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FREIRE-GARABAL, M., M. .I. NUNEZ-IGLESIAS, J. L. BALBOA, J. C. FERNANDEZ-RIAL AND M. REY- 
MENDEZ. Effects of buspirone on the immune response to stress in mice. PHARMACOL BIOCHEM BEHAV 51(4) 821- 
825, 1995. -Several experiments were conducted to evaluate the effects of buspirone, a selective S-hydroxytryptamine-1A 
(5-HT,*) anxiolytic, on the immune system of mice exposed to a chronic auditory stressor. Daily injection with 0.5 and 1 mg/ 
kg (intraperitoneally) of buspirone resulted in a dose-dependent reduction in the stress-induced suppression of the natural 
killer (NK) cell activity and the in vitro and in vivo activity of phagocytosis. Higher doses of buspirone (2.0 mg/kg) showed 
less robust immunoenhancing effects in stressed mice, and caused a significant suppression of these immune parameters in 
unstressed mice. 

Buspirone Stress Natural killer (NK) cell activity Phagocytosis 

THE adverse effects of different schedules of stress on the 
number and functional capacities of T-cells in mice have been 
widely documented. Changes in the absolute number of lym- 
phocytes, T-lymphocytes, and T-helper and T-suppressor cells 
of rodents have been reported (14,34). Stress also interferes 
with several immune responses such as murine splenic cyto- 
toxic activity, both mediated by natural killer (NK) cells and 
cytotoxic T-lymphocytes (CTL) (3,19,23,24,28,31,34), the ac- 
tivity of phagocytosis (28), and the T-dependent antibody re- 
sponses (20). 

The effects of benzodiazepine agonist anxiolytics on the 
immune system have been widely documented. Benzodiaze- 
pines have been found partially to reverse the suppressive ef- 
fects of different schedules of stress on the NK cell activity 
and in vivo and in vitro activity of phagocytosis (13,18). Fur- 
thermore, the protective effects of benzodiazepines against the 
adverse effects of stress on cancer (16) and infection (17) have 
been demonstrated. 

Buspirone is an atypical anxiolytic drug that exerts its ac- 
tion at the receptor site other than GABA-benzodiazepine- 
chloride ionophore complex. Our preliminary data showed 
that buspirone partially reversed the suppressive effects of 

stress on T-cell populations and the blastogenic response of 
spleen cells to concanavalin A (Con A) (14). In this study we 
further investigated the effects of buspirone on the NK cell 
activity and in vitro and in vivo activity of phagocytosis in 
mice exposed to a chronic auditory stressor. 

METHOD 

Mice 

Four-week-old inbred male BALB/c mice (Interfauna Iberica 
S.A., Barcelona, Spain) were used. They were housed four per 
cage in well-ventilated rooms kept between 21 and 22OC and 
maintained on an alternating 12 L : 12 D cycle. Food (Panlab 
Diet A.03, Barcelona, Spain) and water were given ad lib. 

Procedure 

Mice were randomly dealed in four groups: group, unstim- 
ulated controls injected with placebo; group B, unstimulated 
mice injected with buspirone; group, stressed mice injected 
with placebo; and group D, stressed mice injected with buspir- 
one. Six animals per group were sacrificed for each determina- 

’ These results were originally presented at the Second Annual International Behavioral Neuroscience Society Conference, held in Clearwater 
Beach, Florida, USA, from April 22-25, 1993. 

’ Reprint requests should be addressed to Dr. Manuel Freire-Garabal, C/ Dr. Teijeiro 30A-7oD, 15701 Santiago de Compostela, Spain. 
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tion after 1, 2, 4, 8, and 16 days of stress application. The 
time of decapitation and collection of samples was always < 
5 min. 

Induction of Stress 

The mice were subjected to a broadband noise at about 100 
dB daily for 5 s/mm during l- or 3-h periods around midnight, 
at the height of the diurnal activity cycle (23). Unstimulated 
controls were exposed only to the normal activity of the ani- 
mal room. 

NK Assay 

Mice were sacrificed and their spleens were removed asep- 
tically. Spleen cells were obtained by gentle teasing in RPMI- 
1640 medium (Gibco Laboratories, Grand Island, NY). The 
cell suspensions were filtered through a Nytex mesh (Flow 
Laboratories, Irvine, Ayrshire, UK) washed once with RPMI- 
1640. The pellets were then resuspended in culture medium 
(CM). The CM was RPMI-1640 supplemented with 10% fetal 
bovine serum (Gibco), 200 mM L-glutamine (Gibco), 26 mM 
Hepes (Gibco), and 50 pg/ml gentamycin (Sigma Chemical 
Co., St Louis, MO. 

