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c h r o m a t i n  d i spe rs ion  in t he  m u l t i l o c u l a r  f a t  cells; b) 
p a t e n t  b lood vesse l  l u m e n s  ; a n d  c) vesse l  wal ls  a p p a r e n t l y  
free of a n y  fo rm  of necrosis .  Moreover ,  no Signs of edema ,  
h e m o r r h a g e  or i n f l a m m a t o r y  r eac t ion  were seen. 

Thus ,  t h e  o b s e r v a t i o n  t h a t  t he  N E - i n d u c e d  calori-  
genes is  in r a t s  h a v i n g  h a d  Sulzer ' s  ve in  severed  was  
s imi la r  to  t h a t  in r a t s  w i t h o u t  t he i r  f a t  p a d  ind ica te s  t h a t  
t h e  decreased  effect  of N E  c a n n o t  be exp la ined  b y  t h e  
loss of a m o d i f y i n g  fac to r  secre ted  by  t he  I B A T  in to  t h e  
genera l  c i rcula t ion .  A l t e rna t i ve ly ,  t he  r e su l t s  s u p p o r t  t h e  
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Fig. 2. Effect of increasing doses of NE on the calorigenic response of 
CA rats. Following surgery, the responses of each rat to the various 
doses were compared to the preoperative values. From such a com- 
parison the relative (%) changes at each dose were calculated. These 
were reconverted to units of VO 2 (L O 3 30 rain 1 kg-.~3) by taking as 
100%, the average presurgicaI response for the given dose. The value 
within each bar represents the number of animals for which measure- 
ments were obtained. 

sugge s t i on  t h a t  I B A T  m a y  be invo lved  in' r e gu l a t i ng  t he  
t h e r m o g e n i c  r e sponse  of CA r a t s  to N E  v ia  locat w a r m i n g  
of t h e  t h e r m o s e n s i t i v e  a reas  of the  sp ina l  cord. 

W i t h  r e spec t  to  t he  n a t u r e  of th i s  in te rac t ion ,  t he  r e su l t s  
p r e s e n t e d  do n o t  d i s t i ngu i sh  be tw e e n  a decreased  sens i t iv -  
i ty  to  N E  (i.e., a lower r e sponse  to a s u b m a x i m a l  N E  
dose) a n d / o r  a decreased  c a p a c i t y  of t he  surgica l ly-  
t r e a t e d  r a t  to  r e spond  to N E  (i.e., a lower response  to  a 
m a x i m u m  N E  dose). However ,  t h a t  t he  s e ns i t i v i t y  to N E  
m a y  be decreased  fo l lowing r e m o v a l  of t he  fa t  p a d  or 
Sulzer ' s  ve in  is sugge s t e d  b y  p r e l i m i n a r y  s tud ies  w he re in  
suc h  r a t s  were cha l lenged  w i t h  doses  of N E  r a n g i n g  f r o m  
0.5 to 2.0 m g / k g  ~ ( injected t h r o u g h  a n  i m p l a n t e d  in t r a -  
pe r i tonea l  cannu la ) .  As s u m m a r i z e d  in F igure  2, t he  N E -  
i nduc e d  re sponse  of t hese  su rg i ca l l y - t r ea t ed  r a t s  differed 
f rom t h a t  of t he  s h a m s  only  a t  t he  lower doses  of NE.  Ho-  
wever ,  in v iew of t he  l imi ted  n u m b e r  of r a t s  e x a m i n e d  a n d  
t he  large va r i a b i l i t y  seen, a dd i t i ona l  d a t a  are  needed  before  
conc lud ing  t h a t  r e m o v a l  of t h e  I B A T  af fec ts  t he  sens i t iv -  
i ty  of t h e  CA r a t  to  N E  r a t h e r  t h a n  t he  po t e n t i a l  of t he  
a n i m a l s  to  respond .  Never the le s s ,  t he  o b s e r v a t i o n  t h a t  
r e sponses  of r a t s  w i t h o u t  I B A T  were s imi la r  to t h o s e  
w i t h o u t  Sulzer ' s  ve in  a ppe a r s  i n c o n s i s t e n t  wi th  t he  pre-  
v ious ly  p roposed  10 endocr ine  f u n c t i o n  of t he  t issue.  

