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KANT.G.J..B.N. BUNNELL, E. H. MOUGEY. L. L. PENNINGTON AND J. L. MEYERHOFF. Effects of repeated
stress on pituitary cvelic AMP, and plasma prolactin, corticosterone and growth hormone in male rats. PHARMACOL
BIOCHEM BEHAV 18(6) 967-971, 1983.—The effects of five putative stressors (saline injection, cold exposure, forced
running, immobilization, and footshock) on levels of pituitary cyclic AMP, plasma prolactin, corticosterone and growth
hormone were examined. In naive rats exposed to 15 min of these stressors for the first time, running, immobilization and
footshock increased levels of pituitary cyclic AMP, plasma corticosterone and prolactin and decreased growth hormone,
typical of stress response in the rat. Cold exposure only increased corticosterone and saline injection did not affect any
measured parameter. In rats chronically exposed to the same stressor (once a day for 15 min) for 10 days immediately prior
to the experiment, an attenuated pituitary cyclic AMP and plasma prolactin response was seen upon application of 15 min
of that stressor on the day of the experiment, compared to the responses observed in the naive rats.
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THE application of a stressor evokes numerous neurochem-
ical, hormonal, behavioral and physiological responses in the
rat {4, 5. 7. 15, 16, 17. 26, 31, 33, 40]. Our laboratory has
been studying the mechanism by which the brain regulates
pituitary hormone release in response to stressors. Pituitary
cyclic AMP appears to be involved in the release and syn-
thesis of pituitary hormones. Releasing factors including
CREF (corticotropin releasing factor) have been shown to in-
crease levels of pituitary cyclic AMP in vitro; and con-
versely, the addition of cyclic AMP or its analogues in-
creases the release and synthesis of pituitary hormones [, 9,
18, 19. 20, 32, 35, 41].

We have previously reported that some putative stressors
elevate pituitary cyclic AMP in vivo and have suggested that
pituitary cyclic AMP might be an important link between
stress-induced hypothalamic release of neurotransmitters
and releasing factors and observed pituitary hormone release
[3. 13, 14, 28].

Physiological and hormonal responses to stressors can be

attenuated by repeated exposure or habituation to that stres-
sor [6, 8, 10, 27]. If pituitary cyclic AMP response is directly
involved in the stress-induced release of hormones, then pi-
tuitary cyclic AMP response to stressors should also be di-
minished in chronically stressed animals. The present study
was designed to test this hypothesis.

METHOD
Animals

Male Sprague-Dawley rats (200-250 g) were individually
housed in a light and temperature-controlled room with food
and water freely available. Lights were on from 0600 to 1800
hours.

Experimental Procedures

Initially rats were divided into two groups. One group
consisting of 36 rats was handled each day for 10 days. Han-

'In conducting the research described in this report, the investigator(s) adhered to the ‘*Guide for the Care and Use of Laboratory
Animals,’” as promulgated by the Committee on Care and Use of Laboratory Animals of the Institute of Laboratory Animal Resources,
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dling included habituating the rats to traversing an open-
ended plastic cylinder similar to the microwave sacrifice
applicator. The other group consisting of 60 rats was sub-
divided into 5 groups of 12 rats each. Each group of 12 rats
was subjected to one of the 5 stressors tested (see below)
each day for 15 min for 10 days immediately preceding the
experimental day. These rats were also habituated to travers-
ing the plastic cylinder.

The 5 tested stressors included saline injection, cold ex-
posure, forced running. immobilization and footshock.
Saline injected rats received a single daily IP injection of
saline (0.5 ml) and were replaced in their home cage.
Animals subjected to cold were first sprayed with tap water
to wet their fur and then placed in a cage in a 4°C chamber.
Forced running was accomplished by placing the rats in an
activity wheel (diameter=38 cm) that was driven by a motor.
Wheel speed was 8 rpm. Shock was delivered to the floor
bars of an operant box. The footshock (0.10 watts, supplied
by a constant power generator/scrambler) was delivered on a
variable time schedule on the average of once per 30 sec.
Shock duration was 5 sec. Immobilization was performed by
keeping the rat in the plastic holder (5.7 cm) used to im-
mobilize rats for the microwave sacrifice technique.

On the day of the experiment the 12 rats in each re-
peatedly stressed group were divided into two groups of 6
each. Six rats were sacrificed immediately upon removal
from their home cage approximately 24 hours after their last
stress session (chronic controls). The other six rats were
subjected to an 11th exposure to the same stressor as on
previous 10 days and then sacrificed immediately after the 15
min session (chronic stressed). The handled only "‘naive’
group of rats was divided into 6 groups of 6 rats each. Six
rats (naive controls) were sacrificed immediately after re-
moval from their home cage. The other 5 groups were each
subjected to one of the 5 stressors for 15 min immediately
prior to sacrifice (naive stressed).

