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Investigations have shown that the hypothalamus and

pituitary respond to decreases in body temperature by

stimulating thyroid release of T3 and T4 . This study

was designed to bypass the control of the hypothalamus and

pituitary gland and investigate the direct effect of tem-

perature on the thyroid gland.

Hypothermia was by an in vivo isolated perfusion of

the thyroid gland. Radio-immunoassay was used to measure

T3 and T4 concentrations.

Significant increases were observed in animals perfused

between 360 and 250 c. These results indicate that the

thyroid gland is directly effected by decreased temperature

and that it is capable of exerting control over body tem-

perature independent of the hypothalamus and pituitary

gland. Lower perfusion temperatures produced no sig-

nificant increases.
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CHAPTER I

INTRODUCTION

In 1894, J.L. Smith, (28) found that thyroidectomized

cats could not maintain normal body temperature when exposed

to cold. The cold exposure was accomplished by placing

the animal in a chamber surrounded by a water jacket of

controlled temperature. This work by Smith was one of the

earliest attempts in associating the thyroid and hypothermia.

In 1921, Henry Barbour, (2) in a review of the heat

regulating mechanism of the body, proposed two types of

regulation, chemical and physical, which were responsible

for resistance to cold. (I) Chemical regulation was

activated when the body temperature drppped below normal,

increasing the metabolic rate and producing more heat.

(II) The second type of regulation started at an external

temperature of about 14-150C and was called physical

regulation because it consisted of the redistribution of

the blood to the internal organs away from peripheral

organs, and an increase of muscular movement (shivering),

which also produced heat. Barbour stated in his paper
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that a body temperature of 260 C might be the lowest temper-

ature compatible with life. He also mentioned that

the thyroid gland has been implicated in hibernating and

that it had been shown to be necessary for a normal response

to external heating and cooling.

Oscar Riddle, in 1927, (25) having available the

earlier work of Riddle and Fisher, undertook to study the

seasonal variations of the thyroid gland in pigeons and

ring doves. He found that thyroids of pigeons underwent

a functional enlargement during the autumn and winter

months followed by a progressive decrease in size during

the months of spring and summer, and that these changes

responded promptly to the environmental temperature change.

In 1942, Gordon Ring, (26) investigated the relation-

ship between thyroid output and the effect of cold. The

main goal of his research was toddetermine the relative

importance of the interaction between the adrenal medulla

and the thyroid gland during cold exposure. He refriger-

ated rats for three weeks, after which they were

returned to normal room temperature. A number of them

were given Nal in order to bring about a more rapid

return of basal metabolism to normal. Some of the rats
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were given water without NaI. Each week he measured the

animal's metabolic response to injections of epinephrine.

These responses were compared with those obtained from

thyroidectomized rats and those with thyroxine injections.

Ring found that the calorigenic response to epinephrine

was potentiated by thyroid hormone, and the maximal cata-

bolic response to cold is potentiated by thyroid hormone.

It was also determined that the adrenal medulla was im-

portant in maintaining an elevation of matabolism.

Leblond, in 1943, (21) attempted to study the metab-

olism of radio-iodine and thyroid activity of rats exposed

to different temperatures. Three groups of rats were

injected with radioactive iodine. The rats were exposed

to cold, heat, or ambient temperature for various periods

of time, after which they were sacrificed and the iodine

content of their thyroid glands measured. It was deter-

mined that there was an overall acceleration of thyroid

principal excretion at thirty hours of cold exposure.

This finding was consistant with the increased turnover

of thyroid hormone. Leblond estimated that the thyroid

hormone output at low temperatures was 1.82 times that at

the control temperature, and, similarly, the thyroid
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function was shown to be 0.33 times that of the control

in the rats exposed to heat.

In 1943, Dempsey and Astwood (9) attempted to quanti-

tatively measure thyroid gland secretion. First they pre-

cluded the formation of thyroid hormone by the adminis-

tration of 2-thiouracil. The animals were then divided

into groups and exposed to various temperatures During

the exposure time the animals were given injections of

thyroxine. After the period of hypothermia, the animalsro

were terminated and their thyroid glands were removed

and weighed. The data indicated that 5.2 micrograms of thy-

roxine injected daily are required to maintain a normal

thyroid gland in a rat at room temperature, but 9.5 micro-

grams are required for a rat exposed to 1_00C.

At the same time, Leblond and Gross (20) at McGill

University, Montreal attempted to determine the specific

difference in survival of normal and thyroidectomized rats

exposed to low temperature, Leblond and Gross found that

adult rats thyroidectomized two weeks previously die within

a week at 0 to 20C, while normal, thyroidectomized and

thyroxine-tteated thyroidectomized rats survive for several

weeks at the same temperature. The above experiment also
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revealed that the environmental temperature of the sur-

roundings before exposure to cold, as a previous exposure

at 30 to 34 0 C shortens, and a previous adaptation to cold

lengthens the survival time of the thyroidectomized rats

exposed to0 to 20 c. As a result of the rats surviving

in the cold without their adrenal medulla, Leblond and

Gross stated that the deaths were attributable to the

lack of thyroid glands. It might also be noted that in

the few surviving thyroidextomized rats exposed to cold,

autopsy revealed thyroid remnants.

