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ABSTRACT

The effect of diacetyl-2,6-diiodohydroquinon~ (I5I7) on %o
nalorigonic action of exorenous T-thyroxine and IL-triiodothyronine
was studied in normal. and thyroidectomized male mice acclimuated to
30° or 1097, Two methods Teor determinin: the oxy-en consumption
rates (CCRs) were used: one wos a modified llaclavsn 3 ater in vhich
the OCis were determines on .-roups of eirht nice; the other a ovotem
usine gin~le animals, The mnimcls were pretreates” wilh thrrotine or
triiodet!vrronine in conjunchion with TDIY, and treir Z70s were de-

1

termined usin: bot' methods, o ecorpsrison of the result-s shooed

that crourins had on eflect on the measured reosrons~ in hoth frazated
and tntrectad animals,

fomaiee Ty et s amiep 1310000 100 hermones were
adninictered did nat reveal any correloti-n Yot the wiount of
317 ezcreled und the ma mitude of increare in oo in w.rii- and
cold-acclinz ted mice.

The ealorirenic responsce of untreated &nd rretrestec mic~ to
neradrentline was measured under tuo sebs of environmental conditicne,
In onz, muntreated and pretreated mice were tested vith neracdventling,
theiy Ois bein: determined ot the temperature of zeclimstion. In
the other, the noradrenaline test was conducted after the zninales
nid been axposcd to 10V or 307 for cne hour.

“Ten norsdrenaline Wus tLested ot the tempercinre of scclin hion,
the results ghowed that pretreabnent hed sn affect on the sencitivite

~

40 norsdrenline; DUIY cenerally inhibited the senritivity oF thiroxive

2]

pretreated mice and enhénced the sensitivity of triiodothvrenine yre-

.

P,



trodted onee, Thyroidectomy reduced the sonsihivity to noradrenaline,
anen cold=acelliabed mice, sensitive to the hirher dosage of

neoradrenaline vere placed ot BO“C Tor one hour, they loct thin

?uUﬂitiVitY. Thic lack of meneilivity oF cold=necliantod miecr wras

contir e to the ceonsitivity noen in cold-scelimnted rats hasted

vith s lover dosace of norsdrenatice o 30‘? cnd indinstbed a Cefi-

it

o

» cpecias dilferenes, ™Mo dilfersnce in the vesponse of mice to
roradrenaline vnder the twe onvieonme Ll conditions incicated the

2 PR 2 0N g [ T T PR, B . e 1 - oY
inportinee o Sha horvarators or cthied She toeh e eondgeled,

1

The rapidity wit> vhiel cold-zeelimsted mice lect theiyr gonci-

tivity to noradrensline indicioters a lur -er role [or the nervous

system in thernmo:enesis thnn is reen in the rat, and perhaus different

meang of nonshiverin:s thermo-rnesis are to Le found in theze tvo

. Species.
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HeuSUkL

Un a dtudis 1'ef’et de la diiodohydroquinone diacetylae (LDIi)

; , . ' .. .
sur l'action caloricenique cde la thyroxine et de 1la triiodothyronine

N . . o /
exogenes dans des souris males, normaux et thyr01dectomées, acclimatees

2 30° ou 10°C, On a utilisé deux méthodes pour la déterming tion du
taux de consommation d'oxyrene \0CK): Dans un systeme de Maclacan

modifié les OCHs ont été déterminés en .roupes de huit souris; dans

~ . /7 'y . .
1'autre systéme on a fait la déter inution avec une seule souris a

la fois. Un a trait€ les animaux avec la thyroxine ou la triiodothyro-
nine conjointement avec la DDIH, =t on a employé les deux méhhodes
pour la détermination du UCR. Une comparaison des résultats a montré
que le groupement de souris avait un effet sur la réponse mesurée
chez des animaux traités ou non-traites. |

Une serie d'experiences pendant laquelle on a administré des hor-
mones marquées de 1311, n'a pas montré de corrélation entre 1la quanti-

té de 1311 excrété et 1la prandeur de 1'augmentation du OCIt dans des

souris acclimatées au chzud et au froid.

On a mesure la reponse calorigéniacue & la noradrénaline dan- des
souris traitées et non-traitées en deux conditions de milieu: 1) On
a examiné des souris traitées et non-traitées avec la noradréhaline,
en déterminant les OCH a la température de 1'acclimatization; ”) on
a fait le test avec la noradrénaline apres avoil exposé les souris
10° ou 30°C pendant une heure.

wuand on a examiné la noradrénaline @ la température d'acclima-
tization, les résultats ont montrés que le traitement avait un effet

sur 1a sensibilit€ i la noradrénaline; la DDIM a empéché cénsralement

i
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_— 4 . e 3 <
1a sensibilite des souris traitees a la thyroxine et a aurmente la
eNss ’ e ~ . . .
sensibilite de ceux traitées a la triiodothyronine., La thyroidectomia
N . ey e ysa ” lé
a reduit la sensibilite d 1o noradrénaline.
i s . ’ . . \ ’ /
Dnc souris acelimotees su froid, sensible a wne Adone elaevee de
’ . s N A0
noradrenaline et expose a 30 °C pandant une heure, ont yperdn cette
s s eg 7 ' ey s ”? . .
aeneibilité. CLette absenne de sensibilibe des souris a-climetees 21
v s / . el e 24 7 Id . .
froid etait contraire & la sensibiliteé remarquée dans ces ratc aceli-
v . ./ . s .
mates au froid et examines avec une dose plus petite de noradrenaline
Y 200 . . cons ’ . 1 \ . cnpn’ .
a 200C et indinue une difference definie d'espece. La difference de
s - -\ [4 id Iy A} [ B
reponse des souris & la noradean:line Jdans les dens condibions de milieu
. ya . / s .
indinue YL'importince de la toper ture pendant 1'wsperionce.
" 3 s . / [ PSR . | o
La vitesse avec luaquelle lec souric ucrlintees ~u roid ont percu
e . . . .N .
leur sensibilité ~ 1a noradr naline indinusit le plus rand role cu
- /N ' . . j.
systemenerveux dans la therioceénese ~me celui observe cuins le rat ot

A s ? 7 s _ . %
preut-etrz un moynn different de thermosenzse sans fri-son ect emplo o

- N
dans les ceux r~speces,
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PART ONE
INTRODUCTTION

A. General Aspects of Thermoregulation

All hameotherms which have been tested respond to cold by
increasing their oxygen consumption rates (OCR's) (Hemingway 1963).
This increase appears to have three basic origins: increased volun-

tary activity, shivering, and nonshivering thermogenesis.

1. Voluntary activity
When animals are initlally exposed to cold, increased somatic

voluntary activity and autonomic sympathetic pilo-erection are

observed.

2. Shivering

An immediate fall in skin temperature indicating sympathetically
induced peripheral vasoconstriction has been observed, as well as signs
of iﬁcreasing electrical activity fram the muscles within fifteen mi-
nutes (Sellers et al. 1954) indicating the onset of shivering (Review
von Euler 196l1).

In shivering, the peripheral cold receptors pick up the initial
cold stress. From here the impulse is sent via the spinal nerves to the
spinal cord and on into the thalamus, then to the cortex and hypothalamus
for integration.

The regponse to this stimulus is sent from the primary centre of

the hypothalamus over the pons and bulbo-reticular facilitatory area




.

(particularly the Red nucleus) into the lateral funicles of the cord
(Jung et al. 1937). From here the impulse follows primarily the
reticulo-spinal pathways (Hemingway and Stuart 1963) and partially
the pyramidal pathways (Keller 1948) and is transmitted to the respective
mugcle groups by motor nerves leaving via ventral spinal roots.

Studies on the muscle activity of unanesthetized cold-acclimated
rate showed that they could increase their metabolic rate by about

eighty per cent without appreciable change in EMG (Hart et al. 1956).

This, according to the authors, indicated that shivering was not a

major factor in the metabolic response to cold in these animals. The
neurohumoral mechanism alone was apparently sufficiently rapid to account

for the immediate response.

"3. Nonshivering thermogenesis

Initially the concept of nonshivering thermogenesis as the
ultimate stage in cold-acclimation was doubted because of the difficulty

in demonstrating an elevation of oxygen consumption in the cold without

. shivering (Hemingway and Hathaway 1941, Burton and Edholm 1955). However

the following were convincing evidence for the phenomenon of nonshivering
thermogenesis: (1) Davis and Mayer (1955) showed that forty per cent

of the total heat production of normal rats exposed to cold was due

to nonshivering thermogenesis; (2) Sellers and co-workers (195L)
demonstrated that there was a reduction of shivering accompanied by
increagsing production of heat in rats during chronic exposure to cold;
(3) Cottle and Carlson (1956 a), using curare to prevent shivering,
showed that cold-acclimated curarized rats could still increase their

oxygen consumption and msintain their body temperaturs for a period




of two hours when exposed to cold. Warm-acclimated curarized rats
showed only a small increase in oxygen consumption and were unable to
maintain body temperature; (L) Héroux et al. (1956) and Hart et al.
(1956) showed that cold-acclimated rats could approximately double
their metabolic rate without shivering, whereas warm-acclimated rats
showed pronounced shivering in the cold.

The main characteristics of nonshivering thermogenesis have been
gtated to be a high rate of heat production with actually decreased

muscular electrical activity and the ability of curarized rats to in-
crease their heat production when injected with calorigenic hormones.

In nonshivering thermogenesis, it would appear that the regula-
tory centre is the posterior hypothalamus (Jansky 1965) and that the
efferent fibres are different from those of shivering. The sympathetic
nervous system seems to be involved as well as the endocrine system in
nonshivering thermogenesis.

Two principal factors have been stressed in an attempt to explain
nonshivering thermogenesis. Since animals chronically exposed to cold
have an elevated basal metabolic rate (BMR) (Sellers and You 1950) a
role has been sssigned to the thyroid. In rats, increased thyroid
activity has been shown (Starr and Roskelley 1940, Rand et al. 1952,
Cottle and Carlson 1956, Woods and Carlson 1956). However Leblond and
Gross (1943) and Sellers and You (1950) showed that thyroidectomized
rats could be maintained with minimal amounts of thyroxine (T)). Weiss
(1957) showed that the elevated tissue respiratory quotient was less
but still present. Also unsuccessful attempts at artificial cold-
acclimation with thyroxine (Sellers et al. 1951) and the capability

of thyroidectomized curarized rats to respond to cold (Hsieh and




.

Carlson 1957) indicate that in cold-acclimated animals the chemical
regulation of metabolism is not controlled solely by the thyroid gland.
The second factor involved in nonshivering thermogenesis appears
to be the sympathetic nervous system (SNS). Cannon and co-workers (1926,
1929) showed that adrenalectamized and gympathectomized animals were
not able to maintain body temperature when exposed to cold. Each of
these factors, thyroid and SNS, will be discussed in more detail with

regard to their role in thermoregulation.

L. Site of heat production in nonshivering thermogenesis

A number of sites might be possible in heat production, but the
experiments of Depocas (1958, 1960) in which he showed that functionally
eviscerated, curarized, cold-acclimated rats could increase their heat

production to the same extent as intact animals, indicated the role of

. the skeletal muscle mass and the insignificant role of the viscera.

The role of skeletal muscle was later confirmed by Jansky and Hart (1963)
using the hind limb of curarized cold-acclimated rats, and by Davis
(1963) on the muscles of cold-acclimated dogs.

More recent experiments by Jansky (1966) indicate that possibly
the muscles are not the only organ participating in thermogenesis and
that earlier experiments may have been influenced by the methods used.
Jansky (1966) measured cytochrome oxidase activity and maximal metabo-
lism on the entire muscle mass and showed that this tissue cannot
account for all the increase in oxygen consumption in very cold envi-
ronments. There is some evidence that part of this thermogenesis
originates in brown fat (Smith and Roberts 196L). The oxygen consumption

of the isolated perfused liver of cold-acclimated rats is not affected

H
i
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by noradrenaline (Jansky et al. 196}) and thyroxine (Zeisberger 1966).
Thus the liver does not seem to acquire an increased sensitivity to
these hormones, but their indirect effect may be mediated through
increased organ blood flow (Hannon et al. 1963) and on levels of sub-
strate in blood (Hannon and Larson 1962, Rimmer et al. 1962), both
of which would lead to increased liver metabolism.

Jansky (1965) points out that there may be species differences
in the type of nonshivering thermogenesis since in the white mouse the
muscle capacity for thermogenesis is only thirty-five per cent of the

metabolic capacity.

B. The Role of the Thyroid in Thsermoregulation

1. Metabolism of thyroxine and its actions

In attempting to elucidate the mode of action of thyroid hormo-
nes, two approaches have been used, each having drawbacks. In vitro
experiments in which the effect of the hormone on a particular enzyme
is studied are highly sensitive in the experimental conditions, and
frequently the results are somewhat meaningless.For example, Dunne
and Tapley (1960) showed that D- and L-thyroxine were equally active
in vitro but not so in vivo. When studying the action in vivo, large
and unphysiological doses of hormones frequently have to be administer-
ed before any measureable effect is observed.

The premise that the thyroxine molecule itself does not exert
an effect on the metabolism but that it is altered to some active form
has been put forth. Various metabolites of thyroxine have been suggest-

ed and subsequently tested to see whether they exhibit greater or less




metabolic action than Th’

The three main pathways suggested have been: (1) conjugation
of the phenolic hydroxyl group; (2) oxidative deamination or transa-
mination of the alanine side chain; (3) deiodination of one or both
benzene rings (Pitt-Rivers and Tata 1959).

Conjugation occurs primarily in the liver, and the formation of
the p -glucuronides (Taurog et al. 1952, Roche et al. 1953) and their
biliary excretion was originally thought to be an important mechanism
for the elimination of excess hormone or the regulation of the hormone
level in circulation. However further experimentation showing that
only a small proportion of a large injected dose of Th is excreted in
the conjugated form (Taurog 1955), casts doubt on the importance of
this pathway. It seems also that rat livers do not handle an exogenous
doge of hormone in the same manner as an endogenous one (Heninger et al.
1963), raising doubt as to the validity of extrapolating observations
concerning the metabolism of an exogenous dose to the metabolism of
endogenous hormone.

Roche et al. (195)4) showed that B -glucuronide conjugation
occured more readily with T}, than with T3, sulphate conjugation occur=-
ing predominantly with T3.

No evidence has been presented to show that conjugation of
thyroid hormones yields a compound of higher biological activity or
is an important step for their physiological action.

The possible physiological importance of the conversion of
iodothyronine to iodothyroacetic acid was suggested since these acids
appeared to exert’an immediate in vivo and in vitro action and did

not exhibit the latent period which preceded the action of iodothyronines




(Thibault and Pitt-Rivers 1955, Thibault 1957). Objections to the
importance of these compounds are presented by Pitt-Rivers and Tata
(1959), one being that oxidative deamination of thyroid hormones is
quantitatively a minor metabolic process in the body compared to de-
iodination and conjugation. It appears that there is no conclusive
evidence to suggest that the deaminated derivatives of thyroid hormones
are their "activem forms, although the derivatives themselves may be
biologically active.

The third and major pathway is deiodination. The discovery that
T Wag more potent than T (Gross and Pitt-Rivers 1953) as well as some
reports of partial deiodination of T), (Larson et al. 1955, Albright and
Larson 1959) suggested that this transformation was part of a mechanism
for the activation of T). However, since partially deiodinated deriva-
tives are rarely encountered in studies of deiodination, this view is
| generally discounted. Barker (196L) has postulated a protein camplex
containing 3, 5, 3'-T3 derived by 5' deiodination of T), and this has
led to renewed interest in the possibility of partial deiodination.

The problem still exists unresolved as to whether deiodination
is the resultant or cause of hormonal action.

In recent studies using lhC-labeled T), (Kot, P.A. and H.M.
Klitgaard 1959, West et al. 1963, Shimizu and Pittman 1965), the
pathways appear to be the same as those elucidated by the use of 1311,

Another possible metabolic pathway of thyroid hormones is the
rupture of the diphenyl-ether link (Nunez et al. 196kL), 2,6-diiodo-
hydroquinone (DIH) being one of the possible derivatives (Allegretti
1954). Serif and Seymour (1961) found that this compound, DIH, was

very toxic when tested in animals, but that the discetyl derivative,




DDIH was relatively non-toxic and had antithyroid effects.

From their observations that DDIH inhibited the OCR in mice
injected with LJTh but not in those injected with LJTB, they suggested
that DDIH prevented deiodination of T), to T3. Since they considered T3
to be the active form of the hormone they felt that this would explain
the inhibitory action of DDIH.

In rats, the major portion of injected DDIH was deacetylated to
DIH which was conjugated with glucuronic or sulphuric acid and excreted
via the urine (Serif and Seymour 1963). Deiodination did occur as a
catabolic step since they detected free iodide ion. However deiodiﬁation
did not yield monoiodohydroquinone or its excretion forms, suggesting
simultaneous removal of two atoms of iodine. The low water solubility
of DDIH could prevent rapid transport to enzyme sites. Also fram their
experiments, the low toxicity of large doses of DDIH ﬁould indicate
little conversion to the very toxic quinone.

Serif and Seymour (1961) suggested that DDIH blocked the deiodination
of T), to T3 thus accounting for its inhibitory effect. However a large
number of investigators fail to detaect any significant conversion of
T), to T3 (Tata et al. 1957, Etling and Barker 1959, Lissitzky et al.
1959, Tata 1960, Lissitzky et al. 1961, Plaskett 1961). This would
indicate that DNTH must act somewhere else since blockage of deiodina=-
tion would not account for the observed inhibition of the calorigenic

response.

2. Protein binding of thyroid hormones and their action
Another factor which is important in the action of thyroid

hormone is the availability of the hormone to the cell and site of




action. It is known that T), is carried in the blood bound to proteins
and that there is a very small amount of free Ty, in equilibrium with
this bound form. T3 is bound more loosely to thyroxine-binding globulin
(TBG) and is not bound at all to thyroxine-binding pre-albumin (TBPA).
Because of this difference in binding affinities, the percentage of
free T3 is much greater than that of free Th' Since only the unbound
Th or T3 can diffuse into the tissues and thus exert an effect
(Freinkel et al. 1957, Robbins and Rall 1957, Ingbar snd Freinkel 1960),
the free hormone levels are important. Thus the binding of the hormone
plays a major role in its availability to the cells. In chickens, Th
and T3 exert equal biological activity (Shellabarger 1955) and the
subsequent discovery that there was no TBG in chick serum led to the
conclusion that this accounted for their gimilar biological effect.

When a single dose of T. is administered in man, there is a

3
more rapid onset and higher degree of initial change produced than

after an equimolecular dose of Th’ but the action of T3 wears of f more
rapidly (Tata 1961 a). Thus if the time factor is considered, these two
hormones have identical total calorigenic action. Ingbar and Freinkel
(1960) point out that although binding may affect availability of the
hormone to the cell and thus control to some extent the amount of hormone
required for a given metabolic response, it seems unlikely that it would

affect the intrinsic biological potency. Tata (1964 b) disagrees with

this and feels that polency is linked with availability.

3. Dosage and its effect on the latent period of hormone action
Tata (196L a) discusses the use of large doses of hormone and

their effect on the latent period of action, which is defined as the
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time that lapses between the administration of the hormone and the
initial response of the subject. This period decreases with the size

of the animal and varies according to the hormone or its derivatives
used. These variations may be partially explained on the basis of rates
of distribution of the active substance from the blood to tissue (Tata
1962). Administration of large doses of thyroid hormones may result in
a shorter latent period, or its absence. The dose effect may have two
explanations: (1) if the acceptor sites on the serum proteins were
saturated, there would be more free hormone available to the cell and
sites of action (Robbins and Rall 1957, 1960, Tata 1962, 1964 b);

(2) this higher dosage might act differently than a normal dose, masking

the latent period of action.

L. Intermediary metabolism in nonshivering thermogenesis.

The striking similarities in the effect of increased thyroid
function and in cold-acclimation have resulted in investigators assign-
ing a role to thyroid hormones in chemical thermogenesis. It was
thought that a change in a metabolic pathway caused by an excess of
thyroid hormone would be similar to that incurred by cold-acclimation.
Eowever comparisons have been made and there definitely are differences
in the ways that these two factors affect metabolism as well as simi-
larities.

Héroux (1966) has pointed out that the increased production
of thyroid hormones in cold-acclimation does not necessarily lead to
the increased caloripgenesis observed, since under the more natural
outdoor conditions there is no evidence for increased thyroid activity

in small mammals; resting metabolism in these animals appeared normal

i




and there was no sign of increased glandular activity. These animals
did, however, show increased nonshivering thermogenesis (Héroux 1963).
It seems that a distinction must be drawn between normal adaptation and
laboratory acclimation, two processes which may result in entirely
different end states in the animals.

Héroux also observed that warm- and cold-acclimated white rats,

1317 in the urine (indicative

after an equilibration period, excreted
of T}, utilization) at the same rate. The fecal excretion was much
greater in the cold-acclimated rats. The author states that the appar-
ently normal utilization of thyroxine in the laboratory cold-acclimated
rat, in spite of its increased hormone production, indicates that the
thyroid is not involved in nonshivering thermogenesis to a much greater
extent in cold-acclimated rats than in warm-acclimated ones.

There is also evidence that thyroid activity in'rats reaches a
maximum after about three weeks of exposure to cold and returns to near
normal conditions after six to ten weeks (Cottle 1960).

