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B R A I ) Y K I N I N  F R O M  T O T A L  B O V I N E  P L A S M A  

t r t . l . .X I I A M I ~ E R G  

Depczrtme~tt o/ Pharmac~dog)', Facul ty  o/ 3lediciue.  l{ibeiJ'~o Prdto (Bra=il} 

( R e c e i v e d  Sc l} t ember  13th,  1958) 

S U M M . X R V  

I. The biological homogenei ty  of bradykinin prepared from whole bovine plasma 
and purified on an aluminium oxide column was studied. The ratio of uterus act iv i ty/  
guinea pig act iv i ty  of a total plasma bradykinin and of a standard bradykinin 
prepared from a precipitated pIasma globulins was determined, Results showed that 
in the case of total  plasma bradykinin tills ratio was 2 - 3 : I ,  whereas in the case of 
standard bradykinin it was I : i .  

2. The effect upon the fall in the cat's arterial blood pressure was approximately 
equal to  that of the standard, 

3- The purified bradykinin appeared as a single substance on paper chromatog- 
raphy and paper electrophoresis when localized by the effect upon the rat's uterus 
or guinea-pig ileum. 

4, The plasma bradykinin may be associated with a phospholipid whcn eluted 
from aluminium oxide at 5o % methanol  concentration.  

IN TRO D U'CTION 

The biological homogenei ty  of  bradykinin prepared on a large scale from whole bovine 
plasma I and purified on an aluminium oxide column has been studied. As indicated 
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previous ly  in pre l iminary  small-scale exper iments ,  b radykin in  can be adsorbed on 
a luminium oxide from the  crude p lasma mater ia l  and  eluted to yield a p repara t ion  of 
cons iderably  increazed specific ac t iv i ty .  In  the present  work this m e t h o d  has been 
used to recover  large amoun t s  of c rude  b radyk in in  from the crude p lasma mater ia l  and  
to  t r~nsform it into a homogeneous  p repara t ion  tha t  can be more readi127 used in 
fur ther  purif icat ion work. Under  these condit ions,  20-g port ions of c rude  b radyk in in  
were t r ans fo rmed  into a largely lipid-free mater ia l  with a specific ac t iv i ty  (units per  
rag) Io 30 t imes tha t  of the  originM. Though  cons iderably  purer  t han  the  crude  
material ,  it is never theless  ve ry  impure  dmmica t ly .  The  homogene i ty  as s tud ied  
imre applies to the  biological proper t ies  of b radykin in  as de te rmined  by its typ ica l  
effects upon smooth  muscle and ar ter ia l  blood pressure. An agreement  was found  
between the effects on the  isolated gu ineap ig  ileum and the cat ' s  blood pressure when 
compar ing  the total  plasma bradyk in in  with a s tandard  b radyk in in  p repared  from the  
prec ip i ta ted  globulins -~. A d iscrepancy  was observed  in the assay on the  isolated 
ra t ' s  uterus.  

MATERIALS AN1) METHODS 

Tile c rude  bradykin in  used in this work was a pool of two large-scale p repara t ions  
(I I -I l I) carr ied ou t  by  Abho t t  Laborator ies ,  Nor th  Chicago, and men t ioned  in "[able I 
in the previ.ous work t, The  535 g of mater ia l  or ig inated from 4 ° 1 of commerc ia l  whole 
bovine plasma and has an app r ox i ma t e  ac t iv i t y  of o.3 uni ts  of b radykin in  per  mg as 
de te rmined  on the guinea-pig ileum. I t  was p repared  wi th  low concen t ra t ions  of 
par t ia l ly  he a t -dena t u r ed  Bothrops /araraca venom 3 in the  presence of cyste ine  dur ing  
incubat ion,  followed b y  an ex t rac t ion  with boiling 70 % e thanol  and  subsequent  
drying. I t  was prev ious!y  ascer ta ined  to  be his tamine-free.  

The bradykinin  used for compar ison was a s t anda rd  l abo ra to ry  p repa ra t ion"  
from the prec ip i ta ted  globulins of bovine plasma 2, p repa red  wi th  Bothrops jararaca 
venom, a lcohol -ext rac ted  and prec ip i ta ted  wi th  e ther  from a solut ion of glacial acet ic  
acidL The  ac t iv i t y  of this mater ia l  was 3 units/rag.  

The  bioassays were based upon the responses of the guinea-pig ileum, the  ra t ' s  
u terus  and the fall in ca t ' s  blood pressure.  An isolated piece of the  ileum of adul t  
guinea pigs was suspended from a frontal  wri t ing lever  in a 3-ml ba th  of ae ra t ed  T y r o d e  
solut ion at 37-38°.  De te rmina t ions  were carr ied ou t  in the  usual  way  in a Dale 's  
appara tus .  Benadrv l  was occasionally appl ied (2/xg in 3 mi) as an an t ih i s tamine  agent .  
The ileum was sensi t ive to o.o5 o.I uni ts  of the  s t anda rd  b radyk in in  (per 3 ml). 

Single horns of uteri  from adul t  (14o-I7O g b o d y  weight) virgin ra ts  were sus- 
pended in IO- to  I4-ml baths  of ae ra ted  Ja lon  solut ion at  3x-35 °. The  u te rus  was 
sensit ive to o.oo5-o.~ uni ts  of b radyk in in  {per zo 14  ml). 

The  effect of Mg++ on the  con t rac t ion  of the u te rus  wi th  b radyk in in  was s tudied  
by  addi t ion  ol various concent ra t ions  of MgCla.6 HaO (Merck, p.a.) to the  Ja lon  
solution.  

The  4-point  assay as described by  ROCHA E S[I.VA '~ for the guinea-pig ileum wa_s 
applied for de te rmina t ions  of the ac t iv i ty  ratios.  This 4-point assay was also appl ied to  
the  rat ' s  u terus  and the blood pressure of the eat.  As descr ibed in more detai l  else- 

...... -;~¿-ami~lde~~~~d t~  Dr.  SYLwA ()..\xl)~Ai~r~:, l~inlogical  I n s t i t u t e  nf  S'j.~ Pau lo ,  Braz i l ,  for  t h i s  
b r a d v k i n i n  u t a n d a r d .  
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VOL. 3 4  ~I95t ' ))  I¢I~AI)YI<ININ FROM I',IIVINE t'L:kS_M'A 137 

where  s, the  fall in a r te r ia l  b lood pre.~.~urc of the  ca t  re.~ponded to  the  doses of b r a d y -  
k in ia  wi th  a s t a n d a r d  d e v i a t i o n  of .5 ?;,. T h e  d i f fe rence  b e t w e e n , t h e  doses  was h ighly  
s igni f icant  (I) <: o .oo i )  and  the  slope, b - :  Sz_8; the  }. of the  a s s a y  was smal l  enough  to  
i nd i ca t e  the  high s e n s i t i v i t y  a n d  a c c u r a c y  of the  tes t .  

