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MAZURKIEWICZ-KWILECKI, I. M. AND H. TAUB. Ej'l~'ct ofstre.~ on brain hi.~tamine. PHARMAC. BIOCHEM. 
BEHAV. 9(4) 465-468, 1978.--Stress of short duration (5 rain) resulted in a significant increase in plasma corticosterone 
level and a significant decrease in the midbrain histamine concentration in rats. Exposure to 15 rain stress caused a 
significant elevation in the hypothalamic histamine level. Stress of longer duration (30 or 60 rain) did not affect 
hypothalamic, cortical or midbrain histamine concentration although plasma corticosterone level remained elevated. Re- 
peated exposures of rats to 15 rain stress did not significantly alter histamine concentration of any of the brain regions 
studied. Plasma corticosterone concentration was only 28% of that observed in animals exposed to single 15 rain stress. 
Present data suggest a role of brain histamine in response to stress. 

Histamine Brain Stress Rat Corticosterone 

BRAIN biogenic amines  were reported to be altered "after 
var ious types of  stress [I, 14, 21, 22]. The  possible involve-  
ment of  the putat ive central  neurot ransmit te r  histamine [5, 
15, 16] in some type of  stress was invest igated with conflict- 
ing results reported.  A decrease  in hypothalamic  and cortical 
histamine concentra t ion  and an increased H:~-histamine syn- 
thesis following a single (~/., hr-2 hr) cold exposure  and re- 
straint was found in rats [20]. H o w e v e r ,  o thers  [ 11 ] using the 
same time of  sampling were  unable to detect  any changes in 
cerebral  his tamine concentra t ion  in cold exposed or  im- 
mobil ized rats. Moreoever ,  it was reported [23] that stress 
induced by restrain led to a decreased  turnover  of  H :~- 
histamine in the brains of  mice. Stress in the form of an 
electrical shock was shown to increase concentra t ion  of  his- 
tamine in rat hypothalamus and cor tex [2]. In contrast ,  a 
decrease  in hypothalamic  and cortical  histamine level which 
was associated with an increase in histidine decarboxylase  
act ivi ty was observed  in guinea-pigs subjected to the same 
type of  stress [ 13]. 

In view of  these conflicting reports,  we examined in the 
present invest igation the effects o f  acute and repeated stress 
on histamine concent ra t ion  in several  brain regions of  rats. 
Plasma cor l icos te rone  was moni tored s imultaneously as an 
indication of  stressful condit ions.  

METHOI) 

Male Sprague-Dawley  rats (200-220 g) were  housed in 
metal cages (3 rats per  cage} in a tempera ture  control led 
room (24°C) with lights on from 7 a.m. to 7 p.m. Stress was 
induced by a procedure  similar to that used in rapid eye  
movemen t  (R.E.M.)  sleep deprivat ion studies [3]. The rats 
were placed on a small circular  platform (5 cm in d iameter  
and 12 cm in height) central ly located in a tub of  water  
(25°C): the depth of  water  was 10 cm. The animals were  
exposed to this procedure  for varying periods o f  time. 

In " a c u t e "  stress studies, 4 groups of  rats were used. 
Each group was allocated for one time period. Rats were 
individually placed on the platform for ei ther 5, 15, 30 or  60 
min. ] 'he  animals were sacrificed by decapitat ion im- 
mediately after the stressing procedure.  Rats not subjected 
to stress were used as controls.  

In another  set of  exper iments ,  rats were repeatedly ex- 
posed to the same stress for 15 min twice daily fo r4  days and 
sacrificed immediate ly  after the last (eighth) 15 min expo-  
sure. It should be noted that all the exper iments  were so 
planned that the animals were killed in the af ternoon hours 
(between 1-3 p.m.) when plasma cor t icos terone  was re- 
ported to be at its lowest level [19]. Fol lowing decapitat ion 
blood was col lected from the severed neck blood vessels into 
heparin-containing tubes for cor t icos terone  determinat ion.  
The brains were  rapidly removed ,  washed with ice-cold 
saline, blotted and placed on special glass plates kept on ice. 
Different brain regions were dissected according to a mod- 
ified method of  Glowinski  and lversen [9]. 

