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PURE bradykinin has five main actions - -  vasodilatation, increase in cap- 
illary permeability, pain production, accumulation and migration of 
leucocytes and stimulation of smooth muscle. 

As a vasodilator both in animals and man bradykinin is one of the most 
potent substances known, and Hilton and Lewis (1957) have provided 
evidence which suggests that the function of bradykinin in the body is 
as the mediator of functional vasodilatation in glands. We have shown that 
during activation of salivary glands an enzyme, probably salivary kal- 
likrein, escapes from the secretory cells into the tissue space and there 
acts on the plasma globulins. Thus when the gland cells are activated the 
enzyme escapes both into the duct to appea,r in the secretion and into 
the interstitial space of the gland around the blood vessels, to form the 
vasodilator polypeptide. 

As kallikrein appears in many glandular secretions it seems likely that 
plasma kinin formation is the mechanism for producing functional vaso- 
dilatation in all these glands. Two points have .been raised against this 
theory. Firstly Terroux et al. (1959) have claimed to have dissociated glan- 
dular activity and vasodi]atation in the salivary glands. They measured 
glandular activity as oxygen uptake and showed that atropine prevents 
the increased uptake of oxygen in the stimulated gland but does not pre- 
vent the vasodilatation in the gland. 

This is an old problem .and Hilton and Lewis (1956) had in fact gone 
into it and had shown that after atropine, stimulation of the gland still 
produced an output of plasma kinin forming enzyme. Thus the dissociation 
of oxygen uptake and vasodilatation in the gland is not a relevant argu- 
ment against the view that bradykinin is responsible for functional 
vasodilatation, as there is no established relationship between oxygen 
uptake and output of plasma kinin forming enzyme. Secondly, Schachter 
(1960) found that guinea-pig saliva did not act upon guinea-pig serum 
to form bradykinin and concluded that functional vasodi]atation was not 
the result of plasma kinin formation. However Schachter also observed 
that guinea-pig serum did not form bradykinin with saliva of .other species, 
but that guinea-pig saliva did form .a plasma kinin when incubated with 
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the  s e rum of o ther  species. It seems the re fo re  that  it is not that  guinea-  
pig saliva does not contain the plasma kinin forming enzyme but tha t  
under  the  conditions of this par t icular  test the se rum did not react  with 
sa l ivary kal l ikrein f rom any species. This may  not be so diff icult  to 
unders tand.  

Plasma or serum are known to contain a complex mix tu re  of enzymes,  
inhibi tors  and act ivators  and it may  well  be that  in order  to produce 
b radyk in in  f rom guinea-pig serum by the action of sal ivary kall ikrein,  
in vitro, special t r e a t m en t  of the serum is necessary.  

Nei ther  of these points, therefore ,  can be held up against the view 
that  b radyk in in  or  at least a plasma kinin is responsible for funct ional  
vasodilatat ion in glands. In addit ion to this physiological funct ion it has 
also been suggested that  b radykin in  may be a media tor  of the inf lamma-  
to ry  response. The only evidence for this view is tha t  bradykin in  pos- 
sesses all four  actions which make up the first stage of inf lammat ion - -  it 
dilates blood vessels, increases the permeabi l i ty  of the vessels, it causes 
pain and it causes accumulat ion and migra t ion of leucocytes. We wanted  
to see how specific b radykin in  was in having this spec t rum of activity,  and 
so pure  synthe t ic  b radykin in  kindly  supplied by Dr. Nicolaides of Pa rke  
Davis, has been compared with o ther  peptides which are available in pure  
form. We have also used a crude prepara t ion  of substance P (15 units/rag) 
and have assumed (on the latest est imate of Franz, Boissonnas and St f i rmer  
(1961) on the ac t iv i ty  of pure  substance P) tha t  the pure peptide is 200(} 
times more active. 

Among the 5 biologically active peptides ment ioned below only 
substance P has a spec t rum of act ivi ty  anyth ing  like that  oE bradykinin .  
As this prepara t ion  was far  f rom pure, we have to wait  for Dr. Boissonnas 
and his colleagues to complete  thei r  isolation before  we can be sure of 
this close similari ty.  

I should like to discuss the actions one by one and point  ou t  some in- 
terest ing facts which have come to light. 

