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INTRODUCTIC. 

Exposurs o f animals and man to low environmental t mperatur 
(' 

causes certain def nite alterations in th physiological state. These 

changes fall into two classi ications. F isl, the acut ad j ustments 

hich the organism makes under th stimulus o the initial, stres ful 

situation, and finally low rand lon e r- las tin alterations occur wM n 

the animal are intained for long period o time in the cold nvjron 

Many t~nDS and phrases have ou nd their way into th literature 

describing th longer-lasting &d Just nts in animals. Adaptation, ac-

cording to Burto and Edholm (195) is d ined as the ad Just nts which 

ccur a fte r several n rations o livin in a fo r in nvir n nt. 

re recent ly , Carlson at the Federation M etin (195) in a Symposiu 

n Acclimatization, defined the te rm accli tization as " t o render it " 

e regarded adaptation and acclimatization a interchang abl t rma . 

disagreement is understandable since it would b difficult to de

a condition which is not completely und rstood. Indiscriminate 

the terms can lead to UJ.1ch confusion and, there ore, it se 

xpedient to de fi ne some o the hronic effects of contlnu d cold x-

Acclimatlzation in the present study l d fined aa the ad

nts made by an organism wh n exposed to a radical chang in its 

nvironment, which enable the organism to urvive continu d expo ur~. 



When cold stress is of sufficient severity, the organism i1 un

to withstand the initial shock of its onset. Hypothermia ensues 

d if the stressor i1 not removed, death follows due to cardio-vucu

dysfunction (Swan, 1953, Fleming, 19.54). However, if a leas 

2 

old stress is applied, the temperature regulating mecbani 1a able t o 

tinulate heat production in the animal which will allow it to exist 

itbout any appreciable change in body temperatur. 

Disagreemeot still xist& reg"fdin th exact nature and caus 

this increased beat production, althou h the i mportant role o the 

hormone is enerally ,indicat d (Ring , 1939, S llera, 1950). 

be increased metabolism of the liver during cold xposur bas been 

ntly as possibly responsible for ua1ch o the overall incr ase 

tabolic response ..., iss, 1954, eiss, l 57). 

The present study is desi ned to ollow th course of the 

pattern of the serum prot ins and water xtractabl 

scle proteins during cold accli tization. Body we i ght chan es and 

ody temperatures were determined al o. i nce the l iver is considered 

he predominant source of th s ru proteins , 1• ma, b • t restin t o 

ote any changes that occur in these indices of liv r function. At

ntion was given als to ditferences in the el ctropbor tic patterns 

f serum proteins after short te xposur t o acute cold stress, and 

o sex dif ferences during the acclimatization period. The importance 

t the thyroid in acclimatization has prompted the use o thyroid x

ract as a supplement in the diet of some of the experimental animals. 

his was done in an attempt t o siirulate a more ever stress durin the 

ourse of the experiment. 



. .,, HISTORICAL ll!VIEW 

The realization that conditions of nvironmental te 
• 

rature 

have an effect on the metabolism of organisma apparently d•tea back u 

far as Lavoisier in the 18th century (Weiss, 1957). B nedict and 

HacLeod (19 29) reported that albino rats kept at 1°c. for on day 

prior to study showed elevat d hat pr due ion ov r controls maintained 

at 28°c . 

Short tenu cold t orpor became o int rest wh nit va discov rd 

that various animals were able to survive a p riod of hypothe ia witb 

o apparent ill effects. In an article by Britton (1930), 

de of work by Hunter, in l 37, who found that th body t 

ntion h 

ratur 

of the eel could be reduced to approximat ly o0 c., and that althou h 

the eel irst app ar d to b dead, r cov ry took plac wh nth t pr

the surroundin water was raised. Also Ross, in l 9 r -

froze and revived caterpillar , Lari !.2!!.!,, r achin a mini-

1 temperature o -4 2°C . (Bri tton , 1930). Britton 's wor had shovn 

that the heartbeat o variou ish stif ly f rozen wa completely 

topped and upon rewarming normal rhythm was recovered and other meta

and ene ral lif processes r turned to normal . 

The influence of low temp rature on true ho othermic animals 

apparently first invest i &ated syste tically in the laboratory of 

alther (1862). Experimentin with i biliz d, non-anesth tized 

abbits, he f ound that cooling to a rectal t mperature of 2 °c. 



abolhhed the capacity for spontaneous recovery of normal body heat, 

and that artificial warming wa necessary and successful in compl t 

restoration of the n.ormal state. Cooling b low 20°c., h b 11 v d, 

inevitably led to death. 

Britton (1922, 1930) t ated th various reflexes und r hypo-

thermia in non-hibernating animals and concluded that, in many ways, 
~ 

the effects of gradual cooling beer a strong similarity to tboa in-

duced by anesthesia. Int r st in hypothermia va, greatly ati lated 
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by this sug eation of a aub•titut or uppl ~nt to aurgical an 6thea a 

he greateet dan r in thh 

cardiac failure. 

thod • d to be the incid nee o 

Lethal. body temperatures in a veral ap iea of infant and adult 

,..... ...... 11 were establish d by Fairfield (1948) and Adolph (1948, 1951). 

auth r demonstrated that in ant animah were able to aurviv 

profound levels of hypothermia than adults o th • sp ciea. 

The clinical applications of hypoth rmia u umed reat at di

with the work o Big low, Lindaay and Cr eowood (1 50). With 

hypoth rmia from 26° to 28°c., total circulatory int rruptiou, 

in a bloodl ss heart, was possibl for about ten nutea. 

work with hypotbe ia was greatly stiaa1lated y the r ali-

that nev thoda in cardiac surgery were d p ndent on th a-

bility of an animal to witti.tand the atreu of reduced body t ratur 

The main handicap t urgery w the short t which th circu-

lation could be int rrupted. Lower 1 vela of hypothermia could 

lengthen this ti , but at th e low r l v l fatal ventricular fibril-

lation was a problem. It wu eatabliahed that it wu not hypoxia, but 

( 



rather the accumulation of carbon dioxid in th blood which led to a 

decreased arterial pH (acidosis). This acidosi was r ard d as r -

sponsible for the ventricular ibrillation encounter d in th hypo-

" thermic animals (Adolph, 19u8 , Swan, Zeavin, Hol • ..-d Hontgo ry, 

19:i 3, Fleming, 19 4). "' 

Attempts to remove the exc ss carb n dioxid o the blood by 

forced or hyperventilation r suited in 11:10re pro ound 1 v ls o hypo -

therm,1.a and a greatly reduc d incidence of v ntricular ibrfllation 

(Osborn, 1953, Fl lng, 1954). 

Then xt st p was th a hi v ment of ustained cardiac arr st. 

iazi and Lewi (19 4) a compli h d this with rat by ar ul thods 
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of coolin and artificial r piration and r port d ustain d e sation 

of heartbeat for period o two to thr e hours . Rectal t p . ratur s 

in these exp ri nts reached low points b twe n -4 .o0 c. and 8. 5°c. 

In subsequ nt publications, si lar r ults w re r port d 1th 

dos and monkeys (Niazi and L wi , 1954 and 1957) . Th se animale aur-

for indefinite p rlods of ti.me (1. y w eks). Ith d pr vi-

been held that asystole was l thal for adult ho oth if 

ustained as long as ten seconds (Fair i ld, 19 8, Adolph, l 4 ) . 

The work of S gar, Rily and Bari la ( 1956) furnishes in o tion 

chemical chan es during acut cold stress. R cta l temp ratures 

dogs were reduced to 20°c . by packing in an ic bath and arti icial 

entilatlon was u d durin th resultin hypoth rmia . Serum and urin 

were collected . Th urine flow in cubic c nt ter per 

urine pH, urine odiu and urin chlorides iocr ued upoc 

ooling th animals. Thea valu th n decreased to no l or slightly 
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below upon rewarming. Total urine carbon dioxid ahowed a alight drop 

entire proceaa. Urinary an:monia decreaaed fro 4 .6 mg . 

er cent to 2.7 mg. pe~ cent upon cooling, and approached normal valuea 

pon rewarming. PoUHium levela dropped and remained low upon 

ewarming. Creatinine levels also dropp d and then shq_wed a very 

light increase upon rewarming. 

The most iu\preaaive chemical changes in the aerum are decreaaed 

otu ium levels and an incr ued pH. Tb latter wu explained•• a 

ild respiratory alkalosia due to the force d v ntilatio:i. The increu 

as from pH 7.43 to 7.52. Evid nee of respiratory alkaloais haa been 

eported when v r fore d or hyperventilation is employed (Oaboru, 1953, 

leming, 1954). 

Since potassiu level in both s rum and urine d crease, thia 

appar ntly movin into th intra l lular spaces. The det ls of 

his shift o potassium into and out o th intra ellular space, which 

ccura with pH chan es, ar poorly und rstood. In r spiratory acido is 

otassium enters th serum. KacKay (1947) su eats th liv r as a 

ossible source of this extr potassium, since hyp rkalemia did not 

ccur in hepatectomized animals. Serum lev 1 of carbon dioxide, 

odiu , chlorides, and creatinine showed no si ni icant chan e . He 

ocrit values dropped sli htly. 

The wor k o Swan, Zeavin, Ho l and Montgo r y (1953) pr vi-

usly mentioned i n t h is nus cr lpt, al o indicated ch mica ch es n 

0 0 erum and urine of dogs cooled t o 2 t o 25 C. d pr ctal t erature. 

odium and chlorides showed no si nificant chang Seru phosphorus 

nd hematocrits showed inor drop S rum potassium decreased sharply . 



mild respiratory alk.aloaia occurred u a reault of the hyperventi

lation employed. The plume protein vaa reported•• ahoving a very 

alight decreaae in concentration. Blood volume change• were not 

.. 
statistically significant. Urine flow waa reported u being lov r d .. 

1th no significant change• in electrolyte excretion. 

Masacchea and Siever• (1956) have reported plume protein 

concentrations after lcmg and short term cold torpor•• shoving no 
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change in the Chryaemya ~. a freah veter turtle co111DOnly subjected 

to environmental telllJ)erature vari•tiona within a range of o0 to 35°. 

This review will nov bed r~cted to include atudiea of leaa 

severe environmental temperature, but vith continued exposure for rela-

tively long periods of time so that acclimati&ation occurs. 

A huge volume of work appears in the literature dealin with 

the metabolic response to a cold environment. It hu been ahovn by 

several investigator• that during prolonged exposure to cold environ-

mental temperatures, maumals undergo certain gradual changes which 

increase their resistance to cold. For example, Horvath, Hitchcock 

and Hartman (1938) showed that th.ree daya exposure to 4°c. teq,erature 

caused a 22 per cent rise in the basal metabolic rate of albino rats. 

FUrthermore, they reported that colonic t9111Peraturea of normal and 

unilaterally adrenalectomi&ed rate remained practically uncban ed at 

temperatures of 0 c. and 29°c. 

Ring ( 1939) observed that living for three week• or more at 

o0 c. to s0 c. produced an average elevation in metabolism of 20 per cent 

in rats. Ring reported also a slight accompanying riae in the body 

temperatures. Thyroidectomy in theae animala indicated that the 



increase in metaboliam i• brought about larg ly, i not entir ly, by 

the thyroid gland. 

8 

However, MacBeth and Noble (1949) abow d that if tbyroidecto y 

ere performed after the animals had been acclimatiged to low t mpera-

tures, subaequent expoaure waa marked by an increase in t4bo l ii jua t 

aa with an intact thyroid. Although tbia level WMS not aa high u in 

the normal animals, the absolute rise in metabolilm wu practically 

the same. These facts led to the beli f that ttle th)~oid gland waa 

absolutely necessary for the acclimatization reaponae of increased 

tabolism. 