Rdsumd. La  r6duc t ion  de l ' e f fe t  ca lor ig6nique  de la 
no rad r6na l ine  chez des r a t s  a d a p t 6 s  au  froid, don t  la ve ine  
de Sulzer  a 6t6 l iga tur6e  et  sect ionn6e,  es t  s e mb la b l e  & 
cetle o b t e n u e  chez des  r a t s  s a ns  gra isse  b r u n e  in te r -  
scapula i re .  E t a n t  donn6  l ' ab sence  de s igne de n6crose de la 
graisse  b r u n e  chez les r a t s  & ve ine  l igatur6e,  ce t te  observa-  
t i on  ne  par le  pas  en f a v e u r  d ' u n e  fonc t ion  endocr ine  de ce 
t i s su .  
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E l e c t r o n  M i c r o s c o p y  o f  t h e  L u n g  S u r f a c t a n t  

The re  is s t r o n g  ev idence  1 t h a t  the  alveol i  of t he  lung  
are l ined w i t h  a s u b s t a n c e  ( su r fac tan t )  r ich in d i -pa lmi -  
toy l  lec i th in  3, whose  func t ion  is to lower the  sur face  t en -  
sion. C i r c u m s t a n t i a l  ev idence  3 po in t s  ro t he  l ame l l a t e d  
osmiophi l ic  bodies  (LOP]3 h con t a ined  in the  t y p e  I I  cells, 
as  t he  source  of s u r f a c t a n t .  Most  e lec t ron  m i c r o g r a p h s  of 
t he  l u n g  4, however ,  show no t race  of a l ayer  of s u r f a c t a n t  
a t  t he  a lveolar  surface .  O the r s  show a s t r uc tu r e l e s s  m a -  
te r ia l  5, 7, or one sh o wing  geomet r i ca l  p a t t e r n s  w i th  spac-  
ings u p  to 20 n m .  I t  is l ikely t h a t  in m o s t  of t hese  cases  t h e  
s u r f a c t a n t  h a s  been  sh i f t ed  f rom its  pos i t ion  d u r i n g  f ixa-  
t ion,  or h a s  been  a l t e red  or r e m o v e d  by  t he  organic  li- 
qu ids  used  in e m b e d d i n g .  W e  h a v e  r e - inves t i ga t ed  t h e  
p r o b l e m  in m o u s e  lung,  u s ing  m e t h o d s  des igned  to c i r cum-  
v e n t  t hese  diff icul t ies .  

To p r ev en t ,  as fa r  as  possible,  t he  m o v e m e n t  of super -  
f ic ial ly loca ted  s u r f a c t a n t ,  we h a v e  used  e i ther  v a c u u m -  
col lapsed lung,  or l ung  whose  a lveolar  air has  been  eva-  
c u a t e d  a n d  rep laced  w i t h  boi led l inseed oil (which ha r -  
dens  d u r i n g  e m b e d d i n g ,  and  in wh ich  d i -pa lmi toy l  leci- 
t h i n  is insoluble) .  T h e  spec imens  were f ixed in g lu t a r a lde -  

h y d e  and  o s m i u m  t e t rox ide :  t h e y  were t he n  placed in a 
m i x t u r e  ~ of lead n i t r a t e  a n d  p o t a s s i u m  fer r icyanide  solu- 
t ions ,  M 240 w i th  respec t  to  Pba(FeCy6) 2, wi th  5% excess  
fe r r i cyan ide  ion to p r e v e n t  b l o t c h y  prec ip i ta t ion .  The  lead 
fe r r i cyan ide  fo rms  a ' t r i c omp le x ' 7  w i th  the  polar  g roups  
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of lecithin,  the reby  render ing  it less soluble. The spec imens  
were then  embedded  in Araldi te ,  using d ioxan and ace tone  
as d e h y d r a t i n g  and t h i n n i n g  agents.  W i t h  acetone  a 
shor tened  t ime-schedule  s was used. Durcupan  (Fluka) 
water-s01uble resin was  also somet imes  used for embed-  
ding;  we found t h a t  it  required 40 % more  ha rdener  'C' and  
a higher  embedd ing  t e m p e r a t u r e  (60~ t h a n  are usual. 
These me thods  preserve  the  L O P B  be t t e r  t h a n  do con- 
ven t iona l  methods .  

A p r o m i n e n t  fea ture  of micrographs  f rom these  speci- 
mens  has been the  presence  in the  L O P B  of series of paral-  
lel lines spaced at  abou t  4 nm, referred to here as 4 nmS.  
Ind iv idua l  m e a s u r e m e n t s  of the  spacing m a y  va ry  by  
• 15%, bu t  no sys t ema t i c  difference has been found in 
the  spacings in LOPB,  in pa tches  a t  the  alveolar  wall, or 
in s ed imen t  f rom lung bubbles.  A similar  spacing can be 
found  in micrographs  by  CLEMENTS 9 and DERMER 7. Us ing  
the  above me thods  we have  ob ta ined  the  following resul ts  : 
1. All L O P B  show 4 n m S  in some por t ion  of the i r  s t ruc-  
ture  ; each lamella  consis ts  of several  4 nm layers.  (Figure). 