It is difficult to assess the exact role of thyroid hormones in
cold-acclimation, the situation being complicated by the multiplicity
of effects that these hormones have and by a lack of knowledge as to
their locus of action. Various areas have been studied; in particular
are those which show an alteration in activity in the cold-acclimated
animal such as p/o ratio, coenzyme A, NADPH generation, NAD=-linked
enzymes, and cholesterol synthesis. Most of these studies have been done
in vitro, and it is assumed that the activity so determined reflects
in vivo activity (Berry 1966); the possibility exists that enzyme levels
may not be an index at all of the controlling mechanisms of cellular

metabolism in temperature acclimation, but rather a result.




It ié a fact that the animal in the cold needs to produce more
heat, but it is not known whether this is done by intensifying exdsting
processes controlled by ADP level or whether non-phosphorylating
processes are involved. |

Tt was thought that possibly the lowering of efficiency of
oxidative phosphorylation (p/o ratio) seen in isolated mitochondria
fram cold-acclimated rats might be the explanation for increased heat
production in nonshivering thermogenesis. According to Beyer (1963) the
uncoupling of oxidative phosphorylation does not supply the additional
heat in the steady state of the acclimated animal, but serves as a path-
way allowing more than the normal number of electrons to flow through
the electron transport chain than would be able to during tight respi-
ratory control. Because of the difficulty in showing any uncoupling
under physiological conditions, workers have tried to demonstrate
augmentation of other enzymic routes of electron transport not under
tight respiratory control.

Aerobic dehydrogenases and flavoprotein oxidases which are able
to transfer electrons directly to oxygen are involved in the metaboliem
of noradrenaline, amino acids, and ascorbic acid, substrates which have
been shown to increase in the cold-acclimated animal; thus this is a
nonphogphorylating mechanism which could be involved in nonshivering
thermogenesis (Smith 1960).

Other systems are affected by thyroxine: the hexose monophosphate
shunt (HMPS) (Phillips and Langdon 1956) and S5d-steroid reductase are
increased and NADPH-NAD transhydrogenase activity is decreased.

The thyroxiﬁe stimulation of HMPS results in a reduction of ATP

yield, since the glycolytic synthesis of ATP at the substrate level does
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not occur, and in the production of NADPH-NAD transhydrogenase. The
glycerophosphate cycle in which thyroxine increases the activity of the
intramitochondrial «£-glycerophosphate dehydrogenase (Smith 196L) is
probably involved in the transfer of cytoplasmic NADH to the mitochondria.
Dihydroxyacetonephosphate (DHAP) is reduced tod -glycerophosphate by the
NADH requiring enzyme outside the mitochondria and «-glycerophosphate
oxidation is coupled to cytoéhrome ¢ in the mitochondria. NAD is regen-
erated and only one phosphorylation occurs in this process. However the
energetic importance of this pathway has not been established, and again,
in vitro activity does not necessarily reflect in vivo activity. Masoro
(1962) discredited the idea of the importance of the formation of NADPH
in driving fat synthesis. The reverse may be true - fatty acid synthesis
and other NADPH utilizing systems driving the HMPS by making NADP avail=-
able.
| Another gystem apparently not under tight respiratory control is
that of DT diaphorase. In 1951, Lehninger and co-workers showed that
NADH could be oxidized by an internal and an external pathway by mito-
chondria. Potter (1958) postulated that such nonphosphorylating pathways
might be augmented in cold-acclimation and Beyer (1963) showed this to
be the case in liver slices and diaphragms of cold-acclimated rats.
Beyer (1963) gave evidence showing that mitochondrial DT diaphorase
activity is elevated in cold-acclimated rats and the oxidation of NADH
by diaphorase to coenzyme Q or cytochrome b lowers the yield of ATP by
one to two thirds since no ATP is formed between NADH and the flavins
and possibly not between cytochrome b and cytochrome c. This pathway
may be important bécause it has an effect on the formation of ATP coming

from all substrates (Jansky 1965).
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Most of the experiments done to show various pathways have in-
volved a rather indirect approach, and it has been assumed that if
thyroxine augmented the activity of an enzyme, then cold-acclimation
probably did the same. More advanced knowledge of protein synthesis has
led to experiments which more directly try to elucidate the action of
thyroid hormones.

Tata (1963) placed the locus of action of T), at DNA transcript-
ion. Experiments by Widnell and Tata (1963) and Tata (1964 c) in which
T5 induced an increase in DNA-dependent RNA polymerase activity and
increased labeling of nuclear RNA substantiate this. The explanation
presented by Rall (1965) of these facts is that Th displaces a hypo~
thetical inhibitor of DNA transcription. This either results in unused
DNA being "read" or accelerates the reading of previously available DhA.
Nonspecific stimulation for the synphesis of most proteins could result
from an increase in DNA-dependent RNA polymerase. It appears that the
oxidation and reduction of cytochrome b is critical for thyroxine to
be active (Rall 1965) and possibly T), effects the breadkown of X-Y or
Y-P type of high energy intermediate.

In a series of experiments done by Pavlovic and Ardjus (1963),
thyroid tissue was grafted into the anterior chamber of the eye of
thyroidectomized rats. After a transitory increase, the metabolic rate
at 30°C fell to the same level as that of thyroidectomized animals.
However on exposure to 10°C, the grafted rats survived many months with
a new basal metabolic rate lower than normal controls. The thyroidecto=-
mized rats died. The authors feel that even an undetectable increase
in MRBOO may be of importance for cold-acclimation as far as survival

and metabolic responses are concerned.




Unsuccessful attempts at artificial cold-acclimation by using
thyroid hormone (Sellers et al. 1951) and the adaptation to cold of
thyroidectomized rats maintained on minimal amounts of thyroxine
(Sellers and You 1951) indicated that the larger amounts of thyroxine

gecreted were not an absolute necessity for acclimation.

C. The Role of Catecholamines in Thermoregulation

The involvement of SNS in the resonse to cold exposure was

 first suggested by Cannon and his co-workers (1929). Since then conaider-

able evidence has been accumulated emphasizing the role of the SNS in

the response to cold stress (Leduc 1961).

1. Secretion and excretion

In a study done by DesMarais and Dugal (1951), it was shown that
there was an initial depletion of adrenaline and possibly noradrenaline
conteant of the adrenal glands in rats exposged to 0°C. The amine content
of the gland then rose over a three week period to values higher than
normal for noradrenaline and normal for adrenaline after which there
was no change.

Studies concerning the excretion of catecholamines showed that
there was an increased secretion of adrenaline (LeBlanc and Nadeau 1961)
and of noradrenaline (Cottle 1960). Under moderate cold stress the
adrenal contribution to the increased secretion was small (LeBlanc and
Nadeau 1961, Leduc 1961) but was more important in severe cold stress.

In the experiments of Leduc (1961), the excretion of urinary
catecholamines wefe followed during a one month period of acclimation

of rats to 3°C. He observed a maximal output of noradrenaline (about
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five times normal) within twenty-four hours which remained high for
the monthly period although declining slowly with time. The adrenaline

excretion reached a maximum after about one week and then decreased

more rapidly than noradrenaline to a value still higher than the control

after one month. In longer experiments, the noradrenaline output de=-
creased further during the second month to a value maintained at ap-
proximately the same level for up to six months.

As to the origin of the noradrenaline excreted during cold
exposure, Leduc (1961) using adrenalectomized rats and also using the
ganglion blocking agent, mecamylamine, provided further evidence to
that of LeBlanc and Nadeau (1961) that the increased amounts of nor-

adrenaline came from adrenergic nerve endings.

2. The role of the sympathetic nervous system

The extent to which the SNS entered into nonshivering thermo-
genesis has been studied by the use of pharmacological agents.

The evidence for noradrenaline as the mediator in nonshivering
thermogenesis has been summarized by Depocas (1961), the main points
being: (1) Cottle and Carlson (1956 a) showed that adrenal demedulla-
tion lowered the increase in OCR of the curarized cold-acclimated rat
at 6°C; (2) Hsieh and co-workers (1957) showed that previous injection
of sympatholytic and ganglion blocking agents abolished the increase
in oxygen consumption of curarized cold-acclimated rats at 6°C; (3)
Heieh et al. (1957) demonstrated that the fall in oxygen consumption
caused by administration of hexamethonium, a ganglion blocking agent
could be prevented by noradrena line but not by adrenaline; (L) Hsieh

and Carlson (1957 a) showed that adrenaline caused a marked rise in




<17

blood glucose whereas neither cold-acclimation nor noradrenaline did;
(5) Hsieh and Carlson (1957 a) demonstrated that cold-acclimated rats
(when oxygen consumption was measured at 30°C) showed greater sensitiv-

ity to noradrenaline than to adrenaline. Warm-acclimated rats did not

show this sensitivity.

Depocas (1960) using infusions of noradrenaline showed that rats
gradually developed this sensitivity to noradrenaline and that this
increase was paralled by a decrease in muscular activity (Hart et al.,

1956).

3. Stimulation of cyclic 3', 5'-AMP formation by catecholamines
Catecholamines have been shown to stimulate the formation or !
accumulation of cyclic 3',5'=-AMP in a number of tissues such as skeletal
muscle (Klainer et al. 1962, Posner et al, 1962), liver (Sutherland and
. Rall 1960) and adipose tissue (Butcher 1966, Sutherland et al. 1965,
Klainer et al. 1962).
The enzyme responsible has been called adenylcyclase and sedi-
ments at low speeds appearing to be in the cell membrane (Sutherland
et al. 1962); it gerierates cyclic 3',5'=-AMP from ATP, requiring Mg**
.or Mn** for activity, with pyrophosphate as product (Rall and Sutherland
1962).

Li. Adrenergic receptors and the adenylcyclase system

Belleau (1966) has speculated on the subject of how catechola-
mines stimulate the cyclase activity, and the previous concept of
direct complex formation between catecholamines and adenylcyclase-
bound ATP has been revised (Belleau 1967). He now statee that instead

of a single receptor describing the catalytic effect of catecholamines
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at theo(- andf -receptor levels, it would be more correct to designate
it as a single catalytic mechanism with differences in its stereochemical
application.

- To date there is inshfficient evidence to be able to say whether
theg@ -receptor can always be equated with the adenylcyclase system
(Sutherland and Robison 1966), and it seems possible that catecholamines
might produce another messenger byo(- as well as by some @ -receptors
(Furchgott 1959). However the classification of receptors does not seem
applicable to the metabolic activities of catecholamines (Hagen and
Hagen 196L). Receptors are classified on a pharmacological basis, and
Furchgott (1967) states that adrenergic receptors mediating, for example

free fatty acid (FFA) mobilization, cannot be clearly classified as <
orA.

5. Effects of catecholamines on carbohydrate metabolism

Injections of adrenaline cause an immediate rise in blood glucose,
and noradrenaline appears to be less effective in producing hyperglycemia
(Bloom and Russel 1$55). The reason for the lack of hyperglycemia caused
by noradrenaline isg that only liver glycogen utilization and not peri-
pheral glucose utilization is affected by noradrenaline (Review Hagen
and Hagen 196L).

The glycogenolytic effect of catecholamines may be mediated
through the phosphorylase system (Sutherland and Cori 1951). The activ-
ation and inactivation of liver phosphorylase (Sutherland and Wosilait
1955) involved a mechanism comparable to that seen in cell free extracts
involving phosphorylation and dephosphorylation of the enzyme (Krebs

and Fischer 1956). Activated phosphorylase b kinase converts the in-
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active phosphorylase b kinase to phosphorylase a kinase (Krebs et al.
1959). Cyclic 3',5'-AMP accelerates the ATP activation of the phosphor-
ylase b kinase and maybe this is how adrenaline acts on the phosphorylase
system (Murad et al. 1962, Rall and Sutherland 1962, Sutherland et al.

1962, Krebs et al. 1960).

6. Effects of catecholamines on lipid metabolism

Although noradrensline has same effect on carbohydrate meta-
bolism it is not nearly as great as that of adrenaline. However, nor-
- adrenaline exerts more of a lipolytic effect than adrenaline.

There are two aspects to lipid metabolism: one is to determine
the relationship between the catecholamines and increased lipolyeis,
and the other is to determine what effect this increase has on the
metabolism.

(a) Adipose tissue

(i) Lipolytic effect

Rizack (1961) and Vaughan et al. (196L4) have shown that in rat
adipose tissue, stimulation by catecholamines and other hormones results
in a rapid rise in lipolytic activity. Steinberg (19%66) studied the
lipolytic response in adipose tissue; up to this time catecholamines
had been shown to activate the phosphorylase system but it did not seem
likely that thie was the system responsible for the increased FFA re-
lesse following noradrenaline injection. Butcher (1966) reported that
cyclic 3',5'-AMP had an effect on fad pads, but the nature and number
of steps hetween cyclic AMP and increased lipolysis are still unknown

(Butcher and Sutherland 1967).
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(ii) Activation of lipase

A higher cellular level of cyclic 3',5'-AMP appears to activate
lipase and results in increased lipolysise (Butcher 1966). The activation
of this lipase is too rapid'to represent an enzyme induction caused by
catecholamines (Steinberg 1946). It thus appears that the catecholamines,
through stimulation of adenylcyclase, increase the conversion of in-
active to active lipase, a situation similar to that of the phosphorylase
system. The increased active lipase could then stimulate the release
of FFA from adipose tissue (Vaughan et al. 196L). The hydrolysis seems
to be complete and the glycerol so produced is not reused by adipose
tissue being subsequently released into the circulation. The FFA are,
to a great extent, rebuilt into triglycerides with only a few released
to the circulation.

(iii) The effect of FFA on glucose utilization

The increased level of intracellular FFA concentration has an
extensive effect on the glucose metabolism of adipose tissue (Hagen and
Hagen 1964), one of these effects being an increase in glucose uptske.

Feipelson et al. (1961 a) and Havel and Goldfien (1$59) have
attributed the inability of adrenaline to maintain high FFA levels in
vivo during infusion and the ability of noradrenaline to do so, to the
higher glucose levels accompanying adrenaline administration.

(iv) Triplyceride synthesis

The rate of tri dyceride synthesis in the intact adipose tissue
might presumably be regulated by changes of ATP or one of the enzymes
involved, by the availability of ATP or one of the other required co-
factors, or by the availability of substrate. The availability of

o{~glycerophosphate may be an important factor in determining the rate
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of glyceride synthesis (Vaughan 1961, Wertheimer and Shafrir 1660). in
adipose tissue, no glycerokinase has been demonstrated (Wieland and
Suyter 1957) and only very small amounts of 1hC-labeled glycerol are
incorporated into adipose tissue triglyceride (Shapiro et al. 1957) so
that glycerol released from the hydrolysis of exogenous or endogenous
triglyceride probably cannot be reused. TheoC -glycerophosphate required
for triglyceride synthesis is probably derived from the metabolism of
glucose. Margolius and Vaughan (1962) have shown that each of the glyco-
lytic intermediates between glucose-6-phosphate and« -glycerophosphate
can form ol-glycerophosphate in suitable homogenates of adipose tissue.
(o) Muscle
The effect of adrenaline and noradrenaline on lipid metabolism
in muscle appears to be mediated solely by changes in the level of FFA
in the blood supplying the muscle (Hagen and Hagen l96h).
(c) Liver |
The uptake of FFA by the liver is proportional to their plasma
concentration with prolonged noradrenaline infusion causing deposition

of triglycerides in the liver (evidence cited by Hagen and Hagen 196L).

7. Effects of catecholamines on protein metabolism

The knowledge and understanding of catlecholamine effect on
protein metabolism is scanty.

The effect of adrenaline is thought to be mediated through its
hyperglycemic activity. Noradrenaline has a much lower hyperglycemic
effect than adrenaline and also has less effect on blood amino acid

concentration (Ellis 1956).
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8. The calorigenic action of catecholamines

The metabolic effects of catecholamines are diverse and affect
a nunber of systems. The problem now is to associate these metabolic
effects with calorigenic onés and to try to learn the mechanism whereby
cold exposure lincreases heat production.

In normal adult animals, the caloripenic effect of noradrenaline
is weaker than that of adrenaline (Lundholm 1950). However after con-
tinuous infusion, noradrenaline has more effect on the FFA content of
plasma than adrenaline (Havel 196l). There is also an increase in the
turnover of FFA resulting from increased oxidation and reesterification
of the mobilized FFA accounting for the calorigenic effect of noradrena-
line.

FFA serve as substrate for oxidation in most tissues. In liver
the FFA are reesterified and then go back to the adipose tissue where
they are reincorporated into adipose tissue triglyceride (Steinberg
1966). In muscle tissue, the FFA are esterified and oxidized proportion-
ally to their plasma concentration (Eaton and Steinberg 1961). According
to these same authors this mobilization and increased muscle metabolism
could explain the calorigenic effects of catecholamines. Other factors
which may contribute to the calorigenic effect are gluconeogenesis in
liver and glycogen replacement in liver and muscle (Hagen and Hagen
196L) .

It would be expected that if the prime function of NA were the
mobilization of FFA followed by an increase in metabolism that the
level of plasma FFA would be higher in cold-acclimated animals. Some
workers (Mallov 1?63, Wertheimer and Shafrir 1960, Hannon and Larson

1962) have observed higher FFA levels in cold-acclimated animals;

:
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Masironi and Depocas (1961) observed lower FFA levels in cold-acclimated
rats, and Rimmer et al. (1962) observed similar levels in hoth cases.
llagen (1965) reported preliminary results indicating that the
turnover of triglycerides was higher in cold-acclimated than in warm-
acclimated animals after either exposure or injection of noradrenaline.

Hsieh et al. (1966) noted a higher level of FFA in cold-acclimated
rats. He showed that the oxygen consumption increased with increasing
doses of infused NA in both warm- and cold-acclimated rats. However the
level of plasma FFA did not increase with dose in the cold-acclimated
rats but did so in warm-acclimated ones. This indicates that the calori-
genic effect of noradrenaline is not secondary to the increase in plasma
TFA concentration and may be explained, according to the authors, by
assuming that noradrenaline stimulates oxidation of fatty acids as well
as lipolysis. Acclimation to cold would involve an increase in the
ability of tissues to oxidize FFA. Hagen (1965) has shown that noradrenal-
ine stimulated oxygen consumption in isolated adipose tissue of cold-
acclimated rats.

Jansky (1965) draws attention to the fact that a number of systems
activated by noradrenaline ar not so activated by cold-acclimation. He
cites as examples the following: activation of phospnorylase was not
affected by cold-acclimation (Hannon and Vaughan 1961); although nor-
adrenaline activated glycogenolysis in the isolated perfused liver of
cold-acclimated rats, it did not lead to increased liver metabolism;
when warm- and cold-acclimated animals were killed at their temperature
of acclimation, the release of FFA from the adipose tissue followed the
same pattern in bbth groups (contrary to the findings of Mitchell and

Longwell 196, 1564 a).
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There appears to te fairly divergent opinions as to the action
of noradrenaline in cold-acclimation and more evidence must be gathered

to indicate which if any of the possibilities presented is utilized.

D. Interaction of Thyroid and Sympathetic Nervous System

In nonghivering thermogenesis, the SNS and the thyroid each
play a role, the SNS being the more important of the two. However the
calorigenic action of noradrenaline is influenced by the activity of
 the thyroid gland (Harrison 196l).

Ring (1942) showed that the calorigenic response to adrenaline
was potentiated by Th and that the log of the response was proportional
to the BMR. This potentiation has been discussed by others (Schaeffer
and Thibault 1945, 1945 a, Ellis 1956, Harrison 196L, Lundholm et al.
. 1966). Swanson (1956) showed that thyroidectomy inhibited and Th pre-
treatment (3 to L8 ppg/rat/day) increased the metabilic response to a
standard injection of adrenaline (hO)pg/lOO g). She suggested as a
posesible explanation, that adrenaline increased the availability of
substrate and T) accelerated its utilization. In addition to this she
added that Th might also retard the breakdown of adrenaline so that it
would have more time to exert its effects. Spinke (1952) and Spinks
and Burn (1952) had previously observed lowered amine oxidase levels
in blood vessels and in liver. Zile and Lardy (1959) correlated in-
creased circulating levels of noradrenaline and adrenaline in hyper-
thyroid animals with a lowered monosmine oxidase activity in liver.
Axelrod (1960) pave evidence that O-methylation was important in the

rapid inactivation of circulating catecholamines and reported no effect
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of T) pretreatment on this process. D'Iorio and Leduc (1960) obtained
lowered hepatic O-methyliransferase and a smaller urinsry excretion of
metanephrine in T)-injected animals.

However the importahce of these enzymes remains difficult to
agssess, but thought not to be of prime importance for the termination
of noradrenaline action after release (Iverson 1967). Inhibitors of
these enzymes generally fail to produce any marked potentiation of the
effects of noradrenaline released by sympathetic stimulation; nor do
such inhibitors retard the rapid disappearance of noradrenaline from
circulation. Nevertheless these enzymes may play a part, monoamine
oxidase primarily, in regulating the storage concentration of nor-
adrenaline in adrenergic ner§es and may metabolize any excess of storage
capacity.

