
tos is .  The access ib i l i t y  of the t e s t  and the poss ibi l i ty  of rapid and object ive evaluation make its introduction 
into scientif ic  r e s e a r c h  and p rac t i ca l  medicine well worth while. 
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S E A S O N A L  V A R I A T I O N S  IN T H E  C A T E C H O L A M I N E  

IN T H E  A L B I N O  R A T  B R A I N  

M. Y a .  O t t e r  a n d  L .  B .  N u r m a n d  

C O N C E  N T R A  T I O N  

UDC 612.82 : 612.452.018"32" 

Seasonal  changes in the concentra t ions  of dopamine (DA), noradrenal in  (NA), and homovani l l ic  
acid (HVA) in the fo rebra in  and dieneaphalon were  studied in 258 Wistar  albino r a t s .  Expe r i -  
ments  were  ca r r i ed  out monthly for six yea r s .  The concentra t ions  of DA, NA, and HVA in 
the brain  changed signif icant ly in the cou r se  of the yea r ,  and in both pa r t s  of the bra in  the 
changes were  in the s a m e  direct ion.  The DA concent ra t ion  in the winter and spr ing  months 
was higher than the ave r age  for the yea r ,  whereas  in s u m m e r  it was lower. The NA con-  
cen t ra t ion  was much higher in spr ing  (by one- thi rd  in the diencephalon) than the mean  vaIues .  
In the s u m m e r  months (June-August) the ave r age  NA concentra t ion  cor responded  to m o r e  
rapid  m e t a b o l i s m  of DA (a d e c r e a s e  in DA and an i nc rea se  in HVA). 

KEY WORDS: ca techolamines ;  seasonal  var ia t ion ;  r a t  bra in .  

Exper imen t s  to study the concentra t ions  of indolamines and ca techolamines  in the t i ssues  and fluids of 
l abo ra to ry  an imals  were  ca r r i ed  out p rev ious ly  (during 1972-1976). The exper imenta l  an imals  were  keptunder  
s tandard conditions of t e m p e r a t u r e  and lighting, and the conditions of their  food and fluid intake were  identical .  
Mater iaI  for invest igat ion was always taken at  the s a m e  t ime of day (at 10 a.m.)  and the monoamines  were  
de te rmined  by the s a m e  method. Despi te  this fact ,  the r e su l t s  var ied  apprec iab ly  in the cour se  of the year .  
Seasonal  va r ia t ions  were  pa r t i cu l a r l y  marked  in the concentra t ion  of se ro tonin  and its metabol i tes  [5]. The 
serotonin  concentra t ion,  in turn,  is known to be connected with ea teeholamine  me tabo l i sm.  The dec is ive  ro le  
in the changes in indole me tabo l i sm is played by act ivi ty  of the serotonin  coenzyme A, N - a c e t y l t r a n s f e r a s e ,  
whose act ivi ty  is regula ted  by noradrena l in  through p - a d r e n o r e c e p t o r s  [8, 9, 14]. The diurnal  rhy thm of the 
serotonin  concentra t ion  in the r a t  bra in  also depends on fluctuations in the act ivi ty  of sero tonin  deea rboxy lase ,  
which is under the control  of the compet i t ive  effect  of ca techolamines  and serotonin on the enzyme [8]. In 
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TABLE i. 
cephalon of Rats in 1972-1978 

Forebrain 
Month NA I DA ! 

l--lll 

IV--VI 

VII--IX 

X--XII 

Seasonal  Changes in NA, DA, and HVA Concentra t ions  in the F o r e b r a i n  and Dien-  

Dieneephalon 
HvA fHva/DA N.~ I D~, 

mean annual co_ncentration, gg/g 

1972--1978 
I 0,334-0,04 [ 1,584-0,19[ 0,284-0,04 ] 0,18 10,684-0,071 0,564-0,06 I 

I977--1978 
] 0,364-0,03 [ 1,58+0,15 ] 0,304-0,05 I 0,19 

Percent of mean for 
0,294-0,03 

(87,o) 
o ,39.+0,04 

(118,0) 
0,33-I--0,03 

(99,0) 
0,324-0,03 

(97,0) 

1,804-0,15 
(114,o) 

1,74+0,16 
(110,1) 

1,224-0,13 
(77,2) 

1,554-0,17 
(98, I) 

0,20_0,03 
(68,9) 

O ,284-0,05 
(lOO,O) 

0,354-0,04 
(125,0) 

0,294-0,03 
(103,6) 

0,60 

0,90 

1,60 

1,06 

I ,vA I Hv.~/D.~ 

0,35-t'0,07 I 0,63 

I 0,694-0,06 I 0,56+0,06 I 0,324-0,06 t 
l:he :]ear 
0,584-.t-0,07 0,634-0,07 0,18+0,04 

(85,3) (115,5) (51,4) 
0,944-1-0,07 0,604--I--0,06 0,434--I-0,09 

(138,2) (107,5) (122,9) 
0,624---0,08 0,504-0,06 0,67_0,08 

(91,2) (89,6) (lO0,O) 
0,554-0,05 0,474-0,05 0,234-0,05 

(80,9) (83,9) (65,7) 

0,57 

0,45 

1,14 

t ,79 

0,78 

Legend: P e r c e n t a g e s  given in p a r e n t h e s e s .  

connect ion with seasona l  f luctuations in the sero tonin  concentra t ion,  a m o r e  fundamental  study of seasona l  f luc-  
tuations in the ca techolamine  concent ra t ion  was thus requ i red .  

