). Smalleil,
>h non-significant increases in heat production and hematocrit
ﬁ were ohscrved.,
f?ll in SkiH temperature of the trunk,
SDC,'OCCUKTGJ during the wind period.,

”:was seen in choe skin temperature of the ears or in rcotal

Also in Serxies 4 (figure 7), a contiruous
from about 11°C to

Very little change

.

Aa tempexaturc .
; !: . 5 Q?
ol
] lddltiﬁnm] Tffoct* of Propranolol
g
l
*; f At the beginning of the sith hour of the acute

iold tests of Series 4, propranolol (1 mg/kg; i.v.) was

’ ainJected into each animal. By the end of the sixth hour,

ﬂ js1gn1f1cant (P €0.05) decreases from pre-propranglol levels
" 'had occurred in heat production and in the-.plasma concentra- .

o
f
f-lt',lon of glucose, free-fatty acids ‘anid ketones (figure 6).

'

W,
' (‘Comparlsons of the levels after prqpranolol with levels
6 I

8 made in table . There were decreases from pre-propranolol

7 YA
‘mp.'values in heat production of 28%,. in plasma glucoge of 24AL

‘in plasma FFA of 57%, and in plasma Ketones of 39%. As,

j heat productlon decreased, ‘rectal tempgrature also declined
The fall inﬁre;tal temperature was l 6°c durlng

v o
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a fall of 0.9 C durimg the 5 hours prior to injection of
propranolol. By the end of the cold tests thermal cqui-

1ibrium had not boeen re--established.

Recovery

The concentrations of all plasma constituents
measured in Series 2 (figure 4) and Series 3 (figure %) had
returned to normal when the 24 hour samples~wcre taken
with the uzcepticn of glucose concentration inAScries 3.
In this series, glucose conccntration 24 hours after the
cold tests was siightly elevatced (69.3 mgl vs. 64.8 mgi) ]
and, statistically, this Qiffercence was highly significant
(p<0.01). 1In Series 4 (figure '6), both ketones and FFA"
remained elevated 24 hours after the acute cold tests aha
the differences were significant. Free-fatty acid concen-
tration was 99 amole/100 ml comparcd to 73 pmole/100 ml 7
(p<0.05) and ketone concentration was 3.273 ﬁq% comparad to

2.18 mgrt (p<0.001) .

B. Experiment 1T

Some Responses of Sheep to Con)tant and Fluctuating

Chronic Cold Fygpsure

~ Y

1. Feed ansumptlon and Body Weight Changé* ; I

) . *Feed consumption valqu and body weights for the
3 groups of animals are presented in figure 8. Feed con- )
sumption of the animals ip the CC group increased, during the
first 4 weeks in the cold from 27.9 gm/kg BW to 35.8 gm/kg Bw.
A decline to 33.9 gm/kg BW occurred durlng the last 2 weeks.
Feed’ consumption of the FC anlmals increased from 23.2. gm/hg BW
to 27.9 gm/kg BW durlng the first 4 weeks of cold exposure ﬁ:;
'”and remalned constant for the remaining 2 weeks . Feed con- s
sumptiion of the animals in the: control group fluctuated

'markedly during the two 6 week perlods shown,,but the overalL«

Bl
@



Javerages for Lhe 0 week poridods were similar (24.8 gn/kag Bw

and 264 gi/kg BwW) .

Tha uni,m&ls of the FC group had the lowest
average welght gain, 5.3 kqg.  The average welaght gadn of
the control animals diffored botween thae two 6 week poriods.
During the first pariod they  gained an average of 9 kg
por animal .:xml during thoe scecond porlod thoey galned only

5 kg por animal.  The avoerage of thoese, 7 kg, was sindlav
Lo the average woelght gain por animal (725 kg) tfor the

CC group . -

2., Blwui Hematoorit “ang ePlA.,ma (,un it & wn@ r

el

Results of the meaSureménts of the six measurad

-

blood and p]:ﬁﬂi conastituents are prosented in figura 9

(Rofor to Appondix IX for moean values,) . ;
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!
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1
nificaﬁt hdnqﬁ betwaen any

of the groups of,inimals,

Therty were fow differencoes in concentration of
the plasma COnbflfucgﬂS mca«urﬁd between groups of animals.
+It. appeared that chronic cold .exposure may have resulted in
higher (px:O 01) plasma concentratlons of PBI in the ahimals
of both cold groups compared- to &he gontrglnaanQ;é
(figure 9B). Fluctuating chronitc cold exposure appearecd to
result in a higher concentration of plasma adrenal'corticoids
in the animals exposed to this type ‘of environment covpdlcd
to anlmals of the CC and. control groups . (figure 9C). |
Although thEIX.Vﬁh)gKmW‘Vﬂrlatlon between COEthOld(leVGlb L

.
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A

in cacih group, the average concent ration in the FC animals
(19.7 }1<[,(.) wasn cignificant ly (p< 0.01) higher than the

averayge con(w-nl,,mtiun for citbier the CC andmals (16,95 pgh)

i/

or tho control anidmals (16.6 }u;’;.’.) -

Smalior differcnces may have existed in thao
~
initial levels of plasma glucose (figure 9p), PEA - (Clgure

9p), and kcotones (figure 91), between the andimials of both
cold qgroups and average loevels in thoe control animnls .
Howevaer, the rosults are confounded by fluctuations in con-

contrations of the threw plasma constituents in tha control

-

animals.

3. Half-Life of C @ Tmabellod Thyroxine”

Tha half~liven of "ﬁl)(ﬂl(w‘) thyroxine in plasma,

determined during tha chronic cold trials, arxe proescentoed

in table 5. All values werce obt ainad graphicall
P

plottlnq the logarithms of thea 71ﬁsma
i ifde . activiti

All logs of spcalf
(a~c) and an example of onc of the dis
illﬁst“;téd in figure 10, only points
Con;l iered for the calculation of tho réarGSJJon linnas Thc
half-life of thyroxine in the plasma was about 12% shortcr

in the anlmals of both cold groups compared to the control ,
animals. lowever, there would appear to be 1arger diffexr-
ences between animals in the CC group than between animals

in the FC group and control group. For both cold groups

the trials on weccks 1 and 4 were run'dﬁsl pair of animals

and on weeks 2 and 5 on another pair.

b
A



TABLE 5

~ .

Thyroxine Half-Lives *(hr) "

) : 1 ' ~
Weérek Control ronstant Cold Fluctunting Qo la
Week 1 37.5 25.0 K 31 .5
Week 2 34 .5 35.5 30,0
wWeck 4 ) 35.5 26.5 31.8
Week 5 N 37.5 31.8
Mcan 35.8 31.1 31.3

Note: All values are means of 2 aplmals from
CR ’ Expceriment IT.
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Rifcctsz of J.)/.i,”zﬁ"h.x:fazi5:.<,‘,<'>,1.<£ Frposure on thoe Response:s

/
Ot

Roesponsen Lo ol o

1. Hoeot P L‘{f,‘ 1< ‘,‘.,i

All
Tfound in Appondis
figure,: 11A,C and
Prio
a fluctunting col
on the metabolic

Animals of all th

duction (figura 11

11C, 12A-143) dur
This suggests tha
by this tima.

re-propranclol 1
i I

was Jt(lt..i thEley

Moan

in Appendix XIIT.

16A,C and 17K767a<%1

f))llx: oto Acute, Sove e o ()ld St

Wi Thout. pPhonoyts sl ne
onand body Tamporatures

mean values for thosoe paramcters can bo

Cert XT o and X111, #ghae data is proesonted o

12A to 14a.

I Chronié cxposurns to either a constant or

A envivppmont appoeared to have little offeot
A

response of sheep to a sovere coldr ntress.,

roee grgups had stable rates of heat pro-
A) angl stable body temparatures (fAgures
ing thf last 1 to 2 hours bofora wind.,

L theymal equalibriun was ro-ostablishao

cat pf@dﬂﬁt;f; of
19% decreasa from

avels 1n the animals of the control group

si ﬁlf)Cdﬂt (p<0.01) .

