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se. The impaired respiratory burst reflects 
decreased activation of the HMP shunt prob- 
ably through the mechanism of enzyme inhi- 
bi tion. 
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Evidence for the existence of a neurohu- 
mor, designated as growth hormone releasing 
factor (GHRF), in the hypothalamic extracts 
of several animal species has been estab- 
lished and recently reviewed ( 1 ,  2 ) .  Hy- 
pothalamic control of the secretion of pitui- 
tary growth hormone (GH) is mediated by 
GHRF since crude hypothalamic extracts 
have been shown to stimulate the release of 
GH by ,the pituitary in vitro ( 3 )  and also in 
vivo (4 ) .  Highly purified preparations of pig 
GHRF have also been shown to cause de- 
pletion of the pituitary GH content in rats 
( 5 )  with simultaneous increase in plasma 
GH. Such a response to GHRF represents an 
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increased release of GH from the pituitary 
into the blood (6, 7). 

Although several experimental investiga- 
tions have produced evidence that a variety 
of nonspecific stimuli induce alterations in 
growth hormone secretion (8, 9), only a few 
studies (10) indicated variations in hy- 
pothalamic GHRF content due to stress. 

Mueller and co-workers (10) found no sig- 
nificant difference from normal controls in 
growth hormone releasing activity (GHRA) 
of hypothalami, GH content in pituitaries, or 
GHRA of plasma in rats after 5 and 60 min 
subcutaneous injection of 0.5 ml of 10% 
formalin. No difference was produced in rats 
exposed to cold (4') for 5 min. However, 
rats exposed to cold for 1 hr showed a signifi- 
cant increase in GHRA of the hypothalamus, 
with a simultaneous depletion of GH in pi- 
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tuitaries, followed by increased GH content 
in the plasma. 

Although the effect of low ambient temper- 
atures on hypothalamic GHRA has been re- 
ported, no work has been reported on the 
hypothalamic GHRA of rats exposed to high 
ambient temperatures for long periods. The 
objective of this study is to report the effect 
of a high ambient temperature (35.6’) for 
varying periods on the hypothalamic GHRA. 

Materials and Methods. Female rats of the 
Holtzman strain, weighing 200-250 g each, 
were maintained in a small animal climatic 
chamber for about a week prior to the begin- 
ning of the experiment. Each of the three 
experimental groups contained 16-1 8 rats, 
with 20 in the control group. The experimen- 
tal groups were subjected to a high ambient 
temperature of 35.6’ with 54% relative hu- 
midity for periods of 1, 24, or 168 hrs, respec- 
tively. The controls were kept a t  a constant 
temperature of 24’. All animals were fed 
Rockland rat pellets and received water ad 
libitum. After the period of exposure to heat, 
the animals were anesthetized under pento- 
barbital sodium and the hypothalami were 
dissected. Pentobarbital was preferred to eth- 
er since i t  does not alter hypothalamic 
GHRF (5) .  Two hypothalami were homo- 
genized and extracted as described by 
Deuben and Meites (3 ) . 

Thirty-day-old rats of the same strain as 
experimental animals served as recipients of 
the hypothalamic extracts. Equal amounts 
(0.5 ml) of the hypothalamic extract were 
injected into the coccygeal vein of each 
animal. The pituitary homogenates were 
prepared as outlined by Pecile et al. (4).  
Each treatment group was represented by 
8-10 recipient rats. Diluent controls (1 1),  
hereafter referred to as sham-treated, re- 
ceived the same volume (0.5 ml) of diluent 
(without hypothalamic extract) in which the 
hypothalami were extracted. The 22  rats used 
in the sham-treated group provided a rea- 
sonable comparison with the control group of 
20 rats. 

GH Assay, GH activity throughout all ex- 
periments was measured by the “tibia meth- 
od” of Greenspan et al. (12). Only one strain 

of rats (Charles River Breeding Laborato- 
ries, Wilmington, Massachusetts) was used 
throughout all experiments, as well as for the 
standard assay. The rats were hypophysecto- 
mized at 28 days of age and were shipped 
within 24-48 hr post operative. The hy- 
pophysectomized rats were fed a special rec- 
ommended diet supplied by General Bio- 
chemicals, Chagrin Falls, Ohio (13) and re- 
ceived water ad libitum. A series of four 
consecutive daily injections began on post- 
operative day 14. The rats which gained or 
lost more than 7 g during the post operative 
pretreatment were excluded from the study 
(14). A three-point assay with threefold diff- 
erence between the consecutive dosage levels 
was carried out with bovine growth hormone 
(NIH-GH-B 12) as a reference standard. Sta- 
tistical analyses were undertaken as outlined 
by Bliss (15). Duncan’s new multiple range 
test as modified by Kramer for unequal repli- 
cates within treatments was applied to com- 
pare experimental groups within themselves 
and with normal control and sham-treated 
groups. Dunnett’s procedure was used to 
compare all means with a normal control 
(16). 

