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SEASONAL RHYTHMS OF INDOLEAMINE LEVELS IN THE 
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The role  of the pineal  gland in the manifes ta t ion  of biological  rhy thms  is  genera l ly  fami l ia r .  It r e c e i v e s  
informat ion mainly  f r o m  the outside world and is an i n t e rmed ia ry  in in teract ion between o rgan i sm and envi ron-  
ment,  thus enabling the living o rgan i sm to or ient  i tself  to the a l ternat ion of day and night and to adapt i tself  in 
t ime.  We know that  the intensi ty of serotonin (5-HT) me tabo l i sm in pineal  ce i l s  and fo rmat ion  of i ts  hydroxy-  
lated and methoxyla ted  de r iva t ives  depend on the intensi ty of i l lumination. Data in the l i t e ra tu re  a re  evidence 
that  during the dark  p e r i o d o f t h e  y e a r  (just as during the dark  t ime  of the 24-h period) melatonin (MT) produc-  
tion in the pineal  gland inc reases ,  whe reas  during the light per iod of the y e a r  (24-h period) it d e c r e a s e s  [6, 8, 10] 
10]. The opposi te  data were  obtained for  5 -HT [4, 12, 14]. 

Meanwhile the question of the content of other indoleamines in the pineal gland depending on the season 
has not been adequately discussed in the literature, and it was accordingly decided to study metabolic pathways 
of 5-HT and concentrations of individual indoleamine fractions in the pineal gland in summer and winter. 

EXPERIMENTAL METHOD 

Expe r imen t s  were  ca r r i ed  out on 48 ma tu re  male  Wis t a r  r a t s  weighing 150-200 g. The r a t s  were  kept  
in the an imal  house under  natural  conditions of a l ternat ion of day and night. The expe r imen t s  we re  undertaken 
at dif ferent  t imes  of year ,  with different  conditions of daylight: in winter  (8 h of daylight and 16 h of darkness)  
and in s u m m e r  (16 h of daylight and 8 h of darkness) .  Leve l s  of the following subs tances  were  de te rmined  in 
the pineal  gland [12]: 5-HT, N-ace ty l se ro ton in  (N-AS), MT, 5 -methoxyi ryp tamine  (5-MOT), and total f rac t ions  
of 5-hydroxyindoleacet ic  and 5-methoxyindoleacet ic  acids (5-HIAA and 5-metOIAA). The an imals  were  decap-  
i tated at night (between 1 and 3 a .m. ,  at the t ime  of g r e a t e s t  act ivi ty  of the pineal  gland) in red light. Pineal  
glands f r o m  two or  th ree  an ima l s  were  pooled for  indoleamine determinat ion.  F luorescence  of the t es t  sub- 
s tances  was m e a s u r e d  on a BIAN f luo rome te r  at wavelengths  of 365 and 470 nm. Weight p a r a m e t e r s  of the, 
pineal  were  de te rmined  at the same  t ime.  

EXPERIMENTAL RESULTS 

The r e s u l t s  showed that  the weight of the pineal  gland is not constant  but v a r i e s  with the season of the 
year .  In winter ,  for  instance,  the weight of the pineal  glands of the r a t s  was 1.61-'0.12 rag, whe reas  in s u m m e r  
it was  1.1=~0.08 mg (P < 0.01). P a r a m e t e r s  of re la t ive  weight of the pineal  glands showed s im i l a r  changes.  

The r e s u l t s  of the b iochemica l  invest igat ion showed (Fig. 1) that  the concentra t ions  of 5-HT, N-AS, and 
MT in the pineal  glands of the r a t s  in winter  were  v i r tual ly  identical. In summer ,  however,  when the longest  
per iod of daylight is  observed,  the N-AS and MT leve ls  fell abrupt ly and pa ra l l e l  with one another  (P < 0.001), 
whe rea s  the 5 -HT concentra t ion in the pineal  gland was inc reased  at this  t ime of the y e a r  (P < 0.01). A dif- 
fe ren t  p ic ture  was obse rved  when the concentra t ion of 5-MOT was studied, fo r  it inc reased  pa ra l l e l  with the 
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Fig. 1. Concentrat ion of indoleamines  in pineal  
gland (in ng /mg  t issue)  of ma tu re  male  r a t s  in 
s u m m e r  and winter .  I) 5-HT, II) N-AS, III) MT, 
IV) 5-MOT, V) 5-HIAA + 5-metOIAA. Shaded col-  
umns  r e p r e s e n t  winter ,  unshaded-  summer .  

lengthening of daylight (P < 0.001). As will be c l ea r  f rom Fig. 1, the f rac t ion  containing 5-HIAA, 5--metOIAA 
also underwent sharp  f luctuations depending on the season of the year .  The concentra t ions  of these subs tances  
in the pineal  gland was  high in winter  and sharply  reduced in s u m m e r  (P < 0.001). 

