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i Abbreviations 

cqAtr a]-antitrypsin 

02M ot2-macrogobulin 

P-FXlIa Activated factor XII fragment 

AC Acetylcysteine 

AT III Antithrombin III 

BK Bradykinin 

CI. Corn trypsin inhibitor 

Cl-INH Cl-esterase inhibitor 

CAS The contact activation system 

DEX Clinical dextran 

DRA Dextran reacting antibodies 

FVII Factor VII 

FXI Factor XI 

FXIa Activated factor XI 

FXII Factor XII 

FXIIa Activated factor XII 

HK High molecular weight kininogen 

kD kiloDaltons 

PAGE Polyacrylamide gel electrophoresis 

PCI Protein C inhibitor 

PGA Plasminogen activator 

PK Prekallikrein 

PKA Prekallikrein activator 

RCM Radiographic contrast media 

STI Soybean trypsin inhibitor 

tPA Tissue plasminogen activator 

UK Urokinase 
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Introduction 

The contact activation system (CAS) 

Four plasma proteins are known to be involved in the contact activation 
of blood coagulation, namely the serine protease zymogens factor XII 
(FXII), factor XI (FXI) and prekallikrein (PK), and the non-enzymatic 
cofactor high molecular weight kininogen (HK) (1). PK and FXI 
circulates as non-covalently associated bimolecular complexes with HK 
(2,3). whereas FXII is present as free proenzyme. In vitro, FXII can be 
activated in plasma upon contact with a negatively charged surface 
such as kaolin, dextran sulphate (4). or an appropriate fatty acid 
together with large lipoprotein particles (5,6). 

Substantial progress has been made during the last two decades in 
elucidating the structures of the individual CAS factors. The primary 
structure, much of the secondary structure, the cDNA sequence as well 
as gene organisation and chromosome location have been determined 

Figure 1: Schematic representation of CAS and its interactions with other protease systems. 

The conversions of zymogen (outlined) to enzyme (solid) are represented by arrov/s. 
Complexed HK is represented by a circle while inhibitors are shown inside boxes. The 
activating surface is represented by the shaded area. 
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for all of them (7-22). The CAS factors are synthesized in the liver and 
secreted into plasma, but the question remains open whether any of 
those proteins might also be synthesized elsewhere (18-22). 

When restricted to an in vitro situation with purified proteins and 
under strictly controlled conditions, the basic function of CAS is fairly 
well understood (23,24.25,26). In a less idealized environment more 
closely resembling the in vivo situation such as in crude plasma, the 
picture becomes less clear (27,28). The existence of complex interactions 
with other cascade systems within plasma (26,29,30) and the influence of 
cells and possibly cell derived factors, makes it difficult to assess the 
precise function of CAS in physiological and pathophysiological 
situations. The coordinated assembly of CAS factors onto a surface 
makes an enzyme kinetic description of the activating process difficult 
(31,32.33). As the individual activating and inhibitory components of the 
system are part of a complex and persistent equilibrium, it has become 
clear that a comprehensive evaluation must take into consideration that 
CAS is a dynamic rather than a static system. 

Adverse reactions to dextran and to radiographic contrast media 

Adverse reactions to clinical dextran (DEX) may vary from mild skin 
manifestations to anaphylactoid shock states with circulatory and 
respiratory symptoms. The more severe reactions are correlated with a 
high titre of circulating dextran-reacting antibodies (DRA) (34). and the 
trigger mechanism have been classified as immune complex (type III) 
anaphylaxis (35). It is, however, evident that other factors than the 
immunological ones are important for the precipitation of dextran-
induced shock reactions. Thus, high titres of DRA are frequently 
present in human plasma (34.36). but most individuals with such 
antibodies tolerate infusions with dextran (36). The pathogenesis of 
reactions to radiographic contrast media (RCM) has been variously 
ascribed to immunological reactions (37.38), non-immunological 
histamine or serotonin release (39.40.41) or activation of complement or 
the coagulation system (42-46). 

As suggested some years ago the more heavy reactions to contrast 
material and to dextrans are clinically very similar, and the same 
mediators in plasma might well participate in both types of reactions 
(47). In this connection the contact activation system, with its complex 
links to other protease systems in plasma, takes a central position. 
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The rat as an in vivo model for studies of effects of dextran or 
radiographic contrast media on CAS factors in plasma 

There is justifiable doubt about the validity of conclusions when 
experimental data acquired in one species are used to explain phe
nomena in another species. This implies that our findings in the rat 
model can only be used as a guidance in work on human material. It is 
equally clear that when studying such a phenomenon as anaphylactoid 
reactions, an animal model might be the only way to perform important 
in vivo studies. The validity of the rat model used for studies of CAS 
factors, is dependent upon the existence of an equivalent in the rat to 
the human CAS. The elucidation of the structure and gene organisation 
as well as the functional similarity of CAS-factors from various species 
(21,48-52) have demonstrated that an equivalent to the human contact 
activation system does exist in the rat. 

It should also be mentioned that a third (low molecular weight) kinino-
gen, T-kininogen, is found in a high concentration in rat plasma (53). 
However, this kininogen demonstrated to be an acute phase protein, is 
not a substrate for plasma kallikrein and does not exhibit any CAS-co-
factor function (54,55). 

Clinical dextran will precipitate a severe shock state when injected into 
rats of most strains, and the underlying mechanism has been exten
sively studied. The literature in this field up to 1983 is covered in the 
thesis of Berstad (56), and later studies in the rat model focused on the 
effect of dextran are few (52,57,58). Omitting here an evaluation of 
discussions as to trigger mechanism and early steps in the sequence of 
reactions, it should be pointed out that the evidence that CAS factors 
are involved as mediators in the shock reaction is convincing. Profound 
lowerings of FXII, PK and HK have repeatedly been shown to precede a 
fall in blood pressure. 

When the present work was initiated no information was found in the 
literature on the possible effect of RCM on contact factors in the rat 
model, and such studies seemed appropriate to carry out. 

In vitro studies of CAS factors in plasma from reactors to dextran 
or to radiographic contrast media 

Relatively few investigations have been directed against levels and 
function of CAS factors in reactor plasma. In 1981 Lasser et al. (59) 
reported on an increased rate of activation of PK in plasma from reac
tors to contrast media, an observation later verified by others (6X1.61). In 
a small-scale pilot study in 1980 Briseid & Briseid (62) examined 
plasma specimens from individuals who had experienced heavy 
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anaphylactoid reactions to dextran. They found that HK in reactor 
plasma in connection with the assay procedure was converted into a 
less functional state, and that activation of FXII was reduced. Later 
Johansen & Briseid reported on the isolation of plasma kallikrein in a 
modification with high activity as plasminogen activator (PGA), and 
capable of altering HK to loss of cofactor activity (63). In a later study of 
plasma specimens from reactors to dextran or to contrast media Briseid 
and Johansen (47) could not detect any difference in level of plasma 
kallikrein assayed as PGA between reactors and controls. However, the 
PGA activity present was found to be significantly more unstable in the 
reactor plasma, an instability not due to increased levels of known 
inhibitors for kallikrein (64). 

Summing up: Even if the number of investigations on CAS factors in 
plasma from reactors to dextran or to RCM are rather few, and the 
number of individuals included in some of the studies very small, all 
reports available indicate some kind of atypical state of such factors. 
Such a deviation from normal is registered in both kinds of reactors, the 
results so far supporting the above mentioned suggestion of the CAS 
factors as a kind of general mediators in anaphylactoid reactions, and 
without regard to the trigger mechanism initiating the events (47). 

When the present study was initiated, further progress in the evalua
tion of the role of CAS in the pathophysiology of the more serious reac
tions to dextran and contrast media seemed to have come to a halt. As 
mentioned previously in this introduction: CAS is in crude plasma 
milieu part of a very complex structure with various links to other 
cascade systems. In addition, -the interactions between the separate 
contact factors as purified proteins seemed well established whereas 
their functional interaction in crude plasma could not be considered as 
clarified. An indication of this can be found in paper III of the present 
work, and it shall be briefly mentioned as an example: By treatment of 
citraced plasma with acetone in the presence of the protease inhibitor 
benzamidine, the activation of FXII is almost blocked (to about 99% 
according to unpublished experiments), but the activation of PK to 
kallikrein is usually complete. Since the activation of PK is supposed to 
be caused by activated FXII (FXIIa) the result is a paradox, and the 
underlying mechanism obscure. It seemed to us that the potential of the 
methods available to measure and study CAS factors in crude plasma 
were not adequate, and it was found essential to develop new methods 
before further investigations on CAS factors in reactor plasma should 
be carried out. 



TC 

Levels and Interactions of Contact Activation Factors in Plasma 9 

Purpose of the study 

This study comes into two separate parts, both aiming at comin» 
investigations on the significance of the contact activation factors in 
anaphylactoid reactions to dextran and to intravascular radiographic 
contrast media (RCM). 

The main intentions in the present investigation were: 

I Studies on the possible suitability of the rat as an in livo model for 
effects of RCM on CAS factors, as previously assessed for dextran 
effects. 

Ila Elaboration of appropriate methods for the assay of the CAS 
factors, FXII, PK and HK in plasma. 

lib Studies on the functional interaction between CAS factors, based 
on the new assay methods developed together with chromato
graphic and electrophoretic separations in connection with 
immunoblot technique. 
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General Review 

Clinical dextran 

Dextrans are highly water soluble polysaccharides produced by 
Leuconostock mesenteroides bacteria. The molecular weights of such 
highly branched dextrans ranges between 10 and 50 million Daltons. 
Native dextran consists of a of predominantly al-6 linked glucose 
backbone with branching units substituted through ocl-2, al-3 and ctl-4 
binding. 

Clinical dextran is produced from native dextran by partial hydrolysis, 
fractionation and purification to produce an unbranched dextran with a 
narrow and well defined molecular weight distribution. Dextran 40 and 
dextran 70, the two most common dextrans in clinical use, have average 
molecular weights of 40 kD and 70 kD respectively. 

The main indication for the use of dextrans, are treatment of and pro
phylaxis against circulatory shock (65), and prophylaxis against post
operative or post traumatic thromboembolism (66). The current use of 
clinical dextran in Norway amounts to approximately 20 litres per year 
per 1000 inhabitants (67). 

Intravascular radiographic contrast media 

Intravascular radiographic contrast media (RCM) are used during x-ray 
diagnostic procedures to enhance the difference in x-ray absorbing 
capacity between structural components in the tissue of interest. The 
radiographic contrast media currently available all rely on triiodinated 
benzene structures as their x-ray absorbing component. The various 
RCM agents differ in the structures substituted to the other three ring 
positions to modulate the toxicity and water solubility of the agent. The 
first generation of such agents were derivatives of triiodinated benzoic 
acid. They were prepared as salts being completely dissociated at 
physiological pH, and to provide an adequate level of contrast, the 
preparations had to be used in strongly hyperosmolal concentrations. 
The newer generation of RCM are substituted with non-ionic polar 
components, or they are dimers containing not more than one acid 
function per two triiodinated benzene structures. The amount of 
invjcted iodine per injected molecule is increased, and the osmolality of 
a solution giving adequate opacity has been reduced (68). 
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The present use of RCM is extensive, the number of examinations in
volving such agents amounting to millions each year. The radiocontrast 
substances used today, and in particular the low osmolar agents, are 
remarkably non-toxic and well tolerated (69). However, due to their use 
for diagnostic purposes, presumably involving predominantly healthy 
people, their acceptable level of side effects is very low. 

The contact activation system 

Factor XU 

Factor XII is a single chain glycoprotein composed of 596 amino acids 
and 8 sugar chains. The molecular weight is estimated to be 80 kD with 
the sugar moiety representing 16.8% (21,70,71). It is weakly acidic with 
an isoelectrical point of 6.1 to 6.5 (72). The estimated plasma concen
tration ranges from 188 to 588 nM (15 - 47 ng/ml) (26). 

The human FXII gene is 15 kilobases large and resides in chromo
some 5. It is organised into 14 exons and 13 introns (14,15). Comparison 
of the gene structure and amino acid sequence revealed extensive 
homology with other proteins (14-16,18,70,71). Exons II and IV each 
encodes for a type II fibronectin structure, a domain believed to be 
involved in the attachment of fibronectin to collagen. A study using 
monoclonal antibodies capable of blocking the surface binding of factor 
XII, concluded that the binding region probably resides in the first 19 
amino acids of the amino-terminal region of FXII (73), a region encoded 
by exon II. Exons V and VII encode epidermal growth factor domains. 
Interestingly, it has recently been demonstrated that FXII indeed can 
function as a mitogen towards cultured hepatocytes that themselves 
synthesize FXII (74). Exon VI encode for a region that is homologous 
with the fibrin finger region of fibronectin (fibronectin type I domain) 
(75). and exons VII and IX each encodes for a kringle region. The 
catalytic region is encoded by exons XI and XIV in a manner that 
resembles the organisation of the exons that code for the catalytic 
region of tissue plasminogen activator (tPA) and urokinase (UK). The 
primary structure of FXII from different species demonstrates a high 
degree of homology (14,21). 

Conversion of the zymogen (FXII) into the disulfide-linked two-chain 
active serine protease FXIIa, is brought about by kallikrein (76) or FXIIa 
itself (32) through a single peptide chain cleavage between Arg 3 5 3 and 
Val 3 5 4 . Subsequently, kallikrein can convert FXIIa into a catalytically 
active 28 kD fragment devoid of surface binding capabilities (fl-FXIIa), 
i>y cleaving the heavy chain at position Arg3 3 4:Asn 3 3 5 just amino-
terminally to the chain-linking disulfide bridge (77). Further proteolysis 
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Figure 2: Schematic representation of Die structure of factor XII. 
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may occur at two other sites in the heavy chain but is probably of minor 
importance. As a rationale for the initiation mechanism of contact acti
vation, uncleaved FXII itself has been proposed to exhibit catalytic 
activity, either in the unchanged circulating molecule or after a pro
posed conformational change brought about by surface binding (21). 
Binding of a monoclonal antibody directed against a neodeterminant 
possibly in or near the surface binding site of EXE, has been reported to 
induce contact activation in the presence PK and HK, even when no 
charged surface was present (78). Conformational change has also been 
proposed to be responsible for the enhanced catalytic susceptibility 
observed after surface binding of the zymogen (21). 

The catalytic actions of both FXIIa and B-FXIIa are mainly inhibited by 
CI esterase inhibitor (Cl-INH) (79.80). In the presence of Cl-INH, anti-
thrombin III (AT HI) appears to be of only minor importance even in the 
presence of heparin, but the fact that FXIIa can bind to heparin raises 
the possibility that AT IH might be a better inhibitor towards FXIIa than 
towards B-FXIIa (21.81). The conversion of FXIIa to p-FXIIa will 
terminate the pro-coagulatory actions of the molecule as the activation 
of FXI is strictly surface-dependent (82). p-FXIIa does not autoactivate 
XII, but it retains its activating properties against PK, CI, plasminogen 
and factor VII (FVII) (21,25,26). 

