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We studied the effects of amitriptyline (preparation stimulating melatonin synthesis in the 
pineal gland) on daily variations of cell composition in immune organs of  Wistar rats with 
experimental desynchronosis. Amitriptyline administered in the evening restored the daily 
dynamics of the number of thymus cells. 
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Chronobiological approach extensively elaborated in 
biology and medicine allows us to understand the pa- 
thogenesis of various diseases and to optimize thera- 
peutic and preventive procedures [5]. Functional dis- 
orders in the body are preceded by shifts in normal 
biological rhythm [4]. The pineal hormone melatonin, 
whose synthesis depends on the light/dark regimen 
[1], regulates circadian rhythm in living organisms 
[6,8,13] and has immunomodulatory properties [9, 
12,14]. It was shown that various antidepressants, in- 
cluding monoamine oxidase inhibitors and tricyclic 
and atypical compounds, modulate melatonin synthe- 
sis. These drugs (in particular, amitriptyline) stimulate 
secretory processes in the pineal gland of experimen- 
tal animals [2]. 

Here we studied the synchronizing effect of arni- 
triptyline on the immune system of Wistar rats with 
experimental desynchronosis (constant light exposure 
for 14 days). 
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MATERIALS AND METHODS 

Experiments were performed on male Wistar rats 
weighing 150-200 g and living in a vivarium (In- 
stitute of  Clinical and Experimental Lymphology). 
Group 1 rats were kept under normal light/dark re- 
gimen. Group 2, 3, and 4 rats were exposed to con- 
stant light for 14 days and then kept under normal 
light/dark regimen. Group 4 rats were intramuscu- 
larly injected with 0.06 mg amitriptyline in 0.2 ml 
distilled water at 18:00 for 3 days starting from day 
1 of the normal light/dark regimen. Group 3 rats re- 
ceived 0.2 ml distilled water according to the same 
schedule. The animals (5 rats from each group) were 
decapitated at 10:00, 15:00, and 20:00, and the blood 
and lymphoid organs were taken. Cell suspensions 
were prepared from the thymus, spleen, and inguinal 
lymph nodes. Blood leukocytes and nuclear cells 
were counted in a Goryaev chamber. Blood smears 
were spread on slides, fixed with 96% ethanol, and 
stained by the method of Romanovsky--Giemsa. 
The leukocyte count was estimated. The results were 
analyzed by nonparametric Wilcoxon--Mann--Whit- 
ney test. 
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RESULTS 

We observed significant daily variations in the num- 
ber of blood leukocytes (p<0.05): this parameter was 
minimum at 10:00 and peaked at 20:00 (groups 2, 3, 
and 4) or 15:00 (group 1, Fig. 1, a). There were no 
intergroup differences in the number of blood leuko- 
cytes. 

The absolute number of lymphocytes underwent 
significant diurnal variations in all animals (Fig. 1, b). 
In control rats, the number of lymphocytes per 1 ml 
blood was minimum at 10:00 and increased by 15:00. 
In group 2 and 3 rats, this parameter in the evening 
surpassed the morning and midday values. In group 4 
rats, the absolute number of lymphocytes in the eve- 
ning surpassed that in the morning (p<0.05). No inter- 
group differences in this parameter were revealed. 

In group 1 rats, the number of thymocytes progres- 
sively decreased from 10:00 to 15:00 and then peaked at 
20:00 (p<0.05: 15.00-20.00, Fig. 2, a). In group 2 and 3 
rats, the number of thymocytes was maximum at 10:00 
and minimum at 15:00; at 20:00, this parameter ten- 
ded to increase. In group 4 rats, amitriptyline norma- 
lized daily variations in the number of  thymocytes, 
which became similar to those in group 1 animals. 
This parameter decreased at 15:00 and reached the 
maximum at 20:00 (p<0.05 for all periods). The evening 
concentration ofthymocytes in group 4 rats was higher 
than in groups 1, 2, and 3 (p<0.05). 

The number of splenocytes underwent significant 
diurnal variations only in group 1 rats. At 20:00, the 
number of  splenocytes in these animals was higher 
than in other rats (p<0.05, Fig. 2, b). 

Cell count in the inguinal lymph nodes was mi- 
nimum at 10:00. This parameter increased by 15:00 
(p<0.05), but decreased by 20:00. There were no sig- 

nificant differences between the morning-midday and 
evening values in rats exposed to constant light (Fig. 
2, c). Significant intergroup differences were observed 
only at 20:00 (Fig. 2, c). 

Thus, constant light exposure for 2 weeks attenu- 
ates (but not abolishes) diurnal variations of all stu- 
died parameters, which confirms the major (but not 
sole) role of light/dark regimen in circadian rhythms 
in the immune system. These data are consistent with 
our previous findings [3]. The desynchronizing effect 
of constant illumination is probably realized via sup- 
pression of diurnal rhythms of melatonin synthesis in 
the pineal gland [ 11 ]. It should be emphasized that 
complete recovery of circadian rhythms of cell com- 
position after amitriptyline-induced stimulation of me- 
latonin synthesis in the evening time was observed 
only in the thymus (central organ of T lymphopoie- 
sis). In the inguinal lymph nodes containing many T 
cells, this parameter only tended to normal. The ef- 
fects of amitriptyline on the spleen containing various 
cells (T and B lymphocytes, macrophages, and he- 
mopoietic cells) and blood (site of migration of lym- 
phoid subpopulations) did not differ from tile influ- 
ence of injection stress. These data suggest that the T 
and B cell-dependent immune mechanisms have vari- 
ous neuroendocrine synchronizers. Diurnal biorhythms 
of T cell populations are primarily regulated by mela- 
tonin. This assumption is confirmed by the data that 
pinealectomy leads to involution and disorganiTation 
of the thymus [7] and that T cells (mainly T helper 
cells) are the main targets for melatonin [10]. The syn- 
chronizing effect of amitriptyline on cell composition 
of the thymus can be mediated by more complex neu- 
roendocrine interrelations between melatonin and so- 
matotropin [15], gonadal steroid hormones [7], and 
opioid peptides [ 10]. Thus, administration of amitrip- 
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Fig. 1. Diurnal variations of the total number of leukocytes (a) and absolute number of lymphocytes (b) in intact rats (I) and in animals with 
experimental desynchronosis (2) injected with distilled water (3) or amitdptyline (4). Here and in Fig. 2:10:00 (light bars), 15:00 (dark bars), and 
20:00 (shaded bars), p<0.05: *compared to 10:00 (intragroup differences) and *compared to 15:00 (intragroup differences). 
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Fig. 2. Diumal variations of the number of cells in the thymus (a), 
sl~een (b), and inguinal lymph nodes (c) in intact rats (1) and animals 
with experimental desynchronosis (2) injected with distilled water (3) 
or amibiptyline (4). ~ compared to intact rats. 

tyline in the evening time normalizes diurnal bio-  
rhythms of  T cell proliferation and differentiation pro- 
bably  by  enhancing the nocturnal melatonin peak.  
Migration of  immune cells is less sensitive to ami- 
triptyline, because the number of  leukocytes and lym- 
phocytes in the peripheral blood undergoes only insig- 
nificant changes under these experimental conditions. 
It should be emphasized that the most drastic differ- 
ences between the control and experimental rats were  
observed in the evening time, which indicates the im- 
portance of  chronobiological approach in studying the 
effects o f  immunomodulatory factors. 
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