Some time later, in 1954, Brown-Grant et al. (5)d'id studies

using iodine release, instead of iodine uptake, as a

measure of thyroid activity, Their purpose was three-i

fold. (1) To determine the effect of injected thyrotropic

hormone and thyroxine on thyroid activity. (2) To determine

the effect of hypophysectomy on thyroid activity. (3) To

study further the effect of cold exposure on thyroidal

iodinerelease.B Brown-Grant showed that upon hypophysectomy,

rabbits demonstrated an immediate and permanent slowing of

radioiodine release. This data indicates, although certaihly

not conclusively, that the brain, and, more specifically,

the hypophysis exerts a controlling influence on the thyroid
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gland. It was also determined that injections of thyro-

tropic hormone produced an increase in thyroid activity

followed by a period of inhibition. Injections of thyroxine

produced a prompt and complete inhibition of thyroid activ-

ity, which was dependent on the amount and frequency of the

thyroxine injected. In studying the effects of cold, it

was found that exposure to moderate degrees of cold appeared

to be more effective in stimulating thyroid activity in the

rabbit than exposure to more intense cold. The intense

cold may exert an inhibition on all physiological processes.

By the 1950's, it was generally accepted that the

thyroid hormones acted in some way to stimulate, or at

least to assist in the stimulation of metabolism and heat

production, and that the amount of hormone released by the

thyroid gland could be increased by exposing the animal

to cold environment. It was also widely accepted that the

brain, particularly the hypothalamus and pituitary, had

some controlling influence onthe thyroid putput. The

mechanism and control of hormone release was not known,

and only small pieces of evidence were available at that

time. In order to shed more light on the control of thyroid

hormone release, Ganong, Gredickson and Hume, in 1955, (11)
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published a paper describing the effects of hypothalamic

lesions on thyroid functions in dogs. they found that

hypothalamic lesions placed in and just above the anterior

end of the median eminence produced a depression of thyroidal

131
I uptake and histologic evidence of thyroidal atrophy,

In these studies thyroid function and histology were normal

in animals with lesions elsewhere, including the posterior

and middle portion of the median eminence, It was clear,

from the above experiments, that the hypothalamus was

capable of exerting control on the thyroid gland, but it

was still not known whether this control was neural or

humoral or both.

Following up his previous work with rabbits (5),

Brown-Grant attempted to show, in 1956, (8) that exposure

to cold caused thyroid stimulation in rats. The evidence

he accumulated, ,however, indicated that environmental

temperatures higher than 150C produced no increase in

thyroid activity. Only temperatures in the range of 6.5

to 15.00 C produced increases in thyroid hormone output.

Severe temperatures, those below 6.50C, produced a decrease,.

Brown-Grant attributed the low temperature inhibition to

non-specific stress. The speed of response in rats was
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found to be less than eight hours, which was in agreement

with his earlier work on rabbits.

Prior to 1958, attempts had been made to determine

the role of the hypothalamus in regulation of thyroid

secretion by means of ablation or lesion in the hypothalamus,

and by injection of the hypophyseal principal (TSH). Harris

and Woods (14), in 1958, explored the mechanism of hypo-

thalamic control over thyroid secretion in rabbits by elec-

trically stimulating various areas on the hypothalamus

directly and then monitoring the release of 1311 from the

thyroid gland. They found that stimulation of the anterior

part of the median eminence adjacent to the supraoptico-

hypophyseal tract resulted in increased thyroid activity.

It was also shown that if the effectiveness of the adrenal

cortex was removed, the response of the thyroid to hypo-

thalamic stimulation was increased. Other effects were also

noted as a result of hypothalamic stimulation, among them

antidiureses, ovulation and in eight cases, death.

The sensitivity of hypothalamic neurons to temperature

changes was still under question in the 1960's. Hardy,

Hellon, and Sutherland, in 1964, (13) using micro-electrodes,

recorded the firing rate of neurons in the appropriate areas
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of the hypothalamus. They found that raising or lowering

the hypothalamic temperature by 10 or 20C had no effect on

the firing rate of about 60 per cent of the.neurons, and

that 80 per cent of the remaining neurons showed a sensitiv-

ity to temperature change by increased firing rate upon

heating and decrease firing rate upon cooling, About 20

per cent of the sensitive cells increased their firing rate

with cooling. Throughout the experiments there was no

evidence of adaptation The evidence presented was suf-

ficient to suggest that the sensitive cells were receptors

which played an important role in thermal regulation

The most widely accepted theory concerning the effect

of cold on the hypothalamus-pituitary thyroid axis, in

the middle 1960's, was that temperature input was received

by the temperature sensitive neurons in the hypothalamus.

These neurons then induced the hypophysis to secrete TSH

which in turn caused the release of thyroid hormone, and,

hence, an increase heat production. There was also a pro-

posed negative feedback on the hypothalamus by the increased

thyroxine level in the blood. (4,27,29)

Human experiments in 1966 by Gerald Berg, (3) revealed

that when the hypothalamic temperature was lowered by 0.50 c
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there was no increase in plasma TSH concentration. Com-

flicting experiments (4,13) showed that temperature sensitive

neurons in the hypothalamus increased their firing rate

with a 1.00 c change in temperature.

