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Kinin-hormones 

The name kinin suggested by the English authors, might be usefully 
applied to denote the whole group of pharmacologically active polypep- 
tides acting upon the smooth muscle and producing changes in arterial ten- 
sion, formed or released from stores in the blood or in tissues. In this 
sense, the kinins would belong to the class of local or tissue hormones and 
should be distinguishable from the neuro-hypophysis hormones. 

Recently, I have suggested1 the expression "kinin-hormones" to denote 
polypeptides, such as bradykinin, angiotensin and substance-P, with the 
exclusion of oxytocin and vaso-pressin. A characteristic of the kinin-hor- 
mones would be not to have special glands of secretion, being released 
from inactive precursors (bradykininogen, angiotensinogen) or from dif- 
fuse stores in the intestinal wall or the central nervous system (sub- 
stance-P). I wish to make clear that I am not suggesting changes in tradi- 
tionally accepted names, but simply suggesting adoption of the name 
kininhormone, in order to facilitate systematization of a complex class of 
substances. 

Polypeptides of diverse origin, having some pharmacological or chemi- 
cal resemblance with mammalian kinins, might as well be classified 
under the same generic connotation, with the obvious limitation that they 
are not hormones to the mammalian body. The suffix kinin annexed to 
the name of the material of origin could denote active polypeptides of 
diverse origin as urokinin (from urine), vespakinin (from wasps and the 
hornet), scorpiokinin (from the scorpion) and so-forth. 

The name of plasmakinin has been proposed as a substitute for brady- 
kinin. In that sense, and according to the comparative results obtained 
with pure or synthetic bradykinin, the name of plasmakinin is misleading 
and useless, since bradykinin itself "may be responsible for all the group 
of polypeptides which have been classified under the name of plasma- 
kinin".2 

According to our suggestion, the name "plasmakinins" (in the plural) 
would also indicate the polypeptide angiotensin, as one of the kinin- 
hormones present in plasma in the form of inactive precursors: 

1. [3] 
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KININ-HOR-MON~'- 

F r o m  p l a s m a :  
F r o m  i n t e s t i n a l  
w a l l  a n d  t h e  C.N.S.: 
F r o m  o t h e r  spec i f i ed  
sot~rces: 

Anqiotensin, bradykinin, kallidin 

Substance P 

Urokinin, colostrokinin, vespakinin, sco r -  
piokinin, etc. 

Such a varied nomencla ture  might, of course, one day, be simplif ied as 
our  knowledge of the chemical consti tution of the different  ment ioned 
principles progresses. 

Definition of Bradykinin 
In the short t ime allowed to each speaker  in this Symposium,  it would  

be impossible to discuss more than a f ew points in relation to the defini- 
tion of bradykinin  as a chemical and pharmacological  entity. To s tar t  this 
discussion I would like to present  a small point  of  historical interest. 
I bel ieve that  the first clear cut  demonstra t ion that  b radykin in  is a poly-  
peptide was given in 1956, by  Andrade and Rocha e Silva 3 in a paper  on 
the purification of bradyki.nin b y  using the ionic exchange resin, the Am- 
berli te IRCS0 (XE-64). As seen in Fig. 1, the final purif ied product  ap- 
peared in a homogeneous and sharp peak of activity,  coinciding exact ly  
wi th  the peak of ninhydrin  colour of the hydrolysed  material.  A ceiling of 
activity of 5000 units per  mil l igramme was then obtained, on rechroma-  
tography of the same material  in a fresh Amber l i te  column. Since I am 
going to present  data in which the pures t  preparat ions of bradykinin,  in- 
cluding the synthet ic  one, appear  to have less specific activity than the 
mater ial  obtained in 1956, I must  go a little fur ther  in the quest ion of the 
unitage adopted in our  laboratory.  

In 1948, when  we came across bradykinin  4, we  decided to avoid the 
use of "biological units" and to set as a "s tandard",  the  first  stabilized 
preparat ion,  "Pool I", adopting as a "unit",  the activity contained in 1 mg 
<~f this material.  In the subsequent  years  the advantage of such a proce- 
dure  became obvious, since the  mater ial  contained in our s tandard was 
perfec t ly  stable at room temperature ,  even when  in contact with air. Later  
on we adopted as a new standard,  a mater ial  ext rac ted  wi th  glacial acetic 
acid and precipi ta ted with several  volumes of e thyl  ether. Each batch of 
this new standard was assayed against  the  "Pool I" and contained usual ly  
from 3 to 6 units per  mg of activity. Therefore,  some fluctuat ions in the 
specified act ivi ty of our s tandards could be  expected in the  course of time. 
Our  present  s tandard might be s t ronger  than the one we had in 1956, by  a 
factor of 1"5-2.0, which could explain the discrepancies be tween  the 
activity of the bradykin in  purif ied by  the Amberl i te  IRCS0 (XE-64), and 
the estimations of activity recent ly  made in our  laboratory  and that  I am 
going to present  in continuation. Another  factor might  come into play to 
explain the low act ivi ty obtained with Elliot's pure  material .  The sample 
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which I received was for a long time retained in the Post-Office and had 
no preservative against destruction. However, the synthetic material re- 
ceived from Sandoz is very stable and we had the opportunity of recheck- 
ing the material received in Brazil, with a fresh sample supplied by San- 
doz, Hannover, New Jersey and kept continuously on ice.* The activity 
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FIG. 1. P u r i f i c a t i o n  of b r a d y k i n i n  in  a c o l u m n  of A m b e r l i t e  IRC50 (XE-64).  
A. F i r s t  p a s s a g e  t h r o u g h  t h e  A m b e r l i t e  co lumn .  B. T h e  s a m e  m a t e r i a l  
co l l ec ted  a b o v e  w a s  s u b m i t t e d  to  a n e w  c o l u m n  of  A m b e r l i t e .  A spec i f i c  
a c t i v i t y  of 5000 u n i t s  p e r  m g  of p o l y p e p t i d e  ( ca l cu la t ed  as leuc ine) ,  wa~ 
o b t a i n e d  in  b o t h  p e a k s  of  a c t i v i t y  (A) a n d  (B). F u l l  l i nes :  e s t i m a t i o n  of 
t o t a l  a m i n o  ac ids  b y  n i n h y d r i n ,  in  t h e  h y d r o l y s a t e s  of t h e  e lua tes .  D o t t e d  
l ines :  b io log ica l  a c t i v i t y  (in u n i t s  of b r a d y k i n i n ) .  A c c o r d i n g  to A n d r a d e  

a n d  R o c h a  e Silva.a 

* Such a comparison was made at Baylor University, Houston, Texas, in col]ab- 
oration with Dr. W. Krivoy. Our thanks are due to Dr. H. Busch for the facilities 
given to us at the Department of Pharmacology, and to Dr. R. Bircher of Sandoz, 

