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Bradykinin-induced contractions in the guinea-pig ileum were potentiated by the peptides A-VI-5 (Val-Gtu-Ser- 
Ser-Lys) and BPPsa (Pyr-Lys-Trp-Ala-Pro), while the contractions induced by other agonists were not affected. 
Neither peptide added alone caused any response, Previous addition of the peptides shortened the latent period 
following the addition of bradykinin to a value corresponding to the contraction height with an equivalent dose 
of bradykinin added alone. Bradykinin in contact with a piece of ileum was inactivated at a relatively slow rate. 
This inactivation was not inhibited by either A-VI-5 or BPPsa in doses causing potentiation. Suppression of the 
cholinergic activity by cooling, atropine, morphine or tetrodotoxin did not influence the potentiating activity. 
Addition of the peptides at the moment a submaximal contraction due to bradykinin had been fully established, 
increased the contraction height within seconds. The two peptides caused a parallel shift to the left of the dose- 
effect curve of bradykinin, whereas the maximum bradykinin effect remained unchanged. It is concluded that 
sensitization of bradykinin receptors due to an increased affinity of the receptor for bradykinin is the hypothesis 
which best fits the experimental findings. 

Smooth muscle preparations 
Bradykinin potentiation 

Bradykinin A-VI-5 BPPsa 

1. I n t r o d u c t i o n  

In a previous invest igat ion (Ufkes et  al., 
1976)  two  b radyk in in -po ten t i a t ing  peptides,  
A-VI-5 (Val-Glu-Ser-Ser-Lys) and BPPs~ (Pyr- 
Lys-Trp-Ala-Pro) ,  were c o m p a r e d  with respect  
to  their  po t en t i a t i on  o f  a n u m b e r  o f  d i f fe ren t  
effects  o f  b radyk in in  on six isolated s m o o t h  
muscle  prepara t ions .  Apar t  f rom the  consider-  
able d i f fe rence  in effect ive concen t r a t i ons  
their  e f fec t  was identical .  Fu r the rmore ,  the  
m a x i m u m  po ten t i a t i on  was identical  for  b o t h  
pept ides  and was n o t  increased by combina-  
t ion  o f  the  two  peptides.  I t  was conc luded  
tha t  no  indica t ion  cou ld  be found  for the 
existence of  a d i f ferent  mechan i sm of  ac t ion  
in spite o f  a comple t e ly  d i f fe ren t  s t ructure .  
However ,  this invest igat ion left  unanswered  

the ques t ion  o f  how this highly specific 
po ten t i a t ion  could  be achieved.  

Accord ing  to  several au thors ,  the e f fec t  o f  
b radyk in in  on isolated s m o o t h  muscle  m a y  
theore t ica l ly  be po ten t i a t ed  by a n u m b e r  o f  
d i f ferent  mechan isms:  (1) inhibi t ion o f  kini- 
nase act ivi ty  (Ferreira and Rocha  e Silva, 
1965;  Hamberg  et al., 1969) ;  (2) faci l i tat ion 
o f  ace ty lcho l ine  release f rom nerve endings 
(Pot ter  and Walaszek, 1972) ;  (3) prevent ion  
o f  the binding o f  b radyk in in  to  "si lent  recep- 
t o r s "  (Faber  and van der  Meer, 1973) ;  (4) 
accelerated pene t ra t ion  of  b radyk in in  (Tewks- 
bury ,  1968;  Faber  and van der  Meer, 1973) ;  
(5) increase in the n u m b e r  o f  available b rady-  
kinin recep tors  by cleavage of  pept ide  bonds  
(Edery ,  1965)  or  disulfide bonds  (C~rstea, 
1965) ;  (6) sensit ization o f  the  b radyk in in  
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receptor (Camargo and Ferreira, 1971); (7) 
sensitization of smooth muscle myofilaments 
(Cirstea, 1965). 

In order to exclude some of the above 
hypotheses, a number of experiments was done 
using various pharmacological techniques. On 
the basis of the results obtained, the most 
plausible mechanism of action explaining the 
peptide-induced bradykinin potentiation is 
discussed. 

