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f r o m  3 8 . 9 - 4 2 . 2 ~  r e s p e c t i v e l y .  A t  lower  a m b i e n t  
t e m p e r a t u r e  t h e r e  w a s  no  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  
c o n t r o l  v a l u e s .  T h e  m e t a b o l i c  e f f ec t  of  N A  w a s  l o w e r  
t h a n  in  t h e  f o r m e r  a m b i e n t  t e m p e r a t u r e  o r  3 6 %  in  w a r m -  
a n d  4 1 %  in c o l d - a c c l i m a t i z e d  l e m m i n g s .  

T h e  F i g u r e  a lso  s h o w s  t h e  e f f ec t  of  I n d e r a l .  A t  h i g h e r  
a m b i e n t  t e m p e r a t u r e  n e i t h e r  w a r m -  n o r  c o l d - a c c l i m a t i z e d  
a n i m a l s  were  a f f e c t e d .  H o w e v e r ,  in  w a r m - a c c l i m a t i z e d  
a n i m a l s  t h e  o x y g e n  c o n s u m p t i o n  w a s  s i g n i f i c a n t l y  l ower  
( P  < 0.01) a f t e r  a n  i n j e c t i o n  of  I n d e r a l  t h a n  in  t h e  co ld -  
a c c l i m a t i z e d  a n i m a l s .  A t  lower  a m b i e n t  t e m p e r a t u r e  t h e  
I n d e r a l  d e c r e a s e d  m e t a b o l i c  r a t e  in  co ld -  a n d  w a r m -  
a c c l i m a t i z e d  a n i m a l s  6 7 %  a n d  78~ r e s p e c t i v e l y .  A t  t h e  
s a m e  t i m e ,  b o d y  t e m p e r a t u r e s  were  d e c r e a s e d  f r o m  3 8 . 2 -  
37.1 ~ a n d  f r o m  38.0 36.7 ~ r e s p e c t i v e l y .  S h i v e r i n g  w a s  
seen ,  b u t  i t s  m a g n i t u d e  w a s  n o t  m e a s u r e d .  

T h e  b a s i c  v a l u e  for  F F A  c o n t e n t  in  t h e  b l o o d  of  co ld -  
a c c l i m a t i z e d  l e m m i n g s  w a s  369 • 10.9 l x g g / L  (S .E .~L)  
(N = 7) a n d  in w a r m - a c c l i m a t i z e d  l e m m i n g s  283 ~ 20.4 
IxEg/L (S .E.M.)  (N  = 8). T h e  d i f f e r e n c e  is s i g n i f i c a n t  a t  t h e  
leve l  of  P < 0.01. A f t e r  t h e  a p p l i c a t i o n  of  N A ,  t h e  F F A  
c o n t e n t  i n c r e a s e d  u p  t o  1 3 4 0 - k 6 1 . 1  F E g / L  (S .E .M.)  
( N -  8) a n d  to  1 0 9 6 ~ 7 6 . 3  b~Eg/L ( S . E M . )  ( N - -  8) in  
co ld -  a n d  w a r m - a c c l i m a t i z e d  l e m m i n g s ,  r e s p e c t i v e l y .  T h i s  
d i f f e r e n c e  is  n o t  s i g n i f i c a n t  

