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A t  s t r o n g  a lka l ine  p H  f e r r i c y t o c h r o m e  c is also a low- 
sp in  complex .  Th i s  s p e c t r u m  shows 3 g va lues :  g~ = 2.73; 
g2 = 2.14; g~ = 1.77. B u t  t he  i n d i v i d u a l  l ines a re  m u c h  
s h a r p e n e d .  A s t r o n g  acid f e r r i c y t o c h r o m e  c so lu t ion  
(pH 0.7) shows 2 a b s o r p t i o n  cent res .  One  ha s  a g va lue  
n e a r  6 a n d  t h e  o t h e r  nea r  2. T h e  a b s o r p t i o n  w i t h  t h e  
g v a l u e  6.3 o r ig ina tes  f rom a h i g h - s p i n  s ta te .  Such  a n  
a b s o r p t i o n  is also t y p i c a l  for  o t h e r  h e m o p r o t e i n s  in  t h e  
h i g h - s p i n  s t a t e  3,9. T h e  a b s o r p t i o n  a t  g = 2.1 m a y  o r ig ina t e  
f rom some low-spin  s t a t e  c o n t e n t .  The re fo re  ac id  ferri-  
c y t o c h r o m e  c is no t  a p u r e  h igh - sp in  c o m p l e x  b u t  a 
t h e r m a l  equ i l i b r ium be tween  t he  h igh - sp in  a n d  t he  low- 
spin  s ta te .  Th i s  r e su l t  is in  acco rdance  w i t h  t h e  m a g n e t i c  
suscep t ib i l i t y  of t h i s  c o m p o u n d  m e a s u r e d  b y  BOERI, 
]~HRENBERG, t)AUL a n d  THEORELL 1°. F e r r i c y t o c h r o m e  c 
c o m p o u n d s  as  well  as az ide  a n d  c y a n i d e  c o m p o u n d s  give 
e l ec t ron  sp in  r e s o n a n c e  s p e c t r a  w i t h  3 g va lues  n e a r b y  2 
w h i c h  are  t yp i ca l  for  low-sp in  complexes .  T h e  g va lues  
for t h e  azide  c o m p o u n d  f r o m  f e r r i c y t o c h r o m e  c are  
gx -- 2.77; g2 = 2.27; g3 = 1.85 a n d  t h e  g va lues  for  t h e  
c y a n i d e  c o m p o u n d  are  gx = 3.04; g2 = 2.30; g3 = 2.01. I t  
is of i n t e r e s t  t h a t  t h e  az ide  l i gand  reac t s  b e t t e r  w i t h  
f e r r i c y t o c h r o m e  c a t  a n e u t r a l  p H  t h a n  in a lka l i ne  solu- 
t ion.  GEORGE a n d  co-workers  n a lso  found  t h a t  t he  
equ i l i b r i um c o n s t a n t  of f e r r i c y t o c h r o m e  c azide c o m p o u n d  
en la rges  in  t he  acid range.  The  f luor ide  c o m p o u n d  of ferri-  
c y t o c h r o m e  c gives a p u r e  h i g h - s p i n  c o m p l e x  s p e c t r u m  
w i t h  a large a b s o r p t i o n  a t  g = 6.1 a n d  a sma l l  a b s o r p t i o n  
w i t h  a g v a l u e  of 1.97. As f e r r i c y t o c h r o m e  c possesses  a 
la rge  p K  v a l u e  a n d  t h e  f luor ide  ion  is b o u n d  on ly  in acid 
so lu t ion  1~ t h e  f luor ide  c o m p o u n d  of f e r r i c y t o c h r o m e  c was  
g e n e r a t e d  b y  a d d i n g  K H F  v 

A c o m p a r i s o n  of t h e  e lec t ron  sp in  r e sonance  s p e c t r u m  
of f e r r i c y t o c h r o m e  c a b o u t  p H  7 w i t h  o t h e r  h e m o p r o t e i n s  

s u c h  as h e m o g l o b i n  3, p e r o x y d a s e  4 a n d  ca t a l a se  9 shows  
t h a t  I e r r i c y t o c h r o m e  c is more  in  t h e  low-sp in  s t a t e  t h a n  
t h e  o t h e r  h e m o p r o t e i n s .  Th i s  c a n  be  e x p l a i n e d  b y  t h e  ferri-  
h e m o c h r o m o g e n i c  b i n d i n g  of t h e  f i f th  a n d  s ix th  coord ina-  
t i o n  g roups  of t h e  i ron  w h i c h  is f a v o u r e d  b y  t h e  c rev ice  
s t r u c t u r e  of t h e  c y t o c h r o m e  c p r o t e i n  in  wh ich  t h e  h e m  
disc is p laced .  

