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Summary:

Various fOrms of stressful stimuli have been shown to affect brain catecholamine (CA)

and indoleamine (IA) leve,ls. although the literature contains some conflicting

views

monOamine levels were also found to accompany the behavioural changes in animals.

Changes in
In the present

study an attempt was made to correlate the behavioural changes with the monOamine level in discrete
regions of rat brain after different periods of isolation stress. The results clearly indicate that not only
the central norepinephrine and dopamine neurons involved in the expression of aggressive behaviour
after isolation stress but alsO the serotoninergic neurons might take part.
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INTRODUCTION
Pro longed socia I iso latlon is a well known method to induce aggressiveness and
other behavioural abnormalities in male animals of various species. This phenomenon
has heen studied in mice (28, 29, 35), monkeys (15) and in rats (16). With prolonged
isolation Geller et a/ (11) found an increase in the brain nor-epinephrine (NE) of rats.
In mice, Welch and Welch (33, 34) found a decrease in turnover rate of both NE and
serotonin. Modigh (21) found a decrease in the synthesis rate of catecholarnines. Because
of the above suggested interrelationship between biogenic amines and emotional behaviour
observed following social isolation, we studied the levels of nor-epinephrine, dopamine,
epinephrine, serotonin and its metabolite 5-HIAA in discrete regions of rat brain in different
periods of isolation stress. In the preSEnt study the monoamine response is correlated
with the behaviour pattern exhibited by the individual animal.
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Arm METHODS

Earlv adolescent male albino rats of V"ister strair. weighing 100-120 gm were
chosen and divided into t\l\lO groups. The ar.imals were fed with standard food pellets
(Hindustan Lever Ltd., India) and water was made available to them ad libirum.
Group-I (Control).- This group consists of twelve rats each and they ware not
subjected to any kind of stressful situations. The animals were housed six in each cage
(40 x 30 x 25 cms.). They were sacrificed by decapitation at the end of 6, 13 and 26
weeks respectively.
Group - 11.- Twentyseven male rats were divided into three sub-groups of nine
each. Rats from this sub-group were kept individually in metallic isolation cage (40x30x25
ems) which faced a blank white wall so that the animal did not have any visual contact
with each other. They were exposed to isolation stress for a period of 6. 13 and 26 weeks.
At the end of the specific periods of isolation, the rats were decapitated and their brains
were removed. The discrete regions of the br2in were dissectE:ci out accordi:lg to the
method of Glowinski et al. (13) and w2ighed in a mettler belance. The concentration
of nor-epinephrine, epinephrine. dopamine, serotonin and its metabolite 5-hydroxyindole
acetic acid was assayed by spectrofluorirretric method (17). The plasma corticosterone
was estimated by the method of Mattlingly (19). The spontaneous motor activity of
single isolatEd rat was measured after 6 and 26 weeks, using photoactometer supplied
by Techr,o Electronics. Lucknow.
RESULTS
Table I shows the mean valu€s of NE. E and DA concentration in grouped and
isolated rats in various dissected areas. The levels of NE showed a significant (P<O.01)
decrease at the end of 6 and 13 weeks of isolation in hypothalamus (HPT), pons-medulla
(PM) and a significant (P<O.01) increase at the end of 26 weeks of isolation in all the
regions except cerebral cortex (CC). However. in midbrain the increase was seen even
from 6th week of isolation.
Epinephrine level revealed a gradual rise at the end of 6 and 13 weeks followed
by a significant (P<O.Ol) increase at the end of 26 weeks of isolation in striatum.
hypothalamus. pons-medull'a. cerebral cortex and cere.b91Ium.
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Dopamine lev€, I showed a r8duction in 6 and 13 weeks of isolation. The reduced
level persisted even after chronic isolation of 26 weeks in all the regions except midbrain
where the level showed a rise in all the three periods.

