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Central  Effects o f  5 - H y d r o x y t r y p t a m i n e  and Noradrena l ine  on  B o d y  T e m p e r a t u r e  a n d  O x y g e n  

C o n s u m p t i o n  in Infant Rats  

M a n y  m a m m a l s  r e s p o n d  to  i n t r a v e n t r i c u l a r  in j ec t ions  
of b r a i n  m o n o a m i n e s  b y  c h a n g i n g  t h e i r  b o d y  t e m p e r a -  
t u r e  ~-*. I n  a d u l t  ra t s ,  5 - h y d r o x y t r y p t a m i n e  (5-HT),  
n o r a d r e n a l i n e  (NA) a n d  a d r e n a l i n e  (A) cause  h y p o -  
t h e r m i a ,  a l t h o u g h  a r ise in b o d y  t e m p e r a t u r e  b y  sma l l  
doses of N A  or A ha s  also b e e n  obse rved  ~,6. I n  i n f a n t  
ra ts ,  i t  h a s  b e e n  s h o w n  t h a t  5 -HT (30 ~zg) i n t r a v e n t r i -  
cu la r ly  d id  n o t  a l t e r  t h e  o x y g e n  c o n s u m p t i o n  in a n i m a l s  
b e t w e e n  9 a n d  16 d a y s  old  b u t  caused  a decrease  in o lder  
r a t s L  The  a im  of t h e  p r e s e n t  s t u d y  was to  i n v e s t i g a t e  
b o t h  t e m p e r a t u r e  a n d  t h e r m o g e n e t i c  effects  of i n t r a -  
v e n t r i c u l a r l y  i n j ec t ed  5 -HT a n d  N A  in  i n f a n t  ra ts .  

~ a t e r i a l  and  methods. S p r a g u e - D a w l e y  r a t s  were  used  
f rom b i r t h  t o  t h e  age of 20 days .  I n j e c t i o n s  i n t o  t h e  
l a t e ra l  b r a i n  ven t r i c l e s  were  done  as  desc r ibed  ear l ie r  ¢, 
w h i c h  m e t h o d  is n o t  su i t ab l e  for r a t s  o lder  t h a n  20 days .  
The  doses of 5-HT,  N A  or  A were  in j ec t ed  in p y r o g e n -  
free sal ine,  t h e  v o l u m e  be ing  5-10 F1/animal .  T he  con t ro l  
a n i m a l s  were  i n j e c t e d  w i t h  t h e  s o l v e n t  a lone.  T h e  b o d y  
t e m p e r a t u r e  of r a t s  y o u n g e r  t h a n  5 d a y s  was m e a s u r e d  
in  t he  a r m p i t  a n d  of o lder  r a t s  in  t h e  r e c t um .  T he  o x y g e n  
c o n s u m p t i o n  was m e a s u r e d  w i t h  a B e c k m a n  E 2 o x y g e n  
a n a l y z e r  w i t h  a n  open  c i rcu i t  sys tem.  All e x p e r i m e n t s  
were  p e r f o r m e d  a t  t h e  a m b i e n t  t e m p e r a t u r e  of 26-27  °C. 

Results .  T h e  changes  in  b o d y  t e m p e r a t u r e  of i n f a n t  
r a t s  a f t e r  i n t r a v e n t r i c u l a r  in j ec t ions  of 5 -HT or  N A  are  
p r e s e n t e d  in F igu res  1 a n d  2. T h e  g r a p h s  ind ica t e  t h a t  
t h e  a m i n e s  lowered t h e  b o d y  t e m p e r a t u r e .  Th i s  r e sponse  
seems to  be  d e p e n d e n t  on  b o t h  t h e  dose a n d  t h e  age of 
t h e  ra ts .  A n  i n j e c t i o n  of 5 - H T  h a d  a s ign i f i can t  e f fec t  
a l r e a d y  a t  t h e  age  of 2 d a y s  a n d  on  t h e  5 th  d a y  a f t e r  
b i r t h  t he  effect  was  a l m o s t  t he  s a m e  as in  older  an imals .  

