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T h e  U l t r a s t r u c t u r e  of  B r o w n  A d i p o s e  T i s s u e  in  

An early electron microscopic  inves t iga t ion  of b rown 
adipose t issue (BAT) f rom newborn  ra ts  1 has  shown t h a t  
m a n y  of its mi tochondr i a  con ta in  large m a t r i x  inclusions, 
while  these  are miss ing in ma tu r e  ad ipocytes  f rom adul t  
ra t s  2. In  tile p resen t  s tudy  the  pe r ina ta l  deve lopmen t  of 
BAT was inves t iga ted  to ob ta in  in fo rma t ion  on the  evolu- 
t ion  and the  even tua l  fa te  of the  mi tochondr ia l  ma t r i x  
inclusions. 

In te r scapu la r  b rown  adipose t issue was f ixed in ice 
cold 3% p h o s p h a t e  buffered g lu ta ra ldehyde  and  pos t -  
f ixed at  4 ~ in 1% osmium te t rox ide  in Millonig buffer,  
d e h y d r a t e d  in e thanol  and e m b e d d e d  in Epon.  Sect ions 
were double  s ta ined wi th  uranyl  ace ta te  and lead ci trate.  

In  18 day  fetuses  (4 days  before term) b rown ad ipocytes  
can f irs t  be d is t inguished  f rom und i f fe ren t i a ted  connect ive  
t issue cells by  small  deposi ts  of glycogen par t ic les  and  
the  presence  of lipid droplets .  A t  th is  early s tage a l ready 
some of tile mi tochondr ia ,  which  are r a the r  large, conta in  
inclusions measur ing  400-1200X.  They  subsequen t ly  
increase in n u m b e r  and  grow in size. A t  the  t ime  of b i r th  
the i r  deve lopmen t  reaches  its peak  and  they  can be seen, 
of ten  in mult iples,  in mos t  mi tochondr i a  of m a n y  ceils. 
A m a x i m u m  n u m b e r  of 10 have  been  observed in a single 
o rgandie .  Their  average d i ame te r  now measures  1500/k 
(900-2000). Their  s t ruc tu re  has  become more  complex;  
mos t  of t h e m  appear  to  consis t  of tubu la r  e lements  
wound  into t igh t  bails (Figure 1). Dur ing  p rena ta l  devel-  
o p m e n t  mi tochondr i a  also become more numerous ;  
masses  of glycogen accumula t e  and  l ipid drople ts  increase 
cons iderably  in size. Wi th in  1-2 days  af ter  b i r t h  mito-  
chondr ia l  inclusions d i sappear  (Figure 2). Dur ing  th is  
t ime  much  smaller  and  less s t ruc tu red  e lements ,  which 
migh t  be residues of inclusions, are of ten  seen in the  
mat r ix .  Mi tochondr ia  increase fu r ther  in size and  in m a n y  
oblong forms cristae are reor iented  f rom a main ly  lon- 
g i tudinal  to a p r e d o m i n a n t l y  t r ansverse  di rect ion;  gly- 
cogen d isappears  wi th in  several  hours  (compare Figures  1 
and 2). 

BAT is a b u n d a n t  in neona ta l  m a m m a l s  8,4 and p robab ly  
has  an i m p o r t a n t  the rmogene t i c  funct ion  dur ing  the  
per iod of a d a p t a t i o n  to  ex t r au te r ine  life 5. The ques t ion  
therefore  arises whe the r  the  pos tna t a l  u l t r a s t ruc tu ra l  
changes  in BAT might ,  a t  least  in par t ,  be due to the  
sudden  drop  in env i ronmen ta l  t e m p e r a t u r e  f rom an 
in t rau te r ine  t e m p e r a t u r e  of 37 ~ to  a nes t  t e m p e r a t u r e  
of abou t  32~ If  th is  is t he  case, t hen  exposure  of 
neona ta l  ra t s  to a cold e n v i r o n m e n t  should accelerate,  
and  exposure  to  a w a r m  e n v i r o n m e n t  should re ta rd  the  
d e v o l v e m e n t  of the  pos tna t a l  cellular t r ans fo rma t ion  in 
BAT. E x p e r i m e n t s  done to  t e s t  th is  suppos i t ion  gave 
conf i rmat ive  results.  All the  changes;  compris ing  the  
d i sappearance  of the  inclusions,, which  normal ly  occur 
in BAT wi th in  1-2 days,  are achieved wi th in  t he  l imits  
of 3 h when  neonates  are exposed to  20-22 ~ whereas  
BAT remains  unal tered,  excep t  for a small  decrease in 
glycogen, dur ing  exposure  to 37 ~ for 3 h. 

