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"I'SUDA, A.. M. TANAKA, Y. KOHNO. Y. IDA. Y. HOAKI, K. IIMORI, R. NAKAGAWA. T. NISHIKAWA AND N. 
NAGASAKI. l)aily increase in noradrenaline turm~v~'r in braitt regions of activity-.~tres.~ed rat,~. PHARMACOL 
BI()CHEM BEHAV 19(3) 393-396, 1983.--Changes in contents of noradrenaline (NA) and its major metabolite, 
3-methoxy-4-hydroxyphenylethyleneglycol sulfate ~MHPG-SO0 in brain regions (the hypothalamus, amygdala, thalamus. 
hipIx~campus, midbrain, cerebral cortex, pons plus medulla oblongata and basal ganglia) of male Wistar rats were evaluated 
after I, 3 or 5 days of exposure to the activity-stress paradigm, wherein rats were housed in a cage with a running-wheel and 
restricted to I-hr of feeding per day. When compared to the non-stressed control rats, contents of MHPG-SOt in all the 
brain regions except of the basal ganglia in the stressed rats increased as rapidly as I day and continued to increase 
throughout the 5-day activity-stress period. Contents of NA did not change significantly in most of these brain regions. The 
daily increase in regional NA turnover by continuous exposure to the activity-stress paradigm was related to the large 
increases in running activity and gastric ulcers, and to body weight loss at the 3-day and 5-day testing periods. These data 
suggest that pathological states produced by a 5-day activity-stress paradigm may reflect concomitant disturbances of 
noradrenergic function in various brain regions. The activity-stress paradigm is regarded as an intense and progressive 
stress, because it induces an increase in NA response in extended brain regions. 
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T H E  act ivi ty-stress  paradigm consists  of  housing rats in 
running-wheel  act ivi ty cages while at the same time, restrict- 
ing their  food intake to I hr per day over  the course  of  4 to 10 
days [ 12]. It has been demonst ra ted  that running act ivi ty of  
act ivi ty-s t ressed rats progressively increases and their food 
intake and body weight decrease .  They eventual ly  die and 
manifest  ex tens ive  ulcers in the glandular  port ion of  the 
s tomach [2,22]. 

We have recent ly found that a 5-day act ivi ty-s t ress  expo-  
sure causes marked increases in levels o f  the major  metabo- 
lite of  noradrenal ine (NA),  3-methoxy-4-hydroxyphenyl -  
ethyleneglycol sulfate (MHPG-SO,)  [14], in the half brain [20] 
or  in var ious brain regions [21] without significant reduct ions  
of  NA levels.  The  marked increase in NA turnover  in exten-  
sive brain regions results from the interact ion o f  a l -hr  re- 
stricted feeding regimen and an increase in running-wheel  
act ivi ty,  since no significant change in brain NA turnover  is 
caused by housing rats in running-wheel  act ivi ty cages with 
ad lib feeding or  by housing rats in individual home cages 
with ei ther restr icted or  ad lib feeding. 

The  present study was under taken to investigate t ime- 
related and regional variat ions in NA metabol ism by measur-  
ing contents  o f  NA and MHPG-S()4 in discrete  brain regions 
of  the rat at various phases (1, 3 or  5 days) during the 
act ivi ty-stress  paradigm. We also examined  how such neu- 

rochemical  changes are related to the t ime-course  of  the be- 
havioral and physiological  changes seen in act ivi ty-s t ress  
paradigm, such as increase in running activity,  deve lopment  
o f  gastric ulceration and body weight loss. 

METHOD 

Animals and Apparatus 

Thir ty- two male Wistar rats weighing 150-200 g were 
used. They were housed 4 per standard plastic cage contain- 
ing wood shavings in an air-condit ioned room (24_ + _ I°C. rela- 
t ive humidity 50_+10cA ) kept on a 12:12 light-dark cycle 
(lights on 7 a.m. to 7 p.m.) and given food and water  ad lib 
until the exper iment .  

The  act ivi ty-stress  paradigm employed  in the present ex- 
per iment  was descr ibed e lsewhere  [19]. Briefly, a running- 
wheel  act ivi ty cage consis ted of  a wire drum activi ty wheel 
and an adjoining chamber .  Wheel  revolut ions for each cage 
were  recorded by an e lec t romagnet ic  counter .  