As c o m p a r e d  w i t h  5 -HT the r e sponse  to  t h e  i n j ec t ed  
N A  o b v i o u s l y  deve lops  l a t e r  because  t h e  a n i m a l s  d id  
n o t  show a n y  r e a c t i o n  a t  t h e  age of 2 days .  Also sma l l e r  
doses t h a n  s h o w n  in t h e  f igures  were  i n j ec t ed  a n d  t h e n  
t h e  h y p o t h e r m i c  ef fec t  was  weake r  or  none .  A h y p e r -  
t h e r m i c  ef fec t  was  n o t  obse rved  w i t h  a n y  dose. Some  
e x p e r i m e n t s  w i t h  A showed  t h a t  t h e  r e sponse  to  i t  was  
s im i l a r  to  t h e  eI Iec t  of NA.  

T h e  re su l t s  in  F i g u r e  3 show t h a t  t h e  i n t r a v e n t r i c u l a r l y  
i n j ec t ed  5 - H T  a n d  N A  reduced  t h e  o x y g e n  c o n s u m p t i o n  
of 13- to  15-day-old  r a t s  s ign i f ican t ly .  T h e  i n t e n s i t y  of 
t h i s  e f fec t  co r re l a t e s  v e r y  wel l  w i t h  t h e  h y p o t h e r m i a  
caused  b y  t h e  s ame  doses, b u t  t h e  d u r a t i o n  of t h e  ef fec t  
s eemed  to  b e  shor t e r ,  a n d  a c o m p e n s a t i n g  inc rease  in t h e  
oxygen  c o n s u m p t i o n  follows in  m a n y  eases.  F u r t h e r  
e x p e r i m e n t s  w i t h  y o u n g e r  age g roups  showed  t h a t  t h e  
r e sponse  in o x y g e n  c o n s u m p t i o n  a lways  co r re l a t ed  w i t h  
t he  h y p o t h e r m i c  effect.  
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Fig. 1. The effects of intraventricular injections of 5-HT doses of 150[/.g/kg (broken line) and 300[xg/kg (dotted line) on the body 
temperature of rats at different age after birth at 26-27°C. The control values are indicated with continuous line. Ordinate: Body 
temperature in °C. Abscisse: Time after injection in rain. Each curve represents the mean of 7-14 animMs. Vertical bars indicate i S.D. 
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Discussion.  In t r aven t r i cu l a r  inject ions  of 5-HT, N A  
and A caused a fal l  in body  t e m p e r a t u r e  of in fan t  rats.  
This  response developed a l ready  dur ing the  first  days  
a f te r  bir th,  t he  reac t ion  to  5-HT,  however ,  occurr ing  
earl ier  t h a n  to  N A  or  A. These resul ts  m a y  ind ica te  t h a t  
the  serotoninergic  receptor  sys tems invo lved  in t e m -  
pe ra tu re  control  mechan isms  in bra in  deve lop  ear l ier  
t han  the  adrenergic  receptor  systems.  This  difference 

correla tes  well  w i th  t he  a m o u n t s  of 5 -HT and  N A  found 
in bra in ;  a t  b i r th  the  a m o u n t  of 5 -HT is ove r  50% b u t  
of  NA only  abou t  20% of the  level  of adu l t  ra t s  ~. The  
greates t  increase in t he  a m o u n t  of N A  occurs dur ing  
the  5 first  days  of pos tna ta l  l ife ~. These  facts  are p robab ly  
in connect ion  w i t h  the  appear ing  of the  f irs t  signs of 
the rmoregu la t ion  dur ing  the  f irs t  days  a f te r  b i r th  x°, 
a l though the  t he rmoregu la to ry  eff iciency does no t  reach 
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Fig. 2. The effects of iutraventricular injections of NA doses of 50Fg/kg (broken line) and 150 Fg/kg (dotted line) on the body 
temperature of infant rats. Other explanations as in Figure 1. 
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Fig. 3• The effects of intraventrJcular injections of 5-HT and N A  
on the oxygen consumption of the 13-15-day-old rats, Ordinate: 
Oxygen consumption as ml/g/h. Abscisse: Time in rain. Each curve 
represents the mean of 6-8 animals. Vertical bars indicate =E S.D. 
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the  s tage  of  homoio the rmia  unt i l  the  age of 2 weeks. 
The  resul ts  f rom the  exper iments  on the  oxygen  con- 
sumpt ion  showed t h a t  the  decrease in t he  thermogenes is  
preceded the  fall  in body  t empera tu re .  As i t  also was 
much  larger  t h a n  could  be expec ted  to  be caused by  
the  decrease in t he  body  t empera tu re ,  t he  decreased 
thermogenes is  a f te r  in] ections of these amines  is obvious ly  
the  ma in  cause for the  hypo the rmia .  