Svedmyr (19:6) working with fasted rabbits found that Th pre-
treatment potentiated the action of adrenaline on lactic acid production.
He did not observe any effect of noradrenaline on this nor any effect
of adrenaline or noradrenaline on the FFA levels of T) pretreated
animals. Thyroidectomy decreased the calorigenic and lactate-increasing
effects of adrenaline. Svedmyr (1966) also cites experiments which
showed that Th treatment had no influence on the uptake of infused
3g-labeled adrenaline or noradrenaline in different organs of the rat.
Neither was the inactivation of catecholarines via catechol-O-methyl-
transferase affected by Th medication. It appeared unlikely that thyroid
hormones increased the effect of adrenaline by innibiting its inactiva-
tion.

Hyperthyrbid animals have been used to study the interrelation-

ship between thyroid hormones and catecholamines. According to Deykin
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and Vaughan (1963) and Debons and Schwartz (1961), adipose tissue from
hyperthyroid animals is hyperresponsive to the stimulating effects of
catecholamines. It is not known definitely whether or not the high rate
of FFA mobilization in the hyperthyroid state is due only to a hyper-
gsengitivity of adipose tissue to stimulation. The results of Eaton et
al. (1965) showing that intravenously administered nicotinic acid, an
inhibitor of catecholamine stimulation of adipose tissue, restored FFA
to normal, are campatible with such a possibility.

Butcher (1966) quotes data from Bray (1966) which lends support
to the concept that the changed responsiveness to noradrenaline is due
to the level of cyclic 3',5'=-AMP which is affected by thyroid hormone
and is substantiated by the fact that the increase in cyclic 3',5'-AMP
level in fat cells was one third lower in thyroidectomized than in
normal rats.

Myant and Whitney (1967) demonstrated a significant rise in
basal oxygen consumbtion of rats given thyroid hormones before the
FFA level changed. Eaton and Steinberg (1961) using in vitro studies,
suggested that the effect of thyroid hormones on oxygen consumption
might be due to a rise in “FA concentration. Myant and Whitney (1967)
state that although there appears to be an initial dissociation between
FFA and oxygen consumption, the further increase in oxygen consumption
after chronic hormone treatment may be dependent upon a rise in FFA.

In attempting to elucidate the mechanism of nonshivering thermo-
genesis, numerous workers have drawn attention to the similarities
between cold-acclimated and hyperthyroid animals (Smith and Hoijer
1962). The value of the similarities depends on the confirmation of

some of the basic facts since one of the similarities observed was
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the ability of injected adrenaline or noradrenaline to increace plasma
PFA in vivo (Rinmer et al. 1962, Debons and Schwartz 1961, Schwartz and
Debons 1959). Heieh et al. (1966) stated that cold-acclimated rats were
not hyperthyroid, and Héroux (1963 a) has pointed out the possible error
in attempting to explain thermogenesis by increased thyroid activity.

The work of Hsieh and Carlson (1967) indicating that cold-induced
nonshivering thermogenesis decreased witn time following thyroidectomy
and that of Johnson et al. (1967) using methimazole (an anti-thyroid
compound) showed that there is a requirement for adequate thyroid secre-
tion for maintenance of tnermogenesis in the cold, and that a high
secretion rate of noradrenaline is not sufficient to maintain heat
production in the absence of Th'

The current thoughts in the relationship and effects of thyroid

hormones and catecholamines are presented on the next page.
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PART TYO

EXPERIMENTAT,

A, MATERTATS AND METHODS

1. MATERIALS
a. Chemicals
1) Yormones: T.-thyroxine sodiurm and 2,7, '-4riiodo-i -~thvronine
3 « b

(2)

(3)

(L)

(5)

were obtained from Nutritional Biochemicals Corparation,
Radiocactively labeled thyroxine, 3' ar 5' fifty per cent 131I,
and 3! I3II, "Triomet", Both in fifty per cent prbpylene glycol

were obtained from Abbott Labaratories,

Diiodohydroquinone (DIH) was obtained from K and K Rare “henmicals.

Diacetyl-2,6-diiodohydroquinone (TDI') was synvhesized in cur
laboratory.
Noradrenaline (i'A, Levophed Fitartrate 0,2" solution = u,.47 hase’,

Winthrop Laboratories.

Radioactive iodine 1311 (Atomiec Enerry of fanada).
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Animals
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Male swiss mice descended from M,A,/INR

- Charles ver

Taroratories, wej~hin- tetureen twenty-five and thirty ~roems,

were obtuined from Pomain Robidonx Coupany, 5

Diets

Purina Law Chow, iodine content 1,1 ponm

Purina lous

]

Brecder Chow, iodine content 7,072

t. Constant, L0,

o
B

et



2, METHODS

a, Preparation and Maintenance of the Animals

(1) Normal Conditions

The mice were housed individually in wire mesh cawes (25 cm
x 17 cm x 17 cm) and fed Purina Tab Chow and tap water ad libitun,
After a few days at room temperature they were randomly diviced
into two croups, one iroup Yeinr placed in a conctant henperature
room at 30+I0 C(humidity 25%), the other at I0*I° C (humidity 65%).
Bedding material was given when the animals were first at 10%C;after
‘one week they were not given bedding. The animals were considered acc-
limated after one month of expcsure‘to either tempefature. The animals

were acclimated and maintained individually for all experimentation,

(2) Low Iodine Diet
Mice were given Purina Mouse Breeder (low iodine) Chow for
) o
one week before exposure to 10 C or 30 C and were maintained on

this diet during the period of acclimation and experimentation,

(3) Thyroidectomy

Animals acclimated to 1OOC or BOOC were piven Mouse Breeder
Chow and one per cent potassium perchlorate in the drinking water
for eight days, in order to deplete the thyroidal iodine pool.
On the ninth day, tap water was substituted for the perchlorate
solution, and on the eleventh day, 0.3 ml of a saline solution

131
containing 50 pc I was injected subcutaneously. The next day
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these mice received a second injection of 70 pe lJlI. The aninmals
vere considerrd thyroidectomized (1) and thyrorine deficient

vhan body woigrht failed to increase (about four week:s),
Injections

Preparation and administration of the Hormone Solutions

Thyroxine (T),) and triiodothyronine (I3) were dissolved in
0.4%% saline (sliphtly basic). The doses administercd were 0.5,
1,0, 1.6% and 2,0 mo/k,, the volume of injscti n bein: 0.01 ml/~
body weight. 41l hormone injections were subcutaneous, he carrier
doses, containing approximately 10 pc of 1317, were administered

at the level of 2.0 m+/k- for T) and 1.6 m:/iv for 04,

Freparation and idministration of the IDIH Suspension

?2,6-diiodohydroauinone (NIN) was recrystallized from hot t-enty
per cent ethanol and then dissolved in a minimal amount of pyricine
(dried over marn.sium sulphate). Trice the mqler concentiratior of
acetic znhydride (dried over marnesimm sulphite) was added; and
after heatinz, the solution was :roured over Pinely crushed ire.

The resultant precipitate, diacety1-?,6-diiodohydroquinone (LII1),
w1s then recrystallived from hot iéopropanol.

Due to the water insolubility of IDIH, finely -round

crystals were susprnded in a 0.5% pelatin in 0.99 saline solu-

tion. DDIH was injected intraperitoneally at & constant dose of
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200 mg/ke, the volume of injection beinz 0.01 ml per 7 body

weight.,

Preparation and Administration of the Moradrenzline Solution

Noradrenaline was diluted with 0,9 saline and the follow-
ing doses, 0.2, 0, 0.6 mg/ke were injected subeutaneously, the

volume of injection bein~ 0.01 ml per g body weight.

letabolic Capes and Samplins of Urine and iFeces

Metabolic Cages

Slightly modified Hammersmith Perspex Metabolism c&res were
used (Figure 1). An opening was cut in the side bf the care to
accommodate a drinkin~ tube., The clamp holding the tube was posi-
tioned to hold the 1lid down. The internal diameter of the cage
was 9.5 cm, the height 10.0 cm, A wire mesh screen was fitted
over the Erlenmeyer flask to catch the feces. This facilitated
their removal and prevented any mixing with urine th:t occa-

sionally splashed over to the bottom of the beaker.

Feces Sample

All of the feces, free of food particles, excreted over
the forty-eight hour period were collected and placed in as
many countinc tubes as required to hold them. The dry pellets

were added to a constant level previously marked on the

tubes to insure standard geometry, and the counts per ninute
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Water tube

Lid

Feeder
Perspex housing

Stainless steel grill

Polythene funnel

Glass separator

Feces collector

%; -1 Urine collector

FIGURE 1

MODIFIED HAMMERSMITH METABOLIC CAGE
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(cpm) from all the tubes were totalled. The uneven distribution
of 1311 excreted in the feces necessitated counting all of the

feces rather than a sample.

Urine Sample

The flask, bulb, funnel, screen, and beaker of the meta-
bolism cage were rinsed with distilled water, and these washings
were added to the collected urine sample, the final dilution
being one hundred ml, Four ml of this were then pipetted into

a counting tube.

Standards

The standard was prepared by removing 0.L mi of the labeled
hormone from the injection bottle and diluting this to one hundred
ml with distilled water, Three four ml samples of this solution,
comtaining approximately ten microcuries (equivalent to the amoumt
injected inmto the animal), were pipetted into counting tubes. The

standard was done in triplicate,

Determinal ion of Radioactivity

A Nuclear Chicago Gamma Connting System was used (Timer
and Scaler-Model 8166, Analyzer-Model 1810, Well Scintillation
Detector Model DS 202 (V)).

A1l sambles were counted for three one minute intervals

and the average calculated. The standards were counted before
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and after the samples from each animal. The before and after cpm
were averaged to give the "standard cpm". By counting the excre-
tion sample and a sample of the originally injected material at
the same time it was poésible to express the excretion rate in
terms of a percentage of the oripinally injected material with-
out the necessity of correcting for radioactive decay.

Since the animals were inJjected on a body weipht basis, the
"standard cpm" had to be corrected. The urine and "standard cpm"
were multiplied by twenty-five because of their dilution,

The excretion of the label was expressed for both urine and

feces, as a percentage of the administered dose.

Determination of Oxygen Consumption

In all cases, unless specified, the oxygen consumption was

measured at the acclimation temperature.

Grouped Animals

Oxygen consumption was measured in a closed system apparatus
modified from that of Maclagan et al.(1950) in the following
ways: a nine litre capacity desiccator was used; eight mice were
placed in individual pie-shaped wire mesh compartments; a nitro-
gen to oxygen mixture (50:50) was flushed through the system;
soda asbestos (Nas0) replaced soda lime; magnesium perchlorate
(Mg (C10},)2) was added to absorb excess moisture; a thermometer
was placed in the desiccator to determine the temperature rise

during the experiment.
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The mice were weirhed, injected, and placed in the desiccator
wvhich was (lushed throurh with the Np:0o mixture at the rate of

3 1/min for three minutes to ensure an anvironment of £0% oxycen.

-After an equilibration period of thirty minutes, the zero reading

was taken, and successive readin- s were taken at ten minute inter-
vals for on~ hour., i ~orr~ction factor was introduced to compensate
for any chanve of temperature in the desiccator durins the oue

hour readins period. The oxy:sen consumption rate (0Ci) was expressed

as i1 of Op consumed per .- ol mouse per hr at 3.T.F.

Sincle animals

A closned system, in which the oryren consumed b the animal
was replaced, was used,

The apparatus, Ficure 2, modified from Ruhland sn? Yeusner
(1650) bty Payra (1974), annsistad o” tvo majin sections: the elec-
trical part, ifirure 3, entailed the use of an interlockin;; rela-,
built Ly V. Welsh, Riverdale Radio, Ottawa, a Durant BElectric
Counter (Mo. L-y-%43 B 110 V.), a platinum-mercury contact at the
manometer, stainless steel contacts st the floater and sn /nsco
3-way selenoid valve (IPS-831L-ah3, 1/8 in. 110 v,); the non elec-
trical part consisted of a container of zpproximitely one litre
capacity, and a wire mesh ca.e to contain the mouse.

A plexiclass floater (2 cm x 1 em) with a stainless steel
plate over on~ end was inserted in a tube in which an apertur~
had teen bored at such a level) that the floater displaced .
¥nown volume of water, Vhen the aspparatus was set up, the valve

was in position b (Fignre 2), forming a closed system containing
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CLOSED SYSTEM FOR DETERMINATION OF OCRs IN SMALL ANIMALS
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FIGURE 3

CIRCUIT DIAGRAM OF THE INTERLOCKING RELAY SYSTEM
OF THE SINGLE ANIMAL OXYGEN CONSUMPTION APPARATUS
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the mouse. The oxygen bubbled through the aperture displacing
the floater. The carbon dioxide was absorbed by Soda asbestos,
moisture by magnesium perchlorate, and as thes pressure dropped
in the cage, the mercury rose in the right side of the manometer
and made contact with the platinum electrode. The mercury switch
thus closed, de-energized the valve causing it to move to posi-
tion a, The external source of oxygen was interrupted, allowing
the water pressure and the negative internal pressure of the
system to raise the floater and force the calibrated volume of
oxygen into the containsr. A thumb screw was used to adjust the
speed at which the floater rose., When the floater reached its
upper limit, contact was made, the oxygen switch was closed,and
the decreased level of mercury opened the mercury switch allow-
ing the valve to be re-energized and return to position b. This
completed one cycle. A clock, included in the circuit, started
after initial contact of the floater, and a counter registered
each contact made by the floater.

The mercury column was adjusted to maintain slight negative
pressure in the container during the experiment.

Calculation of the oxygen consumption rate:

Counts x Vx P x 273
Wb x bt x 760 x (273 + T)

OCR (ml/g/hr)

volume of oxygen replaced in each cycle

atmospheric pressure

time (hr)

:". c+ o <
L]

weight of mouse (g)

T = temperature °C
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No correction for temperature was necessary since it did

not change in the respiration chamber during the experiment.

f. Treatment Protocol (Grouped and Single Animals)

Measurements OCR1 OCR2 OCR3
-S'hr 0 hr 19lhr 2h hr 48 hr L8.5 hr
|
Injections DDIH Holmone DDIH Hoerne NA
200 mg/kg 1 dose 200 mg/kg Y% dose

g. Experimental Protocol

(1) Grouped Animals

(a) Variations in Oxygen Consumption Rate following increased Doses

of Hormones measured in Warm- or Cold-acclimated Mice.

Parallel experiments were conducted on groups of eight mice
acclimated to either 10°C or 30°C. The oxygen consumption of at
least five groups of eight was read per treatment (Methods 2e(1)).

In one series, doses of 0.5, 1.0, 1.68 or 2.0 mg/kg Ty, 6r

. T3 were injected subcutaneously as previously described, In a
gsecond series, all the hormone injections were given to mice

previously injected with DDIH (2b(2)).
(b) The Effect of Grouping on Oxygen Consumption,

The OCR (ml/g/hr) was calculated by using groups of three,




(2)

(a)

(b)

(c)

L5 =

8ix or eipght mice. The effsct of grouping was tested in warm- ,
or cold-acclimated animals,

Single Animals

Variations in Oxypen Consumption Rate following increased Doses

of Hormones, measured in Warm- or Cold-acclimated lMice.

Thls experiment was similar to that done with groups of
animals (1(a)) except only two dosage levels of each hormone
were used: 1.0 and 2.0 mg/kg T), or 1.0 and 1.68 mg/kg T3. DDIH
was administernd as usual,

The oxygen consumption was measured in the single animal

apparatus as described in Section 2e(2).
Seasonal Variation and Duration of Acclimation.

Due to the period over which the experiments were condﬁcted,
it was possible to check whether the oxyren consumption varied
with season or the length of time that the animals had been
acclimated, Resulfs from the grouped and sinrle animal evperi-

ments were used,
Effect of Diet on Oxyren Consumption Rate during icclimation,

liice were civen onz of two types of diet durin- acclimation,
the repular lab chow havinz 1,18 ppm iodine, or louse Breeder
Diet heving only 0.02 ppm iodine. After one week at room tempera-
ture and on the diet, the mice were placed at 10° or at 30°C.

Their OCRs were measured daily for a month.
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Concurrent Study of the Metabolic Effecte of 1311-1abe1ed

Hormones and the Rate of HSxcretion of the 131'.

The animals were injected subcutaneously with 331lI_labeled
hormones, 2.0 me/ke )% + DDIV'or the equimolecular 1.68 my/ke
T4% + DDTH,

After the mero hour OCR, the mice ware placed in matahnlic
caces for the forty-eisht hour interval between the two ONPs.
The urina and fecms were removed and prepared 2s described in

section ?, r and d,

The Tftect of Temperaturs Chanse on the Oxy-ren Consumption Rate,

The 0O0Rs of nntreatrd; cold-acclin tad ~in~ snrve resoured,
The animal: o r~ then ove’ fme:iiitely to the war~ room and
their (CR3 remea-urnd at that temperature, There was a4 lae of
approximately ive rinutes while the apparstos wvas bein
followin: which the UCRs were measured at intervals up to trenty-
four hours,

snimals pretreated with T, + DDIH were tested as above,
Other untreated and pretreated mice were moved from BOOC and

neasured at 1007,
Noradrenaline Test in Lormal and Thyroidectomized *'ice,

The animals used in thic test were pretreatsd -rith horrone
4+ DDIY, and their NCRs measured st zero and forty-eirht hours as
deseribed 2(2) (¢). At the conclusion of the forty-eicht hour read-

ing, the mouse was removed from the OCR apparatus, injected sub-

cutaneously with 0.2 or O}h mz/ke NA and immediately returned to the
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apparatus. The time of injection was noted; readings were then
taken for the first ten minutes and at thirty minutes after the
NA injection.

A)]1 the oxygen cohsumption ﬁeasurements wers taken at the
temperature of acclimation and the results calculsted as follows:

0Cy = A0Ry

ot

. increase following A = % 100

OCRl

Noradrenaline Test in Normal and Thyroidectomized Mice Lxposed

to 30° and 10°n.

To test this response, warm-acclimat. d mice werec pretrested
with 2.9 me/ke T);. The first oxyren consumption reading was taken
at zero hour, the second lorty-three hours later. The animals
were then placed in the cold five, four, thrze, two or one hours
or immediately aftrr the forty-three hour uCi and were testaed
for their sensitivity to noradrensline after the =ixth hour. By
using this schedule the animils had been in the ~old from one to
six hours but were all tested at the same time after the T), pre-
treatment, The reéiprocél experiment, cold-acclimated mice moved
to 30°7, was done also. The [orty-three hour period was usnd to
maintain this constant time after pretreatment., The results were
calculated as in the noradrensline test (f).

In subsequent experiments, a forty-:ipght hour OCR was measur-

ed and all NA tesling done after one hour of oxposure.
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Statistical Analysis

A Bartlett's Test for homogenelty of variance. was done on
ﬂhe results of each experiment, All except one were homoreneous.
The homogeneous populations were analyz«d uy doing a nested
analysis of variance on the temperature, concentration of HNi, and
time categories (Snedecor 1959, Davies 1960). Duncan's Multiple
Range Test (Duncan 1959) was applied at the 5% level when there
were significant F values,

To the non-homogeneous population(zrouped animal experimen}),
the Dixon test for extreme values (Dixon 1951, 1953) was applied
to remove vossible outliers and the Bartlett's Test for homozen-
eity redone, The population was still not homogeneous, so a
Kruskal-'allis one way- analysis of variance (3iezel 19%6), a non
parametric test, was applied (the outliers were included). This
test showed there was sirnificance, In order to find which values
were siynificantly different, t tests were done on the ones of
interest. Due to the error involved with repetitive use of the
t test, it was applied only to values which seemed to overlap.
Any treatments whose means 4+ S.E. did not overlap were consider-
ed statistically different as the number of animals adequately

represented a population,
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B. RESULTS

GROUPED ANIMAL EXPERTMTNTS

Variations in Oxyren Consumption Rate followin;: increased Doses

of Hormones measured in Groups of Warm- or Cold-acclimated Mice,

The purposz of this experiment was to observe whether the
administrztion o.' increasing amounts of either of the principal
circuliting thyroid hormones, T) or T3, would cause a ;radation
of calori-enic response, and what the effect of DDIN would Le on
he resunonse, in 30°C- or 10°C-acclimated mice. The results are
shown in Tables 1 and 2 and theip significance in>Tab1e 3.

As seen in Wirure L, the lovest dose of T) (0.5 mc/%) had
only half the calorirenic effect of the other three in warm-
acclimated mice. Amoncst the three hicher doses, theras was no
sirnificant difference of effect (Table 1, Wirure L). At 10°0 there
wus no effect of dosage . AL 30°C, the twenty-nine per cent
increase in oxyven consumption after the administration of 2 me/ke
Tl,» was eleven per cent lowver than that reported by other workers
(Destiarais and leMay 196L). However, at 10°C, the response ob-
served corresponded with their observations that exogenous T), had
little or no calorigenic effect in further increasing the ele-

vated oxygen consumption of cold-acclimated mice,
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TABLE 1

THE WFFECT OF T4 % DDIH DOSAGE ON THE OCR (MEASURED IN GROUPS OF EIGHT)

OF 30°- OR 10°-ACCLIMATED MICE

30°¢ 10°c

Treatment  OCR change ;4 OCR change %

(ml/g}hr) in OCR change (ml/g}hr) in OCR change
(OCR2-0CR7) (0CRp -OCR7 )

T, (mg/kg B.W.)

