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The  Effect of N o r a d r e n a l i n e  on Heat  P r o d u c t i o n  in the N e w - B o r n  P ig  

A l t h o u g h  c a l o r i g e n i c  e f f ec t  of  n o r a d r e n a l i n e  (NA) h a s  
b e e n  d e m o n s t r a t e d  in  m a n y  n e w - b o r n  m a m m a l s  1-% LE  
BLANC a n d  MOUNT 5 fa i l ed  to  f i n d  i t  in  t h e  n e w - b o r n  pig.  

O n  t h e  o t h e r  h a n d ,  CURTIS a n d  ROGLER G h a v e  s h o w n  
t h a t  N A  (36 ~zg/kg i .v.)  i n c r e a s e s  p l a s m a  f ree  f a t t y  a c i d s  
( F F A )  l eve l  e v e n  in  p i g l e t s  of  less  t h a n  3 d a y s  o ld  a n d  con -  
c l u d e d  t h a t  N A  m u s t  h a v e  a c a l o r i g e n i c  e f f ec t  in  t h e  n e w -  
b o r n  c o n s i d e r e d .  T h e y  s u s p e c t e d  t h a t  t h e  dose  of  N A  ap -  
p l i ed  b y  LE-BLANC a n d  MOUNT (600 ~zg/kg s.c.)  h a d  b e e n  
so  h i g h  t h a t  v a s c o n s t r i c t i o n  h a d  s u p p r e s s e d  F F A  r e l e a s e  
a n d  c o n s e q u e n t l y  t h e  c a l o r i g e n i c  e f f ec t  of  t h e  a m i n e  c o u l d  
n o t  be  d e m o n s t r a t e d .  W e  t r i ed ,  t h e r e f o r e ,  t o  f i n d  o u t  
w h e t h e r  t h e  c a l o r i g e n i c  e f f ec t  of  N A  w o u l d  a p p e a r  in  p ig-  
l e t s  i n j e c t e d  w i t h  a dose  m u c h  s m a l l e r  t h a n  t h a t  u s e d  b y  
LEBLANC a n d  MOUNT. 

Material and methods. S i x  p i g l e t s  ( L a r g e  W h i t e )  we re  
u s e d ,  f i r s t  a t  t h e  age  of  4 - 6  d a y s  a n d  t h e n  a t  t h e  age  of  
11 -13  d a y s .  R e s p i r a t o r y  e x c h a n g e  m e a s u r e m e n t s  w e r e  
m a d e  w i t h  a d i a f e r o m e t e r  ( K i p p  a n d  Z o n e n ,  H o l l a n d )  a n d  
b o d y  (rectal)  t e m p e r a t u r e  w i t h  a t h e r m o c o u p l e  t h e r m o -  
m e t e r  (El lab ,  C o p e n h a g e n ) .  T h e  p i g l e t s  t a k e n  i n d i v i d u a l l y  
f r o m  t h e  s o w  ( w i t h o u t  f a s t i n g )  w e r e  w e i g h e d  a n d  a f t e r  
m e a s u r i n g  t h e i r  r e c t a l  t e m p e r a t u r e  p l a c e d  in  a r e s p i r a t i o n  
c h a m b e r  a t  t h e r m o n e u t r a l i t y .  T h e y  w e r e  a l l o w e d  t o  c a l m  
d o w n  a n d  lie d o w n ,  a n d  m e a s u r e m e n t s  of  r e s p i r a t o r y  ex -  
c h a n g e  w e r e  m a d e  for  50 m i n .  T h e n  t h e  p i g l e t s  w e r e  re-  
m o v e d  f r o m  t h e  c h a m b e r ,  t h e i r  r e c t a l  t e m p e r a t u r e  
m e a s u r e d  a n d  t h e y  w e r e  i n j e c t e d  s.c.  w i t h  200 ~zg/kg b o d y  
w e i g h t  N A  ( ' l e v o n o r ' ,  Po l fa ) .  A f t e r  p l a c i n g  t h e  p i g l e t  a g a i n  
in  t h e  r e s p i r a t i o n  c h a m b e r ,  0.5 h e q u i l i b r a t i o n  t i m e  w a s  
a l l o w e d  a n d  t h e n  m e a s u r e m e n t s  w e r e  m a d e  for  a n o t h e r  
70 m i n .  