Hannover, New Jersey and Dr. A. Cerlettl of Sandoz, Basel, for the samples of syn- 

thetic Bradykinin tttilized. 
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w a s  p e r f e c t l y  c o m p a r a b l e  a n d  t h e r e f o r e  t h e  f i g u r e  g i v e n  in  T a b l e  I I ,  o f  

0 - 5  ~ m g  p e r  u n i t ,  a p p e a r s  to  m e  to b e  s i g n i f i c a n t .  

T a b l e s  I a n d  I I  s h o w  t h e  r e l a t i v e  a c t i v i t i e s  o f  o u r  s t a n d a r d  a n d  o f  t h e  

p r e p a r a t i o n  s u p p l i e d  b y  P r o f .  E l l i o t t  ( 9 0 %  p u r e  b r a d y k i n i n )  a n d  t h e  s y n -  

TABLE I 

Discrimination coefficients between 90% pure 
bradykinin and our standard* 

Guinea -p ig t  l Ra t ' s t  
i leum duodenum 

1" 0O 1-42 

Cat's 
uterus 
(pregnant) 

1 "06 

Rat ' s t  uterus 

1.17 

Cat 's blood 
pressure 

0 "90 

Rabbi t ' s  

Duodenum Ileum 

' 0"96 :, 0 '89 

* According to Rocha e Silva, Antonio and Diniz (unpub-  
l ished results).  

t In  these exper iments ,  the comparison was done by u t i -  
l izing a "2 × 2" design in 4 groups of 2 doses of each, pure  
and "s tandard"  bradykin in .  

TABLE II 

Comparison between synthetic bradykinin (Sandoz) and stand- 
ard bradykinin (3 units per rag) 

Struc ture  i Units/!zg 
I 

Guinea-p ig  ileum* : 2.0-2.5 
Rat 's  duodenum I 2.7 
Cat 's blood pressure* i 1.5-1.7 
Rat 's  uterus* 2.0 

1 Unit  = !Lg 

0.5-0.4 
0.35 

0-70-0.60 
0.5 

Discr iminat ion 
index 

1-00 
1.30 
0.70 
1.00 

* 2 × 2 assay 

t h e t i c  m a t e r i a l  f r o m  S a n d o z  ( S y n t h e t i c  B r a d y k i n i n ,  B R S  640, S a n d o z ) .  

A s  m e n t i o n e d  a b o v e ,  I w o u l d  n o t  g i v e  t o o  m u c h  e m p h a s i s  t o  t h e  a b s o l u t e  

v a l u e s  o b t a i n e d  w i t h  E l l i o t t ' s  m a t e r i a l ,  a n d  t h e y  a r e  n o t  e v e n  m e n t i o n e d  

i n  t h e  T a b l e .  T h e  f i g u r e s  p r e s e n t e d  i n  T a b l e  I a r e  discrimination coeffi- 
cients, i n  t h e  s e n s e  o f  G a d d u m  5 a n d  t h e r e f o r e  r e l a t e d  to  t h e  a c t i v i t y  o b -  

t a i n e d  u p o n  t h e  g u i n e a - p i g  i l e u m ,  t a k e n  as  1 .00 .  W e  s e e  t h a t  a l l  f i g u r e s  

f l u c t u a t e  a r o u n d  t h e  e s t i m a t i o n  o b t a i n e d  u p o n  t h e  g u i n e a - p i g  i l e u m ,  w i t h  
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the possible exception of the one obtained upon the duodenum of the rat; 
such a discrepancy, however, might  depend upon the fact that  this struc- 
ture is not as reliable as the others utilized; on the other  hand, the dif- 
ference of 1.42-1.00 is not serious enough to suggest a difference in the 
active principles present in both materials. This confirms the data by 
Jaques and Meier 6 who have found no difference between bradykinin pre- 
pared with t rypsin or with the venom of Bothrops jararaca. The small 
discrepancy indicated in Table II between the activity of our  s tandard 
and synthet ic  bradykinin  on the cat's blood pressure might  be more signif- 
icant, since it was ra ther  persistent and obtained under  a var ie ty  of con- 
ditions, in which our s tandard was consistently more active than a corre- 
sponding number  of units of the synthet ic  material ,  as est imated in ex- 
periments with the smooth muscles (guinea-pig i leum and rat 's uterus). 

With all possible limitations indicated above, it seems reasonable to 
assume tha t  the material  obtained in 1956, at the Biological Inst i tute in 
S~o Paulo, was near to chemical puri ty,  or at least not very far from it. 
Therefore,  the deductions about the ex t raord inary  potency of the  mate-  
rial then obtained 3 are still valid. 

Recent developments in the field of bradykinin,  such as its purifica- 
tion 7, 8 and synthesisg. 10 confirmed the first  hints tha t  it might  be one of 
the most potent  auto-pharmacological agents existing in the body. Exper- 
iments with pure or synthet ic  bradykinin  in comparison with other en- 
dogenous vaso-dilating principles, such as histamine or acetylcholine, 
have shown that  weight  by weight, bradykinin  is as potent  as them, and 
being a polypeptide of molecular weight  around 1100, bradykinin  is more 
powerful  than  acetylcholine on the rabbit 's blood pressure 11 or in humans,  
when  given intra-arterial ly.  12 Its effects upon the blood are more lasting 
than those produced by acetylcholine. The actions of bradykinin  are also 
consistent. Thus in the rabbit, while his tamine raises blood pressure, 
bradykin~n induces a fall which is resistant to atropine. I will not insist 
upon details which are going to be dealt  more extensively by the authori-  
tative subsequent  speakers, in this Symposium. 