TABLE

I : Effect of different periods of isolation str&SS on the concentration of nor-epinephrine (NE).
epin03phrine (E), dopamin03 (DA) levels (/log/g wet tissue) in discrete regions of the rat
brain compared with control (mean ± S.E.M.)
Isolation
stress ill
weeks

Norepinephrine

Epinephrine

Dopamine

0.57S±0.102
O.451±0.095
0.721±0.131
1.801±0.343·

0.282±0.051
0.302 ±O. 055
0.311±0.060
0.534±0.10r

2.993±O.517
2.075±0.395
1.043±0.195·
1.743±O.319·

0
6
13
26

°

1.127±O.250
341±0.094·
0.453±O.100'
2.144±0.316·

O.317±0.062
O.333±0.070
0.398±0.089
0.613±0.137·

2.835±0.495
2. 079±0. 397
1.318±El.201·
0.971±0.123-

0
13
26

0.46S±0.085
0.755±0.143·
1.033±0376"
0.943±0 295-

O.197±0.029
0.210±O031
0.227±0.030
O.251±0.034

0.671±0.117
2.553-1:0.601"
3.147±0.703"
2. 043±0. 394

Pons-medulla (PM)

0
6
13
26

0.456±O.067
0.251±0.074·
0.241 ±0.084·
O. 668±0. 089'

0.123±O.028
0.201±O.O33
0.269±O.O47
0.294±0.O67'

2.061±O.357
1.695±0.198
0.713±O.131·0.304±0.O44"

Cerebral Cortex (Ce)

0
6
13
26

0.210±0.O51
0.136±0.025
O.145±0.029
0.257±0.054

0.O52±0.019
0.144±O.054·
O.139±0048'
0.176±0.032·

Cerebellum (e)

0
6
13
26

0.265±0 071
0.192±0.O44
0.251±0.069
1.072±0.234"

O.175±0.065
0.301±0081·
O. 340±0. 079'
O.434±0.107·

AreBs

o (15)

Striatum (STM)

6
13
26
Hypotharamu~

(HPTj

Midbrain (MB)

6

.

(9)
(9)
(9)

Number in parentheses refer to number of animals

·P<0.01 ;

"p<o.OO1.
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II: The concentration of 5-hydroxylryptamine (5-HT) and 5-hydroxyindole acetic acid
(5-HIAA) levels ("'gig) after 6. 13 and 26 weeks of is:l/alion streSs in discrete reoions of

the rat

brain

(mean ±

S.E.M.).

Isolation
stress In
weeks

Areas

SIn tum (ST

o

)

(15)
(9)
(9)
(9)

O.515±O.115
O.123±O.O75··
O.217±0.O88"
793±0.142·

1.054±O.217
O.759±O.122
0.673±O.112
5. 294±0. 853"

6
13
26

0.346±0.073
0.101±0.O31·
O.127±0.03r
o 547±O.121·

1.131±O.341
1.237±0.376
1.329±0.417
5073±0.819'·

0
6
13
26

O.362±O.O81
0.104±0.O41·
O.072±003G·
0.578±O.105'

0
6
13
26

0.O74±O.019
O. 069±0. 017
0.052±0.017
0.176±0.043·

0
6
13
26

(MS)

°

)

Cerebrai Curte..:

Cer bellum (C)

5-HI.AA

0.641±0.103
O. 517±0.1 00
0496±0.101
2.601 ±O. 453"

HypOlhaiamus (HPT)

Pons-medulla (P

5-HT

0.402±0.082
0.122±OO38"
0,129±0.039·
0.416±0 104

6
13
:>6

iViidbr~in

-

°

6

0.103±0.O26
O.095±O.020

13
26

0.lS5±0.061
O.131±0.037

°

°

985±O.173
1.123±O.182
1.540±0 208
4.S30:i:0.769"
0.744±0.139

o 593±0.111
0.555±0.105
~ .734±0.2:lS·

°

474±O.094
0.481±0.101

0.399±0.087
O.834±0.121·

Number in parentheses refer to number of animals.
·P<O.Ol:

"'P<O 001

5-HT and 5-HIAA levels are summarized in Table II. The concentration of 5-HT
showed a decrease at the end of 6 and 13 weeks of isolation but a marked increase at
the end of 26 weeks of isolation especially in hypothalamus. midbrain and pons-meduIl3.
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Dopamine level ~;howed ii reduction in 6 cmd 13 weeks of isolation. The reduced
level persisted even after chronic isoliltion of 26 weeks in all the regions except midbrilin
where the level show d a rise in "II the three periods.

