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ZALCMAN, S. AND H. ANISMAN. Acute and chronic stressor effects on the antibody response to sheep red blood 
cells. PHARMACOL BIOCHEM BEHAV 46(2) 445-452, 1993.-Exposure to inescapable foot-shock 72 h following im- 
munization with sheep red blood ceils resulted in a marked suppression of the peak splenic immunoglobulin (Ig)M plaque- 
forming cell response and plasma antibody titers in CD-I mice. However, the nature of this effect was influenced by the 
animal's stressor history. In particular, if mice were initially exposed to a single stressor session immediately or 24 h following 
antigen treatment subsequent reexposure to the stressor (72 h following inoculation) did not provoke the immunosuppression. 
Moreover, reexposure to the stressor-related cues elicited a marked immunoenhancement. In contrast, if animals were 
exposed to a single stressor session 48 h prior to inoculation then later reexposure to the stressor-related cues provoked an 
immunosuppression. Among mice that had been exposed to a repeated stressor regimen on successive days prior to inocula- 
tion, the immunosuppression ordinarily elicited by an acute stressor was absent. Indeed, chronic stressor exposure typically 
favored potentiation of the immune response. However, the immunofacilitation elicited by the chronic stressor treatment 
likely was unrelated to the immunoenhancing effects of pairing a stressor with antigenic challenge. 

Immunity S t r e s s  Adaptation Neuroimmunomodulation 

THE impact of environmental stressors on immunocompe- 
tence appears to be dependent upon, among other things, the 
characteristics of the stressor regimen employed. For instance, 
acute exposure to stressors such as foot-shock or restraint 
reduce natural killer (NK) cell activity (4,23,28,32), cellular 
proliferation in response to a mitogen (12,18), splenic cytokine 
secretion (29,31), and the antibody response to T-cell-depen- 
dent antigens 03,22,33). In contrast, repeated exposure to 
aversive stimulation does not result in a diminished immune 
response (10,11,14) and may, in fact, provoke a significant 
immunoenhancement (21). 

In addition to the stressor regimen employed, it appears 
that the timing of a stressor relative to antigen administration 
may influence some aspects of the immune response. In partic- 
ular, in CD-I mice a stressor applied immediately, 24, 48, or 
95 h following inoculation with sheep red blood cells (SRBCs) 
did not influence either plasma antibody titers or the splenic 
immunogiobulin (Ig)M plaque-forming cell (PFC) response 
measured 96 h after inoculation. However, if the stressor was 
applied 72 h after inoculation a marked suppression of these 
responses was evident (33). This effect appeared to be subject 
to conditioning-like effects in that reexposure to cues that had 
been paired with a stressor 2 weeks prior to inoculation elicited 
an immunosuppression (34). A different effect was observed, 
however, if the initial stressor session was applied immediately 

after inoculation. In particular, in animals that had been ex- 
posed to the stressor on the day of inoculation subsequent 
reexposure to stressor-related apparatus cues at the 72-h inter- 
vai provoked an immunoenhancement. Moreover, among 
mice that had initially been exposed to the stressor at the time 
of inoculation subsequent exposure to the stressor at the 72-h 
interval did not lead to the immunosuppression that was oth- 
erwise observed (34). Along the same fines, it has been re- 
ported that restraint on 2 successive days prior to immuniza- 
tion resulted in a suppression of the PFC response, whereas 
no such effect was apparent if restraint was applied on 2 days 
following immunization (23). Moreover, Esterling and Rabin 
(7) reported an adrenal-independent reduction of the PFC re- 
sponse in mice exposed to rotation stress on 3 consecutive 
days commencing 1 day following SRBC inoculation. Curi- 
ously, the PFC response was unaffected when the stressor 
regimen was begun soon after immunization. The latter find- 
ings, like those of Zalcman et al. (34), suggest that a stressor 
applied in close temporal proximity with antigen administra- 
tion may limit the immunosuppressive effects of a subse- 
quently applied stressor. On the basis of these findings, it was 
suggested that when a stressor was applied in close temporal 
congruity with an antigen a compensatory immunologic re- 
sponse was engendered that was subject to conditioning pro- 
cesses. This compensatory response effectively increased the 
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immune response upon exposure to stress-related cues and 
served to antagonize the immunosuppression that would ordi- 
narily be elicited by a stressor applied 72 h after inoculation 
(34). 

In view of  the finding that a stressor applied soon after 
antigen administration proactively influenced the response to 
a subsequently applied stressor (34), the possibility was con- 
sidered that the adaptation associated with a repeated stressor 
regimen was related to such processes. In effect, it is conceiv- 
able that a chronic stressor results in an abatement of the 
immunosuppression owing to the development of  compensa- 
tory immunologic changes, rather than the provocation of  a 
genuine adaptation associated with repeated stressor expo- 
sure. The present series of  experiments assessed in greater 
detail the impact of  acute and chronic stressor application 
on plasma antibody titers and the splenic PFC response eli- 
cited by SRBC inoculation. In particular, it was determined 
whether the proactive effects of  a chronic stressor, like those 
of  acute insults, were related to the timing of  stressor applica- 
tion relative to antigen administration. 