T h e  falt in a r t e r i a l  b lood pressure  of tht~ ca t  was  r e c o r d e d  f rom the  ca ro t i d  a r t e r y ,  
a n d  t he  in jec t ions  of b r a d y k i n i n  were  g iven  via a c a n n u l a  i n se r t ed  in to  the  f emora l  
ve in .  T h e  e~mnula was  w a s h e d  wi th  i 2 ml of o.15 31 NaCI a f t e r  e ach  in jec t ion .  T h e  
ca t  was  a n a e s t h e t i z e d  wi th  n e m h u t a l  3o m g  kg a n d  the  vagus  n e rv e  cu t .  

F o r  s t a n d a r d i z a t i o n  of a c t i v i t y  a .~inapler a s say  was e m p l o y e d  in which a la rger  or  
sma l l e r  dose  of the  u n k n o w n  was  c o m p a r e d  wi th  tl~e s.tal~da.rd ;,.rid the  doses  were  kep t  
be low t h a t  r equ i r6d  to  b r ing  a b o u t  the  m a x i m u m  c o n t r a c t i o n  of the  o rgan .  T h e  
a c t i v i t y  t h r o u g h o u t  this  w o r k  is givt 'n in uni ts  of  bradykinir~ and ,  w h en  not  ~ therwise  
s t a t e d ,  refers  to  the  a c t i v i t y  as a.~saycd on the  guinpa-p ig  i leum in re la t ion  to  the  
s t a n d a r d .  

P a p e r  c h r o m a t o g r a m s  were  m a d e  wi th  W h a t m a n  No. t f i l ter p a p e r  which  had  
p r e v i o u s l y  heen  w a s h e d  wi th  a o.oo~ 3 I  so lu t ibn  of d i sod ium v e r sen a t e  fol lowed by  
b i -d is t i l led  w a t e r  and  dr ied  at  60 >. The  so lven t  used  was  the  o rgan ic  p h ase  of 
~ -bu tano l~g lac i a l  ace t i c  a c i d - w a t e r  ( 4 o : x o : 5  o) (v:v) s a t u r a t e d  for  4 - 5  h at  z o - z 2 %  

F o r  p a p e r  e t e c t ropho re s i s "  the  LKI~ e q u i p m e n t  and  W h a t m a n  No. z f i l ter  p a p e r  
(~--cm wide  s~r:,i,s ~, p r e - w a s h e d  as  de sc r ibed  above ,  were  nsed.  Ru n s  were  m ad e  a t  
z2o V a n d  4 m A  in a 0.05 N a c e t a t e  buf fer  p H  4 . r ,  in a cold room (Io°) .  

D e t e r m i n a t i o n s  of  to ta l  p h o s p h o r u s  were  ca r r i ed  o u t  b y  the  colorinaetr ic  m e t h o d  
of F!.~KE AND %I'BI~AR~)W 7 a f t e r  d iges t ion  wi th  5 _V su l fmic  ac id  a n d  o x i d a t i o n  w i th  
3o°;~, h y d r o g e n  p e r o x i d e  of a l i quo t s  f rom the  c o l u m n  f rac t ions  a n d  the  or ig inal  
m a t e r i a l .  

BvmtykinDt obhdm,,l .fro~t the alwmDtim~ oxide, colm;~n 

Rca~,e~ts. A l u m i n i u m  ox ide  was  s u s p e n d e d  in conc~n t ra t e ( t  h y d r o c h l o r i c  ac id  p.a.  
and  b r o u g h t  to  boi l ing whi le  s t i r r ing .  Af te r  be ing-coo led  t h e  acid was c lecanted a~ld 
wash ing  wi th  d is t i l led  w a t e r  was  r e p e a t e d  un t i l  a p H  of 3 -4 .5  was r e a c h e d ;  t h e r e a f t e r  
t he  a h n n i n i u m  ox ide  was  w a s h e d  seve ra l  t imes  w i th  e thano l .  Th e  e t h a n o l  used  was  a 
c o m m o n  c o m m e r c i a l  95 °" a lcohol ,  g lass-dis t i l led  i,~ a f r a e t i o n a t i o n  co lumn.  T h e  
a l u m i n i u m  ox ide  was  left  to  d r y  in a i r  a n d  p u t  in to  t h e  c o l u m n  su.~pended in 9o % 
e t h a n o l .  

Procednre. T w e n t y  g of  c rude  b r a d y k i n i n  was  s u s p e n d e d  in IOO ml of  9o % e thano l ,  
b r o u g h t  to boi l ing in a w a t e r  batl3 a n d  d e c a n t e d  a f t e r  se t t ing .  Th e  p r o c e d u r e  was 
s u b s e q u e n t l y  r e p e a t e d  th ree  t imes  wi th  50 ml  e thano l .  Th e  e x t r a c t  was  f i l tered ho t  an d  
t h e  final  p r e c i p i t a t e  pressed.  Th i s  e x t r a c t  was used  d i r e c t l y  o r  a f t e r  s to r ing  o v e rn ig h t  
in the  icebox .  P r e c i p i t a t e  f o rmed  du r ing  s t o r ag e  was r~'moved b y  f i l t r a t ion  t h r o u g h  
c o t t o n  wool.  B y  this  p r o c e d u r e  7 5 - 8 5  0i, of  the  or ig inal  a c t i v i t y  o r  4 o o o - 5 o o o  uni ts  
of  b r a d y k i n i n  were  e x t r a c t e d .  T h e  c o n c e n t r a t i o n  of the  e x t r a c t  was k e p t  a t  a b o u t  
o . I  g /ml .  A v o l u m e  of  a p p r o x i m a t e l y  200 ml was passed  t h r o u g h  the  c o h m m  u n d e r  
m o d e r a t e  c a r b o n  d iox ide  o r  n i t rogen  pr, rssure. B r a d y k i n i n  was  r e t a in ed  b y  t h e  
a l u m i n i u m  ox ide  and  the  eo lu ,nn  was; washed  wi th  a b o u t  x.5 v o l u m e  of 9 ° % e thano l .  

