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Summary 

The influence of a chronic social stress upon immunity was investigated in Wistar 
rats, submitted for four weeks to two different behavioral situations, balanced in a factorial 
design: housing with three females and membership rotation. The combination of these two 
factors led to adrenal enlargement (43.3%), thymus involution (39.5%) and increased basal 
corticosterone levels, all indices of activation of the hypothalamic-hypophysis-adrenal axis. 
However, neither natural killer cell activity, splenocyte reactivity to mitogen nor the rate of 
spontaneous development of antibodies against Mycoplasma pu/monis, a common 
pathogen of the respiratory tract, were changed in the endocrine activated animals. Analysis 
of the data on kinetics of stress at 1, 7 and 28 days after the initial mixing of the animals 
gave the same results. These data question the immunosuppressant activity usually 
conferred to corticosteroids, at least when adrenal hyperactivity is induced by chronic 
environmental stressors. 

Selye (1) described adrenal enlargement, thymus involution and gastric ulcers as the three 
characteristic symptoms of a non-specific response of the organism to any demand made upon it, later 
labelled as the stress response (2). Adrenal and thymus changes are the direct consequence of the 
activation of the hypothalamic-hypophysis-adrenal axis, which can also be shown by the increase in plasma 
corticosteroid levels. Since "stress" has usually been found to reduce various immune processes (3), as do 
pharmacological amounts of synthetic glucocorticoids (4), the classical scheme is that stress is 
immunosuppressive through the release of adrenal steroids. The experimental picture is far from being so 
simple. On the one hand, both increases and decreases of immune responsiveness have been described 
after various stress procedures (5-7) and these changes are not always blocked by adrenalectomy (8-11). On 
the other hand, changes in immune responsiveness in stress situations can be shown without parallel 
modifications of the hypophyseal-adrenal axis (12). 
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Acute stress situations usually trigger a large array of endocrine and autonomic responses, so that it 
is difficult to trace the mediators of stress on the immune system, apart from the well documented 
consequences of increased corticosteroid levels, such as thymus involution and changes in leukocyte 
number and differential counts. Conversely, chronic stress protocols can trigger more specific endocrine / 
autonomic responses, and this was best demonstrated in social situations (13-17), which are also more 
ethologically significant than usual laboratory stressors. However, much less is known about their 
consequences on immune functions (18). Early studies cleady demonstrated that the same experimental 
condition could be either beneficial or detrimental to the Individual's resistance to disease. In the late 60's, 
Gross and Siegel (19) showed that chickens maintained in a stressful social environment were more resistant 
to bacterial infections (such as E. coh~, but more susceptible to viral infections (such as Marek's disease). 
Similarly, the selection of chickens for a high corticosteroid response to social stress was associated with an 
increased susceptibility to Marek's disease, but a reduced sensitivity to infection with E. coli (20,21). Several 
authors also showed that the response of the immune system to social pressure, as well as the endocrine 
changes, is much dependant upon the hierarchical position of the animal (22,23). 

We therefore have studied the model of chronic social stress proposed by Taylor and collaborators 
(24) in more detail (25). We show here that despite a strong neuroendocrine stimulation induced by the 
combination of mixed-sex housing and membership rotation, as evidenced by the increase of adrenal weight 
and circulating corticosterone levels and by thymus involution, no change could be found in natural-killer 
activity or in the response of spleen lymphocytes to mitogen. Furthermore, the course of the spontaneous 
development of antibodies against Mycoplasma pulmonis, a common contaminant of the upper respiratory 
tract in laboratory rodents, was not modified. These data and others available from the literature challenge 
the concept of a general immunosuppressive action of corticosteroids. 

Methods 

Animals Pathogen free Wistar rats were purchased from IFFA-CREDO (L'Arbresle, France) and 
housed in a room with controled light cycle (L:D 12:12 hours, lights on at 06:00) and temperature (22 +- 2°C), 
with free access to food and water. Females were housed three per cage and left undisturbed until the final 
phase of the experiment. Males were housed individually for four weeks before the different group housing 
conditions were introduced as described later. All males were vasectomized at least one week before 
initiating the stress paradigm. 