EXPERIMENTS 1A AND IB 

As already indicated, the proactive influence of stressors 
on immune activity may be dependent upon the time at which 
the stressor was applied relative to antigen administration. In 
contrast to the immunosuppression elicited by cues that had 
been associated with a stressor 2 weeks prior to SRBC inocula- 
tion, presentation of  cues that had been associated with a 
stressor that had been applied soon after immunization pro- 
voked a marked immunoenhancement (34). Experiment 1A 
was conducted to assess in further detail the relationship be- 
tween the timing of  acute stressor application (relative to anti- 
gen administration) and the subsequent PFC and antibody 
responses engendered by reexposure to the stressor or stressor- 
related cues. Moreover, because the effects of a stressor on 
the PFC response is influenced by prior application of an 
acute stressor at the time of antigen administration (34) a 
second study (Experiment 1B) assessed whether such an effect 
would likewise be evident in mice that were exposed to the 
stressor on each day following SRBC inoculation. 

METHOD 

Subjects 

A total of  163 male, CD-1 mice, 3 months of  age (Charles 
River Canada, Inc., St. Constant, Quebec), served as subjects 
in Experiment IA,  while Experiment 1B involved 25 naive 
CD-1 mice. Animals were acclimatized to laboratory for 2 
weeks before being used as experimental subjects. Mice were 
housed in groups of  five in standard polypropylene cages, 
maintained on a 0700-1900 h l ight/dark cycle, and permitted 
ad lib access to food and water. 

Immunization 

Sheep red blood cells were prepared by washing citrated 
sheep's blood 0hroodiyn Laboratories Ltd.,  Guelph, Ontario) 
three times in sterile saline. Animals were immunized intraper- 
itoneally with 106 cells in a volume of  approximately 0.15 ml. 
It was previously observed (34) that this dosage resulted in 
a PFC response such that experimental manipulations could 
provoke either a decrease or increase of the response without 
the problem of  ceiling or floor effects precluding such out- 
comes. 

PFC Assay 

Determination of the IgM PFC response was made using a 
slight modification of the method of  Cunningham and Szen- 
berg (6). Mice were decapitated, spleens removed, and dis- 
persed to a single cell suspension in RPMI medium (Grand 
Island Biological) supplemented with Hepes buffer (1.0 M 
solution), gentamycin sulphate (40 mg/ml),  and streptomycin 
G (5,000 U/ml; John's Scientific). The spleen cells were 
washed by centrifugation at 400 x g for 10 rain and resus- 
pended in 2 ml medium. The cells were then layered on a 
Ficoll-Hypaque gradient (density = 1.1) and centrifuged at 
700 x g for 30 rain. After centrifugation, the mononuclear 
cells at the interface were removed, resuspended in 5 ml 
RPMI, and washed three times at 400 x g. Twenty microli- 
ters of the cell suspension (at l0 T cells/ml) were combined with 
20 ~tl SRBCs (approximately 2.5 x 108 cells/ml) and 20 t~l 
guinea pig complement (absorbed with SRBCs at a ratio of  
2 : I). The suspension was introduced by capillary action into 
microslides (Canlab, Pointe Claire, Quebec) with dimensions 
of  0.22 x 4 x 100 mm at a volume of  80 ~d. The ends of  
the microslides were sealed with a 50°/o paraplast embedding 
medium and 50°70 Vaseline mixture. The slides were incubated 
at 37°C for approximately 1 h. Plaques were counted by mi- 
croscopic examination of the microslides (in duplicate) at a 
magnification of  10 x .  Data were expressed as PFC/106 mo- 
nonuclear cells. 

Determination of Antibody Titer 

Mice were decapitated, trunk blood collected, and allowed 
to clot. Samples were subsequently centrifuged at 400 x g for 
10 rain and the supernatant collected and spun at 600 x g. 
Serum complement was then inactivated at 56°C for 30 min. 
Twofold serial dilutions of inactivated serum, saline, and a 
1% SRBC solution were then made in glass microwells. The 
highest dilution at which aggregation of  SRBCs was still evi- 
dent was considered to be the antibody titer and expressed in 
log2 units. 