YAC-1 cells (ECACC, Salisbury, UK) were used as the 
target in the chromium-51 release assay. A suspension of 5 x 
106 YAC-1 cells in 0.9 ml CM was labeled with 100 &i of 
sodium chromate-51 (Incstar Co., Madrid, Spain) for 60 min 
at 37OC in a 5% CO2 incubator. Cells were then washed three 
times in RPMI-1640 and resuspended in the complete CM at 
the concentration of 1 x 105 cells/ml. 

The NK cell activity of murine effector cells was individu- 
ally estimated by 4-h chromium-5 1 release assay according to 
the procedures of Favalli et al. (14). Effector cells were ad- 
justed to varying concentrations and added to 1 x 104 chro- 
mium-51-labeled YAC-1 cells in U-shaped 96-well microtiter 
plates (Flow laboratories) in a total volume of 0.2 ml After 
incubation for 4 h at 37OC in a 5% incubator, the plates 
were centrifuged at 350 x g for 10 min; O.l-ml samples of 
supernatant were collected and their radioactivity was mea- 
sured (LKB Wallac 1275 y-counter, Barcelona, Spain). Assays 
were done in quadruplicate and the baseline cromium-51 re- 
lease never exceeded 105 of the total counts incorporated by 
target cells. Results are expressed as cytotoxicity obtained at 
three E/T ratios. One LU corresponded to the number of 
effector cells required to produce 20% specific lysis. Specific 
cytotoxicity was calculated as follows (12): SC = Test counts 
- (Baseline counts/min)/(Total counts/min incorporated) - 
(Baseline counts/min). 

In Vitro Phagocytosb of Macrophages 

Macrophages were collected by washing the peritoneal cav- 
ity with ice-cold PBS (0.1 M, pH 7.3). The peritoneal cells 
were washed twice with RPM1 culture medium (Gibco) by 
centrifugation (1000 rpm, 5 min, O°C) and finally resuspended 
in an adequate volume of RPM1 medium supplemented with 
10% heat-inactivated fetal calf serum (FCS; Gibco) to give a 
concentration of 1 x 106 nucleated cells/ml. Aliquots (1 ml) 
of this suspension were seeded in 35-mm Petri dishes and 
incubated at 37OC in a humidified 5% CO2 and 95% air incu- 
bator. Three hours later, nonadherent cells were washed off 
and 1 ml fresh medium containing 10% FCS was added. Zy- 
mosan was added to give 5 x 106 particles/ml, and incuba- 
tion was continued. Thirty minutes later, particle uptake was 
measured by light microscopy. Cells containing three or more 
zymosan particles were counted as phagocytic (28). 

In Vivo Phagocytosis of Macrophages 

Phagocytic activity was estimated by using the carbon 
clearance test (28). Carbon suspension (Pelikan cl 1/1432a, 
Madrid, Spain) was centrifuged at 5000 rpm for 15 min, and 
the supernatant was diluted threefold with sterile 1.5% gelatin 
saline to bring the carbon concentration to about 30 mg/ml. 
Diluted carbon suspension was injected at 0.1 ml/10 g body 
wt. into the tail vein of mice. After 0.5 and 10 min of injec- 
tion, a blood sample (0.05 ml) was collected by puncturing 
the retro-orbital venous plexus. Blood was hemolyzed by the 
addition of 1 ml 0.1 Vo Na&O, solution, followed by measure- 
ment of its optical density at 600 nm. The phagocytic index, 
K, was derived from the following equation (28): K = 1/ 
(tlo - &.s) log Co,&,, where Co,s and C,,, express the carbon 
concentration at times to,5 and t,,, respectively. 

Drug Treatments 

Buspirone was injected IP at different dose ratios (0.25, 
0.5, 1.0, and 2 mg/kg) in a volume of 1 ml/kg of vehicle. 
Control-unstressed and control-stressed mice were injected 
with 1 ml/kg of vehicle as placebo. Drugs were administered 
daily at 0930 h 15 days before, because of the delayed appear- 
ance of the drug’s effects (14), and during the whole period of 
stress application. 

Statistical Analysis 

Statistical analysis was performed using the Student’s t- 
test, x2 analysis, or one-way analysis of variance with group- 
ing of means by Fisher’s least-significant difference method. 