Bradykininogen 
Bradykinin,  as angiotensin, is released from a precursor (bradykini- 

nogen) contained in the a2-globulin fraction of mammal ian  plasma. The 
following diagram (Fig. 2) gives an idea of the parallel origins of both 
kinin-hormones,  when the globulin is submit ted to the enzymatic  action 
of renin and convert ing enzyme and of proteases having the  specificity 
of trypsin.  

In order  to have an idea of the magnitude of the stores of bradykin in  
in normal  plasma and its possible variations under  physiological or path-  
ological conditions, we have developed a method in our laboratory for 
the estimation of bradykininogen in plasma. 13 This work is being directed 
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a2-globulin fraction 

angiotensinogen 

renin-substrate 

I renin 

angiotensin I 
converting 
enzyme 

angiotensin II 

vasoconstriction 

J 
bradykininogen 

proteases 
with the 
specificity 
of trypsin 

,¢ 
bradykinin 

vasodilation ,¢ 

FIG. 2. Parallel origins of bradykinin and angiotensin from precursors in 
the same globulin fraction and their possible antagonism upon the cir- 

culatory apparatus. 

by Dr. Diniz, in col laborat ion with the Clinics at our  Facul ty .  The meth-  
od, as now established, is a deve lopment  of previous  methods  described 
by van Arman  14 and Hamberg  and Rocha e Silva. is Heparinized blood is 
collected in siliconized centr i fuge tubes or in po lye thy lene  tubes. After  
centr i fugat ion,  0.2 ml of plasma are  t r ans fe r r ed  with a siliconized pipet te  
to a 18X150 mm glass tube containing 1.8 ml of a 0 . 2 %  solution of ace- 
tic acid. The mix tu re  is hea ted  in a boiling water  bath dur ing  30 min, 
cooled to room t empe ra t u r e  and the pH adjus ted  to 7 .30 -7 .80  with nor- 
mal NaOH and then  buf fe red  to pH 7.8 wi th  a 0.2 molar  Tris buffer .  
The  suspension thus fo rmed  is incubated wi th  0.2 mg of crystal l ine t ryp -  
sin dur ing 30 min. At the end of this period, the enzyme in the clear di- 
gest is inact ivated by adding 5 ml of boiling alcohol, hea ted  for 5 min in 
a wate r  bath at 70°C and the whole fluid evapora ted  under  reduced  pres-  
sure and the residue taken up in 4 ml of saline for the bioassay upon 
the guinea-pig ileum, using a "4-point"  assay as described previously.  16 
Table  III gives a su rvey  of all comparat ive  est imations in humans  as well 
as in several  animal  species. As seen in Table III, quanti t ies  of the o rde r  
of 21.2 units equiva len t  to 10 ug of synthet ic  b radyk in in  could be found 
in each ml. of human  plasma. To have an idea of how considerable those 
quanti t ies  are, one has to consider the total amount  which might  be con- 
ta ined in an individual,  by mul t ip ly ing  by 2500, the volume of circulating 
plasma. No less than  25,000 - 50,000 units  or the equivalent  of 12 ° 5-25 mg 
of the synthe t ic  b radykin in  are  present  in the human  body. If such 
quant i t ies  could be released at  once, they  would produce cer ta inly  serious 
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disturbances in the haemodynamic equilibrium. However, we have to 
consider that the relase of part of it, say 2 units per ml, as it was found 
during labour, in our laboratory by Prof. Martinez and Dr. Diniz, could 
certainly be of significance if one multiplies by the total volume of 
circulating plasma. 

TABLE III  

Determination of the total bradykininogen 
content per ml of normal plasma (units 

per ml) 
According to Diniz et al. 13 

Origin of A v e r a g e  Range 
ma te r i a l  

H u m a n *  21.2 14.8-28.5 
Ox 
Horse 
Sheep 
Pig 
Dog 
Rabbit 
Guinea-pig 
Rat 

28.9 23-7-33-9 
18.9 17.6-19.7 
12.7 12.0-13.8 

8'1 5.5-11.6 
12.3 12.0-13.0 
20.1 17-5-22.7 
17'7 15.8-20'0 

4.0 2 5-  5.0 

* Da ta  f r o m  10 n o r m a l  m e n  and  5 n o r m a l  
w o m e n ;  o the r  r e su l t s  are  of 3 ind iv idua l s  in d u -  
p l ica te  samples .  

On the other hand, the plasma contains all the enzymatic system nec- 
essary for its release, part  of it being the plasminogen-plasmin system 
itself and par t  a still unknown protease which can be activated by t ryp-  
sin and 'bl~cked by the soya bean trypsin inhibitor. Activation by contact  
with glass, as shown by Armstrong et al.,lv or by dilution, TM or by a pre- 
vious heating of the plasma with  0.1 N HCP 9 is consistently inhibited 
by soya bean trypsin inhibitor, which is a good indication that  the re- 
leasing enzyme is a protease exert ing a similar action as t rypsin or plas- 
rain on synthet ic  substrates such as BAME or TAME. To call this en- 
zyme "plasmakal l ikrein" appears to me an unnecessary complication in 
nomenclature.  We have suggested the name "kininogenins" to denote this 
class of enzymes releasing bradykinin from its precursor. 