2. Materials and methods 

A 6 cm piece of guinea-pig ileaum was pre- 
pared and suspended in a 5 ml organ bath con- 
taining Krebs--Ringer bicarbonate solution at 
35°C (Ufkes et al., 1976). 

2.1. Potentiating activity 

In order to test the bradykinin-potentiating 
activity of the two peptides, the contractions 
obtained were compared with dose--response 
curves for bradykinin (BRS 640, kindly sup- 
plied by Sandoz, Basel, Switzerland), in which 
both the contraction height and the latent 
period were determined. The potentiating fac- 
tor, Pf, for contraction as well as for the 
latent period was defined as: 

pf = (bradykinin-equivalent of bradykinin 
plus potentiating peptide)/(actual dose of 
bradykinin added) 

Pf values were expressed as the geometric 
mean and its standard deviation (S.D.). 

2.2. Peptides 

A-VI-5 was synthesized according to the 
solid-phase method (Stewart and Young, 
1969) and purified by ion-exchange chro- 
matography (AG 50W-X4) and gel filtration 
(Sephadex G-10). Thin layer chromatography 
as well as electrophoresis was used as a test 
for homogeneity of  A-VI-5. The amino acid 
sequence was confirmed by mass spectrom- 

etry *. BPPsa was obtained from Spectrum 
Medical Industries Inc. (Los Angeles, U.S.A.). 
In most of the experiments the peptides were 
added to the bath fluid 30 sec prior to the 
bradykinin addition. 

2. 3. Latent  period 

The latent period was defined as the period 
of time elapsing between the addition of 
bradykinin and the start of the contraction, 
determined using a displacement transducer 
(7DCDT-1000, Hewlett Packard, California, 
U.S.A.) and a fast running recorder (Kipp 
Micrograph BD9, Delft, Holland). 

2.4. Kininase activity 

In order to test the kininase activity a 6 cm 
piece of guinea pig ileum was suspended in a 
5 ml organ-bath to which bradykinin was 
added in a concentration of 40 ng/ml. At 
various intervals the bath fluid was transferred 
to another bath containing a second piece of 
ileum so as to estimate the bradykinin con- 
centration in this fluid; the contractions due 
to this fluid were compared with those caused 
by standard bradykinin doses. 

2. 5. Temperature studies 

Some experiments were conducted to 
determine the effects of cooling on the ability 
of the peptides to potentiate the bradykinin 
effect. The bath temperature was lowered 
from 35 to 22°C and after a 30 min equilibra- 
tion period the potentiating activity of the 
peptides was determined. 

2.6. Studies with agents suppressing choliner- 
gic activity 

Atropine sulfate (Brocades, Amsterdam, 
Holland), 10-7--10 .6 g/ml, morphine hydro- 

* Mass spectrometry was performed by Dr. H.A.H. 
Craenen, Chemical Laboratory TNO, Lange Kleiweg 
137, Rijswijk, The Netherlands. 
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chlor ide  (O.P.G. ,  U t r ech t ,  Hol land) ,  10 - ~ -  
10 -6 g /ml ,  and t e t r o d o t o x i n  (Schuchard t ,  
Miinchen,  G e r m a n y ) ,  10-s - -10  -7 g/ml ,  were  
used to  d e t e r m i n e  the  inf luence  o f  inh ib i t ion  
o f  the  chol inergic  ac t iv i ty  on  the  abi l i ty  o f  
the  pep t ides  to  p o t e n t i a t e  the  b r a d y k i n i n  
effect .  The  agents  were  added  to the  ba th  
fluid 2.5 min  be fo r e  b r a d y k i n i n  addi t ion  in 
the  p resence  or absence  o f  the  p o t e n t i a t i n g  
pept ides .  

2. 7. Maximum response assay 

Accord ing  to  the  m e t h o d  o f  T e w k s b u r y  
(1968)  the  p o t e n t i a t i n g  pep t ides  were  added  
to  the  b a t h  fluid at  the  m o m e n t  a s u b m a x i m a l  
c o n t r a c t i o n  due  to  b r a d y k i n i n  had been  fully 
establ ished.  