* T h e  au th , , r  is indel~tL-d t,,  lh ' .  Sv:k , i lo  l ) o l l l ,  l )epar~men~ ~,f . k n a t o m v ,  for v a h m b l e  he lp  i l l  
p e r l o r m i n ~  tilt: clcctr,~phor~'.-.L~. 

.~v/erv,,ce.s p.  ;.,re,. !1 
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E tu t ion  was carr ied out  with 5 0 %  methanol ,  and b radyk in in  was q u a n t i t a t i v e l y '  
recovered  as assayect on the  guinea-pig i leum. 

I t  was found tha t  the  dimensions (z'.I "< 35 cm) of the  column were critical.  
If more mate r ia l  was pu t  on the  column or a smaller  column was used b radyk in in  was 
no t  a lways re ta ined.  

The  act ive  me thano l  fract ions were pooled af ter  the assay of ac t iv i ty .  Samples 
of 5oo-zooo  uni ts  of b radyk in in  were dr ied under  reduced pressure in ampoules ,  which 
were kept  in a des iccator  or  sealed. The ac t iv i ty  was stable over  a month .  This 
mater ial ,  redissolved in o.z5 31 NaCI, was used in the  bioassays for specific ac t i v i t y  
and ac t iv i ty  ratxos. 

R E S U L T S  

T/~c a lumin i t t~n  oxide  coll t~t)~ 

Fig. x shows the results ob ta ined  in runs of four  e thanol  ex t r ac t s  of crude plasma 
bradykin in  on a luminium oxide columns.  The  curves are  p lo t ted  from the values 
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Fig .  I .  E l u t i o n  o f  b r a d } , k i n i n  w i t h  . 5 o ' ~  l r t e t h a r t o l  f r o m  ][o111- a l u n ~ . i n i u n l  o x i d e  c(lI l lnl l lS { I - - [ v ~ r ) ,  

U n i t s  o f  b r a d y k i n i n  a n d  p e r  c e n t  o f  r e c o v e r y  a r e  m e n t i o n e d  b e l o w  c o l u m n .  " l ¢ " - v a l u e s  o f  t h e  
a c t i v e  p e a k s  a r e  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  f i ' gu res  : c o l u m n  v o l u m e ] e l u a t ( ,  w r l u m e . T h e  r e s p e c t i v e  

c o l u m n  d i m e n s i o n s  w e r e :  I, 2.~ ~" 3'5; i [ ,  a . i  ;< 34.4: I I I ,  ~ .o  :~ 3 3 :  IV ,  2 . 6  × 3 6 . 5  e r a .  

obta ined  in bi0assay on the  guinea-pig ileum of al iquots  from the xo-ml eluates .  
Samples of 0.5 rnl f rom each f ract ion were dr ied under  reduced  pressure irt a hoiling 
wa te r  ba th  and  redissotved in 5 ml  of o.x5 M NaCI. The to ta l  un i tage  put  into the  
column was de te rmined  by  a similar assay of the  e thanol  ex t r ac t .  The  effluent and  
washings were s t rongly  yellow in colo:-r. The  washing was con t inued  unt i l  t he  colour  
disappeared,  which occurred  a f te r  passing abou t  all equal  volume of e thanol  t h rough  
the column. The  eluates with me thano l  were colourless in tim beginning but  la ter  a 
faint  yellow eolour seemed to  a c c o m p a n y  the act ive  peak. 
Jeeferences p, z46. 
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No  o the r  act ive  (guinea-pig ileum) peak was observed irl these experiment:< Tke 
effluent and washings were inact ive  or conta ined only traces of ac t iv i ty  (less t han  
4.4 % of the  original) wlmn tes ted in corresponding doses. E lu t ion  of columns I and  I r 
was con t inued  unti l  250 ml of e thanol  had linen used. All tim fractions b,:yond 
b radyk in in  were inact ive.  

Material  re ta ined  by  the  column appeared  in three  fixed coloured zones in the top  
region. A yellow zone fur t lmr down m o v e d ' w i t h  the washing liquid. A t u rb id i t y  was 
observed  near  the act ive etuates  but  could he removed by centr i fugat ion and was not  
connec ted  wi th  the ac t iv i ty .  \Vhen a larger column was used this tu rb id i ty  aptm;tted 
jus t  hefi)rt • the ac t iv i ty  was eI ua ted ,  over lapping  the ac t ive  fract ions in the begiJming. 

The de te rmined  "R" values for b radyk in in  under  these condit ions allowed a 
simplif icat ion in the  exper iment .  F rom a column of 2.6 /: 38.5 cm {not recorded in 
Fig. I) the  first 15o ml of eluate were collected toge ther  and d iscarded af te r  a test  for 
absence of ac t iv i ty .  Elut iou  was cot t t inued in io  ml fractions unt i l  all the ac t iv i ty  was 
collected. The  " 'R" value of the  peak was t . I3 .  With  this longer column (V) the  
t u r b i d i t y  did no t  over lap  the act ive fractions but  was removed  before reaching them. 

When  the larger cohtmns  were applied a tailing of the ac t iv i ty  occurred on elution.  
This was e s t ima ted  to a m o u n t  to 9.8 % of th~ ac t iv i ty  in column I l I ,  17 °0 of t ha t  in 
co lumn 1V, and  16 % of tha t  in column V. The pool of act ive fract ions from column V 
had  a m a x i m u m  light ab, ;orption of 27o-28o m/z in the ul t raviole t  region, 

Spe~i/ic activity 

Aliquots  f rom the  pool of ac t ive  eluates  correspondirtg to  6oo-125o units  (guinea- 
pig ileum) were dr ied under  reduced presstue in ampoules  of known weight. After 
dry ing  overnight  the weight of the mater ia l  wars deduced  by  difference. The  tot,xl 
b r adyk in in  ac t iv i ty  of this mater ia l  was de te rmined  in several  bioassays on the 
guinea-pig ileum, af ter  redissolving the con ten t s  of the ampoule  in o.x 5 .1[ NaCI. 
The  following results in units  per mg were ob ta ined  fi'om various column mater ia ls :  
2.5-3.o (column i l ) ;  8.8°-9. 4 (cohmm I I I ) :  li.o [column V). The ac t iv i ty  was stable 
when kep t  in frozen solut ions of IOO--2oo units  per ml. 

