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The effects of social isolation and crowding on adrenocortical function and upon behav­
ioral responsiveness to electric shock have been studied in male and female rats. All female
experimental groups showed higher corticosterone levels and heavier adrenals than their male
counterparts. The major effect of housing condition concerned the corticosterone response to
stress, while basal hormone concentration was not modified. Socially housed rats showed a
more intense adrenocortical response and also a greater behavioral reactivity to electric shock
than the isolates.
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In a variety of mammalian species, high
social density appears to induce a number
of physiological alterations suggesting the
activation of the General Adaptation Syn­
drome (9, 17, 28). From this survey,
crowding could be considered as a model
of chronic stress, the consequences of
which must be reflected in certain modi­
fications of the adaptation capacity of the
animals subjected to this kind of social
stress.

The possibility of considering high 
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population density as a chronic stress has
been previously taken into account (25);
however, the data did not reveal clear dif­
ferences between control (5 per cage) and
overcrowed (20 per cage) male rats, con­
cerning their emotional level, although
heavier adrenals were found in the latter.
On the other hand, while the time period
during which male rats are kept in crowd­
ing conditions appears to be an important
factor in modifying their Open Field (OF)
behavior, as well as their ACTH response
to noise (2, 3), suggesting an increased
emotional reactivity, no significant effect
of crowding was observed on serum cor­
ticosterone or on adrenal weight.

Social isolation was the other social 
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treatment employed in this work, which
has been found to induce several emotion­
al alterations when animals were subjected
to a variety of test including different
stress intensities (4, 10, 11-13, 16, 22).
Moreover, an adrenal cortex hyper-func­
tion has been observed after long periods
of isolation (18). Nevertheless, the point
of view that social isolation supposes a
stressful situation is not supported oy oth­
er results, at least in terms of adrenal func­
tion (e.g. 15).

The apparent contradiction among
some of tnese data indicates that great
complexity must exist in the physiological
systems involved. A larger clarification of
the role that the pituitary-adrenal axis
plays in the emotional alterations induced
by social isolation and crowding is need­
ed, given the major importance of this axis
in the stress response in mammals.

From a methodological point of view,
comparison between resting corticoste­
rone levels and the post-stress hormone
levels should contribute to further infor­
mation about the pituitary-adrenal axis
functional flexibility in the animals sub­
jected to different housing conditions.

Finally, both sexes were studied since
the sexual dimorphism widely observed in
the adrenocortical activity (8, 19-21, 27)
and in several behavioral tests that include
an emotional component (5-7, 17) sug­
gests a possible different vulnerability of
the two genders to social treatments.

Materials and Methods

Animals and Housing Conditions.—
Male and female Sprague-Dawley rats
were used. The animals were kept in a
room at approximately 22 °C with a 12 h
reversed light-dark cycle (2000-0800 h
light on). Food and water were supplied
ad libitum. Differential housing was in­
troduced at weaning (22 days of age).
Crowed rats (15 animals of the same gen­
der per cage), and control rats (5 ± 1 an­

imals of the same gender per cage) were
housed in 48 X 24 X 15 cm standard lab­
oratory cages. Social isolates were housed
in 24x24x15 cm individual cages. Indi­
vidually house rats could receive several
stimuli (other than tactual) from the other
animals living in the same room. Thus,
isolation was considered as only «social».

The age of testing varied between 120
and 150 days.

Corticosterone assay.— Blood samples
were obtained by decapitation of the an­
imals at 120 days of age. Previously, they
were submitted to an eight day habitua­
tion period according to Gallant and
Brownie’s method (14).

Corticosterone circadian rhythm was
taken into account so that blood samples
were obtained in an appropriate phase of
the photoperiod. Thus, the 4th hour after
the onset of the dark phase (red light) was
chosen, which corresponds to a median
and relatively stable hormone level (1).

