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Monoamine  oxidase (MAO) is known  to inac t iva te  t he  
biologically act ive ca techolamines  l ibera ted  at  the  ad- 
renergic nerve  endings.  Catecholamines  are ac t ively  in- 
volved in t he  regula t ion of endocr ine  function2, a. Al- 
though ,  MAO ac t iv i ty  in t he  h y p o t h a l a m u s  has  been 
s tud ied  in a va r i e ty  of ve r t eb ra t e s  4, 5 the  areas of epen-  
d y m a  and  cerebrospinal  fluid (CSF) are less explored.  In  2 
species of teleosts ,  weak MAO ac t iv i ty  was r epor ted  in the  
e p e n d y m a l  lining of the  in fundibu la r  recess 5. Monoamine  
conta in ing  l iquor con tac t  neurons  have  been repor ted  in 
several  animals,  including fishes 6-s. Subsequen t  to the  
review on the  impor tance  of CSF by  HEELER 9, sub-  
s t an t i a l  evidence has accumula ted  in favour  of hormones ,  
releasing factors  (RF) and  monoamines  being secreted or 
b lood-borne  in to  the  CSF and  la ter  t r a n s p o r t e d  by  the  
e p e n d y m a  th rough  the  med ian  eminence  to  the  por ta l  
vascu la tu re  40, xs. KNOWLES 12 has suggested a shor t  and a 
long loop feedback  p a t h w a y  by  which  these  act ive 
pr inciples  get  in and released out  of t he  CSF. However ,  
ve ry  l i t t le  is known abou t  these  p h e n o m e n a  in the  lower 
ver tebra tes .  

In  th is  s tudy ,  65 ca t f i sh  Clarias batrachus were used. 
MAO ac t iv i ty  was d e m o n s t r a t e d  by  the  t r y p t a m i n e  
t e t razo l ium m e t h o d  of GLENNER et  al. la. Specif ici ty of the  
enzyme  reac t ion  was verif ied by  incuba t ing  the  sect ions 
in subs t ra te - f ree  med ium and  b y  p re t r ea t ing  t h e m  wi th  
n iamid  which  is a known MAO inhibi tor .  I n  C. batrachus 
s u b e p e n d y m a l  region and the  CSF  exh ib i t ed  s t rong  MAO 
ac t iv i ty  in compar ison  to  e p e n d y m a  (Figure 1). However ,  
MAO posi t ive  t r ac t s  were seen running  be tween  the  sub- 
e p e n d y m a  and CSF  t h r o u g h  the  e p e n d y m a  (Figure 2), 
suggest ing a conduc t ing  role for the  la t ter .  MAO ac t iv i ty  
is also no t  un i fo rm t h r o u g h o u t  the  ependyma .  The an tero-  
dorsal  l ining of the  in fundibu la r  recess exhib i t s  more  
ac t iv i ty  t h a n  t h e  o ther  areas (Figure 3). These observa-  

t ions  t end  to  s u p p o r t  t he  view t h a t  in fishes also the  CSF  
migh t  form an essent ial  l ink in t he  process of neuro-  
endocr ine  contro l  of hypohys ia l  func t ion  and  e p e n d y m a  
is capable  of t r anspor t ing  act ive pr inciples  in t he  fishes 
also. 
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Summary. Serum tes tos te rone  concen t ra t ions  were measured  in adul t  male  Sprague-Dawley  rats .  A signif icant  cir- 
cadian  t e s tos te rone  r h y t h m  (p < 0.01) was found  wi th  peak  values a t  10.00 and  13.00 h. 

The s t u d y  and  knowledge of c i rcadian r h y t h m s  is 
i m p o r t a n t  in e lucidat ing the  control  of endocr ine  sys tems  
a n d  in designing or in t e rp re t ing  s tudies  which  m a y  be 
inf luenced by  a l te ra t ions  in c i rculat ing ho rmone  concen-  
t ra t ions .  A diurnal  se rum tes tos te rone  r h y t h m  in the  male 
h u m a n  has  been  descr ibed and  conf i rmed b y  a n u m b e r  of 
inves t iga tors  (see review by  RUBIN e t  al.4). Circadian 
se rum tes tos te rone  r h y t h m s  have  also been  descr ibed in a 
n u m b e r  of o the r  species including the  bull, cock and  mon-  
keyS-7; however ,  da t a  concerning c o m m o n l y  used labo- 
r a t o ry  animals  such as the  r a t  are scanty .  KiI~SON and  
LIU 8 have  repor ted  a c i rcadian se rum tes tos te rone  r h y t h m  
in the  r a t  w i th  peak  values  found  a t  03.00 and  06.00 h. 
In  the i r  s t u d y  blood samples  were ob ta ined  every  3 h f rom 
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the  same animals  following e the r  anesthesia.  Since i t  has  
been  shown t h a t  stress, such as exposure  to e ther ,  can 
elevate  the  se rum gonado t rop in  levels and abolish the  
r h y t h m  of se rum L H  concent ra t ions~  the  p resen t  work  
was under taken .  

