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P o s s i b l e  Circadian and S e a s o n a l  R h y t h m i c i t y  in an in v i tro  Model:  M o n o a m i n e  
U p t a k e  in Rat  Bra in  S l i ces  ~ 

Circadian r h y t h m s  have  been d e m o n s t r a t e d  for m a n y  
biochemical  pa r ame te r s  in the  ra t  2, as well as for regional  
brain  f luc tua t ions  in endogenous  concen t ra t ions  of 
noradrena l ine  (NA) or sero tonin  (5HT) a s, h is tamine% 
dopamine  (DA)3, GABA ~, glycine 7, and  acetylchol ine  8. 
The regula t ion of the  endogenous  concen t ra t ion  m a y  be 
de t e rmined  by  circadian var ia t ions  in t he  ra te  of syn-  
thesis  9-]~, l ibera t ion  f rom nerve  endings  n,  or inact iva t ion ,  
d e p e n d e n t  or no t  on an  ex te rna l  Zei tgeber  such as l ight .  
While  it is of grea t  in te res t  to  know which  aspects  of 
monoamine  me tabo l i sm are suscept ible  to dai ly f luctua-  
t ions,  we inves t iga ted  the  specific up take  mechan i sms  
wi th  selective high affini t ies which  have  been  found for 
several  pu t a t i ve  neu ro t r ansmi t t e r s  ~2. 

Expe~'iment~l.  Male or female (ovar iectomized 3-6 weeks 
previously)  Wis ta r  ra t s  were housed for a t  least  3 weeks 3 
to  a cage in the  animal  room kep t  a t  22 • 2~ w i t h a  
l igh t /da rk  schedule 06.00 h to  18.00 h. Pa r t i cu la r  care 
was t aken  to ensure condi t ions  of min imal  hand l ing  and 
stress, t he  ra t s  no t  being d i s tu rbed  for cage cleaning 
for at  least  3 days  before the  exper iment .  Ra t s  were 
killed a t  08.00 h and 20.00 h, the  t imes  of m i n i m u m  and 
m a x i m u m  ac t iv i ty  af ter  onset  or ex t inc t ion  of l ight,  
bra in  regions dissected and slices p repa red  for incuba t ion  
using m e t h o d s  previous ly  descr ibed ~a,~. In  the  female 
group, up take  of *H-DA and  *H-5HT (1 x 10 -7 M) was 
measured  af ter  10 rain incuba t ion  ( l ineari ty of uptake)  in 
Krebs -R inge r  b i ca rbona te  g lucose-supplemented  med i u m 
conta in ing  n ia lamide  (1.25 X 10 -~ M) to p r even t  me t ab -  
olism of the  amines,  w i th  slices f rom cortex,  hypo-  
tha lamus ,  tha lamus ,  midbra in ,  and s t r i a tum.  In  the  male  
group, h i p p o c a m p u s  and  ports and medul la  were also 
inves t iga ted  ; in addi t ion,  up t ake  of ~H-NA and aH-GABA 
(1 • 10 -~ M) as well as DA and  5HT was measured.  TLC 
of t he  perchlor ic  acid ex t r ac t  in b u t a n - l - o l :  acet ic  acid:  
water ,  (12 : 3 : 5 by  volume) indica ted  > 90% original 
unmetabo l i zed  amine  af ter  incubat ion .  The Wilcoxon t e s t  
for m a t c h e d  pairs ~ was used t o  analyze the  data ,  and  the  
T/M rat ios  expressed  in t e rms  of the  med ian  ins tead  of 
the  m e a n  (due to lef t-skew d i s t r ibu t ion  of the  up take  
data) .  

Resul ts .  A signif icant ly  higher  up take  at  08.00 h t h a n  
20.00 h was found (Table) in male ra t s  for 5HT ih the  
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Seasonal variations in uptake in striatum. Grouped values (for ca. 
1 month) for O, 8H'DA Uptake (~ = 32); �9 aH-5HT uptake 
(n = 36). 

h ippocampus ,  NA in the  hypo tha l amus ,  and DA in the  
h y p o t h a l a m u s  and s t r i a tum,  whereas  GABA up take  did 
no t  va ry  wi th  t ime  in any  region, and  was found for DA in 
cortex,  s t r i a t u m and midbra in  of ovar iec tomized  rats.  