0.5 1.67 (7)" 0.21 12.8 2.59 (7) 0.17 6.6
+0.05! +0.03 +1,9 40,03 40,05 +2.0

1.0 | 1.4} (5) 0.38 26.3 2.47 (7) 0.26 10.8
+0.06 40,0l +2,9 +0.06 40,03 1.4

1,68 1.66 (7) 0,40 25,0 2.L3 (6) 0.24 10,2
40,07 +0,06 +4.8 +0.09 +0,03 +1.6

2.0 1.56 (19) 0.ubL 28.5 2.53 (12) 0.2% o.h
+0.0l +0.0} +2.9 +0,0l +0,06 +2.5

Th + DDIH

0.5 1.51 (8) ©0.2h 16,1 2.31 (9) 0.22 9.3
40,05 40,05 +3.3 +0.,07 +0,12 41.9

1.0 1Ll (6) 0.37 26.9 2.30 (5) 0.42 18,3
40,06 40,10 +7.7 +0,03 +0.11 4L.8

1.68 1.32 (8) 0,78 60.3 2.30 (5) 0.35 15,5
40,06 +0.05 6.4 +0.08 +0.11 4.9

2.0 1.50 (12) 0.L7 33.3 2.30 (8) 0.26 11.9
+0.06 40,06 +5.3 +0.11 +0.07 +3.4

' mean ¢ S.E.
" No. of replicates




TABLE 2

THE EFFECT OF T3 ¢ DDIH DOSAGE ON THE OCR (MEASURED IN GROUPS OF EIGHT)

OF 30°- OR 10°-ACCLIMATED MICE

30°¢ 10°c¢
. Treatment  OCR change * OCR change g
; (ml/g}hr) in OCR change (ml/g}hr) in OCR change
: (OCR2-0CR1) (OCR2-0CR1)
T3 (me/kg B.W.)
Oog 10711 (6)" O.}JS 2707 ?028 (6) 0-’13 ) 19.8
+0,05! +0,05 +3.3 +0.1L +0.11 +5.7
1.0 1.72 (7) 0., Ll 26.2 2.37 () 0.33 15.h
+0,0L +0,07 +4.3 40,12 - 40,11 +5.7
. 1,68 1.67 (7) 0.50 30.0 2.41 (12) 0.36 15.5
40,03 +0,05 $3.3 +0.0% +7,06 +3.1
2.0 1.61 (10) 0.5% 35.7 2.42 (%) 0.4L0 17.3
+0,09 +0,07 +5.9 +0.12 +0,08 th.7
T3 + DDIH
0.5 1.36 (5) = 0.70 52.8 2.10 (5) 0.L7 23.3
40,07 40,08 +9.1 40.11 +0.12 +7.2
1.0 1.30 (5) 0.6% 5k, 5 2.12 (5) 0.56 30.5
. +0.07 +0.11 4+10.4 +0,22 +0.15 +10,5
1.68 1.71 (6) 0.6 30,1 2.37 (10) 0.37 17.3
+0,15 +0.21 +7.6 40.11 +0.10 +5.1
2.0 1.60 (%) 0.57 35.6 2.36 (6) 0.L5 19.2
. 40,06 40,05 +3.1 +0.09 40,09 h.1
g 'mean ¢ S.E.
" No. of replicates
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TABIE 3

A SUMMARY OF THE SIGNIFICANCE OF RES'TLTS OBTAINED USING GROUPED MICE,

T Tests were significant at the 5% level.

0 is significantly yg43

Treatment  Temp. C Valuejy different from ' 21uez based on
T), 30 0.5 1.0 no overlap

1.68 t Test
2.0 no overlap
T), + DDIH 30 1.68 0.5 no overlap
1.0 no overlap
2.0 no overlap

30 T, (1.68)  T), (1.63) + DDIH t Test

T3 (0.5) T3 (0.5) + DDIH t Test

T3 (1.0) T3 (1.0) + DDIH t Test

T) (0.5) T3 (0.5) t Test

10 T), (0.5) T3 (0.5) t Test

300C 10°C

T& 1.0 1.0 no overlap
1.68 1.68 no overlap
2.0 2.0 no overlap

T3 1.68 1.68 no overlap
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THE EFFECT OF T}, ¢ OR T3 ¢ DDIH DOSAGE ON THE OCR (MEASURED

IN GROUPS OF EIGHT) OF 30°C- OR 10°C-ACCLIMATED MICE
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DDIH administered five hours prior to the hormone, as
previously described, had no significant effect on the calori-
genic response of a warm-acclimated animal, injected with either
0.5 mg/kg or 1,0 mg/kg T), . At the 1.68 mg/kg level of T) , a
greater than twofold increase in oxygen consumption was observ-
ed with DDIH, This emhancement of the calorigenic action of Tj
was not present at a higher dose of T}, (2.0 mg/kg.)

These two observations: enhancement at 1,68 mg/kg of Ty
and lack of inhibitory effect at 2.0 mg/kg of T), » were contrary
to earlier reports (Serif and Seymour, 1961, DesMarais and LeMay
196}) in which DDIH had decreased by fifty percent the calorigen-
ic action of a 2 mg/kg dose of Ty,

In cold-acclimated mice, there was no enhancement of res-
ponse with DDIH.

When T3 was administered, tﬁere was no gradation of calori-
genic response as the dosape was increased in either warm- or
cold-acclimated animals (Table 2), The magnitude of response in
warm-acclimated mice following an injection of T3 (at all dosage
levels) was similar to that elicited when T) was administered at
the three highest doses. In cold-acclimated mice, T3 at the four
dosages increased the oxygen consumption approximately seventeen
percent, whereas Th had had no significant effect at any dosage.

DDIH caused a twofold increase in oxygen consumption at the
0.5 and 1,0 mg/kg levels of T3 in warm-acclimated mice, whereas
a dose of 1,68 mg/kg T)had been necessary before a similar en-

hancement was incurred. In cold-acclimated mice, DDIH did not
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enhance the calori-enic effect of T3.

Serif and Seymour (1961) usiny 1000 mgz/kg DDIF with 1,68
m1/kiz Ty in mice at room temperature reported that DDIH had no
effect on the calorirenic action of Tq .This is consistent with

the present observahions using LOO mg/kg DDIH in mice acclimated

Summary:

o
30 ¢C

Lffect of Hormone:

- 0.5 mg/kg was only half 2z affective

in increcsing the OCR as the three higher
doses,

action of DDIH:

- not inhibitory to any dosage of T
- enhancement of response with 1.68 mg/kg T)

Effect of Hormone:

- no effect of dosage
- response of the same magnitude as that
elicited by Th at the three larger doses

Action of DDIH:
-not inhibitory to any dosage of T3

-enhancement of response with 0,5 and 1,0
mgr kg T3e
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)
10 C

wffact of HHormonet

- no sisnificant response to any dosage
of Tbo

Action of NDIH:

- none

tffect of ‘Tormone:

- no effect of dosare

- T3 did increase OCR significantly
iction of DDIH:

- none
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The fffect of Grouping on Oxygen Consumption Rate,

The oxygen consumption of warm- an? cold-acclimsted mice,
measured in ¢ group of eirht, was lower than that obtained by
Hart (1953) usine single mice. To determine whether this was
strictly a species difference or due to the method of (0 Cde-
termination decreasing numbers of mice were :rouped, and their
OCRs calculated. The results obtained were eypressed as the
oxy.cn consumption per mouse and are shoun in [:ble L,

The oxyi-en consumption of warm-acclimated miee was not
affected by ;s roupinr, but that of cold-acclimated ones wes,

By extrapolation of the curve, Firure %, a value Tor a sin:le
mouse wis ottiined vhich was lower than that obtained by iart
(19¢3).

Thus it appezred that roupings had an effect on the OCR

of cold-acclimated mice and that there was a species difference.
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TABLE L4

THE EFFECT OF GROUPING ON' THE OCR OF MICE ACCLIMATED TO 30° OR 10°C

Temp. No. in Av. 0o Av, Wi, Av. 0o
Group Consumption (g) Consumption
(ml/g/nr) per mouse

3 1.43 37.92 clL.35

30°% 6 1,51 37.92 56.97

8 1.52 - 37.66 57.36

3 2.95 36.57 107.98

10°C ) 2.55 36.50 92.97

8 2.35 37.62 88.45
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2. SINGLE ANIMAL EXPERIMENTS

a, Variations in Oxygen Consumption Rate following increased Doses

of Hormones, m:asured in single Warm- or Cold-acclimated Mice,

Since grouping had had an effect on the oxygen consumption
of untreated mice in the cold, the likelihood arose that it might
have an undefined effect on the values obtained from treated
animals, This possibility was checked by repeating the 1,0 and
2.0 mg/kg doses of T), » and the 1.0 and 1.68 mg/kg doses of T3,
in conjunction with DDIH, in a series of experiments using the
single animal apparatus., The results are shown in Tables 5 and
6 and Figure 6 and their significance in Figure 7. Since there
was no significance of the dosage, +the values were pooled for
completion of the analysis of variance,

There was no temperature effect on the response to Th and
T), DDIH; T3 and T3 + DDIH were significantly more effective in
increasing the OCR of warm-acclimated mice,

DDIH did not significantly alter the response to Th or T3
at either temperature (Tables 5 and 6), The original inhibitory
action of DDIH on a Tb evoked increase, reparted by Serif and
Seymour (1961) and DesMarais and leMay (196L), was not seen,nor
was the enhancing effect that had been observed when groups of
animals were treated with certain dosages of Th and T3 observed

in the single animal experiments,
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TABIE S

30°- 0R 10°-ACCLIMATED MICE

THE EWFECT OF Th + DDIN DOSAGE ON THE OCR (MEACURED SINGLY) OF

30°¢ 10°¢

Treatment  OCR change 9 OCR change A

(ml/g}hr) in OCR change (ml/z}hr) in OCR change
(OCRZ -0C) (OCRp —OCR]_)

Ty, (mg/keg)

1.0 2.23 (20)" 0.51 2L.9 L.71 (18) 0.7% 134.3
40,081 +0,05 +3.7 +0.19 +0.12 +3.0

2.0 2.43 (3h) 0.Lb 18.5 .89 (32) 0.46 1k.7
+0,05 40,03 +1.5 +0.10 +0.09 +2.0

T), (mg/kg) + DDIH

1.0 2.27 (15) 0.L2 16,2 L.62 (12) 0.85 18.3
+0.08 +0.08 +h.2 +0,16 +0,17 +3.L

2.0 2.35 (27) 0.39 17.4 L.62 (2) 0.59 13.2
40,05 +0.05 +2.h +0.01 +0.09 +2.2

' mean ¢ S.E.

" No. of replicates




62

TABIE 6

THE FFFFCT OF Tq ¢ DDIH DOSAGE ON THE OCR (MEASURED SINGLY) OF

30°- OR 10°-ACCLIMATED MTCE

30°¢ 10°¢

Treatment  OCR}1 change yi OCR1. change A

(ml/g/nr) in OCR  change (m1/g/hr) in OCR  change
(OCR2-0CR1) (OCRp -OCR3)

TB (m{’,'/kg)

1.0 2.61 (10)" 0.54 20.9 L.6L (9) 0.62 13.8
+0,07! 40,08 +3.3 +0.1l +0.16 +3.7

1.68 2.55 (20) 0.77 30.6 L.L3 (20) 0.83 19.5
+0.05 40,07 2.9 40,11 +0.10 +2.8

T3 (mg/kg) + DDIH

1.0 2.26 (10) 0.59 27.h L.20 (10) 0.L5 12.0
40,07 +0,10 +5.6 +3,16 +0.17 +h.b

1.68 2.48 (20) 0.68 30,4 L.86 (20) 0.6k 13.5
40.09 +0.09 +h.5 40,13 +0,07 +1.7

' mean ¢ S.E.

" No, of replicates




63~

40
Tq D T3 D
T,/DDH T4DDH B |
_ 30} L
O
S ||
| | I L
o ﬁ ! L
3
2 10}
o2
|
OI.O 20 10 20 IO 1168 10 168

30° . 10° 30° . I0°
Dosage of T,4(mg/kg) Dosage of T (mg/kg)

FIGURE 6

THE EFFECT OF T), ¢+ OR T3 ¢ DDIH DOSAGE ON THE OCR
(MEASURED SINGLY) OF 30°C- OR 10°C-ACCLIMATED MICE
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5=

At 30o C, Th and T3 were quantitatively similar in increas-
ing the OCR but with DDIH the Th increase was significantly lower
than that of T3 + DDIH.

At 100 C,T), ¢ DDIH and T3 % DDIH showed no differences in

effectiveness in increasing the OCR.
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Summary:
30 ¢c
f T, Effect of Hormone:
- no dosare effect
- increased OCR by an averase of 21.7%

g ' Action of DDIH:

- none

T3 Effect of HYormone:

- no dosare nffect

- increased OCR by an average of 27.L7

- Tq was sirnificantly more effective in
increasing GCR in 309 mice than in 10°¢
mica '

Action of DDIH:

- no inhibitory action

- T2 4+ DDIY was significantly more
effective than T) + DDIH in increasing
OCR o

- T3 + DDIH yas more effective in 30 mice
than in 10 C ones
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Ty

b7

0
10 C

Effect of Hormone:

- no dosage effect
- increased OCR by an average of 16,5%

Action of DDIH:

- none

Cffect of Mormone:

- no dosage effect
-~ incrcused OCR by an average of 13.0%

Action of DDIH:

- none
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Variations in Oxypen Consumption over a yearly Period and the

Effect of Duration of Acclimation (Groups and Single Animal

Measurements).

Due to the period over which the experiments were conduct-
ed, it was possible to check if the oxygen consumption varied
with season ar with length of time that the animals had been
acclimated, As seen in Figure 8 and Table 7, there was no appar-
ent seasonal effect on the oxygen consumption of animals measur-
ed in groups or singlye.

There were no significant differences in the OCRs of mice
acclimated for varying periods, Fipure 9 and Table 8. Most of
the animals used in the group experiments had been acclimated
for less than nine months and for less than twelve in the single
animal experiments,

The differences in oxygzen consumption values obtained by
using the two methods were apparemt Figure 9, The values obtain-
ed with the groups were lower at both temperatures of acclimat-
ion, The values obtained from cold-acclimated mice, measured in
groups, approximated those from warm-acclimated mice measured
singly. The OCRs of cold-acclimated mice measured in the single
animal apparatus were the highest, approximating the extrapol-
ated value obtained using decreasing numbers of mice (Figure 5)

and were consistent with previous findings of Hart (1953).
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TABLE 7

VARTATION IN OCR OVER A ONE YEAR PERIOD

Oxymen Consumption Rate (m1/g/hr)

Month Groups Single
30°¢C 10°¢ 30°¢ 10°¢
Jan, 1.53 (L)» 2.30 (8)
+0,16! +0,08 - I
Feb. 1.58 (8) 2.56 (6)
+0.0l +0.02 - -
Mar. 1.59 (11) 2.4l (20) 2.75 (L) L.05 (L)
40,07 40,08 40.2h 40,20
Apr. 1.69 (11) 2,59 (1)
40,05 - T
 May 1.53 (L) 2.30 (6)
40,07 40,06 - -
June 1.Lhh (21) 2.29 (L) . -
40,04 40.04L
July 1.L7 (5) 2.3h (15) 2.2 (39) L.68 (2L)
+0.,07 40,07 +0,05 +0.11
40,06 +0.07 40,0k +0,09
Sept. 1.6L (15) 2.31 (10) 2.35 (13) L.88 (16)
40.07 40,08 40.09 +0,.12
Oct. . 2,27 (15) 2.43 (11) L.13 (12)
- $0.09 +0.10 +0.1)
Nov. 1.59 (21) 2.36 (15) 2,62 (24) L.52 (31)
+0.0L +0,06 40,06 40,07
Dec. 1.LkL (9) 2.43 (7) 2.39 (10) L.86 (7)
+0,.05 40,06 40,07 +0.11

! mean ¢ S.E.

" No. of replicates
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TABLF, 8

THE EFFECT OF THW DURATION OF ACCLIMATION ON OCR

Duration Oxygen Consumption Rate (ml/g/hr)
of
Acclimation Groups Single
(months) 30°¢ 10°c 30°c 10°c
1 1.52 (17)" 2.32 (27) 2.72 (16) L.58 (23)
+0,05! +0,06 +0,07 40,08
2 1.61 (1) 2.L3 (26¢) 2.39 (10) L.8L (6)
+0.0L 40,05 +0.07 40,13
3 1.59 (18) 2.40 (13) 1.99 (L) .
+0,08 40,08 +0.17
L 1.6L (19) 2.L0 (10) 2,49 (27)
40,0l +0.08 40,05 . -
g 1.58 (20) 2.29 (18) 2.29 (26) L.05 (L)
+0.0L 40,006 +0,07 +0,20
6 1.Lé (9) 2.h2 (12) 2.35 (13) L.92 (13)
+0,09 +0.06 40,09 +0.13
7 1.49 (9) 2.32 (3) 2.3k (23) 5.u1 (9)
+0,07 +0.1L +0,07 +0.25
8 1.L7 (10) 2.23 (%) 2.29 (27) L.60 (3L)
40,03 40,16 40,04 +0,11
9 . — . L.95 (22)
+0.11
10 1.5h (L) _ — L.57 (10)
+0.05 40,17
11 - . - L.27 (18)
+0.11
12 . 2.75 (L) Le29 (6)
- 0.2l 10,21

! mean ¢ S.E.

" No. of replicates
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THE WFFECT OF THE DURATION OF ACCLIMATION ON OCR




Ce.

-73-

The Effect on OCR of the Type of Diet given during Acclimation,

The effect of a low iodine diet (L,I,D,) given during
acélimation on OCR is shown in Figure 10,

After one day in the cold room, the OCR of a mouse on
L.,I.D. was similar to that of one on repgular diet, Both OCRs were
quantitatively similar to that of a fully acclimated mouse, This
was also true in the warm room,

The elevated OCR in the cold room was not simply due to an
excess of iodine ingested with greater food consumption since

the same OCR was attained on both diets,
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131
d. Concurrent Study of the Metabolic Effect of I labeled Hormones

and the Rate of Excretion of the Label

To further understand the correlation between oxygen con-
sumption and the metabolism of either T)y or T3 , mice were in-
Jjected according to the protocol previously outlined and were
kept in metabolism cages during this period. After forty-eight
hours, and immediately prior to the second oxygen consumption
measurement, the urine gnd feces samples were removed, prepared,
and the radioactivity detérmined. The results far both excretion
and oxygen consumption are shown in Tables 9 and 10,

Graphs in which the pa: ¢ent change in OCR was plotted against

131
the per cent I excreted were drawn (Figure 11), to reveal any

correlation between the amount ofIBI

I excreted and the metabolic
response, ie. did a mouse excreting a higher percentage of the '
dose injected, have a higher OCR? There did not appear to be any
relationship, |

Further experiments were dome in which the OCR was measured
at twenty-four hour inmtervals from zero to ninety-six hours. The
results are shown in Table 11 and Figures 12 and 13, The values
far the percent excretion of131 I after the administration of T)
are from eiperiments done by McLennani and of Ty , from those by

Champagne? The significance of the results is summarized in Figure
1k,

# unpublished results from our laboratories
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TABIE 9

THE CHANGE IN OCR FOLLOWING AN INJECTION OF T), 131I & DDIH AND THE % 131

EXCRETED WITHIN L8 YOURS

30°c 10°¢
, |
g 1311 % change 7 1311 % change
excreted in in OCR excreted in in OCR
urine + feces urine + feces

Ty,* (2.0 mg/ke) 57.9 30.8 99.1 69.8
R2.2 2L.0 68.9 22.1
52.3 33.1 98.4 -5.9
75.2 3.7 88.4 -12.1
71.3 18.8 97.7 -17.L
61.6 11.h 91,8 -17.2
90.8 9.3 b7 -15.5
85.0 15.7 8%.9 -14.7
72.9 13.9
68.8 18,4 91.1 1.L
+h .6 +3.0 3.5 . 410.8

Th* + DDIH 71.9 2.8 105.8 15.2
83.3 50.3 98,2 17.6
61.9 23.6 103.2 12,9
66,2 21.3 oL.5 28.8
95.2 Ls.2 91.3 10.1
90.5 32.7 8L.7 -10.0
73.8 37.3 96,8 15.3
72.7 37.3 88.8 8.6
76.9 31.3 95.3 12.3
+4.1 +5.3 +2.5 +3.9

' mean + S.E.
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TABLE 10

THE CHANGE IN OCR FOLLOWING AN INJECTION OF T3 1311 4 mnpIy anp THE 7 1311

EXCRETED WITHIN L8 HOURS

30°¢ 10°c
7 131g % change g 131; 4 change
excreted in in OCR excreted in in OCR
urine + feces urine + feces
Ty* (1.68 mg/ke) 72.8 4.9 81.7 9.9
79.9 2.6 76.4 -18,5
8L.2 7.8 83.7 19.1
68,9 23.3 88.4 -18.4
51.9 L3.9 83,2 15.8
15.5 1.3 02,1 -13.6
95.2 30,3 T70.4 29.4
68.1 -7.9
97.3 2.3
90.6 13,9
75-5 18.2 85.2 3.2
*5-1' 607 ‘!‘2-5 ti;'b
T3* + DDIH 61.6 8.5 85.1 23.8
66.6 23.3 75.7 -13.L
63.9 1.9 8L.6 19,8
57.1 1.2 89.8 -3.3
33.9 7.5 82.3 7.1
62.9 33.9 87.6 c.6
62.3 h'h 8302 “‘3-‘5
6Ll 1h.7 93,2 -17.4h
57.7 1.6 8.0 1.6
82,2 -12.7
58.6 12,2 8L.8 0.3
+3.3 £3.6 +1.5 bl
' mean ¢ S.E.
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30°C- OR 10°C-ACCLIMATED MICE TREATED WITH 131I HORMONE + DDIH




Due to the followirng two facts from the data of the con-
current study using T): (a) The OCRs of mice injected with
labeled hormones and kept in metabolic capes did not differ
significantly (Student's t Test) from those of mice obtained
using non-labeled hormones mrasured at forty-eight hours; and
(b) their excretion of the dose administered did not differ
significantly from the values obtained by McLeman and Chanpagne
measured at farty-eight hours; it was thought feasible to corre-
late the OCR values obtained using mice injected with non-label-
ed harmone with the excretion values of different mice injected
with labeled hormones, With the exception of the forty-eight
hour values where OCR and the excretion values were obtained on
the same animals (Tables 9 and 10) all the other OCR and the ex-
cretion values obtained after injection of T) ¢ or T3 ¢ DDIH
were done on differemnt mice,

Cold-acclimated mice excreted approximately eighty-five per

131

cent of the I Thadministered within forty-eight hours and only

twoper cent more within the mext forty-eight hours, DDIH had no
effect on the total excretion of 1311.