Histamine Deterotination 

The tissues were assayed for their  histamine content  ac- 
cording to a modification of  the double isotope technique of  
Taylor  and Snyder  [20]. This procedure  depended on the 
methylat ion of  endogenous  histamine in the tissues by added 
histamine methyl t ransferase ,  using S-adenosyI-L-meth-  
ionine methyl [~*C]: (56 mCi /mmole ,  New England Nuclear)  
as the methyl donor.  A tracer amount  of  : 'H-histamine (5-10 
Ci /mmole ,  New England Nuclear)  was added to correct  for 
the varying degree of  histamine methylat ion in different 
samples.  Endogenous  S-adenosylmethionine  was destroyed 
by boiling the tissue, a procedure  which also served to pre- 
cipitate protein. 

The [ ' 'C]-[:'H ]-methylhistamine and ["C]-methyl-  
histamine were separated from [ '~C]-S-adenosylmethionine 
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THE EFFECT O F  STRESS O N  H I S T A M I N E  C O N C E N T R A T I O N  

IN B R A I N  R E G I O N S  O F  THE R A T  

H Y P O T H A L A M U S  
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FIG. 1. r ime course of stress induced changes in histamine concent- 
ration in different brai n regions of the rat. The animals were exposed 
to stress (see methods) for 5. 15, 30 and 60 min and sacrificed im- 
mediately after. Nonstressed rats served as controls. The data rep- 
resent the Mean _~ S.E.M. of al leas! 8 animals in each gronp. 
*p. 0.05 compared to control values. **p, 0.02 compared to control 

value~. 

REPETITIVE STRESS ON HISTAMINE CONCENTRATION 
IN BRAIN REGIONS OF THE RAT 

HYPOTHALAMUS MIDBRAIN CORTEX 
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FIG. 3. The effects of repeated stress ( 15 rain twice daily for 4 days) 
on histamine concentration in hrain regions of the rat. The data 

represent the Mean , S.E.M. of Sexperiments.  
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FIG. 2. Time cour~,e of stress induced ele~,.ation of plasma corlicos- 
terone concentration in the ra~:/xgr; refcr,~ to ,ug.' 100 ml of plasma. 
Post-stress to pre-strcss ratios are indicated in the hrackels. The 
dala represent lhe Mean -: S.E.M. of 8 animals in each group. 
"p" ).~ ~; compared to control values. **p- 0.005 compared to con- 

trol value,,. 
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FIG. 4. Plasma corticosterone elevation after single exposure (15 
rain) to stress IA) and IB~ following repeated exposure (15 rain twice 
daily for 4 days): /xg':; refers to/xg:l@J ml of plasma. Post-stress to 
pre-stress ratios are indicated in brackets. The data represents the 
Mean , S.E.M. ofg  experiments in each case. :':p- 0.05 compared 

to control values. ~:*p. 0.005 compared to control values. 

and [ : 'HI-his tamine by ex t rac t ing  into ch lo ro fo rm from a 
sa l t - sa tu ra ted  alkal ine solut ion.  The  ch lo ro fo rm was evapo-  
rated and  the res idue  was t aken  up into e thano l  and  scinti l la-  
t ion fluid (Econof luor )  and  coun t ed  in a B e c k m a n  LS 150 
liquid scint i l la t ion spec t rome te r .  
I'h~sma ('orticosterone was de t e rmined  by a slight modif ica-  
t ion of  the me thod  of  G i v n e r  and Rochefor t  18} which  is 
based  on the capabi l i ty  of  co r t i co s t e r one  to f luoresce  in sul- 
furic acid. The  data  is repor ted  a s /xg  pe t  100 ml of  p lasma 
I,~gv;~ ). 

R E S U I . T S  

His tamine  c o n c e n t r a t i o n  in 3 regions of  rat brain lbl low- 
ing single exposu re  o f  ra ts  to s t ress  for va ry ing  per iods  o f  
t ime is d e m o n s t r a t e d  in Fig. 1. W h e n  rats  were  s t ressed  tbr  5 
min.  the h i s t amine  c o n c e n t r a t i o n  was s igni l icant ly  reduced  
in midbra in  (78 ~- 6C4. of  control) .  H o w e v e r .  15 min of  s t ress  
led to a significant  increase  in hypo t ha l am i c  h i s tamine  con-  
cen t ra t ion  II30 +_ 9"/, of  control) ,  l . onge r  exposu re s  to s t ress  
130 or 61") min) did not cause  signific:,nt a l t e ra t ions  in any  of  
the brain regions  inves t igated .  