In Stockholm, Sweden, also in 1966, B. Andersson et al.

(1) carried out experiments on goats, which demonstrated the

patency of the hypothalamus as a thermoregulator structure,

and the necessity for both the thyroid gland and the adrenal

medulla in defense to cold. Andersson implanted thermodes

into the anterior hypothalamus for local cooling, and found

that local cooling produced a 20 c rise in rectal temperature.

After thyroidectomy there was also a 20 c rise in rectal

temperature, upon hypothalamic cooling, but only at the

expense of a 100 per cent increase in excretion rate of

epinephrine within 2 to 3 hours. When the hypothyroid goats

were exposed to external cold for 3 to 4 hours, their body

temperatures were maintained at normal, but at the expense

of a 411 per cent increase in blood sugar, 311 per cent

increase in epinephrine excretion, a 51 per cent increase

in norepinephrine excretion, and immediate, intense and

prolonged shivering, not seen in the euthyroid goats. In

these studies with goats, Andersson et al,., demonstrated
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that the hypothalamus was temperature sensitive and that

it could exhibit a controlling influence on adaptation

to cold. Andersson also demonstrated that in hypothyroid

goats a complex loss of the matabolic adaptation to cold

occurred, and only after intense and prolonged muscular

contraction could the animal produce enough heat to maintain

body temperature.

In order to explain the conflicts in data concerning

the role of TSH in adaptation to cold, Hershman et al., (15)

in 1970, conducted two-fold experiments. First, he exposed

rats to cold (40c) for 30 minutes and then measured TSH

level in relation to control. Secondly, he studied the TSH

levels in adult human males exposed to 20 to 40C for 1 hour,

and in patients undergiong hypothermia for cardiac surgery.

He found that after 30 minutes in cold the rats demonstrated

a prompt increase in serum TSH to levels significantly

above the base line. Hershman, however, found no increase

in serum TSH levels in the human subjects exposed to cold.

He concluded only that either humans subjects do not utilize

the generally accepted mechanism for cold acclimatization,

or the acute hypothermic exposure used was not a sufficient

test in man.
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In Japan, in 1972, Kajihara et al., (19) used a new

technique for studying acute hypothermia. They demonstrated

that TSH injected into a rat or guinea pig, caused an in-

creased intracellular colloid droplet formation in thyroid

tissue within 10 minutes. The same increase in colloid

droplet formation produced by TSH injection was also demon-

strated by exposing the animals to 50C. Again the latent

period was only about 10 minutes. These results indicated

that, at least in rats and guinea pigs, the acute response

to cold involves the release of TSH followed by a precip-

itous increase in thyroid activity.

In 1972, however, contradictory findings were again

published by Woolf (31). Patients undergoing severe hypo-

thermia, (rectal temperature 77-900 C) had no increase in

TSH or thyroid hormone levels. In these patients the

hypothermic periods lasted from 10 hours to more than 2

days. Woolf offered no explanation for the data, only

that other researchers have found increases in TSH and

thyroid hormones in similar cases.

Most of the investigations which indicated that there

was pituitary control over temperature regulation were

accomplished using rats and guinea pigs. In order to
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extend those investigations, Leppaluoto, in 1973, (22)

exposed rabbits to various degrees of cold, and then

measured plasma TSH. there was no increase in plasma TSH

in any of the rabbits. Leppaluotto concluded that, in the

rabbit, the hypothalamus is refractory to cold stimulus,

possibly through a mechanism associated with the secretion

of ACTH, which did increase during the hypothermic period

and had been previously documented as a thyroid inhibitory

chemical (6,7).

The exclusion of the hypothalamus from the hypothermic

site could give evidence for the other contributing factors

in the response to cold, without the ablation of the hypo-

thalamus. Hypothermia had been produced by whole body

hypothermia where the experimental animals were placed

into either cold rooms or into cold baths, or has been

mimicked by cooling the hypothalamus and then assaying for

TSH or the thyroid hormone changes.

The reason that whole body hypothermia was not used

in the present study is the large number of input variables

which must be dealt with, and controlled, during the pro-

cedure. When an entire animal is cooled there are many

possible sites which could have input into the brain (6,

7,10,24,29,30). Further complications arise as soon as
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organs, other than the ones under study and control, become

involved in the response to hypothermia. (6,7,13) If the

participation of the thyroid gland in the onset of com-

pensation to cold was to be observed, other organs involved

in the initial compensation must be maintained at a normal

body temperature.

The most widely accepted current theory recognizes

the anterior hypothalamus as the main thermal sensitive

area, and as the area of the brain which controls the

release of thyroid hormone in response to cold.

The purpose of this investigation was to reduce the

many variables involved in whole body hypothermia by per-

fusion hypothermia on the dog thyroid gland. By moni-

toring the release of the two major thyroid principles,

thyroxine (T4) and triiodothyronine (T3), the response

produced by the thyroid gland to cold could be measured.