A s s e s s m e n t  of the c h a r a c t e r  of the b iochemical  changes as a whole indicates  that  the pineal  gland, under  
physiological  conditions, r e a c t s  to a l ternat ion of daylight and da rknes s  by a change in product ion and metabol ic  
convers ions  of all f r ac t ions  of indoleamines  studied. However,  these  changes differ  in d i rec t ion and are  evi -  
dence of switching of the pathways of 5-HT metabo l i sm in the pineal  gland depending on the changing seasons  
of the year .  In pa r t i cu la r ,  the r e s u l t s  suggest  that in winter  5 -HT is act ively  metabol ized  in the pineaI gland 
both via the pathway of N-aeety la t ion  followed by or thomethyla t ton  with the fo rmat ion  of N-AS and MT, and 
also via the pathway of oxidative deamination,  followed by or thomethyiat ion,  with the format ion  of 5-HIAA and 
5-metOIkA,  whereas  in s u m m e r  these  p r o c e s s e s  a r e  inhibited. The fact  that the 5-MOT level in the pineal  
gland is min ima l  in winter  and r i s e s  sharp ly  in s u m m e r  sugges ts  that seasonal  rhy thms  of the indoleamine 
concentra t ion in the pineal  gland are  de te rmined  main ly  by the rhythm of N - a c e t y l t r a n s f e r a s e  activity,  for  p r o -  
c e s s e s  of or thomethyla t ion  p roceed  rapidly  both in the dark  and in the light t ime of the year .  These data con- 
f i r m  the view that the l imit ing fac tor  of MT format ion  in the pineal  gland during the per iod of long daylight is 
in fact  N - a c e t y l t r a n s f e r a s e  [11]. 

The study of r ec ip roca l  re la t ions  between metabol ic  pathways of 5-HT in the pineal gland, via oxidative 
deaminat ion and N-ace ty la t ion  appea r s  e x t r e m e l y  interest ing,  for  during the study of c i rcadian  rhy thms  in r a t s  
it was  shown [11] that  the f i r s t  pathway p redomina te s  during daylight, with the resu l t  that 5--HIAA, 5-hydroxy-  
tryptophan,  and the i r  methylat ion p r o d u c t s -  5-metOIAA and 5-methoxytryptophan,  accumulate  in the pineal 
gland, w h e r e a s  at night the i r  concentra t ion in the pineal  gland fai ls  sharply,  but under these c i r c u m s t a n c e s  
concent ra t ions  of N-AS and MT r i se .  Compar i son  of data cha rac te r i z ing  c i rcadian  and seasonal  rhy thms  of 
indoleamine fo rmat ion  in the pineal gland shows that the p r o c e s s  of convers ion  of 5-HT into N-AS, and subse-  
quently into MT, is control led by the intensi ty of i l lumination, whereas  other  mechan i sms ,  whose role  has  r e -  
ceived f a r  l e s s  study, a re  involved in the regulat ion of format ion  of o ther  5-HT de r iva t ives  in pineal  cei ls .  

Data indicating that a l ternat ion of the seasons  of the y e a r  affects  changes not only in the intensi ty of bio-  
chemica l  p r o c e s s e s  in the pineal cel ls ,  but also in the weight of the gland, a re  of undoubted in teres t .  These  
data agree  on the whole with r e s u l t s  obtained by o ther  w o r k e r s  [13] who, in expe r imen t s  on ra t s ,  found an in- 
c r e a s e  in the pro te in  concentra t ion in the pineal  gland at night and a dec rea se  by day, due to activation of the 
f l -adrenergic  sys tem of the pineal  gland in the absence  of light. It  is cons idered  [5] that in da rknes s  the nor-  
adrenal in  concentra t ion is increased ,  as  also is  the sensi t iv i ty  of ad renorecep to r s ,  and for  that  r eason  the ac-  
t ivat ing sys t em of cAMP, which has  a s t imulat ing effect  on prote in  b iosynthes is  both d i rec t ly  and indirectly,  
through i t s  action on the p r o c e s s e s  of i ts  own phosphorylat ion.  This  mechan i sm of an inc rease  in weight of 
the pineal  gland in the dark  per iod of the y e a r  s e e m s  to the wr i t e r  to be the mos t  probable ,  although the effect  
of MT i tse l f  on the intensi ty of in t race l lu ta r  p r o c e s s e s  in the pineal  ce i l s  cannot be ruled out [9]. 

Much still  r e m a i n s  unc lear  in the in te rpre ta t ion  of the physiological  purpose  of seasonal  changes taking 
p l aces  in the pineal  gland. At the same  t ime,  we know that different  hydroxy-  and methoxyindoles  of the pineal  
gland dif fer  in the i r  effect  on the var ious  s tages  of function of biological  s y s t e m s  in vivo. In pa r t i cu la r ,  MT 
has  a psyehot ropic  action of modulating the cor t ica l  inhibitory appara tus  and inhibiting the CNS, and it b locks  
the l ibera t ion of hypothalamic re leas ing  ho rmones  and p i tu i ta ry  trophtc ho rmones  [3], N-AS se lec t ive ly  in- 
hibi ts  sec re t ion  of p i tu i ta ry  thyrotrophin,  and thus ac t s  on thyroid function and lowering the concentra t ion of 
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thyroid hormones accordingly [15], whereas 5-MOT stimulates the resistance of the body by activating the im- 
mune system, and it enhances the ant[tumor effect of irradiation [I], for which reason [t has been suceessfu[|y 

used, in the form of "reexamine," [n clinical oncology. 

These sparse and scattered data in the Hterature are on the whole [n full agreement with our own ob- 
servations, for activation of function of the endocrine glands and potentiation of the protective forces of the 
body in summer, and their weakening in winter, are well known. 

The results of this investigation into changes in metabolic pathways of 5-HT depending on the season of 
the year provide an approach to the understanding of the mechanism of participation of the pineal gland in the 
control of biological rhythms. 
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