T), + DDIH had no metabolic effect in cold-acclimated mice at
any time during the ninety-six hour experimental period.

When labeled T3 & DDIH was injected into cold-acclimated mice,
more than ninety per cent of the Iy was excreted within twanty-
four hours and, effectively,one hundred per cent within forty-

eight hours,,
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TABLE 11

% CHANGE IN OCR OVER A 96 HOUR PERIOD FOLLOWING INJECTION OF

T}, + OR T3 + DDIH

% change in OCR
Pretreatment
24 hrs. L8 hrs. 72 hrs. 96 hrs,
30°c
Ty 15.0 (9" 18.5 (23) 23.1 (15) 26.0 (8)
+3,6! +2.6 +4.0 +6.7
T), + DDIH 5.8 (3) 27.3 (13) 28.5 (L) 28.7 (5)
43,2 +5.0 49.1 +11.6
T3 9.6 (%) 16.6 (12) 28.3 (5) 2L.6 (5)
+3.7 $3.6 +3.5 +3.9
T3 + DDIH 9.9 (5) 15.2 (1k) 36.5 (5) 31.2 (%)
10°c
) 6.8 (6) 6.9 (1) 10.9 (11) 9.7 (11)
+1.3 +2.5 +1.7 +1.5
T), + DDIH L.6 (1) 8.7 (L) 6.0 (7) 5.1 (7)
+3.0 +1.8 +1.h
T3 0.66 (%) 0.11 (5) 5.2 (5) 0.8 (5)
, +h. +2.8 +1.h +1,5
T3 + DDIH 6.5 (L) 6.3 (L) 8.0 (L) -1.1 (L)
+2.6 +2.3 +5.7 +5.8
' mean ¢ S.E.
o No, of replicat.és
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T3 + DDIY had no siynificant metabolic effect in cold-
acclimated mice,

“hen warm-acclimated animals were tested, the excretion of
1317 vas significantly lower than in cold-acclimated mice follow-
ing injection of either of the labeled hormones + DDTi. The excret-
ion of 1311 was most rapid within the firsi, twenty-four hours
(approximately sixty per cent) and increased only slirhtly over the
rest of the experimental period. DDIF again had no effecct on the

rate of excretion of 1311.

Both T) and T3 had an effect on the OCRs of warm-acclimated
mice,

Althourh the OCR continued to increase up to ninety-six hours
after injection of T), a Student's t Test showed that the pooled
seventy-two and ninety-six hour DCRs wore not significantly differ~
ent from the forty-eight hour ones, DDTY had nn effect at any time
on the 0OCR,

When warm-acclimated mice were injected with 13111abeled T3
+ DDIF and kept in metabolisin cages, the per cent chaniza in 274
after forty-eirht hours was significantly lower (t Test) than that
of mice injected with non-labeled hormone and kept in regular cages
(Table A). The seventy-two and ninety-six hour OCR values were ob-
tained from mice kept in normal cage conditions. Thus the pooled
geventy-two and ninety-six hour values wcre‘tested acainst the forty-

ei;ht hour values obtained from mice injected with non-labeled hormone
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(30,6 after T3 and 30.L% after T3 + DDIH, Table 6), There were
no significant differences. The discrepancy between the farty-
eight hour OCR values obtained in warm-acclimated mice receiv-
ing labeled and non-labeled T3 indicated that the caging did
have an effect on the OCR., The values for cold-acclimated mice
at farty-eight hours were lover than had been previously obtain-
ed. The OCR values obtained under narmal omnditions were also
shown far comparison sake. When T), was used there seemed to be
better agreement between results particularly in warm-acclimated
mice,

The excretion values from these mice were commred to the
ones obtained in experiments done by Mclennan (using T) ) and
Champagne (using T3 )e There was good agreement with T), results
and slightly different values after T3 in cold-acclimated mice
(the total excretion was lower and DDIH did not lower the amount
of 3 in the urine).

Caution should be exercised in interpreting particularly
the T3 results, and it is felt that chronic administration of
1251 in the drinking water and collection of urine and feces
prior to administration of 1311 would have given more reliable
results, This double isotope method has been discussed by Anbar
et al. (1965 a),




6.

Ihe TCfect of a Temperature Tharge on the Ozyeen Consumphion Rate,

The results are shown in Fipure 15,

“hen cold-acclimated mice rere put at 30097 their (77 droppad
nmediotely. After 2 perio” of four Yours the U737 ves lorer than
the Yaaeline represantin: the averacs (CH value of warn-acelirabed
mice. 'loviever alter twenty-Cour hours at 20°C, the 077 of the coli-
acclinated mice was rinilar to that of vorm-acelineted ones,

Chen warm-acclimated mice were exposed to 10°7 their OChs

rose immediatelr und vithin ninety minutes were similar to those

of cold-acclimatad mice.
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30° AND 10°C

~(No. = 5 unless specified otherwise)
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f. Noradrenaline Test in Normal and Thyroidectomized Mice

This experiment was divided into two main sections., In thefirst
section, warm- and cold-acclimated mice were tcsted with various
dosages of NA to determine their sensitivity if any, In the second
section, warm- and cold-acclimated mice were given a variety of

pretreatments; T, tDDIH, T.,iDDIH, or DDIH alone, and then tested
* oL

3
with 0.2 or 0.4 mg/kg NA to reveal any alteration in the sensitivity
due to pretreatment., This experiment was repeated in thyroidectom-
ized mice,

Composite summaries are presented, Figure 18 pertaining to narmal

mice, Figure 19 to thyroidectomized ones,

(1) Normal Mice

" (a) The Sensitivity of Untreated Warm- and Cold-acclimated Mice to

Naradrenaline,

(1) Sensitivity to 0,2 mg/kg NA
When o,2 NA was injected into warm-and cold-acclimated mice,
small(less than 10%) increases in OCR were cbserved (Figure 17).
To ascertain whether these small increases were significant it
was necessary to compare the actual oxygen consumption value ex-
pressed in ml/g/hr, the untreated mice having no per cent change,
rather than comparing the per cent change as was done in other
instances,
In Table 12 the actual OCR values are represented, The value’
- given for untreated mice is after ocnl, the value given for the NA
treated animals is after OCR2. Although the actual OCR wvalue from
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NA treated warm-acclimated animals is lower than that of untreated
animals, the 2,22 ml/g/hr reading was 7,3% higher than the OCR b~
tained from these treated mice.

when student's t tests were done on the actual OCR values befare
and after NA treatment there were no significant differences indic-
ating that neither warm- nor cald-acclimated mice were sensitive to
0.2 NA,

After the injection of the other dosages of NA, any value sign-
ificamtly greater than that ocbserved after 0.2 NA indicated sensi-

tivity.

Statistical Analysis

The increases in OCR's of untreated mice tested with NA and dise
cussed in the following sections (ii) and (iii) were analyzed by
means of a nested analysis of variance, and a Duncan's Multiple
Range Test was applied., The results are given in Table 13 and

Figure 16,

The Effect of Increasing Dosages of NA

Three dosages of MA, 0.2, O.,L, 0.6 mg/kg, were tested in narmal
mice, the results are shown in Figure 17.

Warmeacclimated mice were insensitive to both 0,2 NA (section(i)

above) and to O, NA(Figure 17, andl, Figure 18).

These animals were sensitive to 0.6 NA and were visibly stressed
as evidenced by increased respiratory rate, excessive salivation
and exophthalmia,

Cald-acclimated mice were insensitive to 0.2 NA(section (i)above).

They were sensitive to 0.l NA(Figure 17 and 2, Figure 18).
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TABLE 12

THE AVERAGE OCR (ml/g/hr) OF NORMAL MICE BEFORE AND AFTER TREATMENT “ITH

0.2 mg/kg NA

average OCR (ml/g/hr)

30°c 10°¢
Untreated 2.36 (Lo)" L.62 (LO)
+0.06! +0,10
NA (0.2 mg/kp) 2,22 (10) L.75 (10)
+0.10 +0,20

! mean + S.E.

" No., of replicates

There were no significant differences between OCRs of untreated and

treated mice at the same temperature (Students t Test).
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TABLE 13

A SUMMARY OF THE NESTED ANALYSIS OF VARIANCE APPLIED TO THE
INCREASES IN OCRs OF UNTREATED MICE ACCLIMATED TO 10° AND 30°C
AND TESTED WITH 0.2, O.l4, ANWD 0.6 WA,

Sources of df Sum of Sguares Mean Square F
Variation
Temp. 1 1179.02 479.02 0.268 Ns
Conc.
Temp. Ly 7,41l.89 1853.72 1l Ly 8se:
Error 33 IL,225.8L 128,05
Total 38 12,119.75

% is significant at 0,01
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Cald-acclimated mice were also extermely sensitive to 0.6NA and

showed similar signs of stress as had the warme-acclimated mice,

(411) The Effect of Temperature

(b)

‘The temperature of acclimation affected the sensitivity to NA.
The response of warm-acclimated mice to 0.2 NA was not significantly
different from that of cold-acclimated, similarly tested, ones
(3, Figure 18). The increase in (CR of odld-acclimated mice 0.4 NA
was significantly greater than that in warm-acclimated mice(l,Fig-
ure 18), At 0.6 WA the response in warm-acclimated mice was not
significantly different from that of cold ones,

In summary, warm- and cold-acclimated mice showed no sensitivity
to 0,2 NA, marked sensitivity to 0.6 NA, and only cold-acclimated

mice were sensitive to 0.4 NA.

The Effect of Pretreatment on the Sensitivity of Normal Warm-

and Cold-acclimated Mice to Noradrenaline,

Warm- and cold-acclimated mice were pretreated with Th’ TB,DDIH,
and a combination of hormone and DDIH; they were then tested with
0.2 and O, NA to determine whether pretreatment had altered their
sensitivity to NA. The results are given in Tables 16, 17,18,and 19,
Readings had been taken at ten and thirty minutes after the ine
jection of NA. However, the nested analysis of variance revealed no
significance between the values at these two times. Since the ten
‘mimte readings vwere extremely variable, they were eliminated, re-
ducing the levels of nesting, The analysis was redone on Jjust the

thirty mimute values(Table 1lL). A Duncan's Multiple Range Test was
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TABLE 1l

A SUMMARY OF THE NESTED ANALYSIS OF VARIANCE APPLIED TO THE
INCREASES IN OCRs OF NORMAL MICE ACCLIMATED TO 10° AND 30°C

AND TESTED WITH 0.2 AND O.lL ITA.

Sources of arf Sum of Squares Mean Squares F
Variation
Conc. 1 5,281,938 5284.938  16.30L NS
Temp.
Conc. 2 6148.312 32.156 0.12L NS
Trt.
Temp. 20 52,393.625 2619.681 7.893
Conc.
Error 138 45,803.125 331.206
Total 161 104,130,000

w+ 18 significant at 0,01
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TABLE 1Y

A SUMMARY OF RESULTS FROM DUNCAN'S MULTIPLE RANGE TEST FOR
SIGNIFICANCE BETWZEN INCREASES IN OCRs OF UNTREATED AND PRE-
TREATED MICE FOLLOWING NORADRENALINE TEST.

Pre- WA Temp. Repl. Mean

treatment mg/k: ©C Value

DDIH 0.2 10° 3  =7.900 q
none 0.2 10° 10 Lh.111 : [
none 0.2 30° 10 7.248

none 0.y 30° I 8.5,45

DDIH 0.1  30° 5 16.218 1
T, + DDIH 0.2 10° 10 19.500

DDIH 0.2  30° '3 19.887

DDIH 0.4, 10° L 20.820 |

T), + DDIH 0.2  30° 9 24.379

none 0.4 10° 5 32.52] -

iy 0.2 30 30 34.673 1

T + DDIH 0.4 10° 5 39.988 r

T3 0.y 100 5 41.194

T3 0.2 100 10 }2.374

T}, 0.2 100 10 L43.489

T 0.2 300 10 47.927

T3 + DDIH 0.2 100 10 £0.cL3

T3 + DDIH 0.4 100 5 52,788

T}, o.g 100 5 52.832

T% + DDIH o.u 308 g §2.99Z

T, + DDIH O, 30 .

T 0.4 300 5 59.?&2

T 0.4 300 5 62,39

T3 + DDIH 0.4 300 5 64.082




FIGURE 18

SUMMARY OF THE NORADRENALINE TEST IN NORMAL MICE

(NS = not significant, S = significant)
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TABIE 16

NORADRENALINE TRST IN MICE ACCLIMATED TO 30°C

(e = 0.2 ng/k7)

Pretreatment % change % change in OCR3 OCR3-0CR?
in OCRp 30 min after (change
0.2 mg/kg NA due to NA)
none 7.3 (10)" 7.3
$3.7!
DDIH 15.7 (L) 19.9 (3) L.2
+5.6 +h.2
Ty, (2 mg/ke) 16.3 (10) 34.7 (10) 18.L
+3.2 +b.5
T), + DDIH 14.0 (10) 2.l (9) 10.L
1208 1’403
T3 (1.68 mg/kg) 30.8 (10) L47.9 (10) 17.1
$3.9 45.2
T3 + DDIH 25.1 (10) 56.0 (9) 30.9
45.8 46,0

' mean ¢ S.E.

" No, of replicates

-




NORADRENALINE TEST IN MICE ACCLIMATED TO 30°C
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TABLE 17

e o= 0 me/ler)
Pretreatment % change % change in OCR3 OCR3-OCR2
in OCR2 30 min after (change
0.l mg/kg NA due to NA)
none 8.5 (L))" 8.5
+2,0!
DDIH -1.5 (5) 16.2 (5) 17.7
+4.1 +6,9
Ty, (2 mg/kg) 20,k (5) 59.6 (5) 39.2
+12.7 +10.0
T}, + DDIH 10.L (5) 56.5 (5) L6.1
+1.6 +8.3
T3 (1.68 mg/kg) 25.2 (5) 62.1 (%) 37.2
4.7 +6.7
T3 + DDIH 26,9 (5) 6L.1 (5) 37.2
46.8 +5.h

' mean ¢+ S.E,

" No. of replicates
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applied to the means and the significance of results is shown

=100~

in Table 15,

The main questions raised relative to this section were (i) the
effect of pretreatment on the sensitivity to NAj (ii) the effect of
DDIH on the sensitivity of hormonally pretreated animals; and (111)
the effect of the temperature of acclimation on the sensitivity to

NA in these pretreated mice.

The “ffects of Pretreatment

Warmeacclimated mice:The results are given in Tables 16 and 17,

and their significances summarized in Figure 18.

The increases in OCRs of warm-acclimated mice, pretreated with
Th- DDIH and DDIH tested with 0.2 NA (Table 16) were not signifi-
cantly different from the increases observed in untreated mice given
0.2 NA (5, Figure 18), but pretreatment with Th’ T3,and T4-DDIH did
jncrease their sensitivity to 0,2 NA (6,Figure 18).

All pretreatments (7,Figure 18), with the exception of DDIH (8,
Figure 18), increased the sensitivity of warm-acclimated mice to
0.l NA; therefore thyroid hormones increased the sensitivity to NA
without any effect of DDIH.

Generally the increase in OCR after pretreatment plus 0,2 NA did
not differ significantly from the increase after the same pretreat-
ment plus O.L NA(9,FigurelB). T),~DDIH was the only pretreatment
that showed an effect relative to NA dosage. The response was sign-

ificantly lower when warm-acclimated mice were tested with 0,2 NA,

Cold~acclimated mice: The results are given in Tables 18 and 19

and their significances summarized in Figure 18.

Cold-acclimated mice, pretreated with Th-DDIH o DDIH did not
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TABLF, 18

NORADRVNALINE TEST IN MICE ACCLIMATED TO 10°C

(A = 0,2 /i)

Pretreatment % change % chanpge in OCR3 0Cit3-0CR2
in OCR, 30 min after (change
0.2 mg/kz NA due to NA)
None L. L.1
+3.8¢
DDIH 6 ) 6‘7: "'7 . 9% "'lh . 5
+2,1 +2.1
T, (2 mg/kg) 22.7 h3.% 20,2
+7.0 +11.9
T), + DDIH 10.3 19.5 9.2
+14.0 +5.3
Ty (1.68 mg/kg) 19.0 L2 .k 23.L
$5.0 7.4
T3 + DDIH 17.6 50.5 32.9
2.3 +5.7

' mean + S,E,

" No. of replicates = 10, except :: where No. = 3
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TABLE 19

NORADRENALINE TEST IN MICE ACCLIMATED TO 10°7
(Ha = 0.4 m/ke)

Pretreatment ¢ change % change in OCRj3 OCR3-0CRp
in OCRp 30 min after (change
0.L4 mg/ke NA due to NA)
None 3o.cm 32.5
+6.11
DDIH 1.3 20.08: 19.5
+h.6 +1.2
T), (2 mg/ke) 10.8 52..8 L2.0
+5.1 +8.8
T), + DDIH -1.6 40,0 L1.6
+2.7 +7.1
T3 (1.68 mg/kg) 0.5 Lh1.2 0.7
+11.2 +7.6
T3 + DDIH 2.2 52.8 52.6
th-[; '!-8'9

1 mean ¢ S.E.

" No. of replicates = 5, except # where No. = L.
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show any sensitivity to 0.2 NA(Table 18 and 10,Figure 18),Pretreat-
ment with T), Tj, or TB-DDIH caused them to became sensitive(1l,
Figure 18),

‘None ofthe;netreatneﬁts modified the greater sensitivity of
cold-acclimated mice to O.4 NA (Table 19, and 12, Figure 18),

The OCRs of pretreated cold-acclimated mice were not significant-
1y different after 0,2 or 0.l NA(13,Figure 18), with one exception:
Th-DDIH pretreatment decreased the sensitivity to 0,2 NA,

In cold-acclimated mice as in warmeacclimated ones, differences

in pretreatment could only be observed at the lower NA dosage.

The Effect of DDIH:

The only significant effect of DDIH on the sensitivity of hormon-
ally pretreated mice was to inhibit the response of cold-acclimated
mice pretreated with T) and tested with 0.2 NA(1lh,Figure 18). How=-
ever,DDIH lowered the calorigenic effect of Th in warm-acclimated

mice when tested with 0.2 NA, It also slightly enhanced T3 effect.

(iii) The Effect of Temperature:

When 0,2 NA was injected into pretreated warm-acclimated mice,
the increases in (OCR were similar to the increases in OCR of cold-
acclimated pretreated mice(15,Figure 18). The same was true when

O.Li NA was injected (16,Figurel8),

(¢) Comment on the Statistical Analysis,

The significance of the temperature effect at the O,4 NA

level in untreated mice was taken from a nested analysis of
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variance and Duncan's Test applicd to the values obhained s5poci-
fically in =cction (&) izuwre 156 and sorvcarized in Vigure 18,
However, when a nested analysis of variance and Duncan's Test
wepe appli~d to Lhe results of ruction (b), fadles 16,17,15 and
19) which included the reoults of sechion (&), this elfect of
tompersture ot 0L s was not si rnificant. The variance in the
second experiment may have been sufliciently lar.e= to musk ‘he
simificunce apparent in the anulysis of the “irst ezperiment,
It seemed reasonavle to accept bthe siecnificance of the
analysis of the “irst experiment, i.e. “emperature did have an
~ffect whan Q. i was injectad into untreated anincls (L, “iure
18), since this oxperiment, vas specifically desirned to test the

effact of docare and of Lemperature in untreatod mice,

(d) . Juwanary
Sensitivity ¢f "ntrected ¥ice to lid

Warm- ¢nd cold-acclimaled mice

~-shoved no sensitivity to 0,2 lA,
marked sensitivity to 0.6 I'i, and
only rold-acclimated mice ware
sensitive to Ol Ha,
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Sensitivity o Pretreatod Mice to la

tarm=acclinated mice

~hormonal pretecatment, inerea. ed
the zansiti ity to 0,2 and Ui il

=DDI'T si o nilficantly lowsred the «{{act
of Tt em 0,2 mo/kr owis oun 0 Ln bhe
U dech and enhanced, althou;n not

(2l

sLnificantly, the effect of T4 on the
da test at the sume dosu e 1rvel,

Cold~elinated mice
“hormonal pretrertment, inerogsed the
sensitivity to 0,2 4 and had no
effect on the oreater censitiviiy
O.h ”f\o

s

V0]

-DDI¥ sienificantly lowered the res-
ponse of T), then 0,2 was used and
sli~htly enhanced, althourhk not
sienificantly, the effect of T4 on
the HA test at the same dosa=e”loval,

-in cold~ and warm-aceclimated micz

differcnces in pretreatmeni, could only

be observed at the lower lin dosa-e,
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(2)

(a)

(b)
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Thyroidect omized Mice

The Effect of Thyroldectomy on COCR

The OCRs of normal and Tx mice acclimated to 30°C and 10°C are
given in Table 20, Student's t tests revealed no significance, thus

thyroidectomy had no effect on the OCR of these untreated mice,

The Sensitivity of Untreated Warm- and Cold-acclimated Thyroidect-

omized Mice to Noradrenaline,

(1) Sensitivity to 0.2 mg/kg NA,

When 0,2 NA was injected into warm- and cold-acclimated Tx mice,
small increases in OCRs were observed(Figure 20)., To ascertain wheth=
er these small increases were significant, it was necessary to com-
pare the actual oxygen consumption value expressed in ml/g/hr, the
untreated Tx mice having no per cent change in OCR, rather than com-

paring the per cent change as was done in other instances,

In Table 20 the actual COCR wvalues are represented, The value giv-
en for the untreated Tx mice is that obtained after CCRy; the value
given for NA treated Tx mice is after OCRZ. Although the actual
values obtained from NA treated mice are lower than those of the un-
treated controls, they represent an increase in OCR above their base.

