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Synthesis  and Biological  Activity of Peptides 
Related to Bradykinin 

B rad y k in in  has  been  obta ined  f rom plasma globulins 
by  the  act ion of var ious  enzymes  1. The  amino  acid  com- 
posi t ion ~,a the  s t ructure  4, and the  biological  proper t ies  s 
of the  pure  p roduc t  have  recent ly  been s tud ied  by  EL- 
LIOTT, ~IORTON, and LEWIS. \Ve wish to repor t  on the  
synthesis  and the  biological  a c t i v i t y  of several  pept ides  
re la ted  to bradykin in  (Table). 

Structure of peptides A-F 

H-L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-L-PrO-L-Phe-L-Arg-OH A 
H-L-Arg-L-Pro-Gly-L-Phe-L-Ser-L-Pro-L-Phe-L-Arg-0H . . B 
H-L-Arg-L-Pro-L-Pro-Gly-L-Phe-L-Ser-L-Phe-L-Arg-OH . . C 
H-L-Arg-L-Pro-L-Pro-L-Phe-Gly-L-Ser-L-Phe-L-Arg-OH . . D 
H-L-Arg-L-Pro-Gly-L-Pro-L-Phe-L-Ser-L-Phe-L-Arg-OH . . E 
H-L-Arg-L-Pro-Gly-L-Phe-L- Ser-L-Phe-L-Arg-OH . . . . .  F 

CBO-(n i t ro )Arg-Pro-OH (I) was condensed wi th  H-Pro -  
G l y - N H N H - C T O  (i]~) s by  d icyclohexylcarbodi imid .  ]3y 
select ive spl i t t ing of the  C T 0  group and t r e a t m e n t  wi th  
ni t rous acid, CBO-(ni t ro)Arg- i°ro-Pro-Gly-N3 (III)  was ob-  
tained.  Condensat ion  of CBO-Phe-Se r -N  3 (IV) wi th  H-  
Pro-Phe- (n i t ro )Arg-OBzN (V) ~ and select ive sp l i t t ing  of  
the  CBO group yie lded H-Phe-Se r -P ro -Phe - (n i t ro )Arg-  
O B z N  (VI), which was condensed wi th  I I I  to CBO-(ni tro)  
Arg-Pro-Pro-Gly-Phe-  Ser -Pro-Phe- (n i t ro )Arg-OBzN(VII ) .  
Cata ly t ic  hydrogena t ion  of V I I  yielded A. By  using CBO- 
(n i t ro )Arg-Pro-Gly-Ot t  (VIII)  (from I and FI-GIy-OH) 
ins tead of I I I ,  B w a s  obta ined.  By  condens ing  IV  wi th  
H-Phe- (n i t ro )Arg-OBzN (IX) and  spl i t t ing the  CBO group,  
H-Phe -Se r -Phe - (n i t ro )Arg -OBzN (X) was ob ta ined ;  by  
condensat ion  wi th  I I I ,  followed by  ca ta ly t i c  hyd rogena -  
tion, this  led to C. Condensat ion of I X  wi th  CBO-Gly-Ser -  
N a followed by  spl i t t ing of the  CBO group and condensa-  
t ion wi th  C B O - P r o - P h e - O H  gave  a hexapept ide ,  which,  
a f te r  spl i t t ing of the  CBO group, was condensed wi th  I.  
Cata ly t ic  hyd rogena t ion  of the  pro tec ted  oc tapepf ide  gave  
D. Condensa t ion  of I w i th  H - G l y - P r o - O H  followed by  
condensa t ion  w i t h  X and ca ta ly t i c  hydrogena t ion  gave  E.  
Condensa t ion  of V I I I  wi th  X,  followed by  ca ta ly t i c  hydro-  
gcnat ion  gave  F. All the  i n t e rmed ia ry  and final  products  
were ob ta ined  in an  ana ly t i ca l ly  pure  s tate .  

The  biological  ac t iv i ty  of the  pept ides  A - F  was first  
d e t e r m i n e d  on the  isolated guinea pig i leum. The pepf ides  
C, D, E,  and F were  w i thou t  effect  in doses up to 2.5 t ,g/ml,  
whereas  A and B produced  a slow con t rac t ion  in concen-  
t ra t ions  as small  as 1 ng]ml  and 100 ng /ml  respect ively .  
Boil ing wi th  concen t ra ted  HC1 or incuba t ion  wi th  guinea 
pig serum des t royed the  ac t iv i ty ,  whereas  p r e t r e a t m e n t  of 
the  nmscle wi th  a t rop ine  and /o r  an  an t ih i s t amine  agen t  
(Thenalidine) only s l ight ly  in terfered wi th  the  ac t iv i ty .  

