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Habituation to repeated stress is stressor specific. PHARMACOL BIOCHEM BEHAV 22(4) 631-634, 1985.--Rats were 
exposed to 15 min of restraint or footshock or forced running in an activity wheel once a day for l0 days. Control groups 
were handled only. On the 1 lth day, rats from each stressor group and controls were exposed to 15 min of one stressor in a 
crossed design such that all combinations of one chronic stressor and one acute stressor were performed. Rats were 
sacrificed immediately following removal from their home cage or after 15 min stressor exposure on the llth day and 
plasma corticosterone and prolactin and pituitary cyclic AMP levels were determined. There were no measured differences 
in these stress indices among groups of rats sacrificed immediately upon removal from their home cage on day l I regardless 
of previous history on days 1 through 10. Plasma corticosterone and plasma prolactin and pituitary cyclic AMP levels were 
elevated in all rats exposed to any of the three stressors immediately prior to sacrifice as compared to all rats not exposed to 
stress immediately before sacrifice. However, plasma prolactin and pituitary cyclic AMP responses to each of the 3 
stressors were attenuated in rats which had previous exposure to that specific stressor as compared to rats which had 
previous experience with a different or no stressor. We conclude that habituation results from behavioral experience with a 
particular stressor rather than biochemical adaptation resulting from repeated challenge to hormonal and neurochemical 
systems responsive to stress. 

Habituation Stress Pituitary Cyclic AMP Prolactin Corticosterone 

ACUTE stress increases the release of  ACTH, fl-endorphin 
and prolactin from the pituitary gland, the release of  corti- 
costerone from the adrenal cortex and the release of  cate- 
cholamines from the adrenal medulla [6-10, 18, 19]. We have 
found that acute stress also increases the level of  pituitary 
cyclic AMP in vivo and have suggested that this increase is 
related to the regulation of  pituitary hormone release or syn- 
thesis in response to stress [1, 4-8, 15, 16]. 

We recently reported that repeated exposure (one 15 min 
exposure/day for 10 days) to a stressor resulted in a di- 
minished stress response following subsequent exposure to 
the same stressor as compared to the stress response ob- 
served following initial exposure to the stressor [6]. Stress 
response was assessed by plasma corticosterone and 
prolactin and pituitary cyclic AMP elevations immediately 
following a 15 min stressor exposure. 

Habituation in these experiments could be viewed as a 
desensitization to the stressor stimulus such that the per- 
ceived stress was lessened, i.e., a behavioral adaptation. Al- 
ternatively, repeated stress could cause changes in biochem- 
ical systems, e.g., changes in pituitary adenylate cyclase ac- 
tivity or prolactin synthesis, that might affect the amount of  
stress-released hormones. 

The following experiment was designed to determine 
whether the habituation we observed in our previous study 
was primarily the result of  daily challenge and adaptive 
changes in biochemical systems or primarily the result of  
behavioral familiarization to a specific stressor. We chose 
stressors that were very dissimilar from a behavioral per- 
spective but that evoked similar plasma hormone and pitui- 
tary cyclic AMP responses. Stressors that evoked dissimilar 
biochemical responses would not be useful discriminators 
between the two posed alternative habituation mechanisms. 

Animals were exposed to one stressor for 10 days and 
then challenged by the same or a different stressor im- 
mediately prior to sacrifice. If  the habituation we observed in 
our previous experiments was primarily the result of  behav- 
ioral familiarization, then no attenuation of  stress response 
should be seen in animals exposed to a different stressor. 

METHOD 

Animals 

Male Sprague-Dawley rats (225-275 g) were individually 
housed in a light and temperature-controlled room with food 
and water freely available. Lights were on from 0600 to 1800. 

~In conducting the research described in this report, the investigator(s) adhere 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, National 
Research Council. 