Apparatus 

Five identical black Plexiglas chambers, measuring 30 × 
14 × 15 cm, were employed to deliver inescapable foot- 
shock. The chamber floors consisted of  0.32-cm stainless steel 
rods spaced 1.0 cm apart (center to center) and were connected 
in series by neon bulbs. In addition, the end walls of  the 
chambers were lined with stainless steel plates that were con- 
nected in series with the grid floor. The lids of each box con- 
sisted of  red translucent Plexiglas providing limited illumina- 
tion. Foot-shock (150/~A, 60 Hz, AC) was delivered through 
a 3,000-V source, thereby providing a relatively constant cur- 
rent. 

Procedure 

Mice of Experiment IA were individually housed and as- 
signed to one of  five treatment conditions. Mice of  each group 
(n = 8-12/group) were inoculated IP with SRBCs (106 cells) 
at various times relative to stressor application, that is, the 
stressor was applied either 24 or 48 h prior to, immediately 
after, or 24 after immunization, An additional group of ani- 
mals was not exposed to the stressor. The stressor session 
consisted of mice being individually placed in the shock appa- 
ratus for a 1.1-h period, during which they received 360 foot- 
shocks [150 ~A, 2-s duration, 9-s intertrial interval (ITI)]. 
Animals in the nonshoeked group were handled but were not 
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placed in the shock apparatus. Immediately after the stressor 
session, mice were returned to their home cages. Each of  the 
groups was subdivided into three treatment conditions such 
that 72 h after SRBC treatment mice received either foot- 
shock (360 shocks of  150 #A, 2-s duration at intervals of  9 s), 
reexposure to the apparatus in which shock had been pre- 
viously delivered (1.1 h), or no treatment. Animals were sacri- 
riced 24 h after the reexposure treatment (i.e., 96 h after 
immunization). Spleens were taken for subsequent determina- 
tions of  the PFC responses and trunk blood was collected for 
evaluations of  serum antibody titers. 

In Experiment 1B, mice were immunized with SRBCs (106 
cells). Independent groups of  mice then received either a) 360 
foot-shocks applied over a 1.1-h period (150 #A, 2-s duration, 
9-s ITI) commencing 72 h after immunization (n = 9), b) 360 
foot-shocks (150 #A, 2-s duration, 9-s ITI) on five occasions 
(0, 24, 48, 72, and 95 h after immunization; n = 8), or c) 
left undisturbed in their home cages (n = 8). Animals were 
sacrificed 96 h after inoculation, whereupon spleens were 
taken for subsequent determinations of  the PFC responses 
and trunk blood collected for evaluations of  serum antibody 
titers. 

RESULTS AND DISCUSSION 

In this and each of  the ensuing experiments, the stressor 
treatments were not found to influence the number of mono- 
nuclear cells. Several samples were lost during the course of 
the experiment, and hence the degrees of  freedom for the two 
variables differed in Experiment 1A, as well as in the ensuing 
experiments. The PFC response for each of the treatment 
groups is shown in Fig. 1. Analysis of variance (ANOVA) 
revealed that the PFC scores varied as a function of  the initial 
stressor treatment x reexposure treatment interaction, F(8, 
148) = 3.96, p < 0.01. Subsequent Newman-Keuls multiple 
comparisons (c~ = 0.05) of  the simple effects comprising this 
interaction revealed that among mice that had initially not 
been exposed to the stressor subsequent application of foot- 
shock 72 h after inoculation provoked a significant suppres- 
sion of  the PFC response. In contrast, in animals that received 
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FIG. 1. Mean (+ SEM) splenic immunoglobulin (Ig)M plaque- 
forming cell (PFC) responses as a function of the timing of the initial 
stressor treatment relative to sheep red blood cell (SRBC) immuniza- 
tion and the reexposure treatment applied 72 h after SRBC immuniza- 
tion (i.e., no treatment, exposure to shock-related cues, or reexposure 
to foot-shock). 

a single session of  foot-shock within 48 h of  inoculation, but 
received no further stressor treatment, the PFC scores were 
comparable to those of  nonstressed mice. These data confirm 
our previous findings (33) that a critical period existed after 
SRBC immunization in CD-I mice (i.e., 72 h) during which a 
stressor was most likely to induce an immunosuppression. 

The effects of  rcexposure to the stressor or stressor-rdatcd 
cues was dependent upon the time at which the initial stressor 
was applied. In particular, if the first stressor session was 
applied either immediately or 24 h after inoculation then the 
immunosuppression ordinarily induced by shock applied 72 h 
after immunization was prevented. Likewise, if  the stressor 
was initially administered 24 or 48 h prior to inoculation the 
suppression of the immune response engendered by a subse- 
quent stressor was largely attenuated, although the PFC re- 
sponse remained 20-25070 below that of  nonstressed animals. 
The time-dependent effects of apparatus reexposurc in pre- 
viously stressed animals were considerably more pronounced 
than that seen after reexposure to the initial stressor. In partic- 
ular, as previously observed (34), in animals initially exposed 
to the stressor immediately after inoculation subsequent expo- 
sure to the stress apparatus (without shock being delivered) 
led to a significant enhancement of  the PFC response. It was 
similarly observed that if the stressor was initially applied 24 
h after antigen administration then subsequent exposure to 
the apparatus cues provoked a significant immunoenhance- 
ment. No such effect was evident, however, if the initial stres- 
sor session occurred 24 h prior to SRBC inoculation, and a 
significant reduction of the immune response was engendered 
by reexposure to apparatus cues associated with a stressor 
applied 48 h prior to immunization. 

