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Undeca- and octa-peptide analogues of substance P (SP), acting as antagonists in the guinea pig ileum, have been 
tested on the guinea pig trachea. The antagonistic properties of several octapeptides, particularly of 
[pro4,trpT"9"l°,Phel~]SP-(4-11) ** have been confirmed, while the undecapeptides have been found to be potent 
stimulants of the trachea. The contractions of the guinea pig trachea in response to several undecapeptides, particularly 
[proZ,trpT'9,Leul~]SP, undergo rapid tachyphylaxis, are significantly reduced in the presence of diphenhydramine and 
are not influenced by octapeptide antagonists of SP. These contractions appear to be due to the activation of tissue 
sites mediating the release of intramural histamine and different from SP receptors. On repeated applications, the 
stimulant effects of undecapeptides are eliminated and the compounds can be tested as antagonists. Undecapeptide 
antagonists have been found to be more potent against eledoisin and kassinin than against SP or physalaemin, while 
the octapeptides are equally active against the four homologues. Both undeca- and octa-peptides seem however to exert 
a competitive type of antagonism against all the SP-related peptides tested in the present study. Differences of 
antagonistic affinities have been interpreted as indicative of the existence of two different receptor types for SP and 
related peptides in the guinea pig trachea. The two receptors are blocked by the octapeptide antagonists, which are not 
discriminatory, while undecapeptides are particularly active on the receptor subtype which shows high sensitivity for 
eledoisin and kassinin. 

Substance P-related peptides Guinea pig trachea SP antagonists Receptors 

1. l f i t roduct ion congeners  do  not  show any fading,  con t ra ry  to 

wha t  is observed in other  p repara t ions  (the guinea  
In the course  of  a sys temat ic  s tudy on the pig  ileum, the rabbi t  mesenter ic  vein etc.; Couture  

effects of subs tance  P and related pep t ides  in and  Regoli ,  1982). Secondly,  some undecapep t ide  
var ious  smooth  muscle  p repara t ions ,  it was found  analogues  of  SP that  act as an tagonis ts  in o ther  
(Regol i  et al., 1983a,b) that  the guinea pig t rachea  smooth  muscle  p repa ra t ions  (for ins tance in the 
presents  some interes t ing features.  First ly,  the con- guinea  pig i leum) are po ten t  s t imulants  of  the 
t rac t ion  of the isola ted t rachea  to subs tance  P and guinea  pig  t rachea,  while ano the r  type  of  
re la ted  pep t ides  consis ts  of a slow increase of antagonis ts ,  the oc tapept ides ,  are comple te ly  inac- 
tension which persists  at the highest  level as long tive as s t imulants .  Thirdly ,  some SP homologues  
as the pept ides  are kept  in contac t  with the tissues, such as eledoisin and kassinin,  are more  po ten t  
In  o ther  words,  the myo t rop ic  effects of SP and its than SP and physa laemin ,  con t ra ry  to what  is 

observed  in o ther  tissues (for ins tance the guinea 

• To whom all correspondence should be addressed, pig  ileum). 
• * All lower case amino acid abbreviations indicate the D-iso- The present  s tudy  was under taken  to invest igat-  

mers: e.g. pro=D-Pro, ing further  the mechanisms  responsible  for the 
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effects described above and to answer the follow- the other peptides were synthesized in our labora- 
ing questions: (i) What is the mechanism by which tory. These include: [Pro2,trpT"~'~"]SP, [pro 2, 
undecapeptide antagonists stimulate the trachea trpT'9"~°]SP, [pro2,trpT"9,Leull]SP and the octapep- 
smooth muscle? (ii) Have these compounds to be tides [pro4,trp7"9]-, [pro4,trpT~'l°] -, [pro4,trp 7"~, 
considered partial agonists acting on SP receptors, Leull] -, [pro4,trpY'~'~°,Leuli] -, [pro4,trpT~,Nleull] -, 
or do they act on other sites and by different [proa,trp7"~'t°,Nleu~] -, [prom,trpT"~,Phe~t]-, [pro 4, 
mechanisms than SP? (iii) Why are the affinities of trpV'~'~°,Phe~] - and [pro4,trpT"9"~°,Trpl~]SP-(4-11). 
eledoisin and kassinin such different from those of Details of the synthesis and purification proce- 
SP and physalaemin? (iv) Is there an indication of dures as well as the basic chemical data of these 
the existence of two different receptor types for SP new peptides have been (Caranikas et al., 1983) or 
and related peptides? will be described. Histamine HC1 (Fisher), acetyl- 