3. Resul t s  

3.1. Ef fect  o f  the peptides on contraction and 
la ten t period 

Using the  guinea-pig i leum,  b r a d y k i n i n  in 
c o n c e n t r a t i o n s  ranging f r o m  2 to  80 ng /ml  
caused d o s e - d e p e n d e n t  c o n t r a c t i o n s  wi th  a 
re la t ively  long l a t en t  per iod  (4 - -30  sec). There  
was an inverse re la t ion  b e t w e e n  the  height  o f  
the  c o n t r a c t i o n  and the  l a t en t  per iod .  Pre- 
vious add i t ion  of  A-VI-5 or  BPP.~a increased 
the  c o n t r a c t i o n  he ight  and also sho r t ened  the  
l a t en t  per iod  (see fig. 1). Added  alone,  ne i the r  
pep t i de  a f f ec t ed  the  guinea-pig i leum. Pf  
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Fig. 1. Guinea-pig ileum. Contractions and latent 
periods (in sec) induced by bradykinin (B, in ng/ml 
bath fluid) alone or in the presence of BPPsa (0.04 
/~g/ml). 

values were  ca lcula ted  separa te ly  for  con t rac -  
t ion  and for  l a ten t  per iod.  F r o m  the resul ts  
s u m m a r i z e d  in table  1 it  can be conc luded  
tha t  previous  addi t ion  o f  the  p o t e n t i a t i n g  
pep t ides  sho r t ened  the  l a ten t  per iod  to  a 
value co r r e spond ing  to  the  c o n t r a c t i o n  height  
wi th  an equiva len t  dose  o f  b r a d y k i n i n  added  
w i t h o u t  pept ide .  

3.2. Specificity o f  the potentiating activity 

The e f fec t  o f  the  pep t ides  on con t r ac t ing  
subs tances  o the r  t han  b r a d y k i n i n  was s tudied.  
A-VI-5 in c o n c e n t r a t i o n s  up to  220 pg /ml  as 
well as BPPsa in c o n c e n t r a t i o n s  up  to  0.2 
p g / m l  were  tes ted  on the  e f fec t s  o f  acety l -  
chol ine,  h i s tamine ,  5 - h y d r o x y t r y p t a m i n e ,  

TABLE 1 

The effect of A-VI-5 and BPPsa on the contraction height and the latent period induced by bradykinin on the 
guinea-pig ileum. Pf values are calculated for the contraction as well as for the latent period. 

Peptide Conc. Potentiating activity 
(pg/ml) Contraction Latent period 

Pf S.D. (n) Pf S.D. (n) 

A-VI-5 27.5 1.5 0.2 (16) 1.6 0.3 (16) 
A-VI-5 55 2.3 0.4 (8) 2.2 0.5 (8) 
BPP5a 0.04 2.1 0.4 (17) 2.0 0.4 (17) 
BPP5a 0.08 2.8 0.4 (4) 3.0 0.8 (4) 
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Fig. 2, C o l u m n  diagram of  the  inac t iva t ion  of  b rady-  
kinin by  an isolated piece of  guinea-pig i leum at 
var ious i n c u b a t i o n  t imes  in the presence  and absence  
ot' A-VI-5 (55  pg /ml )  or BPPsa  (0.04 pg/ml) .  The  
b r a d y k i n i n  act iv i ty  is expressed  as pe rcen tage  of the  
original c o n c e n t r a t i o n  of 40  ng /ml  ba th  fluid, :. S.D. 
(n = 6). m, Bradyk in in ;  i ,  b r a d y k i n i n  + A-VI-5;  a, 
b r a d y k i n i n  + BPPsa. 

m~giotensin II and etedoisin. None of these 
agonists were potentiated by either A-VI-5 or 
BPPs a in the concentrations used. 

3.3. Effect of  the peptides on the kininase 
activity 

In order to test kininase activity, brady- 
kinin (40 ng/ml) was added to an isolated 
guinea-pig ileum. After 4, 8, 12 and 16 min 
intervals the content  of  the organ bath was 
tested for bradykinin activity by means of a 
second ileum. Fig. 2 shows that bradykinin 
was inactivated with a half-time of 12--16 
rain. These experiments were also performed 
in the presence of  A-VI-5 (55 pg/ml) and 
BPPs~ (0.04 pg/ml) in concentrations causing 
bradykinin potentiation (Pf values 2.4 and 2.0 
respectively). From fig. 2 it can be concluded 
that the inactivation of bradykinin was not  
inhibited by either A-VI-5 or BPPsa. 

