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to them,  wi th  MAO inhib i tor  p r e t r e a t m e n t  DA caused a 
small  increase in the  n u m b e r  of f luorescent  cells also in 
these  pa r t s  of t he  p i t u i t a ry  gland. Our s tudy  of the  
neural  lobe af ter  dopamine  inject ions  combined  wi th  
var ious  drug  p r e t r e a t m e n t s  is in progress.  I t  seems t h a t  
the  up take  of dopamine  in the  neural  lobe is specific for 
the  cells and processes or iginat ing f rom the  basal  hypo-  
tha lamus .  

The decrease of the  in t ens i ty  of t he  F I F  wi th  t he  age 
of the  ra t  coincides wi th  s imul taneous  increase in the  
MAO act iv i ty .  However ,  the  decrease in the  up take  of 
dopam ine  wi th  age m a y  represen t  a change in the  
m e m b r a n e  pe rmeab i l i ty :  m a n y  embryona l  cells are 
capable  of t ak ing  up subs tances  which  t h e y  canno t  take  
up at  an adul t  age. In  the  neural  lobe, there  are no 
o rd inary  synapses  be tween  monoamine -ne rves  and  
neurosecre tory  axons  and  pi tuicytes4.  I t  is possible t h a t  
dopamine  can be t aken  up by  the  neurosecre tory  axons  

and p i tu icy te  membranes .  This would explain  t he  
universal ly  d is t r ibuted  f luorescence af ter  dopamine  
injection.  

Zusammen/ass*tng. Die A u fn ah me  von  in j iz ie r tem 
D o p ami n  wurde  mi t  HiKe der F luorescenzmikroskopie  
in der  neurosecre tor ischen Axone  und  ill den P i t u i zy t en  
des H y p o p h y s e n h i n t e r l a p p e n s  der  R a t t e  nachgewiesen.  
Die I n t e n s i t g t  der  Fluorescenz n a h m  w/ihrend der  pos t -  
na ta l i schen  En twick lung  ab. M6gliche Erkl~trungen tiber 
diese Ersche inung  wurden  diskut ier t .  
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Intrapulmonary Neuro-Epithelial Bodies: Hypoxia-Sensitive Neuro(Chemo-)Receptors 

The possibi l i ty  t h a t  i n t r apu lmona ry  air chemoreceptors ,  
in addi t ion  to the  well es tabl ished cent ra l  and  per iphera l  
chemoreceptors ,  p lay  a role in t he  regulat ion of the  lungs 
has been a f u n d a m e n t a l  b u t  unanswered  p rob lem for the  
pas t  20 years  ~-s. They  had  no t  been  ident i f ied histo-  
logically b y  1971 ~, even t hough  physiologic evidence of 
the i r  presence was avai lable ~. I t  was indeed well es tab-  
l ished t h a t  hypox ia  causes a p u l m o n a r y  vasocons t r ic t ion  
wi th  t he  aid of an i n t r a p u l m o n a r y  receptor% A major  
inf luence of the  cent ra l  nervous  sys t em (CNS), the  
ar ter ial  p H  and lactic acid on th is  sys tem was excluded 7, 
while serotonin  could be med ia t ing  i t  8. 

W e  have  recent ly  ident i f ied 0, ~0, the  locus, a rch i tec ture  
and  basic s t ruc ture  of so-called neuro-epi thel ia l  bodies 
(NEBs) wi th in  the  bronchial ,  bronchiolar  and  even 
alveolar  epi thel ial  l ining ceils of the  m a m m a l i a n  lung 
(including man).  They  are located  near  f enes t ra ted  bron-  
chial  capil lar ies.We pos tu la t ed  t h e m  to be i n t r a p u l m o n a r y  
chemo-,  s t re tch- ,  baro-  or tact i le  nenrorecep tor  organs 
modu la t ed  by  the  cent ra l  nervous  sys t em which  exh ib i t  
local secre tory  activit ies.  We  p roved  indeed  by  electron 
microscopic cy tochemis t ry  and  mic rospec t rography  t h a t  
these  corpuscles con ta ined  serotonin  amongs t  o ther  
subs tances  ~0. 

In  th is  repor t  we d e m o n s t r a t e  t h a t  the  neuro-epi thel ia l  
bodies of t he  i n t r a p u l m o n a r y  l ining ep i the l ium of rabb i t s  
secrete the i r  dense-cored,  se ro ton in-conta in ing  vesicles 

(DCV's) a t  the i r  basal  vascular  pole af ter  exposure  to  
hypoxia .  We propose t h a t  amongs t  the i r  var ious possible 
neurorecep tor  funct ions  the  N E B s  provide  an in t rapul -  
monary ,  hypoxia-sens i t ive  chemorecep to r  sys tem in 
addi t ion  to  t he  well-establ ished cent ra l  and  per iphera l  
(e.g. carot id  body) chemoreceptors .  They  secrete sero tonin  
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Number of neonatal rabbits submitted to various degrees of hypoxia 
during different periods of time. 

