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m i t e i n a n d e r  zu ve rkn i ip fen ,  u m  ihre  a b s o l u t e n  Konf igu-  
ra t ionen  b e s t i m m e n  zu k b n n e n .  

Die n e g a t i v  d r e h e n d e n  A n t i p o d e n  y o n  I (Stop.  77-78 °, 
x]~ = - -17 ,4  ° 4- 0,5°) 1,x° u n d  I I I  (Smp.  55-56  °, [ , t ]~ = 

10,6 ° + 1,0 o) ~0 sowie de r  pos i t i v  d r e h e n d e  A n t i p o d e  
YOn I V  (Smp. 105-106 °, [ ~  = + 21,6 ° -1- 1,0 °) w u r d e n  
rnit  N a t r i u m  in  s i e d e n d e m  A t h a n o l  r e d u k t i v  deha logen i e r t  
und  l ie fer ten  das  g e m e i n s a m e  P r o d u k t  V (Sdp.  155-165 ° 
bei 0,05 Torr ,  [~]}~ = - -7 ,6  ° q- 0,7°; H y d r o b r o m i d :  Stop.  
169-171 °, [ e ]~  = _ 15,7 ° 4- 0,5°). 

Die t~eduk t ion  des n e g a t i v  d r e h e n d e n  A n t i p o d e n  yon  
II  (Stop. 114_115 o, [~]~ = _ 17,4 °) 4 m i t  PtO~ in M e t h a n o l  
zu VI  (t31, [ e ]~  = -- 29,5 °) u n d  die nach f o l gende  Deamin i -  
rung  y o n  V I  d u t c h  D iazo t i e r en  u n d  R e d u k t i o n  m i t  HsPO~ 
Ii ihrte w i e d e r u m  zu V. S o m i t  weisen (-- ) I ,  ( - - ) I I ,  ( - ) I I I ,  
( + ) I V  und  ( - ) V  a m  A s y m m e t r i e z e n t r u m  C-1 die gleiche 
Konf igu ra t i on  auf.  Dies zeigt  s ich a u c h  im ghn l i chen  Ver-  
lauf der  R o t a t i o n s d i s p e r s i o n s k u r v e n  (Figur) .  N u r  bei  
gr6ssern WMlenIgngen  als  360 m/ ,  e r r e i ch t  die K u r v e  
des w i r k s a m e n  A n t i p o d e n  v o n  I V  pos i t ive  Drehwer t e .  

Da  die abso lu t e  K o n f i g u r a t i o n  ftir ( - - ) I  bere i t s  bewiesen 
Wurde n ,  be s i t z en  also a u c h  ( - - ) I I ,  ( - - ) I I I ,  ( + ) I V  u n d  
( ~ ) V  die in  de r  F i g u r  a n g e g e b e n e  1 R - K o n f i g u r a t i o n .  

Summary, T h e  abso lu t e  con f igu ra t i on  of four  p h a r m a -  
Cologically ac t ive  t e t r a h y d r o i s o q u i n o l i n e s  has  been  de te r -  
mined.  I t  was  s h o w n  t h a t  b o t h  t h e  l e v o r o t a t o r y  a n t i p o d e s  

of I, I I  a n d  I I I  a n d  t he  d e x t r o r o t a t o r y  e n a n t i o m e r  of I V  
possess R - c o n f i g u r a t i o n  a t  t he  a s y m m e t r i c  cen ter .  
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Structure and Pharmacological  Actions of Phys- 
alaernin, the Main Active Polypeptide of the Skin 

of Physalaemus fuscumaculatus 1 

I t  was  shown  ~ t h a t  m e t h a n o l  e x t r a c t s  of t h e  skin  of t he  
Sou th  A m e r i c a n  a m p h i b i a n  Physalaemus /uscumaculatus 
conta in  a n  eledois in- l ike p o l y p e p t i d e  which,  like ele- 
doisin, exe r t s  a power fu l  h y p o t e n s i v e  ac t ion  a n d  s t i m u -  
lates  e x t r a v a s c u l a r  s m o o t h  muscle .  T h i s  po lypep t ide ,  
called physalaemin, has  now  been  i so la ted  in  pu re  form 
and  iden t i f i ed  as t he  e n d e c a p e p t i d e  P y r - A l a - A s p ( O H ) -  
Pro-Asp ( N H 2 ) - L y s - P h e - T y r - G l y - L e u - M e t - N H v  