The eluate  from cohtmn [ I I was found to  be r emarkab ly  stable:  when kept  in the 
icebox, b radyk in in  ac t iv i t y  was conserved for a month ,  as assayed on the  guinea-pig 
ileum and  the ra t ' s  uterus .  The ac t iv i t y  ra t io  u terus / i leum remained  unchanged  at  

2 . 5  .o. 

Aaivi ty  ratios 
"Fable I shows the ac t iv i t y  ratios relat ive to the s t andard  ob ta ined  in I:ioassays 

wi th  var ious  p repara t ions  of the  to ta l  p lasma bradvkinin .  \Vhen solutions with equal  
effect on the guinea-pig ileura were assayed on the rat ' s  uterus,  the  ac t iv i ty  of the 
new bradyk in in  was 2-3 times higher than  the s tandard .  This difference (lid not  occar  
in the  ease of  t,.,e ar ter ia l  blood pressure of the cat.  

A similar compar ison  was made  betwee.n two s t anda rd  prepara t ions  ~ of crude 
bradykin in ,  one. of them (3 units/rag) prec ip i ta ted  from glacial acet ic  acid with ethel- ~, 
the  o the r  (I unit /rag) not .  Both  s tandards  differed from whole p lasma b radyk in in  
in t h a t  t h e y  or ig ina ted  front the  plasma globulins prec ip i ta ted  with a m m o n i u m  sulfate  
and  dialysed.  The  second s tandard  was therefore  comparab le  to the  to ta l  p lasma 
b radyk in in  as far  as the p repara t ion  tecimique is concerned (see MATERIALS AND 

References p, 146. ' . . . . . . . . . . . . . .  
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METIfO]3S) while it  was  m a d e  f rom a d i f f e ren t  s u b s t r a t e .  The  r a t i o  t .~terus/ileum 
a c t i v i t y ,  h o w e v e r ,  was  o.93.  

A("I ' I 'V t T Y  H A T  I0..~ 

"l'A 1~t .1~ I 

I . ' ] . ~  ( i f  I ~ R A I . ) ' ~ ' I I I N I N  l a R E P A t ~ A T 1 O N N  { [ ' }  I N  I t E L A T I O N  T O  A S T A N I ] . % R I }  I S )  

(3 UNITS[nlg)  

] l a s o d  u p o n  l ' L q  = t i n  a s s a y  on  t h e  g u i n e a - p i g  i l e u m .  

I~Tg~EtratirtPl b3~it'~ tst¢~'trs { : l t U s  I .~ l  ~ 

t } r lg~nal  c r u d e  2 .o 2 .0  _, ,~ ~ .(; ¢].8¢~" 
C o l u m n  l I  2.3N* 2 .54  3 . 0 [  O.N~, 1,TO 
C o l u m n  i l  I 2 . :  2 ,  3 3 ,1}  1 . 2 2  t . . t  O 

( ' ~ ) u m n  V 2.3 s 3 ,04  2.3 I . I q  o . 8 o *  
S t a n d a r d  (r u n i t / r a g }  {u I3  ~.o 

t~ach  f i g u r e  r e p r c s e n l s  a s e p a r a t t '  bioa.~,~av. 
* . \  _ l - p t d n t  a ~ s a y .  

I t  s e e m e d  r e a s o n a b l e  t h a t  s o m e  f a c t o r  p r e s e n t  in the  t o t a l  p l a s m a  b u t  a b s e n t  f r o m  
t h e  d i a ly sed  g lobu l ins  m i g h t  a c c o u n t  for  th is  d i f fe rence .  A poss ib le  c o n t a m i n a t o r  m i g h t  
be  o x y t o c i n  8, wh ich  w o u l d  s t i m u l a t e  the  u t e r i n e  c o n t r a c t i o n s  b u t  no t  t h e  i n t e s t i n a l  
one~. As s h o w n  b y  I_OCKE'rT AXD OWV:N ~ a s e n s i t i z a t i o n  of  t h e  d o s e - r e s p o n s e  to  
o x y t o c i n  on the  r a t ' s  u t e r u s  can  be o b t a i n e d  a t  a c e r t a i n  c o n c e n t r a t i o n  of  Mg ++, 
whi le  h ighe r  c o n c e n t r a t i o n s  w o u l d  d e p r e s s  t h e  r e sponse .  T h i s  e f fec t  w a s  s t u d i e d  w i t h  
t h e  b r a d y k i n i n  o b t a i n e d  f rom t h e  a l u m i n i u t n  o x i d e  c o l u m n .  T h e  u n k n o w n  s o l u t i o n  
w a s  first  d i l u t ed  t o  e q u i p o t e n t  c o n c e n t r a t i o n  i n t o  t he  s t a n d a r d  as t e s t e d  on t h e  g u i n e a -  
p ig  i leum.  T h e  b i o - a s s a y  on  t h e  r a t ' s  u t e r u s  was  s t a r t e d  w i t h  no Mg++ in t h e  J a l o n  
so lu t ion ,  and  a ' 4 - p o i n t  ":ssay was  ca r r i ed  o u t  ( ' f a b l e  I I ,  No.  I ) .  T w o  e q u a l  d o s e s  of  
s t a n d a r d  a n d  t w o  equa l  doses  of a p r e p a r a t i o n  of u n k n o w n  a c t i v i t y  were  se lec ted ,  
one  of each  p a i r  be ing  tw ice  as c o n c e n t r a t e d  as  t he  o t h e r .  T h e  doses  to  the  u t e r u s  
we re  r e p e a t e d  a t  r a n d o m  in four  g r o u p s  of  t h e  4 - p o i n t  a s say .  A f t e r  c o m p l e t i n g  t h i s  
a s s a y  I0O rag/1 of M g C I ~ . 6 H 2 0  were  a d d e d  to  t h e  J a l o n  so lu t i on  a n d  t h e  4 - p o i n t  
a s s a y  w a s  r e p e a t e d  w i t h o u t  i n t e r r u p t i o n .  T h e  c o n c e n t r a t i o n  of MgC12' 6 H , O  w a s  t h e n  
i n c r e a s e d  to  r g/l a n d  the  a s s a y  r e p e a t e d  aga in .  In  th i s  case  the  u t e r u s  w a s  le f t  fo r  
o h b e t w e e n  the  a s s ays .  T h e  r e su l t s  are  s h o w n  in T a b l e  I I ,  No .  I .  A d d i t i o n  of M g  ++ 