Several hundred cases of severe congenital factor XII deficiency have 
been detected, usually after routine coagulation tests. Despite a severely 
prolonged clotting time in in vitro tests, the subjects usually show no 
sign of bleeding in vivo (83). On the contrary, studies have demon
strated a possible thromboembolic tendency in such subjects, pointing 
to the possible importance of FXII-dependent mechanisms in fibrino
lysis (84,85). 
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Prekallikrein 

Prekallikrein, the circulating precursor of plasma kallikrein, is found as 
two slightly different forms (86), possibly reflecting differing degrees of 
glycosylation, with apparent molecular weights of 85 kD and 88 kD (87) 
respectively. It is a 619 amino-acid long single-chain glycoprotein with 
5 glycosylation sites (7). It is a basic protein with isoelectric point from 
8.6 to 9.3 (87,88). Its plasma concentration has been estimated to be in 
the range 295-580 nM (35-50 ug/ml)(26). About 75% of the PK found in 
plasma circulates complexed to HK and the rest is found in free form 
(2,89). 

The gene encoding for PK is composed of 15 exons and 14 introns (7) 
localized on the distal part of chromosome 4 (8). Exons coding for the 
amino-terminal portions of both PK and FXI are ^ery similarly 
organised, and codes for four unique repeating regions called apple 
domains (9). The primary structure of PK as inferred from partial 
amino-acid analysis and cDNA sequence analysis, is 58% homologous 
with that of FXI (7,8,9,11,13). Studies with monoclonal antibodies have 
identified the HK binding region as well as the substrate recognition 
site for activated factor XII, as separate and distinct regions contained 
within the COOH-terminal 231 amino-acids of the heavy chain (90). 

PK is converted to its active serine protease form by a single site 
cleavage at Arg 3 7 1:Ile 3 7 2 catalysed by FXIIa or P-FXIIa. The two chains 
of the resulting kallikrein molecule are linked by a single disulfide 
bridge (86,88). The 55 kD amino-terminal heavy chain contains the site 
responsible for binding to the HK molecule and the 33 kD (or 36 kD) 
light chain contains the catalytic region (86). Kallikrein is also able to 
form a complex with HK, thereby possibly being protected from rapid 
inhibition. Kallikrein may on prolonged exposure undergo a single 
autocatalytic cleavage of the heavy chain, producing p-kallikrein, a 
disulfide-linked three chain molecule. 

Kallikrein is the main activator of FXII (76) and also rapidly liberates 
bradykinin (BK) from HK. The liberation of BK produces a disulfide 
linked two chain variant of HK with enhanced cofactor function (91.92). 
Kallikrein has also been reported to exhibit other inflammatory 
functions such as stimulation of neutrophils, activation of the 
fibrinolytic system and inactivation of O r and Cls (25). 

Plasma kallikrein is mainly inhibited by Cl-INH and a2-macroglobulin 
(C12M), while two minor inhibitors, ATI III and protein C inhibitor (PCI) 
account for about 13% of the total inhibitory capacity (24,81,93). 
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Figure 3: Schematic representation of the structure of prekallikrein. 
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As has been established for FXII deficiency, lack of PK is associated 
with a grossly prolonged clotting time in vitro, but without bleeding 
tendency in vivo. Patients with prekallikrein deficiency have been 
studied extensively without detecting any clear indication of impaired 
fibrinolytic, hemostatic or inflammatory function (26). 

Factor XI 

Factor XI is a homodimeric zymogen form of a serine protease that 
participates in the early phase of the intrinsic coagulation cascade. It is 
a 160 kD basic glycoprotein with isoelectric point from 8.9 to 9.1, 
containing about 5% sugar at 5 potential glycosylation sites in each of 
its identical 607 amino-acid long chains. Its plasma concentration has 
been estimated to be 25 - 44 nM (4 - 7ug/ml) (12,18,20,25.26,94) 

The human FXI gene spans 23 kilobases and contains 15 exons and 14 
introns, located on chromosome 4. The organisation of the gene is 
similar to that of PK, consisting of 4 pairs of exons coding for the 4 
amino-terminal apple domain structures, and the sequence of exons 
coding for the catalytic subunit organised as in PK (10.11,13). 

The two identical chains of FXI are held together by a disulfide bond(s) 
located a( their amino-terminal end. Both chains are activated by FXIIa 
through a single peptide cleavage between Arg 3 6 9 and He 3 7 0 , leaving a 
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molecule with two active sites identically linked by a disulfide bridge to 
each of the disulfide-interconnected heavy chains (13). In plasma FXI 
circulates complexes to high molecular weight kininogen through a 
region spanning Phe 5 6 to Ser 8 6 in the FXIa heavy chain (95). It has been 
shown that the heavy chains bind one HK molecule each, assembling a 
ternary complex (96). Purified light chain retains its activity against low 
molecular substrates but is inefficient as a coagulation factor (20). 
Recently it has been shown that FXI, in the presence of a negatively 
charged surface, may be activated independently of FXlla both by 
autoactivation and by thrombin (97). 

FXIa exerts its procoagulatory action by activating factor LX (98.99). The 
enzyme has also been demonstrated to split HK and thereby 
terminating its cofactor function (100). The major inhibitor of FXIa in 
plasma is ai-antitrypsin faiAtr), while AT III accounts for 16% of the 
inhibitory activity. 

Lack of FXI is associated with a mild hemorraghic diathesis. The 
disorder is inherited as an autosomal incompletely recessive trait, and 
is found predominantly among Ashkenazi Jewish kindreds. A 
considerable variability in bleeding severity between individuals is 
observed and the correlation between severity of symptoms and 
plasma level of FXI is weak (26). 

Kininogens 

Human plasma contains two different kininogens (101). The high 
molecular weight kininogen (HK) is a 120 kD single chain glycoprotein, 
whereas low molecular weight kininogen (LK) is a 62 kD glycoprotein 
(102). Both are acidic with an isoelectric point of about 4.1. The plasma 
concentration of HK and LK has been estimated to about 670 nM 
(80 ug/ml) and 2.85 M.M (180ug/ml) respectively (19.26.103). The heavy 
chain and the bradykinin moiety, which are identical in the two 
kininogens, consists of 362 and 9 amino acids respectively. The LK light 
chain is short consisting of only 38 amino acids, while the HK light 
chain is 255 amino acids long. Three carbohydrate side chains are 
linked to the common heavy chain, whereas the HK light chain is 
glycosylated at 9 sites (19,104.105.106). 

Both kininogens are products of a common single gene (107) and the 
expression of the two different molecules are due to differential pro
cessing of the precursor mRNA. The 27 kilobase gene is organised into 
11 exons, and is located on chromosome 3 (17). Two similar domains in 
the heavy chain are responsible for the cysteine proteinase inhibitor 
function of the kininogens (19.108.109). The regions responsible for the 
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Figure 4: Schematic representation of the structure of the kininogens. 
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CAS cofactor function of HK, namely its ability to form complexes with 
PK and FX1, and its ability to bind to negatively surfaces in vitro 
(probably the histidine-rich region) resides in its light chain (109). 

Recently it has been reported that the heavy chain contains a region 
that binds specifically to platelets and thereby modulate thrombin-
induced platelet activation (110). HK is acted upon by plasma kallikrein 
in several steps, the first being a single peptide-chain cleavage, follow
ed by another cleavage to liberate bradykinin. This intermediate kinin-
free molecule undergoes further hydrolysis to liberate the histidine rich 
region, yielding a stable product resistant to attack by kallikrein, but 
which may be attacked by FXIa (100). The procoagulatory effect of 
kinin-free HK has been reported to be augmented, and thus native HK 
may be claimed to be a procofactor (91). 

The contact activation mechanism 

The contact activation process can be viewed upon as an enzymatic cas
cade mechanism. In plasma it is brought about by the coordinated and 
interconnected assembly and action of its component zymogens, en
zymes, cofactor, inhibitors, a suitable surface and possibly cell derived 
components. Our knowledge about its mode of action have, to a large 
extent, been deduced from in vitro experiments studying its individual 
components in a controlled and in many respects, non-physiological 
environment. A schematic model for the activation of the system is 
outlined in figure 5. 

The conversion of zymogen factor XII into its active protease form 
FXIIa, is considered to be the initial step of the process. Once formed, 
FXHa will convert available PK to kallikrein. At this step, kallikrein by 
being the essential activator of FXII, creates a positive feedback mecha
nism, making a rapidly accelerating activation of both FXII and PK 
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possible. Since this eventually will lead to a rate of appearance of FXIIa 
and kallikrein exceeding the capacity of the present inhibitors, the 
reciprocal activation mechanism is crucial for further CAS activation. 

The fact that FXIIa, the enzyme commonly regarded as the first step of 
the CAS-cascade, is responsible for the activation of its own activator, 
might appear selfcontradictory. Various trigger mechanisms have been 
proposed to explain this paradox. Based on the observation that FXIIa 
can autoactivate in the presence of a negatively charged surface, the 
theory has been put forward that contact activation is in fact triggered 
by trace amounts of FXIIa always present in blood. 

This activity has been proposed to be initiated by a native uncleaved 
molecule possessing a small intrinsic catalytic activity like in the case of 
trypsinogen. A further refinement of this theory suggests that a con
formational change brought about by the surface binding, could induce 
an intrinsic activity in the uncleaved molecule. Such conformational 
change has also been proposed to render the bound molecule more 
suceptible to cleavage by kallikrein or FXIIa. In support of this theory, a 
monoclonal antibody binding to a region on the heavy chain of FXII, 
has been demonstrated to be able to induce FXII activation in a purified 
system. Another hypothetical trigger mechanism proposed to account 

Figure 5: Schematic representation of a model outlining possible initiating steps in contact 
activation. 

Whit» arrow: Translocation Solid arrow: Transformation 
The propagating steps are described in the text. 
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for the initial expression of FXII-activity, is the existence, either in 
plasma or in cells, of a hitherto unknown FXII- or PK-activating pro
tease. An outline of some of the possible trigger mechanisms are illus
trated in figure 5 (top of the panel). 

Regardless of which mechanism(s) might exist to initiate the reciprocal 
activation, the role of the activating surface in creating a micro-
environment where the process can be sustained, is obviously impor
tant. In the model depicted in figure 5, the local concentrations of all the 
participating components are greatly increased when being bound on 
the surface in close proximity to each other. This effect in itself increases 
the relative speed of the activating processes as compared to the com
peting reactions excerted by inhibitors staying in fluid phase. In short, 
by increasing the relative availability of substrate, surface binding is 
tipping the balance between activation and inhibition in favour of acti
vation. An even more profound effect of surface binding can be antici
pated if the binding is structurally coordinated to optimize the inter
action of enzyme and substrate, or if binding can impose suitable 
conformational changes upon the bound proteins. Such a coordinating 
function has been suggested to be part of the underlying mechanism 
behind the cofactor function of high molecular weight kininogen. It has 
also been claimed that HK itself express little cofactor activity, and that 
it has to be acted upon by kallikrein to liberate its bradykinin moiety to 
become fully active as a cofactor (depicted as HK* in figure 1). 
Likewise, FXIa has by proteolytical cleavage been shown to be able to 
terminate the cofactor activity of HK. 
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Summaries of Findings and Conclusions 
of Relevance for the Discussion 

Paper I 

Effects of intravenous radiographic contrast media on the blood 
pressure and on factors of the contact activation system in the rat. 

The intravenous injection of dextran induced a profound and lasting 
fall in blood pressure, preceded by significant lowerings in PK and 
FXII. The non-ionic RCM iohexol caused no significant alterations, 
neither in blood pressure, nor in levels of contact factors, whereas the 
ionic RCM iodipamide had effects. It induced a rapid, but short-lived, 
fall in blood pressure and a small, but statistically significant reduction 
in the measurable amount of FXIIa. An observation of significance was 
that pretreatment of the rats with iodipamide almost blocked the 
dextran-induced blood pressure fall, and abolished the reductions in in 
PK and FXIIa. It is concluded that the ionic RCM used was capable of 
blocking dextran shock in the rat by preventing an activation of CAS. 

Paper II 

Acetylcysteine in rats: Inhibition of activation of prekallikrein and 
factor XII - Protection against dextran-induced blood pressure fall. 

This work was initiated to study the possible in vivo effects on CAS n 
the rat of a compound different from dextran and RCM, but supposed 
to interact with the system. In preliminary experiments it was observed 
that acetylcysteine was capable of inhibiting preparations of purified 
human kallikrein. Now it was found that acetylcysteine itself had no 
effect on rat blood pressure, but pretreatment of the rats with this 
substance did significantly inhibit dextran-induced blood pressure fall. 
A combined pretreatment of the rats with acetylcysteine and the ionic 
RCM iodipamide, completely blocked the effect of dextran on blood 
pressure. Very low amounts, only, of FXII and PK could be activated in 
plasma from rats treated with acetylcysteine. It is concluded that the 
partial blockade of dextran-induced shock provided by acetylcysteine is 
probably due to an inhibition of plasma kallikrein, and accordingly also 
to the activation of FXII. 
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Paper HI 

Activation of factor XII in acetone-treated human plasma: 
Significance of the functional state of plasma kallikrein for the extent 
of activation. 

The paper is concerned with studies on functional assays of FXII and 
PK in human plasma. In the assay procedure described, plasma 
inhibitors were destroyed and PK activated by incubation with acetone, 
kallikrein assayed as amidase (S-2302) and, after further incubation 
with kaolin, FXIIa assayed as prekallikrein activator (PKA). 
Benzamidine present to protect the cofactor function of HK did at the 
same time almost completely block the partial activation of FXII taking 
otherwise place prior to kaolin treatment. The methods were tested in 
mixtures of normal plasma and plasma deficient in FXII, PK or HK. The 
concentration of PK in FXII-deficient plasma was found to be normal, in 
HK-deficient plasma about 30% of normal. When plasma deficient in 
FXII was mixed with normal plasma stored for some months at -70°, the 
activation of PK was not complete. From the results obtained, as well as 
previously published data, it is concluded that acetone-activated 
plasma kallikrein might be present in two functionally different 
modifications, one of which is reduced upon storage of plasma. 

Paper IV 

Rocket immunoassay of high and low molecular weight kininogens 
in human plasma. 

This paper describes a new method for immunological assay of HK and 
LK in human plasma. It also describes details in a procedure for 
bioassay of HK and LK, based on previously used principles. The fact 
that HK and LK share antigenic determinants in their heavy chains, 
complicates the immunoassay of the two kininogens in plasma. The 
problem was circumvented by developing a method for their rapid 
chromatographic separation in a small volume of plasma, followed by 
rocket immunoassay. It should be pointed out that it was found 
necessary to use citrated plasma to which had been added the protease 
inhibitor benzamidine. In the absence of this inhibitor some loss of 
immunoreactivity was occasionally observed. The functional assays 
were based on measuring of released bradykinin on the isolated rat 
uterus. Hog pancreas kallikrein caused the release of kinin from HK 
and LK, purified human kallikrein from HK only. 
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Paper V 
Assay of factor XII in human plasma using prekallikrein or the chro-
mogenic peptide S-2222 as substrates - Significance of the functional 
state of plasma kallikrein. 

