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fusion, 24 h and 1 week after  opera t ion  ( taken f rom 
patients) .  The  p lasma kininogen was es t imated  wi th  the  
me thod  of DIxlZ and CARVALHO 4. The biological ac t iv i ty  
of the  samples was calculated wi th  the  4-point  me thod  
on the  isolated guinea-pig ileum. Synthe t ic  b radyk in in  
(VEB Berl in-Chemie 5) was used as s tandard.  The  con- 
cent ra t ion  of p lasma kininogen is expressed in ~xg brady-  
kinin per ml  p la sma  released by  t ryps in  incubat ion  
(BEq  ~g/ml). 

The  first series (8 patients)  did not  get  any  protease 
inhibi tor .  The  second series (6 patients)  were t rea ted  
wi th  the  kal l ikre in- t ryps in- inhibi tor  Contrykal  ~, (VEB 
Arzne imi t t e lwerk  Dresden). The  inhibi tor  ac t iv i ty  of this 
protease inhibi tor  is expressed in ant i - t ryps in-uni ts  
(ATrU). 1 A T r U  inhibi ts  the  ac t iv i ty  of 1 t ryps in-uni t  
(according IUB).  I n  the s tar t ing of perfusion 20,000 
A T r U  Contrykal  | were given into the  hear t - lung  machine,  
20,000 A T r U  were adminis tered  to the  pa t i en t  during the  
perfusion and 20,000 A T r U  Contrykal  | were appl icated 
to the  pa t i en t  af ter  perfusion was finished. 

The  s tudent - l - tes t  was used in the  s ta t is t ical  eva lua t ion  
of the  da t a  (p 1% ). All values are expressed as mean  
plus or minus  s tandard  error of mean.  

Results.  F i rs t  series - without protease inhibitor. After  
a perfusion t ime  of 5 rain the  kininogen conten t  of p lasma 
is not  s ignif icant ly  different  from the  va lue  1 day  before 
operat ion.  Dur ing 30-60 rain of perfusion the  kininogen 
level  drops bu t  not  to  a s ignif icant ly  different  level  
compared  wi th  the  va lue  of 5 rain perfusion. However ,  
2 h af ter  perfusion is finished, the  p lasma kininogen 
reaches a level  which is s ignif icant ly lower than  the  level 
af ter  5 rain perfusion. 24 h af ter  opera t ion  the  initial 
kininogen conten t  is regained (Figure). 

Second series - with protease inhibitor. The kininogen 
con ten t  of p lasma does not  change s ignif icant ly  dur ing 
and af ter  ext racorporaI  circulation.  The  kininogen values  
of the  first  and second series are s ignif icant ly different  
2 h af ter  perfusion is f inished (Figure). 

The  decrease of p lasma kininogen level dur ing and after  
ex t racorpora l  c irculat ion and the  p reven t ion  of kininogen 
deplet ion wi th  the  protease  inhibi tor  refer to an ac t iva t ion  
of the  k in in-forming sys tem in ext racorpora l  circulation. 
The  mechan ism of kinin format ion  m a y  be related to 
the  ac t iva t ion  of fibrinolysis and blood clot t ing system 
in ex t racorpora l  circulation.  I t  can be supposed tha t  the  
c o m m o n  l ink which ini t ia tes  each of these processes is 
the  H a g e m a n  factor.  The  H a g e m a n  factor,  ac t iva ted  by 
contac t  of blood wi th  glass and other  adsorbing surfaces, 
ac t iva tes  not  only  p lasminogen and p lasma th rombo-  
plas t in  an tecedent  bu t  also the  kinin-forming sys tem 
(MARGOLIS6, WEBSTER~). The  kinin format ion  in this 
condi t ion can be achieved bo th  by ac t iva t ion  of kalli- 
kreinogen induced by  H a g e m a n  factor  and p lasmin and 
by  the  pro teo ly t ic  act ion of p lasmin on kininogen 
(EISENS). 

Besides the  ac t iva t ion  of H a g e m a n  factor,  another  
mechan ism of ldnin format ion  can be discussed. TICE 
et a12 suggested, as a cause of increased fibrinolysis 
dur ing hypo the rmic  perfusion in open-hear t  surgery, the  
ac t iva t ion  of lysosomal hydro ly t ic  and proteoly t ic  en- 
zymes. Lysosomal  kininogenases m a y  also influence the  
p lasma kininogen conten t  in ex t racorpora l  c irculat ion 
in cases of hypothermia .  

