
15. II. 1965 87 Brevi eonmnicazioni - Brief Reports 

Tabelle 11 

Verbindung F. [0rID Analysen 

BOC 
i 

BOC-Lys-Gly-Ala-Phe-Val-Gly-Leu-Met-NH 2 

H-Lys-Gly-Ala-Phe-Val-Gly-Leu-Met-NH 2 
Gegenstromverteilung n-BuOH/H20/AcOH 4: 5 : 1 
96 Stufen, K = 0,24 

BOC 
I 

BOC-Ser-Lys-GIy-AIa-Phe-VaI-Gly-Leu-Met- 
NH~ • 3 H~O 

H-Ser-Lys-Gly-Ala-Phe-Val-Gly-Leu-Met-N H~ 
Gegenstromverteilung n-BuOH]H~O/AcOH 4:5 : 1 
96 Stufen, K = 0,02 

BOC NH~ 
I 

BOC-Ser-Lys--Asp-Ala-Phe-Val-Gly-Leu-Met-NHz 
diinnschichtchromatographisch mehrere Nebenbanden, 
ohne Identifizierung weiter umgesetzt 

NH~ 

H-Ser-Lys-Asp-Ala-Phe-Val-Gly-Leu-Met-NHz 
Gegenstrornverteilung n-BuOH/H2OlAcOH 4 : 5:1 
96 Stufen, K = 0,30 

238-240 ° --33,4* Bet. C 56,42 H 7,89 N 13,72 
e = 0,7; AcOH Gef. 56,56 7,86 13,31 

Aminosaureanalyse: Lysi,0~ , Glyl,~t, 
Alat,¢7, Phet,oo, Vall,O D LeUl,o~, Mett,ot 

206-2110 -37,0* Ber. C 53,20 H 7,84 N 12,70 HsO 5,14 
e - 0,5; AeOH Gel. 52,70 7,89 13,26 4,65 

Aminos/lurenanalyse: Sero u, Ly~,t,, 
GIyI.ae, Alat,oo, Phel,OO, Vafl,Ol, l.euo,tPa, 
Meh,u 

Aminos,~ureanalyse: Sere 7t, Ly.% ~, 
AsphoT, Alal,ot, Phel,oo, V.alo,t~, GIyo,,7, 
i-etlt ~, Met# ~*t 

und H e x a p e p t i d  wurde  aus H-Ileu-Gly-Leu-Met-NH~ 
durch U m s e t z u n g  mi t  BOC-Phe-OH bzw. mit  BOC-Ala- 
P h e - N H N H ~  und  Schutzgruppenabspal tung  erhaltenL 
Das H e p t a p e p t i d  wurde  aus dem Hexapept id  mit  BOC- 
Asp(NHz) -OPhNO 2 synthet is ier t .  Auf gleichem Wege 
wurden  das Hexa -  und Hep tapep t id  des Asp(NH2)5-Val s- 
Eledoisins und aus dem Hep tapep t id  durch Kupplung 
mi t  Pyrog lu -Pro -Ser -Lys (BOC)-OH das Undekapept id 
[Asp(NH2)~-ValS-Eledoisin] erhalten.  Das Nonapeptid 
wurde en t sprechend  Schema 3 hergestellt.  Die Teil- 
sequenzen des GlyS-ValS-Eledoisins waren jeweils aus dem 
C-terminalen H e p t a p e p t i d  ~° dureh Umsetzung mi t  BOC- 
Lys (BOC)-OPhNO v BOC-Ser -Lys(BOC)-NHNHI bzw. 
Pyrog lu-Pro-Ser -Lys(BOC)-OH zug$nglieh. Das 0k ta -  
pept id  wurde  ausserdem noch aus BOC-Lys(BOC)-Gly- 
A l a - P h e - N H N H  2 und H-Val-GIy-Leu-Met-NH~ syntheti-  
siert. Die  Re in igung  der  Endproduk te  erfolgte wieder 
durch Gegens t romver te i lung .  

Die ana ly t i schen  Da ten  aller Verbindungen sind, sofern 
sie n icht  als Zwisehenstufen im Zusammenhang mit  an- 

deren Synthescn publizicrt  werden, in Tabel le  I1 zusam- 
mengestellt.  