Decapitation was performed approxi­
mately 15 s after the animal was removed
from the home cage. Heparin was used as
an anticoagulant; blood was then centri­
fuged and the plasma obtained was stored
at —25 °C until corticosterone concentra­
tions were determined by Radioimmu­
noassay (RIA). Assay procedure was as
follows: corticosterone (H3) kits from Ra­
dioassay Systems Laboratories, Inc. were
used. Plasma was diluted with buffer.
Samples were incubated at 98 °C for 10
minutes to denature the corticosterone
binding proteins in the rat plasma. The
subsequent steps were those of a conven­
tional RIA.

For the determination of the post-stress
hormone levels, each subject was taken
out of its home cage and carried in an in­
dividual cage to the experimental room.
Then, it was placed in a shock box (which
will be described later on) and submitted
during one minute to 20 mA and 35 V
footshocks delivered at 10 s intervals. Im­
mediately afterwards, the animal was car­
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ried back to the laboratory house where it
remained in an individual cage during a 15
min period. After this period, it was re­
turned to the experimental room for de­
capitation.

ma corticosterone concentrations. Bon-
ferroni tests were employed to evaluate
sex differences and the effect of stress
upon corticosterone levels.

Bilateral adrenalectomy.— Animals
were operated on at about 150 days of age,
under ether anesthesia. The adrenal glands
were freed from fat and connective tissue
and immediately weighed (fresh weight)
(FW), and then kept at 40 °C during 48 h
to obtain the dry weight (DW).

Adrenal weight relative to BW (FW/
BW and DW/BW) were calculated for
their subsequent statistical analysis.

Behavioral test.— Behavioral test took
place in a 20x20x40 cm clear plastic wall
box with a floor of parallel metal rods
(each one with a diameter of 4 mm) con­
nected to a DC power supply.

Each animal was tested two consecutive
days, and each test lasted two minutes.
Footshocks were delivered at 10 s intervals
and the voltage was determined according
to body weight, taking the 60 V assigned
to the male control group as a reference.
The following parameters were recorded
as responses to stress: number of vocali­
zations (Voc); Jumping behavior (J): num­
ber of jumps, i.e. when the animal kept
the four paws off the floor, as described
by Nishikawa et al. (23); number of con­
vulsions: brusque agitation body move­
ments; number of Shudders: more atten­
uated movements; defecation score: num­
ber of fecal boluses deposited.

Statistical analysis was done taking the
total values of the two days of testing.

Statistical analysis.— To study the effect
of housing condition on behavioral (shock
box) performance, a one way analysis of
variance was used after square root trans­
formation of data; post hoc individual
comparisons of means were done by the
Scheffe test. The same tests were used to
analyze relative adrenal weights and plas-

Results

Corticosterone assay and adrenal
weight.— Females of the three experimen­
tal groups showed higher resting and post­
stress corticosterone levels than their re­
spective male counterparts (p<0.01).

The housing condition did not signifi­
cantly modify basal corticosterone level,
although a certain tendency in isolates to
show increased resting hormone levels ap­
pears.

When each experimental group is com-

fiared to itself (basal level vs. post-stress
evel) (fig. 1), an increase in the cortico-

Fig. 1. Plasma corticosterone levels of each exper­
imental group.

Values (mean ± SE) arc compared to itself: basal
level vs. post-stress level. SIM = isolated males;
CM = control males; CRM = crowded males.
SIF = isolated females; CF = control females;
CRF = crowded females. In parenthesis number

of animals. ** p < 0.01.
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Fig. 2. Adrenal weight of rats.
SIM = isolated males, n = 13; CM = control
males, n = 11; CRM = crowded males, n = 15;
SIF = isolated females, n = 12; CF = control fe­
males, n = 13; CRF = crowded females, n = 9.
Values are means ± SE. Comparisons between
treated and control groups of the same gender.

* p < 0.05; p < 0.01; p < 0.005.

sterone level in response to shock was ob­
served in all groups; however, when male
groups are considered, only socially
housed animals (control and crowed
males) showed a significant increase, while
the isolates did not. Among female
groups, the increase was significant only
in the control animals.

All female experimental groups showed
heavier adrenals (FW and DW) than their
respective male counterparts.

