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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  
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Effect of cr on rat glucose toIerance 
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Treatment Dose 
~ean blood sugar (mg/I00 ml 4- SE) 
Time after glucose (min) 

(i.p.) N 0 30 60 90 
Control(4) a 894- 4 158=L 5 1354- 3 1334- 9 
~-bromo palmitate (500 mg/kg) (4) 92 4- 5 114 4- 13 b 105 4- 15 b 104 4- 25 

Control (4) 71 q- 8 147 4- 7 132 ~= 5 128 4- 6 
~-bromopalmitate (i00mg/kg) (4) 784- 8 1324- 4 115:~ 5 a 1074- 2 a 

ControI(4) 74 4- 8 125 4- 9 125 • 4 115 4- 3 
~-bromopalmitat 9 (50mg/kg) (4) 764- 3 954- 6 b 1104- 8 b 1004- 6 b 

Control (5) 88 4- 8 125 4- 7 117 4- 11 112 ~ 4 
r palmitate (25 mg/kg) (5) 91 :t= 2 112 4- 7 101 4- 5 b 99 4- 6 

Controls (4) 83 =~ 9 175 4- 15 160 • 7 140 4- 7 
r palmitate (10 mg/kg) (3) 99 4- 11 185 4- 17 177 ~ 13 140 4- 7 

(1 mg/kg) (3) 83 4- 2 160 :Jr 11 151 4- 1 136 4- 5 

120 
155 4- 12 
94 4- 29 b 

114 4- 6 
984- 2 a 

99~= 6 
994- 3 

994- 4 
80 4- 56 

124 4- 10 
140 J= 15 
122 4- 2 

150 
118 4- 4 
77 4- 23 b 

105 4- 5 
89 4- 6 a 

944- 6 
784- 6 

954- 6 
854- 4 

114 -4- 9 
133 4- 27 
109 4- 11 

180 
118 -4- 6 
61 4- 23 ~ 

105 -4- 11 
9 4 ~  6 

8 8 ~  4 
824- 1 

964- 5 
824- 6 

94 ~ 12 
94~  12 
9 9 ~  7 

a Number in parenthesis is the number of animals per group. 
b Significance determined by Student's t-test p < 0.05, all other differences were not significant. 

f a t t y  acid ox ida t ion  was suppressed.  F r o m  these  facts  it  
seemed reasonable  to expec t  t h a t  t he  f a t t y  acid analogue, 
a -b romopa lmi t a t e  m i g h t  also increase glucose to!erance.  
Therefore,  us ing glucose to lerance  tes ts ,  the  p re sen t  
s t u d y  explores  t he  effect  of e - b r o m o p a l m i t a t e  on the  
to lerance  of the  in tac t  r a t  to glucose. 

Methods. Male Sprague-Dawley  ra ts  (Charles River  
Laborator ies)  of 200-230 g body  wt.  were used th rough-  
out.  Before exper iments ,  all an imals  were kep t  a t  30-31 ~ 
and  f e d a d  l ib i tum s t a n d a r d  W a y n e  Chows. g-Bromopal -  
mi t ic  acid was pu rchased  f rom K & K Laborator ies ,  Inc.  
(Planview, N.Y.).  Pu r i t y  was checked by  th in - l ayer  
c h r o m a t o g r a p h y  on Silica gel G p la tes  using 1:1 acetone-  
95% e thanol  and  9:1 ch loroform:  ace tone  so lvent  
sys tems.  Spots  were located  by  char r ing  wi th  50% 
H2SO 4. e -Bromopa lmi t i c  acid gave only  a single spot  in 
b o t h  sys t ems  and  was used w i t h o u t  fu r the r  pur i f icat ion.  

The an imals  were fas ted  for 24 h before admin i s t r a t i on  
of glucose ( 'O' t ime) hav ing  access to  wa te r  ad tibit~l~: 
Blood samples  (0.1 ml) were ob ta ined  f rom the  tai l  
w i t hou t  anes thes ia  a t  0, 30, 60, 90, 120, 150 and  180 mid 
af ter  oral admin i s t r a t i on  of 1 g glucose/kg body  wt.  
Specimens  of blood were i m m e d i a t e l y  depro te in ized  wi th  
Ba(OH)~ and  ZnSO 4 and  glucose levels de t e rmined  wi th  
glucose oxidase  (Glucostat  | W o r t h i n g t o n  13iochem. 
Corp. USA).  e -Bromopa lmi t i c  acid dissolved in 0.002 N 
N a O H  was admin i s t e red  i.p. in a vo lume of 0.5 ml  a t  
30 rain before 'O'  t ime.  Vehicle was in jec ted  as a control .  

Results and discussion. The resul ts  of the  effect  of 
e - b r o m o p a l m i t a t e  on the  c a r b o h y d r a t e  to lerance  of 
normal  in tac t  f a t s  is shown in t he  Table.  a -Bromopal -  
m i t a t e  caused a s ignif icant  increase in glucose to lerance  
at  500, 100, 50 and  25 mg/kg,  i.p. I t  did no t  affect  glucose 
to lerance  a t  10 or 1 mg/kg,  i.p. 

A n u m b e r  of normal  physiological  and  pa thophys io -  
logical s ta tes  charac te r ized  by  h igh  p l a sma  free f a t t y  
acid levels have  also been found  to be associa ted w i t h  
glucose i n t o l e r a n c e . . F o r  example ,  d iabe tes  mel l i tus  5, 
ac romegaly  6, obes i tyL  and  s t a rva t ion  s have  alt been  
associa ted wi th  glucose intolerance.  RA~I)LE et  al.% 1~ 
have  p roposed  t h a t  increased levels of free f a t t y  acids 
and ketones  br ing  abou t  a swi tch  f rom c a r b o h y d r a t e  to  
l ipid me tabo l i sm and  t h a t  t he  a u g m e n t e d  l ipid me tabo-  
l ism inh ib i t s  glucose ox ida t ion  in muscle  and  impairs  the  

respons iveness  of muscle  to  insulin. The p re sen t  s t u d y  
demons t r a t e s  t h a t  fas ted  rats ,  ut i l iz ing main ly  f a t t y  acids 
for energy  have  an increased to lerance  to  oral ly admin -  
is tered glucose when  t r e a t ed  wi th  an inh ib i to r  of f a t t y  
acid ox ida t ion  (a-bromopalmi ta te) .  ~-Bromo f a t t y  acids 
m a y  thus  be a useful tool  for es tabl i sh ing  the  role of 
f a t t y  acid ox ida t ion  in metabol ic  d i s tu rbances  in experi-  
men ta l  d iabe tes  and  o the r  diseases. 

Zusam~nen/assung. Bet H u n g e r - R a t t e n ,  denen  vor- 
wiegend Fetts/~ure als Ene rg i e spende r  gegeben wurde,  
wird  eine e rh6hte  Toleranz gegen per  os e ingegebene 
Glukose w/thrend der  Behand lung  mi t  der  die Fetts/~ure- 
oxyda t ion  h e m m e n d e n  ~-Brompalmins / iure  gefunden.  Bet 
Dosierungen yon 25-500 mg/kg,  i.p. ve ru r sach te  ~- 
Brompalmins~ure eine s ignif ikante  E r h 6 h u n g  der  Glu- 
kose-Toleranz.  
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