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Circadian R h y t h m  in A d r e n a l  A d e n y l  C y c l a s e  a n d  Cort icos terone  Abol i shed  by  Medial  Forebra in  
Bundle  Transec t ion  in the Rat 

The  r a t  a d r e n a l  g l and  e x h i b i t s  a c i r cad ian  r h y t h m  in 
co r t i cos te rone  c o n t e n t  w h i c h  is u n d e r  t h e  con t ro l  of 
e n v i r o n m e n t a l  l i g h t  x. T h e  v i sua l  con t ro l  of  t h e  r h y t h m  
is m e d i a t e d  b y  t h e  h y p o t h a l a m u s  a n d  a n t e r i o r  p i t u i t a r y  ~', a, 
a n d  r ecen t  ev idence  i nd i ca t e s  t h a t  t h e  ad renocor t i co -  
t r o p h i c  h o r m o n e  (ACTH) affects  co r t i cos t e rone  syn thes i s  
b y  inc reas ing  cyclic A M P  (adenos ine  3 ' , 5 ' - m o n o p h o s -  
p h a t e )  in  a d r e n a l  cor t ica l  cells a. T he  syn thes i s  of cyclic 
A M P  is ca r r i ed  o u t  b y  t h e  enzyme ,  a d e n y l  cyelase ~. And ,  
a l t h o u g h  t h e r e  is in  v i t r o  ev idence  t h a t  A C T H  s t i m u l a t e s  
a d r e n a l  a d e n y l  cyetase  a c t i v i t y  a,~, t h i s  h a s  n o t  b e e n  
d e m o n s t r a t e d  c lear ly  in t he  i n t a c t  an ima l .  I n  t h e  p r e sen t  
s t u d y  we o b t a i n e d  f u r t h e r  ev idence  for t h i s  b y  d e m o n -  
s t r a t i n g  a d i u r n a l  r h y t h m  in a d e n y l  cyclase w i t h  t i m i n g  
v e r y  s imi l a r  to  t h a t  for  t h e  re lease  of A C T H  f rom the  
p i t u i t a r y .  I n  a d d i t i o n  we h a v e  f o u n d  t h a t  t h e  i n t e g r i t y  
of  a m a j o r  h y p o t h a l a m i c  p r o j e c t i o n  sys t em,  t h e  med ia l  
f o r eb ra in  b u n d l e  (MFB),  is necessa ry  to  m a i n t a i n  these  
r h y t h m s  in t h e  r a t  ad rena l .  

70-day-old  female  a lb ino  r a t s  ( H o l t z m a n  Co., Madison,  
Wiscons in )  were  p laced  in c lear  p las t i c  cages in racks  
i l l u m i n a t e d  on  a d i u r n a l  schedule  ( l ights  on  07.00 h to  
19.00 h) b y  V i t a - L i t e  f luo rescen t  bu lbs  (Duro-Tes t  Corp., 
Chicago,  I l l inois) .  W i t h  t h e  l igh t s  on, t h e  r a t s  were  
exposed  to  a p p r o x i m a t e l y  50 foo t -candles  of l ight .  
3 g roups  of r a t s  were  used, no rma l ,  s h a m  opera ted ,  a n d  
M F B  lesions.  B i l a t e r a l  t r a n s e c t i o n  of the  M F B  was 
p e r f o r m e d  in t h e  l a t e r  g roup  us ing  a modi f ied  H a l a s z  
kn i f eL  His to log ica l  s t u d y  of t h e  b r a i n s  f rom t h e  M F B  
g roup  c o n f i r m e d  t h a t  t h e  M F B  lesions t r a n s e c t e d  t h a t  
t r a c t  in  t he  l a t e ra l  h y p o t h a l a m u s  a t  t he  level  of t he  
v e n t r o m e d i a l  h y p o t h a l a m i c  nucleus .  None  of t h e  o p e r a t e d  
a n i m a l s  deve loped  a n y  a b n o r m a l i t y  of ea t ing  or d r i n k i n g  
b e h a v i o r  a n d  t h e i r  b o d y  we igh t s  a t  t h e  t i m e  of sacrif ice 
d id  n o t  d i f fe r  s ign i f i can t ly  f rom t h e  con t ro l  groups .  T h e  
a n i m a l s  were k i l led  b y  d e c a p i t a t i o n  3 weeks  a f t e r  ope ra -  
t i on  a t  3 h i n t e r v a l s  (4 a n i m a l s  f rom each g roup  a t  e ach  
in te rva l )  b e g i n n i n g  a t  04.00 h a n d  e n d i n g  a t  22.00 h. 
T h e i r  ad rena l s  were  r e m o v e d  rap id ly ,  we ighed  a n d  f rozen 
on  d r y  ice. S u b s e q u e n t l y  t h e y  were  h o m o g e n i z e d  in Tris  
buf fe r  (pH 7.3, 4 X 10-~M)  a n d  one  a l i q u o t  was  t a k e n  
for co r t i cos t e rone  ana lys i s  b y  a m o d i f i c a t i o n  of t h e  
m e t h o d  of SILBER e t  al. s. A second a l i quo t  was  used  
for  ana lys i s  of a d r e n a l  a d e n y l  cyclase a c t i v i t y  ~. 