If different receptors for SP are present in the choline HCl (Sigma), diphenhydramine HC1 
trachea, can these receptor subtypes be identified (Parke-Davis) and indomethacin bimaleate (Sigma) 
and characterized by using two types of antago- were also used. 
nists, recently developed, namely the undecapep- Peptide antagonists of substance P were tested 
tides (Rosell and Folkers, 1982; Bj~Srkroth et al., against SP and related peptides as well as against 
1982; Rosell et al., 1983) and the octapeptides other agents by applying the antagonists during 
(Caranikas et al., 1982; Mizrahi et al., 1982c; the plateau of the contraction produced by peptide 
Regoli et al., 1984)? and nonpeptide agonists (curative protocol) or 8-10 

min before contracting the tissue with one or the 
other types of stimulants. Affinity of antagonists 

2. Materials and methods was evaluated in terms of pA 2, and Schild plots 
were calculated according to Tallarida et al. (1979), 

Guinea pigs of either sex, weighing 300-450 g in order to find out whether the antagonists were 
were killed by stunning and exsanguination competitive or not. 
through sectioning of the carotid arteries. The Peptides and nonpeptide agents used in the 
trachea was rapidly removed and strips were pre- study were dissolved in distilled water (1, 5, 10 
pared according to Constantine (1965). The strips mg/ml)  and stored in small aliquots at - 2 0 ° C .  
were suspended in 10 ml organ baths, containing These aliquots were thawed on the day of the 
oxygenated (95% 02 and 5% CO2), warm (37°C) experiment, diluted in Krebs solution and dis- 
Krebs solution, whose composition has been given carded at the end of the day. Indomethacin was 
before (Mizrahi et al., 1982a) and then stretched dissolved in Trizma base 0.02 M (Sigma). 
with an initial tension of 3.0 g which was adjusted Concentrations of peptides are expressed in tool 
at 20 min intervals during the equilibration (90-120 of salt, while those of nonpeptide agents are ex- 
rain) period. Changes of tension were recorded pressed in mol of base. Results are given as means 
isometrically with Grass (FT.03C) force trans- +S.E. and the statistical significance has been 
ducers connected to a Grass polygraph model 7D. evaluated with the Student's t-test for independent 

Contractions of the tracheal strips in response samples. P values less than 0.05 were considered to 
to peptides and non-peptide agents were measured be significant. 
in tissue treated with indomethacin (5.6 × 10 6 M) 
in order to eliminate the interference of inhibitory 
prostaglandins, as recommended by Mizrahi et al. 3. Results 
(1982a,b). The following peptides were used in the 
various experiments: Substance P (SP), SP-(4-11), 3.1. Effects of SP-antagonists 
SP-(6-11), Physalaemin (P.), Eledoisin (E.), Kas- 
sinin (K.), [pro2,pheV,trpg]SP **, [pro2,trpV'9]SP and In a first series of experiments, the specificity of 
[argl,pro2,trpV'9,Leul~]SP. These peptides were SP octapeptide antagonists was tested by compar- 
purchased from Peninsula Laboratories, while all ing the effects of these antagonists against SP, 
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Fig. 1. Myot rop ic  effects of  substance P (SP), histamine (Hist.), acetylcholine (ACh). [pro2,t~v'~,Leu ~ ]SP, [argX,proZ,trp~'9,Leu ~]SP 
on guinea pig tracheae, non-treated (tracings on the left) or treated with the octapeptide antagonist (A) [pro4,t~ '9,Phe ]~]SP-(4-11). 
Ordinate: tension in grams (g). Abscissa: time in minutes (rain). 

T A B L E  l 

Pharmacological effects (contraction expressed in ram) of  SP related peptides on the guinea pig isolated trachea. 
~,,bx Act iv i ty of  compounds as antagonists are expressed by the pA z, residual agonistic activity by the fraction of  the maximal effects 
(M.E.)  of  substance P (SP = 1.0). Reduction of  the stimulant effects o f  some compounds by diphenhydramine (3.3 ~ 10 6 M)  has been 
measured by comparing the means of  10-15 determinations and the statistical significance h~s bcc~ evaluated with the Student's t-test 
for  independent samples, a P < 0.00l. 

