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ABSTRACT T L ) —_—
YR oo k A g " ‘
o . % - S a

Y ; " The utlllzatlon of carbohydrate -and fat by o

r&%snants for cold induced heat product1on was studled in

close}y ahhrn cwes, vThree sheep Were "warm condltl_ ed" in

a chamber maintained at 18 ¥2°C and another thrée were

- ; ' - o =, ,

~"cold conditioned" in a chamber maintained at -2 12°c for;ﬂ
_ -

1

“a minimum of 4 weéks prior to "éﬁy trials,’ Isotoplca)). ly
lqbelled glucose dr palmltate was contlnuouslx/lnfused into.
hthe‘sheep.durlng each trial in which sheeptwere exposed to

18 iz, -2 12 or -24 +2°C .in either a fed or fasted state. .

satisfactory. Therefore parameters of palmitate metabolism

The recovery of labelled palmitate'from plasma was not

were estlmated from the plasma palmitate - concentratlons ‘and

the SpeC1flC act1v1t1es of the 002 produced

o 8
4

In most cases the hematocrits and heat production
‘of sheep exposed to cold (-2-or =24°9C) were higher'and the
respiratory quotients lower than‘those of sheep exposed,

to warm (18°c). . j L D

Sheep chronlcally exposed to 18°%¢ had an average
glucose flux of 1. 24 mg/mln/kg when fed and 1. 13 mg/mln/kg
when fasted Approx1mately 19% of the glucose,fluxes in,
these sheep were ox1dlzed to C02 which accounted for approx—
imately 3. 5% of the total’ heat productlon in both fed and
_fasted states. Palmltate accounted for a 51m11ar rcent of g

the heat production as glucose when the ‘sheep were 'in a fed

\



.state, however the estimates of the percent q%at.production.

from palmitate were 2-3 times greater when the® sheep were

“im a. fasted state. Fasting generally increased the percent

of the‘heatoproduction derived from palmitate in both warm

and cold cdﬁditionedfsheep’and decreased the percent of ,

“the heat production derived from glucose in cold?conditioned';

-

'sheep."The percent of ‘the heat'production derived from
;”glucose and palmltate in fed “sheep chronlcally eXposed to
-2°C was approx1mately 125% and 28% greater, respectlvely,
than those observed for fed sheep chronically exposed to

18 C. ' The percent of thé heat prbductlon derlved from
glucose and palmitage 1n.fed warm conditioned sheep acutely

. I ) : . . * .
exbosed to -24°C'was’ approximately 125% and‘200%‘greater,

~

reSpectlvely, than those observed for the warm condltloned
‘sheep chronlcally exposed to 18 °¢. The cold conditioned
‘sheep kad hlgher rates of glucose oxidation and slightly

hldwer rates of palmitate oxidation than warm conditioned

sheep at either 18 or -24°C when fed. 'However, the percent .

4

of the glucose flux oxidized to CO,‘in the cold conditioned,
sheep was less than that of the warm conditioned sheep
‘when fed and became even less when fasted.

& S o .
t is concluded that carbohydrate as~Well.as {at

'are utilize - for’ cold 1nduced heat ﬁroductlon in numlnants.

Further, cold, condltlonlng enhances the role of glucose in-

heat productlon in fed sheep«

oy

.
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INTRODUCTION _ \

o . \ ! .
// !k Large numbers of rumlnants exist an naturally
cold regions sutb as Western Canada. ‘Livestock producers
1n these-reglons must be'aware of tﬁe effect of cold «

environments on anlmal productlon if they are to eff1c1ently

feed and malntaln their anlmals. ‘An understandlng of
: ) o

anlmal homeothermy 1ll better equlp us to evaluate the

- ~ e e T

effects of cold on anlmal eroductlon. ' . )
B ‘ ° .
g " The contribution of the major substrates ‘-
, - : s 77
carbohydrate, fat and protein - to' the'increased heat

production assoeiated'dith cold exposure in ruminants is

] in doubt. ‘Bn the basis of resplratory quotlents (RQ) p
Graham et al (1959) and Blaxter and Walnman (1961) suggested
that sheep and cattle, respectlvely, utilized fat as the
‘sole SOurce £ energy“for the 1ncreased hegt productlon.n
-Paée amd Chenler (l953) made a similar_suggestion for rats
on the basis of RQAmeasuremeﬁts. Howerer, in 1966, Masoro,
after resiewing the available literature'coneluded that.

Aalthough fat'ls a major fuel], all three energy sources -

fat, caﬁabhydrate and profeln - are used for cold 1nduced

N [

thermogene51s\, HlS conclu51on was based masply ‘on measure1,
[

ments of nltrogen excretlon in rats and studles on rats
" where 1sotop1cally labelled glucose and palmltate were
used. . e SR SR

. = T § 3 .
In ruminants the majority.of ingested carbohydrate,
: :,‘ . : S



. / . : . . .
. . * R , . \ . q .
. R R l e
is converted in the ruﬁen to volatile fatty ac1ds (Eldsen - - -
-and Phillipson 1948 and. Heald 1952) thus- llmlting the

amount ‘of carbohydrate avallable for absorptlon. Rumlnants,

'"unllke monogastrlcs - must therefore rely largely upon

endogenous formatlon of glucose (a major anlmal carbohydrate)

to meet the1r metabollc requlrements for gl cose. Thus,. _
ts e TN

there is. Stlll some doubt as to the ava1lab1 ity and

_ 1__ ———————

”'utillzatloﬂ of glucose by rumlnants for the increased heat

’

product1on assoc1ated with cold exposure. o | C
. : : ‘. P

. o ‘ i v . }

+ The present the51s w3s undertaken to determlne,

L

whether ruminants utlllze glucose as well as fat for cold“'

’

1nduced thermogene51s. Isotochally labelled glucose and
palmitate were used to monitor glucose and palmltate .

metabollsm 1n sheep acutely or chronlcally eXposed to warm
. . °©

or cold temperatures. . &
. . . [

- ! . - é . T'lé ', ‘



Animals which regulate heat production and heat

loss to maintain body temperature are calledfhomeotherms.

Most mammals and blrds fall into thls group,(Brengelmann

and Brown 1965) 'Homeotherms must’ decrease heat loss,

3

- increase heat production or both to maintain body temperatu

. when exposed to cold. Heat loss is primarily regulated by

physica; means whereas heat production is réguiatedvby\

- _chemical means. @xémples_Qf”ﬁhsmphysical_means»whs:ebym_u

.,

’an animal can regulate heat lqss are: piloerection, postura:

changés and altering‘the blood flow to the periphery.

Physical'mechanisms of Conserving heat are limited in the

temperature changes. with Wthh they can- c0pe. . When

%emperatures fall below thlS limit additional ‘heat is
produced by oxidative processes (Evans 1956 and Ca¥son
1963) That temperature below whlch heat productlon 1n an

anlmal fﬁtreases is referred to as the anlmal S lower cr1t1c

temperature (Blaxter 1958) _ Heat productlon in cattle

(Blaxter and Wainman 1961) - and sheep (Graham et al 1959)

‘b‘have been inéreased by exposing the animals to controlled

%#$1d environments. Webster (1966) and Webster et al (1969)

reported thatounder severe‘cold stress the heat production

uof adult sheep .may be 1ncreased by as- much as five tlmes

the fastlng heat productlon. :

~ The capac1ty of an anlmal to 1ncrease its rate

. of heat productlon 11m1ts 1ts res;stance ‘o severe ééidau

: T8



1nf1uenced by its” prev1ous exposure to cold temperatures
(Hart 1957 Héroux 1963 Masoro 1966; WebsteYoet al 1969-
Slg; 1972; Young*1972 ‘and Young and Chrlstopherson 1974)

" 'Slee. (1972) found that the re51stance of sheep to body

. cooling (measured during acute cold exposures) was
generally 1nareased by botH prev1ous chronlc and acute‘
cold egposures. The resting heat productlon and the -
capacity. to 1ncrease thlS heat productlon during severe

' cold stress’ were observed by Webster et al (1969) to\be
enhanced by prev1ous exposure of sheep to controlled cold
temperatures. Although this work may be confounded by the
increased food intake of the sheep when exposed to cold
_recent results of studles on cattle fed at a constant level
were publlshed by Young in 1972 and Young and Chrlstophersm
Al974 which 1nd1cate that there is 1ncreased heat productlon

in rumlnants adapted to cold even when there is no direct

cold stress .imposed.

,The'increased heat production associdted with )
/ .

cold may utilize energy substrates Wthh would otherwise °

l
‘

be/avallable for productlon. The _purpose of thls rev1ew

of llterature is to attempt to answer-the follow1ng

0 2

questlon3° »:ﬂ_‘ | . o,
1 What substrates_cah be used by an animal for heat ~ -
production? L
[ ' \ . ‘ .
2. Whgt factors affect the avaiiability of the Substrates?

/



in the ruminant for cold induced heat production?
e '

A. Substrates Used for Heat Production

In this sectlon we will be attempting to answer
. , .
the questlon- What substrates can be. used by an anlmal for
Lheat production? There are only two sources of energy

substrates normally avallable to an anlmal One source is

the"anlmal S .own body and the other'source is the

“animal's diet. .

- a) Energy substrates from body_'

The body comp051tlon of a mature rumlnant is
‘approx1mately as follows (Crampton and Lloyd 1959): ®

R

' Water . 41 - 57% .

PFat 18 - 4% -
Protein o : 15 - 17%
ash o 5L ax
Carbohydrate:'l K -‘?41%.

Only . fat proteln and carbohydrate can be used by the -

‘anlmal as energy substrates.
Fat is usually:the most abundant energy substrate
_'and is dlstrlbuted throughout the body in the adlpose

tissues. In terms of protectlon from cold, fat plays two )
‘roles; i. it can act as a source of energy for heat d



Lo
. . i

productlon and iie ‘when distributed subcutaneously ' it
increases thermal 1nsulatlon thus reduc1ng tﬂé,requlrement

for greater heat productlon.
. . \

' Protein, a major component of muscle is ‘also
relatiyely abundaht inttheuanimal;body; However, the
maintenance'of protein mass'is crucial to anfanimal's
fsurvival (Cahill et'aI‘1970). Amino acids, the components
of.protein,’can be oxidizedvdirectly‘or may first be‘conyer1
to glucoss via gluconeogenesis and ‘then oxidized (Ford and

Rellly 1969). 'The direct measurement of protein or‘aminoA '

acid utlllzatlon was not attempted in the present study.

L} Pt

- Carbohydraté'isftound in the:body chngly in &
'“the<form of llver glycogen, together w1th small amounts
of muscle glycogen and blood sugar (Cramp n and Llofd
1959). Since carbohydrate is less than 1% of the total
body compos1tlon it is evident that the amount of glycogen
is limited (Cahill et al 1970; and Milligan l97l). The
'glycogeh,'when brokenldown into smaller compounds, yieldsﬂ
glucose which can serve as.an emergency fuel:for severe
stress or’ act1v1ty (Cahlll eE al 1970).- Pernod et al-(1972)
suggested that the amount of llver glycogen in dogs may be
a 11m1t1ng factor durlng.acute cold exposure,because of )

the large hepatlc glucose output. Duning prolonged'cold

,texposure, the avallablllty of carbohydrate depends on the

'



mobilization of glucose from glycogen, the rate of
SR ' o oo L
carbohydrate Ebsorpt'on from the gut and the rate of

oo
gluconeogenesis.

* -

b)/ . Energy substrates from diet

"~ Fat, protein an carbohydrate are the major

énergy substrates present in the diet. o 2

Fat'usually makes up a‘sr¢ - portion ( <3%)7df
hort chain volatile fdtty .

e

,the”;uminagtigidiet;__Howeyerjw‘
" acids are formed from carbohyerRS in the;ruméngquyfofﬁ 

a significant pd¥t of the absgrbéd energy. .Seely et ai ’
"\1}967) sqééested thét the v;igéile fatty acids (VFA's)
éupply 60 - 80% of the daily.metabqlizable energy intake
"of sheep. Aéetate, propionate and butyrate.afe the
vprincipie“VFA's arising from ferﬁentation in the rumen.
A 50 kg:éh?ep receiving 806 g of péllet?d alfalfa hay
daily absorbs ?etwéen.lob and 250 g of aéetate, gb and.
..:60 g of propionété and 5 and lS'g'of‘butyrate per day
(Ford 1965; Bergman and Wolff 1971). , Bergman and Wolff
§(197l) foﬁna that  the turnoverybf aceta%e by the liver in ’
sheep accouhted\for ohiy‘4 to 14% of itslﬁet tu;nover‘and-
héncé'acetate mﬁét be utilized extensively;bysothef tissue.
‘Little‘or'hé butyrate appears in the portal blood (Annison
‘et al 1957; and Bergman and Woiff'lQ?i) since the méjo;iﬁy'
-of thé‘butyrafe is either;conVe;ted to thé ketone-B;hYdrOXY-

g , , . \
butyratée by the rumen epithelium (Leng ahd West 1969) or is

— B o )



taken up by the liver (Bergman and Wolff 1971). In vitro
studles support the theory that rumen epltﬁallum converts
substant1a1 quantltles of the butyrate to B-hydroxybutyrate

(Pennington 1952- and. Hird and emann 1964). Propionate

may be: utlllzed to a 11 extent by the rumen eplthellum

and 1s /the
/ .
Annison '1963; and Bergman and Wolff 1971) with the result

vise largely removed by the llver (Leng and

‘that levels of prOpionate in postehepatlc circulation are

negllglble.
e - Ny _ ) R o ‘
° The recommended crude proteln content of a
rumlnant ration is 5 to 15% on a dry matter baS1s (NRC \g

<

1970). Approx1mately 75% of the 1ngested nltrogen in the

orude proteln fractlon would be absorbed in the form of

_amino* acids. Amino acids can be used dlrectly as energy
substrates. Ford and Reilly (1969) found that 55 and 68%

of the free amino acids were Odelzed dlrectly to CO; in
, 3
sheep fed hay containing 49 g crude proteln per day or ‘a

grass nut d1et contalnlng 88 g crude protein, per day,

_respectlvely.'
A

The largest*portlon of the~ruminant's dlet (80 85¢

1s carbohydrate. However, bacterial fermentatlon in the

i

rumen reduces thJLmajorlty of 1ngested carbohydrate to :

VFA S (Eldsen and Phillipson 1948; and Heald 1952) and A
hence only a small portlon of the carbohydrate 1ngested '
is absorbed as glucose (Heald 1951; and L1ndsay 1961).

The small dlfference 1n glucose concentratlon observed

between portal and carotld blood in sheep (Schambye l951~

A



and Annison et al 1957) indicates a<ﬂoﬁ{ratev3f dlucose .
. 4w Y

absorption from the gut. On the basis of measurement$ of
o ' L * :
the net rate of glucose absorption via the portal bldod
_ i

in sheep, Bergman et al (1970) concluded that‘qlucose*

absorption from the digestive tract did not occur inf »
suff'icient amounts to significantly augment total glucose
avéilability. The amount of carbohydrate from'roughaée

diets escaping fermentation to volatite fatty acids is

'small, althdugh thgnaméunt from concentrate diets mdy be

_ _appfeci’ableA (Lindsay.1970).. ,‘.,Ho_vzeve'r Bergman et _al (1970)

.found that more giucose was utilized by the portal drained

viscera of‘sheep than was absorbed regardless of the diet

which indicates that the requirements of sheep for glucose

t

| are greater than that supplied by the diet. Therefore

.......

ruminants must rely on éndogenous.synfhesis of glucose to
et thei;\daily requirements (Ford 1965; and Balléfd et al

2269). What.thén'are the fequiremepts fqr.glﬁcose in a

runtinant? This is an‘impoftanf question since an increase

in glucose demand imposed by cpld must also be met by

T

endogenous synthesis. ” P S {

:/' )

.C) Glucose requirements of ruminants

~

Aceﬁate, the,p;iqciplé VFA absorbed from the
gaétfoigtestinal tract.is a majbr.éhgjgy substréte (Annison
and Lindsay‘1961).whose role aé a fuel has been comparéd'
by-Lindséy (1961) to.that.of glucose'in the noﬁ-rﬁhinant.j

*
° .



Acatate may”be oxidized d1rectly for energy or may be
J- ~
9 1ncorporated into

.

) acetate 1n?the rumlna t may be analogous in some ways to
2

glucOse in the non-rumin

at stdres for later use. Although

t,_1t can not meet all the

inant.  For example McClymont
¢ :
o demonstrate any uptake

demands fggfglucose in the r

fand Setchell (1956) were unable

.’ o

vof acetate by sheep's brain in vivo, however,‘glucosex'
uptake Qas substantial and its complete oxidation:could‘

~account for thé whole of oxygen consumption of this tissue.
.Signiffcant,amounts~of~glucosefarerutilized~by*neurai;"fetai
and mammary tissue rand portal drained viscera of ruminants
‘(Eergman et alf19f0); .Glucose is requd ed for -the
carbohydrate moiety of glycollpeds, nucleic ac1ds,

mucopolysaccharldes and for the glycerol of glycerides

(Ford.l965).

Giucose also appears to play an important role
in the metabolism of lipids. .The oxidation-of glucose via
the pentose phosphate pathway is an important source of
‘-reduced nicotinamide adeninedinucleotide required for
fatty acid synthésis (Ford 1965 and Ballard et al 1969).
In vitro experiments in rat adipose tissue indicate that .
glucose and giuconeogenic substrates enhance lipolysis
(Masoro and Panagos 1956; Ho 1970; and Ho et al 1970)'
Jarrett and Potter (1957) suggested that carbohydrate was

!&equlred for the formation of oxaloacetate and tnat the

,concentrat;on of oxaloacetate is a limiting factor in the_

"“ . Y



'.oxidation.of acetate through the tricarboxylic acid‘cycle.
If oxaloacetate is a limiting factor for the oxidation of
‘
-acetate it would also be 'a limiting factor for the oxidatio

of longer chain free fatty acids.

N

b

v ‘ Thus thete is ‘an apperent requirement for glucose
J d?; the ruminant as in the monoggstric. This is-reflected
"in the ‘fact that there is: little difference in the rate
of glucose utilization between ruminants and monogastrlcs
Awhen the rates are eXpressed 1n terms of sufface area
(Baxter et al 1955) or body welght (Annison and White
1961; Kronfeld and Slmesen-1961; Ford 1963; and Ballerd
et al 1969). Since very little glucose is égsorbed in
, ruminants, these tequirements must be met by the convers1on

of other substrates within the anlmal_to glucose.

. . J
d) Sources onglucose“forfruminants

Oﬁ,the three,ma;or VFA's - ecetéte, propionate
and butyrate.—:only prOpiénete makes a net contribution |

to clﬁcose{synthesis (Black et al 1961; Annison et al
1963;,Bergmah 1963; and Annison and Linzell 1964) althouéh
all three may stimulate gluconeogenesis (Lehg ahdvAnnison
l963; and Ballard et al 1969). The stimulation of
glucdneogenesis by the VFA's is belieyedlto arise from

the activation of pyruvatevcarboxylese by.short chain acyl
coenzytie A molecules formed in the liver from the VFA's " o
(Balla?d et al 1969). ;Theiactivation‘of pyruvate carboxylas

~increases_the rate of-formatiop-of oxaloacetate, anvlmpoftar

N



substrate for glucopeogenesis. ' .

on the basis of published results, Ford (1965)
1estimated that,dietary p;oplonate and absorbed glucose
could supply only 33 to 67% of theAtotal glucose require-~
ment. In contrfSt, Lené et al (1967): found that énough
‘ propionate was produced in the rumen to account for %OO%
\lof the glucose fequiremeiksl howevér, upon measurement of

pr0pion%te conversion to glucose, they found that only

54% of the glucose was derlvea dlrectly from proplonate.

Howevet, Leng s estimates account for only the direct
conversion of propionate carbon to glueose carbon.‘ It is
probable that during the catabollsm of proplonate there

are exchanges of carbon and hence proplonate may contribute”
more carbon to gluconeogene31s 1nd1rectly. For example,
'1f~labelled propionate is metabollzed to oxaloacetate (OAA)
and enters the unlabelléd'OAA pool it is quite‘likely that
‘unlabelled OAA may in turn be used for gluconeogenesis.

YN

!

. “~Two . minor VFA'S, valeric and isobutyric, are

potentlal precursors for glucose synthe31s however, they

make up only 2-4% of the total VFAs (Leng 1970).

As well as glucose from VFA's ‘some :may be deriﬁed
from amino acids. By the infusion of a mixture of 14C—amino
acids. into sheep and comparing specific activities of
plasma amino ac1ds and glucose, Ford and Rellly (1969)

'estlmated that between 11-17% of the glucose.was derlved



from amino acids.. Howéﬁer, as pointed out by Lindsay-
/(1970), the yalidity of such studies'ie'questionaple since

- it is mot known to what extent plasma amino aeids_equilibrat
‘withltissue‘aﬁrno acids or whether the eéuiiibratioh‘is
similar for all amino acids. There are 'also large
differences in the'ability of amino acids to contribute

to glucose eynthesie. Wolff et.al (1972) estimated that

amino acids contribute less'than 25% of the glucose.

" In times of active fat mobilization such as
occur in undernutrition or starvation, tte glycerol
releasédvfrom adipose tissue contribﬁtes significantiy to
glucose synthesis;{iprgmah 1968) .

Table‘lrfrom Leﬁg's review (1970) of "Glucose
'Sy@thésis in Ruminants" summarizes the possible”eeurcee'
‘qflglucose in a.35 kg sheep rece;ving 800 g ef alfalfa
chaff per day.