Results. Over a range of 40-360 micro- 
grams (pg)  of highly purified bovine growth 
hormone, a linear log dose relationship was 
found between GH (pg )  and the change in 
tibia1 epiphyseal cartilage width ( p )  . The 
slope (246.36 t 36.3) was very significantly 
different (p<.OOl) from zero, and the regres- 
sion equation contained no statistically sig- 
nificant differences from linearity. The index 
of precision (lambda) was 0.1473 -+ 0.0258. 
This lambda value for the standard assay 
from which GH potency of the unknown was 
estimated, compares favorably with lambda 
values reported elsewhere (17-19). The as- 
says in which lambda values are less than 0.2 
are considered as very precise (20). 

The results of these experiments are sum- 
marized in Table I and illustrated in Fig. 1. 
Depletion of pituitary GH content by GHRA 
in the hypothalamus was evaluated in two 
ways: (a) from the mean epiphyseal carti- 
lage width, and (b) by estimating the GH 
hormone content for these responses from the 
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TABLE I. Growt,h Hormone Releasing Activity in  the Hypothalamus of Rats Subjected to  
Heat Exposures of Varying Duration. 

Growth hormoiic evaluation Significauce of difference 
AP eyuiv;i- - from normal controls" 
leii ts/assay Epiphysealb" Pituitary GH 
rat (total width content meancd Epiphyseal 

Trcatment" dose/4 days) ( p ;  mean 2 SE) (pg)/1.33 AP width GH content 

Normal controls (20) 1.33 362 & 17.3' (7) 80.12' - - 
Sham-treated (22) 1.33 339 & 24.5r (7) 71.31' NS NS 
Heat exposed 

1 hr  (18) 1.33 162 2 10.48 (7) 11.90' 0.01 0.01 
24 hr (16) 1.33 161 & 13.3' (8) 12.18O 0.01 0.01 

168 h r  (18) 1.33 314 2 21.2' (7) 61.24' NS NS 

ab Nunibcrs i n  parentheses indicate the iiumbcr of animals under each treatment group and 
iiumber of Iiypophysectomized rats used for each assay, respectively. 

Me:ins of epipliyseal width mid pituitary GH coiiteiit of treatment groups. 
Calculated from regression equation of standard assay and 1.33 AP represents total dose 

' Level of significance as judged by Dunnett's procedure for  comparing all means with eon- 

'J Mcaiis having the same superscript are not significantly different from each othcr as tested 

(0.333/day). 

trol in  two tailed comparisons with confidence coefficient of 0.99. 

by Duncan's Multiple Range Test with Kramer's modification. 

regression equation for the standard assay 
described above. I t  might be recalled here 
that increasing GHRA is indicated by de- 
creasing pituitary GH content and in turn is 
reflected in a decrease in epiphyseal cartilage 
width. Exposure to heat stress (35.6') for 1 
and 24 hr very markedly enhanced GHRA of 
the hypothalamus causing highly significant 
(p<.Ol) depletion of pituitary GH content 
(Fig. 1) .  This was also accompanied by a 
marked reduction in the cartilage width (Ta- 
ble I) as compared to normal, sham-treated, 
and 168 hr heat-stressed animals. Such re- 
sponses in heat-stressed animals approached 
normal levels a t  168 hr. There were no sig- 
nificant differences in pituitary GH content 
of normal, sham-treated and 168 hr heat- 
stressed rats; although the levels in the latter 
were nonsignificantly lower than the normal. 
Similarly, there were no significant differ- 
ences in the hypothalamic GHRA after heat 
exposures of 1 or 24 hrs. 