Summary. The syntheses of Eledoisin analogues by 
shortening the peptide chain a t  the N-terminal  moie ty  of 
the  molecule are described. The influence of t he  chain 
length on the hypotensive activity is discussed. 

K. LOBI/IL R. HEMPEL und E. SClm6ugR 

H auptlaboratorium der Sehering AG, Berlin-lVest 
(Deutschland), 5, Oktober 196d, 

0 K. L0t~KE, E. SclmOD~R, R. Scii~ttF.oW.u und 11. GIIIIAN, Liebigs 
Ann, 679, 195 (1964). 

t0 K. L01mE und E. SclmOtma, Liebigs Ann., hn l)ruck. 
n Die Aminos/lurennalysen wurdca in unserem Laboratorium yon 

Herrn G. KLoss ausgefiihrt. 
It ED. SANDRIN trod R. A. BOtSSOUNAS, Itclv. ehim. Aeta 47, 417 

(1964), 

T h e  E f f e c t  o f  V a r i o u s  A n i o n s  o n  t h e  C o n t r a c t i l i t y  
o f  t h e  G u i n e a - P i ~  P a p i l l a r y  M u s c l e  

Several  ino t ropica l ly  act ing substances influence the 
cont rac t ion  of t he  hear t  and skeletal  muscle in a different 
manner ,  i ndependen t  of a change in the st imulat ion pro- 
cess. This  indicates  t h a t  there  are differences in the 
mechanism of coupl ing be tween the  depolarization pro- 
cess of t he  m e m b r a n e  and  the  shortening of the  contracti le 
proteins in bo th  types  of muscles. Epinephrine,  tor 
instance, increases the  contract i le  force of the skeletal 

muscle by prolonging the rising phase (peak time) wi thou t  
changing the steepness of the contract ion curve  t. In  the 
heart  muscle, however, i t  increases the contract ion steep- 
ness without  prolonging the peak t ime I. 

Other substances, which in the skeletal  muscle act  ino- 
tropically by prolonging tile rising phase of contrac t ion ,  
are the anions NOa-, B r -  and I -  if they  are added to the  

t M. GOFFART and J. M. RtvemE, J. Physiol. ?/6, 357 (1952). 
t ST. KRot,, J. Pharmacol. exp. Therap. 82, 48 (1944). 
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suspens ion  m e d i u m  in s t e ad  of ch lor ide  3,4. I n  h e a r t  musc le  
(pap i l l a ry  muscle  of t h e  guinea-pig)  these  a n i o n s  also 
cause  a n  increase  in t h e  con t r ac t i l e  force. Bu t ,  un l ike  in  
ske l e t a l  muscle ,  t h i s  is due  to  a n  increase  in t h e  s t eepness  
of t h e  c o n t r a c t i o n  curve ,  as m a y  be  seen in  F igu res  1-3.  
On ly  B r -  causes  a lso a sma l l  p r o l o n g a t i o n  of  t h e  r i s ing  
p h a s e  (F igure  2a). Th i s  is, howeve r ,  negl ig ible  in  com-  
pa r i son  w i t h  t h e  increase  in t he  s t eepness  of  c o n t r a c t i o n .  

B y  t h e  a c t i o n  of t he se  a n i o n s  t h e  ca l c i um  re sponse  
c u r v e  ( the  d e p e n d e n c e  of con t r ac t i l e  force o n  t h e  ca l c ium 
c o n c e n t r a t i o n  in  t h e  m e d i u m )  is sh i f t ed  to  lower  c a l c i um 
c o n c e n t r a t i o n s .  Th i s  s ens i t i za t ion  to  Ca ++ is c o n f i r m e d  b y  
t h e  a p p e a r a n c e  of  a f t e r - c o n t r a c t i o n s  a t  low t e m p e r a t u r e s ,  
wh ich  h a v e  also b e e n  f o u n d  w i t h  h i g h  ca l c i um  c o n c e n t r a -  
t ions  a n d  u n d e r  t he  ac t ion  of glycosidesS,% 
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9 

F t 
0.2see 

Fig. 1. The action of nitrate on the isometric contraction curve of the 
guinea-pig papillary muscle. Lower curve: Krebs-Henseleit solution 
with 140 mM Na+; 3.2 mM Ca++; 126 mM C1-. Upper curve: 1 min 
after change of solution against nitrate-solution (115 mM C1- re- 
placed by 115 mM NO3- ). Temp. 35°C, stimulation frequency 1 see-L 

Abscissa: time. Ordinate: contractile force. 