Co tzchtsiou. I n  t h e  r a t  a n d  t h e  g u i n e a - p i g  t h e r e  is a 
p o s i t i v e  c o r r e l a t i o n  b e t w e e n  t h e  c o l d - i n d u c e d  n o n -  
s h i v e r i n g  t h e r m o g e n e s i s  a n d  t h e  h e a t  p r o d u c t i o n  a f t e r  
t h e  i n j e c t i o n  of  N A  ~a,la, T h e  p r e s e n t  r e s u l t  is, h o w e v e r ,  
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in  c o n t r a s t  t o  t h o s e  o b s e r v a t i o n s .  I n  s p i t e  of  30 o d i f f e r e n c e  
in  a c c l i m a t i z a t i o n  t e m p e r a t u r e ,  t h e  h e a t  p r o d u c t i o n  a f t e r  
t h e  d o s e  of  N A  w a s  as  g r e a t  in  b o t h  a c c l i m a t i z i n g  g r o u p s  
b o t h  a t  2 8 ~  a n d  a t  5~ I t  m a y  be  t h a t  s t i l l  l o w e r  
a m b i e n t  t e m p e r a t u r e  w o u l d  h a v e  b e e n  n e e d e d  to  u n c o v e r  
a p o s s i b l e  d i f f e r e n c e  b e t w e e n  t h e s e  g r o u p s .  O n  t h e  o t h e r  
h a n d ,  t h i s  r e s u l t  r e s e m b l e s  t h o s e  o b t a i n e d  in  co ld -  a n d  
w a r m - a c c l i m a t i z e d  h e d g e h o g s  ~a a n d  in  h a m s t e r s  ~s. T h e  
s i m i l a r i t y  in t h e  m a g n i t u d e  o f  N A  m e d i a t e d  h e a t  p r o d u c -  
t i o n  w a s  c o n f i r m e d  w i t h  spec i f i c  n o n - s h i v e r i n g  t h e r m o -  
g e n e s i s  b l o c k i n g  a g e n t .  

T h e  F F A  c o n t e n t  in t h e  b l o o d  p l a s m a  is in  a g r e e m e n t  
w i t h  t h e  r e s u l t s  o b t a i n e d  in  t h e  co ld -  a n d  w a r m -  
a c c l i m a t i z e d  r a t s  b v  HANNON e t  al. 16. T h u s  t h e  r e s u l t  
o b t a i n e d  does  n o t  s u p p o r t  t h e  o b s e r v a t i o n s  t h a t  t h e  
e f f ec t  of  N A  is s e c o n d a r y  to  i t s  e f f ec t  o n  t h e  p l a s m a  F F A  
c o n t e n t .  A l t h o u g h  i t  w a s  n o t  s t u d i e d ,  t h e  t u r n - o v e r  r a t e  
of  l i p id s  m a y  b e  h i g h e r  in  c o l d - a c c l i m a t i z e d  a n i m M s .  I n  
c o n c l u s i o n ,  t h e  s i m i l a r i t y  in  t h e  m a g n i t u d e  of t h e  n o n -  
s h i v e r i n g  t h e r m o g e n e s i s  in  b o t h  a c c l i m a t i z e d  g r o u p s  s u g -  
g e s t s  t h a t  i t s  c o l d - i n d u c e d  e l e v a t i o n  is n o t  a g e n e r a l  
p h e n o m e n o n  in  c o l d - a c c l i m a t i z e d  m a m m a l s .  

Zu.samme~z/assmzg. D e r  k a l o r i g e n e  E f f e k t  des  No r -  
a d r e n a l i n s  w u r d e  be i  Le,mn4ts lemrnus L.  n n t e r s u e h t .  D i e  
H / i l f t e  de r  T i e r e  w u r d e  be i  K / i l t e  (0 ~ u n d  d ie  a n d e r e  
H / i l f t e  bei  W' / i rme  (30 ~ a k k l i m a t i s i e r t .  ]3eide G r u p p e n  
z e i g t e n  n a c h  N A - I n j e k t i o n  ( : b e r e i n s t i m m u n g  s u c h  h i n -  
s i c h t l i c h  de r  f r e i en  F e t t s g u r e n .  
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Electrophys io log ica l  Evidence for the Action of Light  on the Pineal  Gland in the Rat 