Leblond and Gross (1 43), ell rs and You (1950~ and S llera, 

and Thomas (1951 ) compared the tabolic response by xpo~ure to 

cold imnediate ly after thyroidectomy and two weeks post-op rative. The 

increase in metabolism and also the ti of survival was much lower in 

rats which w re expo ed to low temperatures two w ks aft r thyroid

ctomy. Thi• l d to the pre1ent concept that it is th exist nee of 

be thyroid hormone at the tissue l ve l which is reaponaible for an 

initial increase in oxygen consuq>tion. Thus it would app ar that the 

thyroid gland is necessary in the early stags of acclimatization to a 

old environ ent . The pr nc vf th thyroid land is not n c asary 

ter acclimatization is achieved althou h byperpla la o the thyroid 

is present durin acc li tization (Bur ton and Edholm, 1955). 

Sellers and You (1950) aaured th oxyg n consumption o th 

exposed animals both at 1.5°c. and at 30°c. A rise in tabolisa 

asured at 1.5°c. occurr d 1 diately at r xposur . The ris 

eacbed its maximu in two w eka when aaured at 30°c. Thea high 
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levels were maintained for the entire three month• of cold expoaure. 

The metabolic rate vu greatly reduced when the aniaala vere 

aneatheti&ed vith aodium pentobarbital and meuured at l.S0 c. Thia 

implie• that muacular activity i• an i~portant factor in the obaerved 

metabolic increue in animal• expoaed to cold. However, increaaed 

muscle activity did not appear to be reaponsible for the raised ta

bolic rate u meuured at 30°c. aince aneathe1ia did not cauae a gr at 

lowering of the rate vhen meuured at that teaperature. 

Krog, Monaon and Irving (1955) have shown a 60 per c nt increue 

in the metabolic rate of albino rau conditioned to cold. Rau pr vi

ously conditioned o s0 c. for aix weeks were able to maiAtain th ir 

body temperature for two and one-hatf hours at -lO~C., but tn non-

acclimatized animals the correaponding tol ra.nc ~ .,,., 
C'1 

evel vu 10°c. The 

authors consider this difference in th.e critical temperature• u 

another criterion o acclimatization. 

The metabolic responae to cold is du/. a.~ lea•t in parF, to 

increased muscula.r activity in the form • shivering or increa•ed 

muscle tone. Sellera, Scott and Thoma (1954) meuured the lectrical 

activity of skeletal muscl so rats acclimatized to cold and found an 

incf:e&se over controh. The increalllJ vu not great enough to explain 

the over-all obaerved metabolic increase, however. Thi• led these 

workers to suggest that the muscular activity in the acclimatized rat 

is a "second line of defenae" in the maintenance o body temperature 

on exposure to cold. Apparently muscular activity provid • a suf

ficient measur of heat production until the visceral tiasuec can 

assume the greater role vben the animal bu acclimatized. 



Burton and Edholm (1955) have stated that animals placed in a 

cold environment increase \heir food intake 60 to 70 per cent soon 

after exposure. They suggest that the amount of iwscular activity 

observed may not be adequate to explain the increased food intake. 

Dugal, quoted by Burton and Edholm (1955), has followed the 

weig_ht changes in young rats exposed to cold. He reported .a weight . 

decrease during the initial exposure to cold. He refers to this 

weight loss as the stage of resistance. Next is a slow r~covery of 

weight to the ini_tial level ; which he calls the state of acc~imati

zation. Then growth continues at the pre-cold rate and he descrtb~s 

this as the state of adaption. 

10 

That adrenal weight increases with prolonged exposure to cold is 

agreed upon by many authors (Leblond and Gross, 1943, Morin, 1946, 

Scha~ff~, 1946). M~st workers believe thio weight increase is associ

ated with the adrenal cortic~s. but Morin (1946) and Schaeffer (1946) 

consider that the medulla is also enlarged. , 

Dugal and Therien (1947) have investigated the ascorbic acid 

levels of various tissues in the guinea pig. Their work shows an 

increase in ascorbic acid levels of liver, spleen, and testes, which 

occur after an initial decrease dur t ng the first few hours of ehposure. 

~he increase is gradual and continues for several weeks. The tissue 

accumulation is not an occurrance of diminished urine excretion of the 

agent, since the amount of asccrbic acid in the urine is also increased 

in the cold. 

Mention has been made previously in this manuscript of the 

inference of non-muscular components in the elevation of metabolism by 
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the work of Sellers and You (1950) and Sellers, You and Thomas (1951). 

Hsieh and Carlson (1957) showed that thyroidectomized, cold-exposed 

rats reduce their caloric intake in spite of a continued requirement 

and capacity for heat production since their metabolic rates did not 

decrease initially, but after a few days. It was suggested that fat 

stores are being utilized to maintain the increased metabolic activity. 

It was further hypothesized that it is possibly the depletion of these 

fat stores that causes the terminal failure of thermoregulatory 

ability in the thyroid~ctomized rats rather than a direct effect of 
,'\ 

absence of the thyroid hormone (as advocated by Leblond _and Gross, 

1943, Sellers and You, 1950, and Sellers, You ~d Thomas, 1951). 

Weiss (1954), studied the oxygen uptake of t .issue slices from 

rats which had been exposed to s0 c. for ten to twenty-six days. 

Tissu~s of six week old rats showed increased oxygen consumption in 

every case except brain tissue, Liver exhibited the greatest increase 

and kidney the lea$t, . "' Six month ola rats showed an increase in liver 
i 

tissue only. Weiss interpreted this as signifying that older animals 

do not acclimatize as quickly. 

In a subsequent publication, Weiss (1957) studied the effects 

• 
e:- .. 

of experimental hypothyroidism on oxygen uptake of tissue. His result~ ,, 

suggest that only liver and heart tissue increase in oxygen consumption 

with cold exposure in the absence of the thyroid hormone. He maintains 

that thyroid hormone does play an important role in the regulation of 

oxygen consumption of selected tissues and in subsequent successful 

acclimatization of the animal to a cold environment. The time of 

~xposure in this experiment was - five days. Weiss believes that the 
(' 
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animal may be considered acclimatized at five days since this is the 

period which shows continuous elevation of tissue oxy en consumption , .. 

iJnnon (1958) also studied rat liver oxygen consumption in vitro 

after prolonged cold exposure. His study was designed to determine 

whether the duration of exposure affects the rate of liver respiration 

in~- Hannon's results show a maxiiwm Q02 at four weeks exposure, 

after which time the values decreased and approached a near l y normal 

level at twelve weeks in the cold. His work, .~herefor1!, , confir1114 that 

of others (Weiss, 1954 and Sellers and You, 1951) concerning the re-
. ' 

sponse of liver metabolism, but contrary to the opinions of Weiss 

(1954, 1957), the duration of exposure i ~ definitely critical as re-

gards such a response. 

Anaer obic glycolysis was~ ported as decreasing significantly 

and progressively with the length of so j ourn in the cold environment. 

The reason for this increase is le f t open to suggestion by the investi

gator. Hannon (1958) likewise offered data that indicate that fasting 

for twenty-four to thirty hours before sacrifice has little or no 

effect on the in vitro metabolism of rat liver slices. ----
You and Sellers (1951) have reported liver hypertrophy, 

increased oxygen consumption in~. and increased succinoxidase 

activity of liver slices after exposure of rats to low temperatures 

and subsequent acclimatization. 

The prominence of the liver in maintaining increased metabolism 

in the cold is indeed interesting, but not surprising. It has been 

suggested that the liver is responsible for about 20 per cent of the 
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resting metabolism of the whole animal (Huston and Martin, 1954). 

Such increased activity in the cold might then be expected to have an 

influence on the rate of production of serum proteins from that organ. 

The nature of serum protein changes due to continued cold exposure is 

somewhat unsettled. 

Heroux (1958) has reported the effect of four week acclimati

zation to cold on organ weigpts. He found no changes in brain, geni

tals and lungs. ltJscle, relt, fat, skeleton, spleen, and thyn.is under

went a reduction in growth. Tissues which show~d hypertrqphy"1ere 

liver, intestine, kidney, hear t and adrenals. 

The increase in adrenal, . thyroid, and pituitary gland weights 

has been reported by others (Catz, Geiger, Thomas and El Rawi, 1954, 

<:" 

Leblond and Gross, 1943). 

Heroux and Gridgeman (1958) performed a aecond study with 

reference to cold acclimatization giving special attention to the 

weight and 'fhwos tio,.~ of skeletal IILIScles. After eight •e s - at 6°c., 
~ ~-

female white rats showed a smaller 11L1scle mass than controls of the 

same age maintained at 30°c. Water and protein determinations in 

soleus and gastrocnemius muscles, as well as in the whole muscle mass, 

revealed that the reduction in the muscle mass after cold acclimati-

zation is a real tissue difference due to a reduced protein depo-

sition and not only a water content difference. Red and white 1m1scle 

fibers were equally affected as shown by comparison of percentage 

changes in soleus (nearly 100 per cent red fibers) and gastrocnemius 

(60 to 75 per cent white fibers). 

The serum proteins of rabbits were studied by Waug9 (1952) after 
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a twenty day exposure to temperatures ranging from -9°c. to 4°c. De

terminations were made by salt fraction methods and by electrophoretic 

separation. No significant changes were found and the electrophoretic 

data were not included in the ,results. Apparently this had been only 

a method of checking the results of fractionation. 

Sutherland and Campbell (1956) studied changes in blood 

clotting and electrophoretic properties of rabbit plasma after 

continuous exposure to 4°c. for two months. Hale animals were used, 

and clipping of the fur was employed to intensify the stress. They 

report an increase in platelet and erythrocyte counts and in hema

tocrit; Blood and plasma clotting times were increased. From the 

electrophoretic analyses, cold acclimatization resulted in a signifi

cant decrease in albumin and a significant increase in beta-globulin 

and fibrinogen fractions. The greatest change was seen if\,- he fi 

brinogen increase as determined by salt fractionation. Samples were 

taken for analysis only at the end of the exposure period. 

Baker and Sellers (1957) studied electrolyte metabolism in 

female rats exposed to cold. Blood samples were taken at one, three, 

eight, sixteen, twenty-four, and forty-eight hours and at four, eight, 

twenty-one, and forty-five days after exposure. There was a general 

trend toward sodium retention in the plasma during the acclimatization 

period. Plasma chloride levels were generally unaltered. Potassium 

of the plasma was at a maximum one hour after exposure. In general, 

the plasma potassium dropped slowly back toward pre-exposure levels. 

After forty days, the plasma volume, whole blood volume, and 

body water was increased to levels significantly higher than controls 



, 

of the same age. Plasma volume and whole blood volume, expressed as 

per cent of body weight, were still significantly greater when com

pared to controls of the same weight. Baker and Sellers (1957) also 

reported that changes in hematocrit value, hemoglobin, and plasma 

• 
protein concentrations indica ed a transient hemoconcentration which 

exil ted -only the first few hours~ Early in the period o~ exposure, 
◄ ~ 
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the animals showed a loss of weight but, after eleven days, the weight 

increased and followed a rate somewhat less ~than that which they had 

exhibited at room temperature. 

The literature dealing with the many implications of acclimati

zation has been voluminous, _but few references to serum protein 

fractions under conditions of cold accli.matization have been en

countered by the writer. 

It seems that more data in this direction might give a better 

insight into liver function and general physiological adjustments that 

occur during the acclimatization of ani.leit~ coatinued cold exposure. 
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METHODS AND MATERIALS 

1. Experimental Animal: 

A. For the first part of this study the effects of short term 

hypothermia were investigated. A total of forty-four albtno rats of 

both sexes was used. Twenty-three of this number served as controls. 

The remaining twenty-ome animals were the experimental group. The 

• weight range was from 200 to 400 grams. 

B. Kale and female albino rats of the Sprague-Dawley (Holtzman) 

strain were ~s~ ln tbe long term •periments. One hundred tbirty ani

mals we~e divided into three groups, known respectively as Group A 
~ 4 ' 

Experimeatal, Group B Experimental, and Group C Control. The females 

weighed from 230 to 260 gr8lll8 and were eighteen weeks old, and weights 

of the males ranged ~om 390 to 430 grams at an age of twenty weeks at 

the beginning of exposure. 