2The views of the author(s) do not purport to reflect the position of the Department of the Army or the Department of Defense (para 4-3, AR 
36O-5). 
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T A B L E  1 

EFFECT OF STRESSORS ON PITUITARY CYCLIC AMP AND PLASMA HORMONES 

Acute Stressor Day 11 

Control Restraint Running Shock 

Days 1-10 

Pituitary Cyclic AMP (picomoles/mg wet weight) 

Control 1.8 ± 0.2 3.8 ± 1.3 30.2 ± 4.6 9.4 ± 4.9 
Restraint 1.4± 0.1 2 .4±  0.6 25.1 ± 6.2 10.6_ + 4.6 
Running 1.4 _+ 0.1 10.5 ± 7.6 6.6 ± 2.7 6.1 ± 2.5 
Shock 1.4 ± 0.1 6.7 ± 3.8 21.1 _+ 4.5 6.6 _+ 3.7 

Plasma Prolactin (ng/ml plasma) 

Control 10 _+ 1.5 148 ± 32 158 ± 39 136 ± 30 
Restraint 46 ± 26 107 ± 34 226 ± 46 158 ± 36 
Running 16 ± 11 218 ± 22 108 ± 341 110 + 40 
Shock 22 ± 6.6 146 _+ 26 203 ± 12 111 ± 43 

Plasma Corticosterone (/zg/100 ml plasma) 

Control 6.9 ± 1.0 20.8 _+ 1.4 23.6 ± 1.9 25.9 ± 3.0 
Restraint 10.2 ± 2.4 21.3 -- 2.4 30.3 ± 2.4 21.5 ± 2.0 
Running 9.2 ± 2.4 27.5 ± 3.6 24.7 ± 1.7 22.8 ± 4.0 
Shock 7.8 ± 1.4 25.4 ± 2.9 26.3 ± 2.4 21.2 ± 2.9 

All animal exper imenta l  procedures  (s tressor  exposures  and 
sacrifice) were  per formed be tween  8:30 a.m. and 12:30 p.m. 
to minimize circadian variat ions in baseline and stress- 
induced hormonal  and cyclic A M P  responses.  In addition, 
different exper imenta l  groups were  s t ressed and sacrificed 
throughout  each morning to randomize  the effects  of  circa- 
dian rhythms on the col lected data. Groups were  staggered 
such that  the entire exper iment  was conducted  ove r  3 morn- 
ings. 

Experimental Procedures 

Initially, rats were  divided into 4 t rea tment  groups.  One 
group was r emoved  from their  home  cages daily and handled 
before  replacement  into their  home cages.  Rats in a second 
t rea tment  group were  individually exposed  to 15 min a day of  
forced running in motor ized  act ivi ty  wheels  (38 cm diameter ,  
8 rpm). A third group of  rats was subjected to foo tshock  for 
15 min daily (1.6 mA,  variable interval  schedule with an 
average intershock interval  of  30 sec and shock durat ion of  5 
sec). The  fourth group of  rats was restrained by p lacement  
into the plastic tube (5.7 cm diameter)  used to immobil ize 
rats for the mic rowave  device  descr ibed below. Rats were  
placed into the tube for 15 min daily and then re turned to 
their  home cage. All t rea tments  were  per formed for 10 con- 
secut ive days.  

On the 1 l th  day,  six rats f rom each of  the four  t rea tment  
group were  sacrificed immedia te ly  upon remova l  f rom the 
home cage;  six rats f rom each of  the four  groups were  ex- 
posed to 15 min of  footshock and then immediate ly  sac- 
rificed. Six rats from each of  the four  t rea tment  groups were  
subjected to 15 min o f  restraint  and then immedia te ly  sac- 
rificed and six rats f rom each  group were  sacrificed im- 
mediately following 15 min o f  forced running. Thus a com- 
plete cross-s tress  design was employed .  

