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Seasona l  changes  in the uptake capacity  of the s uprach ias mat i c  nucleus  for ~H-serotonin  ~ 
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tardation and Human Development, University o/ Wisconsin, 2605 Marsh Lane, Madison (Wisconsin 53706, USA), 
5 October 1976 

Summary. The suprach iasmat ic  nucleus, a h y p o t h a l a m i c  center  i m p o r t a n t  in media t ion  of c i rcadian and es t rous  cycles, 
is shown in adul t  ra t s  to have  seasonal  changes  in its up take  capac i ty  in vi t ro  for ~H-serotonin.  

Circannual  r hy thms ,  especially those  involving endocr ine  
funct ions,  have  been  d e m o n s t r a t e d  in var ious  ve r t eb ra t e  
species. H ibe rna t i ng  ba ts  show peak levels of p lasma 
t es tos te rone  dur ing  Ju ly  and August  a and in the  lab- 
o ra to ry  ra t  peak  p lasma  L H  and tes tos te rone  occur dur ing  
March and April~. R a m s  ma in t a ined  in an ou tdoor  en- 
v i r o n m e n t  show peak p lasma LH levels dur ing June  and 
July,  ahd peak  p lasma  t es tos te rone  levels f rom Sep t ember  
t h r o u g h  November  ~. Caged, indoor  Rhesus  monkey s  also 
show peak  t e s tos te rone  levels dur ing the  fall and win te r  
seasons 6, 7. 
Circannual  r h y t h m s  in aspects  of monoamine  me tabo l i sm 
and  t r a n s p o r t  have  received less a t t en t ion .  Bra in  con- 
cen t ra t ions  of serotonin  (5 -hydroxy t ryp tamine ,  5-HT) 
and  5-hydroxyindole-3-acet ic  acid (5-HIAA),  its pr incipal  
metabol i te ,  peak  dur ing  the  summer  s while aH-5-HT up- 
t ake  in ra t  s t r i a t u m  is g rea tes t  in October .  Up take  of aH- 
dopamine  has been repor ted  h ighes t  in May s. These find- 
ings pe r t a in  to s tudies  under  l abora to ry  condi t ions  in 
var ious  countr ies  in the  n o r t h  t e m p e r a t e  zone. In  the  
au thors '  research,  da t a  accumula ted  dur ing 1974-1976 
provides  fu r the r  evidence for a seasonal  var iab i l i ty  in the  
in v i t ro  up take  of aH-5-HT in the  suprach iasmat ic  
nucleus of male rats.  
Materials and methods. Male ra ts  (Ra t tus  norvegicus),  40-  
70 days  old were ma in t a ined  in art if icial ly i l luminated  
rooms on a 12L:12D pho tope r iod  and  a t e m p e r a t u r e  
range of 22~ i 1 in Madison,  Wisconsin.  Ra t s  were al- 
lowed access to food and wa te r  ad l ibi tum.  In  one experi-  
m e n t  t h e y  were ma in t a ined  on a 2L:22D pho tope r iod  to 
s imula te  a seasonal  change in l ighting. Fol lowing 2 weeks 
accl imat ion to these  condi t ions  t h e y  were quickly sacri- 

ficed dur ing the  first  hour  of light. The fresh t issue sec- 
t ions  ob ta ined  of the  suprach iasmat ic  nucleus were in- 
cuba ted  in Krebs -Hense le i t  buffer  conta in ing  pargyl ine  
(monoamine  oxidase inhibitor)  and nanomola r  aH-5-HT 
for 20 min 1~ Resul ts  are expressed in t e rms  of t issue/  
m e d i u m  rat ios  (cpm aH-5-HT per  mg t i s sue /cpm per  ml 
medium).  Sta t i s t ica l  evaluat ions  of differences employed  
analysis  of var iance  and the  S t u d e n t  N e w m a n - K e u l s  tes t  
for mul t ip le  compar i son  among  means.  
Results and discussion. Resul t ing  data ,  summar ized  in the  
figure, suggest  a seasonal  p a t t e r n  of up take  wi th  maxi-  
m u m  t / m  ra t ios  dur ing  the  m o n t h s  of Ju ly  and  August ,  
and  m i n i m u m  values dur ing  the  win te r  and early spring 
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J U L Y  S E P T .  JAN.  M A R C H  A P R I L  

