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H a e m a t o c r i t  a n d  p l a t e l e t  c o u n t s  were  p e r f o r m e d  in 5 
an ima l s ,  d u r i n g  t h e  con t ro l  pe r iod  a n d  d u r i n g  i n t o x i c a t i o n  
a t  i n t e r v a l s  of 5 days .  I n  3 a n i m a l s  t h e  b l eed ing  t i m e  was  
con t ro l l ed  b y  i n d u c i n g  a super f ic ia l  w o u n d  in  a n  ear.  A t  
t he  e n d  of i n t o x i c a t i o n ,  w h i c h  was  p ro longed  for  30-45  
days ,  al l  t h e  a n i m a l s  were  ki l led w i t h  a n  i.v. i n j ec t ion  
of p e n t o b a r b i t a l  a n d  s u b m i t t e d  to  necroscopy.  

Results. T h e  on ly  s y m p t o m  w h i c h  a p p e a r e d  fo l lowing 
t he  a d m i n i s t r a t i o n  of u r ea  was  a mi ld  d rowziness  w i t h  
r e d u c t i o n  in  t h e  s p o n t a n e o u s  m o v e m e n t s .  T he  E E G  
recorded  d u r i n g  i n t o x i c a t i o n  revea led  m i n i m a l  changes  
s imi l a r  to  t hose  i nduced  b y  t r a n q u i l l i z i n g  drugs.  

No  o t h e r  a b n o r m a l i t i e s  were  obse rved .  Dogs  d id  n o t  
suf fer  f rom g.-i. d i s t u r b a n c e s  b u t  c o n t i n u e d  feeding  
r e g u l a r l y  and ,  a t  t h e  end  of i n tox i ca t i on ,  t h e i r  w e i g h t  
h a d  n o t  changed .  Diures is  was,  of course,  inc reased  due  
to  t h e  d iu r e t i c  a c t i o n  of t h e  urea ,  a n d  c o n s e q u e n t l y  t h e  
inges t ion  of w a t e r  also increased.  H a e m a t o c r i t ,  p l a t e l e t  
c o u n t s  a n d  b leed ing  t i m e  d i d  n o t  change .  

Nec roscopy  was c o m p l e t e l y  nega t ive ,  a n d  h is to logica l  
e x a m i n a t i o n  d id  n o t  r evea l  a n y  s ign i f i can t  a b n o r m a l i t y  
in  t h e  l iver,  hea r t ,  k idney ,  s t o m a c h  a n d  d u o d e n u m .  

Conclusions. T h e  conc lus ion  to  be  d r a w n  f rom these  
r e su l t s  is t h a t  u r ea  does  n o t  i n d u c e  a n y  severe  tox ic  
s y m p t o m  in dogs,  n o t  e v e n  w h e n  i ts  p l a s m a  c o n c e n t r a -  

t i ons  were  h i g h e r  t h a n  t hose  f o u n d  in  severe  chron ic  
uremies .  OI a l l  t h e  t y p i c a l  s y m p t o m s  of h u m a n  u remia ,  
o n l y  d rowziness  occurred,  a n d  e v e n  t h i s  d i s t u r b a n c e  dis- 
a p p e a r e d  as soon  as  a d m i n i s t r a t i o n  of  u r ea  was  i n t e r r u p t e d .  
I t  seems  safe to  conc lude  t h a t  u r ea  c a n n o t  b e  cons ide red  
a n  i m p o r t a n t  u remic  t o x i n  s . 

Riassunto. Le c o n c e n t r a z i o n i  p l a s m a t i c h e  de l l ' u r ea  di  
12 can i  n o r m a l i  v e n i v a n o  m a n t e n u t e  I ra  250 e 650 m g /  
100 m l  pe r  25-30 giorni  m e d i a n t e  in iez ioni  r a v v i c i n a t e  di  
u n a  soluzione al  10%. Nessun  s i n t o m o  v e n i v a  o b b i e t t i -  
v a t o  ad  eccezione d i  u n  l ieve t o rpo re  e l ' e same  necrosco-  
p ico  e ra  del  t u t t o  nega t ivo .  
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H e m m u n g  der Kininbildung i m  B l u t  durch p-Amidinophenylbrenztraubensiiure 