Syn thes i s  c o n f i r m e d  t h e  a b o v e  c o n s t i t u t i o n  ~, closely 
r e sembl ing  t h a t  of e tedois in  4,5. 

Isolation procedure and delermination o/ structure. 471 
fresh sk ins  of Physalaemus [uscumaculalus weighing  206 g 
and  323 dr ied  sk ins  we igh ing  32.8 g ( p h y s a l a e m i n  wi th -  
Stands d r y i n g  per fec t ly)  were  e x t r a c t e d  twice  w i t h  80% 
rae thanol .  T h e  c o m b i n e d  f i l tered e x t r a c t s  were  k e p t  in  
a re f r ige ra to r  and  se rved  as s t a n d a r d  c rude  e x t r a c t  for 
the  i so la t ion  of p h y s a l a e m i n .  

The  f i rs t  s t ep  in t he  pu r i f i ca t ion  of p h y s a l a e m i n  was 
the  a b s o r p t i o n  of t h e  c rude  p o l y p e p t i d e  d issolved in 95}~ 
e thano l  on  a lka l ine  a l u m i n a  a n d  s u b s e q u e n t  e lu t ion  w i th  
decreas ing c o n c e n t r a t i o n s  of e thano l .  P h y s a l a e m i n  was 
eluted b y  60% e thano l ,  whi l s t  one or two  m i n o r  ac t ive  
Po lypept ides  were e lu ted  w i t h  80 a n d  70% e thano l .  

F ina l  pu r i f i ca t i on  was  ach i eved  b y  s u b m i t t i n g  t h e  
pa r t i a l ly  pur i f ied  m a t e r i a l  to  a doub le  40 t r ans fe r s  
COUnter-current d i s t r i b u t i o n  us ing  two ,z -butanol  w a t e r  
sYStems wi th  p H  2 a n d  9 r e spec t ive ly  in t he  w a t e r  phase .  
The yield was 70 to  80%.  

Pu re  p h y s a l a e m i n  was  h o m o g e n e o u s  in  p a p e r  chro-  
r a a t o g r a p h y  a n d  e lec t rophores is ,  showing  a s ingle spo t  
With n i n h y d r i n ,  chlor ine ,  t he  i o d o p l a t i n a t e  r e a g e n t  of 
Sulphur a m i n o  acids 6 a n d  t he  c~-nitroso-fl-naphthol  re- 

a g e n t  of t y r o s i n e L  In  a s c e n d i n g  p a p e r  c h r o m a t o g r a m s  
w i t h  t he  s y s t e m  n - b u t a n o l :  acet ic  ac id  : w a t e r  (4 : 1 : 1), 
p h y s a l a e m i n  h a d  Rf  0.41. On e l e c t r o p h e r o g r a m s  i t  
m i g r a t e d  t o w a r d s  t h e  c a t h o d e  a t  acid p H  a n d  s h o w e d  no  
m o b i l i t y  a t  n e u t r a l  pH .  Acid  hydro lys i s  y ie lded g l u t a m i c  
a n d  a spa r t i c  acids,  a lan ine ,  prol ine ,  lysine,  p h e n y l a t a n i n e ,  
ty ros ine ,  glycine,  leucine a n d  me th ion ine .  Ten  o u t  of 
e leven  res idues  were p r e s e n t  in  a 1:1  mole  ra t io ,  a n d  
on ly  t h e  a s p a r t y t  res idue  was  f o u n d  to  be  p r e s e n t  in  a 2 : 1 
r a t i o  w i t h  r e spec t  to  the  o t h e r  a m i n o  acids.  