Bradykinin versus Angiotensin 
Since bradykinin  is a vasodilating substance released from a precur- 

sor in plasma (bradykininogen) in a manner  very similar to angiotensin, 
which displays vasoconstrictor activity, and is released f rom a similar 
globulin fraction (a,ngiotensinogen), this coincidence might  induce one to 
think of a sort of equilibrium or balance, between both principles to reg- 
ulate blood pressure, as indicated in Fig. 2. 
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In the earliest  days of bradykin in  we had observed 20 that  the simul- 
taneous inject ion of it with angiotensin,  in the rabbit, results in can- 
cellation of the effect  on the ar ter ial  blood pressure.  We have assumed 
that  this antagonism is of the "physiological"  type,  and in fact there  was 
no reason to believe any t rue  compet i t ion be tween bradykin in  and angio- 
tensin for the same receptors.  Now that  both substances have been iso- 
lated and synthesized and the i r  chemical s t ruc ture  de te rmined  (Fig. 3) 
it would be even more diff icult  to think of any competi t ive antagonism 
between such dissimilar s t ructures:  

OH 

H--] IAsp Arg ] Val i Tyr I Val [ His Pro Phe !--OH 
I ' i i ! 

. . . . . . .  ~k) Val.5 Ang io tens in  II 

- -  I . . . . . . . . . . . . . . . .  ' - -  : . . . . . . . .  f -  - -  '-- --, 
H--I Arg i Pro Pro Gly Phe Set Pro i Phe I Arg '--OH 

i I , 
" . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ _ . i 

(B) Bradykini~,  

FIG. 3. Structural formulas of angiotensin (A) and bradykinin (B). 

On the contrary,  upon many  biological s t ructures ,  such as the  guinea-  
pig i leum or the rat 's  uterus,  both principles work synergis t ical ly  as 
s t imulat ing principles. Upon the rat 's  duodenum or  the rabbit ' s  intestine, 
both principles behave  in a qui te  distinct way,  since the typical  effect  of 
b radyk in in  is to re lax  the rat 's  duodenum or  produce an initial fall in 
tonus of the  rabbit 's  intestine, while  angiotensin produces in both cases 
a s t imulat ing effect. 

It  became interest ing to see whe the r  b radyk in in  would reduce the 
contract ion produced by  angiotensin upon the rabbit 's  intestine. The re-  
sult was def ini te ly  negative,  as shown in Fig. 4. In some prepara t ions  of 
rabbi t  intestine,  b radykin in  produces a p redominan t  fall in tonus as 
shown in Fig. 4 (left) and angiotensin produces always a sharp increase 
in tonus. When both polypept ides  are mixed  and added toge ther  to the 
bath, a f te r  a prolonged fall in tonus due to bradykinin ,  the contract ion 
due to angiotensin develops as before.  In the duodenum of the rat  (Fig. 
4, right) b radyk in in  produces the known fall in tonus and angiotensin 
a sharp rise; when  both are mixed,  we can see first  the fall due to bra-  
dyk in in  .and then  the rise due to angiotensin,  and the end  position of the 
lever  gives an almost per fec t  algebraic summat ion  of both effects. 

Upon the coronary  flow of the isolated hea r t  (Langendorff ' s  method) 
the antagonism eventua l ly  seen be tween  bradykin in  and angiotensin is 
also of the physiological type.  It was found in our  laboratory,  tha t  bra-  
dykin in  is ve ry  potent  in producing an increased flow in the coronary  
circulation, when  the mammal ian  hear ts  (guinea-pig, rabbit,  cat and dog) 
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FIG. 4. A. Rabbit 's  duodenum. Upper tracings; effect of angiotensinamide 
(AA) and synthetic bradykinin (SB) when given separately. Lower  
tracings; AA given while bradykinin is still in the bath. B. Rat 's  
duodenum. Opposite effects produced by bradykinin (B) and angio- 
tensinamide (A). When both are mixed (B-t-A) the effect  observed is the 

algebraic sum of the individual  effects. 

are perfused with Tyrode solution 21 Fig. 5 shows a typical effect of 
the injection of 1 ~g of the synthetic bradykinin  (BS) upon the isolated 
guinea-pig heart .  In other  experiments  we have found that  the effective 
concentration of synthet ic  bradykinin producing a sharp rise in coronary 
flow could be as low as 10-9-10 "-1°. Therefore, the guinea-pig coronary 
circulation can be as sensitive to bradykinin as the rat 's uterus, consid- 

FIG. 5. Isolated guinea-pig heart. Effect of the injection of 1 ag .of 
synthetic bradykinin (BS) on the coronary flow as measured by the num- 
bor of drops/rain. Note the change ~n velocity of the drum from 1 min 
to 1 sec, to show .that the effect of bradykinin upon the dynamics of the 
heart was small or trivial,  in contrast to the sharp rise in coronary flow. 

According to Antonio and Rocha e Silva.21 
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ered so far the most sensitive preparat ion for the biological action of bra-  
dykinin. Upon the isolated heart,  angiotensin has an opposite effect 22, 23 
in some of the  preparat ions,  but  even here  we  could not detect  more  
than a "physiological antagonism", since when  'both polypept ides  were  
injected together,  there  was no visible competi t ion bu t  s imply an alge- 
braic sum of their effects. 

We thought  that  an obvious preparat ion to s tudy  the antagonism be-  
tween bradykinin  and angiotensin would  be the isolated strips of rabbi t ' s  
aorta suspended in a smooth muscle chamber,  according to the method 
described b y  Furchgot t  e t a / .  ~ This ef fec t  can be  ascribed to angiotensin 
II and therefore  is p robably  related to the hyper tens ive  effect  of the poly-  
peptide. ~s Noradrenalirle also contracts  this s t ructure.  Using this in  v i t -  

ro preparation,  I recent ly  s tudied the  combined effects  of angiotensin-  
amide (AA), noradrenal ine (NA) and bradykinin  (BS) and was surprised to 
find that  bradykin in  had no effect  whatsoever  upon  this preparation. Not 
only did ~t have no antagonistic effect  towards  noradrenaline or  angioten- 
sinamide, b u t  even when  the tonus of the prepara t ion was na tura l ly  high 
to start  with, bradykinin  had no effect  at all. Nei ther  natural  b radyk in in  