Fig. 1. All figures illustrate various stages of the exocytosis cycle of 
DCVs of the granulated cells of the NEBs under hypoxie conditions; 
they illustrate in each substance a part of the basal area of the gra- 
nulated cell cytoplasm (e), their basement membrane (bin) and the 
immediately adjoining subepithelial extracellular space. A) Exocy- 
tosis {arrow) of a DCV which still contains small fragments of its dense 
core; e, empty DCV; other DCVs are in the basal cell cytoplasm; 
neonatal rabbit; glut. fix. with postosmification; uranyl acetate and 
lead citrate staining; 10 min hypoxia with 10% 02, • 64,638. B) DCV 
(x) contacting and fusing with the basal cell membrane; exocytosis 
of a DCV still containing some fragments of its dense core {arrow) ; 
same methods as in 1.A); • 48,988. C) Before extruding their con- 
tents DCVs, sometimes fuse {arrow); DCV (x) making contact with 
the basal cell membrane; e, empty DCV; same methods as in 1. A). 
• 76,608. D) Remarkably undulating basal eel1 membrane due to the 
exoeytosis ill the extracellular space of several DCVs, which are al- 
ready empty; this is seen after a short hypoxia; same fixation and 
staining methods as in 1. A) ; 2 min hypoxia with 10% O v • 47,082. 
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a n d  p r o b a b l y  also r e l a t ed  amines  or pep t ides  which  
in f luence  t h e  p u l m o n a r y  v a s o c o n s t r i c t o r  response  a n d  
are m o d u l a t e d  b y  t he  CNS. 

Mater ia l  and methods. W e  t o o k  l ung  biopsies  of 18 
n e o n a t a l  t e r m  r a b b i t s  wh ich  were d e c a p i t a t e d  w i t h i n  a n  
a i r locked cage in w h i c h  t h e y  h a d  s tayed,  2 b y  2, for a 
va r i ab l e  t i m e  i n t e r v a l  u n d e r  var ious  c o n c e n t r a t i o n s  of 
oxygen,  as i nd i ca t ed  in t h e  Table .  The  oxygen  concen t r a -  
t i on  was c o n t i n u o u s l y  m o n i t o r e d  a n d  k e p t  c o n s t a n t  w i t h  
a B e c k m a n  O x y g e n  Ana lyse r  7.700 t h r o u g h  con t ro l l ed  
inlets  of oxygen  and  n i t rogen .  2 a d u l t  r a b b i t s  an d  
6 n e o n a t a l  t e r m  r a b b i t s  se rved  as control .  

Fo r  l igh t  mic roscopy  t h e  t i ssues  were f ixed in Bo u i n ' s  
fluid, e m b e d d e d  in paraf f in ,  serial ly sec t ioned  an d  s t a ined  
w i t h  t h e  u s u a l  t echn iques .  Argy roph i l i a  was .  de tec ted  
accord ing  to  B o d i a n ' s  s i lver  p r o t e i n a t e  t e c h n i q u e  as 
modi f ied  b y  VAN CAMPENHOUT, a n d  GRIMELIUS' s i lver  
n i t r a t e  t e c h n i q u e  n an d  a r g e n t a f f i n i t y  accord ing  to t h e  
F o n t a n a - M a s s o n  t echn ique .  W e  also i n v e s t i g a t e d  t i ssues  
w i t h  FALCK'S h i s tochemica l  f luorescen t  a m i n e  t e c h n i q u e  
as in  our  ear l ier  s tudiesg,  12. Fo r  e lec t ron  m!croscopy,  
biopsies  were i m m e d i a t e l y  f ixed in 2 .5% g l u t a r a l d e h y d e  
(0.1 M p h o s p h a t e  buffer ,  p H  7.2), fol lowed b y  osmifi-  
ca t ion.  Sect ions  (1 ~x) cu t  f rom t h e  E p o n  e m b e d d e d  
b locks  were s t a ined  w i t h  to lu id ine  blue. As t h e  N E B s  are 
d i s t i nc t l y  v is ib le  on such  sections,  t h e  b locks  were  
t r i m m e d  a n d  cor re la ted  for e lec t ron  microscopica l  s tud ies  
(Phi l ips  E M  300) car r ied  ou t  on t h e  i m m e d i a t e l y  a d j a c e n t  
u l t r a t h i n  sections,  s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead 
c i t r a t e  ~8 