’

‘ Propionate end amino acids-have the greateet
potentlal for glucose synthe51s in fed sheep and may -
account for 40-70%: f the glucose turnover (Bergman 1973).
Glycerol largely'replaces proplonate as a glucdose precursor
 1n the fasted anlmal Amino ac1ds=1n the fasted anlmal

account for approx1mately 70% of the ‘glucose’ requlrements

(Bergman 1973).
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Table 1. Possible Substrates for Glucose Synthesis in Sheep
(Leng 1970)

Potential for glucose

. s ' L , . synthesis . - |
Source of Glucose - S (g/day) ; (mg/min/kg)
Ruminal propionate 85-90 - | 1.69-1.79
Absorbed glucose ' .5 7 0.10

3k, - . i
From glycerol of fat origin ' 6 "0.12
‘'Ruminal valeric & isobutyric acids " 19 0.39
Anino acids from digestive tract . 55-65 1.08~1.28
rotal —oom o T 1900185 3.38-3.68
. , o - S
Irreversible loss of glucose , 86 1.71

’ Since the glucose requlrement of ruminants must
'ibe met by other body substrates it is. p0551ble that glucose
mlght be. spared durlng times of 1ncreased energy demand such

as that seen w1th cold

e) Possible glucose sparing mechanisms in ruminants'

Fastlng ‘may . cause ketone productlon to 1ncrease
"in both ruminants (Palmqulst l972-land Leng and West 1969)
"and monogastrlcs (Masoro l966~ and Cahill et al 1970).
. During prolonged fasts in humans, the ketones replace a
major share of the braln s glucose requlrements (Owen et al_
~l967). Ketones. are formed by the incomplete ox1dat10n of -
_fat and therefore the fllllng of glucose requlrements w1th

ketones will sparo glucose and hence proteln at the expense:



ot-fet;ﬂﬂA'similar mechanism may exist in- ryminants.
‘ - 1,.(. . e
The recycling of glucbse-Carboq via theﬂCori
. cy ie'might also be an impertant means of spering glucose
when gluconeogenic substrates are low (Leng 19;65: It is
"also possible.that gludose products might be used as
eatelystsvto*increése'citric acid cycle intermediates, so

.that more FFA could be. oxidized which in turn would spare
. . b' )

" glucose.

Unlike the monogastric, the ruminant converts

very little glucose to FFA, and both the liver and adipose

(tiSsué have low {evels of the key enzyﬁes of the'citﬁate
: cleavageepathway (Ballardtet'al 1969);. Similarly gl@cose
does.hot §eild FFA inethe‘mammary tissue of rumihantswi
(LindsaVy 19713t - Thus gthOSe is spared in the ruminéht"

by the low conversion rate to fFA. | J

Glucose and proteln may be spared by the actaon of

'growththofmone in times of 1ncreased energy_ demand. Tge'.
concentration ongrowth'hermone in the plaSme is ihcfeased
:w1th stress (cold pa1n,~surglca1 stress, apprehens1on, etc.)
fastlng ané exercise (Grodsky 1971). Olsen and Trenkle . (1973)
‘ifound 1ncreased leyvels of growth hormone in cattle exposed
to controlled subzero temperatures. An excess growth hormone
‘has been 1mp11cated in the etlology of ket051s (Seekles
-'1948; and Krenfeld~1965) and,pregnancy toxemla (Reid 1968)

. in ruminants. ‘It is well known that growth hormone  impairs



: _— 4 . -
@slucose utilization (Hollobaugh et:al 1968; Astwood 1970;

N

and Grodsky 1971) and stlmulates ‘fat moblllzatlon (Knobil
and HOtChleS 1964; Astwood 1970; and Grodsky 19]1). Hence,

there are fea51ble mechanlsms -which may act to spare glucose

°

in the ruminant, however thelr role in cold thermogene51s

L . . 1

is not well understood. _ i

B. Aveilability'of Suﬁitretes
7 ‘ Mahy factors. affect the availability of substreteS'
_in animals. However, in a study of the effects of cold on _
subetrate utilizetion factors such'es groﬁth, pregnancy ané
.laetationAcan'be removed pr.etgdied separately and therefonn
they'will not be eonsidered here. {%eviewe.on the‘effects

of growth and reproduction on gluéese utlllzatloﬁxcan be
found 1n the llterature (Fora 1965 Leng 1970 Lindsay 1970-"
- and Llndsay 1971) 'However, the effects of nutritional ‘
status ‘can not be separated fromrthe effects of celd on’

substrate utilization and hence a brief consideratien will

.be given teo thls tOplC as it relates to the theme of the

the51s.

Nutritional status™and substrate avaiiability

Substrate aVailability and blood leGels are
determined by the nutritional statuS'of.an enimal In a
Jecent review, owden (1971) related ‘the nutrltlonal status

ofgrumlnants to the concentratlons of free fatty acids (FFA)
‘ 3
and ketones in the blood. The concentratlon of plasma FFA

(

)]

/



t\to 4 h after eating (Annlson 1960) and then gradually

in sheep 1ncreases before feeding, decreases to a ‘minimum

B,

- increases untll thebnext feeding (RuSSelqﬁf al 1967).

T ————

Varlatlon% in plasma FFA levels in cows related to feedlng

times have been observed by Hartmann and Lascelles (1965)
and Kronfeld (1965). Furthermore with ‘pro Snged starvation

the concentration of FFA and ketones continues to increase

whereas glucose concentration decreases (Patterson et al

v

1964YI”AThé’gféater-FFA utllizatlon"aSsoéiated"With'fastfng‘

results in hlgher ketone productlon (Leng and West 1969;

Bergman et-al 1970- and Palmquist 1972). In the fed an1ma1

‘78 -94% of the ketones are derlved from butyrate, however,

the source of ketone productlon is shlfted towards FFA with -
fastlng (Leng and West-1969)‘ 4Ketones appear to enhance

FFA ox1datlon (Wakll and Bressler 1962) and/or depress FFA'

moblllzatlon (Menahan et al 1966).

= 'Bergman and‘coworkers (1968) calculated that the
glycerol released w1th the moblllzatlon of FFA prov1des
about 25% of the estlmated giucose requlrement of fasted
sheep., The remajinder of the glucose: needs during fastlng
are thought to be supplled largely from amino ac1ds
(Bergman 1973).' R ST o
The fed ruminantvderives-the majority of its

'dally energy requlrements from ‘abgorbed volatlle fatty R

..

ac1ds (Bergman et .al 1965). Durlng tlmes of undernutrltlon

or fastlng FFA moblllzed from body stores largely replace



. . _ I 1
'the role of the volatlle fatty aC1ds... He supply of- glucose
.precursors/ﬁo meet glucose requlrements is shlfted from
propionate and absorbed amino ac1ds to glycerocl and amlno
acids moblllzed from body stores (Bergman 1973). Likewise

the "amino ac1d supply is shifted from absorptlon from the

‘gut to mobll;zatlon from body protein stores,-

‘c. Substrate UtiliZation for Cold Induced Heat Production'
, _ .

( Graham et al (1959) and Blaxter and Walnman (1961)
bestlmated the quantlty of fat proteln and carbohydrate
dissimilated completely in ruminants exposed to dlfferent

-'temperatures from nitrogen metabollsm, methane productlon,
oxygen consumptlon and non-proteln reSplratory quotlents.
They concluded -that the source of’ addltlonal ‘heat in sheep
(Graham et.al 1959) and cattle (Blaxter and Walnman 1961)
exposed to temperatures below the1r critical temperature
was entlrely increased fat catabollsm. Similar estlmates

v-based on resplratory-quotlents led Kayser.(1937) and Pagé
and Chénier (1953) topconclude_that fatvwas used exclusiyely

- for the increaséd'heat production of rats_eXposed to acute
or chronic_cold.waw S | : : ' o

Yo

,f' . The exclusive use of fat for cold induced heat
‘production in the rat was.widely accepted for a time but
was-questioned by Masoro in'1966. Liver glyCogen reserves,

_in the rat are rapldly depleted on 1n1t1al exposure to

cold (Masoro et al 1954). Depocas and Ma31ron1 (1960)

Cmctareee d.



using'U-14 C-glucose found that a similar proportion of the
COy (approximately 20-22%) was derivedofrom glucose_in'fed
rats whether they uefe exposed to warm, or aoute or ohronic‘
_cold. This reveals that the increase in.glucose metabolism
in rats exposedrto,c%ld'is.groportional to the increase
;invtotal catabolism and‘hence prohahly‘heat production.
Klthough a smaller proportion‘ofjthe Coé.is derived from
dglucose 1n the fasted rat a 51m11ar reSponse to that
‘found in fed rats ‘was observed with exposure to cold
 (Depocas 1962;t o |

‘ The‘participation of gluCOSe_in cold induced

" heat production in,the'rat is further supnorted by the
enzyme changes observed during cold adaptatlfn of rats by

' Nakagawa and Naga1 (1971). .W;thln‘twelve hours of- cold.

. exposure they observed in rat.liverﬂan”inoreased actiVity‘
.of phosphoenoleruvate oarbOXYkinase and'serine dehydratase,
two key gluconeogenic'enzyﬁes; In contrast:hey QIYCOIYtiC
:andilipogenic enzymes in theéliVer,were found to decrease

. in activit’ Within 72 h. The‘giycolgtio;enzymes in.muscle
increased These enzyme changes suggest that 1ncreased
gluconeogene51s in response to cold supplles glucose as

a source of energy for shlverlng muscle (Nakagawa and Naggi

[y

1971) . -

Protein catabolism also increases in rats upon

cold exposureowhich-is-evidenced by -the increased urinary -

—



nitrogen excretion with initial (You et al 1950) and
prolonged coldf(Young and'Cook 1955). On the basis of
increased‘urea con&entrations in the liveryandhblOOd
plasma'of:cold exb%sed rats, Nakagawa and'Nagal (1971) o
sugdested that'proteins'or amino acids are utiliaed as -

substrates for -cold induced gluconeogenesis even in

animals on a carbohydrate rich diet. IR .

m/NUJ“ After revrew1ng the llterature On rats, Masoro -
(1966)-came to the ‘conclusion that fat is not the exclusive
fuel nor is it preferentially utilized for the increased

,heat productlon associated W1th cold exposure, but rather

that the utlllzatlon of all avallable substrates is 1ncreased

. The questionsariseS'aS'to Why'the RQ value may.be
a poor 1nd1cator of substrate utlllzatlon in v1vo. Ih4
”calculatlng the contrlbutlon of substrates to heat productlon
from_nltrogen metabolism and:nonfproteln respiratory quotrents
(RQ's) it is assumed.that all the substrates are completely'
'ox1dlzed Wthh may not’ be the case.. For example, Via‘the
. Cori cycle glucose released from the liver is catabollzed
i to lactate by muscle with the release of energy. The
lactate is then returned to the llver where it is resynthe—‘
51zed to glucose. The 1ncreased glucose utlllzatlon with
actlvatlon of the Corl cycle is not reflected in" RQ s ‘since
it is an’ anaerobic process w1th no loss of carbon d10x1de.

Glucose could also be converted to’ pyruvate by anaeroblc’“



glycoly51s and hence\to OAA which requires the ‘uptake of

COy and therefore lowers RQ. If OAA levels are 1ncreased

in the body, whlch they most llkely are in tlmes of increased
,/yetabollsm, then RQ would be decreased as a result. However,

this decrease would be 1nterpreted as 1ncreased fat metabolism .

with no recognltlon being glven the 1ncreased glucose

utilizatlon. As well .1nterpretat10n of RQ s do not account

for the 1nterconver51on of substrates. For example, }f

'glucose ‘is converted to fat thls would increase RQ whereas

.amlno ac1ds contrlbutlng to gluconeogenes1s would depress
uncorrected RQ' s;‘ If_all the nltrogen from the amlno ‘acids .
contributing- to.gluconeogenesis are excreted in the-urine{f
then the 1nterconver51on can ‘be accounted for by t se of
"non-proteln RQ's. However there may be a substantial amount
of nitrogen recycllng in anlmals, espec1ally in rumlnants.ﬂ
Thus although RQ's may be good 1nd1cators of gross chandes
w1th1n the anlmal e.g. depletlon of ‘fat stores, they have
llmlted use as 1nd1cators of substrate utlllzatlon in v1vo.

. As: preV1ously mentloned it was concluded on the |
basis of RQ's that the addltlonal heat of sheep (Graham et al
1959) and cattle (Blaxter and Walnman 1961) exposedako cold is
.entlrely fat catabollsm. The use of RQ s.for sheep and ‘cattle
as the sole basis for thlS conclu51on,‘as for the rat may be-
1nva11d. Patterson et al (1964), Bost and ﬁbrleac (1965) and
Halllday et al (1969) have observed higher plasma FFA concen-

tratlons in sheep exposed to cold. Calvert et al (1972)

'_found that hypothalamlc cooling in an ox increased plasma

U O



FFA concentration. These results support the conclusion
'that-fat is‘an;important substrate‘for cold thermogenesis.
JHowever, Halliday et al.(l969) also.found higher levels of
blood glucoselin sheep held at 8 than at 30°¢. Acute
exposure of these sheep caused an initial sharp rise in
glucoseiconcentration subsequently followed by a rapid

decline. The deline may have been due to the depletion of

the llmlted glycogen stores., Karlhaloo et al (1970) found

that the glucose concentratlon 1ncreased as temperature
decreased in overW1ntered ewes. Thompson et al (1972)’h
7 suggested that FFA in o#ttle may nds be the only substrate

oxidi/zed in the cold.?

Although‘the»information on substrate utilization

for cold’induced‘thermogenesis in ruminants is limited,

available results suggest that'substrates other than fat

[

‘may be used. Since rumlnants depend on endogenous. synthe51s

of glucose to meet their’ glucose requlrements, they may be

llmlted in the amount they can supply to an increased

demand 1mposed by cold or they may produciiglucose -at the :

expense of other body tissues. ‘Bergman (1973) suggested
that the supply og glucose precursors and the organs that.
ynthe51ze glucose could be llmltlng factors for the

,anlmal s overall product1v1ty and even for its surv1val.

A more dlrect method than the use of RQ, such as radlolsotope”

tracer studles, should be con51dered for the assessment of
the contrlbutlon of varlous substrates to cold induced heat

production.in ruminants.
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MATERIALS AND METHODS ' ' o

In order to determlne the relatlve part1c1patlons

of glucose and FFA in ¢old induced thermogene51s in
!

rumlnants, contlnuous 1nfu51on trials using isotopically

' labelled glucose and palmitate were run on fed and fasted

sheep exposed: to acute and chronlc warm and cold temperatures.

Trlals were run on fasted\\heep to accentuate the role of

v

: body stores and/or endogenous synthesis of energy substrates.

A. Experimental Animals

)

“"The - study ‘was done at ‘the. Env1ronmental Laboratory at the

Unlver51ty of Alberta.

-

Sik'mature'Lincoln ewés.were selected from the.(\
Unlvers1ty flock;on the" ba51s of their 51m11ar1ty and
w1lllngness to accept experlmental conditions 1mposed\\pon

them._ Throughout the study the fleece length of the sheep
: ; ’

- was malntalned at less than 5 mm by close cllpplng every

¢

ten days. In addition each sheep was closely Cllpped 3

to 4 Qays prior to its use in a trlal The sheep were kept

in metabollsm crates under contlnuous -light. Three of thé~
sheep were fiwarm condltloned"fln a chamber (S X 9m) malntalned

/ v _
at 18 +20C whlle the other three were "cold condltloned"v'

. & chamber (3 x 4m) maintained at -212°C. The sheep were

kept . in these chambers a. minimum:.of 4 weeks'prior to the

initiation of the trials. HOWever durlng this prellmlnary

pericd the sheep were exposed and tralned to the exper1menta1

-

, condltlons.‘-

PN



"The warm conditioned sheep received }OOO'- 1500 g
and the cold condltloned sheep 1500 - 2000 g ‘of'alfalfa
pellets daily. The ratlons were adjusted W1th1n thesev
d ranges’ accordlng to- the loss or gain of weight of- the
-animals. The chemlcal analy51s of the feed s given 1n_A

Appendix A. Both grouif of.. sheep were fed once dally at

1700 h.
?

whlch were fed the day precedlng a trlal and therefore had
‘ eaten 11<12 hours prlor to the trlal : "Fasted" sheep
refers to sheep wh1c§§Were not fed the day precedlng a

Y

.trlal and therefore ‘were W1thout food 35~ 36 hours prlor to

'Eée trial. - . g
‘ ' v “,.‘ /‘)

B. Experimental Procedures

f"-"

7

Approximately 14 hours preceding a trial; a
'7polyethylenevinfusion catheter {;Erl90 Intramedic,‘CIay
Adams) was inserted‘35 cm into'the~left‘judular vein énd,
a 51mllar sampllng catheter 15 cm 'into the right |
Jugular vein. The sheep was then placed in a métabolism

crate w1th1n the experlmental chamber (3X4m ) at a

temperature of 18 + 2 Cr

Flgure 1 1llustrates the arrangement -of the sheep'
and assoc1ated apparatus durlng a trlal. The 1nfu51on
_fand sampllng catheters whlch gﬁtended to the outs1de of

the chamber were wrapped W1th heatlng tape (Wrap—on Co.



Figure 1._ Arrangement’ of .Sheep and Apparatus During a Trial
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Manuf., Chdcagdt U.S.A.) and tiberglaES insulation.‘
Continuous infusions were given‘via the catheter inserted
in the left jugular.withva.Harvard Infusion Pump (15703F
Harvard Apparatus‘Co. Inc.) 'which was connected toaan
automatic electric timer set to start the pump:ateOSOO h
the morning of a trial;°\§etween~0800 h and 0830 h a
- resplratlon mask was placed on the sheep and connected via
an 1nsulated and heated rubber hose to '5 respiratory gas
| égé_lysg_rg_ __B_lﬂvsd_samp,l_e;s, were taken via the catheter _ _ _ . .
ihserted in the right jugmar. |

S .

The sequence of events for the trials is illustraked
~ in Figure 2. The experirmental chamber was maintained at

18 *20c for-an additional five hours after the start .of an

[y .
K

. ihfusion. This five hour warm period was followed by a
five hour acute cold'period during-which théicoolers were
'turned on and the room Was cooled as guickly as posséfie
'to -24,i2°C, After the flve hour acute cold period the
‘coolers were turned off and the chamber ‘doors opened to
allow the warmer external air to exchange with the "cold
air”’in the chamber. ThlS one hour period is. referred to as
the recovery period. ’ ReSp;ratory gases were monltored from.
the.fourth.hour of the warm period to thelendrofﬂthe
recovery period. . Biood‘Sampies”werevalso taken during this'

time as indicated on Figure 2. ‘ » S .

Additional trials of short duration were run on

~
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the cold conditioned. sheep.j These trlals were similar to
those descrlbed above except that the temperature’;; the
experlmental.chamber was malntalned at -2 +2 C rather than
118 +2 C durlng the 1n1t1al perlod and these trials were
‘termlnated after 5 hours of 1nfu51on."

‘ K _ : :
C. " Experimental Designi o ) .

The' experlmental de51gn is outllned ln Table 2.

- There" were a total of six sheep, three warm”condltloned -
~and three cold condltloned These sheep were either in

a fed or fasted state for éltrlal . Trlals in Wthh
contlnuous 1nfu51ons of glucose or palmltate were used are

' referred to as glucose and palmltate trlals respectlvely.
Glucose and p31m1§5te trials of long duratlon, that isi
where the\chamber temperature was changed from 18 to -24 °c
after the fifth hour, were made on-all sheep in both fed

and fastéd states. The exposures to 18 and -24 C in each

of the trials of long duratlon are shown separately in . |
‘Table 2 and in the folIOW1ng tables of similar format.:
”Glucose and palm1tate~trrals 1n wh1dh the chamber temperature

was -ZOC; that is the trials of short duratlon, were made

only on thefcold conditioned sheep.

In thlS study an acute exposure refers to the

-exposure of an anlmal for 5 to 24 hours to &, temperature
-9

. 2

other than the one to which 1t was- condltloned A chronlc

.
1%

- exposure. refers to an- anlmal in the same temperature it

\ —~—
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waS'kept for a minimumlof 4 weeks. A mlnlmgm of 3 weeks
was allowed between acute exposure of sheep to minimize
the effects of previous acute . exposures on - subsequent

trlals.

D. Infusates : ) . _ i / )

14

. U-"" -glucose (CFB-2 Amersham/Searle Corp ) was

dlssolved in 0.9% sterlle sallne contalnlng 0.01% glucose

—-carrier-to gl--ve—Aa---speCJ.-fi-c- ’&Ct’lVItY'“Of‘ ‘approx1mately "2uc/ml".‘““"“'

This solution was'infused at a rate of 0.075 ml/min which

resulted ‘in an 1nfu51on rate of radloact1V1ty of approx1mately

AO 15 uc/mln.

1- 14 C—palmltate (NEC 075 New England Nuclear)

was dlssolved in ethanol (250 uc/ml). Approxrmately 0.5 ml
of thlS solutlon was added very slowly, whlle stirring, to
10 ml of plasma'whlch had.been‘obtalned from the sheep when
the jugular catheters were 1nserted (approx1mately 12 h

" before the 1nfusate was used). This solutlon was then

'dlIuted slowlva1th 0.9% sterile saline to glve a final_

cohcentration of approximately~1.8 uc/ml.  The solution was

infused into the sheep at a rate of 0:075 ml/min. The rate

- of isotope infusion was therefore approximately 0.12 uc/min.

E. - Blood'Sampling.
- The arrOWS in. Flgure 2 indicate the times at which

10 ml blood samples were &a\sh The sampllng catheter was

flushedelth heparlnlzedfsaulne 1mmed;ately before and
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affer taking each sample. iSaﬁples were taken.with

“heparinized disposable syringes and t;ansferfed to

centrifuge tubes. Two small el%&doee were taken for -

mic:o-ﬁematocrit determination Aﬁé the remaihing'saﬁple

was immediately eentriguted at 2000 X G for 10 minﬁte%.'

