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MAZURKIEWlCZ-KWlLECKI, I. M. Single and repeated air blast stress and brain histamine. PHARMAC. BIOCHEM. 
BEHAV. 12(1) 35--39, 1980.--Exposure of rats to air blasts for 1, 5 and 15 min resulted in a significant increase in plasma 
corticosterone level and in the hypothalamic histamine concentration. Midbrain histamine content was increased after 1 
and 5 rain of exposure but cortical histamine increased following 1 min of exposure only. Stress of longer duration (30 
mins did not significantly affect histamine concentration in any of the three brain regions investigated, although plasma 
corticosterone level remained very significantly (14.5-fold) elevated. Repeated exposure of rats to air blasts of 15 min 
duration resulted in a significant elevation of hypothalamic histamine concentration while midbrain and cortical histamine 
was not significantly altered. Plasma corticosterone level was again very significantly (10-fold) increased. Present results 
suggest the involvement of brain histamine in the response to stress. 

Histamine Brain Stress Rat Corticosterone 

STRESS has been used as a valuable tool to investigate the 
physiological role of central neurotransmitters. This subject 
was extensively reviewed [1, 17, 18, 36]. In recent years 
histamine has gained recognition as a putative central 
neurotransmitter [30-33, 37]. The existence of a central as- 
cending histaminergic pathway which could be involved in 
control of sleep and wakefulness has been suggested [10,33] 
and histamine afferents to the hippocampal region were 
demonstrated [2]. In contrast to the numerous studies on the 
role of other biogenic amines in stressful conditions, the in- 
volvement of brain histamine has been relatively little ex- 
plored. Conflicting results were reported when rats, mice or 
guinea pigs were restrained, exposed to cold or subjected to 
shock treatment [3, 21, 37, 41]. Our previous studies [22] 
have revealed a significant elevation in hypothalamic his- 
tamine concentration following stressful conditions with an 
emotional rather than physical component. Some adaptation 
to this response occurred following repeated exposure. The 
present investigation was undertaken in order to explore 
whether the previously observed alterations in brain his- 
tamine were specific to only one type of stress or could also 
occur in response to other stressful stimuli. 

METHOD 

Male Sprague-Dawley rats (200-220 g) were housed in 
metal cages (3 rats per cage) in a temperature controlled 
room (24°C) with lights 7 a.m.-7 p.m. In " acu t e "  stress 
studies 4 groups of rats were used. Each group was exposed 
to either 1,5, 15 or 30 min of stress. The stress was applied to 

individual rats placed in a plastic cage (20.5x26.5x 14.5 cm) 
and consisted of exposure to blasts of compressed air [40] 
delivered from a nozzle placed 10 cm above the cage. The 
blasts were of 1 second duration and were delivered at 
different time intervals at a rate of 5/minute. The last blast 
was always applied at the end of the experimental period of  
time, i.e. at 1, 5, 15 or 30 min. The animals were sacrificed by 
decapitation immediately after the stressing procedure. Con- 
trol rats were placed in individual cages of the same size and 
kept under identical experimental conditions but they were 
not subjected to stress. 

In another set of experiments rats were exposed to air 
blast stress for 15 min twice for 4 days and sacrificed im- 
mediately after the last (eighth) 15 min exposure. Rats sub- 
jected to the same handling but not to stress served as con- 
trois. Following decapitation blood was collected from the 
severed neck blood vessels into heparin-containing tubes for 
corticosterone determination. The brains were rapidly re- 
moved, washed with ice-cold saline, blotted and placed on 
glass plates kept on ice. Different brain regions were dissect- 
ed according to a modified method of Glowinski and Iversen 
[13]. 

Histamine Determination 

The tissues were assayed for their histamine content ac- 
cording to a modification of the double isotope technique of 
Taylor and Snyder [38]. This procedure depended on the 
methylation of endogenous histamine in the tissues by added 
histamine methyltransferase, using S-adenosyl-L-methio- 
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THE EFFECT OF STRESS ON HISTAMINE CONCENTRATION 
IN BRAIN REGIONS OF THE RAT 
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FIG. 1. Time course of stress induced changes in histamine concen- 
tration in different brain regions of the rat. The animals were exposed 
to air blasts for 1, 5, 15 and 30 rains and sacrificed immediately after. 
Non-stressed rats served as controls. The data represent the mean 
_+ SEM of at least 8 animals in each group. *p<0.05; ***p<0.01; 