A decrease of the  pIasma kininogen level  was found by 
GOMAZKOV 1~ in exper iments  on rabbi ts  dur ing blood per- 
fusion through glass cuvet tes .  Using siliconized cuvet tes  
no change of p lasma kininogen could be observed.  The  
au thor  discussed kinin format ion  induced by glass con tac t  
as the  cause of the  fall of systemic blood pressure, blood 
p H  and body  t empera tu re  in his exper iments .  But  it  
seems difficult  to recognize whether  kinins p lay  a role in 
the  ve ry  complex  haemodynamic  changes dur ing and 
af ter  ex t racorpora l  circulation. However ,  as described 
in this paper,  t r e a t m e n t  wi th  a kal l ikre in- t rypsin- inhibi tor  
could be of use not  only for inhibi t ion of fibrinolysis 
(MAMMEN et al. n) bu t  also for p reven t ion  of decrease of 
kininogen in ex t racorpora l  circulation. 

Zusammen/assung .  Beim ext rakorporMen Kreislauf  mi t  
der Herz-Lungen-Maschine  wurden  die Ver~nderungen 
des Kininogengehal ts  im P lasma und ihre Beeinflussbar-  
kei t  m i t  einem Pro teasen- Inh ib i to r  untersucht .  Der  be- 
obachte te  Abfal l  des Kininogenspiegels  im P lasma  w~h- 
rend und nach der Perfusion und die H e m m u n g  der 
Kininogendeple t ion  mi t  dem Pro teasen- Inh ib i to r  spre- 
chen fiir eine Akt iv ie rung  des Kin inogen-Kin in -Sys tems  
im ext rakorpora len  Kreislauf.  Beziehungen zur Akt ivie-  
rung  des f ibr inolyt ischen Sys tems werden angenommen.  
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B r o n c h o d i l a t o r  Act iv i ty  of P r o s t a g l a n d i n  E 2 w h e n  A d m i n i s t e r e d  by A e r o s o l  to T h r e e  Spec i e s  

The prostaglandins  are a series of h y d r o x y  unsa tu ra ted  
f a t ty  acids widely  d is t r ibuted  th roughou t  body  tissues. 
Depending  upon the  species, pharmacologic  preparat ion,  
and type  of compound  studied, the  prostaglandins  can 
ei ther  s t imu!ate  or inhibi t  bronchial  smooth  muscle 1 

The bronchodi la tor  propert ies  of aerosolized prosta-  
glandin E 2 (PGE2) became ev iden t  th rough  our observa- 
t ion t h a t  i t  could pro tec t  guinea-pigs f rom a h is tamine-  

induced bronchoconst r ic t ion  2. The  present  s tudy  eva-  
luates the  response of 3 species to the  bronchodi la tor  
propert ies  of this compound.  

1 ]~. W. HORTON, Physiol. Rev. 49, 122 (1969). 
2 IV[. ]~. ROSENTHALE, A. DERVINIS, A. J. BEGANY, M. LAPIDUS and 

M. I. GLUCKMAN, PharmacologiSt 70, 175 (1968). 
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P G E  2 was p r e p a r e d  b y  t he  m e t h o d  of LAPIDUS et  al. 3 
and  k e p t  frozen in a so lu t ion  of 0 . 0 6 M  sod ium p h o s p h a t e  
buffer  (pH 7.4) a t  c o n c e n t r a t i o n s  of 1 and  10 mg/ml .  
A p p r o p r i a t e  work ing  d i lu t ions  were f reshly  m a d e  f rom 
these  s tock  solut ions  b y  d i lu t ing  w i th  dist i l led w a t e r  or 
saline a t  t he  t i m e  of expe r imen t .  