Student's t tests done on the OCR values expressed in ml/g/hr be-
fore and after NA treatment revealed no significant differences, in-
dicating that neither warm=- nor cold-acclimated Tx mice were sensi-

tive to 0.2 NA.

Statistical Analysis

The increases in OCRs of untreated and pretreated mice discussed

in the following sections (ii), (iii), and (c) were analyzed by



TABLT 20

THE AVTRACE QYYGT™M COMSITPTION RATE O "NTREATAD, NORMAT A'D

: THYROIDPCTOMIZED M7 ANCTLIVATRD TO 30° Avn 10°¢
:‘
H
i
i PR . Vs / s /w \
avera.ce (01 \m1/~/“r/
3097 173
wormal Hice 2.24 (Lo)n LA (L)
+0,061 +0.1C
Thyroicectomized Mice 2.5% (24) 4,700 07
+0.1 +0,10
' mean 5, 0,
! " o, of repliecsies
!
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TABLE 21

THE AVERAGE OCR fml/g/hr) OF TINYROIDESTOIIZND “TCR LEFORE AlD AFTER

THE ADHINISTRATION OF 0.2 my/kor I'a

averape 0010 (i1/::/hr)

20%0 1007
Intreated 2.56 (2l L.oo (an
+0.10" 3,10
L (2 me k) 2,78 (1) SRV CS
+0,16 +0.18

' mean + S.7,

" o, of replicates
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- TABLE 22

A SUMMARY OF THE NESTED ANALYSIS OF VARIANCE APPLIED TO THE
INCREASES IN OCRs OF THYROIDLECTOMIZED MICE ACCLIMATED TO 10°
AND 30°C AND TESTED WITH 0.2 AND O.4 NA.

Sources of df Sum of Squares Mean Squares F
Variation
Conc. 1 ~ 14,799.805 4799.805 2.917
Temp.
Conc. 2 3,291.316 1645.658 2.022
Trt.
Temp. 18 14,648.430 813.802 3.030 =%
Conc.
Error 49 13,158.566 268.542
Total 70 35,898.117

#x significant at 0,01
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TABLE 23

A SUMMARY OF RESULTS FROM DUNCAN'S MULTIPLE RANGE TEST FOR
SIGNIFICANCE BETWEEN INCREASES IN OCRs OF UNTREATED AND PRE-
TREATED THYROIDECTOMIZED MICE.

Pre- NA Temp. Repl. Mean

treatment mg/kg ©C Value

Tg + DDIH 0.2 10° L -11.282 o
ndne 0.4, 30° 2 -3.895 N P ]
T3 0.2 30° 2 2,995 I 11
T, 0.2 10° L 3.457 1]

none 0.2 109 9 LN

none 0.4 10° 2 6.785

DDIH 0.y 300 2 7.305

T% + DDIH 0.2  30° 5 15.000

none 0.2 300° 7 15.571

Ty + DDIH 0.2  10° 3 17.180 ~

Tg 0.2 10° 3 19,103 1y

DDIH 0.4 109 2 23.360 q 1

T3 + DDIH  O.4  10° 3 29.427

T]y 0.2 30° 7  31l.401

T3 0.4  30° 2 32.670

T 0.4 10° 2  34.960

Tﬁ + DDIH 0.4 30° 2 37.310

Ty + DDIH 0.4 10° 2  }41.960

T3 + DDIH 0.4  30° 2 51.870

T3 + DDIH 0.2 30° 2 52,975

Tu. O.LL 100 2 530620

T), 0.4 30° 2 59.705
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SUMMARY OF THE NORADRENALINE TEST IN THYROIDECTOMIZED MICE

(NS = not significant, S = significant)
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means of a reduced nested analysis of variance(see section £(b) ),
and a Duncan's Multiple Range Test was applied, The results are pres-

ented in Tables 22 and 23, and are summarized in Figure 19,

(1i) The Effect of the Dosage of NA
Two dosages of NA, 0.2 and O.L mg/kg were tested in Tx mice,
The results are shown in Figure 20,

Warm-acclimated mice were insensitive to both 0.,2(section (i)

above) and O, NA(l Figures 19 and 20). This was similar to narmal,

Cald-acclimated mice were insensitive to both 0.2(section (i)

above and O.4 NA(2 Figures 19 and 20)., Normal mice had been sensitive

to O,UNAjcaold acclimation reduced sensitivity of Tx mice to MA,

(131) The Effect of Temperature
The temperature of acclimation did not affect the‘aensitivity to
NA. The response of warm~acclima£ed mice to 0,2 NA was not signifi.
cantly different from that of cold-acclimated mice similarly tested
(3, Figure 19).
The responses of warm-and coldeacclimated mice tested with O.L

NA were not significantly different (L, Figure 19).

(c) The Effect of Pretreatment on the Sensitivity of Thyroidectomized

Warm- and Cold-acclimated Mice to Noaradrenaline,

(1) The Effects of Pretreatment

Warm-acclimated mice:The results are given in Tables 2} and 25

and their significances summarized in Figure 19,
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FIGURE 20

RESPONSE TO TWO DOSES OF NORADRENALINE BY WARM-ACCLIMATED (HATCHED BAR)

AND COLD-ACCLIMATED (OPEN BAR) THYROIDECTOMIZED MICE

(The S.E. of mean is shown)




i A e 5 i S K e )

~11)j~
TABLE 2L

NORADRENALINE TEST IN THYROIDECTOMIZED MICE ACCLIKATED TO 30°C

(Ma = 0.2 m/k;r)

Pretreatment ¢ change # change in OCR3  OCR3-OCR2
in OCRp 30 min after (change

. s oow -
RPN S i i e St 8 P Dl ronn s s i

0.2 mg/kg NA due to NA)

none 15,6 (7)» 15.6
46,2

T, (2 mg/kg) 23.h (5) 31k (7) 8.0
+7.9 +8.8

T}, + DDIH 7.6 (5) 15.0 (5) 7.4
+9.7 +6,2

T3 (1.68 mg/kg) 10.1 (2) 3.0 (2) -7.1
+8.5 +0,1

T3 + DDIH 39.0 (2) 53.0 (2) 14,0
+11,5 +3.4

' mean + S.E.

" No. of replicates
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TABLE 25

NORADREZNALINE TEST IN THYROIDECTOMIZED MICE ACCLIMATED TO 30°C

G'h o= 0L me/ke)

o

Pretreatment % change % change in OCR3 OCR3-OCR2
in OCRp 30 min after (change
0.l mg/kp NA due to NA)
none -3,9" -3.9
+5.3!
DDIH 17.5 7.3 -10.2
+17.8 +20.7
T), (2 mg/ke) 19.6 59.7 L0.1
+12.0 +23.L
T), + DDIH 22,2 37.3 15.1
+5.8 +16.1
T3 (1.68 mg/kg) 7.3 32.7 25,1
+h.2 +16.5
Ty + DDIH 25,1 51.9 26.8
0.4 +18.0

! mean ¢ S.E,

" No. of replicates = 2
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Warmeacclimated Tx mice when pretreated with ThtDDIH, T3, and

DDIH, showed no sensitivity to 0.2 NA(5,Figure 19). When the mice

" were pretreated with T3-DDIH, DDIH enhanced the response causing an

increase in OCRp of 39.0%(Table 2L). When 0.2 NA was administered
the OCR further increased to 53.,0%. This increase in (CR3 was sign-
ificantly higher than that observed after the other pretreatments
but may have been due not to an increased sensitivity to WA, but
simply due to the pretreatment,

When O.LNA was tested, warm-acclimated Tx mice pretreated with T3
and with DDIH were not sensitive(7,Figure 19). However, pretreatment
with T),, T)-DDIH,and T3-DDIH increased sensitivity to 0.LNA(8,Figurel9)

The increases in the OCRs of warm-acclimated, pretreated, Tx mice
tested with 0.2NA did not differ significantly from the response of

carrespondingly pretreated mice tested with O,LNA (9, Figure 19).

Cold-acclimated Mice:The results are given in Tables 26 and 27 and

their significances summarized in Figure 19.

Pretreatment had no effect on the sensitivity of these mice when
tested with 0,2 NA (10, Figure 19).

When Ol NA was tested,Th-DDIH, T3+DDIH and DDIH did not sensitize
these mice(11,Figure 19). Th pretreatment sensitized them to O.L A
(12, Figure 19).

The increase in the OCR of cold-acclimated, Tx, mice, pretreated
with Th and Th-DDIH, was significantly greater when the mice were
tested with O.4 NA than when tested with O.2NA(13, Figurel9), The
OCRs of mice pretreated with T3 and TB-DDIH were the same when test-

ed with 0,2 and O.L4 NA (13, Figure 19).
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TABLE 26

WORADRANALINE TEST IN THYROIDFRCTOMIZED MTCE ACTLIMATED TO 10°C

(Wi = 0,2 mg/ke)

Pretreatment % change % change in OCR3  OCR4-OCRy
in OCRp 30 min after (change
0.2 mg/kg NA due to NA)
none 5.5 (" 5.5
+2,7!
T, (2 mg/ke) 10.9 (5) 3.5 (L) 7.k
+1.7 +3.6
Th + DDIH "7-9 (h) . "1103 (h) "3-’4
+2.2 #3.3
T3 (1.68 mg/ke) 1.1 (3) 19.1 (3) 18.0
+6.3 8.7
T3 + DDIH 9.5 (3) 17.2 (3) 7.1
5.2 £3.7

mean + S.T.

No, of replicates




-118-

TABLE 27

NORADRENALINE TEST IN THYROIDRCTOMIZED MICE ACCLIMATED TO 10°C

(KA = 0.k mp/kp)

Pretreatment % change % change in OCRj3 OCR3-OCRp
in OCRp 30 min after (change
0.L mg/kg NA due to HA)
none 6.8 6.8
+11.0!
DDIH L.5 23.L 18.9
+1.9 +6.3
Ty, (2 mg/ke) 21.3 53.6 32.3
+2.2 +10.5
T}, + DDIH k.6 L2.0 27.L
9.2 +8.1
T3 (1.68 mg/ke) 16.1 35.0 18.9
+1.7 +11.3
T3 + DDIH 11.6% 29 by 17.8
$11.3 115.9

' mean + S.E,

" No. of replicates = 2, except i where No, = 3,
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(11)The uffect of DDIH:

The only significant effect of DDIH on the sensitivity of
hormonally pretreated mice, ﬁas to enhance the response of warm-

acclimated mice pretreated with Tq and tested with 0.2 Ki (1L,

Figure 19). However it did appcar to enhance the response in mice

pretreated vith T3 when they ©nra tosted with O,k NA and to inhibit
the response in T), pretreated mice when they vere tested wvith 0,2

ind 0.l "TA.
iii) The =ffect of Temperabnre

“hen 0,2 Ui vas injected, the increase in the OCOn nf warm-
seclimated Tx mice, pretreated with T), T), + DRTH, end T3 + DDLH
vas si-nificantly greater than the inerease in the OCRS‘U. cold-
wcclinmsted Tx mice similarly pretrested (15, Ficure 19). The in-

creare in the OCR of warm-zcclimated Tx mice protreated with T,

.3 not ziznificantly déi “ferent from the increase of cold-accli-

Gasbed Tx mice pretreated wdth T3 (16, Figure 19).

The chanres in fhe 0C2s of preibreated warm-acclimated Tx mice
ested with O A (17, Pigure 19) were not significantly different
Iren Lhe chanres in OCRs of cold-acclimated Tx ones,

sitention should bLe druwn to the extremel;” large variance in

he saction of the experiment dealins with O.L Wi, The nwiber of
snimal-s used was small, two in nmost cases, and no doubt was the
rmajor contributor to the large variance,

It is f'elt that more experimentation with Tx mice mirht re-

veal sirFnificant effects not seen in this experiment,
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(d) Summary

Sensitivity of Untreated Tx Mice to NA

Warm- and cold-acclimated mice

-showad no sensitivity to 0.2 or
Oult Na,

~this meant a loss of the sensitivity
which had been observed in normal cold-
acclimzted mice pgiven O,k liA,

Sensitivity of Pretreated Tx ilice to i

Viarme-acclimated Tx mice

-Ix mice pretreatad with T4 + DOIY

were sensitive to 0.2 .. “one of

the other pretresztments had any
significamt effect in incrrasing
sensitivity but DDIY did lewver the
effect of 7), and enhance siznificant-

1y the effect of T3 when lLii was acminisz-
tered.

=D mice pretreated with T), T), + LDIH,
and T4 + DDIY were sensitive to 0,L Ili;
T3 and DDIF were not effective in in-
creasirng sensitivity to NA. Again DDIH
lowered the effect of T}, and enhanced
the effect of T3 when NA was administer-
ed,

-these responses differed from those of
normal mice where hormonal pretreatment
increased the sensitivity to 0.2 and O.lL
HA,
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Cold-ceclimated Ty Mice

=hormonal. pretreatment ¢id not increace

the sencitivity of these mice to 0,2 I,
They differed from normal mice which had
been sensitized by hormone pretreatient,

-cnly T} pretreatment sensitized these
mice to O.h li. T) pretreatment restored
the sensitivity of Tx mice to the level
observed in normal mice.

-in normal mice, the sensitivity to O,L
Ni was not further affected by hormonal
pretreatment,

-in Tx mice DDTH had a sliczht inhibitory
effect on the cction cf Tu but did not
gotentiate the action of T4 as previous-
1y indicated in normal mine.
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Noradrenaline Test in Normal and Thyroidectomized Fice Exposed

to 30° or 10%.

Normal Mice

The Effect of Exposure to 10° or to 32°C on the Oxyren fonaumption

Rates of Warm- and Cold-Acclimated lFice (!Intreated Controlz).

Jarm-acclimated mice were exposed to 10°C and cold-acclimated

_ mice to 30°C to study the effect on their OCRs. First, their

(v)

OCRs were measured at the temperature of acclimation; then, the
mice were exposed to either 10° or 30°C for one hour and their
OC2s remeasvred, At the completion of the second oxyren consumption
readinr, the mice had been exposed for ninety minutes. The results
are shown in Figure 21.

Warm-acclimated mice increased their 0C2 by 82,37 frow 2.k to
L.s3 ml/ﬁ/hr when exposed to lOOC. The OCW of cold-ascclimated mice

dropped h5.8% from L.89 to 2.62 ml/«/hr when exposed to 30°7. The

actual chanze in both cases was approximately the same (2.05 ml/:/nr

increase for warm-acclinated mice, and 2.27 ml/g/hr decrease for
cold-acclimated ones). The percentage formulation of the chanre in
OCR accounted for the apparently greater increase in OCR by warm-

acclimated mice than decrease by cold-acclimated ones.

The Effect of Exposure to 10°C or to 30°C on the Sensitivity to

Noradrenaline.

Preliminary experiments had indicated no significant
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FIGURE 21

THE CHANGE IN OCR AFTER EXPOSURE OF WARM-ACCLIMATED MICE TO 10°C
FOR NINETY MINUTES (HATCHED BAR) AND OF COLD-AGCLIMATED MICE TO
30°C FOR NINETY MINUTES (OPEN BAR). OCR; WAS MEASURED AT THE

TEMPERATURE OF ACCLIMATION, OCRp AT THE TEMPERATURE OF EXPOSURE
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differences in the response of mice exposed for a period of up
to six hours, Therefore all further experimentation was done
after one hour of exposure, At the completion of each experi-
ment the mice had been exposed for ninety minutes,

In untreated acclimated animals, the OCR was first deter=-
mined at the acclimation temperature; they were then exposed to
either 30° or 10° C for ore hour and a second OCR determination
was made at the end of which the animals had been at the tempera-
ture of exposure for ninety minutes,

In Thpretreated, acclimated animels, the hormone was in-

jected and an OCR measurement perfarmed immediately to determine
the baseline level; forty-eight hours later a second OCR deter-
mination was made to evaluate the effect o the hormone. These
animals were then transferred to the proper temperature of expos-
ure for one hour and a third OCR determination was made, at the
end of which the animals had been at the temperature of exposure
for ninety minutes,

For the NATest, NA at either 0.2 or O.lL mg/kg was injected

immediutely prior to the last OCR determination, that is the second

OCR in untreated and the third OCR in pretreated animals,

The results obtained are given in Tables 28 and 29; the
analysis of variance was completed by a Duncan's Multiple Range
Test and the significance of results summarized in Figures??2,
23, and?);,, When the NA administration proved lethal during or
immediately after the last OCR determination, the values were

not included in the analysis.
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(1) “arm-acclimated lice exposed to 10°C,

Control cxperiments: Pretreatment with T) resulted in a 2d.17

hirher OCii than that of the untreated mice (Table 28). liowever,
after exposure to 10°C for ninety minutes, the OCR of the pre-

treated mice was not significantly diff'erent from that of the

untreated ones,

NA Tests In this test, an increase in OCR greater than that of
the control indicated sensitivity. The increase after 0.2 ané 0,k
A and exposure was com arecd io the untreated exposed control, The
increase in the OCR of T), pretrecated mice after 0.2 and O.L lA

and exposure was compared to the pretreated, exposed control,

Untreated tice: larm-acclimated mice exposed to 107, were in-

sensitive to 0,2 &nd O.L HA, the increases in (3% Lein- lowar than
that of the control (1 and 2?2, firure 22), Cimilarly it had besen
shown that warm-scclimated mice tested st 30°C were insensitive

to both doses of ia (1, Ficure 18); thus exposure to cold for a

- short, period of time did not alter the response by making warm-

acrlimated mice sensitive to NA. The response was similar when

either 0.2 or O.L I'A was tested (3, Figure 22).

Pretreated mice: Pretreatment with T) before exposure did not

elicit any sensitivity to either 0.2 or O.4 VWA (L and 5, Figure 22).
This was contrary to the response observed when warm-acclimsted

mice were tested at BOOC.
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TABLE 28

NORADRENALINE TEST IN WARM-ACCLIMATED MICE AFTER ONE HOUR OF EXPOSIRE TO

10°C
9 change % increase in OCRj3
Pretreatment in OCR2 30 min after
exposure~ to 10°C
Control
none 82.3 (2)
- +2.7!
T), 28.1 (5) 70.6 (6)
+2.5 v +3.0
% change in OCR3
30 min after
: exposurel and NA Test
NA Test
none (NA 0.2) 65.2 (3)
- +7.1
none (NA O.L) - . 58.5 (18)
46,2
T), + NA 0,2 15.5 (12) 71.L (12)
+3.2 3.7
T), + NA O.L 27.3 (L) 70.6 (L)
+6.4 49,1

1 animals had been exposed to 10°C for 90 min at completion of OCR3
' mean + S.E.

" No, of replicates
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T4 pretreated 6 Tq pretreated
+NAO2 [ NS—l4naoO4
4 NS NS 5
NA 3 NA
o2[ NS 04
| NS NS 2

\

Controls

FIGURE 22

A SUMMARY OF THE NORADRENALINE TEST IN WARM-ACCLIMATED MICE EXPOSED

T0 10°C FOR NINETY MINUTES

(NS = not significant, S = significant)
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In that case, pretreatment with T) had sensitized the mice to
% 0.2 and 0.L Na (6 and 7, Fipure 18). T), pretreated exposed mice

; responded similarly to 0.2 or O.L W& (6, Fipure 22).

(ii)Coli-ac limated Mice exposed to 20%¢,

Control experiments: Pretreatment wit T}, ¢id not incresse the

N

00R measured at 10°C nor did it prevent the drop in 0C2 after

exposure to 30°C (Table 29).

s 'm

ha Test: In this Test, sensitivity to Ni was indicated by an

increase in OCR above the appropriate control.

‘mtreated liice: The incresses in OCRs of cold-acclimated mice =x-

posed to 37'°C and then tested with 0.2 and O.L !4, did not differ
i b

siznificantly from their controls (Figure 23 and 1 and 2, Firure
2li). This represented a loss of sensitivity to 0.L i since cold-

acclimated mice tested at 10°C had leen sensitive %o 0.4 ' (2,

o

imire 18),

The response o 0.2 or 0.4 ilA was similar (3, Figure 24).