New methods are described for the assay in parallel of FXII and PK in 
citrated human plasma, and using the same substrate,- the chromogenic 
tetrapeptide S-2222. Acetone treatment followed by activation with 
kaolin, induced full activation of both enzymes, and specificity was 
secured by incorporating in the procedure a selective inhibitor for 
FXIIa, corn trypsin inhibitor (C.I.). Assays carried out in mixtures of 
normal plasma and plasma deficient in FXII provided direct evidence 
of the specificity of the measurements of FXIIa, and also showed full 
correlation with PKA assays carried out in the same incubates. The 
amidase activity not blocked by C.I. was taken to reflect total kallikrein 
present, but this activity could be subdivided into two fractions by 
using a low concentration of the serine protease inhibitor from soy
beans (STI). Activity blocked by STI was considered to reflect kallikrein 
in free state, whereas the activity neither blocked by C.I. nor by STI was 
assumed to reflect kallikrein in a functionally different state. This activi
ty was not observed in plasma deficient in FXII, and was suggested to 
reflect kallikrein in some kind of association with FXIIa. 

Paper VI 
Functional correlation between kallikrein and factor XII activated in 
human plasma. 

This paper follows up and extends observations described in paper V. 
The main findings can be summarized as follows: 

S-2222 substrate incubation period. Whereas C.I. blocked the amount of 
FXIIa present in the plasma preparations, the C.I.-resistant activity was 
considered to represent total kallikrein. In initial rate assays, or assays 
with short incubation periods, the main part of this activity could be 
blocked by a low concentration of STI, the results thus providing evi
dence of the presence of most kallikrein in a free state. When the 30 
min. incubation period generally used in paper V, was used in parallel, 
the total amount of kallikrein activity was not altered significantly, but 
the part of it blocked by STI was clearly reduced. These results were 
suggested to reflect the formation of an association between FXIIa and 
kallikrein during the incubation period, an association neither blocked 
by C.I. nor by STI. Experiments carried out in mixtures of norma! 
plasma and plasma deficient in FXII provided evidence that the high 
amidase activity observed in connection with short incubation periods 
really reflected FXIIa. 
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Storage time of plasma In most plasma specimens a storage period of 
6 months at -70° before activation and assay did not significantly alter 
the levels observed of FXIIa, free kallikrein, and kallikrein in association 
with FXIIa. In a material of 10 healthy males free kallikrein amounted 
to about 30% of total kallikrein (30 min. end point method). In a few 
individuals all kallikrein measured in fresh plasma was found to be 
present in its free state. For a selected plasma specimen of this kind it 
was shown that alterations taking place during a 6 months storage 
period at -70° resulted in a significant reduction in free kallikrein 
present, and in a corresponding increased yield of kallikrein in the 
functional state suggested to represent an association with FXIIa. 

Gel filtration experiments of acetone-activated citrated plasma were 
combined with rocket immunoassay of HK and LK, and PAGE 
immunoblots of FXII, PK and HK. No association between FXII and 
kallikrein could be detected. Kallikrein appeared as one homogeneous 
S-2302 amidase peak together with HK. FXII appeared in two different 
areas, 80-90 kD (FXIIa) and about 40 kD ((3-FXIIa). However, pre
liminary experiments carried out with plasma acetone-activated and gel 
filtered in the presence of benzamidine, showed that part of the 
amidase activity present in kallikrein peak fractions was blocked by C.I. 
This observation supported the above suggestion of an association 
between FXII and kallikrein. 

Paper VII 
Formation of an association between factor XII and kallikrein in 
human plasma - Significance of storage of plasma and the functional 
state of plasma kallikrein. 

Previous work had provided evidence that plasma kallikrein in 
acetone-treated plasma might exist, partly as free enzyme, and partly 
in some kind of association with FXII. It is well known that the 
zymogen FXII is not present in plasma in complex with PK, and it was 
decided to perform experiments to find out wether the partial complex 
formation induced by acetone-treatment of plasma might reflect the 
activation of kallikrein in modifications with different abilities to go 
into association with FXII. Gel filtrations carried out with citrated 
plasma acetone-activated in the presence of benzamidine showed that 
no association could be detected when the experiment was carried out 
with a completely fresh plasma sample. Amidase assays, rocket 
immunoassays, and PAGE immunoblot experiments in the gel filtration 
fractions showed that all kallikrein was present together with HK as a 
double peak (400 kD and 300 kD), whereas zymogen FXII eluted 
separately at lower mol. wt. Very small amounts of activated FXII 
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present in the plasma preparation used (about 1% of total) had 
accordingly proved capable of activating all prekallikrein present, prior 
to any detectable complex formation. The kallikrein formed showed, 
however, some kind of molecular weight inhomogeneity in the 
preparations tested. This inhomogeneity might also reflect a functional 
inhomogeneity, and the results of gel filtration experiments carried out 
with plasma stored for 10 months at -70° prior to activation supported 
such an assumption. The more low molecular part of the kallikrein 
double peak had now disappeared, and was instead recovered as a 
ternary association with HK and FXH eluting from the gel column 
material in late fractions. The results obtained in amidase assays 
performed in aretone-activated mixtures of normal plasma and plasma 
genetically deficient in PK did also support the assumption of the 
presence of two functionally different modifications of plasma 
kallikrein, one of which displayed a stronger ability to associate with 
FXII. 
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Discussion 

The rat as an in vivo model for studies of the effects of radiographic 
contrast media on CAS factors in plasma 

As pointed out in the introduction there is abundant evidence in the 
literature that CAS factors are involved in the dextran-induced shock 
reaction in the rat (52,56,57,58). Experiments with the rat model in 
similar studies on RCM do not seem to have been published. The 
experiments here carried out (paper I) with two RCM, one non-ionic 
(iohexol) and one ionic (iodipamide) showed that the non-ionic com
pound neither had effect on the rat blood pressure, nor on the levels of 
CAS factors measured. The ionic one, known to be associated with a 
high incidence of side effects in the clinics (111), did precipitate a 
profound blood pressure fall, but relatively short-lasting. The effect on 
CAS factors seemed negligible, no loss of PK could be registered and 
FXII was found to be lowered only to 82% of the control value. The fact, 
however, that pretreatment of the rats with iodipamide provided a 
significant protection against dextran-induced blood pressure fall, 
could indicate that this ionic RCM in some way or another did 
uncouple the dextran-CAS connection. This was also verified in 
experiments which showed that pretreatment of the rats with 
iodipamide eliminated the dextran-induced lowerings of FXII and PK. 
The underlying mechanism is obscure, but the fact that iodipamide 
itself had very little effect on CAS factors, indicate that the point acted 
on must be situated prior to the reciprocal activation of FXII and PK, or 
directly connected with this process. To approach the problem it was 
decided to carry out experiments in the rat with the sulfhydryl-
compound acetylcysteine (AC). In preliminary experiments AC had 
been found to inhibit human plasma kallikrein. If a similar effect could 
be obtained against rat plasma kallikrein in vivo, an inhibition of the 
rer ;procal activation of FXII and PK seemed possible. Experiments 
performed with AC (paper II) showed that it had itself no effect on the 
rat blood pressure, but in common with iodipamide, it significantly 
inhibited the dextran-induced fall in blood pressure. The point of action 
of AC did, however, seem to differ from that of iodipamide, or its effect 
was much stronger. Whereas iodipamide blocked the reciprocal 
activation of FXII and PK caused by dextran in vivo, but not the 
subsequent in vitro activation of these zymogens, AC did significantly 
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inhibit this acetone- and kaolin-induced process. Assay data showed 
that the level of PK was not lowered, because it was slowly activated 
over time, and the conclusion in paper II seems still valid, that AC 
blocks the activation of PK and accordingly also the activation of FXII. 
The underlying mechanism is unknown. 

In conclusion: The results obtained in papers I and II suggest that the 
rat model might be a valuable tool for in vivo - studies of the effect of 
contrast media on CAS factors. Whereas one typical example of an ionic 
RCM exhibited an effect on the system, a non-ionic compound did not. 
As pointed out in the introduction part of this work, no firm evidence 
exists that CAS factors participate in anaphylactoid reactions to RCM in 
the clinics. All reports, however, concerned with the study of CAS 
factors in plasma from reactors to contrast media (or to dextran) 
(47,59-64) indicate the presence of deviations from normal, thus 
emphasizing the need for an appropriate animal model for in vivo 
studies. 

Functional assay of FXII in human plasma 

In clinical laboratories FXII assays are most frequently performed by 
coagulation tests which are time-consuming, dependent on congenitally 
deficient plasma as reagent, and with a high coefficient of variation 
(112). Determination of FXII in human plasma by means of chromogenic 
peptide substrates can be carried out either by assay of the kallikrein 
generated by FXIIa in plasma (113.114,115), or in purified PK (116, 
papers III and V), or by direct assay of activated FXII (117,118,119, 
paper V). The chromogenic substrates used in the direct assays of FXIIa 
are not spesific for this serine-protease, and inhibitors for FXII 
(paper V), or kallikrein (117.118.119, paper V) were included in the assay 
procedures to obtain a sufficient selectivity. The PKA methods 
described in paper V must be considered as highly specific for the assay 
of FXIIa, as confirmed in experiments with mixtures of normal plasma 
and plasma deficient in FXII. In paper V such experiments were also 
utilized to confirm the specificity of the assay of FXIIa as C.I. - blocked 
S-2222 amidase. In the PKA-method described in paper III, FXIIa was 
measured in plasma diluted 1+11 (v/v) prior to activation with kaolin, 
and benzamidine was added to protect the cofactor activity of the HK 
present. Benzamidine was not used in the later modification presented 
in paper V, but the dilution was omitted to secure a safe level of HK 
(120). The intention with the S-2222-based method was not only to 
provide a direct assay method for FXIIa, but to obtain at the same time 
a method for parallel assay of the kallikrein present. 
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Functional assay of prekallikrein in human plasma 

Numerous methods are described for the assay of PK in human plasma, 
based on coagulation tests, functional tests with synthetic substrates, or 
immunoassays. Most assay procedures are based on the use of 
chromogenic substrates, and a number of applications of such methods 
are referred to in a recent review (121). Two basic conditions have to be 
fulfilled to obtain a safe estimation of PK in plasma. 1. Protease 
inhibitors present must be removed, or reduced to a low level. 2. The 
amounts of HK and FXIIa present must be sufficient to secure full 
activation of PK. Inhibitors might be destroyed by treatment with 
acetone (62.122,123, and papers III,V,VI and VII in the present work) or 
chloroform (124). or their activities might be strongly reduced at 0° 
(4.59.60,61), or by high dilution (4,125,126,127). To secure full activation of 
PK commercial kits in current use include HK and a surface-imitating 
CAS activator like ellagic acid. Another way of circumventing the 
problem of activating a sufficient amount of the FXII present in plasma 
to yield full activation of PK, is to add already activated FXIIa (128) or 
(3-FXIIa (122). 

In the present work full activation of PK as well as of FXII was obtained 
by combined acetone- and kaolin -treatment of citrated plasma. It was 
then possible to carry out assays in parallel of FXIIa and kallikrein, 
using the chrornogenic peptide S-2222 as substrate (papers V and VI). 
S 2222 is a rather poor substrate for kallikrein, and accordingly allows 
the assays to be carried out at a relatively low dilution of plasma, 1:30 
as against 1:600 with S-2302 as substrate. This fact may be the main 
reason why indirect evidence could be provided on the presence of part 
of the kallikrein in free state, and part of it in complex with FXIIa 
(papers V and VI). Direct evidence of the presence of such a complex 
was, however, not possible to demonstrate in gel filtration experiments 
with acetone-activated citrated plasma (paper VI). 

Complex formation between FXII and part of the plasma kallikrein -
Evidence of the presence of kallikrein in two functionally different 
modifications 

Preliminary gel filtration experiments carried out with citrated plasma 
acetone-activated in the presence of benzamidine had provided some 
direct evidence of the presence of plasma kallikrein in association with 
FXII (paper VI). This evidence was extended and strengthened in a 
study of contact factors in plasma from pregnant women (129). It should 
be pointed out that a site recognized by FXIIa has been localized in the 
PK heavy chain in studies carried out with monoclonal antibodies to 
PK (90.130). Citrated plasma activated with acetone in the presence of 
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benzamidine (BPL) was studied in papers III and VII. It was found that 
FXII was activated to a very low extent only, about 1% of the total 
amount present. Under the conditions chosen, this amount of FXIIa was 
normally sufficient to give full activation of PK. This means that it was 
possible to measure plasma kallikrein at a stage in which almost all 
FXII was present as zymogen. In completely fresh plasma no 
association between FXII and kallikrein could be detected (paper VII), 
and at the same time kallikrein (complexed to HK) showed a molecular 
inhomogeneity. The lack of activation of FXII was evidently due to the 
lack of a sufficient amount of negatively charged surface (5,25). 
Incubation with kaolin induced a rapid and complete activation. No 
increase in activation of FXII was observed upon storage of BPL at -70° 
before acetone treatment. However, gel filtration of acetone-activated 
stored plasma showed that zymogen FXII was now in association with 
part of the kallikrein-HK complex. The disappearance in parallel of one 
of the kallikrein-HK peaks registered in fresh plasma strongly indicates 
the presence of kallikrein in functionally different modifications, one of 
which possess a greater liability to go into complex with FXII. 

Conclusions 

The in vivo and in vitro experiments carried out in the rat indicate that 
this model might be a valuable tool in investigations on the effect of 
radiographic contrast media on contact activation factors. 

The rocket immunoassay method developed for assay of HK (and LK) 
in human plasma provides a rapid and specific procedure for 
measuring these kininogens. In connection with the observation of 
plasma levels strongly deviating from normal the rocket method should 
be supplemented through the bioassay procedure described. 

The methods developed for assays of FXII and PK in human plasma do 
not only provide measures of the levels of these two proteins as 
separate entities, but in addition allow an estimation of the liability of 
the activated proteases to associate, forming a complex in which also 
HK takes part. 

With a view to future investigations of plasma from reactors to 
radiographic contrast media, it might be of considerable interest that 
kalHkrein seems to be present in two functionally different 
modifications with different liabilities to associate with FXII. Previous 
studies of PK in reactor plasma indicate that the level of total PK is 
normal but the rate of activation is increased (59.60.61), and also a 
difference from normal as to the functional state of HK has been 
suggested (62). 
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Abstract: Blood pressure (BP), plasma prekallikrein (PK), and the extent of activation of factor XII (XII-
ACT) were studied after the intravenous injection into rats of dextran (Macrodex*), the ionic radiographic 
contrast substance iodipamide (Biligrafin*), or the non-ionic contrast substance iohexol (Omnipaque*). Afler 
acetone activation plasma kallikrein was assayed as plasminogen activator, BAEe esterase or S-2302 amidasc, 
and factor XUa was assayed as kaolin-activated prekallikrein activator. Dexlran induced a strong and lasting 
hypotension, preceded by significant lowerings in PK and XM-ACT. Jodipamide induced a rapid and dose 
dependent BP fall, no change in plasma PK. but a slightly reduced XI1-ACT. lohexol induced no significant 
alterations, neither in BP, nor in plasma parameters. Pretreatments of the rats with iadipamide abolished 
the dextran-induced reductions in PK and XU-ACT, and almost blocked the fall in BP. We conclude that 
the ionic contrast substance iodipamide is capable of blocking dextran shock in the rat by preventing an 
activation of the contact activating system in plasma. 