2. Methods of Cold Exposure and Sampling: 

A. Short Term Cold Exposure 

Each animal of the experimental group for the short term study 

was anesthetized with pentobarbital sodium (32.5 mg. / kg.) and placed in 

a cold refrigerator (approximately -20°c.) iumediately after the onset 

of sedation. The anesthesia was helpful in reducing shivering, and 

therefore, less time was required to lower the animals' temperature. 

When the rectal temperature reached 72°F. (22.1°C.), usually after 

forty-five minutes to one hour, the animal was removed to a 
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refrigerator at s0 c. In this manner, the body temperature was kept 

constant for one hour at 21°c.+2°C. Rectal temperatures were kept 

throughout by means of a direct reading, thermocouple type thermometer 

(Micron Instrument Corporation) inserted S c~ntimeters into the rectum 

and taped firmly to the tail to prevent slippage. At the end of one 

hour of sustained hypothermia, blood samples (from l to 2 milliliters) 

weye taken by direct heart stab. All syringes for withdrawing blood 

were pre-coated with mineral oil to prevent hemolysis and clotting in 

the syringes. The blood was allowed to clot in stoppered tubes at 

room temperature for two to three hours. The samples were then 

centrifuged at approximately 3,000 rpm. for fifteen minutes and the 

serum drawn off by pipetting. Serums were kept refrigera~d at s0 c. 
~ 

until used. 

B. Long Term Cold Exposure 

The forty-seven animals of Group A Experimental were placed in 

the cold room at an initial ctbbient temperature of 9°C. Five days 

later the forty-six animals of Group B Experimental were moved into 

the same cold room. The temperature of the cold room had been 

decreased to 6°c. by small increments from the first day. The 

0 0 temperature had reached a final level of 4. 0 c.± 2.0 C. by the eighth 

day, where it remained for the length of the experiment . A chart of 

the cold room temperatures is included in the section of results 

(Figure l). 

The rationale for dividing the cold exposed animals into two 

groups, five days apart, was to allow sampling at five day intervals 

from opposite groups. In this manner, by combining results from 
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Group A and Group B, values representing ten day periods of cold 

exposure were obtained. Therefore, samples were actuAlly made at 

ten, twen~y, thirty, and forty days of continued cold environmental 

temperature. 

The animals were kept in individual cages and fed Purina Lab 

' Chow pellets and · tap water ad libitum. Fourteen animals were fed a 
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diet of grou~d Purina Lab Chow with a supplement of thyroid extract 

(~li Lilly and Company) which-;,as present in the weight concentration 

of 0.1 percept. This was done in an effort to increase the severity

of the stress to which these anii.l&ls were exposed. 

Rectal temperatures were taken by random sampling at five, 

sixteen, twenty-three, tw«.ty-nine, f rty-~~ and "sixty-five h(;lurs, 

and at four, eleven, twenty-one, and fdrty days. The apparatus used 
~ 

in measuring the rectal temperatures was the same as that previously 

described. The thermocouples wer~. inserted a distance of 5 centimeters 

in the rectum and held iu place until the reading was constant (usually 

about four seconds). 

Prior to sacrifice and removal of blood and tissues, the ani

mals were anesthetized in the cold room with pentobarbital sodium 

(Nembutal). The dosages used were 32.5 mg. / kg. for females and 

35 mg./kg. for the males. Immediately after injection, the animals 

were removed to a laboratory at room temperature (25°C.) and from 

fifteen to thirty minutes was allowed for che anesthesia to take 

effect. 

The surgery involved in the removal of blood and skeletal muscle 

consisted of an incision in t~e ventra l wall of the animal below the 
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level of the liver to above the heart. The rib cage was opened, ex

posing the heart for withdrawal of blood directly. The skin of the 
~ 

left leg was removed and the bverlying fascia cut away, exposing the 

gastrocnemius 1m1scle. This muscle was removed, wholly or in part, 

and weighed on a Roller-Smith Precision balance. The weights of 

gastrocnemius m.1scles obtained in this manner ranged · from 0.800 •grams 

to 1.520 grams. 

Blood was withdrawn from the heart (3 to 5 milliliters) into a 

syringe lightly coated with mineral oil. Blood samples were allowed 

to stand at room temperature for two to tkree hours, in tightly 

stoppered tubes, to insure complete clotting. They were then centri

fuged for fifteen minutes at approximately 3,000 rpm. Serum was 

. 

drawn off and stored in a refrigerator at s0 c. until used for electro-

phoretic separation, which was started that same afternoon in each 

instance. 

The samples cf gastrocnemius 1DUscles were ·stored under re• 

frigeration overnight in closed weighing bottles at s0 c. The following 

morning, these muscles were throughly homogenized in distilled water 

in a Ten Broeck glass tissue grinder. 

The ratio of tissue weight to distilled water volume was one 

to one (l gram of muscle to 1 milliliter of water). The resulting 

~emogenates were allowed to stand in stoppered tubes for fifteen 

minutes at room temperature . They were then centrifuged at approxi

mately 3,000 rpm. for fifteen minutes. The supernatant was removed 

and immediately subjected to the electrophoretic examination. The 

method is a modification of a procedure described by Baechtel, Allen 
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and Dobson (1957). 

3. Electrophoretic Procedure 

Electrophoretic separatiops were carried out using a Spinco 

Model R Paper Electrophoresis Cell with a barbiturate buffer pH 8.6 

cf~aining diethyl barbituric acid (2.76 grams, per liter) and sodium 

diethyl barbiturate (15.40 grams per liter). The ionic strength was 

Q.075. Eight strips were run simultaneously using ten lambda (0.01 

milliliter) of serum sample. In the separation of the supernatant 

muscle extract, twenty lambda were applied to the paper strips using 

two applic~tions of ten lambda each. The sample was first drawn into 

a micropipette from the test tube, then transferred to a Spinco sample 

stripper, and finally applied to the paper strip. 

All serum samples were migrated for sixteen hours with a 

constant current of 7.5 milliamperes, giving a separation of nine to 

ten centimeters. 

A~, the termfalatio~ of electrophoretic separation, the strips 

were removed from the cell and immediately placed in a drying oven 

preheated to 120° to 130°c. for thirty minutes to allow complete co

agulation of the protein in the strips. The drying, staining, and 

rinsing was according to the procedure recommended by the Spinco 

Division of the Beckman Instrument Company, Incorporated. (Also see 

Block, Durrum and Zweig, 1955, Lederer, 1955.) 

The dye used on the serum samples of animals from the short 

term stress, and their controls, was 0.10 gram bromphenol blue and 

50.0 grams zinc sulphate dissolved in fifty milliliters of 95 per cent 

ethanol and diluted to one liter wit 5 per cent acetic acid. (Spinco 
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Company, Block, Durrum and Zweig, 1955.) Using this weak dye solution 

the length of time required for staining is six hours, and a six 

minute rinse in a fixative ablution is required. The fixative is a 

solution of 3.0 grams of sodium' acet4 tl in 5 per cent acetic acid 

diluted to one liter. After fixing, two six minute rinsing& in 5 per 

cent acetic acid were carried out. The strips were then blotted and 

removed to a drying oven preheated to 120°· to 130°c. for fifteen 
C' 

minutes. 

The eight paper strips were next remov~d from the drying rack 

and suspended in a closed container in an atmosphere saturated with 

amnonia fumes for six minutes. Finally, the strips were withdrawn 

from the ammonia and allowed to stand in the room air for at least 

fifteen minutes before scanni~ in the Spioco Analytrol (Beckman 

Instruments, Incorporated). The Analytrol is basically a calibrated 

recording photometer and automatic integrator. 

The method for staining the scrips of migrated proteins of the 

long term study, and the controls, was a slight modification and im

provement · vP.r that previously described for the short term studies. 

This method was recently suggested by the Spinco Company and is common

ly referred to as "procedure B". The dye used was 1.0 gram bromphenol 

blue (Eastman) diluted to one liter with absolute methanol. A pre

rinse of methanol preceeded the dye bath, and staining time was thirty 

minutes. No fixative solution was used, but an additional six minute 

rinse in 5 per cent acetic acid was employed. All drying times were 

the same as those previously mentioned. Exposure to ammonia fumes was 

for fifteen minutes, after which the strips were scanned immediately. 
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4. Calculation of Protein Fractions 

The serum protein graphs resulting from the direct photo

electric scanning were interpreted by accurately drawing lines verti

cally downward from the lowest points between the peaks through the 

saw-toothed integration re~oid. The relative concentration of each 
ti; . ... 

componeqr, ~ s d~termi.ned by counting the number of integrator counts 

between each pair of vertical lines .and comparing these individual 

values ~ith the total count. (Spinco Division, Be~kman Instruments, 

Incorporated.) 
~ 

The automatically drawn graphs of the muscle extract failed to 

show definitive bands or peaks. Such peaks varied from st~ip to strip. 

The method for ca l culation described above was therefore impractical. 

As an alternative, the anodically moving portion of the graph was 

divided into five equa l divisions at the zero or base line. The 

stationary fraction, which in every case was a definite peak, plus the 

small oathodi ~ Y moving portion ~ treated as si•h div1.sion. 

hese divisions were determined with a Gerber Graphanalogue scale . 

This instrument has a calibrated coil spring scale which will divide 

a given length into equal or proportional segments as the scale is 

adjusted to coincide with the total length. The divisions were 

assigned arbitrary headings which were A, for the stationary and 

cathode component; B, for the adjacent anode segment,~ cetera. 

ivision F, therefore, is the fastest moving segment and nearest the 

ode side of the strip. The relative concentrations were then calcu

lated as percentages. 
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5. Oxygen Consumption Studies 

In order to determine whether a 0.1 per ce6~ thyroid extract 

diet would affect the animals, oxygen consumption studies were made on 

a few animals. The apparatus used as a closed glass system connected 

by rubber tubing to a circuit containing a carbon dioxide absorbent 

(Edison Baralyme Granules), An electrically driven air pump was used 

to circulate the oxygen enriched air •• The pressure in the system was 

indicated by a U-tube water manometer. As oxygen was used by the 

animal and a.s carbon dioxide was taken out of the air passing through 

the system, oxygen was replaced with a syringe (SO c.c.) connected to 

the animal container. Since the pressure in the system was constant, 

the volume of the replaced oxygen represented the rat's oxygen con

sumption. Metabolic rates were calculated in milliliters of oxygen 

per 100 grams per hour, corrected to standard te~perature and pressure. 

It should be mentioned that use of this apparatus contributes 

to this problem only indirectly and serves as a means of comparing 

metabolic rates of the normal animals with those receiving thyroid 

hormone. 



RESULTS 

ff: · 
In the study on short term hypothermia, the most significant 

~ . 

serum protein pattern was a reduction~in ~e magnitude of alpha2 

globulin peak. The difference was from ll.O per cent in the controls 

to 8.5 per cent for the stressed animals. Beta globulins increased 

from cont~ol values of 19.6 per cent to 21.3 per cent (P<.02). G8Qmla 

globulin rose from 12.9 per cent in the control group to 15.6 per c~nt 

in the hypothermic animals (P<.05). Albumin and alpha1 globulin were 

not statistically different from ~ont r ols. The data for this experi

nt are summarized in Table I. Statistical analysis was carried out 

according to Edwards (1955). 

The animals in the long term study showed a weight change which 

iffered with the sex of the animals. From the graph in Fi re 1, it 

is evident that the weights of the male rats fell · with the length of 

xposure while the female animals showed the typical recovery and 

eight gain as reported by Dugal (Burton and Edholm, 1955). It is 

ifficult to explain this as a sex difference since the male rats were 

wo weeks older than the females. This difference will be discussed 

later in this manuscript. 

