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The plasma and urinar,y corticosteroids, haemo-

globin, blood urea nitrogen and plasma creatinine were determined 

in CF1 temale micebetore, during and atter exposure to -lOoC. 

Plasma corticosterone levels increased signiticant-

11' soon atter exposure, remained signiticantly elevated even in 

comatose animals and tor an hour during recover,y in the war.mth, 

and returned to nor.mal leve1s a d~ atter the stress. The , 
pattern ot change was similar in mice axposed twice, though the 

deviations trom the control leve1s were less. Urinar,y corticost-

eroids were depressed the tirst d~ tollowing each exposure, and 
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return to nor.mal b1' the seventh d~. Haemoglobin 1eve1s were 

not reliably changed during the tirst axposure, but were e1evated 
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levels were e1evated atter each exposure, and the latter remained 
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PART l 

LITERATURE REVImi 



CHAPTER l 

THE ADRENAL CORrEX 

1. EARL! HIS'IDRY 

The tirst report about the adrenal glands was 

by Bartholomaeus Eustachius in 1563 (Ibanez, 1952), under 

the name of "Glandulae Renibus Incumbentes". Sinee then 

several other names, sueh as "Glandulae Renales", IiGapsulae 

Renales", and "Suprarenal Capsulestf are reeorded in the 

earlY' literatures. 

In lS03, Tilesius (Softer, Dorfman and 

Gabrilove, 1961), reported the rirst recorded case with 

autopsy tinding ot tumour or the lert adrenal in a four 

year old girl, who was enonnouslY' obese with a marked 

preeocious development ot the breasts. A similar ease 

was deseribed in 1811 by Cooke in another four year old 

obese girl with a tumour ot the leit adrenalj she died 

at the age of seven with enlarged extemal genitalia, 

extensive hirsutism of the genitalia and face, and low­

pitched voiee. 

Signifieant advances in the knowledge of both 

morphology and function of the adrenal marked the latter 



2. 

hal..t of the 19th century. In 1855, Thomas Addison published ' 

his classical monograph ''The Constitutional and Local Effects 

of Disease of the Suprarenal Capsules", in which he gave the 

characteristics of the adrenal deficiency disease which 

bears his name. In 1856, Brown-Sequard the French physiol­

ogist showed that dogs, cats and rabbits die twelve hours 

after bilateral adrenalecto~. This was the first proof 

that the adrenal glands were essential for lUe. In the 

same period, Claude Bernard, introduced the idea of internal 

secretion, that is the secretion into the circulation by an 

organ without ducts (Jones, 1957). Also. in 1856, Vulpian 

reported the first significant observation on t.he g:arenal 

medulla. He observed that when the adrenal medulla was 

moistened with dilute ferric chloride solution, a green 

coloration was produced. This observation led to the thought 

that the adrenal medulla secreted sane unlmown substance or 

substances which had a catechol nucleus but the exact sig­

nificance and nature of which were not lmown at the time. 

Later, Oliver and Schaefer (1895) demonstrated that the 

adrenal medulla contained a petent pressor substance because 

of the remarkable rise in blood pressure following the injec­

tion of an extract of the adrenal medulla. They also showed 

that the active principle was produced in the medulla and 

not in the cortex. Because of the strong physiological 
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activity of the medul..lary substance, it vas assumed unti1 

1913 that death in adrenalectomized animals vas due to lack 

ot pressor acti vit Y • In 1913, Biedl demonstrated a tun.c­

tional division ot the adrenal gland by showing that the 

removal of the cortex in dogs and rabbits, 1eaving the 

medulla intact, alvqs resulted in death, whi1e destruction 

ot only the medulla had litt le ettect. Animals vould 

survive with onl.y one-eighth of their adrenal tissue, pro­

vided i t vas cortical tissue. This vas the tiret evidence 

that the adrenal cortex vas essential for the maintenance 

of lite. Later, he proposed the concept of an "enc'.ocrine 

integration" vhich, together vith the notion of "intemal 

secretion", promoted by Claude Bemard marks the dawn of 

modem endocrinology. 

Betveen 1930 and 1940 a number of steroids 

vere isolated from adrenal ext.racts by Reichstein, Kendall 

and Wintersteiner (Reichstein and Schoppee, 1943). 

The tirst quantitative studies on the bio­

chemical composition of the stimulated adrenal cortex vere 

reported by Sqers' group in 1944 (Sqers, Sayers, Fry, 

White, Lewis and Long, 1944&, 19Mb). These authors 

showed that the administration of adrenocorticotropic 

hormone (ACTH) to rats resulted in a decrease of both 
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the ascorbic acid and cholesterol concentration of the 

adrenals. Stress was shawn to induce similar biochemi-

cal changes in normal rats (Sayers, 5"'1"11, Ln:Ls_d Lemg 

1947). 

Thus, lmowled.ge of the existence of the 

steroid hormones secreted. b7 the adrenal cortices bas 

been available tor the past tour decades and even though 

their chemical synthesis bas wo been achieved., a great 

gap exists between such detailed. lmowled.ge on the one 

band, and our camparati va ignorance ot their mode of 

action, and even their tunctions under physiological 

conditions, on the other. 

2. H>RPlDIOGY OF THE ADRmAL GLAND 

2.1. ANATOMI 

Symingt.on (1960) pointed out that the adre­

nals of various species can be classitied. into "non-fatty" 

and "fatty-n types. The hamster and most herbivora fall in 

the non-tatty- group, while other maDRDa1s, inclucling man, 

fau. in the fatty- group. 

The mouse adrenal glands consist· ot a· pair 

of sma1l ovoid structures situated one on either side of 
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the midline near the anterior pole of the ld.dney. The 

absolute weight of the adrenal increases rapidl.y in 

young mice, but the rate of growth declines vith in­

creasing age until it eventually ceases. This pattem 

is similar to that found in rats (Donaldson, 1924). 

Sex ditferences in adrenal gland weight have 

been well recognized (Boume and Jqne, 1961). Their 

weight in man is normal.ly between fi ve and seven grams, 

those of the female being cOJlsistently larger and more 

opaque due to the presence of lipid. The adrenals are 

smaller and dark red in males (Chai and Dickie, 1966). 

2.2. HIS'IDlOGY 

The adrenal glands are cOlDpOsed of two 

main parts: the medulla and the cortex, which are in 

fact two ditferent glands. No direct functional rel&­

tionship between them has yet been demonstrated in man. 

The cortex accounts for 80% of adrenal weight in the adult 

(Williams, 1962). 

In man and most mammaJ s, three zones are 

visible in the adrenal cortex, but in the mouse only' two 

zones are clearly defined. Outwardly we find the zona 

glomerulosa (ZG) followed by the zona fasciculata (ZF), 
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which is the widest zone, and finally, the zona reticu­

laris (ZR). Ho secreto17 nerves have been demonstrated 

in the adrenal cortex in contrast to the medulla. The 

ZG is a narrow zone consisting of small cella arrange<! 

in arches. The cells have relatively' large nuclei, baso­

philie cytoplasm, and a rich capill&I7 blood supply. The 

ZF is composed of long regular columns of cella separated 

by fine connacti ve tissue septa bearing capillaries.. The 

nuclei are vesicular and the cytoplasm acidophilic and 

foanrr due to the presence of finely distributed lipid 

droplets. 

While the three classical zones can be seen 

in D1an7 human glands, the ZG is by no means alwa)'B prom!­

nent and may be seen in some part of a section and Dot in 

the others. The ZG bas been shown to contain abundant 

mitochondria (S1DJington, 1962), variable lipid content 

(Carr, 1961), and greatest cali proliferation of the 

three zones (Ford and Young, 1963). 

Symington (1962a) compared the histological 

structure of the adrenal cortex of a vide variety of 

species, l81ing considerable stress on the ditferences 

both in amount and in distribution of lipide He pointed 

out, as did others, that there is no storage of honnone 

in the adrenal cortex in contradistinction to other 
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endocrine glands. 

Ashworth, Race and Mollenhaver (1959) sug­

gestAd that the major sites of hormone 8,fDthesis are the 

deep layera ot the ZF and ZR since these areas are 

richer in mitochandria and ve8icular cytoplasmic retic­

ulum. The importance ot the mitochondria in the s1J1the­

sis ot the adrenal cortical hormones i8 supported b7 

independent biochemical 8tudies demanstrating the &8soci­

ation of enzyme s7Stems with these bodies (Hayano, Saba, 

Doriman and Hechter, 1956). 

3. FONCTIONS OF THE ADRmAL OORTEX 

Reference to the work ot Addison (1855), 

Brown-Sequard (1856), Oliver and Schaefer (1894-1895) 

and Biedl (1913) in regard to their classical discoveries 

on the tunction of the adrenal cortex bas alread7 been 

mentioned. 

In 1932, Cushing described the syndrome 

now known \Dlder bis name. A relati vely' trequent asso­

ciation ot the basophi1 tumors ot the anterior pituit&l7 

with adrenal cortical hyperplasia raised the question as to 

which came tirst. In 1933, Moehlig and Bates sug-

gested that the primary 1esions in Cushing's s1J1drome 

occurred. in the adrenals. '!'wo 7ears 1ater, Rare and bis 
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co-workers reported a typical case ot Cushing's syndrome 

due to a pri.mary carcinana ot the adrenal cortex without 

an increase in the number ot the basophil celle ot the 

anterior pituitary. On the other band, Oppenheimer and 

his co-workers cited 24 instances ot basophilic pituitary 

adenomas without Cushing's S1lldrome (Sotter et al, 1961). 

In 1943, Thanpson and Eisenhardt came to 

the conclusion that the basic disorder ot Cushing's 

syndrome is an excess ot the adrenal cortical tunction 

with an altered pattern ot secretion ot the patient's 

own hypophy'sis. 

In recent ;years, turther advances in our 

knowledge ot the mechanisms involved in the regulation 

ot secretory acti vi ty ot the adrenal cortex have been 

made: these include the isolation ot corticotrophin­

releasing tactors (CRFs), the isolation ot ACTH, the 

characterization ot the intermediates and enzyme system 

concerned with corticosteroid (CS) synthesis, and the 

discovery ot agents which block the CS synthesis. 

3.1. THE EFFECTS OF ADRmALEC'IDMY (ADREl) 

Many workers have demanstrated the rapi~ 

tatal outcome ot the adrex in laboratory animals. Many 



tactors determine the period ot survival ot animals 

tollowing adrex. Certain ani mal s (e. g., the mouse, 

rat, goat and treg) survive adrex much longer tban 

others (e.g., the dog or guinea pig), due to their 

greater abilitY' to withstand injuries in general, which 

in tum mq be due to a more extensive distribution of 

adrenocortical tissue outside ot the gland itselt. 

Adrexed animals are extremeq sensitive 

to trauma and hemorrhage; hence, the' tinesse or the 

operati ve tec1mique employed in removing the glands is 

an important tact or in determining the period ot sur­

vival. Young animals survive a much sharter period than 

do &dult animals (Grollman, 1941). 

In the well-operated ani mal no obvious 

abnormalit1 is noticed at tirst. The animal is alert, 

eats, drinks, the blood pressure and ail the constituants 

ot the blood are in normal concentrations. However, grlP 

dual weakness appears in the animal, the animal becomes 

apathetic, retuses food, its muscular movements became 

slow, the bodY' temperature talls, and muscular twitches 

and conwlsions JDaY' occur. The respiration is at tiret 

rapid, then slow. Anuria is present, the pulse becomes 

teeble, the animal becomes comatose, and though the 

heart is still beating, respirator;y paralysis sets in 

and le&ds to death. 
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Ani mal s in adrenal cortical insurficiency 

are hypersensi ti ve to many ext.raneous influences. They 

manif'est an abnomal sensitivity to toxins, are very' 

prone to infections, and trequently y,Leld to influences 

which have onl.y' trivial effects in normal animals 

(Grollman, 1941). 

In .1940 Swann wrote a comprehensive review 

of the ear~ work conceming the physiologie&! effects of 

adrex. 

In summary, the effects of adrex. are: 

a) disturbance of the sodium (Na), 

potassium (K), chloride (Cl) ions 

and water balance, 

b) increased excretion of Na and Cl ions 

as well as water while retention of K, 

c) increase of urea content of blood, 

d) disturbance of carbohydrate (CID) metab­

olism with decrease in li ver ~ogen 

and decreased resistance to insulin, 

e) reduction of resistance to various 

traumas such as cold, shock or injury. 

Experimentall.y, Yates and Urquhart (1962) 

demonstrated that a combination of corticosterone (B), 
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cortisol (F) and aldosterone (Aldo) is surficient to re­

verse the fatal effects of adrex. 

3.2. IDLE OF THE ADRENAL OOm"EX Df ME'l'AmLISH 

3.2.1. CAm>HYDRATE METAmLISH 

The hypogl.ycemic effect of adrenalectOlQ' 

bas been shown in the dog b7 Porges as ear~ as 1910. 

Many other investigators since tben have demonstrated 

the marked sensitivity of adraxed animals to insulin, 

and the reduced li ver and muscle gl.ycogen level in these 

animals. Simpson (1932) supplemented these observations 

by showing that patients with Addison 's disease failed 

to show a rise in the blood sugar level comparable to 

that of normal indi viduals following the injection of a 

standard dose of epinephrine. The question arose as 

whether the CID disturbances observed vere not due pri­

mari~ to the removal of the adrenal medulla. Patients 

with Addison's disease who have atrophy of the cortex, 

but with relative~ intact medulla, nevertheless dis­

play the same characteri8tic disturbances in CID meta­

bolism as those who had extensive destruction of the 

adrenals due to tuberculosis. Long, Katzin and Fry in 

1940 fOlmd that in both normal and adrexed fasting rats 
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and mice, the administration of ACE was followed not only' 

by an increase in li ver gly'cogen and blood glucose, but 

also increased the urinary nitrogen excretion. 

Durlng the early' periods of investigation 

of the functians of the adrenal cortex, the relationship 

of the cortex to Cil) metabolism was a source of great 

conflict between those groups who insisted that the CID . 

disturbances observed in adrexed animals were ftmdamen­

tally' related to the absence of the adrenal cortex, and 

their opponents who postulated that these disturbances 

were non-specifie in character and rather related to 

the malnutrition so commonly present in the adrexed ani­

mals. Today there is no question conceming the ftmda­

mental role which the adrenal plays in CID metabolism, 

inasmuch as the administration of glucocorticoids (GCCs) 

can reverse the effects of adrex on Cil) metabolism. 

3.2.2. ELECTroLYTE METAIDLISM 

3.2.2.1. Erfect on Na 

As early as 1927 Marine and Baumann showed 

that the Na content of the blood of cats decreased follow­

ing bilateral adrex. In 1932 J Rogoff stated that intrave­

nous admini stration of physiological saline combined with 



adranocortical extracts are essantial in treating patients 

with Addison 's disease. By 1940, JDan7 investigators had 

shown an important ro1e ot the adranal cortex in Na metab­

olism. In 1940, Wells and Kendall conf'irmed that the most 

potant adrenal homone possessing an action causing ranal 

retention ot Na was OOC. It was, at that time the most 

potant ot aU lmown cortical hormones in maintaining the 

lite ot adrexed animals and in the control ot certain 

phases ot e1ectrolyte metabolism. Dennis and Wood, in 

1940 pointed out that the absorption ot electrolyte trom 

the lumen ot the intestine is distinctl.y abnormal in adrexed 

animals. Stein and Wer~heimer (1942) indicated that extra­

ranal defects may a1so be contributing to the impaired Na 

metabolism. 

3.2.2.2. Ertect on K 

Baumann and Kurland (1927) and Hastings 

and Compere in 1931 reported that the removal of the adre­

na1 glands W&s followed by- a rise in serum K level. 

In 1933 Loeb reported the retention of K 

ion in adranal insurticiency- even though this ion passes 

through the kidney- with greater facility- than either 

the Cl or Na ions. The author also reported a decrease 

in the Cl and bicarbonate (HC03 ) concentrations in the 
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b1ood. Winkler, Hoff and Smith in 1941, showed that not 

only was the adrexed animal exceeding~ sensitive to 

administered K but that K salts given to the intact animal 

in quanti ties sufficient to raise the plasma concentrations 

to the 1eva1 typical of terminal adrenal insufficiency 

would reproduce ~ of the symptoms of the· adrexed animal, 

and might 1ead to death. Finally, the· therapeutic value 

of a low K diet in the treatment of Addisonians or tor the 

maintenance of adrexed ani mals has been repeatedly demon­

strated by many authors. 

3.2.2.3. Etfect on H20 

In most animals, but not all, the altered 

e1ectrolyte excretion which follows adrex is associated 

with a diuresis. Yet despite this water diuresis asso­

ciated with Na loss, the ability ot the lddney to ex­

crete water shows deiiciencies. Ii distilled water is 

administered by mouth, even in smal.l doses, the diuretic 

response is far be10w normal (Rowntree and Snell, 1931; 

Levin, 1943) and the susceptibility to water intoxica­

tion is greatly increased (Rigler, 1935; Everso1e, Gaunt 

and Kendall, 1942). 

In 1949, Kendall wrote a review on e1ectro­

lyte and water metabolism, and conc1uded that the metabolism 
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or Na, K and Cl was largely controlled by the adrenal 

cortex hormones. Kendall rurther stated that the adre­

na! cortex tumishes a mechanism to the body, which mod­

ifies the transter or Na, K and Cl through cellular 

structures. Hormones ot the adrenal cortex modity the 

transrer or electrolytes in the lddney and permit this 

organ to pertorm work to overcome the direction ot the 

ionic changes which occur in the absence ot the adrenal 

CQrtex. 

The salt-regulating activity or the adrenal 

cortex controls (a) the acid-base balance ot the body 

through its control ot Na and Cl ions; (b) the body's 

degree or nydration and osmotic pressure through the 

control or the extiracellular rluid and (c) muscle irri­

tabili ty through i ts control ot K ions. 

3.2.2.4. Aldosterone 

In 1951, Bush applied a relati vely new 

teclmique to paper chromatography and isolated concen­

trated adrenal extracts, which bad strong Na retaining 

ertect much greater than could be accounted tor the cor­

ticosteroids lmown up to that time. They endeavoured to 

characterize the unknown compound, and rinal.l.y Simpson 

and Tait in 1954 reported the chemical identification 
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of the aldosterone as de1ta4-pregnene-ll beta, 2l-diol-

3, 20-dione-18-al. 

Aldosterone promotes sodium retention and 

in this respect is 25 to 120 times as active as OOC in 

comparable amounts. It exerts its effects in very small 

quantities as campared with other known adrenal steroids. 

By 1960, evidence strongly suggested that the renin­

angtotensin system (R.A.S.) might be the prima.ry regula­

tory mechanism for Aldo secretion. During the past fev 

years a large number of reports' have provided convincing 

evidence that the R.A.S., plasma electrolyte concentrations, 

and ACTH influence the rate of secretion of Aldo. Renin 

is an enzyme produced by the juxtaglomerular apparatus in 

the kidney. It interacts with plasma a1pha-2 globulin 

fraction, which contains renin substrate, to form angio­

tensin-l. The angiotensin-l is converted by an activa-

ting enzyme to angiotensin-II which is the activa material 

responsible for e1evation of blood pressure. 

The role of the renin-angiotensin system in 

the control of aldosterone secretion bas been demonstrated 

by Genest, Nowaczynsld, Koiw, Sandor and Biron, 1961, 

and confirmed by several investigators. Exogenously 

administered angiotensin-II bas been shown to increase 

aldosterone excretion and secretion in man and dog (Genest 
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et al." 1961, and Urquhart, Davis and Higgins, 1962). 

The existence of an inverse re1ationship between Na 

balance and the renin-angiotensin-aldosterone sJStEl!l 

bas also been established (Genest, Veyrat, De Champlain, 

Boucher, Tremblay', Strong, Koiw and Harc-Aur'ele, 1965 j 

Fasciolo, De Vitio, Remero and Cucchi, 1964). Conse­

quently, a ~thetical negative teedback mechaDiàm was 

proposed, in which sodiwn loss leads to an increase in 

plasma renÙ1 activity (PRA). This, in tum, raises the 

concentration of angiotensin in the blood, st:imulating 

the secretion of Aldo, and hence limits the extent or 

Na loss. Besides this proposed stimulus tor the re1ease 

of renin, an additional mechanism bas been suggested, 

involving a decrease in the ext.racellular compartment 

or fraction thereof, and a reduction in renal artery 

pressure (Braun-Menendez., Fasciolo, Leloir, Mlmoz and 

Taquini, 1964). Increased PRA vas found to occur in states 

of h1Povolemia. However, conversely, increased extra-

cellular fluid and a marked rise in plasma volume were 

also found in subjects with e1evated leve1s ot a1dosterane 

and corticosterane (Bart ter, Liddle, Dlmcan, Barber and 

De1ea, 1956; Walter, Seldin and Bumett, 1955). Rosenthal, 

Boucher, Nowaczynsld. and Genest in 1968, investigated the 

etfects of acute changes in plasma volume, renin activity, 
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and free aldosterone levels in healthy human subjects 

following fursemide administration, and suggested the 

following sequence of events: 

a) the rapid activation of renin release 

secondar,y to the decrease in plasma 

volume, 

b) leading to an increase in circulating 

amounts of angiotensin, 

c) which resultl!!l in a higher concentration 

of plasma aldosterone. 

Aldosterone tavors the excretion of potassium. 

3.3. STEIDIDS S:mRETED BI ADRmAL CORTEX 

There are about 50 steroids which have been 

isolated from adrenal cortices, but the nwnber of new 

compounds which are discovered each year is increasing 

rapiclly. Only a few of these steroids have been shown 

to be normally secreted into the blood stream. These 

include corticoids, aldosterone and sex steroids (Grant, 

1960; Short, 1960). The remainder are int l'acellular 

intermediates. The adrenal CSs !DaY be defined as steroids 

secreted by the adrenal cortex and possessing 21 carbon 

atoms and three or more oxygen atans. The corticoids may 
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be further divided into those steroids possessing the 

characteristic delta ~3 ketone in ring A, a group which 

are biologicall.7 active corticoide, and those vith a 

reduced ring A structure. The compounds having gluco­

corticoidal action influence CIl), fat and protein met ab­

olism. 