FIG. I. NK-cell activity of spleen cells collected from stressed mice 
injected with placebo or buspirone. Lytic units (LU) per spleen were 
calculated by linear regression analysis. One LU corresponded to the 
number of effector cells required to produce 20% specific lysis. Values 
represent the mean values f SE of three assays per spleen in six mice. 
L&,/spleen values for unstimulated controls were 215.7 f 17.2. Dif- 
ferences between stressed mice injected with placebo and stressed mice 
injected with 0.5 and 1 mg/kg buspirone were significant. Differences 
between stressed mice injected with placebo and stressed mice injected 
with 2.0 mg/kg buspirone were not significant except on the 2nd 
day after stress application. Unstressed mice injected with 2 mg/kg 
buspirone showed a significant decrease in the NK-cell activity until 
the 2nd day of assays. Significance was achieved at p < 0.05. 



BUSPIRONE AND IMMUNITY 823 

RESULTS 

Natural killer cytotoxicity, expressed as L&/spleen f 
SE, was reduced in stressed mice injected with placebo in 
comparison with unstressed controls (Fig. 1). Treatment with 
0.5 and 1 mg/kg buspirone resulted in a dose-dependent re- 
duction of the stress-induced suppression of the NK cell activ- 
ity. By contrast, higher doses of buspirone (2 mg/kg) did not 
significantly affect the NK cell activity of stressed mice, unless 
on the 2nd day after stress application. Unstressed controls 
injected with 2 mg/kg buspirone only showed a significant 
decrease in the NK cell activity until the 2nd day of assays. 

Figure 2 shows the results of the in vitro phagocytic activity 
of peritoneal macrophages. Although the same number of 
macrophages were cultured in all experimental groups, the 
number of macrophages containing zymosan particles were 
significantly reduced in stressed mice injected with placebo. 
Treatment with 0.5 and 1 mg/kg buspirone also reduced the 
suppressive effects of stress in a dose-dependent manner; 
meanwhile, higher doses of this compound (2 mg/kg) only 
reduced the suppressive effects of stress after 2 and 4 days of 
stress application. Treatment with 2 mg/kg buspirone reduced 
the percentage of particle uptake of macrophages in un- 
stressed mice. 

In vivo studies also showed a decrease of the carbon clear- 
ance in stressed mice (Fig. 3). The PI was also promoted in a 
dose-dependent manner by the administration of 0.5 and 1 
mg/kg buspirone. By contrast, lower protective effects were 
observed after the administration of 2 mg/kg of this com- 
pound, unless on the 1st day after stress application, when no 
differences were appreciated between placebo and buspirone. 
Suppressive effects of 2 mg/kg buspirone in unstressed mice 
were also observed. 

DISCUSSION 

We observed that stress powerfully inhibited natural and 
specific cellular immune responses. A significant reduction of 
NK cell activity was observed during all the period of stress 
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FIG. 2. In vitro activity of phagocytosis. The results represent the 
mean f SD of six animals. Differences between groups were signifi- 
cant at p < 0.01. Treatment with 0.5 and 1 mg/kg buspirone was also 
found to reduce the suppressive effects of stress in a dose-dependent 
manner; higher doses of this compound (2 mg/kg) only reduced the 
suppressive effects of stress on the 2nd day of stress application. 
Treatment with 2 mg/kg buspirone reduced the percentage of particle 
uptake of macrophages in unstressed mice. Differences were consid- 
ered significant at p < 0.05. 
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FIG. 3. Effect of buspirone on carbon clearance activity in stressed 
mice. The results represent the mean * SD of six animals. Treatment 
with 0.5 and 1 mg/kg buspirone resulted in a dose-dependent reduc- 
tion of stress-induced suppression of NK-cell activity. The 2-mg/kg 
dose of buspirone did not significantly affect the PI except on the 2nd 
day of stress application. Suppressive effects of 2 mg/kg buspirone 
in unstressed mice were observed. Significance was achieved at p < 
0.05. 

application in comparison with unstressed controls. The in 
vitro and in vivo activity of phagocytosis was also affected. 
Our results are in good agreement with those previously re- 
ported by other authors (3,19,23,24,28,31,34). 

The mechanism by which stress inhibits the cellular im- 
mune response has been widely studied. A molecular basis for 
bidirectional communication between the immune and neuro- 
endocrine systems has been described (7,8). Cell-to-cell com- 
munications between the immune and the neuroendocrine sys- 
tems are primarily mediated by hormones and neuropeptides 
that reach lymphoid organs and cells through the vascular 
system or directly through the autonomic connections between 
nerve endings and lymphoid organs (1,ll). Receptor sites are 
present in lymphoid cells for many hormones and neurotrans- 
mitters (9,38). In this respect, a number of molecules pro- 
duced by cells of the nervous system such as ACTH, PRL, 
opioid peptides, GH, TSH, AVP, CRH, dynorphin, dopa- 
mine, and others have been found to modulate immune func- 
tions. 