Chronological  a r r a n g e m e n t  of the  t i s sue /med ium (T/M) 
da t a  f rom a s imilar  series using ovar iec tomized  ra t s  ~, 
where  the  expe r imen t s  were carried out  over  a longer 
per iod of 7 mon ths , ' r e su l t ed  in a p p a r e n t  subgroups  of da t a  
(the rad ioac t ive  subs t r a t e s  were regular ly  checked as 
before for pu r i t y  by  TLC, and  new batches ,  kep t  at  
- -70~ used every  8 weeks). The same seasonal  p a t t e r n  
was found in all b ra in  regions, b u t  mos t  no t iceably  in the  
s t r i a t u m (Figure), DA up take  in March-Apri l  being 
3 t imes  as h igh  as the  average year ly  value, whereas  in 
cont ras t ,  5HT up take  was twice as h igh in October  t h a n  
at  o ther  t imes  of the  year.  The opposing  p a t t e r n  for the  
2 monoamines  indicate  t h a t  th is  obse rva t ion  is no t  an 
a r te fac t  of a longi tudinal  s tudy.  

Whi le  th is  seasonal  da ta  is not  suscept ible  to s ta t is t ical  
analysis  (requiring da ta  ob ta ined  wi th  ident ical  me t h ods  
over  several  years),  it  is wor th  no t ing  as a possible source 
of var ia t ion  in long- te rm studies.  

Discuss ion .  The higher  up take  at  08.00 h t h a n  at  
20.00 h could be in t e rp re t ed  as nonspecif ic  were it no t  
for the  regional  differences found  where  the  pos tu la t ed  
n e u r o t r a n s m i t t e r  has  an i m p o r t a n t  role. Re -up take  m a y  
therefore  p lay  a role in control l ing cerebral  monoamine  
levels, in th is  case, the  dai ly f luctuat ions .  

The annua l  r h y t h m i c i t y  of monoamine  metabol i sm 
has been  less ex tens ive ly  s tudied.  Endogenous  levels of 
NA have  been no ted  to f luc tua te  widely  wi th in  each ra t  
species, wi th  a low in ear ly  spr ing a lmost  ]/a of the  
average year ly  NA concentrations~6; similarly,  mouse 
bra in  5HT levels have  been recorded  wi th  a peak  in 
win te r  25% above the  lowest  s u mmer  value ~7. In te r -  
p re t a t i on  of a possible seasonal  var ia t ion  in up take  is 
diff icult  bu t  i n t r i g u i n g  Studies  on monoamine  levels in 
the  frog ~s have  shown t h a t  the  opposi te  seasonal  b ra in  
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Neurotransmitter Region Uptake (as median tissue/medium ratio) Significance ~ (p) 
08.00 h 20.00 h 

Male rats (n = 14) 
DA Hypothalamus 17.6 15.8 < 0.05 
DA Striatum 65.2 52.2 < 0.01 
NA Hypothalamus 19.6 17.3 < 0.05 
5HT Hippoeampus 16.8 13.8 < 0.05 

Ovariectomized female rats (n = 14) 
DA Cortex 16.0 10.3 % 0.05 
DA Striatum 62.5 52.5 < 0.01 
DA Midbrain 14.5 13.0 < 0.05 

Regions investigated: Cortex, hypothalamus, thalamus, midbrain, striatum, hippoeampus, ports and medu!Ia. ~ Wilcoxon test for paired values. 

5HT and  NA m a x i m a  are no t  s imple effects of the  ex te rna l  
t empera tu re ,  a l though  th is  is con t r ibu to ry .  Seasonal  
r h y t h m s  occur in m a n y  ve r t eb ra t e s  p r imar i ly  in re la t ion 
to  endocr ine  funct ions .  Such a seasonal  adap t ive  capac i ty  
migh t  be expec ted  to have  an i m p o r t a n t  selective 
value which  is re ta ined  even in l abora to ry  animals  kep t  
under  control led  condit ions.  