Resul ts  of fu r ther  expe r imen t s  are in accord wi th  the  
avai lable physiologic evidence impl ica t ing  norep inephr ine  
as the  med ia to r  of cold- induced changes  in ]3AT ~-8. By 
t r ea t ing  new-born  ra ts  wi th  norep inephr ine  (0.5 mg/kg  
s.c.) and  keeping t h e m  in a w a r m  e n v i r o n m e n t  of 37 ~ 
changes  are induced in BAT wi th in  3 h wh ich  closely 
reproduce  the  cold effect.  The fl-blocking agent  Trasi-  
cor| ~ (50 mg/kg s.c.) abolishes the  effect  of cold exposure.  

Theophyl l ine  (120 mg/kg  s.c.) also can subs t i tu t e  for 
cold exposure :  wi th in  3 h it leads to  d i sappearance  of 
mos t  m a t r i x  inclusions, r eor ien ta t ion  of mi tochondr ia l  

P e r i n a t a l  R a t s  

cristae, as well as glycogen and l ipid loss f rom BAT of 
neona ta l  ra t s  kep t  warm,  ind ica t ing  t h a t  cyclic 3', 5'- 
adenosine  m o n o p h o s p h a t e  m a y  media te  the  response.  

The resul ts  f rom these  in vivo exper imen t s  are con- 
f i rmed by  evidence ob ta ined  f rom exper imen t s  in vi tro.  
Brown ad ipocy tes  f rom fa t  pads  incuba ted  in Krebs  
Ringer  p h o s p h a t e  for 1 h a t  37 ~ in presence  of norepine-  
phr ine  (5 • 10-~M) are t r ans fo rmed  similar ly as in vivo. 
In  presence  of Trasicor|  (2.5 • 10-5M) norep inephr ine  
is ineffective.  Theoptlyl l ine (10 raM) and d ibu ty ry lade -  
nosine 3', 5 ' -phospha te  (5 or 10 mM) also produce  changes  
in v i t ro  which  mimic  the  effect  of cold in vivo. 

I t  appears  f rom the  p resen t  s t u d y  t h a t  norep inephr ine  
l ibera ted  in t he  course of cold exposure  of new-born  ra ts  
m a y  act  on adenyl  cyclase of b rown  adipocytes .  Increased  
cellular levels of cyclic adenosine  m o n o p h o s p h a t e  m a y  
lead to ac t iva t ion  of phosphory lase  and lipase, thus  
supply ing  the  cells w i th  the  necessary  subs t ra tes  for 

Fig. 1. Brown adipocyte from a new-born rat. Several mitochondria 
contain large matrix inclusions. In most of them a tubular sub- 
structure is visible. In filamentous mitochondrial profiles the cristae 
are oriented lengthwise. 2 kinds of particles occur in the cytoplasmic 
matrix, the smaller less dense ones are ribosomes, the larger black 
appearing ones are glycogen granules. • 49,000. 

Fig. 2. Brown adipocyte from a 17 h old rat. The mitochondrial 
matrix inclusions have disappeared and in their place much smaller 
granular elements are visible, The nfitochondria are somewhat larger 
and more nearly round. The cytoplasm contains only ribosomes, and 
no glycogen remains. • 49,000. 
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thermogenesis.  Surprisingly, cyclic adenosine monophos-  
pha te  also seems to media te  pos tna ta l  changes in mi to-  
chondrial  s t ructure.  How these could be related to mi to-  
chondrial  funct ion is at  present  unknown.  Possibly they  
migh t  be the expression of increased metabol ic  or thermo-  
genetic capaci ty  10. 

dass die physiologischen pos tna ta len  Ver~nderungen im 
braunen  F e t t  wenigstens zum Teil mi t  dem pl6tzl ichen 
Tempera tu rabfa l l  zusammenh~ngen  und hormona l  aus- 
gel6st werden. Die Mat r ixk6rper  sind unter  allen Ver- 
suchsbedingungen an den St rukturverXnderungen der 
Mitochondrien beteil igt.  