The antibody titers for each of  the groups of  Experiment 
1A, shown in Table 1, paralleled the PFC scores. ANOVA 
revealed that the antibody titers varied as a function of  the 
Initial stressor treatment x reexposure treatment interaction, 
F(8, 136) = 3.16, p < 0.05. As in the case of  the PFC re- 
sponse, the Ncwman-Keuls multiple comparisons of  the sim- 
ple effects comprising the interaction confirmed that in pre- 
viously nonstressed animals exposure to foot-shock 72 h after 
inoculation significantly reduced the antibody titers. Exposure 
to the shock apparatus alone, however, was without effect. 
In mice that had been exposed to the foot-shock treatment 
immediately or 24 h following inoculation, a treatment that 
did not affect antibody titers itself, later reexposure to the 
stressor-related cues provoked a significant increase of anti- 
body titers. Moreover, upon reexposure to the stressor anti- 
body titers were not reduced relative to animals that had not 
initially been exposed to the stressor. In contrast to these find- 
ings, if the stressor was applied 48 h prior to inoculation then 
reexposure to the stressor-related cues provoked a significant 
reduction of  antibody titers. Finally, if the initial stressor was 
applied 24 li following inoculation then neither reexposure to 
the stressor nor the stressor-related cues influenced the im- 
mune response. 

The mean PFC response for each of  the groups in Experi- 
ment IB are shown in Fig. 2. ANOVA revealed that the stres- 
sor treatment influenced both the PFC response, F(2, 22) = 
8.07, p < 0.05, and antibody titers, F(2, 18) = 3.67, p < 
0.05. Consistent with our earlier reports, Newman-Keuls mul- 
tiple comparisons (ct = 0.05) confirmed that a single session 
of foot-shock applied 72 h after inoculation reduced both 
indices of  the immune response relative to either nonstressed 
mice or mice that received repeated foot-shock exposure. The 
latter two groups did not differ from one another. These data 
suggest that the effects of  an acute stressor may be eliminated 
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TABLE 1 

ANTIBODY TITER TO SRBCs (LOG 2 + SEM) IN MICE AS 
A FUNCTION OF THE INITIAL STRESSOR TREATMENT 

AND REEXPOSURE TREATMENT 

Reexposure Treatment 

Initial Treatment No Treatment Apparatus Shock 

Nonstressed 4.22 + 0.40 4.50 =t: 0.40 2.40 + 0.45* 
- 4 8 h  4.11 + 0.51 2.75 + 0.46* 3.36 + 0.51 
-24  h 3.90 + 0.59 4.60 + 0.48 4.44 + 0.53 

Oh 4.10 + 0.60 5.60 + 0.34* 4.50 + 0.53 
+24h 3.81 + 0.27 5.66 =t= 0.37* 4.72 + 0.47 

*p < 0.05 relative to mice that received no reexposure treatment. 

by repeated exposure to foot-shock or by a stressor applied 
on the day of  inoculation. As such, the possibility exists that 
the apparent adaptation may be a result of the stressor applied 
on the day of inoculation as opposed to effects attributable to 
repeated stressor exposure. 

EXPERIMENT 2 

Experiment IB indicated that repeated exposure to a stres- 
sor on a daily basis throughout the period between inoculation 
and spleens being taken prevented the immunosuppression or- 
dinarily provoked by an acute stressor applied 72 h after 
immunization. Experiment 2 was conducted to determine 
whether repeated stressor exposure prior to inoculation would 
likewise result in an adaptation of  the immunosuppressive ef- 
fect ordinarily associated with an acute stressor. Inasmuch as 
a stressor applied soon after inoculation may limit the immu- 
nosuppression ordinarily elicited by a stressor applied 72 h 
after inoculation, in Experiment 2 the stressor regimen termi- 
nated 24 h prior to SRBC treatment. 
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FIG. 2. Individual (O) and mean (arrowheads) splenic immunoglob- 
ulin(Ig)M plaque-forming cell (PFC) responses in mice immunized 
with sheep red blood cells (SRBCs) and exposed to either no shock 
(NS), one session of shock 72 h after immunization (72 h), or shock on 
5 days commencing immediately after immunization (0-95 h). Plasma 
antibody titers for these three groups were 4.67 =t: 0.80, 3.12 + 0.44 
and 4.86 + 0.26, respectively. 