E n v i r o n m e n t a l  l i g h t i n g  e x e r t s  i m p o r t a n t  e f f ec t s  on  
p i t u i t a r y - g o n a d a l  f u n c t i o n s  w h i c h  a r e  in  p a r t  m e d i a t e d  b y  
t h e  p i n e a l  g l a n d ,  i.e. b y  t h e  m e t h o x v  i n d o l e s  s y n t h e s i z e d  
a n d  e l a b o r a t e d  b y  t h e  p i n e a l  ~. L i g h t  r e d u c e s  t h e  abili ty" 
of  t h e  r a t  p i n e a l  g l a n d  to s v n t h e t i z e  m e l a t o n i n ,  one  of  t i le  
m e t h o x y  i n d o l c s  1. T h i s  i n h i b i t o r y  e f f ec t  of  l i g h t  is m e d i a t e d  

v i a  a p a t h w a y  i n v o l v i n g  t h e  r e t i n a ,  t h e  i n fe r io r  a c c e s s o r y  
op t i c  t r a c t s  a n d  p o s t g a n g l i o n i c  s y m p a t h e t i c  f i be r s  f r o m  

R. J. ~VIJRTMAN, J. AXH.RO1) and D. E. KELL% The Pineal 
(Academic Press, New Vork 1068). 
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t he  super ior  cervical  gangl ia  2, 3. However ,  t he re  has  b e e n  no  
e lec t rophys io logica l  c o n f i r m a t i o n  of t he  ac t ion  of l igh t  on  
t he  m a m m a l i a n  pineal .  We, therefore ,  set  ou t  to  record  t he  
electr ical  a c t i v i t y  of t h e  pos tgangl ion ic  s y m p a t h e t i c  f ibers  
a t  t h e i r  t e r m i n a t i o n  in t he  p inea l  of t he  ra t .  

Mater ia ls  and  methods. T he  e x p e r i m e n t s  were ca r r ied  
ou t  in  40 ma le  Sp rague -Dawley  rats ,  300-500 g, housed  
u n d e r  n o r m a l  l i gh t ing  condi t ions .  The  r a t  was  anes-  
t he t i zed  w i t h  sod ium p e n t o b a r b i t a l  and  p laced  in  a 
s t e r eo tax ic  i n s t r u m e n t .  A b ipo la r  concent r ic  s ta inless-  
s teel  e lect rode (0.4 m m  O.D., insu la ted ,  0.4 m m  i n t e r p o l a r  
d is tance)  was in se r t ed  in to  t h e  exposed p inea l  g l and  u n d e r  
d i rec t  v i sua l iza t ion .  T he  ampl i f ied  electr ical  a c t i v i t y  
(bandpas s  30-300 c/sec) was  d i sp layed  on  t he  oscilloscope 
screen a n d  pen- recorded  d i rec t ly  a n d  a f t e r  in t eg ra t ion .  
E x p e r i m e n t s  were car r ied  ou t  in  a d a r k e n e d  room. P h o t i c  
s t imul i  were c o n s t a n t  i n t e n s i t y  (No. 4 or 8 s e t t i ng  of a 
Grass  PS-2  p h o t o s t i m u l a t o r  p laced  30-50 cm d i rec t ly  in  
f ron t  of t he  a n i m a l ' s  eyes), 40-50  f iashes/sec for 30-60 sec. 
T u r n i n g  on  t h e  o v e r h e a d  l igh t s  and  t he  surgical  l a m p  was 
also a n  effect ive  s t imu lus  wh ich  was p re sen ted  for as long 
as 5 min .  The  pos i t ion  of t he  e lect rode t ip  was  m a r k e d  
w i t h  a n o d a l  d-c c u r r e n t  a n d  a P rus s i an  Blue  r eac t ion  was  
o b t a i n e d  upon  s ta in ing .  

Results  and discussion. The  p inea l  of t h e  r a t  in da rknes s  
d i sp lays  a ton ic  level  of s p o n t a n e o u s  e lectr ical  a c t i v i t y  
r ang ing  f rom 30-80 txV. P h o t i c  s t i m u l a t i o n  resul t s  in  a n  
i m m e d i a t e  th ree -  to  four-fold depress ion  in t he  level  of 
e lec t r ica l  d i scharge  (Figure  1). T he  d u r a t i o n  of t h e  re- 
sponse  var ied ,  o u t l a s t i n g  t h e  per iod  of i l l u m i n a t i o n  in 
m a n y  cases (cf. B a n d  C, F igure  1). The  occurrence  of th i s  
t y p e  of response  d e p e n d e d  u p o n  an  o p t i m a l  c o m b i n a t i o n  
of s t imu lus  f r equency  a n d  in t ens i ty .  A t  lower  f requencies  
(10-30 c/sec) t h e r e  were f l a sh -d r iven  d ischarges  d u r i n g  
s t i m u l a t i o n  followed b y  a p o s t - s t i m u l a t o r y  i n h i b i t i o n  of 
ac t iv i ty .  