A di f ference  b e t w e e n  t he  pos i t ive  i no t rop i c  a c t i o n  of 
NO3- ,  B r -  a n d  I -  a n d  t h a t  of o t h e r  ca rd iac  ac t ive  sub-  
s t ances  was  obse rved  in t h e  in f luence  of s o d i u m  ions  u p o n  
t h e  i no t rop i c  response .  The  d i m i n u t i o n  of t h e  s o d i u m  
c o n c e n t r a t i o n  in  t h e  sa l t  so lu t ion  f rom 140 to  70 m M  
d id  n o t  dec rease  t he  i no t rop i c  ef fec t  of  b r o m i d e  i r respec-  
t i v e l y  w h e t h e r  sucrose  or  l i t h i u m  ch lor ide  was  u sed  for  
o smot i c  a d j u s t m e n t  (Figures  2a-c) .  T h e  fac t  t h a t  t h e  
i n o t r o p i c  a c t i o n  is n o t  d i m i n i s h e d  b y  t h e  d i m i n u t i o n  
of t h e  ou t s ide  s o d i u m  c o n c e n t r a t i o n  d i f f e r en t i a t e s  t h e  
a c t i o n  of NO3-,  B r -  a n d  I -  f r o m  t h a t  of ca rd i ac  ac t ive  
glycosides  v, v e r a t r i d i n e  8, lyso lec i th in  a n d  of  a K+-free  
b a t h i n g  so lu t ion  9. "With r e spec t  to  t he  ef fec t  of s o d i u m  
ions on  t h e i r  i no t rop i c  ac t ion ,  t h e  an ions  a re  s imi l a r  to  
e p i n e p h r i n e  a n d  x a n t h i n e  d e r i v a t i v e s  9. 

The  d e v e l o p m e n t  of t h e  ino t rop ic  ac t ion  of t he  an ions  
in h e a r t  musc le  is as f a s t  as i t  is in  ske le ta l  muscle ,  m o s t  
of t h e  effect  be ing  a t t a i n e d  1-2 ruin a f t e r  t h e  so lu t ions  
h a v e  been  changed .  W h e r e a s  t h e  ac t ion  of t h e  n i t r a t e  ion 
is on ly  t r a n s i e n t ,  t hose  of b r o m i d e  a n d  iodide  are  sus-  
t a ined .  T h e  h i g h  speed  w i t h  w h i c h  t h e  ac t ion  deve lops  
p e r m i t s  one  to  a s sume  t h a t  t h e  i no t rop i c  effect  is due  to  
a n  in f luence  on  t h e  m e m b r a n e .  T h e  a s s u m p t i o n  of a n  in-  
c reased  ca lc ium in f lux  t h r o u g h  t h e  m e m b r a n e  d u r i n g  the  
e x c i t a t i o n  t i m e  would  b e  c o m p a t i b l e  w i t h  t he  l ack  of 
in f luence  of s o d i u m  ions.  