The plasma Wee reémoved with PasEeur,pipettesrand immediatelyp;'
. ) _ | T

frozen at -25°C for subsequent analysis.
o . g : 518

R S Anar};y'tical ‘Procedures - “"""‘"" T

d) Respiratory gas anelysis o Co I
v Oxygen, earboh.dioxide and isotopically labelled
' ]
carbon in the expired gas of the experimental sheep were

contlnuously monitored during the trials using 1nstrumentat10n

“for anlmal calorlmetry similar to that descrlbed by Young

(1974). The mean respiratory gas values.measured 7.5 minut
before to 7.5 minutes after blood samplingrwere used in
_this thegis, ) 'ga . - : v'..'
| |

b) Glucose concentration - ' . A

S R N

The plasma'glucose concentrationiin;the glucose

‘ trials was determlned enzymatlcally by the Glucostat
Method (Wbrthlngton Blochemlcal Corporatlon, Freaﬁold _ ‘ PR
New Jersey) . |
c) Specific activity of glucose W
Glﬁcose was isolaked from the‘plaema as the - T
d T . . . . _

. _ S . o o o . .-
glucose pentaacetate derivative for“thejdeterminatti;of

, ¢




: »
v .

specific activity by liquid scintillation spectrometry as
described by Jones (1965) w1th some modifications. See

Appendix Bl for the modified procedure.

.

d) Separation of free fatty acids (FFA) . -f ' , .

.

. "The FFA were separated from the plasma obtained
in palmitate trials by a modlfied Dole and Meinertz (1960)
procedure (Gee Appendix B2). Ind1V1dua1 FFA were separated
di'as methyl esters (see Appendix B3 for. preparation of =
methyl esters) by gas chroéatography at 220°% with a 12 foot
élass column packed with ac1d washed Chromosorb W (01-0136
Supelco, Inc,.,) coated with 10%.Sllar—5CP'(0827O Applled '
Sciences Laboratories; Inc ). The concentration of
1ndiv1dual FFA was determined by flame 1onization in a
Bendix Gas Chromatograph 2500 (2532 3 Canadian Dynamics
Ltd.) and results were recorded on a Photovolt Recorder
(Microcord 44 Photovolt Corp.). and by a Digital Integrator

-

(Vvidar 6300-02 Canadian Dynamics Ltd., ).

e) Specific aétivitf”ofvpalmitate

‘Palmitate was-collected after it passeddthrough
the.gas chromatograph byfplacing cigarette filters'(V-Master
Ltd.) over one channel.of'the gas chromatographrcolumn
. splitter at the appropriate time; ‘The filters were'
prev1ously soaked in 5% 5111cone 011 (710 Fluld Dow
, Cornvng Silicones Inter—America Ltd ) pentane mixture

‘and then dried. The.rad1oact1Vity,1n the filter.was
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detgrmined by liquid scintillation,(Hammarstrand et al 1969).

G. Calculations . —

Q

a) Respiratory quotient (RQ)

The reSpiratory quotients of 'the sheep were

.calculated by d1v1d1ng the mean carbon dioxide productlon

over a flfteen mlnute .interval by the mean oxygen consumptlonj

. over .,the;_same Antervalae . .

COs production {(ml/min)

SO
Q 02-consumption (ml/min)

L 4

b) Heat production (Hp)

Approx1mate1y 4. 892 calorles are used for each ml
of oxygen consumed (McLean 1970). Therefore the followlng
equatlon was used to calculate the heat productlon of- the

' sheep from the mean oxygen consumption over each 15 mlnute

WY
*

gnterval. - : ' Lo

. .'. . e “ r‘l
‘ Hé ~02 consumpﬁion (ml/min) X”4.é92 (cal/ml) * -
teal/min/kg)= =] . Body wt (kg) i

S

c) Specific activity (SA)

1

"The. specific activity of a radioisotope sample

" i the amount of radloact1v1ty per unit amount of materlal.

(Wang and Willis 1965).' The follow1ng formula was used in
this study.

sa _ uc of radioactivity
(uc/mg C) ‘mg of carbon -

1

.33.



RESULTS
For ease of reading and "interpretation the results
have been presented in the following order:

1) General observationms.
2) 'Graphicfpreséntation of‘a typical trial. '
3) Each parameter measured has been summarized

and presented in a table (Tables 3-8)'Withva standardized

T format. Statistical summaries are also givéen in these .Y

oL -

tables. -

[ 4 'ﬁ'
4) Detalls of ‘each trlal and all measurements
_taken durlng the trial are- presented in the Appendlces - -'kgx

(C1 = C33). .
L . » . :
‘ ' 5) A number of parameters weye calculated
from the results. The Calculaﬁions used to derive these,p

parameters are therefore presented. . o

6) Each derived parameter has been summarized ..’

and presented in table ferm (Tables 9 - 13);
'7)  An overall summary of the results and

. * ) : K .
derived. parameters is presented._ . . ! 0

'A. General Observations

At the commence ent of the study the’ body welghts
of the sheep ranged from 65 to 85 kg.- The weights of the
‘warm condltloned sheep wer quite variable (4 kg) however

’

—khe average net change for the experlmental perlod (Jan. 5 =

-



June 5, 1972) was less than '2 kg. Desplte a higher. level of
feedlng the cold condltloned sheep. lost an average of 10 kg
body weight over the 5 month period. - The sheep lost as
much as 3-4 kg of body welght when fasted. The cold
condltloned sheep were slow to recover this welght and
often did not return to thelr pre-trial welght. Despite

an . increasgd offering of ratlon after sheep were fasted

fthe «cold condltloned anlmals often left feed ‘and body

' welght tended to be malntalned at a new lower level.“ One

of the cold condltloned sheep (#1330) refused to eat any
(r- .
food after a trlal ln whlch she was fasted. . She was removed

4

from the ‘cold condltlonlng chamber however she dled

»

approx1mately one week 1ater. Because of the loSs of this

.anlmal 1 glucose and 3 palmltate trlals could not be -

'completed. - "'ﬁl. g , — '_ S L

Generally cold“conditioned“sheep were more -
1rr1table, whlch was shown by gross body movement and
tOSSlng of” the head than were the warm condltloned anlmals.

ThlS dlfference was particularly noticeable towards the |

end of trlals where the exposure temperatures were 18 and

-2°%c. Slmllarly the. anlmals when fasted tended to be more 'j -
1rr1table than when in a fed state. The anlmals usually |
changed thelr behav1oural activity when the coolé%s were

-turned on for the acute cold exposure (- 24 C). —Fer—examsle~—_______
anlmals which were restless towards the end of the 1n1t1a1 ' |

perlod'at 18°%¢ ceased their head tossing activity once the .
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coélets were turned on and remalned falrly qulet except for

“‘the occass1onal scraplng.of the flcor of the metabollsm crate

w1th thelr fore foot.-

Flgure 3 and 4 1llustrate the results of a.
typical trial. The results shown are for a warm condltloned
sheep (#1090) in a fed state.A The measurements .were made
durlng an 1n1t1al perlod in whlch the chamber was at 18 °c
and a subsequent acute cold perlod in Wthh the chamber
‘was rapldly cooled to =24 O¢c. "Measurements were—-also taken
1n the recovery perlod durlng which the chamber temperature
1ncreased to 14 c. ! -

Oxygen consumptlon, carbon dloxlde,productlon,-'

' hematocrlt plasma glucose concentrat10n,"spec1f1c act1v1ty

of co from glucose, plasma palmltate concentratlon and .

2
speC1f1c activity of- CO2 from,palmltate all 1ncreased
whereas ‘the - -specific act1v1ty of plasma glucose decreased

when the temperaturelof the chamber was. lowered. In most .

Qcases the measureqiﬁ:s obtalned during - the recovery perlod

tended to return towards those obtalned in the pre-acute
cold perlod. | A ‘ | o
Only those measurements obtalned between 240 and- ,/
300 mlnutes and between 570 and 600 m1nutes, 1llustrated
by A and B in F1gures 3 and 4 have been used in the tables
'of results (Tables 3- 8) ‘ The means and standard errors of
the means presented in Tables 328 are based on the measure-

ments from three trials. made on dlfferent anlmals except where

. _
Spec1f1c act1v1ty of C02 measured during the 1nfu51on of
U-ldc-glucose or 1-l4c-palmitate. :

36 -

B
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Figuré-3; Resultsgéf a Typlcal Trial in which a fed warm
conditioned sheep (#1090) was exposed to different
environmental temperatures. All parameters were taken from
Appendix C2. Measurements taken during time periods A and B

are used in the summary tables (Tables 3- 8)
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,Figure 4.

Results of a Typidhl Trial (cont'd) in which a

fed warmn conditioned s
to different environmental temperatures.
“were taken from Appendix C2 except for palmitate parameters

heep (#1090) was exposed

All parameters.

which were taken from the correspondlng pa]mltate trlal
Appendlx C2O . .

(uc/mg c) 20
xIO'

40¢
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xio"% 36
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. SAcfCOy |
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.

only'two animals were available and hence only two trials}

were completed.-gThe,results from the recovery period

(Figure 1) are not suﬁmarized'(Tables 3—8) The. measurements

taken during the recovery perlod are in Appendlces Cl-C33.
The results from the recovery period are drawn upon for the

: i
dlscuss1on where they-ass;st in interpretation. '

A standard format has been used to present the

‘results. For example;\Table 3 p'42 is a summary of the

QEmatocrlts obtained from the glucose and palmltate trlals.

~

The hematocrlts have been grouped 1n columns accordlng to

the:exgosure temperatures at whlch measurements'were taken.

_The.table is divided into rows according to yhether the

sheep'were fed or fasted andhfurther'subdivided according
.to whether thev were warm or cold—conditioned For example;
g&om Table 3 the mean hematocrlt for fasted warm condltloned
sheep chronically exposed to 18°C was 32 9%. Where p0551b1e

the results from- glucose and palmltate trlals have been

combined in the ,ast three columns of the tables to give an =

overall mean. - Statlstxoal comparisons of the means from

» 1palm1tate ‘and glucose trlals were made- Wlth the Student s

'_wbe51de the overall

t test’ (Steel and Torrle 1960). ;fgf

~

means from the, glucose and palmltate trlals. ' ;;’¢¢(

Five statistical.comparisons were made for the

Kresults)summarized-lrlTables 3-8.. These comparisons were

Al

‘39 .
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umade’for'the'sheep'in'both‘fed and fasted states.

Comparisons T were between the warm and cold conditioned
'sheepfat;their conditioning temperature (18 and -2°C
reSpectively) which is a comparison of chronic warm

eéxposure and.chronic cold exposure.

Comparisons II were between warm and cold condltloned

‘ sheep when exposed to 18°%. as 18 °c was the condltlonlng

'“temperature for the wafi conditioned anlmal this was admﬂ“"

o

chronlc exposure srtuatlon whereas to the sheep prev1ously

condltloned to -2%" it was an acute exposure.
age -

Comparlsons III 1nvolves only warm condltloned sheep exposed

to 18 and -24 C Tho measurements obtalned at the two

~exposure temperatures were ‘compared. -

N
\

domparisons IV involves only cold conditioned sheep exposed
to 18 and -24OC. The measurements obtalned at these two |

exposure temperatures were compared.

A
P . €af

Comparlsons V were between warm and cold condltloned sheep

acutely exposed to severe cold (- 24 ).

*

Tt

40

Comparisons I, IT and Vv were tested for statustlcal

c"'&ugnlflcance by the Student s t test for comparlsons df\"

WA

unpalred means whereas comparlsons'III and v weregt sted

for %tatlstlcal s1gn1f1canCe b Student s t test Yér palred

‘means (Steel and Torrie 1960).




‘B. Hematocrits

‘Hematocrits obtained during_the glucose and

AN . .
Ca . ~ A W ‘ .
palmitate trials are summarized in Table 3. The hematacrits

measured during corresponding glucose and palm:tjye trials

‘~@sh0uld be.similar-and therefofe the combined reSults were

-

considered.

-

The‘hematocrits of fed cold conditioned sheep

chronically exposed to -2°C were significantly greater
(P?£0.05)~than those of the sheep chronically exposed to .
18%%. Fasting-caused the‘hematocrits of the warm conditioned

| sheep to increase slightly and hematocrits of the cold.condl_

tioned sheep to decrease such that the differences.between .

hematocrits of the- ﬁasted sheep were not 51gn1f1cant

‘,‘The‘effect on hematocrits of exposing cold | -
: conditioned sheep to warm temperatures can be seen by
hcomparlng the hematocrlts of cold condltloned sheep acutely

exposed to 18 °c w1th those of warm condltloned sheep

chronlcally exposed to 18 C 'In the feqd animals, the’
hematocrits are significantly (P<<0.05) higher‘in.the cold

conditioned than in the warm conditioned animals.- These1
differences tend to disappear-with fasting.

3T

The hematocrits increased in all cases.when the

sheep were)gcutely exposed to -24 °c. The differences
between warm and cold conditloned sheep exposed to -24%

were 1n51gn1f1cant 1n both fed and fasted states.

.
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Some ;tatlstlcally 51gn1f1cant dlfferences exlsted

between g&ematocrlts from glucose and palmltate tr:.als. _Theé.

-

'

4reason for these dlfferences is not readily apparent.

Lo

' In. brief. Both acute and chronic cold 1ncreased the

,hematocrlts of fed sheep but had‘&1ttle effect on‘jagted

-

sheep. Fastlng generally 1ncreased the hematocrlts of ﬂ/’

warm condltloned sheep and decreased the hematocrlts of

’cold“cond1tloned sheepaw-The cold condrtroned sheep had S

'hlgher hematocrlts when acutely exposed to 18 C than the
warm condltloned sheep chronlcally exposed to 18 C. .
leferences between cold and warm conditioned anlmals g@came
smaller when anlmals were exposed to acute cold or when the

animals were fasted.

- : R
v

g
&

C. ‘ReSpiratory_QEotients

"\

- Table 4 summarlzes the resplratory quotlents (RQ)
obtalned in the glucose and palmltate trlals. The RQ values

have not been corgbtted for proteln catabollsm..
[
.

The RQ ] of fasted sheep were lower than those

of fed sheep in all 51tuat10ns.i
‘The chronlc exposure of cold condltloned sheep
'fgave lower RQ S than the chronlc exposure of warm condltloned

sheep, however the dlfferences were statlstlcally 51gn1f1cant

only when the" sheep were. faSted. R
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The RQ'Ss & cold conditioned sheep exposed to
. ' . r
18°C'were=not\significantly different ‘from those of the
e ‘ . . . o . . LN )

ol

| ; I.A _ . ‘ﬁ h?
.The RQ's were generally lower in sheep acutely

d

exposed to -24 than at 18 °c. -The warm conditioned sheep

warm conditioned'shqep"exposed_to 18%. N

s

had slightly higher RQ.s than the cold cond;tionedlsheeprﬁr
-during ‘acute cold exposures (=24°C) when féd'however;/}he_}

i}

n brlef. The chrOnlc cold exposure of sheep resulted in .

: lower RQ s,~” ec1ally in fasted animals, than” warm

exﬁosure of eép. Cold condltlonlng had llttle effect

,onpRQ s measured at 18" C. Acute exposure to -24 ,-and/or
fastlpg ybeulted'ln lower ‘RQ's than observed at 18 C or
in Ted anlmals respect1Ve1y.~'f, ‘ﬁ“; ‘h ,“

? - “y : " A o

R L . -i- Lok 3y : ‘ o

'.5.\uheét Héédugtions 5
Heat productlons measuqed durlng the glucose

and palmltate trlals are summarlzed 1n Tabﬂ! 5.,

results were obtalned cin most case
e
“and glucose trlals and therefore t e comﬂined results were
‘,con51dered. ‘ “; '.;" e .

N

The‘cold conditioned sheep~at —2dC had significantly

hlgner (P<?O 05) hégt productlons than the warm condltloned
»

h sheep at 18OC in both- féﬁ and fasted states.

.__"_,A - Q(' . . B : v~ . .',( . ki

-
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. , )
Both fed and fasted cold. conditioned sheep -
acutely eXposed to 18°C had 51gn1f1cantly higher (P<:O 05)

heat productions than the respective warm. condltioned

' sheep at 18 °c. NG , . )

The'heat productions'ofhsheeplexposed to acute
cold,(-24°c) were roughly double those observed at 18°c.
There were no statistically significant differences
' observed in heat productions at -24 C wh1ch were due to L

clhditloning.

.. In brief. Both acute and’ g@@oﬁic exposure of sheep to
cold 1ncreased the heat productions markedly. Cold ,
Aconditloning of sheep.increased the heat-productions

. , , &, . . A
observed in the warm'(18°C). L ]

-

E. Concentrations of Plasma Glucose and Palmitate .

i

«  The plasma concentrations of glucose and pth1tate"

obtained in the glucose and’ palmltate trials reSpectively ,

"are presented in’ Table 6. The units used in Table 6 for
expressing glucose and’ palmitate concentratlons are those
tradltionally ur . The palmltate concentration may be

converted to mg/?%o ml by multlpling the umoles/ml by 25. 64

BE. S “.

;a) Concentrationsfof plasma;glucose

None of the comparlsons made between ‘mean glucose -

concentratlons 1n Table 6 were statlstically 51gn1ficant

although some may be biologically 1mportant.
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'Sheep chronically exposed to cold had hlgher
| plasma glucose concentratlons than those chronlcally
exposed to warm in both the fed and fasted.states. Fasting
resylted in‘lncreased glucose concehtrations‘during chronic
erposures'for.both warm’and cold conditiohed sheep.‘. |

The concentratlons ‘of glucose were generally S
hlgher in the cold condltloned anlmals at 18 C than in |

'“the“warm“condltIOhed“animals“at 18 °c when either fed or’

fasted. The fasted animals aﬁ, 18 °¢ nad higher averageg
glucose concentrations than the fed animals. ; |
o w
‘The average glucose concentration - of fedfwarm
condltiohed shéep-increased:from 59.1 at .ISPQ to 73.6 mg/

. 100 ml at -24°c. Thelsame animals fasted‘had4cohcehtratjons,~
'of‘68¢8’mg/f6b ml in thelwarm and these tended'to decrease
to'about. 59.9 mg/100 ml during ac'ute.cold exposure. Q’[’he
acute cold eXposure'of cold'conditioned sheep‘appeared,éo
hzge llttle effect on glucose concentratlon. ~The gfuc%se
conccntratlons were approx1mately 69.8 and 78.6 mg/lOO ml\
for fed aqd fasted cold condltloned sheep reSpectlvely at‘

»

both .19 and —24 C.

N ' The warm conditioned sheep‘had higher glucose
'concentratlons than the cold condltloned sheep ‘when exposed

Tto acute cold in a fed state howcver thé order. was reversed

”1n a fasted state. The highest plasma glucose coacentratlons

L&
observed durlng acute cold were for the fastea cold condltloned



sheep. | o -~ :
. “ . / ’ . " : ,‘l v ) ".‘v‘
In brief . The differences in' glucose concentrations were

not statistically 31gnificant although some differedces

may have been biologically 51gnif1cant -'Chronic cold

,appeared to increase the plasma’ glucose concentrations.

Acute cold increased the plasma'glucose concentrations in

warm conditioned sheep but: had Iittle effect"on cold.
(’v . e .

concentrations observed in the warm. In most cases, with

‘the exceptiOnyof the'aCutefcold éxposure of warm c¢conditioned

sheep, the glucose concentrations were hlgher in fasted .
than fed sheep The ‘highest glucose onCentrations at alli
‘exposure temperatures were recorded fqr .fasted cold

conditioned sheep. o o -

P

(b) Concentrations of plasma. palmitate

ﬂg... The conCentrationg of plasmawpalmitate‘are
- | b ,
summarized in Table'6 Fasting increased the plaSmal

: palmitate concentration in all cases. “The fed cold

conditioned sheep had s1gn1f1cantly (P<:0 05))h1gher,.

palmitate concentrations at -2 C than dld the fed warm

conditioned sheep at 18 C.

The‘plasma palmitate concentrations in fed»cold

condltioned sheep'acutely exposed to warm (18 C) were not
< . - :
s1gn1f1cantly different than those observed for warm

: = -

ou

o conditioned1sheep. Cold conditioning 1ﬁéf¢aa§§i§1ﬁcose““""“”“'f"“
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conditioned sheep at 18°C. In the fasted animals however,

'the‘CCld conditioned sheep had signific tly.(P<:0;05)'

-

N hlgher palmltate concentrations than the warm cdndltloned
'sheep (0.28 & 0.50 umoles/ml reSpectlvely)

Acute cold eXpoSure caused the plasma-palmktate
concentratlon to 1ncrease 51gn1f1cantly (P<:0 05) in all

sheep with the exception' of the fasted cold condltloned

“sheep where ‘it decreased, Sllghtly from 0.50_to. ol47lumole/ml.l.Mlu.

Warm c&ndltloned sheep had larger plasma palmltate concen-
v tratlons durlng acute cold exposures than d1d the cold |

condltloned sheep in both fed and fasted states.

In brieg. Chronic cold, acute cold and fasting all appear -
to 1ncrease the plasma paDmltate concentratlon.' However, '
acute ‘cold dld not 1ncrease the concentratlon 1n cold
COndltloned fasted sheep. fUnder 51m11arC%reatment these
sheep were obserVed to have hlgh glucose concentratlons.

It should be noted that the treatments had a much greater.

effect on plasma palmltate concentratlons than they‘dld

. on plasma glucose concentratlons.