The  sequence  was e luc ida t ed  t h r o u g h  chemica l  a n d  
e n z y m a t i c  deg rada t i on .  P h y s a l a e m i n ,  like eledoisin,  was  
r e s i s t a n t  to  e n z y m a t i c  a t t a c k  a t  b o t h  t h e  C a n d  N t e rmi -  
nus .  T h e  Sange r  a n d  E d m a n  t e c h n i q u e s  fai led to  r evea l  a 
free N - t e r m i n a l  res idue.  U p o n  d iges t ion  w i t h  c h y m o -  
t ryps in ,  t he  consecu t ive  a p p e a r a n c e  of t h e  fol lowing frag-  
m e n t s  was  obse rved  in t he  r eac t i on  m i x t u r e s :  

C, [Glu, Ala, 2 Asp, Pro, Lys, Phe, Tyr], Co [Gty, Leu, Met], 
C a [Glu, Aia, 2 Asp, Pro], C a [Lys, Phe, T~a'], 
C B [Lys, Phe], C~ H-Tyr-OH, 
C 7 [Gly, Leu] and C s H-Met-NH 2 

I t  followed t h a t  c h y m o t r y p s i n  caused  a r a p i d  c l eavage  
a t  t h e  c a r b o x y l  b o n d  of t y r o s i n e  w i t h  re lease  of t b e  C- 
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terminal tripeptide C v then a bond was split between the 
C end of the N-terminal pentapcptide and the amino 
group of lysine. Upon further action of the enzyme, 
tyrosine was slowly released from C~ and finally a very 
slow and incomplete splitting of methionamide from C2 
was observed. 

Tryptic digestion was anomalous, since two bcn~s were 
split, one of which was a lysil and the other a *yrosil 
bond, and the rapid and simultaneous formation of the 
following three peptides was observed: 

T 1 [Glu, Ata,~ Asp, Pro, Lys], T 2 [Phe,Tyr] and T 3 [Gly, Leu, Met] 

From the above results the sequence of the C-terminal 
hexapeptide was deduced, the position of the single 
residues being established by the specificity of the en- 
zymes and by the composition of the fragments. The se- 
quence Gly-Leu was determined by the fluorodinitro- 
benzene procedure on the tripeptide Gly-Leu-Met-NHv 

Under the action of carboxypeptidase lysine was slowly 
split from the t rypt ic  hexapeptide T I, thus confirming the 
position of lysine already deduced by the specificity of 
trypsine cleavage. The sequence of the five N-terminal 
amino acids was found by submitt ing T 1 to partial  acid 
hydrolysis with 0.5 N acetic acid. The presence of the fol- 
lowing fragments was consecutively observed in the acid 
hydrolysates : 

Ac 1 [Giu,Ata], A% ~H-Asp-(OH)~], A% [Pro,Asp(NHz)]-Lys-OH, 
Ac~ Pyr-OH, A% H-Ata-OH, A% [Pro, Asp(NH)2] and H-Lys-OH 

The sequence -Pro-Asp-NH2 was deduced by the posi- 
t ive reaction to isatine of the spots Ac 8 and A%. The 
status of the glutamyl  and aspartyl residues was estab- 
lished by the relative electrophoretic mobilities of the 
fragments in which they occurred. 

Pharmacological actions. Physalaemin is a powerful 
vasodilator and hypotensive agent in dog and rabbit. I t  
is 3 to 4 times as active as eledoisin. In  the dog the i.v. 
threshold hypotensive dose is approximately 1 ng/kg. 
The pressure fall is proportional, both in intensity and 
even more in duration, to the dose of the polypeptide, 
and tachyphylaxis is completely lacking. A persistent, 
controllable lowering of blood pressure may be obtained 
with i.v, infusion of physalaemin, the threshold being 
2-5 ng/kg/min. An appreciable lowering of blood pressure 
is also produced by subcutaneous doses of 1 /xg/kg 
physalaemin. In the majori ty of experiments, hypotension 
produced by medium i.v. doses of physalaemin is of 
shorter duration than that  produced by equiactive doses 
of eledoisin. 

