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of i n c u b a t i o n  (80% hydrolysis) .  Some leaflets  j u t  ou t  
f rom i ts  surface.  The  a d j a c e n t  leaflets  a p p a r e n t l y  were 
c leaved  off b y  exposure  to  t he  venom.  No a t t e m p t  was 
m a d e  to  cor re la te  t he  e x t e n t  of hydro lys i s  w i t h  t h e  

e lec t ron  microscopic  a p p e a r a n c e  of t h e  spherul i tes .  I t  was  
a p p a r e n t ,  however ,  t h a t  i n t a c t  spheru l i t e s  ra re ly  were 
seen in t h e  hydro lysa t e .  

I t  was  expec ted  t h a t  phospho l ipase  A would  d i s rup t  
the  b i l a m i n a r  aggrega tes  of l ec i th in  t h r o u g h  t h e  in s i tu  
gene ra t i on  of lyso lec i th in  as ba sed  on  t h e  o b s e rv a t i o n s  of 
BANGHAM a n d  Ho~NE 2. The  resu l t s  of t h e  p r e s en t  s t u d y  
are cons i s t en t  w i t h  t h e i r  obse rva t ions  an d  f u r t h e r  ind ica te  
t h a t  hydro lys i s  of l ec i th in  b y  phospho l ipase  A, u n d e r  
some condi t ions ,  is a cco mp an i ed  b y  c leavage  of s t acks  
of lamel lae  f rom t h e  spherul i te .  

Zusammen/assung. D u r c h  Phospho l ipase  A des Gif tes  
v o n  Pseudechis porphyriacus spa l t en  sich w ~ h r e n d  der  
L ec i t h i n -H y d ro l y s e  L ame l l en s t ap e l  y o n  der  OberflXche 
der  P h o s p h o l i p i d s p h e r u l i t e n  ab. 
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Fig. 1. Lecithin spherulite before exposure to phospholipase A. 
• 250,000. 

Fig. 2. Stacks of bimolecular leaflets from a lecithin solution which 
had been hydrolyzed for 2 rain. • 250,000. 

Fig. 3. Lecithin spherulite after hydrolysis for 110 rain. • 250,000. 

5 Present addresses: Departments of Pathology (K. P. H.) and 
Anatomy (R. C. H.), College of Physicians and Surgeons of 
Columbia University, 630 West 168th Street, NewYork (New 
York 10032, USA). 

The Mechanism of Blood Vessel Permeability Derangement Under the Influence of Histamine, 
Serotonin and Bradykinin 

E l e c t r o n  microscopic  s tudies  h a v e  s h o w n  1 t h a t  u n d e r  
t he  inf luence  of i n f l a m m a t o r y  agen t s  or p e r m e a b i l i t y  
fac tors  (h i s tamine ,  se ro ton in  etc.) pa r t i a l  s epa ra t i on  of 
endo the l i a l  cells occurs, t h u s  increas ing  vessel  per-  
meab i l i ty .  To exp la in  th i s  p h e n o m e n o n  i t  was  supposed  
t h a t  endo the l i a l  cells h a v e  con t rac t i l e  s t r u c t u r e  t h a t  
c o n t r a c t s  u n d e r  t h e  inf luence  of p e r m e a b i l i t y  f a c t o r s ' ,  ~. 
The  sho r t l a s t i ng  increase  of vessel p e r m e a b i l i t y  u n d e r  the  
cond i t ions  descr ibed  ~ is in  f a v o u r  of th i s  view. If  per-  
m e a b i l i t y  increase  is the  resu l t  of ac t ive  c o n t r a c t i l i t y  of 
cell s t ruc tu re ,  i t  m u s t  be  an  ene rgy- requ i r ing  process.  
To ver i fy  th i s  p o i n t  of view, t he  effects of h i s t amine ,  
b r a d y k i n i n  a n d  se ro ton in  on vessels were s tudied ,  t i ssue  
r e sp i r a t i on  be ing  suppressed  b y  cyanide.  

I n  t he  f i rs t  series of e x p e r i m e n t s  on  rabb i t s ,  guinea-  
pigs a n d  W i s t a r  rats ,  so lu t ions  of NaCN (0.1 ml) (10 -2 to  
10-42VI) in  0 . 1 M  Tris t-ICl-buffer (pH 7.4) were in t ro -  
duced  i.c. i n to  shaved  p a r t s  of t he  f lanks.  T h e n  0.1 ml  
solut ions  of b r a d y k i n i n  (0.5 [zg) 5, h i s t a m i n e  (10 ~xg) or 
se ro ton in  (0.5 ~xg) were i n t r o d u c e d  in to  t h e  same  p a r t s  
of sk in  w i th  d i f fe ren t  in te rva l s .  