Pro¢'edure 

All rats were individually housed in the running-wheel  
act ivi ty cages with ad lib food and water  for 48 hr prior to the 
act ivi ty-stress  period. On Day 0 of  the beginning of  the 
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activity-stress period, food was removed from rats at 10 a.m. 
From Day I to Day 4 (the second last day of the experiment), 
rats were fed I hr per  day between 10 a.m. and I1 a.m. Body 
weight and the number of wheel revolutions were recorded 
daily for all rats. Rats were divided into 4 groups of 8 rats 
each: a non-stressed control (0-day) and three (I-day,  3-day 
and 5-day) activity-stressed groups. Rats in the control group 
were sacrificed by decapitation at 10 a.m. on Day 0, and rats 
m the three stressed groups were sacrificed by decapitation 
at l0 a.m. on Day I, 3 and 5, respectively. The stomachs and 
brains were removed immediately. The stomach was exam- 
ined fi)r the number of ulcers. 

77ssue Preparation and Biochemical Determination 

The brain was dissected into eight parts (the hypothala- 
mus, amygdala, thalamus, hippocampus, midbrain, cerebral 
cortex, pons plus medulla oblongata and basal ganglia) by 
the method of Gispen et al. [3]. The contents of NA and 
MHPG-SO~ in the brain tissues were determined simulta- 
neously according to our fluorometric method [8]. 

All statistical comparisons were made using analysis of  
variance and subsequent Tukey pair wise comparisons,  un- 
less otherwise noted. They were considered statistical signif- 
icant when p or ¢r value was equal or less than 0.05. 

RESUI,TS 

Seven rats in the 5-day group developed gastric ulcers, 
whereas only two rats in the 3-day group and none of the 
l-day and control rats exhibited ulcers (Fig. 1). Rats in the 
5-day group had more ulcers than did each of the remaining 
groups. Figure I also shows that the activity-stress paradigm 
produced a progressive loss of  thc body weight. Although 
running activity (i.e., the number of wheel revolutions) was 
low for the first phase of the stress period, the 3-day and 
5-day activity-stressed groups showed sharp increases in the 
activity. 

An analysis of variance on the MHPG-SO~ data revealed 
that the activity-stress paradigm produced significant in- 
creases in MHPG-SO~ contents in all brain regions with the 
exception of the basal ganglia (Fig. 2). The most rapid and 
marked elevation of MHPG-SO.~ level occurred in the thalamus, 
where the peak elevation of MHPG-SO~ appeared as early as 1 
day after the activity-stress paradigm began. Similar changes 
were observed in the amygdala and hippocampus, with a 
significant increase within 1 day of stress and sustained ele- 
vations during the remaining period of  the experiment.  
MHPG-SO.~ contents also significantly increased in the mid- 
brain, cerebral cortex and pons plus medulla oblongata I day 
after the activity-stress began and geometrically increased 5 
days after the stress. In the hypothalamus, MHPG-SO~ 
contents tended to elevate across the course of stress. 

As shown in Fig. 2. significant alterations in NA levels 
were found in three of  the eight discrete brain regions. The 
midbrain and cerebral cortex showed significant increases in 
NA levels at the 3-day and a! the I-day and 3-day testing 
periods, respectively. In the basal ganglia. NA contents were 
elevated progressively throughout the activity-stress. NA 
levels in the hypothalamus, hippocampus and thalamus 
tended to decrease at the 5-day testing period. No marked 
alteration in NA contents was observed in the amygdala and 
pons plus medulla oblongata. 

DISCUSSION 

The present experiment confirmed the previous report 

1 i, B; . c !i,looo o 8 
B ~ 30 

15 

013) O1 3 0135 

OURATION OF ACTIVITY-STRESS (DAY) 

FIG. 1. Daily changes in (A)S,~ rats with gastric ulcers, (B) number 
of gastric ulcers per rat, (C) % body weight loss of habituation period 
values and (D) number of wheel revolutions for 24 hr prior to sac- 
rifice. The asterisk above the bar indicates the statistical significance 
as compared with O-day contro l  rat (*p<O.05, **p<O.OI, 
***p <O.(X) l ). 

