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t la l ly ,  or t h a t  t he  e n z y m e  found  in t he  j o i n t  has  a local 
source. I t  would  be  i n t e r e s t i ng  to see if some o the r  smal ler  
adrenerg ic  ves icu la r  pro te ins ,  such  as c h r o m o g r a n i n s  which  
h a v e  a tool. w t  of 70,000, a n d  are also re leased a long  w i t h  
N A  d u r i n g  s y m p a t h e t i c  ne rve  s t i m u l a t i o n  2, are p r e sen t  
in h ighe r  a m o u n t s  t h a n  DI3H in synov ia l  fluid. Th i s  
would  c lar i fy  t h e  source  of t h e  D B H  p r e s e n t  in  synov ia l  
fluid. L i t t l e  is k n o w n  a b o u t  t h e  s y m p a t h e t i c  i n n e r v a t i o n  

of t he  jo in t ,  b u t  i t  m a y  be  t h a t  t he  e n z y m e  comes  f rom 
s y m p a t h e t i c  ne rves  i n n e r v a t i n g  t he  j o i n t  s t ruc tu res ,  such  
as t he  synov ia l  m e m b r a n e  whose  cells h a v e  sec re to ry  
funct ions .  These  ne rves  m i g h t  r egu la te  t he  sec re to ry  
func t i ons  of these  cells, or o the r  func t ions  of t h e  joints ,  
such  as t he  a m o u n t  a n d  compos i t i on  of synov ia l  fluid,  a 
c r i t ica l  f ac to r  for t he  a d e q u a t e  l ub r i ca t i on  of t h e  j o i n t  
car t i lage.  

I n c r e a s e d  c a r d i a c  n o r a d r e n a l i n e  t u r n o v e r  in  th e  ra t  af ter  a c u t e  e x p o s u r e  to  e n v i r o n m e n t a l  h e a t  
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Summary. In  male  rats ,  t he  card iac  t u r n o v e r  of n o r a d r e n a l i n e  is s ign i f i can t ly  increased  on  acu te  exposure  to  an  
e n v i r o n m e n t a l  t e m p e r a t u r e  of 32 ~ w h e n  c o m p a r e d  to  con t ro l  e x p e r i m e n t s  p e r f o r m e d  a t  23 ~ 

Var ious  e n v i r o n m e n t a l  fac tors  inf luence  the  m e t a b o l i s m  
a n d  th6  t u r n o v e r  of n o r a d r e n a l i n e  ill t h e  r a t  h e a r t ,  e.g. 
g roup ing  of t he  an i m a l s  2, s t a t e  of t r a i n i n g  3, l i gh t  a n d  
da rknes s  ~, h i g h  a l t i t ude  inf luence  5 and  va r ious  fac tors  
wh ich  are s t ress ing  t he  an i m a l s  s. F u r t h e r m o r e ,  acu te  a n d  
l o n g - t e r m  exposure  to  cold increase  t he  ca rd iac  n o r a d r e n -  
al ine t u r n o v e r  in  r a t s  7, a n d  e n v i r o n m e n t a l  h e a t  increases  
t he  n o r a d r e n a l i n e  t u r n o v e r  ill t h e  h y p o t h a l a m u s  a, w h i c h  
p lays  a n  i m p o r t a n t  role in  t h e  t h e r m o r e g u l a t i o n  in t he  
r a t  s, a n d  in o t h e r  a reas  of t he  r a t  b r a i n  9. As t he  card iac  
o u t p u t  and  t he  h e a r t  r a t e  was  r epo r t ed  to be  increased  a t  
an  e l eva t ed  room t e m p e r a t u r e  ~~ i t  was  the  a i m  of th i s  
s t u d y  to i nves t i ga t e  w h e t h e r  these  changes  m a y  in t u r n  
be  due  to an increased  t u r n o v e r  r a t e  of t he  physio logica l  
t r a n s m i t t e r  subs tance ,  no rad rena l i ne ,  in  t h e  r a t  hea r t .  
Materials and methods. I n  t h e  expe r i m en t s ,  ma le  W i s t a r  
r a t s  (TNO W.70) o f ' a b o u t  130-160 g were used. T he  ani-  
ma l s  were k e p t  for a t  leas t  5 days  u n d e r  a con t ro l led  
l igh t ing  schedute  of 12 h l igh t  (7.00-19.00 h) a l t e r n a t i n g  
w i t h  12 h da rknes s  (19.00-7.00 h) w i t h  food a n d  w a t e r  ad  
l i b i t u m  and  a t  a r oom t e m p e r a t u r e  of 23 :~ 1~ T he  nor-  
ad rena l ine  t u r n o v e r  in  t he  h e a r t s  was  d e t e r m i n e d  in t h e  
per iod  of l igh t  f rom t h e  l oga r i t hm i c  decl ine of t he  specific 
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Decay of the specific activity of noradrenaline in the rat heart after 
i.v. injection of 10 IxCi]kg 3 H-(-)-noradrenaline in the period of light 
at a room temperature of 23~ (�9169 or 32~ (e--o).  Arrow 
indicates time of injection at 8.30 h (zero time). Each point repre- 
sents the mean value ~ SEM from 5 animals. 