Key-words: Radiographic contrast media - dextran - blood pressure - prekallikrein - factor XII - rat. 

Whereas the frequency of severe shock states after 
intravenous injection of dextran is low in man 
(Ring & Messmer 1977). rats of most strains regu
larly react with strong hypotension. For this rea
son the reaction induced by dexlran in the rut has 
been widely used as an experimental model for an 
anaphylactoid reaction (review by West 1980). 
The more serious systemic adverse reactions to 
radiographic contrast material and to dextran in 
patients are very similar, and the same mediators 
might well participate in both types of reactions 
(Briseid & Johansen 1984). In preliminary exper
iments with rats we found that the ionic contrast 
substance iodipamide (Biligrafin*) induced a sig
nificant fall in blood pressure, but shortlived as 
compared to that registered after the injection of 

dextran (Macrodex*). The fact that reduced levels 
of factors belonging to the contact activation sys
tem in plasma can be observed after dextran injec
tion into the rat seems to be well established (Bri
seid el al. 1978; Berstad 1980; Berstad & Briseid 
1982: Briseid & Briseid 1983). In the present work 
we decided to find out whether contrast media 
had similar effects in the rat by measuring the 
following parameters: Blood pressure, plasma 
level of prekallikrein. and the extent of activation 
of factor XII to factor XII» (prekallikrein acti
vator, PKA). Some experimental data in the litera
ture seemed to suggest also an additional ap
proach to reach to a conclusion as to the problem 
raised. Thus Briseid & Briseid (1983) showed that 
pretreatment of rats with low molecular weight 
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dexlrnn |Promi t H ) inhibited the subsequent effects 
of clinical dc.xlr.m. In the present work similar 
experiments were curried out by measuring effects 
of dextrun on the contact activation system in 
plasma from rats pretreated with iodipamide, to 
further test the hypothesis of a common mediator 
pathway for the blood pressure falls induced by 
dextran and by the ionic contrast substance. Also 
the possible inhibition by iodipamidc of dextran-
induced blood pressure fall was investigated. 

Materials and Methods 

Riiis. Mule Wisiar rais weighing 300 4(10 g were anaes
thetized by intraperitoneal injection of a solution o f 
barbitone i nd ium and pentobarbitone sodium (4 and 
l"r. w v) 5 ni l kg. Male Sprague-Dawley rats were used 
in the dextran experiments and the experiments wi th 
A M C A . 

lUotuipressure experiments. Blood pressure was reeorded 
t rom a carot id artery (heparin 1(H) IE U<inl in the poly
thene cannula) using an E M T 35 pressure transducer 
together wi th ;tn [-lenia-Schoiiander polygraph. Injec-
iu \ !> ol contrast material or saline were made into a 
saphenous vein wi th a constanl rale o f 0.6 rnl..'miii. over 
a period o f 1 3 mm. according to the volume wanted. 
Six 10 rats were used in all the experiments. 

R,n i mated plasma with hcnzumuline i RRl'l.K Hlood 
was collected Kl min. alter the start or injection (contrast 
medium or saline) b> heart puncture, using a siliconized 
Vacutamer" system, or f rom a carot id artery, into I 10 
volume o f 0.1 M sodium citrate dihydrate solution wi th 
0 0 5 M l-: i)TA-2Na and 0.05 M benzamidinc. Then fol
lowed cenln lugat ion ;it 2500 v g for 10 min. at 22 . The 
pooled plasma f rom 6 10 rats was used for Ihc prep
arat ion o f batches o f plasma. 

!'i:i\nitnt>gvii-triv rut cttrateti plasma with benzamutine 
• Rlil't•!'• freshly prepared RBPL was passed through 
.i Ksine-Sepliarosc 4B column as described by Johan
sen & Briseid )1983) 

Atetniu-iiniieilRBPI.-P. To I 00 ml RBPL-P was added 
0 20 m l saline and 0 *6 ml acetone. The mixture was 
incubated lor about 17 hours at 22 . the acetone was 
c i . i pnn ik 'd under reduced pressure, anil the loss <>| water 
corrected lor The preparation was used at once or kept 
.it 7 0 unt i l use 

I'n kalltktem \ttb\tntie le* I he <m</i o] f,u 1>» \/la t pre-
k,ilhkri in tit it\ah>r I'KA i Human plasma prckalhkrcin 
» . i \ partially puri f ied as described by l.aake & V'enncrod 
i l '»T»i 

Assay of esterase activity was carried out wi th benzoyl 
argininc ethyl ester i,BAF.e) as substrate as described by 
Laakc & Vcnnerød (1973). One esterase unit corresponds 
to 1 umol ester split per min. at 2:. . 

Assay of amidnlytie activity was carried out wi th the 
(ripeptidc M-D-Pro-Phe-Arg-pNA • 21K "I (S-2302). The 
substrate was dissolved in distil led water (2 m M ) . The 
iicelone-activated plasma preparations were di luted in 
tris buffer 50 m M . p i I 7.9, so thai a mixture ol" 400 ul 
di luted test and 200 ul substrate solution produced a rise 
in ( ) . I>. at 405 n m in the range 0.1 0.4 in 2 m in . One 
amidase unit corresponds to I u iuol p-ni lroani! idc split 
per min. at 25 (r.ji« = 9800 for p-nitroanil inc). 

Assay ol plasminogen activator flKIA). Kal l ikrein in 
acetone-treated RBPL-P was assayed by the I I 1 rn plate 
mct l iod as described by Johansen & Briseid (19K3I. The 
results were calculated f rom an urokinase log-couccn-
trat ion effect curve as Ploug m U per ml plasma. 

Assay of the extent of activation oj factor XII to prvkalli-
kretn activator f PKA). The proecuurc was essentially as 
described by I l ocm & Briseid (1985). At 25 HO ul o f 
prckal l ikrcin substrate (6 BAEc esterase units per ml) 
were incubated wi th 20 ul o f activator preparation (acei-
one-trcatcd RBPL-P freshly di luted I + 2 v, v wi th 5 m M 
phosphate. 5 m M benzamidinc, 150 i n M Na t ' l lo p l l 
7.4, and then incuhalcd 1 + 1 v.v wi th a suspension ol 
kaol in 20 m g ; m l in 150 m M NaCI for 2 min. at 25 ) 
Al iquots were wi thdrawn after 20 sec. and alter 3 min. 
and 20 sec. and the rate o f activation of BAf-e esterase 
was determined. In some experiments benzoyl argininc 
ethylester (BAFe) was replaced by the ir ipeptide S-2302 
as it .substrate for the tailor ,\JI.,-; i i l ivated plasma fcalJi-
krein. The plasma preparation was di luted 1 + 5 i\ v) 
instead o f 1 + 2 (v,v) before activation wi th kaol in and 
the prekal l ikrein substrate concentration was 3.0 BAFe 
esterase units per ml . The amount o f activated factor 
X I I was calculated as P K A - U per ml plasma, one P K A -
U being the amount o f act ivator that activated one 
esterase or amidase unit o f prekall ikrein per min. at 25 

Chcmitals were as staled previously (Johansen & Briseid 
1983 & 1984) wi th the fo l lowing addit ions: Uuxot. Om-
nipaquc" (CPI ) 545. 798 mg ml). Nyegaard A Co. A S. 
Oslo. Norway, loilipamule meglumine, B i l ig ia l in* 1500 
mg nil). Sehenng A G , Berlin-ftergk a men. VV. Germany 
Dc\iran, Maerodcx" , 6%. Pharmacia A B , Uppsala. 
Sweden. 

Stati\tit\ Student's l-tesl was generally used lor the 
estmiahoii o l the significance ol dilletences Non para
m e t r i a ! methods were used to evaluate the dillerences 
between plasma parameters shown in table I Wilcoxons 
Rank-Sum test for the PKA-assays. and KruskalVYalhs 
lest for ihe esterase and plasminogen activator assays 
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A probability level of less lhan I % was considered sig
nificant. 

Results 

Blood pressure experiments. The intravenous injec
tion of iodipamide (Biligrafin") induced a graded 
blood pressure fall over the dose range 0.25 1.5 
g'kg. The hypotension developed without delay, 
and was rapidly reversible (fig. 1A). The effects 
obtained with doses of 0.125 g/kg and 2.0 g/kg 
were near the same as those shown in fig. IA for 
doses of 0.25 g/kg and 1.5 g/kg respectively. The 
hypotensive effect of iodipamide was reduced on 
repeated injection as shown in fig. IB for a dose 
of 0.75 g/kg. The S.D. values obtained for dose 
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Fig 1 Eltecls nt todipamnlc l tODI nr iohexol (IOXI tin 
..• htnnd prcwurc lit rats. A shows the effects of diffcrcnl 

doses of IOI). (125. 0 75 or I 50 g/kg. B shows the 
reduced cltccl induced by repealed (RFP) injection (after 
1(1 12 nun I of a dose of IOD of 0.75 g/kg. and Ihc 
unchanged blood pressure recorded after injection of 
IOX I) 80 g kg. Blood pressures were recorded from a 
carotid aner), and for each exp\-.r ncnl data from 6-10 
rals are presented. Representative S.D. values are given. 

UJ 140 
a: 
Q_ 
D 120 
o 
o 
m 100 

B I 

80 a 

60 \ 
40 

i i i i i i 1 1 1 
12 16 20 
MINUTES 

Fig. 2. Effect of tratiexamic acid tAMCAl on the blood 
pressure fall induced by iodipamide (10DI in the rat. and 
B: Effect of IOD on the blood pressure fall induced by 
dextran IDEX). Doses used: AMCA 0.2 g/kg. IOD 1.5 
g/kg. DEX 0.04 g/kg. Time schedules: A. I o - Salinc + 
l2min. + !OD II - • - A M C A + 1 2 min. + IOD. B I • 
lOD + 32 niin. + 1 0 0 + 32 min , + DEX. II - o IOD + 
64 min. + DEX. Ill - • - Saline + 64 min. + DEX. For 
furlher details se legend to fig. I. 

0.75 g/kg repeated were similar to those otherwise 
demonstrated in fig. IB. Experiments were also 
carried out to investigate whether pretreatment 
of the rats with Iranexamic acid (AMCA) could 
reduce the blood pressure fall induced by iodipa
mide. Fig. 2A shows that the hypotension regis
tered after a dose of iodipamide of 1.5 g/kg was 
not significantly altered by pretreatment with 
trancxamic acid 0.2 g/kg. 

The intravenous injection of iohexol (Omnipa-
que*) induced no sit ''"cant change in blood pres
sure over the dose range studied. 0.8 6.4 g/kg. 
The blood pressure curve shown in fig. IB (0.8 g/ 
kg) was essenlially equal to that obtained with 
saline (1.5 ml/kg). The extent and the duration of 
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the blood pressure fall caused by the intravenous 
injection of dextran (Macrodex") 0.04 g/kg were 
similar in the Sprague-Dawley rats used (fig. 2B) 
to those previously registered in Wistar rats (Bri
seid & Briseid 1983). Prctreatinenl of the rats with 
two doses of iodipamide. each of 1.5 g,'kg, given 
64 min. and 32 min. before dextran respectively, 
provided almost complete protection against the 
blood pressure fall induced by dextran 0.04 g/ 
kg. A significant protection was also obtained by 
pretreatmcnt with a single dose of iodipamide of 
1.5 g,kg injected 64 min. before dexlran (fig. 2B). 
The same dose of iodipamide injected 10.20 or 30 
min. before dextran provided no clear protection 
(results not shown). 

Levels of kallikrein and factor Xlla in aeetone-
li ceiled plasma from nils injected villi iodipamide 
or iohexol. Table 1 shows that the level of factor 
X l l a obtained after kaolin activation of acetone-
treated plasma was slightly, but significantly 
|P < 0.001) reduced after the injection of iodipami
de (I 75 g kg. from 13.8 P K A - U i m l in the control 
rats to 11.3 PKA-U/ml in the test rats. No signifi
cant difference was registered between rats in
jected with iohexol 0.8 g/kg and the conlrol rats 
(PXI .2 ) . Table I further shows that neither the 
injection of iodipamide, nor that or iohexol al
tered the level of acetone-activated plasma kalli
krein assayed as plasmit.ogen activator (PGA), or 
BAEe esterase. 0 .5>P>0 .4 and 0 . 2 > P > 0 . I for 
the two activities respectively. 

Levels ol kallikrein and factor Xlla in acetone-
treated plasma from nils injected with dextran after 
prclrealmeni with iodipamide. Table 2 (I & IV) 
shows that prelreatment of rats with two doses of 
iodipamide, each of 1.5 g/kg, given 64 min. and 
32 min. before the injection of dextran 0.04 g/kg. 
provided a complete inhibition of the dextran-
induced lowering of plasma kallikrein assayed as 
S-2302 amidase. BAEe esterase or PGA. Also the 
reduced extent of activation of factor X I I induced 
by dextran was eliminated in rats prctreatcd with 
two doses of iodipamide. After a single dose of 
iodipamide of 1.5 g/kg given 64 min. before the 
injection of dextran 0.04 g/kg, the assayed levels 
or S-2302 amidase. PGA and PKA were slightly, 
but significantly increased as compared to control 
plasma (table 2.1 & I I I ) . 

Discussion 

The present study was initiated to settle whether 
radiographic contrast media, in common with 
clinical dextran, were able lo lower the levels of 
factors belonging to the contact activation system 
in rat plasma (prekallikrein and the extent of acti
vation of factor XI I ) . Two fundamentally different 
contrast media were selected for the study, one 
ionic preparation, iodipamide (Bil igrafin") and 
one non-ionic preparation, iohcxol (Omnipa-
quc H ) . the latter claimed to have a very low-
frequency of serious adverse reactions when used 
in the clinics (Andrew el al. 1985). The doses of 

Tahlc I. 
/.cveA ,)( /i/iiMitd ktiltlkrrm tnut ftwiov XIIu in thi-lom'-ticlivilh'ti plnvna from r m \ Ircolcti i irf/ i intlipnmulr or i<th<-\ol. 
Plasma kal l ikrein was assayed ;is plasminogen nclivatnr (PGA) and BAFe esterase. Factor X l l a was assayed as 
kaolin-activated prckal l ikrcin ncl ivator ( P K A ) . Contrast material was injected intravenously oxer 2 min. and blood 
collected by heart puncture 10 min. later, ft 10 rats were used for the preparation o f batches o f plasma. 