2. Blood Hematocritg and Plasma Constituents

s for ﬂil'méaﬂﬂfﬁd parameters can bce found

Thae data is illustrated in fiqgures 153,

As w1th mvaburcmentc 0f heat prOducthn anﬂ

:body t@mperdtulc

had little influe
induced by acute,
both the patterns

.

prior chronic ‘cold QXPO”UIC of either type
nce on chianges in the blood parametcers
severe cold:stress. This was truc {or

and extent of changes. "Before beginning
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-Figure 154 _Values for hematocrit (Het) during the acute cold

tests (228°C) of Experiment 111. (Points for controls
without phenoxybenzamine are averages of 10 tests. All
other points are averages of 4 tests. Propranolol was
glven at a dosage of 1 mg/kg. Phenoxybenzamine was
given at a dosage of 3 mg/kg. "Cold exppsure lasted 180
to 360 minutes.)
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, b
Lho aoat o (()l( f,L ts, the anbyaels of both cold group:s: had

sdgufticantly highar hematocrit values {(tiguro 1H5A, gL 0.001)

Nthan the andmatn of thae control group . The audmals of  Uhe

[

FC group had sianiticant iy highor plasma levels of cort i

colds (fdgure 1oa, p<Z0.05%) than the andnnls of tho ©C o
< . .

contraol qroup:s. in both of these cancs, the highor -initial

lewvels are o rofloct ion ol Lhe highor levels boon t:lnw\lth‘—\"'
“ )
oul: the aceolimat bon porlod, !

A

Responnans Lo ( ﬂ el Aftoer Phonoxyhonzaandne

All moean values for paaranactors mensuraod in

thin séction can -be found dn Appondigeaes XTIV Lo XVI,

Jhon and _nady Temporatureg

Adpinistration of phonoxybenzoming (3 e/,

i.v.) ﬁvéf/i 5N minuta porviod of time prior to ool
: ¥

Xponuaro

soveroly limit the :ﬂ’*»il'ﬂ”\f ';i thf" PO aned cont.roal
subrnc-

appoarad

anlmiila

duction bY

cu

of hoat b
than the hoat p oduction of
(figurn Hh, pguiu5) - The ap

thao CC’a

, Of thesea qr@upﬁ to P )quﬁe moxre hept fnsulted in, a fapjd f 11
in dm D budy tt_mpt raturd (quur(' IlD) : ’
! s

S . [ %

" Blood _}&i@f‘_{"iiff‘_‘i it and Concentratlon of . Plasna Comstitpcnts

A o~

enca, in only. tWO lnbtaﬂﬁﬁ . thC'ChﬁﬂﬁﬁS 1n CGDCéntfatianS of
y, the plasma con StltULth maasurod whiLh wers: }ndunéd [5)% seve f(,

. . » g .‘\ is
‘acute cold str 'a fter tr coatment wnLh ph@aoxybondamlnc -

Plésma;corticoid conean ratlon(ﬁiqurv 161) cant&nuajly

Prlor CXPOnUrU O chronid cold éﬁpéﬁf?a=to influ-«

~



Inercasd din the andimls of the I'Cogroup ducding thoe ont .

(3 b} cold Lent. AL Lhe Chited hoar ot CXposurae, pldina
corticoids wore signdfic.as by higher in these animads than

in thoe animals: of cithoer the control or CC groubs (j'><‘()-()f)) .
A slhwblaor ditlforonce i Prlasma glacose concentration (fiqgure
16D)  wass hot ioodd, Thoere was o conttinual  ino-oalse Ti noglucone
(‘(mf‘r.'n%xtiim; inothe PC o andmal:s andd al the Lhird hour of
Crponure the concontrat ion In thadeeanimals wan Siagni Vicane by
blagher Chan the glacose (‘Ull(f‘ix(,.l\lt‘,i(';l) Of the andmals of 1ho

control and CC groups {(p<0.001) .
' - L=
There  wéro smalled dd M ferences in the Piasma
% ‘ :
conqoentratiion of FIA botweoey Groupys ., However, thoro weorea

Iarge diffcreonecens Letwaon andmals an shown by Lo Larga

[

atandard deviations (Appondizx XVI) .  1n apltoe of the f]nr(f;(}{

m botweon animals, “ho plasna concentration of IFA

vardat i

the CC animals than in the control

ol

)
"l

kG
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V. orhiscounsion

A e @,"L' ol

‘S’(nm . 714" Do 72(;17 :;ﬂlu»\\-ﬂmt 0o Connst ’l'nr{? fo“‘(il” ,‘f‘,l‘l‘l,,(",l;”.“,lAi,“‘J,

Chronlo (¢ ,)717(,71 ponaro

ITn view of the ditficonlties involved in the
intorpretatlon of blood or plasma concontral ion meaguroment s
alopc, Lt owight be difficult to place much biological f;,i‘(’;ni:
ficance on difforonces in levaels of the Blood parametc U
measusred b the presont i'\([')(",l’f"II'l.;‘Iﬂ e One difticulty, that

. ; /
On ﬁ(’)i’nf@hl(‘sml ['mr/mmx

of thoe oifcots of }'):";y(’*h(’)l(ﬁf(jl,(’i‘:’x 1 st
tars, was discunnsed in tha literatdre roviow, nvon l;)aﬁmj;'h
the animals usod in all experiments reported in this thesis

wore acontldared by this author to be well tyained, the

O group,

cold vxposuge.

wolving mainly humans

frém thaoir rpv1<x sof G
and doas,. tluxt ther in pl "irm vuluﬂo;durinq
prolengad E-xposuré to cold. Bass and Ite nnchvll '(]‘?)G) did
céﬁclgda that durinq aéutﬁ COld;@ xposura: thLé luia:uﬂdLl
shiftt of water out of Lhc LllCUldLU' y systan;. probably

amounting to no more than a 7 to 174 (1(:(’:rqu se o in plasma vole-

ume, Thus, it secems likely that differcnces in. concentrations

of the plasma, constituents mceasured in Expﬁrimbﬂt'II of the

present. btudy’Eann@tfﬁ@fattributéd to a decrcase in plasma
volume. It is })()%511)1@ however, that deecreasaes in plasma

volume may‘have qutributod to some of the_ increases in

o 4 i . »
] ’ f
B ) 4
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A
conContrat ton mgenured dn Bxoceriment s [oaod [T [t i

aloo possiblo that var ool ion in e degrec of chanege in
plasiuie volume, o occurcing at all,  nay frartially ocount

tor some of the small Jdifforence: in the concent.ral tons of

ey

the mceasured plasna const Bogonts beUwedn droup,s of  andme s

In i>poeriaanent 11, it view of (Lo liu‘ijs;(* clhinndges in concen-
: ' )
trat ion which ocourrod in gl groups of animals, it would
t
be unlbikaly thott o deoroane in prlasm volume oouled acaoount
‘L(»r all of thoe changes which wore obnorvesd,

Thoe valug of measurconentf ol Cha concontrat dons

of various ploamme conntituents 1 lidmifod,.  There bave
Laon few dnstancos: whoro e 1ai- lonships botweon plasma lLeve) a
of a substapcs and rato measnurement s,  saeh as scoret ion

rateand turnover srato, have baon established for Tarqge

WA chahige in plarma lovels anlens rate moeasuromont s

thalbzlinhaoed, Tt in o Lor instanoe, that

state the turmover rate of a ;iiﬂmtaﬁiiﬁ auch as

he same in two animals

)A.h

o
, 8 L L , _
precisc, quantitative informat ton concerning the fate of
i

to cold. It eanuot be detinitely stated whiat

<

. or utlll ‘ation of differcont metabolites in dif-
f’uum.u nU ThCﬁf measurcmaents, as wall as  tho
other measurements made, ﬁave been of valuc in LeVuxljngi B
+ 7 that certain 5igfﬁrén6iﬁ do exist botween the chan(ff in-
JHCGdilﬁ sheep durin 1 exXposure to constant and fIU( uating
"~ cold enviponments. Cot ~ ; ' ' <,_:~‘
(1 ' !
v ThL Tocd lntukes and welght gains of the sheep
“in .the ChIOhlc cold trials (Fxp<11munt IT) sugg stﬁd that

all groups of‘anLMHls successfully adjusted to théir
énvironmﬁnt;; The constant cold:animals ate and gained

L] i

Oy
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£

‘ment., to some extent, simulatcs the ilUCtuutlng strosses of

Wwos ¢ than the fluctuat ing cold andmals.  This s Similar to
what Woebster ot i (1967h)  Taund. In theis cxperimant

Blhioop expOncd to constoant ‘(‘()](l tndoors gainoed woeldght admont
a8 elflciont Iy as control andmals. Andmals dipwﬂwﬂ Lo Uhe

wintoer woealhor wore mrch lena Lwi ficirnt .