T A  i-}I.t"2 I I 

I N I ' L U E . N C I "  O l  r ) l g t  ' {}N T I l E  A C ' r l V I T ' ~ "  R A T I O  R A T ' S  U T t - : t l U , ~ / ( i U I N I : . \  P I G  ILIe . !3M 

, k s s a y  o f  s{}hzt ions* of  e q u a l  p o t e n c y  o n  t h e  g u i n e a - p i g  i l e u m .  

lCut's 3tf,N.~ ,,[ .llq++ addcd t .  Jeb'n 
Z~t~'r~¢~ J l l l r o l f a  a . . . . . . . . . . . . . . . . . . . .  

icJ~lJt, fi #t_tltJ ~ fl.¢l~ 

NO. I 3 .o  3,21 3-- '7 - 
-' z. 7 ~ 1.7o 
3 -~.A 2 .o - -  1 Jo 7 

* 1 5 r a c t v k i n i n  f r o m  c o l u m n  I I I .  
* * { h m l p o s i t i o n  o f  t h e  J a h m  s o l u t i o n :  4- 'o  m g  I-~('1, 9 g N a C I .  ~:o m g  ("aCle ,  50o  nag Nal - l ( '~  )a a n d  

5o0  l u g  g l o c o s e  p e r  l i t e r .  

lCefefe~?ces p.  ~46. 
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a t  these  lower  levels of  c o n c e n t r a t i o n  did no t  ch an g e  the  a c t i v i t y  r a t io  bnt af fec ted  
the  dose - response  of  the  u t e r u s  to  ~ bradyk-inin,  a.~ shown in Fig. 2. 
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F i g .  2. T h e  dost~-respon~;e c t t r ~ e s  g i v e n  I r v  a l u . t i n i q m  .~,xide (cohtmn II  I) p t : r i l ied  t ~ m k n o w n )  :.tnd 
s t a n d a r d  l ) r a t l v k i n i n  in ~ss~U." (m t h e  r a t ' s  u t e r u s .  { - ) J a h m  s¢ , iu t ion :  ( O i  a d ( l i t i t m  ~ o . o o o  5 a n d  

( 0 )  o.ot:'5 .ll  M g ' "  ('..;,au "l'at>le l I .  N,~. I ) .  

T h e  l a t t e r  i n h i b i t o r y  effect  was r c p r a t e d  in the  two fol lowing expcr imei~ts  
r e c o r d e d  in Tal)le l l, us ing the  s imp le r  hioassav.  Again the  a c t i v i t y  ra t io  was no t  
a p p r e c i a b J y  in f luenced  a t  the  low c o n c e n t r a t i o n  bu t  d e c r e a s e d  to  1.7¢) a n d  [ .67 wi th  
t he  h igh  c o n c e n t r a t i o n  of Mg~ ~. In all of  the~.e e x p e r i m e n t s  an i m m e d i a t e  dep res s ion  
of the  dose-rcspor :se  oec l i r red  a f t e r  add i t i o n  of Mg ++. This  was espec ia l ly  p r o n o u n c e d  
in e x p t .  3, which  r e su l t ed  in an i m m e d i a t e  (lecrvas¢, of a b o u t  5o % fol lowing t l ,e  
a d d i t i o n  o f  0.0o05 mole  Mgf +. V¢ith t he  high .X[g-+ o~)nccntra t ion a v e r y  .~trong 
dep re s s ion  o c c u r r e d  wh ich  r e q u i r e d  an  a p p r o x i m a t e l y  t en- fo ld  increase  of the  dose.  
As a p p e a r s  in Fig. 2, 3[g++ c a u s e d  changes  in the sens i t i v i ty  of the  u t e ru s  htlt  d id  not  
c h a n g e  s ign i f i can t ly  the  slope of the  dose-ef fec t  cu rves .  

T h e  inf luence  of  cy s t c ine  was of in te res t  because  of its effect  in c a p t u r i n g  m e t a l  
ions f r o m  che la tes .  A possihle  che l a t i ng  effect  wi th  ( 'o ~ ~ at  a c e r t a i n  c o n c e n t r a t i o n  
has  been  s h o w n  wi th  b r adyk i i d r t  b v Rt~CH.X v; Si~.x.s (unpub l i shed  resul ts) ,  who  was  
ab le  w i t h  e ys t e ine  to  reverse  t he  i n a c t i v a t i o n  of b r a d y k i n i n  hv  Co ++. Cystt-inv HCI 
( a p p r o x i m a t e l y  z rag /uni t )  was  a d d e d  ( f rom a so lu t ion  of p H  ,S~ to  tv.'(~ solut i lms of 
s t a n d a r d  a n d  u n k n o w n  b r a d y k i n i n  a n d  left  a t  r o o m " t e m p e r a t u r e  for  ab(~ut 3 ° miq.  
T h e  a c t i v i t y  r a t io  r e m a i n e d  a t  2 a n d  cys t c ine  d id  not  inf luence the  effect  upon  the  r a t ' s  
u t e ru s .  