Results. R e p r e s e n t a t i v e  r e a d i n g s  of  O2 g a l v a n o m e t e r  
d e f l e c t i o n s  p r e s e n t e d  in  t h e  F i g u r e  s h o w  t h a t  b e f o r e  N A  
i n j e c t i o n  t h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  
c o n s e c u t i v e  r e a d i n g s ,  t h u s  a m e a n  v a l u e  for  t h e  i n i t i a l  
p e r i o d  c o u l d  b e  c a l c u l a t e d .  T h e  s a m e  c o n c e r n s  a l l  t h e  
m e a s u r e m e n t s  m a d e  in  4 - 6  d a y - o l d  p i g l e t s  f o l l o w i n g  N A  

i n j e c t i o n ,  a n d  in  4 o u t  of  6 p i g l e t s  a g e d  11 -13  d a y s .  I n  t h e  
r e m a i n i n g  2 o lde r  p i g l e t  s t h e  r a t e  of  t h e  r e s p i r a t o r y  ex -  
c h a n g e  f o l l o w i n g  N A  i n j e c t i o n  c h a n g e d  w i t h  t i m e .  T h e i r  
t h e r m o g e n i c  r e s p o n s e  to  N A  s e e m e d  to  be  m u c h  s t r o n g e r  
t h a n  in  t h e  o t h e r  p i g l e t s  of  s i m i l a r  age .  Th i s ,  h o w e v e r ,  w a s  
n o t  e a s y  t o  e v a l u a t e  as  a f t e r  a p p r o x i m a t e l y  40 m i n  t h e  
p i g l e t s  b e c a m e  s o m e w h a t  e x c i t e d  a n d  a c t i v e .  B e c a u s e  of 
t h i s  in  t h e s e  2 c a s e s  d o u b l e  c a l c u l a t i o n  of h e a t  p r o d u c t i o n  
w a s  m a d e .  I n  t h e  f i r s t  one ,  t h e  r e a d i n g s  w h i c h  m i g h t  h a v e  
b e e n  a f f e c t e d  b y  t h e  a n i m a l ' s  a c t i v i t y  ( b r o k e n  l ine  in  t h e  
F i g u r e )  we re  e x c l u d e d .  I n  t h e  s e c o n d  c a l c u l a t i o n  al l  t h e  
r e a d i n g s  we re  t a k e n  i n t o  a c c o u n t .  

T h e  r e s u l t s ,  s u m m a r i s e d  in  t h e  T a b l e ,  s h o w  t h a t  in  t h e  
p i g l e t s  a g e d  4 - 6  d a y s  m e a n  v a l u e s  of  h e a t  p r o d u c t i o n ,  
R Q ,  a n d  r e c t a l  t e m p e r a t u r e  b e f o r e  a n d  a f t e r  N A  i n j e c t i o n  
w e r e  p r a c t i c a l l y  e q u a l .  I n  t h e  o lde r  p i g l e t s  i n j e c t i o n  of  t h e  
s a m e  dose  of N A  c a u s e d  a c o n s i d e r a b l e  r i se  of  h e a t  p r o -  
d u c t i o n  ( P  < 0.01). R e c t a l  t e m p e r a t u r e  m e a s u r e d  a t  t h e  
e n d  of  t h e  t r i a l  w a s  o n  a v e r a g e  0.5 ~ h i g h e r  t h a n  b e f o r e  
t h e  i n j e c t i o n  of  N A  ( P  < 0.01) a n d  R Q  v a l u e s  d e c r e a s e d  
b y  a p p r o x i m a t e l y  0.07 ( P  < 0.001).  

