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Daily variations of catecholamine concentrations in the blood and lymphoid organs in Wistar 
rats were revealed. Daily fluctuations of epinephrine and norepinephrine levels in the spleen 
and blood were synchronous. Circadian variations of epinephrine in the thymus, lymph nodes, 
and plasma were synphasic. A relationship between neurotransmitter concentrations and ex- 
pression of [3-adrenoceptors on thymic and splenic lymphocytes was noted. 
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Neuroimmune relationships is a pressing problem with- 
in the framework of regulation of the immune func- 
tions. At present, several neuroendocrine pathways 
affecting the immune homeostasis are distinguished, 
one of which is the hypothalamus--fasciculus longi- 
tudinalis--postganglionar sympathetic fibers--lym- 
phoid cells axis [8]. The sympathetic component of the 
autonomic nervous system is widely presented in lym- 
phoid organs [4], and catecholamines produced by 
nerve endings regulate proliferation and differentiation 
of immunocompetent cells via specific membrane re- 
ceptors [7,9,11]. On the other hand, lymphoid cells 
produce neuroactive substances, including catechola- 
mines [2]. The role of lympho- and monokines in the 
realization of immunoneuroendocrine relationships has 
been demonstrated [6]. 

The functions of the immune and neuroendocrine 
systems are characterized by biological rhythms of ac- 
tivity [3,10]. However, reports about the temporal as- 
pects of neuroimmune relationships are scanty. We in- 
vestigated the circadian rhythms of epinephrine, nor- 
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epinephrine (NA), and [3-adrenoceptor ([3-AC) levels in 
the blood and lymphoid organs. 

MATERIALS AND METHODS 

Experiments were performed on male Wistar rats weig- 
hing 150-250 g (Rappolovo Breeding Center). The 
animals were kept in a vivarium with constant light- 
darkness regimen (light 8.00-20.00, darkness 20.00- 
8.00). The rats were decapitated at 7.00, 11.00, 13.00, 
15.00, 19.00, 23.00, 1.00, and 3.00. Blood was stabi- 
lized with 10% EDTA, the plasma was separated by 
centrifugation and frozen. Lymphoid organs (thymus, 
spleen, and lymph nodes) were isolated immediately 
after decapitation, weighed, and frozen in liquid nitro- 
gen. The levels of epinephrine and NA in the blood 
and lymphoid tissue were evaluated by high-perfor- 
mance liquid chromatography with electrochemical 
detection [12]. Catecholamines were extracted from 
lymphoid tissue homogenates and plasma by adsorp- 
tion on aluminum oxide in alkaline Tris-buffer fol- 
lowed by desorption with 0.2 M HC104 [1]. For [3-AC 
assay, the thymus and lymph nodes were gently crushed 
in a glass homogenizer on the cold, blood and splenic 
lymphocytes were isolated by centrifugation in Ficoll- 
Uropolin density gradient (d=1.076). Tritium-labeled 
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[3-adrenoblocker dihydroalprenolol was used as a 13-AC 
ligand. Radioligand assay was carried out using a pre- 
viously described method [5] with minor modifica- 
tions. The results were processed ttsing the Student, 
Wilcoxon--Mann--Whitney, and Spearman rank corre-  
lation tests. 

RESULTS 

Circadian variations in the level of  catecholamines in 
the plasma and lymphoid organs were revealed. In the 
plasma, a significant increase in epinephrine and NA 
levels was recorded at 15.00 and their minimum level 
at 3.00. In the thymus and mesenteric lymph nodes, 
the content of  NA little varied over 24 h, while epi- 
nephrine level in the thymus increased at 13.00-19.00 
and gradually decreased at 23.00-3.00. The highest 
level of  epinephrine in lymph nodes was recorded at 
7.00. Synchronous changes in epinephrine and NA 

levels were detected only in the spleen ( r=0.78,  
p<0.05), where the minimum concentrations of both 
neurotransmitters were observed at 11.00 and the 
maximum at 19.00 for NA and at 21.00 for epineph- 
rine (Fig. 1). 

Analysis of  correlations showed a synchronous 
time course of  epinephrine concentration in the thy- 
mus, mesenteric lymph nodes, and plasma (r=0.67, 
p<0.05). Circadian changes in NA level in lymphoid 
organs and blood did not correlate. 

The mean daily levels of  both neurotransmitters 
were the highest in the spleen and the lowest in the 
plasma (Fig. 2). 

[3-AC assay in lymphocytes at 11.00 showed that 
cells of  different lymphoid organs express different 
number of  ]3-AC: 15,620 in the spleen, 7640 in lymph 
nodes, and 3500 in the thymus, while their dissocia- 
tion constants (K~) were 12.4, 11.4, and 12.5 nM, 
respectively. At 15.00, the number of  [3-AC in the 
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Fig. 1. Circadian rhythms course of epinephrine and norepinephrine concentrations in the blood and lymphoid organs of Wistar rats. Absdssa: 
time. *,*Differences are significant (p<0.05). Here and in Fig. 2: Ordinate: neurohormone content in the plasma (ng/ml) and lymphoid organs (ng/g). 
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Fig. 2. Mean 24-h content of epinephrine and norepinephrine in the plasma (ng/ml) and lymphoid organs (ng/g) of Wistar rats. *p<O.05 vs. the 
spleen. 

thymus increased to 6740 receptors/cell, and simulta- 
neously high-affinity receptors appeared (Kd=0.73 nM, 
up to 1900 receptors/cell). 

A relationship between the concentration of neuro- 
transmitters and the number of [3-AC on thymocytes 
was revealed: the rise in epinephrine concentration in 
the thymus (at 15.00) was paralleled by an increase in 
the number of [3-AC on thymocytes. Hence, potential 
response of immunocompetent cells to a regulatory 
stimulus from the sympathetic nervous system is de- 
termined by the concentration of  the corresponding 
neurotransmitter in this lymphoid organ at a certain 
time of the day. 

These findings are in line with our previous data 
on circadian rhythms of the immune response in mice 
[3]: minimum formation of antibody-producing cells 
in the spleen was observed after immunization in the 
evening and at night. Assuming that mice and rats 
have the same biorhythms of  physical activity and 
similar circadian rhythms of catecholamine concentra- 
tions in lymphoid organs and blood, we can see a neg- 
ative correlation between the level of  immune re- 
sponse and epinephrine and NA concentrations in the 
spleen at the moment of  immunization. This agrees 
with the data on increased immune response and in- 
terleukin production in mice after chemical sympath- 
ectomy [9]. 

Thus, chronobiological parameters of the immune 
and neuroendocrine systems are closely related, which 

is important for the regulation of the immune status 
and immune reactions. 
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