1 real men t PGA BAlie esterase Factor Xlla 
pkp mU ml + S.D. (n) U ml + S.D. (n) PKA-U ml+S.D. In) 

1 Saline 412 + 58(10) (1.15+ 0.1(1 (11) 1.1.8+ 1 l(ft) 
II Iodipamide (0.75) .174174(141 (1.951(1.12 (37) 11.3 1 1.2(121 
III loliciol It) SII) 428+106(10) 0.87 + 0.02(28) 14.7+ 1.9(91 

Ditleteucc of treatments, 
lex el of significance 
1 II P< 0.001 
1 III ()5>p-..(|4 0.2>PX).I P X ) 2 
11 111 P< 0.001 
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Table 2. 
Ixvch of plasma kallikreitt anil factor Xlla in atetaiw-avtivatett plasma fmtn rats trettteil with di'xlran tDEXi. or 
uiili imllpamide 11OD) and then Dextraii. Plasma kallikrein was assayed as S-2302 amidase, BAEe esterase and 
plasminogen activator (PGA). Factor Xlla was assiyed as kaolin-activated prekallikrein activator (PKA). Dextran 
(0.04 g'kgt and iodipamide (1.5 g/kg) were injected intravenously as follows: 
I Saline 
II DEX 
I I I IOD + 64min. + DEX 
IV IOD + 32 min. + 10D + 32 min. + DEX 

Plasma kallikrein Factor Xlla 

S-2302 amidase BAEe esterase POA PKA 
Treatment U'ml±S.D. (n) U/ml + S.D. (n) mU/ml + S.D. In) U/ml±S.D. (n) 

I Saline 0.84±0.07 (8) 0.57±0.04 (12) 261 ±37 (12) 11.8 + 0.79 (8) 

II DEX 0.65±0.11 (8) 0.41+0.04(8) I60±17(12) 3.1+0.70(6) 

III IOD + DF.X 0.97 + 0.10(8) 0.65+0.02(8) 303 + 45(17) 16.7± 1.00 (B) 

IV IOD + IOD+DEX 0.87 + 0.12(8) 0.54 + 0.06(8) 290 + 51(12) 12.3±0.65(8I 

Difference of means. 
level of significance 
I II P<0.00l P<0.(ffll P<0.00l P<0.UI)l 
1 111 0.01>P>0.001 P<0.001 0.01 > P > 0.001 P<0.00l 
I IV <>.5>P>0.4 0.3>P>0.2 0.2>P>0.I P -0 .2 
II IV P<0.001 P<0.00l PcO.001 P<0.001 

iodipamide and of iohexol used for the exper
iments, referred to in table I (0.75 and 0.8 g/ 
kg respectively) were equivalent as to content of 
iodine. The non-ionic compound, iohexol. showed 
neither an effect on the blood pressure in the rats, 
nor on the levels of the plasma factors assayed, 
lodipnmide. on the other hand, had a pro
nounced, but shortlived depressor effect (fig. 1). 
and also lowered the extent of activation of factor 
XII slightly (to 83%). but significantly (table I). 
In blood collected 10 min. after the start of injec
tion of iodipainide the plasma level of prekallikre
in was not altered. The data obtained accordingly 
showed only a partial similarity between the ef
fects of dextran and those of iodipamide on the 
contact activation factors in the rat. namely in 
their common ability to lower the extent of acti
vation of factor XII to prekallikrein activator 
(I'KA). Thedcxtran-induced lowering of the PKA 
level in the rat has been found primarily to rellecl 
the lowering of cofaclor-active high molecular 
weight kininogen (IIMrK) (Briseid et al. 1978; 
Berstad 1981); Briseid & Berstad 1981; Berstad & 
Briseid 1982). The fact that only dextran. and not 
iodipamide was able to lower (he prekallikrein 

level to a measurable extent can not. however, 
be considered as conclusive evidence against a 
common effect on the contact activation system 
in plasma. The difference between the two kinds 
of drugs might be only apparent, and reflect a 
quantitative deviation rather than a qualitative 
one. In support of such a view it should be re
minded that dextran showed a more pronounced 
effect against HMrK than against the other par
ameters measured (Berstad & Briseid 1982). In 
the present work the decrease in HMrK after 
iodipamide. as measured by the reduced acti
vation of factor XII. was found to be only about 
17% (P-C0.00I). 

In a previous study (Briseid & Briseid 1983) it 
has been found that not only clinical dextran (Mr 
70.000). but also low molecular weight dextran 
(Mr 1.000) was capable of reducing the plasma 
levels of the parameters mentioned above, upon 
intravenous injection into rats. The reductions in
duced were far less extensive than those observed 
after clinical dextran. The same work also showed 
that pretrcatment of the rats with low molecular 
weight dextran caused a partial inhibition of the 
strong blood pressure fall induced by the injection 



194 NILS-OVK HOF.M F.T AL. 

of clinical dextran, and low molecular weight 
dcxi ran reduced at the same time the lowerings 
by clinical dextran of the levels of H M r K and 
prekallikrein. Such a protecting effect by the pre-
t rcatment might be due to a depletion of plasma 
factors involved. The observation in the present 
work of a reduction in iodipamide induced blood 
pressure full by repeated injection (fig. IB) might 
reflect a similar mechanism, and experiments were 
carried out to study the effects of dextran in rats 
pretreatcd with iodipamide. The results of these 
experiments strongly indicate that dextran-in-
duced shock in the Tat is dependent on an acti
vation of the contact system in rat plasma, and 
also support the hypothesis that dextran and the 
ionic contrast substance iodipamide in their de
pressor effects in the rat both act via this system. 
The fact that the blood pressure fall induced by 
dextran is very long-lasting, whereas that caused 
by iodipamide is short-lasting, probably reflects 
differences in the initiation of the reactions. It is 
well established ii: the literature that the dextran 
reaction in the rat is mediated, at least partially, 
by hisiamtnc and serotonin released from mast 
cells. ;UKI that the main blood pressure fall de
velops after a lag period of 2 -3 minutes. The rapid 
and short-lived blood pressure fall induced by 
iodipamide might indicate a more local effect. The 
blood pressure fall induced by iodipamide was 
significantly reduced on repeated injection (fig. 
IB), (he blood pressure fall induced by dextran 
« a s almost blocked after pretreatment of the rats 
with two doses of iodipamide (fig. 2B>. and the 
dexIran-induced lowerings of prekallikrein and 
extent of activation of factor XII were abolished 
after such prctrealtnent. Pretreatment of the rats 
with a single dose of iodipamide did also signifi
cant]) inhibit the effect of dextran on blood press
ure (lig 2B>. and the levels of the plasma par
ameters were found to be even higher than those 
registered in cnnlrol plasma (table 2. ! & III). It 
should be emphasized that a period o\' time of 
abou t one hour between pretreatment and dexlran 
injection was required to yield maximum protec
tion The results are in accordance with the as
sumpt ion iliat iodipamidc is capable of blocking 
dextran shock in the rat h> ils effect on the contact 
activation system in plasma. 
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Abstract: Acetylcysteine (AC) injected intravenously into rats (200 mg/kg) had no effect on blood pressure, but significantly 
inhibited dextran-induced (40 mg/kg) blood pressure fall. Injection of AC also reversibly blocked the activation of 
prckaUikrcin (PK) normal))' obtained in pjasma incubated with acetone. Kallikrein was assayed as plasminogen activator, 
S-2302 amidase and BAEe esterase. Also the activation of factor XII to factor Xlla, assayed as prekallikrein activator, 
was strongly inhibited in AC-trealed rats. It is suggested thai the partial blockade of dexlran-induced shock is correlated 
wiih an inhibition of activation of PK and factor XII. Previous experiments had demonstrated an extensive, but reversible 
in vitro inhibition of human plasma kallikrein by AC. In view of such data it is concluded that the present results obtained 
with AC m rats are probably due to an inhibition of plasma kallikrein and its activation of factor XII. 

The intravenous injection of dextran into rats causes a 
profound and lasting fall in blood pressure, which is preced
ed by significant lowering of parameters belonging to the 
contact activation system in plasma, namely prekallikrein 
and cofactor-active high molecular weight kininogen (Bri
seid et al. 1978; Berstad 1980; Berstad & Briseid 1982; 
Briseid & Briseid 1983). Taking into consideration the fact 
that the more serious anaphylactoid reactions to dextran 
and to radiographic contrast media occasionally occurring 
in the clinics are rather similar, Hoem et at. (1986) investigat
ed the hypothesis that the two kinds of drugs might share 
a common mediator pathway in plasma. Using the rat as a 
model, they found that pre treat ment with the ionic contrast 
substance iodipamide (Biligrafin1') eliminated the reduced 
activation of factor XII that is regularly observed in plasma 
from dextran-injected rats, and also almost completely 
blocked the dextran-induced hypotension. The results ob
tained by Hoem et al. (1986) not only provide evidence that 
dextran and the contrast substance iodipamide have effects 
in common on factors of th- contact activation system in 
rat plasma, but also indicate that the strong hypotension 
induced by the injection of dextran is dependent on an 
activation of this protease system. If this assumption is 
correct, a sufficiently effective inhibition of the plasma kalli-
krein that is activated upon I he injection of dextran should 
also be expected to protect against the dexlran-induced 
blood pressure fall. It has been shown previously that EDTA 
is capable of inhibiting preparations of purified human plas
ma kalhkrein (Johansen & Briseid 1984). and EDTA also 
inhtbiicd the in vitro activation of factor XII in human 
plasma (Hocm & Briseid 1986), results that seered lo indi
cate the presence of plasma kallikrein in a functional state 
that is stimulated by metal ions. It might be of interest in 
this connection that Shimada et ul (1984) in recent tn vitro 
studies found thai diffei nt divalent metal ions strongly 

accelerated the activation of factor XII by plasma kallikrein 
in the presence of high molecular weight kininogen. Prelimi
nary experiments carried out in our laboratory showed that 
purified human plasma kallikrein was reversibly inhibited 
by acetylcysteine, an effect that might reflect its chelating 
properties. In the present work we accordingly decided to 
study the effects of acetylcysteine injected into rats on the 
plasma level of prekallikrein, and on the extent of activation 
of factor XII. Also the possible inhibition by acetylcysteine 
of dextran-induced shock was investigated. Positive results 
in such experiments would support the conclusion given by 
Hoem el at. (1986) that dextran shock in the rat is dependent 
on an activation of the contact phase system in plasma. 

Materiab and Methods 

Rati. Male Sprague-Dawley rats weighing 300-400 g were anaesthe
tized by intraperitoneal injection of a solution of barbilone sodium 
(diemalum NFN| and pentobarbitone sodium (mebumalum Nr-'N) 
(4 and 1% w'v) 5 ml/kg. 

Blood pressure experiments. Blood pressure was recorded from a 
carotid artery (heparin 100 lU/ml in ihe polythene cannula) 
Injections of contrast material or saline were made into a saphenous 
vein with a constant rate of 0 6 ml/min over a period of I 3 mm 
according to the volume wanted Six-10 rats were used in all the 
experiments 

Rat titrated plasma with benxamidine (RBPLt Blood was collected 
from a carolid artery, into 1/10 volume of 0.1 M sodium titrate 
dihydraie solution with 0 05 M EDTA-2N» and 0 05 M benzami-
dinc Then followed cenlnlugalion at 250U*g for 10 mm at 22 
The pooled plasma from 5 10 rah was used for the prepara lion of 
batches of plasma 

Plasmmogen-Jree rat atraud plasma with beniamtdint (MBPL-Pf 
Freshly prepared RBPL was passed through a lysine-Scpharosc 4B 
column as described by Johansen A Briseid (I983I 
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Acvtimv-trcated RBPL-P. To 1.00 ml RBPL-P were added 0.20 ml 
saline and 0.36 ml acetone. The mixture was incubated for about 
17 hours at 22 , the acetone was evaporated under reduced pressure, 
and the loss of water corrected Tor. The preparation was used at 
once or kept at - 70" until use. 

Prekallikrein substrate for the assay of factor Xlla (prekallikrein 
aviivaior. PKA). Human plasma prekallikrein was partially purified 
as described by Laake A Vennerød (1973). 

Assar of esterase activity was carried out wilh benzoyl arginine 
ethyl ester (BAEe) as substrate as described by Laake & Vennerød 
(1973). One esterase unit corresponds lo I umol ester split per min. 
at 25 . 

Assay of amidolyiic activity was carried out with the tripeptide 
suhstrate H-D-Pro-Phe-Arg-pNA 2HCI (S-2302). The substrate was 
dissolved in distilled water (2 mM). The aceloneactivated plasma 
preparations were diluted in tris buffer SO mM, pH 7.9, so that a 
mixture of 400 ul diluted lest and 200 ul substrate solution produced 
:i me in O D. al 405 nm in the range 0.1-0.4 in 2 min. Oneamidase 
unit corresponds lo 1 umol p-nitroanilide split per min. at 25" (e*»= 
9800 for p-nitroaniline). 

.-1 «nv "J plasminogen activator (PGA}. Kallikrein in acetone-trea ted 
RBPL-P was assayed by the fibrin plate method as described by 
Johansen & Briseid (1983). The results were calculated from an 
urokinase log-concentration effect curve as Ploug mU per ml 
plasma. 

Atuir of activated factor XII (PKA). At 25 80 ul of prekallikrcin 
substrate i3 BARe esterase units per ml) were incubated with 20 ul 
or activator preparation (acetone-treated RBPL-P freshly diluted 
I *- 5 <. v with 5 mM phosphate, 5 mM benzamidine. 150 mM NaCl 
lo pil 7.4, and ihen incubated I + 1 v/v with a suspension of kaolin 
20 mg/ml in 150 mM NaCl for 2 min. at 25) . Aliquols were 
withdrawn aner 20 sec., and after 3 min. and 20 sec., and the rale 
of activation of S-2302 amidase was determined. The amount of 
aclivaled factor X I I was calculated as PKA-U per ml plasma, one 
PKA-U being the amount of activator that activated one S-2302 
amidasc unit of prekallikrein per min. at 25". 

( Ufntit ah were ai staled previously (Johansen A Briseid 1983) wilh 
Mr fullnwing iiddilionv Acetylcysteine MucomyslV Draco AB. 
Lund. Sweden huhpamide meglumine. Biligraiin* (500mg/ml), Sob
ering AC!, Berlin/Bergkamen, W. Germany. H-D-Pro-Phe-Arg-
pHA2HCI (S-2302). Kabi Diagnostics. Stockholm. Sweden. 

Siam/n t Siudent'c i-test was generally used for Ihe estimation of 
ihc significance of differences. A probability level of less than 1 % 
was considered significant. 

Results 

Inhibition br mvtvlix Heine of de.xtran-induced blood pressure 

full Dexlrun injected intravenously into rats in doses of 

25 HM> mg kg caused pronounced btood pressure falls in 

accordance with previous results (Briseid et al. I978: Berstad 

l u HI & 19K2). Acetylcysteine had no effect on blood press

ure over ihe dose rangt 50-500 mg/kg. The dose chosen 

for ihe eipcrimcnts in Ihe present work (200 mg/kg) was 

enk ula led lo yield a plasma concentration roughly corre

sponding to the concentration required Tor a significant 

inhibition of purified human plasma kallikrein (data not 

shown) F I R I, I , shows that aceiy Icy steine had no effect 

on the rat blood pressure when injected intravenously in a 
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Fig. I. Effect of acetylcysteine (AC) on the fall in blood pressure 
induced by dextran (DEX) in rats. Acetylcysteine 200 mg/kg and 
dexlran 40 mg/kg were injected separately or in sequence intra
venously into rats. In experiments including dexlran zero time in 
the figure refers to dextran injection. Blood pressure was recorded 
from a carotid artery, and for each experiment mean values from 
6-I0 rats are presented. The S.D. values from the later part of the 
experiments are shown. 
Time schedules: 

I - • - AC 
I I - x - AC + 32 min. + AC+ 32 min. + DEX 

I I I - o - AC+2 min. + DEX 

iv-m- DEX 
Difference of means, level of significance al 28 and 32 min. I I and 
IV: P< 0.001. 

dose of 200 mg/kg, corresponding to I ml/kg of Mucomyst*. 

nor when two such doses were given with an interval of 32 

min. (Hg. I , I I , initial blood pressure level before the injec

tion of dextran). The acetylcysteine curve presented (Fig. 1.1) 

corresponded closely to the saline control data (not shown). 