1 t*g physalaemin is capable of counteracting com- 
pletely the hypertensive action of 50-100/~g L-adrenaline 
or L-noradrenaline, 10-15 /,g angiotensin, 30-50 #g Lys- 
8-vasopressin, or 3 mg nicotine. On a weight basis 
physalaemin is 100-700 times more potent than brady- 
kinin, and 200-400 times more than histamine. The effect 

on the blood pressure of the dog and rabbit  of 1 t*g 
physalaemin is equivalent to 100-200 units of sub- 
stance P. 

Both in the intact and in the decapitated chicken, 
physalaemin is predominantly hypertensive. Pressure 
rise seems to be mainly due to liberation of catcchol- 
amines. 

In increasing the permeabil i ty of the skin vessels of the 
human forearm, physalaemin is slightly more active than 
eledoisin s. 

Generally, physalaemin stimulates the same extra- 
vascular smooth muscles which are st imulated by ele- 
doisin but, with the exception of the rabbit  large intestine 
and the guinea-pig ileum, the effect is weaker than with 
eledoisin and tachyphylaxis is not infrequent. The rat 
uterus is poorly sensitive to physalaemin, and even the 
rabbit  uterus is several times less responsive to physalae- 
min than to eledoisin. 

Large doses of physalaemin stimulate salivary secretion 
in the dog, but  this effect seems less intense compared 
with eledoisin. 

Whole blood slowly inactivates physalaemin, homo- 
genates of liver and kidney far more quickly. Generally, 
physalaemin is inactivated more rapidly than eledoisin 0. 

In parallel assays physalaemin may clearly be distin- 
guished from known natural  polypeptides active on plain 
muscle, including substance P and eledoisin, which in 
most of their biological properties are very similar to 
physalaemin. 

Physalaemin or strictly related polypeptides are also 
contained in the skin extracts of Physalaemus centralis, 
Physalaemus bresstaui and Physalaemus cuvieri. 

Full reports of the experiments and results described 
in this paper will be published elsewhere. 

Ria, sunto. Viene descritto il procedimento che ha per- 
messo l ' isolamento e i l  chiarimento della s t rut tura chimica 
della /isalemina, il principale dei polipeptidi a t t ivi  della 
pelle di Physalaemus /usvumaculatus, anfibio dell 'Argen- 
tina. La fisalemina, s t ret tamente vicina all'eledoisina 
anche da un punto di vista chimico e x, come questa, dotata  
di potente azione sulla museolatura liscia vasale ed extra- 
vasale. Essa 6 net tamente distinguibile, mediante saggi 
paralleli, da tut t i  gli altri  potipeptidi biogeni finora noti. 
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Synthesis of Physalaemin 

We report the synthesis of a peptide of a formula H- 
Pyr-Ala-Asp-(OH)-Pro-Asp-NH,-Lys-Phe-Tyr-Gly-Leu-  
Met-NH, according to scheme 1 ~. The product was 
identical with natural physalaemin 2. 

Condensation of glycine ethylester hydroehloride with 
N,O-bis-CBO-tyrosine in methylene chloride, with one 
equiv, of TEA, by DCCI gave ethyl N, O-bis-CBO-tyrosyl- 
glycinate (I) (82% yield; m.p. 165-166°; [~¢]~ -25% c 0.5, 

All tile amino acids have the L-configuration. The following ab" 
breviattons are used throughout this paper:CBO=carbobcnzyloxy; 
CTB=carbo-ter-butyloxy; OtBu=ter-butylester; Pyr=pyroglu" 
tamyl; TEA=tricthylaminc; DCCI=dicyclohexylcarbodiimide; 
DCEA=dicydohexylamine; E°=electrophorctic mobility of 
sampIe pre-treated with HBr/AcOH or TFA according to the prO- 
tecting group (CBO or CTB); DMF=dimethylformamidc; TFA 
= trifluoroacetic acid. 
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