The  t ime course  of  s t ress  induced changes  in p lasma cor- 
t i cos te rone  levels is indicated in Fig. 2. Significant  e leva t ion  
of  p lasma co r t i cos t e rone  (1289; of  cont ro l )  was noted as 
ear ly as 5 rain af ter  s t ress;  h igher  levels were  r eached  af ter  
15 rain of  s t ress  1491":; of  cont ro l )  and  remained  e leva ted  
when  the s t ress  was  main ta ined  for 30 and 60 min (550 and 
63()'?; of  cont ro l  respect ively) .  

Repea ted  e x p o s u r e  of  rats to s t ress  115 rain twice  daily tbr  
4 days)  tFig.  3) did not significantly a l te r  h i s tamine  concen-  
t ra t ion  in any of  the brain  regions.  

Plasma co r t i cos t e rone  levels in rats  fol lowing a single IA) 
or  repea ted  15 rain of  exposu re  to s t ress  (B) is d e m o n s t r a t e d  
in Fig. 4. Al though the  p lasma co r t i cos t e rone  level fol lowing 
the mult iple  schedu le  was s ignif icant ly  e leva ted  (1385~ of  
cont ro l )  when  c o m p a r e d  with its respec t ive  con t ro l s ,  it was  
only approx imate ly  I/4 of  that  o b s e r v e d  in rats  fol lowing a 
single 15 rain of  s t ress .  

l)l,%(? U,%.NI()N 

The effect ivenes~ o f  our procedure :is a val id stress pro- 
ducing st imulus wa,, ref lected hy the rapid e levat ion in the 
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levels  of  p la sma  co r t i co s t e r one  no ted  as ear ly as 5 min ',ffter 
the p l acemen t  of  ra ts  on  the p la t form (Fig. 2). Our  obse rva -  
t ions  are cons i s t en t  with  the  repor ted  s ignif icant  e leva t ion  of  
p lasma co r t i co s t e rone  fol lowing br ief  per iod of  handl ing  or  
shor t  exposu re  to a novel  e n v i r o n m e n t  [181. 

In the p resen t  s tudies ,  s t ress  of  shor t  du ra t ion  (5 rain) 
resul ted  in a s ignif icant  d e c r e a s e  in e n d o g e n o u s  h i s t amine  
c o n c e n t r a t i o n  in the midbra in  and  a slight non-s ta t i s t ica l ly  
s ignif icant  d e c r e a s e  in the h y p o t h a l a m u s  and  cor tex .  It is of  
in teres t  that  the  ex i s t ence  of  a h i s t aminerg ic  pa thway  
emamt t ing  f rom the midhra in  or  bra in  s t em,  a scend ing  
through the lateral  hypo t ha l am i c  area  and pro jec t ing  into 
en t i re  d i encepha lon  has  been  repor ted  [17]. It was  also 
sugges ted  that  the act iv i ty  of  this  a scend ing  t ract  is inhibi ted  
dur ing  s t ressful  s i tua t ions  [23]. The  o b s e r v e d  rapidly occur-  
ing but short  las t ing dec rea se  in the midbra in  h i s t amine  level 
could have  been  due to s t ress  induced  dec rea se  in h i s t amine  
syn thes i s ,  inc reased  re lease  or  inc reased  metabol i sm.  His- 
t amine  syn thes i s  could not be inves t iga ted  since s t ressful  
s i tuat ion assoc ia ted  with i n t r avenous  or  i n t r aven t r i cu l a r  
admin i s t r a t ion  of  the h i s t amine  p recurso r ,  h is t id ine,  pr ior  to 
our  expe r imen ta l  cond i t ions  had to be avo ided .  