Out of a long list of CSs discovered so 

tar, ~ a few show predominantly glucocorticoidal or 

mineralo-corticoidal acti vi ty • The acCs include cor­

ticosterone, 11-deqydro-corticosterane (A), 17 &-OH­

corticosterone, cortisol, 11-dehydro-cortisol, 11-

de~ortisol (S), ll-deoxy-corticosterone (roC), and 

the !DOst potent mineralo-corticoid is aldosterone. Cor­

tisol and cortisone exercise an effect mainly on CIl) 

metabolism and to a much lesser extent on electrolyt:.es. 

Their salt-retaining effects which are by no means ·a 

consistent phenomenon, are approximately 1/30 to 1/50 

those ot roc which is itself about 25 to 120 times 1ess 

potent than aldosterone in this regard (Jones, 1957). 

The availab1e experimental data suggest 

that these steroids stimulate gluconeogenesis trom pro­

teins and possib17 fran fats. In addition, they inhibit 

some phase of Cl[) utilization. Intensi va stimulation 
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of the adrenal cortex in man with ACTH is followed by- a 

fairlT considerable increase in the urinar,y excretion of 

various amino acids (Roberts, 1952). The increase in 

the b100cl concentration of amino acids permits their 

greater diversion tor gluconeogenesis. 

As mentioned above, the DlOst &Cti ve mineralo-

corticoid is aldosterone. Until the isolation of the 

aldosterone by- Simpson et al, (1954) the most active 

mineralo-corticoid recognized up to that date was DOC. 

Progesterone, pregnenolone and 17-O~ pregnenolone have 

also been isolated. 

The adrenal cortex also produces C-19 

steroids such as delta 4-androstenedione (ASD) and i ts 

ll-B-OH and ll-keto derivatives, and denydroepiandrosterone 

(DHEA) which have been isolated. 

The synthesis of estrogens (C-lS) by- the 

adrenal is much less clear than that for androgens. 

3.4. FUNCTIONAL ZONATION OF THE ADRmAL CORrEl: 

The functional zonation of the adrenal 

cortex has been established be;yond any doubt in most 

laboratory- animals and in man. Swann in 1940 reported 

tha.t in hypophysectomized anj mal s the ZG portion of the 
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. 
adrenal cortex was not greatly altered, whereas th~ ZF 

and ZR rapidly atrophied in the absence ot the pituitary; 

theretore, t\.Ulctional zonation concept ot the adrenal 

cortex was put torward. SWann turther stated that the 

ZG is responsib1e tor e1ectrol7te metabolism, ZF and 

ZR are responsib1e primarily tor CID and protein metabolism. 

The t\.Ulctional zonation ot the adrenal 

cortex later on wu contimed b)" man)" authors: Saruon 

(1943), and Deane, Greep and Shaw (1946, 1948). Bergner 

and Deaœ (1948) reported that ACTH bas veI7 litt le or 

no glomerulotrophic activit)". 

A'yres, Gould, Simpson and Tait in 1956 

tO\.Uld that cortisol was produced in ZF, aldosterone in 

the ZG, and corticosterane in both zones. Giroud, 

Stachenko and Venning (1956) established that onl)" 

glomerulosa tissue produces aldosterone, whi1e the ZF 

and ZR produce mainly corticosterone but a small amount 

ot corticosterone is also produced b)" ZG. Symingt.on 

(1960) considered the ZF merely as a storage zone tor 

steroid precursors and that the ZR is the actual site 

ot C-2l steroids production with the exception of 

aldosterone. 
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4. THE EFFECTS OF STRESS ON THE ADRmAL OORTEX 

In 19.36, Selye reported that the organism 

respands in a stereotypical lII8IJDer to a varlet,. ot widely 

ditterent agents, such as intections, intoxications, 

trauma, nervous strain, heat, co1d, muscular tatigue or 

.. irradiation. The specific actions ot aU these agents 

vere quite ditterent. Their ~ COlllllOJ1 teature was that 

the,. place the bod7 in astate ot general (STStemiC) 

stress. Se~ in the same ,.a&r put torward the concept 

ot "General Adaptation Syndrome" which postul&tes that, 

when subjected to stress, an anima], besides undergoing 

adaptive changes specific to that particular stress, 

also undertakes a non-specific detense which is mediated 

b,. the pituitar,y-adrenal s7Stem. According to Selye, 

the pituit&17-adrenal reaction is believed to be a 

detense or resistance mechanism common to all types ot 

stress and to consist ot tour phases: shock, counter­

shock, resistance, exhaustion, terminating in death 

should the stress be sufticiently severe. Adrenalectomy 

or bypophysectOlll1' (bypox) affects only the resistance 

stage by" considerably shortening i t, but does not influence 

the shock and counter-shock phases (Selye, 1946). 

It i8 quite well established now that the 

anterior lobe ot the pituitar,y gland is the site of 
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formation, st orage and release of ACTH which activates 

the adrenal cortex. The anterior pituit&ry' usual.ly bas 

large stores of i ts hormones, inclwUng ACTH. In res­

ponse to stress, there is a release of ACTH fram stor­

age, as shown by a fall in ACTH content of the pitui­

t&ry' gland iIIIIlediateq atter stress (Rochefort, 

Rosenberger and Satfran, 1959). Under normal conditions, 

the adrenal cortex contains only minor amounts of the 

corticoids, but atter stress and accompanying release 

of ACTH, the adrenal tissue contains higher concentra­

tions of corticoids (Holzbauer, 1957). The depleted 

pitutt&ry' stores of ACTH are quickly restored alter 

stress, suggesting that its synthesis is accelerated 

(Rochefort et al, 1959). 

The pi tut t&ry' is not essential to maintain 

a minimal secretion of cortical hormones as shown by the 

&bill ty of hypoxed animals to survive a longer period 

than adrexed animals (Jones, 1954) which may not SUI­

vive more than a few dqs atter the operation (Firror 

and Grollman, 1933). Adrexed animals have diminished 

resistance to stress (Swingle and Remington, 1944; 

Sqers, 1950). Administration of ACE increases the 

resistance of hypoxed animals to stress (Baird" Cloney 

and Albright, 1933; Tyslowitz and Astwood, 1942). 
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In 1959 and 1960 Symington ~reported that the 

differences between the ZF, ZR zones disappear under stress 

conditions in human subjects. The ZR is the site of the 

production of CSs (except aldosterone), androgens and 

possib17 estrogen hormones, and the c1ear cells of the 

zr are a &torage zone for steroid precursors. Under 

stress conditions, endogenous ACTH is liberated, the 

steroid precursors in the cella of ZF nearest the ZR are 

used for steroids synthesis, and when this results, mor­

pho1ogical, histochemical and hydroxylating enZ1Jl&tic 

changes occur in the cortex (Symington, 1962a). 

4.1. AD:E:OOHYroPHYSEAL-ADRmOOORT!CAL RELATIONSHIPS 

In 1927 Smith demonstrated a ro1e of the 

anterior pituitary in regulating the activity of the 

adrenal cortex. He reported rapid adrenocortical atrophy 

following bypox in the rat. He further demonstrated 

that substitution therapy, consisting of dai17 homo­

transplants of fresh pituitar,y tissues, could reverse 

the degenerati ve changes observed. in the adrena1 cortex 

after hypox. tater, Smith (1930) and Houssay and Sammar­

tino (19.33a) reported that the atrophy is limited 

essentially to the cortex, the medulla remaining UIl­

arfected. The atrophic process begins in the ZR and 
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eventually involves the ZF and to a much 1esser extent, 

the ZG. When the process is complete, the cells are 

small and distorted, and the ZR is unrecognizable, while 

the ZF haB completely lost its cord-like arrangement 

or cells. In 1949, Greep and Deane observed a great 

depletion or the lipids rram the ZF in the hypoxed rat, 

while the ZG remained unintluenced. He concluded that 

the ZG in the rat is capable or runctioning independently. 

In the intact animal, the removal or one adrenal is 

pranptly rollowed by a compensatory increase in the size 

or the cortex or the remaining adrenal. This phenamenon 

does not occur in the hypoxed an i mal. If' ACTH is admin­

istered to such an animal, the usual hypertrophy or the 

remaining ad.renal will ensue. 

Sayers in 1950 suggested that ACTH secretion 

by' the pituitary varies inversely with the concentration 

or circulating CSs. The hypothesis is based on the 

assumption that under condition or stress, there is an 

increased peripheral utilization or cortical honnone. 

The drop in concentration stimulates the adenohypophy-

sis to discharge ACTH and brings the blood leve1 or CSs 

back towards the initial level. 

4.1.1. THE EFFreTS OF ACTH ON THE ADRENAL CORTEX 
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Of the many effects of ACTH on the adrenal 

cortex, it bas been dif'ficult to decide which effects are 

prtmar,y and which are secondar,r cons~ences of ACTH action. 

ACTH can increase the synthesis of activa phosphorylase 

(an effect mediated by increased concentrations of a co­

factor, adenosine 3 t 5 t - phosphate) in the adrenal cortex 

and this may have great significance because these enZ1DJ&tic 

changes might provide a mechanism for increased steroid 

synthesis. 

There is some evidence that the ACTH 

steroidogenic effect acts between cholesterol and delta 

5-pregnenolone to progestrone (Kass, Hechter, Macchi and 

Moon, 1954). 

The influence or ACTH in the regulation 

of aldosterone has not been as clear-cut as its role in 

the control of glucocorticoid production. It appears 

that the influence of the pituitar,y on aldosterane secre­

tion by the adrenal cortex is less marked than its con­

trol over the production of glucocorticoid. In brief 

the effects of the ACTH on adrenal cortex are: 

a) increased formation of pregnenolone 

fram cholesterol 

b) depletion of ascorbic acid 
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c) depletion of cholesterol 

d) increased content of adenosine 

:3', 5' ~o-pho8phate 

e) depletion of mcogen 

f) activation of carbohydrate metabolism 

g) activation of phosphate metabolism 

h) activation of nucleic &cid metabolism 

i) increased cellular acti vi ty 

j) increased adrenal weight 

4.1.2. EFFEX;TS OF Hm>THALAMIC-Hm>PHYSEAL CONTroL ON 

THE ADRmAL CORrEX 

It is now clear that although the CHF 

activity is present mainly in the median eminence (Matsuda, 

1964), it is also present throughout the irhole tuber 

cinereum and :i.nfundibular process of the hypothalamus. 

stimulation of the hypothalamus in or close to the 

median eminence causes ACTH release (Mason, 1958), a 

respanse that is not prevented by pre-treatment with 

CS. This observation suggests that the part of the 

hypothaJ amus :immediately involved in CHF release may 

not be CS-sensitive. At present it seems that the CS­

sensitive elem.ent of the adrenal cortical feedback sys-

tem. probably lies in the m.edial, basal hypothalamus, 
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septum and rostral midbrain in rats and that the final 

step involved in CRF-release is not CS-sensitive. 

It bas been proposed that ACTH inhibits 

its own release à,y a negative-teedback action on the 

brain or pituitar;y (Kitay, HOlub . and Jailer, 1959). 

;. SUMKARY 

The acquisition of knowledge of the struc­

ture . and function of the adrenal c.ortex is a ramarkabl..e 

chapter in the developn.ent of endocrinology. 'l'his rather 

minute organ has been shown to be essential for lite 

particularly under conditions or stress and to have a 

wide varietyof runctions. Thus it produces profound 

effects on carbohydrate and protein metabolism and plays 

a central role in the control of the metabolism of 

sodium. and potassiwn. Moreover, it plays a role in the 

development of secondar,r sex characteristica,especially 

under pathological conditions. About 50 steroids have 

been isolated fran this gland and the number of new 

compounds discovered each year is increasing. However, 

onl.y- a few of these steroids have been show to be se­

creted into the blood stream under normal conditions and 

these are the ones that have the effects just m.entioned. 
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Finally, even though the existence ot these steroids 

bas been known now tor several decades and their cham­

ical syntheais bas been achieved, yet a great gap exista 

between such detailed knowledge on the one hand and our 

comparative ignorance ot their mode ot action on the 

other. In ahort, much remains to be leamed in this area. 



CHAPTER II 

THERH)RmULATION 

1. H>M&)STASIS 

Kany physiologists have been impressed by the 

sel.f-regulating, negative feedback systems which serve to 

maintain the constancy of the intemal environment of living 

organisms. This is termed "homeoatasis". But homeostasis is 

not limited to animals; it is applicable to aU living things. 

Ehgineers have long uaed such systems. The principle may 

even be applicable in sociology, economics and ecology. 

The term "homeostasis" was firet defined by 

the American physiologist, Walter B. Cannon (1939) as "a 

tendency to WlitOrmity or stability in the normal body states 

(internal environment or fluid matrix) of the organism". 

Cannon paid homage to the German physiologist, Pfl{lger (1877), 

and the Belgian physiologist, Fredericq (1885), as well as to 

Hippocrates for the generation of the concept. Thus, in 1El7, 

" Pfluger stated, t'The cause of every need of a living being is 

also the cause of the satisfaction of the need". Fredericq, 

in 1885, declared, ''The living being is an &gency of such 

sort that each disturbing influence induces by itsel.f the 

caJJing forth of compensatory activity to neutralize or repair 
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the disturbance". The higher in the scale of living beings, 

the more perfect and the more complicated do these regulato1"7 

agencies becCDe. They' tend to tree the organism completel1' 

tram the untavorable 1nt~uences and changes occurring in the 

environment. Cannon also quoted the French phyBiologist, 

Charles Richet, as stating: "The living being is stable. 

It must be so in order not to be destroyed, dissolved, or 

disintegrated b7 the colossal forces, often adverse, which 

surround it. B7 apparent contradiction it maintains its 

stabilit7 onl1' if it is excitable and capable of modifying 

itself according to er..emal stimuli and adjusting its response 

to the stimulation. In a sense it is stable because it is 

modifiable - the slight instabili t7 is the necessary condition 

for the true stabilit7 of the organism." Cannon, in the 

French translation of his book, The Wisdan of the Body, stated: 

"The central idea of this book, 'the stabilit7 of the inner 

medium of the organism in higher vertebrates', is directly' 

inspired b7 the precise view and deep \Dlderstanding of the 

eminent French plVsiologi.st Claude Bemard". Thus J Cannon 
j 

made it clear that Bemard deserves priorit7 for emphasizing 

the role of the inner environment in the establishment and 

maintenance of stead7 states in the bodT. 

There is now general concurrence that the term 

''homeostasia'' was Cannon 'a J but the idea was Bernard ta. 
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2. THERHJREGULATION IN BIRDS AND MAMMAlS 

Homeostasis is applicable to man)" s78tems in the 

organism (e.g. Ph or the blood, maintenance or the blood volume, 

control or organ size, the heallng ot wounds, control ot tood 

and water intake, etc.). Included here also is thermoregulation, 

the main subject ot this thesis. 

It is custaJl&l7 to name the maintenance ot deep 

bodY" temperature "homeothermy" while heterothermous (poild.lo­

thermous) animals are those in which deep bodT temperature 

tollows the temperature ot their env1ronment. In a haneothe1'lll, 

a regulated tlow ot heat determines bodY" temperature. Hence 

the term "homeothel'm1'" can mislead, since it ma)" seem to mean 

"steady' temperature", and in this wa:y perpetuate the contusion 

between heat and temperature which has bedevilled the growth 

ot animal enorgetics. Mendelsolm (1964) showed how the subject 

remained undeveloped until the concepts ot heat and temperature 

were separated. Heat as a quanti t)" ot energr, and temperature 

as a measure ot the ratio ot heat content to heat capacit)", are 

rarely separated in general usage, and are still confused even 

in some scientitic contexts. 

The most convenient detinition ot a "homeotherm" 

is an animal which maintains a steady' interna! temperature in a 

wide range or external temperatures. A heterothermous animal, 
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on the other band, has nearly constant temperature only in 

an environment which bas i tselt an almost \Ulval7ing temperature. 

Manmals and birda are homeotherms; other animal s are poild.1o­

therms. Homeothemic organisms are capable or maintaining a 

remarkably constant intemal temperature even though the 

extemal temperature varies over a broad range. The combining 

form "Poikilo" means changef'ul. or various. Thua, a poikilotherm 

bas various intemal temperatures dependent upon the extemal 

environment. They are ott.en called cold.-blooded ani mals. In 

the homeotherms we find that the deep body temperature, which 

is approximately the same for the core of the body (e.g. 

deep rectum, viscera, liver, brain) is regulated to cOl'lstancy 

within a remarkably narrow range of temperature; human about 

36.4 to 37.5 C with a diumal rhythn. 

One may wonder what advantage the homeotherms 

have as a resu1t of possessing elaborate hameostatic mechanisms 

to control body temperature. The anawer is simple- greater 

independence. Consider the frog, a poikilotherm. At the 

temperature extremes it cannot functian. In the winter it 

becomes immobile, ite body temperature being little ditferent 

fram that of the surro\Uldings. To avoid freezing it seeks 

out the bottoms of lakes where the water remains above freezing. 

But even here i t survives in a lethargic immobile state. 
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The better one's hameostatic processes, the 

greater is his independence of the environment, the more he 

can do and accomplish. A poignant example concerns man in 

his efrorts to conquer space. To joumey into space he must 

use a bu.l.kT space suit and a heavy capsule. These protect 

him against the extremes of temperature and pressure. How 

much rreer, more independent, he would be if hi, own homeo­

static mechanisms vere adequate. 

Another reason why' such a constant temperature 

is desirable may be that the greater the complexity or the -

integration or the organism, the greater m&y' be the need for 

constancy of temperature for erricient functioning. Al1 

chemical and phy'sical reactions change their rate wi th the 

change or temperature, but thè -degree of acceleration with 

rising temperature is dif'ferent for ditferent reactions. 

Thus, in a camplicated process involving the co-ordination 

of mBny indi vidual reactions, a rise or tempe rature will not 

only speed the over-all rate but will alter the relative 

rates or the various reactions involved. The relative con­

centration of all the reactants will be marked~ dirrerent 

when the new steady state, at a ditferent temperature, is 

reached, and thus side reactions, connected wi th these reactants, 

will change their relative importance. A change of temperature 

therefore produces not only a change or the over-all rate of 



35. 

metabolic and other bi010gical processes, it &1so changes the 

qualitative character ot these processes. Experience confirma 

that ~ a slight change in brain temperature, as in tever 

(even in a non-toxic, artiticia1 tever) or hJpothermia, <ioes 

result in protoun<i contusion in mental processes. 

A confirmation ot this i<iea that 1 t ls the 

comp1exit70t organization that makes homeothe~ necessary 

to an animal is the interesting tact that verr young animals, 

in which the tull co-ordination and integratiOll ot the ner­

vous system is not 7et tully developed., show an astonishing 

to1erance to changes ot their body- temperature (Ado1ph, 1950), 

together with a lack ot temperature regulation. This toler­

ance is greater than that ot the aclult ot the same species. 

For an animal to maintain its body' temperature 

in cold. environments, its heat production must be continuously 

at a high level. This imposes a restraint upan the treedom ot 

the homeothermic animal, which partly reIIOves the aclvantages 

ot emlDcipation trom the thermal environment. A sustained 

high level ot heat production, demands that the anjmal consume 

more tood. and thus more tilDe and energy DlI18t be spent in 

obtaining i t. In this sense there is a considerable cost 

to pa7 tor homeothermy. 
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Recent reviews or thermoregulation have been 

published by Hardy (1961)" Von Euler (1961) and Bligh (1966). 

3. RESFONSES TO COLO 

Special cases excepted" the outcome or a 

homeothermts struggle ag$inst cold depends on the relation 

between three quantities: heat production, thermal insu1&­

tian, and the temperature difrerence between the animal'" 
core and the environment. The three main sorts or outcome 

or exposure to cold-metabolic" in~ulative (Hart, 1963, 1964&, b), 

and ~thermic (Hamme1, 1964) - rer1ect these prtm&r,y ractors. 

To regulate temperature" there must be sensing 

devices; in living organisms these are caUed receptors. In 

homeotherms, there are peripheral receptors (located in the 

sldn) and central receptors (in the brain). One set or skin 

receptors respands progreaaively more rapidly as temperaturea 

increase; another set responds more rapidly aa temperatures 

decrease. Thua, senaing devices mat that, together, select­

i vely runction over a broad range or temperatures. Such a 

dual set or receptors also exists in the brain, more partic­

ularly in the ~thalamus. The sldn receptors acti vate the 

nenes and, as a result, messages, in the rom of e1ectrical 

impulses, trave1 to the brain. These messages not only serve 
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to appraise the individual or the extemal temperature so 

that he can take voluntary action, but they also set into 

operation a sequence or nervous and metabolic events via 

receptors in the h1Potha] am1)s, which opposes the change in 

external temperature, thereby maintaining the cODstancy of 

the intemal temperature. 

The exposure or a homeotherm to the cold 

produces marked changes some or which involve the organism 

as a whole while others involve ~ certain organ systems, 

specific tissues and certain pathways or intermediar,y met­

abolism. All these changes are co-ordinated and directed 

tovards the ai.m or helping the animal to survive the cold 

by maintaining the constancy or the core temperature through 

a regulation or heat production and heat rlow. These changes 

will now be discussed. 

3.1. BEHAVIOURAL CHANGES 

A brier exposure to the cold requires only a 

temporar;y increase in heat production or thermal insulation; 

the latter may be brought about by nest-making by species 

that ordinarily do not make nests in the W&rm. Moreover, 

nest-making species make better nests during cold exposure, 

and select warm surfaces to sit on. Huddling by species 

ranging trOll mice to pigs can be an important means ot 



38. 

conserving heat. Efficient nest building may require a 

gradual leaming fram experience. Rats and pigs can leam 

to push a awitch to tum on a source of heat. Hanna' s are 

less active in a cold than in a warm environment especial.l7 

betore cold adaptation is complete. Later, their activity 

increases. Many animals adopt a huddled posture to diminish 

heat loss due to radiation. 

