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Abstract

v

Chronic exposure to cold can affect the thyroid
gland. However, the effect on thyroid gland per-
fusion images and the ratio between thyroid
hormones secretion were not addressed in any
previous study. The present study investigates
the effects of chronic cold exposure on thyroid
gland function using radionuclide tracer and
thyroid hormones secretion concentration. New
Zealand white rabbits weighing approximately
1.8-2kg were kept in a cold room (4°C) for 7
weeks. Thyroid scintigraphy was performed for
cold exposed rabbits and a control rabbit group.
Each rabbit was injected with 115MBq (3.1 mCi)
technetium-99m pertechnetate (99mTc pertech-
netate). Studies were performed using Gamma
camera equipped with a low energy, high resolu-
tion, pinhole collimator interfaced with a com-

puter. Static images were acquired 20min after
administration of the radiotracer. Rabbits chron-
ically exposed to cold had less body weights than
control. Thyroid gland uptake is higher in rabbits
chronically exposed to cold than controls using
radionuclide perfusion study. The increase was
proportional to the time period, so the increase
after 7 weeks was greater than 5 weeks. There
is also an increase in free triiodothyronine (FT3)
and a decrease in free thyroxine (FT4) values.
Our results indicate that thyroid gland uptake
is higher in rabbits chronically exposed to cold
than control and the increase was proportional
to the duration. The decrease in rabbit body
weights may be related to the increase in metab-
olism due to the increase of thyroid hormones.
Chronic cold exposure also increased the conver-
sion of T4 to T3, which is more potent in ther-
mogenic effect.

Introduction

v

Acclimatization to cold is difficult to be demon-
strated, due to human’s success in avoiding cold
stress by behavioral and insulative mechanisms [1].
Man exhibits certain metabolic adaptations during
prolonged cold exposure as increased sensitivity to
noradrenaline occurred in Australian men in the
Antarctic [2-4]. Increased thyroid hormone turno-
ver and elevated serum thyrotropin levels have
been proved in normal men during prolonged cold
exposure in the Arctic [5-10]. Thyroid gland has
many functions due to its hormones. It has calori-
genic and thermogenic effect. The major ther-
mogenic effect in mammals is to induce transcript
of Na*/K* ATPase gene. It also increases oxygen
consumption (used for ATP production). Thyroid
gland has intermediary metabolism and mobilizes
glucose for use (glycogenolysis to make ATP).
Increased thyroid hormone concentration results in
a high metabolic rate, an increase in skin tempera-
ture and sweating, and a marked sensitivity to heat.

In normal subjects, the thyroid gland secretes
about 110 nmol of T4 and 10 nmol of T3 each day.
T3 has a greater affinity and greater efficacy than
T4 for the nuclear receptor, thus although T4 is
quantitatively secreted at much higher levels, to
become biologically active, it requires deiodina-
tion and conversion to T3. Therefore, the present
study investigates the effects of chronic cold
exposure on thyroid gland function using radio-
nuclide tracer and also the concentration of thy-
roid hormones secretion during this low
temperature.

Materials and Methods

v

Twelve adult male New Zealand white rabbits
weighing approximately 1.8-2kg were used in
these experiments. They were divided into 2
groups, 6 rabbits per each (1 rabbit per cage). The
first group (group 1), were kept at room tempera-
ture at 25°C and served as controls. While the
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second group (group 2), age-matched littermates rabbits were
kept in the cold room at 4 °C for a period of 7 weeks. Rabbits in
both groups were fed with the same amount of food and had
access to water throughout the duration of the study. The study
was approved by the institutional research committee. Rabbits
in both groups, control group and chronically exposed to cold
group, were weighed at the beginning of the experiments, and
then each following week for a period of 7 weeks.

