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T h e  C h a n g e s  in B a s a l  C o r t i c o s t e r o n e  S e c r e t i o n  in 

Recen t ly  we have  found  t h a t  the  onset  of a dai ly 
var ia t ion  in se rum cor t icos terone  is corre la ted  in t ime  
wi th  the  deve lopmen t  of a r e t i nohypo tha l amic  projec t ion  
to  t he  suprach iasmat i c  nucleus  of the  h y p o t h a l a m u s L  
Ligh t  and  d a r k  have  been  known  for a long t ime  to  in- 
f luence the  per iodic i ty  of a n u m b e r  of endocr ine  r h y t h m s ,  
inc luding the  dai ly  cycle of cor t icos terone  secretion2, a. 
We therefore  decided to  inves t iga te  whe the r  visual  i npu t  
is requi red  for the  appea rance  of an adrena l  r h y t h m .  

Female  Sprague-Dawley  der ived ra ts  were ob ta ined  
f rom Simonsen  Laborator ies ,  Gilroy, California a t  midge-  
s t a t ion  and  were placed in a 14 h light,  10 h da rk  schedule  
(lights on at  3 h). The day  af ter  b i r t h  l i t ters  were reduced  
to 8 animals .  The females  were anes the t ized  wi th  cold and  
half  of the  animals  were b l inded  by  opt ic  enucleat ion.  The 
remainder ,  he rea f t e r  referred to as sham-opera ted ,  were 
sub jec ted  to  a single midl ine  abdomina l  incision as a 
cont ro l  for t he  stress of surgery.  The animals  were 
r e tu rned  to the i r  mo the r s  and left  und i s tu rbed  unt i l  18 
days  of age. Blood samples  were collected by  decap i ta t ion  
on day  18 and  day  21 at  the  usual t ime  of the  t rough  
(08.00 h) and peak  (16.00 h) of serum cor t icos terone  in 
ra t s  ma tu r i ng  under  our an imal  room condi t ions  4. The 
remain ing  l i t te rs  were weaned  at  noon on d a y  21 and the  
weanl ings  placed 3 per  cage. Blood samples  were col lected 
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Serum corticosterone levels in sham-operated and blinded females, 
Samples were taken by decapitation on days 18 and 21 and by cardiac 
puncture on subsequent days. Each point represents mean =L 
standard error for 5 rats. Solid circles, intact, sham-operated females; 
open circles, females blinded at 1 day of age. Samples were taken at 
08.00 h and 16.00 h. 

Rats  B l inded  at Bir th  

by cardiac p u n c t u r e  a t  the  ages shown in the  Figure.  No 
animal  was sampled  more  t h a n  once every  4 days.  The 
blood was  hand led  as previous ly  descr ibed and  cort icoste-  
rone was  assayed  by  means  oI a f luorometr ic  p rocedure  ~. 

The values  of se rum cor t icos terone  ob ta ined  in females  
a t  d i f fe rent  ages are shown in t he  Figure.  At  18 days  of 
age, the  08.00 h and  16.00 h samples  were no t  s ignif icant ly  
d i f ferent  in e i ther  in t ac t  or b l inded  rats.  Beginning  on day  
21, sham-ope ra t ed  ra ts  showed clear evidence of a dai ly  
r h y t h m  (F test ,  p = 0.001), which  increased in ampl i tude  
shor t ly  af ter  p u b e r t y  (37.2 -t- 1.2 days).  Bl ind females  did 
no t  show evidence of a dai ly r h y t h m  unt i l  vaginal  opening 
(45.5 + 2.0 days).  At  t h a t  t ime  (the 45 day  sample)  a 
r h y t h m  appeared  which  was reversed  to  t h a t  of sham-  
opera ted  rats.  Pr ior  to day  45, t he  range Of se rum corticos- 
t e rone  was f irs t  a round  10-17 ag per  100 ml se rum and  
t h e n  2.5-7 ~zg per  100 ml serum. 

