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Pronounced alterations in temperature have 
been reported to produce rapid changes in re- 
lease of thyroid-stimulating hormone (TSH) and 
growth hormone (GH) in the rat. Reichlin et al .  
( 1 ,  2) noted an inverse relationship between en- 
vironmental temperature and plasma TSH 
levels, with cold producing an increase and heat 
a decrease in TSH release. Cold was reported to 
decrease plasma GH levels (3,4).  The effects of 
warm temperatures on GH release and of warm 
or cold temperature on prolactin (PRL) release 
have not been reported previously, to our know- 
ledge. The present investigation was undertaken 
to determine the effects of warm and cold temp- 
eratures on blood levels of TSH, PRL, and GH in 
male rats. 

Materials and Methods, Mature Sprague- 
Dawley male rats (Spartan Research Animals, 
Haslett, MI) weighing 250-275 g ,  were housed 
in an air-conditioned (24 & 1") and light-con- 
trolled (lights on from 6 AM to 8 PM) room. They 
were fed a diet of Purina Rat Chow (Ralston 
Purina Co. ,  St. Louis, MO) and water ad 
libitum. All blood samples were collected by 
decapitation, and serum and plasma were sepa- 
rated and stored at -20" unt i l  assayed by 
radioimmunoassays. Serum PRL was measured 
by the method of Niswender et al. (9, plasma 
GH by the method of Dickerman et al. (6), and 
TSH by the method described in the NIAMD kit. 
Values were expressed in terms of NIAMD-rat 
prolactin-RP- 1, NIAMD-rat TSH-RP- 1 ,  and 
NIAMD-rat GH-RP- 1 , respectively. 

The control animals, maintained at a room 
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temperature of 24", were decapitated im- 
mediately upon removal from their cages. For 
high temperature, the animals were placed in a 
ventilated drying oven at 40 2 2", and decapi- 
tated 30 or 60 min later. For cold temperature, 
the rats were placed in individual cages in a room 
at 4 5 l o ,  and decapitated 1 or 2 hr later. Two 
experiments were performed at different times 
by different individuals. Student's t test was 
used to test significance of difference between 
control and experimental blood hormone levels. 

Results. In Expt. I (Table I), a temperature of 
40" for 30 min decreased serum TSH to 27% of 
control values and plasma GH to 45% of control 
levels, and produced about a fivefold elevation 
in serum PRL. The GH differences in this exper- 
iment were not significant due to large animal 
variations in the control group. A temperature of 
4" for 2 hr evoked almost a twofold increase in 
serum TSH, and a significant fall in serum PRL 
from 25 to 6 ng/ml. Plasma GH levels were not 
significantly altered by cold exposure. 

In Expt 2, a temperature of 40" for 1 hr again 
produced decreases in serum TSH and plasma 
GH, and a rise in serum PRL. All of these differ- 
ences were significant. Heat caused serum TSH 
to fall to 25% and GH to 30% of control values, 
whereas serum PRL rose about tenfold over con- 
trol levels. Cold exposure for 1 or 2 hr produced 
a 3.4- and 4.6-fold increase in serum TSH, re- 
spectively, and a small but significant reduction 
in serum PRL. Plasma GH was unchanged by 1 
hr and was lower by 2 hr after cold exposure but 
the latter difference was not significant as com- 
pared with control values. Although the hor- 
monal responses in Expts 1 and 2 differed 
somewhat in magnitude to the temperature 
changes, the direction of the responses was the 
same in both experiments. 

Discussion. A warm temperature of 40" pro- 
duced a rapid decrease in circulating TSH and 
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TABLE I.  Effects of Heat and Cold on Blood Levels of TSH, GH, and Prolactin in Male Rats. 

Treatment and Serum TSH Plasma GH Serum PRL 
(ng/ml) _________ ____ 

No. of rats (Pg/ml) (nglml) 

Expt. 1 

Controls, 24" (8) 
Heat, 40" for 30 min (8) 
Cold, 4" for 2 hr (7) 

0.46 f 0.08 152 2 55 
0.12 2 0.02' 6 9 2  4 
0.84 k 0.16" 

Expt. 2 
196 ? 55 

25 f 3 
123 k 8c 

6 k 1' 

Controls, 24" (8) 
Heat, 40" for 1 hr (8) 
Cold, 4" for 1 hr (8) 
Cold, 4" for 2 hr (8) 

0.68 k 0.10 264 f 62 1 1 - + > 1  
0.17 k 0.03' 77 f 3" 112 _+ 16' 
2.3 f 0.41" 272 f 78 9 2 >  1" 
3 .11  _+ 0.5OC 174 _+ 37 9 + > 1 "  

" P  > 0.05. 
b P  > 0.01. 
' P  > 0.001. 