Tn tha present expoerbment thorsd woere no it
foroences o plasn concontratlon wmoasurenonts, with the
excoption of plannn f’?()l;l,l(,‘()i(ifﬁ, LBotwoen anlbnals exponod (o
constant cold ar]d%:xn Lo ls oxponed to fluctuating cold. The
groatoer plasma corticoid concent rat lon in the andman of the
FC group ({igure 9C) I"l:\\f'ly be an indication of groator adrenal
Urtxxul activity In that group. Adronal cortDead activity

is kn@wﬂ to inck

At least inditially, duriny cold

exposurc (lioulounrd, 1966). Sceveral indices, including

i

plasma concentrat iemn, hnve beoon ;i,nt;("sfpr‘(?tiﬂ an raollacotinag

incroased activity This t@piﬁ wian roviewpdd in the litor

ture review,. If adrenal corticpl; activity was, in fact, highor

in the animals of the PC group thio tho auld exponure

pericd, ‘the results art contrary

O , \
study. If one dssumes that tho fluctuating cold ehviron-

wintcer, the results agreoe with those ;f'Wmf*g ct gi (1971)
who found adrenal coztlcal hyperactivity in. rvlhdx<1 dufinq

qhe w1nter ln Aldbka éomparcd to’ the activlty found in
b

'Sprlng and Summcr. searoetion rate and plasma cofacntration

wéfe used by yousef ¢t al (1971) as indicos of fé cenal -

o)
ngCLJQn in r(lndoerz ¢ It is p@ﬂsiblc:that any a%lonnl_

i =

.hyperactivity in the €C Jnlmal “may have baoan br}”f and




i

could have roeturned to normal by the time the tirst Hhlood

samp lon were taken ducing the Tihrat wock of cold oxponare .
Tt s antoresting to spoecalate that cven thooaglr all plaua
moasuromoents, cncopnt (‘(;1'Il \f"“““’ showed no dit foroenca e
twoen Lhe T'C o and ¢ aronps of .\llilll(x]‘f?, thee highor cort icoid
Tovel o thoe FC apimals was an indicat ion that thoe

flnacetaat inf]f cold cnvivomnont wan omore sl ressiatl than e

constiand (‘(,ﬂd cnvironment. . .

The difforencos in loevels of come D1 ood .
paranct era bhoetweon tha control andiwals and the animalas o f

both cold groups indicate that the animals oxposed to Corlel

-

Ald respond, to the cold stress Am®sed on them.

_ i Al
= _ LAY & .
cnter PRl oconcontrations"of the Lufi’rn:g.(i’ﬁ
P fhaqure 9B) and the shorter plasma

" hal f=1ives of 1: el lad Z }lu,klm* (Ll,ﬂ‘lt‘ 5) in ¢ of § cold

poacd animals may bho Jlele‘xl iy of Lurnovar s

thoese animals comparacd to tho (»nL ol

nunt

Tho qunifiCinC@ of tho éff&ct'@f cold on the R
’ 'Y

hali~lives of thyrquno in thu animals Gf\thi group 15,
questionable bocau w of the very marked difforonce botwodn

the two panrs’of animals:  The pair on which thyroxino/” :
half-1life was dotoermined during the first and fourth waeeks
had an aerdqe half{-tifc about. KOﬂ qhorfvr thnn t’e pqlr

gﬁf dﬂjmalo cd during the Jccon& and fifth M((koA Tt

would apprear that thi diftcrcngo was ‘dua to animal ’
‘variation. Tho averdge haf’lfflifc; of thyroxinc for 'the
' i * “" ) i I3 .
B . . -’ . i - *
i { : !)
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T 1

ﬁhad a mugh higher 'PB

P

- 70~

othor palr of-animals used during the scecond and 1i6th
woohs wan 36059 howes Compatod to 3508 hours for thee control

USRI

The resalts ol Uhe present expor baent , oxcoepl
for the patr of CC Gl unscd daring . Socomnd o and it
woeeks, ara similar Lo the recalts found {or cold (‘;';1/(7?’.(;(1
shocp, by Proefabkel and Lowin ;( 1on7) . In, thaoeir stuadies tho
hall-1ifce of thyrowine was about 29 hours: for cobd rponed
andiats and about 37 hours for control andmal:s. P)ocimin
PLT doevels, were ol Lahtly highor and the thyroxine distri-
but ion space was slight Ly lower in the ool exposaod andmals
Lt wan cealcalated that the cold axposed ﬁhwvfa degradaed about
/UL more thyroxine per day than thoe controls.  Yousefl ot al
(],‘f}('{/'n) 'f(mmi incroased plasma PRI lovels and shortor hat L~

Hoof thyroxine and suggentod that thyrold activity w;xi

1ive
increased in cold exposad cattls,  Cold Caposure in the

study of Yousaof A,QJ (1967) lastod only 4.5 days which is

probably not 11(7ﬁ<’7 CIOC ah for «,u)d acclilmation to dovaolop

a of

: T
rate was 17 higheor in cold accl; imatoed. hbr es' than in control

AT

apimals. In thersamvgstudy, horses EﬁpQ?@d acutely to cold

level, abc*)ut the some t_hvro,nmﬁ hal f~

1lf and a-much greéater (4657 ) Lhy;oxlnv cucrctlon raté o

;tharl*‘c.‘ontrwl animals' (I;Lvln(,, 1‘167)

Re“uitsafrom the 1iteratur

L ) . 2
' : ® are variable in o
thc ﬁséRS smont of tHYFOLﬂ a@tlety in 1arqe anlmqls

exposed to cold. ™ Bé,ause"oi this, carc muyt b akun in

. ' i . 5
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the intorpretation of the diftorent dndices of ’t:lnywu(l‘
activity. rhe only conclusion that can be made from the
measurement ol thyroxine halt-=1live:s in _t:h(f prosoent stady
is that, undoer bHoth cold condition::, (lx}/x'(')f'i,111~- apprearcd to
dinappoear tastoer trom the bhlood, adthongh thin was only
tiac [or 6 of 8 aedmats. This resolt, togethor with the
highoer plasma sl lovels in these animals, could breo i icin-

Live of an lperoeoaso in thyroxineg turnover.,

. ; .
The differcence in blood hoematoor il levels (lguroe
-~
GA) beiweon the animals of both cold group:s and thiee (*«')p(,ru'l
aninals wan probably duc madnly to differencesn dn the nomber

R ; - . " - - - z 1 %
of cirdulinting. rod blood colls.  Blood honatoorits would

e expoctaod to rise as the rosult ol inoreasicd sympathotio

3
activity found in cold oxposnod shoop (Webster ot al, 1967.a) .
It bas been shown that both epinephrince and norcpinephrine #
will causc splonic contractions, which will result in an

inaceanced nunbor of (*LTTC‘:'MLi;m roed Llood colls

1968),.  The diffcerence in hanatoerits in the present

sSoma }‘oqponq(ﬂ, o f Warm X ﬁﬁd ‘,lm( p. to / Acut ¢, Scekvor

'Cold Qtre%:é;m ler‘L.,,oi Lhe A(i(&‘i’rlonnl Lr(* is ol Wlnd

? 4

and Qf the .)Y‘n’\p(tthuly‘tlc Dm‘L PIifﬁl‘lQ]Ul

- d i

7,1 on and BOJ} j‘(‘mpc‘r ature .

Thc rate of hmxt productlon by th';r: ;fln

ER = s 2
X S L [ . #eik .
ALY [ i . ! . A

R M .

4y
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boopor iment 1, onoe thormad e P bven sy pee et ablished
Gy dneg acute colbderhonure, oagged aboat A0H Urmes the

ot imatod ot of bacal hoat ;rllwi\u‘t PO, Siivoe there wore
no Sagndticoant decieancs an decop body temperatuar o ac ineg
sovere chld cnponuce alonoe, it munst e concludoed thats suneni
ilu"(',«klﬂillffin, a0 detined on pago 6, wWan not roachod. Giaja
(cited by Golineo, 19064) has defaned the ratio ol suemit
matal:oltam o bharal “'““‘)”.)] Pam oan Uhes netabol o guot tont .