I n  con t ro l  e x p e r i m e n t s  t he  med ia to r s  were i n t r o d u c e d  
in to  t he  p a r t s  of sk in  w i t h  Tris HCl-buffer  p rev ious ly  
in jec ted .  The  in jec t ion  of NaCN solu t ions  served  as a n  
a d d i t i o n a l  control .  20 t e s t s  were m a d e  on  each  r abb i t ,  
10 on each  gu inea-p ig  and  8 on  each  ra t .  I m m e d i a t e l y  
a f t e r  t he  s.c. in jec t ions ,  E v a n s  b lue  so lu t ion  (20 mg/kg)  
was a d m i n i s t e r e d  i.v. to  t e s t  vessel  pe rmeab i l i t y .  

In all  cases of con t ro l  expe r imen t s ,  t he  m e d i a t o r s  
increased  sk in  vessel  p e r m e a b i l i t y  ( the d i a m e t e r  of blue-  
ing exceeds  9 mm) .  Cyanide  did  no t  cause  t he  derange-  
m e n t  of p e r m e a b i l i t y  a n d  c i rcu la t ion  ( the m e a s u r e m e n t s  

of skin  t empe ra tu r e ) .  I n  the  e x p e r i m e n t s  on  rabb i t s ,  
1 0 - 2 M  NaCN ful ly a n d  10 ~ M  NaCN solu t ions  p a r t i a l l y  
i n h i b i t e d  t h e  responses  of vessels to  h i s t a m i n e  a n d  
b r a d y k i n i n .  The  m o s t  p r o n o u n c e d  i n h i b i t i o n  occured 
10-15 ra in  a f te r  cyan ide  in jec t ions  (Table).  

In  guinea-pigs  an d  r a t s  t h e  effects  1 of cyan ide  were also 
s ignif icant ,  t h o u g h  s o m e w h a t  less p r o n o u n c e d  t h a n  in 
r abb i t s .  1 0 - 2 M  NaCN so lu t ion  s ign i f i can t ly  i n h i b i t e d  t h e  
inf luence  of se ro ton in  on  r a t  sk in  vessels.  Ana lyz ing  t he  
d a t a  descr ibed above  i t  is necessa ry  to t ake  in to  a c c o u n t  
t h a t  t h e  t r ue  cyan ide  c o n c e n t r a t i o n  in sk in  was lower 
t h a n  t h a t  admin i s t e red ,  due to cyan ide  t r a n s f e r  in to  
c i rculat ion.  

I n  t h e  second series tt~e i n f l uence  of cyan ide  on  t h e  
d e v e l o p m e n t  of vessel  p e r m e a b i l i t y  d e r a n g e m e n t  was  
s tud ied  on  r a t  mesen te ry .  N a C N  (10-2-10-aM)  so lu t ions  
in  Tris HCl-buf fe r  in  a vo lume  of 0.1 ml  were d ropped  
on  t h e  p a r t  of t h e  mesen te ry .  I n  3 m i n  I n d i a n  ink  
(0.08 ml /100 g) was i n t r o d u c e d  i.v. an d  in 2 more  ra in  
0.1 ml  of b r a d y k i n i n  (1 ~zg), h i s t a m i n e  (5 ~zg) or se ro ton in  
(20 ~.g) was appl ied  to  t h e  p a r t s  of  m e s e n t e r y  affected 
b y  cyanide.  I n  con t ro l  exper imen t s ,  m e d i a t o r s  were used 
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a f t e r  Tris HCl-buffer .  I n  all t h e  cases of con t ro l  experi-  
men t s ,  a p r o n o u n c e d  increase  of venu le  p e r m e a b i l i t y  
occured t h a t  was seen f rom t he  b l a c k e n i n g  of t he  vessel  
walls. 1 0 - ~ M  NaCN so lu t ion  a lmos t  ful ly suppressed  t he  
responses  of vessels to  m e d i a t o r s  used. The  i n h i b i t i o n  
was s igni f icant  t h o u g h  less p r o n o u n c e d  in t he  e x p e r i m e n t s  
w i t h  10 -~M NaCN. T he  app l i ca t i on  of cyan ide  so lu t ions  
used on  t he  m e s e n t e r y  d id  n o t  cause  a n y  vis ible  d i s tu rb -  
ances  of microc i rcu la t ion .  