Sacrifice and Assay Procedures 

Animals  were  sacrificed by a 5 sec exposure  to high 
power  mic rowave  irradiation, a technique  which has been 
shown to prevent  pos t -mor tem increases in cyclic A M P  and 
o ther  metabol i tes  [3, 12-14]. The  mic rowave  power  
genera tor  was a modified Varian PPS-2.5, with a power  out- 
put o f  2.5 K W  at a f requency  of  2450 M H z  [11]. Rats  were  
placed in the 5.7 cm diameter  plastic cyl inder  used to restrain 
rats above.  Howeve r ,  the br ief  immobil izat ion (<  I min) re- 
quired is not  sufficient to e levate  indices of  stress. 

Af te r  sacrifice, the rats were  decapi ta ted  and the trunk 
blood was col lected in hepar inized beakers  and then cen- 
trifuged. Plasma was assayed for prolactin and cort icoste-  
rone by rad io immunoassay  as previous ly  descr ibed [10,17]. 
Fo r  the cor t icos terone  assay,  the within assay coeff icient  of  
variat ion was <5% and the be tween  assay variat ion was 
< 12%. Fo r  prolactin,  within assay coefficient  o f  variat ion 
was <8% and be tween  assay variat ion was <12%. 

Pituitaries were  dissected free,  weighed and sonicated in 
1 ml of  0.05 M sodium acetate  buffer,  p H  6.2. Af te r  centrifu- 
gation, the supernatants  were  s tored at - 70°C  until assayed 
for cyclic A M P  using antibodies charac ter ized  in our labora- 
tory as previous ly  descr ibed [10,12]. Fo r  cyclic AMP,  the 
within assay coefficient  o f  variat ion was 7% and the be tween  
assay coeff icient  o f  variat ion was 18%. 

RESULTS 

As shown in Table 1, levels of  pituitary cyclic A M P  and 
plasma cor t icos terone  and prolactin were  similar in all 
animals not  s tressed immediate ly  prior  to sacrifice (acute 
controls ,  co lumn 1 in Table 1) regardless o f  t rea tment  re- 
ce ived on previous  days (pituitary cycl ic  AMP,  F(3,28)= 1.5, 
p=0 .24 ;  prolactin,  F(3,28)=1.2,  p=0 .34 ;  cor t icos terone ,  
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F(3,28)=0.35, p =0.79). Thus no "carryover"  effect was ob- 
served; all rats started from approximately the same baseline 
on the 1 lth day. In rats never exposed to stressors prior to 
the stress challenge on the 1 lth day (chronic controls, row 1 
in Table 1), all three stressors produced significant increases 
in pituitary cyclic AMP, plasma corticosterone and plasma 
prolactin (pituitary cyclic AMP, F(3,115)= 15.6, p<0.0001; 
prolactin, F(3,115)= 17.6, p<0.0001; corticosterone, 
F(3,115) = 42.8, p <0.0001). The increases in plasma prolactin 
and corticosterone were similar following all three stressors 
(corticosterone, F(2,19)= 1.3, p =0.29; prolactin, 
F(2,19)=0.10, p=0.90). The pituitary cyclic AMP increase 
following stress varied depending upon the stressor, 
F(2,19)= 12.0, p<0.001. Forced running caused a larger in- 
crease in pituitary cyclic AMP than either restraint or foot- 
shock (Student's t-test, two-tailed, p<0.05). The effects of 
footshock and restraint were not significantly different from 
each other. 

Prior exposure to stressors per se did not attenuate pitui- 
tary cyclic AMP or plasma prolactin or corticosterone re- 
sponses to an acute stressor applied before sacrifice. If all 
acutely stressed rat data (all data except column 1 in Table 1) 
are compared with respect to previous stress history (com- 
parison among rows in Table 1, including chronic controls), 
no significant differences are seen (pituitary cyclic AMP, 
F(3,86)=0.7, p =0.56; prolactin, F(3,86)=0.1, p =0.96; corti- 
costerone, F(3,86)=0.1, p =0.96). 