C h y m o t r y p s i n  was found  to  ahol ish  the  a c t i v i t y  :3n the  u t e r u s  of the  h r a d v k i n i n  
o b t a i n e d  f rom an  a l u m i n i u m  o x i d e  co lumn .  I n c u b a t i o n  in para l le l  of  IO un i t s  of  this  
b r a d y k i n i n  a n d  3o u n i t s  of the  s t a n d a r d  wi th  2oo iLg c h y m o t r y p s i n  d e s t r o y e d  t h e  
a c t i v i t y  in b o t h  in  3--6 rain a t  p H  8 a n d  36% Af te r  t h e  a c t i v i t y  h ad  been d e s t r o y e d  the  
u n k n o w n  so lu t ion  was  boi led to d r y n e s s  in 0 2  N HCI to  i n a c t i v a t e  e h y m o t r y p s i n .  I t  
was  r ed i s so lved  in d is t i l led  wate r ,  neu t r a l i zed ,  a n d  Io  un i t s  of  the  s t a n d a r d  b r a d y k i n i n  
were  a d d e d  to  a f inal  c o n c e n t r a t i o n  of z uni t  ml. In  c o m p a r i s o n  wi th  a s t a n d a r d ,  no  
a u g m e n t a t i o n  of t he  r e sponse  on t he  u t e r u s  o c c u r r e d  wi th  th i s  so lu t ion .  This  seems  to  
ru le  o u t  t he  d i r ec t  in f luence  of some  ca t ion  t h a t  m ig h t  sens i t ize  the  u t e ru s  to  
b r a d y k i n i n .  On the  o t h e r  h a n d ,  ehymot ryps i ,~  is k n o w n  to  des t t ' oy  a zluzuber of o t h e r  
a c t i v e  p o l y p e p t i d e s  bes ides  b r a d y k i n i n .  

A m i x t u r e  of  s t a n d a r d  a n d  c o h n n n  I l l  b r a d y k i n i n  was  t e s t ed  o~,a the u te rus .  
E q u a l  p o r t i o n s  of  two  so lu t ions  wi th  equa l  a c t i v i t y  on gu inea -p ig  i lenm bu t  I : 3  
( s t a n d a r d / u n k n o w n )  a c t i v i t y  on the  u te rus  were  l~lixe¢l. T h e  m i x t u r e  was t h e n  d i lu t ed  

iC.eyerem:es #. :16. 
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twice to abolish the potent ia t ing  t ffect  on the uterus.  When compared with a s t andard  
the expected po tency  ra t io  of x was found on the .uterus .  

The bioassays on the cat 's  blood pressure were carried out  as described by ROCHA 
E SI].VA AND HAMBERG 6. Solutions of zo-2o uni ts  of b radykin in /ml  were de te rmined  
in parallel assays on the guinea-pig ileum. Doses of 5-14 uni ts  were injected into the 
femoral  vein a l te rna te ly  with the s tandard .  In these exper iments  the ac t iv i ty  r a t ~ s  
showed agreement  wi th  the ileum ac t iv i ty  ('Fable I). A 3o:-.50 m m  Hg fall in blood 
pressure was obtained with these doses. When the dose of bradykit i in  obta ined from 
an a luminium oxide column was increased to 10o-4oo units  (5o-2oo units/kg) the  
response was no longer propor t ional  to the  fall in blood pressure b u t  appeared as a 
prolonged effect in keeping the pressure a t  low level. Wi th  40o uni ts  (z.x kg cat) of 
column I I I  b radyk in in  the blood pressure remained at  a level 30 m m  Hg lower t h a n  
normal  for 30 rain. In the dose-range used in these bioassays the normal  blood pressure 
was recovered in about  a minute .  Fig, 3 shows the slope and  lil.~ear dose-response wi th  
preparat ions II  and  I l l .  

~ 4 C  
E 

g~c 

r~ 

2C 

c'-? o'-8 o~9 /-o 
Log d~se ;t~ unlf~s 

Fig+ 3. "['he d o s e - r e s p o n s e  c u r x e s  for  t h e  fail in  t h e  c a t ' s  ( tw o  s e p a r a t e }  a r t e r i a l  b l o o d  p r o s s u r e  w i t h  
b r a d y k i n i n  o b t a i n e d  f r o m  a n  a l u ~ i n h x v n  o x i d e  c o l u m n .  

Dialysis 
Crude plasma bradykin in  was dissolved in bidistille~! water  to a concent ra t ion  of 

approximate ly  5 ° uni ts /ml  and  centrifuged. A 5-ml s'zmple {25o units) was dialysed 
through cellophane against  Ioo ml of o.I  N HCI a~ 5 °. After  6 h, 43.5 %, of the 
bradykin in  was found in the d ia lysate  by  the  guinea-pig ileum test.  The ac t iv i t y  
rat io uterus/ i leum was de te rmined  for both  the d ia lysate  and  the dialysed sample and  
was found to be equal  and  uninfluenced by  tile dialysis (Table III) .  For  a rapid removal  
of ions a I-h dialysis was performed against  running t ap  water.  This frees the slower 
dialysable bradykin in  from potassium, which interferes wi th  the oxytocic  test  on ra t ' s  
uterus s. Again the ac t iv i ty  rat io was unchanged when de termined in the d ia lysed 
(80 % recovered) b radykin in  sample.  

The ac t iv i ty  upon ra t ' s  u terus  in d ia lysa te  and  dialysed sample (o.I N HCI) was 
des t royed b y  ehymot ryps in  a t  pH  8. The bradykin in  ac t iv i ty  was also des t royed  in 
Re/ere~,ces #. I46. 
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the  d ia lysa te  b y  boiling for 15 rain a t  p H  x2-r  3 ( approx imate ly  o.I  N NaOH).  Whert  
s t anda rd  b radyk in in  was dissolved in the  neut ra l ized  hydro lysa te  no poter~tiation of 
the  s t a n d a r d  dose-effect on the  u te rus  occurred.  A similar comp~rir-on was made  a f t e r  
des t roy ing  organic m a t t e r  by  hea t -d ry ing  at  pH  1.8 and  redissolving in distiI.ied water,  
wi th  t he  same nega t ive  resul t .  

T . \ B L E  I I i  

I N F L U E N C E  O l e  I ) I A L y S L G  U P O N  r~'i~l|~ A C T I V I ' I ~ Y  R , V I ' [ O  U T E R U . ~ t r l I .  E I ' ? , I  O [  r C I ~ U D F .  P L A S ? . t A  F I T ~ A t ) V K t N I X  

rJYdd3'kitl i1, ['tCrtt.s II~'ttot f 'r l 

I ) i a l y ~ e d  6- 7 h "  z !8 i 3o  ] . 9  
L m l y s a t e  - - o  t o0  2. 
D i a l y s e d  1 h * "  4 0 3  x~Jo 2 .0  

" o . [  N I-ICI. 
** R u n n i n g  t a p  w~t ter .  