Zusammen[assung. F e r r i c y t o c h r o m  c aus  P f e r d e h e r z  
w u r d e  bei e iner  T e m p e r a t u r  y o n  7 7 ° K  m i t  de r  M e t h o d e  
d e r  E l e k t r o n e n s p i n r e s o n a n z  u n t e r s u c h t .  Aus  d en  E lek-  
t r o n e n s p i n r e s o n a n z s p e k t r e n  is t  zu e n t n e h m e n ,  dass  Fe r r i -  
c y t o c h r o m  ¢ bei  n e u t r a l e m  u n d  a l k a l i s ch em p H  ein  Low-  
sp in - t~omplex  ist,  bei  s t a r k  s a u r e m  p H  is t  es dagegen  ein 
M i s c h k o m p l e x  d e r  H i g h -  u n d  L o w - s p i n - F o r m .  F e r r i c y t o -  
c h r o m - c - F l u o r i d  i s t  e in  r e ine r  H i g h - s p i n - K o m p l e x ;  da -  
gegen s ind  die Azid-  u n d  Z y a n i d k o m p l e x e  Low-sp in -  
Komplexe .  
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Brown Adipose Tissue in Youn~ Mice: Activity and 

T h e  d i s t r i b u t i o n ,  s t r u c t u r e  a n d  f u n c t i o n  of b r o w n  
ad ipose  t i ssue  h a s  b e e n  wide ly  s t u d i e d  in t he  l a s t  few 
years  1-z. I t s  role in  h i b e r n a t i o n ,  cold acc l ima t i on  a n d  
especia l ly  in  t he  h e a t  p r o d u c t i o n  of y o u n g  a n i m a l s  has  
b e e n  rev iewed  b y  HULL a. 

T h e  p r e s e n t  s t u d y  is conce rned  w i t h  t h e  d e v e l o p m e n t  
of i n t e r s c a p u l a r  b r o w n  ad ipose  t i s sue  in y o u n g  mice.  T h e  
succinic  d e h y d r o g e n a s e  a c t i v i t y  in  t h i s  t i s sue  was  meas -  
u r e d  a t  d i f f e ren t  age levels.  Loca l  t e m p e r a t u r e  measu re -  
m e n t s  f rom bra in ,  b r o w n  b o d y  a n d  s u b c u t i s  were also 
pe r fo rmed .  

Material and methods. 78 y o u n g  mice  or  fetuses,  b o t h  of 
N M R I - s t r a i n ,  were  used. T h e  n u m b e r  of a n i m a l s  in  each  
age  g r o u p  was  6-12.  T h e  i n t e r s c a p u l a r  b r o w n  f a t  was  
r e m o v e d  a n d  weighed.  T h e  t i s sue  sec t ions  ( e m b e d d e d  in  
pa ra f f i n  wax)  were  s t a i ned  w i t h  hema toxy l i n - eos in .  T h e  
a c t i v i t y  of succinic  d e h y d r o g e n a s e  complex  in  t i ssue  
h o m o g e n a t e s  was m e a s u r e d  b y  t h e  m e t h o d  of KUN a n d  
ABOOD 5 as desc r ibed  ear l ie rL The  i n c u b a t i o n  was ca r r ied  
o u t  in  T h u n b e r g  t u b e s  because  of t he  smal l  a m o u n t  of 
t i s sue  (1% h o m o g e n a t e ) .  T h e  t e m p e r a t u r e  of b ra in ,  b r o w n  
f a t  (neck) a n d  c a u d a l  p a r t  of b a c k  was m e a s u r e d  u s ing  t h e  
' E l l a b '  (Copenhagen)  t h e r m o g a l v a n o m e t e r .  T h e  t h e r m o -  
couples  were  p l aced  s.c., a n d  in t h e  b r a i n  in  t h e  h y p o -  
t h a l a m u s  r e a c h e d  t h r o u g h  t he  pos t e r io r  fon tane l l a .  T h e  
e n v i r o n m e n t a l  t e m p e r a t u r e  was  a t  t h e  b e g i n n i n g  of t h e  