METHOD 

Subjects and Apparatus 

A total of  71 mice were utilized in Experiment 2. The sub- 
ject characteristics and apparatus specifications were identical 
to those described in Experiment IA. 

Procedure 

Mice were assigned to one of three treatment conditions 
and either a) received exposure to 360 foot-shocks on each of  
15 successive days (150 #A, 2-s duration, 9-s ITI), b) were left 
undisturbed in their home cage for 14 successive days and 
exposed to one session of  360 shocks on day 15, or c) were 
left undisturbed in their home cages for 15 successive days. 
Twenty-four hours following the last stressor session, mice 
were inoculated with SRBCs (106 cells) and 72 h thereafter 
mice in each group (n = 11 or 12/group) were subdivided and 
exposed to either one shock session (150 #A, 2-s duration, 9-s 
ITI) or were exposed to the shock apparatus without shock 
being delivered (1.1 h). Spleens were taken 96 h after inocula- 
tion for PFC determinations and trunk blood was collected 
for determinations of antibody titers. 

RESULTS AND DISCUSSION 

The mean PFC response as a function of the shock treat- 
ment is shown in Fig. 3. ANOVA confirmed that the PFC 
response varied as a function of the initial shock treatment 
x reexposure treatment interaction, F(2, 65) = 6.31, p < 
0.01. Newman-Keuls multiple comparisons (or = 0.05) of the 
means comprising this interaction confirmed that in pre- 
viously nonstressed mice exposure to foot-shock 72 h after 
SRBC inoculation resulted in a marked reduction of the PFC 
response. In contrast, the immunosuppression was absent in 
mice that were acutely exposed to the stressor 24 h prior to 
inoculation and reexposed to the stressor 72 h after immuniza- 
tion. In mice that received repeated exposure to a stressor over 
15 days, subsequent reexposure to the stressor did not result in 
the immunosuppression seen after acute foot-shock. In these 
animals, a small, although significant, increase of the PFC 
response was evident relative to that of  animals that had not 
been reexposed to the stressor. In effect, the repeated shock 
treatment not only prevented the reduction of  the PFC re- 
sponse ordinarily associated with acute foot-shock but actu- 
ally conferred a modest immunoenhancing effect in mice that 
were reexposed to the stressor. 
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FIG. 3. Mean (+SEM) splenic immunoglobulin (Ig)M plaque- 
forming cell (PFC) responses in mice exposed to either 15 sessions of 
foot-shock on successive days (chronic), a single session of foot-shock 
(acute), or no shock treatment (hiT). Mice were immunized with sheep 
red blood cells (SRBCs) 1 day after the final shock treatment and 72 
h later exposed to either a single shock session (shock) or to the shock 
apparatus without the shock being applied (cues). 

The reduction of antibody titers induced by acute foot- 
shock were smaller than that previously observed (33,34). In 
fact, while acute foot-shock applied 72 h following inocula- 
tion produced a small reduction of antibody titers, this effect 
was not statistically significant (see Table 2). The ANOVA 
did reveal, however, that the initial shock manipulation influ- 
enced antibody titers, F(2, 68) = 4.78, p < 0.05. Multiple 
comparisons conf'Lrmed that a single session of foot-shock 
applied 24 h prior to inoculation or repeated exposure to the 
stressor increased antibody titers relative to animals that had 
not been exposed to the stressor prior to SRBC treatment. 

EXPERIMENT 3 

The results of Experiment 2 confirmed that a chronic stres- 
sor regimen applied prior to antigen administration (terminat- 
ing 24 h prior to immunization) prevented the immunosup- 
pression ordinarily elicited by foot-shock administered 72 h 
after inoculation. In fact, this treatment promoted a signifi- 
cant immunoenhancement. Yet, in animals that received acute 
foot-shock treatment 24 h prior to inoculation the immuno- 
suppressive effect of subsequent foot-shock was also pre- 
vented. Thus, it is possible that the timing of the initial stres- 
sor treatment relative to inoculation may have contributed 

TABLE 2 

ANTIBODY TITER (LOG s + SEM) TO SRBCs IN MICE 
INITIALLY EXPOSED TO NO TREATMENT, ACUTE 

SHOCK, OR CHRONIC SHOCK AND 
REEXPOSED TO EITHER APPARATUS OR SHOCK 

Reexposure Treatment 

Initial Treatment Apparatus Shock 

No treatment 3.54 + 0.41 2.50 + 0.51 
Acute shock 4.84 + 0.46 4.23 + 0.57 
Chronic shock 4.23 + 0.54 4.50 + 0.61 

to the adaptation associated with a chronic stressor regimen. 
Accordingly, an additional experiment was conducted to es- 
tablish whether the effects of a chronic stressor that termi- 
nated 2 days prior to inoculation would influence the immuno- 
suppression engendered by a stressor applied 72 h after SRBC 
administration. 