Sacrifice and Assay Procedures

Animals were sacrificed by a 5 sec exposure to high
power microwave irradiation, a technique which has been
shown to eliminate post mortem changes in cyclic AMP [12.
23, 29]. The microwave power generator was a modified Var-
ian PPS-2.5 with an output of 2.5 KW at a frequency of 2450
Megahertz [2,22]. Since brief immobilization is required dur-
ing the microwave sacrifice procedure rats were placed in a
5.7 ¢m diameter clear plastic cylinder with a closed conical
end which was inserted into the waveguide. A plunger was
inserted behind the rat to prevent backward movement.

After microwave sacrifice, the rats were decapitated and
the trunk blood was collected in heparinized beakers. The
blood was centrifuged and the plasma stored at —20°C until
assayed for plasma hormones. The heads were cooled briefly
on dry ice and then the pituitaries were dissected, weighed
and sonicated in 1 m] of 50 mM sodium acetate buffer, pH
6.2. After centrifugation, the supernatants were stored at
—70°C until assayed for cyclic AMP.

Materials for the growth hormone and prolactin assays
were provided by the National Institute of Health through
the Rat Pituitary Hormone Distribution Program. Rat
prolactin and growth hormone were radioiodinated as previ-
ously described [21]. Plasma was assayed for corticosterone
using an antibody produced in our laboratory in rabbits [30].
Within assay variation was <5% and between assay varia-
tion was <12%. Recovery of added corticosterone was
>92%.
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FIG. 1. Effect of stressors on pituitary cyclic AMP. Values repre-
sent mean+SEM. N=6. Naive controls were never experimentally
stressed. Chronic controls were stressed for 15 min daily for the 10
days preceding the experiment but not stressed during the 24 hr
immediately before sacrifice. Chronic stressed animals were
stressed for 15 min daily for the 10 days preceding the experiment
and again for the IS5 min immediately before sacrifice. Naive
stressed rats were stressed for the first time during the 15 min im-
mediately before sacrifice. Two-way analysis of variance of the pi-
tuitary cyclic AMP data showed significant effects of stressor type,
F(4)=4.68, p<0.01 and treatment group, F(2)=9.26, p<0.001 and a
significant stressor X treatment interaction, F(8)=2.53, p<0.05. Fol-
lowup comparisons of the 3 treatment groups by Student’s 1 test
found significant differences between the chronic stress and naive
stress groups (p<0.01).

Cyclic AMP was determined by radioimmunoassay using
an antibody developed and characterized in our laboratory
[21.38]. A highly specific antiserum was used at a final dilu-
tion of 1:400,000. The antiserum exhibited cross-reactivities
for ATP and cyclic GMP of less than 0.00007 and 0.14%
respectively. The assay data were analyzed by computer
[37]. Within assay variation was 7% and between assay var-
iation was 18%. Phosphodiesterase treatment of tissue ex-
tracts reduced cyclic AMP to undetectable levels.

RESULTS

In naive rats, 15 min of immobilization, forced running or
footshock markedly elevated pituitary cyclic AMP as shown
in Fig. 1. Neither cold exposure nor saline injection affected
pituitary cyclic AMP levels. The pituitary cyclic AMP re-
sponse was attenuated in the rats chronically exposed to the
stressor. Baseline non-stressed levels of pituitary cyclic
AMP were not different in the chronically exposed rats 24
hours following their last session compared to naive control
rats. Two-way analysis of variance of the pituitary cyclic
AMP data showed significant effects of stressor type,
F(4)=4.68, p<0.0! and treatment group, F(2)=9.26, p<0.001
and a significant stressor x treatment interaction, F(8)=
2.53, p<0.05. Followup comparisons of the 3 treatment
groups by Student’s ¢ test found significant differences be-
tween the chronic stress and naive stress groups (p<0.01).

Plasma corticosterone increased in response to all stres-
sors except saline injection in both chronic and naive
stressed groups (Fig. 2). Two-way analysis of variance
showed significant effects of stressor, F(4)=15.29, p<0.001
and treatment, F(2)=84.6, p<0.001 and a significant stressor
X treatment interaction, F(8)=7.90, p<0.001. The cortico-
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FIG. 2. Effect of stressors on plasma corticosterone. Values repre-
sent mean=SEM. N=6. See Fig. | legend for group description.
Two-way analysis of variance showed significant effects of stressor,
F(4)=15.29, p<0.00] and treatment. F(2)=84.6, p<0.001 and a sig-
nificant stressor x treatment interaction. F(8)=7.90, p<0.001.
Comparisons of treatment groups by Student’s ¢ test showed signifi-
cant differences between both chronic and naive stress groups vs.
controls (p<0.05). but not between the two stress groups.

sterone response did not habituate; stress response was simi-
lar in both naive and chronic groups. Comparisons of treat-
ment groups by Student’s 7 test showed significant differ-
ences between both chronic and naive stress groups vs. con-
trols (7<<0.05), but not between the two stress groups.

Footshock. immobilization, or forced running markedly
increased plasma prolactin, while cold and saline injection
had no effect (Fig. 3). Two-way analysis of variance showed
a significant effects of stressor, F(4)=19.0, p<0.00! and
treatment, F(2)24.6, p<0.001 and a significant treatment X
stressor interaction, F(8)=5.9, p<0.001. Habituation of
prolactin response to stressors developed in the chronically
stressed groups. The chronically stressed group was signifi-
cantly different from both the controls and the naive stressed
groups (Student’s ¢ test, p<<0.05).

