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Introduction

Catecholamines are important mediators of
stress response. Activation of the sympatho-adreno-
medullar system is one of early responses to stress.
Studies, using a wide variety of stressors, have clear-
ly indicated that the pattern of neuroendocrine res-
ponse is dependent upon the stress applied (1–3).
Immobilization of experimental animals was shown to
produce a rapid increase in secretion of noradrena-
line (NA) and adrenaline (A), while cold stress indu-
ced somewhat lower elevation of NA level, comparing
to immobilization, but did not affect A secretion (4).
Prolonged or repeated stress is associated with the
development of cardiovascular, mental, gastrointesti-
nal disorders and cancer. However, in recent years, a

large body of evidence was accumulated suggesting
that physical exercise expressed positive effects on
cardiovascular and immune systems, as well as on
the brain. It has been found that voluntary exercise
increased neurogenesis in the dentate gyrus of the rat
and mice hippocampus (5). On the other hand, Van
Praag et al. (6) recorded a decrease in neurogenesis
in rats or mice exposed to psychosocial stress, since
social interactions are an important source of  stress.
Individual housing of rats, frequently termed »isola-
tion stress«, represents very strong psychosocial stress.
However, restriction of the environmental space itself
acts as a kind of stress (7). Studies on the effect of
population density demonstrated body weight gain
inhibition, reduction of food intake, atrophy of tymus
in experimental animals exposed to either isolated or
overpopulated environments (8). Physical stress in-
volves both physical and emotional components,
while psychosocial stress does not involve a physical
component.

Taking into account the above studies, the aim
of the present work was to investigate changes in the
activity of sympatho-adrenomedullary system in adult
rat males exposed to chronic psychosocial (21 days
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isolation and 21 days crowding) and chronic physical
(21 days forced swimming) stress, as well as to a
chronic combination of isolation and forced swim-
ming, both under basal conditions and in response to
additional stressors – immobilization or cold. The
activity of the sympatho-adrenomedullary system was
judged via changes in plasma NA and A level.

Materials and Methods

Rat males of Wistar strain weighing 300 –360 g
were used. They were offered water and food ad libi-
tum. The light schedule in the room was reversed,
with lights on between 7.00h and 19.00h. The rats
were divided into five groups. The first, naive control
group, consisted of four animals per cage. The se-
cond group involved rats individually housed for 21
days. In the third group, 12 animals were housed per
cage, i.e. these were conditions of social crowding.
The fourth group was exposed to long-term forced
swimming stress. The animals were housed four per
cage and submitted to forced swimming every day for
15 min in water heated to 32 °C, during the 21-day-
period. The rats of the fifth group were individually
housed and exposed to forced swimming under the
same conditions as those of the fourth group. On the
day before blood sampling, a cannula was inserted
into the tail artery under pentobarbital (40 mg/kg i.p)
anaesthesia. This allowed plasma NA and A level esti-
mation without additional stressing of the animals
during manipulations. After the baseline blood col-
lection, the rats were immobilized or exposed to cold
stress. Blood was collected 15, 30, 60 and 120 min
after the onset of immobilization. The animals expo-
sed to cold for 2 h were initially kept at room tem-
perature and after the baseline blood collection care-
fully transferred within their home cages into the cold
chamber (4 °C), and the blood samples were collec-
ted 30, 60 and 120 min later. Plasma catecholamines
were assayed by a modification of the radioenzymatic
method described previously (9). Catecholamines pre-
sent in plasma aliquots were converted into their la-
beled O-methylated derivatives by S-[3H]adenosyl-
methionine and lypophilized catechol-O-methyltrans-
ferase isolated from rat liver. The O-methylated deri-
vatives of the amines were then extracted along with
unlabeled carrier compounds, separated by thin-layer
chromatography, eluted and reacted with periodate.

Statistical significance of the differences bet-
ween treated groups and the control one was evalua-
ted by one-way ANOVA test.