B r o n c h o c o n s t r i c t i o n  was p roduced  in  guinea-pigs  b y  
p lac ing  t h e m  in a closed c h a m b e r  wh ich  h a d  been  sp~cayed 
(DeVilbiss  nebul izer  No. 40) for 60 sec w i t h  a 0 .2% (base) 
h i s t a m i n e  d i p h o s p h a t e  solut ion.  T he  con t ro l  t i m e  of onse t  
of r e sp i r a to ry  dis t ress  a n d  convuls ions  was recorded.  
Only  an ima l s  w i t h  a con t ro l  t i m e  in t he  r ange  of 50-100 sec 
were used in t h e  s u b s e q u e n t  expe r imen t s .  Af te r  a 4-tl 
r ecove ry  period,  these  an ima l s  were exposed in a second 
c h a m b e r  to  a n  aerosol  of t he  t e s t  c o m p o u n d  for 2 min,  
a l lowed a n  a d d i t i o n a l  1-min per iod  in t h e  c h a m b e r  before  
be ing  exposed aga in  to  t h e  h i s t a m i n e  aerosol  in  t he  sepa- 
r a t e  c h a m b e r  as p rev ious ly  descr ibed.  A compar i son  of 
t he  t e s t  and  con t ro l  p reconvu l s ion  ra t ios  (T/C) for PGE~ 
and  i sopro te renol  i nd ica t ed  t h a t  P G E  2 is qu i te  ac t ive  and  
s o m e w h a t  more  p o t e n t  t h a n  i sopro te reno l  as a n  aerosol  
(Table).  In  s imi la r  e x p e r i m e n t s  f l -adrenergic b lockade  b y  
p r e t r e a t m e n t  w i t h  5 m g / k g  of p rop rano lo l  fai led to  
p r e v e n t  t he  b r o n c h o d i l a t i n g  p roper t i e s  of P G E  2. E x p o s u r e  
of a g roup  of guinea-pigs  to  a c o n c e n t r a t i o n  of 0.2% 
P G E  2 for 5 ra in  fai led to elicit  a n y  adverse  effects. I n  a 
s epa ra t e  s tudy ,  P G E  2 was shown  to be  effect ive  in 
p r e v e n t i n g  r e s p i r a t o r y  s y m p t o m s  of a n a p h y l a c t i c  shock  
in  guinea-pigs  pass ive ly  sensi t ized to horse  se rum a n d  
t h e n  exposed  to an  aerosol  of t he  same.  

B r o n c h o d i l a t o r  p roper t i e s  of P G E  2 and  i sopro te reno l  
were c o m p a r e d  in dogs and  m o n k e y s  us ing  modi f i ca t ions  
of t he  m e t h o d s  of KLIDE a n d  AVIADO 4 and  DIAMOND 5. 
Male and  female  mongre l  dogs (15-25 kg) and  male  
R h e s u s  m o n k e y s  (7-10 kg) were anes t he t i z ed  w i t h  Dial-  
U r e t h a n e  and  ar t i f ic ia l ly  respi red  w i th  a H a r v a r d  p u m p .  
For  t he  d e t e r m i n a t i o n  of p u l m o n a r y  res i s tance  t h e  
r e sp i r a to ry  flow was m e a s u r e d  w i t h  a Fle isch p n e u m o -  
t a c h o g r a p h  (No. 0 or 00) a n d  a S a n b o r n  pressure  t r ans -  
ducer  (No. 270). T r a n s p u l m o n a r y  pressure  was m e a s u r e d  
w i t h  a S a n b o r n  d i f fe ren t ia l  p ressure  t r a n s d u c e r  (No. 268B) 
b r idged  be tween  t h e  t r a c h e a  a n d  t he  i n t r a p l e u r a l  space. 
These  m e a s u r e m e n t s  were s i m u l t a n e o u s l y  d i sp layed  on  
b o t h  axes  of an  oscilloscope, p r o d u c i n g  a r e s p i r a t o r y  loop. 
The  e lect ronic  s u b t r a c t i o n  of compl iance  b y  m e a n s  of a 
t t e w l e t t - P a c k a r d  r e s p i r a t o r y  p reampl i f i e r  resu l ted  in 
closure of t he  loop. M e a s u r e m e n t  of i ts  slope w i t h  a pre-  
ca l i b r a t ed  p r o t r a c t o r  a l lowed t he  d e t e r m i n a t i o n  of pul-  
m o n a r y  res is tance.  S i m u l t aneous  va lues  for p u l m o n a r y  
compl iance  were s imi la r ly  o b t a i n e d  b y  d e t e r m i n i n g  t he  
re la t ionsh ip  be twee n  volume,  der ived  b y  i n t e g r a t i n g  a i r  
flow, a n d  t r a n s p u l m o n a r y  pressure .  H i s t a m i n e  diphos-  
p h a t e  was used in a 2% aqueous  so lu t ion  as t he  s t a n d a r d  
b ronchocons t r i c to r .  Drugs  were a d m i n i s t e r e d  as aerosols  