Since only  2 sample  t imes  were chosen, it  is impossible  
to  tell  w h e t h e r  a r h y t h m  was absen t  in the  b l inded  ra ts  
before day  45 or w h e t h e r  a phase  shif t  was occurr ing so 
t h a t  by  day  45 i t  was de tec tab le  in the  2 t ime  per iods  
chosen.  HALBERG 2 has found t h a t  in adul t  mice, b l ind ing  
causes a shif t  in b o t h  the  f requency  and the  acrophase  of 
the  se rum cor t icos terone r h y t h m  so t h a t  by  3 weeks a f te r  
surgery,  t he  r h y t h m  in b l inded  ra t s  is 180 ~ ou t  of phase  
w i t h  sham-ope ra t ed  controlsS. 

Zusammen/assung. Nachweis ,  dass  sich bei  pos tna ta l  
geb lende ten  R a t t e n  ein T a g e s r h y t h m u s  entwickel t ,  der  
al lerdings sparer  als bei den Kont ro l l t i e ren  auf t r i t t .  Der  
R h y t h m u s  scheint  umgekeh r t  zu sein. 
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C O G I T A T I O N E S  

On the A n t a g o n i s m  of E r g o t  A l k a l o i d s  and D o p a m i n e  by  P h e n o t h i a z i n e s  

Several  groups have  now prov ided  evidence for an 
in te rac t ion  be tween some of the  alkaloids ex t r ac tab le  f rom 
ergot  (Claviceps purpurea) and dopamine  receptors .  
Some of t he  alkaloids m a y  d i rec t ly  s t imula te  dopami n e  
receptors  1-3 bu t  some are t h o u g h t  to an tagonize  the  
act ions  Of dopamine  on the  receptors  4-6. I t  would also 
seem likely t h a t  the  pheno th i az ine  group of compounds ,  

which  are known  to be an tagon i s t s  of dopamine  ~-10 can 
also antagonize  some of the  act ions  of ergot  alkaloids 11-13 
including lysergic acid d ie thy lamide  (LSD) induced  
ha l luc ina t ions  13,14. 

In  an effor t  to  u n d e r s t a n d  w h y  pheno th iaz ines  should  
an tagonize  ergot  alkaloids, molecular  models  have  been 
cons t ruc ted  of D-LSD, a p o t e n t  hal lucinogen k n o w n  to  
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p roduce  a psychosis- l ike  s t a t e  in  man ,  and  of some 
p h e n o t h i a z i n e  de r iva t i ve s  chosen  for t he i r  cl inical  eff icacy 
aga ins t  psychoses  in man .  

As a r e su l t  t he  o b s e r v a t i o n  ha s  been  m a d e  t h a t  t he  
p h e n o t h i a z i n e  molecule  could over lap  p a r t  of t he  L S D  
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Fig. 1. Molecular structures of D-lysergic acid diethylamide (LSD), 
and 2 phenothiazines currently in clinical use, chlorpromazine and 
fluphenazine. 
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Fig. 2. Molecular structures of A) chlorpromazine and B) dopamine. 
According to HORN and SNVDZR i~ the dopamine structure will 
superimpose on the known eonformational structure of clorproma- 
zinc (A). 
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Fig. 3. Two phenothiazine derivatives which should be tested for 
antipsychotie and LSD antagonistic properties. 