Stress Protocol Chronic social stress was induced as described eadier (25), except that there was 
no prior testing of the animals for their spontaneous aggressiveness, since we have demonstrated in a 
previous paper (25) that this was not a crucial factor for the efficacy of the social stress protocol. Two factors 
were used to induce chronic stress: daily reassignment of group-housed male rats ("rotation" factor, labeled 
R), with or without females in the cages ("female" factor, labeled F). More specifically, all males were housed 
in groups of three per cage (28x43x18 cm). For half of the animals from each condition, group membership 
remained the same (R-). Group membership for the other animals changed everyday by rotation among 
cages according to a random permutation procedure (R+). All animals, however, were changed everyday 
into new cages with clean bedding, just before light offset. In addition, half the males in each condition were 
assigned to two subconditions according to the presence (F+) or absence (F-) of three females in the cage. 
These two factors, daily reassignment of males and presence of females, were balanced in a factorial design 
resulting in 4 subconditions (R-F-, R-F +, R + F-, R + F +). The procedure was continued for four weeks, unless 
otherwise stated. Animals were weighed every week. The number of animals in each experimental group is 
given inthe legend of the figures. 

Specific Designs 
Experiment 1 The four experimental groups were run as described in the previous paragraph (R-F-, 

R-F+,R+F- n=12 ; R+F+ n=lO at the end of the experiment). Blood was taken by retroorbital puncture 
under light ether anesthesia four days before initiation of chronic stress to measure antibody titer against 
Mycoplasma pulmonis. At the end of four weeks of stress, all rats were decapitated at the beginning of the 
light phase and trunk blood was collected in chilled tubes with EDTA. After centrifugation, aliquots of plasma 
were frozen for further assay of corticosterone and measurement of antibody titer. The spleen was 
aseptically removed to study spleen lymphocyte reactivity to concanavalin A and natural killer cell activity. 
The thymus and adrenals were collected and weighed. 
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Experiment 2 This experiment was designed to study the kinetics of the different processes under 
study, after Initiation of the stress protocol. Only the two extremes of the stress conditions were used 
(namely R-F-, R+F+). Other control groups were run at the same time: one group of control rats were 
individually housed and another group of animals were kept three per cage but the bedding was changed 
only twice a week to follow the general practice of the laboratory, and to allow for the study of a possible 
effect of an everyday cage change, which by itself is enough to activate the adrenocortlcal axis (26). A 
control blood sample was taken by retroorbital puncture 29 days before initiating the stress procedure. Rats 
were sacrificed 1 day (acute, n=6 per group), 7 days (subacute, n=6 per group), or 28 days (chronic, n=6 
per group, except R + F+, n = 1 t) after the initial grouping of the animals. Blood and organs were collected 
and processed as In experiment 1. 

Investigation of Immune Functions 

Preparation of spleen lymphocytes The spleen was removed aseptically immediatly after sacrifice 
and was dissociated in RPMI 1640 medium (Gibco, Glasgow, UK). Erythrocytes were lysed and after three 
washes, the number of cells was adjusted to 2.5 x 107 cells/ml in medium containing 5% heat inactivated 
fetal calf serum, 1% mercaptoethanol and t % antibiotic antimycotic solution (GIBCO). 

Natural killer cell activity NK cell activity was tested by a 51Cr release assay using YAC-1 cells, a 
Maloney virus-induced lymphoma, as target cells (Flow Laboratories, Puteaux, France). Cultured YAC-1 cells 
were labelled by incubating 1.0 x 107 cells with 100 #Ci sodium [51Cr] chromate (New England Nuclear, 
Paris, France) for 1 hour at 37°C, and washed. The mortality of labelled YAC-1 cells was lower than 10%. 
Cytotoxicity was measured in triplicate samples at effector to target (E/T) ratios from 100:1 to 12.5:1 using 
2.5 x 104 YAC-1 target cells. After four hours of incubation at 37°C, 108 #1 aliquots of the supernetants were 
removed and the radioactivity was measured in a gamma-counter. Spontaneous or total release was 
assessed by incubating labelled YAC-1 cells with medium alone or with 3M HCI repectively. NK activity was 
expressed as the ratio (CPMtest - CPMspontaneous)/(CPMtota I -CPMspontaneous). 

