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cycl iza t ion  to  yield t he  f inal  l ac tones  v ia  i n t e r m e d i a t e  
ca t ions .  I n sp i t e  of m a n y  v a l u a b l e  r epo r t s  ~ on cyc l iza t ion  
of u n c o n j u g a t e d  po lyenoic  acids c o n t a i n i n g  i so la ted  
ca rbon~ca rbon  doub le  bonds ,  on ly  a few cases i n v o l v i n g  
a c o n j u g a t e d  d ienoic  ac id  s y s t e m  were descr ibed  so far  ~, 
where  ~, /~-unsa tura ted  y- or &-lactone was o b t a i n e d  as a 
p r o d u c t  a m o n g  va r ious  r eac t ion  p roduc t s .  I t  is now 
disclosed f rom our  cyc l iza t ion  s tud ies  t h a t  t h e  t i t l e  
c o m p o u n d  undergoes  doub le -cyc l i za t ion  in sulfuric  acid 
to  af ford  t he  s a t u r a t e d  7- and  d- lactones  a l m o s t  exclusiv-  
ely. Thus ,  ou r  f i nd ing  offers a n  i m p o r t a n t  i n s i g h t  in to  
t he  c h e m i s t r y  of c o n j u g a t e d  po lyenoic  acids, i nc lud ing  
v i t a m i n  A acid, t o w a r d  acids, a n d  i t  does no t  seem 
a b s u r d  to  expec t  t h a t  our  doub le -cyc l i za t ion  mode  m a y  
exis t  in na tu r e .  

Zusammen/assung. Es  wird  eine neua r t i ge  Doppel -  
Z y k l i s i e r u n g s - R e a k t i o n  an  e iner  k o n j u g i e r t e n  Polyen-  
ca rbons~ure  beschr ieben .  
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Dark Induced Increase in Pineal  Serotonin N-Acetyltransferase Activity: A Refractory Period 

R a t  p inea l  s e ro ton in  N - ace t y l t r an s f e r a s e  (NATase)  
a c t i v i t y  exh ib i t s  a 30-70-fold  da i ly  change  w h e n  an ima l s  
are k e p t  in  a 24-h l i g h t - d a r k  cycle (LD 14:10) 1,~. Once 
th i s  r h y t h m  was discovered,  t he  n e x t  logical  s tep  was 
to  s t u d y  t he  r e g u l a t i o n  of t he  r h y t h m  b y  e x a m i n i n g  
t he  po in t s  of t r ans i t i on ,  d a r k - t o - l i g h t  and  l i gh t - to -da rk .  
The  da rk - to - l i gh t  t r a n s i t i o n  has  p rev ious ly  been  s tud ied  a ; 
t h i s  t r a n s i t i o n  p roduces  a r a p i d  decrease  in N A T a s e  
a c t i v i t y  t h a t  is m e d i a t e d  by  t he  eyes in  rats .  In  t he  
p r e sen t  r epo r t  we discuss  our  e x p e r i m e n t s  w i t h  t he  
l i g h t - t o - d a r k  t r ans i t i on .  W e  h a v e  e x a m i n e d  1. t he  impor -  
t ance  of t he  t~ming of t h e  l i g h t - t o - d a r k  t r ans i t i on ,  a n d  2. 
t h e  effect  of t he  absence  of t h e  expec ted  l i g h t - t o - d a r k  
t r ans i t i on .  