Fven thoughpoumalt guetaboldnm was not raachod in the proesent

*

Ccopoeriment, netabolic dquot.ioent Ao still o uaeful value to

comparce the prescatrresults witlh results for sheop, obtadnad
Ly others under similar condd itions.,  Tho present metabolic
quot tent 0L compares favorably with that of 4.7 measured

by Hays (10908). It 1s doubt tiful  wheothor the wanmm Acclimat’ Ay
M \

Sheep in tho expocimeats of Hayn (1968) had reached Suyonit

metabolisn,  Alexandor (19624a) found a metabolic quoticnt of

aboult 4 for young lombs whioh had reached summit motabol s,

An estimntod metabalico quoticent of O was als

The purﬁﬁ'é of tho wind in Serics 3 and A4 of

. 'l

Qﬁ'ﬁxrér:ifnént‘ I (ngr*x & SA&” G) was to dncreasc the intensity
of the ther mdl dunmd at a time when the ,'ar‘limﬁls wera alroady
~évcrclv qurfs.ad.by cold. Thib tcstcd the capacity Of the
ohe(’p ‘l‘? urthe clevate thel; heat pt“oductlon at a time

hon thcy mlqht be expacted to be approaching. & St{()n, r
In Secries 3 and 4 there were inCreases’ in hoat production

tLVLly, ' Neither of the increase

of about 2% anad 12A resy
L

'




was ctat istiloally cdgnificant . The drop Ao o1 cot gl Ui ora
ture o oa roenult ot hivposittion of wind wea: not .l.u'nj(', al-
though 1t o was o0 Tttt e groatcr than the dropr over the fraee
Vj(,u}‘:: 4 hours ot cold Caposure. 0.5 ¢ compared to 0.4 ¢
(lr Lepan e 7). Lt approeared thiat e shicop ((}"“I'.ltl‘(l o1 :a:nf:]lv
fatt in Qeep body temporature, althouah thermal cqut b um
wasn not estab b inhod duramg tha howur with the wind. roids
posziible that s it wetahol fam hood bocn reachod ancd that
rectal toemporature would hava cont inued to 1411, Pho
mctatsol io cquotiloent at thin t/‘(nc was o about oo pubt Lethedd
reports woere foumnsd on r’*}:’;}/f,imnm:; with wiiul which worea
Sllff,ig‘if'-nt] y siamilar t;(');)';ié comparasl with theo prosent

oxXporiment . .
N
s 7

S ) I -
administration of propranalo’

7]1 toatn of ferians A (1T igure

. T & . s "
tomprature fall 1.2 70 duard g the last

b~

the

cold/expogures.,  In thene two
v

minute time period JuuL yr ijto SiﬁCé‘it

was shown by Webster and Hlyb (196 nolol is

Ir
fully effectitve fmr only 1 houf dv s r%asqﬁﬁﬁic‘té assume
that in this *}:Irf-h,lmc:m, t'he rfcc(’ 'VL é‘(::;j C)f_ the drug wasg
beginning to wear off some tlm@‘durlnq thu*ix; t hbuf of
cold rxpoqur@ Thie mdyrdccount for thoe lowar! pCﬂCFuL1QC 10;
'duLLAOn in hCat productlon Auring the. prtrlﬁﬁnt» of .

WEbSLLI and Hayux(lgba)«nnd Wwebstoer ot ﬂlh(l969a)'ccmpared to

,fthc'pFQSEnE expefiment.  Propranolol has becen Shown to réducc

Ay Te i -



et poroduct von during cold e
} i

autre In o such anlmalm oo .

micoe (Dot ler and Anginon, YO09), twhorn vodaats (Hedim and
Hult, 1966), and vouing tanb (2 1esander and WIllian:, 1960) .,
A reduction in cold i!x«l\u“w(i t e ”m“»\j._;m-;‘.i:: b fil\:?“ i ’ ‘k
desvomat rated Qg Youndg quinea i atter the aolindniof rot ion of
proncihalol, whtch, ik progioanolaol, is o )'H‘ij‘l“('x(‘il’vlu'1'(’3i(

bhlochk ing agoent (Boack, 1a7Tagy,

f’é(nm" evidoneo extats which sudgagests that the
Proport ion of hoat production in the cold that 1 Llooked
ﬁl)y Propranolol is f:rh!" non-=shilves indg componen! , el thiat
pPropranolol can” po wied Lo assons amouants of ¢old ‘;lgxlu« e

Aandlesr i’xn(] Wil 1 LS

\u

non-shivering thormogonesin (150 2(
19G8; Tifﬁiiﬂii; 1970; Entler and Amimnon, 1969 IIt {m .xn‘l Tlllll

19¢0) . i in mgi,c(f(}?itlcjr and Ammory, ,J")G@E}’ and in gulnea pias
(ﬁfij(fji, 1970) ’})f:')[jr’i'ixliﬂﬁ] did not. appoar ,ui, o Antorfe o with

Shivering, but the deug did LpnThr to Jwﬁf«-:"f aome phivar-

“ing in youndg  Laumlss (.f}lx apaer ond Willidams,

vering. It appearcd that propranolol had no limiting

effect on shivering, nor was thvﬁiLﬁq vis ibly inecrecased to

P

In}
t
o
=

compensate for the decrcase in Lh(EﬁDanUjl [Towave

shecep nppvarﬂggto tXhlblL more vcluntaly movement, such as
stanping of feot, after propranolol wag given. Tt pxobably

anne

9
Ie!]
\»“

& e concluded from the above that cold ;Lnducwi NST

accounted for 2&; of the total heat yxquctlon in the cold ”
in 'the prescent experiments, sincc in Fxperimcnt ITI the
cficct of propranolol on the cold uxpo;cd anxma*% was pot
dlffgrent from the effect on the control animals. Thqs, in -
sheepﬁmtnere‘was no’ Jndlcation of the increastd %enSlLlVlty
-t0o the effects of propranolol Secn in unlmals that’ are

known to exhibit NST . ‘ T ~

B :
N N N a



4% There are two ol b ‘im;m;t‘ux_t raeasons why pro-
pranglol would be ospccted Lo poeduce hoat product ion in
unﬁﬂju.xl:: N swundt nwtulmlvi::m. By bilochking beta-adroenergic
roecepltorsf propranolol has boeom shown Lo Lanidt (nuw“&’v
acceleration during cxercise (Cronin, 1967; (.‘\ﬁm;im; and

.
Carr, 1966) and cold oxposare. (Heltman, unpublished observia
tions; Wehstor and Hays, 1908) . By /}/imjt,inq heart rate,

e pPropranolol, could also Limit .<“(u"»l‘,i:1(‘ outpat and during times

oo

whan, @ hidgh rate ot matabolisom s necessary, the cordiac

itanay o insufficicent to sustain a high metabol o rat o,
Propranclol has also beon shown to have a lbhalting oifect on

substrate ln(i')bi1,i,7,.'xt,,j‘()n by 1 ,imit,)’m‘{ glycolysis and lipolysis
(£111is, 1967; MNinms-Hagen, 1967).  The T(éf’ili] ts of thé’f }f’?’f(’?ﬁ(‘i’)"\i'
Cstudy Sup?@kt this and will be discussed in more detaldl

,h!u P AP : . -

- 5 ,
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2. Blood jiomatoctit and TLdAﬁd e

~+ Large iﬁ(f;r'?(?(’f"i("'?i occurred in tho concentratidns

of all }ﬁ]f ,;lnd cons “LTt ucnts

=
7
-
—~
bt
fars
e
ol
n|
o
d
B,
ﬁ‘
>—J\
ﬂ‘
J
7‘“
ey h

<
are suggestive of a général mobiii7ﬁt16ﬂ ri/enurqy substrates
to meet the metaboldc demands of cold s(r’g';

7 The average maximum plasma ‘glucosg Ié(jnééntrag
tlons in all of the series of acute cold trlals'with normal
shoep were much Lowex than thc); {found. by qullddy at al
(1969), although thé: Idttern% of responoe were very Gimllar.
‘Thﬁ initial. 1ncruauc" ﬂn g*UCOuF concentra ion were prdbably
due . to 1nctﬂascd gecrctlon of adre allnc aﬂd to a lesser
extent,” no;udkcndllné as SuggLLLCd\by Bassott (19/0) Himms -

~Hagen: (1967) and Maickel et al (1901) The hyperglycemla !
caused@by the catecholamines resu]tg prlmarily f;om a releasa
of glucogse fzom the llVPr and foom a dagxeased pdrnpheral

L 4

" ; ' . .
ey i R » ¢



vlilivation of glucosre cavned by the dinteibition of dnsulin
secroel Lon by .u'fxvn‘xl ine (Himms-Hagen, 1967) . It might b
<‘-xl)<~‘vtwd that, Axf,’t,vr A dolig/, the increacscd concentiat lon
ol the 4(’11'—\-1;@1 corticond: g,ix;m(':: 4-6) would add to the

glucose dnercasce and help to m‘xlnt‘.x,ln a highor plasma glu-

cose concent rat ion throngh thedr offect of dincreasing aglu-

cOoneogenondn . Tt has boen postulated that one purponsc of #

increased adrenal activity s to heldp to incrcasco the supply
of glucose in thoe plasaa from body reserves during proeriods
of incroeasad 111"(31)’)_(71&51[{1,l?("f(’f)lf(? Peod intake is i‘n("r“' 550
(Bgulouard, 1966) . TWifi:(KC(‘ffiiﬂf‘U in g;lin%(ﬁ:c conaant Lutrl(;ﬂ
following poak lovels may reflect a readjustment, in the

3

r

rates of glucose mo bili/xtlun und uLilianJun and” a glucoso
sparing offect of increased I'FA mo tabolis ., It is also

) . - - A
poisf—;ib]ﬁ that thn decrcases dn plasmna qlm 08¢ could be due

to a depletion of g1 yeogan Tﬁﬁ*;v a5 . Information Gn‘qf”%é'
= N ;' - - T 5 iy I S‘ .
ent ry and utilirzation ratcos would bo necden 1n ordor (Lo

fully oexplain tha ompentrations.