Pre treat ment of the rats with a single dose of acetylcysteine 

of 200 mg/kg did not significantly reduce the blood pressure 

fall caused by dextran 40 mg/kg (fig. 1, I I I & IV) . Two such 

doses, however, with an interval of 32 min. between them, 

and with a further interval of 32 min. before the injection 

of dextran, provided a partial, but significant, protection 

against the dextran effect (fig. 1. I I & IV ) . 

Inhibition by a combined preirealmeni with acetylcysteine 

and iodipamide of de.xiran-induced blood pressure fall. The 

intravenous injection of the ionic contrast substance iodipa

mide induced a graded and rapidly reversible blood pressure 

fall over the dose range 0.25-1.5 g/kg (Hoem et al. 1986). 

In the same study it was found that pre treat ment of rats 

with iodipamide provided an almost complete protection 

against the hypotension induced by dextran. The combined 

effect of acetylcysteine and iodipamidc was studied in the 

present work. Fig. 2 . 1 , shows that the intravenous injection 

of iodipamide alone (1.5 g/kg) induced a strong, but short-

lasting blood pressure fall in the Sprague-Dawley rats used. 

as was previously registered in Wistar rats (Hoem et al. 

1986). Fig. 2, I I . shows that pretreatment with acetylcysteine 

200 mg/kg caused a distinct lowering of the blood pressure 
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level registered after a subsequent injection of iodipamide. 
a result indicating some kind of interaction between the 
two drugs. Effects of a, combined prelreatment of rats with 
acetylcysteine and iodipamide on the subsequent blocd 
pressure fall induced by dextran are shown in fig. 3. The 
figure shows two test curves, in addition to the dextran 
control curve. Both test curves were based on experiments 
in which both the dose of acetylcysteine (200 mg/kg) and 
thai of iodipamide {1.5 g/kg) were repeated, but the exper
iments differed as to the time schedules used. Fig. 3, I I & 
I I I . shows that the experimenl based on an interval of 22 
min. from the moment the first dose of acetylcysteine was 
given, till dextran was injected, provided a significant, but 
only partial, protection against the dextran-induced shock 
reaction. The figure also shows that a prolongation of the 
period of lime mentioned to about one hour almost com
pletely eliminated the dextran-induced blood pressure fall 
(fig 3. 1 & 111). 

Prvkaliikrein assayed as plasminogen proacfivator (pro-
PGAl. BAEeprovstvrase. and S-2302 praamidase. From the 
results shown in table I it can be calculated that dextran, 
40 nig/kg. reduced the plasma level of acetone-activated 
PGA by 37%. BAEe esterase by 3 2 % and S-2302 amidase 
by 26%. Treatment of the rats with acetylcysteine caused 
even stronger reductions in the levels of acetone-activated 
BAEe esterase and S-2302 amidase than those registered 
alter dextran (aboul 60% for both the two activities), where
as the lowering of the PGA activity was assayed to be 33%. 
The combined use of acetylcysteine and iodipamide tended 
to further reduce the amounts of kaliikrein obtainable, when 
assayed as S-2302 amidase or BAEe esterase, whereas the 
PGA-level was now found to be normal (table 1, I &. IV) . 
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Fig- 3. Effect of a combined pretrealment with acetylcysteine (AC) 
and iodipamide (IOD) on the blood pressure fall induced by dextran 
in the rat. The doses used are identical with those slated in the 
legends to figs. I and 2. 
Time schedules: 

I - • - Omin. AC 
2 min. IOD 

32 min. AC 
34 min. IOD 
64 min. DEX (zero time in fig.) 

I I - o - 0 min. AC 
2 min. IOD 

10 min. AC 
12 min. IOD 
22 min. DEX {zero time in fig.) 

I l l - # - 0 min. DEX (zero time in fig.) 
Difference of means, level of significance al 28 and 32 min. 
I and I I : P<0.001 

Hand I I I : P<0.00l 

When dextran was given after the combination of acetylcy
steine and iodipamide mentioned, very low levels of BAEe 
esterase and S-2302 amidase were registered, corresponding 
to reductions of 85% and 83% for the two activities respec
tively, but table I shows that no significant reduction in the 
P G A activity could be seen. The amounts of iodipamide 
and acetylcysteine used, and also the time schedule for 
the injections, were identical with those providing almost 
complete protection against dextran-induced blood pressure 
fall (fig. 3. I). 

factor Xllassayedasprekallikreinproactivator (pro-PKA). 
As expected from previous results in our laboratory (Bri
seid & Briseid 1983), the extent of activation of factor X I I to 
factor XMa (prekallikrein activator. P K A ) was significantly 
reduced to 58% of the control level after the injection of 
dextran 40 mg/kg (table 1,1 & I I ) . Also acetylcysteine, and 
the combination of acetylcysteine and iodipamidc. reduced, 
however, (he obtainable amounts of PKA to low levels 
(67% and 57% of the control level), and after pretrealment 
with both those two drugs dextran was capable of inducing 
a further lowering of P K A to only 24% of the control value. 

It was shown by Hoem et al (1986) that Ihe ionic radio
graphic contrast substance lodipamidc (Biligrafin 1) injected 
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Table I. 
Yields of plasma kallikrein and factor Xlla in acetone-activated plasma from rats treated with dextran (DEX), acetylcysteine (AC), 
acetylcysteine-+iodipamidc (lOD) or acetylcysteine+-iodipamide before dcxtran. 
Plasma kallikrein was assayed as S-2302 amidase. BAEe esterase and plasminogen activator (PGA). Factor Xlla was assayed as prekallikrcin 
activator (PKA). The substances were injected intravenously in doses as slated in the legends to figs. I & 2 with the following time schedules: 

64 min. DEX 
69 min.blood collection 

' 0 min. AC 
2 min. IOD 

32 min. AC 
34 min. IOD 
6° min. blood collection 

I I I 0 min. AC 
32 min AC 
69 min blood collection 

V 0 min. AC 
2 min. IOD 

32 min. AC 
34 min. IOD 
64 min. DEX 
69 min. blood collection 

In series 1. I I , I I I and IV saline was injected at appropriate times and volumes to nil (he schedule stated for series V 

Plasma kallikrein 
Factor Xlla 

S-2302 amidase BAEe esterase PGA PKA 
Treatment U/ml±S.D. (n| U/rnl±SD. (n) mU/rol±S.D. (r ) U/ml±S.D. (n| 

1 Saline 0.93 ± 0 07 (81 0.60 + 0.04 (8) 254 ±37 (12) I 0 . I ± I 8 (8) 
I I Dcntran 0.69±0.05 18) 0.41 ±0.03 18) 161 ±15 (12) 5.9 ±1.2 18) 
I I I Acetylcysteine 0.33 ±0.06 18) 0 24 ±0.03 <8) I70±26 16) 6.8 ±0.9 (8) 
IV Acetylcysteine+iodipamide 0.30±0.03 (8) 0 15 + 001 («> 241 ±56 (12) 5.8+I.J (8) 
V Acetylcysteine + iodipamide + dextran 0 16 + 001 (8) 0.09±0.0I <B) 256 ± 9 (6) 2.4+1.1 (8) 

Difference of means, level of significance 
1 II P<0.00l P< 0.001 P<0.00l P<000 l 
1 I I I P<0 0OI P<0 001 P< 0.001 P<0.00l 
1 IV P< 0.001 P<0.00l 0.6>P>0.5 P< 0.001 
1 V P<0.001 P<0.00l P > 0 8 P<000 l 

intravenously into rats was capable of protecting against 
the extensive dex tran -induced lowering of parameters be
longing to (he contact activation system, namely prekalli-
krein and the extent of activation of factor X I I to XHa . In 
addition the mentioned authors found that pre treat ment of 
the nits with iodipamidc almost completely eliminated the 
dc\trim-induced fall in blood pressure, and they concluded 
Irom their results that this protection against dextran shock 
was probably due to the inhibition of activation of the 
contact activaiion system in plasma. The results obtained 
in the present work support the assumption advanced by 
Hoem rial. (1986) that dextran shock in the rat is dependent 
on an activation of prekallikrein and factor X I I . In accord
ance with previous results in this laboratory (Briseid et al. 
I97R & 197*); Bcrstiid & Briseid 1982; Briseid & Briseid 
I9K.1| the intravenous injection into rats of clinical dextran 
uii> found lo induce a significant lowering of prekallikrcin. 
and also a strong and lasting fall in blood pressure. Acetyl
cysteine had no effect on rat blood pressure when given 
jUmc. hut did provide a significant, even if partial, protec
tion agiimsi the blood pressure depression induced by dex-
Iran The mechanism underlying the protective effect of 
,Kct>tc>stcine mutt however, differ in principle from that 
provided hy iodtpan-ide Whereas lodipamide in fact 
Mocked an activation of the contact phase system (the pre-
kalhkrein lc\cl was not lowered and the obtainable acti
vation of factor X I I was only slightly reduced hy pretreat-
ment of the rits with lodipamide (Hoem el at 1986). acetyl

cysteine apparently itselflowered the parameters mentioned. 
Treatment of the rats with iodipamide did not inhibit the 
registered acetylcysteine-induced reductions in prekallikrein 
assayed as acetone-activated S-2302 amidase of BAEe ester
ase. These results seeded surprising in view of the obser
vation that the prekallikrein level was not found to be 
reduced when kallikrein was assayed as plasminogen acti
vator. This result could suggest that the lowering of kalli
krein assayed as amidase or esterase was only apparent, and 
possibly reflecting a difference in the assay procedures used. 
Whereas amidase and esterase activities were measured at 
25 over assay periods of 2 min., the PGA activity was 
measured in fibrin plates incubated M .17 over a 24 hour 
period. Experiments carried out with a preincubation period 
of 24 hours before the assays of amidase and esterase activi
ties demonstrated significant increases in these activities in 
plasma from rats treated with acetylcysteine and iodipamide 
(data not shown). These results accordingly showed that no 
extensive derletion of prekallikrein had taken place, but its 
activaiion was strongly delayed. The delay did not only 
apply to prekallikrein; the extent of activation of factor X I I 
was also reduced. The results support the conclusion that 
acetylcysteine is capable of inducing a reversible inhibition 
of activation of one or more of the plasma fac iors involved 
in the contact activation process: prekatlikrem, M M r K or 
factor X I I As mentioned in the introduction lo this paper 
in vitro experiments had shown that purified human platma 
kallikrein was strongly, but reversibly, inhibited by icetyky-
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steine. It seems accordingly probable that the reversible 
inhib i t ion induced by acetylcysteine into the contact act i
vat ion system in rat plasma is due to an inhib i t ion o f plasma 
kal lik rein and, as a consequence o f this inh ib i t ion, subse
quently also to a delayed activation o f factor X I I . Hoem et 
al. (1986J showed that a blockade o f activation o f the con
tact pha&j activation system in rat plasma caused by pre
sentment o f the rats wi th iodipamide d id at the same t ime 
provide fu l l protection against dextran-induced shock. The 
results o f the blood pressure experiments carried out in the 
present work are in good agreement wi th the observation 
mentioned. By a mechanism different f rom that underlying 
the effect o f iodipamide, acetylcysteine not only hempered 
(he activation o f prekal l ikrein and o f factor X I I , but at the 
same time significantly reduced the dextran-induced blood 
pressure fal l . Also the effect o f combined treatment was 
studied in connection wi th a subsequent injection o f 
dextran. The delay o f activation o f prekal l ikrein, as 
well as o f factor X I I . was very marked in the rats in 
jected also wi th dextran. but the PGA data obtained 
(256 m i l / m l test plasma as against 254 m U / m l control 
plasma) show that no real lowering o f prekal l ikrein had 
taken place, contrary to what was observed in the ex
periments wi th dextran only (161 m U / m l test 
plasma), and the dextran-induced fall in blood pressure was 
almost completely blocked. 

Conclusion. Acetylcysteine was found capable o f inhib i t ing 
the strong and long-lasting blood pressure fall induced by 
dextran in the rat. A similar effect was previously demon
strated for the ionic contrast substance iodipamide (Hoem et 
al. 1986). Both substances seemed to provide this protecting 
effect by an inhib i t ion o f activation o f factors belonging to 
the contact activation system in plasma, prekal l ik ie in and 
factor X I I . but the mechanisms differed. Whereas iodipa
mide blocked (he dext ran -induced lowering o f the factors 
mentioned at a step pr ior to their act ivat ion, acetylcysteine 
was found to reversibly delay their act ivat ion. Taking in to 
consideration previous results that demonstrated significant 
in vitro inhib i t ion o f puri f ied human plasma kal l ikrein by 
agents wi th chelating properties l ike EDTA and acetylcystei
ne, we conclude that the effects obtained by inject ion o f 
acetylcysteine into rats in the present work are probably 
due to a direct inhib i t ion o f plasma kal l ikrein. 
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Abstract: The kaolin-induced activation of factor XII (XII) to XII» was studied in plasminogen-free human 
cilratcd plasma treated with acetone in the presence of benzamidinc 7.5 mM. Xlla was assayed as prckallikre-
in (PK) activator. The significance of the concentrations of XII, PK and high molecular weight kininogen 
(IlMrK) was examined using mixtures of normal plasma and plasma genetically deficient in ihcse factors. 
At Ihe high plasma dilution used (I + 23 v/v in the kaolin incubate) a joint estimation of the factors was 
obtained. A reduction in amount of XII, PK or HMrK resulted in a correspondingly reduced yield of Xlla. 
Plasma kallikrein present was ssayed as S-2302 amidase. The concentration of PK in Xll-dcfkienl plasma 
uas normal, in HMrK-dcficicnl plasma about 30% of normal. The activation of XII was studied in fresh 
plasma as well as in plasma stored for 3 6 months at - 70 . and the activation wilh acetone was carried out 
in the presence and in the absence of benzamidinc, EDTA oi purified HMrK. In previous work bcn/umtdine 
was found to protect the cofactor function of purified HMr< in the assay system used, and EDTA was 
found to inhibit purified human plasma kallikrein assayed as plasminogen activator. The present results 
support the previous observations, and indicate that acetone treatment of fresh human plasma (hen'amidinc 
present) results in the activation of plasma kaltikrcin in a functional slate that requires kinin-frcc. but 
otherwise native HMrK as a cofactor for the activation of XII. In plasma stored for 3-fc months ,\t 70 
the extent of activation of XII was increased and the inhibition by HDTA reduced, these results prehablv 
reflecting a partial loss of the aforementioned kallikrcin modification. The total yield of kallikrein activity 
assayed as S-2302 amidase was unchanged. 