The  effects observed m a y  be in te rpre ted  as a response 
of t he  hypo tha t amic  the rmoregu la to ry  center• I n  fact ,  
there  is ample  ev idence  for hypo tha l amic  serotoninergic 
neurones  which are responsible  for ac t iva t ing  the  h e a t  
loss mechan i sms  in ra ts  and mice a,n,l~. The  role of N A  
in t he  the rmocon t ro l  mechan isms  is less clear, a l though  
an increased a c t i v i t y  of  hypo tha lamic  adrenergic  neurones  
has  been  shown to occur  in rats  and mice exposed to  
hca t  a, n,  x3. However ,  an a l t e rna t ive  exp lana t ion  for 
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t he se  effects  m a y  be  cons idered .  T h e  i m p a i r i n g  effects  
of na r co t i c  a n d  s e d a t i v e  s u b s t a n c e s  on  t he  t h e r m o -  
r e g u l a t o r y  ef f ic iency resu l t  in  t h e  conc lus ion  t h a t  a 
h i g h  a rousa l  s t a t e  is neces sa ry  for  e f fec t ive  t h e r m o -  
r e g u l a t i o n  espec ia l ly  in  smal I  m a m m a l s .  A l t h o u g h  meas -  
u r a b l e  s e d a t i v e  in f luences  were  d i f f icu l t  t o  f ind  o u t  in  
t h e  p r e s e n t  e x p e r i m e n t s ,  such  effects  h a v e  been  p r o d u c e d  
in  a d u l t  r a t s  a n d  mice  b y  5-HT,  A a n d  b y  la rge  doses  
of N A  x~-x6. I t  c an  be  sugges ted  t h a t  t h e  i n t r a v e n t r i c u l a r l y  
i n j ec t ed  m o n o a m i n e s  i m p a i r  t h e  t h e r m o r e g u l a t i o n  in  
i n f a n t  r a t s  b y  a n  i n h i b i t i o n  of t h e  b r a i n  s t e m  r e t i cu l a r  
f o r m a t i o n  w h i c h  is r e spons ib le  for  t h e  m a i n t e n a n c e  of 
t h e  a c t i v a t i o n  level  a n d  w h i c h  is, on  t h e  o t h e r  h a n d ,  in  
i n t e r a c t i o n  w i t h  t h e  h y p o t h a l a m u s X L  

Zusammen/assung. I n j e k t i o n e n  y o n  5 - H y d r o x y t r y p t -  
a m i n  u n d  N o r a d r e n a l i n  in  die G e h i r n v e n t r i k e l  j u n g e r  

R a t t e n  v e r u r s a c h e n  e inen  v e r m i n d e r t e n  Saue r s to f fve r -  
b r a u c h  u n d  eine H y p o t h e r m i e  be re i t s  a m  e r s t e n  T a g  
f inch de r  G e b u r t  Ef fek te ,  die m i t  d e m  Al t e r  v e r s t S r k t ,  
a u f t r e t e n .  
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T h e  E f f e c t s  o f  Z l - A m i n o - L a e v u l i n i c  A c i d  o n  S o d i u m  a n d  W a t e r  Movement Across Frog Skin 

A h i g h  f r e q u e n c y  of e lec t ro ly te  d i s t u r b a n c e s  h a s  b e e n  
n o t e d  in acu t e  Va r i ega t e  P o r p h y r i a ,  a n d  in  acu t e  I n t e r -  
m i t t e n t  P o r p h y r i a  ~-8. I n  add i t ion ,  u r i n a r y  h y p e r o s m o l -  
a l i t y  in  t h e  p resence  of s e r u m  h y p o o s m o l a l i t y ,  m a r k e d  
s o d i u m  dep le t ion ,  w i t h  or  w i t h o u t  excess ive  t o t a l  b o d y  
w a t e r  m a y  be  p r e s e n t 4 , L  W h i l e  a n u m b e r  of m e c h a n i s m s  
m a y  be  i n v o k e d  to  exp la in  these  p h e n o m e n a ,  n o t a b l y  t h e  
i n a p p r o p r i a t e  sec re t ion  of a n t i d i u r e t i c  h o r m o n e ,  one  
poss ib i l i ty  is t h a t  excess ive  c o n c e n t r a t i o n s  of po r phy r in s ,  
or  t h e i r  p recursors ,  m a y  d i r ec t l y  i n d u c e  a r ena l  t u b u l a r  
sod ium- los ing  s t a t e  5.e. W e  h a v e  e n d e a v o u r e d  to  exp lo re  
t h i s  h y p o t h e s i s  b y  i n v e s t i g a t i n g  t h e  e f fec t  of A-amino -  
l aevu l in ic  ac id  (ALA) o n  N a  t r a n s p o r t  a n d  w a t e r  move -  
m e n t  across  t h e  sk in  of Xenopus laevis. 