F. Specific Activities of Plasma Glucose
. . . N i
The Spec1f1c act1v1t1es of plasma glucose appearlng o

in Appendlces Cl - cl8 were calculated as 1nd1cated in

Materlals and Methods page 33 ‘These spec1f1c actlyltles

-.have v»besar.l..s_tanda,rd%z‘esi,,an@...swmn.arized in’Table 7 for

R R N O

w7
£



.52

- _

(s0° ov& mw% *ubt

Amx\cﬂE\oﬁv mumu conSMQﬁ mnu Kq mcH@H>H© hn @muﬂ@mMUcmum axoM wmwww>ﬁpum.owwﬂommm

S %

uesw wﬂu.wo,nounm.ﬁnmnamum % cmozw q

o

m .

- po3seg - A _ .
® pad Op¥T= mcoﬂpﬂ@c P PTOO:"sa-wrem . A
- _ paiseyd
* pad O ve= *sa mH 3e vmcoﬁuaccou @Hoo AT
- pa3sed’ :
. S epagd... 0¢Nl .m> ma um ﬁwc0auﬂﬁcoo Eumz HHH
* . po3sed , AL
- - - pad O mH Je @mQOﬂuHUGOU PTOO *sA”uLrepm HH
R . po3seq- . *dwany mcacoﬁuavcoo 3je. ;
U » paJd @mCOAUH@coo p1oD *SA Ehmz _.H
 “STeTTY . ‘ . ' ‘SUCSTIEduoy
{ 9soonyo : :
- w ] -, 0.\ [ we . : . R
; 60 03 ' S0°03 oy | .AMM\\.
: mv.H,w 8E°1T 8E°T (052~) PIUOCTITPUOD. PTOD "
) me.O.H. . .V0.0H : o
. S L9°T . R XA Ao mHv vmcoﬂua@sou wxem @wummm
| //h4 oT*0; 0T%03 SE'07 S
NG ¥8°0 z8* o 62°1 {Op2~) PIUOTITPULD PTOD.
[ L , R I
m . '80°03 grioy - S : SH —_—
. 19°1 Lo*zq Aoomﬂd PaUOTITPUOD wxeMm pad
NT4 - T8l o ! . . dedus

STeTI3 mmOUSHO

O, ¥Z- pue Nl. 81 ou uﬁw&muﬁmmmz 103 Ummoaxm pue D_g- I0 8T 0% ﬁmsoﬂuaﬁcoo

o

F

B waSm mo wmoosﬂw mEmMHm ES mwﬂUH>ﬂuU¢ Uamaowmw vmnaﬁum@cmuw ,h,mﬁnﬁﬂ



comparative purposes. The specific actiVities were - f}
standardlzed by d1v1d1ng the speC1f1c act1v1ty of plasma
glucose-.(uc/mg of glucose C) by the mlcrocurles infused-

'per mlnute per kllogram body welght (Bartley ‘and Black 1966).

-The SpeC1flC act1v1t1es of plasma glucose of the’

cold conditioned sheep at 22°¢c were 51gn1f1cantly (P<0.05) ;
lower ‘than those of the warm condltloned sheep at 18 °c in v
both fed and fasted states. Fasting durlng the chronlc f

'exposures resulted 1n hlgher speC1f1c act1v1t1es in. both

cases, | . f"\

Cold condltloned sheep acutely exposed to warm.
,,(18 C) had lower speC1f1c act1v1t1es of plasma glucose' p
than observed for warm conditioned sheep exposed to 18°c.
Fastlng had little effect on the-spec1flc act1v1t1es of

-

the cold condltloned sheep at 18 C

In most trlals the Spelelc act1v1ty of plasma
glucose decreased w1th acute cold Wlth th@ exceptlon of
i'the fasted cold cond1t1oned sheep which showed very little.
. dlfferenqe -in spec1f1c act1V1ty at any of the exposure : bwé
temperatures (18 —2-or -24 °c). The cold conditioned sheep

had lower spec1f1c act1v1t1es durlng the acute cold ‘than

the warm condltloned sheep in 31m11ar states.'

In brief. ’Both chronic and acute'CQld'resulted in. lower
'plasma;glucose'specific activities than those observed‘in

the warm'at-18OC Cold condltloned sheep had lower ' } *QZj

“SpeCIflc activities: than. warm condltloned sheep at 18 °c



and -24°C. The effecé?of fasting was to increase the

glucose spe01f1c activity.

G. gpeC1f1c Act1v1t1es of Plasma Palmltate

-~ The recoverles of 1sotop1ca}l¥’labelléd_palmltate

from plasma were quite low and th@ré'Was some cross

14‘1““&‘4441-«“
t

- contamination of label between samples. The cross .
contaminatlon of label between samples most'likely PN
'occurred w1th1n the Gas-Liquid Chromatography column C s

Therefore an acceptable dlrect measure of the speC1f1c'

act1v1t1es of plasma palmltate could not be. obtalned. A

" method for estimating the Spec1f¥9 activity of plasma
palmitate from the concentration of palmitate and thefrate

of 1nfu51on of 1sot0p1cally labelled palmltate is descrlbed
in the Derlved Results sectlon, page 62. These estlmates are
not 1ncluded in thlS section of the the81s because the
derlvatlons requlred certaln assumptlons whlch could be
questloned. They are presented in Appendlces C19~C33 if
requ1red.i_

H. . Spec1f1c Activities of COz from Glucose and Palmltate

The standardized spec1f1c act1v1t1es of explred
€O, from the glucose trlals are summarlzed in Table 8,

. The method of standardlzatlon was the same as that descrlbed
for the SpeC1f1C act1v1ty of plasma glucose.'v“ “
»

a) Spec1f1c act1v1ty of COz from glucose T _ S

 The specific.activit;es’bf COp of the fed cold

,* Spec1f1c act1v1ty of COz measured durlng the 1nfu51on of
U-14C—glucose or 1-14c —palmltate.
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‘conditioned sheep at -2°% did‘not,differ siénificantly'3
fron the fed warm conditioned animals at 18°cC. The cold
cohditioned sheep had'lower and the warm conditioned sheep
had higher specific:activities of CO, when fasted than fed. .
The difference between warm and cold conditioned sheep

.,when fasted durlng chronic exposures was significant (P<=O 05).
5 fos .

The fed cold condltloned sheep had sllghtly higher

spec1f1c act1v1t1es than the fed warm condltloned sheep at 4’ T

o 18 C. \Hgvever, fastlng decreased the spec1f1c act1v1ty
of~C02 in the cold condltloned animal and increased it in
the warm .conditioned anlmal such’ that 2 warm conditioned,had
a sz.gnlflcantly hlgher (P<0.05) specgcfactivity ja‘t 18°%¢ |

in thé fasted state.

The Specific activities of coé observed durlng
acute cold exposure were greater than those ohserved ‘at 18 C

for all treatments. Durlng acute cold exposure the spec1f1c

[

act1V1t1es of CO2 of the warm, condltloned animals were
greater ‘than those of the cold condltloned anlmals. This-

dlfferehce was 1ncreased by fastlng.

_in'brief’ Chronlc cold had very llttle effect zon the

speciflc act1v1ty»of CO2 from glucose 1n fed sheep however

3

chronlc cold caused the- Spec1£1c act1v1ty to decrease 1n

\fasted sheep.' Cold condltlonlng resulted 1n hlgher speC1f1c ;- :

) act1v1t1es .at 18 °c ‘than warm condltlonlng for fed anlmals _»; 'f
but not for fasted: anlmals. Acute cold caused the-spec1f1c

»
act1v1t1es of 002 from glucose to 1ncrease in all cases with

x‘.



in cold condltloned animals.

.

levels belng hlgher for warm than cold condltloned sheep.

'Fastlng generally 1nqﬂeased the spec1f1c act1v1ty of c02

from glucose in warm condltloned animals and decreased 1t

? .

b) Specific,activities of CO; £rom palmitate

1/‘

The standardlzed speC1f1c act1v1t1es of C02

"derlved from palmltate are summarized in the three columns

little effect on the 8pec1flc activity of co2 from palmltate I

on the rlght of Table 8 Chronlc exposure to =2 . had

&

'1n the fed animal Fastlng caused a greater increase in

”spec1f1c act1v1ty of C02 from palmltate of the warm

v

rrcondltloned anlmals than of the cold condltloned durlng

chronic exposure. ‘ &

“~

Slmllarly the Fxposure of fed cold condltloned

anlmals to,18 °c had little- effeéct on. SpelelC act1v1t1es.

!However, when the sheep were fasted the spec1f1c act1v1ty

- of C02 from palmltate of warm condltloned sheep was

8

51gn1f1cantly greater_(P<iO.95) than that of the coldﬂ
. . ~_ o

.conditioned Sheep at‘lSOCE : *’ B ' , T .,‘.@

The acute exposure of sheep to cold resulted 1n
hlgher spec1f1c act1v1tles of CO2 from palmltate 1n fed
anlmals, a decrease in fasted.warm condltloned sheep and'

-

no change in the fasted cold condltloned sheep compared

.to,18.C exposures. The dlfferences in speC1f1c act1v1ty

)



i

of 002 from"palmltate between warm and cold conditioned
sheep durlng acute cold exposure were not statlstlcally

- gsignificant.

'In brief‘. The Spec1f1c act1V1ty of CO2 fromlpalmltate trials
was- greater 1n warm condltloned sheep at 18°C than in cold |
| condltloned sheep at -2 °c wheh the sheep were fasted. The
effect of acute. warm’ exposure on cold conditioned sh¥ep was
91m11ar to that- obserVed durlng exposure to -2°C. Acute
H:tcold exposure 1ncreased 511 the spec1f1c activities of Co, L2
from’ palmltate such that there were no statlstlcally

"signifiCant differences between treatments. . ' sﬁj

~. .
4 L

The spec1f1c act1v1t1es of C02 from palmitate L

.‘A

were greater in the fasted tfgatments compared to the

kspectlve fed trea&ments whereas the speC1f1c act1v1t1es .

‘/

of CO2 from glucose were greater in the fasted treatments L

)q

of warm condltloned anlmals but less in the fasted treat— B

ments of cold condltloned sheep compared to the respectlve

fed treatments.

o . N . .
“ . et : . e
o "‘\\' s K .:f . "

R
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DERIVED RESULTS = - - ¢ s

sectibn.

“4results.

In order to better explaih the effect offcold ' {"

e '

! d’ then the calculatlons are summarlzed“}n Tables 9 ~ l3 (e

.

Y u51ng a 31m11ar format to that used for Ehe precedlng S

’

FoIIQW1ng thrs sectlon‘a smaIl summary oF the

e
vy . »

esults and derivedAresults is presented.

3
4'

'.calculated u51n9 the\fgllowlng formulaﬂ
'hGlucoSe;Flux‘
(mg/min/kg)

. ‘-‘ B

- wheré‘ uc = mlcrocurles

Calculatlons of Glucosgtparameters

. . ¥ "
SRR P Y

on glucose and palmitate metabolism a number of calculations
‘were made Based{on the results presented in the previous

THe method of each calculatlon 1s descrlbed below

\

The giucose parameters calculated 1nclude- - -; 5

Glugose flux ...a........

.
r

'% C02 from gluco% .:ooa‘t..ooqo- (3)

O;.j.oo.o. (l) ‘

% Glucose oxidized .......;;.... (2)
'y . i -

Glucose OX1datlon rate ..:..J},g 4y

(5)

A Heat product;on from glucose,
-,( ‘. . z .‘

w‘ T

2

Interpretatlon of.results*obtalned from the - : p

./-

.contlnuous 1hfu51on technlques used 1n sheep have relled

on’ relatlvely S1mple mathematlcal treatment (Leng 1970).

. Eor example, glucose fluxuper unlt body welght was.m,

r;"ufusioh fate“ Luc/mln) ik,
SA of plasma glucose (uc/m & B

& a




.
o

The estlmate of glucose flux varres dlrectly with

the rate of 1nfu51on of the 1sotope ‘and 1nvembély w1th the
& s
. specific aCthlt¥ of plasma glucose (Leng*d%?bﬁ The terms
7.‘_\‘\. .’"" K

Y

flux, 1rrever51bliLIoss, turnover rate t ﬂéfer rate,
cutilizatien rate;

renewal rate, are con51dered to be me'
, . )

basic phenomenon (Leng 1970). In thisff“‘

- - -term- £lux- has: been used. - j~~-~»»~J7

1y
’

The valldlt“ of the estlmaﬂgﬁﬁyff?afhmetégg of&
e T ) Ry o
glucose metabollsm 1s deﬁendent'upon the assuQQtlon“ %at
N 4
all glucose enterlng 1nto the system 1nstantane6usly mlxesx

-

in the sample pool and also that relgtlvely,jggédy—state v¢'ﬂ$r; s
; ‘“ ..Ew . ‘ . v )
‘ﬁcondrtrons @ . ma;ntalned tHrOughout the measurement e g

perlod (Baker et'*al 1959}{3 The Spec1flo actLV1ty w;ll - e

plateau"-lf the rate of entry of 1sotope 1nto the system

equals the rate of. . It is thlS asymptotlc value for C Y ;i;

spec1f1c act1v1ty”%h1ch should be used 1n the ca;culatlon of
. 4:»' o ry

glucose parameters 51nce 1t 1nd1¢ﬁtes steady;state condrtlons. T
/\g ,
Leng et al Ql9677’and Whlte et al (1969) fouﬂd that 1n \y%
:y )
sheep theespec1f1c radloactlvlty of plasma glucose reached‘

jé*(asymptotlc value) between 180 ‘to 240 mln after'; fﬁﬁc,_;J

the start of a contlnuous 1nfu51on of 1sotop1cally labelfed

4

& : . . o
giu&ose. All the calculations reported 1n the present" e T o

'kstudy are based on\Speglflc act1v1t1es measured between 240 ) ;
X x’ 3 . )
and 300 min after the.etart of a contlnuous infusioff! of R

» o . fge
p] i w4

rsotoplcally labelled glucose for after a change in exposure‘
NI I : Lo : & : ’ . .
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.. f
.' '
. N » -
‘temperatures.
percent glucose oxidlzed
" ", v ““\ )
The percent of gﬁb\ggdy glucose ox1dlzed to COo :

'~ was calc.lated from the following formula (Bergman 196‘
. T LB o . - ) ' "

9 -
' : . 14 expired (uc/mln) o -
. % Glucose oxidized = 'y X 100 .. (2)
‘%? . 4 A . C 1nfused (uc/mln) ‘
R ljrl“d\l»_llum C -
‘Percent, CO, from glucose
o 'The percent of the CO productlon derlved from
- glucose was estlmated from the asymptoflc spec1f1c
x R O
”act1V1t1es of. CO2 produced and plasma glucose as follows
(Bergman 1963) ‘.'_'l ,1 I ‘ . -
. L “' | | - ' ‘ s
% C02 from gluCOSe = 5A Of C02 produqed (uc/mg C)X 100 3y -
E sA” of-plasma glucose (uc/mg C)
;9 . : o . o .o tu '
\":-‘ . : A .‘ . . : LA
, - : v$
Glucose'oXidation'rate
¥
The glucose ox1datlon rate was estlmated from tbe R
% COz‘erm glucose and the rate of CO2 productlon (Bergman
196?) : - ‘ oo EE s T T
- . ’ :', - ) ‘U - ot ) ‘~"-. ce
.Glucose oxidation rate«r L ) RN : f B R
‘ (mg/mln/kg) o e A . ]
o o . PR : . . “ 4
.n.. ‘ . - ® . ’ . L . v “‘ ' . . : . 7"
SR % CO, £rom glucose Rate af 002 ﬁ;oduced (mq C/mln) S
T : 0 ---(4)
" 100 X Body wt - (kg) 'mg C in.1 mg of,glucose SO RS
k) RS ‘ "‘
: 5X. L e
. y o e
- v 5 oo,




Percent‘heat,productlon from.glucosei T e

Upon‘complete oxidation, 1 mllllgram of glucose
yellds approx1matelx“% 73 calorles (West et al 1966).

he ox1datlon rate of glucose glves

Therefore 3 73 tl

§

an stlmate of.. w,
v C_r‘ .
durlng complete oxrdatlon of glucose to C02 and thus the ~
BRI | .
' contrlbutlonupf glucose ox1datlon te the total heat _
R g
. ¥y
: productlon'of “the" anlmal R 'fﬁquercent of” the heat
o .

productlon derlved from gluebge,w 5

; "’“*"»' y Tl

te at whlch calories argﬁfeleased vh

A ]

follow1hg fermula"

% Hp from glucosd = .
R R

.3.73 (cal/mg) % Glucose Ox1datlon
: Total Hp the? anifhal (cal'
S T

"where Hp =‘$eat productlon,
‘ [} ’ Y, ) ' | C ’

It should be noted that any recycllng w111 tend

-

gbto lead to underestlmates of the rate oﬂféntry of the tracer

oy

1n§o»thewqupd and any C02 produced rﬂ*&he rumen w1ll
dl’bte the resplred C02 and’ so tend to lead to the under-.
‘estlmate of the fractlon of the C02 arlslng'ln the tlssue

from tracer‘%etabolltes. Noﬁetheless the values ....,.;..
.. I v ’
,gshow the relatlve‘lmportance of khe metabolltes to each .

other"' (Ballard st al 1969): - [

rl/‘
"

-Ba Calculations/Of'Palmltate'ParaLeters e
‘ Ty : ' :

L]
o

S ' o '
‘ } The 1solat10n and separatlon of 1sotop1cally

0l

-



LS |

.
. .
. . ) . !

Cross contamlnatlon between samples w1th1n/éhe gas-llquld ,' ‘
chromatograph column was the probable cause of the .
= unacceptable palmltate spec1f1c act1V1ty results.. The use

of palmltate concentratlon for estlmatlng palmltate

-

»utlllzatlon was: therefore con31dered

In v1vo studles ‘have. shown the, uptake of FFA by
llver to be proportlonal to the plasma FFA concentratlons
o p -dma - PRSI '_ ——

(Flne and Wlll;ams 195@ and eroy et al 1960) .‘Furthér- BN

f patmgd
-\«‘. oy Ry
'IA ’k . 4
gwaS

'starvatlon 1s assoc1ated W1th hlgher rates of FFA ox1dat10n,'
whereaJ'khe decrease in. plasma FFA concentratrons due to
0

the 1nfd.'hn of,glucose is assoc1ated.W1th decreased‘rates
. R o . ,o . ) . ;jx' . . )
of FFA oxidation (see review by Steinberg 1963). '

Armstrong et al (1961) measured the flux of FFA

in dogs by contlnuous 1nfu51ons of 14 -palmltate, under “‘éff;,r

»

~‘.

”

$
man¥kvary1ng condltlons whlch H?ought about varlatlons og

. ‘~ <

A
plasma FFA concentratlons over glbo ﬁpld range. Theser;ik 'fisg

.

hormone 1nfu51on, noreplnephrlne 1nfu51on and sodlum :

A Y

oleate 1n%u51on.. They concluded that "under a varlety of’xj

cond:ctlons changes in FFA concentratlons are brought@

0..-} “iﬁp
. oL N R " I' : H . :
. . M > i = e



r_that FFA turnover could be evaluated under a varlety of ‘

’ . "
.

by changes in‘FFA production rate and that changes in FFA

uptake are 51mple mass. actlon effects of changes 1n FFA
concentratlon Therefore Armstrong et al (1961) suggested ‘

v

cohdataqas srmply by measurlng FFA concentratlon. Experlmehts
SIS

[ with sheep, carrled out by We%t and Annlson (1964),‘support‘

',jlt was p0551b1e to est1qate spec1f1c act1v1t1es from the"

. equatlon for palmltate flux as follows-'

i

the conqlu51on of rmstrong et, al (1?61) however they

suggest that other factors are also xnvolved 1n the" control

-

T

e b e = [

. ‘and uptake of FFA. They dld flnd a llnear relatlonshlp

between the ox1datlon rate of palmltate and the plasma

Palmltate concentratlon. g;- R

0
k&

Slnce the plasma/palmltate concentratlons and
. ’ : ‘sfo-
the 1sotope 1nfu51on’rates in the® present study are known,

pe

folIOW1ng equatlon..‘

SA plasma palmigate = T ;H‘f“f el

(we/mg) ST et
Lo A I N e
. . ‘t. 4 . o ) " o . : ."' o ‘ . el v' - »
5 Infusion rate (uc/min). _ .~ ' 1 ‘ﬂgﬁ“(éj

STALEY + 0.2824 (mg/mindkg) - Body wt (kg)

where.y = ooncentration of‘palmitate (m_mole/l)

i
1

Thls equatlon wsg derlved by substltutlng the regre551on _g

equatlon of West and Annlson (1964) 1nto the general

w
" ae

"J“Il‘ : 3 LA



IThefefore 2.9416Y + o 2824

U g

S . S
: A ¥
General equatlon (Armstrong et al 1961)
_Palmltate Flux (mg>m1n/kg) = {w_ o
. ' 'd"': s - t}‘
. ) ' ) ‘ : . , ‘» uv‘ - . !
JInfusionfrate.(uc/mln) . é";‘, 1.

f‘. .

e’

'RegresSion,equation (West and Annison 1964)

-
N

Palmitate Flux (mg/min/kg) = 2.9416Y + 0.2824 +.....(8)

<
N

Infusion rate (uc/min)
SAfplasma'palmitate.(uc/mg)

Toase

.',‘ '.’H H . ! 'a-r
v . . ) ,?h-,,,),v

~ The rearrangement of equatloh 9 W1ll glve

./',

- of sPec1f1c act1v1ty, however 1f the metabollsm of

a-palmltate in the present sheep»ls dlreq;ly proportlonal to

. thelr plasma pa

suggests €West

. )

N

..‘“

LR A

V~spec1f1c act1v1ty for showIng relatlve changes an fat

metabollsm should ‘be valld (Armstrong et al 1961)

\ .