Radionuclide imaging

At the end of 5 weeks and 7 weeks, thyroid scintigraphy was
performed for control rabbit group and for the chronically
exposed to cold group. Each radionuclide study was performed
using 115MBq (3.1mCi) 99mTc-pertechnetate. Studies were
done using Gamma camera (Meridian System, T55B- 1473)
equipped with a low energy, high resolution, pinhole collimator
with standardized distance to the rabbit, interfaced with a dedi-
cated computer. Rabbits were positioned after anesthesia in the
supine position. Static images were acquired 20min after
administration of the radiotracer on a matrix of 256 x 256.

Thyroid function tests

Blood samples were taken from the marginal veins of rabbit ears
for control group and chronically exposed to cold group (each
group, n=6). The blood was collected in syringes, transferred
into heparinized tubes, and centrifuged at 3000 rpm for 10 min.
The plasma was separated and kept at —20°C. Plasma FT4, FT3,
and TSH levels were measured for the 2 groups. The measure-
ments were made by radioimmunoassay (Immunotech and DPC
kits) using Stratec SR 300 instrument.

Statistical analysis

Data are presented as mean+SEM of number of rabbits used (n)
in experiments. Differences between mean values were com-
pared using one-way ANOVA followed by post hoc analysis and
the difference was assumed to be significant when p<0.05.

Results

v

Effect of cold exposure on rabbit’s weight

The weight of the rabbits chronically exposed to cold group
showed a steady loss of weight than their age-matched litterma-
tes rabbits kept at room temperature at 25 °C (control group), for
the period of 7 weeks, as shown in © Fig. 1. The cold exposure
effect was observed after 1 week, and then the increase is simi-
lar in both the groups.

Radionuclide imaging

99mTc-pertechnetate is an agent which, after administration, is
transported by the blood to the thyroid gland by a transporter
and is distributed proportionally to regional tissue blood flow.
99mTc-pertechnetate is trapped by the thyroid gland. However,
unlike iodine, it does not undergo organification and remains in
the thyroid for a relatively short period. Therefore, scintigraphy
is best done about 15-30min after administration of the radiop-
harmaceutical reagent. The uptake of pertechnetate is the basis
for 99mTc-pertechnetate scintigraphy, which has the ability as a
substance to be retained within the thyroid gland. The uptake of
99mTc-pertechnetate by the thyroid gland in the cold exposed
rabbits was increased compared to the control group. This
increase was significant between the 2 groups (n=6, *p<0.05).
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The increase was proportional to the duration of cold exposure,
so the increase after 7 weeks was greater than 5 weeks, as shown
in© Fig. 2, 3.
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Fig. 1 Effect of chronic exposure to cold (4 °C) on the weight of rabbits,
the mean +S.E. of 6 experiments; *p<0.05.
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Fig. 2 Images of rabbit thyroid gland perfusion views before and after
chronic exposure to cold (4 °C). Control: At room temperature; a Exposed
to cold for 5 weeks; b Exposed to cold for 7 weeks.
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Fig. 3 Total counts for rabbit thyroid gland before and after chronic cold
exposure (4 °C). Results are mean+ SEM of 6 experiments; *p<0.05.
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Fig. 4 Effect of chronic exposure to cold (4 °C) on the concentration of
the 2 thyroid hormones FT3 and FT4 of rabbits. Notice the significant
increase of FT3 than its control and the significant decrease of FT4 than
its control, the mean =S.E. of 6 experiments; *p<0.05.

Thyroid function tests

There were changes in the values of both the FT4 and FT3 levels
in rabbits chronically exposed to cold compared to controls
(© Fig. 4). The FT4 value decreased while the FT3 value was
increased. The high value of FT3 is indicating an increase in the
uptake due to chronic exposure to cold environment. Plasma
TSH levels were also increased after chronic cold exposure
from +0.01 to £0.05um/l, (n=6, *p<0.05).