Mater ials  and methods. Adul t  male Sprague-Dawley  
ra ts  (ARS/Sprague-Dawley ,  Madison,  Wis.), 320-350 g, 
were ma in t a ined  under  condi t ions  of cons t an t  t e m p e r a t u r e  
and l ight ing (lights on f rom 06.30 to 19.00 h) for 3 weeks 
pr ior  to s tudy.  They  were fed s t anda rd  l abora to ry  chow 
and  wa te r  ad l ibi tum.  The s tudies  were carried ou t  in the  
m o n t h  of Sep t ember  a t  the  Minneapolis  V.A. Hospi ta l  
research facility. Animals  were rap id ly  decap i t a t ed  and  
t r u n k  blood was collected, al lowed to clot a t  room 

�9 t empera tu re ,  and  sepa ra ted  by  centr i fugat ion.  The serum 
was s tored a t  - -20~ unt i l  assayed for t e s tos te rone  by  
r ad io immunoassay  ~~ The be tween  assay var iab i l i ty  of 
th is  me thod ,  as e s t ima ted  by  the  coefficient of var ia t ion  
of a serum pool con ta in ing  344 ng/100 ml, is 7% (N = 20). 
There  was no effect  of the  order  of killing of the  animals  
on the  t es tos te rone  levels wi th in  each group. 

Results  and discussion. The resul ts  are expressed graph-  
ically in tile Figure.  They  show a circadian se rum 
tes tos te rone  r h y t h m  wi th  peak  values found in the  late 
morn ing  and early a f t e rnoon  (10.00 and  13.00 h). The 
mean  serum tes tos te rone  concen t ra t ions  ranged  f rom a 
peak  of 410 ng/dl  a t  10.00 to 118 ng/d l  a t  19.00. The 
tes tos te rone  concen t ra t ions  a t  the  peak  were nea r ly  3.5 
t imes  those of the  low po in t  of the  day  and d e m o n s t r a t e d  
a greater  var iabi l i ty .  The mean  tes tos te rone  concent ra-  
t ions  a t  10.00 and 13.00 were s ignif icant ly  e levated  (p 
< 0.02) above  those  a t  16.00 h. Analysis  of var iance  
using a one ta i led t es t  revealed an F value of 3.81 wi th  
7,40 degrees of f reedom (p < 0.01). 

These s tudies  conf i rm the  presence  of a circadian se rum 
tes tos te rone  r h y t h m  in the  adul t  male ra t ;  however ,  the  
t iming  of th is  r h y t h m  differs s ignif icant ly  f rom previous 
repor ts .  HOWLAND ~ measured  serum concen t ra t ions  of 
t es tos te rone  in Sprague-Dawley  ra ts  (06.00 to 18.00 
l ight ing schedule) a t  3 t imes  of day  (04.00, 12.00 and 20.00) 
following decapi ta t ion .  Serum tes tos te rone  concent ra-  

t ions  were s ignif icant ly  higher  a t  04.00 t h a n  at  12.00 h, 
which,  a l though  the  t ime  po in t s  samples  are few, is 
essent ial ly  in ag reemen t  wi th  those  of KINSON and LIUS. 

Diurnal  cycl ici ty in p l a sma  t es tos te rone  concen t ra t ions  
appears  to  resul t  f rom changes  in the  ra te  of tes t icular  
secre t ion of th is  ho rmone  12 and increasing evidence sug- 
gests t h a t  L H  m a y  p lay  a r egu la to ry  role in t h a t  phe-  
nomenon4,12 ~4. Unfor tuna te ly ,  repor t s  of diurnal  varia-  
t ion in p lasma L H  in male ra ts  are confl ic t ing and do no t  
clarify the  d i sc repan t  t es tos te rone  results.  DUNN, 
ARIUMUR and SCHEVlNG 9 have  found  a c ircadian period- 
ici ty in se rum L H  values  wi th  peak  levels occurr ing at  
20.00 h, whereas  TER HAAR and MAcKINNON 15 repor t  a 
c i rcadian serum L H  r h y t h m  wi th  peak  values a t  09.00 h 
and m i n i m u m  levels a t  21.00 h. SHIN and  KRAICER ls, 
YAMATO, DIEBEL and BOGDANOVE 17, and LAWTON and 
SMITH ls were unable  to  demons t r a t e  a s ignif icant  cir- 
cadian per iodic i ty  in se rum LH.  

We are unable  to explain  the  discrepancies  be tween  the  
t es tos te rone  r h y t h m  found in th is  s tudy  and t h a t  repor ted  
by  KINSON and LIU s nor  also in the  L H  p a t t e rn s  descr ibed 
in the  l i terature.  Many  factors  are known to influence 
circadian r h y t h m s  including stress,  l ighting,  feeding and 
t e m p e r a t u r e  ~9. I t  is possible t h a t  methodologic  differences 
in t he  s tudies  account  for the  differences in the  circadian 
gonadal  r h y t h m s  observed.  A n o t h e r  possible exp lana t ion  
is t h a t  there  m a y  be a seasonal  var ia t ion  in the  t iming  of 
gonadal  r h y t h m s  in the  male rat .  HAus  and HALBERG ~~ 
have  shown a seasonal  shif t  in t he  acrophase  of the  circa- 
dian cor t icosterone r h y t h m  in the  mouse  and recent ly  
1REINB~RG 21 has p resen ted  evidence suggest ing t h a t  there  
is a seasonal  var ia t ion  in the  acrophase  of the  h u m a n  
tes tos te rone  circadian r h y t h m .  

We conclude f rom these  s tudies  t h a t  in our labora tory ,  
a t  the  t ime and under  t he  condi t ions  specified, there  is a 
c i rcadian var ia t ion  in serum tes tos te rone  in the  adul t  
male ra t  wi th  a late morn ing  acrophase.  Because of the  
var ia t ion  in the  t iming  of ra t  gonadal  r h y t h m s  now re- 
por ted ,  we feel i t  is unwise to assume the  presence or 
t iming  of any  gonadal  r h y t h m  in the  adul t  male ra t  wi th-  
out  conf i rming it under  local condit ions.  
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