Fema le  Osborne-Mende l  r a t s  ( N I H  s t ra in ,  200 g) which  
h a d  been  rea red  f rom b i r t h  in  a l igh t  cycle (LD 14:10) 
were used. W e  sub jec t ed  g roups  of r a t s  (N ~ 4 or 5) 
to  l igh t  or to  3 or 6 h of da rknes s  d u r i n g  t h e i r  n o r m a l  
l i g h t - t i m e  or  d u r i n g  t h e i r  expec t ed  d a r k - t i m e  (Figure) .  
To t e s t  w h e t h e r  the  p inea l  s y s t e m  was capab l e  of re- 
sponse, we in jec ted  phys io logica l  sal ine or  a drug,  nL- 
i sopro te reno l  (15 m g / k g  in saline), s.c. i n to  t he  r a t s  a t  

1 D. C. KLEIN and J. L. WELLER, Science t69, 1093 (1970). 
N. ]~LLISON, J. L. WELLER ~/%d D. C. KLEIN, J. Neurochem. 19, 
1335 (1972). 
D. C. KLEIN, and J. L. WELLER, Science 177, 532 (1972). 
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a) Data and b) protocol for NATase activity measured in pineal glands from rats which had been subjected to experimental light, 
dark, and isoprotereao[ treatments daring either the normal light4ime or the expected dark-time of their previous lighting regimes. In b) the 
lighting regime (LD 14:10) in which the animals had been kept from birth is indicated by the bottom bar. Rats were treated during the 
normal light-time or during the expected dark-time with light, dark, saline injections, and/or drug injections. Each treatment is shown 
from the normal 'dawn' or dark-to-light transition at 05.00 h (T) to the time the animals were killed (X). Injections, saline or isoproterenol 
in saline, were given only to the dark treated animals; the injections were given just prior to the light-to-dark transition. The results of 
the N-acetyltransferase activity measurements are shown in a). Dark did not stimulate enzyme activity during the light-time but did 
stimulate NATase activity during the dark-time. High enzyme activity was not seen in the presence of light. The drug, isoproterenol, stimu- 
lated enzyme activity during either the normal light-time or during the expected dark-time. NATase activity is normally high in the 
dark-time and low in the light-time in rats killed at time points in an LD14:10 light cyeIO (+  1 standard error). 
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t he  beg inn ing  of t h e i r  e x p e r i m e n t a l  d a r k  per iod.  Iso- 
p ro t e r eno l  is k n o w n  to increase  N A T a s e  a c t i v i t y  in  
r a t s  k e p t  in  l igh t  b y  ac t ing  d i rec t ly  on  t h e i r  p inea l  
g lands  ~. The  an ima l s  were s t u n n e d  a t  t he  end  of t h e i r  
e x p e r i m e n t a l  per iods  a n d  t h e n  decap i t a t ed .  P inea l  
g lands  were i m m e d i a t e l y  d issec ted  ou t  a n d  f rozen on  
d ry  ice. L a t e r  t he  p inea l  g lands  were t h a w e d  a n d  assayed  
for NATase  a c t i v i t y  1, 3, 5. 

E x p o s u r e  to da rkness  increased  NATase  a c t i v i t y  
on ly  d u r i n g  t he  expec ted  da rk - t ime .  I n  c o n t r a s t  w i t h  
t h i s  result ,  l i gh t  p r e v e n t e d  t he  increase  in e n z y m e  
a c t i v i t y  du r ing  t he  n o r m a l  d a r k - t i m e  wh ich  is cons i s t en t  
w i t h  p rev ious  r epor t s  of l igh t  suppress ion  of t h e  a c t i v i t y  
of t he  e n z y m e  ~. In j ec t i ons  of i sopro te reno l  dur ing  e i the r  
t he  n o r m a l  l i gh t - t ime  or t he  expec t ed  d a r k - t i m e  caused  a 
m a r k e d  increase  in e n z y m e  a c t i v i t y  a t  3 h. The re  was a 
di f ference in t he  response  to  i sopro te reno l  t ~ e a t m e n t  
a t  6 h wh ich  d e p e n d e d  on  t h e  expec ted  l ight ing.  Th i s  
di f ference could be  due  to da rkness  a lone because  t he re  
was no  dif ference b e t w e e n  t he  d a r k  t r e a t e d  group  a n d  
t h e  isoprote~enol  group a t  th i s  t ime.  