Discussion. T h e  t h e r m o g e n i c  e f f ec t  of  N A  in  n e w - b o r n  
m a m m a l s  is g e n e r a l l y  r e l a t e d  t o  t h e  p r e s e n c e  of b r o w n  ad i -  
p o s e  t i s s u e  1-4. As  t h e  n e w - b o r n  p i g  h a s  no  b r o w n  fa t ,  a l a c k  
of t h e  c a l o r i g e n i c  r e a c t i o n  t o  N A  c o u l d  be  e x p e c t e d .  I n -  
d e e d  LXBLANC a n d  MoIJNT s d id  n o t  f i n d  a n y  r e a c t i o n  to  
N A  in  t h e  p i g l e t s  a g e d  0.7 t o  5 d a y s .  T h e s e  a u t h o r s  be -  
l i e v e d  t h a t  in  t h e  i m m e d i a t e  p o s t n a t a l  p e r i o d  p i g l e t s  r e l y  
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Rectal temperature, RQ and heat production before and after noradrenaline injection, 200 Exg/kg so, in piglets at 4-13 days of age 

Piglet No. Age, Body Rectal temperature, ~ R.Q. Heat production, keal/kg/24 h 

days weight, g Initial After NA Diff. Initial After NA Diff. Initial After NA Diff. 

I 4 2050 39.5 39.6 + 0.i 0.80 0.80 -- 104.1 101.1 -- 3,0 
2 4 1770 40.0 39.8 --  0.2 0.77 0.76 -- 0.01 128.0 123.7 --  4.0 
3 5 1895 39.1 39.7 + 0.6 0.80 0.79 --  0.01 98.5 100.8 + 2.3 
4 5 2060 40.0 39.8 0.2 0.87 0.76 --  0.11 126.4 119.6 --  6.8 
5 6 1830 39.4 39.7 + 0.3 0.80 0.80 --  105.8 116.9 + 11.1 '~ 
6 6 2160 39.6 39.8 --  0.2 0.80 0.83 + 0.03 105.9 106.7 + 0.8 
Mean --  39.6 39.7 + 0.1 0.81 0.79 --  0.02 111.4 111.5 --  0.1 
P > 0.5 > 0.5 > 0.5 
1 11 4070 39.6 40.0 + 0.4 0.84 0.76 --  0.08 101.1 119.4 + 18.3 
2 11 3830 39.8 40.2 + 0.4 0.84 0.79 --  0.05 91.2 109.8 + 18.6 
3 b 12 3640 39.9 40.8 + 0.9 0.86 0.74 --  0.12 113.5 153.0 + 39.5 
3 12 3640 39.9 40.8 + 0.9 0.86 0.80 --  0.06 113.5 169.8 + 53.6 
4 12 4030 39.9 39.9 + 0.3 0.84 0.80 -- 0.04 93.4 111.5 + 18.1 
5 b 13 3340 39.6 40.3 + 0.7 0.80 0.76 -- 0.04 93.1 118.8 + 25.7 
5 ~ 13 33.40 39.6 40.3 + 0.7 0.80 0.76 --  0.04 93.1 133.2 + 40.1 
6 13 3900 39.8 40.2 -b- 0.4 0.84 0.79 --  0.05 100.3 106.1 + 5.8 
Mean b 39.7 40.2 + 0.5 0.84 0.77 - -  0.07 98.8 119.8 + 21.0 
Mean o 39.7 40.2 + 0.5 0.84 0.78 --  0.06 98.8 124.8 + 26.0 
p < 0.01 < 0.001 < 0.01 