a c t i v i t y  a f t e r  i.v. i n j ec t ion  of 10 ~Ci/kg 3H- ( - ) -no rad ren -  
Mine (Rad iochemica l  Centre ,  A m e r s h a m ,  spec. a c t i v i t y  
8.7 Ci /mmole)  as descr ibed  in de ta i l  p rev ious ly  *. The  
n o r a d r e n a l i n e  c o n c e n t r a t i o n  was d e t e r m i n e d  accord ing  
to  C h a n g  11. H e a t  e x p e r i m e n t s  were pe r fo rmed  a t  a r oom 
t e m p e r a t u r e  of 32 • 1~ a n d  in order  to  ach ieve  th i s  
t e m p e r a t u r e  t he  usua l  e n v i r o n m e n t  of t he  an ima l s  was  
h e a t e d  up  f rom 7.00 h un t i l  t h e  b e g i n n i n g  of t he  exper i -  
m e n t  a t  8.30 h.  Cont ro l  e x p e r i m e n t s  were p e r f o r m e d  in 
t he  same  week  a t  a n o r m a l  r o o m  t e m p e r a t u r e  of 23 • 1 ~ 
Signif icance was t e s t ed  b y  t he  u n p a i r e d  2- ta i led S t u d e n t ' s  
t - t e s t ,  a n d  l i nea r i ty  of t h e  regress ion func t ions  was p r o v e d  
b y  t he  F -d i s t r i bu t i on .  
Results. The  endogenous  n o r a d r e n a l i n e  c o n c e n t r a t i o n  in 
t he  h e a r t s  was  increased  b y  t he  a c u t e  exposure  to  h e a t  
f rom 0.94 & 0.02 t~g • g-1 (n = 43) a t  a n o r m a l  t e m p e r a t u r e  
to  1.04 i 0.02 txg•  -1 (n ~ 43). This  increase  was s ta t i s -  
t i ca l ly  s ign i f ican t  (p < 0.001). I n  t he  figure,  one repre-  
s e n t a t i v e  e x p e r i m e n t  ou t  of each  e x p e r i m e n t a l  g roup  is 
depic ted ,  showing  t h a t  t he  half-l ife of t he  specific a c t i v i t y  
of t he  card iac  n o r a d r e n a l i n e  is decreased  w h e n  t he  
e n v i r o n m e n t a l  t e m p e r a t u r e  is increased  f rom 23~ to  32~ 
All e x p e r i m e n t a l  resu l t s  are s u m m a r i z e d  in  t h e  t ab le .  
I t  can  be  seen t h a t  acu te  exposure  to  a n  e l eva t ed  room 
t e m p e r a t u r e  of 32~ d u r i n g  l igh t  s ign i f i can t ly  increased  
t he  t u r n o v e r  r a t e  of n o r a d r e n a l i n e  in t he  r a t  h e a r t  
(0.069 ~g • g-1 • h-~) w h e n  c o m p a r e d  w i t h  t he  con t ro l  
e x p e r i m e n t s  pe r fo rmed  a t  a r oom t e m p e r a t u r e  of 23~ 
(0.039 txg • g - ~ •  h - l ) .  Thus ,  t he  m e a n  half-l ife was de-  
creased to  10.2 h a t  32~C f rom 16.3 h a t  23~ 
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Turnover of noradrenaline in rat heart during the period of light at a room temperature of 23 • 1 ~ and 32 :L I ~ resp. 
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Room temperature: 23 ~- 1 ~ Room temperature: 32 ~: 1 ~ 
Half-life Rate constant Turnover rate Half-life Rate constant Turnover rate 
ti/2 (h) k (h i) (~tg • g-1 • h 1) ti/~ (h) k (h -1) (#g / g - i  X h - i )  

17.7 0.0392 0.035 11.0 0,0629 0.057 
14.6 0.0475 0.045 11.7 0.0594 0.063 
17.8 0.0389 0.038 8.5 0.0818 0.074 
15.7 0.0442 0,040 10.3 0.0675 0.081 

X 16.3(14.1 19.4)* 0.0425 0.039 10.2(8.3-13.3)* 0.0679** 0.069** 
SEM ::Jz 0.0020 -E 0.002 ::j_ 0.0049 i 0.006 

The parameters of the turnover were calculated from decay of the specific activity after i.v. injection of ~ H-(-)-noradrenaline. Mean values 
~: SEM of 4 separate ex~berimeats at either room temperature. *Geometric mean with 95% confidence limits. **p (control to heat) < 0.005. 