FIG. 6. Stimulation of an isolated strip of rabbit's aorta by angiotensinam- 
ide (AA) and noradreaaline (NA). Bradykinin (BS) did not alter the 
effect  of AA nor that of NA (not shown in the figure). BAIVIE blocked the 

ef fec t  of N A  but not that of AA. 

nor the  synthet ic  mater ial  (BS) had any spasmolyt ic  effect  upon strips o f  
rabbit 's  aor ta  wha t eve r  the  cause of the  spasm. Fig. 6 shows a typical  
experiment.  We did not  represent  here  the negat ive results with many  
prel~ara~ions on the action of bradykin in  upon th tonus of the aort ic  
strips, but  thought  it more  interesting to show the effect  of benzoyl-L-ar-  
ginine methyl  ester (BAME) inh ib i t ing  the effect  of noradrenaline bu t  
not that  of  angiotensinamide (first and second panels of Fig. 6). 

Another  per t inent  fact  about  the  difference in locus of action of b rady-  
kinin and angiotensin is der ived f rom exper iments  b y  Fasciolo et al. 2~ 
They have shown in certain preparat ions  of angiotensin the presence of  
a vasodilating material ,  almost indistinguishable f rom bradykin in  and 
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to which they  have given the name of "substance V". I would not argue 
here  about  the ident i ty  of  "substance V" and bradykinin,  since both ma- 
terials  could not be distinguished f rom each other  in any biological prep-  
aration; therefore  any deduction about  "substance V" would  also be 
valid for bradykin in  and vice-versa. But  the  interesting fact  lies in the 
preparat ion used to s tudy "substance V", namely,  the intra-arterial  injec- 
tion into a perfused dog's paw. In  such a preparat ion bradykinin,  as 
"substance V", is ve ry  active in inducing vasodilatat ion and angiotensin 
is much less active in producing rise in blood pressure  than it is when  
injected int ravenously  in the intact  animal. The differences are so mark-  
ed that the authors  could, as a routine, use the  perfused legs of the 
dog to s tudy "substance V" in presence of angiotensin. The proposed 
interpretat ion that  bradykinin  or  "substance V" would  be preserved from 
destruct ion and their  effects  accentuated could not tell the whole story, 
since pure  angiotensin, in equipotent  doses induces considerably more  
effect  when injected int ravenously  to the intact animal than by  the intra- 
ar ter ial  route, to the perfused paw. 

It seems reasonable to conclude that the loci  of action of both prin- 
ciples, bradykinin  and angiotensin, are ent i re ly  different  and that  the 
only possible antagonism be tween  these principles upon the blood pres-  
sure would be  of the physiological type. Angiotensin, according to the 
above evidence, would  act predominant ly  by  modifying the calibre of 
larger vessels, though bradykinin  is a more specific dilator for the small 
arterial  vessels, and possibly for the capil lary bed. It is also interesting 
that  the coronary vessels are no exception to the action of  bradykinin,  
as in the perfused isolated hear t  bradykinin  produces a powerful  vaso- 
dilating effect, as shown in Fig. 5. The effects of angiotensin upon the 
isolated hear t  are somewhat  variable. Af te r  an initial small decrease in 
flow, a late increase can take place, and for  a certain range of doses, no 
effect  could be detected. These exper iments  are being carried out  in our  
laboratory by  Dr. A. Antonio. 23 

This interpretat ion about  the locus of action of bradykinin  as residing 
in the peripheral  small vessels and the capil lary bed, is in agreement  
with the recent  exper iments  done in humans, by  Fox et  al., 1~ which, I 
hope, will be fur ther  discussed in this Symposium.  By the intra-arterial  
route, do~es of 0-1 ~g of pure bradykinin  were  a l ready enough to increase 
blood f low in the hand and forearm of about  5-33ml/100ml/min. In such 
conditions, weight  by  weight,  bradykinin  was as potent  as histamine 
and was 10-100 t imes more potent  than acetylcholine. When injected 
intravenously,  however ,  the amounts  of bradykinin  had to be increased 
much more than those of histamine and was as effect ive as acetylcholine, 
judging also from exper iments  by  Konzet t  and Stf irmer n in the 
intact rabbit.  F rom these evidences one might  d raw the conclusion that  
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bradykinin  might  be a factor in the maintenance of the blood supply to 
tissues counteracting vaso-constrictor agents acting normally upon these 
areas. Since angiotensi'n appears to be acting in o ther  areas of the circula- 
tory system, we have to turn  our views strongly to a possible interplay 
between bradykini,n and other  vaso-constrietor agents, and the next  step 
should be to discuss any possible antagonism between bradykinin and cat- 
echol amines. 

Bradykinin versus Catechol Amines 

There seems to occur a still myster ious relationship bvtween the ac- 
tions and release of bradykinin  and discharge of catechol amines. When 
injected intravenously,  sympatholyt ic  agents have a strong potentiat ing 
effect upon the vaso-dilation produced by bradykinin.  2v Not only diben- 
zyline (phenoxybenzamine),  chlorpromazine and dibenamine increase 
the durat ion of the hypotensive effect of bradykinin,  but also reserpine 
potentiates it, when given acutely half an hour before bradykinin.  This 
potentiat ion could not be explained simply by a summation of the hypo- 
tensive effect of adrenaline, for instance, after  the sympatholytics,  with 
that  of bradykinin,  since the previous injection of DCI (dichloroisoprote- 
renol) will not prevent  the described potentiation of bradykinin  by diben- 
zyline, for example, in spite of the fact tha t  the inversion of adrenal ine 
effects have been corrected by DCI. If there is any effect  of DCI, it is 
ra ther  in the same direction as that  obtained with the mentioned sympa- 
tholytic agents. These experiments  are still being continued in our  labo- 
ra tory  by Drs. Antonio and Corrado. We still do not have a complete pic- 
ture  of the mechanism by which these agents potentiate bradykinin,  
but  it seems obvious that  to a certain extent  the release of catechol a- 
mines by bradykinin  would play a role in its pharmacodynamic  effects, 
as has been recently demonstra ted by Lecomte. 28 