R o l e  i n  T h e r m o r e g u l a t i o n  

e x p e r i n l e n t  35 °C a n d  t h e  a n i m a l s  were  t h e n  r e m o v e d  to  
26 °C. 

Results. Figure  1 shows t h e  w e i g h t  of i n t e r s c a p u l a r  
b r o w n  fa t  a n d  i ts  succinic  d e h y d r o g e n a s e  a c t i v i t y  a t  
d i f fe ren t  age levels.  T h e  r e l a t i ve  w e i g h t  of b r o w n  f a t  
(rag/100 g) h a s  a m a x i m u m  a t  b i r t h ;  i t  t h e n  r a p i d l y  de-  
creases  a n d  reaches  a m i n i m u m  in  5 -day-o ld  mice.  T h e  
succin ic  d e h y d r o g e n a s e  a c t i v i t y  in  t h e  b r o w n  f a t  is a t  
m a x i m u m  a n d  m i n i m u m  a l m o s t  s i m u l t a n e o u s l y  w i t h  t h e  
weight .  I n  add i t ion ,  a t  t h e  age of 2 weeks  i t  h a s  a second 
m a x i m u m .  

I t  a p p e a r s  f rom h i s to log ica l  e x a m i n a t i o n  t h a t  t h e  l ip id  
c o n t e n t  of t h e  cells a n d  t h e  size of l ip id  vacuo le s  show t h e  
s ame  t r e n d  as  was  seen  in  t h e  w e i g h t  of b r o w n  f a t  a n d  
e n z y m e  a c t i v i t y .  T h e  l ip id  vacuo les  a re  la rge  a n d  n u m e r -  
ous  a t  b i r t h .  A t  t h e  age of 4 d a y s  t h e y  decrease  in size a n d  
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number .  However ,  this  d e v e l o p m e n t  is rapid ly  reversed,  
and a t  the  age of 10-13 days  t he  histological  p ic ture  is 
v e r y  similar  to  t h a t  found a t  t he  t i m e  of bir th.  

T e m p e r a t u r e  measu remen t s  f rom the  brown fa t  and the  
back  were  per formed  wi th  25 mice  aged f rom 1-10 days.  
A t  35°C the  t e m p e r a t u r e  of  t he  b rown  body  was on 
ave rage  0.2°C h igher  t h a n  t h a t  of back.  A t  26°C bo th  
t empera tu re s  decreased cont inuously ,  b u t  the  decrease 
was smal ler  in the  b rown  body.  Af te r  12 rain of exposure  
to  26°C the  t e m p e r a t u r e  di t ference be tween  brown fa t  
and back  was on average  0.6 °C. The  t e m p e r a t u r e  measure-  
ments  f rom bra in  and brown body  were per formed with  
18 mice aged f rom 2-12 days.  F igure  2 shows t h a t  in 
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Fig. 1, The relative weight of interscapular brown fat of 19-day-old 
fetuses and young mice at different age levels (open circles). The 
activity of succinlc dehydrogenase complex at same age levels 
(black circles). The enzyme activity is expressed as/~g of reduced 
triphenyttetrazolium chloride (TTC)/mg of tissue fresh weight in 
10 rain. 

2-day-old mice the  bra in  t e m p e r a t u r e  is 1.2 °C higher  t h a n  
t h a t  of b rown fa t  a t  26°C. In  5-day-old mice there  is no 
difference in bra in  and brown fa t  t empera tu res ,  b u t  a t  
the  age of 12 days  t he  brown body  t e m p e r a t u r e  is abou t  
0.8°C higher  t h a n  t h a t  of bra in  a t  26°C. 