METHOD 

Subjects and Apparatus 

A total of 62 mice were employed in Experiment 3. The 
subject characteristics and apparatus specifications were iden- 
tical to those described in Experiment 1A. 

Procedure 

In Experiment 3, mice were divided into one of three 
groups and were either a) exposed to foot-shock (parameters 
described in Experiment IA) on 13 successive days, b) left 
undisturbed in their home cage for 12 successive days and 
exposed to one session of shock on day 13, or c) left undis- 
turbed in their home cage. Forty-eight hours following the 
final shock session, mice were inoculated with SRBCs as pre- 
viously described and 72 h later were subdivided and exposed 
to either one session of shock (as described in Experiment 2), 
placed in the shock apparatus without shock being delivered 
(1.1 h), or left undisturbed in their home cage (n = six or 
seven/group). Spleens were taken 96 h after inoculation for 
PFC determinations and trunk blood was collected for deter- 
minations of antibody titers. 

RESULTS AND DISCUSSION 

ANOVA confirmed that the PFC response varied as a 
function of the initial shock treatment x reexposure treat- 
ment interaction, F(4, 53) -- 3.63, p < 0.05. As seen in Fig. 
4 and confirmed by Newman-Keuls multiple comparisons (c~ 
= 0.05), in the absence of any prior shock treatment exposure 
to foot-shock 72 h after SRBC inoculation resulted in a 
marked reduction of the PFC response relative to the non- 
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FIG. 4. Mean (+S.E.M) IgM-PFC response in mice exposed to 
chronic footshock on each of 13 successive days (Chronic), one ses- 
sion of shock on Day 13 (Acute) or no shock treatment (NT). Mice 
were immunized with SRBC on Day 15 and 72 hr later exposed to 
either a single session of shock (Shock), the shock apparatus without 
the shock being applied (Cues) or no treatment (NT). 
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stressed groups. Among mice that received acute foot-shock 
48 h prior to inoculation, neither subsequent apparatus expo- 
sure nor foot-shock treatment influenced the PFC response. 
In contrast, in mice that received the repeated foot-shock 
treatment reexposure to foot-shock 72 h after inoculation re- 
sulted in a small, but significant, enhancement of the PFC 
response. Evidently, if the initial stressor session and SRBC 
inoculation are separated by 48 h later exposure to stressor- 
related cues will not provoke the immunoenhancement ordi- 
narily elicited when the initial stressor and inoculation are 
administered in closer temporal congruity. In acutely stressed 
mice, later reexposure to the stressor at the 72-h interval did 
not elicit the immunosuppression, while in chronically stressed 
animals reexposure to the stressor itself resulted in a signifi- 
cant immunoenhancement relative to chronically stressed mice 
that had not been reexposed to the stressor. 

The effects of the stressor on antibody titers were in most 
respects comparable to the effects on the PFC response (see 
Table 3). The ANOVA revealed that antibody titers varied as 
a function of the initial stressor x reexposure treatment, F(4, 
57) = 5.43, p < 0.05. Newman-Keuls multiple comparisons 
(a = 0.05) indicated that in mice that had not been stressed 
prior to inoculation a marked reduction of antibody titers was 
induced by foot-shock applied 72 h after SRBC administra- 
tion. As in the case of the PFC response, the shock treatment 
applied to mice that had been exposed to the stressor 48 h 
prior to inoculation did not differ from that of mice that had 
not been reexposed to the stressor. However, reexposure to 
the apparatus in which mice had initially been shocked prior 
to inoculation resulted in a significant reduction of the anti- 
body titers. Finally, in chronically shocked mice reexposure 
to either the stressor or the cues associated with the stressor 
did not result in a reduction of antibody titers. In fact, upon 
reexposure to the stressor antibody titers exceeded those of 
mice that had initially received acute shock or no shock and 
were then exposed to foot-shock or animals that had received 
the chronic shock treatment and then were either not stressed 
or exposed to the cues associated with the stressor. Thus, it 
seems that an acute stressor applied 48 h prior to inoculation 
can, at most, limit the immunosuppression provoked by a 
subsequently applied stressor, while a chronic stressor treat- 
ment may favor the development of an immunoenhance- 
ment. 