Mitogen-induced spleen lymphocyte activation Triplicates of spleen cell suspensions (2 x 105 
cells/well) were cultured in 96-well tissue culture clusters with flat bottom wells (Nunc, Roskilde, Denmark), 
for three days in the presence of diluted mitogen in a humidified atmosphere of 5% CO 2 in air. Concanavalin 
A (ConA, DIFCO, Detroit, MI, USA) was used at final concentrations of 1, 2 and 4 #g/ml. 

Cell activation was revealed by two different methods. In the first experiment, the metabolic activity of 
lymphocytes was measured by their ability to transform the substrate 3-(4,5-dimethylthiazol-2-yl) 2,5-diphenyl 
tetrazolium (MTT, Sigma, St Louis USA) into formazan according to Moosman (27). Mr r  (20/J,I of a 5 mg/ml 
solution in PBS) was added to cell cultures for 4 hours. The cells was then lysed and formazan cristals 
dissolved with SDS (100 p.I of a 10% solution). Twenty-four hours later, the optical density was measured at 
550 nm in a multiweU spectrophotometer. In the second experiment, lymphocyte activation was measured 
both by MTT metabolism and by [3H]thymidine uptake, a direct index of lymphocyte mitotic activity. After 3 
days of culture, tritieted thymidine (2/~Ci, 5 Ci/mmol, CEA, France) was added in a volume of 50 p,I. Twenty- 
four hours later, cells were collected on fiber-glass strips using a multichannel harvester. The filters were 
dried, scintillation medium was added (Lipoluma, LUMAC, Schaesberg, The Netherlands, 3 ml) and 
radioactivity was measured in a beta counter. 

Antibodies against Mycoplasma pulmonis In order to obtain some information on immune reactivity 
of these rats, serum samples were screened for antibodies Ig G against Mycoplasma pulmonis, a common 
host of the respiratory tract in laboratory rodents (28). Antibody levels were detected with an ELISA test, 
essentially the same as described by Cassel and collaborators (29). Mycoplasma Arthridis and Mycoplasma 
Pneumoniae were used as control antigens. 

Corticosterone assay Plasma corticosterone levels were measured by a competitive protein binding 
assay (30), as described previously (31). 

Data analysis Because hormone plasma levels, antibody titers, lymphocyte proliferation counts 
fitted a log-normal distribution, raw data were transformed to logarithmic scores before analysis. Results 
were submitted to analysis of variance. Rotation (R+, R-) and females (F+, F-) in experiment 1, housing 
conditions (R-F-, R+F+, isolated, controls) in experiment 2 were treated as main independent factors. 
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Lymphocyte/target ratio and mitogen concentrations were treated as repeated measures within the same 
animal. The Crunch statistical package (Crunch Software Co., Oakland, CA) was used. Means and standard 
errors are given in the text and shown in the figures. 

Results 

Body weight change was gradual over the four weeks. In the first experiment, both females and 
rotation significantly reduced the growth of rats [F 1,42 =66.3; p=0.001 and F 1,42=7.1; p=0.005 respectively] 
(fig la). In both experiments, R + F + rats lost weight while control rats put on weight (-9.1 g vs. + 56.4g in the 
first experiment and -15.7g vs. +50.2g in the second experiment). No difference was found between the 
various control groups in the second experiment (group housing with daily or twice-weekly bedding change 
or isolated animals). 
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FIG.1 
a: Kinetics of body weight changes during experiment 1. Note the gradual change over the period of 
stress. (* p<0.05 ; ** p<0.01 vs R-F-) b: Correlation between thymus and adrenal weight expressed 
as percentage of body weight (experiment 1). Organs were collected after 4 weeks of social stress. 
The correlation between thymus and adrenals weights was negative (r=-0.51) and highly significant 
(p<0.o005). 

Adrenals were significantly enlarged in R+F+ animals compared to all other groups (+43.3% in 
experiment 1 and +26.8% in experiment 2). The kinetic study showed that the enlargement of adrenals 
developped progressively over time and was not yet significant by day 7 (fig 2). 