The unique significant effect of housing
condition, on this variable, concerned
crowded females, which showed a lower 

adrenal weight when compared to the
controls (fig. 2).

Behavioral test.— No significant sex
difference was found between control
groups in any of the parameters studied.

The unique significant effect of housing
condition among male experimental
groups concerned the isolates (table I)
showing fewer vocalizations when com­
pared to the controls. However, the re­
peated tendency of these control males to
show higher values in all the variables (ex­
cept in shudders), with respect to the
treated animals (isolated and crowded
males) reflects a greater reactivity of the
control group in the present test.

Among female groups, control animals
show a marked superiority in their re­
sponses to stress, particularly with respect
to the isolates, so that the latter showed
lower values in vocalizations, defecation,
convulsions and jumps, while control and
crowded females only differ significantly
in vocalization rate. In contrast, isolated
and crowded females showed more shud­
ders than the control animals, although
no statistical significance was reached (ta­
ble I).

Discussion

Corticosterone assay and Adrenal
weight.— Similarly to other studies (20),
a higher basal corticosterone concentra-

Table I. Behavioral test on rat.
Voc = vocalizations; Def = defecation score; Conv = convulsions; J = jumps; Shudders. SIM = isolated
males; n = 11; CM = control males; n = 10; CRM = crowded males; n = 14; SIF = isolated females;
n = 23; CF = control females; n = 10; CRF = crowded females, n = 15. Values are means ± SE. Com­

parisons between treated and control groups of the same gender. ‘ p< 0.05 ** p < 0.01 *** p < 0.005.

Voc Def Conv J Shudders

SIM 17.5 ±2.5* 6.2 ± 0.9 18 ±2.4 12.6 ±4.1 3.7 ± 1.2
CM 24.5 ± 0.8 8.2 ± 0.9 22.5 ±1.4- 15.6 ±4.2 3 ± 1.3
CRM 20.2 ± 1.1 7.8 ± 0.5 20.9 ± 1.3 12.6 ±3.6 2.5 ± 0.8
SIF 1 ± 0.6*** 1.1 ± 0.3*** 3.5 ±0.8*** 0.4 ± 0.1*** 6.5 ± 0.7
CF 22.5 ± 1.5 7.1 ± 0.7 19.5 ± 2.1 13.3 ± 3.4 4.6 ± 1.5
CRF 12.7 ± 1.4*** 5.6 ± 0.8 13.5 ± 1.5 11.9 ± 2.2 7.7 ± 1.1
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tion was observed in control female rats
when compared to the control males.
However, the differences observed in the
present study must not be considered as a
rise of female corticosterone concentra­
tion during the period of handling prior to
decapitation, as it was suggested (20),
since the habituation period to which the
animals were subjected makes, this hy­
pothesis unlikely in this work.

A sexual dimorphism in post-stress cor­
ticosterone levels has also been observed
previously (19-21). Thus, post-stress plas­
ma corticosterone levels have been re­
ported as higher in female than in male
rats following ether stress (20), psycho­
logical stress (21) and also after electric
shock (19), with the latter results suggest­
ing a greater adaptability of females’ pi­
tuitary-adrenal axis response to this kind
of harmful stimulation.

On the other hand, it has been well es­
tablished that female rats show larger ad­
renals than male rats (27), as our results
indicate, and a close relationship appears
to exist between pituitary-adrenal and pi­
tuitary-gonadal axes, as several data indi­
cate (8, 27).

The sex differences in adrenal function
found in the present study, affect not only
the control, but also the treated animals
(isolated and crowded rats). Therefore,
our social treatments have been, as it
seems, insufficient to abolish those differ­
ences, and the same can be said concerning
adrenal weights.

No significant effect of housing condi­
tion on resting corticosterone levels, or in
general on adrenal weights, has been ob­
served. Unlike other reports (18, 25, 26),
these results suggest that basal adrenal ac­
tivity is not modified by two extreme so­
cial conditions (social isolation and
crowding). However, some methodolog­
ical aspects might account for the discrep­
ancies between the results, specially those
concerning the number of animals housed
per cage (25), a matter that suggests a cer­
tain gradation in the population density 

related to its effects on adrenal function.
The present results support other ones

previously reported (15) concerning the
absence of differences between individ­
ually and socially housed rats with regard
to adrenal weights or basal corticosterone
concentrations, employing an isolation
treatment similar to that used in the pres­
ent study.