Paper ahromatograms 
The  pool of act ive  eluates  from co lumn I I I  was used for the  ch romatograms .  Two 

paper  str ips of IO >< 46 cm were m a r k e d  down the midline wi th  a pencil in order  
to  divide  the  pape r  into z equal  areas for two paral lel  runs  with 6 and  x2 uni ts  
(guinea-pig ileum) respec t ive ly  (o.i  and  o.z mI eluate),  At  the  end  of the  run the  
papers  were  cu t  in to  n u m b e r e d  t ransverse  sections of o.5 :< 5 em and  tes ted  for 
a c t i v i t y  by  submerging  each of t h e m  in the c h a m b e r  conta in ing  the  guinea-pig ileum. 
The  sect ions f rom the  second paper  ( Is  units) were eluted for 5 h in 2 ml of o.I5 N 
NaCI a t  room t e m p e r a t u r e  and  assayed  on the uterus .  The  u te rus  was sensit ive to  
o.ox un i t s  of the s t a n d a r d  bradykin in .  Only  one peak  of a c t i v i t y  was found corre- 
sponding  to  the  R e  ob ta ined  wi th  the ileum (Table IV). F o r  f l tr ther control  the 
oppos i te  sect ions of 6 uni ts  were tes ted  likewise. 

T A B L E  IV 

LOC,%LI'ZAT[O.N O F  B R A D Y I ' ~ I N I N  F R O M  P A P E R  C I I R O M A T O C ,  R A M S  B~*" DIFFER[£~'TS B I O A S S A ' x ' S  

I~ioassay i tr t 'par ,nbm I 11 .]lLt*trtr," 

6 U. ~-" ['- .-'4 U. x.." U. :eJ ~ "..q 

l l e u n x  () .3o4 o. 291 - -  
U t e r . s  ° . 3 1 7  0 . 3 0 4  o~2,'¢z" o . z o  5 "  

C h r o m a t o g r a m s  w o r e  r u n  fo r  t 7 h a t  r o o m  t e m p .  _ ,o-2z +. 
* R o o m  t e m p .  1 7 - 2 2 : .  

A th i rd  c h r o m a t o g r a m  of equal  dimensions was run to  compare  a mix tu re  of 
I2 uni ts  of preparatio.-. I I I  and  xo uni t s  of the  s t anda rd  wi th  an equi ty . ten t  (ileum) 
a m o u n t  (2 4 units) of p repa ra t ion  I I I  alone. Sections I em long were e lu ted  in 5 mt 
of o.x5 21//NaCI. The  ac t ive  peaks on each side of the midline were located by  tes t ing 
R e l e v e n c e s  p .  x 4 6 .  
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on the uterus (q\'tble IV). The total  ac t iv i ty  eluted from the z 4 uni ts  run (preparation 
III)  yielded 33.3 uni ts  on the uterus  (4-point assay) but  only  zo uni ts  on the  ileum. 
The ac t iv i ty  rat io uterus/ i leum after  ch romatography  on paper  therefore was 3.3 for 
preparat ion I I I .  In au assay of the methanol  eluate performed previous to the run the  
ratio was 2.5-3.o. 

The lower RF value obtained {Table IV) with the mixture  m a y  be due to the lower 
tempera ture  of this run. Also, b radykin in  preparat ions  of different degrees of pu r i ty  
show variat ions of R+a~. 

Elcclrophorcsis 
Electrophorograms of the cohmm V mater ia l  were made  in parallel wi th  s t andard  

bradvkinin and  in a mixture  with the s tandard .  Strips (~ cm long) from the anode  and  
cathode si~.ae were eluted with o.z5 M NaC1 and  tested on the ra t ' s  uterus and  guinea  
pig ilmtm. All ac t iv i ty  was found on the ca thode  side in a single peak, (the afiode side 
was inactive) localized at  3-4 cm distance from the  s ta r t  af ter  a run of Iz  h, for the 
column V material  alone and mixed with the  s tandard .  Approx ima te ly  ao uni ts  
(guinea-pig ileum) of b radykin in  were applied;  the recovery af ter  elution was about  
30 o .  The ac t iv i ty  ratio uterus/ i leum decreased to z.67 af ter  etectrophoresis for the  
cohtmn V hr~tdykinin (c.t. "Fable I). 

Tol,d phosphorns 

Determinat ion  of tile dis t r ibut ion of phosphorus in relation to b radykin in  ac t iv i t y  
was made  in fractions from columns I and  II .  The results indicated t h a t  the  bradykin in  
obtained from an a luminium oxide is a lmost  lipid-free (contains approx imate ly  ~.5 % 
of the total  phosphorus in the crude mater ia l) ;  however, some phosphorus-act ive  
mater ia l  was eluted with methanol  together  with bradykinin .  From both  columns the  
peaks of phosphorus- and bradykinin-act ive  mater ia l  coincided but  the ra t io  between 
the two was not  constant  in all the fractions (Fig. 4)- Because of high blank values 
obta ined in these exper iments  the amoun t s  of phosphorus given are only  relative. 

~'° I 12000 
t.o ]1o00 .~ 

e 

aooo N 

1000 
8 13 

Eluates 

Fig.  4- l ) i~ t r i bu t i on  of  t o t a l  p h o s p h o r u s  in r e l a t i o n  to  t h e  d u t i o n  of h r a d y k i n i n  f rom coIu |nn~  I a n d  
I I  ( io - ln l  d u a t o s  8--]3). 

Relerences p. z46. 
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DISCUSSION 

The oxytocic  effect of b radykin in  has been less well s tudied,  most  papers dealing with 
its biological ac t iv i ty  as regards the contract ion of the guiuea-pig ileum and the fall in 
rabbit ' s ,  cat ' s  or dog's blood pressure. An index of discrimination n is f requent ly  
applied to dist inguish two substances by  their  redpective aehon  upon a certain tissue, 
As shown in this paper, a different index (2-3) can occur between two prcpa ,a t ious  of 
the  same substance a l though they  are indistinguishable by other  methods  and  
prepared under  controlled and  comparable condition~ "--~. This m a y  bc a t t r ibu ted  to 
the  great  difference in the sensi t ivi ty  of the rat 's  uterus to bradykinin  as compared 
with  the  o ther  tissues. The rat ' s  uterus has been es t imated  to be 25-30 t imes more 
sensitive to bradykin in  than  the guinea-pig ileum and to have an approx imate ly  equal  
sens i t iv i ty  to oxytoe in  and  the purest  b radykin in  ye t  prepared tz. 

