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Abstract Bradykinin radioimmunoassay was applicd to plasma kininogen determination by measuring 
the bradykinin content of the trypsin hydrolysatc of heat-acid denatured plasma. The bradykinin anti- 
body was produccd in rabbits. The immunogcn was prepared by coupling bradykinin to human serum 
albumin with ethyl-carbo-di-imide. In thc radioimmunoassay [*~'sl]tyrS-bradykinin was uscd as tracer. 
The antibody was suitable for serial dcterminations of kininogen fi-om 0.2 ml of plasma. The dose-res- 
ponse pattern of bradykinin standard solutions was the same as that of kininogen hydrolysatcs and 
the recoverv in the hydrolysatcs was 95 I I0"o. The mean plasma kininogen content of 26 healthy 
human individuals was 3.3611g/ml {S.D. 0.49) in bradykinin equivalents which is in good agrecment 
with previous results of kininogcn bioassay. 

The lack of reliable and simple methods for the deter- 
ruination of the different componcnts of kallikrein 
kininogcn kinin system is the main reason for the 
limited information about the pathophysiological role 
of this s3stem. Kininogen, the protein precursor of 
plasma bradykinin, has so far been determined by 
bioassay of bradykinin liberated from kininogen. The 
mostly used method has been that described by 
Diniz et al. [I]  and Diniz and Carvalho [2], where 
bradykinin is liberated by trypsin from heat-acid 
denatured plasma and then assayed biologicall3 
on guinea-pig ileum or rat uterus. However, in this 
method other peptides are liberated which potentiate 
the smooth muscle contracting activity of bradykinin 
[3 5]. The trypsin hydrolysates can bc purified by 
ion exchange chromatography, but this is time con- 
suming and losses of bradykinin activity occur during 
the various steps [5]. 

In the search for more specific mcthods for plasma 
bradykinin determination radioimmunologic pro- 
cedurcs have bccn developed [-6 10]. These are com- 
plicated by the fact that bradykinin, being not antl- 
gcnic, must be coupled to a larger carrier molecule. 
Further, if radioiodinc is uscd as a label, a tyrosine 
analogue of bradykinin must be used as bradykinin 
itsclf does not accept iodine. 

Wc have applicd bradykinin radioimmunoassay for 
plasma kininogen determination in order to get a 
more specific method suitable for serial determina- 
tions and to avoid the interference of tryptic peptidcs 
in bradykinm bioassay. 

M A T E R I A I , S  A N D  M E T H O D S  

1. Production of antiserum: Bradykinin ina- 
munogen was prepared by coupling bradykinin to hu- 
man serum albumin using water-soluble carbo-di- 
imide. 125 mg of human serum albumin (Kabi) was 
dissolved in 0-5 ml of distilled water. 30rag of brady- 
kinin triacetate (Sigma) was added and dissolved and 
followed by 450 mg of 1-ethyl-3(3-dimcthyl-aminopro- 

pyl)-carbo-di-imide HCI (Ott Chemical Company). 
The solution was mixed, kept in ice-bath for 30 min 
and diahzed against dislilled water for 48 hr at + 4  . 
4ml  of distilled water was added and the solution 
was thoroughly mixed with 4 ml of Frcund's complete 
adjuvant (Difco). The amount of immunogen thus 
obtained was used to immunize 10 rabbits. The 
immunogen was injected intramuscularly into all 
four legs. The immunization was repeated at 
2 4 week intervals until the titre of the antibody did 
not increase. The rabbits were bled from the central 
artery of the ear 10 days after each booster-dose. 
Most of the animals did not produce any detectable 
amounts of antibody. One rabbit out of fifteen pro- 
duccd a usable antiserum; this rabbit was immunized 
3 limes. The antiserum was used in a dilution of 1 
to 100. Using this solution the ratio of the radio- 
activity bound to antibody in absence of unlabelled 
bradykinin was about 40!!;. 

2. Radioimmunoassay: The radioimmunoassay 
procedure was a slight modifcation of that of Talamo 
et al. [9]. A radio-labelled tracer was prepared accord- 
ing to Greenwood and Hunter [11]. To about 2 mCi 
[125I] sodium iodide (IMS 30, The Radiochemical 
Centre, Amersham) 201d of 0-5M phosphate buffer 
pH 7"0, 501d of tyrosine 8 bradykinin solution (0"5 
mg/ml) (New England Nuclear) and 25 ill of Chlor- 
amine-T (5 mg/ml) (Merck) were added. After 45 sec 
1001d of sodium metabisulfite (2.5 mg/ml) (Merck) 
was added and immediately thereafter 5 Ill of potas- 
sium iodide solution (20 mg/ml in 2N acetic acid) 
(Merck). The solution was purified from unbound 
iodine by chromatography on a 4 ml Dowex column 
(Dowex 1 x 8 C1 200-400 mesh) (Fluka) in a dispos- 
able plastic pipette. The elution was made by water. 
The fraction (0-5ml) containing the top activity of 
bound iodine was diluted to get a working solution 
of 2000 counts per min per 5/~l. 