The thyroid gland was chosen as the experimental organ

because the exact mechanism of participation of the thyroid

gland in the control of temperature was not known and

because the extirpation of the thyroid gland precludes the

ability to adjust to moderate to severe changes in the en-

vironmental temperature. (30,26,10)
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CHAPTER II

METHODS AND MATERIALS

Mongrel dogs weighing from 11 to 25 kg. were used

as the experimental animals in this study. All animals

were maintained on Purina Dog Chow and water ad lib.

Twelve to sixteen hours before the experimental procedure,

the animal to be used was isolated and fasted with only

water until surgery.

The animals were anesthetized with an I.V. injection

of sodium pentabarbital, 30 mg/kg. The initial dose of

two thirds of the calculated dose was injected rapidly,

and the last third slowly. All animals were maintained

in plane two of stage three of surgical anesthesia.

Immediately after being anesthetized an endotracheal

cannula was inserted to assure a clear air passage.

Throughout the procedure the dog ventilated room air.

A Yellow Springs Thermister probe was inserted six inches

into the animal's rectum, and base line core temperatures

were established. Rectal temperatures were recorded

18
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throughout the procedure, at half-hour intervals on all

animals, with the exception of two early experiments.

A blood sample was taken from either the saphenous or

cephalic vein for the determination of control levels

of thyroxine and triiodothyronine concentrations.

Arterial blood gases were monitored at varying in-

tervals, using a Radiometer BM 53 Mk2 Blood Micro System

with a PHM 72 Digital Acid-Base Analyzer. This procedure

insured that the animal was ventilating properly under

anesthesia.

The surgical procedure was as follows: With the

animal supine and ventral side up, an incision was made

from the hyoid cartilage to the suprasternal notch.

Bleeding from the cutaneous vessels was controlled by

cauterization. The subcutaneous connective tissue

was separated in the midline and the trachea was exposed

by blunt dissection between the sternohyoid muscles in

the mid-ventral line. All small vessels encountered

were ligated with 4-0 braided silk suture. The right

belly of the sternohyoid muscle was reflected laterally

out of the field using a nonfenestrated retractor. The

animal's right carotid artery was isolated, with care
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being taken to preserve all nerve and blood supplies in

the area. A branch of the inferior thyroid vein was

isolated from surrounding tissue, and a loose ligature

was placed around it for later recovery. The right

thyroid gland, the right superior thyroid artery and the

superior thyroid-common carotid intersection were isolated.

A 2-0 ligature was placed around the common carotid artery

immediately distal to the superior thyroid artery branch.

Prior to cannulation, sodium heparin, 3mg/kg, iaasa

inected to prevent coagulation in the perfusion tubes.

Heparin plasma concentrations were maintained with

repeated one-hour injections of 1.5 mg/kg heparin. All

cannulas were filled with a 1/100 dilution of 5mg/ml

sodium heparin in saline prior to their insertion, and

with the exception of the Angiocath (Murray Hill, N.J.),

were made of P.E. tubing of various sizes.

A branch of the inferior thyroid vein was then dead-

end cannulated with a number 20 or 22 Angiocath, to serve

as collection site for blood samples to be used in the

determination of thyroxine and triiodothyronine output

levels. The right common carotid artery was bypass-

capnulated proximal to the superior thyroid artery branch.
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A variable temperature water bath that could main-

tain temperatures within 1.00 C comprised the cooling

unit. Blood, pumped by systemic pressure, was allowed to

flow from the common carotid artery through P.E. tubing

into a glass cooling coil immersed in the variable temper-

ature bath. The blood was returned to the thyroid gland

through P.E. tubing encased by a water jacket supplied

by cold water from the bath so that low temperature was

maintained.

The cold blood returning from the thyroid was

rewarmed before reentering the systemic circulation. This

was accomplished through a bypass cannulation of the

right external jugular vein, caudad to the branch of the

thyroid vein. The right jugular vein was approached via

a right ventrolateral incision close to the shoulder, and

blunt dissection and cautery were used to isolate the

vessel. The venous bypass system was rewarmed in much

the same way as the arterial bypass system was sooled

except that the tubing was considerable syorter and a

25-Watt light was used as a heat source positioned at

varying distances above the rewarming coils. The tem-

perature of this system was regulated to within 1.0Oc.

(Figure 1)
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One of the most accurate methods for the quantitative

determination of thyroxine and triiodothyronine is radio-

imunoassay. (1,2,3). The type of assay used in this

study was a single-antibody method utilizing 1251 thyroxine

or 1251 triiodothyronine. The technique is one suggested

by Wein Laboratories, Succasunna, J.J., A Beckman Model

LS-250 liquid scintillation counter, in conjunction

with the Beckman Microfuge technique was employed to

count the gamma emmissions from the 1251. Information

and materials are available from Beckman Corporation,

Dallas, Texas. Protamine sulfate was used in the in vitro

test on a 1 to 1 basis to antagonize the heparin in the sam-

ple blood.

Twenty-five animals were used in this study. Five of

the twenty-five were control animals. They were treated

in exactly the same way as the experimental animals

except that the perfusion temperature was maintained at 370C.

One animal was utilized as a sham animal in which all

surgery was performed except cannulation and perfusion.