At tho same timn gluco: declini an, plasmo

)

FEA and kotonds ware The patterns |
of chianges for thape f rantl by
Halliday ot 21 (196 '
’ The steac

FFA during cold exposure io difficult to iypl¢1n._ From the
conclusions ofi West and Annlbon (1964) and Armstrondg et al
(1961), increasing concc cntratiqqs would imply tth more and
more FFA,were bﬁlnq\UX1dlZCd. In the present study, hcat -
prc:(iucthn had stabil 1/<d within 2 hours, but F‘FA COnCCntrat;’ion
coannued to increase for as long as 6 EOurs in EXP(riant I
Sexics 2 and %, and-4 hours in Sexies 4. Howewer, thc”@§porjﬁ
méﬁtq of West and Annison (1964) énd Armstrong et al (19617

L 1nvo§vcd tudiéé of fat mectabolism in normal and under-

compa ed to the results of the prkscnt study An impairment

! ‘;' 7 o s ; S e,

ar

nour is hvd anamals, and it is p0951ble thclr results cannot be



o

(flgures 3 5, & 6). 7 » : ' i
, . Ce
, - As PrLViOﬂnlY mcntlonLd proprino]ol 1s known
-to have a llmltlng Lff act on ‘enerqgy oubstrat moblll4ation7
: When prOpranolol was.g1VGn to young lambs dujlnq quﬂmlt '
w«metaboilqm, pﬂagmu FFA COﬂcanrathnS icll drastlcq&]j 47
: . ’ . ' . - Q .
, M"“m'—""m": ’ : '! : e ;"‘V‘ , Y E
’ ) B , Vo |
y

Of ut iliva! ton,adon o with cont Vil mobilization, cowld

account for the rdses Te noght also Lo possible that there

was oa Change in the relationship bhotwoeen FUA concent rat ion
o Y

and iAo oxnidatian. Anol hor m—t})len‘xt:‘i‘(‘:’n miaght bo that, in

Y i B B . oo
order (o conacrve glocone, comparat ively greater amount o &

vof PEFA woere oxnieliooan T1 les andd less glucone was e ing
Oxidived vl won o flected by conntant Ly decrcasing plasie

glucose coneent et tond after the initial peak, proportionataoly

more PPAa would have to He oxldined and this might Yoo rafjoctoed

by continuatly increa Ping prlagsiia concentrations of PFEA L

Prials involving the determiration of vtilization ratoes of

thoese onoyay subatrates would have to bo carr ied out to

h {
zful]y explain thao (?haﬂijé:i in ;,)Lu/;,m; lavoels obscrved in tha
praoscent. .‘”iLi'ji’,lY;-r , ' . |
The percentage Increasas in plasma ketones a
wore much smaller in thpl nt studies thanfiF {he stu5f~f
of [alliday ot al (1969) who only measura (1 })1uuii ac tgn(
In Vth(’e-' prosent study total plas L kﬂtij‘ﬁ":"ﬁ Cro eru SMELG -, 9

be larqge enough to indic ate sorie impairment of glucose
»olima, the lowaels are coft tainly not high'enough to

. - - I N ~ n b 5
ketosis (Karihaloo et al, 1970) Ketonos themadlves

infficate
:ﬁn~ﬁ€fﬁﬁ;1mp®rtaﬂt source of e vzqy (K;eb 1966) and it

:is llkely that the increases in pl aqmd conccnﬁrdt;
ketones in, the present exeriment are due to an k
FFA ox1datinn, This will, occHr EbpoClally 1f glucfﬂ
1imited sy Ifﬂy (Krobs 1966),. Howe‘;\/czr, in the pre 7\1‘. experi-

ment koLoncs lncrouued dcbplLe ample pld 10a glucoq?‘ﬂkveis

e
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while smaller and moré variable deercases 4n plasma. éﬂucOS(
- - e -

occurred (A]cxandur; Mills, and scott, 1968). Propragolol
. . . ‘
has also been. found to interferd wit h substrate mobllizattqn

- - , ) - ) B (
in other spocices lnc:]adlng rats, dogs, and man (see revicw, s

»

Hiwns~llagen, 1967). . A rcc(:ixt study by Werrbach et al> (1970)
has shown that propranolol lowers® both plasma glucose and
PEA conce t)u rat ]ull‘ in b xboom) LAat Lhumoneutrdl tempdratures.,

In the present experiments, thc- greatest effect” was on plasma

PEA concant xutl< ns. In Experiment I, Series 4, FFA de-

creasoed by ,)7‘,'{. from [.’)1’?(.*~}')1‘()1>ri1n()10,] levels.  Results from
the othér, sories of 'do1a tests would })’ndicate that the

levels  should hdave increased, or at least s ayetl the samea,

L

during the Sixth diour of exposure . There appearced to be a
graaﬂer than normal deCrease in-plasma glucnse after'prof
pranolo{ was giVOHA HOWEVOr, the roqults//ik v&ry difficu1t .
to intbrpret because pl asma glucose concenLLatlons wera

noxmally dccliplnq at, tQ1b time as_ can be seen from the
'\

trials without Arquplanolo]. . o e e
| !A'P—\ 7.
Q.. }Egmrixrﬂ*—nt III :
Eff@ct of PIiOI‘L_ChrOﬂiL ColQ Exposure Dn Responses of A
R 'Sheep to Acute, Severa, Cold,sgresb
1. Cold Tests Without, Phenpxybenzamine (
ComET - REER: : o i (|

ol

There were no instances where the responses of.
the different groubs of animals to an acute cold test (~28 C)
appeared to gﬁ_slgdiflcantly different- erm each other. It
is pOSSlble that differences, especxally in sumnif metabo-
llsm mlght have become apparent at even lower air tempera—
tures 51nce summit metabolism was: not reached by any of

the anlmals in the ‘present éxperlment P
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2. Cold Tegts with Vh@ngglgilgggl@f: o
. Evon though the results prévioudly discussed
haye failed to raveal any Jurgu dif ferences between groups
of shcep with dlfforcnt thermal hig tories, resul€s for tho
cold tests after ‘phenoxybenzamine admlnlstxétion’squgst
the existence of some type of metdbolic adaptation in\‘Um
animials of the CC group. : This was not apparent duriig .
severe oold (\xp(;:.;fnjo (~2250C) alone’. | . SRS

»

>

. o thUOXYbLHAdmL“U (rpa) is a long a<t1nq, a]p)u~,

adrcnorglc bloLanq agoent dnd onea ciioct of this drug is a
blockade?off the yq:oconstrl(QOx action of norddxunallnc
(Nickersdn, *949) . Normally durlnq severe cold exposure,
max imwn vaﬁoocnatr*ctlon should: occqr which will be
espcoiaily noticeable in the appendages where skin tempera-
tures fall to only a,few degrees above fraezing (Meyer and
Webster, 1971; Webster an(i Tslaxtor, 1966) . After pRA 1s
administered, higher skin tompera tvrco might be crpuctcd

durlng cold exposure due to the bldockade 'OF vasocons trlctlon,i

In "the present stud§p all sKin temperature measurcments of-

. the legs (figuse 13) and cars (flgurc 14) wexc warmer during

the cold tests with PBA compared’ to cqld t@sf without PBA.
Ear temperatures were espeglally warm. Becguue of the

- warmer appendages during the tests’ w1ﬁh PBA, more heat would

be lost to the environment,and in order for thermal equi~
llbrlum to be’ establlohed mor'e heat wduld have to be pro-
duced durlng the cold tests with PBA compared to the cold |
tests without PBA. Skin temperatures of the trunkVWere not
markedly affected. e ’ ' o

Phenoxybenzanlng appears to have s;gnlflcantly;

reduced the capac1ty for cold thsrmogenesis in the anlmalsir}
of the control and FC' groups. Nelthe} of tngse groups of
animals was able to offset the 1ncreased heat loss, as’ rates

of hedt productlon were the same or, lOWer durlng the cold

Y 'y
.