Compound pA 2 a M.E. ~ Concentrat ion Control  Diphenhydramine c 
(M) (mm) (mm) 

I Substance P 1.0 3.2~ 10 ~ 18.2 ~ 2.5 17.3 ~ 2.3 
II Physalaemin 1.0 4 .0~10  ~ 21.3~2.6 19.6 ~ 2.0 
I I I  Eledoisin 1.0 1.0~ 10 ~ 30.0 ~ 2.8 27.1 ~2.9 
IV [pro2,pheT,t~9]SP 1.0 2.2~ 10 ~ 20.1 ~3.3 8.0~ 1.0 ~ 
V [pro:,trpV'9]SP 1.0 1.5~10 ~ 29.4~ 3.1 10.5~ 1.2 ~ 
VI  [pro~,trp7'9'~°]SP 0.~ 2.1 ~ 10 -~ 13.0+2.0 6.1 ~0.8 a 
V I I  [Pro~,trpV'9,~°JSP 6.10 0.1 8.5 ~ 10 ~ 
V I I I  [proZ,t~.9,Leu~ ~ ]Sp 1.0 1.8~ 10 ~ 34.9 ~ 3.2 13.4~ 1.5 a 
IX [arg~,proZ,t~7"9,Leu~]SP 0.9 1.8~10 ~ 25.5~ 3.5 7.6 ~0.9 d 

X SP-(4-11) 1.0 5.0~ 10 ~ 17.6~ 1.3 16.4~ 1.5 
X]  [pro4,trpT'9 ]SP-(4-1 ] ) 5.65 0.002 2.0~ l0  ~ 
X I I  [pro4,t~'q'~° ]SP-(4-11) 6.00 0.001 1.4~10 ~ 
X I I I  [pro~,trpV'9,Leu~ ~ ]SP-(4- l 1 ) 6.00 0.1 3.0~ 10 ~ 
X I V  [pro4,trp~'9,~°,Leu~l]SP-(4-ll) 5.94 0.001 2.0~ l0  ~ 
X V  [pro4,trp~,9,Nleu~ ~ ]SP-(4-] ] ) 5.92 0.05 1.7~10 ~ 
X V I  [pro4,t~v'~'~°,Nleu~]SP (4-11) 5.70 0 2.0~ 10 ~ 
X V I I  [p ro4, t~ '9 ,Phe~]SP-(4- ] l )  6.50 0.001 2.0~ l0  ~ 
X V I I I  [pro4,trp~,9,~°,Phe ~ ]SP-(4-] 1 ) 6.71 0.001 2.0 ~ 10 ~ 
X I X  [pro4,trp~'9"~°,Trp~ ~ ]SP-(4-11 ) 1.0 3.6~ 10 v 38.0 + 4.7 35.7 ~ 4.1 
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histamine and acetylcholine. As illustrated in fig. duce contractions of approximately the same in- 
1, [pro4,trpT'9,Phell]SP-(4-11) reduced significantly tensity as those by substance P. On the contrary 
the effect of substance P without influencing at all octapeptide antagonists are either inactive or show 
those of the other two agonists. Similar results very little activity, as for instance [pro4,trpTC 
were obtained with other compounds listed in Leuli]SP-(4-11). The only octapeptide active as an 
table 1. It appears therefore that octapeptide agonist is compound XIX of table 1, which is 
antagonists are specific for substance P. practically a full agonist and has no antagonistic 

When tested for antagonism, some undecapep- properties against SP on the guinea pig trachea. 
tides, such as for instance [pro2,trp7"9,Leull]SP or 
[argl,pro2,trp7"9,LeuH]SP induced strong contrac- 3.2. Meckanism of tke contractile effects of unde- 
tions which however were not maintained at a capeptide antagonists 
stable plateau, as illustrated at the bottom of fig. 
1. Surprisingly, these contractile effects are differ- In an attempt to identify the mechanism by 
ent from that of SP, in that they are not influenced which the undecapeptide antagonists stimulate the 
at all in the presence of the octapeptide antagonist trachea and produce contractions which are not to 
[pro4,trpT'9,Phel~]SP-(4-11) (fig. 1). These pre- be repeated twice in the same tissue (tachyphyla- 
iiminary observations were extended to several xis?), diphenhydramine was applied, either before 
other SP-related peptides and the results obtained or at the top of the contraction induced by sub- 
are summarised in table 1. stance P, by its homologues physalaemin and 