****p<0.001. 

THE EFFECT OF REPEATED STRESS O N  HISTAMINE 
CONCENTRATION IN BRAIN REGION OF THE RAT 
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FIG. 3. The effect of repeated stress (15 min twice daily tor 4 days) 
on histamine concentration in brain regions of the rat. The data 
represent the mean _+ SEM of 8 experiments, ***p<0.0l compared 

to control values. 

nine methyl (14C); (56 mCi/mmole, New England Nuclear) as 
the methyl donor. A tracer amount of  3H-histamine (5-10 
Ci/mmole, New England Nuclear) was added to correct for 
the varying degree of histamine methylation in different 
samples. Endogenous S-adenosylmethionine was destroyed 
by boiling the tissue, a procedure which also served to pre- 
cipitate protein. 

The (14C)-(3H)-methylhistamine and (~4C)-methylhista- 
mine were separated from (~4C)-S-adenosylmethionine and 
(3H)-histamine by extracting into chloroform from a salt- 
saturated alkaline solution. The chloroform was evaporated 
and the residue was taken up into ethanol and scintillation 
fluid (Econofluor) and counted in a Beckman LS 8100 liquid 
scintillation spectrometer. 

Plasma  Cor t icos terone  

Plasma conicosterone was determined by a modification 
of  the method of Givner and Rochefort [12] which is based 

STRESS-INDUCED ELEVATION OF PLASMA 
CORTICOSTERONE LEVELS IN THE RAT 
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FIG. 2. Time course of stress induced elevation of plasma corticos- 
terone concentration in the rat: t~g% refers to ggl00 ml of plasma. 
Poststress to prestress ratios are indicated in the brackets. The data 
represent mean _+ SEM of 8 animals in each group. ***p<0.01; 

****p<0.001. 

on the capability of corticosterone to fluoresce in sulfuric 
acid. The data is reported as ~g per 100 ml of  plasma (~g%). 

RESULTS 

Exposure of rats to air blast for 1,5 and 15 min resulted in 
a significant increase (19, 31 and 46% respectively) in the 
hypothalamic histamine concentration (Fig. 1). No signifi- 
cant change was noted following 30 mins of exposure. 

Midbrain histamine concentration was significantly in- 
creased following 1 rain (30%) and 5 minutes (31%) exposure 
to stress. Longer exposures resulted in an increase in the 
midbrain histamine level which did not reach the level of 
statistical significance. 

A significant increase (20%) was also seen in cortical his- 
tamine level following 1 min exposure while longer periods 
of stressful stimulation did not significantly alter histamine 
level in this brain region. 

The time course of stress induced elevation in plasma 
corticosterone level is indicated in Fig. 2. A significant (3- 
fold) elevation was noted following 1 rain exposure to air 
blasts. Progressively higher values were seen following 5, 15 
and 30 mins of stress. The values for poststress to prestress 
ratios were 3.0, 4.4, 9.0 and 14.5 for 1, 5, 15 and 30 rain of 
exposure, respectively. 

Repeated exposure of rats to the same type of stress (15 
min of air blasts twice daily for 4 days) resulted in a signifi- 
cant (34%) elevation of hypothalamic histamine concentra- 
tion, while no significant alterations occurred in the midbrain 
and cortical histamine level (Fig. 3). Plasma corticosterone 
level (Fig. 4) was again significantly (10-fold) elevated simi- 
larly to the increase (9-fold) noted in acute studies following 
a single exposure to 15 min of air blasting. 

DISCUSSION 

In this investigation stress induced by the exposure of rats 
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STRESS-INDUCED C H A N G E S  IN PLASMA 
C O R T I C O S T E R O N E  LEVELS IN THE RAT 
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FIG. 4. Plasma corticosterone elevation after single exposure (15 
min) to air blasts (A) and (B) following repeated exposure (15 min 
twice daily for 4 days): /~g% refers to/xg/100 m| of plasma. Post- 
stress to prestress ratios are indicated in brackets. The data repre- 
sents the mean _+ SEM of 8 experiments in each case. ****p<0.001 

compared to control values. 

to air blasts for different periods of time was associated with 
a significant increase in plasma corticosterone level which 
was tripled after one minute of exposure and kept rapidly 
rising with longer periods of stressful stimulation. On the 
basis of plasma corticosterone level this procedure seemed 
to be more stressful than the one applied in our previous 
studies [22]. In the latter investigation the rats were exposed 
to platform stress according to the method used in rapid eye 
movement (REM) deprivation studies [4] which consisted of 
placing the animal on a small platform (2 cm in diameter) 
located 2 cm above water (25°C), 10 cm deep. 