Sumlrtary of results showing dif- 
ferences in uptake of aH-serotonin 
by the male rat's suprachiasmatic 
nucleus according to time of year. 
All animals were sampled during 
the first hour of daily artificial 
light, in a 12L : 12D photoperiod, 
except for the starred groups, 
which were in a 2L : 22D photo- 
period. Means -c SE are plotted. 
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(p < 0.05). In t e re s t ing ly ,  an ima l s  m a i n t a i n e d  on a 
2 L : 2 2 D  p h o t o p e r i o d  also show th i s  seasonal  di f ference 
(p < 0.01), sugges t ing  t h a t  i t  is no t  d e p e n d e n t  on  l eng th  
of da i ly  pho tope r iod .  T he  work  of Wirz -Jus t i ce~ ,  also 
us ing  an  in v i t ro  u p t a k e  model ,  impl ies  s u p p o r t  for our  
resul t s  b y  showing  m a x i m u m  m o n o a m i n e  u p t a k e  in b r a i n  
slices du r ing  Oc tober  and  m i n i m u m  u p t a k e  d u r i n g  June .  
The  fac t  t h a t  these  seasonal  differences pers i s t  in the  
l a b o r a t o r y  e n v i r o n m e n t  as well as in field cond i t ions  sug- 
gests  e i the r  an  endogenous  gene ra to r  m e c h a n i s m  or per-  
h a p s  a sub t le  geophys ica l  mechan i sm.  One c u r r e n t  mole- 
cu la r  t h e o r y  a t t r i b u t e s  r h y t h m s  to m e m b r a n e  changes  
which,  v ia  a n  ion t r a n s p o r t  sys tem,  could inf luence  t he  
c o n f o r m a t i o n a l  s t a t e  of the  membrane11.  This  m a y  h a v e  
i m p o r t a n t  impl i ca t ions  for changes  in m o n o a m i n e  re- 
u p t a k e  sites, synap t i c  vesicles, and  con t ro l  fac tors  in 
n e u r o n a l  ac t iv i ty .  
Yet ,  e n v i r o n m e n t a l  l i gh t ing  is t he  m a j o r  and  m o s t  con-  
s i s t en t  e x t e r n a l  va r i ab l e  and  Ze i tgeber  to af fec t  b o t h  the  
s u p r a c h i a s m a t i c  nucleus  12 and  the  p inea l  la v ia  d i rec t  
n e u r o n a l  l inks  w i t h  the  re t ina .  F u r t h e r m o r e  p inea l ec tomy ,  
which  r emoves  the  h o r m o n a l  o u t p u t  of th i s  g land,  has  
been  shown to induce  cy tochemica l  changes  in ce r t a in  
ceils w i th in  t he  s u p r a c h i a s m a t i c  nuc leus  sugges t ing  mod-  
u l a t i on  of s u p r a c h i a s m a t i c  n e u r o n a l  or sec re to ry  ac- 

t i v i t y  1,. Re i t e r  has  d e m o n s t r a t e d  t h a t  the  p inea l  is cr i t i -  
cal for the  a n n u a l  r e p r o d u c t i v e  capab i l i t y  of the  golden  
h a m s t e r  1~, a n d  o the r s  h a v e  sugges ted  t h a t  the  p inea l  m a y  
func t i on  as an  i n t e g r a t i n g  device b e t w e e n  t he  p r i m a r y  
synchron ize r  of e n v i r o n m e n t a l  pho tope r iod  and  va r ious  
regional  b r a i n  indole r h y t h m s .  The  roles of t h e  va r ious  
serotonergic ,  c a t echo lamine rg i c  and  o the r  chemica l  me-  
d ia to r s  in t he  phys io logy  of the  s u p r a c h i a s m a t i c  nuc leus  
are no t  comple t e ly  unde r s tood ,  b u t  i t  does a p p e a r  v e r y  
l ikely now t h a t  the  i m p o r t a n c e  of th i s  nuc leus  in medi-  
a t ing  l ight  i n f o r m a t i o n  for cen t r a l  ne rvous  s y s t e m  perio-  
d ic i ty  is widespread  a m o n g  m a m m a l s  12. The  i m p o r t a n c e  
of m o n o a m i n e  pe r iod ic i ty  in t he  s u p r a c h i a s m a t i c  nucleus,  
and  of re la ted  c i r cannua l  endocr ine  r h y t h m s ,  m a y  s tem,  
a t  leas t  in  par t ,  f rom a d a p t a t i o n s  to a p p r o p r i a t e l y  t i m e d  
r e p r o d u c t i v e  t r oph i c  and  s te ro id  h o r m o n e s  for o p t i m a l  
r ep roduc t i ve  success and  thus ,  species surv iva l .  
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E x p e r i m e n t a l l y  induced otitis  and audiogenic  seizure in the m o u s e  
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Summary.  Audiogenic  seizures can  be induced  in gene t ica l ly  non-suscep t ib le  17-day-old mice (Rb/3  s t ra in)  w i th  var ious  
results .  P r i m i n g  only  induces  9~ of seizures, a u d i t o r y  insu la t ion  3,8~ while e x p e r i m e n t a l  ot i t is  leads to  79%. The  
hypo thes i s  conce rn ing  disuse supe r sens i t i v i t y  s u b s e q u e n t  to  acoust ic  d e p r i v a t i o n  was no t  conf i rmed  b y  t he  expe r ime n t .  
However ,  modi f i ca t ion  of acoust ic  t r an s m i s s i on  a t  middIe  ear  level induced  b y  ot i t i s  or ear  phys ica l  d a m a g e  d u r i n g  t he  
m a t u r a t i o n  period,  exposes the  uppe r  ne rvous  cen te r s  to in tense  s t i m u l a t i o n  to wh ich  the  reac t ion  is a r ec ru i t ing  
response.  