Kc\-worth Factor XII plasma kallikrcin high molecular weight kininogen human plasma. 

The extent of activation of frjtor XII induced by 
kaolin in acetone-treated plasma can he increased 
in a dose-dependent manner by Ihe addition of 
native human high molecular wt%nl kimnogen 
(HMrK) (Johansen & Briseid 1985). Preincu
bation of IlMrK with purified human plasma 
kallikrcin significantly reduced its colactor ca
pacity (Johansen & Briseid I9H4 & 1985) This 
observation was in accordance with previous cx-
pci.mcnls which showed ihstt the serine proleasc 
inhibitor hciiAiMiidmc had to be added to plasma 
prior u> the actuation with acetone to protect the 

HMrK cefaclor effect (Briseid & Johansen 1983) 
Plasma kallikrcin tscapahle of cleaving HMrK to 
yield bradvkinin and the light and heavy chain, 
bul al ihe same time, several reports provide clear 
evidence that human plasma kallikrein does not 
destroy the cofuctor capacity of HMrK. which 
resides in the light chain (Thompson *•/ al. I*>7X & 
1979; Ke-binou & Griffin 1979; Schilfman .-/ ,// 
1980; Sib crberg w ol 1980) Recently. Scull vt al 
(I98<1) in fact showed (hal the nuliic IlMrK must 
be regarded as a procolau r. its capacity to po
tentiate k.ilhkrcin in (he activation of factor XII 
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being strongly increased alter cleavage by plasma 
kallikrcin. The most probable explanation of the 
apparently conflicting observations mentioned as 
to the colactor properties of HMrK might lie in 
differences in the assay systems used. The acetone-
treated plasma used in our experiments might, in 
addition lo plasma kallikrcin. also contain an
other protease which is capable of activating fac
tor XII in the presence of kaolin, but which is 
dependent on the presence of a protease inhibitor 
like ben/amidine in order that HMrK can func
tion as cofaelor. Such a protease could be a modi
fication of plasma kallikrcin with different bind
ing properties against HMrK. An observation re
cently made by Shimada vt ai (1984J might be of 
interest in this connection. In a system of purified 
plasma factors, they found that certain divalent 
metal ions were required to yield maximum effect 
of kalli k rein and HMrK in the activation of factor 
XII. f-vidence has also been provided that purified 
human plasma kallikrcin might exist in modifi
cations with different plasminogen activator 
(PCiAl activities, the most potent preparations 
being strongly inhibited by HITTA, (Johansen & 
Briseid IW4 & IWS). Oilman ft oi (l«)85) re
cent K found thai the coagulant activity of native 
2-ch.un u-kallikrcin was significantly higher than 
thai registered lor 3-chain (t-kallikrein. In the pre
sent work, we decided to study in more detail the 
actuation of factor XII to factor XIla, assayed as 
prekallikiein activator (PKA) in acetone-treated 
human plasma I he aim of the work was to throw 
moie light »MI the question of the presence in this 
preparation of a modification of plasma kallikrcin 
that activates factor Xll more readily with HMrK 
protected by bensamidinc as cut actor. The signifi
cance t<l the actual concentrations of factor XII. 
piekallikrem and I f Mrk was examined, using 
miMures nl normal plasma and plasma genetically 
deficient in I hese factors The significance of 
IIMiK was further examined by adding purified 
IIMiK m connection with (actor XII activation 
experiments, in the presence and in the absence 
ol I-|>IA 

Material and Method* 

l'i,i">i,i w J-, ithl.nnci! hom \miiit! men u it In ml .111 v 
known thsL-.i>.i-\ Spivi.il cue w.is taken in eliminate pri

sons wilh an allergy or with allergic disposition. In most 
experiments, the plasma hatches investigated consisted 
of mixtures of equal volumes of plasma from three indi
viduals. 

C'ilrati'tl plasma (PI.) and titrated plasma with benzami-
dine (BPL). Blood was collected into 1/10 volume of 
I). 1(1 M sodium citrate dihydnile solution, or into 1/10 
volume of 0.10 M sodium citrate dihydrale solution 
with 0.0? M bcii7iimidinc and 0.05 M l:i)TA-2 Na. and 
ccntrifuged at MOO x g for 30 min. al 22 . 

Plasminogen-free citraled plasma (PL-Pi and plasmin-
ogen-free ritratvd plasma with hvnzaniidlnc I HPI.-P). 
freshly prepared PI. or BPL was passed through a l\-
sine-Scpharosc column csscniially as described by 
Dculsch & Mcrtz (1971)). About 40 nil of PL (to which 
had heen added 1% (v,v) of F.DTA-2 Na 0.30 Ml were 
passed ihrough a column f 1.6 x 5.5 cm) at a flow rate 
ofahout 0.4 ml/min. 

rtvcionv-ircatcd plasma was prepared from PL. PL-P. 
BPL or IHT.-P. To 1.0» ml plasma were added 0.20 ml 
saline and 0.40 ml acetone to a concentration of 25"« v 
v. The mixture was incubated at 22 for about 17 hours. 
The ;vctonc was evaporated under reduced pressure and 
the loss of water corrected for. The preparation was used 
at once or kepi at - 7 0 until use. 

Prckallikreiil substrate ft </.v\«r \>l factor Ml tprckuili-
krvin activator. PKA I. Human plasma prekallikreiii was 
partiallv purified as described by l.aakc A Veniierod 
(1^731.' 

High mula ular u eight kimnugen (HMrK) was prepared 
from pliisminogcn-frcc human ciliated plasma (Pl.-P) 
n\ chromatography al 4 (soybean trypsin inhibitor 0.1 
nig.mil. on DT-AL-Scphadex (0.02 M tris huffer, 0 15 M 
NaCI, 0.0<H M l-Dl'A. pll 7.4). and Ihemm CM-Seplia-
dex (0(13 M acetate huller. 0.115 M NaCI. pll 5K| 
IIMrK was elnted from tins column with a linear gradi
ent of NaCI in Hie same hulTcr toa limit ol 0 6 M NaCI. 
the HMrK cluting near the limil -.onccnlnttion I lie 
peak fractions had specihV activities of 10 |5 ||ip kinm 
ai bradskmm A2K0) 

.\\sa\ of aniiduhtii at turn was earned out with ihc 
Inpeplide substrate II DPro-Phc-Arg pNa 2IICI (S 
2*02, Kahi Oiagnoslka. Sloekholm. Sweden) I he Mih-
sirate was dissol\cd in disiilled water (2 mMl Ihc en 
Aim* prepara I tons were diluted in ins-H('( hulter su 
niM. pH 7 l>. so thai a tin 11 ure ol 400 ul diluted lesi .1 ul 
21*0 |il substrate solution produced a rise in <) I> al 4ns 
mr in ilte ranpe 0 1 0 4 111 2 min (One arnutase uml 
c ir responds lo I nmol p-niimamlide spin per min .il 
-5 \ 

l*< hnnwulinn <>f m touted filt h-t \/l PK I \ l 2*1 . >l> 
|il ot prekallikrcin t * I) HAI e l l ml. I a.ike & \enneiod 
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llJ73) were incubated with 20 ul of activator preparation 
(acetone-treated BPL-P or PL-P freshly diluted, I + 11 
v v in most experiments, with 5 mM phosphate, l50mM 
NaC'l buffer pM 7.4. and then incubated I + I v/v with 
a suspension of kaolin 20 mgni! in 15(1 mM NaG for 2 
min. al 25 ). Aliquots were withdrawn after 20 sec. and 
after 3 min. and 20 sec. and the rate of activation of S-
2302 amidase was determined. The amount of activated 
factor XII was calculated as PKA-U per ml plasma, one 
PKA-U being the amount nf activator that activates one 
S-2.102 amidase unit of prekallikrein per min. ai 25 . 
When MMrK was introduced in connection with 'he 
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tin- in-lit nl liiilni Mia PKA acmiltcs induced by 
kaolin suspension 11 + I \ \) were measured in acetone-
tre.Hal mixtures ol plasnnnogcn-frcc citralcd plasma 
will) hciiAimidinc llJPl.-P) and ellrtllcil plasma genelt-
i.itls dclicicnl in laetoi XII ['nor to activation with 
k.iolm. the plasma mixtures ssere diluted 1 + II s s with 
• i bnllei ..I pll ' 4. < mM pllospli.ile. ISO mM Nat'l. < 
inM hen/auiidine 
I .KII point on llie turves and each S-2 s(t2 aimdasc value 
tepiesenls I he average value til 4 assays i S I) 

I ailor M l 
Kallilrcm SO 1112 aimdasc 

unils per ml plasma 
A II 

:IMI • ti i4 
I H6 Hill'» 
I HI .INI' 
I HH I II III 

2 11 jllllh 
I H4 Mllll 
I 44 Mi :tl 
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•\ I resll plasma I 711 less than one week I 
II Slored plasma I 71) 1 ui J months) 

dilution of the plasma preparation, the increased level 
of activated factor XII (PKA) reflected the cofactor 
capacity of the added HMrK. 

Chrmiails used are referred to in a previous paper (Bri
seid & Johansen 1983). In addition plasma genetically 
deficient in factor XII. prekallikrcin or high molecular 
weight kininogen were obtained from George King Bio-
Medical. Inc., Overland Park. Kansas. U.S.A. 

Results 

Significance of a reduced concentration of factor 
XII. IIMrK or prekallikrein for the yield of factor 
Xlla. PKA assays were carried out in acetone-
treated mixtures of normal BPL-P and plasma 
congcnitally deficient in factor XII, HMrK or 
prekallikrein. To BPL-P. 25 or 5(1% v/v of HPL 
had been added in advance to make up for the lad 
that the deficient plasmas contained plasminogen. 
The preparations were diluted I f 11 (v/v) before 
activation wilh kaolin suspension I t-1 (vv). I'igs. 
I, 2 and .1 give the results obtained with plasma 
deficient in factor XII. HMrK or prekallikrein 
respectively. The curves designated A show the 
data obtained with freshly collected plasma, 
whereas curves I) were based on plasma specimens 
stored for 3-4 months at —70 . Both in fresh and 
in stored plasma, the extent of activation of factor 
XII lo factor Xlla. assayed as PKA. was pro
gressively reduced by reducing the amounts pre
sent of factor XII ilsclf (fig. I). HMrK |llg. 2) or 
prckalltkrcin (fig. i). In the A plots, established 
with fresh plasma, more or less pronounced curva
tures were registered, demonstrating less effective 
activation of factor XII in the preparations con
taining the highest concentrations of fresh, normal 
plasma. The curses obtained in stored plasma 111 
curves) were nearly linear The kallikretn conccn 
Iralions in the plasma mixlures Icslcd. assayed as 
S-2.102 amidase. are shown in Ihe legends to figs 
1. 2 and 3 7 he concentration of plasma kallikrem 
was not reduced by including factor Xll-deficient 
plasma in the mixtures with fresh BIM.-P dig I A), 
whereas the obtainable amounts of k.ilhkrem were 
progressively reduced b> reducing the relative 
amount presenl of IIMrK. holh HI fresh and stor
ed HI'l.-P llig 2A & I!) The reductions in k.illi-
krcin activity caused by replacing normal plasma 
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HMrK 

Fig. 2. Significance of the concentration of HMrK for the 
yield of factor Xlla. PKA activities were measured in 
acetone-treated mixtures of normal plasma (BPL-P) and 
plasma genetically deficient in HMrK, as described in 
the legend to fig. I. and the results were calculated as 
slated there. 

Kallikrein S-2302 amidase 
HMrK units per ml plasma 
n n A (fresh plasma) B (stored plasma) 

101) 
75 
50 
25 

2 07+0.12 
1.64+0.08 
1.19 + 0.06 
0.86 + 0.11 

2.23 + 0.04 
1.89 + 0.11 
1.38+0.04 
I.O3+O.06 

by HMrK-deficient plasma were, however, not as 
extensive as those registered in the mixtures with 
prekallikrein deficient plasma (fig. 3A & B). It 
should be pointed out that the maximum acti
vation of prekallikrein registered in all the mix
tures with fresh normal plasma and plasma de
ficient in factor XII (fig IA) was not obtainable 
in mixtures with stored normal plasma in Ihe pres
ence of only 25 or 50% factor XII (Hg. IB). 

Activation of factor XII ill fresh (tint in stored plas
ma in the presence ami in the absence ofhenzami-
dine. Fig. 4 shows the results of assays of factor 
XII. measured as kaolin-activated PKA in acet
one-treated plasma freshly collected or stored for 
3-6 months at - 70 before use. The plasma prep
arations were diluted to different extents prior to 

I w 

2 
£30 

25 50 75 100 
PREKALLIKREIN 7 . 

Fig. 3.Significance of the concentration of prekallikrcin 
for the yield of factor Xlla. PKA activities were measured 
in acetone-treated mixtures of normal plasma (BPL-P) 
and plasma congenitally deficient in prekallikrein, as 
described in the legend to fig. 1, and the results were 
calculated as stated there. 

Kallikrein S-2302 amidase 
units per ml plasma 

A (fresh plasma) B (stored plasma) 
Prekallikrein 
% 
100 
75 
50 
25 

2.22±0.10 
1.70 + 0.07 
1.21 ±0.08 
0.46±0.05 

2.26 + 0.09 
1.54 + 0.12 
1.05+0.02 
0.47 ±0.02 

the incubation with a suspension of kaolin. By 
first comparing the results obtained in fresh plas
ma it can be seen that the extent of activation of 
factor XII taking place in plasma stabilized with 
benzamidine (BPL-P) was significantly higher 
than that registered without this protease inhibitor 
(PL-P) (fig. 4A & B). For both preparations the 
PKA values obtained were progressively reduced 
by diluting them prior to assay. Fig. 4 further 
shows that the maximum PKA value obtained in 
stored BPL-P was much higher than that regis
tered in fresh plasma: 91 as against 71 PKA-U/ 
m l ( C & A. P ~ 0 . 0 0 I ) . In PL-P the corresponding 
values were nearly identical, 46 as against 43 
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P L A S M A DILUTION FACTOR 
Fig. 4. Significance of dilution, presence of benzanridiiw, 
and the storage period of plasma for the yields of factor 
Mia P K A activities induced by kaolin suspension (1 + 
I v v[ were measured in acetone-treated plasminogcn-
free citrated plasma with benzamidinc (BPL-P) or such 
plasma without henzamidinc (PL-P). To the acetone-
treated PL-P was added benzamidinc to 5 m M . Prior 
to activation wi th kaol in I he plasma preparations were 
d i lu lcd to different extents wi th buffer o f pM 7.4. 5 i n M 
phosphale. 150 i n M NaC'l. 5 m M benzamidine. l iacl i 
point on ilie curves represents the average value o f at 
least 4 single assays, based on two enzyme preparations. 
HIM.-I ' :» • 
PI . I ' » • 
1'urves A & B: Fresh plasma 
Curves (' & [>: Plasma stored al -70 Tor 3-4 months. 