A s u m m a r y  of t h e  a d r e n a l  co r t i cos te rone  d a t a  is s h o w n  
in F igu re  1. I n  t h e  n o r m a l  r a t  t h e r e  is a d i u r n a l  r h y t h m  
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in  a d r e n a l  co r t i cos t e rone  c o n t e n t  w i t h  t he  lowes t  da i ly  
v a l u e  occur r ing  a t  0 7 . 0 0 h  a n d  t h e  h i g h e s t  v a l u e  a t  
19.00 h. I n  c o n t r a s t  to  t h e  co r t i cos t e rone  r h y t h m  t h e  
a d e n y l  cyelase  r h y t h m  (Figure  2) in  n o r m a l  a n i m a l s  
shows a low level  a t  04.00 h a n d  t h e n  rises r a p i d l y  to  a 
peak  a t  22.00 h. S h a m  o p e r a t e d  a n i m a l s  do no t  differ  
s ign i f i can t ly  f rom norma l s .  T h e  r ise in a d r e n a l  a d e n y l  
cyclase in  t he  m o r n i n g  suggests  t h a t  ACTFI s t i m u l a t e s  
t he  e n z y m e  in t h i s  t i m e  per iod.  I t  is k n o w n  t h a t  p i t u i t a r y  
A C T H  c o n t e n t  is h i g h e s t  in  t he  m o r n i n g  3,~°, a n d  t h a t  
p l a s m a  A C T H  levels  p e a k  b e t w e e n  07.00 h a n d  13.00 h a. 
Thus,  the  f ind ings  in  t h e  n o r m a l  a n i m a l  are  in  accord  
w i t h  t he  v iew t h a t  c e n t r a l  n e u r a l  e v e n t s  t r igger  t h e  

80 

7O 

B0 

50 

IC 7---" ~IFB 
o o Normal 

I t f I I I 

01.00 OkO0 ~00 1D, OO 1~0 I@,O0 l&O0 '~2.00 

Fig. 1. Adrenal corticosterone rhythm in the normal rat (continuous 
line) and the rat with bilateral transection of the medial forebrain 
bundle (MFB interrupted line). The vertical bars above and below 
each point represent the standard error of the mean. 
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Fig. 2. Adrenal adenyl cyelase rhythm in the normal rat (continuous 
line) and in the rat with bilateral transection of the medial forebrain 
bundle (MFB, interrupted line). The vertical bars above and below 
each point represent the standard error of the mean. 
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re lease  of A C T H  in t h e  m o r n i n g  a n d  t h a t  A C T H  s t i m u -  
la tes  t h e  a c t i v i t y  of a d e n y l  cyclase  to  p r o d u c e  cycl ic  
A M P  which ,  in  t u r n ,  s t i m u l a t e s  co r t i cos t e rone  p rodu c -  
t ion.  Th i s  is f u r t h e r  s u p p o r t e d  b y  o b s e r v a t i o n s  t h a t  t h e  
a d e n y l  cyclase  r h y t h m ,  l ike t h e  co r t i cos te rone  r h y t h m  1, 
ha s  t h e  p rope r t i e s  of a c i r cad ian  r h y t h m  and,  in  add i t ion ,  
is e l i m i n a t e d  b y  h y p o p h y s e c t o m y  n.  