Discussion. Unt i l  now no d a t a  are available d e m o n s t r a t -  
ing the  effect  of an e levated  env i ronmen ta l  t e m p e r a t u r e  
on the  cardiac t u r n o v e r  of noradrena l ine  in the  rat .  The 
expe r imen ta l  resul ts  p resen ted  here clearly show t h a t  an 
acute  increase in env i ronmen ta l  t e m p e r a t u r e  f rom 23~ to 
32 ~ resul ts  in a s ignif icant ly  increased cardiac t u rn o v e r  
of noradrenMine  in the  rat .  Such an e levat ion  in the  
room t e m p e r a t u r e  leads to  an increase in the  recta l  t em-  
pera tu re  9, to an increased s y m p a t h e t i c  nervous  ac t iv i ty  
in some per iphera l  organs  1~ and  to an increase in the  
cardiac  o u t p u t  ma in ly  due to an e levated  hea r t  ra te  l~ 
Thus,  the  increased cardiac t u rnove r  of noradrena l ine  on 
acute  exposure  to hea t  can be expla ined  as a consequence  
of an accelera ted s y m p a t h e t i c  nervous  act iv i ty .  However ,  
it  remains  unsolved whe the r  the  increased tu rnove r  is 
due to a specific effect  of hea t  on the  t h e r m o r e g u l a t o r y  
centers  s, t h e r e b y  increasing the  per iphera l  s y m p a t h e t i c  
nervous  sys tem,  or whe the r  a non-specif ic  s tress react ion 
takes  place s. 

The resul ts  p resen ted  here  t oge the r  wi th  earlier f indings 
d emo n s t r a t i n g  circadian var ia t ions  in t he  cardiac tu rn -  
over  of noradrena l ine  4 and  the  dopamine  t u rn o v e r  in ra t  
brain  1~, fu r ther  indicate  the  impor t ance  of exac t  s t anda rd -  
izat ion of expe r imen ta l  condi t ions  in an imal  studies.  The 
impor t ance  of a control led t h e rma l  e n v i r o n m e n t  was 
a l ready  shown by  F u h r m a n  and F u h r m a n  1, and  Weihe  15 
who could d e m o n s t r a t e  t h a t  var ia t ions  in env i ronmen ta l  
t e m p e r a t u r e  grea t ly  inf luence the  sens i t iv i ty  of experi-  
men ta l  animals  to  drugs, leading to var ia t ions  of results  
in drug  tes t ing.  
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Fluorescence histochemical demonstration of the uptake of dopamine-derived 
dihydroisoquinoline in the hypothalamic neurons 
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Summary. The up take  and  the  accumula t ion  of dopamine -de r ived  f luorescent  d ihydroisoquinol ine  Were d e m o n s t r a t e d  
wi th  d i rec t  f luorescence h i s t ochemis t ry  in the  h y p o t h a l a m i c  dopaminerg ic  neurons,  in t he  nerves  of the  neuro in te r -  
media te  lobe, and  in some endocr ine  cells of the hypophys i s  of the  rat .  

I t  has  been sugges ted  t h a t  the  in vivo fo rma t ion  of 
t e t r ahydro i soqu ino l ines  (TIQs) der ived f rom the  conden-  
sa t ion  of ca techolamines  (dopamine,  noradrena l ine  and  
adrenaline)  w i th  a ldehydes  p roduced  in the  me tabo l i sm 
of alcohols p lays  a p a r t  in t he  pa thologica l  man i fe s t a t ion  
of alcohol in tox ica t ion  and  dependence1-3.  Fu r the rmore ,  
an increase in dopamine  concen t ra t ion  in the  t issues 
migh t  lead to  the  fo rma t ion  of dopamine -de r ived  TIQs 
p roduced  in the  condensa t ion  react ion be tween  dopamine  
and ace ta ldehyde  or 3 ,4 -d ihyd roxypheny lace t a ldehyde  4, 5. 
Ano the r  possible rou te  to  t he  fo rma t ion  of biologically 
ac t ive  isoquinolines and fl-carbolines is the  enzymat i c  
p roduc t ion  of fo rma ldehyde  f rom 5-methy l t e t rahydrofo l i e  
acid and  subsequen t  condensa t ion  of the  fo rma ldehyde  
wi th  ca techolamines  or indolamines  ~, 7. TIQs are t aken  
up by  an act ive,  d e s m e t h y t i m i p r a m i n e -  and  cocaine-  

sensi t ive mechan i sm in the  nerve  endings,  and released 
upon s t imula t ion  of the  nerves,  giving rise to  the  pos t -  
synap t ic  effect  1. 
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