3.4. Influence of  temperature and agents sup- 
pressing eholinergie activity 

Lowering of  the bath temperature from 35 
to 22°C did not affect the height of the 
bradykinin-induced contractions. Only the 
latent period appeared to be prolonged, while 
the small spontaneous activity of the ileum 
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Fig. 3. C o l u m n  diagram of  the p o t e n t i a t i n g  act iv i ty  (Pf) of  A-VI-5 (50  p g / m l )  and  BPP5a (0 .07  p g / m l )  in r e l a t ion  
to several fac tors  suppress ing  ehol inerg ie  act ivi ty.  Pf  values (log scale) are expressed as the  geomet r i c  m e a n  ~ S.D. 
N u m b e r  of e x p e r i m e n t s  in parentheses .  
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was s lowed down.  Fig. 3 shows tha t  the  
po ten t i a t ing  act iv i ty  o f  A-VI-5 or  BPPs~ was 
no t  inf luenced by lower ing the  t empera tu re .  

Previous addi t ion  o f  a t rop ine ,  morph ine ,  
t e t r o d o t o x i n  a lone or  in combina t ion ,  in con- 
cen t ra t ions  more  than  suff ic ient  to  suppress 
chol inergic  act ivi ty ,  did no t  a f fec t  the poten-  
t ia t ing act iv i ty  o f  e i ther  pep t ide  (see fig. 3). 
Moreover ,  these  agents hardly  inf luenced the 
height  o f  b radyk in in - induced  con t rac t ions  bu t  
comple t e ly  inhibi ted  any spon t aneous  act ivi ty  
which might  have been present .  

3.5. Max imum response assay 

Using the  m a x i m u m  response  assay it was 
d e m o n s t r a t e d  tha t  addi t ion  o f  A-VI-5 (55 
gg/ml)  or B P P ~  (0.04 pg /ml ) ; a  t the  m o m e n t  
a submaximal  con t r ac t i on  due  to  b radyk in in  
had been  fully establ ished,  increased the con-  
t rac t ion  height  wi th in  seconds~J Fig. 4 shows 
tha t  the  e f fec t  o f  a combin~t l~n  o f  a single 
b radyk in in  dose  with one  o f  the  pept ides  was 
equal  to  the e f f ec t  o f  two c o m b i n e d  single 
b radyk in in  doses  or  one  d~ le b r adyk in in  
dose. 

2 t 

3.6. Ef fect  o f  the peptides~ ~n the  dose--re- 
sponse curve o f  bradykinin~ 

In previous  experimetnt~sl (Ufkes et a l . ,  
1976)  the Pf  values app~area  to  be : indepen-  

1 rain 

..if: ~ 
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Fig. 4. Guinea-pig ileum. Contractions induced by 
bradykinin (B, in ng/m] bath lfluid) alone or with 
BPPsa (0.04 //g/ml) or A-VI-5 ~(55 //g/ml) added at 
the moment the contraction h~d been fully estab- 
lished. 
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Fig. 5. Lo~ dose--response curves with hradykinin 
alone and in combination with previously added 
A-V1-5 (50/Jg/ml) and BPPsa (0.05tig/ml). • -o, 

j. Bradykinin alone + S.D. (n = 8); • . . . . . .  • ;  brady- 
:)_kinin with A-VI-5 ± S.D. 01 = 4); • . . . . .  •, brady- 
)'kinin with BPP5a ± S.D. (n = 4). 
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d en t  o f  the  b radyk in in  concen t r a t i on  at 
which the tes t  was p e r fo rm ed ,  provided  the  
resl~onse to  b radyk in in  was submaximal .  This 
suggests tha t  the  dose- - response  curve o f  
b radyk in in  would  shift  parallel to  the left.  To  