Fi rs t  capi l lary permeabi l i ty  - -  the technique employed  to examine  
this action was to inject  in t ravenous ly  into guinea-pigs, a blue dye which 
binds to the plasma proteins.  When the permeabi l i ty  of the  vessels is 
increased the prote in  plus dye  seep into the ex t ra -vascu la r  space and the 
affected area becomes blue. 

Oxytoc in  and vasopressin had no effect  on the permeabi l i ty .  Howeve r  
in addit ion to bradykin in  and substance P, angiotensin proved to be 
ve ry  act ive - -  in fact it was about one ten th  as active as b radykin in  
itself. 

Substance P behaved like his tamine in that,  large doses cause a more  
diffuse area of blueing than in the case of bradykinin ,  but  this might  be 
due to impurit ies.  
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Angiotensin, has a flat dose-r~sponse curve  like bradykinin.  But  the 
blueing is not usual ly  as intense with angiotensin as with bradykinin.  

A fur ther  s tr iking difference is that  this action of angiotensin is pre-  
vented by  the antihistamine, mepyramine,  which does not affect  the re- 
sponse to bradykinirL The preparat ion of synthet ic  angiotensin used here, 
did not  contain his tamine as an impuri ty,  nor does it release histamine. 
It therefore  appears to be a direct action of angiotensin which is antago- 
nised by  the antihistamine. 

All f ive pept ides gave rise to some degree of  pain when  compared on 
the blister  base preparation,  but  only  substance P caused pain in doses 
of the same order  as bradykinin.  When compared on the blood f low in 
the cats' hind limb, again only  substance P caused vasodilatat ion like 
bradykinin,  in doses of the same order. Oxytocin also caused vasodilata-  
tion, bu¢ i.n doses 100 times grea te r  than those of  bradykinin.  Both vaso- 
~ressin and angiotensin caused constriction. 

The test  employed to examine effects on leucocytes, was to make in- 
t radermal  injections into guinea-pigs and af ter  1 hr. to kill the animals 
and to fix the skin for histological examination.  The test  which can only 
be used for  quali tat ive comparisons proved to be the least specific, as all 
the pept ides except  vasopressin caused accumulat ion of leucocytes on 
intradermal  injection of concentrations of 1-10ug/ml. 

This comparison shows that  among the four  pure  peptides, bradykinin  
is specific, f irst ly in being a potent  vasodilator  and secondly in possessing 
all of the four  cardinal signs of inflammation.  Howeve r  substance P or  
at least the crude sample used in these exper iments  also has these actions. 
It  may  be (and Dr. Gaddum has also expressed this view) that  in the brain 
and intestine substance P takes over the role played by  bradykinin  in 
other  tissues like glands and skin. 

Final ly  the actions of the five peptides have been compared on four  
isolated smooth muscle preparations.  On the guinea-pig i leum the pi tui tary  
hormones were  the least active, oxytocin causing only relaxation; the rat 
u te rus  was sensitive to all five peptides; the large intestine, represented 
by  the rat  colon and hen rectal caecum, is par t icular ly  sensit ive to 
substance P. When  we consider the possibility of a relationship be tween  
the spec t rum of activity and function, one might  speculate  that  this 
high sensi t ivi ty  of the large intest ine to substance P reflects a func- 
t-ion of substance P, a t  least, of that  found in the gut, in the large 
intestine. 

It  would  be interest ing to know if there is an increase in the  substance 
P content  of the  large intestine of patients suffer ing with diverticulitis 
o r  ulcerative collitis and if in such inf lammatory  conditions substance P 
again takes the role p layed by  bradykinin  in inf lammation in many  other  
tissues. 



32 G.P.  LF.WI.~ 

REFERENCES 

K. C,. TEItROUX, P. SEK~I.a and A. S. V. Be,~mc, Ex, Canad. J. Biochem. Physiol. 37 1 
(1959). 

S. ~,/. IIILTON and Ca. P. LEwIs, J. Physiol. 134 471. (1956). 
M. SCHACIITER, Polypeptides which Affect Smooth Muscle and Blood Vessels 

p. 232. (Edited by M. Scii~.cii'rr.n) Porgamon Press, London. (1960). 
T. FRANZ, R. A. BOI-gSONNAS, and E STORMER, Helv. Chim. Act. 44 881 (1961). 
S. M. HILTON and G. P. L~:wls, Brit. Med. Bull. 13 189 (1957). 