3.2. APPETITE AND FOOD INTAKE 

In a cold environment, the appetite is increased. 

More food is taIten in and metabolized, and thus more heat is 

generated. In addition, fat deposits result, and they serve 

as insulation. But intake is not adjusted to brier fluctua­

tion of temperature. Cold-adapted animals probably also 

utilize their food more efficientq. The optimum diet for 

severe cold ls still under investigation. 

3.3. GIDWTH 

Long-lasting exposure entails structural changes 

as part of a chronic adaptation which can occur only if there 

ia plenty of food. Heat conservation is aided by an increase in 

body weight in a cold environment, but such an increase rareq, 

if ever, occurs in an indi rldual mammal on exposure to cold. 

Laboratory mBDIM.ls usua.l.ly lose weight on exposure to about 4°C, 



39. 

but young ones may later restore it. Ex:posure to cold in 

early lite may result in permanent stlD'lting, but later ex­

posure can have an opposite effect. Selection for resis tance 

to cold over severa! generations, can result in a geneticall1' 

determined increase in body weight. 

Bod7 shape 11JB:i' be influenced by the temperature 

of the environment during growth. The appendages, especi~ 

the talla of rodents, are shortened by cold. This serves to 

diminish heat loss, a desirable condition in the cold. 

Adaptation to cold is accompanied, at least in 

laboratory anima1s, b7 the enlargement of organs that do more 

work, namely, heart, gastro-intestinal tract, li ver, kidneys, 

thyroid and adrenal glands. In addition, hair usually grows 

longer during prolonged exposure. 

3.4. BODY COMPOSITION 

On sudden exposure to cold, there is a marked 

loss of adipose tissue and there may be loss of muscle mass. 

These can sometimes be made up &t'ter shi vering bas ceased, 

but living in a cold environment may entirely prevent the 

deposition ot the amount ot fat present in a warm environ­

ment. ''Brown Fat" is a special type of adipose tissue, 

aven more liable to loss than white fat, and produces much 
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heat on sudden exposure to cold. It is important in young 

mammaJ s. Both types of adipose tissue undergo enzymic changes, 

evidently adapti va, during prolonged eJCpOsure. 

Other chemical changes in cold-adapted small 

mamaJ s include an increase in the proportion of water, and 

a decline in nitrogen, calciwn and collagen. 

3.5 REPRODUCTION 

Ususally, mammaJs stop breeding in the cold 

seasOD. This ma:y be due to the shortage or food, rather than 

10W' temperature. Even laborato17 mice, gi ven excess food, 

and bedding, can breed in an environment at -30C. Bamett 

and Coleman (1959) and Per.-ault and Dugal (1965) have suggested 

that the effects of cold and food short age are often similar. 

Perrault and Dugal, in a studyof testicular function in cold 

and shortage of food, distinguish a systemic action from a 

specifie endocrine effect. 

There is litt le information on the effects of cold on 

the reproducti va poW'ers of the male, !DOst of the work concems fe­

males. The general effect of a cold environment on female reproductive 

processes is to sloW' them down. The vaginae of random-bred mice, bom 

in a roam kept at 5°C, open later than those of controls at 

2loC (Biggers, Ashoub, McLaren and Michie, 1958). 
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Low environmental temperature lengt,hens the oestrous cycle, 

and postpane the birth of the first litter in mice. The 

effect of cold on the reproductive performance depends on 

whether the animals have been transferred to a cold environ­

ment, or reared there. Mice transferred from 2100 to -30 C 

(with bedding) as young adults are less fertile; but their 

offspring are usual.l7 1ess fertile still. The third genera­

tion 1D&7, however, part,lT recover. The full scopa ot such 

maternal effects has still to be determined, but there is 

evidence of the possibility- of a non-geneticù, cumulative 

adaptation to cold over severa! generations. 

3.6. ONTOGmY 

Small mammals, and some large ones, are 

virtually- heterothemous at birth, but some newbom 

artiodacty-ls, at least, are homeothel'JDOus. The newbom 

laboratory rat bas some capaci ty- to increase heat produc­

tion if the outside temperature falls slightlT, especiall.y 

just af.'ter a mealj and the guinea-pig, carla, bas still 

greater povers of thermoregulation. Larger 17UU!!p&ls respond 

more effectivelyj the hairless piglet, sus, can shiver 

virtuaJ.ly at birth. There is a rapid change towards the 

adult form of homeothe~ during the tirst days or veeles. 

Newbom mamma.1 S can survive degrees of hypothermia which 

would ld.ll adults. 
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3.7. HIBERNATION 

Usually, if the thermal demand ot the environ­

ment exceeds for long the temperature-maintaining ability ot 

the organism, the animaJ dies. But there are part;-time 

homeothems, such as the humming-birds, Trochilidae (Lasiewsld., 

1963), vhich develop a regular noctumal hypothermia; this is 

an energy-saving process in ani maJ s that need a high metabolic 

rate to maintain their body temperature. SimiJar17, seasonal 

hibemation, with its accompanying hypothermia, is a means ot 

evading the consequences ot tood shorta~ in winter. 

The entire cycle ot hibemation is under precise 

physiological control. The preparation tor hibemation takes 

place in various species and includes involution or endocrine 

glands, tattening, desaturation ot depot tat and st orage ot 

tood. Reductions in ox;ygen consumption, respiratory rate, and 

heart rate occur betore a decline in body temperature as the 

animal enters the hibemating state. AnimaJs ma1' rewarm 

transiently as the1' enter hibemation. As the heart slows, 

peripheral resistance increases, thus keeping the blood pres­

sure at reasonable levels. Although serum magnesium is high 

in mammaJs during hibemation (Riedesel, 1957), no other marked 

biochemical change has been uni~rsall7 noted. During hiber­

nation mammals respond to dangerously lov ambient temperatures 

by increasing their metabolic rate. They are sensitive to high 
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inspired C0:2 or low~. They are poised to wake naturally 

f'ran hibemation or if phyBicall7 disturbed. Dur:1.ng arousal, 

oxyge:n consumption and heart rate may increase one hundred­

f'old, and the warming process is conf'ined to the anterior 

portion of' the body by dUf'erential vasoconstriction until 

the f'inal phase of' arousal. 

3.8. BEAT ProDUCTION 

Man, at rest under basal conditions, produces 

about 70 Calories per hour. But, heat production can be varied 

considerably. As the air temperature surrounding a nude sub­

ject f'alla below 3200, the heat production progressi vely 

increases up to about 5 times the basal level as the air 

temperature approaches the f'reezing point. It can be seen 

f'urther (Fig. 1) that at very high temperatures the heat 

production also increases. This, however, is not a homeos­

tatic mecbanism. Rather it represents a failure of hamac­

stasis. At these high temperatures the air-conditioning 

system is overwhelmed; the intemal temperature rises, and 

because of' the heat, the cellular chemical processes are 

augmented. The rate of' any chemical reaction is a function 

of heat; the higher the temperature, the faster the response. 

It is a direct ef'fect of' heat on chemical reactions. The 

increase in metabolism as the extemal temperature falls is 
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an indirect effect. It is the indirect response that is 

important to homeostasis. 

During exposure to cold the normal body- temper­

ature of the hameotherm is maintained, or the animal faUs to 

survive. Consequent 17 , heat loss must be decreased or heat 

production increased in order to maintain the balance. Several 

mechanisms ~ act to bring about a decreased heat loss. B.1 

tar the most important, especiall7 during short periods of 

exposure, is the peripheral vasoconstriction which reduces 

transference of heat tram deep body- tissues to the surface 

and in effect increase the insulating value of subcutaneous 

tissues. The increase in heat production, on the other band, 

can be brought about by- two means. The first or physical 

method consists of gross muscular activity- and shivering. 

3.8.1. THElOOGE2JESIS DUE TO INCREASED MUSCULAR ACTIVITY 

(SHIVERING, El'C.) 

One w8.7 metabolic processes can be increased as 

the ext.emal temperature falls is by' increased muscle activity-. 

A series of chemical reactions takes place each time a muscle 

contracts and a by--product of those reactions is heat. Muscle 

contraction can be voluntary- or involuntaI7. Involunt8.17 

muscle contraction caused by- a drop in temperature is called 

shivering. Small groups of muscles contract a&ynchronously or 
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in opposition to each other so that very little or no DIOVe-

ment of the parts of the body normall.7 controlled by those 

muscles takes place. As was noted in Fig. l, heat produced 

by violent shivering can equal rive times the basal level. 

In 19.35 Denn7-Brown, Gaylor and Uprus concluded 

that the rrequency of the shivering tremor wu 6 c/sec. in 

hU1D8D subjects. They' also concluded that the smaller muscles 

contracted more rapicll1' than the larger ones and the movement 

of the jaw and shoulder joints was slower thari the distal 11mb 

joint tremors. They also determined tbat the discharges of the 

groups of fibers innerated by single motor neurons, conventionally 'f 

termed neuromotor uni ts, fuse together during intense shi vering 

into wbat is tenned a "grouped voltage" discharge. Additionally, 

i t is observed that shi vering is more intense during inspiration 

than between breaths, (Burton, 19.37). 

Ir shi vering does not produce heat fast enough to 

offset the loss, another recourse 1eft is to produce heat even 

faster by vigorous voluntary muscle contraction • 

.3.8.1.1. PhySiological Stimuli of Shivering 

In 1860 Liebermeister proposed that the stimulus 

to evoke shi vering was a falling skin temperature. In 1892 

Richet demonstrated that shivering could be evoked by either a 
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falling sldn temperature or brain temperature or a combination 

of both. Richet did not measure the brain temperature directly 

but assumed it paralleled the blood temperature of deep body 

structures. This haB recently and correctly been challenged 

br Benzinger (1960), but it is valid to the extent ot the gross 

alterations ot deep bod;y temperature that Richet and subsequent 

workers have induced experilllentally. 

It seeu certain that shi vering can be evoked br 

a falling sldn temperature with litt!:; or no change in brain 

temperature. This haB been show in \D'lanesthetized laumans 

and cats and anesthetized cats and dogs br difterent workers, 

and relati vely recently br Hensel in 1961. 

It appears that litt le bas baen learned of the 

central neurogenesis of shivering br the previous experiments 

conceming whether the ph;ysiological stimulus to evoke it is 

falling skin and/or brain temperature. It seems that it is 

essential tirst to determine the location ot the central 

nervous cella whose discharge is related to changing skin 

temperature, others whose dis charge is related to the reception 

ot changing blood temperature, and those whose discharge is 

related to the activation ot shi vering. When this intonnation 

ls lmown, it will be possible to studr the interaction between 

these three sets ot neurons at ditterent levels ot brain and 
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sldn temperature and hence 1eam far more about the physiological 

stimulus that evokes shi vering. 

3.8.2. lI>H-SHIVERING THERK>GENESIS 

The second or chemi.cal method of increasing heat 

production is mediated by increased hormonal secretion, eDZ1JII&tic 

adaptations and other biochemical moditications which increase 

heat production independently of DlUscular contraction. The 

catecholamines play a central ro1e here (Carlson, 1960) and 

their effects in the response to cold stress can be ascribed. 

to their vasoconstrictor action as well as to their stimulating 

effect on metabolism. 

The occurrence of non-shi vering thermogenesis in 

the cold-acclimated an i ma] bas been well demonstrated, at 

1east in the rat (Sellera, Scott and Thomas, 1954; Hart, Heroux 

and Depocas, 1956). Such an increase in non-shi vering thermo­

genesis m&y be due either to a greater re1ease of catecholamines 

or to a greater sensitivity of acclimated animals to these 

hormones or to both mechanisms. A greater sensitivity of cold­

acclimated rats to the calorigenic effect of adrenaline bas 

been first observed by Ring (1942) and contirmed later by 

other lIorkers. Hsieh, Carlson and Gray (1957) also reported a 

striking calorigenic action of noradrenaline in co1d-acclimated 

rats, which was contirmed by Depocas (196Oa, b). 
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Although the calorigenic eftects ot both 

adrenaline and noradrenallne are intensitied in cold-acclimated 

rats, the acceptance ot noradrenallne as the mediator of non­

shivering thermogenesis rests on the tollowing observations 

(Depocas, 1961). Adrenal demedullation lowers the increase 

in oxygen consumption ot the curarized cold-acclimated rat 

at 6°c (Cottle and Carlson, 1956), but does not abolish it as 

does previous injection ot s1JllP&tholytic and ganglion-blocldng 

agents (Hsieh, Carlson and Gr81', 1957). Noradrenaline is more 

effective than adrenaline in preventing the taU in oxygen 

cons\Dllption caused by hexamethonium in curarized. cold-acclimated 

rats (Hsieh, Carlson, 1957). Cold acclimated rats show a 

greater sensiti vit Y to injected noradrenaline than adrenaline 

(Hsieh and Carlson, 1957). There is a relationship between 

the calorigenic response and the dose of noradrenaline 

administered and also the time ot exposure to cold (Depocas, 

196Oa, b). A strildng inverse relation exists between the 

increase in the metabolic respa1lse to noradrenaline inrusion 

during acclimation to cold (Depocas, 196oa, b) and decrease in 

muscle electrical acti vit Y (Hart, Heroux and Depocas, 1956), 

suggesting a substitution of non-shi vering thermogenesis under 

the control of noradrenaline ç~ the shivering heat production. 

Neither cold exposure nor noradrenaline induces marked byper­

glycemia as would be obtained by similar doses ot adrena1 i ne 

(Hsieh and Carlson, 1957). 
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It can be conc1uded that ~ if' the ro1e ot cate­

cholamines in the immediate response to co1d eJCpOsure is at 

the present not clear ~ . a good deal ot evidence supports the 

idea that the non-shi vering heat production ~ associated 

especial.l7 with acclimation to cold~ ie mediated through the 

re1ease ot noradrenaline ~ presumab~ tram the adrenergic 

nerve endings. 

3.8.3. THE RELlTIONSI{[P OF SI{[VERING'ID NON-SHIVERING 

THERK>GFmSIS 

Claude Bemard (1876) and other investigators 

ot the latter half ot the 19th oentury~ mainq Rohrig and 

Zuntz (1871) ~ believed that co1d-induced increases in heat 

production were mainq a result ot ÏDcreased muscular 

actiVity~ inc1uding shivering. 

Rohrig and Zuntz in 1871 paralyzed the muscles 

ot various mamma's vith curare and showed that in alJ. cases 

there wu a subsequent decline in body temperature accompanied 

by a talJ. in the oxygen consumption rate. In homeotherms 

chronica.l.ly exposed to co1d ~ increases in oxygen rate can 

occur in the absence ot shi vering or any other torm ot JlUscular 

activity. The evidence tor such non-shivering thermogenesis 

has been reviewed by Morin (1946) ~ Hart (1958) and Smith and 

Hoijer (1962). However ~ in homeotherms not chronicaJ.ly exposed 
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to cold there is litt1e evidence of non-shivering thermogenesis. 

In humans, Cannon, Querido, Britton and Bright (1926-27) showed 

that there is a èold-induced increase in metabolism of 16.5% in 

the absence of shi vering, in ccmtrast to a 90% increase during 

shivering. Davis and Meyer (1955) conc1uded that the cold­

induced 10C>% increase in the QX1'gen cOllsumption rate of shi ver­

ing rats can he partitioned into W due to nOD-shivering ther­

IIlOgenesis and 60% due to shivering. Cott1e and Carlson (1950) 

vere able to show onl.y a 10% to 25% cold-induced increase in 

the QX1'geD consumption rate of rats in which aU the somatic 

musculature had been paralyzed. Shi vering is evident~ the 

most potent mechanism availab1e to the hcmeotherm for increasing 

QX1'gen consumption rate in the face of a sudden drop in the 

environmental temperature. Tbis increase is at 1east 10 to 20 

fo1d that which could be accomplished in the absence of muscular 

activity. 

It is Dot well known w~ hameotherms do Dot 

respond to brief and sudden decreases in the environmental 

temperature by a vigorous physical activity that can e1evate 

oxygen consumption to a far greater extent than can shi vering 

(Robinson, Mwards and Dili, 19,:37). Hart and Heroux studied 

this prob1em in mice (Hart, 1950&, b), lemmings and rabbi ts 

(Hart and Heroux, 1955) and conc1uded that the heat produced 

by forced running was dissipated and Dot available for thermo­

regulation in cald environments. They found, associated vith 
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an increa.sed dissipatian of heat, a decrease in body insula­

tian and a ran in rectal temperature while the animals vere 

running vigorously' in a cold environment. It would thus 

appear that the advantage of shi vering over that of vigOrou8 

exercise lies in the reductian or runctianal surface area, 

the shi vering animal being in a huddled posture that reduces 

heat loss to the cold environment. 

The increase in the oxygen cansumptian rate 

during shivering is somewbat variable. Fredericq (1882) 

modif'ied the closed circuit spirometer and made a quite 

accurate determinatian of the oxygen cansumptian rate and 

rectal tamperature while cooling humans, cats and rabbits. 

When shi vering occurred, i t e1evated the oxygen consumptian 

rate two - to four - fold above the resting non-shi vering 

level, a fact which bas been conf'irmed by KoÜig (1943) and 

Adolph and Molnar (1946) for man, and by Lim (1959) for 

doge. Investigators in this tield notice variances in 

elevated oxygen consumption rates accompanying shi vering, 

but they seldom report or emphasize them in the literature 

on tElllperature regulation. 

In sUIlllD&ry', i t appears that shi vering is the 

most ettective mechanism available to hameotherms in order to 

increase oxygen consumption rapic:ll.y' in the face 01' a briet and 

sudden drop in the environmental temperature. The increase so 
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et't'ected varies t'rom two - to t'our - t'old the resting non­

shi varing oxygen consumption rate. 

3.8.4. TISSUE ME'!'ABlL!SH 

Field, Belding and Martin in 1939, determined 

i!! vitro the metabolic rates ot 20 major organs and tissues 

t'rom the albino rat. By- multiplying each b)" the wight ot 

the respecti va organ, the)" obtain.ed tigures representing the 

rate ot' the various organs. The sum ot these values was 

equal to 65% ot the Ma (28OC) ot the animals used. Allowing 

an additionaJ. 25% tor skeletal muscle tone, cardiac, res­

piratory and secretory activities, the)" accounted tor 89%. 

Similar measurements by Martin and Fuhrm.an (1955) tor mice 

and dogs gave t'igures ot 72 and 89%, respecti vely. Using a 

technique in which tissues in flasks were exposed to oxygen were obtained 

directly rather than being immersed in saline, 

values ot' 100% for the rat (Huston and Martin, 1954). 

Metabolic alterations which occur in tissues 

during adaptation to cold (50 C) have been studied in male 

albino rats by Cottle (1958). Metabolism at s<>c was found to 

increase gradu.al.ly for 2 to 3 weeks. This was sean by measure­

ments of heat loss, oxygen consumption, and food intake. Ai'ter 

2 weeks at 5°C, metaboUsm at 2SOC was 20% greater than that ot 

controls kept at 260 c. Metabolism ot skeletaJ. muscle 1 li ver, 
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and lddney in vitro suggested that the increase in metabolic rate 

was not merely' a ref1ection of the increased intrinsic metabolisa 

of tissues. 

Kleiber (1941,1947) and Wa,mouth, Field and neiber 

(1942) found that the in vitro metabolism of liver slices pre­

pared fram rats, rabbits, sheep, horses, and cows decreased. in 

this order and to the same ext.ent as the metabolism (mm) par 

unit weight. They conc1uded that the factors which detemine 

the metabolic rate !!! ~ still control it on surviving tissues. 

Other workers have conc1uded that the factors 

responsib1e for the metabolic rates of tissues in ill!! are not 

operative i!!. vitro. Krebs in 1950 determined the ~2 (cc.02/gm. 

dry weight/hr.) for severa! tissues fram nine mammalian species 

of various sizes. He fOW'ld a aanewhat lower <P2 for tissues fram. 

larger anima1s than tor hamo1ogous tissues fran smaller species, 

the ~2 of most tissues dirfered 1ess with body weight than did 

the metabolism (BMR) of the whole animal. 

The li ver metabolism of rats after exposure to 

cold for 2 days or more measured Bl vitro is .greater than that 

of contro1s kept at room temperature (Cottle,1958). You and 

Sellers (1951) reported that liver slices fram animals kept 1 

year at 1.50 C had a ~2 28% greater than slices fram animal S 

kept at 22oC. Clark, Chinn, Ellis, Pawel and Criscuolo in 1954 



55. 

reported a 40% greater li ver QJ2 and a 35% greater li ver 

succinoxidase activity in young rats atter 10 weeks at 4°C. 

Six month old rats vere reported to bave a 27% greater li ver 

QJ2 alter 10 d81's at 5°C. (Weiss" 1954). DesHarais (1953) 

indicated that li ver slices fram rats kept at 4°C for 2 to 

8 d81's had a QJ2 12% greater than those fram animaJs at 29°C. 

An increase in the intrinsic metabolism of 

several other tissues as result of cold adaptation was shawn 

by Weiss in 1954. Using young rats (100 to 150 gm.)" he found 

that those kept for 10 to 26 d81's at 50C compared to controls 

at room temperature had a 43% greater li ver QJ2" 13% greater 

kidney QJ2" 23% greater heart <;02 and 19% higher diaphragm 

QJ2. In 1956 Weiss reported that the QJ2 for ske1etal muscle 

fram young rats (100 f!JI1. or 1ess) was signiticantly greater 

for the animals which had been at 50C for 10 d~s than for 

the young contro1s which had been kept in room temperature. 