The major housing condition effect
found in this study refers to adrenal activ­
ity in response to stress, so that socially
housed male rats (control and crowded
animals) appear to respond to shock more
intensely than the isolated males, while
control females’ response was more in­
tense than that of the treated female rats.
These results indicate that the major ef­
fects of this kind of environmental stress
on the adrenal response, are due to
changes in the pituitary-adrenal axis func­
tional plasticity rather than to basal mod­
ifications of the adrenal activity per se, as
previous results also suggest (24). The fact
that socially housed animals show a more
intense adrenal response than the individ­
ually housed rats, may represent a better
adaptive mechanism to respond in a more
suitable fashion to an intense stress.

Finally, the lower adrenal activity in re­
sponse to stress showed by crowded fe­
males, and their lower adrenal weights
when compared to the control females, are
difficult to interpret; high population den­
sity might be thought to represent a type
of chronic stress which alters the pitui­
tary-adrenal axis balance, with the sub­
sequent endocrine disturbances, gonadal
axis being most probably involved.

Behavioral test.— The absence of dif­
ferences between male and female control 
groups, might be interpreted as a homog­
enization of responses induced by intense
stress (electric shock) in animals with a
well adapted adrenocortical mechanism.
Additionally, these results corroborate the
validity of the voltages chosen for males
and females in this test.
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A greater reactivity was observed in this
behavioral test in the control groups of the
two genders when compared to the treated
animals of the same sex, specially in the
case of the respective isolates. These data
parallel those which indicate a more in­
tense short-term adrenocortical response
to electric shock in the control groups, as
pointed out in the previous section.

The utilization of electric shock (intense
stress) both- for endocrine and behavioral
tests, makes it possible to compare the re­
sults obtained in.both cases and to estab­
lish interesting parallels. In this sense, an­
imals housed in standard population den­
sity conditions have shown greater adap­
tation ability in their behavioral re­
sponsiveness to this kind of stress, which
manifests itself in their more intense re­
sponses that might be considered as «es-
cape responses*  from a harmful situation
(23), specially when compared to the iso­
lates.

The present results also indicate that the
shudders represent a type of attenuated
responses to electric shock, characteristic
of those animals which do not show more
intense psychomotor responses. Hence,
individually housed rats tend to show in­
creased values in that parameter (shud­
ders) and minor values in the other vari­
ables studied in this test, with respect to
the controls.

In general terms, the present results in­
dicate that social isolation has been the
more effective social treatment to affect
the animals at the two levels considered
(endocrine and behavioral).

Definitive conclusions about a possible
different vulnerability to the social treat­
ments used, in both sexes, cannot be de­
duced from the present data. Neverthe­
less, it may be useful to point out some
differences affecting the adrenal system of
crowded females and not that of crowded
males, while among isolates the differ­
ences have been reflected at a behavioral
level. Further research is needed in order
to clarify these aspects.

Resumen

Se estudian los efectos del aislamicnto social y del
hacinamiento sobre la funcion adrenocortical y la
respuesta comportamental al choque electrico en ra-
tas machos y hembras. Todos los grupos expcrimen­
tales de hembras muestran niveles mas altos de cor-
ticosterona y capsulas adrenales mas pesadas que los
correspondientes grupos de machos. El efecto mas
notable de los tratamientos sociale? se observa en la
respuesta de corticosterona al estres, mientras que los
niveles basales de hormona no son alterados signi-
ficativamente. Las ratas criadas socialmente muestran
una respuesta adrenocortical mas intensa y una ma­
yor reactividad comportamental al choque electrico
que los animales aislados.

Palabras clave: Rata, Aislamiento, Hacinamiento,
Choque electrico, Corticosterona, Comportamiento.