A series of undecapeptide analogues of SP, eledoisin as well as by several undecapeptides (ta- 
exerting antagonistic effects on other preparations, ble 1). As shown in table 1, and in the tracings of 
according to data reported in the literature (Rosell fig. 2, diphenhydramine reduced significantly the 
and Folkers, 1982; Bj6rkroth et al., 1982; Rosell et effects of several undecapeptides without changing 
al., 1983) and obtained in our laboratory (Mizrahi significantly (very little in fact) the contractions 
et al., 1983; Regoli et al., 1984) are potent stimu- evoked by SP, physalaemin, eledoisin, by com- 
lants of the guinea pig isolated trachea and pro- pound no. VII and by the octapeptide [pro ~, 
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Vig. 2. Top trs:i~$. Effects of oct8 8~d undceapeptide analogues of SP on isolated guinea pig tracheae as influenced by the curative 
application of diphenhydramine (3.3 x ]0 -6 M). Bottom ~r~cings. Contractions of the guinea pig trachea in response to SP and to 
[pro4, t~,gA°,T~]SP-(4- l l )  in the absence and presence of (A), the antagonist [pro4,trp~'~.Phe H]~P-(4-I ]). Ordin~[e: tension in 
grams (g). ~hscissa: time in minutes (rain). 
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trpT'9"~°,Trpl~]SP-(4-11). This  c o m p o u n d a p p e a r s  to is shown to be active against  substance P, its 
act on the same site as subs tance  P since its homologues ,  some active C- te rmina l  sequences,  
s t imulan t  effect (a) is ma in ta ined  at a s table  such as SP-(4-11), SP-(6-11) and [pron,trp 7'9'1°, 
p la teau,  s imilar  to that  of subs tance  P, (b) is not  Trpl~]SP-(4-11). The  same an tagonis t  is prac t ica l ly  
inf luenced by d iphenhydramine ,  appl ied  curat ively  inact ive against  the undecapept ides ,  suggesting that  
(fig. 2) and (c) is inhibi ted  by [proa,trpV'9,Phe~]SP- these compounds  may s t imula te  the guinea  pig 
(4-11), when used at a concent ra t ion  sufficient to t rachea  by  a mechanism which is different  from 
antagonise  subs tance  P (fig. 2, t racings at the that  ut i l ised by SP, its f ragments  and  homologues.  
bot tom) .  

The  results  descr ibed  above  suggest that  unde-  
capep t ide  an tagonis t s  of  SP cont rac t  the guinea 3.3. Do substance P-related peptides actiuate one or 

more than one receptor type on the guinea pig pig isolated t rachea  by  p romot ing  the release of 
h is tamine,  because  their  effects are s ignif icant ly trachea? 

reduced  in the presence of  d iphenhydramine .  In a 

few exper iments  [pro2,trp7'9,Leu~]SP and o ther  un- In o rder  to enable  the evaluat ion  of  the affini- 
decapep t ide  an tagonis t s  were found to p roduce  ties of undecapep t ides  as antagonis ts  of SP in the 
vasod i la t ion  in the rat  h ind  quarter ,  perfused with guinea  pig trachea,  the p ro toco l  i l lustrated in fig. 3 
saline accord ing  to Skofi tsch et al. (1983): this was appl ied  to several  compounds .  The experi-  
effect was prac t ica l ly  abol i shed  by d iphenhydra -  ment  began by  recording the cont rac t ion  of  the 
mine. Oc t apep t ide  antagonis ts  were found to be t rachea  in response to SP, eledoisin,  or  o ther  
inact ive on this p repa ra t ion ,  pep t ides  (fig. 3). Thereaf ter ,  one of the unde-  