Results.  Using  these  va r ious  l igh t  optical ,  h i s t ochemica l  
a n d  e lec t ron  microscopica l  t echn iques ,  we obse rved  in all  
an ima l s  9, ~0 t h e  widesp read  occurrence  w i t h i n  t h e  
i n t r a p u l m o n a r y  l in ing  ep i the l i um of a rgyrophi l ,  a rgen ta f -  
fin, yel low f luorescent ,  u l t r a s t r u c t u r a l l y  g r a n u l a t e d  a n d  
i n n e r v a t e d  ep i the l ia l  cel lular  organs.  No basic  m o r p h o -  
logic dif ference exis ts  b e t w een  t h e  N E B s  of n e o n a t a l  a n d  
adu l t  r abb i t s .  

I n  all  an i ma l s  exposed to hypox ia ,  e lec t ron  m croscopy  
revea led  a d i s t inc t  a n d  p r o n o u n c e d  exocytos is  of t h e  
corpuscu la r  DCVs a t  t h e  level  of t h e  adep i the l i a l  b a s e m e n t  
m e m b r a n e ;  th i s  p h e n o m e n o n  is on ly  r a re ly  obse rved  in 
the  con t ro l  an d  n o r m a l  ~~ animals .  All  classic morpho lo -  

9 

Fig. 2. Scheme illustrating the different stages observed during the 
exoeytosis cycle of the DCVs of the granulated cells of NEBs sub- 
mitted to hypoxia. DCV D dense cored vesicle of the first type; DCV2, 
dense cored vesicle of the second type. BM, basement membrane ; 
C, capillary; chr, chromatin; G, golgi system; gl, glycogen granules; 
M, mitoehondria; N, nucleus; RBC, red blood cells; rer, rough endo- 
plasmie retieuldm; set, smooth endoplasmie retieulum. 
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gical phases of the  exocytosis  cycle 1~ are seen (Figures 1 
and 2); besides the  usual and filled or  granula ted  DCVs 
dispersed th roughou t  the  cy top lasm (preferential ly the  
subnuclear  areas) of the  epi thel ial  cells of the  NEBs ,  
numerous  DCVs concent ra te  in a much  larger number  
than  in the  control  animals  in the  v ic in i ty  of the  basal  
cell membrane ;  nex t  DCVs are observed whose membranes  
become fused wi th  the  cell membrane  itself (Figure 1, 
B, C). Consecutively they  open at  the  level of the  basal  
membrane  wi th  an extrusion and exocytosis  of the i r  
contents  into the  space be tween  the  basal  cell membrane  
itself and the  basement  membranes .  At  this  stage of the  
secretory cell process, the  vesicle m a y  still  be observed to 
conta in  a small  dense core which m a y  become f ragmented  
(Figure 1, A,B),  or the  vesicle m a y  appear  ent i rely 
e m p t y  (Figure 1, A, D). Final ly,  we observed areas of the  
basal  epithelial  cell cy top lasm which conta ined vesicles 
bo th  e m p t y  and smaller  than  the  classic DCVs and which 
are not  seen in the  normal  state.  They  probab ly  correspond 
to so-called 'refil l ing'  vesicles 1~. Besides the  exocytosis,  
hypoxia  t rea ted  animals  reveal  occasionally a sl ight and 
focal mi tochondr ia l  lysis and a pronounced  deve lopment  
of the  Golgicomplex,  which is located above the  cell 
nucleus and forms small  DCVs and m a n y  e m p t y  small  
cisternae. 

Discussion. As the  apical cell pole of the  N E B s  im- 
media te ly  contacts  the  a i rway lumen and its contents  on 
the  one hand,, and as a fenest ra ted blood capi l lary is 
closely apposed to thei r  basal  or vascular  pole on the  
o ther  hand 1~ i t  appears  logical t h a t  the  N E B s  are 
chemoreceptor  organs wi th  a local i n t r apu lmonary  
secretory act ivi ty ,  one of the  substances released wi th in  
the  blood s t ream of the  lungs being serotonin. This  
identifies the  previously  unelucidated,  intrinsic mor-  
phological  mechan ism explaining the  occurrence of a 
hypox ia  induced pu lmonary  vasoconstr ic t ion 1-8 which is 
ill itself not  marked ly  influenced by  the  nervous  system, 
blood p H  and lact ic acid, bu t  media ted  by  humora l  
substances % 7, e.g. serotoin s. NIDEN et  al. 15 have  demon-  
s t ra ted  tha t  serotonin in jec ted  into the  pu lmonary  
circulat ion causes an increase in the  oxygen  sa tura t ion  
of the  pu lmona ry  venous blood. As most  of the  intra-  
pu lmonary  bronchial  capi l lary and venous  blood is 
drained off v ia  the  pu lmonary  circulat ion 1% it  m a y  well  
be t h a t  the  serotonin secreted by  the  N E B s  dur ing 