References

1. Ahlers, I., Smajda, B. and Ahlersova, E.: En­
docrinol. Exp., 14, 183-190, 1980.

2. Armario, A., Castellanos, J. M. and Balasch,
J.: Neuroendocrinology, 39, 330-333, 1984.

3. Armario, A., Ortiz, R. and Balasch, J.: Phys­
iol. Behav., 32, 35-37, 1984.

4. Aulich, J. S. and Raaijmakers, W. G. M.:
Anim. Behav., 22, 987-990, 1974.

5. Beatty, W. W. and Fessler, R. G.: Physiol. Be­
hav., 16, 413-417, 1976.

6. Bronstein, P. M., Wolkoff, F. D. and Levine,
M. J.: Behav. Biol., 13, 133-138, 1975.

7. Brush, F. R., Baron, S., Froelich, F. C., Ison,
J. R., Pellegrino, L. J., Phillips, D. S., Sakel-
laris, P. C. and Williams, V. N.: J. Comp. Psy­
chol., 99, 60-73, 1985.

8. Christian, J. J.: J. Mamm., 48, 598-605, 1967.
9. Christian, J. J.: In «Populations of small mam­

mals under natural conditions*,  volume 5,
University of Pittsburgh, Pittsburgh, Penn,
1979, pp. 143-158.

10. Dalrymple-Alford, J. C. and Benton, D.:
Anim. Learn. Behav., 9, 50-55, 1981.

11. Einon, D. F. and Morgan, M. J.: Anim. Be­
hav., 24, 415-420, 1976.

12. Einon, D. F. and Morgan, M. J.: Develop.
Psychobiol., 10, 123-132, 1977.

13. File, S. E.: Develop. Psychobiol., 11, 73-81,
1978.

Rev. esp. Fisiol., 44 (3), 1988



SOCIAL CONDITIONS, ADRENAL FUNCTION AND BEHAVIOR 321

14. Gallant, S. and Brownie, A. C.: Life Sei., 24,
1097-1102, 1979.

15. Gentsch, C., Lichtsteiner, M. and Feer, H.:
Physiol. Behav., 27, 183-186, 1981.

16. Gentsch, C., Lichtsteiner, M. and Feer, H.:
Experientia, 37, 61-62, 1981.

17. Gray, J. A.: In «La Psicologia del miedo>.
Guadarrama, Madrid, 1971, pp. 69-114.

18. Hatch, A., Wiberg, G. S., Balazs, T. and
Grice, H. C.: Science, 142, 507, 1963.

19. Kant, G. J., Lenox, R. H., Bunnell, B. N.,
Mougey, E. H., Pennington, L. L. and Me-
yerhoff, J. L.: Psychoneuroendocrinology, 8,
421-428, 1983.

20. Kitay, J. I.: Endocrinology, 68, 818-824, 1961.
21. Le Mevel, J. C., Aitbol, S., Beraud, G.

and Maniey, J.: Endocrinology, 105, 812-817,
1979.

22. Morgan, M. J.: Anim. Behav., 21, 429-442,
1973.

23. Nishikawa, T., Tsuda, A., Toshima, N., Ta­
naka, M. and Nagasaki, N.: Physiol. Behav.,
27, 539-541, 1981.

24. Plaut, S. M. and Grota, L. J.: Neuroendocri-
nology, 7, 348-360, 1971.

25. Thiebot, M. H., Soubrie, P., Chermat, R., Si­
mon, P. and Boissier, J. R.: Psychopharmacol­
ogy, 54, 283-288, 1977.

26. Thiessen, D. D. and Rodgers, D. A.: Psychol.
Bull., 58, 441-451, 1961.

27. Turner, C. D. and Bagnara, J. T.: In «General
Endocrinology*,  Saunders, W. B. Co., Phila­
delphia, 1976, p. 342.

28. Yasukawa, N. J., Monder, H., Leff, F. R. and
Christian, J. J.: Aggress. Behav., 11, 49-64,
1985.

Rev. esp. Fisiol., 44 (3), 1988