The rectal temperatures showed an initial rise for the first 

ixteen hours, then a slower fall which lasted until the third day. 

eturn to values significantly higher than controls appeared by the 

leventh day. 
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TABLE I 

SERUM PROTEIN PERCENTAGES 
DURING HYPOTREIU«A 

Albumin a l a 2 t3 r 

Controls 
(23 animals) 

Hean 34. 0 22. 5 11.0 19.6 12.9 
a ! 5 .40 ! 4 .• 36 + 2.60 ! 1.98 + 3.42 
Om + 1.15 ! 0.93 + 0. 55 ! 0.42 + o. 73 

H~:,2othermic 
(21 animals) 

~ 

Mean 35.1 19.9 8. 5 21.3 .... 15.6 
a + 3 .82 + 4. 31 ! 2. 28 + 2.43 + 4.30 

I a + 0 .85 ! 0.96 ., 1 ! 0.51 + 0.54 + 0.96 m -f 
., 

P values of 
difference P-;.. OS P-;.. 05 P<'..01 P<.02 P < .05 

N 
~ V, 

& J 

Q 

6 
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These changes are also illustrated graphically in Figure l with the 

weight relationships. 
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The relative concentrations of the serum proteins are recorded 

in Tables II, III, IV, V, VI, and VII. The male and female values are 

averaged separately and also gr~uped in controls and at each ten day 

period. The main difference from control values is the decreased ~ 

albumin- fraction in the experimental groups. From Table Va and b, it' ~... "·' 
;' C 

can be seen that this decrease is greatest in the male animals and 

that the mini1DJm level in both sexes occurs near the thif tietb day of 

exposure. 

A significant increase in alpha2 and decrease in gamna-globulin 

occurs in the females at the ten day period (Table Illa and- b). The 

males show no significant changes at this time. 

During the t wenty day period, male rats showed a decrease in the 

albumin fraction and an increase in the antibody-carrying protein, 

gamna globulin. Alpha2 globulin remains significantly increased at 

twenty days in the females, but the levels of serum albumin are not 

statistically different (Table IVa and b). 

At the thirty day period (Table Va and b), the picture is 

somewhat confu~ing. With the extreme decrease in the albumin peak, 

the other relative values show an increase which may be due to the 

albumin decline. Therefore, rather than indicating actual increases 

in the globulins, the data support the conclusion that the decrease in 

albumin is a marked one. Inspection of the serum protein curves 

clearly indicates this (Figure 2). The percentage of gamma globulin 

is not significantly diffenmt from the values of control animals. 
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Animal Numbers 

Female• 

c
C-3 
c -4 
C-7 

C-13 
C-14 
C-17 
C-2 
C-24 
C-25 
C-26 
C-27 
c-28 
c
C-43 
C-44 
C-4 

Mean 
a 

"m 

Albumin 

8 .1 
29.6 
31. 
32.7 
25.3 
34. 7 
8.1 

• 7 
32 . 7 
35 .7 
33.l 

7.6 
31. 
3 7. 
8.9 

34. 
39.2 

31.8 
t 3.66 
t 0.92 

TABLE Ila 

S£~UM PRC7l'EIN PERCENTAGES 
COOTROLS 

'\ 

14. 
19.4 
16.3 
15. 
13.4 
15.4 
17.5 
18.6 
14.0 
14.2 
15.4 
12. 

16.3 
+ 3.31 
+ 0 .83 

cx2 

12. 
16. 2· 
15.2 
16.5 

• 7 
8 ._,4 

10.3 
16. 
14.3 
10.2 
13.3 
11. 
11.0 
12.3 
9.4 

11.3 
13 • 

12.4 
+ 2.49 
+ 0 .62 -

~ 

24.5 
15.3 
21.4 
19.1 
I.8 

l 
19.2 
17 .4 
23.3 
19.7 
19.2 
9.5 
4.9 

19. 
23 .4 
16.2 
18.9 

20.7 
+ 3.52 
+ 0 .88 

,. 

r 

20.4 
19.4 
16.l 
16.5 
29.8 
23.4 
24.9 
18.0 
14.7 
20 . 
19.0 
19.7 
16.6 
19.5 
13.6 
16.7 
9.9 

18.7 
+ 4.41 + 1.10 

N 
00 



TABLE Ilb 

SERUM PR(Jl'ElN PERCENTAGES 
CONTROLS 

Animal N1.m1bers Albumin a 1 a 2 13 r 

Males 
- I • 

C-15 24.7 17.4 10.5 24.7 22.7 
C-16 27.2 17.3 13.3 22.0 20,2 
C-18 27.4 20.9 13.0 21.l 17.6 
C-19 32.0 17.6 13.2 22.0 15.3 
C-21 28.l 19-. 5 12.7 17.3 22.4 
C-22 32,8 18.5 13.5 16.7 18.l 
C-30 33,2 17,6 14.4 19.5 15.3 
C-31 2 9. l 18. 5 17. 4 17. 7 17. 4 
C-32 33.3 18.4 15,2 20.0 13.0 
C-33 28.0 16.8 18.8 19.l 17.4 
C-34 32.0 17.3 18.5 21.4 f!. 10.9 
C-35 31.7 20.l 17.l 19.5 11.6 
C-36 30,4 21.2 13.7 19.6 15.0 
C-37 33.0 18.2 16;4 17.3 15.l 

te· 
(continued next ~4ge) 

..... 

,< 

·~ 

N 
\0 
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Animal Ntmlbers AlblDilin 

C-40 30.0 
C-41 35.9 
C-42 26 . 0 

Mean 30 .3 
a + 2.97 
a + 0.74 
m -

P values for P > .05 
difference between 
males and females 

Data of males Mean 31.0 
and females a + 3.42 
grouped om + 0.60 

• 

TABLE Ilb (continue~) 

\, 

al a 2 

24.6 12.l 
23.6 7. 5 
19 .4 14 . 3 

19.2 14.2 
+ 3.26 + 2.80 
+ 0.82 + o. 70 - -
P > . 05 P> .OS 

17.8 13.3 
+ 3.15 + 2.80 
+ 0.55 + 0.49 -

' 

.. 

13 

-
21.4 
17.2 

': 27.6 

20.2 
+ 2.79 
+ o. 70 -
P >.05 

io.5 
+ 2.07 
+ 0.36 

. 

r 

11. 7 
14.0 
12.7 

15.9 
+ 3.47 
+ 0.87 -
P >.05 

17.3 
+ 4. 21 
+ o. 73 -

w 

\..) 

0 



TABLE Illa 

SERUM PROTEIN PERCEN'l'AGES 
AFI'ER 10 DAYS OF COLD EXPOSURE 

Animal Numbers Albumin al a 2 

Females 

23 41. l 10.5 13.5 
28 36.0 13.2 16.9 
32 32.7 18.6 18.3 
82 30.0 15.U 16.3 
89 36.9 15.0 14. l 
75 31.4 12.l 22.l 

Mean 34.7 14.l 16.9 
(1 + 3. 75 + 2.57 + 2.85 
(1 + 1. 68 + 1.15 + 1. 27 

m - -
P values of P :> .05 P > . 05 P < .01 
difference 
from controls y .. 

,; 

' ~ 

t3 

18.l 
21.l 
16.3 
25 . 0 
19.3 
18.6 

19.7 
+ 2. 75 
+ 1.25 

P > .05 

., <J 

~ .. 

• 

r 

16.7 
12.8 
1.4. l 
13.7 
14. 7 
15.9 

14.6 
+ 1.32 
+ 0.59 

P < .01 

I.,> ..... 



Animal Numbers Albwnin 

Males 

12 31.7 
8 34.4 
4 32. 5 

53 21.4 
64 20.9 
70 34.9 

Hean 29.3 
a ± 5 .86 
am ± 2.62 

P values of P -:,, . OS 
difference 
from controls 

P values for P :> . OS 
difference between 
males and females 

~-

TABLE IIIb 

SERUM PROI'EIN PERCENTAGES 
AFI'ER 10 DAYS OF COLD EXPOSURE 

CXi a 2 

16.2 19.8 
19.1 17.6 
14. 5 14. l 
18 .1 , 20.l 
22.4 18.2 
16.l 11.l 

17.7 16.8 
± 2.56 ± 3.22 
± 1.14 ± 1.44 

P > . 05 P > . 05 

P > .OS P -;;. .OS 

(continued next paget 

' 

r., 

13 

21. 6 
17.6 
27.0 
23.0 
22.l 
20.8 

22.0 
± 2.80 
± 1. 25 

P > . OS 

P > . OS 

r 

10.8 
11.4 
11.4 
17.5 
16.4 
17 .1 

14.l 
± 2.92 
± 1.31 

P -;- .05 

P > .05 

£ 

w 
N 
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Albumin 

Data of males Hean 32. 0 
and females a + 5.59 
grouped CJ m + 1. 69 

P values of P > .05 
difference 
from controls 

TABLE lllb (continued) 

a l a 2 

15.9 16.8 
+ 3.06 + 3.04 + 0.92 + 0.92 

P > .05 P <. 01 

ij 

t:iJ 

J~ 

') 

f3 

20.9 
+ 3.00 + 0.90 

P >. 05 

-

y 

14.4 
+ 2.28 + 0.69 

P < .CH 

, 

I.,.) 
I.,.) 



Animal Numbers Albumin 
..... 

Females 

. 29 30.0 
34 26.6 
37 27.0 
42 24.6 
27 32.9 
76 32.9 
77 30.2 
92 22.1 
93 31.3 

Mean 28.6 
C] t 3.55 
om + 1. 26 

P values of P >.05 
difference 
from controls 

(, 

TABLE lVa 

6'\ 
'--' 

SERUM PRCJl'ElN PERCENTAGES 
AFI'ER 20 DAYS OF COLD EXPOS~ 

a l a 2 

15.5 17 .5 
12.7 17.9 
14.4 16.5 
15.6 20.l 
13.2 12.7 
15.3 16.5 
12.7 17 .8 
15.7 15.7 
20.9 9.3 

15 .1 16.0 
t 2.36 + 3.02 
+ 0.83 + 1.07 

•. 
P>.05 •P < .01 

0 

(J 

fl 

41 

f3 

19.9 
26.6 
27.3 
24.1 
27.2 
17.3 
19.3 
30.1 
21.3 

23.7 
+ 4.15 
+ 1.47 -
P >.05 

r 
I\ 

• 17.2 
16.2 
14. 7 
15.6 
14.0 
18.0 
20.0 
16.S 
17 .2 

16.6 
+ 1. 69 + 0.60 -
P >. 05 

~ 

""" -I!-



Animal Numbers Albumin 

Males 

9 26.2 
16 

; 
21.0 

60 22.l 
55 29.6 
65 25.0 

Mean 24.8 
(1 + 3.06 
crm ! 1.53 

P values of P< .Ol 
difference 
from controls 

P values for P>.05 
difference between 
males and females 

TABLE IVb 

SERUM PRCYrEIN PERCENTAGES 
AFl'ER 20 DAYS OF COLD EXPOSURE 

CXi .. a2 
-

. 
20.8 It 15.0 
15.0 21. 7 
22.l 13.4 
16.8 12.8 
14. 2 17. L 

17.8 16.0 
+ 3.14 + 3.22 
! l,S 7 + 1.61 

P 7,0S P >-05 

P > .OS P '>. OS 

(continued next pa&e) 

' ~ 

t3 

19.6 
24.3 
22.5 
21.4 
22.8 

22. l 
+ 1.56 
+ o. 78 

P >-05 

P>,05 

, 

r 

18.3 
18.0 
19.9 
19.4 
20.9 ... 

19.3 
+ 1.06, 
+ 0.53 

P< .01 

P <.Ol 

1.,.1 
V, 



TABLE !Vb (continued) 

( 

AlblDilin a l a; 

Data of males Mean 27.2 16.1 16.. 0 
and females CJ + 3.85 + 2.95 + 3.09 
grouped crm + 1.03 + 0.82 + 0.86 

P values of P< .01 P> .0_5 P< .Ol 
difference 
from controls ':') 

Q 

.. 

p 

•1 
+~.54 
i•0.98 

P>.01 
< .0) 

-. 

12 
:·<P' 4 

(i 

,:, ~ 

" 

r 

17.6 
+ 1.98 + 0.55 -
P '). 05 

i. 