GH levels and a marked increase in PRL, 
whereas cold produced an increase in blood 
TSH, no significant change in GH, and a reduc- 
tion in PRL. Whether these results were due 
solely to changes in temperature or also to the 
possible stress experienced by these animals is 
unknown at present. The rats appeared to be in 
some discomfort while in the warm or cold 
temperatures, and perhaps were stressed tem- 
porarily. At 40" the rats perspired heavily, and at 
4" there was noticeable piloerection. Stresses 
have been reported to inhibit TSH-thyroid func- 
tion (1, 2, 7, 8) .  However, there is ample evi- 
dence that cold temperatures per se can increase 
whereas warm temperatures can decrease TSH 
and thyroid secretion ( 1 ,  2). The present results 
are in agreement with the earlier work, suggest- 
ing that temperature was the major factor re- 
sponsible for altering TSH release. 

The effect of 40" in reducing plasma GH 
levels may be due in part to stress since stresses 
have been found to inhibit GH release in rats (9, 
10). The decrease in GH levels also may be due 
in part to the reduction in TSH release, since a 
fall in thyroid function results in a decrease in 
GH release (6). Cold had no significant effect on 
plasma GH in the present study, although it was 
reported previously to reduce plasma GH in rats 
(3, 4). The conditions of our study were differ- 
ent, and may not have been as stressful to the rats 
as in the earlier work. There also is the possibil- 
ity that enhanced TSH-induced thyroid hormone 
release during cold prevented any possible fall in 
GH release , since thyroid hormones stimulate 
GH secretion in the rat (6; also, unpublished 

observations). 
The pronounced rise in serum PRL as a result 

of heat, and the fall in serum PRL produced by 
cold, are just opposite to the response of TSH to 
these temperature changes. This suggests that 
different mechanisms in the hypothalamus are 
activated by temperature changes to alter secre- 
tion of these two hormones. Many stresses can 
increase PRL release in rats ( 1  l) ,  but it appears 
doubtful that stress was mainly responsible for 
the changes noted in serum PRL levels in the 
present study. The decrease in serum PRL in 
response to cold cannot be explained on the basis 
of stress. 

Little is known at present about the effects of 
temperature on the hypothalamic releasing and 
release-inhibiting factors which control the se- 
cretion of anterior pituitary hormones. TRH in- 
duces PRL as well as TSH release in rats ( 12 , 13) 
and other species, and cold was observed to 
increase TRH synthesis by the rat hypothalamus 
(14). However, the observation that cold in- 
creased serum TSH but decreased serum PRL, 
whereas heat produced the opposite effects on 
release of these two hormones, indicates that 
TRH is not responsible for the changes observed 
on PRL release. The changes in PRL release 
probably were mediated via PIF and/or PRF, 
although this remains to be established. 
Somatostatin administration to the rat has been 
reported to depress GH release (15), to inhibit 
TRH-induced release of TSH but not of PRL 
(16), and not to affect basal levels of PRL secre- 
tion (16). Whether Somatostatin or GRF were 
involved in the heat-induced fall in plasma GH is 
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unknown, but as already indicated a decrease in 
thyroid function during heat could account for 
this fall in GH release. 

The effects of temperature on hypothalamic 
biogenic amines also remain to be evaluated, 
since there is ample evidence that they can alter 
release of hypothalamic factors (17). However, 
there is practically no information at present on 
the effects of temperature on hypothalamic 
biogenic amines. It is apparent that marked 
changes in temperature may alter release of the 
three hormones via changes in hypothalamic 
hypophysiotropic factors and biogenic amines, 
through general stress effects and perhaps by 
other mechanisms. 

Summary. When mature male rats were 
placed in a chamber at 40” for 30 or 60 min, there 
were significant decreases in serum TSH and 
plasma GH, and a five- to tenfold elevation of 
serum PRL. A temperature of 4” for 1 or 2 hr 
increased serum TSH, did not significantly alter 
plasma GH levels, and resulted in a significant 
fall in serum PRL. The observation that TSH and 
PRL responded oppositely to the same tempera- 
ture changes suggests that different mechanisms’ 
regulate release of these two hormones under 
these conditions. The possible role of stress, and 
the interactions of the hypothalamic 
hypophysiotropic hormones and biogenic 
amines in the temperature-induced changes re- 
main to be evaluated. 

Note in proof: Wettemann and Tucker (Proc. SOC. Exp. 
Biol. Med. 146, 908 (1974)) recently reported that cattle 
exposed to increased ambient temperature showed a signifi- 
cant rise in blood prolactin levels, whereas exposure to cold 
ambient temperature resulted in a significant fall in blood 
prolactin. Thus cattle and rats show similar prolactin patterns 
in response to changes in ambient temperature. 
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