t. cohf i rm this, a series of  expe r imen t s  was per- 
f o r ~ e d  to  investigate the  inf luence of  a f ixed 

f col~centrat ion o f  the b radyk in in  po ten t i a t ing  
~pel~i~es on the  dose-response curve to  brady-  
~kini~q~ The results,  summar ized  in fig. 5, show 
' that '  previous  addi t ion  of  A-VI-5 (50 tlg/ml) 
~nd '~eesa (0.05 tlg/ml) caused a parallel shift  
~o ~tl~e left  o f  the dose- - response  curve to  
Bradykinin ,  whereas  the  m a x i m u m  response 
remained  unchanged.  Besides ne i ther  pept ide ,  
in 60ncen t r a t i ons  up to  220 and 0.2 /lg/ml 
r~slbectively, affe'cted the  m a x i m u m  response  
t(~ 6 radyk in in  e i ther  added as a single dose  or 
ih '" f i j~umulahve dose  range. 

fi. Discussion 

The ex t en t  to  which each o f  the h y p o t h -  
eses m e n t i o n e d  in the In t ro d u c t i o n  might  
ex p l a in  the pep t ide - induced  po ten t i a t i on  of  
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the bradykinin effect on isolated smooth mus- 
cle will be discussed on the basis of the exper- 
imental findings. 

4.1. Inhibition o f  kininase activity 

This is not a very likely explanation since it 
was demonstrated that  neither peptide in con- 
centrations causing a marked potentiat ion 
could inhibit the inactivation of bradykinin. 
Since bradykinin is inactivated at a relatively 
slow rate, at least under  the conditions used 
which can be considered as relatively crude, it 
seems that kininase activity is of little impor- 
tance in isolated smooth muscle preparations. 
This is in accordance with the observations of 
Cirstea (1965), Auerswald and Doleschel 
(1967) and Faber and van der Meer (1973). 

The fact that  potentiation is also obtained 
when the maximum response assay is used~ 
demonstrates according to Tewksbury (1968) 
that this phenomenon cannot be explained 
by kininase inhibition, since the interactfim 
between bradykinin and the smooth muscle 
is completed before the potentiating agem is 
added. However, if the kininase were very 
active and would therefore keep up a concen- 
tration gradient of bradykinin across the 
longitudinal muscle layer, instantaneous kinin- 
ase inhibition would result in a rapid increase ili 
contraction height (Faber and van der Mee~, 
1973). Since the kininase activity in the 
guinea-pig ileum was shown to be rather lo~', 
this explanation seems unlikely. Furthermore,  
in the rabbit ileum, only the bradykinin- 
induced contractions are potentiated anti r~ot 
the earlier relaxation Ufkes et al., 1976). Tiais 
may be used as further evidence against kinin- 
ase inhibition as the cause of the potentiati(:m. 
This has also been suggested by Camargo apd 
Ferreira (1971) on the basis of their obser~'a- 
tions with isolated rat intestine. However, 
it must be noted in this respect that  in the 
guinea-pig ileum, bradykinin-induced contrag- 
tions as well as relaxations (after a previou~ 
addition of carbachol) were potentiated b~' 
both peptides to about  the same exten~ 
(Ufkes et al., 1976). 

4.2. Facilitation o f  acetytcholine release from 
nerve endings 

Since the observations of Potter and Walas- 
zek (1972) suggested that  the bradykinin 
potentiating activity of some sulfhydryl com- 
pounds was due to a facilitation of acetylcho- 
line release from nerve endings, similar experi- 
ments were conducted. In our hands however, 
suppression of cholinergic activity by cooling 
and by addition of atropine, morphine or 
te t rodotoxin did not affect the potentiating 
activity of either of  the peptides. This 
hypothesis can therefore not be considered 
as a plausible explanation of the peptide- 
induced bradykinin potentiation. 