However, if the data are compared with respect to similar 
chronic and acute stressor exposure (control-control, 
restraint-restraint, etc.) vs. dissimilar acute and chronic 
stressor exposure (control-shock, running-restraint, etc.), 
then significant habituation of pituitary cyclic AMP and 
plasma prolactin responses but not corticosterone response 
to a previously encountered stressor is seen (pituitary cyclic 
AMP, F(1,115)=5.0, p=0.027; prolactin, F(1,115)=4.0, 
p =0.048; corticosterone, F(1,115)= 1.3, p =0.25). 

DISCUSSION 

We have previously reported that pituitary cyclic AMP 

and plasma prolactin are two indices of stress that respond to 
a variety of stressors and increase in a graded manner to 
different intensities of footshock [ 1, 5, 7, 8]. In our experi- 
ments, we have found that plasma corticosterone is a very 
sensitive indicator of stress or arousal that reaches maximum 
levels following relatively mild stressors. Because of this 
sensitivity, we have not been able to demonstrate habitua- 
tion of the plasma corticosterone response to the stressors 
employed in these experiments. Pituitary cyclic AMP and 
prolactin, on the other hand, do habituate to repeated pre- 
sentation of forced running, restraint and footshock [6]. 

The experiment described in the present report was de- 
signed to choose between two possibilities as the primary 
mechanism of the observed stress response habituation. The 
first possibility was that repeated presentation of the same 
stressor reduced the perceived aversiveness of the stressor 
and lessened the subjective severity of the stressor. This 
behavioral adaption could have included both mental and 
physical coping strategies, e.g., "relaxing" during restraint 
or improved pacing on the motorized wheel. The second 
possibility was that repeated activation of stress-sensitive 
neurochemical systems resulted in biochemical adaption. An 
example of biochemical adaption following repeated chal- 
lenge is the increased ability of liver enzymes to metabolize 
drugs following repeated drug administration. Stimulation by 
one drug results in increased capability to metabolize other 
drugs that share detoxification enzymes resulting in a cross- 
tolerance for several different drugs [2]. 

In the present study, habituation only occurred following 
exposure to the same stressor although all stressors ac- 
tivated a biochemical stress response. We conclude that 
under these conditions it is the increased familiarity with 
these stressors that diminishes the evoked stress response 
rather than an adaptive change at the biochemical level. 

ACKNOWLEDGEMENTS 

We wish to thank Edward Mougey, David Collins, Lee Pen- 
nington, Clint Wormley, and Willie Gamble for assistance with the 
cyclic AMP and hormone assays. 

REFERENCES 

1. Bunnell, B. N., G. J. Kant, R. H. Lenox, L. L. Pennington, D. 
R. Collins, E. H. Mougey and J. L. Meyerhoff. Pituitary cyclic 
AMP in rats is increased by psychological stress. Soc Neurosci 
Abstr 7: 282, 1981. 

2. Fingl, E. and D. M. Woodbury. General principles. In: The 
Pharmacological Basis of Therapeutics, edited by L. S. Good- 
man and A. Gilman. New York: MacMillan Publishing Co., 
1975, pp. 1-46. 

3. Jones, D. J. and W. B. Stavinoha. Microwave inactivation as a 
tool for studying the neuropharmacology of cyclic nucleotides. 
In: Neuropharmacology of Cyclic Nucleotides, edited by G. C. 
Palmer. Baltimore: Urban and Schwarzenberg, 1979, pp. 253- 
281. 

4. Kant, G. J., G. R. Sessions, R. H. Lenox and J. L. Meyerhoff. 
The effects of hormonal and circadian cycles, stress and activity 
on levels of cyclic AMP and cyclic GMP in pituitary, hypothal- 
amus, pineal, and cerebellum of female rats. Life Sci 29: 2491- 
2499, 1981. 

5. Kant, G. J., J. L. Meyerhoff, B. N. Bunnell and R. H. Lenox. 
Cyclic AMP and cyclic GMP responses to stress in brain and 
pituitary: Stress elevates pituitary cyclic AMP. Pharmacol 
Biochem Behav 17- 1067-1072, 1982. 