Results

As shown in Figure 1 and 2, 21 days exposure of
adult rat males to four different stressors did not influ-
ence the basal plasma NA and A. However, exposure to
short-term immobilization (2h) produced an increase in
plasma NA and A level in all investigated groups. In the

chronic isolation group, plasma NA and A levels were
elevated at all experimental time points during immo-
bilization. In chronic crowding, forced swimming and
isolation followed by swimming groups, immobilization
also resulted in increased plasma levels of NA and A.
This increase was higher than that found in the controls
exposed to immobilization only, but lower than in the
chronically isolated group additionally subjected to
immobilization.

Figure 2   The effects of  acute immobilization on plasma
level of adrenaline (A) (pg/mL) in the controls, rats

exposed to chronic isolation (CHI), chronic crowding
(CHC), chronic forced swimming (CHS) and chronic 

isolation accompanied by forced swimming (CHI+CHS).
The values are means ±SEM of 6–8 animals. 
Statistical significance *p<0.05, **p<0.01 

and ***p<0.001 as compared to the control group.
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Figure 1   The effects of  acute immobilization on plasma
level of noradrenaline (NA) (pg/mL) in the controls, 

rats exposed to chronic isolation (CHI), chronic crowding
(CHC), chronic forced swimming (CHS) and chronic 

isolation accompanied by forced swimming (CHI+CHS).
The values are means ±SEM of 6–8 animals. 

Statistical significance *p<0.05, **p<0.01 
and ***p<0.001 as compared to the control group.
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From Figure 3 and 4 it can be seen that acute
exposure to cold stress (2h) resulted in an increase of
NA levels in all experimental groups, the most pro-
nounced effect being recorded in the chronic isolation
group. Concentration of A in all groups of animals after
exposure to cold stress was increased, but this in-
crease was not statistically significant. This slight ele-
vation could be the result of transferring the animals
into a cold chamber and other manipulations.

Discussion

In the present study, we showed that four 21-
day-long stressors with different characteristics
applied in the present work expressed different effects
on the level of plasma NA and A. During chronic
physical and psychosocial and combined stress, the
basal plasma catecholamine levels remained unchan-
ged. It seems that only acute stress markedly activa-
ted the sympatho-adrenomedullar system and reco-
very after long-term stress. This is in agreement with
the findings of Pol et al. (10) who reported that chron-
ic exposure to immobilization stress did not alter NA
in frontal cortex, hippocampus or hypothalamus, as
judged by its content measured approximately 20 h
after the last exposure to immobilization, but 2-h-
immobilization resulted in a significant decrease of
NA level in these brain structures.

Exposure of rats to long-term psychosocial,
physical and combined stress and then to immobi-
lization for 2 h led to the activation of sympatho-adre-
nomedullary systems. The highest elevation of plas-
ma NA and A was observed in chronic isolation rats,
somewhat lower increase was found in chronic crow-
ding, chronic forced swimming and combined group
rats, and the least one in control rats. Sgofio et al.
(11) suggested that social defeat induced a much
greater elevation in NA and A content, indicating a
higher involvement of the sympatho-adrenomedulla-
ry system. We found that an additional stressor, such
as immobilization, led to the most conspicuous acti-
vation of sympatho-adrenomedullary system in the
group exposed to chronic isolation. Interestingly, chro-
nic forced swimming and chronic isolation plus for-
ced swimming rats responded to immobilization as a
heterotypic additional stressor by less significant acti-
vation of the sympatho-adrenomedullary system,
comparing to chronic isolation group. It seems that
forced swimming (15 min daily for 21 days) com-
bined with long-term isolation attenuated the enhan-
ced activity of sympatho-adrenomedullary system eli-
cited by the action of novel stress. The data of Haller
and Halasz (12) showed that when isolated rats were
daily exposed to short-term defeats, the anxiogenic
effect of isolation was completely abolished. They
wondered whether a mild daily stressor would abolish
the neurochemical effects of isolation. Our results
suggested that 15-min-swimming for 21 days activa-
ted the sympatho-adrenomedullary system in chronic
isolation rats to a lesser extent when exposed to novel
stressors than in rats exposed to chronic isolation
only.