Thymus weight was a mirror image of adrenal weight and these two measures were highly correlated 
(figure lb). The kinetics of adrenal enlargement and thymus involution were also identical. The various 
control groups did not differ on either parameter (experiment 2, fig 2). 

In the first experiment basal corticosterone levels were measured at the circadian trough in the 
morning and approximately 14 hours after the last mixing. They were three times higher in the R + F + group 
compared to the R-F- control group (R+F+ : 81.6 ng/ml vs R-F- : 27.9ng/ml). 

Adrenal enlargement, high circulating corticosterone levels and thymus shrinkage were clues of an 
overactive hypothalamic-hypophysis-adrenal axis induced by chronic social stress, as previously published 
(25). In this experiment, however, this activation was found in the R + F+ group only. 

The natural killer activity of splenocytes was measured after 28 days of stress (1st experiment, fig. 3). 
This activity was not modified by either experimental factor. The reactivity of splenocytes to concanavalin A 
was evaluated by two different methods, the incorporation of tritiated thymidine which measures the 
synthetic activity of new DNA molecules during cell division and the metabolism of MTT by mitochondria, 
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measuring cell activation (27,32). Both measures gave the same negative results, with no difference between 
the various experimental conditions, whether acute or chronic. The results obtained with thymidine 
incorporation in the second experiment are shown in fig.4o 
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FIG.2 
Adrenal and thymus weights expressed as percentage of body weight (experiment 2). In the R+F+ 
group, adrenals were heavier (F 1 15 = 12.5 p<O.O05) and thymus lighter (F 1,15 = 8.9 p<O.01) than in 
the R-F- animals, only after 4 weel~s of social stress (** p<O.01). 
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FIG.3 
Natural killer cell activity of spleen lymphocytes of rats measured by the release of chromium from 
target YAC-1 cells. Spleen lymphocytes were incubated at four target to effector ratios (from 1/100 to 
1/12.5). Albeit the cytotoxicity index of splenocytes fitted well the YAC-1/splenocyte ratio 
(F3,126=764.39 p<O.O001), it did not differ among experimental conditions (rotation factor (R) 
F 1,42---0.04 ; female factor (F) F 1,42 =0.37). 
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FIG.4 
Splenocyte proliferation induced by increasing concentrations of concanavalin A and assessed by the 
incorporation of radiolabelled thymidine into the DNA of dividing lymphocytes (expressed as counts 
per minute, cpm). Spleen cells were obtained from rats submitted to 1, 7, 28 days of social stress. The 
splenocyte reactivity did not differ among experimental conditions (day 1:F2,15=2.01 ; day 7: 
F2,15 = 0.21 ; day 28:F3,22 = 1.43 [3 samples missing]). 
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FIG.5 
Spontaneous development of circulating antimycoplasma antibodies. Antibodies were quantified with 
EUSA. The thick line on the X axis corresponds to the stress period. Note the log scale of the antibody 
titers. Evolution of the antibody titer was not modified by social stress or various experimental housing 
conditions. The left panel displays the antibody levels measured in the first expe~ment (rotation factor 
(R): F 1,42 =0.02 and female factor (F) F 1 42=0.03) and in the right panel, In the 2 d experiment (group 
factor, day 1: F2,14 =0.46 (one sample rnissing), day 7 F2,15 =0.25 day 28:F3,25 =0.48). 

The humoral response to the spontaneous infection by Mycoplasma pulmonis is shown in fig. 5. 
Specific antibodies were absent in basal samples. The seroconversion for and increase of circulating 
antibody levels was different in the two experiments. Nevertheless no intergroup difference could be found. 
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Discussion 

