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S e r o t o n i n  and i ts  M e t a b o l i t e s ;  the ir  R e s p e c t i v e  Ro le s  in the  P r o d u c t i o n  of H y p o t h e r m i a  in the  M o u s e  

FEhDBE~G a n d  1KY~RS ~ have  proposed  a cri t ical  role 
for t he  biogenic amines  in the  CNS control  of the rmo-  
regula tory  responses.  Bo th  in t raper i tonea l  and  in t raven-  
t r icular  in ject ions  of sero tonin  (5-HT) produce  a drop 
in body  t e m p e r a t u r e  in the  mouse ~. We  now repor t  a 
series of expe r imen t s  in which  we s tud ied  the  effect  on 
b o d y  t e m p e r a t u r e  of t he  serotonin  metabol i tes ,  5 -hydroxy-  
indoleacet ic  acid (5-HIAA) and  5 -hydroxy t ryp topho l .  
T ryp topho l  a and  5 - m e t h o x y t r y p t o p h o l  were also s tudied  
to  evalua te  the  specif ic i ty  of 5-HT metabol i t es  in the  
p roduc t ion  of body  t e m p e r a t u r e  changes.  

MeShods a~d p~,oced~'es. 90 r a n d o m  bred  albino mice 
(CD-1 s t ra in ;  weight ,  21-28 g) were  assigned, 4 to a 
group, to each condi t ion  of 5 exper iments .  Rec ta l  t em-  
pera tures  were measured  wi th  a t h e r m i s t o r  inser ted  
1.5 cm beyond  the  anal  sph inc te r  and  recorded b y  a 
Digitec digi tal  t h e r m o m e t e r  ca l ibra ted  to 0.01 ~ ~. Agents  
were admin i s t e red  i.p. a t  0.01 ml/g  of b o d y  weight  in 
each exper iment .  Doses of t r y p t o p h o l  (100, 200, and  

400mg/kg) ,  5 - m e t h o x y t r y p t o p h o l  (200, 400, and  600 
mg/kg),  and 5 - h y d r o x y t r y p t o p h o l  (800 and 1200 mg/kg),  
were each p repared  in p ropy lene  glycol 5. The 5 -HIAA 
was p repared  in buffered  steri le saline and  admin i s t e red  
at  doses of 250, 500 and 1000 mg/kg  6. Appropr ia te  vehicle 
controls  were  also included (Figure 1). 

In  order  to  evalua te  the  respect ive  roles of 5-HT and  
its me tabo l i t e s  in the  p roduc t ion  of hypo the rmia ,  the  
effect  of MAO inhib i t ion  on a 5 - h y d r o x y t r y p t o p h a n  
(5-HTP)- induced  h y p o t h e r m i a  was also s tudied  7. Groups 
of 16 mice were p re t r ea t ed  wi th  e i ther  MAO inh ib i to r  
(25 mg/kg  of phenelz ine  dissolved in steri le saline) or 
placebo.  1 h la ter  each p r e t r e a t m e n t  group was d iv ided  
into 4 groups of 4 mice each and  in jec ted  wi th  e i ther  a 
s ter iod suspending  vehicle s, or 50, 100 or 200 mg/kg  of 
5 -HTP dissolved in th is  vehicle (Figure 2). 

