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TANAKA, M , Y IDA AND A TSUDA Nalorone, gtven before but not after stress exposure, enhances stress-lnduced 
mcreases in regtonal bram noradrenahne release PHARMACOL BIOCHEM BEHAV 29(3)613-616, 1988 - -Male  Wlstar 
rats were reJected with either sahne or naloxone at a dose of 5 mg/kg either 10 mln before exposure to a 1-hour period of 
lmmobdmatmn stress or after exposure to the same stress for 2 hours which was then followed by a further 1-hour stress 
exposure (a total of 3 hours of immoblhzatlon stress) Levels of noradrenalme (NA) and its major metabohte, 3- 
methoxy-4-hydroxyphenylethyleneglycol sulfate (MHPG-SO4) in six discrete brain regmns were determined fluorometn- 
cally Both one hour and three hours of lmmoblhzatlon stress significantly increased MHPG-SO4 levels m all brain regmns 
examined This effect was accompamed by mgmficant reductmns of NA levels excluding the cerebral cortex after 1 hour of 
stress Naloxone, reJected prior to stress exposure, s~gnlficantly enhanced MHPG-SO4 mcreases m the hypothalamus, 
amygdala and thalamus, but did not do so when injected 2 hours after stress exposure Naloxone admmlstratmn at either 
time did not affect stress-induced increases in MHPG-SO4 levels In the hlppocampus, cerebral cortex or pons plus medulla 
oblongata These results suggest that naloxone enhances stress-reduced increases in NA release m the hypothalamus, 
amygdala and thalamus only during the early period of lmmoblhzatlon stress Furthermore, these findings suggest that 
endogenous opmld peptldes might be preferentmlly released dunng the lmtlal exposure to stress 

Immobdlzatlon stress Naloxone Oplold peptldes Noradrenahne release Rat brain regions 

A var ie ty  o f  s t ressful  s t imuli  h a v e  b e e n  k n o w n  to inc rease  
n o r a d r e n a l i n e  (NA) re lease  in e x t e n d e d  bra in  regions  m rats  
[10-17] 

Prev ious ly ,  we r epo r t ed  tha t  na loxone ,  an  opmld  
an tagon i s t ,  in jec ted  pr ior  to  s t ress  exposu re ,  e n h a n c e s  
s t r e s s - i nduced  inc reases  m N A  re lease  in the  h y p o t h a l a m u s ,  
a m y g d a l a  and  t ha l amus  [13] We fu r the r  sugges ted  tha t  en-  
d o g e n o u s  op imd pept ldes  re leased  dur ing  s t ress  migh t  act  to 
a t t enua t e  s t r e s s - m d u c e d  inc reases  in N A  re lease  in t he se  
bra in  reg ions  [13] This  h y p o t h e s i s  has  b e e n  par t ly  suppo r t ed  
by  the  f indings tha t  a p o t e n t  op ia te ,  morph ine ,  and  an  oplold  
pept ide ,  Me t - enkepha l in ,  reJected pr io r  to s t r e s s - exposu re ,  
s ignif icant ly  a t t enua t e  s t r e s s - induced  inc reases  in N A  re- 
lease  in the  h y p o t h a l a m u s  and  a m y g d a l a  as well  as in the  
h l p p o c a m p u s ,  pons  plus  medu l l a  o b l o n g a t a  (pons  + med .ob l  ) 
and  mldb ra ln  [15-17] 

W e  have  also r epo r t ed  tha t  the re  ex is t s  a non-  
h o m o g e n e o u s  regional  b ra in  t ime-cour se  o f  N A  re lease  in 
r e s p o n s e  to l m m o b i h z a t l o n  s t ress  [14] T he  b ra in  regions  
w h e r e  n a l o x o n e  in jec ted  pr io r  to s t ress  e x p o s u r e  e n h a n c e s  
s t r e s s - i nduced  inc reases  in N A  re lease  are the  s ame  regions  
w h e r e i n  the  m o s t  m a r k e d  i nc r ea se s  in N A  re lease  o c c u r  ve ry  
rapidly ,  1 e , wi th in  the  f irst  h o u r  of  s t ress  [14] This  ra ises  
the  poss lb ih ty  t ha t  if na loxone  was  in jec ted  later ,  1 e ,  at  a 
ce r ta in  t ime  af te r  e x p o s u r e  to  s t ress ,  the  drug  would  e n h a n c e  
inc reases  in N A  re lease  in o t h e r  b ra in  regions  In o rde r  to  
inves t iga te  this  hypo thes i s ,  we e x a m i n e d  the  ef fec ts  o f  
n a l o x o n e ,  g iven  at two d i f fe rent  t imes ,  1 e ,  10 mln  pr ior  to 