Short-term exposure to cold of the rats that suf-
fered chronic isolation, crowding, forced swimming
or the combination of the two kinds of stress, led to
a pronounced activation of the sympathoneural, but
not the adrenomedullary system. These findings
could be related to the data of Vollmer et al. (13) who
found that the concentration of NA was significantly

Figure 4   The effects of  acute cold stress on plasma
level of adrenaline (A) (pg/mL) in the controls, rats

exposed to chronic isolation (CHI), chronic crowding
(CHC), chronic forced swimming (CHS) and chronic 

isolation accompanied by forced swimming (CHI+CHS).
The values are means ±SEM of 6–8 animals. 

Statistical significance *p<0.05, **p<0.01
and ***p<0.001 as compared to the control group.
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Figure 3   The effects of  acute cold stress on plasma
level of noradrenaline (NA) (pg/mL) in the controls, 

rats exposed to chronic isolation (CHI), chronic crowding
(CHC), chronic forced swimming (CHS) and chronic 

isolation accompanied by forced swimming (CHI+CHS).
The values are means ±SEM of 6–8 animals. Statistical

significance *p<0.05, **p<0.01 and ***p<0.001 
as compared to the control group.

0

1200

1000

800

600

400

200

0
30 60 120

control
CHI
CHC
CHS
CHI+CHS

N
A

 (p
g/

m
L)

time (min)

***

***

****
*
*

*
*

*
*

*
* *

*
*

*
* *

*



14 Gavrilovi} and Dronjak: Sympatho-adrenomedullary system responses to chronic stress

increased during 24 h of cold stress (4 °C), while the
level of A remained unchanged.

The present study demonstrates that, compa-
red to cold  stress, immobilization produces greater
increase in plasma NA and A levels in chronically
stressed rats. Therefore, it has been concluded that
the nature of the new acute stressor has a role in the
development of enhanced activity of the sympatho-
adrenomedullary system.

Based on the results obtained throughout the
present study, it seems that repeated short-term for-
ced swimming attenuates the effect of long-term iso-
lation on the activity of sympatho-adrenomedullary
system. Radak et al. (14) investigated effects, of immo-
bilization, a single bout of exercise, and immobiliza-

tion followed by exercise, on oxidative damage of ma-
cromolecules in the hippocampus of rat brain. They
found that the oxidative damages of lipids, proteins
and nuclear DNA were significantly increased in
immobilization group, while no increase was obser-
ved after a single bout of exercise and immobilization
followed by exercise. It appears that short-term daily
swimming expressed a protective effect against the
effects of long-term isolation. Furthermore, it can be
concluded that individual housing of rats seems to
act as a stronger psychosocial stressor than crowding
conditions.
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Kratak sadr`aj: Ispitivano je dejstvo ~etiri razli~ita hroni~na stresora: izolacija, agregacija, plivanje i kom-
binovana izolacija sa plivanjem, na nivo noradrenalina (NA) i adrenalina (A) u plazmi, u bazalnim uslovima i
posle akutne imobilizacije i stresa hladno}e kao novih stresora. Nijedan od ~etiri hroni~na stresora ne menja
bazalnu koncentraciju NA i A u plazmi. Kada se hroni~no izolovani pacovi izlo`e imobilizaciji oni pokazuju
zna~ajno pove}anje NA i A u plazmi, dok stres hladno}e zna~ajno pove}ava samo nivo NA ali ne i A. Kada se
`ivotinje hroni~no izlagane agregaciji, plivanju i kombinovanoj izolaciji i plivanju izlo`e imobilizaciji, tako|e se
zna~ajno pove}ava nivo kateholamina u plazmi ali manje u pore|enju sa hroni~no izolovanim pacovima. Na
osnovu ovih rezultata mo`e se zaklju~iti da hroni~na izolacija predstavlja ja~i stresor za `ivotinje u odnosu na
druge ispitivane hroni~ne stresore. Hroni~na agregacija i plivanje su slabiji stresori sude}i po aktivnosti simpa-
to-adrenomedularnog sistema. Me|utim, izgleda da svakodnevno kratkotrajno plivanje umanjuje dejstvo hro-
ni~ne izolacije na aktivnost simpato-adrenomedularnog sistema.
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