TABLE 3 
ANTIBODY TITER TO SRBCs (LOG= + SEM) IN MICE INITIALLY 

EXPOSED TO NO TREATMENT, ACUTE SHOCK, OR 
CHRONIC SHOCK AND THEN EXPOSED TO NO TREATMENT, 

THE APPARATUS OR TO FOOTSHOCK 

Reexposure Treatment 

Initial Treatment No Treatment Apparatus Shock 

No treatment 5.28 + 0,84 5.14 + 0.26 2.71 + 0.56* 
Acuteshock 4.86 :t: 0.55 2.71 + 0.78* 3.55 + 0.53 
Chronic shock 5.14 + 0.51 4.62 + 0.42 6.71 + 0.52I" 

*p < 0.05 relative to mice initially left undisturbed in their home 
cage. 

i'p < 0.05 relative to mice that had initially received acute shock 
or no shock and were then exposed to foot-shock or animals that had 
received the chronic shock treatment and then were either not stressed 
or exposed to the cues associated with the stressor. 

GENERAL DISCUSSION 

As described earlier, although a stressor may alter the PFC 
response and antibody titers to SRBCs the nature of the im- 
munologic changes are dependent upon the time at which the 
stressor was applied, as well as the animal's stressor history. 
In particular, in the CD-I strain of mouse a marked immuno- 
suppression was induced when foot-shock was administered 
72 h after SRBC inoculation, whereas no such effect was evi- 
dent when the stressor was applied at other intervals prior 
to or following inoculation (33). As indicated earlier, similar 
observations were noted by other investigators (7,23) and 
there is reason to suppose that the timing of stressor adminis- 
tration may also be important in the growth of transplanted 
or virus-induced tumors (20,30) as well as the development of 
adjuvant arthritis (17). 

Although a stressor administered at or near the time of 
immunization did not affect the immune response, such a 
treatment influenced the response engendered by a subsequent 
stressor applied 72 h after immunization. If foot-shock was 
first applied immediately or 24 h following immunization, 
then the immunosuppressive effects of a stressor applied 72 h 
postinoculation was prevented. A similar, although less pro- 
nounced, effect was apparent if the initial stressor session was 
administered 48 h prior to SRBC inoculation. Interestingly, if 
animals were exposed to the stressor immediately or 24 h after 
immunization then reexposure to stressor-related cues 72 h 
after inoculation resulted in a significant immunoenhance- 
ment. In contrast, a stressor applied 48 h prior to inoculation 
resulted in an immunosuppression, just as such an effect was 
elicited by cues associated with a stressor that had been ap- 
plied 2 weeks prior to inoculation (34). It is conceivable that 
pairing a stressor with antigen exposure resulted in the estab- 
lishment of a compensatory immune response, which was sub- 
ject to conditioning-like processes (34). Accordingly, when 
animals were later reexposed to the cues this compensatory 
immunologic response was elicited. These results, like those 
of other investigators (8,16,19), indicate that stressor-related 
environmental cues may come to provoke immunologic 
changes. However, insofar as the PFC and antibody responses 
to SRBCs are concerned the proactive effect of a stressor is 
critically dependent upon its timing relative to antigen admin- 
istration. 

In assessing the effects of a stressor on the IgM PFC re- 
sponse, it should be considered that antigen-related sym- 
pathetic and central neurochemical alterations can occur at 
various time frames after immunization. For example, sympa- 
thetic ~-adrenergic) signals/stimulation occur during the 
early phases of the IgM PFC response and influence tbe peak 
immune response (25). Moreover, wc previously observed that 
around the time of the peak IgM response to SRBCs the utili- 
zation of norepincphrine 0WE) was increased in brain areas 
such as the hypothalamus and hippocampus (35), which may 
influence immune functioning (2). Hence, stressor administra- 
tion, which is known to affect ccntrai and peripheral mono- 
amine activity (2), when applied at some intervals following 
immunization might interact with antigen-related sympathetic 
and ncurochemical changes that would bc occurring simulta- 
neously and might thus come to affect the subsequent PFC 
response. 

In contrast to the immunosuppressive effect of acute stres- 
sor exposure, an adaptation occurred following a chronic 
stressor regimen. Similar outcomes were previously noted with 
respect to mitogcn-induccd T-cell proliferation (I0, I 1,18) and 
NK cell activity O0,14). It will be rccalied that stressor expo- 
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sure on successive days following immunization prevented the 
immunosuppression ordinarily associated with a stressor ap- 
plied 72 h after immunization. However, the extent of  such 
an effect was not different from that of  mice initially stressed 
on the day of  immunization. These data might be taken to 
suggest that the apparent adaptation associated with repeated 
stressor application was, in fact, simply a consequence of  a 
compensatory response associated with the stressor being ap- 
plied on the day of  immunization, rather than effects associ- 
ated with the repeated application of  the insult. It might like- 
wise be argued that compensatory mechanisms might account 
for the adaptation that is evident when the chronic stressor 
was applied prior to inoculation; that is, a chronic regimen 
that terminated within 24-48 h of  inoculation might engender 
a compensatory immunologic response upon subsequent reex- 
posure to the stressor (i.e., 72 h after inoculation). In the 
present investigation, the chronic stressor did not simply result 
in immune functioning returning to levels equivalent to that 
of  nonstressed animals. Rather, this treatment actually potent- 
iated immune activity well beyond that observed in the ab- 
sence of a stressor. In effect, it seems that the chronic stressor 
provoked dynamic variations that served to enhance immune 
activity. 