The remaining 19 animals were divided into 5 groups: A-E,

according to their thyroid perfusion temperature. Group A

were kept from 360 to 330c, group B were kept from
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320 to 280 C, group C were kept from 270 to 250 C, group D

were kept from 240 to 220 C, and group E were kept from

210 to 200C. These groupings were somewhat arbitrary, with

the primary purpose being simplification for analysis. The

control group at 370 C was designated group F. All animals

went through a prehypothermia period of approximately three

hours, and a hypothermia period, at the prescribed tem-

perature, for three hours. At the end of this six-hour

period the animals were terminated.
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CHAPTER III

RESULTS

Data points were calculated at the beginning and the

end of the surgical procedure, and each half hour during

hypothermia. The data points in the graphs are the means

from all the dogs in that particular group, and the

points for each animal in a group came from duplicate

samples assayed in duplicate.

Group A consisted of three dogs at a perfusion

temperature in the 360 to 330C range. All of these animals

presented a dramatic increase in both T3 and T4 concen-

trations (Figures 2 and 8). The increase began as early

as one half hour after the onset of perfusion and lasted

throughout the procedure. The maximum increase in T3 con-

centration was 134 per cent over the control mean, and

the maximum increase in T4 concentration was 74 per cent

over the control mean.

Group B consisted of fout dogs at a perfusion tem-

perature in the 320 to 280C range. Again, as seen in

group A, there was a significant increase in T3 and T4

26
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Figl 8. Per cent change of serum
thyroxine (T8) in hypothermia Group
A (360 to 33 C) from control level
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Fig. 2. Per cent change of serum tri-
iodothyronine (T3) in hypothermia Group
A (360 to 330 C) from control level
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concentrations. (Figures 3 and 9) In group B, however,

the increase was not as significant. The peak increase

for T3 release in group B was 67 per cent over control.

The T4 concentration increased to a peak of only 23

per cent above control at the 3-hour sample.

Group C animals, thyroid glands were perfused at a

temperature in the 270 to 250C range. This group con-

tained six dogs. The peak T3 increase was 43 per cent

over control and the peak T4 increase was 12 per cent

over control. The increased levels of both T3 and T4

were seen but not sustained throughout the hypothermic

period. (Figures 4 and 10)

Group D consisted of four animals whose perfusion

temperature was in the range of 240 to 22 0C. Increases

in T4 concentration were trathient and mall (1 per cent),

and few points were significantly different from control

levels. T3 increases were somewhat increased but only

to a mean of 12 per cent over control, and these increases

were not statistically significant. (Figures 5 and 11)

Group E consisted of two dogs perfused at a tem-

perature in the 210 to 200C range. The largest increase

in T4 was 15 per cent, which occurred at the third hour
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Fig. 3. Per cent change of serum
thyroxine (T4 ) in hypothermia Group
B (320 to 280 C) from control level
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Fig. 9. Per cent change of serum Tri-
iodothyronine (T3 ) in hypothermia Group
B (320 to 280 C) from control
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Fig. 4. Per cent change of serum
thyroxine (T4) in hypothermia Group
C (270 to 250 C) frcan control level
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Fig. 10. Per cent change of serum Tri-
iodothyronime TT3) in hypothermia Group
C (270 to 250 C) from control level
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Fig. 5. Per cent change of serum

thyroxine (T4) in hypothermia Group

D (240 to 220 C) from control level
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Fig . 11. Per cent change of serum Tri-

iodothyronine T73) in hypothermia Group

D (240 to 220 C) from control level
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of hypothermia. (Figure 6) This 15 per cent increase

in T4 did notccompare well with the other groups of

hypothermic dogs, whose values were much higher. The

largest increase in T3 for group E occurred at the 2-

hour point of hypothermia. (Figure 12) It was only

a 10 per cent increase, which followed a 5 per cent

decrease in T3 concentration. The small but statis-

tically significant increase in hormone release by Group

E animals was less frequent and of shorter duration than

those exhibited by groups A, B, and C.

Group F consisted of five doge, each perfused at

370C for three hours. In none of these animals was there

a significant change in thyroxine or triiodothyronine

concentrations. (Figures 7 and 13)

One animal was used as a sham animal in which

the surgical procedure was performed, but perfusion did

not cocur. There was no significant change in T3 or T4

concentrations in this dog during the 14hour control

period.

Statistical analysis was applied to per cent change

in hormone concentration vs time. Standard errors of the

means (sem) were calculated for the increases and decreases
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Fig. 6. Per cent change of serum
thyroxine (T4 ) in hypothermia Group
E (210 to 200 C) from control level
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Fig. 12. Per cent change of serum Tri-
iodothyronine (T 3 ) in hypothermia Group
E (210 to 200 C) from control level
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Fig. 7. Per cent change from zero

in serum thyroxine (T4) levels

in control Group F (370 c)
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Fig. 13. Per cent change from zero in
serum triiodothyronine (T3 ) levels
in control Group F (370 C)
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in each group of animals. The resulting SEMs for T3 and

T4 were represented by vertical bars in Figures 2 through

13. The student's t test was used in order to establish

the significance of the change in T3 and T4 concen-

trations at varying temperatures. The combined control

group was compared to the various groups at hypothermic

temperatures and p values were determined. Changes

having p less than 0.01 were determined to be significant.