• Bradyk in in  obta ined  by  passage th rough  ar~ a luminium oxide column is far from 
pure. A~'DRADE AND Roctt,x r St~.v,~: found tha t  when bradykin in  was passed th rough  
an a luminium oxide column peaks for biological ac t iv i ty  and  n inhydr in  colour value 
(after hydrolysis) and  absorpt ion at  27o mt~ coincided, but  on fur ther  purification on 
an Ambef l i te  column the biologically active mater ia l  no longer absorbed a t  270 mr, 
and the  yellow component  also disappeared. F rom the crude plasma bradykin in  used 
here the biologically act ive mater ia l  is also eluted from the a luminium oxide c o h m n ,  
with a m a x i m u m  light absorpt ion of 27o-28o mt~ and  together  wi th  a yellow and  
phosphorus-act ive mater ia l  which does not  seem to be direct ly associated with 
bradykin in  ac t iv i ty  and  m a y  be a lipid component .  Rechromatographing  the material  
on an a luminium oxide column showed tha t  a second elution with a solvent of less 
polar i ty  resulted in bradykin in  being ex t rac ted  at  a methanol  concentra t ion of 
approx ima te ly  90 % ; the recovery was smaller (about 50 %), bu t  the specific ac t iv i ty  
considerably increased (I54 units/rag).  I t  is interest ing to note tha t  in these fractions 
the  ac t iv i ty  ra t io  ra t ' s  uterus/guinea pig ileum decreased to  1.33 and  also tha t  
b radyk in in  ac t iv i ty  was less stable af ter  this elution. 

I t  seems apparen t  tha t  impurit ies present are l ikely to upset  the discrimination 
index, a l though it was not  possible in the present exper iments  to specify a con- 
t amina tor .  Because of the greater  sensi t iv i ty  of the ra t ' s  uterus a potent ia t ing  effect 
m a y  perhaps be brought  abou t  by  dilution and  m a y  thus  be due to this indirect way  
of removing  a possible inhibitor.  

In  previous work a an  equal  ac t iv i ty  was found when comparing the action of 
t ryps in- l ibera ted  bradykin in  from the dena tu red  plasma proteins or separated 
globulins on the  ra t ' s  u terus  with tha t  of b radykin in  prepared with snake venom. 
Since in these cases dialysis of the globuhnsa or washing of the precipitated plasma 
proteins TM was performed prior to the release of bradykinin,  the potent ia t ing factor  
m a y  be some cons t i tuent  of the unprec ip i ta ted  plasma. The results obtained with 
chymot ryps in  and  in dialysis, however, exclude the influence of a potent ia t ing ion. 

The lower ac t iv i ty  ratios obta ined af ter  electropl~oresis and  in a prel iminary 
exper iment  af ter  readsorpt ion on a luminium oxide were accompanied by  heavy  losses 
in ac t iv i ty .  

Oxytoc in  itself m a y  be excluded on the basis of the experiments  with 3It  ++, 
which failed to increase the dose-effect on the  uterus~, t6. The addit ion of Mg++ 
decreased the  sensi t iv i ty  of the  u terus  to b radykin in  and in the higher concentrat ions 

.: Rsler~.,tces p. r46. 
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b r o u g h t  i t  d o w n  to  t h e  l e v e l  of t h e  guinea-pig i l e u m  r e s p o n s e .  LOCKE'rT AND O~,¥EN ~ 
r e p o r t e d  a m a x i m u m  o x y t o c i c  s e n s i t i v i t y  of t h e  r a t ' s  u t e r u s  w i t h  50 m g  MgCIz/I  fo r  
o x y t o c i n  a n d  w i t h  50o nag fo r  v a s o p r e s s i n .  A l so ,  w h e n  t e s t e d  o n  f o w l ' s  b l o o d  p r e s s u r e  

t h e  h r a d y k i n i n  o b t a i n e d  f r o m  a n  a l u m i n i u m  o x i d e  c o l u m n  w a s  i n a c t i v e ' .  

D i f f e r e n c e s  i n  a c t i v i t y  r a t i o s  b e t w e e n  s t r u c t u r a l l y  a n d  b i o l o g i c a l l y  s i m i l a r  

p e p t i d c s  h a v e  b e e n  d e m o n s t r a t e d  i n  c a s e s  w h e r e  c o n t a m i n a t i o n  o r  i m p u r i t i e s  c a n  b e  
e x c l u d e d .  I~ERDE, DOI,:PFNE:R AND KONZETT ~4 f o u n d  i n  t h e  ca se  of  f o u r  s y n t h e t i c  
a n a l o g u e s  of o x y t o c i n  t h a t  t h e  s u b s t i t u t i o n  of i s o l e u c i n e  b y  a n o t h e r  a m i n o  a c i d  c a u s e d  
m a r k e d  d i f f e r e n c e s  i n  t h e i r  o x y t o c i c  a c t i v i t i e s  w i t h o u t  c h a n g i n g  t h e  o x y t o c i c  

c h a r a c t e r i s t i c s  for  e a c h  d e r i v a t i v e .  S u b s t i t u t i o n  of a n  a m i n o  a c i d  w a s  s h o w n  i n  vivo 

i n  h o g  a n d  bee f  v a s o p r e s s i n  b y  POPENOE, LAWLER AND DUVIGNEAUD 1"~. RE~SLF, R l° 
found tha t  the cyclic disulphide ring of oxytoein ,  depr ived  of the  prolyl leueyl-  
glycinamide side chain, ac t ed  upon the  ra t ' s  u te rus  hu t  was (almost) w i thou t  effect 
on the chicken's b lood pressure. The relat ive rat io be tween  oxytocic ,  milk-eject ing 
and avian vasopressor  effect was 3: I :o .o3 .  In the presence of IO r a g %  MgC1 z the  
oxytoc ic  effect of this synthet ic  pept ide  increased only IO times compared  wi th  a 
63-fold potent ia t ion  with the syn the t ic  oxytocin .  
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