and  2 hou r s  af ter  s t ress  exposu re ,  on  s t r e s s - induced  in- 
c reases  in N A  re lease  in six b r m n  regions ,  by  m e a s u n n g  
levels  of  N A  and  its ma jo r  C N S  m e t a b o h t e ,  3- 
m e t h o x y - 4 - h y d r o x y p h e n y l e t h y l e n e g l y c o l  sulfate ( M H P G -  
SO4), wh ich  is a val id index o f  N A  re lease  

METHOD 

Male  Wls t a r  rats ,  weighing  170-190 g, r ece iv ing  a s tand-  
a rd  diet  (solid diet  CE-2,  Clea,  Japan)  wi th  w a t e r  f reely 
avai lable ,  were  housed  4 to each  cage (265×425×  150 m m  
s t anda rd  plast ic  cage con ta in ing  w o o d  shavings)  m a 12 h r  
hgh t /da rk  cyc led  room (light on  at  0700 and  off  at  1900 hr) at  
a c o n s t a n t  t e m p e r a t u r e  (24___ I°C) and  humid i ty  (50_+ 10%) 

I m m o b d l z a t i o n  s t ress  was  emp loyed  by  enc los ing  the  ra ts  
in a f lexible  wire m e s h  (3 × 3 mm)  initially f o r m e d  in to  a cone  
and  t h e n  ben t  to  c o n f o r m  to the  size of  the  indiv idual  
a m m a l s  

N a l o x o n e  hydroch lo r lde  (a gift f rom S a n k y o  K . K . )  was  
d i s so lved  in physio logica l  sal ine,  and  a 5 mg/kg dose  of  the  
drug (referr ing to the  free base)  was  in jec ted  subcu t a neous ly .  

By ba lanc ing  the i r  body  weights ,  the  ra t s  we re  a l loca ted  
to five g roups  of  e ight  an imals  each  Rats  in two g roups  were  
in jec ted  wi th  e i the r  na loxone  at  a dose  of  5 mg/kg or  sal ine (2 
ml/kg),  10 m m  before  a 1-hour  pe r iod  of  immobi l i za t ion  
s t ress  Animals  in two  o the r  g roups  were  in jec ted  wi th  e i the r  
n a l o x o n e  or  sal ine af te r  e x p o s u r e  to immobi l i za t ion  s t ress  
for  2 hours  and  t hen  c o n t i n u e d  to be  immobi l i zed  for  a 
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FIG 1 Effects ofnaloxone on changes m MHPG-SO4 levels caused by lmmoblhzatlon stress Abbrewations are, SAL 
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further one hour penod Untreated rats served as controls 
All experiments were carried out between 1000 hr and 1400 
hr, since we found no diurnal variations of either NA or 
MHPG-SO4 levels dunng tlus time penod [7] 

Immediately after each treatment, the rats were sacrificed 
by decapitation The brain was rapidly removed and dis- 
sected into discrete brain regions according to the method of 
Glspen et al [3] and frozen on solid CO2 Brain regions 
dissected were hypothalamus, amygdala, thalamus, hlp- 
pocampus, pons+med obl and cerebral cortex Brain tis- 
sues were stored at -45°C until assayed NA and MHPG- 
SO4 levels in the brmn regions were determined simulta- 
neously by our fluorometnc method [6] 

For statistical analysis, Student's t-test (two-tailed) was 
employed. 

RESULTS 

Immobihzatlon stress, both for 1 hour and for 3 hours, 
significantly increased MHPG-SO4 levels in all brain regions 
examined as compared with those m control rats (Fig l) 
These increases were accompanied by s~gnxficant reductions 
in NA levels with the exception of the cerebral cortex in 
1-hour stressed rats (Fig. 2) 

Naloxone at a dose of 5 mg/kg injected prior to stress 
exposure significantly enhanced increases in MHPG-SO4 
levels caused by stress in the hypothalamus, amygdala and 
thalamus but not m the hippocampus, cerebral cortex or 
pons+med o b l ,  as compared to saline-injected and post- 

stress-inJected rats In contrast, the same dose of naloxone, 
administered 2 hours after stress exposure, did not enhance 
increases in the metabohte levels caused by stress m any 
brain regions examined 

Reductions in NA levels caused by stress were slgmfi- 
cantly enhanced by naloxone injected prior to stress, only in 
the hypothalamus of 1-hour stressed rats No obvious 
changes were produced by naloxone injected either before or 
after stress exposure in other brain regions examined. 