The intensity of stress was cleady indicated by the depressed growth rate and morphological 
changes of adrenals and thymus. In those male rats rotating between mixed-sex colony cages, adrenal 
glands were enlarged by 26.8% (exp 2) to 43.3% (exp 1) and thymus was involuted by 39.5% (expl) to 55.3% 
(exp 2). These changes were highly correlated within an experiment, the thymus weight being in the long 
term a very accurate indicator of Integrated plasma free corticosteroid levels (33). The other groups, differing 
by only one experimental factor (rotation or coexistence with females), were previously shown to display 
intermediate stress levels, differing in both intensity and quality of the response (25). Despite these 
activations of neuroendocrine / autonomic systems, no functional change of the immune system could be 
demonstrated, although two extreme approaches were used. The in vitro reactivity of spleen lymphocytes, 
exploring the natural-killer activity or the metabolic / mitotic response to plant lectin stimulation, is classically 
used in stress research and was shown to be sensitive to acute and chronic stressors, as well as to 
psychological factors of the situation, like behavioral coping opportunities, stressor predictability or social 
rank, and to genetic factors related to behavioral coping strategies (9,12,22,23,34,35). On the other hand, the 
course of the specific antibody response to Mycoplasma pulmonis, after a spontaneous infection, was used 
as a global index of the efficiency of the immune system in vivo. Despite the very different antibody levels 
measured in the two experiments, stress did not modify their time course in any case, suggesting that these 
experimental situations did not influence the evolution of the disease nor the activity of the antibody 
generating mechanisms. 

The complete lack of effect of the social stress paradigm on these various measures of Immune 
functions is probably not the result of an eady influence later compensated by counteracting mechanisms, as 
seen for instance by Irwin and Hauger (1988) after repeated restraint sessions (36), since the kinetic study 
consistently gave negative results as well at short (1 day) and intermediate (7 days) times. The experimental 
paradigms reporting immune changes with chronic stress, commonly employ repeated, high intensity 
stressors, such as electric shocks applied directly to the tail in restrained rats (37). Even repeated restraint 
alone, or footshock stress, although inducing a classical neuroendocrine response and changes in leukocyte 
numbers and populations, is not very effective in modifying leukocyte functions in long term experiments 
(36,37), the details of the experimental design being of crucial importance (12). The kinetic study and the 
body weight curve cleady show that in the present experimental design, the development of the 
neuroendocrine changes are progressive over time. 

On the other hand, it has been shown that the in-vitro response of blood lymphocytes to mitogens 
may be more sensitive to stress factors that spleen lymphocytes (10). Alternatively, the immunosuppressive 
effects of corticosteroids may have been overestimated from experiments using pharmacological amounts of 
potent synthetic glucocorticoids, and emphasizing their antiinflammatory properties (4). The significance of 
these experiments for the role of endogenous corticosteroids in physiologically relevant situations is 
questionable. Although there is no doubt that endogenous corticosteroids do regulate the inflammatory 
processes, as cleady demonstrated in autoimmune diseases (38-40), the generalization of these findings to 
other immune processes is far from being established. In fact, several immune responses were shown to be 
enhanced by various physiological conditions associated with an increased secretion of corticosteroids, 
such as dietary restriction (41,42) or intense physical exercise (43). Furthermore, many examples can be 
found of the positive role of corticosteroids in the normal function of lymphocytes (44,45) and of 
dissociations between peripheral hypothalamic-hypophysis-adrenal axis activity and lymphocyte functions 
(8,9,11,46,47) 

Munck and collaborators (4) have clearly underlined the contradiction between 1) the evidence that 
natural (cortisol and corticosterone) as well as synthetic corticosteroids (daxamethasone) act on the same 
glucocorticoid receptor to modulate immune functions and 2) the experimental finding that pharmacological 
doses are necessary to obtain these effects and that synthetic glucocorticoids like daxamethasOne are ten- 
to-twenty times more active than cortisol and corticosterone. Recent advances in glucocorticoid receptor 
function may offer an answer to this paradox. Although cortisol and dexamethasone have similar affinity for 
the glucocorticoid receptor, there is a considerable discrepancy between these steroids in the activation of 
the receptor, with dexamethasona being far more active In this respect (48). Therefore, although 
dexamethasone interacts with the physiological glucocorticoid receptor, its interaction is of pharmacological 
nature and does not necessarily replicate the action of endogenous cortlcosteroids in physiological 
concentrations. 
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Taken together these data suggest that several mediators are involved in the consequences of 
stressors on the immune system, and that among them, corticosteroids may not have the general 
immunosuppressive role usually conferred to them. Our results stress the fact that the effects described with 
synthetic glucocorticoids should be extended with caution to physiological situations, since long term 
increases of corticosteroids induced by chronic environmental challenges may be without obvious adverse 
consequences on several immune functions. 
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