Frogs  were  p r e p a r e d  b y  i n j ec t i on  of 0.6 m g  d e o x y -  
co r t i cos t e rone  a c e t a t e  in  ol ive  oil  i n t o  t h e  dorsa l  l y m p h  
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Fig. 1. The effects of ALA and ADH on short-circuit current (~A) 
and potential difference (mV) across paired skins. The abscissa is 
in hundreds of minutes. 

sac 18 to  72 h p r io r  to  each  e x p e r i m e n t .  E a c h  frog was  
t h e n  p i thed ,  a n d  t he  v e n t r a l  a b d o m i n a l  sk in  r e m o v e d ;  
t h i s  was  d iv ided  b y  a m i d l i n e  incision,  one  piece of sk in  
s e rv ing  as t h e  con t ro l  for t h e  o ther .  Two d i f fe ren t  
e x p e r i m e n t a l  p ro toco l s  were  fo l lowed;  in  one, t h e  sk in  
was  m o u n t e d  b e t w e e n  L u c i t e  c h a m b e r s ,  b a t h e d  in n o r m a l  
f rog R i n g e r ' s  so lu t ion  on  e i t h e r  side, a n d  t h e  p o t e n t i a l  
d i f fe rence  (PD) a n d  s h o r t  c i rcu i t  c u r r e n t  (SCC) m e a s u r e d  
as a f u n c t i o n  of t ime.  I n  some of t he se  e x p e r i m e n t s  2aNa 
k ine t i c s  were  also s tud ied .  I n  t h e  o t h e r  p rocedure ,  t h e  
o u t e r  b a t h i n g  so lu t ion  was  r ep laced  b y  frog R i n g e r ' s  
d i l u t e d  t en fo ld  w i t h  d i s t i l l ed  w a t e r ;  w a t e r  m o v e m e n t  in  
r e sponse  to  t h e  o smot i c  g r a d i e n t  across  t h e  sk in  was 
fol lowed b y  o b s e r v a t i o n  of  m o v e m e n t  of ~/ men i scus  in 
a c ap i l l a ry  t u b e L  I n  b o t h  p rocedure s  t h e  effects  of 
A L A ,  w i t h  a n d  w i t h o u t  a n t i d i u r e t i c  h o r m o n e  (ADH)  8, 
were  o b s e r v e d  once  e q u i l i b r i u m  h a d  b e e n  es t ab l i shed .  

A L A  caused  p r o l o n g e d  falls in  SCC a n d  PD,  s o m e t i m e s  
d o w n  t o  zero (F igure  1). These  w e r e  occas iona l ly  p r eceded  
b y  s l i g h t  a n d  s h o r t l i v e d  (30 min)  rises. T h e  m i n i m a l  dose 
of A L A  f o u n d  to  p r o d u c e  t h e s e  effects  c o n s i s t e n t l y  was  
1 0 - 3 M ;  t h i s  was  m o s t  e f fec t ive  if a d d e d  to  t h e  so lu t i on  
b a t h i n g  t h e  ins ide  of t h e  skin .  T r a c e r  s tud ies  (*~Na) h a v e  
r evea l ed  a s i m u l t a n e o u s  gross r e d u c t i o n  in  t h e  m o v e m e n t  
of N a  f r o m  t h e  o u t e r  to  t h e  i n n e r  b a t h i n g  so lu t i ons ;  t h e  
p e r m e a b i l i t y  of t h e  o u t e r - f a c i n g  b a r r i e r  to  N a  is m u c h  
r educed  b y  ALA.  

A D H ,  g iven  in  s u p r a m a x i m a t  doses  (0.25 U/rot )  a l w a y s  
r eve r sed  t h e  A L A  effects,  e v e n  in  t h o s e  cases whe re  t h e  
SCC a n d  P D  h a d  fa l len  to  zero (Figure  1). T h e  conve r se  
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