Ill' . -·,.. 

w 
(J\ 



Animal Numbers Albumin 

Females 

38 31.3 
26 15.l 
35 27 .4 
95 20.6 
79 17.l 

Mean 22.3 
C1 t 6.14 
crm + 3.07 

P values of P <.Ol 
difference 
from controls 

t 

TABLE Va 

SERUM PROTEIN PERCENTAGES 
AFTER 30 DAYS OF COLD EX.POSURE 

al a2 

15.5 14' , 6 
28.6 19.4 
14. l 22.5 
28.9 14.0 
20.6 . 17.7 

21.5 17.6 
t 6. 27 + 3 .14 
+ 3.17 + 1.57 

P ">. 05 P< .01 

, 

f3 

25.6 
16.3 
22.8 
25.9 
28.8 

23.9 
+ 4.24 
+ 2.12 

P >.05 

r 

12.9 
20.6 
13.3 
10.5 
15.7 

14. 6 
+ 3.42 
+ l. 71 

P >.05 

w 
" 
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TABLE Vb 

SERUM PRCYrEQII PERCENTAGES 
AFTER 30 DAYS OF COLD EXPOSURE 

Animal Numbers Albumin al a2 f3 r 
~ 

Hales 

15 ll.8 22.0 26.S 26.0 ~ 13.7 
3 13.l 21.0 20.6 25.4 19.9 
4 23.9 22.2 13.0 22.2 18.7 

13 16.3 24.3 23.4 23.7 ;j 12.4 
50 20.9 25.3 21.5 18.9 13.4 
57 7.3 ~ ~ 

24.0 19.9 28.8 i9 .9 
52 16.l 18.3 23.4 

i -3 Sl,. 17 .8 
72 12.4 20.6 25.4 .6 10.9 

Mean 15.2 22.2 21. 7 25.0 15.8 . 
C1 + 4.96 + 2.14 + 3.92 • + 3.43 + 3.39 
C1 + l.87 + 0.81 + 1.48 r -1~30 + 1.28 

m - - - .. 
P valu@s of P< .Ol P< .02 P< .01 P< .Ol .., P ">. 05 
difference ,·, 
from controls 

P values for P -,. • OS P >.05 P > .05 P> .05 P> .05 
difference between 
males and females () 

(continued next page) I w 
0:, 
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TABLE Vb (continued) 

Albumin a l a ,, ... 
,, 

Data of males Mean 17.9 22.0 
e, 

20.l 
and females a + 6.44 + 4.25 + 4.14 
grouped am + 1.86 + 1.23 + 1.20 

P values of P< .01 P <.Ol P< .01 
difference 
from controls 

p 

24.6 
+ 3.80 
+ 1.10 -
P< .01 

r 

15.4 
+ 3.45 ± 1.00 

P ') .05 

t..' 

w 
\0 
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This thirty day period exhibited the moat dramatic changes in the 

serum protein picture. 

The results from the terminal or forty day studies indicate 

41 

that the electrophoretic pattern is returning to normal in the females, 

although it would appear that gauma globulin levels are low. The al

bumin percentages are not significantly lower than controls; the anti

body or gamna fraction is significantly lower. The males do not show 

a return to normal levels of serum albumin. Furthermore, their gamna 

component is the same as the controls. The increases seen in the 

other fractions, since they are percentage values, may be relative 

increases anly. (Table VIa and b). The changes in the serum protein 

patterna~are su11111arized graphically in Figure 3. 

From Table VII, it is clear that the animals maintained on a 

0.1 per cent thyroid extract diet in the cold showed no different re

sponses of serum protein patterns than animals given the normal diet. 

Oxygen consumption studies on these two groups revealed no significant 

differences. 

The fluctuations in the arbitrary divisions of DJscle extract 

at the four sampling periods failed to show any marked characteristics. 

These values appear in Tables VIII through XIII. 

The relative area of peaks E and F, the fastest moving com

ponents, showed a significant increase on the tenth day. Peak B was 

significantly decreased. No other changes were significant (Table IX). 

At the twenty day period, all components showed no statistical 

difference from control values (Table X). 
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Animal Numbers Albumin 

Females 

24 28.8 
36 31.7 
41 29. S 
45 29.8 
40 18.6 
47 34.9 
94 24.0 

Mean 28.2 
a + 4. 9.$ 

elm + 2.02 

P values of P > .05 
difference 
from controls 

TABLE Vla 

SERUM PROTEIN PERCENTAGES 
AFTER 40 DAYS OF COLD EXPOSURE 

a l a 2 

. 
18.0 18.3 
15.2 21.4, 
16.6 24 . .5 
18. 7 14.4 
21.0 18.9 
12.l 16.9 
14. 6 21.0 

16.6 19.3 
+ 2. 72 + 3.05 
+ 1.11 + l. 25 

~ II_ -

P-;;,, • 05 P < .01 

,, 

, 

\ 

' 

f 

fJI 

13 

22.5 
18.6 
21.6 
25.l 
27.8 
22.3 
26.l ' 
23.4 

+ 2.87 . 
+ 1.17 

P > ,OS 

r 

r 

12.4 
13. l 

7.9 
12.0 
13.7 
13.8 
14.3 

12.4 
" + 2.00 + 0.82 

P< .01 

~ 
N 
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TABLE Vlb 

IRUM PRCYrEIN PERCENTAGES 
AFT 40 DAYS OF COLD EXPOSURE 

Animal Numbers Albumin <Xi a2 ~ r 

Males 

17 9 .2 21.2 26.9 26.l 16.6 
62 21.3 25. 6 12.~ 25. 7 14.9 
68 23.l 29.S 12.8 20.8 13.8 
51 14.8 21.2 22.7 27.0 14.2 
69 19.8 18.4 20.8 27.3 13. 7 
66 16.0 20 .3 19.9 24.9 18. 9 . 
63 19.l 21.5 18.4 24.2 16.7 

,. 
Mean 17.6 22 . 5 19.2 25.l 15.S 
a ± 4.34 + 3.48 + 4. 72 + 2.04 + l. 79 
am :t l. 77 ± l.42 + l.93 + 0.83 + 0. 73 

P values of P<.Ol P:;>.05 P < .05 P< .Ol P > .OS 
difference fiJ 

from controls ., 
P values for P< . 01 P< .Ul P > .OS P< .02 

I ~ 
P> .OS 

difference between 
males and females 

(continued next page) 
I 

~ 
w 
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TABLE VIb (continued) 
.; 

Albumin a l a 2 f3 r 

Data of males Mean 22.9 19 .6 19.3 24.3 14.0 
and females (] t 7.04 + 4.31 + 3.98 + 2.64 + 2.45 
grouped am t l.95 + 1. 20 + 1.10 + o. 73 + 0.68 

P values of P < . 01 P > .05 P < .01 P < . 01 P <.01 
difference 
from controls 

.J 
w 

" 

. . 

. 

. 

' t: 
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Animal Numbers Albumin 

Male 19 20.4 
Female 30 23.l 
Female 25 22.8 
Male 22 24.6 
Female 90 19.7 
Male 85 24.6 
Female 78 27 .4 
Male 86 26.3 
Female 96 20.8 

Mean 23 . 3 
C1 ! 2.52 
crm ! 0 .89 

P values of P') .05 
difference 
from normal 
diet at 40 days 

TAB!..!!: VII 

SERUM PRCYI'EIN PERCENTAGES 
AFTER 42-45 DAYS OF COLD EXPOSURE 

• l'X. THYROID EXTRACT IN DIET 

,. 
a l 

,!. 
Ct2 

' 20.l 20.l 
18.8 15.6~ 
17 .8 17.8 
15.7 17. S 
17.7 18.5 
17.1 20. 7 
14.5 17.5 
15.6 19 . 2 
16.7 21.8 

17.l 18. 7 
+ 1.63 + 1.80 
+ 0.58 + 0.64 -
P >.05 P >.05 

13 

21. 7 
29.7 
26.9 
23.7 
27.l 
25.8 
25.8 
24.6 
25 .o 

25.6 
+ 2.13 + o. 75 -
P), .05 

• 

r 

17.6 
12.8 
14. 7 
18.6 
17.l 
11.8 
14.8 
14.4 
15.7 

15.3 
+ 2.09 
+ o. 74 

P > .05 

<, 

~ 

°' 
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TABLE VIII 

MUSCLE PROTEIN PERCENTAGES 
CONTROLS 

Animal Numbers Division: A B C D E F 

•• a 

Female C-1 31. 9 23.2 18.8 15.9 8. 7 1.5 
Female C-2 29.2 20.8 14.9 16.2 14.9 3.9 
Female C-3 21.l 22.6 21. l 15.8 12.8 6.8 
Female C-4 19.6 23.2 22.3 17.9 12.5 4.5 

,t< I Female C-5 24.0 19?u 19 .8 18.2 13. 2 5.8 
Female C-6 43.l 18. 2., 13.l 10.9 9.5 5.1 
Female c-7 28.8 22.l 19.2 17.3 9.6 2.9 
Female C-8 (-~1 32.4 23.8 18.l 13 .3 9.5 (\ 2.9 
Hale C-30 .... 23.6 26.4 21. 7 17.0 7.1 ~- ,4. 2 

Male C-31 21. l 23.8 23.4 15.2 12.5 ,.f4.0 

Male C-32 20.2 25.5 22.3 15.4 12.l ·-'4,5 

Hale C-33 19.5 25.4 23.4 16.8 10.9 3.9 
Hale C-34 22.l 25. ~ 23.0 15.0 ~0.3 4. l 
Hale C-35 19.7 24.3 21. 6 17.0 13.3 4. l 
Male C-36 24.8 22.9 18.7 15.4 13.l 5.1 
Male C-37 

, .. 
22.9 22.4 20.2 16.6 13.0 4.9 

Mean 25.2 23.l 20.l 15.8 11.4 4. 3. 
'..:ii 0 ± 6. 21 + 2. 20 '•+ 2.85 + l. 74 + 2.05 + 1.18 

0 ± l. 60 + 0.5 7 ,. + 0. 74 + 0.45 + 0.53 + 0.30 
m -

~ ., 

'- ~ ....., 

~ 
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TABLE IX 

MUSCLE PRCJI'EIN PERCENTAGES 
AFI'ER 10 DAYS OF COLD EiPOSURE 

Animal Numbers Division: A B C 

Male 12 25.7 18. 7 19.3 
Male 53 14.4 22.4 14.8 
Female 28 21.9 17. 9 16.S 
Female 39 18.9 18.9 18.9 
Male 32 26.2 15.l 17 .8 
Female 23 23.2 15.5 19.3 
Male 8 27.0 18.l 16.2 
Male 11 29.l 13.7 15.l 
Male 4 24. 3 18. 7 17.3 

Mean 23.4 17.7 18.4 
(j + 4.26 + 2.43 + 2.64 
am + 1.51 + 0.86 + 0.93 

) 

P values of P ,- .05 P < .01 P ">.05 
difference 
from controls .~ 

'>" 

D E 

15.0 13.9 
16.8 13. 9 
18.9 15.8 
19.4 16.6 
16.9 16.0 
17.7 15.5 
16.2 16.2 
16.l 16.8 
15.9 16.4 

17.0 15. 7 
+ 1. 36 + 1.01 
+ 0.48 + 0.36 

P >-05 P < .01 

F 
';I 

7.5 
7.7 
8.7 
7 .4 
8.0 
8.8 
6.4 
9.1 
7.5 

7.9 
+ 0.80 
+ 0.28 

P< .01 

~ 
00 
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TABLE X 
..., 

MUSCLE PR<Jl'EIN PERCENTAGES 
AFTER 20 DAYS OF COLD EXPOSURE 

Animal Numbers Division: A B C 

Female 93 23.2 21.0 22. l 
Male 65 20.6 23.2 21.1 
Male 73 22.7 20.2 19.3 
Female 92 21.5 29.7 18. 7 
Female 76 20.5 25.5 19.1 
Male 60 27 .8 21.2 -J'} 17.0 
Female 77 24.2 28.8 19.2 
Male 55 21.0 24..l. 19.0 ... 
Female 37 22.6 22., 19.2 

f 
Female 42 25.9 27.3 20.8 
Male 10 27.9 24.5 17.3 
Female 27 22.5 23.4 23.4 
Female 34 30.1 

,, 
19.3 17 .4 

Male 16 24.8 19.9 21.2 
Male 9 18.4 23.8 21.1 
Female 29 26.9 26.6 18.8 

Mean 23.8 23.8 19.7 
C1 + 3.12 + 3.04 + 1. 74 
C1 + 0.81 t g. 78 + 0.45 

m -
P values of P > .05 P>.~ p7,05 
difference 
from controls c:, 

D E 

19.3 9.9 
20.1 12.9 
20.2 12.9 
15.9 10.6 
18.6 11.4 
20.1 10.8 
11.6 11.1 
18.5 14.9 
17.8 13.9 
14.4 10.2 
14.9 11.5 
17.7 11.0 
14. 7 13.9 
14. 2 14. 2 
18.0 13. 7 
15 .o 10.9 

16.9 12.1 
+ 2.50 + 1.57 
+ 0.65 + 0.41 

P>.05 P> .05 

n .. 
1 ' , . ......i. 

