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The spleens of CBA mice stressed by being immobilized for 3 h in the supine position 
and then immunized with sheep erythrocytes showed evidence of immunosuppression 
manifested in reduced numbers of plaque-forming celIs on day 4 and of rosette-forming 
cells on day 5 after the stress and immunization. The depletion of serotonin stores in the 
brain caused by p-chlorophenylalanine administered 48 h before stressing the animals 
abolished immunosuppression under the action of immobilization stress, and a similar 
effect resulted from the activation of postsynaptic dopamine receptors D l and D: by 
apomorphine injected at 30 min before stress. The prevention of immunosuppression ob- 
served to occur when the balance between the serotoninergic and dopaminergic systems 
was shifted so that the latter system became predominant, suggests that the stress reduc- 
es immune reactivity by altering the brain's neurochemical pattern and interfering with 
the mechanisms of neuroimmunomodulation. 
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It is evident from what is currently known about 
relationships between the brain, psyche, and en- 
docrine and immune systems [3,6,10,11] that im- 
pairment of the mechanisms underlying neuroim- 
munomodulation may result in altered immune re- 
activity. Immunological functions can be compro- 
mised by stressors of different kinds [8,15]. Al- 
though the neurochemical pattern of the brain after 
stressful exposure varies with the nature of stressor 
[1], serotonin synthesis and the activity of serot- 
oninergic neurons increase in response to a number 
of stressors, including immobilization [8,9,12,13], 
while the dopamine level then remains unchanged 
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or declines [4], but the rate of dopamine metabo- 
lism may rise in some brain structures [5]. Studies 
carried out at our institute have provided informa- 
tion on the importance for immune response de- 
velopment of a balance between the serononiner- 
gic (immunosuppressing) and dopaminergic (immu- 
nostimulating) systems at the time when antigen 
enters the body [3,11]. We showed also that a phar- 
macologically elicited elevation of the dopaminer- 
gic system's activity in stressed old C57B1/6 mice 
can raise their immune response to the level cha- 
racteristic of unstressed young animals [2]. Altering 
the brain's neurochemical pattern by pharmacologi- 
cal means may therefore be expected to open new 
avenues for preventing stress-induced immunosup- 
pression. 
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MATERIALS AND METHODS 

A total of 113 male CBA mice aged 2.0-2.5 months 
was used, divided into six groups as follows: control 
mice given only physiological saline (group I); stressed 
mice immunized immediately after the stress (group 
II, which also received saline); mice given the tryp- 
tophan hydroxylase blocker p-chlorophenylalanine (p- 
CPA; Calbiochem-Behring Corp.) at 500 mg/kg 48 h 
before immunization (group III); mice given p-CPA 
in the indicated dose 48 h before being stressed and 
immunized immediately thereafter (group IV); mice 
given apomorphine (1 mg/kg), an agonist of postsyn- 
aptic dopamine receptors D~ and D v 3.5 h before im- 
munization (group V); mice given apomorphine at 1 
mg/kg 30 rain before stress (3.5 h before immuniza- 
tion) (group VI). Animals were stressed by being im- 
mobilized on the back with rubber bandages for 3 h 
(from 09:00 until 12:00 h), and they were immunized 
with 5x 10 8 sheep erythrocytes. There were no less than 
10 mice per group. 

The immune response was evaluated at its peak 
in the spleen of mice by counting plaque-forming 
cells (PFC) on day 4 and rosette-forming ceils 
(RFC) on day 5 after immunization [11]. 

The effects from the stress and the compounds 
used were estimated by Student's t test. 

RESULTS 

The three-hour immobilization of mice in the supine 
position resulted in a strong inhibition of the immune 
response. Thus, the number of PFC per 10 6 cells as 
well as their number per spleen were decreased by 
more than a half as compared to the unstressed con- 
trols, and the spleen weight also decreased (Table 1: 
gr. II vs. gr. I), as did, almost by a factor of IV, the 
number of RFC per 10 3 cells (Table 2). 

p-CPA in high doses produces a long-lasting 
depression of serotonin levels in the brain, which 
reached its maximum on day 2 postadministration 