Discussion. The  changes in the  weight ,  s t ruc tu re  and  
succinic dehydrogenase  ac t i v i t y  of b rown fa t  m igh t  well  
be expla ined  in t he  l ight  of the  findings of NAPOLZTAZqO 
and FAWCETT t and HULL 4. Using e lec t ron microscopy,  
t hey  h a v e  found t h a t  the  l ipid vacuoles  in t he  b rown  fa t  
of new-born  mice and ra ts  are large and numerous  as well  
as t igh t ly  sur rounded  by  large mi tochondr i a  and thus  
well  sui ted for rapid  ox ida t ion  of fats  (see also SMITHT). 
W h e n  HULL exposed the  ra ts  to a cool e n v i r o n m e n t  for 
48 h, the  lipid vacuoles  became v e r y  small  and sca t te red  
abou t  t he  cytoplasm,  which was filled by numerous  mi to-  
chondria .  The  corre la t ion found in the  present  s tudy  be- 
tween the  succinic dehydrogenase  ac t iv i ty  and the  lipid" 
con ten t  of t he  b rown fa t  dur ing  the  pos tna ta l  deve lop-  
ment ,  obvious ly  depends  on the  use of the  s tored  l ipids 
as the  ma in  subs t ra te  for ox ida t ive  metabol i sm.  

The  t e m p e r a t u r e  measu remen t s  f rom brain,  b rown 
in te rscapular  fa t  and  subcut i s  of the  back  show t h a t  in 
young  mice the  b rown  adipose  t issue does no t  respond to  
cool e n v i r o n m e n t  as s t rongly  as in new-born  rabbi ts* and 
guinea-pigs  9. Also the  re la t ive  weigh t  of the  in te r scapu la r  
b rown fa t  is smal ler  in new-born  mice (1.4 g/100 g) t h a n  
in new-born  rabbi t s  (2.4 g/100 g ) s  

LAGERSPETZ 1° has  r epor t ed  t h a t  in young  mice,  which 
are  a lmos t  poiki lo thermic ,  the  moto r  ac t i v i t y  is an im- 
p o r t a n t  mechan i sm of hea t  p roduc t ion  dur ing the  first  
pos tna ta l  days.  I t  is obvious ly  of grea ter  impor t ance  in 
this  respect  t h a n  the  b rown adipose tissue. However ,  t he  
hea t  p roduc t ion  of the  brown fa t  appa ren t l y  cont r ibu tes  
to the  ma in t enance  of the  bra in  t e m p e r a t u r e  a t  a h igher  
level  in young  mice, which dur ing  the  first  2 weeks of 
pos tna ta l  life, h a v e  re la t ive ly  low body  t e m p e r a t u r e  11. A t  
the  age of 12 days  the  h e a t  p roduced  in the  brown fa t  is 
pe rhaps  more  eff ic ient ly  d is t r ibu ted  and used in o the r  
pa r t s  of t he  b o d y  because  of be t t e r  insulat ion a t  t h a t  age. 
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Zusammen[assung. Gewich t  und  die Berns te ins~urede-  
hyd rogenase -Ak t iv i t~ t  des b raunen  in te rskapularen  F e t t -  
gewebes wurden  bei  Foe t en  und j ungen  M~tusen gemessen.  
Beide Var iabe ln  zeigen ein M a x i m u m  bei der  Gebur t  und  
ein Min imum im Alter  von  5 Tagen.  Die T e m p e r a t u r -  
messungen des Gehirns  und des b raunen  Fe t t gewebes  
zeigen, dass bei neugeborenen  M~iusen bei 26°C die 
T e m p e r a t u r  des Gehirns  h6her  ist  als diej enige des b r aunen  
Fet tgewebes ,  w~thrend im Al ter  yon 12 Tagen  das  braune  
Fe t t gewebe  w~irmer ist. 
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Fig. 2. Brain (black circles) and brown fat (open circles) temperatures 
in 2-, 5- and 12-day-old mice. At the arrow the animals were removed 
from 35--26 °C. Each symbol represents 6 animals. At the age of 
2 days the temperature difference of brain and brown fat after 
40 rain at 26 °C is significant, p < 0.05, but not at the age of 12 days, 
p<0.2. 
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