[21] that the activity-stressed rats not only developed gastric 
ulcers, but also showed marked increase in NA turnover in 
extensive brain regions. Furthermore,  the present study re- 
vealed a similarity in the time-course of  changes induced by 
the activity-stress in terms of pathological symptoms and 
brain NA metabolism. Physiological changes such as the in- 
cidence and number of gastric ulcers, body weight loss and 
increased running activity appeared as a function of number 
of days of activity-stress. The activity-stress paradigm also 
progressively increased MHPG-SO4 levels in most brain re- 
gions studied. NA levels in these regions displayed a variable 
pattern over time. The progressive increase in MHPG-SO4 
levels which occurred in most brain regions, seemed to he 
related to the increase in gastric ulcers after 5-days, and to 
the large increase in running activity after 3-days and 5-days 
exposed to the activity-stress. These patterns suggest that a 
marked increase in NA release in many brain regions result- 
ing from long-term exposure to the activity-stress might be 
one of the neurochemical mechanisms underlying the physi- 
ological and behavioral changes caused by this paradigm. 

In spite of the fact that MHPG-SO4 levels increased pro- 
gressively in most brain regions examined, there is a time- 
related, regional characteristic response of brain NA 
neurons to the activity-stress procedure. In the thalamus, 
MHPG-SO~ levels markedly elevated after I-day and re- 
mained at high levels after both 3-days and 5-days. On the 
other hand, MHPG-SO4 levels in the hypothalamus and hip- 
pocampus gradually increased according to the time-course 
of  the activity-stress. Similar time-related changes were ob- 
served in the amygdala. The cerebral cortex, midbrain and 
pons plus medulla oblongata displayed different regional 
characteristics of MHPG-SO.~ changes. As observed in other 
regions, levels of the metabolite in these three regions in- 
creased within l-day and gradually increased after 3-days, 
however,  MHPG-SO.~ levels after 5-days showed markedly 
higher values as compared to those seen after /-day or after 
3-days. In contrast to these seven regions, MHPG-SO4 levels 
in the basal ganglia unchanged, while NA levels increased 
significantly over the stress period. This finding is consistent 
with previous reports where other stresses were employed 
[9,16] and suggests that the activity-stress dose not produce 
marked increase in NA release in this particular region. 

The fact that the activity-stress elicited a progressively 
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FIG. 2. Changes in contents of NA and MHPG-SO, in eight brain regions of rat at various times after exposure 
to the activity-stress paradigm. Each value represents a mean "_S.E.M. of 6-8 rats. The asterisk above the bar 
indicates the statistical significance as compared with 0-day control rat (*p-: 0.05, **1~.0.01, ***p. 0.001 ). 

more  intense  r e sponse  of  NA neurons  in ex t ended  brain re- 
gions,  especial ly  af ter  5-days,  is cons is ten t  with the previous 
finding that the ac t iv i ty-s t ress  inf luences not only activity on 
the motor  sys tem and the au tonomic  nervous  sys tem,  but 
also cortical  act ivat ion as well as endocr ine  and immunologi-  
cal r e sponses  [4, 1 I. 13]. The finding that NA utilization in 
ex tens ive  brain regions was significantly increased from I 
day through 5 days  after  initiation of  the ac t iv i ty-s t ress  is not 
in agreement  with previous  repor ts  showing that increases  in 
brain NA release and metabol i sm caused  by restraint  [5] or 
foo t shock  s t ress  [15] d iminished within a few days  after 
repet i t ion of  these  t rea tments .  This finding indicates  that ad- 
aptat ion to the stressful  si tuation,  in te rms of  NA metabo-  
lism, might not occur  in the ac t iv i ty-s t ress  paradigm. The 
progress ive  and con t inuous  increase  in NA release is consid-  
ered to be one of  the charac ter i s t ics  of  the neurochemica l  
basis o f  the ac t iv i ty-s t ress  paradigm. It is fur ther  suggested 
that ac t iv i ty-s t ress  cont inuous ly  is stressful  to the rat when  
they are exposed  to this situation for 5 days,  relative to shock 
[ I, 7. 231 or restraint  s t ress  s i tuat ions 16, 17, 18] which have 
well-defined "on-off ' "  per iods .  

In summary ,  physiological  and neurochemica l  changes  
seen 5 days  after the act iv i ty-s t ress  suggest  that activity- 
s t ressed  rats are close to death and exhibit  obvious  behav-  
ioral signs which Par6 110] te rmed the " 'disease s t a t e . "  It 
appears  that daily increase in NA release in ex tens ive  brain 
regions might be related to the cause of  dea th ,  and may 
parallel the deve lopmen t  of  severe  gastric ulcers in the 
ac t iv i ty-s t ressed  rats at a t ime prior to their  death.  
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