The formulas used to caléulate palmltatg

rd

: X :
SA plasma palmitate (uc/mg). © Body wt (kg)

i&htat@ concentrat;on as the lrterature :

equatlon 6. Equatlon 6 may not glve a pr¢C1se estlmate e

e’

~

aand Annison 1964), then use of the derlved

: parameters were SLmllar t hose used to calculate glucose

-

parameters.‘ The palmitate parameters calculated were as

L’

' follows: ‘vf C o me

; R S e o o -
‘”!* Palmltate fﬂux .{;..;..,.,....-. (7)

o

* % CO2 from palmltate ceieesassses (10)

» ) s L
. ,

o N )
. ) A : . &

) SRR SRR
&«,1. <
. 5% .

£997:7 SR



L“plasma palmltater calculated as mentloned above, and“the

“tspec1f1c act1v1ty of explred C02 measured durlng the

. : Lore
may be calculated from the ratlo of 14C explrataon to the
. rate of.l4C infused tlmes>1005" i“ : f“.‘ ‘:..j
Mo ived ue/min) e e
... % Palmitate oxidized = {7= —— X 100 .. (11)
SRETEIEE ~ -+ . .~ 7°C infused. (uc/min) -
p oA ) | R

Ldrd .

: Perceht palmltate okidized; - T ;“

roe .

*)ff// , C % Palmltate ox1dlzed.....;..;..a..... (11) .

Lk Ox1dat10n rate ;}............% PR RS (;2)
: ; 'f” !
ﬁ e s s e (13)

', '

* %ﬁeat productlon from palmlt

-

’ '
£ M i

Perceht co, from palmitate

‘The percent of the carbon d10x1def-der1ved from.

:palmltate was calculated from the” spec1f1c act1V1ty of

l‘,.

- - LI
|

palmitate trlals"ﬁf"“l< o f’w "“;""” e g
& - o : ’ . ’ ‘ X .
% CO2 from palmltate =. d o o o R

W
b

%? 'SA- of C02 produced (uq&ﬁg C)

* SA of: “plasma palmltat¢ (uc/mg<C) (X100 ..... (10)

. e LA . . ! Ta
-~ ~ - n

The percent of the palmltate'flux that 1s ox1dlzed

Y °

Depend on the regre351on equatlon of West and Annlson h
(1964) R e Lo :

Lo
N s T



Palmitate Oxidation Rate
U51ng the % CO2 from palmltate, calculated ",_

_ prev1ously, and the data on rate of carbon dlox1de
-

explratlon (Appendlx C19-C33), the,ox1datlon rate of-

palmltate was calchlated-“l

Palmitate Oxidation rate = C
Kumole/min(kg) '

s

. ]
% ‘COy’ from palmltate‘ Rate of - 002 produced (mg C/mln)

160 X QOdY wt ‘kg)"’°*ﬁﬂ C in 1 umole of palmltate-- (12)

. ) . ’ .,“,«‘«.’ a . A - -
e T S o

Percent heat‘production frdﬁ palmitate

e

oo One mlcxomole of palmltate is known to contaln

2.398 .calorles of energy (West et al 1966) and therefore

the percent of the heat productlon derlved from palmltate

ol

, . . v . . J e

for glucose: o , ) :'_.—W""“‘

A A " Bl . Be N ( . R

R N . o , . Tyt .
almitate = o s ' o '

' %Hp fI-'OHL" ._ ‘ .
ST T [

2.398 : Palmi%ate*Oxidat;tn rate” - Q
jcal/hmole) X (umole /min/kq) ?w;ux;éoo .;’.:(13)

R Rate of Hp (cal/mln/kg)

C. Summary of Derived Results L é‘f

a) Glucose Fiuxes - . - - L S
The‘gluccse flux (Table‘9) of fed cold conditioned
TsheepechroniCally*eXpOSed to~—2éC*WaS-mcre thanjdouble“that :
- o L o . 2

e , © oA



S

Y-

i

o a S |
(s0°0=>4d) .wuﬁv mcmﬂm . .ueau 8yl jo Joxxs @Hmvcmum H.qmmz. o
, , . % o . : . : -
- = pajseg : o . . -
- - paJg Uovml.um.UmCOwuﬁ@dou.vHoo *SA uaem  p
. - -. paaseg A
* ¥ pad O 2= *sa 8T 32, vmcoﬂﬁwcou Eoo >H
* Lo  pe3skg . | -
¥, ¥ ped povm..‘ *sa g1 3e nmcoﬁ%coo wxepm III
. X L% pajiseg : :
o - - ~ pag 0,81 A @mcoﬂagcoo .DPTOD *sa uxeM' T
- * "~ po3seg *dwagy mqﬂcoHuavcoo je
* - L * - paa . ﬁwcoHuH@coo UHOU *SA ureMm % I.
. Hx:H.H. . : : suosTIeduoy -
gsoonTy : wt. L
S0'03- 01707 . O™Op—nll0x :
9g'* m 69°T 68°1 081" (052-) @mcoﬂwwcoo_ Boo
. Tsto3 : Sw._ou A o“. ° 80*07 . m SRR
66° ¥ - . 8g*¢z mm..H : ET°T .~ (Dg8T) vmcodu\m@coo urey uwummm
0e*03 1003  E0t0;  6s° Of . s€°03  (¥oy; ¥ = |
€8°z  og°¢ 891 0T e €T°¢ 61°C. - (D, 2w) ' pPPUOT3ITPUOD PTOD
£v°07 . S0°07 mo._our oH:ou. o - .
AN 66T 98T vee Hm (0,81) @mcoﬁawcco Em& a4
-vem o T= T Tsr ve- ¥ Z- 81 ~_ ammzm
XNy 3 wumuHEHmm xsﬂm wmooSHo . - SR
.

e

U,er U&m - mw\ou u:meHSmmwS uow Ummoaxm pue U ml I0 81 OF @wCOAuH@coo

i

. nmw&m Jo AG%MWHGQUﬁOEsV @j3jejTuTRg pue - Amx\caE\mEv meUSHU mEmmaA wo\mmxsﬂk._;m;uaﬁm@

? MP’J}

-

w
.



v. ‘
o , , v 1 4
of fed warm conditioned sheep at 18 ¢ (3 1 vs 1.2 mg/m1n/kg).
Lower rates were observed in both cold and’warm condltloned
anlmals when they were ﬁasted (1.9 .and 1.1 mg/mln/kg |
respectlvely), o ‘ v

.r .

The glucose fluxes of, both fed and'fasted cold
condltloned sheep exposed to 18 C were greater than those

of respectlve warm’ condltloned sheep exposed to 18°¢,

, t e 3 o ,f_L”jf
- Warm condltlpned sheep exposed to acute cold had

only sllghtly hlgher glucose fluxes than those observed

-

at 18° C (approx. 1.5'vs 1.2 mg/min/kg) regardless of 1\

whether they were fed or_ fasted v The glucose flux of fed

u

‘pcold conditibned sheep 1ncreased from 2, 2 to 3.1 mg/mln/kg
during acute cold exposnre, whlqﬂﬁwas 31gn1f1cantly hlgher S

tban that observed for the warm condltloned sheep exposed

" to acute cold The fastlng ﬁ% cold condltloned sheep

%

bl

, &
fgsulted in. glucose fluxes duﬁang acute cold (l 6 mg/mln/kg) &
S U . q
: wh1ch tended towards those observed fOr the warm condltloned

animals. . S

In brief. Chronlc cold ~exposure 1ncreased glucose%flux

The cold condltlonlng of sheep appearred to 1ncrease the“

,glucose flux- both durlng acu%e warm and acute’ cold exposure.
'&’
Acute . cold caused the glucose flux to 1ncrease in all sheep

i except the fasted cold condltloned sheep. Fastlng did not
e

appear to'have an effect on glucose flux in.warm condltloned
'sheep however fastlng tended to 1nh1b1t“the 1ncreases in
gluco;e’flux whlch were observed in- fed cold condltlohed sheep.:
xm . | : ,: . », - \ J o ‘. ' o ': ,:. , f-,“} v
e T L . S : .



o

b) |Palmitate fluxes
Durlng chronlc exposures, the cold condltloned
. sheep had higher palmltate flux rates (Table 9) than the
¢ »

‘warm condltloned sheep Fasting caused the rates to

1ncrease.1n both groups of sheep

& se
K.Y

The palmltate flux .of fed warm condltloned
sheep was 1 6 compared to 1.7 umole/mln/kg for fed cold,

dondltloned sheep at 18 C‘, Fastlng 1ncreased the rates

of palmftate flux to 2 4 and 3.4 umole/mln/kg for warm i

and cold_condltloned sheep at 18 C, respectlvely.

The palmltate flux in warm condltloned anlmals'

L

durlng acute 5.was more than double that observed at l8 °c.

The palmltate“! X . of fed cold condltloned anlmals 1ncreasedA

from 1 7 to 2. 8 umole/mln/kg as the temperature changed from
18 to —24 c, however when fasted thoqi was,a sllght decrease'

% .

in flux from 3. 3 to 3. 2 umole/mln/kg Warm condltloned sheep

f*e 5 to acute cold “had greater palmltaé? £1lux thaH cold}
)
cond&troned anlmals 1n both fed and fasted states.

Q

n ln‘brief ’ Both chronlc and acute cold 1ncreased the palmltate .
. % L .
-flux.T Cold condltlonlng sheep tended to 1ncrease the
%at 18° c but lower thOSe at“-24vc.
.. ﬁ% .

Fastlng 1ncreased palmltate flux in all cases.- " PR

palmltate flux observed

’

c) Glucose”oxidation rates

The glucose ox1datlon rates are summarlzed ln

Table 0. BRI o
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A faiker rate of glucosgibx1datlon was onerved s

fdurlng chronlc exposure to -2% than 18°c. Fastlng had #F
very llttle effect on the, rate of glucose oxldat;on of the
warm condltloned sheep at 18°¢c however at -2 C fastlng '

ha

reduced the rate from 0.72 to 0.39 mg/min/kg.

> M .
The.fed cold condffiég;i_sheep exposed to l8°c

had a much higher rate ofiglucose ox1datlon than the fed

'for fasted warm condltloned ,sheep at 18° C y Fastﬂhgmtended R
tho reduce the rate of glucose ox1datlon in cold condltloned'

gﬁanlmals towards that observed for warm COndlthned anlmals.'

4 The glucose ox1datlon rates. were 51gn1f1cantly

i*(P<=O 05) greater in all " cases durlng acute cold exposure
“ than at 18 c. The cold condltloned animals had the hlghest
oxldatlon rates in the warm (O 54 mg/mln/kg) and showed the
,greatest 1ncrease (to 1.9 mg/mln/kg)»durlng the acute cold

iperlod The same an1mhls fasted showed a much smaller

.1ncrease 1n glucose ox1datlon as the temperature was" fi .
: *

’changed from 18 to =24 C (0’29 to Cq’h mg/mln/kg).' Thus
\’.

fasted cold’ condltloned sheep at ~24°¢ had ‘the.- lowest rates‘ga

'of glucose ox1datlon.j The ox1datlon rates for both fed '
. i o

;and fasted warm . condltloned sheep were between those;g

observed for fed and fasted cold condltloned sheep.

\‘- —— » e

In brief Both ch'onlc and acute cold 1ncreased the rates

of glucose ox1datlon. Cold condltlonlng of sheep 1ncreased

”. . Do
the rate of glucose ox1datlon observed except 1n fasted

sheep exposed to acute cold ( 24 C). Fastlng caused a
[ T T

¢



e v PR B T R TR o
» . T e . L I R A L.
. St . L v;ﬂg*- C u¢j,.*v' fk ¥ o .
4! e “ A o
reductlon in the ratgs Jof gluébse oxadatlon ﬁnzcold e

- " .,

4¢
condltloned sheeg.but had llttle effect *on’”. the rates 1n

) ' e, ' P a‘l

warm condltloned sheep.,;x«,-' ' E

@

. —Qi» . ) -.u,. . N ‘ =v p'. . vt .o """:""'.,:-".."-‘.", . '.M‘g , .-
d) . Pal_;@gte oxldaklbn rate, -/' ; ,ft ~P‘-j;;#ﬁ' |
. 3,.. R e B , . ;5."". ‘," s V’ |

v.a” ) e

'F. ’ -. K - '4"
condltloned shd .“_~ . f%han in warm condltlonedisheep
e N e’ o
.aﬁtfasted sbates ; Fastlﬂb 1ncreased .

nh*"

~ f@t 18 C 1n“bohpfﬂ
." R ks . " g' + A J
hhe ox1datlon rate,of pﬁlmitat- a bggh groups of sheep

—_ - Jin S J— v ?‘A._ S
; TR N e : . ,
;'_gA - ST ...a& . N

= $ ) The cold conditloned sheep %i 18 C had hlgher
- [ C . ‘ K . T
ox1datlon rates than the Warg\égondfwed sheep at 18 C in

R . G ) Py

both fed and fasted states. The rate of %flmltate ox;datlon
'& .
'_ for fasted anlmals was moYe than‘dou ib‘that obServed for

» N -
) a 2 . v

the fed. anlmals 2t 18 °c.. f.' B oy
o . : oy N

"t
- [
°

Acute cold 9exposure cad‘sed t!he o><1d§tlon of ' 'q:.‘ -

- palmltate tb 1ncr%ase 1n all case§ 'Waﬂg condltgoned sheep i
o\

had~h1gher rates’ ofgbglmltate ox1dateon than cold condltg%ned
b S ) [ .
[3 a S o
sheep durlng acute cold exposure. The odeatlon ratea of
. ST e RN

C
palmltate for fasted anlmals were greater than those for

s

' l J . : . Q ) .

fed anlmals durfng acute cold“ E L. R : %7“
;Ulf,h | o ,i S T o ' ‘
*In brief;_ Chronic cold; acute cold “and fastlng 1ncreased ‘

the!oxfdation"rate of palmltate., Cold condltlonlng

.1ncreased the rate'of ox1datlon observed durlng the warm "

but decreased thai obseTVed durlng acpte cold i' ) ,:j':'?-‘.
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%rcent glucose ox:ﬁ::z’ d to CO .‘ L 'y

P . N !'_v H ‘ ! ! . e ‘

'I'he percent of the body glucose ox1dlzec’l to CO2 )

.(Table 11) by sheep) chrorucally exposed to’ walﬁf or g:old$ ek

L e L A

—
Wld no‘t differ 51émflcaptl n elther fed ot faste@w

T \-miﬁ-‘f Y

Lot ,":?
“ The fed’ coi% condﬁ:}oned sheep exposed tmﬁs&u fﬁ"
. ny ,~ K . ) . N o

"“‘oxidl d 26%,,oﬁ~ thé glucose to COZ compared gp l9°A for;,}:n - '.,
bon o
the f warm cdnditloﬂbd at 18 C. Fastlng decreased the oy ﬂ

'

»perceht glucose ox1d1:&e_d_to CO2 to 15% in the cold condlt;oned

| sheep but had llttlicgffect on - the warrh condltloned sheep. |
. o T , SRR

o~ v 'I’he ”percent of the glucose ox;dlzed to- CO \.Qas FE

o 1rrcreaﬁd ?fh all -cases v&en

co}d./ -The warm cohdltlon'_'

.

' ‘sheep were 'exposed to: a,cute .

. . -

. e Lo M
' ox;1d12ed a greater‘ percent

TR Y R Paieas
. of thelr 5. ondltbonedss%eep ‘“2‘ L
g . s-_ ".‘ ” i I '.‘ .
Fakting t »o '1dlzed to Cbz .
" In- brlef.é Chronlc cold had llttle effect on ’che pergent ) }
*'1 ' 2, \' y * "t""’ A T &;.J:
of the glucose oxuhzed to CO w‘he;eas aﬁute cold .1n¢r.e&’§&i e
a . 8 “79 LTI

3the percent 2 3 tlmes. Cold condltzonlng generally Q\

a

dec.ased the percent of glucos’e ox1dlz,§d to ’COz except wh,eﬁ

: “S’,- *
. the sheep were acutely exposed to 18 °c 1n a. fed s;tate. -
o i o “ o T R . o . ‘ﬁ)\
, £) Percent pa}mitate"'oxidized'to o, T Con '
. 3 Pt rmany ,‘J ‘ 't - — et i

' ' ‘I’he percent of the palmltate flux ox1dlzed to
' CG (Table 11) was 51gn1flcan‘tly greater (P<O OS) 1n fed

sheep“; chronlcally exposed to —2 than 18- Ce. FaS_tJ._ng‘ glhc,rea‘s‘ed“

e *» e L
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between them became ins g%nif'i«
e v . L . g\&‘

?

greater'ln fed cold cond1t107

e ¥

L condltlohed‘tl?eep%t 18°%¢.

R e . b, '
them was’ POt 51gn1f1.cant S e r'“_,._____
,' o T "_f\‘i; R A T g L
“ Acute cold 1¥icre ses the percent p,almz‘tate . T
. E - [ . . ; .,',I'q K ‘:
Qx1dlze3 t@CO i'?hall Cas s: ’ Dur_:.ng vacute_ cp_ld, the - ‘%
K Y L T LR,
dlfferenceq between warm- 'nd ,‘gzo).'d,’cmdd.ti<on_ed-,- vf@re'l‘nOt - v
A o . ‘-&Q : : ST e S N ;
U::served Lo be St&tlSth‘a ly ,'smgn,lflcar{t. ’I’he percent ef 3
] : k ."- . BEAR h i d 3 '."‘ o SN
p@lm’itate oxiljzed t% co wasg,reater £O5r fa d than fed o
(I . e ) v . <
. S T B IR L O : - ®
.', 'Sheqp. . i ‘, g L :ﬁ 'a.“f ’ v \ g"ﬁ; - L e ' 2 /
“Q‘. - < -, b P ”, . EY I s .o‘”’_& i ,“‘ T - o }: \ R
AN A AR . x . '.9; . Rl v .,,’ ;

In brlef Chronl Qld 1ncreas$d

LN

A ‘Ecuta. c&ld and fastlng

)

~ . 2’. oo
i’ne dlfferences betwel n' wa‘;m and coﬁi condltlone_d sheep
. ‘» ‘ ’- - "~ 2 * ' 'z
were not 51gn1f1cant vhen !ﬁe) sheep we;e 1n ‘a fasted’ state._
R A LBt -
Cold andltg.omng ‘in reased f:-he percent palmltate oxrd’ized 4‘
/ fe _¢‘ v, . u,~ . . .
to’ CO2 at 18 C in £ d sheep. : <
: 95; Percent,cpé.ﬁr htglucoée‘f'.ﬂ L e ‘
'I'he per ent of the CO derlved frdm glucose e

chronlc warm exposure to 18 waas 4 l AR

L B} . “,A v - ;']- . e . .
. ' .
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- much mOre than the warmawondltloned sheep when fasted (5 §%) .

N

- - o
Tasted states.. Fastlng the cold condltroned sheep fesi}ted o

i in &, lagge decreasev(ﬁr

$

¥

o

i‘CO from glycose than the warm

'sheep but had lltt ¥s

~*decreased the percent C®2

< .
A _' B ., R W e, S ) " - . ) ) .
R ‘».' ’_ . - A » . ;""r oL . -' o - ’ 6 -

Loyl

'| R P

and 5. l% in fed and fasted sheep respectlvely ' Sheep -+
chronlcally exposed to =2 C derlved a greater proportlonly

of their CO from glucose when fed (10 3A) however, not 1;*’*"

-

-

The cold condltloned‘sheep derlved more CO %Eom

t
-vt«-

5Lglucose than the warm condltloned sh%ep at’ 189C when fed

however when fasted the dlfference was negiiglble. .
. K "ﬂ L . } " P 3

' ," L
L

_1mf The percent-aaﬁffrom gluCOsealncreased rn;aiw—*‘r“*t*
cases when the sheep’ were exposed to acute”cold - The w%rm
gt A

condltloned sheep derived agptox1mately lO E% of thelr_

n -

from glucose durlng acqte cold EXpOSUre 1niﬁbthwfed and "
B

b
] . A . ”4 e

"i‘ 3
fasted) 1nuthe amo

s «'-

In’%raef - Botq acute andfﬁhﬁonlo cold 1ncreased the percent
R

R “ 2 . ‘4_'_
) s e ?

%R :
of the 002 derlved from gIUCose. The fed cold condltloned

-

»

- \
sheep were observed to derlve a. greater pEOportlon of their

qco tloned sheep. Eastlng
N

v .‘. -

glbucose gn cold cond-mtloned ' '}

R4

P .

_ffect on the percent 56 from glucose

e L. . ‘ ’, c . B b : LI . . . . .
-~u “. - : o . : Tl ..’ N . ,'h . . : v P
.....

_h)AlPercent COé fromfpalmigate“>;.ff,f S RO (A

'1 .