The  nonapept ide  A was fur ther  inves t iga ted  using tes ts  
known to be sensit ive for b radyk in in  1,3,°. The following 
resul ts  were ob ta ined :  On the  r abb i t  duodenum,  the  con-  
cen t ra t ion  requi red  to elicit  con t rac t ion  was  1 ng/mt .  To 
produce  a depressor response in anes the t ized  rabbi ts ,  rats,  
guinea  pigs, cats,  and dogs, the  doses ranged  f rom 200 to  
400 ng/kg,  Bronchoconst r ic t ion  in the  guinea  pig occurred 
wi th  200 ng/kg.  An effect  on capi l lary  pe rmeab i l i t y  to a 
c i rcula t ing  dye  (Evan ' s  Blue) in guinea pigs a f te r  in t ra-  
de rmal  in ject ion was observed wi th  1 ng. 

On a mola r  basis, the  nonapep t ide  A was more  ac t ive  
t h a n  h i s t amine  (ileum, bronchia l  muscle,  and capi l la ry  
pe rmeab i l i t y  of the  guinea  pig) and acetylchol ine  (duo- 
d e n u m  of the  rabbi t ,  blood pressure of the r abb i t  and dog). 

The  nonapep t ide  A is therefore  one of t he  mos t  active 
biological  substances  exer t ing  a bradykinin- l ike  effect. 
F u r t h e r  work  will  demons t r a t e  if i t  is ident ical  with or 
closely s imilar  to pure  bradykin in .  

R. A. BOISSONNAS, ST. GUTTMANN, 
P.-A. JAQUENOUD, ]t .  KONZETT, and E.  STURMER 

Pharmazeut isch-ahemisehes  und  pharmakologisches Labo- 
ra tor ium der Sandoz  AG.,  Basel ,  J u n e  2, 1950. 

Z u s a m m e n / a s s u n g  

Die Synthese  von  6 Po lypep t iden  aus den im Brady- 
k inin  v o r k o m m e n d e n  Aminos'Xuren wird beschrieben. Das 
Nonapep t id  H-L-Arg-L-Pro-L-Pro-Gly-L-Phe-L- Ser-L-Pro- 
L-Phe-L-Arg-OH zeigte hohe  Bradykin in-~hnl iche  %Virk- 
samke i t  in verschiedenen biologischen Testen.  
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Muscle Atrophy Fol lowing Section 
of the Spinal Cord in the Rat 

FISCHER 1, SOLANDT and ~/[AGLADERY 2 observed that 
the  course of muscle  a t rophy ,  fol lowing t ransec t ion  of the 
spinal  cord, is biphasic.  Dur ing  the  first  10-14 days  follow- 
ing comple te  t ransec t ion  of the  cord and un i la te ra l  dener- 
r a t i on ,  the  gast rocnemius-soleus  muscle  was found to 
a t rophy  on the  'p legic '  side (i. e. a f ter  lesion of the  upper 
mo to r  neuron) a t  a s imilar  ra te  as on the  side of denerva- 
t ion (i.e. a f ter  lower mo to r  lesion). Later ,  however ,  the 
plegic muscles gained in weight ,  so t h a t  56 days  after  the 
opera t ion  the i r  weight  r e tu rned  a lmos t  to  ini t ial  values. 
I n  ne i ther  of these  reports ,  however ,  h a v e  changes  in total 
body  weigh t  occurr ing  in the  course of  t he  experiment  
been t aken  into  account .  I t  is plausible to  assume tha t  if 
there  are any  changes  in body  weight ,  t h e y  might  in- 
f luence the  in t e rp re t a t ion  of these results. 

F o r  this  reason exper iments  were per formed  in an 
ident ica l  manne r  as those of the  above  authors .  The spinal 
cord was sect ioned a t  Th~ in female  ra ts  (190-205 g body 
weight)  and a t  the  same t ime  the  sciat ic  ne rve  was cut 
and  its cen t ra l  s t u m p  l igated to  p r e v e n t  regenerat ion of 
ne rve  axons . .The  soleus and gas t rocnemius  muscles were 
then  excised in di f ferent  groups of  animals  7, 14, 28 and, 
56 days  af ter  the operat ion.  The  body  weight  of all animals 
was careful ly  registered.  As can be seen f rom the  Figure, 
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