Discussion

v

A thyroid scan can provide information about the size and shape
of the gland as well as the activity of the gland, either it is over-
active or underactive in manufacturing thyroid hormone. Pro-
longed exposure to cold is known to encourage the hypothalamus
to produce thyrotropin-releasing hormone (TRH). TRH is modu-
lating the production of thyroid stimulating hormone (TSH).
Therefore changes in environmental temperature may cause
alterations in TSH secretion and thyroid hormones [11,12]. It is
known that in newborn, high secretion of TSH occurs in the first
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few hours after birth, accompanied by an increase in thyroid
hormone secretion [13,14]. The rise in TSH secretion could be
due to the postnatal cooling, accordingly they have to be main-
tained in a warm environment. Increases in serum TSH levels
have also been observed in infants and young children during
surgical hypothermia [15]. Some studies have shown prolonged
arctic residence leads the increase in TSH to be associated with
an increase in thyroglobulin and T3 [16]. In addition, cold expo-
sure in animals leads to enhanced thyroid hormonal secretion,
degradation, and excretion. It is associated with augmented
rates of T4 and T3 deiodination, increased conversion of T4 to T3,
and enhanced hepatic binding and biliary and fecal clearance of
the iodothyronines [17-25]. All of these effects are presumably
due to an increased need for thyroid hormones by peripheral
tissues, since the calorigenic action is important as part of the
response to a cold environment [26].

About 93% of the metabolically active hormones secreted by the
thyroid gland is T4 and 7% is T3, however almost all T4 is eventu-
ally converted to T3 in the tissues, so that both are functionally
important. Conversion of T4 to T3 was observed in tumor tissues
studied and was markedly enhanced in Graves’ thyroid tissues
compared to that of normal thyroid tissues. It is concluded that
T4 is enzymatically converted to T3 in normal and Graves’ thy-
roids and differentiated thyroid neoplasm [27,28]. Most antithy-
roid drugs decrease hormone synthesis and/or conversion of T4
to T3. Most of the circulating thyroid hormones are bound to
plasma proteins, the free fraction comprising 0.03% of T4 and
0.3% of T3. Only the free hormone has metabolic effects, and
measurement of free hormone generally is more reliable than
measurement of the total circulating hormone, since the latter
varies with levels of binding proteins [29]. Therefore in this
study, we measured the free fraction of the 2 hormones (FT3,
FT4).

The thyroid hormones regulates metabolism in humans and ani-
mals. Increased metabolism rate could lead to body weight loss.
Our findings suggest that prolonged cold exposure is a potent
stimulus to increase circulating thyroid hormone levels, which is
the reason for the difference between the animal body weights
at the end of these experiments. The body weight of the rabbit
group chronically exposed to cold was steadily less than the con-
trol group kept at room temperature (at 25 °C), for the period of
7 weeks as shown in © Fig. 1.

The thyroid gland has a rich blood flow, which equals to about 5
times the weight of the gland each minute. This will make the
measurement for blood perfusion very valuable and important
to know the effect of cooling on this gland, as we did in this
investigation. Increased iodine uptake by the whole gland is the
indication of overactivity. The uptake of pertechnetate is the
basis for *™Tc-pertechnetate scintigraphy, which has the ability
as a substance to be retained within the thyroid gland, but unlike
iodine, it does not undergo organification. In the present study,
the uptake of *™Tc-pertechnetate was observed in the thyroid
gland of control rabbits. The uptake of #*™Tc-pertechnetate by
the thyroid gland in the cold exposed rabbits had significantly
increased after 5 weeks as well as after 7 weeks, as shown
in © Fig. 2, 3. This is a clear evidence that exposure to chronic
cold proportionally increases the perfusion to thyroid gland.
The present investigations show the different responses on the
thyroid hormones level due to cold. The high value of FT3 indi-
cates an increase in blood perfusion to the gland due to chronic
exposure to cold environment. Plasma TSH levels were also
increased after chronic cold exposure. Therefore, it is clear that
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the conversion of T4 into T3 is enhanced in several situations,
and the result of our study is the first to supply data on the
chronic exposure of thyroid gland to cold in such conditions.
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