In line with our previous observations [22] stressful stimu- 
lation which was applied in these studies was associated with 
a significant increase in hypothalamic histamine concentra- 
tion: however, this effect was noted after one minute of ex- 
posure while in "platform stress" studies 15 min elapsed 
before such a change was observed. Midbrain histamine 
level was also significantly elevated following 1 or 5 min 
exposure to air blasts and cortical histamine concentration 
was increased following 1 min of exposure to stress. In con- 
trast following "platform stress" a significant decrease in 
midbrain histamine level was noted following 5 mins of ex- 
posure and cortical histamine concentration was not signifi- 
cantly altered [22]. 

It is of interest that the most significant increases were 
observed again in the hypothalamus, a brain region whose 
role in response to stress was indicated [8], and where the 
highest concentration of histamine were found, and the most 
rapid histamine turnover has been reported [37]. This in- 
crease can be attributed to the stressful situation because 
normal values were found in control rats kept under identical 
experimental conditions but not subjected to stress. 

The presently noted increase in the hypothalamic his- 
tamine level indicates an imbalance between histamine syn- 
thesis and metabolism and may possibly suggest a decreased 
rate of histamine disappearance or increased rate of synthe- 
sis. 

Unfortunately, histamine turnover could not have been 
investigated under our experimental condition as even a 
single injection of histamine precursor, histidine has been 
reported to represent a considerable stress reflected in a 
significant elevation of plasma corticosterone level [41]. 

Our data is in agreement with the reported increase in 
histamine concentration in the central hemispheres and in 
the brain stem of rats following short lasting electric shock 
[3]. Present results indicate that stress induced changes in 
brain histamine occur rather rapidly and may not be detect- 
able when the time of sampling is delayed. This is in line with 
the very rapid turnover of brain histamine in the non-mast 
cell pool [6,32]. 

In contrast to our observations a decreased hypothalamic 
histamine level was reported in rats following restraint or 
cold exposure for 1-2 hours [37], although the latter results 
were not confirmed by others using the same strain of rats 
and identical experimental conditions [16]. It is possible that 
hypothalamic histamine synthesis is increased initially but 
during longer periods of stress the release or utilization ex- 
ceeds the synthesis and thus the endogenous levels fall. 
Long periods of exposure, the strong physical component in 
immobilization stress and metabolic factors involved in cold 
exposure, could account for the discrepancies between the 
results obtained by others and our data. 

A decrease in brain histamine (determined by bioassay) 
was found in guinea pig following electric shock treatment 
[21] while in restrained mice brain histamine concentration 
remained unchanged but histamine turnover was decreased 
[41]. However, whole brain histamine levels were deter- 
mined in the latter studies and possible individual opposite 
changes in different brain regions could have been left undis- 
covered. 

In view of the different types of stress applied and various 
times of sampling, the reported data is not readily compara- 
ble with ours. Species differences may also exist. 

Similar discrepancies occur in the literature on the effects 
of various forms of stress on catecholamine levels. Thus rats 
subjected to acute immobilization stress, cold or formalin 
injections showed decreased norepinephrine and/or epi- 
nephrine concentrations in specific hypothalamic nuclei 
[17-19] or brain stem areas [28]. In addition, footshock, 
treadmill, swim or restraint also resulted in a decreased brain 
norepinephrine level [1, 36] whereas an increased brain 
norepinephrine concentration was found following isolation 
stress [24, 39], cold exposure [15], heat [23] or muricide [29]. 
Thus, it is apparent that changes in central catecholamine 
level may also vary depending on the stimulus applied. 

In this investigation, repeated exposure to air blasts re- 
suited still in a significant increase in hypothalamic histamine 
concentration although no alterations in the other examined 
brain regions were noted. The plasma corticosterone level 
was raised to ten-fold that of control values. This is in con- 
trast to the repeated "platform stress" where adaptation to 
both hypothalamic histamine elevation and to plasma cor- 
ticosterone alteration was observed [22]. It is of interest that 
hypothalamic norepinephrine depletion was observed fol- 
lowing the first exposure to immobilization stress but no 
reduction was seen after repeated exposures [18]. It seems 
possible that a certain adaptation may ensue to one type of 
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s t ressful  s t imula t ion but  does  not  occur  when  a n o t h e r  type  of  
s t ress  is applied.  This  is cons i s ten t  wi th  the  repor ted  elimi- 
nat ion of  foo t shock  induced  bra in  no rep ineph r ine  deple t ion  
in animals  p rev ious ly  exposed  to repe t i t ive  foo t shocks  but  
not  fol lowing repet i t ive  swim p r e t r e a t m e n t  [42]. It was  also 
no ted  tha t  adap ta t ion  to the  increase  in p l a sma  cor t ico-  
s t e rone  occur red  in the  fo rmer  group of  ra ts  bu t  not  in the  
la t ter  [42]. 