In older rats (300 to 400 f!JI1.)" he demonstrated a d~creased 

QJ2 alter co1d adaptation (Weiss" 1954). He suggested that the 

ditference between the age groups was due to the greater 

insulatio:l and fat accumulation of the older animals. He 

postulated that the greater insulation of the older group 

served to reduce effective exposure. He believed more severe 

co1d exposure would have produced changes in other organs of 

the older animals. The additional changes in young rats vere 
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probably related in some way to their high growth rate and 

energy turnover. 

Weiss speculated that al1 tissues do not 

acclimatize at the sam1 time. The live!' is firet to increase 

~gen consumption in response to climatic stress, and other 

organs need a greater stimulus. A more reasonable explanation 

is that the prior increase in li ver metabolism resul te from 

the demands on the liver, when an animal is exposed to cold, 

to supply increased amounts of metabolites to responding organs. 

DesMarais (1955) reported that succinic 

dehydrogenase acti vi ty in rat ekin was greater alter 2 to 

4 days at 4°C, than in the controls which were kept at room 

temperature. He suggested that the increased metabolism of 

the skin might contribute a consequential amount of heat to 

the animal in the cold. The increase could reflect the 

lower functional tempe rature of the akin. 

3.8.5. INTERMEDIARY MSrABOLISM 

3.8.5.1. Fat Metabolism 

In 1949, Sellera and You presented the first 

unequivocal evidence that cold acclimation has a pronounced 

action on hepatic lipid metabolism. In these studies they 
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found that the feeding of a hypolipotropic diet of moderate fat 

content causes an excessive hepatic fat deposition in rats 

living at room temperature, but not in those living at 1.50 C 

(Sellera and You, 1949, 1952). Sellera and You called this 

phenomenon the pseudolipotropic action of co1d exposure. 

Treaciwell, Flick and Vahouny', in 1957 and 1958, obtained 

confirmatory evidence for tbis pseudolipotropic action of 

cold exposure. More strildng is their finding that the 

exposure of rats with nutritionally-induced fatty livers to 

a co1d environment tends to restore the li ver lipids to 

normal, although the animaIs continue to ingest a hypoli­

potropic diet (Treaciwell et al" 1958). In 1959 Masoro and 

Fe1ts showed the comp1exity of the relationsbip between 

co1d exposure and hepatic lipid 1eve1s in the fasting rat 

(Fe1ts and Masoro" 1959). They conc1uded that the pseudoli­

potropic action of co1d acclimation relates not anly to 

hypolipotropic diets" but to other factors causing fatty 

li vers as well. 

Masoro" Cohen and Panagos in 1954" reported 

that cold stress greatly depresses hepatic lipogenesis. 

Later it became evident" however" that the li ver is probably 

not the major site of lipogenesis in the mammalian organisme 

Favarger and Gerlach (1955) and Favarger (1955) reported on 

studies with intact mice and indicated that only 4% of the 
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lipogenesis of the mouse takes place in the li ver and that 

most of the remaining tatty acid synthesis was carried out 

in the adipose tissue. Masoro, Porter and Patldn (1961) 

investigated the effect of cold stress on adipose tissue and 

discovered that c01d stress, which almost abolishes hepatic 

lipogenesis, does not appreciablT alter adipose tissue 

lipogenesis. In JDOst other conditions studied (fasting, 

diabetes, insu1in administration), the lipogenic activit;y 

of the liver and adipose tissue respond in a qualitativelT 

identical manner (Hausberger, 1958; Winegrad and Renold, 1958). 

Mi1stein and Hausberger (1956) reported that, when fasted rats 

are made hypogl;rcemic by the administration of large doses of 

insulin, hepatic lipogenesis ceases comp1etelT, whi1e adipose 

tissue lipogenesis is increased above the normal. 

The 10ss of lipid of the brown adipose tissue 

during the initial exposure to cold of a warm acclimated rat 

was first reported b;y Selye and Timiras in 1949. At about the 

same time, the increase in the wèight of b~own adipose tissue 

of the rat on pro1onged ex:posure to c01d was described b;y 

Pagé and Babineau (1950). These authors observed an increase 

in wet weight which was due to increases both in dry material 

and water content; the total l1pid content remained the same. 

In experiments done b;y Himms-Hagen (1965), the increase in 

wet weight was due to increases in all three components: 
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lipid content, nonlipid materials and water. She &lso showed 

that af'ter 1.5 hours in the co1d, the 10ss ot llpid and gain 

ot water is accanpanied b7 a gain in protein. Presumabl1", 

the increase in protein content marks the start ot the growt,h 

ot the tissue. The nature ot stimulus to the growth ot tissue 

is Œlcertain. Possibl1", the pro1onged sympathetic stimulation 

is responsib1e. However, increased adrenal cortical acti vi t7 

or increased th1roid activit7 can wo cause bypertrophy' ot 

the brown adipose tissue in warm-acclimated rats (Lacbance 

and Pagé, 1953, 1955) and the activit7 ot both ot these glands 

is known to be increased in rats 8XpOsed to co1d. The growth 

respanse ot the brown adipose tissue is not specific to the 

stimulus ot co1d. It also occurs in rats stressed br other 

means such as torced exercise or spinal cord section (Lemonde 

and Timiras, 1951). 

Pagé (1957) and Masoro (1963) demanstrated an 

increased lipid synthe sis in brown adipose tissue of co1d­

acclimated rats. Similarly, tollowing co1d exposure, de Freitas 

(1967) bas shown that the rate ot synthesis of neutral glyceride 

glycero1 was increased about 120 times in interscapular brown 

tat wlû1e only' twice as much in liver and 4 times as much in 

carcass. On the other band, the synthe sis ot neutral gl)"ceride 

tatt7 acid was slightly increased in carcass and liver but 

somewhat decreased in the brown tat. At the present time, 

there is much interest in the ro1e ot brown tat in thermogenesis, 
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many being of the opinion that i t has a special ro1e in this 

process. Moreover, Patkin and Masoro (1964) demonstrated 

an unaltered fatty acid synthe sis ~ .!!!2 in brown or 

white adipose tissue ot co1d-acclimated rats in the co1d. 

On the other band, an increased capacity for fattyacid 

synthesis a:a vitro by white adipose tissue was observed in 

co1d-accllmated rats (Patkin and Masoro, 1961) and hamsters 

(Baumber and D8!l1'es, 1963). Finally, an unaltered capacity 

tor fatty acid esteritication ~ vitro by white adipose 

tissue was observed in co1d-acclimated rats (Patldn and. 

Masoro, 1961). 

The postulate that the acce1erated turnover 

of brown adipose tissue might be a major mechanism in non­

shivering thermogenesis under the control of the sympathetic 

nervous s)"Stem is in accord vith the suggestion mad" by 

Smith and Roberts (1964) that brown adipose tissue is a 

major site ot thermogenesis in the co1d-acclimated rat exposed 

to cold, and with the suggestion made by Bali and Jungas (1961) 

that the triglyceride cycle of adipose tissue, particularly 

brown adipose tissue, might be utilized b7 homeothermic an; mal S 

to generate heat for the maintenance ot body temperature. It 

is lmown that the ooq-gen consamption of brown adipose tissue 

a:a vitro is increased by norad.renaline (Joel, Treb1e and Bali, 

1964) and b7 adrenaline (Joel and Shaclmey, 1962). The 



triglyceride cycle meets the requirement that "the heat 

producing mechanism be subject to rapid on-otr control" 

(Smith and Roberts, 1964). 

3.8.5.2. Carboh;ydrate Metabolism 

61. 

When a small mammaJ such as a rat becames 

acclimated to cold, certain alterations in the metabolism 

or glucose are observed. It bas been reported that the intact 

acclimated rat toms liver glycogen rram ingested or injected 

glucose at much greater rates than control anima1s (Pagé, 

Babineau and Lachance, 1955). Similar results have been 

obtained in vitro with diaphragm muscle trom acute but not 

chronically' exposed rats (Wertheimer and Bentor, 1957). 

Koreover, Hannon and YO\Ulg (1959) have observed that tasting 

cold-acclimated rats maintain blood sugar levels as well as 

do rasting warm-acclimated rats. In addition, it bas been 

shown that acclimated rats maintain higher rasting li ver 

gl.ycogen stores than controls (Masoro and Felts, 1959). 

Since tasting bloocl sugar levels are the same \Ulder the two 

environmental conditions, this would seem to indicate that 

cold exposure leads either to an augmented gluconeogenesis or 

to a 'sparing action' on carbohydrate stores. Erlsting data 

indicate that acclimation is associated with increased 

activity or various canponents ot the tricarbo:qUc acid 
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cycle of liver and muscle tissue (Hannon, 1958, 1960). 

It is generall.y agreed tbat the cold-accllmated 

rat bas an augmented capacity both for glucose formation and 

for its utilization. This is not too surprising in view of 

the fact tbat these animals consume at least 50% more tood 

(including carbohydrate) than non-exposed animals. However, 

the tate ot this carbohydrate when taken up by the cells is 

still samewhat uncertain. One may probably' assume tbat part 

ot the augmented utilization incl.des an increased capacity 

tor glycogen s;ynthesis. On the other hand, one cannot sateq 

assume that an increase in glucose utilization implies a 

corresponding increase in glucose oxidation. For instance, 

the possibility exists that a sizable portion (Jt ingested and 

subsequentq glycolyzed glucose might be di verted to amino 

acids and fats. If this were true, then it would be conceiv­

able that during the post-absorpti ve period these animals 

could support their high tissue oxidati ve rates with substrates 

other than carbohydrates. 

3.8.5.3. Protein Metabolism 

As early as 1938 it was reported that protein 

metabolism was unaltered by cold exposure (Dontcheff and 

Schaeffer, 1938). Other reports, however, indicated the 

contrary, such as that published in 1950 by Hoberman, who 
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reported that amino acid and protein catabolism ie acce1erated 

in tasting cold-exposed rats. Williams6 Schurr and Elvehjep16 

19S0) 6 using tasting rats exposed to -SOC tor 6 hours 6 reported 

a marked decrease in plasma proline tollowed by methionine 6 

threonine 6 arginine and lysine. In contrast, the plasma 

1evels ot 1eucine6 phenylalanine and valine were tound to be 

markedly increased. 

Metterd6 Hale and Martens (19S8) tound that 

cold-exposed rats excrete more al &ni ne, valine 6 serine, 

threonine, glycine and gl.utamic &cid than their warm counter­

parts. 

Ertect ot co1d exposure on two enz.y.mes directly 

invo1ved in the protein metabolism bas been reported. Schayer 

(1960) found a marked in: rease ot histidine decarboxy1ase in 

mice exposed to 20C tor six hours, and Vaughan, Vaughan and 

Kl.ain (1962) tound a higher activity- ot xanthine oxidase in 

the liver and kidney- ot rats exposed to 7°C for four weeks. 

Trapani and Campbell (1959) reported that the disappearance 

of passively administered antibody- is more rapid in rabbits 

at -lSoC than at 18OC, thus indicating faster protein turnover 

in the co1d. "From the work of Trapani (1960) it is apparent 

that co1d-exposed animals exhibit changes in the e1ectrophoretic 

distribution of the plasma proteins, an increase in the total 
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mass of circulating protein, an increase in protein turnover, 

and an apparent decrease in the immune response. Furthermore, 

Hannon and Young (1959) reported that one month's cold 

8XpOsure of rats resulted in a signiticant decrease in plasma 

protein levels. 

Excretion of nitrogenous compounds other than 

&mino acids was also increased in the cold, regardless of 

whether food intake was equalized (Lathe and Peters, 1949; 

Ingle, Meeks and Humphrey, 1953) or whether the rats were 

allowed to feed ad libitum (Hannon and YOtmg, 1959; Treichler 

and Mitchell, 1941; You, You and Sellers, 1950). Cold.­

exposed rats excrete more urea, allantoin, creatine, (Yotmg 

and Cook, 1955; Mefferd, Hale and Martens, 1958; Hale and 

Mefferd, 1958) and creatinine (Treichler and Mitchell, 1941; 

Selye, 1946). 

The sallent points deri ved from studies 

utilizing imDnmo10gical techniques and free-boundary electro­

phoretic analyses of the plasma proteins and which can be 

related to protein metabolism in the chronically cold-exposed 

animal are: changes in the electrophoretic distribution of 

the plasma proteins, an increase in the total mass of cir­

culating protein, an increase in protein turnover, and an 

apparent decrease in the immune response. It is felt that the 



acti vi t;y of the thyroid ma;y exert. some influence on these 

parameters in the cold-exposed animal. Since i t is difficult 

to ascribe the changes in protein met aboli sm ~o the cold 

8XpOsure itself., it seems reasonable to attribute these 

alterations to the interplar of several factors including 

the hormonal alterations consequent to the stress of the 

cold exposure. 

3.8.6. NIDID-ENOOCRINE RESPONS:ES 'ID COLO EXR>SURE 

3.8.6.1. tlrpothaJamus 

The thermoregulating system can be divided 

into sensing e1ements, integrating elements and effector 

elements. There is impressive evidence that thermoreceptive 

structures in the sld.n (sensing elements) play a part in 

thermoregulation. Thermal receptors for thermoregulation 

(integrating elements) occur in the preoptic region, and 

perhaps in other regions of the brain. The presence of 

sensing e1em.ents in the hypothalamus has been demonstrated 

by ablation techniques; and by selectively and locally 

heating and cooling the hypothalamus, it was shown that over­

all thermoregulatory respanses could be elicited fram this 

region. Hardy, Hellon and Sutherland (1964) have explored 

the preoptic regian and the anterior and posterior hyp0-

thalamus as well as other for.mations with microelectrodes, 
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while locally changing the tissue temperature wi th thermodes. 

In conscious animals, similar manipulations resulted in 

substantial thermoregulato17 responses to changes in thermode 

temperature. Such overall responses are absent in the an­

esthetized reparation. 

Three basic types ot neurons vere tound in the 

preoptic area. The most CODDDOn type ot unit was not responsive 

to its own temperature in tenna ot changes in tiring rate 

(tttemperature insensitivetr ) unit. A second group responded to 

increases in local temperature with increases in tiring rate 

(rtwarm sensitivetr ) units. A third group responded to increases 

in local temperature with a reduction in tiring rate (tfcold. 

sensitivetf ) units. In contrast to many receptor structures, 

these central thermoreceptors had little or no rate sensitivity. 

Their response to a gi ven tempe rature vas independent ot the 

rate ot change ot temperature. By using special dynamic tech­

niques, it vas possible to damanstrate that some neurons vere 

not sensitive to their own local temperature but to local 

temperatures at some distance away. This is an indication ot 

transmission and possibly integration in the anterior hypothaJ amns. 

Recently, Wit and Wang (1967) have shown in cats 

an ettect ot peripheral vhole body heating on tiring rates in 

thermosensi ti ve structures in the anterior hypothalamus. Al1 
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hameothermic species investigated have ther.mosensitive neurons 

in the preoptic anterior hypothal.amic reg1on. In another report, 

peripheral war.m and cold stimulation haB no effect on preoptie 

temperature sensitive and insensitive neurons (Murakami, 1967). 

Hammel, Caldwell and Abrama (1967) fOWld in a 

poikilothem, the Australian blue-tongued skink, that whenever 

possible this lizard maintained a desirable internal tem.perature 

by behavioral adjustments. However, upon investigation, even 

this poikilotherm was found to have temperature sensitive 

neurons in the preoptic anterior hypothalamus. Hammel selected 

experimental conditions so that peripheral temperatures could 

be varied, and studied the integration of peripheral and central 

thermal signals. He concluded that the central and peripheral 

signals were basical.l7 linearly additive. Changes in peripheral 

input would be similar in efrect to changes in the central "set 

point". 

3.8.6.2. Pituitarr Gland 

Cold exposure of hypothermal animals induces a 

proround ehange in anterior pituitary fWlction. The secreto1'7 

alterations in the adenohypophysis reflect the strategic role 

or this gland in neuroendocrine integration. Through a Wlique 

anatomic and physiologie relationship with the hypothalamus and 
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by virt.ue of its trophic hormone regulation of target gland 

function, the anterior pituit&r7 insures effective hormonal 

contribution to the cold acclimation process. The mechanisms 

basic to endocrine readjustment at low temperatures are by no 

means understood. Although the specific hypothalamic-hypopny~ral 

interactions have not been elucidated ccmpletely, there is 

convincing evidence that in acute exposure to cold, hypo-

tha1amic stimuli quickly facilitate signiticant shifts in 

trophic hormone secretion by the pituitary. Appropriate 

trophic hormone responses to cold, triggered and probably 

maintained by neural influences, insure adequate production 

and deli very of pertaining hormones to the circulation. 

Among the pituitar,y trophic hormones, effect 

of cold on thyroid stimulating hormone (TSH) and ACTH has 

been studied by different investigators. Measurement of 1131 

release rate by the thyroid in rat and guinea pig reveals that 

the tempo of thyroid hormone secretion after 6-8 weeks of cold 

ex:posure is significant~ increased in both species. The 

relatively slow release rate in the guinea pig at normal roam 

temperatures was approximately doubled in the cold. In the 

female rat the no~ rapid 1131 release fram the thyroid 

increased from a rate of 25% to about 40% per day (D'Angelo, 

1960). Enhanced thwroid was definitelY related to increased 

TSH output by the pituitary. D'Angelo also studied the guinea 
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pig'a pituitary-adrenal system in cold, and reported that at 

"aC for 7 weeks there was ai~icant increue in adrenaJ.-body' 

weight ratios and in urinary excretion of corticoida while 

ascorbic acid concentration witbin adrenal remained normal. 

A rise in the lavel of corticoid excretion, noted wi thin the 

firet week of exposure, reached a peak value at the end of the 

fifth veek. Just as with the thyroid'e 'dependence on TSH, 

enhanced adrenal function vas clearly referable to augmented 

ACTH secretion by the adeno~physis. It was demonstrated 

in bio-aaaq experimenta that ACTH concentration in the 

pituitary of the refrigerated guinea pig vas increased 10-

15 fold. 

In brief, appropriate trophic hormone responsea 

to cold, triggered and probalJq maintained by neural influences, 

insure adequate production and deli very of thyroid and adreno­

cortical hormones to the circulation. These target gland 

hormones in turn pramote the cold acclimation process by 

intluencing cellular metabolism in w81'S not yet precisely 

determined. 

3.8.6.3. Th.yroid Gland 

Thyroid hormone by its nature appears to be 

related to the changes seen in small homeotherms upon chronic 

cold exposure. Korphological changes in the thyroid have 
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been sean in a number of species following prolonged cold 

exposure. These changes include an increase in gland weight 

(Sellera and You, 1950; Rand, R:i.ggs and Talbot, 1952), 

increased vascularity (Kenyon, 19.3.3), and decreased colloid 

within follicles (Wolf and Greep, 19.37). Each of these 

changes is a recognized criterion of increased thyroid function. 

There is some evidence that thyroid acti vi ty 

in rats reaches a maximum within about .3 weeks exposure to 

cold and retums to near normal. condition after 6-10 weeks. 

Starr and Roskelley (1940) found the height of the follicular 

cells in thyroids fram rats kept at 150 C reached a maximum in 

about .3 weeks and returned to near normal. in about 6 weeks. 

Heroux, Schêinbaum and Des Marais. (1959) did 

not find histological evidence of increased thyroid function 

in rats kept .3 months outdoors in winter conditions. These 

rats, on the other band, had developed the same degree of 

cold resistance as animals kept in the cold under laboratory 

conditions, under which conditions there was an increased 

level of thyroid function. 

Estimates of the amount of thyroid hormone 

secreted by rats have indicated those at 50 C produce about 

twice as much as those at 250 C. 
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The determination of tbyroidal radioactivity 

at various periods alter administration ot radioactive iadine 

(1131) is used wide~ as an assq ot thyroid function. Uptake 

by the thyroids ot rats kept 1-3 weeks at 40 C and determined 

2 hours alter injection of the isotope has been found to be 

greater than in rats kept at room temperature (Leb1ond, Gross, 

Peacock and Evans, 1944). Alter 6 weeks, 2-hour uptake was 

found similar to that ot contro1s. This decrease in uptake 

appears to contirm the histologieal findings. 

The increased tbyroid activity in the co1d is 

brought about through the re1ease of tbyroid stimulating 

hormone (TSH) by the adenohypophy'sis. Thyroids of hypophy'­

sectomized animals exposed to eo1d do not show evidenee of 

increased thyroid secretion sean in intact animals (Knigge 

and Bierman, 1958). Basophi1 cells, believed responsib1e 

tor the production ot TSH, are numerous and are hypertrophied 

in pituitaries removed tram co1d-acclimated rats (Brolin, 

1946 ) • Final.ly, TSH is present in serum or cold-exposed 

animals at a higher level than in serum tran. controls, 

(Stevens, D'Angelo, Paschlds, Cantarow and Sudeman, 1955). 

Thyroid function is affected by the 1evel of 

food intake. The rate of re1ease of hormone during acclimation 

to cold. is very much reduced by limited restriction of food. 
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Ring (1942) suggested that the increase thy­

roxine release in the cold brings about changes which enhance 

the calorigenic response to endogenous adrenaline release. 

The increased secretion ot TSH on exposure to cold depends 

in tum on the h1PothaJamus: suitably placed lesions in the 

hypothaJamus can result in di mi ni shed tbyroid secretion and 

electrical stimulation can increase it. It the pituitary 

stalk is cut, there is no thyroid response to cold. The 

action ot ttvroid homone is usual.ly said to be on catabolism 

while that ot norad.renaline is on increasing heat production 

(Carlson, 1960; Smith, 196.3). Fregly, Iampietro and Otis, 

(1961) confirmed the importance ot the thyroid tor the survival 

ot rats in severe cold, but showed that cold can induce a 

rise in metaboll.c rate in the absence ot the thyroid. But 

thyroidectanized rats lose heat at a greater rate than oontrols, 

evidently owing to loss ot the abilit)" to constrict peripheral 

blood vessels • 

.3.8.6.4. Adrenal Medulla 

As mentioned earll.er, the occurrence ot non­

shivering thermogenesis in the cold-acclimated animal bas been 

well dem.onstrated, at least in the rat (Sellers, Scott and 

Thomas, 1954; Cottle and Carlson, 1956; Hart, Heroux and Depocas, 

1956; Davis, Johnston, Bell and Cremer, 1960). Such an increase 
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in non-shivering thermogenesis ma1' be due either to greater 

re1ease of catecholamines or to a greater sensitivit1' of 

acclimated animals to these hormones or to both mechanisms. 