Statistical significance assessed on the test of differences. ~ Heat production could be elevated by slight activity of the piglet after NA injec- 
tion. b Readings probably affected by activity of the piglet eliminated in calculations. ~ All the readings taken into account. 
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m a i n l y  on  c a r b o h y d r a t e  m e t a b o l i s m  for h e a t  p r o d u c t i o n  
a n d  t h a t  t he  smal l  t h e r m o g e n i c  effect  of N A  found  in t he  
more  t h a n  1-week-old pigle ts  m a y  be due  to the  ac t ion  of 
the  a m i n e  on  wh i t e  fat ,  t h e  c o n t a n t  of wh ich  increases  
m a r k e d l y  a few days  a f t e r  b i r th .  However ,  MOUNT ~ l a t e r  
came  to  t h e  conclus ion t h a t  f a t  m e t a b o l i s m  p lays  a con- 
s ide rab ly  role in  energy  m e t a b o l i s m  of pigle ts  f rom t he  se- 
cond  d a y  of life. Our  resul t s  conf i rm MouNT's  conclusion,  
a.s R Q  values  f o u n d  in t he  4 -6-day-oId  pigle ts  r anged  f rom 
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' O 2 consnmpt ion  (expressed in uni ts  of ga lvanomete r  deflection} of 
piglets  a t  different  t imes af ter  p lacing the animals  in  a respi ra t ion  
chamber .  2/5, pigle t  No. 2 a t  the age of 5 days,  2/11, the same piglet  
a t  the age of 11 days;  3/11, p igle t  No. 3 a t  the age of 11 days;  an  ar- 
row, NA inject ion.  Broken l ine connects  the readings p robab ly  ele- 
va t ed  by  physical  ac t iv i ty  of the pigIet. 

0.77 to  0.87. I n  spi te  of t h a t  no calor igenic  effect  of N A  
has  been  found  in t h e  pigle ts  a t  t h i s  age. Therefore ,  one 
can  conclude  t h a t  a l t h o u g h  N A  s t i m u l a t e s  l ipolisis  in t he  
pigle ts  less t h a n  a week  old 6, i t  does no t  s t i m u l a t e  fa t  oxi- 
da t ion .  This  conclus ion is cons i s t en t  w i th  t h a t  of P~RS- 
SON et  al. s who  suggested  t h a t  t h e  n e w b o r n  p ig  has  a rela-  
t ive  i nab i l i t y  to  increase  ox ida t i on  of NA-mobi l i zed  FFA.  
I n  t he  older pigIets,  wh ich  r eac t  to N A  b y  increas ing  t he i r  
h e a t  p roduc t ion ,  a sma l l  b u t  h igh ly  s ign i f i can t  decrease  of 
t he  1RQ was observed.  The  decrease  a t t r i b u t e d  to N A  ac t ion  
(as t he  t i m e  of f a s t ing  was t he  same  as in  t he  case of t he  
younge r  piglets) would  sugges t  t h a t  in  pigle ts  more  t h a n  
10 days  old t he  p r o p o r t i o n  of f a t  ca tabo l i zed  increases  
fol lowing NA admin i s t r a t i on .  

Rdsumd. La  p r o d u c t i o n  de chaleur ,  la t e m p 6 r a t u r e  du  
corps  et  du  Q R  de 6 porcele ts  &g6s de 4 & 13 jours,  a v a n t  
e t  aprgs l ' i n j ec t ion  s.c. de no rad r6na l i ne  (200 p,g/kg) on t  
~t6 d6termin6es .  On  n ' a  p a t  c o n s i s t 6  l ' e f fe t  de I ' i n jec t ion  
de no rad r6na l i ne  sur  let  a n i m a u x  de 4 -6  jours,  p e n d a n t  
que  le m 6 t a b o l i s m e  et  la t e m p 6 r a t u r e  dn  r e c t u m  des por-  
celets &g6s de 11-13 jours  a u g m e n t a i e n t  d i s t i nc t emen t ,  e t  
que la va l eu r  du  Q R  a ba i ssa i t  s ign i f i ca t ivement .  
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An Inh ib i tory  Effect  of  P r o l a c t i n  on  the  R e s p o n s e  

The  h o r m o n a l  con t ro l  of u te r ine  muscle  is sti l l  no t  ful ly 
unde r s tood .  A t  t he  end  of h u m a n  p regnancy ,  p i t u i t a r y  
p r o l a c t i n  p l a s m a  levels are 10-20 t i m e s  above  non-preg-  
n a n t  levels a n d  ti le h o r m o n e  seems to be  specif ical ly  
c o n c e n t r a t e d  in a m n i o t i c  fluid1. Y e t  t h e r e  a p p e a r  to  be  
no  r epo r t s  in  t h e  l i t e r a t u r e  of a n y  Action of p r o l a c t i n  on  
t he  m y o m e t r i u m .  Th i s  p a p e r  descr ibes  a n  i n h i b i t o r y  
ac t ion  of ov ine  p ro l ac t i n  on r a t  m y o m e t r i u m .  