Pratreated ilice: Pretreutment with T); before exposure, signifi-

cantly increased the sensitivity of these mice to 0.2 i (L, Figure
2L). “hen 2.4 Ni was tested, pretreated exposed mice exhibited

sypersensitivity (5, Fipure 2U). Two of the four mice tested died

before ihe complstion of 0C”3. The remaining two were in shock and

showed sirns of pulmonary edemc when removed from the apparatus.,
They died wit®in three hours. The sensitivity to O.l4 1A was sieni-

ficantly rreater than to 0.2 in T), pretreated mice (6, Figure 21.).
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TABLE 29

NORADRENALINE TEST IN COLD-ACCLIMATED MICE AFTER ONE HOUR OF EXPOSURE TO

300¢C
¢ change ¢ drop in OCR3
Pretreatment in OCR, 30 min_after Sensitivity?
exposurel to 30°C :
Control
none -L5.8 (2)
- 48,1
T} 0.2 (6) -10.8 (6)
+2.3 +2.0
9 change in OCR3
30 min after
. exposurel and NA Test
NA Test
none (NA 0.2) - -hSOS (3) ODB
+4.6
none (NA 0.L) -23.8 (18) 22.0
- +2,8
T), + NA 0,2 3.7 (18) -16.L (18) 2.k
$2,1 +5.3
T}, + NA 0.l -1.0 (2) -11.6 (2)3 lethal

1 animals had been at 300C for 90 min at completion of OCR?

2 Sensitivity is expressed as the increase in OCR above the appropriate
control

3 animals died immediately after OCR3 from NA hypersensitivity

' mean ¢ S.E.
" No, of replicates
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FIGURE 23

A SUMMARY OF THE RESULTS OF THE DUNCAN'S MULTIPLE RANGE TEST FOR
SIGNIFICANCE AMONGST CHANGES IN THE OCRS OF COLD-ACCLIMATED MICE

(PRETREATED OR NOT) AFTER EXPOSURE TO 30°C AND NA TEST
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6 Ta pretreated
T4 pretreated | sign 4 preir mice died
4 sign sigh S
3
NA N.S NA
I NS NS 2
Controls
FIGURE 2L

A SUMMARY OF THE NORADRENALINE TEST IN NORMAL COLD-ACCLIMATED MICE

EXPOSED TO 30°C FOR NINETY MINUTES

(NS = not significant, S = significant)
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(C) Summarz

Effect of Exposure to 10° or to 3000

o
Warm-acclimated mice exposed to 10 C

-inecreased their OCR to a value similar
to that of cold-acclimated mice within
ninety minutes of exposure.

-although mice pretreated with Ty had a
higher initial OCR, the OCR after expos-
ure wvas the same as that of the untreated
mice,

)
Cold-acclimated mice exposed to 30 C
~-decreased their OCR to a value similar

to that of warm-acclimated mice within
ninety minutes of exposure,

Bffect of Pretreatment and Exposure on Sensitivity
to NA
)
VWarm-acclimated mice exposed to 10 C
Untreated mice
-were insensitive to 0.2 and O,k Ui,

-this was similar to the response observ-
ed _in warm-acclimated mice measured at

30°¢,

Pretreated mice

-T), pretreatment had no effect on their
sensitivity to NA.

~this was different from the response
observed in warm-acclinated mice measured
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o
at 30 C, These pretreated mice had been
sensitive to 0,2 and O,L4 NA,

‘ o)
Cold-acclimated mice exposed to 30 C
Untreated mice
-were insensitive to 0,2 and O.,L NA

-this represented a loss of sensitivity
to O, NA since cold-acclimated mice
tested at the temperature of acclimation
had been sensitive,

Pretreated mice

=Ty, pretreatment increased the sensitivity
to 0.2 and was fatal wher O, NA was used,

-from the results, warm-acclimated mice did

not appear to gain sensitivity to i within a
six hour period of exposure to 10 C, and cold-
acclimated mice lost their sensitivity to NA
within one hour after transfer to 30°C.
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(2) Thyroidcctomized Mice

(a) The Effect of Exposure to 10° or to 30°C on the Oxyren Consumption

Rates of Warm- snd Cold-Acclimated Tx Mice (Untreated Controls).

Yarm-acclimated Tx mice were exposed to 10°C and cold-
acclimated ones to 30°C. The same procedure was followed as
with normal mice. The results are shown in Figure 25.

Warm-acclimated Ty mice increased their OCR by 73.7% from
2.16 to 3.76 m1/g/hr vhen exposed to 10°C, The OCR of cold-
acclimated Tx mice dropped 39.h7 from .72 to 2.90 ml/g/hr when
exposed to 30°C. Althoush the actual decrease in the OCR of cold-
acclimated mice was slirhtly larzer than the increase, the per-
centare formulstion made the drop appear smaller.

The OCR of warm-acclimated Tx mice, after exposure to IOOC,
was sirnificantly lower than that of cold-acclimated T mice and
the CCR of cold-acclimrted Tx mice after exposure to 30°¢ was

ei~nificantly hi~her than that of warm-acclimated Tx nmice.

(b) The Effsct of IZxposure to 10° or to 30°C on the Jensitivity to

Woradrenaline.

Experimental procedures were the same as in ~(1) (g).
The results cre siven in Tables 30 and 31, A4 one way analysis
£ variance was done on thr results excludin~ any treatments which
rmmy VTethal (Teble 31). The treatment Ty + Mi 0.h, in warm-acclinat-
ed mice, was alco 9xcluded because of its unduly larce standard crror
(table 30). Duncan's “ultiple Range Tests were applied to the means

and the significance of results summarized in Figures 26, 27, 28 and 29.

PR




«135-

50 B ’1

~ 737 %
% fq/ increase
< 30 &
€ j 739.4%
~ decr.
S 10 §
S U Ry

| | A

FIGURE 25

THE CHANGE IN OCR AFTER EXPOSURE OF WARM-ACCLIMATED Tx MICE TO 10°C
FOR NINETY MINUTES (HATCHED BAR) AND OF COLD-ACCLIMATED Tx MICE TO
300C FOR NINETY MINUTES (OPEN BAR). OCRy WAS MEASURED AT THE
TEMPERATURE OF ACCLIMATION OCRg3 AT THE TEMPERATURE OF EXPOSURE
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(1) Warm-acelimated Tx lilce exposed to 1000,

Control experiments: The warm-acclimated control, pretreated

with T}y, had a slirhtly highér (10.14) 0CR than the untreated
control (Table 30). However after exposure to 10°C for ninety
minutes the OCR of the pretreated control was sirnificantly

lower.

A Test: In the WA Taest, sensitivity to Ni was again indicated
by an increase in OCR sisnificuintly larger than that of the

appropriste control,

Untreated HMice: The increase in OCR of warm-acclimated Tx mice,

exposed to 10°C was siznificantly lower than that of their controls
when tested with 0,2 and 0.4 NA (1 and 2, Figurc 27) indicating no
sensitivity. The increase in OCR was significantly lower with

0.l NA than with 0.2 WA (3, Figure 27) suggesting an inhibitory
action. The increase in OCR of normal mice, similarly tested had
been lower, but not significantly, than that of their controls

(Table 28).

Pretreated Hice: Pretreatment with T), before exposure, had no sig-

nificant. effect on the OCR when tested with 0.2 Ni (L, Fijure 27).

Vhen O.L WA was used, pretreatment with T) did not enhance the

the action of NA but did prevent the decrease in OCR observed when
0.l NA was administered alone. Because of the unduly largze standard
error of the result when 0.l NA was administered to T), pretreated

mice, it was excluded from the analysis.




-137-

TABLE 30

NORADRENALINE TEST TN WARM-ACCLIMATED THYROIDECTOMIZED MICE AFTER ONE HOUR

OF EXPOSURE TO 10°C

% change ¢ increase in OCR3
Pretreatment in OCRp 30 min after Sensitivity?
exposure1 to 10°C

Controls
none 73.7 (2)»
+3.6!
), 10.1 53.6
+3.7 +5.6
% change in OCR3
30 min after
_ exposurel and NA Test
NA Test
none (NA 0,2) 52.6 none
*2.4
none (NA O.L) 29.6 none
45.9
Th + NA 002 150)-1 6’4-9 11.3
‘3‘907 15.8
T}, + NA O.L 19.3 66.U 12.8
48.8 +22.1

1 mice had been at 10°C for 90 min at completion of OCR4
2 Sensitivity is the increase in OCR3 above appropriate control

' mean ¢ S.E,
" No. of replicates = 2 in all cases




~138-

) B3
= N 5 +
soE & g
change of
Temp, only , //J V
T'-l + Na el / \/ v
T), only // v
4

NA .2

\/ | no significance

7

FIGURE 26

A SUMMARY OF THE RESULTS OF THE DINCAN'S MILTIPLE RANGE TEST FOR
SIGNIFICANCE AMONGST CHANGES IN THE OCRs OF WARM-ACCLIMATED TX

i o]
MICE (PRF}TRE}\:TED OR NOT) AFTER EXPOSURE TO 10 C AND NA TEST




=139~
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+NA 0.2 +NA O4
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( Iowe\) (lower)

Controls
FIGURE 27

A SUMMARY OF THE NORADRENALINE TEST IN THYROIDECTOMIZED WARM~-ACCLIMATED
MICE EXPOSED TO 10°C FOR NINETY MINUTES

(NS = not significant, S = significant)
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(11)Cold-acclimated Tx Mice exposed to 30°C,

Control experimentsit The cold-acclimated control mice, pretreated

with T}, had a slightly higher OCR than that of the untreated
controls (Table 31). However after exposure to 30°C for ninety

minutes their OCRs were not statistically different.

NA Test: In the NA Test, sensitivity wes indicated by an increase

in OCR above the appropriate baseline control.

Untreated Mice: 0.2 MA had no effect on the OCR after exposure

(1, Figure 29), but these mice were extremely sensitive to O.L NA
exhibiting signs of noradrenaline shock when removed from the
apparatus (2, Figure 29). Because of the condition of these mice
at the completion of the OCH3, these results were considered
significant although not included in the analysis. Neither Tx
‘nor normal mice showed sensitivity to 0,2 NA, but Tx mice were
more sensitive to O.L NA than were normal mice.
Tx mice exposed to 300C were much more sensitive to O.l

than to 0.2 NA (3, Figure 29).

Pretreated Mice: Pretreatment withfmlappeared to sensitize these

mice to 0,2 WA (L, Figure 29). However O.L NA in pretreated mice
caused shock, pulmonary edema and death before completion of
OCR3 (5, Figure 29). The value given represented the change in
OCR ten minutes after NA and was not included in the statistical
analysis.

Th.pretreated mice were much more sensitive to O.L than to

0.2 NA (6, Figure 29).
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TABLE 31

NORADRENALINE TEST IN COLD-ACCLIMATED THYROIDECTOMIZED MICE AFTER ONE HOUR

OF EXPOSURE TO 30°C

% change % drop in OCRj3
Pretreatment in OCRp 30 min_after Sensitivity?
exposure1 to 30°C

Control
none ' -394 (3)"
, +1,6!
TL 10.L4 -37.6
$8.2 3305
% change in OCRj3
30 min after
. exposurel and NA Test
NA Test
none (NA 0.2) -43.8 none
+5,1
none (NA 0.l) -21.5° NA shock
. +8.5
Th + NA 0.2 1}.‘.3 ‘29.8 708
+7.9 11-5
T, + NA O.L 9.3 27.1% lethal
+2.3 45.7

1 mice had been at 30°C for 90 min at completion of OCRj

2 sensitivity is expressed as the increase in OCR3 above appropriate control
3 mice were in shock at completion of OCR3

4 OCR 10 min after NA. Mice were dead before completion of OCRj3.

' mean ¢ S.E.

" No. of replicates = 3 in all cases
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FIGURE 28

A SUMMARY OF THE RES'ILTS OF THE DUNCAN'S MULTIPLE RANGE TEST FOR

SIGNIFICANCE AMONGST CHANGES IN THE OCRs OF COLD-ACCLIMATED TX

MICE (PREATEATED OR NOT) AFTER EXPOSURE TO 3000 AND NA TEST
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FIGURE 29

A SUMMARY OF THE NORADRENALINE TEST IN THYROIDECTOMIZED COLD-ACCLIMATED

mice died

(NAshock)

MICE EXPOSED TO 30°C FOR NINETY MINUTES

(NS = not significant, S = significant)
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Effect of Exposure 4010 or to 30 C

Warm-acclimated Tx mice exposed to 10°C

~increased their OCR but it was sipgnifi-
cantly lower than the OCR of cold-accli-
mated Tx mice,

-the increase in OCR of Tx mice, after
exposure was significantly lower than the
increase observed in normal mice,

-dithough Tx mice pretreated with T), had
a higher initial OCR, the OCR after exposure

was significantly lower than that of untreat-
ed Tx mice,

-thyroidectomy resulted in a loss of the rapid
OCR readjustment observed in normal mice vhen
moved from their temperature of acclimation,

)
Cold~acclimated Tx mice exposed to 30 C

-showed a decrease in OCR but the value was
still significantly hicher than that of warm-
acclimated mice,

-although Tx mice pretreated with T) had a
higher initial OCR, the OCR after exposure
was not significantly different from the un-
treated mice, and T), administration did not
restore the ability to respond rapidly to a
temperature change as observed in normal
animals,

Effect of Pretreatment and Rixposure on sensitivity

o NA

Warm-acclimated Tx mice exposed to 10o c
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Untreated mice

-not sensitive to 0,2 or 0,4 HA. The
OCRs were significantly lower after
Ni than in the controls, O.li NA had
a greater inhibitory effect than 0,2
NA,

Pretrcated mice

-pretreatmont with Tl did not increase
the sensitivity but"did bring the OCR
back to the control value thus prevent-
ing the inhibitory effect observed with
0. A,

o
Cold-~acclimated Tx mice exposed to 30 C

Untreated mice

-not sensitive to 0.2 NA but were extreme-
ly sensitive (shock) to O,L Ui,

Pretreated
- Q pretraatment did sensitize  these
nic

e to 0,2 NA but was ratal when O.h
NA was injected,
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C. DISCUSSION

1. THYROID HORMONES AND COLD-ACCLIMATION

a, Grouped and Single Animal Determinations of OCR

The OCRs were determined on both grouped and sincle animals.,
The oxygen consumption values obtained usins groups of eight mice were
significantly lower in both warm- and cold-acclimated mice when compar-
ed to the values obtained by Hart (19%3) who determined the OCRs on
individual mice. Pearson (1960) explained this discrepancy in terms
of heat transfer between grouped mice and of a different air-body
surface ratio. Since decreasing the number of cold-acclimated mice in

the group caused the OCR to approximate that of a single animal,

LeMay (196L) assumed that the fraction of the OCR that he measured

with the prouped animals might be a reliable index of the actual me-

tabolic rate.

The inhibitory effect of DDIH on the calorigenic action of ex-
ogenous T), in warm-acclimated mice reported by Serif and Seymour (1961)
and Desliarais and Lellay (196lL) was not observed. In fact DDIH had a
potentiating effect on various dosapes of T). Wheﬁ T3 was administer-
ed, DDIH not only failed to inhibit the calorigenic action, as noted
by Serif and Seymour (1961), but using lower doses than they had, it
had an enhancing effect on the action of Tj3.

When the OCRs were determined on single animals, it became
appafent that, a number'of the effects previously observed had been

due to prouping, The response to T) was affected by grouping; under
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these circumstances, cold-acclimated mice were only slirhtly affected
by exopenous T) and warm-acclimated mice showed increased OCRs. How-
ever vhen the OTR determinations were made on single animals there
were no sirnificant differences in the response %o T), ny warm- and
cold-acclimated mice. Groupine did not affect the response to T3;
however the enhancement of hormone effect by DDIH, apparent when
grouns were used disappeared when tésted in single animals.

Grouping has been shown to affect hormone levels in rats (Chance

1956). The hormonal and DRIV pretreatment muy have made the animals
hvperexcitatle and groupin- could have compounded this etfect. The
situation was further complicated in the cold room since grouping
lowered the OCEs of untreated cold-acclimated mice. llowever this lower-
in- of 0fR may have be~n sufficient to mask the effcet of hyperexcit-
aility on the OCR. “Jhen OCRs were meisured in sincle animals there
was no terperature change in the respiration chamber and no contact
with other mice; under these circumstinces the calorigenic action of
), was similar in both warm- and cold-acclimated mice.

Even in the sinvle animal apparatus, T3 was more effective in
increasine the 2CR of warm- than cold-acclimated mice althouch the
macnitude of resn-onro was lower Lhor iy ind heen in the grouped animal
experiment., This differs from the experiment of Hsieh (1963) where he
observed no effect of 5 or 15 py of T3 administered daily during ac-

climation period on the OCR of cold-acclimated rats measured at 5,

In the grouped animal experiments the only effect of the slize

of hormonal dosage was obsorved with T). At the lowest dosage level

there was a sijynificant decrease in calorigenic effect.
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All the other T) and all the T3 dosages were sufficiently
large to maximally stimulate the OCR., T3 did not exert & preater
calorigenic effect than T), in either warm- or cold-acclimated mice
when measufed on single animals. However the doses used were suffic-
iently larce and all capable of inducing calorigenesis that any
difference in effect due to dosare size would no doubt have been
masked., In the ;rouped animal experiment T3 was significantly more
effective than T), at the lowest dosape level. Tata (196L a) draws
attention to the unphysioloc~ical response after larje doses ol hormone.
Thus the lack of differentiation between the effect of T}, and T3 in
this experiment does not necessarily mean that there is no difference.

A1l further discussion refers to erperiments done on single
animals, unless otherwise specified.

;. Duration of Effect and Excretion of 1311

“men the OCRs were determined at twenty-four hour intervals for
ninety-six hours a difference of effect between the two hormones was
observed. The results indicated that forty-eight hours after injection
in warm-acclimzted mice T3 did not cause a significantly greater in-
crease in CCR than did T). Also, the effect of T3 did not last as long
as T}, The increase in OCR began to decline seventy-two hours after
injection of T3 wheréas the effect of T), was still increasing and did
so up to ninety-six hours. Tata (1961 a) noted that the calorigenic
action of T3 was higher initially and wore off more quickly than the

action of T), but that the total calorigenic response was the same.
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In warm-acclimated mice the exéretion of 1311 in the urine was
similer after an injection of oither T) or T3. There was no indica=-
tion that the increuse in OCR preceded the deiodination of T3 as
sungosted’by Anbar et al, 1965 a. However the limitations of this
experiment must be reaiized. The volume of urine excreted within
twenty-four hours was extremely small and varied considerably and
was thus particularly susceptible t6 error. The non-physiological
doses of hormones probably disturhed the latent period of action as
described by Tata (1964 a) maskine any association or dissociation of
deiodination and caloripenic action, The caloricenesis produced by
toxic amounts of thyroid hormones is a catabollc process which can be
best explained by an uncoupling of oxidative phosphorylition through
a direct action on the mitochondrion (Tata 196l a),

DDIH had no effect on the metabolic pattern of T} or T3 at
room temperature. Neither did it change the excretion of the 13}I
after administration of labeled hormones.

In cold-acclimated mice, the magnitude of caloriprenic response
was similar after T3 or T} injection, and was not affected by DDIH
administration.

The route for excretion of 131 after administration of label-
od hormones was primarily via the feces; approximately twenty to thir-
ty per cent was excreted in the urine. After injection of labeled T)
the total 1311 was slightly but not significantly increased in cold-
acclimated mice with the slight excess being excreted in the feces; the
urinary iodide remained constant. If one assumes that the 31T in the

urine is a measure of the T) metabolized, it would appear that warm-

4
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and cold-acclimated mice metabolize an exogenous dose of T) in a
similar fashion, cold-acclimated mice exhibiting a ereater turnover
of T). This substantiates the view thot although more endogenous
hormone ig produced by cold-acclimated animals this increased thyroid
activity is not essential for the maintenance of nonshiveriny thermo-
renesis (Heroux 1963).

DDIH was without effect on the excretion of 1311 after admin-
istration of Th at both temperatures.

Although most of the dose of exogenous T) was excreted within
forty-eight hours, the OCR continned to rise up to ninety-six hours,
It would appear that the small amount of T) left in the animal was
sufficient to increase the OCR and arain indicates the difficulties
involved in working with non-physiological doses.

The excretion of 1317 in warm-acclimated mice, after adminis-
tration of labeled T3, was similar to that observed after T).

In cold-acclimated mice the total amount of 1317 excreted was
creater than in warm-acclimated mice. The amount of 1311 excreted in
the‘urine was significantly greater in cold-acclimated mice in one

experiment and DDIY reduced the urinary elimination of 1311 in the

same experiment. In another experiment the 1311 excreted in the urine

was similar in both cold- and warm-acclimated mice and DDIH showed no
effect.

The results of this experiment clarified two main points - DDIH
does not inhibit either the calcrigenic action or the deiodination of

an exopenous dose of T), in warm- or cold-acclimated mice. Also DDIH
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had no effect on the caloricenic action of T3 and may or may not

alter its deiodination. A preferable way to study the action of DDIH
on egxcretion would be to endogenously label the hormone pool by chronic
administraiion of 12;1 after which a single injection of 1311 could be
given (Anbar et al. 1965). The excretion of both isotopes could then

be followed and a more complete idea obtained on the effect of DDIH.