Zusammen/assung. Die pr~- und pos tnata le  En twick-  
lung des b raunen  Fe t tes  yon R a t t e n  wurde un te rsucht  
unter  besonderer  Berficksicht igung der Matr ixk6rper  der  
Mitochondrien.  Diese Einschlussk6rper  erreichen im Zeit- 
punk t  der Gebur t  hinsicht l ich Gr6sse und Zahl ein 
M a x i m u m  und verschwinden dann innerhalb yon 1-2 
Tagen.  In  v ivo  und in v i t ro  Exper i lnen te  mi t  verschie- 
denen Umgebungs tempera tu ren ,  mi t  Noradrenal in ,  Theo- 
phyllin,  e inem f l-Rezeptorenblocker  (Trasicor| und Di- 
bu ty ry l -Adenos inmonophospha t  weisen alle darauf  hin, 
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t3ber ein spezielles Ependym im 3. Ventrikel der Ratte 

EIektronenmikroskopische  Unte rsuchungen  am Epen-  
dym verschiedener  Tiere haben gezeigt, dass es sich um 
ein Gewebe mi t  vielen Besonderhei ten  handel t  1 3. E n t -  
sprechende Unte rsuchungen  bei der R a t t e  sind bisher 
nur  in ger ingem Umfang  durchgeffihrt  worden 4,~. Vor- 
l iegende Mit te i lung soil diese Liicke schliessen helfen und 
ber ichte t  fiber spezielle Ependymze l l en  an der Seiten- 
wand des 3. Ventr ikels  fiber dem Nucleus arcuatus.  Das 
E p e n d y m  ist hier mehrreihig,  s tark ve rzahn t  und bes teht  
aus Tanizyten,  die durch e twa 1 ~x grosse mi t  homogenem 
Inha l t  gefiillte Blasen ausgezeichnet  sind (Figur). Diese 
Blasen haben keine n~here Beziehung zu den anderen 
Zellorganellen der Ependymzel len .  Ausserdem fallen in 
den an der freien Zelloberfl~che gelegenen h~ufig bizarr  
gestal te ten Cytoplasmavors t f i lpungen dunkle Einschlfisse 
auf (Figur, Inset) .  Ob es sich bei  den Blasen und Ein-  
schlfissen um Zel ls t rukturen im Dienst  sekretorischer 
oder resorpt iver  Vorg~nge handelt ,  kann bisher nicht  
entschieden werden. Bemerkenswer t  ist jedenfalls,  dass 
das endoplasmat ische  Re t iku lum dieser Zellen re la t iv  

spXrlich entwickel t  ist, daffir aber  zahlreiche freie Ribo-  
somen vorkommen.  Die Mitochondrien sind s tabf6rmig 
und cristareich. Abgesehen von  diesen zytologischen Be- 
sonderheiten,  ist die innige Verbindung dieser E p e n d y m -  
zellen mi t  zahlreichen marklosen Nervenfasern  kennzeich- 
nend. Diese liegen teils zwischen den Zellen, tells stfilpen 
sie sich in das Zytoplasrna der Ependymze l l en  ein. Einige 
NervenfortsXtze erreichen fast  die Ventrikeloberfl / tche.  
Beim Vergleich der verschiedenen Nervenendigungen  
k6nnen solche mi t  typischen synapt ischen Bl~tschen von 
anderen mi t  B15~schen d ichten  Inhal tes  unterschieden 
werden. Offen bleiben muss, ob es sich in le tz terem Fal l  
um Elementargr .anula (neurosekretorische Granula) oder  
ka techolaminhal t ige  Vesikel handelt .  Schliesslich f~llt 
auf, dass sich zwischen die OberflS~chenzellen Tanizy ten-  
fortsXtze schieben, die von  ti6fer gelegenen Zellen s tam- 
men  und das Vent r ike l lumen erreichen. Zusammen-  
genommen gleicht die geschilderte Ependymreg ion  einem 
neuroependymalen  Kontakt fe ld ,  wie es in dieser Aus- 
pr~gung bisher von keinem anderen E p e n d y m b e z i r k  der 
R a t t e  bekannt  ist 6. 

Summary. The ependyma  cells s i tuated above the  
nucleus arcuatus  are character ized in the  ra t  by  var ious  
peculiar  vesicles and close in terdig i ta t ions  wi th  nerve  
fibres. Possibly, here is a field of neuroependymal  contact .  

A natomisches [nstitut der Umversztiit, 
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E p e n d y m  fiber dem Nucleus  a r c u a t u s  e iner  e r w a c h s e n e n  R a t t e .  
Beach t e  die ve r sch iedenen  Blasen  m i t  h o m o g e n e m  I n h a l t  (Pfeil). 
G e s a m t v e r g r 6 s s e r u n g  • 5700. Inse t :  s t a r k  vergr6sser te  Z y t o p l a s m a -  
fortsl i tze der  Zelloberfl / iche m i t  d i c h t e m  Einschluss .  
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