I n  den  v o r a n g e g a n g e n e n  U n t e r s u c h u n g e n  f iber  die 
H e m m u n g  de r  k i n i n b i l d e n d e n  F e r m e n t e  (Kal l ikre ine)  
d u r c h  B e n z a m i d i n d e r i v a t e  k o n n t e  gezeig t  werden ,  dass  
die als  k o m p e t i t i v e  H e m m s t o f f e  des  T r y p s i n s  b e k a n n t e n  
s y n t h e t i s c h e n  I n h i b i t o r e n  e ine  s t a r k e  H e m m u n g  des 
S e r u m k a l l i k r e i n s  bewi rken ,  wf ih rend  das  P a n k r e a s k a l l i -  
k re in  be i  g le icher  I n h i b i t o r d o s i s  n i c h t  g e h e m m t  w u r d e  1, 2. 
Als st~irkster  H e m m s t o f f  des  S e r u m k a l l i k r e i n s  h a t t e  s ich 
die  yon-GERATZ 3 a ls  T r y p s i n h e m m s t o f f  b e s c h r i e b e n e  
p - A m i d i n o p h e n y l b r e n z t r a u b e n s i i u r e  ( A P P A )  erwiesen.  
Diese  in v i t r o  e r h o b e n e n  B e f u n d e  s ind  yon  b e s o n d e r e m  
In te resse ,  d a  die p h a r m a k o l o g i s c h e  Bee in f lu s sung  des 
K a l l i k r e i n - K i n i n - S y s t e m s  a n  B e d e u t u n g  g e w i n n t  u n d  
zur  K l g r u n g  de r  phys io log i schen  u n d  p a t h o l o g i s c h e n  
Rol le  d ieser  p r o t e o l y t i s c h e n  R e a k t i o n s k e t t e  b e i t r a g e n  
kann .  W i r  h a b e n  d a h e r  geprfif t ,  ob  s ich  m i t  Hi l fe  y o n  
A P P A  s u c h  die  K i n i n b i l d u n g  i m  B l u t  bee in f lussen  llisst. 

E s  w u r d e  zun i i chs t  de r  E in f tu s s  y o n  A P P A  auf  die  
d u t c h  P a n k r e a s k a l l i k r e i n  (P r / i pa ra t  au s  S c h w e i n e p a n -  
k reas  m i t  e ine r  A k t i v i t i i t  y o n  525 K E / m g }  u n d  S e r u m -  
ka l l i k re in  (nach  d e m  V e r f a h r e n  y o n  HABER>~ANN 4 aus  
S c h w e i n e s e r u m  isol ier tes  P r / i p a r a t ;  A k t i v i t ~ t  e n t s p r i c h t  
1 K E / m g )  b e w i r k t e  K i n i n b i l d u n g  im S e r u m  u n t e r s u c h t .  
Die B e s t i m m u n g  de r  geb i lde t en  K i n i n m e n g e  erfolgte  
d u r c h  Messung  ih re r  k o n t r a k t i o n s a u s l 6 s e n d e n  W i r k u n g  
a m  isol ier ten  M e e r s c h w e i n c h e n i l e u m  (Versuchsbeisp ie l  
F i g u r  1). D e m n a c h  wird  die K i n i n b i l d u n g  d u r c h  Se rum-  
ka l l i k r e in  in  Abh l tng igke i t  v o n d e r  A P P A - K o n z e n t r a t i o n  
g e h e m m t  (I50 = 6 × 10-GM). Die  K i n i n f r e i s e t z u n g  d u r c h  
P a n k r e a s k a l l i k r e i n  wi rd  dagegen  in  O b e r e i n s t i m m u n g  m i t  

1 F. MARKWARDT, P. WALSMANN und J. DRAWER% Acts biol. med. 
germ. 24, 401 (1970). 
F. MARKWARDT, P. WALSMANN und J. DRAWERT, Acta biol. reed. 
germ., 26, 123 (1971). 

a j .  D. GERATZ, Arch. Biochem. 118, 90 (1967). 
4 E. HABERMANN und W. KLETT, Biochem. Z. 346, 133 (1966). 

U n t e r s u c h u n g e n  a n h a n d  de r  H y d r o l y s e  v o n  s y n t h e t i s c h e n  
S u b s t r a t e n  e r s t  be i  seh r  v ie l  h 6 h e r e n  A P P A - I K o n z e n t r a -  
t i o n e n  bee in f lus s t  (I50 > 10-3M).  

