tosis. The accessibility of the test and the possibility of rapid and objective evaluation make its introduction
into scientific research and practical medicine well worth while.
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SEASONAL VARIATIONS IN THE CATECHOLAMINE CONCENTRATION
IN THE ALBINO RAT BRAIN

M., Ya. Otter and L. B, Nurmand UDC 612.82:612.452.018%"32"

Seasonal changes in the concentrations of dopamine (DA), noradrenalin {NA), and homovanillic
acid (HVA) in the forebrain and diencaphalon were studied in 258 Wistar albino rats. Experi-
ments were carried out monthly for six years. The concentrations of DA, NA, and HVA in
the brain changed significantly in the course of the year, and in both parts of the brain the
changes were in the same direction. The DA concentration in the winter and spring months
was higher than the average for the year, whereas in summer it was lower. The NA con-
cenfration was much higher in spring (by one-third in the diencephalon) than the mean values.
In the summer months (June-August) the average NA concentration corresponded to more
rapid metabolism of DA (a decrease in DA and an increase in HVA),

KEY WORDS: catecholamines; seasonal variation; rat brain.

Experiments to study the concentrations of indolamines and catecholamines in the tissues and fluids of
laboratory animals were carried out previously (during 1972-1976). The experimental animals were keptunder
standard conditions of temperature and lighting, and the conditions of their food and fluid intake were identical.
Material for investigation was always taken at the same time of day (at 10 a.m.) and the monoamines were
determined by the same method. Despite this fact, the results varied appreciably in the course of the year.
Seasonal variations were particularly marked in the concentration of serotonin and its metabolites [5]. The
serotonin concentration, in turn, is known to be connected with catecholamine metabolism. The decisive role
in the changes in indole metabolism is played by activity of the serotonin coenzyme A, N-acetyltransferase,
whose activity is regulated by noradrenalin through B-adrenoreceptors [8, 9, 14]. The diurnal rhythm of the
serotonin concentration in the rat brain also depends on fluctuations in the activity of serotonin decarboxylase,
which is under the control of the competitive effect of catecholamines and serotonin on the enzyme [8]. In
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TABLE 1. Seasonal Changes in NA, DA, and HVA Concentrations in the Forebrain and Dien-
cephalon of Rats in 1972-1978

Forebrain Diencephalon
Month NoA | pA | nva |ava/ma NA | Dpa | sva | HVA/DA
mean annual concentration, pg/g
1972—1978
| 0,3340,04 | 1,6840,19 | 0,284-0,04 | 0,18 | 0,6840,07 1 0,5640,06 | 0,35=-0,07 | 0,63
1977—1978

1 0,36£0,03 | 1,5840,15 ] 0,300,056 | 0,19 | 0,69:£0,06 | 0,564-0,06 | 0,324+0,06 | 0,57
Percent of mean for the year

1—111 0,29-£0,03 | 1,8040, 15 | 0,204-0,03 0,60 ]0,5840,07 | 0,6340,07 | 0,1840,04 | 0,45
(87,0) (114,0) (68.,9) (85.,3) (115 ,5) (51,4)

IV—V1 0,394-0,04 | 1,74-0,16 | 0,28-4-0,05 0,90 | 0,94-0,07 | 0,6040,06 | 0,4340,09 1,14
(118,0) (110,1) (100,0) (138,2) (167 ,5) (192,9)

VII—IX 0,334:0,08 | 1,224-0,13 | 0,35-0,04 1,60 | 0,6240,08 | 0,504-0,06 | 0,67-0,08 1,79
(99,0) (17.9) (155,0) (91,2) (89,6) (160,0)

X—X1I 0,32:£0,03 | 1,55--0,17 | 0,290 03 1,06 | 0,5540,05 | 0,474-0,05 | 0,23+0,05 | 0,78
(97.0) (98.1) (103,6) (80,9) (83,9) (65,7)

Legend., Percentages given in parentheses.

connection with seasonal fluctuations in the serotonin concentration, a more fundamental study of seasonal fluc-
tuations in the catecholamine concentration was thus required.

EXPERIMENTAL METHOD

The data obtained previously (1972-1976) were supplemented by systematic experiments over a period of
18 months (February, 1977 through July, 1978) on male Wistar albino rats weighing 200-250 g. Altogether more
than 250 animals were studied. The concentrations of noradrenalin (NA), dopamine (DA), and homovanillic acid
(HVA) in the brain were determined. The animals were decapitated and the brain was quickly removed, frozen,
and divided into forebrain and diencephalon. After weighing, the parts for testing were homogenized and the
substances determined by a spectrophotofluorometric method [12, 13] in the writers' modification [1]. Con-
centrations of NA, DA, and HVA were calculated in pg/g wet weight of brain tissue.

EXPERIMENTAL RESULTS AND DISCUSSION

The mean annual concentrations of NA, DA, and HVA in the forebrain and diencephalon of the rat in the
experimental period and during previous years were virtually identical (Table 1). In the course of the year,
however, the concentrations of catecholamines fluctuated considerably, and their changes were always in the
same direction in both parts of the brain, The DA concentration in winter and spring (from January through
May) was higher than the mean for the year. An increase in the NA concentration was observed in spring (from
April through June), and in HVA in summer (from July through September). Metabolism of DA into HVA took
place more rapidly in the summer also, as shown by exhaustion of the DA reserves (its concentration fell to a
minimumy), the comparatively stable NA concentration, and the highest level of HVA: these changes were par-
ticularly marked in the diencephalon, Further evidence of this increased rate of DA metabolism was shown by
the HVA/DA ratio, which reflects the relative rate of catecholamine catabolism along the pathway leading to
HVA formation.

Many workers [3, 8, 15] have found a diurnal rhythm in the concentrations of catecholamines, especially
NA, in the brain, maximal concentrations being reached at 3-4 a.m, As regards a seasonal rhythm, much less
information is available. The reason for this may be the fact that seasonal changes demand investigations over
at least 5 years [14, 15]. The results of shorter investigations are heterogeneous and contradictory: in the
brain of mice and rats of both sexes, for instance, a tendency is observed for the NA level o rise in summer
and the fall (0.19 = 0.02 pg in winter, 0.20 + 0.02 pg/liter in spring, 0.26 + 0.02 pg & in summer, and 0.36 0.06
pg/e in the fall) [2]. According to other data, on the other hand, the highest NA concentration in the whole rat
brain in observed in December (0.30 pg/e) and the lowest in April (0.13 pgfe) [6]. These differences can be
explained, besides by other factors, by the use of animals of different genetic lines [6}, or different climatic
conditions [3], of differences in the conditions of maintenance of the animals, and also differences in the sub-
strate examined (the whole brain or its individual parts.

Our own data are in good agreement with the well-known fact of activation of metabolic processes in
general [10] and, in particular, in rodents in the spring [3].
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A certain parallel also can be drawn with seasonal changes in activity of functions connected with the
monoaminergic systems of the brain. For example, the mental excitability of the brain is raised in spring and
early summer, and lowered in the fall and in winter; the same pattern also is observed as regards the photo-
sensitivity of the human eyes, activity of the gonads of experimental animals, and so on [3]. A parallel also is
observed between these changes and seasonal fluctuations in the activity of adrenal cortical extract [7}, the
effectiveness of action of sedatives [4], cardiovascular functions [11], and so on.

It can be tentatively suggested that seasonal changes in the activity of the catecholaminergic systems of
the brain lie at the basis of the phenomena described above. This suggestion is supported by the observation
that the most marked seasonal fluctuations in concentrations and rate of metabolism of catecholamines are
manifested in the diencephalon, which is more closely connected with autonomic reactions of the body,
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