ResulCs a~d discussio~z. Serotonin,  fo rmed f rom 5-HTP,  
is metabol ized  to 5 -hydroxyindoleace ta ldehyde ,  which 
can t h e n  be metabo l ized  to  5 -hydroxy t ryp tophoI  in a 
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~'ig. 1. Rectal temperature measures were recorded before and every 10 min after administration of drugs for a total of 2 h. The mean 
rectal temperature for each group of mice is shown as a function of drug, dose and time. The estimated propylene glycol control 
(stippled line in Panel 1) was calculated from the PG control data for the 5-methoxytryptophol and 5-hydroxytryptophol experiments. 
The half-filled circles indicate overlapping data points. 
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Fig. 2. Rectal temperature measures were recorded before, and every 20 min after administration of drugs for a total of 4 h. The 
mean rectal temperature for each group of 4 mice is shown as a function of pretreatment (the time of administration of 25 mg/kg 
of phenelzine or a placebo is marked by the first arrow in the figure), dose of L-5-hydroxytryptophan (marked by the second 
arrow), and time. The half-filled circles indicate overlapping data points. 
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r e v e r s i b l e  r e a c t i o n  or  to  5 - H I A A  in  a n  e s s e n t i a l l y  i r r e v e r s -  
ib le  r e a c t i o n g .  F i g u r e  1 s h o w s  t h a t  5 - h y d r o x y t r y p t o p h o l  
or  i t s  a n a l o g u e s ,  t r y p t o p h o l  a n d  5 - m e t h o x y t r y p t o p h o I ,  
p r o d u c e d  a s ig r i i f i c an t  ( P  < 0.01) dose  a n d  t i m e  d e p e n -  
d e n t  d e c r e a s e  in  b o d y  t e m p e r a t u r e ,  b u t  t h a t  5 - H I A A  
h a d  no  e f f ec t  o n  b o d y  t e m p e r a t u r e 1 ~  11. F i g u r e  2 s h o w s  
t h a t  p r e t r e a t e m e n t  w i t h  a n  M A O  i n h i b i t o r  p r e v e n t e d  
t h e  5 - H T P - i n d u c e d  h y p o t h e r m i a ,  s u g g e s t i n g  t h a t  t h e  
' t r y p t o p h o l '  m e t a b o l i t e  r a t h e r  t h e n  5 - H T  i t se l f  w a s  t h e  
a c t i v e  h y p o t h e r m i c  a g e n t .  T h e  s m a l l  i n i t i a l  d r o p  in  r e c t a l  
t e m p e r a t u r e  ( F i g u r e  2) w h i c h  o c c u r r e d  i m m e d i a t e l y  a f t e r  
a d m i n i s t r a t i o n  of  5 - H T P  to  t h e  M A O - i n h i b i t e d  a n i m a l s  1~ 
c o u l d  be  a c c o u n t e d  for  b y  d e p l e t i o n  of  n o r e p i n e p h r i n e  
b y  5 - H T P  13. T h e  s u b s e q u e n t  i n c r e a s e  in  b o d y  t e m p e r a -  
t u r e ,  h o w e v e r ,  d id  n o t  l e a d  t o  a s i g n i f i c a n t  h y p e r -  
t h e r m i a  13. 

T w o  i s s u e s  a r e  r a i s e d  w h e n  l a r g e  d o s e s  of  d r u g s  a re  
g i v e n  i .p.  ; f i r s t  w h e t h e r  t h e  o b s e r v e d  e f f ec t s  a r e  of  c e n t r a l  
o r  p e r i p h e r a l  o r ig in ,  a n d  s e c o n d  w h e t h e r  t h e  o b s e r v e d  
e f f ec t s  a r e  p h a r m a c o l o g i c a l  o r  p h y s i o l o g i c a l  in  n a t u r e .  
T h e  a v a i l a b l e  e v i d e n c e  s u g g e s t s  t h a t  t h e  ' t r y p t o p h o l s '  
p r o d u c e  C N S  e f f ec t s  14. T h e  d o s e s  of  t h e  ' t r y p t o p h o l s '  
we re  s p e c i f i c a l l y  s e l e c t e d  f r o m  a r a n g e  t h a t  p r o d u c e d  
a d o s e - d e p e n d e n t  s l e ep  response15 .  T h e  ' t r y p t o p h o l s ' ,  a s  
f o u n d  for  5 - m e t h o x y t r y p t o p h o l l G ,  m a y  n o t  r e a d i l y  c ro s s  
t h e  b l o o d - b r a i n  b a r r i e r ,  t h e r e f o r e ,  r e q u i r i n g  l a rge  doses .  
T h e y  a r e  a l so  k n o w n  to  be  r a p i d l y  m e t a b o l i z e d  b y  t h e  
l i ve r  iv, a l t h o u g h  t h e  e n z y m e s  r e q u i r e d  to  m e t a b o l i z e  t h e  
' t r y p t o p h o l s '  a r e  f o u n d  in  v a r i o u s  a r e a s  of  t h e  b ra in l~ .  
T o g e t h e r ,  t h e s e  d a t a  m a k e  t e n a b l e  t h e  w o r k i n g  h y p o -  
t h e s i s ,  t h a t  t h e  o b s e r v e d  e f f ec t s  r e p r e s e n t  c h a n g e s  in  a 
c e n t r a l l y  m e d i a t e d  p h y s i o l o g i c a l  r e g u l a t o r y  p roce s s .  

