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pression of AFP and AG A.2/3 will be established in 
further investigations. 
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In aggressive C57B1/6 mice, the immune response is shown to be enhanced after 20 
confrontations with submissive mice. In submissive mice, the response is inhibited after 
10-20 confrontations with aggressive partners. It is concluded that stimulation and inhibition 
of the immune response are associated with the formation of a neurochemical set which is 
dopaminergic in aggressive mice and serotoninergic in submissive ones. 
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There is evidence that experimental stressful situa- 
tions affect immune reactions [4,6]. Changes in the 
immunoreactivity of animals manifesting natural forms 
of behavior such as aggressiveness and submissiveness 
as a result of zoosocial conflicts have not been in- 
vestigated in sufficient detail. During aggressive con- 
frontations associated with protection of territory, the 
titers of IgE antibodies in submissive rats are lowered 
in response to a protein antigen [10], while in sub- 
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missive C57B1/6 and DBA mice the production of 
IgM antibodies is suppressed [12]. It was demon- 
strated that "high social rank" rats are resistant to 
infection [11]. Using a model of sensory contact, we 
showed that the experience of a 10-day-long con- 
frontation stimulates the immune response in ag- 
gressive but not in submissive CBA mice in com- 
parison with that in mice which did not participate 
in conflicts. The immune response was inhibited in 
submissive C57B1/6 males after 10 defeats and was 
not stimulated in aggressive males after 10 victories 
[1]. With the use of various models it was shown that 
aggressive behavior is accompanied by activation of 
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Fig. 1. Changes in the number of rosette-forming cells 5 days after 
immunization of C57BI/6 mice with sheep erythrocytes (SX 108 cells/ 
animal) after 10 (a) and 20 (b) confrontations. C = control mice; A 
= aggressive mice; S = submissive mice. *p<0.01, **p<0.001 in 
comparison with the control group. 

the dopaminergic system in the brain [7,13], whereas 
the formation and consolidation of  submissive be- 
havior are associated with changes in the content and 
metabolism of serotonin [5]. An immunomodulating 
effect exerted by the dopaminergic and serotoninergic 
systems upon their interaction was demonstrated.  
This interaction leads to the predominance of one 
system, implying that a particular neurochemical set 
has been established in the brain [2]. 

It can be hypothesized that a neurochemical set 
sufficiently strong to stimulate the immune response 
is not established in aggressive C57B1/6 mice after 
10 confrontations with submissive partners. There- 
fore, in order to enhance the neurochemical set the 
number of  confrontations was increased. 

MATERIALS AND METHODS 

A total of  80 male C57B1/6 mice aged 2.5-3 months 
and weighing 23-24 g were used. They were main- 
tained under standard conditions in cages for 8-10 
animals. Before experiment, the mice were placed in 
individual cages for 3 days to remove the group 
influences. Then two mice of equal body weight were 

placed in a metal cage divided into two equal com- 
partments by a transparent partition with holes in it 
so that they could see each other and perceive each 
other 's smell. After 2 days, the partition was re- 
moved, which started the confrontation. Confronta- 
tions (10 min long, once daily) were continued for 
a 20-day period. Victory or defeat was consolidated 
during the following 3 days through contacts with the 
same adversary. The submissive partner was replaced 
every day by another "loser," while the aggressive 
mouse was left in its compartment .  Mice kept in 
individual cages for 7 days to remove the group in- 
fluences served as controls. Five groups were formed: 
control males without any experience of  confronta- 
tions (group 1), aggressive males with the experience 
of victories in 10 or 20 confrontations (group 2 and 
group 3, respectively), and submissive males with the 
experience of  defeats in 10 or 20 confrontat ions 
(group 4 and group 5, respectively). On day 20 after 
daily confrontations, mice were immunized intra- 
venously with a suspension of  sheep erythrocytes 
(5x10 s cells per mouse). The intensity of immune 
response was evaluated on day 5 after immunization 
by counting rosette-forming cells (RFC) [3] and 
plaque-forming cells (PFC) [8] in the spleen. 

In order  to maintain the established type of  
behavior, the mice were subjected to daily confronta- 
tions until the last day before sacrifice. 

The results were analyzed by Student's t test. 

RESULTS 

On day 5 after immunization, the number of RFC 
in the spleen of aggressive C57B1/6 males who had 
experienced 20 victories was significantly higher than 
that in the controls (Fig. 1). The level of  rosette 
formation in these mice was much higher than that 
in aggressive mice with the experience of 10 victories, 
which agrees with our previous findings [1]. In sub- 
missive mice with the experience of 20 defeats, the 
immune response was significantly below the control 
level but differed little from that in submissive mice 
with the experience of 10 defeats. Similar changes 
were revealed in immune response evaluated by the 
number of  PFC (Table 1). 

TABLE 1. Numbers of Plaque-Forming Cells (PFC) in Aggressive and Submissive C57BI/6 Mice Immunized with Sheep Erythrocytes in a 
Dose of 5x108 Cells (/I//-J:m) 

Group Number of PFC, x l06  Number of PFC per spleen 

Control mice (n=17) 189.05+13.4 19407.5+1079.08 

Aggressive mice (n=15) 245:7+21.3" 27348.5+3361.8" 

Submissive mice (n=10) 107.9+13,1"* 12195.4_+1970.5"* 

Note. *p<0.05, **p<0.01 in comparison with the control group. 
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From these findings it can be concluded that the 
experience of victories or defeats led to the formation 
of opposite behavioral stereotypes (aggressiveness and 
submissiveness) in C57B1/6 mice and stimulation of 
immune reactions in aggressive mice and inhibition 
in submissive mice. 

Immune response was stimulated in C57B1/6 
males with the experience of 20 but not 10 victories. 
Since the activity of the dopaminergic system is 
enhanced in animals with an aggressive type of be- 
havior [7,13] and this system is involved in the stimula- 
tion of immunogenesis [9], the enhanced immune 
response in C57B1/6 males with the experience of 20 
victories may be associated with the brain dopa- 
minergic mechanisms. Aggressive C57B1/6 mice with 
the experience of only 10 victories did not develop 
a dopaminergic set sufficiently strong to stimulate the 
immune response. On the other hand, inhibition of 
immune response in submissive C57B1/6 males with 
the experience of 20 defeats was similar to that in 
submissive mice with the experience of I0 defeats. 
This suggests an earlier development of the sero- 
toninergic set in submissive animals with activated 
serotoninergic mechanisms [5]. Due to earlier forma- 
tion of this set they showed a reduced immune re- 
sponse after both 10 and 20 confrontations with an 

aggressive partner. This agrees with the higher levels 
of serotonin in the hypothalamus and brain stem in 
C57B1/6 mice compared with mice of other strains. 
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