An increased excretion of adrenaline and/or noradrenaline has 

been reported in rats chronical.l.y exposed to cold. (Cot t1e 6 

1960; Leblanc and Nadeau6 1961). A greater s8llsitivit1' of 

co1d-acclimated rats to the calorigenic effect of adrenaline 

was first observed b1' R1ng (1942) and contirmed later by 

other workers (Hsieh, Carlson and Grq6 1957; Swanson6 1957). 

Hsieh and Carlson (1957) also reporled a strildng calorigenic 

action of noradrenaline in cold.-acclimated rats which was 

confirmed b1' Depocas (196Oa,b). 

Although the calorigenic effects of both 

adrenaline and noradrenaline are intensified in co1d-acclimated 

rats, acceptance of noradrenaline as the mediator of non­

shivering thermogenesis rests on the following observations 

(Depocas, 1961). Adrenal demedullation 10wers the increase in 

oxygen consumption of the curarized co1d-acclimated rat at 

60c (Cott1e and Carlson, 1956), but does not abolish it as 

does previous injection of s.f.mP&tholytic and ganglion-b10cldng 

agents (Hsieh6 Carlson and Grq, 1957). Noradrenaline is 

more effective than adrenaline in preventing the rail in oxygen 

consumption caused b1' hexamethanium in curarized co1d-acclimated 

rats (Hsieh, Carlson and Grq, 1957). Co1d-acclimated rats show 



74. 

a greater sensitivit;y to injected noradrenaline than adrenaline 

(Hsieh and Carlson" 1957). There ls a relationship between 

the calorigenic response and the dose of noradrenaline 

administered" a relationship which is depandent on the time 

of exposure to cold (Depocas" 1960a"b). An inverse relation 

exists between the increase in the metabolic response to nor­

adrenaline infusion during acclimation to cold (Depocas" 

1960a"b) and the decrease in muscle electrical actlvit;y 

(Hart" Heroux and Depocas" 1956) suggesting a substitution 

of non-shi vering thermogenesis Wlder the control of DOr­

adrenaline for the shivering heat production. Neither cold 

exposure nor noradrenaline induce marked hyper~cemia as 

would be obtained b;y similar doses or adrena1ine (Hsieh and 

Carlson" 1957). 

It can therefore be concluded that non-shivering 

heat production" associated especial.l.;y with acclimation to cold, 

is mediated through the release of noradrenallne, presumably 

fram the adrenergic nerve endings. In this wa;y" the catechol­

amines play a role in the immediate response to cold exposure. 

3.8.6.5. Adrenal Cortex 

It is well accepted that the adrenal cortex is 

specifically involved in the initial response to cold (Sellers" 

1957) • An increased secretion of corticosteroids has been 
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demonstrated b7 JDaD1' authors in ani mal S sudd~ exposed to 

cold. A.drenalectomized ani mal S have been sh01llll to be unable 

to survive if lett in a cold room. (Sellera, You and Thomas, 1951). 

Whether such an increased secretion persisted in ani mal S main­

tained in a cold environment for a prolonged period, and vhether 

it was essential for the developllent or maintenance of cold 

acclimation, vas uncertain until195l, when Sellera shawed that 

cold acclimated rats after adrenalectODl1' could be maintained 

in the cold for long periods by giving a constant but relatively' 

sma1l 8mO\.Ult of cortical extract d~. This observation 

suggested that much less cortical hormone was required for 

survival alter the animals were acclimated to cold than at 

the beginning of the cold exposure. It vas shown by Heroux 

and Hart in 1954 that eosinophil response to ACTH activity 

of the adrenal cortex in cOld-exposed rats reaches a maximum 

in about 20 days and then retums to its preacclimation level. 

Rossiter and Nicholls in 1957 shawed that the 

increase in the incorporation of inorganic phosphate labeled 

vith radioactive phosphorus into the inorganic phosphorus of 

the adrenal gland was less in rats acclimated to cold than in 

rats acclimatized to 220 C when both groups vere exposed to 

-50 C for 2 hours. While this indicates that the adrenal 

cortex response to a cold temperature shock is less after 

cOld acclimation than betore, it did not indicate the state 
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of activity of the adrenal cortex of the rats kept at their 

acclimation temperature. In 1960 Heroux measured ia vitro 

the production rate of corticosteroide in adrenals of warm 

(300 C) and cold (60 C) acclimated. rats. The results suggested 

that an increase in secretion of corticoids is not essential 

for developnent of cold resietance as it is possible to develop 

a certain degree of cold acclimation in adrenalectamized rats 

provided the an' mals are exposed to cold gradua1l.y and inter­

mittent~ (Heroux, 1955). 

The decreased adrenal respalls8 to cold after 

cold acclimation bas been tentati ve~ attributed to an alteration 

in the sensitivity of the mechanism, nervous or otherwise, by 

which the pituitary is stimulated, because after cold acclimation 

the adrenal cortex responds nomally to ACTH, vasopressin or 

adrenaline, indicating clearly that the sensitivityof the 

hypothalamic-pituitary-adrenal system to a given stimulus is 

normal (Nicholls, Molloy, Stavraky' and Rossiter, 1959). But 

maintenance of body weight after adrenalectauy with a lower 

dose of cortical extract in cold than in warm acclimated rats 

suggested rather a reduced corticosteroid requirement arter 

cold acclimation (Heroux and Hart, 1954.). 

In agreement with Heroux, in 1960.1 Schcmbaum 

(1960) fOWld a somewhat reduced adrenal activity in rats exposed 
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to co1d tor several months" though there was an initial increase 

:in adrenal activity. 

In sUJllllla17" there seems to be very litt1e doubt 

nov that" whi1e the adrenal cortex is specifi~ invo1ved :in 

the initial response to cold" it is not essential for maintenance 

ot co1d acclimationj it is not even essential tor developnent of 

a certain degree ot cold resistance" provided the animals are 

exposed to cold gradually and intermittent~. Under the 

t1uctuating seasonal conditions prevailing outdoors" however" 

adrenal cortex appears to remain hyperactive. 

Further discussion ot the respanse of the 

adrenal cortex to co1d exposure will be lett to a later 

section. 

3.8.6.6. Sex Glands 

Repeated observations have shown that in the 

co1d-exposed rat, the testis undergoes some tom of degeneration. 

In a chronic exposure to moderate cold (20 C), this degeneration 

appears at approximately 40 weeks as a loss of function, exocrine 

and endocrine, along with morphological modif'ications, such as 

changes in weight, alterations of the histological picture of 

the tubules, etc. (Dugal, Saucier and Des Marais, 1962). In 

acute exposure to severe cold (-50 C), the same process becomes 
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observable within a period of li days: the testis shows 

considerable decrease in weight, and soma accessories, 

especial.J..T prostate and seminal vesicles, possess the typical 

eunu.:hoid charcteristics (Perrault and Dugal, 1963). 

One common feature is the position of the 

testis in the abdominal cavity; indeed, the testes migrate 

rerlexly into the abdomen shortly arter the beginning or the 

cold exposure. The testes remain abdominal as long as the 

cold stress is applied. and at postmortem the animal may be 

described. as cryptorchid • 

. In S\DIIIDB.I"Y cold per !.!! produces inhibition or 

the endocrine function of the testis, demonstrated by a 

regression or the sexual accessories, prostate and seminal 

vesicles, to a level appraximating that of the castrate. 

The cryptorchism produced rerlexly by the cold, 

is not ~ !.!! responsible for the inhibition of the androgenic 

function of the testis (Perrault and Dugal, 1962). 

Further changes in the function or the sex 

organs on exposure to cold have been discussed. earlier in 

Section 3.5. on Reproduction. 

3.9. HEAT mss 
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3.9.1. INTroDUCTION 

It is known that the heat loss of a warm surface 

to an environment of air is by three main routes, exclud.:ing loss 

by evaporation. These are: convection, radiation, and conduc­

tion. Heat loss by convection occurs when air is brought in 

contact with the surface either by forced or natural currents 

of air which then take up the temperature of the surface, and 

carry it to distant points. Heat is lost over the surface of 

the body because of movement of air (or water) over the surface 

of the body. 

Heat loss by radiation involves an electro­

magnetic disturbance emitted by the warm surface. This loss 

would take place even in a vacuum. Air transmits this radiation 

over long distances but i t is eventual1.y absorbed by the mole­

cules of air, so that the air in the environment tends to rise 

in t~rature. Radiant heat loss is thus independent of air 

movement. In contrast, convective heat loss is very greatly 

increased by the greater movement of the air, as in a wind. 

A third mode of transport of heat into the 

environment is by conduction, by which means the air in contact 

with the warm surface is heated, alter which the warmed air 

moves away and cool air takes i ts place. Obviously, the more 

air movement, the greater the heat loss by conduction. Thus, 
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one feels co1der in a cold wind than he does in the same 

temperature wen there is no air movement. 

Heat flow from an animal to its envircmment 

obeys Fourier's law, which states that heat flow .between two 

regions is proportional to the temperature difference and to 

the thermal conductance (Kleiber, 1961). Kleiber disagrees 

with the commonly he1d view that heat loss takes place according 

to Newton's law of cooling, which states that the rate of 

cooling is proportional to the temperature difference between 

the bodY's surf'ace and the surroundings. He points out that 

inasmuch as the bodY's temperature is regulated, a simple 1aw 

of cooling does not apply. In practice, the difference between 

these 1aws is not great; but when, for example, thermal insulation 

is changing, Fourier's law is superior, since it deals with a 

regulated flow rather than one which is diminishing as the 

body cools. 

When a mamma] is exposed to cold, there are 

usually changes both in heat production and in heat 10ss. 

Sometimes the response is almost wholly either one or the other. 

The effect on 1aboratory rats of exposure to cold in the 

laboratory is a rise in metabolic rate; but wild rats, exposed 

to the more comp1ex situation of winter out, ot doors, also 

improve their insulation (Heroux, 1962). In a discussion on 
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diff'erences of' insulation between individuals, Kleiber (1947) 

quotas an experiment carried out by- Hoesslin in 1888. Roesslin 

reared two dogs f'rom the same litter, one at 32°C and the other 

at 50C. Kleiber points out that the animal in the cold. had to 

cope with a temperature ditf'erence between body and environment 

six t1mes as great as that to which the other dog wu e.xposed; 

;ret the cold-exposed dog's metabolic rate was ~ 12% higher. 

The cold-exposed dog's hair, however, weighed three times that 

of' its litter mate. The acute response to cold. must always 

be primarily metabolic. Even in the acute case, however, an 

insulati ve component entera in the torm of' changes in posture, 

pi1o-erection and, if' exposure to thermal neutrality- (at 

which animals produce heat at a mini mnDl level) preceded the 

cold, peripheral vasoconstriction as welle 

Hart (1964&) ref'ers to the presence of' thinly 

f'urred tissues in the appendages of' heavily insulated mamma1s 

as solving the problem of' exercise heat on the one hand, and 

conserving heat 'b7 cooling on the other. There is considerable 

variation in skin temperature in the appendages; this is in 

contrast to the skin under thick f'ur, which remains unitorml..y 

wanne Hart points out f'urther that the cooling of' peripheral 

tissues bas an insulating ef'f'ect. This is accampanied by- a 

remarkable ability- to withstand changes of' temperature, and 

by- the presence of' structures which allow alterations in the 
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rate or beat loss. 

Heat excbange in bomeotberms bas wo been 

discussed by Scbolander (1958). Mamma]s in the co1d are 

protected rrom beat 10ss largely' by their rur, yet the legs and 

other appendages ot arctic mamma]s are poorly' insulated., and 

seals" tor examp1e, sw1a about in very cold water vith hair1ess 

tlippers. If tbese appendages vere kept w&rm., the heat 10ss 

would be very great. 

Scho1ander (1958) discusses the way in which 

the extremities ot cold-adapted mammals are he1d at a law 

temperature. Heat trom arierial b100d is shWlted back into 

the veins berore the b100d reaches the periphery. The 

testic1e or most maDlD&ls is provided with a counter-current 

vascular system, and this no doubt contributes to keeping it 

at a tem.perature lower than that ot the body core (Waites and 

Moule, 1961). Heat loss, rather than conservation, is a 

main runction or the hair1ess tai1 and reet or rats (Thompson 

and Stevenson, 1965). Exposure to acute cold trequently' 1eads 

to the rreezing ot the tail which becanes gangrenous and rails 

orr, thus eliminating a source or heat 10ss. Such tai1 10ss 

could be regarded as part or the process or protection against 

the cold. 
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3.9.2. THE THERMAL INSULATION OF CIDTHING, FUR AND PIlO­

ERFX:TION 

The recognition of the l'Ole of 'dead air' in 

pl'Oviding the best thermal insulation obtainable was of tre­

mendous importance in the study and developnent of thermal 

insulation in clothing. When it vas seen that the insulating 

properties of a fabric were due, not th the textile fibres 

directlJr, but to the dead air entrapped, and more preciselJr 

that the thermal insulation of clothing is proportional to 

the thiclmess of dead air enclosed, much futile search for 

better insulation per unit thiclmess was eliminated. 

Homeotherms, other than man, have additional 

protection in the form of hair or feathers. Furred or feathered 

an; mal S can maintain body temperature even in subzero weather. 

They utilize increased heat production by shi vering, decreased 

heat loss by vasoconstriction and the countercurrent systems, 

and in addition, they have recourse to effective pilo-erection. 

The term pilo-erection bas reterence to the elevation of the 

hair or feathers by the contraction of the muscle attached to 

the follicle, thus making the hair stand out fram the sldn rather 

than lying flat. In effect, pi1o-erection increases the depth 

of the hairy covering. When ail the haïrs lie flat, the animal 

wears a thin fur coat; when they stand up straight, the fur coat 
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is considerably thickened.. The thickening keeps the cold air 

:tarther awq :tram the s1d.n, and it &lso decreases the movement 

o:t air next to the s1d.n thus decreasing heat loss b7 convection. 

The musclt:Js which control pilo-erection are regulated. by the 

sympathetic nervous system as are the muscles which are res­

ponsible for vasoconstriction and tor shi vering. All three 1 

pilo-erection, vasoconstriction, and shivering are regulated 

autamatically by the brain in response to messages :tram the 

skin recept,ors. 

3.9.3. VASOCONSTRICTION 

The blood whose temperature in man is 3~C, 

flows to ail the vital organs of the body. If the temperature 

o:t these organs is to be kept constant, quite obviously, the 

temperature ot the blood tlowing through them. must be held 

const&l.""lt. The problem, then, is to prevent undue heat loss 

fram the blood as i t flows through the exposed. areas ot the 

skin. Most o:t the large aneries, which are deep beneath the 

surface of the body, are insulated by muscle and fat. Blood 

tram the arteries tlows through arterioles and then into capil­

laries. Arterioles, by opening and closing of their diameter, 

control the blood flow into the capillaries. In :tact, blood 

flow through the skin exposed to very cold. air can be decreased 

to less than 1% of the flow that takes place when the akin ia 
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heated. In cold weather the arterioles through which blood 

flows to sldn capillaries undergo vasoconstriction. The wall 

of the arterioles centains a thick, circular band of smcoth 

muscle fibres. When the muscle contracts, the diameter of 

the vessel decreases. These muscles are controlled by the 

sympathetic nervous system. Thus, the sequence is as foll.ows: 

the cold air causes the skin receptors to fire, messages are 

transmitted by sensor,y nerves to the muscles of the walls of the 

arterioles, and as a result., they constrict. Blood flow to the 

skin is therefore impeded. 

Vasoconstriction reduces the blood flow to the 

skin and, in this way, reduces heat loss fram the circulating 

blood. But still there will be some loss, especially fram. the 

long extremities, the arma and legs, the fingers and the toes. 

3.10. ACCLIMATIZATION TO COLD 

The term of acclimatization describes changes in 

the respon,ses of the organism produced by continued alterations 

in the environment. Fry, in 1947, has clearly shown that in 

cold-blooded animals, e.g. fish, acclimatization can take placs 

over a considerable temperature range. In warm-blooded &Di mal S 

considerable adaptation takes place too. A detailed comparison 

bas been made between Arctic and tropical mammal s by Scholander, 

Walters, Rock and Irving in 1950. They observed that birds 
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walked about at temperatures or -400c to -sooc without trost­

bite. But a gull which was kept indoors at 200C escaped into 

the snow at -200 C and the web or the reet troze bard within a 

minute with subsequent gangrene. This might be considered 

as an example or loss or acclimatizatian. 

Irving in"19S1 s~~zed these studies and 

concluded that climatic adaptation can be achieved by varia­

tion in body temperature, insulation and metabolism. There is 

no evidence that deep body temperature varies significantly in 

mamrna1 s in dit'rerent parts or the world. Body temperatures 

were measured in arctic ani mals in the winter ilImediately 

alter they were shot in the bush and averaged .3-r>C. Reindeer 

and dogs living at temperatures of -4SoC had nor.mal rectal 

temperatures, so it can be concluded that adaptation to cold 

is not achieved by a lowering or body temperature. The metabolic 

cost or living in the Aretic is stated to be about the same as 

in warmer climates. This statement is based on the rindings that 

the basal metabolic rate in the arctic ani mal s is proportional 

to size and weight. 

Irving concluded that insulation is the MOst 

important ractor of adaptation to cold in arctic anima1s. 
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4. HYPOTHERMIA AND RESUSCITATION 

Man and other 8.J)jmals can sustain a considerable 

faU in body temperature and survive. Hypothermia can be induced 

by' exposure of nude subjects to various environmental temperatures, 

by' immersion in cold water, by packing the subject with ica bags, 

or by surrounding the subject with rubber tubing through which a 

refrigerant flows. Ali. these methods have been employed, bath 

experimentall.y and therapeutically." 

There bas been mensi ve animal work on the 

effects of hypothermia which thraws light on the effects of 

cooling in man. Lutz in 1943 considered that anoxia was a 

major factor in causing death and "claimed good results with 

oxygen. However, Noell in 1945 examined the EEG during h1Po­

thermia and concluded that the changes were not typical of 

anoxia or anaesthesia, but were similar to eserine poisoning. 

He suggested that the breakdown of acety1choline might be 

delayed at low temperatures. 

These workers considered that cardiac fai1ure, 

which appears to be the main cause of death in hypothermia, 

was due to the direct effect of co1d on the pacemaker of the 

heart. 

The cardiovascular response to hypothennia may 

be àummarized as follows: according to KôÎlig (1944), there ia 
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an initial marked peripheral vasoconstriction with a rise in 

blood pressure and heart rate. During this stage the rectal 

temperature does not talle It cooling is continued or is 

intensitied, rectal temperature starts to talle As it does 

so, the heart rate decreases, and this effect is due to the 

lowered temperature ot the pacemaker. The slowing ls not 

aboli shed by atropine o:!" vagotomy (Haterius and Maison, 1948; 

Hegnauer and Penrod, 1950). Blood. pressure taUs during tbis 

period but on17 gradually. There is an accompanying haemo­

concentration due to a tluid sbitt trom the plasma to the 

tissues. Heart rate becomes progresslve17 slower and arrhythmias 

appear, and at rectal temperatures of 300C or lower auricular 

fibrillation is cQDDllOn. When the rectal temperature reaches a 

level of 25°C or thereabouts in man and in the dog, blood 

pressure may fall precipitous17 and the animal dies owing to 

ventricular fibrillation. This lethal temperature is variable, 

to a few degrees in difterent cases, being 50 to looC lover 

in smaller mammaJ S such as rats and mice. 

The proper treatment of hypothermia can be 

summed up as either slow or rapid re-warming, never moderate 

re-warming. In acute hypothermia, the main danger is a further 

fall in body temperature; rapid re-warming is the most effective 

treatment. In chronic hypothermia body temperature does not 

fall so fast, but the duration of exposure produces marked 
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changes in blood volume and depletion of glycogen reserves. 

Rapid re-warming wi th intravenous glucose and specifie cardiac 

therapy is one suggested method of treatment. The altemati va 
, 

is a very slow rise in body temperature, possibly combined with 

glucose. Moderate re-warming has been condemned. 

Re-warming of animals cooled to just above and 

even just below the freezing point has been achieved (Smith, 

1961). 

5. PIDBLEMS AND SUMMARY 

Many problems of ~esistance to cold await 

elucidation, e.g. genetical problems including the relationship 

of hybrid vigour with resistance to cold~ and the differences 

between wild and laboratory varieties of the same species. 

Little is lmown about the effects of early 

exposure to cold on subsequent developnent. Exposing an 

&dult to cold can improve its resistance to other adverse 

conditions, but the mechanism of this crossed resistance 

(and of the opposite~ crossed sensitization) is little lmown. 

A complete account of cold-adaptation in mamma1 s 

. requires information on the effects of cold on r.eproduction, 

and on the characteristics of the young of cold-exposed females. 
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Also, the role of early experience other than the exposure to 

cold and/or learning on the ability to survive the cold awaits 

clarification. 