I n  t he  t h i r d  series of expe r imen t s ,  t he  inf luence  of 
cyan ide  on  t he  d e v e l o p m e n t  of r a t  leg o e d e m a  was 
s tudied.  10 ~M N a C N  so lu t ion  in Tris HCl-buffer  in  a 
vo lume  of 0.1 ml  was in jec ted  in to  t he  h i n d  leg p l a n t a r  
surface.  For  control ,  0.1 ml  Tris HCI-buffer  was  in t ro -  
duced in to  t he  second h i n d  leg 1 0 m i n  later .  0.1 mI 
so lu t ion  of h i s t a m i n e  (10-25 p.g), b r a d y k i n i n  (25 ~g) or 
se ro ton in  (25 [zg) was  in jec ted  in to  t he  leg w i t h  N a C N  
prev ious ly  appl ied.  I n t o  t he  second leg 0.1 ml  of sal ine 
was in t roduced .  60 m i n  a f te r  t h a t ,  t h e  i n t e n s i t y  of o e d e m a  
was measu red  b y  weigh ing  t he  a m p u t a t e d  legs. Cyanide  
fully i n h i b i t e d  p l a n t a r  o e d e m a  induced  b y  h i s t a m i n e  and  
b r a d y k i n i n  and  weakened  t he  se ro ton in  o e d e m a  b y  50%. 

The influence of NaCN on the development of rabbit skin vessel 
permeability derangement caused by bradykinin and histamine 

NaCN 
solutions 

Time after NaCN administration (rain) 

5 10 15 30 

Bradykinin 
10-2M 
10-~M 
10 ~M 

Histamine 

10-~M 
10 -a M 
10-~M 

2/s o/s 1/s 1/s 
1/8 1/8 3/8 6/8 
7/8 s/s 8/8 8 / s  

1/8 0/8 0/8 1/8 
2/13 0/13 1/13 6/13 

10/12 6/12 9/12 10/12 

The numerator is the number of tests without permeability derange- 
merit. The denominator is the total number of tests. 

The  resul t s  of t he  p re sen t  e x p e r i m e n t s  conf i rm the  
suppos i t ion  of t he  ac t ive  a n d  energy- requ i r ing  c h a r a c t e r  
of t h e  endo the l i a l  m e m b r a n e  p e r m e a b i l i t y  e n h a n c e m e n t  
u n d e r  the  inf luence  of p e r m e a b i l i t y  factors.  In  t he  follow- 
ing expe r imen t s  we h a v e  i nves t i ga t ed  t he  poss ib i l i ty  of 
i n h i b i t i n g  b y  cyan ide  vessel  response  to usual  inf lam- 
m a t o r y  agents .  The  r a b b i t s  were f i rs t  in jec ted  s.c. w i t h  
0.1 ml  1 0 - " M  N a C N  so lu t ion  in Tris HCl-buffer ,  10 m i n  
la te r  E v a n s  blue so lu t ion  was g iven  i.v. S imu l t aneous ly  
the  p a r t s  of sk in  in jec ted  wi th  cyan ide  were p a i n t e d  w i th  
0.02 ml  of xylene.  I n  o the r  expe r imen t s  i n f l a m m a t i o n  
was p roduced  on  t he  p a r t s  of sk in  w i t h  cyan ide  b y  
a p p l y i n g  to i t  for 1 m i n  a copper  disc 15 m m  in d i a m e t e r  
m a i n t a i n e d  b y  c i rcu la t ing  w a t e r  a t  a t e m p e r a t u r e  
54 • 0.5 ~ I n  con t ro l  e x p e r i m e n t s  xy lene  and  h e a t  were 
appl ied  to t he  pa r t s  of sk in  w i t h  Tris HCl-buffer  pre-  
v ious ly  in jected.  In  these  expe r imen t s  vessel p e r m e a b i l i t y  
d e r a n g e m e n t  has  p r o v e d  to  be p rac t i ca l ly  ident ical .  Con- 
sequent ly ,  the  i n h i b i t o r y  effect  of cyan ide  was no t  
de tec ted .  The  resul t s  of these  expe r imen t s  show the  
complex i ty  of t he  m e c h a n i s m s  of blood vessel p e r m e a b i l i t y  
d e r a n g e m e n t  in  i n f l a m m a t i o n .  Media tors  seem to p l ay  a 
re la t ive ly  u n i m p o r t a n t  p a r t  in th i s  process  in  compar i son  
w i t h  o the r  m e c h a n i s m s  (direct  i n j u r y  and  others)  inde-  
p e n d e n t  of aerobic  t i ssue  resp i ra t ion .  