The uniformity of the tracer was demonstrated by 
an isoelcctric focusing procedure (Fig. 1). The focus- 
mg was performed on a I I0-ml LKB colunm {LKB 
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Fig. 1, Isoelectric focusing of the [~ 2SI]labelled tyrS-brady - 
kinin used as tracer in the radioimmunoassay. 

810) at l",, Ampholine concentration and +1() .  The 
pH gradient was stabilized with a 0 50". sucrose gra- 
dient. Focusing time was 2 days. voltage 450 \ .  Frac- 
tions of 1 ml wcrc collected ;.tnd pH and radioactivity. 
of each fraction recorded at r.t. (We arc grateful to 
Dr U-H Stenman M.D. who pcrt'ormed the isoelcctric 
focusing tit The Minclwa Institute lbr Medical Re- 
search. Helsinki). 

The radioimmunoassay was carried out at r.t. as 
follows. Throughout the whole procedure all solu- 
tions contained ll}i, of gelatine, which is the best stabi- 
lizer of weak bradykinin solutions [5]. Into 1 m l  con- 
ical plastic centrifuge tubes (Fisher) 20/ll of unknown 
or standard bradykinin solution. (bradykinin triacc- 
tatc, Sigma) 5 Id of [l_'Sl]tyrS bradykinin working so- 
lution and 5/d of 1 to I(~)dilution of the antiscrunl 
all in vcronal acetate buffered saline, pH 7'4 [vcronal 
1.47 mg/ml and acetate 9.7 mg/ml in 013 M saline) 
wcrc added in this order. The amount of non-specific 
binding of bradykinin to rabbit serum was controlled 
by including a tube of non-immunized rabbit serum 
to each analysis. This never cxcccdcd 10", of the total 
binding activity. The incubation wets carried out at 
r.t. for 1 hi which was found to bc enough for optimal 
binding. At the end of the incubation period 400td 
of dextran-coated charcoal suspension was added. 
This solution was prepared by adding 75 ing of dcx- 
tran T-70 (Pharmacia) and 750 mg of Norit-A {Sigma) 
to 100 ml of vcronal acetate saline buflk'r. \vithottt ge- 
latine. The mixture was allowed to stand Ibr It)rain. 
centrifuged and I(X)/tl of the supernatant was counted 
tbr radioactivity. A standard curve was plotted from 
6 standard samples each time and the amount of bra- 
dykinin in duplicate tmknown samples was dcri\cd 
from this curve. 

3. Preparation of plasma samples: Blood was 
drawn from the antecubital vein through a siliconed 
nccdlc into a heparini/ed plastic tube and cenlrifuged 
at r.l. Bradykinin was liberated from plasma 
kininogen according to Dmiz c't al.[1,2] b 3 Lr3psin 
incubation of the heat acid denaturatcd samples. 
02  ml of plasma was added to 1.8 ml of 0.2", acetic 
acid in plastic tubes and heated in boiling water bath 
for 30min.  The pH of the mixture was adjusted to 
74 7.8 by adding 0'1 N N a O H  and buffered to pH 7-8 
at +37 (checked b\ an Astrup pit  racier, Radi- 
ometer. Copenlmgcn) by adding 05 ml of 02 M Tris- 

I-,uffcr. 21)0/dg ofcr)  stalli/cd tr}psm in (). I ml of saline 
was added and the mixture was incubalcd [)oF ] ,()rain 
al + 37 in ,tl v,.:llcr baH1. r h c  incubation \\a,, 
stopped b\ adding 5 ml boiling clhanol and the mi\- 
Itlrc \\as fur/her inctlbalcd l~F 1() Illin al , 70.  I h c  
llliX[tlrc \V~IS coo led .  CCIl|rifll~Cll ;lll~.l Ills ",/lllCl'nH[~llll 
taken to dr\ncss in a siliconcd I()()-ml iOtllltJ-bol* 
tomed I lask under reduced pressure (Rola\apor,  Bu- 
dill. The dried precipitate \~as ,,torcd al 20 if 
necessary, f o r  kinin anahs is  il \ \a ,  dissol\cd in 2 ml 
oJ" \crOllaJ LIUUI~IIc sa l ine  billiON xxiih ]"  of gClalillC. 