[14]. Elevation of serotonin synthesis in stressed an- 
imals was prevented by preinjecting them with p- 
CPA [13]. In our study, no immunosuppression was 
noted in group IV injected with p-CPA at 500 mg/ 
kg 48 h before the immobilization stress: PFC counts 
per 106 cells and per spleen in this group did not 
differ significantly from those in the p-CPA-treated 
unstressed group III and were approximately two times 
as high as in the p-CPA-untreated stressed group I1 
(Table 1), while RFC counts were significantly higher 
than in the control group and in group III (Table 2); 
group IV did not differ from the control group in 
spleen weight (Table 1). In contrast to the findings of 
our study, p-CPA treatment in small doses during a 
four-day period of chronic stress caused no change in 
the immune response in comparison with untreated 
stressed animals [8]. The effect of p-CPA on the im- 
mune response probably depends on its doses and the 
time of its administration in relation to the day of im- 
munization. 

p-CPA was shown previously to stimulate the im- 
mune response via the dopaminergic system: when the 
postsynaptic dopaminergic receptors were blocked by 
haloperidol, no stimulation was observed [3]. 

In animals stressed by immobilization, the ac- 
tivity of the serotoninergic system is, as noted above, 
elevated, whereas that of the dopaminergic system 
remains unchanged or is lowered [4,9]. Significant 
falls of dopamine were recorded in brain areas Aj, 
A~x, and A x (by 56% in Alx) in rats exposed to im- 
mobilization stress for 6.5 h [4]. Since the nigro- 
striatal dopaminergic system participates in neuroim- 
munomodulation [10], the recorded immunodepres- 
sion could be associated with reduced activity of the 
dopaminergic system. We observed normalization of 
the immune response upon activation of this sys- 
tem in stressed old C57B1/6 mice [2] having low- 
ered dopamine levels and reduced densities of D~ 
and D 2 dopaminergic receptors. In the present stu- 
dy, the postsynaptic dopamine receptor apomorphine 
injected into young CBA mice at 1 mg/kg [7] before 

T A B L E  1. Effects of Stress and p-Chlorophenylalanine (p-CPA) on the Plaque-Forming Cell (PFC) Count and Spleen Weight in CBA Mice on 
Day 4 after Stress and Immunization with Sheep Erythrocytes (5x10 s) (M~m; n=10 in each group) 

Parameter 

PFC count/106 cells 

PFC count/spleen 

Spleen weight, mg 

Groups 

I 

control 

56.6• 

23505• 

92• 

II 

stress 

140.2• 

10073,8• 

71.8• 

I 
III 

p-CPA 

350.7• 

33115.6• 

94.2• 

IV 

p-CPA+stress 

255.1• 

22851.9• 

90.7• 

Note. Here and in Table 2: p<0.001: *in comparison with group I; **in comparison with group II. 
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TABLE 2. Effects of p-Chlomphenylalanine (p-CPA) and Apomorphine on the Immune Response in Stressed CBA Mice on Day 5 after Immunization 
with Sheep Erythrocytes (5x10 a) (/V/J:m) 

RFC count per 103 cells in the six groups 

I I II Ill I IV V Vl 
I 

contro~ stress p-CPA p-CPA+stress apomorphine apomorphine+stress 

18.7+1.3 (15) 8.5+0.6* (18) 32.7+2.3* (10) 22.0+0.3 .... (10) 6.5+1.1" (10) 18.5+0.7"* (10) 

Note. Figures in parentheses are the number of animals. 

stress was found to abolish its immunosuppressing ac- 
tion; the RFC count in this group VI) was almost the 
same as in the control group (Table 2). 

The results of  this study, together with the previ- 
ously reported information on the role of neurotrans- 
mitter systems and on their interaction in the process 
of neuroimmunomodulation [3,10], suggest that stress 
decreases immunological  reactions by altering the 
brain's neurochemical pattern dominated by the se- 
rotoninergic system. When this system is depleted or 
dopamine receptors are activated, the balance be- 
tween the serotoninergic and dopaminergic systems 
shifts so that the latter system, which, as we showed 
earlier [10], is immunostimulating, comes to predom- 
inate. Pharmacological agents targeting particular 
neurochemical systems of the brain may bring about 
reconstitution of the normal immune status. 
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