6. Kant, G. J., B. N. Bunnell, E. H. Mougey, L. L. Pennington 
and J. L. Meyerhoff. Effects of repeated stress on pituitary 
cyclic AMP, and plasma prolactin, corticosterone and growth 
hormone in male rats. Pharmacol Biochem Behav 18: 967-972, 
1983. 

7. Kant, G. J., E. H. Mougey, L. L. Pennington and J. L. 
Meyerhoff. Graded footshock stress elevates pituitary cyclic 
AMP, and plasma /3-endorphin, fl-LPH, corticosterone, and 
prolactin. Life Sci 33: 2657-2663, 1983. 

8. Kant, G. J., R. H. Lenox, B. N. Bunnell, E. H. Mougey, L. L. 
Pennington and J. L. Meyerhoff. Comparison of stress response 
in male and female rats: pituitary cyclie AMP and plasma 
prolactin, growth hormone and corticosterone. Psychoneuroen- 
docrinology 8: 421-428, 1983. 

9. Krulich, L., E. Hefco, P. Inner and C. B. Read. The effects of 
acute stress on the secretion of LH, FSH, prolactin, and GH in 
the normal male rat, with comments on their statistical evalua- 
tion. Neuroendocrinology 16:293-31 l, 1974. 

10. Lenox, R. H., G. J. Kant, G. R. Sessions, L. L. Pennington, E. 
H. Mougey and J. L. Meyerhoff. Specific hormonal and neuro- 
chemical responses to different stressors. Neuroendocrinology 
30: 300-308, 1980. 



634 K A N T  E T  A L .  

11. Lenox, R. H., O. P. Gandhi, J. L. Meyerhoffand H. M. Grove. 
A microwave applicator for in vivo rapid inactivation of 
enzymes in the central nervous system. IEEE Trans Microwave 
Theory Tech 24: 58-61, 1976. 

12. Lenox, R. H., J. L. Meyerhoff, O. P. Gandhi and H. L. Wray. 
Regional levels of cyclic AMP in rat brain: pitfalls of microwave 
inactivation. J Cyclic Nucleotide Res 3: 367-379, 1977. 

13. Lenox, R. H., G. J. Kant and J. L. Meyerhoff. Rapid enzyme 
inactivation. In: Handbook ofNeurochemistry, vol 2, edited by 
A. Lajtha. New York: Plenum, 1982, pp. 77-102. 

14. Meyerhoff, J. L., R. H. Lenox, P. V. Brown and O. P. Gandhi. 
The inactivation of rodent brain enzymes in vivo using high 
intensity microwave irradiation. Proc IEEE 68: 155-159, 1980. 

15. Meyerhoff, J. L., G. J. Kant, G. R. Sessions, E. H. Mougey, L. 
L. Pennington and R. H. Lenox. Brain and pituitary cyclic nu- 
cleotide response to stress. In: Perspectives in Behavioral 
Medicine, vol 2, edited by R. B. Williams. New York: Aca- 
demic Press, in press. 

16. Meyerhoff, J. L., G. J. Kant, C. J. Nielsen, E. H. Mougey and 
L. L. Pennington. Adrenalectomy abolishes stress-induced in- 
crease in pituitary cyclic AMP. Life Sci 34: 1959-1965, 1984. 

17. Mougey, E. H. A radioimmunoassay for tetrahydrocortisol. 
Anal Biochem 91: 566-582, 1978. 

18. Seggie, J. A. and G. M. Brown. Stress response patterns of 
plasma corticosterone and growth hormone in the rat following 
handling or exposure to novel environment. Can J Physiol 
Pharmacol 53: 629-637, 1975. 

19. Sun, C. L., N. B. Thoa and I. J. Kopin. Comparison of the 
effects of 2-deoxyglucose and immobilization on plasma levels 
of catecholamines and corticosterone in awake rats. Endocri- 
nology 105: 306-311, 1979. 