~-· ~ 

F 

4.4 
2.1 
4.7 
3.7 
5.0 
3.1 
5.1 
2.6 
3.8 
1.4 
3.8 
1.9 
4.6 
5.8 
5.1 
1.9 

3.7 
+ 1.33 
+ 0.34 

P >.05 

'l) 

~ 

~ 

'° 
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Perhaps the greatest change in the electrophoretic pattern of 

the iwscle protein extract appeared at the thirty day period. An 

increase in the ~tationary component (peak A) from a control percentage 

of 25.2 to the experimental value of 32.6 per cent is significant. 

Division C showed a decrease which is significant. Division F, the 

fastest moving component, is significantly lower than control levels. 
; 

" , 
These values are in Table xr. Figure 4 shows the comparison between 

muscle_ protein patterns of controls and at thirty days of cold exposure. 

Samples which are typical of each gro~p are presented. 

The relative concentrations of the protein fractions of muscle 

extract at the terminal or f6rty day period differ from controls only 

in an increase in cronent Band a decrease in component E (Table XII). 

The muscle fractions of the thyroid treated animals show no 

difference from the animals maintained on the normal diet. These data 
:' 

are presented in Table XIII. Graphic illustration of IWSCle fraction 

changes is presented in Figure 5. 

Some gross or qualitative observations deserve mention here that 

may be important to the work presented. The general health of all the 

animals, at the end of the exposure, was poor. Ears and tails were ne-

~ ~otic, and had been since about the thirtieth day. In many instances, 

portions of the animals' tails had been chewed away. Edema was noted 

in the rats' tails from about the twenty-fifth to the thirtieth days. 

The incidence of edema was nearly equal for both sexes. The number of 

animals with chewed tails was iwch greater in the male group. The only 

females which illustrated this were among the thyroid treated group. 



TABLE XI 

MUSCLE PR<Jl'EIN PERCENTAGES 
AFTER 30 DAYS OF COLD EXPOSURE 

Animal Numbe rs Division: A B C D E F 

Male 13 30.2 18.7 16.0 19.l 13.8 2.2 . . 
Female 26 25.7 24.3 17.5 20.4 10.2 1.9 
Female 35 33.9 20.3 13. 6 16.l 12.8 3.3 
Male 3 26.l 23.9 19.9 16.3 11.6 2.2 
Male 14 24.8 24.4 ,:, 16.5 16.9 12.4 eJ, 5.0 
Female 44 33.0 22.3 16.2 14.2 10.2 4.1 .. 
Male 15 38. 5 18.7 13.4 16.4 9.5 .. . 3.4 
Female 38 17.6 26.2 20.S 20.l 13.5 <la 2.0 
Male 58 36.0 23.4 15.7 13.7 8.6 2.5 
Female 95 34.3 22.9 18.8 15.l 9.1 0.7 
Female 79 34. 7 21.3 20.3 16.8 6.2 ,. o. 7 
Male 57 31.3 27 .4 13.9 13.5 11. 7 2.2 . 
Male 50 34.2 26.5 15.8 15.0 7.3 1.3 
Male 52 45.5 20.6 12.2 13.8 6.9 1.1 
Female 81 39.3 22.7 14.2 15.6 7.6 0.5 
Male 72 36.4 21.5 14.6 15.8 10.5 1.2 

Mean 32.6 22.8 16.2 16.2 10.l 2.1 
a + 6.46 + 2.52 + 2.50 + 2.07 + 2.36 + 1.24 
am + 1.67 + 0.65 + C.65 + 0.53 + 0.61 + 0.32 

P values of P<.Ol P>.05 P< .01 P>,05 P-:,,.05 P<.01 
difference \j 
from controls V, 

~ 

,-r.. 

.. 
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TABLE XII 

m!SCLE PROTEIN PERCENTAGES 
AFTER 40 DAYS OF COLD EXPOSURE 

Animal Numbers Division: A B C 

Female 47 23.0 21.5 19.3 
Female 25 22.5 19.5 20.l 
Female 40 22.2 21.8 20.8 
Female 45 27.3 19.5 18.8 
Male 17 24.9 24.5 18.7 
Female 41 24.3 17.6 19.5 
Female 36 30.2 16.5 19.8 
Female 24 37.l 17 .4 15.0 

Mean 26.4 19.8 19.0 
cr + 4. 75 + 2. 52 + 1.64 
crm ± 1.80 + 0.95 + 0.62 

P values of P> .OS P< .01 P >.05 
difference 
from controls 

"' 

D E 

15.3 14.6 
17 .8 14. 2 
17.l 15.3 
16.8 13.7 
16.6 12.9 
17.6 14.8 
18.7 13.2 
14.6 13. l 

16.8 14.0 
+ 1.25 + 0.83 + 0.47 + 0.31 

~ 

P >-05 P< .01 

F 

6.2 
5.9 
2.8 
3.9 
2.5 
6.2 
1.6 
2.8 

4.0 
+ 1. 74 + 0.66 

P';>.05 

~ . 
\) -· _,. 

,, 
V, 
l.,J 
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TABLE XIII 
e-

MUSCLE PR<7l'EIN PERCENTAGES 
APTER 42-45 DAYS OF COLD EXPOSURE 

.1% THYROID EXTRACT IN DIET 

Animal Numbers Division: A B C 

Female 78 
I 

29.9 20.8 18,6 
~ 

Female 43 24.9 22.5 16,7 
Female 25 -~ 35.7 17.9 14.5 ,;, 
Male 19 33.5 16.0 .~ 15.l 
Female 30 31. 2 20.4 21.6 
Male 22 31.8 21.8 17.9 
Female 90 ~- 28. 7 20.0 18.7 
Male 85 26.8 18.2 16.7 

Mean 30.3 19.7 17.5 
a + 3.29 + 2.04 + 2.11 
a" + 1.24 + o. 77 + 0.80 m - - -

P values of P>,05 P ">. 05 P> .05 
difference 
from normal A,r) 

diet at 40 days 

-· 

D E 

14. 9 12.2 
15.8 16.3 
15.5 11.6 
16.5 14. 2 
16.7 9.0 
14.5 10.l 
16.7 12.0 
17.2 15.3 

16.0 12.6 
+ 0.90 + 2.35 + 0.34 + 0.89 -
P >. 05 P >,05 

!: . 

,, 

F 

3.6 
3.8 
4.8 
4.7 
1.2 
3.9 
4.0 
5.7 

4.0 
+ 1.23 
+ 0.46 

P>,05 
► 

V, 

~ +:-
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.... .... ~ ~USSION 

The significant decrease in serum alpha2 globulin (P<.0l) from 

a control value of 11.0 per cent to the hypothermic level of 8.5 per 

cent in animals subjected to short term cold exposure indicates an im

balance in tt~ dynamic state of this serum protein. It is unlikely 

that urinary excretion of this fraction could account for th!s decfeas 

since the smaller albumin molecule probably would be lost also. In-

t ot1 deed, any passage of the alpha2 f raction from the hl through the 

k i dney is improbable in the face of albumin retention. It would seem 

that alpha2 synthesis in the liver is retarded. Since all the proteins 
~ 

in plasma owe their presence to the activity of liver or reticuloendo-
... 

thelial tissue (White, Handler, Smith and Stetten, 1954), and cellular 

activity i ~ generally retarded in the hypothermic animal, perhaps the 

particular liver cells responsible for alpha2 globulin production are 

most susceptible to inhibition by decreased temperature. The exact 

mechanism for such inhibition is not clear. Increases in beta (P< .02) 

and g8IlllIMi globulin (P..C.05) indicate increased synthe-eis of these 

fractions by the liver. This would suggest that the liver is still 

tabolizing during the hypothermic state. 

Long t e rm exposure of rats to cold resulted in a marked alter

in the electrophoretic pattern of serum proteins. The most dra

tic change was the decreased percentages of serum albumin throughout 

the acclimatization process. Present knowledge of the role of albumin 
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in the normal animal is limited. The main function of this protein 

fraction is believed to be that of osmotic pressure regulation. Be

cause it is the smallest n10lecule, it contributes 75 to 80 per cent of 

the total osmotic effect of the plasma proteins (White, Handler, Smith 

and Stetten, 1954). A decrease in serum albumin is associated with 

many kinds of disease, especially those accompanied by wasting or 

malnutrition or an acute febrile illness (Walker, Boyd and Asimov, 

1954). Under the same circumstances there is usually some elevation of 

the beta globulins and alpha globulins. These changes occur in so many 

conditions that they are seldom useful for diagnostic purposes, but 

they are of valua in prognosis since the changes over a period of time 

cau b~ used for estimating the severity of the condition or the trend 

of the disorder (White, Handler, Smith and Stetten, 1954). 

The ani.mals ii the cold were probably maintaining a metabolism ,~ 

very close to maxiiwm capacity. This supposition is supported by the 

fact that normal and thyroid treated animals showed no difference in 

rates of oxygen consumption. It seems reasonable to assume that ani

mals provided with this level of thyroid hormone in the diet responded 

by decreasing the output of that hormone from the thyroid gland and 
',). 

hereby remained at the metabolic levels which were necessary to meet· 

the stimulus of a cold environment. 

One may speculate on the decrease of serum albumin reported 

here. Such a decrease could result from a reduced dietary intake of 

protein, increased urinary excretion of albumin, a greater catabolism 

of albumin to furnish tissue proteins or energy, or finally a decreased 

synthesis of albumin by the liver. Since dietary intake bas been 
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reported as increasing 60 per cent during cold exposure (Burton and 

Edholm, 1955) this causative factor may be discounted with the ex

ception that this does not eliminate the possibility of decreased ab-
I 

sorption from the ' gut. Exces•ive urinary loss of albJlii.n· Aur~g ac-.. ~-- . . . 

climatization to cold has not been indicated in the literature. Al-

though it may occur to some extent in early stages of cold exposure 

(Burton and Edholm, 1955), it seems improbable that it could account ... ,.; 

for the decrease seen in this expe!itnen~. The work of Wasserman and 

Hayerson (1951) showed no selective tissue uptake of dog serum albumin' 

at room temperature, labeled with radioactive iodine, but breakdown 

products of albumin were found in bile and urine in quantities which 

indicate these as the main avenues of elimination. The tissues stud.led 

by Wasserman and Hayerson were bone, brain, fat, pancreas, bone marrow, 

diaphragm, skeletal ULtscle, spleen, gall bladder, intestine, stomach, 

iyfupb node, heart, liver, mesentary, skin, kidney, bladder, and lung. 

Furthermore, similar experimtlbts ~y Campbell and Stone (1957) and 

Humphrey, Neuberger and Perkins (1957) ~uggest that serum albumin is 

relatively inactive as a precursor of tissue proteins and that there is 

no indication of any preferential ~tilization of albumin by one tissue 
~ 

over annthi!r. It should be poin~d out-, however, that the relation-

ships were studied only in normal animals at room temperature. 

From the indications of the above work, the role of serum al

bumin for synthesis of tissue rotei sis an improbable explanation of 

its observed decrease in the cold exposed animals of the present study. 