Al though,  in the  p re sen t  s tudies ,  in mos t  ins t ances  an  
increase  in p la sma  co r t i cos t e rone  was  a s soc ia ted  wi th  an 
increase  in hypo tha l am i c  h i s t amine  level ,  a str ict  relat ion-  
ship b e t w e e n  these  two even t s  could not  be d e m o n s t r a t e d :  
p la sma  co r t i cos t e rone  level was  inc reased  14-fold af te r  30 
min exposure  to air  b las ts  while  hypo tha lamic  h i s t amine  was 
only slightly inc reased  (18%). In te rac t ions  b e t w e e n  bra in  his- 
t amine  and  cor t i cos te ro ids  are k n o w n  to occur ,  howeve r ,  the 
m e c h a n i s m  invo lved  is far  f rom be ing  unde r s tood .  In rats  
h y p o p h y s e c t o m y  was  repor ted  not  to affect  hypo tha lamic  
h i s t amine  concen t r a t i on  or  the fo rma t ion  of  3H-his tamine  
f rom in t raven t r icu la r ly  admin i s t e red  3H-hist idine [37]. Ad- 
r ena lec tomized  mice  exhib i ted  a lower  his t idine decar-  
boxylase  act ivi ty  which  resul ted  in a s ignif icant  dec rease  in 

bra in  h i s t amine  level ,  bu t  they still could  r e spond  to s t ress  
by a dec reased  :~H-histamine t u r n o v e r  [411. 

It is of  in teres t  tha t  h i s tamine  was r epor ted  to induce  a 
s ignif icant  e leva t ion  in p lasma prolac t in  level  in ra ts  [7] and  
in men  while  g rowth  h o r m o n e  was not  af fected [26]. Al- 
though p lasma  pro lac t in  concen t r a t i on  is k n o w n  to be  in- 
c reased  fol lowing s t ressful  s i tuat ions  [25,34], a possible  l ink 
b e t w e e n  s t ress  induced  a l te ra t ions  in b ra in  h i s t amine  level 
and the  repor ted  p lasma  pro lac t in  changes  remains  to be 
e lucidated.  It was  suggested  tha t  p ro lac t in  secre t ion  st imu- 
lated by nove l  e n v i r o n m e n t a l  s t ress  may  be media ted  by 
noradrenerg ic  n e u r o n e s  a scend ing  in the  medial  fo rebra in  
bund le  [9]. Cur ious ly  enough  an a scend ing  h i s taminerg ic  
pa thway  was  also suggested  in this  bra in  region [10]. 

Bra in  h i s t amine  seems  to be  invo lved  in t he rmoregu la t ion  
[14], wa te r  intake [201 and  b e h a v i o u r  [5,11]. P resen t  repor t  is 
cons i s t en t  with our  prev ious  obse rva t ions  [22] and  suggest  
again a role of  b ra in  h i s t amine  in the  r e sponse  to s tress.  

ACKNOWLEDGEMENTS 

The technical assistance of Mr. Philander Baddoo is greatly 
appreciated. 

REFERENCES 

1. Anisman, H. Neurochemical Changes Elicited by Stress, Be- 
havioral Correlates. In: Psychopharmacology of  Aversively 
Motivated Behaviour, edited by H. Anisman and G. Bignami. 
New York: Plenum Publishing Corporation, 1978, pp. 11%172. 

2. Barbin, G., M. Garbarg, J. C. Schwartz and J. Storm-Mathisen. 
Histamine synthesizing afferents to the hippocampal region. J. 
Neurochem. 26: 25%263, 1976. 

3. Campos, H. A. and J. Jurupe. Evidence for a cholinergic mech- 
anism induced histamine increase in the rat brain in vivo. Ex- 
perientia 26: 746-747, 1970. 