But what  seems even more interesting, is the possibility that  catechol 
amines might  activate the mechanism of release of bradykinin.  It has 
been demonstra ted that  the release of bradykinin  depends upon enzymes 
which display the specificity of trypsin, splitting a bond next  to a basic 
amino acid, such as arginine or lysine, i t  does not seem essential that  the 
releasing enzyme should have a proteolytic activity of the conventional 
type, since we can destroy completely the capacity of the venom of Bo- 
throps jararaca to digest casein or plasma proteins, and still have its full 
capacity of releasing bradykinin.  TM 29, 30 However, it seems essential that  
the enzyme displays the capacity of ruptur ing  the ester bond of BAME 
or TAME. This is quite important  to kriow when one has to s tudy the en- 
zymatic factors which might  be responsible for the release of bradyki-  
nin. Many enzymes splitting BAME or TAME can be found in the body. 
Among the best known is plasmin, but also thrombin,  cathepsin II, and 
probably the protease in plasma responsible for a fast release of brady-  
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kinin, blocked by SBI, to which the Germans gave the name of plasma- 
kallikrein, are of the same type. Therefore, one might  expect to find in 
any  tissue or in the intersti~tial fluid, pvoteases whi, ch might  release bra- 
dykinin.  

We have recently~l described a sort  of oedema produced in the rat 's  
paw by immersion in a water  bath at 44-45°C, for 25-30 min. We have 
called this oedema, which s trongly resembles the one produced by egg 
white  or dextran,  a " thermic oedema", to stress the fact that  it is pro- 
duced in a range of tempera ture  (44-45°C), lower than  that  required to 
produce a "burn".  We could say we are in a range of "quasi-physiologi- 
cal" temperatures,  and surely such temperatures  can be found in certain 
regions of the globe. The occurrence of marked  changes in blood supply 
and capillary permeabil i ty  at such temperatures,  might  induce one to 
think that  the mechanism underlying such changes might  be operative 
in the regulation of the peripheral circulation. Another  reason induced 
us to give emphasis to the s tudy of such an oedema. This " thermic oede- 
ma"  was observed in the course of experiments to show the effect  of 
a previous heating at 45°C on the ulterior release of histamine by perfu- 
sion with  such a potent  releaser ~s 48/80. We had show~ 32 tha t  this heat  
t rea tment  applied to the intact rat, before start ing the perfusion, prevent-  
ed, par t ia l ly  or totally, the release of histamine by 48/80. Since the heat  
t rea tment  was applied to the intact  anaesthetized animal, and the subse- 
quent  exper iment  was done at 37°C, this finding would extend, under  
in vivo conditions, the observation by Mongar and Schild 33 that  the ana- 
phylactic release of histamine from slices of the guinea-pig lung is total ly 
abolished when the fragments  are previously kept for 30 min at 45°C, 
and also the findings of HSgberg and Uvn~is 34 that  the mast  cells of the 
rat  mesentery  become stabilized against disruption provoked by 48/80, 
if previously maintained at 45°C for 20-30 min. Antonio 35 has also shown 
that  the amounts  of histamine contained in the paws are not significantly 
altered if the heated paw is compared with the non-heated one. There- 
fore, f rom the start,  histamine and possibly also 5-HT, could be ruled 
out as potential mediators of that  kind of oedema. It became urgent,  how- 
ever, to find out which endogenous substances might  be concerned with 
the formation of the " thermic oedema 44-45°C '' in the rat 's paw. 

In a series of prel iminary tests we could exclude once more histamine 
and 5-HT (serotonin), since by treat ing the rats with a series of inhibitors 
such as anti-histaminics, anti-serotonin agents, such as LSD-25 and 
BOL-148 in doses which would counterbalance any effect of the media- 
tors, no change in the intensi ty or severi ty of the oedema could be found. 
The data presented in Table IV summarize the experiments  done with  
many  different  agents previously given to the animal before the heating 
t reatment .  So far, reserpine, when given twice, has been the best drug 
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to c o u n t e r a c t  to a l a rge  e x t e n t  the  " t h e r m i c  o e d e m a " .  Fig. 7 g ives  a pic-  
t u r e  of  t he  r e d u c t i o n  of the  o e d e m a  i ndu ced  b y  one  or  two  t r e a t m e n t s  
wi th  r e s e r p i n e .  Also  d i b e n z y l i n e  and  less so, d i b e n a m i n e  and  c h l o r p r o -  
maz ine ,  as s h o w n  in T a b l e  IV, s i gn i f i c an t l y  d e c r e a s e d  the  i n t e n s i t y  of  
t he  o e d e m a .  

F~c,. 7. "Thermic oedema" produced in the rat 's paw by immersion in a 
water bath at 44-45"C for 25-30 rain. Controls (above) and the paws of 
animals treated 1 >( with reserpine (medium row) and 2 X with reserpine 

(lower row). According to Rocha e Silva and Antonio.31 

T h e s e  fac t s  w o u l d  po in t  to the  p a r t i c i p a t i o n  of  ca techo l  a m i n e s  in the  
i n t i m a t e  m e c h a n i s m  of  p r o d u c t i o n  of  th is  o e d e m a .  H o w e v e r ,  t he  f ac t  t h a t  
no  c o m p l e t e  abo l i t ion  could  be  o b t a i n e d  w i t h  such  a p o t e n t  s y m p a t h o l y -  
t ic a g e n t  as d i b e n z y l i n e  w o u l d  ind ica t e  a r a t h e r  s u b s i d i a r y  role  of  the  
a m i n e s  a n d  p r o m p t e d  us to  look  fo r  a m o r e  speci f ic  c a p i l l a r y  ac t ive  en-  
d o g e n o u s  a g e n t  to e x p l a i n  t h e  p l a s m a  f i l t r a t i o n  l ead ing  to t he  local  oede -  
m a  o b s e r v e d .  I t  ha s  b e e n  d e m o n s t r a t e d  t h a t  b r a d y k i n i n  inc reases  cap i l -  
l a r y  p e r m e a b i l i t y  in t he  gu inea -p ig ,  a n d  in o u r  l a b o r a t o r y ,  Dr.  A. R o t h -  
schi ld  f o u n d  t h a t  a lso  t he  cap i l l a r ies  of  t he  r a t  a r e  e x t r e m e l y  s ens i t i ve  to 
t he  p e r m e a b i l i t y  i nc r ea s ing  e f f ec t  of  b r a d y k i n i n .  
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TABLE IV 