The  i n h i b i t o r y  n a t u r e  of t he  response  to l igh t  is s imi la r  
to  t he  effects  descr ibed  b y  DODT a n d  his  co l labora to rs  
whi le  record ing  f rom frog p inea l  ne rve  or f rom te leos t  
p inea l  o rgans  4-6. However ,  in  t he  r a t  the  p inea l  is no t  
i tself  t he  p h o t o r e c e p t o r  as in  t h e  lower  ve r t eb ra tes .  W e  
obse rved  t h a t  t h e  depress ion  in e lectr ical  a c t i v i t y  in  re- 
sponse  to  i l l u m i n a t i o n  was  p r e v e n t e d  b y  c o v e r i n g  t h e  
eyes w i t h  a s t r ip  of l i g h t - t i g h t  c lo th  in 7 rats .  The  inh ib i -  
t o ry  effect  of l i gh t  on  p inea l  ac t iv i ty ,  therefore ,  o r ig ina ted  
in t he  r e t i n a  a n d  is s imi la r  to  t he  effect  of s t eady  i l lumina-  
t i on  on ton ic  r e t i na l  a c t i v i t y  recorded  in the  opt ic  c h i a s m  
b y  ARDUINI a n d  PINNEO 7. 

The  role of t h e  super ior  cervical  gangl ia  in  m e d i a t i n g  
t he  ac t ion  of l i gh t  on  t he  p inea l  was  t e s t ed  p re l imina r i l y  
w i t h  a gangl ionic  b lock ing  agent .  I n  9 exper imen t s ,  a f t e r  
o b t a i n i n g  con t ro l  records of responses  to  pho t i c  s t imula -  
t ion,  h e x a m e t h o n i u m  chlor ide  (10-20 mg/kg)  was in jec ted  
i.v. The  i m m e d i a t e  effect  of t he  gangl ionic  blocker  was  a 
m a r k e d  decrease  in the  level  of spon t aneous  d i scharge  
recordab le  f rom the  p inea l  wh ich  m a y  h a v e  been  re l a t ed  
pa r t i a l l y  to  t he  d rop  in b lood  pressure  which  also occurred.  
The  level  of s p o n t a n e o u s  d i scharge  increased  in t he  30-40 
m i n  fol lowing in jec t ion ,  t h e  increases  occur r ing  s tep-wise 
w i t h  each  i n c r e m e n t  t r iggered  b y  t he  end  of a per iod  of 
pho t i c  s t i m u l a t i o n  (Figure 2, lower records).  Dur ing  th i s  
t i m e  t he  p inea l  response  to  l igh t  was  abol i shed  or 

2 R. Y. MOORE, A. HELLER, R. K. BHATNAOAR, R. J. WURTMAN 
and J. AXELROD, Arch. Neurol. 18, 208 (1968). 
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4 E. DOI)T and E. HEERD, J. Neurophysiol. 25, 405 (1962). 
5 E. DODT, Experientia 19, 642 (1963). 