Resu l t s  s imi la r  to  ours  h a v e  been  r epo r t ed  b y  QuAY ~ 
who  e x a m i n e d  t h e  responses  of r a t  p inea l  se ro ton in  
to  changes  in l i gh t ing  condi t ions .  He  found  t h a t  l i gh t  
would p r e v e n t  t he  n o c t u r n a l  d rop  in p inea l  sero tonin ,  
and  t h a t  t h e  drop  in se ro ton in  could be  s t i m u l a t e d  b y  
da rkness  fa l l ing in a 4-h  t i m e  s p a n  nea r  s t a r t  of t he  
expec t ed  da rk - t ime .  The  s imi la r i ty  of our  N A T a s e  resu l t s  
to  t he  se ro ton in  resul t s  of QUAY is no t  su rpr i s ing  because  
c i r cad ian  changes  in r a t  p inea l  se ro ton in  a p p e a r  to  be  
r egu la t ed  b y  changes  in  p inea l  se ro ton in  NATase  act i -  
v i t y L  Responses  s imi la r  to  those  we o b t a i n e d  w i t h  
N A T a s e  h a v e  been  r epo r t ed  b y  DEGtJCnI a n d  AXELROI) 4. 
Our  e x p e r i m e n t s  differ  f rom the i r s  in  t h a t  we s tud ied  
t he  effect  of i sopro te reno l  in  t h e  same  expe r imen t ,  we 
k e p t  i sop ro t e reno l - t r ea t ed  r a t s  in  t h e  dark ,  our  dark-  
t i m e  and  l i g h t - t i m e  t r e a t m e n t s  were ident ica l ,  and  we 
used se ro ton in  as a s u b s t r a t e  for NATase .  

W e  conc lude  t h a t  t he re  is a sens i t ive  per iod  d u r i n g  
wh ich  d a r k  can  s t i m u l a t e  N A T a s e  ac t iv i ty .  Th i s  pe r iod  
coincides rough ly  w i t h  t he  expec ted  da rk - t ime .  Conver-  
sely, t he re  is a ' r e f r ac to ry '  pe r iod  co inc iden t  w i t h  t he  
n o r m a l  l i g h t - t i m e  d u r i n g  wh ich  d a r k  evokes  no response.  
However ,  t h e  m e c h a n i s m  for  t h i s  r e f r ac to ry  per iod  
p r o b a b l y  is no t  loca ted  in t he  p inea l  g l and  because  
i sopro te reno l  was effect ive  du r ing  t he  l i gh t - t ime  and  
da rk - t ime .  Th i s  d rug  ac ts  d i rec t ly  on  t h e  p inea l  g l and ;  
i t  is effect ive in an im a l s  w i t h  d e n e r v a t e d  p inea l  g lands  r 
a n d  in o rgan  cultureT. The  m e c h a n i s m  for t he  refractorY 
per iod  p r o b a b l y  lies more  cen t r a l ly  in t h e  ne r vous  
s y s t e m  for t h e  fol lowing reasons  : The  r h y t h m  in NATase  
relies u p o n  i n t a c t  adrenerg ic  i n n e r v a t i o n  f rom t h e  
super ior  cervical  gangl ia  to  t h e  p inea l  g land  and  neu ra l  
i n p u t  to  t he  gangliaS;  and  recen t  s tud ies  i nd i ca t e  t h a t  
lesions of t h e  cen t r a l  ne r vous  s y s t e m  (specifically in  
t he  med ia l  foref ra in  b u n d l e  and  in t he  s u p r a c h i a s m a t i c  
nucleus)  also b lock  t h e  r h y t h m  in N A T a s e  wh ich  m e a n s  

t h a t  t he  d r iv ing  i n p u t  to  t he  super ior  cervical  gang l ion  
m a y  pass  t h r o u g h  these  s t r u c t u r e s  and  p e r h a p s  o r ig ina te  
in  one of t h e m  9. 