4.3. Prevention o f  the binding o f  bradykinin 
to "silent receptors" 

Substances may become attached to indif- 
ferent sites ,~f binding, the so-called "silent 
receptors" or "sites of loss" (see Arii/ns, 
1964). It is web known that  many drugs have 
common bindinr~ sites on plasma proteins and 
one drug may !)~ displaced by a second. As a 
result there is zdl increase in the unbound con- 
centration and th~Is an increase in the pharma- 
cological response. A similar mechanism 
might exist in isq!ated preparations as well. 
"Silent receptors" envisaged in this way should 
be regarded as moivties of the tissue proteins. 
In this context  however, Rocha e Silva (1976) 
made the point that  "silent receptors", if they 
exist at all, would l~ot participate in the gen- 
eral cor~putation of the affinity of  the agonist 
toward the specifiq pharmacological recep- 
tors, Besides it is ext~remely difficult to detect  
their: existence and to distinguish them from 
active receptors. 

In our case, it carl be assumed that  a certain 
fraction of the bradykinin added was bound 
aspec'~ically and was thus not available to 
induce a response. Potentiating substances 
added previously paight occupy a part of these 
binding sites wil~h the consequence that  a 
higher fraction of the bradykinin added 
would be availaDle at the active receptor sites. 



PEPTIDE-INDUCED BRADYKININ POTENTIATION 95 

This would result in a superimposed response. 
If the same dose of  potentiating substance is 
combined with a higher dose of bradykinin, 
the absolute amount  of aspecific binding sites 
already blocked by the potentiating substance 
should be equal, but the relative bradykinin 
fraction being displaced should be decreased. 
This would result in a superimposed response 
which would also be relatively smaller com- 
pared with those recorded after lower brady- 
kinin doses. As a consequence, the potentia- 
tion expressed as Pf value being a relative 
magnitude would decrease as well. This con- 
flicts with the observations that  the Pf values 
were independent on the bradykinin dose at 
which the test was performed, as can also be 
seen from the parallel shift to the left of the 
dose--response curve for bradykinin in the 
presence of the potentiating peptides (fig. 5). 

The observation that, in the rabbit ileum, 
only the contractions were potentiated and 
not the relaxations (Ufkes et al., 1976) may 
be another indication that diplacement from 
"silent receptors" is not the explanation for 
the potentiation. 

4.4. Accelerated penetration of  bradykinin 

By "opening up"  barriers, an increase in 
the penetration or permeation might be 
achieved with the consequence that  more 
bradykinin reaches the receptors within a 
shorter time. Such a mechanism of action 
presumes that  the rate at which receptor 
occupation takes place, and not  the concen- 
tration, is the most important  factor deter- 
mining the magnitude of a response due to an 
agonist (Paton, 1961). Accelerated penetra- 
tion may cause a shortening of the latent 
period. However, it does not  explain why the 
latent periods corresponded exactly to those 
due to equivalent bradykinin doses in the 
absence of  peptides. This might indicate that, 
in the presence of the peptides, the penetra- 
tion of bradykinin to the bradykinin recep- 
tors exactly mimics the situation following 
the addition of a higher dose of bradykinin. 
This might be explained better by an inhibi- 

tion of kininase or by prevention of the bind- 
ing of bradykinin to "silent receptors" rather 
than by an accelerated bradykinin penetra- 
tion. 

The maximum response assay assumes that  
at the moment  the contraction is completed 
the bradykinin penetration is finished. An 
increase in penetration during that  stage of 
the excitation--contraction process would not 
have any additional effect. This is not in 
agreement with our findings that  under these 
conditions the fully developed contraction 
is rapidly increased after addition of  the 
potentiating peptides. 

The bradykinin-induced relaxation in the 
guinea-pig ileum (after a previous addition of 
carbachol) appears within 1 or 2 sec (Ufkes 
et al., 1976), which shows that  no important  
penetration barriers exist for the relaxation. 
Therefore, the peptide-induced potentiation 
of the relaxation cannot be considered to 
result from an accelerated penetration. 