The m&ny' changing processes, reflex, behavioral, 

enzymic and trophic, involved in adaptation to the cold present 

problems for which multi variate analyses will undoubtedly be 

involved. With man exploring the polar regions for vita.l.ly 

needed raw materials and" indeed, wi th man' s exploration of 

outer space and the pressure of the world 's exploding pop­

ulation for places in which to live, more information will be 

required on man's ability to survive in extremely cold regions 

on earth and perhaps beyond. This should act as a stimulus for 

further research in thermoregulatory processes. 
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CHAPTER l 

EXPERIMmTAL S~TION 

THE AIMS OF THE THESIS 

The specifie aima ot the present series ot 

investigations was to elucidate the role of the adrenal 

cortex in mice exposed intemittently' to acute cold (_lOOe) 

and to study the changes in adrenal cortical tunction 

during adaptation to this specifie stress. To this end, 

the animals were investigated prior to exposure to cold 

and during various periods in the cold up to and including 

animals that became comatose '!S a result of failure to 

maintain body tem.perature. The studies were further contin­

ued in the camatose animals alter removal from the cold 

and during the period of recovery. Studies were alao con­

ducted in animals exposed iD -lOoC a second time a week 

alter a similar exposure to -looC and the pattern ot 

response during the second expoaure was compared with that 

of the tirst exposure. Both plasma and urinary corticost­

erone were deter.mined as were alao the levels of haemo­

globin, blood urea nitrogen and plasma creatinine. 
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1. INTIDDUCTION 

During recent decades a great 1D8n1' experiments 

have been conducted which d~strated the importance of the 

adrenal cortex in protecting animals against JDall1' ditferent 

types of stress. Some of the cri tical early experiments 

have alread7 been mentioned. in the historical section. 

Studies of changes in adrenal cortical flD'lction during 

exposure to the specific stress of cold have been reported, 

and they have the following features in common: the 

exposures were (i) continuous, not intermittent as in this 

project, (ii) lD'lder a relatively mild condition of cold, 

that is, above OOC, compared to well below OOC in the present 

study', (iii) in rats lilich because of their larger size 

tolerate the cold better than mice, (iv) and generally in 

pooled plasma rather than in samples fram individU&! mice. 

No studies on the changes in adrenocortical flD'lction during 

and alter the intermittent exposure of mice to extreme cold 

have 50 far been reported in the literature. Such inter­

mittent exposure tends to mL"Ilic more closely the natural 

conditions to which an:hna.Js in cold climates are exposed 

as the1' move in the search for food from the relative warmth 

of their sheltered places where the1' ma1' have ne5ts to the 

colder temperatures of more exposed areas. Also, the normal. 

dq-to--d.q changes in atmospheric temperatures which occur in 
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cold climates tend to produce an intermittent stress on the 

animals. In short, the reports of studies of adrenocortical 

function under the mild rather artificial conditions of 

earlier studies indicate that the changes are minimal as 

will be reported later. 

Additional facets of the present project not 

previously' investigated are the changes in adrenocortical 

function (i) when the animals became comatose when their 

defences bad been overcOllle b)" 8XpOsure to extreme cold, 

(ii) on the recoveI7' of such animal s from the coma into which 

the animals had fallen as a result of the exposure to extreme 

cold, and (iii) during the process of adaptation on repeated 

exposure to extreme cold. 

2. MATERIALS AND !Œl'lDDS 

Animals used in the project were CFl fema.le 

mice l2 to 16 months old, housed in 27-2SOC, at 4s-;..55% 

humidit)" and illuminated from 7:15 a.m. to 8:30 p.m. EST. 

The ani.Jnal s were allowed to eat Purina Fox Chow and drink 

water ad libitum before and after exposure to cold. During 

exposure to _lOoC the water bottle was removed fram the cage 

but the food was left in the cage. Animals were removed 

fram the cold room at different time intervals before the)" 
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became camatose or when the,y reached this etate, decapitated 

at room temperature and the blood was collected in heparinized 

tubes, centrif"uged and frozen until assayed. Mice to be 

decapitated alter collapse were housed at 27-2SOC until the 

time selected for sacriticing them. Ali mie e were housed 

indi vidu.all7 at ail times during the experiment. 

Plasma corticosterone (pc) and haemoglobin (lib) 

vere determined in each of 82 mice exposed once to _lOoC and 

to their 48 controls, and to 66 mice exposed twice to that 

temperature. Blood was taken fram the mice at various times 

of the day as required b;y the schedule show in the tables 

containing the data. Determinations of blood urea nitrogen 

(BUN) and plasma creatinine were carried in the same plasma 

samples but were pooled fram 6 samples to provide the volumes 

required for the determinations. Urinar;y corticosterone (UC) . 

was determined in each of 12 mice exposed once and 12 exposed 

twice to -lOoC. 

The urine was collected for 24 hours from mice 

l and 7 days alter 1 and 2 exposures to -1OoC. Collections 

were made tram the mice isolated in metabolic cages containing 

food and water. Each day the volume of urine collected was 

measured following which the cage bottom was washed dow with 

distilled water and collected in the same bottle containing the 

urine. The volume of urine and distilled water was also measured. 
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Body weights and colonic temperatures were 

determined at critical times throughout the experiments. 

The latter variable was deter.mined by means ot TRl-R 

electronic thermameter. 

Animals housed in the cold until they became 

comatose presented the tollowing teatures: a colonic 

temperature below 2loe but above 100e, slowed respiration, 

hem rate and overall metabolism, tlaccidity, and a ditticulty 

ot righting themsel"l8s when placed on their sides. It animals 

in this condition were not removed fram the cold within 5 

to 20 minutes ot becoming lethargic, they died. &wever, if 

removed to room temperature, that is, arolmd 20°C, about 

90% recovered within about an hour. 

2.1. METlDD FOR THE DETERMINATION OF THE CORTICOSTElDIDS 

The method used in this work tor the determination 

ot the corticosteroids have been described earlier, (MUrphy, 1967). 

2.1.1. THE PRINCIPLE 

The principle ot the method involves the cam-

petitive binding ot labelled and unlabelled corticoids by a 

globulin (CBG) normall.y tOWld in the serwn or plasma which 

specifically binds the corticosteroids. A solution containing 

CBG tram a standard plasma (in this study dog plasma was utilized) .. 
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and labelled corticosterone was added to the unlmown and an 

equilibration immediate17 occurred between the unbound cort­

icoid and that bound to the CBG. The amount ot labelled 

corticoid now bound to the CBG vas inversely proportional to 

the amount ot unlabelled corticoid orig1.nallJr present in the 

unknown. Fl:-orisil was then added which removed the tree 

corticoide, both labelled and unlabelled, and the amount ot 

labelled corticoid bound to the CBG was estimated by an 

appropriate radioacti ve-detecting device (scintillation 

spectrometer) • The amount ot corticoid orig1.nall.y present 

in the unlmown was read ott tram a standard curve which had 

a range ot tram 0 to 8 ng. Values have been obtained in 

plasma samples as low as 5 lambda, but usually in 10 or 20 

lambda, and in urine volwnes ot 100 lambda. The small 

volumes and short time required tor the assq are the main 

advantages ot this method. Tests ot speciticity, precision 

and accuracy bave been reported earlier (Mnrphy' s 1967; Grad 

and Khalid, 1968). 

2.1.2. THE PREPARATION OF THE CBG-ISO'IDPE SOWTION (SOLUTION A) 

Into a 100 ml volumetrie tlask containing 15-

20 ml ot distilled water, add 2.5 ml dog's plMma or serum. 

Then add 0.4 ml ot a solution ot corticosterone-H3 (10 flC/ml) 

in ethanol (specifie activity 158 ~c/~g). Make up to a tinal 

volwne ot 100 ml with distilled water. 
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2.1.3. THE PREPARATION OF THE STANDARD CURVE 

2.1.3.1. PC and UCs Standards 

From a corticosterone solution ot 100 ~g/ml 

ethano1, pipette in triplicate 0, 0.01, 0.02, 0.03, 0.04, 

0.08 mlto gi ve a 0, l, 2, 3, 4, 8 Dlf.I.g standards. Evaporate 

under a gent1e stream or ti1tered air. 

2.1.4. THE ·PREPARATION OF THE UNm:>WNS 

2.1.4.1. Plasma SaDlJ!les 

Pipette 0.01 ml plasma into centrifuge tubes, 

add 1 ml ethano1 in duplicate, mix and centriruge tor 4 

minutes. Decant supematant caretully into test tube. 

Evaporate tor dryness. The starting plasma volume utilized 

in this stud7 was varied tram 0.005 to 0.05 ml depending on 

tha previously estimated PC leve1. 

2.1.4.2. Urine Samples 

Into a centrifuge tube, pipette 0.1 ml urine 

in duplicate, add l ml metl171ene chloride, mix and centrifuge 

tor 5 minutes. Transter the extract into a test tube and 

repeat extraction with another 1 ml ot methy1ene chloride. 

Evaporate to dr;yness. 
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2.1.5. PREPARATION OF COUNTING SOLUTION 

The counting solution used vas Brq's solution, 

prepared as f'ollows: to one U.S. gallon of' dioxane, 400 gm. 

naphtalene 28 1!Jl1. Pro (2,5 - diphenyloxazole) and 1.2 gm. 

dimet~l roFOP (4-methyl-;-phe!l7loxazo~1-benzene) were 

added to the bottle containing the dioxane. Ali were shaken 

together and allowed to stand ovemight. The bottle was not 

tilled to the top as its contents expanded ovemight. 

2.1.6. PREPARATION OF STANDARD CHECK 

To check on the amount of' radioactivity of' the 

CBG-isotope solution, 1 ml is added to 10 ml of' Bray's solution 

and counts are recorded. This was done both for the PC and 

UC deter.minations. Ansitron liquid-scintillation spectrameter 

with a counting eff'iciency of 10.5% for tritium was used for 

counting the urine samples, and Packard liquid-scintillation 

with 33% ef'ficiency for counting the plasma samples. 

2.1. 7. DETERMINATION OF STANDARDS AND UNOOWNS 

Into each test tube containing the dried solu­

tions of standards and unknowns, add 1 ml of CBG-isotope 

solution (solution A). Mix welle Warm to 450C for 5 minutes. 

Cool to 100C for 20 minutes. To each test tube, add 40 mg 

Florisil (measured with a speci~ dosigned plastic spoon). 
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Shake for 2 minutes on an automatic shaker ~ then return to 

the looe bath for 10 minutes. Florisil settles to the bottom. 

Pipette 0.5 ml supematant into 10 ml Bray's solution and 

shake welle Count each sample to 5000 twice in a liquid 

scintillation counter. Plot the time required to count the 

standards as ordinates versus the concentration (DlJ.I.g) of the 

unlabelled steroids as abscissae. This yields a standard 

curve off which the unlmowns are read. 

2.1. S. CALCULATIONS 

PC: the value read off tram the curve x 10 

(for 0.01 ml plasma) = ~g/lOO ml. 

UCs: The value read off from the curve ~ 0.1 . 
(for 0.1 ml urine) x the total volume ot urine collected in 

24 hours = ng/24 hours. 

2.2. THE DEl'ERMINATION OF Hb. BUN AND PLASMA CREATININE 

The Hb determinations were conductdd according 

to Davidsolm and Wells (1963) whi1e BUN and plasma creat;inine 

were determined as described by Reiner (1953). 

2.3. STATISTICAL METIDDS 

Keans and standard errors were calculated for the 

data. Several types of statistical analysis wereutilized: 
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one-way analysis of variance and two types of two-way analysis 

of variance, one in which each factor was independent (Snedecor, 

1966) and the other in which one of the factors was dependent, 

that is, there vere repeated measures in one of the factors 

(Winer, 1962); 1 tests were calculated where applicable. Cor­

relation coefficients between the variables were also calculated. 

A probability less than 0.05 was considered significant. 

3. RESULTS 

3.1. THE EFFECT OF EXR>SURE 'ID -lOoC ON THE PLASMA CORTICOSTEmNE 

LEVEt. COlONIC TEXPERATURE AND OODY WEIGHT OF CFl FFXU.E MICE 

3.1.1. THE EFF~T OF A SINGLE EXPOSURE 'ID -lOce (TABLES 1,2 and 3) 

Table 1 presents the PC ana. colonic temperature 

(CT) data of mice housed and adapted to 270 C ~d sacriticed at 

various times during the day. The values varied tram 4.2 ± 0.4 

mcg% at &rolmd 11 a.m. to a high of 13.0 ± 1.5 m.cg% between 5 and 

6 p.m., a highly significant difference (P < 0.(01). The non­

cold-exposed mice were sacrificed at the same times of the day as 

those exposed to the cold. This was to malee it possible to 

separate the intluence of diurnal variation on the PC level fran 

the eftect of exposure to -lOoC. 

The PC level of mice exposed once to -lOoC for 

various times and other relevant data are presented in Table 2. 
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Table 1. The Colonie Temperatures and Plasma Cortieosterone Levels of CF~emale Miee Exposed Once to -lOoC 
For Various Times and of Non-Exposed Control Miee Saerifieed at e Same Time 

Time at Time Miee Time of Non-Expoaed Expoaed to _lOoC 
Saerifieed Colonie Plasma Colonie PlallJll& 

_lOoC Atter Cold Deoapitation Temperature Cortioosterone Temperature Cortiooaterone 
Expoaure* at Decapitation (I-Lg ·I.) at Deoapitation (I-Lg ·I.) 

{C} (C) 

60 min. 0 10:15 ± 6 36.4 ± 0.3 5.6 ± 1.5 32.4 ± 1.2 56.0 ± 3.9 

Until Comatose 0 10:58 ± 2 36.7 ± 0.6 4.2 ± 0.4 18.1 ± 0.6 41.7 ± 3.9 

" " 60 min. 12:00 ± 9 36.6 ± 0.3 6.0 ± 1.7 34.7 ± 0.8 50.5 ± 3.5 

" " 120 min. 14:30 ± 15 36.6 ± 0.2 6.0 ± 1.7 35.9 ± 0.5 19.3 ± 3.3 
,. It 240 min. 15:05 ± 5 36.6 ± 0.3 8.9 ± 1.7 35.6 ± 0.8 22.5 ± 3.7 

If It 360 min. 17:40 ± 10 36.1 ± 0.3 13.0 ± 1.5 35.6 ± 0.4 26.5 ± 7.0 

If " 1 day 11:40 ± 20 37.3 ± 0.3 9.2 ± 1.7 37.4 ± 0.2 8.9 ± 4.1 

If " 14 days 11:40 ± 20 37.0 ± 0.2 7.9 ± 2.3 36.4 ± 0.4 15.2 ± 3.5 

Footnote on page 102. ~ ..... 
• 
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Table 1. 

The above means and standard errors were 

calculated for 6 anj mal s per group except in the case of 

"Comatose + 7 days" group where 4 mice were studied. 

ilH:ice investigated at various time intervals 

alter becoming comatose at -100 e were housed in the warm 

room at 27-2aoe until sacrificed. 
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toi 

Time at Time Mice Colonie Temperature (OC) Pluma ~ 
tD' -100C Sacr1ficed Inmediatel.y at Corticosterone 

Alter Co1d Exposure* Pre Post Decapitation (~g ·1.) l\) 
• 

Exposure Exposure 

5 min. 0 37.5 ± 0.2 36.6 ± 0.2 36.6 ± 0.2 19.0 ± 1.9 ~~il 
<D(') 
CII'"IiJ(,) 

..... 0 
15 " 0 36.8 ± 0.3 34.6 ± 0.8 34.6 ± 0.8 43.5 ± 2.1 l;'"IiJi 

60 " 0 36.6 ± 0.6 32.4 ± 1.2 32.4 ± 1.2 56.0 ± 3.9 ~~o 
~<Dt-3 

Unti1 Comatose 0 38.0 ± 0.2 18.1 ± 0.6 18.1 ± 0.6 41.7 ± 3.9 s~f 
o <D '1 

" " 30 min. 38.2 ± 0.5 13.8 ± 0.6 20.7 ± 0.3 36.7± 3.9 a ~ 

~f5 " " 60 " 37.3 ± 0.4 18.9 ± 0.4 34.7 ± 0.8 50.5 ± 3.5 mg 

" " 120 Il 37.7 ± 0.3 15.1 ± 0.4 35.9 ± 0.5 19.3 ± 3.3 gal; 
oi~ 
S::O'"d 

Il " 240 " 37.0 ± 0.3 14.9 ± 0.2 35.6 ± 0.8 22.5 ± 3.7 CII<D ..... 
il' 

" Il 360 " 37.0 ± 0.3 15.0 ± 0.5 35.6 ± 0.4 26.5 ± 7.0 ~S-e 
<D 1 
CII~(') 

00 

" " 1 day 36.8 ± 0.4 15.0 ± 0.6 37.4 ± 0.2 8.9 ± 4.1 ti8~ 
<D .... 
'1 '"IiJ 0 

Il " 2 " 37.0 ± 0.2 15.8 ± 0.8 37.7 ± 0.2 3.3 ± 0.7 <DOO 
~'1~ 

" " 4 " 37.3 ± 0.3 15.7 ± 0.4 37.0 ± 0.6 13.8 ± 2.8 <D g ~ b 
'1 8 \i) 

o CI • 

" " 7 Il 37.2 ± 0.2 15.3 ± 0.7 36.8 ± 0.5 5.9 ± 0.9 Ii~ 

" " 14 Il 36.7 ± 0.3 14.9 ± 0.5 36.4 ± 0.4 15.2 ± 3.5 ~ ..... 
CIl 

Footnote on page 104. 
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Table 2. 

The above means and standard errors vere 

calculated for 6 animals per group except in the case of 

"Oomatose + 7 days" group where 4. mica vere studied. 

*Hice investigated at various t:iJne intervals 

alter becaming comatose at -1000 vere housed in the varm 

room. at 27-2S00 \.U1til sacriticed. 



Table 3. Analysis of Variance of Plasma Corticosterone 
Level (mcg%) ~m Cold Exposed Mice or Table 1 

Source of Variation Degrees of Freedom Mean Square 

Ex:posure (E) 1 12069.14a 

Time of Exposure (T) 7 772.54a 

ExT 7 l669.5la 

Error 80 8.50 

SSignificant at the 0.05% level 
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An analysis of variance of the PC data showed a significant 

difference between the various groups (P < 0.0005). A 5 

minute axposure to _100 C resulted in a PC 1evel of 19.0 ± 

1.9 mt:.g!, (Table 2). This was significant~ above the control 

level at 5.6 ± 1.5 mcg% shown in Table 2 (p< 0.001). An 

exposure of 15 minutes in the cold resulted. in a PC leval of 

43.5 ± 2.1 mt:.g%, a furliher signiticant increase (p < 0.001), 

and still another significant increase occurred in mice 

exposed to -l.()OC for 60 minutes, 56.0 ± 3.9 mt:.g!, (0.05 > P > 

0.02). Mice left in the cold. until they became comatose had 

a PC level of 41.7 ± 3.9 mt:.g%, a significant fan compared to 

that of mice exposed to the cold for an hour (0.02 > P > 0.01). , 

Blood collected fram mice that had been rend.ered 

comatose at -lOOC and then retumed to the warmth for 30 minutes 

showed no significant change fram. the previows reading (Table 2, 

36.7 ± 3.9 m.cg%, 0.50 > P > 0.40). Mice housed in the warmth 

for an hour after becoming comatose at -looC and then sacrificed 

showed a furliher increase in PC level to 50.5 ± 3.5 mt:.g%, a 

significant increase compared to the previous value (0.05 > P > 

0.02). Mice sacrificed 2 hours after becoming comatose at 

-1OoC sbowed a significant fail in PC level to 19.3 ± 3.3 mcg% 

(p < 0.001), and animals similarly treated. but sacrificed 

during the nen 4 hours had PC values which remained more or 

less at the same level. However, animals sacrificed. a 
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day af'ter developing coma at -lOoC showed a significant drop in 

PC leval to 8.9 meg% (0.01 > P > 0.0001), and a d81' later the values 

tell to 3.3 ± 0.7 mcg% the lovest values in the entire series but 

still not reliab~ below those obtained a dq betore (0.30 > P > 

0.20). The next two weeks saw the values rise and taU although 

the difterences vere not signiticant~ ditterent tram those 

:1lmnediately preceeding or tollowing (P > 0.05). A two-wq analysis 

ot variance with interaction ot the PC data ot control and cold­

stressed animals ot Table 1 revealed that the values ot the exposed 

mice vere very signiticantly higher than those ot the non-ex.posed 

mice (Table 3, P < 0.0005). Moreover, the pattem ot change ot the 

PC level with time was signiticantly ditterent in the control and 

cold-treated mice (Table 3, E x T interaction, P < 0.0005). Thus, 

the peak in the control mice occurred at about 5:40 p.m. while in 

the exposed mice it occurred at the earlier time intervals. 

The CT's ot both non-stressed and cold-stressed 

ani mal s vere included in Tables 1 and 2. The means and standard 

errora ot the pre-exposure CT varied trom 36.6 ± 0.2oC in one 

group to 38.2 ± 0.2oC in another. The ditterence vas small vhen 

canpared to the decline in temperature which occurred in mice 

exposed to the cold. Thus, the CT ot mice exposed to -lOOC tell 

steadily until they became comatose vhen the CT's vere below 200c, 

a high1.y" signiticant tan (p < 0.001). 
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The temperature at the time ot decapitation 

varied tram a high ot 37.7 ± o. 20 C in ani mal s sacriticed two 

days atter recovering tram coma at -l00C to a low ot 18.1 ± 0.6°C 

in comatose mice, a higlù.T signiticant ditterence (p :< 0.001). 

Ali mice lost weigbt cm exposure to the cold, 

which would he expected in view ot the increase in met.abolic 

rate, a phenomena observed earlier (Grad, Levine and Berenson, 1968). 

3.1.2. THE EFFECT OF 'IWO EXPOSURES 'ID. _lOoC (TABLE 4) 

An analysis or variance ot the PC data ot mice 

exposed to the cold twice wi th a 7-day interval at 26 - 2~C 

showed that signiticant ditterences occurred. at the various time 

intervals (p < 0.0005). 

Examination ot Table 4 shows that the PC levels 

ot mice exposed to -lOoC twice tor 15 or 60 min. or to coma the 

tirst time and tor 15 or 60 min. cm the second exposure have very 

signiticantly higher values than those ot the non-stressed mice 

shown in Table 1 (p < 0.001). ot these 4 groups, the mice ex­

posed tor the longer periods generally had the higher PC levels. 

Anj mal s taken to coma at _~OoC tor a second time, tollowing a 

si mi Jar tirst experience, also showed a signiticant tail in the 

PC level as occurred tollowing the tirst exposure (p < 0.001). 