T h e  a n i m a l s  w i t h  h y p o t h a l a m i c  les ions p r o v i d e  f u r t h e r  
i n f o r m a t i o n  o n  t h e  cen t r a l  p a t h w a y s  con t ro l l i ng  t h e  
r h y t h m s .  B o t h  t h e  co r t i cos t e rone  (F igure  1) a n d  a d e n y l  
cyclase  (F igure  2) r h y t h m s  are  abo l i shed  b y  b i l a t e r a l  
t r a n s e c t i o n  of t h e  M F B .  I n  these  o p e r a t e d  a n i m a l s  t h e  
co r t i cos te rone  levels  a re  al l  be low the  n o r m a l  levels  b u t  
t h e  d i f ferences  b e t w e e n  t h e  two  g roups  are  on ly  s ign i f i can t  
a t  t h e  p o i n t s  a r o u n d  t h e  p e a k  in  t h e  n o r m a l  curve .  T h e  
M F B  a n i m a l s  a p p e a r  to  show a n  a t t e n u a t e d  c u r v e  b u t  
t h e  d i f fe rence  b e t w e e n  t h e  low (19.00 h) a n d  h i g h  (13 .00h)  
p o i n t s  on ly  a p p r o a c h e s  s t a t i s t i ca l  s ign i f icance  (p < 0.10 
> 0.05; two- t a i l ed  t - test) .  T h e  a d e n y l  cyclase  levels  in  
t h e  M F B  a n i m a l s  show m i n o r  f l u c t u a t i o n s  in  a r a n g e  
a r o u n d  t h e  m i d - p o i n t  in  t h e  n o r m a l  cycle b u t  t h e  c u r v e  
is n e a r l y  f lat .  Thus ,  b o t h  r h y t h m s  are  e l i m i n a t e d  b y  
sec t ion  of t he  M F B ;  a n  ef fec t  i den t i ca l  to  t h a t  of b i l a t e r a l  
M F B  lesions on  p inea l  r h y t h m s  of s e ro ton in  a n d  t h e  
m e l a t o n i n - f o r m i n g  enzyme,  h y d r o x y i n d o l e - O - m e t h y l -  
t r a n s f e r a s e  (HIOMT)  lz. T h e  a l t e r a t i o n  of t h e  H I O M T  
r h y t h m  can  b e  a t t r i b u t e d  to  sec t ion  of a v i sua l  p a t h w a y ,  
t h e  infer ior  accessory  op t i c  t r a c t ,  w h i c h  r u n s  a m o n g  t h e  
f ibers  of t he  M F B  in  t h e  r a t  13 b u t  t h i s  will  n o t  a c c o u n t  
for  t h e  effects  of M F B  sec t ion  on  t he  p inea l  s e r o t o n i n  
or t h e  a d r e n a l  r h y t h m s ,  s ince e l i m i n a t i o n  of v i sua l  i n p u t  
shou ld  n o t  abo l i sh  these  c i r cad i an  r h y t h m s  b u t  on ly  
cause  t h e m  to  b e c o m e  f r e e - r u n n i n g  x, ix. Les ions  t r a n s e c t i n g  
t h e  m e d i a l  f o r e b r a i n  b u n d l e  are  k n o w n  t o  p roduce  sub-  
s t a n t i a l  decreases  in  b r a i n  m o n a m i n e s  14 a n d  shou ld  
des t roy ,  in  pa r t i cu l a r ,  s e r o t o n i n - c o n t a i n i n g  a x o n s  a r i s ing  
in t h e  b r a i n s t e m  r a p h e  nucle i  to  t r a v e r s e  t h e  m e d i a l  
f o r eb ra in  b u n d l e  before  i n n e r v a t i n g  t he  s u p r a c h i a s m a t i c  
nucle i  15 I t  ha s  been  sugges ted  r e c e n t l y  t h a t  t h e  c i r cad i an  
cor t i cos te ro id  r h y t h m  is m e d i a t e d  b y  se ro tonerg ic  n e u r a l  