hypoxia  causes a vasoconstr ic tor  response wi th  blood 
shunt ing f rom the  poor to the  be t te r  oxygena ted  and 
vent i l a ted  port ions  of the  lung, provid ing  besides the  
central  and peripheral  chemoreceptors  a th i rd  or locally 
inbuild in t r apu lmonary  chemoreceptor  sys tem which 

f inely adjusts  the  ven t i l a t ion  to perfusion (V/Q) ratios. 

Rdsumd. Les <~Corpuscules Neuro-@ith61iaux~> de l '6pi- 
th61ium respiratoire  in t rapulmonai re  ont  out  6t@ @tudi6s 
au microscope opt ique  et  61ectronique chez des lapins 
soumis ~ des condit ions exp6rimentales  d 'hypoxie .  Dans  
ce cas ils s@cretent ~ leur p61e vasculaire  basal  leurs 
v6sicules ~ noyau dense contenant  de la s6rotonine. Nous 
supposons que pa rmi  leurs diverses fonct ions neuro%cep- 
trices possibles, ces <~Corpuscules Neuro-@ith@liaux~> 
forment  un syst6me in t rapulmonai re  ch6mor6cepteur  
sensible X l 'hypoxie ,  en plus des ch6mor@cepteurs cen t raux  
et p6riph6riques (par exemple  le corps carotidien) dont  
l 'exis tence est bien connue. Ils s6cretent de la sgrotonine 
et p robab lemen t  aussi des substances amin6es ou pep- 
t id iqnes  associ@es qui  inf luenceraient  la vasoconst r ic t ion 
pulmonai re  et sont  modul6s par  le syst~me ne rveux  central .  
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El ec tron  M i c r o s c o p y  of the  Effects  of H i s t a m i n e  and T h e r m a l  Injury  on the  B l o o d  and L y m p h a t i c  
E n d o t h e l i u m ,  and the  M e s o t h e l i u m  of the  M o u s e ' s  D i a p h r a g m ,  T o g e t h e r  w i t h  the  
In f luence  of C o u m a r i n  and Rut in  1 

MAJNO et al. 2 showed t h a t  3 mediators  of in f l ammat ion  
(including histamine) cause cont rac t ion  of the  endothel ia l  
cells of venules. Subsequent ly  3 a combined  l ight  and 
electron microscopic approach  has shown t h a t  the  
con t rac ted  cells are . those  associated witt l  the  open 
junct ions  which cause the  increased permeabi l i ty  of these 
vessels. In  the rmal  injury,  COTRAN ~ showed t h a t  the  
affected cells and open junct ions occur in capillaries 
ra ther  t han  venules.  This  has been ascribed to the  direct  
affects of the  injuryS, 6. We  therefore  decided to s tudy  
the  effects of h is tamine  and the rmal  in jury  on the  con- 
t r ac t ion  of the  endothel ia l  cells ill bo th  classes of vessels 
in the  d iaphragm of the  mouse. 

A n y  form of in jury  which has been tes ted has been 
shown to  result  in the  opening of m a n y  junct ions  in the  
endothe l ium of the  ini t ial  l ympha t i c sL  There  is much  

evidence indicat ing tha t  this is largely because of the  
effects of oedema pull ing these vessels open and thei r  
cells apart ,  toge ther  w i th  o ther  factors occurr ing in 
normal  lymphat ics  7. However ,  because lympha t i c  endo- 
the l ium is so s imilar  to t ha t  of blood vessels, we decided to 
examine  the  effects of the  injuries on l ympha t i c  endo-  
thel ia l  contract ion.  Similarly,  because of t h e  s imi lar i ty  
of ti le mesothe l ium t o  endothe l ium s, we decided to 
examine  this  too, using t h a t  ad jacen t  to the  injurious 
stimuli .  

I t  has recent ly  been shown tha t  coumar in  and related 
compounds  have  the  p roper ty  of considerably  reducing 
high-prote in  oedemas, including those caused by  the rma l  
injuriesg-l~; i t  is considered t h a t  this  p robab ly  occurs 
because coumar in  induces considerable proteolysis  of the  
ex t ravasa ted  p lasma proteins  in the  tissues 11,12. Whi le  i t  