Y. MORITA and E. DODT, Experientia 21, 221 (1965). 
A. AgDuim and L. R. PINNEO, Archo. ital. Biol. lO0, 425 (1962). 
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Fig. 1. Effect of illumination on the electrical activity recorded from the pineal gland of the rat. Trace A is the pen-recording of the 
amplified electrical activity in one rat and trace B, the corresponding integrated recording. Trace C is the integrated recording in another 
rat and trace D, the corresponding actual direct oscilloscope display of the amplified activity at 3 different times during the record in C: 
in the dark, when spontaneous activity is high; during illumination when spontaneous activity is inhibited; and after photic stimulation, 
as spontaneous activity returns to pre-illumination levels. Note the different response durations in the 2 rats. 
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Fig. 2. Effect of illumination on the direct 
and integrated electrical act ivi ty  recorded 
simultaneously from the pineal and the adja- 
cent teetum in the same rat, before and after 
hexamethonium chloride. The 'lights on' and 
'10 see' bars refer to all tracings. Note the 
differential effects of the ganglionic blocking 
agent on both activities: the abolition of the 
pineal response and the persistence of the 
tectal response. 
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marked ly  d iminished  (Figure 2). The response to l ight  
was, however,  reversible,  and at  t imes  it r e tu rned  before 
the  blood pressure had  re tu rned  to normal  levels. 

Since the  pineal  lies so close to the  visual r ec tum it was 
of in teres t  to see if this  response to l ight could be localized 
to the  pineal.  In  6 exper iments ,  2 recording electrodes 
were used;  one was inser ted  into the  pineal  and  the  o ther  
was lowered s tereotaxica l ly  into the  rec tum.  Tectal  dis- 
charge was also inhib i ted  by  phot ic  s t imula t ion  (Figure 
2), an effect  which was only obta inable  wi th in  a radius  of 
2.3 m m  from the  pineal  electrode. However ,  the  tec ta l  and 
pineal  effects differed, since a t  a t ime  when  the  pineal  re- 
sponse was abol ished by  the  ganglionic b locking agent ,  
the  tec ta l  response pers is ted  (Figure 2). This  difference in 
responses  of the  visual sys tem and the  pineal  lends sup- 
por t  to an act ion of the  ganglionic blocker  on t ransmiss ion  
in the  mul t i synap t i c  p a t h w a y  f rom the  re t ina  to the  pineal.  
Other  differences be tween  these two sys tems  which fu r the r  
suppor t  the  act ion of the  blocker  appeared  in their  respec- 
t ive  responses to phot ic  s t imula t ion  when  the  level of 
spon taneous  discharge in darkness  was low ~, as occurred 
wi th  the  blocking agent .  

In  conclusion, we have  been  able to demons t ra t e ,  by  
electrical  recording f rom the  ra t  pineal,  a h igh tonic level 
of spontaneous  ac t iv i ty  in darkness  which is inh ib i ted  by  
periods of i l luminat ion,  thus  conf i rming the  ana tomica l  
and funct ional  evidence for the  act ion of l ight  on the  
pineal.  The inh ib i to ry  effect  of l ight  on pineal  electrical  
ac t iv i ty  was found to be med ia t ed  by  the  ret ina.  Addi-  
t ionally,  using a ganglionic blocking agent ,  we have  pre-  

sented  p re l iminary  suppor t ive  evidence t h a t  the  p a t h w a y  
f rom the  re t ina  to  the  pineal  involves pos tgangl ionic  
s y m p a t h e t i c  f ibers f rom the  super ior  cervical  ganglia. 
These resul ts  mus t  be conf i rmed in gangl ionec tomized  or 
decent ra l ized  prepara t ions .  F u r t h e r  appl ica t ion  of t he  
e lectrophysiological  approach  should provide  useful in- 
fo rma t ion  concerning the  cent ra l  neural  c o m p o n e n t s  and  
the i r  mechan i sm of act ion in med ia t ing  the  response  of the  
pineal  to l ight  s. 

Rdsumd. La lumibre a n n  effet  inh ib i teur  sur l 'ac t iv i t6  
61ectrique ton ique  spontan6e  de l '6p iphyse  du rat ,  en- 
registr6e dans  l 'obscurit6.  Les 616ments photosens ib les  se 
t r o u v e n t  au niveau des yeux.  Le fai t  que la r6ponse a 6t6 
bloqu6e par  le chlorure de h e x a m e t h o n i u m  sugg~re qu 'el le  
est t r ansmise  ~ l '6piphyse  par  les nerfs  s y m p a t h i q u e s  
pos tgangl ionnai res .  
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