molecule,  a n d  th i s  raises  t he  poss ib i l i ty  t h a t  these  sub-  
s tances  could ac t  a t  t he  same recep to r  site. Fo r  example ,  
in F igure  1A, r ing  I of t he  pheno th i az ine ,  in th i s  case 
ch lo rp romaz ine ,  can  occupy  t h e  pos i t ion  of r ing  C of 
LSD.  This  is m a d e  possible  b y  t he  a r r a n g e m e n t  of 
r e s t r i c t ing  b o n d s  a r o u n d  r ing  C wh ich  resu l t s  in  th i s  
cyc lohexyl  r ing  be ing  qu i te  r ig id ly  f ixed in space and  of 
a p p r o x i m a t e l y  p l a n a r  conf igura t ion .  As a resu l t  of t he  
supe r impos i t i on  of r ing  I on  r ing  C, t he  p h e n o t h i a z i n e  
side cha in  can  now be  supe r imposed  on  p a r t  of r ing  D and  
i ts  side cha in  of LSD.  The  e l ec t ronega t ive  chloro-sub-  
s t i t u e n t  of ch lo rp romaz ine  will be d i rec ted  a long one of 
t he  bonds  of r ing  A, a n d  we m i g h t  specula te  t h a t  the  
u n d e r l y i n g  recep tor  possesses a s t rong ly  e lec t rophi l ic  
g roup ing  in t h i s  region,  he lp ing  to s tabi l ize  t he  ac t ive  
molecule  b y  e lec t ros ta t i c  forces. I n  general ,  t h e  more  
e l ec t ronega t ive  is th i s  r ing  I subs t i t uen t ,  t he  more  ac t ive  
t h e  phenothiazine i~ 

A pa r t i cu l a r l y  i n t e r e s t i ng  obse rva t i on  a b o u t  th i s  
r e l a t ionsh ip  be tween  t he  p h e n o t h i a z i n e  and  L S D  mole-  
cules is t h a t ,  j u s t  as in  L S D  the  d i e t h y l a m i d e  g roup ing  is 
crucial  to  p s y c h o t o m i m e t i c  p o t e n c y  and  a l m o s t  a n y  
a l t e r a t i o n  p roduces  a less ac t ive  ha l luc inogen  14 so in t h e  
p h e n o t h i a z i n e  series those  c o m p o u n d s  whose side cha in  
can  mos t  closely a p p r o x i m a t e  t he  d i e t h y l a m i d e  group  
h a v e  t he  g rea tes t  a n t i p s y c h o t i c  po tency .  Hence  com- 
p o u n d s  such  as f Iuphenazine ,  p e r p h e n a z i n e  and  t r i f luo-  
peraz ine  wh ich  h a v e  a p ipe r id ine  r ing  in t he  side cha in  
(and a h igh ly  e l ec t ronega t ive  s u b s t i t u e n t  in  r ing  I) are 
t he  mos t  p o t e n t  a n t i p s y c h o t i c  p h e n o t h i a z i n e s  in  t he ra -  
peu t ic  use l i  (Figure  1B). 

A f u r t h e r  p o i n t  to  be m a d e  a b o u t  t h i s  a p p a r e n t l y  
h y p o t h e t i c a l  schema  is t h a t  t he  p h e n o t h i a z i n e  conforma-  
t ion  p o s t u l a t e d  here  and  i l l u s t r a t ed  in F igure  1A, is 
t h a t  wh ich  ha s  been  shown  to occur  for ch lo rp romaz ine  
b y  t h e  X - r a y  ana lys i s  s tud ies  of HORN and  SNYDER 1~. 
These  workers  also emphas ize  t h a t  th i s  s t r u c t u r e  al lows 
a supe r impos i t i on  of t he  d o p a m i n e  fo rmu la  on  p a r t  of t he  
ch lo rp romaz ine  fo rmula  in such  a way  t h a t  t he  d o p a m i n e  
r ing  occupies  the  si te  of r ing  I a n d  t he  side cha in  n i t rogen  
a t o m  bears  a s imi la r  r e l a t i onsh ip  in space to t he  r ing.  
The  3 -hydroxy l  g roup  of d o p a m i n e  t h e n  becomes e q u i v a l e n t  
to  t he  e l e c t r o n - d o n a t i n g  su lphu r  a t o m  of t he  pheno-  
t h i az ine  (Figure 2). 
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The  p o t e n t i a l  s ignif icance of such  s imi lar i t ies  of 
molecu la r  s t r u c t u r e  lies in  t h e  fac t  t h a t  LSD for ex amp l e  
is a p o t e n t  p s y c h o t o m i m e t i c  d rug  14, p h e n o t h i a z i n e s  are 
in  genera l  a n t i p s y c h o t i c  n and  dopamine ,  as a p r o b a b l e  
c en t r a l  n e u r o t r a n s m i t t e r ,  is be ing  inc reas ing ly  imp l i ca t ed  
in n o r m a l  a n d  a b n o r m a l  b e h a v i o u r  p a t t e r n s  p a r t l y  s ince 
neuro lep t i c  p o t e n c y  can  be  cor re la ted  w i t h  d o p a m i n e  
a n t a g o n i s t  p o t e n c y  0,10,16-18. I f  i t  is possible  to  i den t i fy  a 
c o m m o n  si te  of ac t ion  a t  t h e  molecu la r  level  we m a y  be 
nea re r  to  i den t i fy ing  the  p r i m a r y  cause  of psycho t i c  
disorders .  