I : Effoct of different periods of iSOlation stress on the concentration of nor-epinephrine (NE),
epinephrin9 (E), dopamine (DA) levels (lJ,g/g wet tissue) in discrete regions of the rat
brain compared with control (mean ± S.E.M.)

TABLE

Isolation
stress io

Areas

Norepinephrine

Epinephrino

Dopamine

0.578±0.102
0.451 ±0.095
0.721±0.131
1801±:0.343·

0.282±0.051
0.302±0.055
0.311±0.060
0.534±0.107"

2.993±0.517
2.075±O.395
1.043±O.195'
1.743±O.319·

1.127±0.250
O.341±0.094·
0.453±0 100"
2144±0.316"

O.317±0.062
0.333±0.070
o 398±0.089
0.613±0.137"

2.835±0.495
2.079±0.397
1.318±@.201·
0.971±0.123·

0.468±0.085
0.755±0 143·
1.033±0.376··
0.943±0295·

0.197±O.029
0.210±0.031
0.227±0.030
0.251 ±0.034

0.671±O.117
2.5531::0.601'·
3.147±0.703·'
2. 043±0. 394

0.456±0.067
0.251±0.074·
0.241 ±O. 084·
O. 668±0. 089·

0.123±0.028
0.201 ±O. 033
0.269±0047
0.294±0.067"

2.061±0.357
1.695±0.198
0.713±0.131··
0.304±0.044··

0.210±0.051
0.136±0.025
0.145±0.029
0.257±0.054

0.052±0.019
0.144±0.054·
0.139±0048·
0.176±0.032"

0.265±0.071
0.192±0.044
0.251±0.O69
1.072±0.234··

0.175±0.065
0.301 ±O. 081"
0.340±O.079·
0.434±0.107"

weeks

o

(15)
(9)
(9)
26 (9)

Striatum (STM)

6
13
Hypotharamu5 (HPT)

0
6

13
26
Midbr<lin (rvl B)

0
6

13
26
Pons-rm:dull

(PM)

°

(j

'13
26
Cerebral Cortex (ee)

0
6

13
26
Cerebollum (C)

0
G

13
26

Number in p.3rontheses refer to number of animiJls

·P<001:

"P<O.001.
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II: The concentration of 5-hydrOxytryPtamine (5-HT) and 5-hydroxyindole acetic acid
(5-HIAA) levels (P-gjg) after 6. 13 and 26 weeks of iSOlation stress in discrete regions of
tl18 rat brain (mean ± S.E.M.).

Isolation
stress In
weeks

Areas

5-HT

5-HIAA

0.402±0082
0.122±0.038·
0.129±0.039·
0.416±0.104

0.641±0.103
0.517±0 100
0.496±0.101
2.601±O.453··

°

O.515±O.115
O.123±0075"
0.217±0.088·
0.793±0 142·

1.054±O.217
O.759±O.122
0.673±0.112
5. 294±0. 853'·

0

0.346±0.O73
O.101±O.O31·
0.547±0.121'·

1.131±0.341
1237±0.376
1.329±0.417
5073±O.819··

13
26

O.362±O.081
O.104±O.041·
0.O72±0.035·
0.578±0 105·

O.985±O.173
1.123±O.182
1540±0208
4.530±0.769··

0
6
13
26

0.074±0.019
O.O69±O.O17
0.052±0.017
O.176±0.043·

0.744±0.139
O.593±0.111
0.555±O.105
1 . 734±O. 225·

0.103±0.026
0095±0 020
0.155±0.061
0.131±O.037

o 474±0.094

°

Striatum (STM)

6
13
26
Hypothalamus (HPT)

(15)
(9)
(9)
(9)

6
13
26
Midbrain (MS)

6
13
26
Pons-medulla (PM)