Z u m  Nachwe i s  de r  A n t i k a l l i k r e i n - W i r k u n g  in  v ivo  
w u r d e  ve r such t ,  die d u r c h  I n j e k t i o n  y o n  Serum-  ode r  
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Fig. 1. Einflus.~ von 4-Amidinophenylbrenztraubens/iure (APPA) 
auf die Kininbildung im Serum dutch Serumkallikrein (SK) und 
Pankreaskallikrein (PK). Messung der Kininwirkung am isolierten 
Meerschweinchenileum in 10 ml Tyrodel6sung mit 0,5 ml Human- 
serum. A) Zugabe von 0,5 Einheiten SK. B) Zugabe yon 0,5 Ein- 
heiten PK. C) Zugabe yon 0,1 ~tMol APPA. 
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Fig. 2. Wirkung von APPA auf den btutdrucksenkenden Effekt yon 
Serumkallikrein (SK) und Pankreaskallikrein (PK) beim Kaninchen 
(Blutdruekmessung in der A. carotis eommunis). A) i.v. Injektion 
von SK 3 KE/kg. B) i.v. Injektion yon PK 2 KElkg. C) i.v. Injek- 
tion von APPA 1,0 mg/kg. 
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P a n k r e a s k a l l i k r e i n  b e w i r k t e  /31u td rucksenkung  d u r c h  
vorher ige  G a b e  des  H e m m s t o f f e s  zu ve r h i nde r n .  Die  
U n t e r s u c h u n g e n  w u r d e n  a n  i n s g e s a m t  20 2 , 8 - 3 , 2 k g  
schweren  K a n i n c h e n  in U r e t h a n n a r k o s e  (1,5 g ]kg i .p . )  
durchgef i ih r t .  Die  V e r s u c h s a n o r d n u n g  w u r d e  so getrof-  
fen, dass  z u n ~ c h s t  die b l u t d r u c k s e n k e n d e  W i r k u n g  yon  
s t e igenden  Mengen  Serum-  bzw. P a n k r e a s k a l l i k r e i n  ge- 
messen  wurde .  Ansch l i e s send  wurde  A P P A  app l iz ie r t  u n d  
d a n a c h  ve r such t ,  w i e d e r u m  eine I31u tdrucksenkung  d u r c h  
I n j e k t i o n  y o n  Serum-  bzw. P a n k r e a s k a l l i k r e i n  auszul6-  
sen. Wie  aus  d e m  in F i g u r  2 da rges t e l l t en  Ver suchsbe i -  
spiel  e r s ich t l i ch  ist, w i rd  d u r c h  I n j e k t i o n  yon  1 m g  
A P P A / k g  die d u t c h  S e r u m k a l l i k r e i n  b e w i r k t e  H y p o t e n -  
sion v e r h i n d e r t .  E n t s p r e c h e n d  de r  E l i m i n a t i o n  yon  A P P A  
(Ha lbwer t sze i t  = 104 min)  5 h~ilt die An t ika l l i k r e inwi r -  
k u n g  be i  de r  G a b e  yon  1 m g / k g  bis  zu 30 ra in  u n d  be i  
der  G a b e  y o n  2,5 m g / k g  bis  zu 21/~ S t u n d e n  n a c h  de r  
I n j e k t i o n  an.  D a n a c h  v e r u r s a c h e n  a u c h  I n j e k t i o n e n  yon  

S e r u m k a l l i k r e i n  wieder  b l u t d r u c k s e n k e n d e  Ef fek te .  Die  
b l u t d r u c k s e n k e n d e  W i r k u n g  yon  P a n k r e a s k a l l i k r e i n  wi rd  
be i  G a b e  der  g le ichen A P P A - D o s i s  n i c h t  s i g n i f i k a n t  be-  
e inf luss t .  

Summary. The  s e r u m  ka l l i k r e in - induced  k in in  l ibe ra -  
t ion  in t he  b lood  is i n h i b i t e d  b y  a m i d i n o  p h e n y l  p y r u v i c  
acid (APPA)  in v i t r o  a n d  in vivo.  
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Synapt ic  Connec t ions  m a d e  by two  S e r o t o n i n - C o n t a i n i n g  N e u r o n s  in the  Snai l  (Helixpomatia) Brain  

There  is a g i a n t  s e r o t o n i n - c o n t a i n i n g  n e u r o n  in each  
ce rebra l  gang l ion  of t h e  sna i l  Helix pomatia:. This  r e p o r t  
descr ibes  t h e  resu l t s  of e x p e r i m e n t s  m a d e  to  locate  dif- 
f e ren t  n e u r o n s  i n n e r v a t e d  b y  the se  cells a n d  to  d e t e r m i n e  
t he  rou te s  of t he  connec t ions .  E f fo r t s  to  f ind  such  cells 
h a v e  b e e n  cen t r ed  o n  t h e  b u c c a l  gang l ia  because  
p rev ious  dye  i n j ec t i on  a n d  e lec t rophys io log ica l  exper i -  
m e n t s  2, 3 h a v e  s h o w n  t h a t  axons  f rom t h e  g i a n t  s e ro ton in  
cells (GSCS) pass  in to  the  ce reb ro -bucca l  connec t ives .  