4. Cohen, H. B. and W. C. Dement. Sleep: Changes in threshold to 
electroconvulsive Shock in rats after deprivation of "paradoxi- 
cal" phase. Science 150: 1318--1319, 1%5. 

5. Cohn, C. K., G. G. Ball and J. Hirsch. Histamine: Effect on 
self-stimulation. Science 180: 757-758, 1973. 

6. Dismukes, K. and S. H. Snyder. Dynamics of brain histamine. 
Adv. Neurol. 5: 101-109, 1974. 

7. Donoso, A. O. and A. M. Banzan. Release of prolactin and LH 
and histamine-containing cells in brain. J. Ne,rol.  Transm. 44: 
327-332, 1979. 

8. Dunn, J. and V. Critchlow. Pituitary-adrenal response to stress 
in rats with hypothalamic islands. Brain Res. 16: 395-403, 1969. 

9. Fenske, M. Effects of environmental stress factors on prolactin 
release in male rats. IRCS Med. Sci. 6: 368, 1978. 

10. Garbarg, M., G. Barbin, J. Figer and J.-C. Schwartz. His- 
taminergic pathway in rat brain evidenced by lesions of the 
medial forebrain bundle. Science 186: 833-835, 1974. 

11. Gerald, M. C. and R. P. Maickel. Studies on the possible role of 
brain histamine in behaviour. Br. J. Pharmae. 44: 462-471, 
1972. 

12. Givner, M. L. and J. G. Rochefort. An improved assay of cor- 
ticosterone in rat serum and adrenal tissue. Steroi~L~ 6: 485-489, 
1965. 

13. Glowinski, J. and L. L. lversen. Regional studies on 
catecholamines in the rat brain. J. Neurochem. 13: 655, 1966. 

14. Green, M. D., B. Cox and P. Lomax. Sites and mechanisms of 
action of histamine in the central thermoregulatory pathways of 
the rat. Ne,ropharmacology 15: 321-324, 1976. 

15. lngenito, A. J. and D. Bonnycastle. The effect of exposure to 
heat and cold upon rat brain catecholamine and 5-hy- 
droxytryptamine levels. Can. J. Physiol. Pharmae. 45: 733-743, 
1967. 

16. Kobayashi, R. M. and I. J. Kopin. The effects of stress and 
environmental lighting on histamine in the rat brain. Brain Res. 
74: 356-359, 1974. 

17. Kobayashi, R. M., M. Palkovits, J. S. Kizer, D. M. Jacobowitz 
and I. J. Kopin. Selective alterations of catecholamines and 
tyrosine hydroxylase activity in the hypothalamus following 
acute and chronic stress. In: Catecholamines and Stress, edited 
by E. Usdin, R. Kvetnansky and 1. J. Kopin, Proc. of the 
Intern. Symposium on Catecholamines and Stress, Bratislava, 
Czechoslovakia, July 27-30, New York: Pergamon Press, 1976, 
pp. 2%38. 

18. Kvetnansky, R., A. Mitro, M. Palkovits, M. Brownstein, T. 
Torda, M. Vigas and L. Mikulaj. Catecholamines in individual 
hypothalmic nuclei in stressed rats. In: Catecholamines and 
Stress, edited by E. Usdin, R. Kvetnansky and I. J. Kopin, 
Proc. of the Intern. Symposium on Catecholamines and Stress, 
Bratislava, Czechoslovakia, July 27-30, New York: Pergamon 
Press, 1976, pp. 3%50. 

19. Kvetnansky, R., I. J. Kopin and J. M. Saavedra. Changes in 
epinephrine in individual hypothalamic nuclei after immobiliza- 
tion stress. Brain Res. 155(2): 387-390, 1978. 

20. Leibowitz, S. F. Histamine: A stimulatory effect on drinking 
behaviour in the rat. Brain Res. 63: 440-444, 1973. 

21. Maslinski, C., B. Bielkiewicz, J. Z. Nowak and A. Pilc. His- 
tamine content and synthesis in central and peripheral nerve 
structures during stress. Agents Actions 5/1: 4-8. 1975. 

22. Mazurkiewicz-Kwilecki, I. M. and H. Taub. Effect of stress on 
brain histamine. Pharmac. Biochem. Behav. 9: 465-468, 1979. 

23. Menon. M. K. and P. C. Dandiya. Behavioural and brain 
neurohormonal changes produced by acute heat stress in rats: 
influence of psychopharmacological agents. Eur. J. Pharmac. 8: 
284-291, 1969. 