Furthermore, Heroux (1958) has reported that t11.1scle protein also de

clines in animals exposed four weeks to cold. The alternative 
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conclusion then, is that the albumin levels of serum have decreased due 

to a greater utilization of proteins as energy supplies to maintain the 

higher metabolic activity which is necessary for animals in a cold 

environment. It remains to be shown th~t actual liver synthesis of 

albumin is less or whether existing serum albumin is catabolized to 

furnish the extra energy source. Since the albumin levels of females 

incl'leased from 22.3 per cent at thirty days to 28.2 per cent at forty 

days in the cold room, it would appear that the liver still has the 

capacity of synthesis. It is possible that liver production of serum 

albumin lags behind its increased catabolism, resulting in lower 

existing serum levels. The terminal rise may be an indication that 

liver synthesis has been accelerated or that utilization has decreased 

to restore normal levels of the protein fraction for its role of os

motic pressure regulation in the blood. The iilbumin may be an ap

propriate index and reflect liver function during the acclimatization 

process. 

The more pronounced albumin decrease in the male rats than in 

females throughout cold exposure was statistically significant only at 

the forty day time interval. Male serum albumin concentration was 17.6 . 
....... - . . ..-

per ce"M: 4nd female ser~->a ibumin was 28.2 per cent of the total prote-

in (Tables Vla and b). These data suggest that the male animals were 

not yet acclimatized. This correlates with the failure of the male 

animals to maintain their body weights during cold exposure. Before 

further discussion of the serum protein relationships is undertaken, 

mention should be made of the difference between the males and females 

as regards the weight responses during cold acclimatization. 

r 
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The female animals showed a loss in weight and then a return to 

normal weight gain which agrees with reports in the literature previ

ously cited (Burton and Edholm, 1955). The male rats showed a decline 

of weight at the ten day period followed by an increase at the 
fl' 

twentieth day which did not reach control levels. Progressive weight 

losses were observed at the thirty and forty day time intervals 

(Figure 1). This would indicate that two populations were under study. 

Apparently, the male animals were unable to meet the demanj ,·:of -~1,· 

stress and after passing through the initial period of resistance, 

failed to achieve the stat~ of recovery. The factor responsible for 

this difference may have been the advanced age of the male rats (i.e. 

two weeks older than females) and that they had reached nearly full 

growth at the beginning of cold exposure. The suggestion that older 

animah. are unable to acclimati.ze has been made by Weiss (1954), who 

used in vitro tissue meta olism as the criterion for acclimatization. ----
Whether the difference in the present study is due to ~ -· er to age 

cannot be stata/'from the data. 

Higher levels of alpha and beta globulins relative to the 

decreased albumin levels during the various periods of acclimatization 

may be indicative of an increased activi~y of the particular liver 

cells or enzyme systems that are reaponsible for the synthesis of these 

fractions. The increase in liver metabolism of cold exposed animals 

reported by several authors (You and Sellers, 1951, Weis 1,j.54, Clark, 

Chinn, Ellis, Powel and Criscuolo, 1954, Weiss, 1957, Hannon, 1958) may 

be responsible for the increase of these globulins observed in the 

present study. 
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The gamma globulin fraction in the females at ten days (14.6 per 

cent) and at forty days (12.4 per cent), was lower than controls (18.7 

per cent). The difference was significant in both cases (P<.Ol). 

This antibody carrying fraction, however, was elevated in the males 

from control values of 15.9 per cent to 19.3 per cent after twenty days 

of cold exposure. Since antibodies are mainly associated with the 

gamma globulins, a rise in this fraction generally accompanies a bac

terial infection (White, Handler, Smith and Stetten, 1954). This is 

interesting in the light of the higher gamma fraction of the male ani

mals at twenty days. Although the presence of an infection is not spe

cifically concluded from these data, the elevated gamma fraction in the 

male rat suggests that possibility. 

The reason for lower percentage of gamma globulins in the 

I 
female at ten and forty days is not clear. This fraction owes its 

existence to the reticuloendothelial system (spleen, liver, lymph node 

bone marrow, et cetera). The findings of Heroux and Gridgeman (1958) 

which show a reduction in growth of the spleen during continued cold 

exposure may be of significance concerning the gamma decrease of the 

younger, growing females. 

Very little work appears in the literature the pape~ electro-

phoretic behavior of water extractable proteins of muscle. Jacob 

(1947) and Helander (1957) have studieJ them by the moving boundary 

method in a liquid medium. Definite peaks which represent the 

sarcoplasmic proteins were observed by this method. The sarcoplasmic 

proteins are myogen, myoalbumin, globulin x, and myoglobin. Only the 

sarcoplasmic proteins are water soluble. 
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Baechtel, Allen and Dobson (1957) have reported differences in 

aper electrophoretic behavior of water soluble uaiscle proteins due to 

itamin E deficiency, but made no mention of specific protein componelD! 

ther than their relative speed of mobility across the paper strip. 

A search of the literature has revealed no statement of specific 

abilities, using paper electrophoresis, in terms of the sarcoplasmic 

roteins. Apparently this area of endeavor has not been thoroughly 

According to Helander (1957), it may be that paper 

lectrophoretic mobilities differ from the moving boundary method in 

liquid medium. 

Data collected in this experiment did show a change in the 

lectrophoretic pattern of DJ.Jscle proteins of rats in different stages 

f cold acclimatization . The m~st salient effect was seen at the 

period (Figure 4). The stationary fraction increased sig

ificantly to 32.6 per cent from a control value ot 25. 2 per cent, 

~ le t he fastest moving fraction showed a sigJ ificant decrease. This 

raction was 4.3 per cent in controls and 2.1 per cent after thirty 

ays. It is generally agreed that smaller protein molecules move 

astest and the lar ger molecules move slowest , if the isoelectric 

oints of both types of molecules are the same. Adsorption on the 

aper at the point of application would modify this relationship, how

ver. Furthermore, the isoelectric points of uaiscle proteins vary 

rom pH 3. 5 to 7.0 (Helander, 1957). It seems wise, therefore, to be 

autious in making speculations as regards specific proteins in dis

ussing the relationships of the electrophoretic data in the present 

tudy, A correlation seems apparent, however, in that the most 
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pronounced alteration of the muscle protein fractions occurred at the 

same time period which exhibited the greatest alteration in the serum 

protein fractions. It would appear that the study of imbalance in 

pQ,tein metabolism would prove fruitful in future research on animals 

exposed to continued cold stress. 

The increase in colonic temperatures at sixteen hours (P<.Ol) 

indicates that heat production was great enough to cause a slight rise 

during the initial cold exposurP,. Energy stores in the form of carbo

hydrates and fats were available at the beginning of cold exposure. 

The downward trend of the rectal temperatures until sixty-five hours of 

exposure suggests reduced ability for heat retent,ion. After eleven 

days, however, significantly higher body temperatures were encountered , 

(P<.01). Fregley (1953) has repo,rted statistically higher colonic --
temperatures after ten days of continuous cold exposure. It appears 

that the ~imals in the present study had regained sufficient heat 
4 

retention and from the previc»isly mentioned alterations in serum al

bumin levels, utilization of proteins for energy production is sug

gested. This hypothesis is supported by the findings of Heroux (1958) 

and Heroux and Gridgeman (1958) that uruscle proteins are decreased 

after four weeks and eight weeks of exposure to 6°c. 

The colonic temperatures in the present study had fallen to 

control levels after forty days of cold exposure, indicating that ac

climatization was achieved regarding body temperature. It is evident, 

however, that adjustments made by different tissues or systems vary 

considerably. Therefore, in any statement or definition of acclimati

zation to cold, one should consider the individual criteria for 
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acclimatization. Complete understanding of cold acclimatization will 

depend on further knowledge of all functional paramet~rs, and no single 

function can be used as a measure of acclimatization to a cold environ-



.,. SUMMARY 
15 .a 

1. Relative concentrations of the serum proteins of rats during 

short tenn hypother:mia (two hours) exhibited changes in alpha2 , beta, 

and gamma globuftns. Alpha2 globulin concentrations decreased 23 per 

;1 •;_:.. cent during hypothermia (P < .01). The beta fraction rose 11 per cent 

(P<'..02) and gamma was elevated 21 per cent (P<: .05) during hypo

thermia. 

2. Continued exposure to &id for forty days resulted in a 

marked decrease of serum albumin. After thirty days, serum albumi& 

concentration of male rats was 50 per cent lower (P<.Ol), while the 

decrease in the fema l es was only 30 per cent lo~er than controls 

(P<.01). Samples taken after forty days of acclimatization shoved 
... 

that albumin in the males was sill significantly less than control 

values (P < .01) but the albumin of females had risen back to control 

levels. Increased relative concentrations of serum alpha and beta 

globulins were observed at different time periods. Male rats exhibited 

a 21 per cent increase in ganma globulin at twenty days. Female rats 

had decreased gamma fractions after ten days and forty days. 

3. Electrophoretic patterns of the water soluble extracts of 

rat IWscle showed the greatest alterations after thirty days exposure. 

The stationary protein COIJl!)Onent increased 30 per cent o•_rer control 

values. The fastest UIOVing component was decreased by 50 per cent. 
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4. The serum protein patterns of rats maintained on a thyroid 

supplemented diet did not vary from those receiving a normal diet. 

5. The electrophoretic patterns of the 111.1scle proteins of 

thyroid treated animals failed to show ~tati~ticf diffe~ence from non
u 

treated animals. 

6. Changes in rectal temperatures and body weights during forty 

days of cold exposure agree with findings cited in the literature. 



LITERATURE CITED 

Adolph, E. F. 1948. Lethal Limits£!. Cold Inmersion in Adult Rats. 

Am. J. Physiol. 155:378-387. 

Adolph, E. F. 1951. Responses~ Hypothi 'rmia of Several ~pecies of 

Infant M&mnals. Aul. J. Physiol. 166:75-91. 

Baechtel, W. R., J. R. Allen and H. L. Dobson. 1957. Paper Electt·o

phoresis of !t.Jscle Fractions From Vitamin E Deficient Rabbits. 

Proc. Soc. Exp. Biol. Med. 96:3-5. 

Baker,~~- and E. A. Sellers. 1957. Electrolyte Metabolism in the 
·. . 

Rat Exposed to~ Low Environmental Temperature. Canad. J. 

Biochem. Physiol. 35:631-636. 

Benedict, F. G. and G. MacLeod. 1929. The Heat Production of the 

Albino Rat ~ ~II. 
,. V 

Influence of Environmental Temperature, !:!i£, - . 
and Sex; Comparison with the Basal Metabolism of Man. J. 

Nutrition. 1:367-398. 

~igelow, W. G., W0 K. Lindsay and W. F. Greenwood. 1950. Hypothermia: 

Its Postlble Role 1-!!. Cardiac Surgery. Ann. of Surg. 132:849-

866. 

Block, R. J., E. L. Durrum and G. Zweig. 1955. A Manual of Paper 

Chromatography S{ld Paper Elec rophoresis. New York: Academic 

Press Inc. Second edition. pp. 333-409. 

Britton, s. W. 1922. Effects of Lowering the Temperature of~

thermic Animals. Quart. J. Exp. Physiol. 13:55-68. 

I 

;., 



68 

Britton, S. W. 1930. Extreme Hypothermia in Various Animals and in 

Man. Canad. Med. A. J. 22:257-261. 

Burton, A. C. and o. G. Edholm. 1955. Man in a Cold Environment. 

London: Edward Arnold Ltd. pp. 162-177. 

Campbell, P. N. and N, E, Stone. 1957. The Role of Serum Albumin as 

~ Precursor of the Soluble Tissue Proteins and Serum Globulins 

of the Rat Bearing Liver Tumours. Biochem. J. 66:669-677. 

Carlsqn, L. D. 1958. Symposium chairman: Metabolic Aspects of 

Adaptation of Warm-Blooded Animals to Cold Environment. 

Introductory remarks. Federation; Meeting . 