Group A showed no significant change in T3 during

the first hour of hypothermia. At 1 and 2 hours in-

creases were seen to p (.01 and at 2-hours p<1001. At

1-hour T4 showed a significant increase to p<.001.

From 1 throughout 3 hours the T4 increase was signifi-

cant to p <.0l.

Group B showed its first significant increase in T4

at 2-hours after the onset of hypothermia to a p <.0l.

There was continued increase at 2 hours that was sig-

nificant to a p <.001. The increase of T3 in group B

was immediate and significant to a p <.01 throughout

the experiment, with the exception of the mean results

at the 2 hour level.
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Group C showed significant increases in T3 con-

centrations at 1 and 1 hours of hypothermia to a p<.05.

The only other significant increase in T3 concentration

)p <.01) occurred at 2 hours after the onset of hypo-

thermia. T4 concentration in group G increases to sig-

nificant levels )p<.001) at 1-hour, but was not signif-

icant at 2 and 2 hours. At the 3-hour sample there was a

small decrease from the previous level. (Figures 4 and 10)

Group D at all points except 2 and 3 hours showed no

significant increase in T4 concentration. At the 2-hour and

3-hour samples the increase was significant to p<.05.

There was no significant increase in T3 concentration.

(Figures 5 and 11)

Group E showed an increase of T3 to a significance

level of p <.05 within hour of the onset of hypothermia.

This increase was short-lived and no other increases

occurred during the hypothermic period. T4 concen-

tration showed no significant increase for the first 1

hours of hypothermia, but did show increseases to p(.01

at the 2-hour and 3-hour periods. (Figures 6 and 12)

Figures 14 and 15 are composite graphs of the T3

and T4 changes occurring in each of the six groups
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Fig. 14. Composite graph showing per cent
change of thyroxine (T 4 ) in all hypothermic
groups compared to control
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Fig. 15. Composite graph showing per cent

change of triiodothyronine (T3) in all
hypothermic groups compared to control
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during both surgical and hypothermic periods. These

data and their statistical significance are also shown

in Table I.

Physiological parameters such as blood gases and

rectal temperatuaewere recorded during the experimental

procedure in order to monitor overall body changes. The

blood gas analysis revealed no signs of acid-base

imbalance or cardio-pulmonary distress. Rectal temper-

ature varied up to 50 C above or below normal body temper-

ature, but there was no consistent pattern observed in

these variations.
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TABLE I

COMPARIS T0 0 3AND T4 LEVELS AT NORMAL

AND YUTHER IC TEMPERATURES

(1N2BERS REPRE.SET % CHANGE FROM NORMAL TEMPERATURE)

Ohr

3 hr

3 hr

M

T
3T3

T3 4

T3

T4

360- %32 0 72- 21 -Z37c
330c 28 0 C 250C 220C 20.0

43 5.34 - 3.3 9.4 116

- 4.75 8.85 4.8 1.4

0 0 0 00 0

9 9.94 11.5 0.1 4.3 -5.8

3.5 -1.5 5.3 -1.1 2.6 0.9

14.1 66.4 8.4 2.7 -5.8 -11.2
*** **

-9.9 0.6 12.8 0.6 6.4 0.7
**

34.5 15.9 25.0 0.4 -5.9 1,2
**

43.8 -2.5 4.4 -768 0.2 0.4
**

98.1 28. 17,0 9.7 13.7 0.4
** ***

30,2 12.2 5t8 0.1 10.0 -4.0
**

67.5 15.9 42 9 2.7 - 6.3
* k

73.8 13,3 5.6 -2.1 - -7,1

134.0 42.8 6.1 -1.3 195 6 4
** **

124.1 34 1.3 4 1 -314
**

*=pC5 **p(.0I ***p(.GQI (Studentr s-)

4 hr

4 hr

1D hr

h.r

6 hr

L3

T 3



CHAPTER IV

DISCUSSION

MORPHOLOGY

The thyroid gland is composed of spheroidal follicles

40 to 120 microns in diameter. Each follicle is composed

of a lumen surrounded by simple epithelial cells, 
which

are enclosed in a basement membrane.

The follicular cells exhibit apical membranes with

irregularly spaced microville proceeding into 
the fol-

licular lumen. The ergastoplasm is composed of cisternae

and ribosomes, and is distributed throughout the cyto-

plasm of the cell. The ribiosomes are present on the outer

surface of the membranes enclosing the usually widely

dilated cistermae. The nucleus is usually located at the

base of the cell The Golge bodies are in supra-nuclear

position, and consist of numerous sacs, which 
are surrounded

by small vesicles of various sizes. These vesicles are

found extending from the Golgi zone to a region immediately

below the apical surface. The cytoplasm contains spheroids

61
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which measure about 1.5 microns and are said 
to contain

colloid (17,20,2).