Control rats kept at 24" were considered to 
show zero percentage decrease in pituitary 
GH content. Results of the experimental 
groups (right side) along with sham-treated 
(left side). as exmessed in terms of Dercen- 

PITUITARIES FROM RECIPIENTS 
INJECTED HYPOTHALAMIC 1 

N.! 
EXTRACTS 
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tage decrease in pituitary GH, are depicted 
in Fig. 1. Exposure of animals to a high 
ambient temperature for 1 and 24 hr resulted 
in an increased GHRA of the hypothalamus 
causing an 85% depletion of pituitary GH 
content as compared to normal. The de- 
pletion of pituitary GH in 168-hr heat- 
exposed and sham-treated groups was not sig- 
nificantly different from that in the normal 
group. This pronounced depletion of the pitu- 
itary GH content is of physiological signifi- 
cance although it was produced by the crude 
hypothalamic extract. 

Discussion. These results conclusively 
show that heat stress for 1 and 24 hr causes 
significantly increased hypothalamic GHRF 
activity. Similar results were reported in rats 
on exposure to cold (10) and on insulin- 
induced hypoglycemia ( 11). In order to ex- 
plain a similar behavior of hypothalamic 
GHRF to different stress stimuli, the role of 
glutathione as a common denominator of 
stress-induced phenomenon may be cited. A 
variety of stress stimuli, such as cold, scald- 
ing, anesthesia, hemorrhage, or epinephrine 
administration, caused a significant reduction 
in glutathione levels of blood and other tis- 
sues. Verma et al. (2 1 ) reported a significant 
reduction in brain and blood glutathione 
levels of rats subjected to heat stress (40") 
for 1 hr. Apart from its physiological role in 
oxidation-reduction systems of a cell, glutath- 
ione is said to be responsible for keeping 
epinephrine and norepinephrine in their re- 
duced states and maintains the activity of 
coenzyme A. Based on experimental evidence 
in hydra, Lenhoff (22) recently postulated 
that the receptor sites for peptide hor- 
mone(s) in vertebrates and for glutathione in 
hydra may have evolved in a similar man- 
ner. 

The return of GHRF activity towards nor- 
mal levels may be due (a) to relative unre- 
sponsiveness of cutaneous receptors to heat 
stimuli after exposure for 24 hr (b)  to a 
gradual increase of a recently identified (23) 
growth hormone inhibiting factor (GHIF) 
by 168 hr or ( c )  to a feedback action of 
circulating GH and the hyperglycemic agents 
at the hypothalamic level, A variety of fac- 

tors which alter GH fails to release hy- 
pothalamic GHRF. For example, various po- 
lypeptide hormones (24), central nervous 
system depressant drugs ( S ) ,  thyroidectomy 
thiouracil feeding, and thyroxine injection at  
a dose equivalent to thyroxine secretion rate 
( 2  5) .  The return to near normal levels, after 
168 hr following initiation to stress, was 
reported for pituitary GH content following 
insulin-induced hypoglycemia and a variety 
of other stress stimuli (8). This situation can 
also be visualized to be due to what Prosser 
(26) described as compensatory acclimations 
to temperature changes. Such a trend was 
reported from our laboratory with the plasma 
corticosterone level in rats exposed to 34' 
( 2 7 ) .  

Further work is necessary to correlate 
varying duration of heat stress with glutathi- 
one levels, with GHRF and GHIF activity, 
and with hyperglycemic circulating agents 
such as epinephrine, glucagon, and alpha 
2-deoxyglucose, to further interpret these re- 
sults. 

Summary. The experiment investigated the 
effect of a high ambient temperature 
(35.6') of varying duration on the hy- 
pothalamic content of growth hormone releas- 
ing activity (GHRA). These experiments 
consisted of five treatment groups: one group 
of normals at  24', one sham-treated group 
receiving only diluent in which hypothalami 
were extracted, and three groups, each heat- 
exposed for 1, 24, or 168 hr, respectively. 
The GHRA was measured by in vivo de- 
pletion of pituitary growth hormone (GH) 
content in 30-day-old rats. Pituitaries of the 
recipient rats were assayed by the "tibia 
test" method for GH content. The standard 
assay was based on three doses of bovine 
growth hormone (NIH-GH-B12) with a 
threefold difference between consecutive 
levels. Growth hormone was evaluated by two 
parameters: (a) epiphyseal cartilage width, 
and (b) GH content of the unknown esti- 
mated from the response in terms of the 
reference standard. An exposure to heat for 1 
or 24 hr resulted in an enhanced hypothala- 
mic GHRA with a concomitant marked (sig- 
nificant at 1% level) depletion of pituitary 
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GH content and a return to near normal 
values by 168 hr post-exposure. 
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