The  signif icant  inc rease  in hypo t ha l am i c  h i s t amine  level 
seen  af ter  15 rain of  s t ress  is of  in teres t  in view of  the 
d e m o n s t r a t e d  impor t ance  of  this  brain region in r e sponse  to 
s t ress  [6]. It is poss ib le  that  this  inc rease  may rep resen t  a 
c o m p e n s a t o r y  change  for  the slight d e c r e a s e  in this brain 
region noted  af te r  5 rain of  s t ress .  

The  inc rease  in hypo t ha l am i c  h i s t amine  c o n c e n t r a t i o n  
was assoc ia ted  with app rox ima te ly  a five-told increase  in the 
p lasma  c o r t i c o s t e r o n e  level when  c o m p a r e d  to non- s t r e s sed  
rats. Al though p lasma co r t i cos t e rone  level r emained  signifi- 
cant ly  e leva ted  when  the rats  were  sub jec ted  to s t ress  of  
longer  dura t ion  (30, 45 and 60 rain) the h i s t amine  concen t r a -  
t ion was not s ignif icant ly  a l tered ia the h y p o t h a l a m u s  nor  in 
any  of  the  o t h e r  brain regions inves t iga ted .  

Similar  to p resen t ly  o b s e r v e d  changes  in brain  h i s t amine  
o thers  found increased  h i s tamine  level but in cerebra l  hemi-  
spheres  and in the brain  s tem of  rats  sub jec ted  to short  last- 

ing electr ical  shock  [2]. The  repor ted  dec rease  in 
hypo tha l amic  and  cerebra l  h i s t amine  level in res t ra ined  and 
cold exposed  rats  [20] were  not conf i rmed  by o thers  [11]. In 
mice subjec ted  to electr ical  shock  no changes  were found in 
bra in  h i s t amine  c o n c e n t r a t i o n  [17] a l though  immobi l iza t ion  
s t ress  resul ted in a dec rea sed  h i s tamine  t u r n o v e r  [23]. 

It is poss ible  that  the  effects  of  s t ress  on  bra in  h i s tamine  
c o n c e n t r a t i o n  depend  on the type  of  s t imulus ,  species  used,  
dura t ion  of  exposu re  and  the t ime of  sampling.  Since a large 
part  of  the hypo tha l amic  h i s t amine  pool is k n o w n  to have  a 
very rapid t u r n o v e r  [20], the initial change  may not be de- 
t ec tab le  if the t ime of  sampl ing  is delayed.  

In con t ras t  to the effect  seen af te r  a first exposu re  to 
s tressful  s i tua t ions ,  repea ted  exposu re  to the same s t ress  did 
not s ignif icant ly change  h i s tamine  levels in any  of  the brain 
regions  inves t iga ted .  Moreove r ,  p lasma 'zor t icos terone  level 
de t e rmined  af te r  the last (eighth)  exposu re  to s t ress  a l though 
signif icant ly e leva ted  when  c o m p a r e d  with cont ro l  rats  was 
only  ~/,, o f  that  noted  in an imals  sub jec ted  to t, single 15 rain 
per iod of  s t ress .  It s eems  therefore  poss ib le  that  these  rats  
were  less s t ressed  because  cer ta in  adap ta t ion  to the initial 
r e sponse  may have  taken  place. 

The  re la t ionship  be tween  cor t i cos te ro ids  and  brain his- 
t amine  is still u n k n o w n .  H y p o p h y s e c t o m y  did not affect 
hypo tha lamic  h i s t amine  levels or  the fo rmat ion  of  H ~- 
h i s tamine  from in t raven t r icu la r ly  admin i s t e r ed  H:~-histidine 
in rats ]20], h o w e v e r ,  a dec reased  syn thes i s  of  brain his- 
t amine  was  no ted  5 days  af ter  a d r e n a l e c t o m y  in mice [23]. 
S t ress  induced  changes  in brain h i s t amine  t u r n o v e r  in mice 
were not af fected by a d r e n a l e c t o m y  [23]. 

Brain h i s tamine  was d e m o n s t r a t e d  to play a role in a 
n u m b e r  of  physiok)gical  even t s  ]4, 7, 10, 12]. Our  f indings 
suggest  poss ible  i nvo lvemen t  of  brain h i s t amine  in the re- 
sponse  to s t ress .  
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