SYNTHESIS and RELEASE of T3 and T4

As presently understood, thyroglobulin, a basic

precursor to T3 and T4 , is synthesized by the ribosomes

within the endoplasmic reticulum of the follicle cell. The

protein then acquires a carbohydrate moiety via 
the Golgi

bodies (glycoprotein), and subsequently migrates to the apical

zone, being contained in the apical vesicles, 
where it is

secreted into the lumen by a mechanism similar to that

of soap bubbles, which burst, espelling the non-iodinated

thyroglobulin from the cell (5,2). occurring concom-

itantly with the above process is the oxidation of I~ to 12-

Ionic iodine cannot be used in thyroid hormone biosynthe-

sis, consequently, it must be converted to its molecular form

after it is removed from circulation and concentrated by

the thyroid gland,(8). This conversion is accomplished by

a peroxidase enzyme, which has been identified 
in the

microsomal-mitochondrial subcellular fraction of thyroid

follicular cells. The molecular iodine then presumably

diffuses into the lumen of the follicle.
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Ekholm and Wollman (6) demonstrated that iodination

of thyroglobulin does not occur within the follicular 
cell,

but just inside the lumen. Ekholm also postulated that

the iodination is accomplished in proximity to the apical

cell membrane, where high concentrations of peroxidase

have been found.

A release mechanism for T3 and T4 has not been univer-

sally accepted, but Onoya and Solomon (19) have proposed

a substantiated working mechanism. First, TSH binds to

the apical plasma membrane in such a way as to initiate

adenyl cyclase activity, and then increases in C-AMP con-

centration (1,24) . At this time the cell membrane sends

out cytoplasmic streamers which by pinocytosis bring

iodinated thyroglobulin back into the cells, and the

protein is contained within the colloid droplets. 
At

the same time lysosomes are labilized and migrate from 
the

basal to apical end of the cell. The colloid droplets

and the lysosomes fuse and the thyroglobulin is enzy-

matically hydrolyzed into protein, T3, and T4 as well

as several other proteins of less importance. The

free hormone then diffuses into the blood (14,15).

With the use of membrane-stabilizing agents such
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as chlorpromazine (Cpz), it has been shown that stabil-

ization of the lysosomal membrane will interrupt 
the

fusion of the lysosome and colloid droplet (19,14,18).

Endocytosis had also been inhibited with Cpz, 
propranolol,

and adenyl cyclase inhibitors (19).

Melander (16) had shown that norepinephrine

from intrathyroidal sympathetic nerves causes an 
increase

in thyroid secretion by way of an activation of an adenyl

cyclase-cyclic AMP system in the follicle 
cell (16,10).

After T3 and T4 plus several other minor iodination

byproducts are released from the thyroid gland, 
they

are bound to various serum proteins. This binding is

electrostatic, as apposed to covalent, and it is reversible.

Using electrophoresis, equilibrium dialysis, 
and ion-

exchange chromatography, researchers have determined

that there are three major serum proteins which are 
in,-

volved: (1) thyroxine binding globulin (TBG), (2) thy-

roxine binding prealbumin (TBPA), (3) serum albumin. At

normal levels most of the hormone is bound by TBG. Most

but not all of the thyroid hormones are bound by these

proteins, and it is the free non-bound forms of the hor-

mones which interact with the tissue (29).
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In the past it was thought that TSH, elaborated from

the anterior pituitary gland, was the ultimate control

of thyroid gland secretion, and that a decrease in the

circulating levels of T3 and T4 would cause an increased

release of TSH. Likewise, an increase in circulating

T3 and T4 would cause a decrease in TSH release and a

concomitant decrease in Te and T4 secretion (23,9). In

recent years thyrotropin releasing factor (TRF) has

been discovered. It emanates from the median eminence-

arcuate nucleus area of the brain (11,32). Its action

is to cause the release of TSH from the pituitary, which

in turn causes a release of thyroid hormone.

During periods of whole body hypothermia, it has

been shown that there is an increase in utilization

of T3 and T4 by :the peripherial tissue (22). The increased

utilization causes a decrease in the circulating hormone

levels, which induces an increase release in TRF and TSH.

This then causes an increase in the amount of T3 and T4

released by the thyroid gland (20,23), There is also

evidence to indicate that the cooling of the hypothalamus

during whole body hypothermia causes a segment of its

neurons to increase their firing rate, an effect which

could be responsible for the change in thyroid function.
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DISCUSSION of PRESENT TECHNIQUE

In this study care was taken to insure that both

blood supply and nerve supply to the hypothalamus 
and

pituitary gland were intact. The blood going to both

of these organs was at normothermia. This procedure

of perfusing only the thyroid with hypothermic 
blood

consequently eliminated the previously discussed

effect of temperature on the brain and on all of the

other organs and tissues since they were also at

normothermia.

REVIEW of T3 and T4 ANALYSIS

The hormone analysis in this study indicated that in

group A (360 to 330 C) there was a dramatic increase in T3 and

T4 secretion during hypothermia (Figures 2 and 8), and

that the increase was sustained throughout the hypother-

mic period. The increased in T3 began immediately after

the onset of hypothermia, and were significantly increased

after 30 minutes. The T4 , however, was not elevated to sig-

nificant levels until 1 'hours after the onset of hypo-

thermia. In group B (320 to 280 C) the increases followed
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the pattern of group A (Figures 3 and 9). The increase

was not as intense, but still significant at the 
0.01

level. Group C (270 to 250 C) displayed increases as did

groups A and B (Figures 4 and 10), but the increases

were not as intense and they were transient, dropping

to approximately control levels near the 
end of the 3-

hour hypothermia period. Group D (240 to 22
0 C) showed no

T3 increase, and only a small encrease in T4 which fell

of f toward the end of hypothermia (Figures 5 and 11).