T h e  f o r m a t i o n  of  t h e  ' t r y p t o p h o l s '  f r o m  t h e  a l d e h y d e  
is a r e v e r s i b l e  p roce s s ,  a n d  s i nce  5 - h y d r o x y i n d o l e a c e t -  
a l d e h y d e  h a s  C N S  e f f ec t s  ~s, a p o s s i b l e  ro le  for  t h e  
a l d e h y d e - m e t a b o l i t e s  in  t h e  p r o d u c t i o n  of  h y p o t h e r m i a  
m u s t  be  e v a l u a t e d .  I r r e s p e c t i v e  of w h i c h  m e t a b o l i t e  
is a c t i ve ,  t h e  r e s u l t s  of  t h e  p r e s e n t  e x p e r i m e n t s  m a k e  
i m p e r a t i v e  c o n s i d e r a t i o n  of  t h e  m e t a b o l i t e s  in  a n y  5 - H T  
i n d u c e d  m o d i f i c a t i o n  of b o d y  t e m p e r a t u r e ,  a n d  r a i s e  
d o u b t s  a b o u t  5 - H T  i t se l f  b e i n g  t h e  a c t i v e  agent19 .  

Zusammen/assung.  I n  M ~ u s e v e r s u c h e n  w u r d e  geze ig t ,  
d a s s  n i c h t  S e r o t o n i n ,  s o n d e r n  zwei  s e i n e r  M e t a b o l i t e n  
( 5 - H y d r o x y t r y p t o p h o l  o d e r  d e s s e n  A u s g a n g s s t o f f  5 - H y -  
d r o x y i n d o l a c e t a l d e h y d )  d ie  H y p o t h e r m i e  e r z e u g e n .  
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Kristalloide Einschliisse im Karyoplasma yon Spermatiden eines Myriapoden 

Bei  d e r  U n t e r s u c h u n g  de r  S p e r m i o h i s t o g e n e s e  v o n  
S p i r o s t r e p t u s  spec .  ( D i p l o p o d a ,  M y r i a p o d a ) 1  f i e l en  l a n g -  
g e s t r e c k t e  o s m i o p h i l e  K 6 r p e r  i m  K a r y o p l a s m a  auf ,  d i e  
e i ne  s e h r  regelm~Lssige S t r e i f u n g  b e s i t z e n  (F igur ) .  

D i e  P e r i o d e  d e r  Q u e r s t r e i f u n g  be t r~ig t  z w i s c h e n  1 2 0 -  
135 K, d ie  o s m i o p h i l e n  S t r e i f e n  s i n d  7 5 - 8 5  ~ b re i t ,  d i e  
h e l l e n  4 0 - 5 0  A.  Sic  e n t s p r i c h t  e i n e m  r e g e l m ~ s s i g e n  A u f -  
b a u  d e r  E i n s c h l i i s s e  a u s  L a m e l l e n .  D i e  E i n s c h l i i s s e  s i n d  
m e i s t  l a n g g e s t r e c k t ,  s t a b f 6 r m i g  u n d  b is  10 ~ l a n g  be i  
e i n e r  B r e i t e  v o n  0,1 ~;  es k o m m e n  a b e r  s u c h  g e d r u n g e n e ,  
0.25 ~ b r e i t e  K 6 r p e r  vo r .  B e m e r k e n s w e r t  i s t  d ie  N a c h b a r -  
s c h a f t  zu  e i n e r  f i l a m e n t 6 s e n  S t r u k t u r ,  d i e  in  d e r s e l b e n  

R i c h t u n g  wie  d ie  L ~ t n g s a c h s e  de s  k r i s t a l l o i d e n  E i n -  
s c h l u s s e s  ver l /~uf t  (F igur ,  b). 

D e r  K 6 r p e r  t r i t t  in  e i n e r  b e s t i m m t e n  P h a s e  d e r  Spe r -  
m i o h i s t o g e n e s e  auf ,  n / i m l i c h  n a c h d e m  d ie  A n l a g e  d e s  
A k r o s o m k o m p l e x e s  a b g e s c h l o s s e n  i s t  u n d  d e r  K o m p l e x  
n u r  n o c h  a n  G r 6 s s e  z u n i m m t ,  u n d  b e v o r  d ie  K e r n k o n -  
d e n s a t i o n  e i n s e t z t  (vergl.1).  I m  K e r n  k o n n t e  Hie m e h r  a l s  
e i n  E i n s c h l u s s  g e f u n d e n  w a r d e n ,  i m  Z y t o p l a s m a  k o m m e n  
v e r g l e i c h b a r e  E i n s c h l i i s s e  n i c h t  vo r .  
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