0
6

Cerebral Cortex

0

Cerebellum (e)

6

13
26

0.127±0.03r

0.481±O.101
O. 399±0. 087
O.834±0.121·

Number in pan;ntheses refer to number of animals.
·P<O.OL

··P<O 001

5-HT and 5-HIAA levels are summarized in Table II. The concentration of 5-HT
showed a decrease at the end of 6 and 13 weeks of isolation but a marked increase at
the end of 26 weeks of isolation especially in hypothalamus. midbrain and pons-medulla.
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The level of 5-HIAA did not reveal any change in acute stages whereas, at the end of 26
'-''leeks. the levels showed a significc;nt (P<O.001) rise above those of the controls
Effect of isolation stress on total wet weight of the brain (added the discrete regions)
is shovvn in Fig. 1. The weight showed a rise at the end of 6 and 13 weeks of isolation.
The plasma corticosterone level after isolation stress ShOWEd a rise and remained elevated
at the end of 26 weeks of isolation
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Behavioural observaticn: The spontaneous motor activity was higher in Isolated
than in grouped rats (Fig. 2). The anima'is in this group became very much excited.
aggressive and hyperactive. The interesting observation especially in the acute isolated
group (6 weeks) was that 70% of the animals showed the habit of keeping the food pellets
In one corner of the cage during night.
DISCUSSION
Brain catecholamines are a ItHed by stress, resu Iting in decreased NE concentration
(2, 4, 23) and increased NE turnover (6. 14. 18. 27). Dopamine concentrations after
stress have been reported as unchanged (2.4.6.12. 14) while DA turnover was increased
(2). decreased (6. 18) or unchanged (14, 27). In the present study the decreased leve I
of NE and DA in acute stress may be due to the e'1hanced r81ease by the increased neuronal
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activity (14). It is also possible that the acute str€e~S in these regions could result in
fatigued synthetic mechanism whereby relea~e and synthesis of the transmitter do not go
har.d-in-hand. In chronic isolation the level of NE and E showed a rise probably due
to increased resynthesis rather than decreased metabolism to maintain the interncurotransmittel' balance. The C:ecre;~Sfd level of DA persisted eVEn after 26 weeks of isolation
stress suggested that the resynthesis mechen ism (more conversion of DA into NE and
E) might have bew triggered to meet the emergency demand. The only region which
showed 3 rise in the level of NE and DA was midbrain. the ceuse for which is yet to
be establishEu.
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After stress. concentration of 5-II-IT have been reported as unchanged (2). increased
(26) or decreased (5. 7. 30). 5-HT metabolism was observed to be accelerated in the
In the present study the level of 5-HT
eNS following various stressors (1.2.3.8.26.32).
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declined significantly from the control suggesting the endogenous release of 5-HT from
the terminals. The level after chronic exposure showed a rise probably due to resynthesis
mechanism. The level of 5-HIAA did not reveal any change in the acute conditions as
reported by Maynert et al. (20. Whereas, it was elevated after chronic isolation parallel
to 5-HT level. This suggests the simultaneous activation of both synthesis and metabolism
of erotoninergic neurons after chronic isolation stress.
Allthough the brains looked similar, yet acute isolation stress caused an increase
in the tota I wet we ight of the bra in (added the dissected reg ions). It appears from the
results that acute isolation can alter the brain weight which inturn might influence the
brain function.
Isollation stress caused actlivation of pituitary adrenocortical-axis by increased
plasma corticosterone level. There are evidences that cortisol may playa role in the
restoration of brain serotonin I'evels (24, 25, 31) and this may mediate the negative feedback action of glucocorticoids. This is supported by the findings that steroid sensitive
neurons are present in different parts of the brain (22).
In our studies the spontaneous motor activity was higher in acute isolated than
the chronic isolated group of rats. This may be responsible for the hyperactivity and
aggressive behaviour exh i bited by th is group. Simi Iar observations have been made
in mice (9, 10). All the above evidence point out that not only the central NE and DA
neurons that may be involved in the expression of aggressive behaviour after isolation
stress but also the serotoninergic neuronS might take part.
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