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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  
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Time Cells �9 
(rain) 

Nuclei ~ Blood vessels b 
No Venalot 
Venalot 

Lymphatics  Mesothelium Connective tissue 
No Venalot No Venalot No Venalot 
Venalot Venalot Venalot 

0 Normal 

1 Normal 

3 Dark, shrunken and 
pseudopodia 

Nornlal 

Normal  

Contraction 
+ + +  

10 Dark, shrunken and + + 
pseudopodia 

30 Some pa!e and swollen + 

90 Many vacuoles, small 0 
vesicles and blebs 

Normal Normal 

Normal Normal 

Open junctions 
+ +  + + +  

+ +  + + +  

Normal Normal Normal Normal Normal Normal 

Normal Normal Normal Normal Normal Normal 

Dilated and Open junctions Proteins and 
open junctions + + + + oedema 
+ + + + 

+ +  + + +  + +  + +  + 

+ + +  + + +  + +  + + + + +  + +  
some stasis and col- 
lapse of venous 
capilI aries 

0 + + + +  + +  0 0 + + + +  + +  

These results represent the mea~s of 20 nuclei per ceii type for each of 3 animals at eaoh time; on a seaIe of 0 to + + + + ; the ranges were 
+ .  ~These include the blood and Iymphatic endothelium, and the mesothelium, bThese refer ma/nly to venuies in the case of histamine in- 

jury, and mainly to capillaries in the case of burning. 

h a s  b e e n  s h o w n  t h a t  c o u m a r i n  s l i g h t l y  i n c r e a s e s  b l o o d  
v a s c u l a r  l e a k a g e  n ,  12 a n d  f u n c t i o n s  e v e n  if t h e  l y m p h a t i c  
s y s t e m  is o c c l u d e d  : : - :a ,  we  c o n s i d e r e d  t h a t  i t  w o u l d  be  
u s e f u l  t o  i n c l u d e  a s t u d y  of  c o u m a r i n  i n  t h i s  se r i e s  o f  
e x p e r i m e n t s .  T h i s  w a s  n o t  o n l y  t o  s t u d y  a n y  p o s s i b l e  
e f f e c t s  i t  m i g h t  h a v e  on  c e l l u l a r  c o n t r a c t i o n ,  b u t  a l so  t o  
s t u d y  i t s  e f f ec t s  o n  o e d e m a  i n  a n o t h e r  r e g i o n .  

O n e  g r o u p  of  36 a d u l t  w h i t e  m i c e  ( ~  20 g) w e r e  i .p.  
i n j e c t e d  w i t h  17 m l / k g  of  V e n a l o t  | ( S c h a p e r  a n d  B r i i m -  
m e t ,  S a l z g i t t e r - R i n g e l h e i m ,  W e s t e r n  G e r m a n y  ~ e a c h  
1 m l  c o n t a i n s  1.5 m g  of  c o u m a r i n  a n d  25 m g  of t r i h y -  
d r o x y e t h y l - r u t i n ) ;  a n o t h e r  36 r e c e i v e d  a n  e q u a l  a m o u n t  
of  n o r m a l  s a l ine .  1 h l a t e r ,  15 in  e a c h  g r o u p  h a d  0.2 m g  
of  h i s t a m i n e  PO4 i n j e c t e d  i n t o  t h e i r  r i g h t  p l e u r a l  c a v i t y ,  
w h i l e  a n o t h e r  15 h a d  t h e i r  d i a p h r a g m s  b u r n e d  b y  
i n j e c t i n g  o n t o  i t  10 m l  of  n o r m a l  s a l i n e  (54~ v i a  a n  
i n c i s i o n  in  t h e i r  r i g h t  f l a n k s .  A f t e r  40 sec  t h i s  w a s  w a s h e d  
o u t  w i t h  n o r m a l  s a l i n e  a t  39~  T h e  u n i n j u r e d  a n i m a l s  
we re  u s e d  a s  c o n t r o l s ;  t h e  i n j u r e d  o n e s  w e r e  k i l l ed  a t  

Fig. 1. A lymphatic (L), 10 min after histamine, treated with Venalot. 
There is a nucleus showing that  the cell has contracted by its numer- 
ous infoldnigs. There is relatively little protein in the tissues or the 
lumen. • 5000. 

1, 3, 10, 30 a n d  90 m i n .  I n  al l  c a s e s  p o r t i o n s  ot  d i a p h r a g m s  
w e r e  exc i s ed ,  f i x e d  in  g l u t a r a l d e h y d e ,  p o s t - f i x e d  i n  
o s m i u m  t e t r o x i d e ,  e m b e d d e d  in  a r a l d i t e ,  s t a i n e d  w i t h  
u r a n y l  a c e t a t e  a n d  l e a d  c i t r a t e ,  a n d  e x a m i n e d  in  a 
S i e m e n s  E l m i s k o p  I.  T h e  a m o u n t s  of  c e l l u l a r  c o n t r a c t i o n  
we re  e s t i m a t e d  u s i n g  t h e  e s t a b l i s h e d  c r i t e r i a2 ,  3, w i t h  
e s p e c i a l  a t t e n t i o n  p a i d  t o  n u c l e a r  p i n c h e s ;  20 n u c l e i  of  
e a c h  cell  t y p e  w e r e  r a n d o m l y  s t u d i e d  for  e a c h  a n i m a l ,  a n d  
t h e  r e s u l t s  n o t e d  on  a O t o  ++++ r a n g e .  