4.5. Increase in the number of  available 
bradykinin receptors by cleavage of  peptide 
or disulfide bonds 

It has been suggested by Edery (1965) that  
chymotrypsin may act as a potentiating sub- 
stance by selectively uncovering specific 
bradykinin receptors by splitting peptide 
bonds in the smooth muscle membranes. A 
similar suggestion was made by Cirstea {1965) 
using sulfhydryl compounds as potentiating 
substances. In that  case, the potentiating 
activity might be based on an increase in the 
amount  of bradykinin receptors following the 
unfolding of protein complexes by the rup- 
ture of disulfide bridges. This hypothesis 
appears to be quite consistent with the experi- 
mental findings so far mentioned. However, if 
peptide bonds are split, a more prolonged 
potentiating effect can be expected as was 
found with chymotrypsin (Edery, 1965). In 
the present study, the potentiation induced 
by the peptides was quickly reversible: after 
washing, the normal response after addition 
of bradykinin without  peptide was obtained 
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immediately.  It is hard to suppose that  these 
potentiat ing peptides, whose structure is rela- 
tively simple (pentapeptides),  should elicit 
a proteolyt ic  activity comparable to that  of  
chymotrypsin .  This also holds for an eventual 
rupture of  disulfide bridges. In the poten- 
tiating peptides used, there is no chemical 
group or configuration with disulfide-reducing 
properties comparable to those of the sulfhy- 
dryl compounds.  

4.6. Sensitization o f  the bradykinin receptor 

Theoretically,  sensitization of  a receptor  
might detected as an increase in affinity of 
the receptor  for an agonist and as an increase 
in intrinsic activity. If the affinity of the 
receptor  were increased, a parallel shift to the 
left  of  the dose--response curve could be 
expected,  while the maximum effect  would 
remain unchanged (see Ariens, 1964). On the 
other  hand if the intrinsic activity were influ- 
enced, the maximum effect  of the agonist 
would increase as well. Our findings show that  
the peptides induce a parallel shift to the left of 
the dose--response curve to bradykinin, whereas 
the maximum bradykinin effect  remained 
unchanged. This points to a mechanism of  
action mainly based on an effect  on the affin- 
ity of the bradykinin receptor.  A similar 
mechanism was also suggested by Camargo 
and Ferreira (1971), who assumed an allo- 
steric transition of the bradykinin receptor.  

The other  experimental  findings are mostly 
consistent with this hypothesis.  This also 
holds for  the proport ional  shortening of the 
latent period which does not  exclusively 
imply an increase in the effective amount  of  
agonist in the vicinity of  the receptor.  If the 
potent ia t ion were due to a sensitization of the 
receptor,  a similar response could be caused at 
a lower bradykinin concentrat ion.  Since lower 
bradykinin concentrat ions reach the receptor  
sites in an earlier stage of the diffusion pro- 
cess, a proport ional  shortening of the latent 
period could be expected,  provided the latent 
period were mainly determined by and there- 
fore proport ional  with the diffusion rate. An 

indication of the latter is given by the pro- 
longation of the latent period when the tem- 
perature is lowered. 

The observation that,  in the rabbit ileum, 
only the bradykinin-induced contract ion is 
potent ia ted and not  the relaxation may mean 
that  two different  receptor  sites are involved 
as was suggested earlier (Ufkes et al., 1976). It 
must  be assumed that  in this preparation only 
the receptors inducing contractions are sensi- 
tized. 

4.7. Sensitization o f  smooth  muscle myofila- 
ments 

It must be emphasized that,  under  the 
same conditions in which bradykinin was 
potentiated,  the effects of o ther  contracting 
substances such as acetylcholine,  histamine, 
5-hydroxyt ryptamine ,  angiotensin II and 
eledoisin were not  potent ia ted  by the pep- 
tides. These findings show that  the potentia- 
t ion is specific for bradykinin. If the potentia- 
t ion were caused by a sensitization of the 
smooth muscle myofi laments ,  the potentia- 
tion would be nonspecific and the response 
due to any other  stimulating substance would 
be potent ia ted to a similar extent .  

4.8. Conclusion 

Evaluating the several theoretically possible 
mechanisms of action underlying the peptide- 
induced potent ia t ion of the bradykinin effect  
in isolated smooth muscle it can be concluded 
that  the hypothesis of a sensitization of  
bradykinin receptors due to an increased 
affinity of the receptor  for bradykinin,  is the 
one which appears to best fit the experi- 
mental findings. Final proof  of this hypoth-  
esis must await further  experimentat ion.  
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