b y  m e a n s  of a DeVilbiss  nebu l ize r  No. 42. A bypass  to  
t he  i n sp i r a to ry  l i m b  of t he  r e sp i r a to ry  c i rcui t  was a r r a n g e d  
so t h a t  t h e  insp i red  a i r  passed  t h r o u g h  t he  nebu l i ze r  
c h a m b e r  before  en t e r i ng  t he  a n i m a l ' s  lungs. Compress ion  
of t he  nebu l ize r  bu lb  a t  t he  onse t  of t he  i n s p i r a t o r y  cycle 
t h u s  assured  v i r t u a l l y  comple te  e v a c u a t i o n  of the  c h a m b e r  
of t he  nebu l ize r  and  s u b s e q u e n t  passage  of d rug  mi s t  in to  
t he  lungs.  A d m i n i s t r a t i o n  of k n o w n  doses of d rugs  was 
ach ieved  b y  ca l i b r a t i ng  t he  nebu l ize r  and  v a r y i n g  t he  
n u m b e r  of i n h a l a t i o n s  a n d  t h e  s t r e n g t h  of d rug  solut ions.  
H i s t a m i n e  (as base) was g iven  a t  a c o n s t a n t  dose of 5 
sp rays  ( to ta l  of 1 mg), whi le  P G E  2 was g iven  in 5 to  
20 sprays,  d e p e n d i n g  u p o n  dosage. The  m a x i m u m  con-  
s t r i c to r  effect  of h i s t a m i n e  occurs  2 ra in  a f t e r  a d m i n i s t r a -  
t i on ;  t h u s  all d rug  effects were m e a s u r e d  a t  2 ra in  a f te r  
h i s t a m i n e  spray.  P e r c e n t a g e  i n h i b i t i o n  of t h e  effects  of 
h i s t a m i n e  were ca lcu la ted  b y  compar i son  w i th  a con t ro l  
h i s t a m i n e  response.  A m i n i m u m  recove ry  per iod  of 
30 ra in  was al lowed be tween  con t ro l  h i s t a m i n e  challenges.  
As soon as a con t ro l  h i s t a m i n e  response  was rees tab l i shed ,  
a n o t h e r  dose of t he  same  d rug  was  genera l ly  t h e n  t e s t ed  
in t he  same  an imal .  No a n i m a l  was  ever  used to  t e s t  
more  t h a n  a s ingle b ronchod i l a to r .  

H i s t a m i n e  is a p o t e n t  b ronchocons t r i c to r ,  c apab le  of 
caus ing  a n  e x t r e m e  (general ly  g rea te r  t h a n  100%) 
increase  in res i s tance  a n d  decrease  in compl iance .  F igure  1 
i l lus t ra tes ,  in  dogs and  monkeys ,  t he  c o m p a r a t i v e  ab i l i ty  
of PGE~ and  i sopro te reno l  to  p r e v e n t  t he  s u b s e q u e n t  
effects of h i s t a m i n e  g iven  i m m e d i a t e l y  a f te r  va r ious  
aerosolized doses of these  compounds .  S t a t i s t i ca l  com- 
pa r i son  of t he  regress ion equa t ions  was done  b y  analys is  
of covar i ance  6. 