Growth hormone levels were decreased following forced
running, immobilization and footshock (Fig. 4). Two-way
analysis of variance showed significant effects of stressor,
F(4)=2.98, p<0.05 but not of treatment group. No significant
interaction was seen.

Correlation analyses on all data revealed positive corre-
lations between pituitary cyclic AMP and prolactin (Spear-
mans rank coefficient s,=0.562, p<0.05), pituitary cyclic
AMP and corticosterone (s,=0.488, p<0.05) and corticoste-
rone and prolactin (s,=0.624, p <0.05). Negative correlations
were observed between growth hormone and pituitary cyclic
AMP (s5,=0.138, p>0.05), growth hormone and prolactin
(s,=—0.150, p>0.05) and growth hormone and corticoste-
rone (s,=—0.223, p<0.05).

DISCUSSION

Acute stressors increased levels of pituitary cyclic AMP
in vivo as we have previously reported {3, 13, 14, 28]. Plasma
prolactin and corticosterone were elevated and plasma
growth hormone was decreased following acute stress, typi-
cal of hormonal stress response in the rat [17, 21, 24, 25, 39].
Footshock, immobilization and forced running applied as de-
scribed in this report were effective stressors judged by
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FIG. 3. Effect of stressors on plasma prolactin. Values represent
mean*+SEM. N=6. See Fig. | legend for group description. Two-
way analysis of variance showed significant effects of stressor,
F(4)=19.0, p<0.00! and treatment, F(2)=24.6, p<0.001 and a signif-
icant treatment x stressor interaction, F(8)=5.9, p<0.001. The
chronically stressed group was significantly different from both the
controls and the naive stressed groups (Student’s 1-test, p<0.05).
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FIG. 4. Effect of stressors on plasma growth hormone. Values rep-
resent mean+=SEM. N=6. See Fig. I legend for group description.
Two-way analysis of variance showed significant effects of stressor,
F(4)=2.98, p <0.05 but not of treatment group. No significant inter-
action was seen.

neuroendocrine responses while cold exposure and saline
injection were relatively ineffective.

Chronic expostre to the tested stressors attenuated pitui-
tary cyclic AMP and prolactin response. Corticosterone re-
sponse to stressors was similar in chronic and naive stress
groups. Growth hormone levels were highly variable as has
been reported previously [21, 24, 25], obscuring the differ-
ences between treatment groups.

Corticosterone response appeared to be sensitive to rela-
tively mild stressors {cold) compared to the other parameters
measured and to reach maximal levels after mild stressors.
Both these experiments and our previous work support the
suggestion that corticosterone is a sensitive indicator of
stress or arousal but not an adequate index of the intensity of
stress [14]. Possibly, the apparent ceiling on corticosterone
response is a reflection of adrenal sensitivity to ACTH. The
adrenal gland is most sensitive to ACTH at basal non-
stressed concentrations [33]. Longer periods of exposure to
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the tested stressors quite possibly would have resulted in
measurable corticosterone response habituation as this has
been reported to occur following daily 2 hr restraint stress
[36]. Thus. the failure of the corticosterone response to
habituate in these experiments is more a quantitative than a
qualitative feature of the stress response and reflects the
limited range of corticosterone response to stress.

On the other hand, the pituitary cyclic AMP and plasma
prolactin responses to stressors appear to be sensitive to
stressors over a much larger range. and chronic exposure to
the tested stressors attenuated both the pituitary cyclic AMP
and the prolactin responses. demonstrating habituation.
These parameters may be more useful biochemical indices
than corticosterone for assessing the intensity of stressors
over a wide range.

Repeated exposure to stressors or events results in phys-
iological and behavioral habituation mediated by central
nervous system mechanisms [11]. The observed habituation
of the pituitary cyclic AMP response to stressors lends sup-
port to our hypothesis that pituitary cyclic AMP links stress-
induced release of neurotransmitters and/or releasing factors
with subsequent pituitary hormonal release. The specific
hormones controlled by pituitary cyclic AMP mechanisms.
however remain undetermined. The discrepancy between
pituitary cyclic AMP and plasma corticosterone habituation

KANT ET AL.

does not clearly rule out control of ACTH by pituitary cyclic
AMP since adrenal gland responsiveness is a factor in the
observed corticosterone values. Growth hormone release
has been suggested to be influenced by cyclic AMP inin vitro
experiments [34] but the variability in growth hormone levels
seen in these experiments makes it impossible to draw clear
conclusions regarding the relationship between pituitary cy-
clic AMP and growth hormone release. Interestingly the pi-
tuitary cyclic AMP and prolactin responses in the situations
tested appear to be similar. However the exact relationship
between pituitary cyclic AMP in vivo and the release or syn-
thesis of particular hormones remains to be determined.
The pituitary cyclic AMP response to stress might also
reflect the feedback effects of pituitary or adrenal hormones
upon the pituitary rather than the direct effects of hypotha-
lamic factors. Experiments to distinguish between these
alternate possibilities are underway in our laboratories.
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