The  rep lacement  of Met  ~1 by  Trp,  in associa t ion capep t ide  antagonis ts  was appl ied  and kept  in 
with the o ther  modi f ica t ions  which are needed to contac t  with the tissue for several minutes.  Af te r  
p roduce  an tagonism,  e l iminate  comple te ly  the washing out  the compound ,  SP or  one of the other  
an tagon is t i c  effect and  confer  to the oc tapep t ide  agonis ts  were tested again.  In general  their  effects 
( c o m p o u n d  XIX of  table  1) the p rope r ty  of a full were found to be unchanged  (fig. 3). Thereaf ter ,  
agonist ,  which appears  to act on the same site as the undecapep t ide  antagonis t  was appl ied  for the 
subs tance  P. second t ime and it was found to be inact ive 

This conclus ion is fur ther  suppor t ed  by  the ( tachyphylaxis?) .  Subs tance  P eledoisin or o ther  
results  summar i sed  in table  2, in which the oc- SP-re la ted  pep t ides  were then app l ied  in the pres-  
t apep t ide  an tagonis t  [proa,trp7"9'~°,Phe~]SP-(4-11) ence of the undecapep t ide  antagonis ts .  At  rela- 

TABLE 2 

Antagonist effects of [proa,trpV'gA°,Phell]sP-(4-11) on substance P and related peptides. 

~ Millimiters of contraction: values indicate means + S.E. of at least 6 determinations, b p < 0.001. 

Compound Concentration No antagonist Antagonist 
(M) (7.75 X 10 - 6  M)  

Substance P 3.2×10 8 18.2_+2.5 ~ 1.5_+0.1 ~' 
Eledoisin 1.0 × 10 8 30.0 _+ 2.8 7.5 _+ 1.0 ~' 
Physalaemin 4.0 × 10- 8 21.3 + 2.6 3.2 -+ 0.05 ~ 
SP-(4-11) 5.0 × 10- 8 17.6 + 1.3 1.6 _+ 0.09 b 
SP-(6-11) 1.3×10 8 31.8-+3.9 0 b 
[proZ,pheV,trpq]SP 2.2 X 10 - 6  20.1 -+3.3 14.8_+ 2.1 
[pro2,trp7'9]SP 1.5 × 10 - 6 29.4 _+ 3.1 33.1 _+ 4.4 
[proZ,trpV'9,Leu I ~ ]SP 1.8 × 10 6 34.9 + 3.2 34.0 -+ 6.4 
[arg ~,proz,trp7'9,Leu ~ ~ ]SP 1.8 × 10 6 25.5 + 3.5 30.7 _+ 5.8 
[pron,trpV'9'~°,Trp~ 1 ]SP-(4-11 ) 3.6 × 10 6 38.0 -+ 4.7 3.0 _+ 0.5 b 
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Fig. 3. Contractions of the guinea pig trachea in response to SP, eledoisin and physalaemin before and after treatment with a high 
concentration of [proZ,t~v'9,Leu n ]SP. The same concentration of the undecapeptide analogue was applied a second time and found ~o 
be without effect. In his presence, SP, eledoisin, and physalaemin were tested again: only eledoisin was inhibited. Ordinate: tension in 

grams (g). Abscissa: time in minutes (min). 

tively low concentrations (5 ~ ] 0  - 7  M )  these corn- tide antagonists were measured and the results are 
pounds were found to reduce significantly the summarised in table 3. 
effects of eledoisin and kassinin while leaving The two antagonists show important differences 
practically unchanged those of SP and physalae- of affinities when challenged with SP, physalae- 

min. 
These results were taken as an indication that 

SP and related peptides may act on two different TABLE 3 
receptor subtypes, the first activated by eledoisin Apparent affinities (pA z) of SP antagonists on the guinea pig 

and kassinin, the second activated by SP and trachea. 
physalaemin. W~le  octapeptide antagonists are A*:  [pro4,t~7'9'~°,Phe~]SP-(4-11); B**: [proZ,trpV'~,Leu~]SP - 
active on the two receptor subtypes and reduce the (1-11). Slope of Schild plots calculated from at least 3 points. 