The  r h y t h m  in N A T a s e  a c t i v i t y  is c lear ly  endogenous  
ill or ig in  because  i t  pers i s t s  in  b l inded  r a t s  or in  r a t s  
k e p t  in  c o n s t a n t  da rkness  (DD)I.  I t  follows f rom t h i s  

. t b a t  in  t h e  absence  of l igh t  t h e  p inea l  g land  per iodica l ly  
receives s t i m u l a t o r y  s ignals  f rom the  cen t r a l  con t ro l l ing  
sys tem.  The  resul t s  of t he  e x p e r i m e n t  p r e sen t ed  here  are 
ill a g r e e m e n t  w i t h  t h e  a b o v e  conc lus ion  because  t h e y  
show t h a t  da rkness  s t imu la t e s  t h e  p inea l  g l and  on ly  
w h e n  t he  cen t r a l  ne rvous  s y s t e m  is r ecep t ive  to  s t imula -  
t ion.  Therefore ,  t h e  d a r k - i n d u c e d  increase  in  e n z y m e  
a c t i v i t y  depends  on  t h e  ' co inc idence '  of t h e  ' e x t e r n a l '  
da rkness  w i t h  a p h o t o s e n s i t i v e  phase  of t he  endogenous  
s y s t e m  regu la t i ng  p inea l  NATase .  These  d a t a  are con- 
s i s t en t  w i t h  t he  ' ex t e rna l  co inc idence  mode l '  of PITTEN- 
I)RmI~ and  MINIS 10 wh ich  is an  e l abo ra t i on  of t he  B~NNIN~ 
h y p o t h e s i s  for c i r cad ian  s ens i t i v i t y  in  pho tope r iod i c  
responsesl~,  12. The  hypo thes i s  s t a t e s  t h a t  t h e  i m p o r t a n t  
fac to r  in  pho tope r iod ic  responses  is w h e n  l i gh t  s t r ikes  
a n  o rgan i sm re la t ive  to i ts  endogenous  c i rd ian  r h y t h m  
r a t h e r  t h a n ,  w i t h i n  l imits ,  t h e  l e n g t h  of t he  l igh t  s t imulus .  

Zusammen/assung. Nachweis ,  dass  R a t t e n ,  aus  nor-  
ma le r  L ich tpe r iode  a b r u p t  in  D u n k e l h e i t  verse tz t ,  ke ine  
Z u n a h m e  der  NATase-Akt iv i t~ t t  im P i n e a l o r g a n  zeigen 
u n d  dass  I s o p r o t e r e n o l - I n j e k t i o n  die Z n n a h m e  der  
NATase  ausl6st .  
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Hypoglycemic Activity of a-Bromopalmitate in Rats 

The  depress ion  of glucose u t i l i za t ion  of muscle  a n d  t he  
s t i m u l a t i o n  of g luconeogenesis  b y  t h e  l iver  obse rved  in  
cond i t ions  of h i g h  l ip id  m ob i l i z a t i on  h a v e  been  d e m o n -  
s t r a t e d  to  be  caused  b y  t h e  p r o d u c t s  of f a t t y  ac id  oxi- 
dat ion1,  e. BURGES e t  al a d e m o n s t r a t e d  in r i v e  a n d  in 
v i t ro  t h a t  t he  f a t t y  acid analogue,  e - b r o m o p a l m i t a t e ,  
could  i n h i b i t  f a t t y  acid ox ida t i on  and  secondar i ly  resu l t  

in  increased  ox ida t i on  of glucose. I n  t h i s  p r e l i m i n a r y  
repor t ,  he  m e n t i o n e d  t h a t  ~ - b r o m o p a l m i t a t e  could  lower 
b lood glucose. Subsequen t ly ,  RANDL~ 4 d e m o n s t r a t e d  
t h a t  t h e  res i s t ance  of h e a r t  musc le  f rom d i abe t i c  r a t s  to  
insu l in  in  v i t r o  could be  reversed  b y  p r io r  pe r fus ion  w i t h  
e -b romos t ea r a t e .  Th i s  e -b romo  f a t t y  acid inc reased  
glucose up take ,  glycolysis  a n d  glucose o x i d a t i o n  while  