On the other hand, humoral factors generated by the im- 
mune system such as thymic peptides and lymphokines modu- 
late neuroendocrine functions. In addition, in the course of 
lymphocyte activation, lymphoid cells may produce hormonal 
substances very much like those produced by the hypophysis, 
such as ACTH, TSH, GH, PRL, gonadotrophin, and /3- 
endorphin (6,9,38,39). 

Treatment with buspirone affected the immune response to 
stress. Dose-related protective effects of this compound on the 
NK cell and the phagocytic activities of stressed mice were 
found when administered at 0.5-l mg/kg, whereas if adminis- 
tered at higher doses (2.0 mg/kg), this effect was significantly 
smaller. In some cases, there were no significant differences in 
comparison with stressed mice injected with placebo. Further- 
more, suppressive effects of buspirone on the NK cell activity 
and on the in vitro and in vivo activity of phagocytosis were 
found when injected at 2.0 mg/kg in unstressed mice. 

In comparison with benzodiazepines, the effects of buspir- 
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one on the immune system are lower in intensity and delayed 
in time. As shown in a previous experiment (14), it is necessary 
to initiate drug administration 15 days before the exposure to 
the stressor to observe differential effects on immune parame- 
ters. 

The mechanism of action of buspirone on the immune sys- 
tem may be either direct or indirect. Buspirone is a 5-HT,, 
agonist anxiolytic with moderate affinity for D, and a-recep- 
tors (22). It is also important to note that I-(2-pyrimidinyl)-pi- 
perazine (l-PP), the metabolite of buspirone, has potent LX*- 
antagonist activity (5). 

Although direct effects of buspirone (at target cell) should 
not be excluded, one can hypothesize that the regulation of 
the immune response may result from a mediator involved in 
expressing the drug’s effect. The role of 5-HT,, receptors and 
the potential agonists in the regulation of hormone secretion 
is beginning to be determined. Buspirone has been found to 
increase plasma ACTH and corticosterone-cortisol concentra- 
tions in rodents and humans (22). In addition, I-PP increases 
corticosterone secretion. Buspirone also decreases GH (33) 
and TSH secretion (10). These data are in accordance with our 
present results on the suppressive effects of the 2.0-mg/kg 
dose of buspirone on the immune system of unstressed mice. 

By contrast, the ability of buspirone to reduce the stress 
elevation of hormone secretion has not been clearly estab- 
lished (22). In a previous report, we observed that the protec- 
tive effects of 1 mg/kg buspirone on T-cell immune responses 
were accompanied by a proportional reduction in ACTH lev- 
els of stressed mice (14). Because a rise in plasma corticoste- 
rone concentrations, via ACTH secretion, has an easily de- 
monstrable destructive effect on specific cells and tissues that 
are required for optimum immunologic defense (2,21,25,29, 
30,32,35), the buspirone-induced decrease in ACTH levels 
should partially help to explain the immunoprotective effects 
of this drug. Interestingly, other authors (22) found that the 
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stress-induced increase in corticosterone secretion was inhib- 
ited by the 0.5-mg/kg (IP) dose but not by the 2.0 mg/kg (IP) 
dose of buspirone, which increased corticosterone secretion in 
stressed rats. 

Other neuroendocrinologic effects of buspirone in stressed 
mice should affect the immune system. For example, buspir- 
one has been found to enhance PRL secretion in unstressed 
rodents (27) but produces a dose-dependent attenuation of the 
stress-induced increase in PRL secretion (5,22,36). Prolactin 
has well-known immunoenhancing effects. Chemical blockade 
of PRL release has been found to abrogate T-lymphocyte- 
dependent activation of macrophages as well as the produc- 
tion of lymphocyte interferon following inoculation with liste- 
ria or mycobacteria (4), and suppresses T-lymphocyte prolifer- 
ation, delayed cutaneous hypersensitivity, and the in vivo 
tumoricidal activation of peritoneal macrophages (26). There- 
fore, many questions still need to be addressed to fully under- 
stand the pathways by which buspirone may regulate the im- 
mune response to stress. 

In recent years, there has been a growing concern regarding 
the effects of stress on cancer. Because it has been pointed 
out that reduced cell-mediated immunity may adversely affect 
cancer (28), our present data are consistent with the hypothesis 
of the beneficial effects of buspirone on the host surveillance 
to destroy the transformed malignant cells during their im- 
munologically vulnerable stage. In this regard, our previous 
studies showed beneficial effects of buspirone against the fa- 
cilitatory response of MTV-induced tumors to stress (15). 
Nevertheless, biologic significance and health relatedness 
should be assessed. 
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