Clark, R. T., Jr., H. I. Chinn, J.P. Ellis, Jr., N, E. R. Powel and 

D. Criscuolo. 1954. Tissue Reso i ratory Studies During 

Altitude and Cold Exposure. Am. J. Physiol. 177:207-210. 

Catz, B., E. Geiger, H. Thomas and I. E Rawi. 1954. Changes in the 

Thyroid of Rats After Removal From Cold. Am. J. Physiol. 179 : 

403-404. 

Dugal, L. P. and M. Therien. 1947. Ascorbic Acid and Acclimatization ----
~ Cold Environment. Canad. J. Research, E, 25:111-136. 

Dugal, L. P. Quoted by Burton and Edholm. 1955. Man in a Cold 

Environment. London: Edward Arnold Ltd. p. 165. 

Edwards, A. L. 1955. Statistical Analysis. New York: Rinehart and 

Co. 

Fairfield, J. 1"2+8. Effects of Cold on Infant Rats. Am . J. Physiol. 

155:355-365. 

Fleming, R. 1954. Acid-Base Balance of the Blood in Dogs!! Reduced 

Body Temperature. Arch. Surg. 68:145-152. 



Fregley, M. J. 1953. Minimal Exposure Needed !2_ Acclimatize Rats to 

Cold. Am. J. Physiol. 173:393-402. 

Hannon, J. P, 1958. Effect of Prolonged tcoid Exposure~ In Vitro 

Respiration and Anaerobic Glycolysis of Rat Liver. Am. j . ------
Physiol. 192:253-257. 

Helander, E. 1957. On ~antitative }-tiscle Protein Determination. 

Acta Physiol. Scand. Vol. 41. Supplementum 141:1-99. 

Heroux, O. and N. T. Gridgeman. 1958. The Effect of Cold Acclimati-

zation 2!!. the Size of Organs and Tissues of~~. With 

Special Reference !2_ Modes of Expression of Results. Canad. J. 

Biocbem. Physiol. 36:209-216. 

ijeroux, O. 1958. Weights and comC'si~ion of Muscles of Warm and 

Cold Acclimated~- Canad. J. Biochem. Pbysiol. 36:289-293. 

Horvath, s. H., F. A. Hitchcock and F. A. Hartman. 1938. Response 

!2_ Cold After Reduction of Adrenal Tissue. Am. J. Physiol. 

121:17&- 84. 

Hsieh, A. C. L. and L. D. Carlson. 1957. Role of the Thyroid in 

Metabol..!.£ Response££~ Temperature. Am. J. Physiol. 188: 

40-44. 

Humphrey, J. H., A. Neuberger and D. J . ~ 'i~i ns . 1957. Observations 

of the Presence of Plasma Proteins in Skin~ Tendon. Biochem. 

J. 66: 390-399 . 

unter, J. 1837. Works. London. 4:131. 

Fide, Britton, S. W. 1930. Extrerae Hypothermia in Various 

Animals and in Man. Canad . Med. A. J . 22 : 25 7-261 . 



70 

Huston, M. J. and A. w. Martin. 1954. Rate of Respiration of Tissues 

.!!!. Contact with Oxygen. Proc. Soc. Exp. Biol. Med. 86:103-107. 

Jacob, J. J.C. 1947. The Electrophoretic Analysis of Protein 

Ext t'aCtf from Striated Rabbit 1-llscle. Biochem. J. 41:83-94. 
IC" 

Krog, H., M. Monson and L. Irving. 1955. Influence of Cold Upon the 

Metabolism and Body Temperatures of Wild~. Albino~ and 

Albino~ Conditioned~ Cold. J. Appl. Physiol. 7:349-354. 

Leblond, C. P. and J. Gross. 1943. Effect of Thyroidectomy ~ 

Resistance to 12!! Environmental Temperature. Endocrinology. 

33:155-160. 

Lederer, M. 1955. An Introduction to Paper Electrophoresis and 

Related Methods. Amsterdam: Elsevier Publishing Co. 

MacBeth, R. A. and R. L. Noble. 1949. The Metabolic Res-ponse to 

Thyroid Depressant Drugs in Animals Maintai9d in~ Cold 

Environment. J. Endocrin. 6:28-40. 

~lacKay, J. L. 1947. Effects "f a Narcotic~ tl Carbon Dioxide~ 

the Plasma Potassium and Respiration of Cats. Am. J. Physiol. 

151:469-478. 

sacchea, X. J. and M. L. Sievers. 1956. Effects of Induced Cold 

"' r~ 
Torpor~ Blood of Chrysemys Picta. 187:99-102. 

G. 1946. The Adrenal Medulla and Temperature Regulation. 

Reaction of Adrenal Secretion~ Cold. Rev. Canad. Biol. 

5:388-399. 

iazi, S. A. and F. J. Lewis. 1954. Tolerance of Adult Rats~ 

Profound Hypothermia and Simultaneous Cardiac Standstill. 

Surgery. 36:25-32. 



71 

Niazi, s. A. and F. J. Lewis. 1954. Resumption of Heartbeat in Dogs 

After Standstill at~ Temperatures. Surg. Forum: Clin. Cong. 

Am. Coll. Surg. 5:113-115. 

Niazi, S. A. and F.~ . Lewis. 1957. Profound HyPothermia in the 

Monkey with Recovery After Long Periods of Cardiac Standstill. 

J. Appl. Physiol. 10:137-138. 

Osborn, J. J. 1953. Experimental Hypothermia: Respiratory and 

Blood .P!! Changes in Relation to Cardiac Function. Am. J. 

Physiol. 175:389-398. 

Ring, G. C. 1939, Thyroid Stimulation~ Cold. Am. J. Physiol. 

125:244-250. 

Ross, Quoted by E. A. Sch&fer. 1898. Physiology. Edinburgh: ng 

J. Pentland. p. 823. 

Schaeffer, G. 1946. Hormonal Factors Partaking in the Chemical 

Regulation of Temperature in µomeotherms. Bull. Acad. Med. 

(Paris) 13.0:587-590. 

Segar, W. E., P.A. Riley and T. G. Barila. 1956. Urinary Composition 

During !!,Ypothermia. Am. J. Physiol. 185:528-532. 

Sellers, E. A. and S.S. You. 1950. Role of the Thyroid in Metabolic 

Responses £2_ ~ Cold Environment. Am, J. Physiol. 163:81-91. 

Sellers, E. A., s. s. You and N. Thomas. 1951. Acclimatization and 

Survival of Rats in the Cold: Effects of Clipping, of 

Adrenalectomy, and of Thyroidectomy. Am. J. Physiol. 165: 

481-485. 

Sellers, E. A., J. W. Scott and N. Thomas. 1954. Electrical Activity 

of Skeletal Muscle of Normal and Acclimatized Rats on Exposure 



~ Cold. Am. J. Physiol. 177:372-375. 

pinco Division of the Beckman Instrument Company, Inc. Palo Alto, 

California. Pamphlet No. RIM-4. 

utherland, ~- B. and D. H. Campbell. 1956. Cold-Adapted Animals. 

!· Changes in Blood Clotting and Electrophoretic Properties 

of Rabbit Plasma. Proc. Soc. Exp. Biol. Med. 91:64-67. 

72 

wan, H., I. Zeavin, J. H. Holmes and V. Montgomery. 1953. Cessation 

of Ci culation in General Hypothermia. 1• Physiologic Changes 

and their Control. Ann. of Surg. 138:360-376. 

alker, B. s., W. C. Boyd and LAsimov. 1954. Biochemistry and 

Human Metabolism. Baltimore: Williams and Wilkins Co. pp. 

174-201. 

alther, A. 1862. Beitrage ~ Lehre ~ der thierischen Warme. 

Arch. fur Pe\h. Anat. Physiol. 25:414-417. 

asserman, K. and H. S. Meyerson. 1951. Exchange of Album.in Between 

Plasma an~~- Am J . Physiol. 165:15-26. 

augh, D. 1952. Effects of Continuous Exposure~ Cold~ Organ 

Weights, Blood and Urine Chemistry of Rabbits. Am. J. Physiol. 

168:698-703. 

A. K. 1954. 
c; 

Adaptation of Rats~ Cold Air and Effects on 

Tissue Oxygen Consumption. Am. J. Physiol. 31:201-206. 

A. K. 1957. Tissue Responses in the Cold-Exposed lli_. Am. 

J. Physiol. 188:430-434. 

ite, A., P. Handler, E. L. Smith and D. Stetten. 1954. Principles 

of Biochemistry. Nev York: McGraw-Hill. pp. 652-670. 

R. and E. A. Sellers. 1951. Increased Oxygen Consumption and 



73 

~ 

Succinoxidase Activity of Liver Tissue After Exposure of Rats 

EE_ Cold. Endocrinology. 49:374-383. 

l 



'. 

ACKNOWLEDGEMENT 

The author wishes to express appreciation to Dr. Wesley S. 

Platner for his assistance and direction in this problem. Gratitude 

is also extended to Dr. Bertis A. Westfall for advice in the prepa

ration of this manuscript, Roger E. Neubeiser for his cooperation, 

and the other members of the Department of Physiology and Pharmacology 

for their timely criticism and aid. 

~ 



University Libraries  
University of Missouri 
 
Digitization Information for Theses and Dissertations project.  
Scanned from microfilm; no subsequent editing done. 
 
 
Local identifier    
 
Source information 
 
  Identifier   Microfilm reel# T1958-59-T1958-70 
  Format    Microfilm 
  Content type   Text  
  Notes     
    
 
Capture information 
 
  Date captured   2019  
  
  Scanner manufacturer/model ScanPro 3000 /e-ImageData 
  Scanning software  PowerScan 3000(TM) v5.341 
  Optical resolution  600 dpi 
  Compression   LZW 
  Color settings     bitonal 
  File types   tiff 
  Notes    Scanned from microfilm; no editing done. 
 
 
Derivatives - Access copy 
 
     
  Editing software  Photoshop   
  Resolution   600 dpi  
  Color    grayscale 
  File types   pdf 
  Notes    Converted from tiff to pdf using Adobe  
     Acrobat Pro DC. 


	Shields1958a0001
	Shields1958a0002
	Shields1958a0003
	Shields1958a0004
	Shields1958a0005
	Shields1958a0006
	Shields1958p0001
	Shields1958p0002
	Shields1958p0003
	Shields1958p0004
	Shields1958p0005
	Shields1958p0006
	Shields1958p0007
	Shields1958p0008
	Shields1958p0009
	Shields1958p0010
	Shields1958p0011
	Shields1958p0012
	Shields1958p0013
	Shields1958p0014
	Shields1958p0015
	Shields1958p0016
	Shields1958p0017
	Shields1958p0018
	Shields1958p0019
	Shields1958p0020
	Shields1958p0021
	Shields1958p0022
	Shields1958p0023
	Shields1958p0024
	Shields1958p0025
	Shields1958p0026
	Shields1958p0027
	Shields1958p0028
	Shields1958p0029
	Shields1958p0030
	Shields1958p0031
	Shields1958p0032
	Shields1958p0033
	Shields1958p0034
	Shields1958p0035
	Shields1958p0036
	Shields1958p0037
	Shields1958p0038
	Shields1958p0039
	Shields1958p0040
	Shields1958p0041
	Shields1958p0042
	Shields1958p0043
	Shields1958p0044
	Shields1958p0045
	Shields1958p0046
	Shields1958p0047
	Shields1958p0048
	Shields1958p0049
	Shields1958p0050
	Shields1958p0051
	Shields1958p0052
	Shields1958p0053
	Shields1958p0054
	Shields1958p0055
	Shields1958p0056
	Shields1958p0057
	Shields1958p0058
	Shields1958p0059
	Shields1958p0060
	Shields1958p0061
	Shields1958p0062
	Shields1958p0063
	Shields1958p0064
	Shields1958p0065
	Shields1958p0066
	Shields1958p0067
	Shields1958p0068
	Shields1958p0069
	Shields1958p0070
	Shields1958p0071
	Shields1958p0072
	Shields1958p0073
	Shields1958p0074
	SpecSheet-ScanPro