R h y t h m i c  p h e n o m e n a  in the  me tabo l i sm of the  mono-  
amines  m a y  have  far - reaching consequences .  For  ex- 
ample ,  per iodic i ty  is a weIl-establ ished charac ter i s t ic  of 
manic-depress ive  illness, w h e t h e r  it  be  i ts  cyclic na ture ,  
whe the r  the  c i rcadian mood  changes  of ten  associated wi th  
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a l te ra t ions  of s leep-waking p a t t e r n s  and cor t icosteroid 
r h y t h m s ,  or the  seasonal  increase in depress ions  in 
a u t u m n  and ear ly  spr ing 19. Metabolic  r h y t h m i c i t y  of 
the  amines  t h o u g h t  to be involved  in the  aet iology of 
depress ion ~~ may  be one of the  factors  causing periods of 
increased suscept ibi l i ty .  

Zusammen/assung. Eine  s ignif ikante  h6here Neuro- 
t r a n s m i t t e r - A u f n a h m e  um 08.00 h als um 20.00 h 
wurde  ffir D o p ami n  im S t r i a t u m und  H y p o t h a l a m u s ,  
Noradrena l in  im H y p o t h a l a m u s ,  und  Serotonin  im 
H i p p o c a m p u s  yon mgmnlichen R a t t e n  gefunden,  abe t  
keine VerXnderung der  GABA-Aufnahme .  Nhnl iche 
Unte r sch iede  wurden  fiir D o p a m i n  im Cortex,  S t r i a t nm 
und  lVlittelhirn yon ova rek tomie r t en  IRatten gefunden.  
Ausse rdem wurde  eine gegenl~ufige j a h r e s r h y t h m i s c h e  
Ver~inderung der  D o p ami n -  und  Se ro ton in -Aufnahme  im 
S t r i a tum beobach te t .  
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P l a s m a  E n z y m e  Act iv i t i e s  in Rats  w i t h  D i e t - I n d u c e d  A l t e r a t i o n s  in Liver  E n z y m e  Act iv i t ies1  

A var ie ty  of in t racel lu lar  enzymes  can be found in 
minu te  quan t i t i e s  in the  b lood2  The p lasma  level of an 
enzyme  clearly depends  upon  the  ra te  of its loss f rom 
t issues and  the  ra te  of its c learance f rom plasma.  However ,  
a lack of specific in fo rmat ion  on th is  topic  and the  
va r i e t y  of organs  possess ing a par t i cu la r  enzyme,  make  
i t  diff icul t  to e s t ima te  the  basic d e t e r m i n a n t s  of the  
ac t iv i ty  of an enzyme in the  plasma.  

Table 1. Diet composition (% by weight) 

20P 45P 

Casein 20.0 45.0 
Sucrose 63.7 38.7 
Corn Oil 10.0 10.0 
Salts Mix 3.8 3.8 
Vitamin Mix 2.5 2.5 

Caloric density 4.11 cal/g 4.11 eal/g 

Phys ica l  t ra in ing  leads to an increase in the  res t ing  
level of lactic dehydrogenase  (LDH) in the  p lasma  of 
man  a, and of g lu tamic-oxalace t ic  t r ansaminase  (GOT) in 
the  p lasma,  and skeletal  and  cardiac  muscle of ra t s  4. 
The increased res t ing  levels of p l a sma  enzyme  ac t iv i ty  
following t ra in ing  could resul t  poss ib ly  f rom ei ther  an  
increase in the  level of the i r  ac t iv i ty  in cer ta in  tissues, or 
the  r epea ted  loss of t issue enzyme  dur ing the  exercise 
compr iz ing  the  physical  t ra ining.  This l a t t e r  mechan i sm 
seems unl ikely since H ~ T ~ R  and CRITZ ~ have  found  t h a t  
in man  the  e levat ion  of p l a sma  L D t t  occurr ing dur ing  
max i ma l  exercise was e l imina ted  by  physicM tra ining.  
This  suggests  then,  t h a t  the  a m o u n t  of t issue ac t iv i ty  of 
an enzyme  could be an i m p o r t a n t  d e t e r m i n a n t  of the  
p lasma  ac t iv i ty  of t h a t  enzyme.  
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