Each point was obtained from at least 6 determinations. In 
effect of all the SP homologues, low concentra- parentheses the pD 2 values of the agonists. 

tions of undecapeptide antagonists inhibit only the 
contractions induced by kassinin and eledoisin. Agonist A * B ** Slope 

Higher concentrations (>  10 ~ M) of undecapep- A * B ** 
tides are required to reduce the effects of SP and Substance P (6.75) 6.71 5.60 1.08 1.17 
physalaemin. Eledoisin (7.40) 6.30 6.30 1.09 1.13 

In order to further substantiate these observa- Physalaemin (6.85) 6.80 5.30 0.92 0.87 
Kassinin (7.90) 6.38 6.40 1.10 1.07 

tions, pAz values of octapeptide and undecapep- 
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Fig. 4. Schild plots oblained with four SP antagonisls on the guinea pig isolated trachea. The plots were calculated from al least 3 
points and eachpoint is the mean of 6 determinalions. S: substance P; P: physalaemin; E: eledoisin; K: kassinin. A b s c i s s a :  - log in 
molar (~)  of antagonist concenlration. O r d i n a Z e :  log of dose ratio - l  (d r - l ) .  

miE, eledoisin and kassinin. The af f in i t ies of  the measured against SP or physalaemin. On  the con- 
octapept ide are de f in i te ly  h igher than those of  the trary, when chal lenged w i t h  kassinin and eledoisin, 
undecapept ide by more than 1 log uni t ,  when the two antagonists show very s i ~ l a r  af f in i t ies.  

Slope of  Schi ld plots, calculated according to Tal-  
lar ida et al. (1979) are near to un i ty ,  suggesting 

TABLE 4 that the two antagonists may exert a compet i t ive 
Affinities as agonists and antagonisls of SP and related peptides type of  antagonism against SP, physalaemin,  
in lhe guinea pig trachea, eledoisin and kassinin. 

Agonist Affinity Anlagonist Affinity Difference Schi ld plots, obta ined w i th  two octapept ide and 
pD~ A * pA~ B ** two undecapept ide antagonists, using three or four  

Eledoisin 7.40 6.30 6.30 0 d i f ferent  concentrat ions of  each antagonist,  are 
Kassinin 7.90 6.38 6.40 O.02 i l lustrated in  fig. 4. Because the two antagonists 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Subslance P 6.75 6.70 5.60 1.] compared in the upper part  of  fig. 4 were d i f ferent  
Physalaemin 6.85 6.80 5.30 1.5 not  on ly  for  the C- termina l  end but  also by the 
Difference 0.65-1.05 0.4 0.8-1.0 numbe r  o f  t rp residues, used to p roduce 

A * and B **: same as in table 3. antagonism, af f in i t ies were measured w i th  two 
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other  antagonists,  namely the octapept ide responsible for the release of histamine. The pre- 
[pro4,trp~9'l°]SP-(4-11) and the undecapeptide sent results are in accord with the findings of 
[pro2,trpT'9'l°]SP which differ only by their N- Lundberg et al. (1983) in the guinea pig trachea, 
terminals. The results summarised at the bottom ~vhereby the stimulatory effect of [argl,pro 7'~, 
of fig. 4 confirm essentially those obtained ~ v i t h  Leu~I]SP was blocked by anti-H~ antagonists. 
the other two antagonists and show that pA2 Other modifications, required to change the 
values (~iven by the intersection of the lines ~v i th  pharmacological spectrum of undecapeptides from 
the abscissa), measured with the octa- and the that of agonists to that of antagonists, do not seem 
undeca-peptide antagonists against kassinin and to play any role for the release of histamine. This 
eledoisin are very close (they differ by no more effect depends on the N-terminal three-peptide 
than 0.03 log unit), while the values measured sequence and does not occur with octapeptide 
against substance P and physalaemin are definitely agonists and antagonists. Compound XIX of table 
lower (by approximately 1 log unit). 1, for instance, is a full agonist but its contractile 

When interpreted in view of receptor classifica- effect is not significantly modified by diphen- 
tion, the data of table 3, obtained with the most hydramine and appears to be due to the sfimula- 
potent antagonists for substance P available at tion of SP receptors, because it is blocked by a SP 
present, and those of fig. 4 suggest the existence of antagonist, as shown in table 2. In addition to 
two different receptor subtypes for SP and related being partially antagonised by diphenhydramine, 
peptides in the guinea pig trachea (Regoli et al., peptides acting indirectly through the release of 
1983a,b). histamine, show marked tachyphylaxis, as if the 

endogenous mediator were present in limited 
quantity and were rapidly exhausted. Indeed, on 