ﬁ
.-'
5

'*ﬁ' The dlfferences 1n the percent CO derlved from

¢ .
. o

-palmltate durlng chronlc exposures of sheep to cbld .or .'7 S

~

e N, LW L - e P
N - PR - . - . - . . . . N
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. warm were not 51gn1f1cant in- elther fed or. fasted states;

! Fastlng more than doubled the percent CO, derlved from

palmltate..< o f'“ﬁ'l‘.'i~4¥[;; ,'f;;f',::Lt:~.d‘_k'\u‘ij”
".\' . ’ . o ~ ‘ ;".. ‘ ‘ h} \‘.. } :@:'A ' ' i".,’f 3 “ L E ““ ‘ . .v 1"." IL:A B
: o , Cold condltlon;ng d llttle effect on the*'ax.*,“ﬂ.y‘
St . 8 ) Lo s L E
- _rﬁé_rc’ent Coz.derw from pafmﬂ:a‘te at 186& 5 '.. U S
A S T s L
- - .The exPosure of s eep to acute cold 1ncreased .
. \“ ia . : ’ L.
the Peé&ﬁg} é% from palmltate gn all cases except in the E
- - 3
fasted cold COletlQned sheep., Th%,perceht of theg 5
4,,, S S O in X B [ y e ent

@derlved from palmltate dur g acute cold e%posure
I AR RN :

ﬁgreitestpfor'the ﬂaﬁted warm qpndutloned sheep., The iy
| féda X

as

ﬁ-‘ b

«E A . g
L dlfferences between £ d wav:*condatlohed a

: CFLE . .

c&ld condltlohed sheep duriﬁg acute cold egp,
N

B T R e

51gé§ficant_,.“-_ R ‘,“, j;? , ':.”f'ﬂ-“

v e v ;
K .
y e Q‘ v

In br1efu Chronlc cold dld not alter the percent CO2 from
. palmltate 51gnaf10antly., Slmllarly cold coﬁdltlonlng had ‘
i

. ) ¢

_\':‘.f. .

1ttle effect durlng acute warm exposure, howeVer durlng

[

cold exposure cold condltlonlfg appeﬁred\to reduce k?“;
K u?‘ . '."-.

the percent CO2 derlvedf fromi’hlmltam‘i’“n Eotlrr‘@cute gold S -"‘\
: and fastlng 1ncreased the percent CO deijyaéqf;ov e,.'ﬂn.;ﬁw

L M ’ - . IS )

: .palmltate in ,most - cases. R . Cooa
s . . . IR > ' Co
R 3 Ca . A A T : R Lo
i) g;lcent hqggfgroddctlon fipm glucose liff' L K
P e - .z - ‘..
) Thé fbd chronlcally cold exposed shéép derlved e
T ~ a; '
-;a 31gn1f1cantly greater (P<:O 05) per&ent of thelr heat e
l';productlon (Table 13) from glucose than d1d the fed }”
' ' - 1 ] . " Sy ’:/‘;:; .
. o . r = ' _ : -~
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g e ST e
chronlcally warnxqﬁfosed sheep (7.8 compared to 3 447

reSpectlve!y).. Fasted ‘animals: derlved approx1mately 3. 4%,'

.of thelr heat productlon from glucose durlng both chronlc

¢

.wann'and chronlc cold expoSures; .

- v { '\' Y . . LR .
Zﬁl‘ . éhe cq}d Gondltloned anlmals derlved a sllghtly

o

hlgher percent of thelr heat.productlon from glucose at’

18 %c ‘than dld the . warm conditioned sheep in both fed and
. - fasted states. RIS, S . S

. P . X . .
R o NP , . . .o !
oL . -

e e ,.._.____,._»._,_‘_‘,,._,_ T S ’?1 P B [

, Acute cold caused 51gd1f1cant 1ncreases (Pé?b.OS)
in tha.contrlbutlon of'gluoose tQ heaé‘pmoductlon $n ‘all

e. - -
’cases W1th the exceptldh of fasted cold@mond&tloned SQEQP-

e

The percent of tp@@ﬁgﬂﬁ&‘heatﬂproductlon de§1We§ from gluc0se

durlng acute cold exposurewwas greatest 1ﬁ the fed*co

“ae i

d least ln the fasted col&ézdndlt%Oned

Y

;condltloned anlmals._;
_ e
‘_animaISg- Fastlng had llttle effect on the warm condltlonedw

1‘ }- .
[ k . .
- . .-

anlmals exposed to acute cold T : o . ':y

- In brief. Fed‘sheep when exposéd to aq&;e.or chronic cold

L

"'dernved a greater percent of thelr heat productlon from
] .

glucose‘fhan when exposed to warm. Cbld condlﬁhonlﬁg caused

B
. an 1ncrease in tHe cpntribdtlon of glucose to heat productlon'
_at-both 18 and —34 c whenithe sheep\were fed Fastlng '
(. o,
creased”the eontrlbutlon of glUCOSe to‘heat productlon
) in cold_‘cond;tloned sheep.‘_ T . - ‘
., il P ' _ } '
R ] I { . ' A , . ‘
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3) fPerceht°heat production frqupalﬁitate

v The contrlbutlon of palmltate to total h"ﬁﬁﬁi

Lo Theapefcent of the

in’ cold condltloned sheep ex

¢ 1ncreased 1n most cases when the sheep were exposed to acu

~colad w1th the exceptlon of’ the fasted\cold condltloned
"sheep. The warm condltloned sheepwderlved .a greater

proafrtlon Bf thelr calorles from palﬂiﬁate durlng acute

J

f-@cgld than the cold condltloned sheep
L X ’ R . l‘_ 0

‘ - ' R - . S,

’ - ) S
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 SUMMARY OF RESULTS e T

g summarlzed 1n Tables 14 (Comparlson I II aqglitI) and 15

- " ' - Wy

(Compar;Sons IV anng). Control yalues areypxesented for ’

{ .
. each comparlson and the values to be compareé haye been -5ﬁ
expressed #n terms of the,percent change_from the control:'

A * wooan
P P ' A

.Comparison'I‘was made tousee thehéﬂfect”of‘chronic
'cold on the parameters m‘ibured Thefefore tﬁe cold
N r

L =
condltloned Qheep at tbelr condltlonlng temperature ( ZQC)g

";, u AR

I

'.were compared to the controls - warm condltloned sheep at

'thelr condltloaﬁng temperature (18 C) Chronlc c01d wa§

e

observed to 1ncr&ase‘both gﬂucose and palmltate catabollsm

Taln fgd sheep to meet the demahds of the 1ncreased heat QQ";.
- < .

(" ‘. ‘ '

roductlon.. The percent-lncrease 1n glucose’parameters was

o 4 '"f . ( s, / o v e .
. greatex thannthaF observed for palmltafe paré&eters“ The~ﬁ(wg.
e ot - ‘ ‘~ -" -t N v R o WP

) ﬁglucose flux and ox1dat10n 1ncreased s1gn1f~ﬂgntly when -

fasted sheep were exposed to chronlc cold Whereas the palmltate

_v

parameters changed only sllghtly. There Was llttle change 1n

_ the heat productlon deu_veg from elther substrate Wh‘ Athe : )
s B o e AL e
59 . .

heep were 1n a‘%asted stateL ‘ - : oo .

. N ce - ‘4”- “‘”: '. B :
L, . Comparlson I§ was: made’ to seé ﬁgp gffect of told
condlt;onlng sHEep on !he pafameters measured whenvthere

. AR ss
.was nRo cold stress 1mp05ed Therefdze th@ epld.condltloned

o

._sheep acutely exposed to 18 C wqra.meparéd toathe

'1

N contr@ls - warm condltloned sheép at thegr condltlonlng "v‘f

B - . . o . B
N . . . ’ . . P - '. -
L P . . . . . et . >
A . . Lo e . . . « - ) . R . e, -
N - ; . - . Lo ot N . . o, o .
e v - M S ume
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',4Table 14.~ Summary of Comparlsbns Il II and IIT of the Results.

® In each. comparlsOn the results from the warm

c&hdltloned sheep exp ied %o 18°¢C. ,have. ‘been. used as controls.
.The differences between the tontrdls “&nd thé alternate )
wﬁreatments ‘have:’ been eXpresseg as: percents ‘of the contrQ}s.h .

..

Comp.”,Compa'.Comp.

o ’}}, ‘ ! ' Controls : I _IT . _IIL
R oo bwe ~8cc at’ CCsat: WC at-'

Paramgtet . 3t 18%Cc =29 189C = -24°C
. o : S S I N3
.,,Fed o . o

o Hematocrlts (%) T 30 0

l’RQ
i Hp.&cal/mln/kg) “&h 9\\
% Glycs Copc. * (md/ 100 ml) f :
"alm*‘cOnc. (umdle/m1)*:“~~o} T
TYeliic. Flux (mg/min/kg) 24 Ty
'f&ﬂm@Fhm(wmk#mmﬂq) h59
’ ; oxid. (mg/min/kg). 0.23
. oxid. - (umole/mln/kg Q %6 94* 53 - 472% .
e S - 18.8 ; 24%  39%  294%
170 L . ev 60 43 . 249%
4.1 . igxdoo 151% 80 146%

B 14+ - 8k 14%
i -6 -3 = -4
,q,_44* * 2B*- 103*
& 26 18 - 24 .-
- 146%— - 17— 376%
g 152* - 77 ' 26%
45% 6, [ .:116%
213* 7. 135% © 400*

Logas T 320 =3 T192%
T 3a4 ';:-a.g,g'lz e 71 - 127*5‘
37, L A e =3 193W
'Z'Eagfedjv v v - r.'iﬁf1if}"!; :;—;;a;:;eL,ff_T;wﬂT,~1f+A
Héﬁatbcr' ' (%) oLk 32, S TS s ek

RQ*vﬁ _?1:¢T4V -0.72 . S =10* 0 3., =4 ¢
(caé/mln/kg) » 21 5 Lt 8o% 30% © 136%
c. Conc.” (mg/lOO ml) oo e .19 15 0 =13

Palm.,Conc. (umole/ml): % 85 - .- 36 . . 77%  205% .

. @glue. Flux (mg/min/kg) = 1. 13 A © Ng7% 59% . 35%

. Palm..Flux ' (umole/min/Kg) 2. 38 S l 19« 41* TrL10%
* . GluG. Ox1d (ng/min/kg). 0420 - . Lot '"95* ~,45 .. 390%

. pall. oxid. (umole/mln/kg) "0. 85 s, 51 A6\ 277%
‘% Gluc. to, 'CO?2 .}; .. 18.6_ B '(4 -7 - n—17 S//é?
‘% Palm. to GOy - : . : .+ s C32u6e, o4 N 84* -

| %C0p £xom Alucs ot NS s 107 100% . .

- $5.C0y f%?m Palm. SRR "9, 7. -V6Q*ﬁ‘

%% frem glucs . ma.iy 3 25 arix d
, 96T@>from Palm.\L.QL?q';f'9 , 17 0 .48% -

. 'L,- e o N ~~v! : R ’ '

Slgnlflcanily dlffeggiétfrom,control (P<O 05) SRR

J b g Tar
Cold Condltloned R Warm 'fc’hdltzloned AL

S o , L
. . ','.' : «
e
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'Table 15 Summary of C arasons IV'and v af the Results.‘ ‘-‘Z‘

In Comparisons IV the: results From thé%cold
condltloned sheep exp sed. to 18°C have been uséd as the
controls ,(IV) and in ‘Comparisons V the results from the
warm condxtloned sheep exposed to -24°C have been used as

;. the controls - (V). The-differences between. the controls and

. Fed . ..:_.: . ' o {&

‘ Hematocrits (#) - - f§2}5

: Q i W™ ! _— - 0077 N - /;)‘n ‘!' 0076 ‘_'

_Hp (cal/an/k Y. U 30470 'egﬁ%*; . r49.8. 0, 4

. @luc, -Cenc.. (mg/lOOml)‘"“BQ 7‘“‘":_<f:§f—: i m 1335 _3”.su;ad,m,s
* - i

- Gluc. Flux (mg/an/kg) 2.19 .. 4

- the- alternate treatments have been expressed as percents of
" the controls. .~ KRN S

’ 'Controlsg_CQmp. o Cdntreis 'C'Iomp.,"‘~
(IvV) ',(IVL+‘;Q7“ W w(v)
- .3CC gy ' bye - acc at

‘parameter S . at1socEo oM | at -24°c &-2400

S ——————— |

N

. ‘J_ 34.2 y =

i

’ :" . : (A)

DRECIAT- s Tt 3
L 1., T 49R,
Palm. Flux:’ (umolélen/kg)*l 68 - -68% v 3.43 vmodg
.Glyc ¢ Oxide (mg/min/kg) . ‘D.54 . 265* S SRS P N DR 0. | o
Pa"' Ox1d..(umdle/m1n/EgY0 58" ls4% J’EZ;OfoVG#& LI
26

. @Palm. Cconc. (umole/ml) S 0.128 *  202*

% Glye.. to. CO2; ) 2671.  « 109*- ‘ﬁ"l 7470

v

. % Gluc..xo C02 Lo VB4 ._'126*>y{1_~
. % Palmus'tq CO2: Q;,’ 36,9 ... o JOx T
% _C02 from Gluc. ;“.",, . : ‘5 61‘ . ,14 ,‘,.':3‘:_ -
% CO2 from Palm. ".QL/"Q.B SRR T T, S
. %-Hp from‘Gluc..' :

a3

'_é Cold Condltloned ' ;171;fwf b‘Warm Condltloned 'ff‘i ?{'3“”Wi

S

%-Palm. ‘to coz o 4.4 26% o0l 59,3 g
A#&DQ f?om Gluc.‘A _*;“. "7 4fi"’/§28* Jiféf*;lOrl'",f YA
* % C02 froM Palms ‘ - 3.5 31 141* o IQQG,‘E‘r 19
% ﬁp Exrom Gluc._g T 5.9 s ";;p»gz;aﬁf*- o
% Hp' frqm~Palma\ ; 360 2@ o 5,1009
13 Wt ‘ '\ o L \ e M ;\"'-."." M'K' )

(S

Fasted S Cew SR '\-n_;f; LTy ey

Hemato&klts (%) LY 3607 g% 8%
. RQ .. <o, 0,74 . ¥-T* '
Hp i gpal/mln/kg) ;o - 28 '0f .- 84x ';:“'
.Glué. Cong. (mg/l00ml) ~79.3 . -2 S
palm. GoRc. (umole/ml) .-  0.504 - =8
Gluc,'Flux (mg/mln/kg)' r'SQ’_f =6

. Palm. Flux‘(umole/mlnfﬁégkﬁi36 T

? Gluc, Oxid. ¥mg/min/kg) - 0.297. -1
Palm. ©xid. (umoke/mln/kg)l 2@ .

4.2 5

# Hp from palmv,i . ,ﬁ'9 8 = q9ta{;,:~;f

Slgnlflcantly dlfferent from cogtrol (Pﬁ% 05) e
( A

a.. Y TR S M I I ) P ‘ L .
B Y . N . B . ’ . " T - . N N "‘ .
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temperature (18°d).~ Most parameters measured were sllghtly

- y

hlgher in the cold condltloned anlmals than the warm

conditloned anlmals at 18°c in b?th fed and fasted states.

k -,.'

g. ¢

condltloned eheep than‘the fed warm cor

Gluoose metabollsm was’ generally hlgher the fed ‘@old-
uh . A _.
ﬁoned sheep,

ﬂ
w1th a- 31gn1f1cant dlfferenéev P<:O$b5) 1n the rate of

- glucose ox1datlon. The percent 1ncrease 1n heat productlon

[ ]
¢ Erom glucose was greater than that observed for paﬁhltate‘aq

;n fed sheep. -f;-ﬂ:r 'f'ﬁ S f' « |

B ~ . s . i3
N . . - !"l N v . . N . L. . ; .4 N
.3 o e

P S ST AU S
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RPN Comparlson ITI was. made ‘to see the efgect ofcg}j"g
. N . "/ . .c .
acute %old on, warmrcondltl ed she Therefgre the warm

‘. 0 ' E
condlﬁionbdgsheep exposed to L24®E re compar%d to the.‘ .

g‘ controla - same sheep at COndltlonlng temperature (18 C)
. e O . R
ﬂ Glucose and‘palmltate mebaﬁbllsm were gréatly 1ncreased '

I )
ST .

- to meet the 1n§reased demand of heat productlon with :
| ; oy
. acute cold in both fed and fasted sheep. Th@'ggrcent SN

X

DN

‘ . -" S ‘
1‘l:rea"ﬁe 1n palmltate parameters,wrfh acute coldfuaszf~_.*3,;‘

silghtly hlgher than the percent 1ncrease in glucose ) pﬁgu

,
e . . X

LR

%fgmeters ‘in- fed.sheep malnly due to a. lowe; relatlve "ﬁﬁgf

. 1ncrease fﬂ glusose flux In fa%ted sheep, the percent
. Sl L

;rchange 1ni§he glucose parameters were aréhter than those

a 3

- ! . KI - ‘A
v,1. . T ,‘_' AR . S S ’

A ;‘..- . »“ _‘. . .‘ . Yoo T . .
= of palmltate. R TN N ,fjh.«‘ e e T

- -?A . o \“.‘\. .

-, .‘ e

: ;' /ComparlsOn IV Nas made see the effect of acute'

’ ' B e
cplthn cdld tondltloned sheep._,Therefore the cold o

a"

cendltloned sheep expoSed to ~24;C were compared to the

R g R R
. controls ~ same. sheep at 18 C Acute cold caused smgnlflcant
. . .‘.A’ ";-; . o . . ) ) S et o B .
' ’.-":;"’v- : ”.-.\ ' ’ ‘ R . e : . - C \ ORI . Lo %
. ,;“' . .‘_‘ i . o ) L. c. ,_..- ‘ ‘ ",,‘ ‘
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1ncreases (P<\fﬂj) in most of the paramcter% measured

whcn sheep were in"a fed state.. The relative increases

in the contribution of glucose *and palmitate “to heat

production were gimilar in fednsheep. "In the fasted
¢

.

. x ,
- sheep exposed‘to acute cold, there Was wvery little change,
' : - 'y )

L . . - \
~in glucose or palmitate cqncentration:or. flux.although .the

rates of oxidation”wererincreased sighificantl? (PQQ.OS).

‘There was little change in the'ptopertion of Ehé heat )

prqduction derived,from glucose or palmitate when animals

«

were fasted.

A

Comparison V was made to see the. effect of cold
conditioning on sheep vhen exposed to acute cold. Therefore
the cold conditioned sheep at -24°C were compared to the

conﬁLols ~ warm condltloned sheep at -24°C. Most of-the
[y .

glucose parameters measured were s1gn1f1cantly higher in

fed cold conditioned sheep than fed Warm conditioned sheep

-
exposed to -24° C whereas, both glucose and palmltate

parameters were generally lower in fasted cold condltloned

sheep than fastéd warm cdhdltloned sheep. f



GENERAL DISCOSSION
. IR
.

-‘Thedloss"eflgeight observed in the‘%xdd oohdit;oned
sheep‘dhrihg tbe?experimehtal petiod may have beeh'dqe to' ‘
ketosis. The coﬁbination»og,fasting and cold~tempcratures\
could.have overtaxedfthe metabolic pathways resultihgiin
_increased. ketone production.:éergman.(1973) stated that»
appetlte fé usually dereSSLd or agsent ih -animals show1ng '
cllhlcal signs of kEt051s. The death of. one,pf the coid

, condltroned sheep shortly after she haa been fasted was also

probably due to ket051s.‘

-

_The restlesSness observed in the sheep probably :
. N ’ N

increased the Jatiability of the results, however, differences

were still.apparent between treatments.

The'hematoptdts of the expefimental sheep;were
observed to increase when the sheep were’exposed to,acdte'
cold. Slee tound a similar effect on hematocrlts when
sheep were exposed to acute cold (see Hallicay et al 1969).
The sheep chronlcally exposed . to cold also tended to have
hlgher hematocrlts than %hose malntalned in. the. warm.i Slee
‘ d1d not find any dlfferences in hematocrlts of sheé/ i
chronlcallv'exposed to 8°¢ and~3C C (see Hallldav et al 1969).
The hlgher hematocrlts observed in the chronlcally cold

'exposed sheep/EEPééted hereln may be due . to the lower '

otemperature of -2°C to whlch.they were exposed. cold

.

conditioned sheep had highet hematocrits at 18°C than did

88 .
\



warm'conddtioned'sheep. The changes in hematocrits observed
in the present sheep in respOnée to cold.may have been
yinitially‘illicited by stress. Cold is a stress factor

F which 1ncreaées an ;zlmal s demand for‘Energy. ‘Stress
causes spleen contractlon which releases red blood cells

Pid

and hence causes ‘a larger hematocrlt and blood ‘volume

.
" (Guyton’ 1971)“"Guytoh‘(197l)"postulates'that‘the“lncreased- -

blood volume insures a rapid.return of glood to the heart

' and the greater numpc:;pf‘c1rculat1ng»red blood cells gives
the blood'a greaterLoqucn carrying capacity. The higher
hematocrits opserbedrln the present_study wcre‘associated .

with-higher heat productions and hence may have been

necessary to supply the increased oxyéen demand.

The heat productlon was found to’be qreater in
Both chronlc and acute cold exposed sheep’than in warm ) k
exposed sheep wh1ch was expected since Blaxter (1962)
calculated the lower crltlcal temperature of’ sheep with 5 mm
fleeces to be 31 C when fasted, 25 °c when given a_malntenance
ration and 180C when full fed. Fed'sheep had higher heat
productlon than fasted sheep probably due to the energy |
expendlture'requlred.to dlgest the feed. However, when.
'exposedito'acute cold the differences between fed and fasted
sheep disappeared. Blaxter (1958), Joyce and Blaxter (1964)

suggest that the nutritional, level of an anlmal has no:

i
* 2

‘effect on total heat productlon below the animals's

eritical temperature. Thermefore differences in heat

"7

g
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productlon between fed and fasted sheep would probably not

be expectéﬁ at an acuteﬁcold temperature.of q24dC.‘ Cold

4”cond1tloned sheep had hlghel heat productlons thaanarm

|

condltaoned-sheep at 18 C 1n ‘both fed and fa}ted states

whlch may. have beei. due to an nncreased resting. metibollc '

‘%, . .

xate of cold conditioned sheep. Other researchers (Slee~-
f

'1972 ; and chster et’ al 1969) also suggested that\exposure

/s
to cold 1ncreased the restlng metabollc rate of sheep.