E X P E R I M E N T A L  M E T H O D  

The data obtained p rev ious ly  (1972-1976) were  supplemented by sy s t ema t i c  expe r imen t s  over  a per iod of 
18 months (Februa ry ,  1977 through July,  1978) on ma te  Wistar  albino r a t s  weighing 200-250 g. Al together  m o r e  
than 250 an imals  w e r e  studied. The concent ra t ions  of noradrena l in  (NA), dopamine iDA), and homovani l l ic  acid 
(HVA) in the bra in  were  de te rmined .  The an imals  we re  decapi ta ted and the bra in  was quickly r e m o v e d ,  f rozen ,  
and divided into fo reb ra in  and diencephalon.  Af ter  weighing, the pa r t s  for  tes t ing w e r e  homogenized and the 
subs tances  de te rmined  by a spec t ropho to f luo romet r i c  method [12, 13] in the w r i t e r s '  modif icat ion [1]. Con- 
cent ra t ions  of NA, DA, and HVA w e r e  calcula ted in ~g/g wet  weight of b ra in  t i ssue .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The mean  annual concent ra t ions  of NA, DA, and HVA in the fo reb ra in  and diencephalon of the r a t  in the 
expe r imen ta l  per iod and dur ing p rev ious  y e a r s  were  v i r tua l ly  identical  (Table 1). In the c o u r s e  of the yea r ,  
however ,  the concent ra t ions  of ca techo lamines  f luctuated cons ide rab ly ,  and their  changes were  always in the 
s ame  d i rec t ion  in both pa r t s  of the bra in .  The DA concent ra t ion  in winter  and spr ing  ( f rom Janua ry  through 
May) was higher  than the mean  for the yea r .  An i n c r e a s e  in the NA concent ra t ion  was observed  in sp r ing  ( f rom 
Apr i l  through June),  and in HVA in s u m m e r  ( f rom July  through Sep tember ) .  Metabo l i sm of DA into HVA took 
place  m o r e  rap id ly  in the s u m m e r  a l so ,  as shown by exhaust ion of the DA r e s e r v e s  (its concent ra t ion  fell  to a 
min imum) ,  the c o m p a r a t i v e l y  s table  NA concent ra t ion ,  and the h ighes t  level  of HVA: these  changes were  p a r -  
t i cu la r ly  ma rked  in the diencephalon.  Fur the r  evidence of this inc reased  r a t e  of DA m e t a b o l i s m  was shown by 
the HVA/DA ra t io ,  which r e f l ec t s  the r e l a t i ve  r a t e  of ca techolamine  ca t abo l i sm  along the pathway leading to 
HVA format ion .  

Many worke r s  [3, 8, 15] have  found a diurnal  r h y t h m  in the concent ra t ions  of ca techo lamines ,  espec ia l ly  
NA, in the bra in ,  m a x i m a l  concent ra t ions  being r eached  at  3-4 a .m.  As r e g a r d s  a seasona l  rhy thm,  much less  
in format ion  is avai lable .  The r e a s o n  for this may  be the fac t  that  seasona l  changes demand invest igat ions over  
a t  l e a s t  5 y e a r s  [14, 15]. The r e s u l t s  of s ho r t e r  invest igat ions a r e  he te rogeneous  and con t rad ic to ry :  in the 
b ra in  of mice  and r a t s  of both sexes ,  for ins tance ,  a tendency is observed  for the NA level  to r i s e  in s u m m e r  
and the fall  (0.19 • 0.02 ~g in winter ,  0.20 • 0.02 p g / l i t e r  in spr ing,  0 .26* 0.02 ~ g ~  in s u m m e r ,  and 0.36~ 0.06 
~g/g in the fall) [2]. Accord ing  to other data,  on the other hand, the h ighes t  NA concentra t ion  in the whole r a t  
b ra in  in observed  in Decem ber  (0.30 pg/g) and the lowest  in Apr i l  (0.13 ~g/g) [6]. These  d i f fe rences  can be 
explained,  bes ides  by other f ac to r s ,  by the use of an imals  of d i f ferent  genetic l ines [6], or d i f ferent  c l imat ic  
conditions [3], of d i f fe rences  in the conditions of main tenance  of the an imals ,  and a l so  di f ferences  in the sub- 
s t r a t e  examined (the whole b ra in  or its individual p a r t s .  

Our own data a r e  in good a g r e e m e n t  with the wel l -known fac t  of ac t iva t ion  of metabol ic  p r o c e s s e s  in 
genera l  [10] and, in p a r t i c u l a r ,  in rodents  in the spr ing  [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], khe 
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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