On recovery in the warmth, the values remained at the same 

level tor the tirst hour (0.40 > P > 0.30), but declined signi­

ticantly during the next hour (0.01 > P > 0.001), remained 
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Table 4. The BodyWeights, Colonie Temperatures, and Plasma Cortieosterone ot CF1 Female Mice Expoeed to 
-100C 7 Days Apart For VariOUB Times and Saeritieed At Various Times Thereatter 

Time Exposed to -10°C Time Mice Colonie 
First Seeond Sacr1ticed Body Weight Temperature Pluma 

Exposure Exposure Af'ter Co1d at Decapitation at Decapltàtion Corticoeterone 
Exposure* (g) (C) (ug ./.) 

15 min. 15 min. 0 3a.2 ± o.a 34.a ± 0.5 37.0 ±1.4 

60 min. 60 min. 0 37.2 ± 1.2 31.1 ± 1.2 51.3 ± 3.0 

Unti1 Comatose 15 min. 0 3a.o ± 1.a 35.1 ± 1.1 4O~a ± 1.6 

Il Il 60 min. 0 36.4 ± 1.7 34.4 ± o.a 4S.0 ± 4.0 

Il Il Unti1 Comatose 0 3a.7 ± 0.9 14.2 ± 0.3 26.3 ± 2.4 

Il " Il " 60 min. 39.0 ± 1.3 24.2 ± 0.9 30.5 ± 4.5 

" " " " 120 min. 3a.o ± 2.1 36.2 ± 0.3 15.a ± 3.4 

" " " " 360 min. 37.5 ± 1.0 37.0 ± 0.2 19~' ± '.4 

" " " " 1 day 36.2 ± 2.2 37.2 ± 0.2 20.a ± 3.0 

" " " Il 2 dqs .39.6 ± 2.0 .37.1 ± 2.0 8 • .3 ± 1.0 ~ 
• 

" " " " 7 days .37.2 ± 1.9 36.5 ± 0.2 6 • .3 ± 1 • .3 



Table 4. 

The above means and standard errors 

were calculated for 6 animals per group. 

llO. 

*Mice investigated at various time intervals 

after becoming camatose at -100C were housed in the warm 

room at 27-28OC until sacrificed. 
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steady at the new level until the second day of recovery when a 

further signiticant drop occurred (0.02 > P > 0.01)" at which 

level it wu also tound to be on day 7 (0.70 > P > 0.60). 

Mice exposed to -lOoC twice for 15 min. wi thin 7 

days showed a signiticantly lower PC level than those exposed to 

_10°C tor 15 min. onl.y once (Tables 2 Be 4, 0.05 > P > 0.02). Mice 

similarly exposed twice to _10°6 tor 60 min. also had a lower PC 

level than those exposed to _10°C for 1 hour only once but the 

ditterence wu not statistically signiftcant (0.40 > P > 0.30). 

Furthermore, mice exposed to -10°C the tiret time until canatose 

and a week later for 15 min. had PC values which were Bot signi­

ficantly ditterent trom those with the same l5-min. second ex-

posure but only at a l5-min. exposure the first time (0.30 > P > 0.20). 

The same was true when the l5-min. exposures were extended to 60 

minutes (0.30 > P > 0.20). 

A comparison by analysis of variance ot the PC 

levels ot mice exposed to the cold once with those of mice exposed 

twice revealed that the latter were signiticantly lower than those 

of the tormer (Tables 2, 4 and 5, 0.01 > P > 0.005). Also, the 

values ot the ditterent times ot exposure to the cold were 

statistically significant , as has already been described (Table 5, 

P < 0.00(5). Moreover, the interaction between the latter two 

factors was highly signiticant (Table 5, P < 0.000$), with the 
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Table 5. Analysie or Variance or Plasma Corticosterone 
Levels (mcg%) or Tables l and 4 Taken From 
the "Comatose" to the "Comatoee + 4 Days" 
Groups Inclusive 

Source or Variation Degrees or Freedom 

Exposure (E) 

Time or Exposure 

ExT 

Error 

SSigniricant at the 1% level 

bSignificant at the 0.5% level 

l 

5 

5 

60 

Mean Square 

7Pn .3s& 

1298.89b 

659.95b 

95.68 
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pattern of PC change following coma in the "one-exposure" mice 

showing a more marked oscillation on recovery 

than the tttwo-exposure" mice. Moreover, between 6 hrs. and 1 

day following coma, there was a signiticant drop in the PC levels 

in mice having ~ one exposure (Table 2, 0.01 > P > 0.001), 

whereas there was no signiticant change in those that had two 

exposures (Table 4, 0.80 > P > 0.70). 

The CT or mice exposed twice to - 100C tended to 

decline up to the state of cOllapse, the pattern or response 

being similar to that sean earlier in mice exposed to _lOoC 

once (Tables 1 & 2). However, the time to faU into coma a 

second time was signiticantly longer than that of the first 

(110 ± 5.8 min. vs 126 ± 4.8 min., 0.05 > P > 0.02), a 

finding reported earlier (Grad et al, 1968). 

3.2. THE EFF:mT OF ONE OR 'IWO EXroSURES 'ID _10°C ON THE URINARY 

OORTICOSTEOOIDS OF CFl FEXALE MICE (TABLm 6 AND 7) 

The UC amounts of mice, one day following one ex­

posure, was below that of controls but the ditference was not 

statistically significant (0.60 > P > 0.50). ijOwever, the UC of 

mice, one day after two exposures, was signiticantly be:J.ow that 

of controls (0.05 > P > 0.02). 

When a similar comparison was made bl" analysis or 
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Table 6. The Body Weights, Colonic Temperatures and Urinary Corticosteroids Amounts of CFl Female 
Mice EKposed Once or Twice to -lOOC Until Comatose and Their Non-Exposed Controls 

Number of Day of Urine Body Weight (g) Colonic Temperature (OC) 
Exposures to Collection Urinary 

-lOoC ·After Last Exposure Before* AfterJ!- Before* ArterJ!- Corticosteroids 
to -lOoC (ng/24 hOurs) 

0 0 38.7 ± 0.9 38.8 ± 1.0 37.0 ± 0.2 37.1 ± 0.3 340 ± 72 

1 1 39.0 ± 0.9 38.9 ± 0.9 36.8 ± 0.1 36.8 ± 0.1 293 ± 24 

1 7 38.8 ± 0.8 38.8 ± 0.8 36.9 ± 0.2 36.9 ± 0.2 360 ± 52 

2 1 38.2 ± 1.3 38.1 ± 1.2 36.9 ± 0.2 37.0 ± 0.2 174 ± 29 

2 7 39.7 ± 0.8 39.7 ± 0.7 36.9 ± 0.2 37.1 ± 0.2 207 ± 46 

The above means and standard errors were calculated for 6 animals per group. 

*Body weights and colonic temperatures were taken immediately before placing the mice in the metabolic 
cages for urine collection and immediately after their removal. 

~ • 



lls. 

Table 7. Anal1Bis ot Variance ot Urinar,y Corticosteroid 
(ng/24 hours) ot Mice Eltposed to _lOoC 

Source ot Variation 

Between Subjects 

A (Number ot Exposures) 

Subjects within Groups 

Within Subjects 

B (D~ of Collection) 

AB 

B x Subjects within Groups 

asignificant at the 0.5% level 

bNot signiticant 

Degrees ot Freedom Mean Square 

II 

1 llO,048.96a 

10 6,828.45 

12 

1 ls,050.04b 

1 b 2,542.08 

10 12,316.27 
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variance between the UC of control mice and those of da, 7 

atter the fir-:+. P..lld second exposures, the differences vere not 

lound to be st~tistically significant (0.20 > P > 0.10), 

although the general trend was the same. 

Analysis of variance of the data of mice ex­

posed one and 7 days after one or tvo exposures revealed that 

the UC values vere significantly lover in mice that had bem 

exposed tnce than that of those expos,=,d only once (Table 7, 

0.005 > P > 0.001). Although the values obtained on the 

seventh d~ were higher than those obtained on the first daJ, 

the differences were not statistically different (Table 7, 

0.30 > P > 0.20); nor vas the interaction between the number of 

exposures and the times of collection of the urine statistically 

significant (Table 7, P > 0.50). 

There was no change in body weight or colonie 

temperature of the animals as a result of one da, in the met abolie 

cages. 

3.3. THE EFFFlJT OF ONE OR 'IWO EXPOSURES 'ID _lOoC ON THE HAOOGUDJJIN 

(Hb) LEVE!. OF CFl FEmLE MICE (TABUS S. 9 & 10) 

The Hb levels determined at each of the time 

intervals shown in Table 5 varied from a low of 12.4 ± 0.4 gI, 
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t-3 

Time at Time Mica Blood Urea Plasma t;. 
-100e Sacrificed Haemoglobin Nitro~en Creatinine ~ 

Alter Cold Exposure* (g%) (mg% . (mg%) C» 
• 

o min. o min. 13.2 ± 0.2 15.7 0.61 ~~:x: 
~~ 1 

5 min. o min. 12.7 ± 0.4 22.0 0.77 t-3>-zj 

i!~ 
13.3 ± 0.3 30.7 0.60 

.... 0 
15 min. o min. t1 0' 

~~! 60 min. o min. 12.9 ± 0.5 36.0 0.57 1 Cl ~ 

Until Comatose o min. 12.4 ± 0.4 22.7 0.63 fi! 
Q.70 " " 30 min. 12.9 ± 0.4 29.0 (1)Qt~ 

~(1) 

60 min. 30.7, (22.7) 1.10, (0.44) 
n~'" 

" " 12.5 ± 0.5 g§'~ 
c+Clc+ 

" " 120 min. 12.5 ± 0.3 38.0, (19.3) 0.64, (0.56) acta 
~ c+oq 

12.6 ± 0.5 48.7, (18.0) 0.88, (0.56) 
01 0 g 

" " 240 min. en. 
~ b~ 

" " 360 min. 12.9 ± 0 33.3, (19.3) 0.57, (0.56) ~8~ 
1; ." 

.... 1; r 
12.6 ± 0.6 28.0, (24.0) 0.63, (0.44) Cl ° " " lday m,t1 

" " 2 days 13.0 ± 0.4 21.3 . 0.64 enân 
~ [o~ 

" " 4 days 13.5 ± 0.4 20.0 0.51 è+~~ • 

I~~ " " 7days 13.9 ± 0.2 16.6 0.63 t:: (1) (1) 
01 C4 

" " 14 days 13.0 ± 0.4 J;t a. 



Table 8. 

The haemoglobill data are the means and 

standard errors of 6 mice per group except in the case of 

"Comatose + 7 dqs" group where 4 mice were studied. The 

remaining data are single values obtained tram plasma 

pooled from the same groups of ani mal s. The values in 

the brackets are those of mice not exposed to -lOoC but 

sacrificed at the same time. 

118. 

"'Mice investigated at various time intervals 

alter becoming comatose at -looC were housed in the wann 

room at 27-280 C until sacrificed. 
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when the animale were comatose to a high of 13.9 ± 0.2 ~ when 

the animals were sacrificed 7 days alter they became comatose. 

However, an anaJ.:rsis of variance carried out over ail the data 

failed to show a significant diff~rence (p > 0.50). 

An examination of the Hb data or twic8-stressed 

mice (Table 9) shows that there is a tendency for a slight rise 

to occur when the animale were placed in the cold, that a drop 

occurs when the animals are in coma, and that the levels in­

crease again as the ani mals recovered from the coma alter heing 

removed from the cold. An analysis of variance showed that the 

overa11 difference between the various groups was statistically 

significant (0.01 > P > 0.005). A significant decline occurred 

in the animals sacrificed immediately alter becaming comatose 

during the second exposure of -lOOC (Table 9, 12.0 ± 0.6 g%). 

At this time, the values were the lowest of ail the values in 

the series and significantly lower than the data of mice in 

adjacent groups in the table (0.01 > P > 0.001). 

Comparisons were made byanalysis of variance 

between the Hb data of Table 9 with comparable "one-exposure" 

groups of 6 mice per group in Table 8. The results showed that 

the animals exposed twice had significantly higher Hb levels than 

those exposed only once (0.025 > P > 0.01). There was a signi-
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Table 9. Haemog10bin, Blood Urea Nitrogen and Plasma Creatinine of CF1 Female Mice Expoaed 

to -100C for Various Times and Sacrificed Either Immediatel1 or Arter Being 
Housed at 27-2SOC for Various Times 

Time Exposed to -looC Time Mice Blood Ure. Plasma 
First Exposure Second Exposure Sacrificed Haemoglobin Nitrogen Creatinine 

Arter Co1d Exposure* (g%) (mg() (mg%) 

15 min. 15 min. 0 13.7 ± 0.2 33.3 0.54 

60 min. 60 min. 0 14.0 ± 0.3 33.3 0.51 

Unti1 Comatose 15 min. 0 13.7 ± 0.8 29.6 1.00 

" " 60 min. 0 14.4 ± 0.4 29.6 0.86 

fi " Unti1 Comatose 0 12.0 ± 0.6 29.0 0.57 

" " " 11 60 min. 14.2 ± 0.2 34.8 0.91 

" " " " 120 min. 13.4 ± 0.4 38.7· 0.91 . 

fi " " " 360 min. 29.0 0.86 

fi " fi " 1day 12.7 ± 0.4 20.0 1.U. 

" " fi fi 2 days 13.8 ± 0.4 23.8 0.86 

" fi fi " 7 days 14.5 ± 0.5 21.2 0.86 

e 

~ 
0 
• 



Table 9. 

The haemoglobin data are means and 

standard errors calculated for 6 animals per group. 

The remaining data were obtained !rom plasmas pooled 

!rom 6 animals. 

*Mice investigated at various ttme 

intervals after becoming comatose at _10°C were housed 

in the warm room at 27-2SoC until sacri!iced. 

121. 
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Table 10. Analysis of Variance of the Haemoglobin Lenls 
(g%) of Equal Sized Groups of Mice Exposed 
Once (Table 8) or Twice (Table 9) to -lOoC 
and Sacrificed at the Same Times Following 
Recovery From Coma on Exposure to Cold 

Source of Variation Degrees of Freedam 

Exposure (E) 

Time of Expocure (T) 

ExT 

Error 

SSignificant at the 2.5% level 

bSignificant at the 1% level 

CNot significant 

1 

5 

5 

60 

Mean Square 

6.2la 

3.55
b 

1.52c 
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f'icant dif'f'erence in the time f'actor with the lowest values 

occurring when the animals were comatose (Tables 8" 9 and 10" 

0.01 > P > 0.(05). This was previously reported f'or the "two­

exposure" mice alone (Table 9)" but it was also apparent in the 

"one-exposure" animals" in which the change was not signif'icant. 

The pattem of' change of the Hb level in the one and two-exposure 

mice was essentially the same (Tables 8" 9 and 10, 0.20 > P > 0.10). 

3.4. THE EFFIDT OF ONE OR 'IWO EXPOSURl!S TO -lOoC ON THE BUN LEVEL 

OF CFl FEMALE MICE (TABLFS S & 9) 

The BUN values increased ~diately artel ex­

posure to cold f'rom 15.7 to 22.0 mg% and continued to do so until 

36.0 mg% af'ter l hour in the cold. The BUN levels remained 

elevated even when the animals had become comatose, though they 

had f'allen to 22.7 mg% f'ran the high value at l hour in the cold. 

Indeed" the maximum values were achieved only 4 hours af'ter the 

animals had recovered from the coma following which the values 

tended to decline and retumed to nomal only 7 days af'ter the 

exposure. 

The BUN of' mice exposed to the cold twice showed 

elevated levels when compared wi th that of' the control value of' 

15.7 mg( shawn in Table 8. Indeed" the values t.ended to stay up 

even when the anj ma' S had become comatose and up to 6 hours upon 
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recovery from coma due to cold. Only the dq following the 

second exposure did the values return to the normal level. 

There was no signiticant difference between the BUN of once or 

twice-exposed mice (0.80 > p > 0.70). 

3.5. THE EFFECT OF ONE OR 'IWO EXPOSURES TO _lOoC ON THE PLASMA 

CREATININE LEVE!. OF CF1 FœALE MICE (TABLES 8 & 9) 

The increase in the plasma creatinine which was 

apparent 5 min. after exposure to -lOoC disappeared when the 

anima1s had been in the cold for 15 and 60 min. and, indeed, 

was at the normal level when the anjma1s were comatose. 

However, marked increases were apparent soon after the animals 

were brought out of the c01d after being in coma and the maxi­

mum of 1.10 mg% occurred 1 hour alter being removed from the 

cold room. Thereafter, the values tended to drift downvards and 

were back at the normal level two da1s alter being exposed to the 

cold and continued at this level for the nen 5 dqs. 

Mice that recei ved two exposures to the cold of 15 

min. or 1 hour showed no remarkab1e change in the plasma creatinine. 

However, mice that had a first exposure until they became comatose 

showed elevated levels an second axposure even for as litt le as 15 

min. and these values tendedto stay elevated for as long as 7 

days following recovery from the second exposure to the c01d. In 
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general, the plasma creatinine values of mice exposed twice to 

the cold had higher values even tban those exposed only once, 

the difference being of border1ine significance (0.10 < P > 0.05). 

3.6. CORRELATION COEFFICIENTS BE'IWml THE VARIOUS PARAMEl'ERS 

There was no significant correlation between the 

PC level of mice not exposed to -lOoC and those exposed to -10oC 

and sacrificed at the same time (r = -+<>.1750, P > 0.10). 

Similarly, there was no significant correlation between the Hb 

level on the one band and the PC level on the other in mice ex­

posed once or twice to the cold (Tables l, 4, 8, 9, P > 0.10). 

In mice exposed once to the cold, there was a 

significant correlation between the mean PC levels (Table 2) and 

the B~~ (Table 8, r = -+<>.9039, P < 0.001), but there was no 

significant correlation between the same PC values and the plasma 

creatinine (Table 8, r = -tO.2912, P > 0.10). In mice exposed 

twice to -lOoC, there was no significant correlation between the 

mean PC levela (Table 4) and either the BUN (Table 9, r = -tO.4606, 

P > 0.10) or the plasma creatinine (Table 9, r = -0.3616, P > 0.10). 

In mice exposed once to -lOoC, there was a signi­

ficant negative correlation between the mean Hb and plasma 

creatinine levels (Table 8, r = -0.5556, 0.05 > P > 0.02) and 

aIso a significant positive correlation between the BUN and the 
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plasma. creatinine level (Table 8, r = -+0.6157, 0.05 > P > 0.02). 

Hovever, there vas no signiticant correlation betveen the .an 

Hb and the BUN (Table 8, r = -+0.3109, P > 0.10). 

There vas no significant correlation betveen the 

Hb, BUN or plasma creatinine levels in mice exposed. twice to 

the cold (Table 9, P > 0.10). 

A significant correlation between ~ weight and 

Hb was round to occur in mice exposed once to the cold 

Or = -0.3047, 0.75 > P > 0.02) but not in those exposed twice 

(Table 4, r = -0.3748, P > 0.10). 

4. DISCUSSION 

4.1. THE METIDD 

The index of precision (À,) of the standard. curves of this 

assay lIere previously calculated by Grad and Khalid (1968) and 

yielded means and standard errors of 0.195 ± 0.0022. More recently, 

Grad, Sancho and Murphy (1969) found À,ts of 0.110 ± 0.007. The se 

values are satisfacotry and weil below the 0.300 1evel accepted 

wi th assays much 1ess sensi ti ve than the one utilized in the present 

study (Dorfman, 1950). 
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The precision of the determination of the PC 

levels in test samples was assessed by calculating the standard 

deviation of duplicate determinations in C57 and AKR mice 

(Grad and Khalid, 1968) and more recent~ in C3H mice (Grad, 

Sancho and Murphy, 1969). These values were also found to 

yield satisfactory results. 

The precision of the determination of UC in 

un1alowns fram mice utilizing the ultramicro assay was found 

by Grad, Sancho and Murphy (1969) to be as good as that 

reported earlier for semimicro assaye of the liC in humans 

(Grad, Kral, Payne and Berenson, 1967). 

The accuracy of the assay for the d.etermination 

of the PC levels and UC amounts was assessed previously by 

determining the percent recovery of one nanogram of corti­

costerone added to the serum or plasma and urine of C57 and 

AKR mice (Grad and Khalid, 1968) and to the plasma of C3H 

mice (Grad, Sancho and Murphy, 1969). The percent recovery 

was satisfactory in both these studies and was found to be 

at 1east as good as the recovery of 100 to 300 nanograms added 

to poo1ed urine utilizing a semimicro form of this assay 

(Grad et al., 1967). 

Tests for specificity of the assaywere conducted 

earlier by Murphy (1967) and by Grad and Khalid (1968). l·Iurphy 
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found that the method invo1ving dog's plasma as the source of 

CBG could be utilized to determine cortisol or corticosterone. 

Inasmuch as there is no cortisol or indeed, any 17-hydroxylated. 

steroids in mouse plasma (Triller and Birmingham, 1965), the 

method is specifie for the determinatian of corticosterone in 

this bio1ogical liquid and probably also in mouse urine. 

Thus, the method utilized in the present study 

was found to be satisfactory for the determination of PC and 

UC as assessed by standard tests of precision, accuracy and 

specificity. 

4.2. THE CONTroL PC AND UC VALUES OF CFl FEMALE MICE 

The late morning PC 1evel of CF
I 

female mice 

were 6.8 ± 1.1 mcg% (Table 1). These values are in good 

agreement with the mean and standard error of 6.3 ± 0.9 mcg% 

found in female C57Bl/6J mice, 12 to 13 mont he old, (Grad 

and Khalid, 1968) and with 8.6 ± 1.6 mcg% in healthy AKR 

mice, 12 monthe old (Grad and Khalid, 1969a). However, 

CFl female mice had values which were significantly below 

the 13.8 ± 2.1 mcg% of C3H females, 9 to 15 months old, 

(0.01 > P > 0.001). Earlier still, Levine and Treiman (1964) 

reported values between 8 and 9 mcg% in AKR mice whi1e Solem 

(1966) reported leve1s of 12.1 ± 1.1 mcg% for WIO female mice. 