Action of drugs on the Jorm~tion 6f the "thermic oedema" in the rat's paw 
A c c o r d i n g  to Roeha  e Si lva and  Antonio .  31 

Drugs* 
Number 

of 
animals 

Chlorpromazine 
Dibenzyline 
Dibenamine 
Dibenamine 
Dibenamine 
Priscol 
Serpasol 
Controls 

12 
16 
5 
2 
6 
2 

12 
47 

BOL-148 
Iproniazide 
Cocaine 
Controls 

4 
8 
6 

22 

Doses 
(mg/kg) 

i0, 20, 35 

20 
I0 

24 
42 

20, I00 

2×10 

i0 
.76,100,200 

40.80 

Per cent increa- 
ses in weight 

(averages) 

32'9; 39.2; 36.9 
16.5 
59"7 
60'0 
26.0 

52.8; 51"1 
28.1 

49.8; 51.7; 63.2 

51.2 
51.6; 56.3; 55.7 

60.1; 62.7 
63.2; 51.7 

Test of 
significancet 

P<0.05> 0-01 
P<0-01 

N.S. 
N.S. 

P <  0.05> 0.01 
N.S. 

P<0.05>0.01 

N.~. 

N.S. 
N.S. 

Other drugs assayed, with no significant effect upon the intensity of the "thermic 
oedema": Phenergan (5 mg/kg); Neo-antergan (24 mg/kg); LSD-25 (10 rng/kg); atro- 
pine sulphate (250 mg/kg); sodium salicylate (50 mg/kg); Pendiomid (5 mg/kg); An- 
dantol (24 mg/kg); Eupaverin (150 mg/kg); Neozine (24 mg/kg). 

* With the exception of cocaine given around the thigh, by infiltration, all the 
drugs were given intraperitoneally, 30 rain before the experiment. With serpasol, 
2 treatments, 24 hr and 30 rain before, were applied. 

t The tests of significance were performed upon the differences of weight and 
not upon the percentages; therefore, the SE of the means are not indicated in the 
table. 

To d e m o n s t r a t e  the re lease  of  b r a d y k i n i n  u n d e r  the  condi t ions  of  p ro -  
duc t ion  of  the  " t h e r m i c  oedema" ,  a n e w  t echn ique  of  coaxial perfusion 
was  developed,  as s h o w n  in Fig. 8. A f t e r  anaes the t i z ing  the  an imal ,  a po ly -  
thene  t ub ing  of  a b o u t  4 m m  d i a m e t e r  was  i n t r o d u c e d  u n d e r  the  skin  

t h r o u g h  a smal l  incision at  the th igh  and  pu l led  f o r w a r d  wi th  occas ional  

insuf f la t ion  of air, unt i l  it w e n t  across the l igaments  of  the t ib io- tars ic  
a r t icu la t ion .  A t h i n n e r  p o l y t h e n e  tub ing  of abou t  2 m m  d i a m e t e r  was  

then  i n t r o d u c e d  t h r o u g h  the l u m e n  of  the  l a rge r  one,  unt i l  it p r o t r u d e d  
a f ew mi l l ime te r s  be low the end. The t h i n n e r  t ub ing  was  t h e n  connec t ed  
wi th  a r e se rvo i r  of  T y r o d e  t h r o u g h  a se rpen t ine  i m m e r s e d  in the bath.  

A f t e r  s t a r t ing  the  per fus ion ,  the l a rge r  tub ing  w o u l d  serve  as an out le t  

to the  f luid  ba th ing  the  a rea  of oedema.  The  pe r fus ion  f luid  was  col lect -  
ed at  a r a t e  of 3 -4  d rops  pe r  m i n u t e  into a tes t  t ube  i m m e r s e d  in ice 
wate r .  To regu la te  the  t e m p e r a t u r e  inside of  the p a w  at the  area  of  p e r -  
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Fro. 8. C o a x i a l  p e r f u s i o n  of t h e  a r e a s  of t h e  " t h e r m i c  o e d e m a "  w i t h  two  
p o l y t h e n e  t u b i n g s  (de ta i l s  in  t h e  i n s e t  a t  t h e  r i g h t  co rne r ) .  G, g a l v a n o m e t e r  
c o n n e c t e d  w i t h  t w o  t h e r m o c o u p l e s  to  i n d i c a t e  t h e  t e m p e r a t u r e  i n s i d e  of 
the  p a w  in  r e f e r e n c e  to a p r e c i s i o n  t h e r m o s t a t  (45°C + 0.1°C). A c c o r d i n g  

to R o c h a  e S i lva  a n d  Antonio.31 

fusion and to correct for any  differences in tempera ture  outside and in- 
side, two thermocouples were used as indicated in Fig. 8. When no current  
would flow through the galvanometr ,  it was an indication tha t  the tem- 
perature  inside was exact ly  tha t  of the precision thermostate  shown in 
the diagram. A calibration of the apparatus  indicated tha t  the inside tem- 
perature  was about 1.2°C below the outside temperature ,  and such a cor- 
rection is indicated in the diagrams of Fig. 9 and 10. 

