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A method of de termining f ree  kinins in whole hepar in ized  blood, unt rea ted  by chemica l  
r eagen t s ,  obtained f r o m  pe r iphe ra l  ve ins .  The method is based  on the se lec t ive  sens i -  
t ivi ty of an i so la ted  s t r ip  of cat jejunum to bradykinin.  By i m m e r s i n g  a s t r ip  of jejunum 
in 6-10 ml  blood containing 8-hydroxyquinoline it was found that  the mean  content of f ree  
kinins pe r  ml healthy human blood was 3.4 ng, compared  with 5.3 ng fo r  dogs, 2.0 ng for  
ca t s ,  5.4 ng fo r  rabb i t s ,  3.2 ng for  guinea pigs,  and 4.0 ng for  r a t s .  

P rev ious  invest igat ions [1] showed that  methods of measur ing  the concentra t ion of f ree  kinins in 
p l a sma ,  including the t r e a t m e n t  of whole blood by chemica l  r eagen t s ,  lead to inaccurac ies  because  the r e -  
sidual act ivi ty of serotonin  (which is l ibe ra ted  in la rge  quantit ies during dest ruct ion of platelets)  is taken 
for  the action of bradykinin or  kallidin. 

For  this r ea son  cons iderable  impor tance  is a t tached to the communicat ion  of F e r r e i r a  and Vane [3] 
repor t ing  the specif ic  sensi t ivi ty  of the cat jejunum to the action of bradykinin and kallidin, the reby  enabling 
v e r y  smal l  quanti t ies of kinins (0.1 ng/ml)  to be detected.  

The object of the p resen t  invest igat ion was to adapt this  method for  the determinat ion of f ree  kinins,  
not in c i rcula t ing blood, but in hepar in ized  human blood and blood of l abora to ry  an imals  taken f r o m  veins  
(or a r t e r i e s ) .  

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on i so la ted  longitudinal s t r ips  (5-7 m m  wide, 3-5 cm long) of jejunum 
of 31 healthy cats  of both sexes  weighing 2-4 kg. The cats  were  ki l led by e the r  anes thes ia  or  by stunning 
and subsequent exsanguinat ion by division of the caro t id  a r t e r i e s .  The s t r ip  was taken f r o m  a segment  of 
jejunum exc i sed  at a distance of up to 25 cm f r o m  its beginning, and placed in 6-10 ml K r e b s ' s  solution, 
at a t e m p e r a t u r e  of 35-37 ~ of the following composi t ion (in g / l i t e r ) :  NaC1 6.9, KC1 0.35, CaC12 "6H20 0.5, 
KH2PO 4 0.16, MgSO4"7H20 0.29, glucose 1.0, NaHCO3 2.1. The response  of this  s t r ip  of jejunum to the action 
of bradykinin,  h i s tamine ,  serotonin,  angiotensin,  and hepar in  (substances which may be c i rcula t ing in the 
blood s t r e a m  at any one t ime) was t e s t ed  by adding them to the K r e b s ' s  solution in a volume of 0.1-0.5 ml.  
The sensi t iv i ty  of the jejunum was e s t ima ted  f r o m  its th resho ld  contract ion in r e sponse  to the sma l l e s t  
doses of the t e s t ed  subs tances  2 rain a f t e r  t he i r  addition. After  the s t r ip  had been r insed  in K r e b a ' s  so-  
lution, the bath was f i l led with 6-10 ml  of f resh ly  obtained, hepar in ized  (1-3 uni t s /ml)  venous blood con- 
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TABLE 1. Effect of Added Bradykinin on Contraction 
of an Isola ted Strip of Cat Je junum I m m e r s e d  in Blood 

Tes t  object 
Amplitude of 
contract ion of 
s t r ip  (in ram) 

Bradykiain (1.25 ng /ml)  
Human blood (10 ml) 
Human blood (10 ml) +bradykinin 

(1.25 ng/ml)  

13 

33 

46 

Bradykinin (25 ng/ml)  
Rabbit blood (10 ml) 
Rabbit blood (10 ml )+bradyk in in  

(25 ng/ml)  

15 

1.5 

16.5 

raining 8-hydroxyquinoline or  O-phenanthrol in 
( 1  �9 10 -3 M). Blood was taken f r o m  a human 
or  animal  vein by a 10-ml  syr inge,  or  was ap-  
plied to the jejunum through a polyethylene tube 
and ca the ter .  All the g l a s sware  in eontactwi th  
the blood was f i r s t  t r e a t ed  with paraff in  wax 
or si l icone. Quantitative re la t ionships  were  
de te rmined  between the bradykinin concen t ra -  
tion and the ampli tude of contract ion of the s t r ip  
and cal ibrat ion curves  were  plotted to enable 
the concentrat ion of f ree  kinins in the blood 
to be calculated.  The par t  of the curve fo rwhich  
the bradykinin concentrat ion was d i rec t ly  p ro -  
port ional  to the ampli tude of contract ion of the 
s t r ip  was used for  the calculat ions.  

The following subs tances  were  used in the investigation: bradykinin (Sandoz, Switzerland),  b rady-  
kinin t r i ace t a t e ,  synthes ized in the Labo ra to ry  of Peptide Synthesis of the Insti tute of Chemis t ry  of Natural  
Compounds, Academy of Sciences of the USSR, his tamine hydrochlor ide,  serotonin c rea t ine - su l fa te ,  va l ine-  
5 -ang io tens in - I I -amide ,  soybean t ryps in  inhibitor (STI) (Reanal, Hungary) and O-phenanthrol in (Chemapol,  
P rague ,  Czechoslovakia) .  