It I. SI l. IN 

Figure 2 shows at typical inhibition cur~e obtained 
i11 OIlF assa}. The range of  the assay lies bcp~vccn I 
and 20ng in the sample. Samples of unkno,an solu- 
tions of plasma trspsin h,,drolysalcs arc plotted Oil 
the same graph. The displacement Ctll-VCs follow the 
same dose-response pattern as standard brad3khfin 
and the Imcs rim parallel. The standard deviation ol 
the difE'rcnccs from the mean of 12 measurements 
from the same sample was 25",, at the level of (~3"., 
inhibition and 3.0",, at the lcxcl of 45",, inhibititm. 
The inlcrassa.Q standard deviation was 7", derived 
lrom 26 duplicate determinations. When known 
amounts of bradykJnin ~\cre added to ,"; unkno\\n 
samples identical dose-response lmcs \~erc obtained 
and the FCCOX.Cr.', was bcl\'~ccn 95 al ld  I I(1",,. 

In order to test the spccilicit3 o1" the assa} :.lgainsl 
physiological split prodtlcts of hradskmin, s\nthcfic 
brad3kmin in phosphate buflL'r, pH 75. ~\as incttbatcd 
\\ith humal~ plasma ttndcr ,,arious conditions. DuFing 
incul~atioll the measurable aetixitv of  bradvkmin 
gradually disappeared totalh. The dOSClrCsponse line 
\,as not affected during incuixtfion. Thus it seems Ihat 
at lcasl the end products ol plasma kininasc acti \ i t \  
do not ClOss-rcact ~\ith the bradvkinin a n t i b o d \  used. 

Table 1 sho'a.s the obtained kinmogen concent- 
rations in hrad}kinin equixalcnts from apl-,arenfl 3 
healthy individuals. There is no statisticall 3 significant 
diflL'rencc between illalcs glnd I~'nl;.tlcs alld 11o correla- 
tion to age. The Meal1 kinmogen content in plasma 

Per cent x = Bradykinin standard 
inhibition, oVt= Different unknown sample5 
T - B  a 
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Fig. 2. Standard inhibition cur,,c of synthetic brad)kinm 
samples (×) (semilogarithmic scale). Three ditti:rent un- 
known samples (undiluted and diluted 1 to 21 show parallel 
dose rcspoilse lines. Iol- the sake of clari/\ the tutknov~n 
samples are plollcd aparl Irom the slandard cur~e in arbi- 

lrar_\ places. 
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Tablc 1. Plasma kininogcn concentration as bradykinin 
equivalents in 26 healthy persons 

kininogen 
age l~g"ml of plasma 

I1 r ange  ll]edian range  Fllcall 

Females 16 19 58 4{) 2-2 4"2 3"35 
Males 10 21 59 35 2"8 4-1) 3"36 

expressed in bradykinin equivalents was 3.36 l~g,,ml 
(S.D. t)-49). 

Plasma samples could be cooled or exen frozen 
for a couple of days without apparent loss of 
kininogen in contrast to the tindings of Periti and 
Sicuteri [12]. 

DIS('t SSION 

It has thus been shown that radioimmunoassay of 
bradykinin can be applied to thc determination of 
plasma kininogcn. As compared to bioassay the ra- 
dioimmunoassay has the advantage of being morc 
specific and morc suitable for scrial determinations 
of biological samples. Thc range of our radioim- 
munoassay lies at prescnt between 1 and 20 ng of bra- 
dykinin per sample. It is sensitive enougl~ for the de- 
termination of the kininogen content of 0'2 ml of plas- 
ma. but too insensitive for the determination of blood 
frce bradykinin. 

The specificily of the methods depends mainly on 
the quality of the antibody. The only proofs of thc 
specificity of our antibody lies in the facts that the 
dose-response lincs of standard solutions and different 
test samples always run parallel and that the physio- 
logical split products of bradykinin do not show any 
activity'. Other peptidcs have not been tested but it 
is known that 97.5°~, of trypsin liberated kinin activity 
in human plasma in bradykinin [13]. 

As previously pointed out [5] gelatine has been 
found to be a good stabilizer of weak bradykinin so- 
lutions. Moreover. by using 17,, gelatine in relevant 
solutions the assay can be performed at room tcnn- 
perature with no losses of bradykinin activity. The 
incubation period can bc cut down to l hr instead 
of previously used 2hr  [9] or 18hr [6]. 

The plasma kininogen concentration of healthy in- 
dividuals when determincd by the radioimmunoassay 
method (a mean of 3-36 l~g,"ml of plasma) is in good 
agreement with that obtained by bioas~ty after purifi- 
cation of the trypsin hydrolysatcs and elimination of 
the potentiating factors [5]. 
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