1
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tosts afXh pPRA Lhd“ during ‘he cold tes tb w1LhouL PBA (figg
ure 11). ‘The oppuuztg was-true for the anlmals of the cC
‘group. At the third hour of the cold tests with PBA, the
rate of heat production of ﬁhu'animaﬁs of the CC.group was >
&ighificantly bighur than the rates” of hethproduCtion of
‘the FC ’n]d control animals (p<<0.05) and hi.ghér ‘than th(‘[
heat production ‘at an equivalent tlme during tho cold tests
without PRA. There are no othcr'roport of any <£1@ct‘ of
‘plmcnoxylv(m:cz,::m1ne on metabol ism ()f anlmaio other than ,mall
mamnals and voundg lénbs.. After adminis tratlon of pheno>y~
bcn/qmlnu A r(duction in rate Of heat’ productlon dur ing |
cold oxposure wa» found for young lambs bX,Aléxander.and

Wi 1iams 91908) Leduc. (1961) found that all rats died
when <}poged to yjcold after adrenergic blockade produged by
PBA . HOWLVOr, Leduc (1961) foynd that gold acclimated r?;s

survived for sevcral days, whereas warm acclimated rats -

-

Su1vlv0u»fur~leSb tran 1 day.- Thérg was a very large increase
in urinaxy CKCﬂLtlon of catecholamlneuAby rats after udmln“ ’
- dstration of pz;iA (Leduc, 1961). It has also becu sh
PBA rednces noradrcnallne 1nduced thermogenesis i
(Johnbon and Sellers, 1@61 It aépears\that in animals

- that reepond to noradrehaline with an 1ncrease in heat pro~
f2 ductlon,.PBA may reduce the rate of heat productlom by interw
fering with the stimulation of thermOgéne by noradrepallne.
Eh'eat prqductlon :

3

A

In older sheep, which show no 1ncrease in
-« during noradrenallne infusion (Webster et al, 1969a), it

wouldrappear that PBA affects heat production in a different
g ' L 4 )

RAMNLTL . ., o SN
G y Some recent reports might shggest a p0851ble : |
mechanism of action. of phenoxybenzamlne whlch ould account.
for the’ observeﬂ effects. In 1970, Gale gg al duggested that

alpha-adrenergic blockade mlght inhibit shlverlng, Méjsndx
andlbansky (1971) showed that the h@@t productlon of muscle
3was 1ncreased when noradrenallne was - infused /into. the muscle.

In 1972' Maxwell and Sumptor suggested that. noradrenaline  v

,,.
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receptors (preswnabhly alpha—rQCthors),in the spinal cord
control muscle spindle activity. These sgudieé might suggest
that phenoxybenzamine acts by blocking a ‘dircat eff@ct of
noradrenaline, on shivering.  Thus, the reduced heaf“productien
of the phopoxybenzamine Lruxu d rC and control animals of
LExperiment I11 might havae been caused by reducing the heat -
product.lon"oi nuscle. This, might also tend to cause an
accuwnuiation in the pla sma of substrates of energy metalbiolisn
unless theve vas a reduction in their mobilirvation. h@%egz

few LAWOrts 1rum ’he literature suqqe&t that PBA inhibits
shivering anu enciygy metabolism in muscle!  In the pfesent
study an ef{f{cct of PBA gn shivering was not observed, but .
glucose, particularly in the FC group~ef animals (figure 16C),
and Fra (figuru 17B) did appear to accumulate more rapidly

in the plasma of acutely cold exposed sheep Freated wifh PBA

than‘in the trials.without PBA treatment. Such accumulation

‘might ‘have been a result of interference with enerqy metabo-

1ism Ap musclé, but it could bave also been caused by the
catecholamine releasing’effect of PBA which was suggested
by Scépes and Tizzard (1963) . A tranoient ihcrease in oo
plasna oaLechiamlne levels woulavresult in an 1ncxeased

'moblllaation of FFA and glucose. ThlS effeoct of caﬁechol—

amines is known to ‘occur in rats (Hlmms~Hagen, 1967; Wenke,

1966), in admnlt sheep (Bassett}, 1970) ,/ and in lambs (Alexan-

der et al, 19868). It would be expected that such increases
in mobilization would result in. increased blood‘leVele of g
FFA and glucose since the mobilization wasveaused by'a drug
and not necessarily by a need for inéreased amounts of thesé

two _energy substrates. An 1ncreased need would 1ncrease -

,futlllzatlon and tend to, at least partlally,‘offset ﬁﬁ

' 'increased mebllxzation and subsequent increased plasma levels.

o, Tne preCISe mechanlsm of action: of PBA during s

‘acute cold exposure cannot be explalned from the results ‘
Of, thls study. - Clearly. there was a marked dlfference An
effect of’ PBA on e&e-anlmals ofﬁxﬁe c0nstant cold group
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comparcd to the, animals of the other two groups. Itlis not 7 n
known whether heat production was reduced in the condrol -@g Tk
and FC groups because of a reduced cellular uptake oﬁ energy "’ - it

b AL e
A W . - @ s .
substrates or because of a direcct limitation on thejyutilizas -

tion of the substrates or a combination of heth. Asta fﬁrst }.:f”
step in obtaining an indication of the mechanism of action Co
of PBA, FFA and glucose turnover rates and flow rates should o
be mcusured‘in animals gndcrgoing acute cold exposures and . ﬂ@@
treated with PBA. T v o . Wjﬂ
. n
"t N s
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~
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"Tfthe response of warm . expoSed sheep tos acute, severe cold

5-.obvio need to- produCe more heat to malntaln thermal

YA
@

., VI SUMMARY AND CONCLUSIONS .

' - ™

L s thls study, three aspects of the rebponse‘
of Sheep to cold hava bcen QOnSldered ‘The first-aspect
was the efiect on sheep bf chronic cold exposure. Two
types of ehronlc exposure were.studied. In the first, the
expOSure to cold was" cont:nuOue and in the second the sheep
were expoeeo for 12 hours eaeh day to a greater intensity
of cold ﬁ%lu those exposed to _cold contlnuously for 24 hours,

Both enVJronmentb ware calculated to 1mpose approximately

S equal’ 24 hour thermal demands. During the chronic cold

sgudy,slastlng 6 We@ko, the animals o£ both cold groups ate

' rmOlB than thé animals of the control group. Animals of all

gr9ﬁps' appeared to adapt to theilr environments. Few
ﬁlfferonces existed in concentrations of blood parameterys .

d between any of the groups. Blood hematocrxt va]ues were

significantly ‘higher in bofw cold .groups Compared to the. | p

controls. From 'mgasurements. of plasma concentrations of )
protein bound 1od1ne (PBI) and the half-lives of thyrox1ne -
~in plasma, there was some suggestion that thyroid actlvity
was 1ncreased ih 6 of the 8 animals in the cold groups.
Plaema glucose free- fatty acids (FFA) and ketones
‘appearcd to be elevated in the apimals of both cold groups'
during the first week OFf cold accllmatlon which might be an
ind@#arion of increased mObLllZdthn of glucose»and lipids. .
t: COI‘thGld concentratlorr wés highest in the animals: of

the flugtuati 1a° group. Although somewhatsvarlable,

-

‘cold aqd control groups. T T

\ : 3 .-‘-\_ D -
. . o +

The second aspect of cold stress studied was

»-28qc All parameegrs measured were: related tov the

§

~.‘, i

r

‘plasma corLlcold C ncentrations were smmilar 1%Lthe c¢nstant .

LN




equilibrium. Heat production was‘calculagéd to be approxi-
mately 4.5 times the estimated fasting ﬁéé% pfoducﬁf@h of
, adult sheep. Adl measurcments of teémperaturce stabilized,

albng'ﬁith hcat production, indicating all animals werc

able to rc:cstablish thermal equilibrium during the acute -

CQl(.l tegts. The exact eX;)langti_on for the ‘pattéjrns of

changcs:of glucose d&nd Ffﬂ cannot be given. However, from »

the larye increases in plasma corticoid concentrations in

these animals and the kﬂown increase in the bc(rctlon of
! catecholamines during cold exposure in small mammdls it -
might be coanudcd that, at least initlially, there werc
-large increases in mobilization of glucose+and FEA . Sub-
sequent. decreases in plasma glucosé suggest that either
mobilization decreased or utilization increased relatively
more thon mobilization. The continued increase in the FFA
LonCentratlon may have been due to a continued high" rate
Of F¥A moblllédthn.’ There .wkre aAso large increases in

plasma corticoid concentrations.