2. W h e n  the  spec imen is t i l t ed  in a goniometer  holder,  
the  places a t  which  4 n m S  is visible shift .  This  suggests  
t h a t  the  L O P B  are composed  ent i re ly  of layers spaced  a t  
abou t  4 nm, which  appea r  on the  mic rograph  only when  
t h e y  are paral lel  to the  e lectron beam.  

3. At  the  b o u n d a r y  be tween  the  alveolar  wall and the  
alveolar  space, no cont inuous  l ining layer  showing 4 n m S  
has  been  found, even when  a search has been made  a t  
va ry ing  angles of ti l t .  There  are however  localized regions 
of the  surface where  several  layers spaced at  4 nm can be 
seen. 

4. In  ma tu re  foetal  mouse  lung, L O P B  showing 4 n m S  
are found  in the  t y p e  I I  cells, and  bodies indis t inguishable  
f rom these  are found in t he  canal icular  lumen of t he  lung. 
Careful search of the  canal icular  walls has  failed to  disclose 
any  sign of 4 n m S  or a n y t h i n g  else suggest ing a su r fac tan t  

lining. Osmiophi l ic  bodies,  of wispy  s t ructure ,  wi th  regular  
spacings of 4 n m  or more, are also somet imes  found in t he  
canaliculi.  

5. Pel lets  ob ta ined  by cent r i fuging washings  f rom the  
lung, which  con ta in  dispersed sur fac tan t ,  show bodies  
resembl ing  pa r t s  of LOP]3, w i th  4 n m S ;  r a the r  s imilar  
bodies, w i th  s imilar  spacing, are found in debr is  ob ta ined  
f rom lung bubbles  which  have  been  careful ly washed and  
then  collapsed. Other  workers  1~ have  found whorls  of re- 
gularly spaced paral lel  l ines in the  debris  f rom broken lung 
bubbles.  The low surface tens ion  of lung bubbles  shows 
t h a t  t h e y  are l ined wi th  a t  least  one monolayer  of sur- 
fac tant .  

6. In  a spec imen of infected and  consol ida ted  lung, 
L O P B  were found  in the  debris  filling the  alveoli. There  
were no t races  of a layer  w i th  4 n m S  at  the  walls. 

7. In  par t ic les  of syn the t i c  d i -pa lmi toy l  lecithin,  f ixed 
wi th  osmium te t rox ide  and  lead ferr icyanide,  embedded ,  
and sect ioned,  a va r i e ty  of spacings f rom 4.5 n m  down- 
wards  were found.  

We in te rp re t  these  f indings as follows: a) 4 nm spacing 
is charac ter i s t ic  of su r fac tan t  as originally formed in the  
lung. b) The L O P B s  are the  source of lung su r fac tan t  ; it  is 
no t  formed (as has been suggested 11) by  s loughing of the  
m e m b r a n e s  of the  alveolar  cells, c) W h e n  the  L O P B  are 
ex t ruded  in to  an air-filled alveolus, t hey  spl i t  up as to 
cover the  in terface  wi th  pre - formed raf ts  of su r fac tan t  
wi th  the  hydrophob ic  groups facing the  surface. Accord- 
ing to th is  view, mos t  of the  surface has only  one or a few 
monolayers  of su r fac tan t ;  there  are th icker  local pa tches  
represen t ing  the  remains  of LOPB.  These pa tches  m a y  
adhere  to  bubbles,  and can appea r  in lung washings,  d) 
W i t h  exposure  to body  or process ing fluids, the  spacing 
be tween  mono-  or bi- layers  of su r f ac t an t  m a y  increase, so 
t h a t  ar rays  of lines referred to by  some au thors  as 'myel in  
figures '  are produced.  

Rdsumd. On a 6tudi6 le p o u m o n  au microscope 61ectro- 
nique par  des m6thodes  speciales pour  m6nager  les inclu- 
sions lamellaries osmiophil iques.  On a conclu que la subs- 
t ance  tens ioac t ive  n ' e s t  pas  p rodu i t e  par  la m e m b r a n e  
superficielle des cellules alv6olaires, mais  par  les inclusions 
lamellaires des cellules du second type .  
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Osmiophilic body in mouse lung showing 4 nm spacing and coarser 
lainellae. Glutaraldehyde - osmium - lead ferricyanide fixation, 
acetone-Araldite embedding. Scale bar 100 ran. 
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