Materials and methods. Elec t rophys io log i ca l  m e t h o d s  
were used. The  c i r cum-oesophagea l  n e r v e  r ing  a n d  t he  
bucca l  gang l i a  were r e m o v e d  f r o m  l ive  H. pomatia a n d  
p i n n e d  to  a p l a s t i c  shee t  a t  t h e  base  of a smal l ,  0.7 ml ,  

• c h a m b e r  pe r fused  w i t h  sa l ine  4. A doub le  b a r r e l  glass 
mic roe lec t rode  was  in se r t ed  in to  one of t h e  GSC. S imi la r  
e lec t rodes  were used  to  i m p a l e  se lec ted  cells in  each  
bucca l  gangl ion.  I n p u t  leads  f rom t he  e lec t rodes  were  
fed t h r o u g h  c a t h o d e  fol lowers to  a dua l  b e a m  osci l loscope 
or a pen  recorder .  

Results and discussion. T h r e e  la rge  n e u r o n s  can  be  seen  
a t  t h e  l a t e r a l  bo rde r s  of each  bucca l  gangl ion .  These  cells 
h a v e  b e e n  ca l led  an te r io r ,  m i d d l e  a n d  pos t e r io r  b u c c a l  
cells. T h e y  are  d i a g r a m m a t i c a l l y  r e p r e s e n t e d  in F igu re  1. 
I t  h a s  been  f o u n d  t h a t  e ach  of these  cells rece ives  a n  
i n p u t  f rom each  GSC. I n  t h e  case of t h e  pos t e r i o r  a n d  
midd le  cells t he  i n p u t  is a l m o s t  c e r t a i n l y  m o n o - s y n a p t i c .  
The  i n p u t  o n t o  t he  a n t e r i o r  cells is d i f f e ren t  f rom t h a t  
of t h e  o t h e r  cells a n d  m a y  i nvo l ve  a less f r e q u e n t l y  
obse rved  m e c h a n i s m  of s y n a p t i c  t r ansmis s ion .  

Spike  f i r ing  in e i t h e r  GSC re su l t ed  in t he  a p p e a r a n c e  
of sma l l  depo la r i z ing  p o t e n t i a l s  in  b o t h  ips i l a t e ra l  a n d  
c o n t r a l a t e r a l  pos te r io r  a n d  m i d d l e  b u c c a l  cells. T h e  
a m p l i t u d e  of such  p o t e n t i a l s  was  f ac i l i t a t ed  w i t h  repe-  
t i t i v e  f i r ing  of t h e  GSC a n d  t h e r e  was  s u m m a t i o n  w h i c h  
lead to  sp ike  f ir ing.  W h e n  t h e  a p p r o p r i a t e  b u c c a l  cells 
were a r t i f i c ia l ly  hyperpo la r i zed ,  t h e  a m p l i t u d e  of t h e  
smal l  p o t e n t i a l s  was  increased  i n d i c a t i n g  t h a t  t h e  p o t e n -  
t ia l s  a re  e x c i t a t o r y  p o s t s y n a p t i c  p o t e n t i a l s  ( E P S P S ) .  

1 G. A. COTTRELL and N. N. OSBORNE, Nature, Load. 225, 470 
(1970). 
G. A. COTTRELL, Nature, Load. 225, 1060 (1970). 

8 E. R. KANDEL and L. TAuc, J. Physiol., Lond. 183, 269 (1966). 
4 K. M~NG, ZooL Jber., Neapel 68, 539 (1960). 

T h e  l a t e n c y  b e t w e e n  GSC sp ike  a n d  t he  a p p e a r a n c e  of 
t he  E P S P  in t he  bucca l  cells was  c o n s t a n t  a t  a b o u t  
1 0 0 m s e c .  No c o n s i s t e n t  d i f ference  in l a t ency  was 
obse rved  b e t w e e n  ipsi-  a n d  c o n t r a l a t e r a l  connec t ions .  
The re  was a one  to  one  r e l a t i o n s h i p  b e t w e e n  GSC spike 
a n d  bucca l  cell E P S P  e v e n  a f t e r  severa l  h u n d r e d  GSCS 
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Fig. 1. Diagram showing the two GSCS in the cerebral ganglia, 
their processes, and the neurons with which they form synaptie 
contacts. The posteriorly placed cell and the middle cell in each 
buecal ganglion are most probably directly innervated by each 
GSC; the precise nature of the connections between the GSC and 
the anteriorly placed cell in each ganglion remains to be determined. 
The processes from the different cells were traced either by dye 
injection or by electrophysiological methods (see text). The exact 
points of contact between the cells is not known, but the synapses 
are probably axo-axonic since most if not all synapses in gastropod 
ganglia are of this type s. Note the position of the arborization of 
each GSC and the double innervation of the 'middle cell' in each 
bueeal ganglion by" the appropriate ipsilateral GSC. 