. The thlrd aspect Anvestigated was the influencé
of prlor thermal history on the response to acute, severe
cold (~28 C) ‘Thexre were only smqll dlfferenceshln the
\ changec in metabelic response and in blodd measurements
between the groups when they were expoSed to cold w1thout
. blockade of the sympatho-adrenal system. The efﬁeotq of
' the alpha—adrenerglc blocking agent, phenoxybenzamine (PBA), .
adminis stered durlng ‘one seq‘of cold tests to all Sheep 1n ‘."‘
Experlment III, appear to have demonstrated a clear @gf* ' a
, ference between the constant cold anlmals and the anmals‘ of
+° . the cother two groups.‘ The contxol ‘and fluctuatlng co ﬁ
“770 . animals were unable to re-establish thermal- equilibrlum at
| ; , any tlme durlng the cold tests with PBA and thelr heat pro—
"-ﬂf ctlon was iower than it was 1n the acute cold wlthout PBA.f
e ‘*Zﬁe constant cold group was able to re—establish thermal




Tl ) P ,‘,,;;,ng—:

co- . . M - 'r g‘
-equllibrium dbout 1 hgu: after“the start f the cold ex~ °

,gusuré « _ Their raté. Oi htat PI’OdULLlUH ‘wa

tlmo than durlﬁg the - oold testd wlrhout PBA and ;1gn1f1cant~  ' :f

~ -

highér ét this

ly hlqhor thaq_thn heat produgt%on Of the ather two ggoupe._
Plagma glucus< and <U§ticoid vaels erc extrcmo]y high Jn“
the f)uct tmt 1rrq Cold qnmp It Ggan be (‘Qpcludui ; hat. PBA <} :
had' a l‘t)ng effect . on th_e mdxumun hee 1L ploduct iun of tle
control -and flugtuaﬁlng ¢cold. dnlmq& but not of th ton- :},‘

stant cold anlmaJC- The @o(hannbmrof this &ifecf Jb not

]

known . ST I T : )

TR .
EEEE . N
. »
. .

Undex tho (ondrtxons of these cxperuntnt ‘the

L

io,ll()wlng gengral ole) (,lus:bon‘» oan be dv‘z}wn
’ VIV,K;,‘:’, “/‘; | 7. , y
1. Shorn shﬁep-wererable to adapt tofliving in
| two typcs of cold env1ronments wlth dpproxi~

matoly e@ual 24’ hour thgrmal dcmands,v There e

werc some dlffErCanS betwcen the Justments \

made to the two. an1ronmentb. owever, it is
impossible to draw definite c cluéioné from ?
measurements of concentrations of the plasma ’
) constituents studied. o - /
.
2. Warm and cold exposed sheep were’éble to re-
' ‘ establish thermal equilibrium when exposed for /
up to 6 hours to a severe cold stress (- 28 c)y.
Large increases in hea; production and a’
‘lowering of skin temperatures, indicative of
e _)Vasoconstriction . occurred., Large incréaseéf
- ~ in concentration of the various plasma con- = y
. stituents were suggestlve of increases in mo-
ol L ‘“billzation’of 11p1ds and glucose . Reasons for | 0
o ’subseqpent decteases 1n glucose are not known L '

,It is possxble that even Yower air temperatures

;’ 4 Coie
; .




W

’

b ! . ' -

ma¥y have resultced in differences between warfm
and cold exposed animals.

qypngos in thevpﬁsponse to sevoere colé Stress
After 4dministrJt}on of phenoxybenzamine to
warm“ané cold acclimated sheep suggested the
existence of some type‘of métabglic adaptation
fn pnimals exposed to a continuous ¢old en- )
viromnent that was not present in the aninals
acelimacedlto fluctuating ccld and that was not |
apparent in the constant cold animals during
acute, scvere cold &tress alone. There appearcd
to be a Jimitation of heat production in the ‘
animals of the control and fluctuating cold

groups as a result of phenoxybenzamine. s
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APPENDIX I

Description of Sheep Used in_the Experiments

Sheep | B.W. (kg)l
_Experiment NoO . . Group Breed Sex I 1T I1T
I- Series 1 12y . 52 ¥4 .
59y w
275/ S W
65y S W
88y S W
I-Series 2 A8 3 o Ed
400 L E 7
308 L E  75.5 .
487 L E 86
' I-Series 3 65y s W 96.5
| 88y w 98
I-Series 4 48 L E 89.5
308 L E 70
1028 L E 83
400 L E 78
1T & 121, 8230 cc®-1 s wW- L 74.5 77 . "
8240 CC -2 S W 72 73
8281 CC -3, S W s8 59 ~
gx84 cCc -4 S$ W 72 7%
8287 FCT-1 s W 83 84.5
‘ ‘8292 ,FC -2 S, W 79.5 80.5
8286 FC -3 S - W iy 77.5 73
8288 FC -4 S’ W 775~ 77
' 8289 cont8-1 s W. 68.5, } 73.5
8285 cont -2 S . W 72 75.5
’ 8145 Cont -3’ 8 ' W . | 44
o 8196 cont -4 S W <« v 67.5
T goay weignt 3 Lincoln O Ewes 7 Flictuating Cold
2 sugfolk 4 'wether 6 congtant cold % control

i
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a jAPEFNDIX 11

Reaqents and kquipment . ,

1.

Extraction Mixture
A0 parts Isopropanol
10 parts Heptano
1 part 1 N HZSOA

=

Stock Buffer -
0.5% Phenol Red in 0.12M Sodium Barbital
s v
Color Reagent

99 ml absolute Ethanol
200 mly fleptane
1 ml stock buffer

4. Standdrd Palmitate Solution {
0, 0.5, 1.0, 1.5, and 2.0 pmoles/ml in hebtané

5. Matched sot 'of cuvettes and a set of screw capped test

tubes ~ 19 x 150 mm. ‘ ‘ :
y f

6. Spectronic “20" colorimeter(Bausch and Lomb) .

Procedure

1. Place 0.5 ml Of plasma, blank heptane, or standard in
a screw-capped test tube and add 6 ml of: extractlon
mixture. Shake for 1 to 2 minutes.

2. Add 3.6 ml of heptane and 2.4 ml of distilled water.
Shake for 1 to 2 mipnutes and allow phases to separate.

3. *‘Pipette 4 ml of‘theJuﬁpér‘phase into a cuvette.

4. Bubble Ny th ough the solution for 10 seconds and add

6 ml of colo® reagent while. continuing to bubble No»
through the sélution for a further 15 seconds.
Immedlately stopper the cuvette.

r e
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Allow each sample to stand for 40 minutes and then

recad all cuvettes at 560 mp on the colorimeter. Expand
the scale by setting the blank at ,10% transmission

and the 2.0 junole standard at 80% transmission.

A wider range of concentration can be analyzed by
increasing the concentration of sodium barbital in®
the stock buffer from 0.12M to 0.15M. Standards as
high as 5 }mu)]é/ml can be analyzed. The highest
standard used should be set on 80% transimission.
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APPENDIX IIX ¢
’ vy

. a \ ) . s
Procedupe; for the Determlination of Ketone Bodies in Plasma

From: Baker, N. and RfQWhite- 1957. Simplified micro-
method for the colorimetric determination of total

8 ketone bodies in blood. New Zealapd J. Sci. Tech.
38: 1001~1008. Also in Chem. Abstr. 54: 14345. 1960.

Reagents ahd Equipment

\\\\ A o | \
{

Llicylaldehyde — 204 vol/vol in 95% ethanol.

2. 0.34% Ky, 07
3, 7.6 N NaOl
4. . Alcoholic

5. An acetone standard containing 0.01 mg/ml in a dark

bottle and stored in a refrigerator.
\

6. Teflon tape.

7. Drying oven and autoclave.

8. 19 x 150 mm Kimax tubes witﬁatéflon lined screw caps.
9. Small tubesrapprqximately 60 .x 8 mm. "

10. Spéctronic "20" colorimetérkBa;sch and Lomb).

11, Protein—ffee b{p@d filtrate solutions:

5% zZinc sulfate
0.3 N Barium Hydroxide

'~ When titrated against each other these two reagents
'must be of equal folar concentration. The final pH of the
solution in“plasma should be slightly acidic, approximately
pH 6.5, to optain a clear filtrate. :

Procedure ' ‘ ‘ ‘ ‘
1. Prepare a protein-free blood filtrate. Measure 1 ml of
" plasma, dnd 4 ml of distilled water into a test tube and
3'~mix;‘fAdd;ﬁ.5fml Ba(OH) 5, and mix. Then add 2.5 ml

- zihc sulfate and miX.: Next, centrifuge for about 10 min-

' utes at 1450‘ﬁ;g;avity;,f | - - ST

2. Measure 2 ml OF 11.7 N HyS04 into the jarge test tubes.




3. To the above add 2 ml of protein-~free filtrate and
2 ml of water and mix.

4. Measure 1 ml of 0.34% KZCr207 into small tubes and
lower one carefully into each of the large tubes so
‘as to keegp the solutions. separate.

5. Cover the threaded portion of the Kimax tubes with
teflon tape (2 turns) and then tighten the screw caps

firmly. *
6. Héat the tubes for 15 minutes in the' drying oven at
110~120°¢, s

7. Remove the tubes from the oven and invert them to mix
the solutions. Thoroughly mix the solutions by dinver—
ting and shaking several times. Reheat far 30 minutes
in the gutoclave at about 120°C and 15 1lbs of pressure.