The perfusion fluid collected was immediate ly  tested upon a rat  uterus 
preparat ion set in a smal 1 ml smooth muscle chamber. The preparat ion 
was sensitive to 2-4 m u (1-2 n g) of synthet ic  bradykinin.  In the perfu-  
sates collected at lower tempera tures  (37-40°C) only occasionally and when 
the introduction of the polythene tubing was laborious, some act ivi ty  could 
be detected in the first  samples. Thereafter ,  the control samples would 
remain  inactive upon the rat 's  uterus,  until  the tempera ture  of the outside 
bath reached 44-45°C, corresponding to an  inside t empera ture  of 43.8-  
44-8°C. Then, a definite release of bradykinin takes place and goes on 
until  the tempera ture  of the outside bath reaches 48-49°C, when there  was 
a tendency of the activity, to decrease in intensity. In parallel exper iments  
upon the guinea-pig ileum, no his tamine or 5-HT could be detected in 
that  range of temperature .  Only at 57°C the histamine s tar ted to be re- 
leased. As shown in Fig. 9 and 10, there is a very  sharp point (44-45°C) 
at which bradykin in  starts to come out. There was also a good agreement  
on t ime-relat ion and the conditions for production of the oedema and the 
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r e l e a s e  o f  b r a d y k i n i n .  S ince  w e  could  e x c l u d e  o t h e r  poss ib l e  m e d i a t o r s  as 
h i s t a m i n e  a n d  se ro ton in ,  i t  a p p e a r s  t h a t  th is  k i n d  o f  o e d e m a  is p r e d o m i -  
n a n t l y ,  i f  no t  exc lu s ive ly ,  p r o d u c e d  b y  the  r e l ea se  of  b r a d y k i n i n .  As fo r  
the  i den t i f i ca t i on  of  the  r e l e a s e d  m a t e r i a l  w i t h  b r a d y k i n i n ,  w e  h a v e  to 

2 4 0  
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220 0 II 
A " IH 

.,t 200  O. IV 

o _ 1 8 0  • vl ~ ,@e 
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v) 160.  

Z D 14.0. ~ 
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z ~oo 

8 0 ,  

"~ 60, 

4 0 .  • 

2 0 -  
10 .  

_30 "40  41 4;~ 4.~ 4 4  45  46  47  4 8  4~) 5~ 'C  EXT. TEMP. 
42 ,8  43,844,845,8  CORR. ~ 

FIG. 9. Re lease  o f  a u t e r u s  stimulating principle (bradykinin-like), esti- 
mated in units X 10-4 of bradykinin; the lower scale of temperature as 
corrected by the thermocouple device indicated in Fig. 8. Summary of 6 
experiments of coaxial perfusion; the release takes place around 43°C 

(internal temperature). According to R ~ h a  e Silva and Antonio.31 

i I t [ 

Dnl nl 
42' 43 44 4~  46 47 48 48*-49* EXT. TEM@. 

4 z , 0  43.8 44.8 4~.e 46.8 c o r n .  TEMP. 

FzG. 10. Re lease  of a u t e ru s  . s t imu la t ing  p r inc ip l e  ( b r a d y k i n i n - l i k e )  by  
coax ia l  p e r f u s i o n  of  an  a rea  of  t he  " t h e r m i c  oedema" .  The  ac t ive  m a t e r i a l  
r e l eased  is e s t i m a t e d  in un i t s  × 10-~ of b r a d y k i n i n .  S u m m a r y  of 3 e x p e r -  
imen t s ,  s h o w i n g  aga in  the  s ame  cr i t ica l  po in t  of 43°C fo r  t he  b e g i n n i n g  
of the  re lease  of b r adyk i~ in .  Acco rd ing  to Rocha  e Si lva  and  Antonio.Si  

2* 
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say that  is was destroyed by chymotrypsin,  produced a fall in tonus of 
the rat intestine and was progressively inactivated if kep in the un- 
boiled perfusates, at room temperature .  

But how to reconcile the apparent ly  contradictory facts that  catechol 
amines appear to contribute to the formation of this kind of oedema, since 
sympatholyt ic  agents decrease its intensity, and that  bradykinin  appears 
to be potentiated by sympatlmlyt ic  agents when injected into the circula- 
tion. The explanation is that  we have two ent irely different  situations 
here. When bradykinin  is injected intravenously,  catechol amines might  
be released and therefore sympatholyt ic  agents have a potentiat ing effect, 
a l though when a local in jury  or stress is inflicted to the rat 's paw, cate- 
chol amines might  first be released and then start  the process of brady- 
kinin formatio.n, by activating pr~teases which would  act upon bradyki-  
ninogen. A vicious circle, or maybe t w o  vicious circles might  be estab- 
lished under  such conditions of local stress. By increasing permeabi l i ty  
of the capillary walls more bradykininogen would cross the capillary 
barrier  and more bradykinin  weuld be released. In Fig. 1 1 we t ry  to vi- 
sualize the possibility o~ a double feed back mechanism working continu- 
ously in the formation of the " thermic oedema": 

Release  of ca t echo l  
~- a m i n e s  

/ / /  ] 
i 

. 1  
/~"  j 

B r a d y k i n i n  A c t i v a t i o n  of 
I p ro t ea se s  ( in te rs t .  f lu id)  5 - -  

I 

Inc rea s .  capri .  " 
p e r m e a b i l i t y  "-- B r a d y k i n i n o g e n  (in t i s sue)  

I 

B r a d y k i n i n o g e n  (in p l a s m a)  . . . . . . . . .  
( f i l te rs  out) 

F,G. 11. 

This vicious circle would start,  possibly, 

by  hea t i ng ,  
local injury or 
Bk itself 

by a release of catechol 
amines under  the stress due to increased local temperature.  Activation of 
proteolytic enzymes and proteases have been demonstra ted under  such 
conditions of stress. 36, .~7. :~8 These proteases acting upon tissue or intersti t ial  
fluid bradykininogen,  could release bradykinin  which, by affecting capil- 
lary permeabil i ty,  might  filter off  more plasma proteins and therefore 
more bradykininogen to react with the proteases and more bradykinin  
would come into the picture. 

I have to insist that  these possibilities are only  speculative at the mo- 
ment. 
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