Group E (210 to 200 C) showed two small transient

increases in T4 , neither of which was very intense 
or

significant. It is known that increased levels of

thyroid hormones cause an inhibition of T3 and T4 se-

cretion (22). After 1 to 2 hours of hypothermia, there

were large increases in serum T3 and T4 . A sharp de-

crease, such as the one observed in Figures 4 and 10

could be explained by the negative feed back of T3 and

T4 on TSH release (12,22) .
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An overview of the data showed that moderate thyroid

hypothermia produced large and sustained increases in T3

and T4 . These large increases were more pronounced

during hypothermic temperatures in the (360 to 250 C) range.

There were small and transient increases in the more

severe hypothermia, below 250 C, but they were not sig-

nificant when compared to changes recorded in animals

perfused at 250 C or above.

In severe thyroid hypothermia one might suspect that

the poor response was due to an overall decrease 
in

enzymatic activities and a general depression of meta-

bolism. In 1942, Ring (22) observed that without the

activity of the thyroid gland, there was a general de-

pression of metabolism in hypothermic rats. Since then

it has been generally accepted that hypothermia produces

a general cellular metabolic decrease (23). it is also

highly probable that during severe cold there is an in-

crease in the viscosity of the intracellular fluid. This

viscosity change might produce a mechanical barrier,

which could inhibit the migration of lysosomes from the

basal to the apical end of the cell.

The observation of an increase in thyroid gland
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release of T3 and T4 hormones during hypothermia cer-

tainly needs some explanation. There are several pos-

sible subcellular sites where hypothermia could have its

effect, and there are several possible mechanisms

which should be discussed.

There is evidence demonstrating that the enzymes,

such as the ones involved in thyroid physiology, do

not have their peak activity at 37
0 C, but rather at

temperatures somewhat lower then normal body temperature

(21). It is not unlikely that the increased release of T3

and T4 seen during moderate hypothermia could have been

a result of an increase in activity of the enzymes which

participated in endocytosis, labilization of the ly-

sosomes, fusion of colloid droplets and lysosomes, pro-

tease activity, and release of T3 and T4 (21). It is

also possible that a decrease in temperature causes a

labilization of the lysosomal membrane. Work has been

done which demonstrates cold-incuced alterations in

membrane lipids (7), and Toshimasa (18,19) has shown

that stabilizing the lysosomal membrane, using chlor-

promizine (Cpz) and propranolol, caused a decrease in

lysosome-colloid droplet fusion and thyroid hormone
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release. If stabilization of the membrane caused a

decrease in T3 and T4 release, then it follows that a

cold induced destabilization of the membrane would 
cause

an increase in T3 and T4 release.

Metabolic and enzymatic processes are dependent 
on

physiological concentrations of several 
ionic species.

Researchers have measured both increases and decreases

in several ionic species during hypothermia, in particular

calcium, magnesium, sodium, potassium, and chloride. The

extent of the concentration has been shown to be depend-

ent on the severity of the cold exposure and the species

under consideration (21). Such ionic changes could have

been intimately involved in changes in membrane per-

meability or electrical gradients during these hypothermic

experiments and could have contributed to the observed

T3 and T4 release.

Other various effects have been implied which might

affect the results of this study. It is true that the

barbiturate used as a general anesthetic will interfere

with long-term organic binding of iodine (20), but there

are large supplies of iodinated thyroglobulin stored in

the follicular lumen. This study was acute, and probably

measured the release of preformed T3 and T4 .
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The nerve supply to the thyroid gland might be

suspect in this investigation; however, this nerve

supply has only the functions of vascular tone 
and the

B2 adrenergic effects of norepinephrine. 
There is no

reason to suspect afferent fibers from the thyroid gland

to the CNS (20).

Some researchers have indicated that the hypother-

mic studies done under general anesthesia produce dubious

results (13,9,4). Twenty-five per cent of the animals

in this study were used as control animals, and at no

time in the 6-hour procedure did the T3 or T4 levels

of the control animals deviate significantly from the

time zero control values. Should there have been a CNS

depression, as proposed by several investigators (9,4),

during anesthesia, significant changes should have been

observed in T3 and T4 levels.

FUTURE STUDIES

The hypothermic effect on T3 and T4 release could be

further elucidated by studies characterizing the enzymatic

processes involved in T3 and T4 release, and the relation-

ship of temperature to the functioning of these processes.



72

Studies are also indicated in which cellular

electrolytes are varied during periods of hypothermia,

while T3 and T4 concentrations are being measured.

A clear understanding of the effects of low temper-

ature on lysosomal membranes would also add to the over-

all understanding of these hormonal release processes.

SUMMARY

The described technique of isolated thyroid perfusion

had indicated an unquestionable increase in T3 and T4

release during hypothermia. Based on previous studies,

one might speculate that a change in thyroid temperature

would have little or no effect on T3 and T4 release. The

only hypothesis possible that could explain such an

increase in T3 and T4 release would be one which includes

the thyroid gland as a site of effect and control. This

finding is somewhat contrary to the present drift of research

in the field of hypothermia and temperature control.
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