AIR B L A S T  STR ESS  A N D  B R A I N  H I S T A M I N E  39 

24. Nishikawa, I., Y. Kajiwara, Y. Kono, T. Sano, N. Nagasaki, 
M. Tanaka and Y. Noda. Isolation-induced general behavioral 
changes and brain monoamine levels in rat. Kurume Med. J. 21: 
117-121, 1974. 

25. Noel, G. L., H. K. Suh, J. G. Stone and A. G. Frantz. Human 
prolactin and growth hormone release during surgery and other 
conditions of stress. J. clin. Endocr. 35: 840-851, 1972. 

26. Pontiroli, A. E. and G. Pozza. Histamine stimulates prolactin 
release in normal men. Acta Endocr. 88: 23-28, 1978. 

27. Riegle, G. D. and J. Meites. The effect of stress on serum pro- 
lactin in the female rat. Proc. Soc. exp. Biol. 152: 441-448, 1976. 

28. Saavedra, I. M., R. Kvetnansky and I. J. Kopin. Adrenaline, 
noradrenaline and dopamine levels in specific brain stem areas 
of acutely immobilized rats. Brain Res. 160: 271-280, 1979. 

29. Salama, A. I. and M. E. Goldberg. Temporary increase in fore- 
brain norepinephrine turnover in mouse-killing rats. Eur. J. 
Pharmac. 21: 372-374, 1973. 

30. Schayer, R. W. Evidence for a specific function of histamine in 
brain. Adv. Neurol. 5: 111-117, 1974. 

31. Schwartz, J. C. Minireview: Histamine as a transmitter in brain. 
Life Sci. 17: 503-518, 1976. 

32. Schwartz, J. C. Histaminergic mechanisms in the brain. Ann. 
Rev. Pharmac. Toxic. 17: 325--329, 1977. 

33. Schwartz, J. C., G. Barbin, M. Garbarg, H. Pollard, C. Rose 
and M. Verdier. Neurochemical evidence for histamine acting 
as a transmitter in mammalian brain. Adv. Biochem. Psycho- 
pharmac. 15: 111-126, 1976. 

34. Seggie, J. A. and G. M. Brown. Stress response patterns of 
plasma corticosterone, prolactin and growth hormone in the rat 
following handling or exposure to novel environment. Can. J. 
Physiol. Pharmac. 53: 62%637, 1975. 

35. Stolk, J. M., R. L. Conner and J. D. Barchas. Social environ- 
ment and brain biogenic amine metabolism in rats. J. comp. 
physiol. Psychol. 87: 203-207, 1974. 

36. Stone, E. A. Stress and catecholamines. In: Cateeholamines 
and Behaviour, Vol. 1I, edited by A. J. Friedhoff. New York: 
Plenum Press, 1975, pp. 31-72. 

37. Snyder, S. H. and K. M. Taylor. Perspectives in Neurophar- 
macology. New York: Oxford University Press, pp. 43-73, 
1972. 

38. Taylor, K. M. and S. H. Snyder. Isotopic microassay of his- 
tamine, histidine, histidine decarboxylase and histamine 
methyltransferase in brain tissue. J. Neurochern. 19: 1343-1358, 
1972. 

39. Thoa, N. B., Y. Tizabi and D. M. Jacobowitz. The effect of 
prolonged isolation on the catecholamine and serotonin con- 
centration of discrete areas of the rat brain. In: Cateeholamines 
and Stress, edited by E. Usdin, R. Kvetnansky and 1. J. Kopin. 
Proc. of the Intern. Symposium on Catecholamines and Stress, 
Bratislava, Czechoslo.vakia, July 27-30, New York: Pergamon 
Press, 1976, pp. 61-67. 

40. Usher, D. R., P. Kasper and M. K. Birminghan. Comparison of 
pituitary-adrenal function in rats lesioned in different areas of 
limbic system and hypothalamus. Neuroendocrinology 2: 157, 
1976. 

41. Verdiere, M., C. Rose and J. C. Schwartz. Decreased turnover 
of histamine in the brain of restrained mice. Brain Res. 129: 
107-119, 1977. 

42. Weiss, J. M., H. I. Glazer, L. A. Pohorecky, J. Brick and N. E. 
Miller. Effect of chronic exposure to stressors on avoidance- 
escape behavior and on brain norepinephrine. Psychosom. 
Med. 37: 522-534, 1975. 