4. Discussion repeated applications, these undecapeptides be- 
come inactive and therefore can be tested as 

The present results suggest that SP-related antagonists, using the protocol illustrated in fig. 3. 
peptides bring about contractions of the guinea Surprisingly, these undecapeptides show higher af- 
pig isolated trachea by various mechanisms. Firstly, finities as antagonists against eledoisin and kas- 
the effects of SP and some of its potent C-terminal sinin, compared to physalaemin and substance P. 
fragments are not influenced by antagonists of On the other hand, affinities of octapeptide 
catecholamines, acetylcholine and other endoge- antagonists do not show such differences (table 4) 
nous agents, including histamine (Mizrahi et al., and eventually these antagonists are more potent 
1982a,b). If there is any release of histamine by SP against substance P and physalaemin than against 
and related peptides from the guinea pig trachea, eledoisin and kassinin. The data summarised in 
this effect appears to be irrelevant or of very little table 4 and the differences calculated between the 
importance, in contrast with the observations made affinities of the two antagonists against the four 
by several authors on various other systems in homologues, substance P, physalaemin, eledoisin 
which SP has been shown to be a fairly potent and kassinin show that the undecapeptide is much 
releaser of histamine (Foreman and Jordan, 1981, more selective than the octapeptide. In fact, the 
rat mast cells; Erjavec et al., 1981, rat hindquarters; first compounds show pA 2 values much inferior 
Foreman and Jordan, 1983, human skin). (by more than 1 log unit) when challenged with SP 

However, when modifications are made at the and physalaemin, than with eledoisin and kassinin. 
N-terminal part of the SP molecule, the ability to These results suggest the existence of two different 
release histamine can be improved, particularly by receptor types, one which appears to be preferen- 
replacing Pro 2 with pro. As shown by the results of tially activated by eledoisin and kassinin and the 
table 1, and in particular by the comparison of the other which is possibly activated by the four ho- 
data obtained with compounds VI and VII, the mologues. The first receptor shows high affinity 
conformational change induced by the dextro-iso- (pD 2 7.4-7.9) for eledoisin and kassinin and it is 
mer in position 2 appears to be the major factor blocked by both octapeptide and undecapeptide 
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antagonis ts ,  which appears  to be equal ly  active site, specific for eledoisin and kass in in  and possi-  
(pA 2 values vary be tween 6.3 and 6.4) but  have b ly  different  f rom that  for subs tance  P and physa-  
aff ini t ies def in i te ly  lower than the agonists  (by at l aemin  may  be present  in several tissues. The 
least  1 log unit).  This  indicates  that,  in o rder  to app l i ca t ion  of  the first c lass i f icat ion cr i ter ion (the 
b lock  the effect of  kass inin  and  eledoisin on the o rde r  of po tency  of  agonists),  pa r t i cu la r ly  of  hoo 
first receptor ,  the an tagonis t  has to be appl ied  in mologues  appea r s  to be useful for the ident i f ica-  
concen t ra t ion  at least  ten t imes higher  than the t ion of  the two receptor  sites. These sites have 
agonist ,  been further  ident i f ied  with undecapep t ide  antag-  

The o ther  receptor ,  ac t iva ted  p re sumab ly  by  the onists,  which appea r  to be selective and show high 
four  homologues ,  show appa ren t  aff ini ty  cons tan t  aff ini ty  for one of  them. Da ta  ob ta ined  with the 
of  6.75-6.85, lower (by 0.55-1.05 log unit)  than  the undecapep t ides  have been c o m p a r e d  with those of 
first one and  it is b locked  much more  easily by  the oc tapep t ide  antagonis ts ,  a group of c o m p o u n d s  
oc t apep t ide  than by  the undecapep t ide  antagonis ts ,  which do not  d i sc r imina te  between the two recep- 
The  affini t ies of the first group of an tagonis t s  are tor  sites, but  still are as po ten t  antagonis ts  as the 
very close to those of SP and physa laemin ,  sug- undecapept ides .  
gest ing that  the compe t i t i on  agonis t -an tagonis t  is 
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