-

“Although the prev1ous studles may be” confounded by

dlfferenceSjln fecd,;ntake ‘Young (1972) and Young and

ChriSto§herSon,(1974).alSo foung ‘elevated restlng metabolic
’ ’ : ‘e y Coe . .

: rates in Cattle on constantjlevels_of,feeding. .-

.
)

The purpose "of this thesis wasoto'determine the

Q L

"extent to Wthh glucose and fat in sheﬁp contrlbute to the

\ s

\

"1ncreased heat” productlon assoc1ated thh cold. It was on f
the ba51s of proteln corrected RQ S that Graham et al (1959)

suggested that below the crltlcal temperature the source of

13

‘addltlonal heat for sheep was’ entlrely 1ncreased fat’
catabollsm. A 51m11ar suggestlon was made for cattle.
(Blaxter and Walnman 1961).3 The RQ's presented in Table 4

wéZe not, corrected for proteln catabollsm and as well they

I3

were calculated for relatlvely short perlods of time

(15 min). The RQ s were. decreased by chronlc cold
o . :
exposjire, eSpec1ally in fasted aplmals. Acute cold and

i
fastlng caused s1gn1f1cant decreases 1n\the RQ's compared

to ‘warm’ e posed or fed anlmals respectlvely.y TheSe results

L
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are therefoxe.ln agreement Wlth Grahéé.et al (1959) 1h

that they 1nd1cate that fat 1s belng utlllzed to a greaterc“ v

® oo
extent 1n cgld exposed sheep. However, thas does not P
3 * . e T

neceBSarily mean that the use of other spec1f1c substrates"

(J‘

lS curtasled., The recycllng of substrates in v1Vo may not'
‘-‘, - > ‘A

he apparent from RQ S. Recently 1t has been suggested ‘that .

~both llver glucoheogenesms and muscle glycolysls 1ncrease o

w1th cold exposure of rats (Nékagawa anad Nagal l97l) .A

51milar phenomenon could exlst in Sheep. If liver gluconeo—

'

gen651s and muscle glycoly51s increase in 3

exposed to //

cold such that there is no depletlon in bodi glunose std/e

then the changds in glucose ‘metabolism would not affect RQ'S.
Slmllarly an increase in the Cori’ cycle would have ng/g;rect

feffect on RQ's since 1t is an anaeroblc cycle whlch/does

-

7

-

-'not produce CO,-. Leng (1970) suggested that the recycllng

’

of glucose carbon mlght Pe an 1mportant process when

i

glucoheogenlc substrates are in short supply or when the |

[
demand for gluconeogene51s 1s substantlal..

There7were no statistically~significant differences'
¢

gobserved 1nTplasma glucose concentratlon due to thermal
condltlonlng or exposure temperature. It is generally
recognlzed tgat control mechanlsms in anlmals tend to

malntaln a relatlvely constant blood glucose concentratlon

'(Krebs 1964) However, the plasma gluCOse concentratlons

v \

‘of sheep chrqnlcally exposed to cold were observed to be

ﬁsfﬁghtly higher than thOSe chrdnlcally exposed to warm

5

} ! . . “'T"f -
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‘téﬁperatures. Thlsrls‘ln agreemcnt wlth the rcsults of
?'~Halllday et al (1969) dho found that glucose levels were
hlgher in shorn sheep chronlcally exposed to 8 than to 30 °c.
V‘Olsen ahd Trenkle (1973) found that. cattle also had sllghtly
; hlgher plasma glucose concentréélons when ‘exposed to

prolonged cold. Halllday et al (1969) expoSed’shorn sheep

to an acute cold of -25 e and observed the glucose concen~’

e o ‘_‘_,.;-. —_— ——

. tratlons to approx1mate1y double.: The glucose concentratlons

of fed warm condltloned sheep were also observed to 1ncrease

L

(from 59 7 to 73 6 mg/1oo ml) upon exposure to acute cold
(= 24 C) in the present studles, however not nearly to the

~extent observed by Halllday et al (1969) Acute cold

'

exposure appeared elther to have llttle effect or to cause
sllght decreaseS‘ln'plasma glucose concentratlon of ‘cold

condltlgped and/or fasted sheep. Slmllarly, Pernod et al

>

(1972) fotind that glucose concentratlon remalned falrly
Bl e,

coqstant in. dogs eXposed to acute cold of -25 C. - By

N

The fastlng of dogs for 7 to ll days was observed f

.to. have no 81gn1f1cant effect on glucose concentratlon i i{;

compared to hormal dogs (Steele et al 1968). In the present'

'study, the glucosewgoncentratlons were observed to be
x Y I

i generally hlgher in- fasted than fed sheep with the exceptlon'

of warm. condlﬁloned sheep exposed to acute cold., Cold
L - . A / )

: :_:.5 Y

'condltloned sl 3 also tended to have hlgher gluc05e

- r.~»-° e
Q

concentratlohs than warm condltloned sheep except when they

were exposed to acute cold in a. .fed state. e
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“Although the differences in glucose concentrations

( : :
bepween treatments‘were not statistically significant, the

changes in specific act1v1ty of glucose and expired CO2

during the glucose trlals 1nd1cate that (Rere were
-

P

significant changes in the utilization.of glucose with
cold gexposure. ”Thc rate of glucose uptake is well known

not to be related to glucosc concentratlon in any 51mple
o e 4 !

"way because a varlety éf agenbs and hormones 1nfluence the

readiness with which glucose is taken up’ at any given plasma

glucose concentratiocp." (Armstrong et al 1961).

e

o

. }’ '.'v - . . B [+ Y
)

In order to better understand the changes in
glucose‘metabq;ism with cold a number of calculations were.
™~ ’ . .
made (see dérived results, page 59 ) using the spetific -

activities of plasma glucose and co, produced as the basis.
The results of these calculations have'been summarized in

. Tables 9-13..

- A;

o It may be seen from Table 9 that the glucose
L ET

flux was 3 13 mg/mln/kg in fed sheep chronlcally exposed

to cold comﬁgged to ﬁ'24 mg/min/kg in féd sheep chronlcally

: i %
! exposed to warm. The glucose fluxes of the fed sheep
i.,.',

22
chronlcq;ly eXpo ed to warm were low compared to thosa

commonlﬁ,reporte%sln the llterature (see review by Leng 1970)

.Thls"may\be related to the larger 51ze of sheep used in the.
(

»gpresent ?tudy "compared.to other studlesm(Leng 1970) or to some

s

1napparent effect of experimental condltlon, The rate of

) glycose ggldatlon was also greater in the chronlcally cold

s 8
I % "
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™ ' "
exposed sifeep compared to the warm exposed sheep (Tabi% 10),

with thefnet effect that a greater proporfion of the expired
y _ ‘
- v

COo, was derjved from glucose carbon during chronic cold

2.
exposure (lO 3% compared to 4.1% respectlvely) If this

» &

. ¢ -

is expressed in termggof. the percentoof the total heat
productlon comlng from glucose then approx1mately 7.7% Qf

the calories used for heat production during chronic cold

L ‘ . . ®
“exposure“came-from*g}ucose“eompared@to~374%~dur}nguehron;cﬁtm,

warm exposure. "The glucose flux and oxidation rate,were

both much lower in the chronically cold exposed sheep when
they were fasted than when they.were fed whereas, fastng"
“had little effeqt.on tﬁese parameters,in the chronically
warm exposed sheep. In ruminaots, giuconeogenesis is
usually reduced by fasting kAnnison and White 1961; Kronfeld
and Simesen 1961; Leng l??O and Bergman 1973).ffBergman
(1963) found that tﬁe average tornover rate of glucose
(glucose flux) was 1.39 mg/mln/kg in ‘fed sheep compared to
only 0.95 mg/mln/kg in fasted sheep.. However his sheep were
fasted 3-6%days compared to only 36 h in the present studies.
It is possibie that the warm conditioned‘sheep after 36
hours fasting are stiil'obtaining substantia amounts'of'
‘substrate from the gut, whereas the cold co tioned sheep
would utilize tﬁese*substrates at a much higher rate due
to their higher heat production and therefore would become
dependent on body stores méch.sooner. If this is theicase,
then fasfihg‘for 36 ‘h would be expected to have a grefter

effect on cold conditioned than warm conditioned sheep as

_seen_ln thlS study. The net effect was that approx1mately
5.
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" glucose &n the chronically cold exposed sheep. .

~

9

344% of the heat production was derived from glucose in
H

"both shw *hronlcally cold and warm exgoqqd sheep when they

were, fasted. HoweVCr, the rate of heat‘productlon was "’
' . e

greater in the fasted 'chxonically eold‘exposed”gheep‘
’ : / .
€ompared to the.fasted chronically warm exposed shgeep and

hence a greater amount of heat is being produced from

fhe estimated glucose flux for fed cold condltloned
sheep expOSOd to 18 C was 2. 4 mg/mln/kg cogpparecd to 1.24
mg/mln/kg for warm condltloned sheep exposed to 18°c,
.Simildrly,,the glucose oxidation rates were 0.54 and 0.23
&g/min/kg,respectively. The greater glucose flux‘and
oxidation rate observed in the COJF conditioned sheep

compared to the warm conditf%nrsheep resulted in a greater
B ¥ .

preportion of the-total heat production being derivedkfrom

.gluddse in the cold conditioned sheep (5.9% compared to

3.4%). Fasting the cold cehditioned animals caused a
slight detllne in glucose flux at 18°% from 2. 19 to 1.80
mg/m1n/ko—and a marked dé&llne in the rate of ox1datlon
from 0.54 to 0.29 mg/mln/kg. This means that the percent

of the ‘glucose flux ox1dlzed to CO, in the‘cold coﬁaitioned

sheep exposed to 18 °c was reducee from 26.1% to 15.4% by
2

fastlng, whlch\lo evenl less than the 18.6% observed for the

fed or fasted warm- condltloned sheep at 18 °c.

-

The exposure of the experimental sheep to acute

cold (-249C) resulted in higher glucose flux,and oxidation:



[ | - '
rates thﬁ% observcd for the se’e shecp at 18 C W1th the

»exceptlon of the fasted cold COhdlthth ShPLp and hence a

-

greater perccnt of the total heat production was dcrlved
N 3 : .
from glucose in most cdses (see Table 13). Pernod et al ‘

(1972) found the plasma glucose turnover (glucose flux) and
oxidation rates also increased in dogs when thcy were exposed
to acute cold ( 25 C) however there was a drop in the glucose.

“part1c1pat1on to CO2 from 19 “to 12%. In thc preocnt study
. ‘ e, 3

the level of glucose flux.and ‘bxidation attained varied
<! ' : * ) ‘

depending on jhcther the animals ucré warm or cold

4

conditioned; fed or.ﬁasted. The fed cold conditfoned

animals werc observed to have huch higher glucose flux

(3. 10 mg/mln/kg) and oxidation rates (1.97 m /mln/kg) than

SwleT T -

" all other trcatménts durlng acute cold However, a greater
~pr0portlon of the glucose flhxxuas oxidized to CO2 in the
warm conditionedgpheep compared-to the cold conditioned
.sheepdin both fed and fasted states (Table 11). 1In all
cases the proportion of glucose oxidized to CO2 increased
hw1th acute cold exposure., Pernod et al (1972) also not"

T

that a greater progortlon\bf the glucose in dogs was qulckly

oxidized to CO dhen the dogs were exposed to acute cold

‘Both the glucose flux and ‘the glucose ox1datlon rate were

reduced in the cold condltloned sheep écutely exposed to .

cold when fasted. This is Tost llkelyfdue to the lqwer‘ )
: . : L B

.rate of gluconeogenesis in fasted compared to fed'ruminants .

(Annison and White 1961;-Kronfe1d'and Simesen 1961;-Leng

1970; and Bergman 197§). The perceﬁt of the glucose flux
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ox1d12e 3 co, durlng acute cold exposure was"lowest got”‘

the ggéﬁgﬁ%cold conditioned sheep. The net result Was that -.

5 L | . y,
théf edggold condltloned sheep derived a greater proportlon
_,""ﬁ' o ‘ RN
2 1r Heat production from glucose durJ.ng acute cold th/

Gabl h-fwfed or fasted ‘warm condltloned sheep. However when

> L

&;Ehe cold cond&tloned sheep ‘were fasted they derlved less

“heat production from glucose than the warm condltloned

sheep in elther a fed or fasted state, ‘ e

TR e

Tt is therefore concluded that both- chronfcqand

acute cold exposure 1ncrease the contrlbutlon of glucose to
the total heat production in sheep . Cold condltlonlng
appears to increase utlllzatlon of glucose for heat productlon
in fed sheep although the percent of the glucose flux belng
ox1dlzed to CO2 is sllghtly less than 1n_warm conditioned
sheep. Fasting appears to have littlegeffect on the utiliza-
tion of glucose in warm conditioned sheep howevert it‘causes
marked reductlons in both flux and ox1d;t;on in cold
COHdlthHEd sheep ‘ gz,.;'\ A |

‘ The results‘indicate that there might'beAa """"

slight inhibition of glucose oxidation in fed cold conditioned

sheep and when fasted this'inhlhition increases markedly.
. n . . .

ucose oxidation was not limited by

lndicate thar
availablllty An 1ncreased release of growth hormone mlght.
=xpla1n the 1nh1b1tlon of glucose ox1datlon observed
"fasting and/or stress stimulate the release of growth

1ormone (Grodsky l97l). Machlin et al (1968) observed an

v



increase in growth hormone in young anesthetized sheep
N during induction of hypothermia with ice packs. Olsen\
and Trenhle (1973) also\observed an 1ncrease in plasma
growth hormone levels of cattle exposed to prolonged cold
The cow which appeared the most stressed by. cold in their *
studies had the greatestulncrease 1? growth hormone. Growth
-hormone, in tiﬁes of increased energy.dehand{ may sparg

protein and carbohydrate at the erpense of:fat since. grthh
_hormone’. stlmulates overall,proteln syntﬁesxs,.lsrodskyllg A)_rmlm;_
impairs glucose utlllzatron (Hollobaugh ‘et al 1968) and

1ncreases fat utilization (Knobil and Hotchhiss 1964).
'!’», N .
Ruminants in a physiological emergency may be
placed in a carbohydrate insufficiency.and develop ketosis
(‘atterson and Cunningham 1969). The slow response or lack hh %C_i
’ﬂof’résponse of ketogenesis in ruminants to glucose therapy
emphasizes that it is not glgcose availability but rather
. its utilization Which is impaired in ketosis (Patterson
and Cunn}ngham 1969), possibly by the hypersecretion of
growthahormone (Seekles 1§48; Kronféld 1963; 1965; and
_Patterson and(Cunningham 1969). A similar'interpretation
mayfbe placed on‘results_qbtainediin the present study.
However, hypoglycemia’whlch isucomﬁonly associated with
.ketosisv(see review'by Patterson and Cungingham 1239) and,
which has been suggested to be the stimulus for the secretion
of growth‘hormone (Roth et al 1963; and Knobil 1964) was n
not obgerved ln the present study. Growth hormone can‘
cause.hyperglycemla (Wllllams 1962) and therefore the»

relatively hlgh levels of glucose observed in the fasted
. - - ¥

9 ) )
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cold conditioned_sheep.may have resulted after an incré3§o
e .

in the plasma level of growth hormone. ~ The lowered appetlte.

)

observed after fastlnq the cold condltloned sheep may be due

to the productlon of ketones which 1s known to 1mpa1r\

appetlte (Bergman 1973) . 1 . Cem s

In this, as in similar studies, it has been assumed

" that the metabolism of palmltate is represéntatlve of the

metabollsm of thé total FFA fraction. The plasma palmitate

99

_m;“tgoncentrat;ons werefxnd%eased by»éhronrc~cold~e posure, acute

cold eXpOSure and fastlng.a Halllday et al (1969) and Slee

and Halllday (1968) found that exposure of sheep to: chronlc

“ and acute cold 1ncreased thé plasma levels of free fatty

¥

acids, which is in, agreement W1th the results presented hereln."

Slmllarly Bost and Dorleac (1965) found that plasma:FFA
increased as.environmental temperature fell. Patterson (1963)
also noted an 1ncrease in FFA in ewes that was*apparently due

to adverse weather condltlons whereas Karlhaloo et al (1970)

j\(\‘.'

did not observe any effect of w1nter1ng ewes at low temper—d

atures on plasma FFA. The FFA concentratlon 1n cattle wasih
observed‘to increase when they were expOSed to an acute cold
—,of =20 °c (Thompson et al 1972_J Armstrong et al (1961)
Issekutz et al (1964) and West and Annlson (1964) suggest

that the FFA concentratlon is dependent on the rate of

mobilization and that the amount 8 FFA catabollzed is
: .

‘controlled by the c1rculat1ng leved accordlng to the law of“

mass actlon. ~“Therefore 1t 1s ev1dent from the~changes 1n 3

P

palmltate concentratlon observed when sheep were eXposed to# -

. , L ' ’.,
_ . s 4

v

N
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cold, that fat is ar{ important metabolic.substfateffor-the.;f
increased heat production associated with cold. S

- Estimates of the contrlbution of: palmltate to
heat productlon have been made on  the basis of palmltate
concentratlon and the SpeC1f1C activity of co, durlng

palmitate trlals (see page 62 of Derived Results) ‘The

‘%‘palmltate flux in fed chronically cold exposed sheep was

approx1mately 2 3 umoles/mln/kg COmpared to,1.59 umoles/mln/kc

_— [ B

At

for fed chronlcally warm eXposed sheep. The rate of .

palmitate oxidation-was d.70 umoles/min/kg for the fed

chronically cold exposed sheep and 9.36 umoles/min/kg for

‘the fed chronically warm exposed sheep. The-net result was

that fed chronlcally cold exposed sheep derlved a slightly
greater percent of their calorles from palmitate than did.

the fed chronically warm exposed sheep (4. 78 vs. 3.73%).

The fluxes and ox1datlon rates of palmitate were higher 1n'
fasted sheep than fed sheep when thronically exposed to - y
either warm or cold which-resnlted in a’higher proportion

of the calories being derived from palmitate in fasted
sheepfthan fed_sheep.

The{cold-conditioned sheep exposedeto 18°C had -

slightly:higher palmitate fluxes and palmitate oxidation

- rates than the warm conditioned sheep exposed to 189C.'

However, with the higher'total‘heat production observed in

‘the cold conditioned sheep at 18°C the net+tesult was that



there was no difference in the percent of the heat
production derived from palmitate between‘the two groups.,

¢ o .
The palmitate flux and oxidation rates were

greater during acute cold exposure than at 180C with the
'exccptlon of the palmltate flux of fasted cold conditioned
sheep. A greater proporplon of the palmitate flux was
quickly oxidized to co, .during acute cold'exposure than
at 180C Vlncent—Falquetaet al (1972) and Paul and Holmes
'hlgher palmltate turnover (flux) and oxidation rates and
that a greaterﬁproportion of the palmitate was quickly

oxidized to CO, than in the warm. Both the'flui and ther

2
ox;datlon rates of palmltato were hlgher in warm condltloned
‘sheep than cold condltloned sheep in both fed and fasted
states during acute cold exposure. . There was no difference
in the percent of the palmitate flux oxidized toACOé‘hetween
warm and'cold conditioned sheep. The net result was that
warm conditioned sheep derived. a greatervpercent‘of their
calceries for heat prodnction from palmitate than cold

conditioned sheep in both fed and fasted states.

Therefore 1t may be concluded that the use of

A palmltate‘for heat prouuctlon is 1ncreased by acute cold
'chronlc cold and fastlng. Cold condltlonlng of sheep
appears to sllghtly reduce the- prOportlon of the total Ek,

. v
heat productlon derlved from palmltate.

f



As mentioned previously, the purpose of:this‘
thesis is to determine the relative cOntriPutionS'of
glucose and FFA in sheep to the increased heat production
associated with cold. The following figorc (ngure 5) - ~

,illustrates the contribution of FFA and glucose to the
: . ‘ o

increased heat production associated with cold. 'The
increase in heat production due to cold was estimated by

determining the differences in heat prodpcti@g between the

. warm cOnditioned sheep at 18OC and the other treatments for
both fed and fasted sheep. The increased heat production

derived from glucose and palmitate W1th cold were estimated

‘

'similarly;' The.increased heat production from palmitate‘"

was converted to increased heat production from FFA by -

>

dividing by 0.16. The factor 0.16 was used since palmitate;

made up approxihately 16% of%the total FFA in the experiﬁenta]

Vo
oo

sheep {see Appendix D), . ‘ : _ , i

Approkimately 20% of the increased heat production -

in sheep chronlcally exposed to.-2 C can’ be. accounted for

by the oxidation of glucose compared to approx1mately 43%
by the oxidation of FFA. Fastlng‘reduces the contrlbutlon

of glucose to’approximately 3.2% and of FFA to.approximately

’,h

18% of the increased hgat production. The reduction in the

s ' N | ! : . L
glucose contribution to the increasedrheat-productlon is

most llkely related to the lower rate of glqconeogene51s

)

in fasted sheep. In the fed animal the gut most. llkely

contribotes a significant propor¢1on_of"thexsqbstrates

. - . “
a - - . - - - . ~ . - e -
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Figure 5. The Percent of the Yncreased Heat Production (Hp)
. Associated with Cold Expdsire of Sheep Accounted
for by Increases in Glucose and Free Fatty Acid “{FFA) -
Oxidation. *Medsurements from the warm conditioned sheep-at '
their conditioning temperature (18°C) were used td establish
the bagel‘ing6 " : .