A n  e x c h a n g e  of ch lor ide  a g a i n s t  f luor ide  qu i ck ly  abo l -  
ishes t h e  c o n t r a c t i l i t y  of h e a r t  muscle .  H o w e v e r ,  i t  is 
k n o w n  s ince t h e  i n v e s t i g a t i o n  of LOEWl x° t h a t  N a F  in  
low c o n c e n t r a t i o n s  (5 m M )  increases  t h e  c o n t r a c t i l i t y  of 
t h e  h e a r t .  LoEwI  a s s u m e d  t h a t  t h i s  pos i t i ve  i n o t r o p i c  ac-  
t i o n  is caused  b y  a p r e c i p i t a t i o n  of c a l c ium f luor ide  a t  
t h e  cell  m e m b r a n e ,  w h i c h  wou ld  l ead  to  a n  inc reased  cal-  
c i u m  c o n c e n t r a t i o n  a t  t h e  m e m b r a n e .  
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Fig. 2. The influence of bromide on the iso- 
metric contraction curve of the guinea-pig 
papillary muscle, a, Lower curve: 140 mM 
Na+; 2.4 mM Ca++; 126 mM CI-. Upper cur- 
ve: exchange of 115 mM CI- against 115 mM 
Br-. b, Lower curve: 70 mM Na+; 0.6 mM 
Ca++; 50 mM CI-; osmotic adjustment by 
sucrose. Upper curve; replacement of sucrose 
and the greater part of the remaining NaCI 
by LiBr, [Br-]: 115 raM. c, Lower curve: 
70 mM Na+; 0.6 mM Ca++; osmotic adjust- 
meat by LiC1. Upper curve: substitution of 
115 mM C1- by 115 mM Br-. 35°C; stimula- 
tion frequency 1 sec -a. 
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Fig. 3. The isometric contraction curve of a guinea-pig papillary 
muscle under the influence of iodide. 35°C; stimulation frequency 
1 sec-1; 3.2 mM Ca ++, 140 mM Na +. Lower curve: control. Upper 

curve: after replacement of 115 mM CI- by 115 mM I-. 

T h e  ana lys i s  of t h e  c o n t r a c t i o n  c u r v e  u n d e r  t h e  inf lu-  
ence  of 5 m M  N a F  shows  t h a t  t h e  pos i t i ve  i no t rop i c  ef fec t  
is n o t  due  to  a n  increase  in  t h e  s t eepness  of t h e  c o n t r a c t i o n  
curve ,  b u t  due  t o  a p r o l o n g a t i o n  of i t s  r i s ing  p h a s e  
(F igure  4). T h e  m o d e  of a c t i o n  of f luoride,  the re fore ,  m u s t  
be  c o m p l e t e l y  d i f f e ren t  f rom t h a t  of a n  inc reased  ou ts ide  

a A. J. KAHS and A. SANDOW, Fed. Proc. lO, 71 (1951). 
4 A. V. HILL and L. MACPHERSON, Proc. Roy. Soc. B. lff3, 81 (1954). 
5 M. REITER, Arch. exp. Path. Pharmak. 242, 497 (1962). 
6 M. REITER, Arch. exp. Path. Pharmak. 2d5, 551 (1963). 

M. REITER, Arch. exp. Path. Pharmak. 245, 487 (1963). 
s M. REITER, Arch. exp. Path. Pharmak. 2~6, 45 (1963). 
9 M. REITER, in Pharmacology of Cardiac Function (Ed. : O. KRAYER; 

Proc. Internat. Pharmacol. Meeting, 2nd, Prague 1963), p. 25 
(1964). 

x00. LoEwl,  J. Pharmacol. exp. Therap. I ;4 ,  90 (1955). 
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calcium concentration, of the anions described above, of 
epinephrine and of the cardiac active glycosides. 

A possible explanation for the mode of action of fluoride 
would be the assumption that  it  interferes somehow with 
the activity of those intracellular structures which absorb 
calcium under the expenditure of energy it. Such an intra- 
cellular inhibit ion of the absorption of free calcium ions 
should delay the onset of the relaxation phase and prolong 
the rising t ime of the contraction, The prolongation of the 
rising phase is not  the consequence of an increased dura- 

O.Zsec - "  

tion of membrane excitation since the action potential is 
shortened by an inotropically acting concentration of 
NaF aa. It is consistent with the view of an intraceilular 
action of fluoride that its inotropic effect develops, in 
contrast to that of the other anions, in the course of 30-40 
min to its maximal value. The inotropi¢ action of F -  is 
not influenced by a change of the sodium concentration 
in the medium. 

Zusammenlassung. Ersatz der Chlorionen des Suspen- 
sionsmediums dutch N O r ,  Br- oder J -  verstltrkt die Kon- 
trakfionskraft des Herzmuskels im Gegensatz zu der des 
Skelettmuskels durch Vergr6sserung der Anstiegssteilheit 
der Kontraktion. Dagegen wirkt F -  (5 mM) am Herzen 
positiv inotrop durch VerHingerung der Anstiegszeit der 
Kontraktion. 