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The m e a s u r e m e n t s  showed that the initial segment  of smal l  intestine (the f i r s t  25 cm) responds  by 
a threshold  contract ion on the average  (M~m) to 0.7 ~0.09 ng b radyk in in /ml  K r e b s ' s  solution (variation 
f r o m  0.025 to 2 ng/ml) .  In bradykinin concentrat ions f r o m  1-8 t imes  above the th resho ld  dose the ampl i -  
tude of contract ion of the s t r ip  was di rect ly  propor t ional  to the quantity of the p repara t ion  added. In higher 
concentra t ions  of bradykinin (10-12 threshold  doses) this r egu la r  re la t ionship  was dis turbed.  The s en s i -  
t ivi ty of the jejunum to Sandoz bradykinin and to bradykinin t r i ace t a t e  was identical.  

In 68% of the expe r imen t s  the s t r ip  of jejunum (the f i r s t  25 cm) did not r eac t  to h is tamine (250-1000 
ng/ml) ,  in 80% it did not respond to serotonin (500-1400 ng/ml) ,  and in 100% it did not respond to angio-  
tensin (120-500 ng/ml) .  In 32 and 20% of expe r imen t s  respec t ive ly  the s t r ip  of jejunum contrac ted  only 
slightly to addition of his tamine and serotonin in doses of 100-200 ng /ml .  Higher  sensi t ivi ty  of the jejunum 
to his tamine was found, as a rule ,  at a distance of 30 cm f rom its origin.  A ve ry  smal l  contract ion s o m e -  
t imes  appeared  under the influence of la rge  doses  of hepar in  (50 un i t s /ml ) .  Tipindole (a Soviet serotonin 
antagonist) ,  in doses of 1 �9 10-5-3 �9 10 -5 g / m l ,  acted on the cat jejunum not as an antagonist ,  but as a s y n e r -  
gis t .  The sensi t iv i ty  of s t r ips  of jejunum to bradykinin r ema ined  unchanged during keeping for  2-5 days 
in a r e f r i g e r a t o r  (at 4~ In occasional  expe r imen t s  this t ime  was inc reased  to 15 days.  Tachyphylaxis  
to bradykinin developed in only one of the 31 exper imen t s .  

By using s t r ips  of cat jejunum responding select ively  to bradykinin and not responding by contract ion 
to the action of serotonin,  h is tamine ,  angiotensin,  and heparin,  the concentrat ion (in ng/ml)  of f ree  kinins 
in human blood and the blood of some an imals  was determined.  In f resh ly  obtained blood f r o m  the ulnar  
vein of 12 clinically healthy pe r sons  aged 17-60 y e a r s  it was (M• 3 .4~0.31,  f r o m  a vein of the fo re l imb  
of 7 dogs it was 5.3 =~ 0.43, f r o m  the marg ina l  vein of the e a r  of 12 rabbi t s  5 . 4 -  0.46, f r o m  the in fe r ior  vena 
cava of 8 cats  2 .0*0.38 ,  of 8 guinea pigs 3.2 ~-0.5, and 6 r a t s  4.0~-0.44 ng/ml.  

The specif ici ty  of the method of measur ing  the concentrat ion of f ree  kinins as descr ibed  above was 
conf i rmed by detection of bradykinin added to whole hepar inized human and rabbi t  blood in 100% of cases  
(Table 1). 

The r e su l t s  given in Table 1 indicate a propor t ionate  inc rease  in the s t rength  of contract ion of the 
jejunum as  a resu l t  of summat ion  of the ef fec ts  of added bradykinin and that  a l ready  exist ing in the blood. 

A s e r i e s  of t e s t s  were  c a r r i e d  out to de termine  whether  the f resh ly  col lected blood could be s to red  
and, if so, under what conditions. Human and rabbi t  blood was kept for  0.5-3 h at room t e m p e r a t u r e  (18- 
20~ in a wa te r  bath at 36~ or in a r e f r i g e r a t o r  at 2-3~ in the absence or  p re sence  of STI (100 #g /ml)  
and of carboxypept idase  N inhibitors (8-hydroxyquinoline, O-phenanthrolin,  1 . 1 0  -3 M). The invest igat ions 
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showed that the optimal conditions for  preservat ion  of the concentration of free kinins for 30-50 rain are 
obtained by keeping the blood at room tempera ture  in the presence  of 8-hydroxyquinoline and of STI (or 
without STI). If blood containing only 8-hydroxyquinoline was kept at 36 ~ or  2~ (followed by warming on 
a water  bath), in many exper iments  the formation of new kinins took place. In some experiments  O-phen- 
anthrolin significantly reduced the sensit ivity of the jejunum to bradykinin. 

Repeated determinations of bradykinin in rabbit and human venous blood during the f i rs t  30 min of 
its keeping showed that the relative magnitude of the s tandard e r r o r  of a single measurement  (• was 
6.1 and 6.9% respect ively .  

The resul ts  descr ibed above indicate that this method can be used to determine minimal quantities 
(0.1-1 ng/ml) of free kinins in blood taken f rom human blood vesse l s  and f rom var ious  par ts  of the c i rcu-  
lation in animals.  For  instance,  blood f rom the carot id a r t e r i e s  of rabbits (6 experiments) contained less  
f ree kinins (1.4 ng/ml) than blood f rom the marginal  vein of the ear  (5.4 ng/ml) .  

The use of a segment of cat jejunum has the advantage over the use of the rat  u terus  that th~ la t ter  
contracts  under the influence of serotonin and angiotensin also. In addition, the cat jejunum retains its 
sensitivity to bradykinin unchanged for a long t ime,  but it can be used after  s torage in a r e f r ige ra to r  for 
2-5 days. Attention is directed to resu l t s  [2] indicating an increase  in the sensitivity of the intestine by 
the action of d imercapro l  (50 uni ts /ml) .  However,  this is a mat te r  for  fur ther  study. 
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