The  poss ible  ex i s tence  of a c o m m o n  recep to r  s i te  for 
dopamine ,  e rgot  a lka lo ids  and  p h e n o t h i a z i n e s  m a y  
exp la in  some of t h e  pha rmaco log i ca l  i n t e r a c t i o n s  men-  
t ioned  above ,  and  would  seem to exp la in  some s t ruc tu re -  
a c t i v i t y  re la t ionsh ips .  To t e s t  t h e  v a l i d i t y  of these  ideas 
i t  would  be  i n t e r e s t i ng  to t e s t  a p h e n o t h i a z i n e  such  as 
t h a t  in  F igure  3A w i t h  a side cha in  c a r b o n y l  grouping,  or 
t h a t  in  F igure  3B w i t h  a comple t e  ' r ing  D e q u i v a l e n t '  
for a n t i p s y c h o t i c  and  L S D - a n t a g o n i s t i c  proper t ies .  W h a t  
would be  t he  effects of lysergic acid amide  w i t h  a p ipera-  
z i n y l e t h a n o l  side cha in  as in f l uphenaz ine  ? 

Rdsumd. On a c o n s t r u i t  des mod&les mol6cula i res  de 
p lus ieurs  p h 6 n o t h i a z i n e s  et  du  LSD,  et  observ6  que la 
s t r u c t u r e  des p h 6 n o t h i a z i n e s  p e u t  se superposer  ~ celle 
du  LSD.  Cet te  o b s e r v a t i o n  exp l ique  peu t -8 t re  p o u r q u o i  
les p h 6 n o t h i a z i n e s  m a n i f e s t e n t  u n  a n t a g o n i s m e  envers  
les a lkaloides  d 'e rgot .  L a  s imi lar i t6  de ces s t ruc tu re s  es t  
la  p lus  exac te  pou r  les p h 6 n o t h i a z i n e s  qui  c o m b a t t e n t  le 
p lus  e f f i cacement  les psychoses .  
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P R O  L A B O R A T O R I O  

A Simplified Method of Nerve Organ Culture 

The  doub le  coversl ip  a s sembly  t e c h n i q u e  i n t r o d u c e d  b y  
M A x I ~ o w  1 is one of the  mos t  f r e q u e n t l y  used m e t h o d s  for 
ne rve  o rgan  cul ture .  I t  p rov ides  a good s y s t e m  for v i sua l  
obse rva t ion ,  us ing  b r i g h t  field and  is also more  economica l  
in  t e r m s  of feeding so lu t ion  r e q u i r e m e n t  t h a n  t he  o the r  

o rgan  cu l tu re  me thods ,  e.g., t h e  f ly ing covers l ip  t echn i -  
que ~, t h e  f lask m e t h o d  3, etc. However ,  i t  also has  con-  
s iderable  d i sadvan tages .  The  concave  well, ac t ing  as a n  
op t ica l  sys tem,  in ter feres  w i t h  t h e  use of phase  con t ras t .  
The  n u t r i e n t  m e d i u m  c a n n o t  be r ap i d l y  changed  a n d  

Fig. 1. Square coverslip with nerve tissue on its surface in the Falcon 
Plastic Petri Dish. The grooves are well seen along the side of the 
coverslip. 

Fig. 2. Neuron and gila cells from newborn rat motor cortex, 10 days 
after explantation. Phase contrast. • 500. 