BblB0]Ibt. OIIblTaMH C B03jIe~CTBHeM FHCTaMHHa, 6pa;Im(H- 
HHHa H cep0T0UnHa Ha c0cy~IN K0)~H Kp0JrHKOB, M0pcKHx 
CBHHOK H KpBIC, ~aK n Ha c0cy/IbI 6pbt~<e~K~ n nanbt KpbIC 
noKa3aHo, qT0 npe~iBapHTe~bnoe MeCTH0e npuMeHeHne 10 -e- 
l0 3 IV[ NaCN T0pM03HT B03HHKHOBeHHe HapymeHH~ IIp0HH- 
IlaeM0CTH BeHy.rl. B 0TJIHqHe 0T ~TOF0 IIHaHH)I He T0pM03HT 
B03HHKHOBeHHe HOBpbIlneHHfl Hp0t{HIIaeM0CTH c0cyAoB K0~'(g 
Kpo~nKa u 6pbt~<e~Kn KpBICBI IIOj1 BJIHfIHHeM BOCIIaJIHTeJIB- 
HblX areHTOB (o~or ,  KCHJ~0J 0.  PeayJ~bTaTbI 0nNTOB CBg~Ie- 
menbCTBy~Or npOTHB X0MHnnpymme~ p0Jm qbauTopoB np0HH- 
tlae~0CTH B naToreHe3e n o u H m e n ~  nponnLiaegocTg c0cyjIoB 
npn B0cna~eHHH. 
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Inf luence  de la vagotorn ie  c h e z  la tanche  Tinca t inca au c o u r s  d 'une  s u r c h a r g e  p lur i ca t ion ique  (eau 
de m e r  di lu6e) .  Var ia t ion  des  ca t ions  Na+,  K+, Ca++ et de l ' intens i t6  de la r e s p i r a t i o n  t i s su la i re  

La  sec t ion  des nerfs  p a r a s y m p a t h i q u e s  es t  suivie 
d 'e f fe ts  va r i ab les  chez les T616ost~ens: chez une  esp~ce 
euryhal ine ,  l 'Anguil le ,  la v a g o t o m i e  n ' a l t6 re  pas  la possi- 
bil i t6 d ' o smor6gu la t i on  de l 'esp~ce 1. E n  par t icu l ie r ,  le 
r a p p o r t  N a / K  darts les t issus  et  les excre ta ,  n ' e s t  pus 
modifi6 chez les a n i m a u x  op6r6s. P a r  contre ,  les inf luences  
h o r m o n a l e s  son t  i m p o r t a n t e s ;  a ins i  CgAN et  al. 2 on t  no t6  
une  d i m i n u t i o n  de ce r a p p o r t  chez les Angui l les  hypo-  
physectomis6es .  Chez une  esp6ce s t6nohal ine ,  la Tanche ,  
nos exp6riences  on t  mis  en  6vidence,  chez les vago to -  
mis6es, une  a u g m e n t a t i o n  de 50% du r a p p o r t  N a / K  dans  
les t i ssus  h 6 p a t i q u e s  et  une  d i m i n u t i o n  du m~me ordre  
de g r a n d e u r  duns  les exc re ta  a 4. L o r s q u ' o n  s o u m e t  les 
Poissons  5" une  su rcha rge  sodique  en les m a i n t e n a n t  dans  
une  so lu t ion  de C1Na g 12~ ces t roub les  s ' a g g r a v e n t  
pa r  r 6 t en t i on  sodique.  I1 4 ta i t  i n t6 re s san t  de c o n n a i t r e  
le c o m p o r t e m e n t  de ce t te  esp6ce 5" la sui te  d ' u n e  sur-  
charge  sal ine c o m p r e n a n t  p!usieurs  cat ions ,  cond i t ions  
r6alis6es dans  l ' eau  de mer.  

P o u r  cela nous  avons  util is6 une  eau de mer  syn th6-  
t ique  dilu6e env i ron  au tiers,  ce qui  cor respond  5" 13 g 
de seIs pa r  15. C o m m e  dans  nos  exp6riences  pr6c6dentes,  
u n  lot  homog~ne  de Tanches  t6moins  et  vagotomis6es  
son t  plac6es duns  des a q u a r i u m s  de 10 1 off l ' eau  a6r6e et  
fi l tr6e est  p rog re s s ivemen t  amen6e  5. la c o n c e n t r a t i o n  
d6sir6e. 

Les a n i m a u x  sont  ensu i te  soit  sacrifi6s pou r  la mesure  
de l ' i n t ens i t6  respi ra to i re ,  ou des ca t ions  Na+, K+, Ca++ 
du t issu h @ a t i q u e ,  soi t  plac6s i nd iv idue l l emen t  duns  4 1 
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