However, these values were for 2 to 3 months old animals and 
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were obtained by nJ'orometric techniques which are lmown to 

yield higher values due to the presence of a contaminating 

nonspecitic subètance. 

It is not possible to malte accurate comparison 

with earlier reports from other laboratories because not only 

are such reports few, but where they are gi ven they are tor 

plasmas that have been pooled trom several animal s whose age 

and sex are not gi ven. These parameters have been shown to 

reliably influence the PC values, temales having signiticantly 

higher values than males in some mouse strains (Grad and 

Khalid, 1968) but not in others (Grad, Sancho and Murphy, 

1969) • There are also reliable changes in PC level with age, 

some occurring early in life between 2 and 4 months of age 

and others occurring from maturity to old age (Grad and 

Khalid, 1968, 1969a). 

Table 1 showed that the PC level of the non­

exposed JTl~~e increased to a maximum of 13.0 ± 1.5 mcg% at 

&round 5:40 p.m., some of the values earlier in the day 

being reliably lower. This is in agreement with reports 

published earlier utilizing a 1ess specifie method (Halberg, 

Peterson and Silver, 1959). Because of this significant 

diurnal variation, it was necessary in the study' of the PC 

1evels to sacrifice non-cold-stressed animaIs simultaneously 

with animals exposed to the stress, especially as the latter 
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were being sacrificed at times of the day when it was lmown 

that the normal leveIs were elevated. Thi.s aspect of the 

problem will be further discussed later. 

, The mean and standard error of UC levels of 

CFl female mice not exposed to the cold were reported as 

being 340 ± 72 ng/24 hours (Table 6), whi.ch are higher than 

the 112 ± 32 ng/24 hours of 7 to 12 month old female C57 

mice (Grad and Khalid, 1969b), higher also than the 117 ± 

21 ng/24 hours of 7 te. 12 month old healthy female AKR mice, 

(Grad and Khalid, 1969b) and higher also than the 173 ± 23 

ng/24 hours of healthy female C)tI mice, (Grad, Sancho and 

Murphy, 1969). The reason for the higher UC amounts in the 

CFI mice is not lmown, but CF 1 an; ma) s are larger and more 

vigorous animals and are not inbred whereas the other 3 

strains are. 

4.3. THE CHANGE IN PC LEVELS OF CFl FERUE MICE ON EXPOSURE 

TO -lOoC 

The PC level promptly rose on exposure to 

-lOoC and continued to do so until they became comatose when 

the values declined, but still remained signiticantly above 

the control level. The in! tial rise on exposure to -lOoC 

was less and the fail during coma was greater in the' twice­

than in the once-exposed mice. Upon removal trom the cold, 
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there was a tendency for the values to increase in both the 

once- and twice-stressed mice with PC levels tending to remain 

signiticantly elevated even after an hour of their return to 

the warmth. Within the firet 6 hours after removal from the 

cold, the values were significantly lower in the twice­

exposed than in the once-exposed mice, higher in the former on 

Day 1 and at the same level in both groups thereafter. Also, 

the variations in PC level during recover;r were less in the 

twice-cooled mice. 

Table 1 shows that the pattern of change in the 

PC level of the cold-exposed mice could not be explained on the 

basis of the nomal diurnal variation occurring in the warmth. 

In support of this was the lack of a significant correlation 

coefficient between the PC levels of exposed and non-exposed 

mice sacrificed at the same t imes. 

The significance of the PC levels for the 

assessment of the change in adrenocortical function on exposure 

to -lOoC must await assessment of the other variables invest­

igated in this study. 

4.4. THE CHANGE IN THE DAILY AIDUNT OF UC OF CF1 FFl-lALE MICE 

ON EXPOSURE Ta _IOoC 

The UC values of mice exposed once or twice to 

_lOoC had lower values than those of the controls but statistically 
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significant differences were obtained only in the twice­

exposed animals (Table 6). Also, the an;mals exposed twice 

had significantly lower values than the an; mal s that had been 

exposed only once. In general, also the values on the 7th 

day alter exposure were higher than those of the first day 

but the differences were not statistically significant. 

The PC values of Day 1 and Day 7 of the once- and twice­

cooled mice were back to nomal in all cases except on Day 1 

of twice-stressed mice where the values were samewhat elevated. 

A further discussion of these data in the 

assessment of adrenocortical function must await assessment 

of the lib, BUN and plasma creatinine data. 

4.5. THE CHANGE IN THE Hb LEVEIS OF CF] FEMALE MICE ON 

EXPOSURE TO _10°C 

The lib levels of mice exposed once to -lOce 

showed no significant change, but the mice exposed twice did, 

with a signficant drop in comatose anima' s. In general, 

an; maJ S exposed twice to -lOoC had significantly higher values 

than those exposed only once. The lib levels of both once and 

twice-exposed animals who became comatose dropped but differences 

were significant only in the twice-exposed an; mal s. 

The Hb levels were determined to gain information 

on the degree of hemoconcentration occurring in cold-stressed 
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mice and to assess its possible influence on the PC level. 

When a correlation coefficient was calculated between ail 

the Hb and PC data of either the first or second exposure, 

it did not achieve statistical significance. Moreover, the 

drop in Hb level which occurred when the animals were coma­

tose was only 4% and could not account for the 26% drop which 

occurred at the same time in PC level of once-exposed mice 

or the 45% drop which occurred in the PC level of twice­

exposed animals. Thus, it was not possible to explain the 

increase in PC level in cold-stressed mice on the basis of 

hemoconcentratian. 

Hemocancentration has been reported previously' 

in the literature as occurring in cold exposed animals (Rodbard, 

Sald., Malin and Young; 1951; Everett and Matsan, 1961). 

4.6. THE CHANGE IN BUN LEVEIS OF CF1 MICE ON EXroSURE 'ID -lOoC 

The BUN data of mice exposed once (Table 8) or 

twice to -lOoC (Table 9) had elevated values when compared with 

control values shown in Table 8. In the once-stressed mice 

the values appeared to increase the longer the animals were 

in the cold up to 1 hour, to decrease during coma, to increase 

again to the ma.x:imum 4 hours after removal from the cold and 

to retum to nomal gradually' thereafter. This pattern of 

change followed very closely the change sean in the PC level 
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and indeed the correlation between the PC and BUN levels was 

positive and highly significant. 

In mice exposed twice to the cold, the levels 

generally were also elevated but the pattern of change with time 

was somewhat cli!ferent than that seen in the once-exposed mice. 

Thua, there was no steady increase in the level up to l hour 

prior to collapse, no decline during collapse but an increase 

to the maximum value in the 

early hours following collapse did occur. Thereafter, the 

values tended to return to normal levels. This time there was 

no significant correlation between the PC and BUN. These data 

suggest that some impairment in renal fun ct ion occurs especially 

soon after coma. 

The significant positive correlation coefficients 

between the PC and BUN level suggest that at least part of the 

elevatian of the PC levels in the cold was due to a decline in 

renal function. However, the maximum increase in the PC levels 

over the controls was over 500% and occurred after 1 hour in the 

cold, whereas the maximum increase in the BUN level was well 

below 200% and occurred 4 hours after removal from the cold 

when the PC levels had declined considerably. Moreover, 

during the second exposure, the extent of the increase in PC 

level was less than that of the first, but there was no significant 

change in BUN level. Further discussion of this pOint will be 

de~ until later. 



4.7. CHANGE IN PLASMA CREATININE LEVELS OF CFl FEMALE MICE 

ON EXPOSURE TO -IOoC 

Unlike the BUN, the plasma creatinines showed 

an increase immediatelY on exposure to the cold but returned 

to nonnal. by 1 hour after exposure. However, when the animals 

had become comatose and, indeed, up to 4 hours later when the 

animals had recovered, the plasma creatinine values were 

definitely elevated and returned to normal only the day 

following recovery. There was no significant correlation 

between the plasma creatinine and the PC level in mice exposed 

once or twice. 

In animals whose two exposures were for 15 

minutes or 1 hour the plasma creatinine levels were nonnal. 

or even subnormal. But those whose first exposure was until 

coma al1 showed elevated values which remained in this state 

even 7 days following the second coma, the only exception 

being the group which was sacrificed after the second coma. 

Moreover, the values of mice exposed twice tended to be signili­

cantlY higher than those exposed once. Nevertheless, the PC 

levels ol mice exposed t'Wice were not significantlY higher than 

those exposed once~ indeed, the reverse was true. Nor did the 

maxima of the PC levels correspond with those of the plasma 

creatinines during either exposure. Therelore, the de cline in renal 
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function as shown by elevated plasma creatinine which did not 

occur until the mice became comatose could not have influenced 

the markedly elevated values prior to this time. Whether 

they could have influenced them later will be discussed in 

the next. section. The BUN is an overall measure of renal 

function without measuring any single function specifically. 

On the other band, the persistently high plasma creatinine 

levels following coma indicate that there may have been some 

damage to glomerular filtration, although more infonnation 

would be required in terme of determinations of urinary 

creatinine. 

4.8. THE PC, lib, BUN AND PLASMA CREATININE LEVELS AND UC 

AIDUNTS IN lITCE ONE AND SEVEN DAIS AFTER ONE OR 'l'WO EXPO­

SURFS 'ID -IOoC (TABLE ll) 

On the first d~ following the first exposure, 

the PC and Hb levels and UC amounts were normal while the BUN 

and plasma creatinine levels were elevated. This suggests that 

there was no hemoconcentration at this time and despite the 

decline in renal function suggested by the elevated BUN and 

plasma creatinine values, both the PC and UC levels were not 

markedly influenced. 

Seven days following the first exposure, there 

appeared to be some slight hemoconcentration and renal function 
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Table 11. The PC, Hb, BUN and Plasma Creatinine Levels and UCS Amo\Ults in Control 
and Cold-Stressed Mice EKposed Until Comatose Once or Twice to -l00C 

One Eltposure Two Exposures 
Variable No On On 

Ex:posure Day 1 Day 7 Day 1 Day 7 

PC (mcgt) 9.2 ± 1.7 8.9 ± 4.1 5.9 ± 0.9 20.8 ± 3.0 6.3 ± 1.3 

UC (~g/24 hours) 340 ± 72 293 ± 24 360 ± 52 174 ± 29 207 ± 46 

Rb (gt) 13.2 ± 0.2 l2.6 ± 0.6 13.9 ± 0.2 l2.7 ± 0.4 14.5 ± 0.5 

BUN (mg() 24.0 28.0 16.6 20.0 21.2 

Plasma Creatinine (mg%) 0.44 0.63 0.63 1.14 o.a6 

The mean and standard errora were calculated. from the values obtained fram 6 mice except 
in the case of the values under Day 7 of One-EKposure where 4 animals were involved.. The 
BUN and plasma creatinine values were obtained. from pooled plasma. 

e 

~ 
-..J 
• 
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as a whole appeared normal as indicated by the BUN, though 

there appeared to be some abnor.mality in glomerular filtration 

as suggested by the elevated plasma creatinine. However 1 

whatever hemoconcentration and renal impairment ~ have 

existed at this time, they were apparently insufficient to 

alter significantly either the PC level or the UC amounts, 

for they were at the normal level at this time. 

On the fint day following the second exposure 

to _IOoC, the PC levels appeared elevated, the UC levels 

significantly depressed, the Hb and BUN levels normal and 

plasma creatinine defini tely elevated. Thus, there was no 

hemoconcentration 1 but there appeared to be an impairment in 

glomerular filtration. This would account for the elevated 

PC level observed and for the decline in UC amounts observed 

at this time. Thus, it is not possible to make an accurate 

assessment of adrenal cortical function at this time due to 

interference of the renal impairment. 

On the seventh day following the second exposure 

to -IOoC, there was hemoconcentration, the BUN was no~, but 

the plasma creatinine was still definitely elevated. However, 

neither the hemoconcentration nor the impaired kidney function 

appeared to have markedly raised the PC level which was normal 

at this time. However, the UC values were somewhat subnomal 

at this time. It is possible that following Day l of the 
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second exposure to -lOoC the elevated PC level depressed 

adrenocortical ftmction and this could have carried over until 

Day 7, hence acc.otmting for the depressed UC amounts at this 

time. The nomal PC level in the presence of depressed adreno­

cortical function could be due to the renal impaiment. That 

is, although the renal impaiment did not marked.ly raise the 

PC level above normal, it ma.y have increased it to normal 

from a subnormal level. 

Analysis of variance showed that the UC amounts 

of Day 7 were significantly higher tban those of Day 1 éIld this 

could have been due to an improvement in renal function within 

this time. The BUN levels declined on Day 7 as compared wi th 

D~ 1 in the once-exposed mice and the plasma creatinine levels 

declined during the same time in the twice-exposed animals. 

It is clear from these results that adrenal 

cortical function was certainly not elevated on D~ 1 or 

D~ 7 arter 1 or 2 exposures to -lOoC tmtil the mice became 

camatose. Wherever elevated PC levels were observed at these 

times they were attributable to impaiment in renal function 

and wherever UC levels were depressed they could also be 

accolmted for in the same way. Examination of these data 

would, therefore, suggest that adrenal cortical function was 

perhaps subnormal at these times and at the most normal. 
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4.9. THE CHANGES IN PC LEVEL IN COMA 

The data presented in this study indicated that 

PC levels were elevated in CFl female mice during a first and 

a second exposure to -lOoC, the second elevation in PC level 

being somewhat less than that of the first, but still ver,y 

high. During coma, at both time intervals, the values fell 

from their maximum values but were still well above the normal 

control levels. The finding of the elevated PC levels when the 

animals were comatose, that is, when their body temperatures 

were wall below 2QOC, points to the fact that the PC level is 

the resultant not only of its production by the adrenal cortex 

and of its rate of release from the gland, but also of the space 

in which it is distributed, its binding by CBG, its metabolism 

into other eompounds and rate of excretion. Normally, an 

animal at 200C or less would be expected to synthesize and 

exerete adrenal hormones at a mueh reduced rate and, indeed, 

this is supported by the finding of Hume and" Egdahl (1959) who 

studied dogs rendered hypoth~~M'c. They demonstrated that as the 

temperature was dropped, the 1eve1 of adrenal steroid in adrenal 

vein blood diminisbed and inereased when the temperature was 

inereased. These findings confirmed the earlier work of Ganong, 

Bernhard and McMurray (1955). Hume and Egdahl (1959) aIso found 

that when the animals were hypothermie, the adrenal eortex was 

not responsive to ACTH. The question then arises as to why in 

the hypothermic mice of our study the PC 1eve1s were not 10wer. 
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One possible explanation 

is that rena! function was markedly depressed at this time 

preventing excretion of the circulating corticosterones. 

However, if this were so,it would have been expected that BUN 

and plasma creatinine values at this t ime would have been 

much more elevated than the,. actually were. On the contrary, 

the BUN values declined markedly during the first coma and the 

plasma creatinines showed that same change during the .second 

coma. Obviously, the problem is more complexe 

Inasmuch as severa! processes are involved in 

maintaining a certain PC level, the equilibrium which exists 

between them at nonnal body tc.I!Iperatures is very likely 

disturbed when the body temperature is markedl,. lowered. 

Nevertheless, this disturbance cannot be too far in any one 

direction for the PC level in the comatose mice still remains 

markedly elevated. This elevated PC level may be helpful to 

the animal to sustain the stress it undoubtedly undergoes in 

restoring its body temperature to normal when it is removed 

from the cold to the warmth, as indicated b,. the strong 

shivering it ex:periences.as its temperature climbs back to 

normal. Further study of this process is indicated. 

5. GENERAL DISCUSSION 

A considerable body of data exists in the 
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literature on the changes in adrenal cortical fWlction of animaJa 

exposed suddenly to the cold, most of which have been canducted 

in rats (Heroux and Schanbaum, 1959; Heroux, 1960; Denyes and 

Horwood, 1960; Schanbaum, 1960; and Boulouard, 1966). In ail 

these studies, the rats were exposed to temperatures above OoC 

and this togehter with the fact that their larger size renders 

them more resistant to the cold than mice indicates that the 

stress was less in the earlier S+\ldies than in the present one. 

For example, in one study, (Jonec, 1964) rats were exposed to 

OOC for 6 exposures of one hour each. They reported that the 

steroid content of the adrenal and the plasma increased following 

cold exposure and that the effect was greatest during the first 

3 exposures and gradually diminished by the smh exposure at 

which time the values, however, were still above those of the 

controls. Jonec (1964) reported a maximum plasma. corticosteroid 

level of 30 mcg%. This occurred alter the first exposure and 

was less than that observed in our smaller animals axposed to 

a more acute temperature. 

One study canducted in 2 subspecies of mice 

exposed to the cold (2 ± 0.50 C) for 15 days revealed that there 

was a significant rise in free and bound corticosterone in the 

plasma alter cold exposure with a return to pre-exposure levels 

wi thin 3 days. In the more responsi va of the 2 subspeciœ 

(p .m. bairdii) the maximum increase in the PC level was 112% 
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whereas in the second subspecies (P.m. gracilis) the maximum 

increase vas only 18%, a much smaller response than under the 

more severe conditions of our own study (Eleftheriou, 1964). 

None of these studies, however, have investigated 

the adrenal cortical levels in animals kept in the cold until 

they became camatose nor did they investigate changes in 

circulating corticosterone following recovery. Furthe~ore, 

the studies described in this thesis also provided new infor­

mation on what role hemoconcentration may have had in the ele­

vation of the PC in the cold. Also, the studies on renal 

function indicated that sarne impai~ent had possibly occurred 

as a resul t of the coma temporarily after the first exposure 

but tor a longer period of time following the second one and 

these must be kept in mind when attempting to assess the 

changes ot PC level following exposure to the cold. Another 

teature of this study is that direct evidence vas made 

available that mice exposed twice to the cold were significantly 

more resistant to it than mice exposed only once in that the 

time that it took them to become comatose was significantly longer 

the second. time. This has been shown more extensi vely in 

earlier studies (Grad, Lavine and Berenson, 1968). Thua, the 

increased resistance to the cold, as dete~ed by the increased 

time taken to go into coma occurred despite the apparent decrease 

in renal function, and apparent decrease in responsiveness of the 
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PC level to the second cold exposure. Moreover, despite the 

apparent decline in renal function following 2 exposures to 

the cold, animals .that had been exposed to the cold untU coma 

9 times were found not to surfer fram a signiricant reduction 

in lire span (Grad, Rafizadeh, Cas off and Berenson, 1969). 

Finally, these results tend. to support the earlier claim that 

the adrenal steroids are essential only at the beginning of 

exposure to cold for Selye (1937) found that once rats had 

been adapted to the cold, removal of the adrenals no longer 

affected their resistance. Similar experiments were also 

observed by Gross and. Lebland (1943) who found that for 

resistance of rats to the cold over long periods the presence 

of the thyroid was essential. 

6. SlOOlARY AND CONCLUSIONS 

Twelve to 15 months old CFI female mice were 

exposed to -lOoC for various time intervals up to and including 

the time when they became camatose as a result of the exposure. 

Other groups of mice were also exposed until they became comatose 

and for varying periods after removal from the cold to the 

warmth where the mice recovered from the coma. Some ani ma) s were 

exposed only once to the cold while others were exposed twice 

with a 7 day interval inbetween. Determinations of the PC, Hb, 

BUN and plasma creatinine levels and UC amounts were deter.mined, 
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as were also colonie temperatures and body weights at appropriate 

times. 

The results showed that the PC levels were 

elevated in mice exposed once or twice to the cold and although 

they dropped when the animals became comatose, the PC still remained 

reliably above normal at this time. On recovery from the cold, 

the values remained high for 6 hours in the once-stressed animals 

and up to and including the first day in the twice-exposed 

animals. In general the PC levels of mice exposed twice was 

lower than that of mice exposed once both during and after the 

8XpOsure. 

The UC amounts measured on the first and 

seventh day after the first and second exposures to -lOoC werd 

in general below those of the non-exposed controls, those of 

the second day being significantly so. The values on the 
not 

seventh day wereAsignificantly higher than those of the firet. 

The Hb levels showed no significant change on 

the first exposure to -lOoC but showed a significant change on 

the second. The statistical significance was especially due to 

the decline in the Hb levels in mice at the time of their second 

coma in the cold. In general, also the Hb levels of the twice-

stressed animals were also significantly higher than those of the 

animals stressed only once. 
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The BUN levels increased soon alter the first 

exposure to the cold and remained elevated up until 4 hours 

following recovery from coma. Therealter, they- returned to 

normal. levels. In ani ma] S ex:posed twice, the values tended 

to return to normal between 6 hours and 1 day alter recovery 

from coma. There was no significant difference in the BUN 

of once- or twice-exposed mice. 

Remarkable increases in the plasma creatinine 

were noted especially- alter the animals had become comatose. 

When the anj ma] S had become comatose alter only- one exposure, 

the values remained elevated for 4 hours following recovery 

trom the coma. However, in anjma]s that had been rendered 

comatose twice, the values remained elevated for at least 

7 days alter the second coma. 

The results indicate that there is an increased 

adrenocortical function on exposure of the mice to the cold as 

manifested by- elevated PC levels. This increase in PC level 

is not due to the hemoconcentration or impairment of renal 

function which was observed to have occurred during this time, 

and which in tact was more apparent during the second exposure 

to and recovery from the cold when the PC levels were not as 

high during and alter the first exposure. 
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One and 7 days following exposure to the cold, 

the adrenal cortex no longer appears to be hyperfunctional 

despite the intensity- and indeed, near lethal expeIi ence in 

the cold. Renal function appears to have been impaired for 

4 hours following the first exposure and for at least 7 day-s 

alter the second one. This impairment probably- play-ed an 

important role in maintaining the PC level and reducing the 

UC amounts on the firet day- following the second exposure. 
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