m e c h a n i s m s  is. I f  t h i s  is t h e  case, a n d  t h e  se ro tonerg ic  
i n n e r v a t i o n  to  t h e  s u p r a c h i a s m a t i c  a r ea  is essent ia l ,  
r a p h e  lesions shou ld  be  e q u i v a l e n t  to  M F B  lesions in  
t h e i r  ef fects  o n  a d r e n a l  r h y t h m s .  T h e  M F B  lesion ef fec t  
on  t h e  a d r e n a l  co r t i cos t e rone  r h y t h m  is v e r y  s imi l a r  to  
t h a t  of a n t e r i o r  d e a f f e r e n t i a t i o n  of t h e  m e d i a l  h y p o -  
t b a l a m u s  1°, sugges t ing  t h a t  b o t h  lesions m i g h t  i n t e r r u p t  
a c r i t i ca l  p a t h w a y  to  t h e  t u b e r a l  h y p o t h a l a m u s .  R e g a r d -  
less of t h e  m e c h a n i s m  of  t h e  M F B  les ion effect,  i t  is 
e v i d e n t  t h a t  t h i s  p a t h w a y  p a r t i c i p a t e s  in  t h e  n e u r a l  
r e g u l a t i o n  of c i r cad i an  r h y t h m s  in t h e  r a t  a d r e n a l  g l a n d  1L 

Zusammen]assung. Nachweis ,  dass  die N e b e n n i e r e n -  
r inde  y o n  R a t t e n  n i c h t  n u r  e ine r h y t h m i s c h e  Tages-  
s c h w a n k u n g  in  i h r e m  G e h a l t  a n  Cor t icos te ron ,  s o n d e r n  
a u c h  e ine  S c h w a n k u n g  im G e h a l t  a n  Adeny l -Cyc la se  
aufweis t .  Diese R h y t h m e n  k C n n e n  d u r c h  eine s te reo-  
t a k t i s c h  ausgef i ih r t e  T r e n n u n g  des  m e d i a n e n  Vorde r -  
h i rnb i inde l s ,  welches  zum H y p o t h a l a m u s  f i ihr t ,  auf-  
g e h o b e n  werden .  
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A C o m p a r i s o n  of L - A s p a r a g i n a s e  f r o m  Erwinia aroideae and f r o m  E $ c h e r i c h i a  coU: B i o c h e m i c a l  
and B i o l o g i c a l  P r o p e r t i e s  

I n  sea rch  of L-asparag inases  f rom sources,  o t h e r  t h a n  
E. coli, w h i c h  were su i t ab l e  for  a large  scale p r o d u c t i o n  
WADE I-s a n d  PETERSON 4,~ f o u n d  seve ra l  s t r a i n s  of t h e  
p l a n t  p a t h o g e n s  Erwinia p r o d u c i n g  n -a spa rag inase  in  
h i g h  yield.  T r e a t m e n t  of mice  b e a r i n g  6 H 3  H E D  t u m o r s  
w i t h  L-asparag inase  f rom Erwinia caused  regress ion  of 
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t h e  t u mo r s .  NORTH e desc r ibed  t h e  c ry s t a l l i z a t i o n  of t h e  
e n z y m e  a n d  some phys i ca l  da t a .  

Since t h e r e  is no  i m m u n o l o g i c a l  c ross - reac t ion  b e t w e e n  
L-asparag inases  f r o m  Erwinia a n d  f r o m  E. coli (F igure  1), 
t h e i r  e x c h a n g e  d u r i n g  l e u k a e m i a  t h e r a p y  m i g h t  b e  
f a v o r a b l e  w h e n  al lergic  r eac t i ons  a re  to  be  expec ted .  
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Fig. 1. Immunodiffusion according to Ouch- 
terlony. Antisera from rabbits are applied to 
the center wells. The left exposure shows the 
precipitation with antiserum against L-aspar 
aginase from Erwinia aroideae, the right ex- 
posure the precipitation with antiserum 
against L-asparaginase from E. colL In both 
exposures sample 1 represents L-asparaginase 
from E. aroideae, sample 2-6 are EC2 L-aspar- 
aginases from various strains of E. coil. 
There is no immunological erossreaction 
between the 2 L-asparaginases. 