T h e  r e s u l t s  a r e  s u m m a r i z e d  in  t h e  T a b l e  a n d  i l l u s t r a t e d  
in  F i g u r e s  1 a n d  2. T h e  c h a n g e s  s e e n  w i t h  h i s t a m i n e  a n d  
t h e r m a l  i n j u r y  w e r e  v e r y  s i m i l a r  a n d ,  for  s i m p l i c i t y ,  a r e  
c o n s i d e r e d  t o g e t h e r  i n  t h e  T a b l e .  I t  s h o u l d  h o w e v e r  b e  
n o t e d  t h a t  w h i l e  h i s t a m i n e  m o s t l y  a f f e c t e d  t i le  v e n u l a r  
b l o o d  e n d o t h e l i u m  ( w i t h  o n l y  m i n o r  c y t o p l a s m i c  c h a n g e s )  
t h e r m a l  i n j u r y  m o r e  s e v e r e l y  a f f e c t e d  m o s t l y  t h e  cap i l -  

1 This work was partly supported by the Australian Research 
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lar ies  - p r e s u m a b l y  because,  as in t he  skin,  these  lie 
closer to  t he  surface  of t he  t i ssue  and  hence  suffer  more  
i n j u r y  5, 6. The  meso the l ium,  and  t h e  l y m p h a t i c  a n d  b lood  
e n d o t h e l i u m  al l  showed v e r y  s imi la r  changes ,  wh ich  
were n a t u r a l l y  m o s t  p r o n o u n c e d  a d j a c e n t  to  t he  in ju r ious  
s t imul i .  In i t i a l ly  t he  ceils appea red  s h r u n k e n  w i t h  dark ,  
e lec t ron-opaque ,  c y t o p l a s m  a n d  p seudopod i a ;  a f te r  
30 m i n  more  a n d  more  cells b e c a m e  swollen, pale  an d  
oedematous .  Some blebs  were seen, t o g e t h e r  w i t h  m a n y  
large vacuoles.  Un l ike  w h a t  h a p p e n s  w i t h  more  severe 
b u r n s  i~, t he  smal l  vesicles seemed to increase  in number s .  

The  nucle i  of all 3 classes of cells showed m u c h  ev idence  
of cel lular  con t r ac t i on  ( the venules  in the  case of h i s ta -  
mine,  a n d  t he  capi l lar ies  w i t h  t h e r m a l  in jury) .  A t  
m a x i m u m ,  some 30% of nucle i  were affected.  T h e  

c o n t r a c t i o n  occurred  ear ly  in  all cases a n d  passed  off b y  
90 min.  Th i s  is s imi la r  to  w h a t  h a s  been  obse rved  b y  
i n t r a - v i t a l  mic roscopy  w i t h  venu les  3. T h e  c o n t r a c t i o n  of 
t h e  m e s o t h e l i u m  a n d  of t h e  l y m p h a t i c  e n d o t h e l i u m  is 
i m p o r t a n t  since these  t i ssues  are n o t  sub jec t ed  to t h e  
pressure  o f  t h e  blood. Th i s  is a d d i t i o n a l  ev idence  t h a t  
t h i s  is a n  ac t ive  c o n t r a c t i o n  a n d  n o t  j u s t  pass ive  recoil  s . 
The  assoc ia t ion  of t h i s  c o n t r a c t i o n  w i t h  t h e  open ing  of 
t h e  in te rce l lu la r  junc t ions ,  p a r t i c u l a r l y  in  t h e  meso-  
the l ium,  ind ica tes  t h a t  i t  is t h e  ac t ive  c o n t r a c t i o n  wh ich  
opens  t h e  junc t ions .  (A l though  i t  m u s t  be  r e m e m b e r e d  
t h a t  the re  are n o r m a l l y  some open  meso the l i a l  j unc t i ons  16.) 
Of course, t h e  poor ly  s u p p o r t e d  l y m p h a t i c  endo the l i a l  
j u n c t i o n s  are easi ly  opened  b y  th i s  c o n t r a c t i o n  as well  as 
b y  all t h e  o the r  fac tors  n o r m a l l y  a f fec t ing  t h e m ,  inc lud ing  
t h e  o e d e m a  7 