8. Prepare standards by pipetting 3 ml, 2 ml, 1 ml, and
. O ml of the standard acetone solution (0.0l mg/ml) into
tubes containing 1 ml, 2 ml, 3 ml, and 4 ml, of water
respectively. Add to each, 1»ml of 11.7 N H,50,4 and
1 ml of 0.34% KyCr,07. Mix by.swirling, but do not
heat. ’ £ S L
{ t

-

Color Development

1. To the unkﬁowns, standards, and blanks add 6.0 ml of
7.6 N NaOH and mix thoroughly using a vortex mixer.

2. Add 1 ml of alcgdholic salicylaldehyde, caﬁ the tube,
and quickly mik thoroughly using the vortex mixer.
3. Heat in a water bath at 45-509¢ for 40 minutes. . ,
T ' (f ' A ¥ '
4. Allow the tubes ahd solutions to cool for 40 miputes
' to develop the color and them read at 490 mp in the
Spectronic "20". - ! . ‘

@)
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APPENDIX 1V

” s .
Spectrofluorometric Method for Corticosterone or ]

Hydrocortisone (Cortisol) Determination in Sheep Plasma
. ‘ ' '
\ o
Note: Both corticosterone and cortisol fluoresce in
sulphuric acid and are not separated ‘by the procedure.
However, cortisol 1is the predominant steroid in

“sheep . ; l

Bush, 1.E. and K.A. Ferguson.‘ 1953. J. Endocrinol.
10: 1-8. ‘ ‘ * .

- Coghlan, J.P., M. Wintour, and B.A. Scoggins. 1966 .
Aust. J.. Exp..Biol. Med. Sci. 44: 639-6064.

Method Adapted From: * .
, Silber, R.H., R.D. Busch, and P. Oslapas. 1958
,‘ Clin. Chem. 4: 278-285.

Martin, M.M. and A.L.A: Martin. 1968. J. Clin.

‘ Endocrinol. 28: 137-145. |

. Reagents and Equipment

1. 0.9%  saline solution.

2. H,S0, - Ethanol(ratio of 4 vol. H,504 to 1 vol. of
-~ Ethanol). The sulfuric acid was 95-98%. The ethanol
was 98%. This solution was prepared fresh eaoh day.

3. Methylene chloride - purified by passing it through a
column of activated sillca-gel(grade 12, mesh size-
28~200) . .

4. - 19 x 150 mm test tubes with teflon 1lined screw caps.

‘ ) . 0

5. Farrand Manual Spectroflurometer. :Farrand‘obfical_

_Co., Inc., Mount Vernon, New‘York.

6. Stéﬁ ard cortisol solutions of 0. l 0. 2 0;3, O.h,kanq f
0,5 hg/ml and 'a‘blank’ were used, Standard$ were made
. ap in absolute athanol. o T o

- b |

“3,

Procedure H':.' e ‘,A, SRR - |
S 1.0 o 1 ml. of plasma in a’ screw capped test tﬁbe add l\ml
: . of 98% ethanol. Mix thoroughly by shaking and then f
centrifuge for 10 minutes ‘at 900 x grav1ty.‘ .

. -'D‘.‘

xS
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One ml of the supernatant is placed in a clean screw
cdpped tube and diluted to 5 ml with 0.9% NaCl.

Fifteen ml of methylene chloride are added and the
tube is rotated at 30 rpm for 10 minutes and then
centrifuged for 10 minutes at 900 x gravity. :

The aqgueous phase (top) is removed and discarded.

The methylene chloride is washed with 1 ml of water
by shaking by hand for-15-20 seconds and centrlfuglng
for 5 minutes at 900 x gravity. The aqueous phase
and any precipitate between the two phases are removed
and discarded.

Ten ml of the remalning methylene chloride are placed

in a clean test tube and 2 ml of the H —~ ethanol
solution are added. The tubes are shaﬁen by hand for
three, 30 second periods at 30 second intervals. The
tubes are allowed to stand until the phases are separate.
The methylene chlor{ée (top) is theh removed and
discarded. o ’

One hour after the addition of the acid-ethanol solution,
the fluorescence is read at 470, mp excitation, and
520 mpa fluorescence, wavelengths.
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APPENDIX Xa
Tﬁyroxine—l4§ Disappearance from the Plasma of the Warm .
Acclimated Control Sheep of Experiment I7I. Ail values are Logs
of the Specific Activity(dpm/ug 1) .
\.VA N
Control control Control
Time (hr) ! 2 1 2 1 2
- 2-3 4.17 4.20 3.97 3.86  3.83 4.01
’ | 4
4-4.5 4.09 6/10 3.83 3.75 3.87 3.96
7-7.5 3.95 4.00 ~3.78  3.66 g -
) -
20.5-21.5 3.78 3.74  3.57 3.51 3.72 3.82
24-26 - - 3.41 33:3 3.66 -
< o / . f '
. 28-30 3.70  3.63 _  3.41 3. 3.57 3.57
. 44-44.5 3.56 3.60 o+ -~ - 3.43  3.40
+ ‘ N ) i‘l :
46-48 . - - .3.22  3.25 3.40 . 3.45
; B SN R / | '
e '52-53.5 .~ 3.50 ' 3.46 3.19  3.28 3.37 3.50°
: : . o ."‘-,
B & \ - - 2.99 " 3.06- - o -
L 73.5475 - 3.43 3.29 - .. 3.8 3.33
- 98.5 e ERT - . 23,02 -
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APPENDIX Xb

i

Thxroxine~l4c Disappearance from the Plasma of the Constant

Cold (CC) Atvclimated Shecp of Experiment IT.

‘Logs of the Specific Activity(dpm/mpg 1) .

Al

values are

Week 1 Week 2 Yeek 4 Week-5

Time(br)  CC-3 CC-4  CC-1 C€C-2 CC-3  CC~4 _CC-1_ CC-2
2 4,09, 3.90 3.63 4.10 A4.02° 4104 4.13 4.14
4-6 3,98  3.81  3.75 3.92  3.99 4.02 4.00 4.10
‘7-8 Yzl - - - 3.92  ~  3.83 3.86

20-22 - 3.54 . 3.73 3.61 -~ 3.62 3.62  3.61
é’ i :

23-25 3.54 -3.42 - - 3.54  3.64 - -
27.5-28 - 3.48 - < 3,45 371 - ~
30-32.5 3.38 3.38  3.69 3.47 3.42 - 3.53 3.4l

435 - - - - - 3.45 % -
46-47.5 3.16 ©3.21 3.44 3.39 _3.15 3.30 3.41 3.46
51.5-53.5 - ~ v 3.40 3,26 - 3.210 A -
54-55.5 3.07 - 3.07 - - 3.14 - 3.36 ., 3.36

‘ ",: ) o (:‘:) . |
71.5-73  +2.93 - .3.37 3.18 2:87 .3.14 - . -
76 .- - - - - -~ 314 -

T -

a ﬂ‘, “' {‘ ’
e 2 \\l N
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APPENDIX - Xc

/"h roxinc- 14C Disappearance from the Plasma of the Fluctua-
Shyroxine- — ¢ Disapped o

ting. Cold(FC) Acclimatoed Shee 5 of Experiment II. All Values
Ling. \S Lea oheep b };1 3

are Logs of tho Specific Activity(dpm/ug 1) .

Week~1 T_j@gk:&__ Week~4 e Week -5
Time (hr) FC-3  FC=4  FC-1 FC-2 FC-3 _FC-4 FC-1 FC-2
2-4 - 3.98  3.43  3.92 3.98 3.72 4.2 3.79  3.76
' - -~ . 3.88 3.91 - - 3.710  3.72
6-7.5 < » - 3.62 3,51*3.71 3.79  4.11 3.63  3.77
20-22 3.50 - 3.50 3.61  3.78  3.81 3.46  3.67
24-26" . 3.41  3.66  3.46 3.44 - - 31%6 3.52
2729 3.36;, 3.60 L. s - - -
2957305 - - 3.48 3.37  3.63 3.71 - -
39.5 | 3-?8 R 2 . - -
45.5-46,5 - - 3.25 3.314 3.43 -~ + 3.18 3.38
4955005 37 - o - .
53;5P54f5 3.14  3.34 1 3.13 3.13 E'3.42 3.54, '3.09 -
71-71.5 - 3.19. 2.99 3.03 - - '2.85 3.20
74.5-75 | 2.95 - == 3.20 3?29" - -
78 T AR S - 2.84  3.05
95l3;g8 "iziea ': _   ;..~§, 3.03 13.07 _2;72 2.93
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