I n  a series of 7 dogs, i sopro te reno l  was  a n  effect ive  
b ronchod i l a to r ,  c apab le  of caus ing  100% reversa l  of 
h i s t a m i n e - i n d u c e d  changes  in lung  resis tance.  P G E  2, in  
con t ras t ,  was  qu i te  w e a k  in  an t agon i z ing  h i s t a m i n e  in 
10 dogs a t  doses up  to  8 t imes  as g rea t  as t he  m a x i m a l l y  
effect ive  doses of i soproterenol .  There  was a s t a t i s t i ca l ly  
s ign i f ican t  di f ference be tween  t h e  slopes of t i le  dose- 
response  curves  for these  2 d rugs  (F = 7.2). I n  monkeys ,  
however ,  b o t h  P G E  2 (8 m o n k e y s ) a n d  i sopro te reno l  
(3 monkeys)  were ac t ive  b ronchod i l a to r s .  There  was no  
s ign i f ican t  di f ference be tween  t h e  slopes descr ib ing  t he  
effects of e i the r  d rug  on  t he  change  in res i s tance  (F = 0.8), 

3 M. LAPIDUS, N. H. GRANT and H. E. ALBURN, J. Lipid Res. 9, 
371 (1968). 

4 A. M. ]k2LIDE and D. M. AVIADO, J. Pharmae. exp. Ther. 758, 28 
(1967). 

5 L. DIAMOND, Arch. int. Pharmaeodyn. Ther. 768, 239 (1967). 
6 ~5~. A. BROWNLEE, Statistical Theory and Methodology in Science 

and Engineering (John Wiley and Sons, Inc., NewYork 1960), 
p. 288. 

Effect of aerosolized PGE 2 and isoproterenol on histamine-induced bronchoconstriction in the unanesthetized guinea-pig 

Aerosol spray PGE 2 Isoproterenol 
concentration (%) 

No. of No. completely T/C No. of No. completely T/C 
animals protected a score b animals protected a score b 

Buffer control 6 0/6 0.92 4- 0.10 - 
0.0001 10 1/10 1.66 4- 0.16~ 21 0/21 1.35 =~ 0.10 
0.0005 10 2/10 2.19 i 0.19" 30 4/30 1.63 ~ 0.12 c 
0.001 10 8/1.0 2.78 ~- 0.15 c 27 13/27 2.31 i 0.15 c 

Ability to withstand 3 times the control preconvulsion time (T/C -- 3.0). b Mean ~ S.E. o Significant protection (p < 0.05). 
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i n d i c a t i n g  t h a t  in the  m o n k e y  P G E  2 is e q u i v a l e n t  to  
i sopro te reno l  in a n t a g o n i z i n g  t h i s  h i s t a m i n e - i n d u c e d  
change.  P u l m o n a r y  compl i ance  was increased  in a m a n n e r  
co inc iden t  to  t he  decrease  in p u l m o n a r y  res is tance.  P G E  2 
genera l ly  caused  h y p o t e n s i v e  effects  of sho r t  d u r a t i o n  
in b o t h  dogs and  monkeys .  P r e t r e a t m e n t  of m o n k e y s  
w i t h  e i the r  propranolo l ,  h e x a m e t h o n i u m  or a t rop ine  
fai led to p r e v e n t  t h e  b r o n c h o d i l a t o r  effects of P G E  v 
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Antagonistic effects of PGE 2 and isoproterenol on histaniine-indueed 
increases in total lung resistance in the dog (A) and monkeY (B). 

These  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  PGE~ has  b roncho-  
d i l a t i ng  p roper t i e s  w h e n  a d m i n i s t e r e d  as an  aerosol.  T h e y  
also ind ica t e  t h a t  m a r k e d  species differences  are charac-  
te r i s t ic  of th i s  c o m p o u n d ;  t he  b r o n c h o d i l a t o r  p roper t i e s  
were super ior  in  t he  gu inea-p ig  and  m o n k e y  c o m p a r e d  
w i t h  t he  dog. A lack of n a t u r a l l y  occur r ing  P G E  2 in t he  
dog lung  could be  i m p o r t a n t  here  7. The  ef fec t iveness  of 
a n o t h e r  of t he  p ros t ag land ins ,  PGEz,  w h e n  a d m i n i s t e r e d  
b y  aerosol  has  r ecen t ly  been  descr ibed  in guinea-pigs  s 
and  h u m a n s  9 a n d  conf i rms  our  in i t ia l  obse rva t i ons  on  
PGE2 ~. PGE2 is a n o r m a l  c o n s t i t u e n t  of h u m a n  lung  
t i ssue  ~9 and  can  re lax  i so la ted  h u m a n  b r o n c h i a l  mus-  
cle ~ , n  The  po tency ,  n a t u r a l  occur rence  a n d  r ap id  
m e t a b o l i s m  of t he  p r o s t a g l a n d i n s  in  t h e  lungs  of severa l  
species sugges t  a role for these  subs t ances  b o t h  in t he  
n a t u r a l  r egu la t ion  of b ronch i a l  s m o o t h  muscle  ~ and  
t h e r a p e u t i c a l l y  as a b r o n c h o d i l a t o r  aerosol.  