T h e  Tab le  shows t h a t  VenMot  causes  some increase  in  
t h e  n u m b e r  of open  b lood  vascu la r  j u n c t i o n s  as has  been  
recorded  elsewhere11,12. I t  d id  n o t  a p p e a r  to  h a v e  a n y  
effect  on  t h e  cel lular  c o n t r a c t i o n  itself, a l t h o u g h  the  
s l igh t  increase  in t h e  n u m b e r s  of open  b lood  vascu l a r  
j u n c t i o n s  suggests  t h a t  th i s  m a y  indeed  be  t h e  case, b u t  
t h a t  our  n u m b e r s  of o b s e rv a t i o n s  were insuf f ic ien t  to  
de t ec t  it. A n y  increased  leakage  of p ro t e i n  occas ioned b y  
t h i s  is more  t h a n  c o m p e n s a t e d  for b y  its ac t ion  in 
r e m o v i n g  p r o t e i n  (and hence  oedema)  f rom t h e  t issues.  
This  Mlows t h e  l y m p h a t i c s  to  be  less d i l a t ed  a n d  to h a v e  
fewer open  j u n c t i o n s  since, a l t h o u g h  some cells con t rac t ,  
m a n y  of t h e m  do not ,  an d  a n y  lessening of t h e  o e d e m a  
will  lessen t h e  t en s i o n  in t h e  a n c h o r i n g  f i laments ,  t h e  
d i l a t ion  of t h e  l y m p h a t i c s  a n d  t h e  s e p a r a t i o n  of t h e i r  
endo the l i a l  cells ~. 

Zusammen/assung. Hi tze  u n d  H i s t a m i n  v e r m 6 g e n  eine 
K o n t r a k t i o n  der  E n d o t h e l ze l l en  fe iner  V e n e n  zu erzeu- 
gen. H i t ze  u n d  H i s t a m i n s c h ~ d i g u n g  des Mgusezwerchfe l ls  
(E n d o t h e l f en s t e ru n g )  f i ihr t  zu K o n t r a k t i o n e n  y o n  Endo-  
the lze l len  u n d  Mesothel ia lzel len.  Venalo t ,  ein P r o d u k t  
aus  C u m a r i n  u n d  T r i h y d r o x y e t h y l - R u t i n ,  v e r m a g  das  
Oedem zu besei t igen.  

j . R .  CASLEY-SMITI-I a n d  TIFFANY BOLTON 

Fig. 2. A lymphatic, 30 mill after burning, without Venalot treatment. 
The nucleus has become ovoid, with little indication of cellular con- 
traction after this period. There is a considerable amount of protein 
in the tissues and in the lumen, x 8000. 

Electron Microscope Unit, University o/Adelaide, 
(South Australia), 27 June 1973. 
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C o m b i n e d  S u r g i c a l  a n d  R a d i a t i o n  I n j u r y  VIII:  T h e  E f f e c t  of  t h e  G n o t o b i o t i c  S t a t e  on  W o u n d  C l o s u r e  

Despi te  ex tens ive  cl inical  a n d  e x p e r i m e n t a l  inves t iga -  
t ion,  t h e  m e c h a n i s m  of w o u n d  hea l ing  has  n o t  been  
comple t e ly  e luc ida ted .  P rev ious  s tud ies  h a v e  d e m o n s t r a t -  
ed a de lay  in w o u n d  c o n t r a c t i o n  fol lowing whole  b o d y  
X - i r r a d i a t i o n  in t h e  m i d l e t h a l  range.  R e t a r d a t i o n  in  
w o u n d  closure was m o s t  m a r k e d  w h e n  t h e  r o d e n t  was  
i r r a d i a t e d  4 days  pr io r  to  w o u n d i n g k  The  i r r ad i a t i o n  
induced  m o r t a l i t y  was  s ign i f i can t ly  increased  b y  wounding .  
P a r t i a l  bone  m a r r o w  shie ld ing 2 bone  m a r r o w  t r a n s p l a n t a -  
t i on  ~ or t he  a d m i n i s t r a t i o n  of r a d i o p r o t e c t i v e  c o m p o u n d s  a 
decreased  t h e  m o r t a l i t y  and  p a r t i a l l y  cor rec ted  t he  r ad ia -  
t i on  induced  r e t a r d a t i o n  in w o u n d  con t r ac t ion .  A m a j o r  
fac to r  u n d e r l y i n g  t he  a u g m e n t e d  m o r t a l i t y  a n d  de layed  
w o u n d  hea l ing  p a t t e r n  in t h e  whole  b o d y  i r r a d i a t e d  

a n i m a l  m a y  be  t h e  decreased  res i s t ance  to in fec t ion  
cha rac t e r i s t i c  of t h e  hemato log ic  syndrome .  A l t h o u g h  t h e  
w o u n d  hea l ing  a b n o r m a l i t y  was  n o t  cor rec ted  b y  t h e  
a d m i n i s t r a t i o n  of a n t i m i c r o b i a l s  s, sugges t ing  t h a t  bac t e r i a l  
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