0 Fed Fasted ' Fed Fasted Fed Fasted Fed Fasted .
Cold Cond. Cold Cond.: Cold Cond. Warm Cond.

' Sheep at ' Sheep at - Sheep at  Sheep at
-2%C -t 18°C -24°C -24°C
* * Warm Cond. * Total Hp ,,-. % Hp from % Hp from
at 18°C j;al/min/kg)  Glucose . . _ FFA&
. Fed . . 24.6 . 3.4 23,1

Fasted . 21.5 - 3.5 60.6

‘e



the contribution ‘of substrates from the gut is most likely

stores.

fasted. It is possible tt .+ 4o decrease was aéSociated B

‘with 1ncomplete combus ion & FFA and that the sheep may e

have been in a ketotic state.

- % The fed cold condltloned sheep acutely exposed
to 18°¢ dcrlved approx1mately 14A of their calories for the
1ncreased heat productlon froﬁ glucose and l9£ from FFA.
Fasting resulted in a sllghtly smaller percent of the
increased heat productlon comlng from glucose (11%) and a.

larger percent COmlng from FFA (29A).

Approx1mately 21% of the 1ncreased heat production

of fed cold conditioned sheep acutely exposed to -24% C.can .

be accounted for by glucose and approx1mately 77% by FFA.«

Fastlng these anlmals resulted in significant decreases in

the contrlbutlon of glucose and FFA to the 1ncreased heat

[

productlon assoc1atea Wlth acute cold exposure. It is-

]

'prooable that this response to fastlng is 51m11ar to that

prev1ously descrlbed for the cold cond¥tioned sheep when
exposed to chronlc cold ‘ The fact that the fasted cold

Londltloned sheep had the hlghest glucose -concentration

but the lowest glucose oxidation rates during’ acute cold

eXpOsure would 1nd;cate that glucose metabglism was inhibited.

B



Similarly, the reduction in palmitate utilization may

‘indicate somefimpairment of FFA utilization.
iThe percent of the increased heat production
'contrlbuted by FFA upon exposure of warm. conditioned sheep
" to an acute cold temperature of =24 °c was estlmated to be
117% when.sheep were fed and 97%.when fasted. These .
results support Graham et al's (1959) ard Blaxter and
Walnman s (1961) conclusion that in rumlnants fat alone -
_can account for ‘the increased heat p_r_QdH,st_l,erz_ associated
with cold. .However,_thefresults presented herein‘also
indicate that giucose accOuntsvfor approximately 11% of -
the 1ncreased heat productlon associated W1th acute cold
‘exposure. The encrgy supplled by the gut probably decreases
..during'cold exposure, at least 1in the fasted animals and
‘hence the sheep mist rely more on body stores for normal
,maintenance energy. It is therefore probably ihaccuratel
. to suggest that the 1ncréase in fat metabollsm is solely
dlrected at the increase in heat praduction since it is
likely that more of the malntenance requlrements-are now
.belng met by the moblllzatlonJof body stores. The results
presented herein 1nd1cate ‘that both FFA and glucose

' contr;bute‘to‘heat productlon in warm conditioned sheep
- éxposed to acute cold.
'-.The'coldfcohd;tioned:sheep appeared to utilize
glucose to a much greater'extent than the warm conditioned
P . B . B . 1 .

sheep which is evident.from.the,highervpercent_ofvthe heat
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production derived from glucose aurlng both the chronlc
( - Py : 4
and acute cold exposures of these sheep.. Hewever, both '

v

glucose and palmitate metabolism aﬁpeared to be 1mpa1red
]

©in these sheep when fasted whereas fastlng appeared to have

very llttle effect on elther glucose or palmltgte metabollsm
&
in warm cond1tloned sheep. K

% source of energy‘for the increased heat

Th
productian not'accounted.for b;\glucosé'or FFA.catabolism

.can. only be.speculated at the,present time.ﬂ The logical

alternate source of energy 1s pratein however as mentioned
prev1ously the malntenance of body proteln is cruc¢al to

an animal's surV1val. Therefore it is temptlng to.suggest
that nitrogen recycllng increases concurrently with heat
productlon, although there 1s no ev1dence of this to date.

An increase in the apount of~ammon1a from catabolized protein
"reincorporated into aﬁino acids in the rumén by microorganisms
and theh reabsorbed,vwould conserve proteln mass at times of
iucreased proteihfcatapolism.r However, the role of protein
in cold induced thermogenesis is‘not clear Que to the .
llmited research ingthisﬁarea to date. _ ‘ o B

This study showed that glucose-as'well as fat ‘
ox1datlon increase to meet the 1ncreased requlrements for
heat productlon when sheep are eyposed to- cold ~ Further
“research is required to determlne ‘the mechanlsm whereby 'ﬁg

s i

glucose oxidation was 1mpa1red in cold eondltloned sheep

. keeping .in mind the possible role_of.growth hormone._“éuch



research might increase our understanding of common stress
: ~ ° . ST ‘ .

a carbohydrate deficiency is implicated \\\

digorders in whic
~in the etiology, su as ketosis and pregnancy toxemia, both

. of which are enhanced adverse weather conditions.

Tne limitaticns of pe‘preSent study should be
realized if the"results are to be interpreted fairly. Only
three animals were used per sample. -Sheeb were used as the
experimental anihal with the assumptionitnat they were |
repres_enta_fciye ~of_ruminants.: These sheep were exposed to
controlled environments within the laboratory‘whfch may“
have yeilded different results than would have been found
.under natural'conditions."Estimates of FFA utilization were .
based malnly on plasma palmltate contentratlons. ,In the |
'llght of the present research it would seem adV1sable to
increase the concentration of gluconeogenlc'precursors,
possibly by increasing grafn supplement, in times of adverse

weather conditions. waever further research on the effects

.of cold on substrate utlllzatlon is requlred before we can

T,

assess its effect on productlon and hence make unquallfled

recommendations for feed.and malntenance.
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SUMMARY AND CONCLUSIONS
hAY

‘.

The effects of acute and chronic cold on

' carbohydrate'and fat metabolism in ruminants were studied.

: <
Six closely clipped mature ewes werc used in both fed and

fasted'states. The sheep were either warm-or cold..
conditioned by maintaining them at 18 or -2°¢ respectively-..
Measurements were taken at the respective conditioning

temperatures andehenvboth groups of sheep were acutely

. _exposed to -24°C.  Additiopal measurements were taken when
1

[ T

‘the cold .conditioned sheep were acutely exposed to 18°¢.

Isotopically labelled palmitate‘or glucosé was infused into

thé\shecp throughout each measurement period in order to

Vmonbtor glucose or palmitate metabolism. The analySis of

labelled palmitate from plasma was not Satlsfactory and

therefore the’estamatesbof‘palmltate.utlllzat;oqgwére«based
. e

onlthe plasma palmitate concentrations and -the specific

activity of Coz'produced.

The hematocrits aﬁd metabolic rétes were found

_to be hlgher and the resplratory quotients lower in most

cases durlng colc exposures (-2 and -24 °c) compared to

warm exposures (18 C).

Chronic cold exposed sheep in a fed state Qere

found to have an average glucose flux of 3.13 mg/mln/kg,

glucose ox1datlop of 0.72 mg/min/kg, palmltate flux of 2. 30

mmoles/min/kg and palmitate ox1datlon of 0.70 mmole/min/kg



‘compared to 1-.24 mg/min/kg,'O 23'mg/min/kg; 1. 59 mmole/
,mln/kg and 0. 36 mmole/min/kg respectively for chronlcally
warm exposed sheep. The percent of the heat productlon
deriveq during chronic cold from glucose was 125% and from
palmitate 28% h&gher than tﬁdt'observed in the cﬁronically
warm.ZYposed sheep,. In fasted sheep the respugse of glucdée
and palmltate flux dnd ox1datlon to chronic cold was similar
but smaller than that for feéed sheep. There was little

change in the prOpqrtion of the heat production.qsi?ved

.. from either substrate due to chronlc oold _exposure when

shéep were in a fasted state. S ~ Y
"y '

The cold canditioned sheep exposed to acute
\Warm (180C) were found to have elevated restiﬁg*metabolic 3

r&tes when both.fed and fasted. - Both glucose and palmitate

3

’oxidation were slightly higher in the cold condit}oned

sheep at 18°c compared to the warm conditioned sﬁeep at 18°c.
i . ‘ . . ’// . . ]

' S / ‘
The exposure of fed warm conditioned sheep to
/

acute cold resulted in 81gn1f1cant 1ncreases ﬂh glucose -
and palmltate flux. THe ox1datlon rates ‘of ﬂ%e two
subStfétes were increased by\more than 400%/?y exposure to

acute cold and hence the proportion -of Ehe.heat.production.
. ~ K . '/

derived from the two substrates measured increased

significantly. Fasting lowered the reSpoﬁse'observed

when warm conditioned sheep were exposed’/to acute cold

however, the changes in RQoth glucose and palmitate'
metabolism were significant. - 3 /

9 .



Fed cold conditioned sheep exposed to acute cold
were also found to have increased fluxes and oxidat%on rates
of both palmitate and glucose however, the relative increases

were not as great as those observed for fed warm condltloned

o e

sheep. In the fasted anlmals there was little change in

»

the flux of either palmitate or glucose although the rate
S

of oxidation of these'substrates was increased when exposed -

\w
to acute cold. . -

! \

Cold condltloned sheep exposed to acute cold

,( 24OC) had hlgher ‘rates of glucose flux and ox1datlon and

lowér rates of palmitate [flux and oxidation than Qarm

conditiongg sheep expose to acute cold when in a fed state,

however when in a faste
L ]

lower for the cold conditioned sheep. . , .

state all these parameters were

» | 1.

o The contribution of FFA ‘and glucose to heat

prédgctmen in sheep is 1ncreased by exposure‘to both acute
and chronic cold whéreas fasting -ipcreases the FFA
contribution but creases the contribution of glucose,

Cold conditioning/ increases the sheeps capacity for glucose

utilization, hegeyer a g;ucose.Spagiggxgechanlsm also -

——

| ——
comes intd play and becomes very active in the fasted

animal. w

/,’
It is now apparent that glucose as well as
FRA contrlbute to cold thermogene31s in rumlnants.'

rf
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APPENDIX Bl

(1965) .

‘Isolation of Glucose as Glucose Pentaacetate for the

T oo o —benzc:vlcr“ac;d

Determlnatlon of spcc1f1Q_Act1v1ty
. . ) ) Y

H . .
This procedure is based on the procedure of Jones

Reagents - :table tungstic acid (Hycel)

lacial acetic acid » )
Distilled water :
Acetic anhydride
Postassium acetate ‘
Carrier solutlon - 50 mg/ml glucose in O 2A
3c1nt111atlon fluid
- 12 g 25-diphenyloxazole-
) - 0.3g p-bis [2-(5-phenhyloxazolyl) ] benzeng

-~ 31 of toluene
;

'-Procedure‘

1)

)

3)

1)

© 5)

6)

" splution and 5 drops of qla01al acetic acid i

"3 ml of plasma werc addcd to 12 ml of stable tungstlc
acid, shaken v1gorously, let stand 20 min and®centrifuged
at 1000 X g for 20 min.

P

{

10 ml‘of tha subernatant were added to 3 ml off carrier
a 50 ml

beaker. The solution was ‘then evaporated to oryness.

1.5 ml of adetic anhydrldevand 6O 70 mg pota551um acetate
were 'added to the beaker. - The beaker wasothen covered
with aluminum foil and incubated at 80-90°C for- 45-60 min.

15 ml of hot distilled water was added and the solution
boiled for 2—3'min or until all oily globules disappeared._

The solution was immediately flltered thro&gh a heated
filter into a centrifuge tube by vacuum, cooled and |
centrifuged at 10,000 X g (Temp.‘of cent. = 4°C)

The . supernatant was~éecanted and 15 ml of hot. d;stllled
water was added to the prec1p1tate. The precipitate

- was redisolved by heatlng in a boiling water -bath and _

,stlrrlrg.



» '
7)@3The solution was coolod and centrlfuged at 10,000 X g
for 10 min (Temp. of cent. 4°¢.

8) Step 6 was fepeated.

) |

9) The solution was cooled and the crystals formed were .

- gollected on filter paper (Whatman #1) and washed with
0ld water, . o '

'105, e crystdls were placed in a tareéd scintillation vial,
ried for 1 h at 105°C and then placed in a- dessicator

o to cool. R
ll) The sc1ntlllatlon vial with crystals was. welghed and

S of 317 ! 15 ml of toluene based scintillation fluid .was
' added. ; The activity of this solution was read.

L) : )



APPENDIX B2 ,,»I T
Extraction of FFA from Plasma , ' .
P

This procedure is based on the procedure of Dole
and Melneftz (1960) . : r :

‘Reagents - Dole's reagent
’ b - 40 parts by vol. isopropyl alcohol .

£ - 10 parts by vol. heptane
- 1 part by vol. 1IN HCl

» Standard ’ ' ' AN
' -~ 75 mg arachidic ac1d per litre ‘of heptane

Heptane y
n-Pentane
1N NaOH. _ . .
1N HC1 S .
Thymol blue . _ - S o
- 0.01% in 70% methanol
: , . LI
Procedure s . S _ N
—_— . A
1) 4 ml of plasma were shaken with 20 ml of Dole .S reagent
- in 50 ml screw cap test tubes and then let stand for -
5 min. -

2) 6°ml of standard, 8 ml of dlStllled water and 6 ml of
- “ heptane were added The tubes were aken and then
‘ allowed to stand for 10 mln. ' :

3) . The upper heptane layer~was transferred to a clean test
tube and 1 ml of thymol blue was added, .shaken-and let
,stand (Yellow) ' L :

~

4) lN NaOH was added:a drop at a time untll the solution

: became alkallne. (Blue) .
5)--The lower blue- layer was. transferred to a clean test

.-tube and washed twice Wlth 5 ml of pentane.- The pentane
was dlscarded ] : ? ‘ :

~

@

6) 1N HCl was added a drop at a time wntil the solution
became acidic¢ (Red) and then this phase was extracted
twice w1th 5 ml of heptane. S . S

: Dlstllled water “.llmlmll_ll.rn e e ez



APPENDIX B2 R

- é

. Extraction of FFA from:Plasma

(1965).

Reagents - Dole's reagent

"

~This pfgzednre is based on the oroceddre of Jones.

- 40 parts. by vol, 1sopropyl alcohol
-~ 10 parts by vol. héptane
-~ 1 part byMVOI 1IN HC1

Standard : :
- =75 mg arachldlc ac1d per litre of | heptane

Distilled water - .
‘Heptane A

) ~ n-Pentane T - N
1N NaCH
- /1N HC1 o ,
Thymol blue o B
. - 0.01% in 70% methanol’
Procedure . ©
1) 4 ml of plasma were shaken with 20 ml of Dole': s reagent
in 50 ml screw cap test tubes and then let stand for
5 mln. T e
2) 6 ml of standard, 8 ml of distilled water and 6 ml of
' heptane were added. The tubes were shaken and then .
allowed to stand for 10 min. ) -
'13) The upper heptanehlayer was transferred to a glean test._icﬁ:
- tubs and 1 ml of thymol blue was added,. shaken“and let '
‘stand. (Yellow) _ , .
- 4) lN NaOH was added a drop at a tlme untll the: solutlon
became alkallne.v(Blue) ) : .2.
, NN
5). The lower blue lgyer was transferred to a clean test’
tube and washed twice w1th S ml: of pentane. The pentane
was dlscarded.‘ : : : -
'6)~elN HCl was added a drop;at a time -until the solution

became acidic (Red) .and then this’ phase was extracted

P9

- twice’ w1th 5 ml of heptane. S . . ) ;,.



! g i:..f . 7
N . .
. 3 Ch . ' .
7) The two pentane extracts were aombined jin a- clean tube
. and evaporatéd to dryness. under™nitrogen for methylation.

-



127

APPENDIX B3

Methvlation Qf'FFA

Procedure

" 1)

2)

3)

4y

1nd1v1dual FFA. : _ _ : e

Reagents - Melthylatlon reagent

- 35% Boron trifluoride solutlon
~10% Boron trlfluorlde in methanol

20% ﬁ—pentane
45% methanol

Distilled water

n—Pentane

% ml of methylatlon rcagent were added to the drled
"FFA extract .under nitrogen and then the tubes were
tightly sealed with screw caps. .

ﬂ

The tubes were ‘heated iR a boiling water bath for 30

.minutes and then cooled.

‘5 ml of water were added and then extracted tw1ce

with 5 gé of pentane.

The pentane extracts wereocombgted sealed undeﬁ
nitrogén and stored at 157¢ for isolationf%f ‘the

: g
;

i S .
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Y APPENDIX C Measurements by Trial
Appendix - ‘Sheep Nutritional » bMeasurement =
Table # status _ %condition Temp. (°C) Page
®Glucose trials . : o R _ o
Cl , 1080 “Feg Warm 18, =24 129
c2 ‘ 1090 Fed Warm 18, =24 130
C3 1020 Fed Warm - 18, =24 = 131 .
C4 : . 1110 Fed " Cold 18, -24 132
cS 1330 Fed . Cold 18, -24 . 133
- C6. 1530 . Fed .- - Cold 18, -24 134
-G7 1080 Fasted . Warm 18, =24 ~ 135
c8 -, .1090 Fasted Warm 18, -~24 - 136
c9o _ . 1020, Fasted Warm . 18, =24 * 137
Ccl0 1110 Fasted =~ * Cold 18, =24 - 138
T Q1Y T T 71330 T Fastedt T Cold _18 =247 7 71397
c12 1530  Fasted . . cCold 18, -24 = 140
c13 . -1110 Fed - =~ Ccold 0 =2 141
Cl4 - 1330 . Fed o Cold =2 "1l42
ci5 . - 1530 ' Fed © ' cold g =2 143
© C16 1110 Fasted - Cold’ T =2 144 .
_-C17 1330 Fasted - Cold : -2 145
‘c18 1530  Fasted °  'cold -2 146
Palmltate trlals . L ,
€19 1080  Fed Warm  .~18, =24 147
C20 : 1090 - Fed - ' _Warm 7 18, -24 148
cz21 . 1020 Fed .-+~ Warm . 18, =24~ 149
c22 1110 Fed . Cold 18, =24 150
€23 .. . 1330 Fed ‘cold 18, -24 151
c24 © 1530  Fed . "’ cold , : 18, =24 152
c25 © 1080 Fasted ~ Warm * 18, =24 153
c26 . 1090 . Fasted - Warm . - 18, =24 154
Cc27 o 1020 Fasted Warm . 18, =24 155,
- C28 © 1110 Fasted Cold =~ .18 =24 - 156
©.C29. . 1530 Fasted - " Cold 18, =24 157
c30. - 1110 Fed ' Cold =2 158
Cc31 1530 Fed . Cold . =20 159
c32. - . 1110 Fasted Cold -2 160
'Cc33 1530 Fasted Cold = -2 161

a Sheep were malntalned at either 18°cC (warm) or -2OC (cold) .

Measurements taken at approx. -18, -2 and -24 °c were
.summarized in the Results sectlon p 34.

€ 1In appendlces Cl- C18 the f1rst value llsted after’ the
‘heading, INF (uc X 10‘4/m1n) is the rate of U-l4C-glucose -
1nfu51on and the second value is the rate of 1—3H-glucose
infusion.. Both radioisotopes were included in the-
1nfusates, however, measurements for 1- —glucose were not
used in the Results section since they did not appear to
»~,ye11d any additional 1nformat10n._
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APPENDIX D o e
r‘”/.' N X ;9 . . yr l,’_,/, s
" Comsition of Plasma Free'Fatt ‘Acids Co
: L . ‘ .
. The composa.tlon of the ,plasma FFA's from the | .
_palmitate trials is shown below:along with the heat of
- combustion of each of ‘the FFA's measured These values
have fbeen’ multlplled together td glve t.he relatlve amount
of eﬁergy in each FFa .- fractl&l. ‘»'«j‘,;.'j",v : ~ » -
# o LT ‘ Lo ‘L:e‘
Méan Value (range) - Heat of Combustion . "3’:, ’
'EFA _«>(umole/100 umole) (pal[gmole Fng (cal/LOO umole) '
';16 ov»'[lw 8 ‘(13 3 21.56) :‘ D 2.398 T 42 69
16: 1 - -ML2.4' (1.1- 5. 5) w2, 855 “ Y 5,865
. j‘:-.:.‘-q . . :" . .. A,r L ‘_‘ .
17:0 2.4 (1. 15 5.0) v . 2. 5547 - Y 6,13 :
17:1, ,Uaﬁ - TU0.1% 4.0) - $2.810 0 .  3.26 ,
18:0 0 25i7 " (11.6-35.4) L 2,712 T f . 69.69 ‘
- 18:1 39.5 - (31.5-49.0) 2.666 - . 105,30 .
ig:gs © 7.5 0 (73.7-16.1)) . 2.623 v 19,67
18:3 ° 3.17 ( 1.4- 5.2) - - 2,579 T .o8.00 . <%
ST sl 0260438, T
o . S S P T
.& . ’ o + 3 A "»J, .
~ - | ‘”;."’ 3 e J
The percent of the plasma FFA energy contalned in
the palmltate fractlon = LT e
‘ o '. ' S ."ﬂ
4? 69 T R1E a0 :
————-260 75 X lOO — 16,.34 .
- ‘ g BT
CLox "I’hlg' value 'should probably be slightly leower 'since it g
~does npt aC@unt for the FFA's with -¢chain lengths less o
than ~16 0« 7 X )
N : e e
. . . . _ 0. i ,
, :. ~ ';.". 3 L s s = Jf' .
- o L e "