2. CATRCHOLAMINES AliD COLD-ACCLIMATION

a. General Considerations

Since HMsieh and Carlson (1957 a) demonstrated an increased sensi-
tivity to noradrenaline in cold-acclimated animals a great deal of
work has been done in an attempt to elucidate the role of horadrena-
iine as the medistor of nonshivering thermogenesis; Curarized cold-
acclimated rats returned to the cold have a greater capacity for heat
production than similarly treated warm-acclimated rats (Cotbtle and
Carlson 1954 a). Sxorenons noradrenaline administered to cold-accli-
mated rats left at room temperature for an undefined length of time
caused an even creater increase in the OCR than did re-exposure to cold
(#sich and Carlson 1957 a). Because noradrenaline simulated cold expos-
ure, ﬁhese suthors have sugrested that it is the mediator in chemical
rerulation of heat production. Various studies have shown that the
metabolic chanres induced by exogenous noradrenaline are not necessar-
ily the same ss those induced by cold. Much the same situation exxisted
with feSpect to the rdle of the thyroid gland - hyperthyroidism and

cold-acclimation were compared, and the two did not always have the
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same effect, It does seem apparent that both the thyroid and the
sympathetic nervous system are necessary for acclimation and evi=-
denca for this has been discussed.

Oné strikine feature of much of the work is the variety of
experimental conditions under which it is done making it extremely
difficult to compare results, In an attempt to point out the necess-
ity for standardization, the eoxperiments were done under two sets of
environmental conditions - one in vhich noridrenaline was administer-
=d to mice 3t the temperature of a-climation, the other to acclimzst-

rd mice exposed to 10 or 20°7,

The first set of environmental conditions was frlt to best
approximate steody state cenditions and the better ~ituation in
which to study the offect of hormonal and drur trcatment.

'Isieh snd Garlson (1957 2) used spinal or curarized rats to
eliminzte the ercessive movement observed in rats after injection of
adrenaline (Swanson 1958); Denocas (1960) used anesthetizmad rats. These
Aare exporimental conditions which alter the steady stete of the uni-
mal to an undefined extent. 'Bauithesin' & mild anesthotic (a mixbure
of chloral hydrate and sodium pentobarlitzl) had, in our experience,
deleterious effects on cold-acclimated mice tested at 10°C. Sellers
(1957) also noted a similar effrect in clipped rats where anesthesia
vith sufficient sodium pentobarbit:1 for measvrement at 1.5°C resnlted

in death dorinc the half hour experiment il period. Since anesthetic

' : . . )
conld not he used snceessfull;- in the cold-acclimated mice at 10°C,
it was also not used in the second series where the OCRs of cold-

acelimated mice were determined at 20°C.
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In contrast to the observed effect of adrenaline on rats, warm-
and cold-acclimated mice wore no more restless after noradrenaline
than untreated mice. Thus at least in mice tested under the present
rircumstaﬁces there did not seem to be any necessity for anesthesia.

The variety of experimental conditions and the use of various
species makes comparison with the work of others difficult. Becaus
of the multiplicity of effects of noradrenaline it is difficult to
know upon which crounds to base inter-species comparisons, Should a
stindard dose of noradrenaline be used in all species and its effeact
on the parameter in question tw compared i,e. metabolic rate? This
would not take into considerstion the difference in initial metabolic
rete of the species beine compares, and vhat might be a stimulatory

dose in one, mnisht not be in another. Another upproach would be to

.determine the amount of noradrenzline necessary to elicit a certain

response, [Both approiches hive limitiations but the situation nicht
-ain more clarity il the physical condition of the animal at the
dosaze of noridrensline used to ottain a certain effect wazs described.
When the three dosares of noradrenaline were used three cate-
~orirs of metuholic. effect were observed. At the lowest dosare,
neither warm- nor cold-acclimated mice were sensitive to noradrena-
line; at the hichest dosssre, both were, and at the intermediate dos-
arre only cold-acclimated mice responded metaholically. 4t the two
lover dosares, the mice appeared to respond similarly in a physical
sense (respiratory, vascular) but were visibly stressed by the lars-

est dosage showiny increased respiration, salivation and exophthalmia,
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Hesieh and Carlson (1957a) do not state what the physical condition
of the rats was following the dosage of noradrenaline capable of
eliciting the extremely large metabolic response observed, This
makes it difficult to decide which dose used in mice should be com-
pared with the dose used in rats (Hsieh and Carlson 19573) when com-
paring the metabolic effect.

Since the mice could not be successfully anesthetized single

injections of noradrenaline rather than infusions were used,

b, The Effect of Pretreatment and Thyroidectomy on the Responses to

Noradrenaline Administered at the Temperature of Acclimation,

Warm-acclimated mice were not sensitive to noradrenaline at
either of the dosages used. A similar lack of response was observed
in rats (Hsieh and Carlson 1957a). However, Heroux (1967) using anes-

thetized animals observed a twenty-one per cent increase in the OCR

of warm (2800) -acclimated white rabbits and a twenty-five per cent

increase in the OCR of white rats infused with noradrenaline (1.18
pg/keg/min in rabbits and 1.3l mg/kg/min in rats). Depocas (1960) ob-
served that an infusion of 0,1 to 3.0’pg/hin/37h e into anesthetiz-
ed rats acclimated to 30°C did not increase the OCR measured at 2000.
He stated that the temperature of measurement had a negligible effect
on the OCRs of both warm- and cold-acclimated rats., However when some
animals were infused at 30o C he did note a slight increase which he
explained as a temperature effect - the small calorigenic effect of

- o
noradrenaline at 20 C being balanced by the decrease in oxygen
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consumption due to body cooling, There thus does not seem to be gener-
al arreement as to whether warm-acclimated rats are sensitive to nor-
adrenaline or not, Mevertheless they do not appear to be nearly as sen-
sitive az cold-acclimaled animals,

The only sensitivity to noradrenaline apparent in untreated
mice tested at the temperaturs of acclimation was that olLserved after
adiministration of 0.k my/kr noradrenaline to cold-acclimated mice.
Thy;oidectomy caused this sensitivity to disappear indicating the ne-
cessity of at least a minimal amount of thyroid hormone for the calori-
-enic response to noradrenaline. Swanson (1956, 19%7) has shown a simi-
lar relationship between adrenaline and thyroxine,

lice made hypermetaiolic by pretreatment with Th or T3 exhibit-

ed a variety of responses to noradrenaline. In reneral hormonal pre-

-treatment increased the sensitivity to noradrenaline except in the

case of cold-acclimsted mice riven 0.)i noradrenaline. These mice, sen-
sitive to 0.l noradrenaline, were incapatle of further increesin:: their
nietabolic response after T) or T3 administration.

Hormonal pretreatment of tbyroidectomized mice did not increase
the sensitivity to 0.2 noradrenaline, and only Th increased their sen-
sitivity to 0.}, The lack of a calorirenic effect of’ Ty in these animals
may be related to its faster elimination (Tata 196l b), most of the
dose being excreted before noradrenaline was administered.

DDIH, when given in conjunction with T), and T3, modified the re-
sponsiveness to noradrenaline in some way. In general, DDiH lowered the
sensitivity of T} pretreated mice and enhanced the sensitivity of Tj

pretreated mice to noradrenaline. However the effect was statistically

PRI S
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significant in only a few instances. The effect of DDIN on the hor-
monal response was more apparent at the lower dosapge of noradrenaline,
thus again the importance of hormonal dosage level is seen. ilso ),
did not sehsitize the mice to as great a depree as did T3 whan the
lower dose of noradrenaline was used. This difference of effect between
the two thyroid hormones disappeared at the hirher noradrenaline level.

The differential effect of DDI! on the caloriienic action of
T), and T3 is difficult to explain. It may indicate different meta-
bolic paths for the two hormones, or it mey simply have a kinetic basis
- T3 reachin;; the sites of action more quickly than T) and acting with
DDIH at a time when the distributicn of DDI¥ is different than it is
when T), acts. This is strictly speculative and would need further study
before anythine could be said with certainty. However if a differential
.effect of DDIH on the in vitro respomse to T|, and T3 were observed, it
would indicate a metatolic rather than kinetic difference.

It is also difficult to state where DDIH is exerting its effect.
It does not inhibit or enhance either T), or T3 alone, nor does it have
any effect when just noradrenaline is administered. However, when mice
are pretreated with T), or T3, DDIM has an effect on their response to
noradrenaline, From OCR measurements it is impossible to say whether
DDIN modifies the action of T) or T3 which then alters the response
to noradrenaline, or whether DDIM acts directly on the action of nor-
adrenaline, the response in this case being different depending on
whether T) or T3 was used.

DDIN is deacetylated in vivo and is excreted as a hydroquinone

conjuzate (Serif and Seymour 1963). This does not mean that DDIH did
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not appear at some stame as the auinone, a relatively toxic compound,

DDIH could exert an effect as a quinone and in some way alter
the calorirenic effect of T}. Tata (196L a) has stated that larsze
doses of ﬁhyroid hormone: exert their effect throush uncoupling oxi-
dative prosphorylation. The rercion of electron transport ind the phos-
phorylation linked to cytochrome b has bLeen studied by the blockage
of other a-ceptors before and after this site. By this method it has
bemrn showm that electron transport throuzh at least some portion of
the MNaD-flavorrotein or cytochrome b part of the electron transport
system is required for thyroxine activity (Rall 1965). Speculation
has it that thyroxine possibly effects the breakdown of one of the
hypothetical electron carriers at the coupling sites of the reSpira;
tory chain (Ernster 1965). Quinones may stimulate or depress the rate

.of electron flow in the total sequende or differentially alter the
rates in different seements of the sequence. They may affect oxidative
phosphorylation by interferring with the ceneration of ATP directly or
by an uncoupling action (Webb 1966). Guinones are slso potent inhib-
itors of the rlycolytic cycle alfecting particilarly hexokinase and
3-phosphoglyceraldehyde dehydrogenase (liebb 1966). Thus, DDIH could
exert an effect at any of these loci.

There is also a possibility that DDIY could affect the meta-
bolism of catecholamines exerting an effect at this locus. Substitut-
ed iodophenols have been shown to inhibit catechol-O-methyltransferase
(D'Iorio and Mavrides 1963) an eﬁzyme which is responsible in part
fo; the degradation of catecholamines. DDIH might affect this enzyme.

However the uncertainty as to where thyroxine and noradrenaline act
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and the manner in which they interact make it practically impossibile

to predict where DDTH miprht exert its effect.

c. The Effect of Exposure to 30° or to 10°C on the GCR of lintreated

Acclimated Mize.

In a number of experiments noradrenaline was administered to
cold-acclimited animals and the OCR delerminations were done at a
hisher ambient temperature,

Usieh (1963) discusses the variety of responses reported con-
cerning removal of cold-acclimated unimals from their temperature of
acclimation. Some workerc report # hicher restin~ OCR in cold- than
warm-acclimatec rats at 3090, In various studies the OCRe have been

based on body weirsht, body surrace or froctions of Lody weirht, Hsieh

(1953) observed thut cold-acclimated rabs left at 27°°C for six hours

had an ei-hteen per aent hicWer metabolic rate than thut of ?223°C-
acclimated rate, 211 measured it 20°r;,

‘hen acclincted mice were exposed to 30° or 10°C a number of
differences were observed vhen the values were compared with those
obhained using rats. Normal cold—acclimated mice, after ninety ninutes
of erposure to BOOC, had en 0CF sirilar to that of wafmuacclimated
mice. In ceold-acelimated rots it was only after twenty-four hours
thit the OC? dropped to & value similar to warm acelimuated animals
("tsimi 1953). Normal warm-anclimates mice exposed to 10°C increased
their OIR immediatelsr to a value similar to that of cold-acclimated
nice.

Tyroidectonized mice exposed to 30° or 10°C were unable to




=159~

walie the rapid metsbolie readjustment observed in normal mice., Varm-
acclimited Tx mice exposed to 10°C increased their OCRs but the value
wag sirnificantly lower than that of cold-acclimated Tx mice. Simidar-
v vold~avciimnted ' mice after ninety minutes at, 3000 decreased their
0C2 Lut it was sbill sienificontlyv hirher than the 0CR of warm-z2ccli-
mated Tx mice, This fact that il rcidec’. 1izzd mice were unzble to
adjust their OCH as repicdlv as normal mice indicates the necessity
of at least a minimal amount of thyroid hormonecs,

3ince cold-ac~limated mice acdjusted to a chanpe of termperature
more rapidly than did rats, the possibility existed that mice mirsht
respond differently than rats when noradrenaline was administererd and
that various environmental conditions micht affect this response. The
next experiment was desirned to show the effect of this temperzture
change on the response to noradrenaline and to enable comparison with

the response of rats tested at 3000.

d. The Effect of lxposure to 30° or to 10°C on the 03Ds of Untreste”

“and Pretreated ilice Tested with Noradrenaline.

lice were pretreated with T} and then tested "rith noradrenaline
after one hour of exposure. "arm-acclimated nice exposecd to 10°¢
showed no sencitivity to noradrenaline. Depocas (1940) also observed
that rats were insensitive to noradrenaline ~hen firzt exposed and
sradnally became more sensitive after fifteen days in the cold. Pre-
treated (7)) mice had a higher OCR than the untreated ones in the
warm room, but their OCﬁs were similar after exposure to 10°C; they

were also insensitive to noradrenaline indicating that a hypermetabolic
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state does not Y"pre-acclimale" (3ellers and You 1050).

Noradrenaline had an inhibitory effoct in thyroidectonized
warr-acclimated mice exposed to 109C. Noradrenaline is accepted as
causins vasoconstriction at arterioles (Carlson 1946). In acute
exposure tests such as these, the effect of noradrenaline is most
probablsr vascular rather than metabolic. animals rely neavily upon
shiverin- when first placed in the cold; the vasoconstrictive effect

of noradrenaline could decreasc the calorirenic efficiency of shiver-

pon

n by lowerins~ the blood supply to the skeletal muscles witihh a con-
conitant loss of heat production, Th administered prior to exposure
rrevented this roradrenuline inibition. Pretreatment with thyroic
hormones wonld in effect retnrn these animels at least to the level
intart miece, TheseApretreated Tx mice ¢did not ghowr =zi'ng of in-
censitivity te noradrennline ‘appzrent in normzl mice,
Could-ucelimate’ mice tesved at 10°C had chowm sensitivity to
the hirher dosace ol noradrenaline., However vhen they were trans-
ferred zo 2097

for one hour before noradrenaline was adninistered,
trey lost this sensitivity. This is definitely a different response
thun that, observed in rats. Hsieh and Carlson (1957) noted a ninety-
three per cen', increase in the OCR of rats after a sin:le injection
of noradrencline, Heroux (1967) reported that cold-acclimated rats
infused with %.36 pg/kg/min noradrenaline or sixty minutes increased
their OCR b:> 113 per cent. However when rabbits were similarly tested
they showed only & forty-one per cent increase in OCR.

Cold-acclimated  thyroidectomized mice tested with noradrenaline

after one hour of exposure to 30°C were insensitive to 0.2 Ni and
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vere in a state of collapse aftor O,L noradrenaline. After pretreat-
meut with T}, and the sare hisher dosayre of noradrenaline these rice
died. althoursh it was difficult to tuke accurate (Cits under tLhese
nonditions; these mice appeared to increacse their OCR before dying,
Possitly cireulatory failure and inadequate dissipation of the extra
heat prodiuced was the cause of death. These mice did not Lecome hyper-
excitat:le bt secemed ﬁo lose enercy, snd collapsed. More exporimental
data is necessary to determine whether it vas circulatory or meta-

bolic effects or both that were responsible “or death,

e. Hvperthyroidism ané Told-icclimation.

There are a nuaber of similarities between hyperthyroid and
cold-acclimated uniméls. Thyroxine tu?nover is increased in the cold-
Qcclimated rat, the thyroxine rernirement to maintain rsrowth and meta-
bolism is doubled althoush znimals can survive_nith minimal thyroxine
levels; and T0H levels are hish. The rise of plasma free fatty acids

in response to noradrenaline is increased.

Heroux (1946 a) has warned acainst placin~ too srea’. an erphasis
on the role of the thyroid; althouzh thyroicd sctivity is increased in
cold-acclimation, the actual role of this increase in thermogenesis
has nol vet teen elucidated.

In the present experiment, warm-acclimated mice made hyper-
metabolic by injection of T), or T3 were compared with untreated cold-
acclimated mice to see if both responded to noradrenaline in a similar

fashion, They did not.
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Warm-acclimated mice made hypermetabolic by injection of T,
or T3 were more sensitive to 0.2 noradrenaline than untreated cold-
acclimated mice. After T3, warm-acclimated mice were still more sen-
sitive to O.h noradrenaline than were cold-acclimated mice (even thourh
these cold-acclimated mice were sensitiva to 0.L noradrenaline). 'hen
T), and O,k noradrenaline were used, both hypermetabolic warm- and un-
treated cold-acclimated mice responded similarly,

DDIH had no efi'sct on this response.

These observations were opposite to those obtained by lsieh et
al. (1966). They observed that warm-acclimated rats rendered hvper-
metabolic with daily doses of T3 reacted quite differently to nor-
adrenaline infusion than did cold-acclimated rats. After thirty :inutes
of an infusion of 8 pg/kg, the OCR of cold-acclimated rats was much
hirher than that of hypermetabolic waim-acclimated rats similarly
tected,

varm-acclimated thyroidectomized mice pretrezted with T), were
more sensitive to 0.2 and O,lL noradrenzline than were cold-acclimated
animals. DDIN siynificantly lowered the sensitivity after which the
pretreated warn- and untreated cold-acclimated mice responcded similar-
1v to noradrenaline. T4 pretreated warm-acclimated mice were not more
sensitive to either 0,2 and 0.L noradrenaline than were untreated
cold-acclimated mice.

DDI'l enhanced the sensitivity to noradrenaline of these hyper-
metabolic warm-acclimated mice and had no suéh effect on the cold-
acclimated ones.

These results indicate that a hypermetabolic state induced by

cold differs from that induced by exogenous hormones,




D, SUMMARY AND CONCLUSIONS

1. Thyroid Hormones

a, Grouped animals

Comparison of results using the two methods of determining
oxygen consumption revealed that grouping animals had an
effect not only on their normal OCR but also on their re-
sponse to treatment,

The only effect of the dosage of hormones was seen when

T), was administered, The response was significantly lower
when the smallest dosage was used, There was no siach effect
when Ty was administered,

DDIH did not inhibit the calorigenic action of Th as pre-
viously reported and potentiated the action of certain

doses of Tb and T3,

b, Single animals

Single animals responded similarly to either doses of hor-
mone used and DDIH had no effect,

Warm-and cold-acclimated mice were egually sensitive to
T)e

Warm acclimated mice were more sensitive to T3than cold-
acclimated animals,

The;e did not appear to be any correlation between the

1
rate of excretion of 311 following injection of labeled
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Thor T3and the increase in OCR,

DDIH did not affect the deiodination of Tb as predicted
by_earlier workers, It is uncertain whether it had any
effect on the metabolism of T3 since the results from
the experiments were not the same., In one DDIH lowered
the deiodination of 1311 - T3 and had no effect in the
other,

When the OCR was followed for ninety-six hours, the

effect of T3 was slightly higher and wore off more

rapidly than that of Th‘

o o
Cc. Uxposure of acclimated mice to 10 or 30 C,

warm-acclimated mice exposed to IOOC increased their OCR
to a value similar to that seén in cold-acclimated mice,
Thyroidectomized mice increased their UCR but it was
significantly lower than that of cold-acclimated mice.,
lormal and thyroildectomized cold-acclimated mice decreas-
ed their OCR within ninety minutes to the value observed

in warm-acclimated mice.

2, Catecholamines

a, loradrenaline test at the temperature of acclimation

Wlarm- and cold-acclimated mice were insensitive to 0,2
mg/kg noradrenaline, extremely sensitive to 0,6 mg/ke

and only cold-acclimated mice were sensitive to 0.l mg/kg

ol o AR
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noradrenaline. Thyroidectomized cold-acclimated mice
were not sensitive to 0.l noradrenaline, Hormonal
pretreatment in ~eneral enhanced the sensitivity of
warm- and cold-acclimated mice.

DDIY seemed to inhibit the action of ), and enhance

the action of T3 on noradrenaline calorirenesis.

b. loradrenaline test after exposure to 10° or 30°C.

Cold-acclimated mice sensitive to 0.4 noradrenaline

vhen tnsted at the temperature of acclimation were in-
sensitive after one hour *n the warm room, This indicat-
ed a definite species difference tetween mice and rats,
The fact that mice lost their sensitivity to noradrenaline
so quickly seems to imply that the symputhetic nervous
system, under centinuous stimulsation bty the cold stiress,
plays a sisnificant role in the nonshivering therno-
~enesis o mice. also the immediate response by norm 1
mice to a temperature change indicates the importance

of doines these experiments under carefully controlled
temperature conditions. This eliminates the possibility
of a%tributing responses to noradrenaline which in effect
are due to temperature changes,

A number of the responses observed when mice were test-
ed with noradrenaline after exposure to 10° or 30°C may
be due to actions other than the metabolic ones and

further experimentation is necessary to clarify this,

s,
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