It should be underscored that the development of  the adap- 
tation in response to repeated insults may be dependent upon 
the background conditions upon which the stressor was ap- 
plied. It was reported (15) that the adaptation of  a mitogen 
response associated with a chronic stressor was not evident 
when the test stressor was administered in an environment 
different from that in which the adaptation had developed. 
Thus, these investigators suggested that the adaptation re- 
flected a situation-specific compensatory response that op- 
posed the effect ordinarily provoked by the stressor. The ad- 
aptation in the present investigation may likewise reflect such 
a compensatory process. However, the nature of  the immuno- 
logic changes observed in the present investigation were also 
dependent upon the timing of  stressor application relative to 
antigen administration. Accordingly, the adaptation apparent 
in the present investigation should be distinguished from the 
immunologic changes reported by Lysle and Cunnick (15) fol- 
lowing chronic stressor exposure. 

The mechanisms operative in provoking the stressor- 
provoked alterations of  immune functioning remain to be 
identified. While adrenal corticosteroids are certainly known 
to influence immune functioning, there is reason to suspect 
that corticosterone alterations associated with a stressor were 
not responsible for the results observed in the present investi- 
gation. In particular, using stressor parameters identical to 
those employed in the present investigation we observed that 

' such an adaptation was not evident with respect to plasma 
corticosterone concentrations (9,27). This should not be taken 
to imply that other adrenal factors do not contribute to stres- 
sor-provoked variations of  some components of  the immune 
system. Indeed, it has been reported (7) that although adrena- 
lectomy did not affect stressor-provoked alterations of  the 
PFC response, Ly-2 lymphocyte activity varied as a function 

of  the interaction of  time of  stressor application and adrena- 
lectomy. Moreover, it has been reported that the antibody 
response to SRBCs can be modified by sympathectomy elic- 
ited by systemic 6-hydroxydopamine (6-OHDA) treatment, 
but such an effect was pronounced only in animals that had 
undergone adrenalectomy (3). Further to the same issue, it has 
been reported that while acute administration of  the synthetic 
corticoid, dexamethasone, resulted in a suppression of  splenic 
lymphocytes no such effect was evident following repeated 
treatment with this compound (24). Thus, these investigators 
suggested that chronic stressor exposure may result in the de- 
sensitization of  lymphocytes to corticosterone. In contrast to 
this conclusion, however, it was reported that the adaptation of  
the lymphoproliferative response following a chronic stressor 
was not accompanied by alterations in the sensitivity of  lympho- 
cyte receptors for hypothalamic-pituitary-adrenal hormones, 
including corticotropin-releasing factor (CRF), corticotropin 
(ACTH), corticosterone, or dexamethasone (26). While corti- 
costerone may not be solely responsible for the immunosup- 
pressive effects of  an acute stressor and the adaptation associ- 
ated with a repeated stressor regimen, it may still be premature 
to reject a secondary or modulatory role for adrenal corticoids 
in affecting immune activity. 

It has been reported that while the mitogen response in 
blood may be adrenal dependent, the stressor-induced alter- 
ations of  the splenic mitogen response may be adrenal inde- 
pendent but influenced by catecholamines (5). Interestingly, 
the adaptation of  immune activity associated with a chronic 
stressor likewise appeared to be dependent upon the immune 
compartment examined (18). In particular, while an adapta- 
tion was evident with respect to the splenic mitogen response 
no such adaptation was apparent in blood. Hence, it is con- 
ceivable that corticoids may play a role in accounting for the 
variations of the mitogen response in blood, while catechola- 
mines are more intricately involved in determining the re- 
sponse in the spleen. Indeed, the central and peripheral NE 
changes associated with a stressor are subject to an adaptation 
with a chronic stressor regimen, while the variations of  plasma 
corticosterone are typically not diminished or are reduced to a 
lesser extent with repeated stressor application (1,2). Whether 
similar differentiations exist with respect to the splenic PFC 
response and plasma antibody titers remains to be determined. 
Given the parallels between the neurochemical (including NE, 
dopamine, and serotonin) and immunologic consequences of  
acute and chronic stressors (2), it is tempting to speculate that 
these physiological changes might be related to one another. 
Of course, at this juncture there is no evidence suggesting 
a causal relationship between the two, nor is it possible to 
differentiate the relative contributions of  the various neuro- 
transmitter alterations engendered by stressors. 
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