Zusammen/assung. Es wird  gezeigt,  dass  P r o s t a g l a n d i n  
in Aerosol form bei  m e h r e r e n  A r t e n  als B r o n c h o d j l a t o r  
wirkt .  Die W i r k s a m k e i t ,  na t i i r l i ches  V o r k o m m e n  u n d  
schnel le  Metabo t i s i e rung  der  P r o s t a g l a n d i n e  sp rechen  ffir 
eine t h e r a p e u t i s c h e  V e r w e n d u n g  als b r o n c h o d i l a t i e r e n d e  
Aerosole. 
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F i l a m e n t o u s  S t r u c t u r e s  i n  N o r m a l  T a s t e  B u d  

M a n y  obse rva t i ons  h a v e  been  m a d e  conce rn ing  t he  
ex is tence  of f i l amen tous  s t r u c t u r e s  in d i f fe ren t  cell types  z, 
pa r t i cu l a r l y  in sensory  receptors  ~ a n d  specif ical ly in  t he  
t a s t e  b u d  a. The  sub jec t  of the  p r e s en t  no te  is in  fac t  t he  
s u m m a r y  desc r ip t ion  of t he  f ine fea tu res  of t he  fila- 
m e n t o u s  s t r u c t u r e s  p r e s en t  in  t he  m a i n  cell t ypes  of t h e  
t a s t e  bud .  

Materials and methods. Fol ia te  pap i l l ae  of a d u l t  ma le  
r a b b i t s  were f ixed in g l u t a r a l d e h y d e  a n d  pos t - f ixed  in 
o s m i u m  accord ing  to  t he  usua l  e lec t ron  microscopic  
t echn iques .  

Results and discussion. F i l a m e n t s  p e r m e a t e  t h e  cyto-  
p l a s m  of t h e  I and  I I  t y p e  cells of t he  t a s t e  bud .  The i r  
d i a m e t e r  var ies  f ronl  70 to 100 A. T h e y  follow an  i r regu la r  
course  o f ten  a s sembl ing  as i n t e r w e a v i n g  bund l e s  in  t h e  
pe r inuc lea r  zone (Figure I). T he  f i l amen t s  are f r e q u e n t l y  
s i t u a t e d  nea r  t he  p l a s m a  m e m b r a n e  t a k i n g  p a r t  in  t he  
f o r m a t i o n  of in te rce l lu la r  j u n c t i o n a l  complexes  of a 
de smosoma l  t y p e  4 (Figure  2): in  fac t  t h e y  inse r t  on ti le 
cy top la smic  side of b o t h  t he  t h i cken i ngs  of t he  p l a s m a  

m e m b r a n e .  Dense f i l amen tous  bund l e s  can  also be  found  
w i t h i n  t he  processes of t he  t y p e  I cells (Figure 3). I n  t he  
apica l  region of t h i s  cell t y p e  t h e y  become  closely packed  
a n d  para l le l  to  each  o t h e r  occupying,  bes ides  t he  osmio- 
ph i l  g ranules  a n d  t he  centr iole ,  t he  whole  cy top l a smic  
ma t r i x .  Some t imes  t h e i r  cross-sect ions  are c lear ly  ev iden t  
in  t he  inside of t he  microvil l i .  I n  t h e  t y p e  I I  cells, fila- 
m e n t s  in te rpose  a m o n g  t h e  cha rac t e r i s t i c  t ubu lo -ve s i cu l a r  
profi les of t he  s m o o t h  endop lasmic  re t i cu lum,  of ten  
a c c u m u l a t i n g  a r o u n d  t he  l ip id  drople t s  (Figure 4). B u t  
t h e y  become  m o s t  e v i d e n t  in  t he  more  a d v a n c e d  phases  
of t he  physio logica l  degene ra t i on  of such  a cell t y p e :  
in  fac t  th i s  is sub jec t  to  a c o n t i n u o u s  degene ra t i ve  
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