R e c e n t  s tudies  h a v e  d e m o n s t r a t e d  t h a t  audiogenic  sei- 
zures (A.S.) could be  induced  in gene t ica l ly  non-suscep-  
t ib le  mice fol lowing acoust ic  pr iming1,  2, t y m p a n i c  mem-  
b r a n e  pe r fo r a t i on  3, or p lugging  of the  ex t e rna l  m e a t u s  ~, 
du r ing  a cr i t ica l  per iod  of p o s t n a t a l  d e v e l o p m e n t  (17-25 
days).  I t  was hypo t he s i zed  t h a t  t he  acoust ic  d e p r i v a t i o n  
resu l t ing  f rom such  modi f ica t ions  p roduces  a s u b s e q u e n t  
h y p e r r e a c t i v i t y  (disuse supersens i t iv i ty )  of the  CNS 
a u d i t o r y  centers .  However ,  on  one h a n d ,  t he  effects  of 
acoust ic  p r i m i n g  on A.S. suscep t ib i l i ty  are d i f fe ren t  in 2 
gene t ica l ly  r e s i s t a n t  s t r a ins  of mice (17% A.S. in t he  C57 
B L  Char les  R i v e r  and  on ly  9% A.S. in  the  Rb/3)  whi le  
the  a u d i t o r y  i m p a i r m e n t  m e a s u r e d  b y  cochlear  p o t e n t i a l  
sh i f t s  are iden t i ca l  a. (Rb :  Swiss a lb inos  ha s  2 s ubs t r a in s :  
Rb /1  gene t ica l ly  suscept ib le  to  A.S. Rb /3  gene t i ca l ly  re- 
s i s t an t  [Mouse News Le t t .  1959, C o m p a n i o n  issue No. 21, 
p. 42].) Therefore ,  m e c h a n i s m s  o the r  t h a n  t h a t  of disuse 
supe r sens i t i v i t y  m u s t  be invo lved  in the  i n d u c t i o n  of 
seizure suscept ib i l i ty .  
On t he  o the r  h a n d ,  s p o n t a n e o u s  midd le  ear  infec t ions  
enhance  A.S. sens i t i za t ion  fol lowing acoust ic  p r i m i n g  b y  
an  electric bell  in gene t ica l ly  non-suscep t ib le  mice 8. An-  
o t h e r  p r i m i n g  (10 kHz,  120 dB) gave a 62~ seizure r a t e  
in t he  Rb /3  r e s i s t an t  s t ra in ,  b u t  23% of these  an ima l s  
h a d  s p o n t a n e o u s  midd le  ear  infect ion.  1 yea r  later ,  how- 
ever,  ident ica l  expe r i m en t s  p roduced  s ign i f i can t ly  dif- 
f e ren t  resul t s :  23~ A.S. and  5% ot i t i s  (Niaussat ,  un-  

pub l i shed  da ta) .  Cons ider ing  these  f indings,  a s t u d y  was 
u n d e r t a k e n  to  define t he  exac t  inf luence of o t i t i s  on A.S. 
sens i t iza t ion ,  in gene t i ca l ly  non-suscep t ib le  mice. I r r i -  
t a t i v e  ot i t is  was  chemica l ly  induced  in such  mice and  a n  
inves t iga t ion  was c o n d u c t e d  to d e t e r m i n e  the  possible  
r e l a t ionsh ip  b e t w e e n  v a r y i n g  degrees of ear  d a m a g e  and  
t he  n a t u r e  of the  r e su l t ing  seizures. 
Materials and methods. The  ot i t i s  induced  was to  be  irri-  
t a t i v e  b u t  non- in fec t ious  to  avo id  i n t r o d u c t i o n  of a 
pa tho log ica l  r eac t ion  of t he  o rgan i sm to infect ion.  Af te r  
p r e l i m i n a r y  t r ia ls  w i t h  va r ious  chemica l s :  e.g.,  s i lver  
n i t r a t e ,  t r i ch lo race t i c  acid, formol,  B - m e t h y l - m e t a c r y l a t e ,  
t he  l a t t e r  was  found  to be  m o s t  i r r i t a t ive  to  the  e x t e r n a l  
and  midd le  ear  skin and  mucosa .  B - m e t h y l - m e t a c r y l a t e  
is a den ta l  c e m e n t  ca t a lyze r  wh ich  was d i scovered  to be  
i r r i t a t i ve  to  mouse  skin  w h e n  used in excess d u r i n g  
i m p l a n t a t i o n  of chronic  e lec t rodes  (personal  obse rva t ion ) .  
17-day-old mice  f rom the  non-suscep t ib le  R b  s t r a in  were 
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