DISCUSSION 

Immobilization stress for 1 hour and for 3 hours signifi- 
cantly increased MHPG-SO4 levels in all brain regions exam- 
reed and reduced NA levels in these regions, with the excep- 
tion of the cerebral cortex of 1-hour stressed rats These 
results are consistent with many previous reports and 
suggest that immoblhzation stress increases NA release in 
extended brain regions of rats [10-17]. 

Naloxone, given before stress exposure, enhanced the 
reduction of NA levels only in the hypothalamus It is often 
observed that increases in MHPG-SO4 levels do not always 
accompany reductions of NA levels depending upon the 
brain regions examined and experimental conditions used 
[12-15] In addition, naloxone is reported to mildly inhibit 
catecholamlne synthesis [2], so that changes in the metabo- 
hte levels seem to be more indicative of NA release than 
those of the parent amine (NA) 

The finding that naloxone at a dose of 5 mg/kg, injected l0 
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mm before stress exposure, enhances stress-induced in- 
creases in MHPG-SO4 levels m the hypothalamus, amygdala 
and thalamus but not in the hlppocampus, cerebral cortex 
and pons+med obl., is consistent with our previous report 
[13] Five mg/kg ofnaloxone might be considered a high dose 
for opiate receptor blockade, however, this dose was em- 
ployed in the present study, since even higher doses are 
known to be needed for the blockade of 8 receptors, which 
are the binding s~te of Met-enkephahn, one of the most im- 
portant endogenous opiold peptldes [4] Furthermore, this 
dose of  naloxone was found to be effective for the enhance- 
ment of stress-induced increases in NA release in our previ- 
ous study [13] 

In contrast to naloxone given prior to stress, the same 
dose of  the drug, when given 2 hours after stress exposure, 
failed to affect stress-induced mcreases in MHPG-SO4 levels 
not only in the hlppocampus, cerebral cortex and 
pons+med.obl . ,  but also in the hypothalamus, amygdala and 
thalamus This finding indicates that naloxone, given before 
but not after stress exposure, enhances stress-induced In- 
creases m NA release m the hypothalamus, amygdala and 
thalamus It appears that the enhancing effect of  naloxone on 
MHPG-SO4 increase ]s observed only during the early period 
of  ]mmobdlzat~on stress but not in the later period and, fur- 
therrnore, that this drug selectively influences brain regions 
such as the hypothalamus, amygdala and thalamus. Th~s 
finding that naloxone, even when given 2 hours after stress 
exposure, could not enhance MHPG-SO4 increases in the 

hlppocampus, cerebral cortex and pons+ med .ob l ,  indicates 
that the enhancing effects of thts drug are specific to these 
brain regions and are not indicative of regionally different 
characteristics of NA release related to the time-course of  
immobilization, which was previously reported by us [14]. 

It may be the case that the lack of naloxone-enhancement 
following stress exposure is due to the fact that NA release 
has reached a "ceiling " This possibility, however, is un- 
hkely, since more marked NA release occurs when rats are 
exposed to more intense stress [10] 

In summary, the present study revealed that naloxone 
enhances stress-induced increases in NA release m the early 
but not the late periods of lmmobdlzatlon stress As previ- 
ously reported, this enhancement by naloxone seems to be 
due to its blockade of  endogenous oplold receptors (binding 
sites of  endogenous oplold hgands), the release of which has 
been reported to increase dunng stress [1, 8, 9] We suggest 
that the release of  endogenous opioid peptldes by stress oc- 
curs primarily durmg the early period of stress and that these 
peptides act to attenuate stress-induced increases m NA re- 
lease during this penod This suggestion is supported by the 
findings that the reduction of Met-enkephalin in the guinea 
pig hypothalamus caused by stress is observed only at 30 mln 
but not at 1, 3, and 6 hours following exposure to lmmobih- 
zatlon stress [5] and that Met-enkephahn injected ICV pnor 
to or 5 rain after, but not 10 min after stress exposure, effec- 
tively attenuates stress-mduced increases in NA release in 
the hypothalamus and amygdala [ 17] 
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