Ten  v i rg in  female  hooded  r a t s  we igh ing  a b o u t  140 g 
were s tudied .  F ive  were t r e a t e d  for 3 days  pr io r  to  exper i -  
m e n t a t i o n  w i t h  0.25 #g s t i lbes t ro l  pe r  d a y  g iven  i.m. in 
oil. The  o t h e r  5 were s imi la r ly  t r e a t e d  w i t h  s t i lbes t ro l  
for 3 days  w i t h  t he  a d d i t i o n  of 2.5 m g  p roges te rone  on  t h e  
2nd a n d  3rd days.  Af te r  k i l l ing a n  a n i m a l  b y  a b low oil 
t he  head ,  2 para l le l  pieces of m y o m e t r i u m ,  1.5 cm long 
and  f rom t h e  same  u t e r i ne  h o r n  were  p r e p a r e d  ~. E a c h  one 
was m o u n t e d  in a b a t h  in  Krebs -Csapo  so lu t ion  a ma in -  
t a i n e d  a t  37~ and  b u b b l e d  c o n t i n u o u s l y  w i t h  5% c a r b o n  
dioxide  in oxygen.  E a c h  piece was connec t ed  to  a Devices  
i somet r i c  force t r a n s d u c e r  w i t h  a r ange  of 100 g whose  
o u t p u t  was  r ecorded  on  a m o v i n g  p a p e r  char t .  The  
t r a n s d u c e r s  were m o u n t e d  on m i c r o m a n i p u l a t o r s  a l lowing 
t he  l eng ths  of t he  muscle  s t r ips  to  be  accu ra t e ly  measured .  
Af te r  m o u n t i n g  t he  s t r ips  were lef t  in  t he  so lu t ion  for 
30 man in o rder  to  al low d e v e l o p m e n t  of s pon t aneous  
r h y t h m i c  ac t iv i ty .  Responses  to  oxy toc in  (Pi tocin,  P a r k e  
Davis)  were t e s t ed  b y  a d d i n g  increas ing  c o n c e n t r a t i o n s  

of Rat  M y o m e t r i u m  to O x y t o c i n  

to  t he  ba ths .  M a x i m a l  responses  were ach ieved  w i th  
c o n c e n t r a t i o n s  r a n g i n g  f rom 150 to 500 FU/ml .  Once t he  
m a x i m a l  effect  h a d  been  ob t a ined  the  s t r ips  were washed  
3 t imes  w i t h  Krebs-Csapo  so lu t ion  and  t he  fol lowing 
p rocedures  fol lowed:  i. The  l eng th  of each  s t r ip  was 
a d j u s t e d  so that base l ine  t ens ion  was 1.5 g. 2. Oxy toc in  
suff ic ient  to  cause  a n  80% of m a x i m a l  effect  was  added  
to  b o t h  b a t h s :  b o t h  s t r ips  c o n t r a c t e d  r h y t h m i c a l l y  and  
s teadi ly .  3. B o t h  s t r ips  were left  for a 30 man con t ro l  
period.  4. Sheep p i t u i t a r y  p ro lac t in  (Ferr ing,  Sweden., 
g u a r a n t e e d  free of o the r  an t e r io r  a n d  pos te r io r  p i t u i t a r y  
h o r m o n e s  w i t h  t he  possible  excep t ion  of g r o w t h  ho rmone)  
was t h e n  added  to one b a t h  in a c o n c e n t r a t i o n  of 10 fxg/ml. 
The  s t r ip  in  t he  o the r  b a t h  ac ted  as a control .  5. The  
e x p e r i m e n t  was c o n t i n u e d  for a f u r t h e r  12 h. A t  3-hour ly  
i n t e r v a l s  b o t h  s t r ips  were w a s h e d  a n d  base l ine  t ens ion  
r e a d j u s t e d  u n t i l  i t  was  aga in  1.5 g. Af te r  each  wash  oxy-  
toc in  was aga in  added  to  b o t h  b a t h s  a n d  p ro l ac t i n  to  t he  
t e s t  b a t h .  
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