M. REITER 

Pharmakologisches lnstitut der Universiffit Miinchen 
(IPesl Germany), November 16, 1964, 

Fig. 4. The action of 5 mM fluoride on the contraction curve of the 
guinea-plg papillary muscle, 3,2 mM Ca++; 140 mM Na +. 35°C; 
stimulation frequency I sec-L Upper curve: 27 min after adding 

fluoride, 

ti W. HASSELB̂ Cl[ mid M. MIKI~OII~ llit~liein. Z. 7~J, 518 (ItMill. 
ii M. REITER mid H. G. Sell'biER, Arch. exp. Path. Pharnlak., ill 

press. 

R 6 a c t i o n  h y p o t h e r m i q u e  condi t ionne l l e  li6e 
l 'effet  de  l a  c a r b a m i n o y l c h o l i n e  

L'action hypothermique des substances cholinergiques 
est bas6e sur des m~canismes complexes, p6riph6riques et 
centraux ~, den t  les rapports ne sent pas encore compl~te- 
meat 61ucid6s. Nous anus sommes propos6 d'6tudier ce 
probl~me par la m6thode des r6flexes conditionnels, ap- 
pliqu6e avec succ6s dans la recherche des effets thermiques 
de certaines substances pharmacologiques~. 

Nous avons essay6 d'61aborer un r6flexe conditionnel 
chez 10 rats albinos adultes, en administrant par vole 
hypodermique 0,25 mg/kg de carbaminoylcholine (Carbo- 
colin) associ~e ~ un complexe d'excitants st6r~otypes du 
milieu. A cet effet, pendant  34 jours, les animaux iurent 
plac6s chaque matin $ u n e  heure fixe dans une chambre 
isol~e et obscure, temp6r6e ~. 20-23°C; la temperature 
rectale fut  mesur6e /k des intervMles de 30 rain, pendant 
3 h apr~s l ' injection; on a fait agir un dispositif dormant 
stimuli sonores et tumineux intermittants. On a d~clench6 
le r6flexe conditionnel en injectant une solution physio- 
logique de NaC1 seule au lieu de la solution de carbaminoyl- 
choline. 

La Figure pr6sente les valeurs moyennes des r6actions 
de temp6rature. Chaque jour d'exp6rience est reprbsent6 
par une colonne, den t  la longueur correspond ~ la surface 
comprise entre la courbe de temp6rature actuelle et l'abs- 
cisse (par planim6trie). On observe Faction hypothermi- 
sante de la carbaminoylcholine pr6sentant des oscillations 
d'intensit6 et le r6flexe conditionnel d6clench6 apr~s 
11-20-23 renforcements qui se manifestait r~guli~rement 
par des r6actions hypothermiques marqu6es. 

On salt que l'effet hypothermique des substances cho- 
linergiques se produit principalement par l 'augmentation 

de la thermodispersion due h la vasodilatation cutan6e et 
la sdcr6tion sudorale. Mais le rtsultat  de notre expe- 

rience indique que la mobilisation des processus thermo- 
lytiques peut avoir une autre origine que l'action para- 
sympathicomim6tique de la substance b. la pdriphtrie. 
L'effet ~galement hypothermique de la carbaminoyl- 
choline et du r6flexe conditionnel d6montre la participa- 
tion de certains rn~canismes centraux dans I'abaisscment 
de la temp6rature, vu qu'en g~n~ral on nc r~ussit pas ~. 
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Valeurs moyennes p|anim~triques des r~action,~ ilwrmiques. Colomles 
blanches: i'effet de ia carbaminoylchollne pendant Its associations. 

Colonnes noires: les d~clenehements dtl r~flexe cnmltflonnel. 

1 E, FROMMEL et F. VALETTE, Arch. int, Pharmaeodyn. 104, ,I,15 
095o). 

t F. OnAL, A, KEI.EMUN et G. FI~SZT, Acta plD~iol, hung. 7, 199 
0%~). 