PKA-U ml (D & B. 0 .7>P>0.6) . A l the same 
lime, storage of plasma had also altered the con
centration effect curves. The curve obtained in 
BPI -P had become sleeper (fig. 4 C). whereas the 
curve obtained in Pl.-P tended to flatten out (fig. 
4 l ) | To find out whether the less extensive acti
vation of factor X I I in fresh HPI.-P than that 
registered in stored plasma was connected with a 
higher capacity to inhibit the cofactor effect of 
I I M r K . experiments were carried out with ad
dition of different amounts of purified H M r K . 
using fresh HPI.-P and also specimens from the 
same HPI.-P stored al - 7 0 for fi months In 

accordance with the results shown in fig. 4 A & 
B, fig. 5 A & B also demonstrate thai the extent o f 
activation of factor X I I lo PKA was significantly 
increased by storage of plasma. Curves A & B in 
fig. 5 further show that significant rises in PKA 
values were obtained by adding native H M r K 
before incubation with kaolin. The maximum 
levels obtained were roughly the same in fresh 
and stored plasma in spite of very different control 
levels. It should be pointed out that the assayed 
control levels of PKA units per ml plasma were 
only about 50% of those demonstrated in figs. I. 
2, 3 and 4. This is due to the fact that the PKA 
values shown in fig. 5 were obtained by using 
BAEe as substrate for the Xlla-uctivaled kallikre-
in (Briseid & Johansen 1983), whereas the tripepti-
de S-2302 was used for the other experiments. 
The data given in fig. 5 provide no evidence of 
inhibit ion during kaolin activation of the cofaclor 
effect of H M r K added to fresh plasma as com-

C: EDTA 5.0 

B : EDTA 0.6 ^ 

D : EDTA 5.0 

0 3 4 9 12 0 3 6 9 12 
,ug HMrK ADDED PER ML INCUBATE 

I' ig. 5.Sif"ni/iitnuv nt iiilihntin it/ pitn/h'it HMiK. ami t>/ 
llu- prrwntf ol A7J7M lnr lilt- vicltlof filtlnr Xllu P K A 
acl iv i t ic ; induced by kaol in suspension ( I + I v v) were 
measured in acelone-trcalcd BPL-P as described in Ihe 
legend to t ig. A. The plasma preparations were di luted 
1 + 5 (VyV) before activation wi th kaol in , and L D T A 
was added in Ihe d i lu t ion bulter lo desired concentrat ion 
( m M ) 
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pared to .siomi plasma. The lower extent of acti
vation of factor X I I registered in fresh plasma 
without any addition of I I M r K (fig. 5 A & B) 
accoidingly indicates a greater loss of cofactor-
active H M r K in fresh plasma during the acetone 
aclivation procedure. Fig. 5 also shows the results 
of assays carried out with an increase in concen
tration of I-DTA in the kaolin incubates from 
0.6 m M to 5.0 inM. In fresh plasma, the higher 
concentration of FDTA strongly inhibited the ac
tuat ion of factor X I I (curves A & C), whereas 
the effect of EDTA in stored plasma was much 
less pronounced (curves B & D). 

Discussion 

Siynith ant c if a retimed concentration of factor 
Ml. IIMrK or prckallikrcin lor the yield of factor 
Ml By diluting acetone-treated BPI-P before the 
kaolin-induced activation of factor X U to PKA. 
the yields of I 'KA declined progressively (fig. 4). 
To find out which one o f the plasma factors in
volved was rate-limiting in the activation process 
in BPI.-P at high plasma dilution. PKA assays 
were carried out in mixtures of normal plasma 
and plasma genetically deficient in factor X I I . 
I I M r K or prckallikrein. The results presented in 
figs I. 2 and J clearly demonstrate that a re
duction in amount of one oranother of the factors 
menlioned results in a reduced yield of factor 
X l l a . in fresh plasma as well as in plasma stored 
for some mouths at 7(1 . This means that by a 
final di lut ion of plasma of I I 23 (\ v) in the kao
lin incubate, a joint estimation of the factors in-
\o l \ ed in the contact aclivation is obtained. The 
amounts of activated kallikrein were unaltered in 
the mixtures t.^' normal plasma and plasma de-
licicnt in factor XI I (lip I), reduced as expected 
in the mixtures with prekallikrein deficient plasma 
(fig * l . and also reduced to a considerable extent 
m the miviiires of normal plasma and plasma 
deficient in I I M r K (fig 2). From the S-2302 am-
id.isc dala imen m the legend to (ig. 2. it can be 
i . i lu i l . i l u l thai the results obtained correspond to 
a concentration of prekallikrein in H M r K de
ficient plasma of about .Wo of normal This on
sen,mon is m close agreement with previous data 
in the literature In assays using rocket Immuno

electrophoresis. Bouma el al. (1980) found prekal
likrein levels of 27 to 32% of normal in H M r K -
deficient plasma of the same origin as was used 
in the present work. In assays also using the same 
type of HMrK-dcficient plasma. Alving el til. 
(1983) registered a prekallikrein level of about 
25% of normal, using a method based on X I I 
fragment activation in acetone-treated plasma, 
and assay of kallikrein by its amidase effect (S-
2302). 

Reduced cafactar effect of IIMrK in phmui acti
vated with acetone in the absence of benzamidinc. 
Fig. 4 shows that the yield or activated factor 
X I I was signillcantly increased when the serine 
protease inhibitor benzamidine was present dur
ing the acetone treatment (BPI.-P). as compared 
with the yield obtained in t itrated plasma (PL-P). 
The observation on the effect of benzamidine is in 
accordance with previous results in this laboratory 
(Briseid & Johansen 1983). It has also been shown 
previously that preincubation of purified I I M r K 
with purified plasma kallikrein strongly reduced 
its cofactor capacity when added to acetone-treat
ed BPI.-P prior to incubation with kaolin suspen
sion (Johansen & Briseid 1984 & 1985). This result 
indicates that plasma kallikre-n is the protease 
responsible for the loss of cofaclor effect in I I M r K 
in PL-P. and that the assay system used (acetone-
treated, plasminogen-free plasma with ben/amidi-
ne) contains kallikrein in a functional state that 
requires kinin-free, but otherwise native, I I M r K 
to yield maximum activation of factor X I I . It 
should be pointed out that a limited cleavage of 
I I M r K docs take place also in the presence of 
ben/amidinc. acetone-treated BPL-P usually con
taining free kinin corresponding to the whole 
amount of H M r K present: 70-911 fig per ml 
plasma. 

htcrcau-dttilat tttr e//ei I nl IIMrK in/'launo \lott,/ 
iM " " . The increased extent of activation of 
factor X I I in stored BPI.-P (figs. I. 2, 3. and 4 
A & It) could indicate the presence of a plasma 
constituent unstable during storage, and capable 
of inhibiting the contact phase activation system 
Another possibility is that some loss of I I M r K 
colaetor activity takes place during the acetone 
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treatment of fresh BPL-P, in which the kullikrein 

present requires native H M r K , as suggested 

above. Alterations during storage of plasma might 

reduce the yield of such a plasma kal lik rein, re

sulting in a decreased demand for native H M r K . 

To investigate the alternatives mentioned, exper

iments were performed in which different amounts 

of purified H M r K were added to fresh or stored 

BPL-P, just before the incubation with kaolin. 

The results are shown in fig. 5. The fact that the 

increases in yields of PK A were not lower in fresh 

plasma, as compared to stored plasma, but rather 

higher (lig. 5 A & B). is evidence that there exists 

no rapid-acting inhibitor in acetone-treated fresh 

BPI.-P lor the cofuctor effect of native H M r K . 

We suggest that the tower extent of activation of 

factor X I I in fresh plasma might instead be due 

to a loss of H M r K cofactor capacity in connection 

will) the acetone activation procedure. Previous 

results obtained in this laboratory demonstrated 

that preparations o\' highly purified plasma kalli-

krein differed significantly in their plasminogen 

activator activities, seemingly correlated with 

their ability to be inhibited by rather high concen

trations o f E D T A : 5-10 n iM (Johansen & Briseid 

1984). The results al' the experiments shown in 

fig 5 support the assumption of the presence in 

acetone-treated fresh plasma (BPL-P) of plasma 

kallikrein in a functional stale that is strongly 

inhibited by 5 m M HDTA as an activator of factor 

M l . In plasma stored for about 6 months at 

70 , the LDTA inhibition was far less pro

nounced. The differences observed between ace

tone-activated kallikrein in fresh and stored plas

ma did not apply to the extent of activation. The 

tolal \ ieid of kallikrein activity, as measured by 

Us SO.102 amidase activity, was unchanged alter 

storage. 
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Siri Johannesen and Kjell Briseid 

Department of Pharmacology, Institute 
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SUMMARY 

High molecular weight kininogen (HMWK) and low molecular weight 
kininogen (I.MWK) in human plasma could be rapidly (36 min.) separated on a 
UKAE-Sepharose Fast Flow column (1.0 x 5 cm and 0.50 ml plasma) by applying 
n NaCl step gradient. Quantification was then carried out by the Laurell 
rocket method with an antiserum raised against HMWK. Standard preparations 
for the assays were (1) crude HMWK and (II) crude LMWK prepared by the 
one-F.tep procedure mentioned. In disc PAGE (8% with 0.1% SDS) imtnunoblot 
showed two main bands in I, migrating to apparent mol.wts. of 180,000 and 
120,000. The 180,000 band predcmina..ed in native plasma. Purified HMWK 
(spec.act. 14 jig hradykinin/A 280) yielded in addition a band corresponding 
to a mol.wt. of 100,000. Immunoblot of II showed one broad zone over the 
mol.wt. range 65-70,000. The average assay values obtained in human plasma 
specimens from 10 males were 85 /ig/ml for HMWK 'range 65-130) and 174 jig/ral 
for I.MWK (range 164-183). HMWK occasionally lost immunoreactivity during 
purification without a corresponding loss of kinin. Such a loss of 
Immunoreactivity seemed to run parallel with a reduced release of kinin 
induced by hog pancreas kallikreln. 

INTRODUCTION 

High molecular weight klninr^en (HMWK) and low molecular weight 
kininogen (I.MWK) In human plasma are single chain proteins which upon kinin 
release yields one heavy and one light chain held together with a disulfide 
bond. The light chains of the two kininogens differ in amino acid compo
sition, whereas the heavy chains are homologous. The fact that HMWK and I.MWK 
share ant 1 genie determinants in their heavy chains, compl icates the immuno
assay of the two kininogens in plasma. HMWK can be specifically assayed 
using antibodies directed against its light chain,^~* whereas the assay of 
I.MWK requires more elaborated techniques. •* The present paper describes a 
method for rapid separation of HMWK and LMWK in human plasma on a DF.AF-
Scptiarose Fast Flow column. Quantification was carried out by the rocket 
mt-thnd of laurel 1 " using an antiserum raised against HMWK. 
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MATERIALS AND METHODS 

Plasma samples. Blood was collected into 1/10 volume of 0.10 M sodium 
citrate dihydrate solution with 0.05 M benzatnidine and 0.05 M EDTA-2Na, and 
centrifuged at 3000 x g for 30 min. at 22 . The plasma specimens were kept 
at -70 until use. 

Detergent. The neutral detergent Triton X 100 (0.01% v/v) was used in 
connection with all preparation procedures and assays. 

High molecular weight klninogen (HMWK) was prepared according to 
Dittman et al.7 The peak fractions had specific activities of about 14 
(pg kinin as bradykinln/A 280). 

Low molecular weight kininogen (LMWK). LMWK was partially purified by 
applying a modification of the method described by Maier et al." The 
preparation was free from HMWK as shown by immunoblot. 

Crude HMWK and crude LMWK standard preparations. Fresh plasma from men 
without any known diseases was used. 10 ml plasma were applied at 22 to a 
DF.AE-Sepharose Fast Flow column (2.6 x 16 cm) equilibrated with tris buffer 
0.1 M, pH 8.0, 5 mM benzamidine, 5 mM EDTA-2Na. Then was applied a step 
gradient with 0.5 M NaCI in the same buffer, and fractions of 3 ml were 
collected at a flow rate of 4 ml/min. The levels of immunoreactive HMWK and 
LMWK in the fractions were quantified using rocket immunoassay as described 
later» the peak fractions of each kininogen were pooled, and aliquots were 
kept at -70 until use. Working standards for HMWK and for LMWK were 
prepared by mixing fractions obtained from three men 20-30 years of age. 

Acetone-activated plasma kallikrein was prepared according to Nagase 
and tin r re 11. 9 

Kln inogen-spec1 f ic ant iserum was raised in rabbits by injecting HMWK 
subcutaneous ly.7 Both HMWK and LMWK gave precipitates in single radial 
immunodlffusion (SRI) and rocket Immunoelectrophoresis, whereas no precipi
tate was formed against plasma deficient In both kininogens. Further ana
lysis in double SRI, fused rocket Immunoelectrophoresis and tandem crossed 
immunoe1 ectrophoresIs revealed a pattern of partial identity between the 
pri-c lpi t.ites formed against HMWK and I.MWK. 

Separation of HMWK and HMWK In plasma samples. 0.50 ml plasma was 
applied to a DEAE-Sepharose Fast Flow column (1.0 x 5.0 cm), through an 
InU'ction loop. The column was equilibrated with 0.1 M trls buffer at 
pll fl.ti, containing 5 mM benzamidine and 5 mM F.DTA-2Na. Protein which 
id̂ crbt'd tu the coltimn was eluted In the same buffer with stepwise Increases 
in mol.iritv of NaCI. The following step gradient was used: 8 ml 0 M NaCI, 
. ml 75 mM NaCI, 8 ml 120 mM NaCI, 4 ml 150 mM NaCI, 4 ml 500 mM NaCI and 
H ml 0 M KaCI, The gradient was created by a Gradient Programmer CP-250 
(Tin rm.K'in AH, I'ppsala, Sweden) controlling two pumps which delivered 
starting buffer and buffer containing SOU mM NaCI, respectively. Flow rate 
wis set to t ml/min. I'nadsorbed protein w,i<; sampled bv peak cut when 
u.l». .'Hl> was higher than 0.3 and collected In one fraction. The bulk of 1.MWK 
w.i-. Intitid In the protein fraction eluted with t JO mM NaCI, and collected at 
tin- s.ime peak cut. HMWK was eluted with )50 mM NaCI and collected in one 
fraction with a peak cut at O.I O.I>. 280. 

Hot ket lmtnunoe lectrophoresis was carried out .iccordlng to the method of 
I.niM'll.^ A 11.5 ml volume of 1 * agarose solution In tris-barbital buffer, 
pH H.h, Ionic strenght 0.1, l7. polyethvleneglycol (mol.wt. 6000) added, was 
Hied to prepare a gv I layer of 0. I 3 cm cm 12, 1 x 8 cm Celbond ** film. The 
dilution of antiserum In the gel was chosen to produce precipitation peaks 
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of about 4(1 mm for a 1 + 1 dilution of the crude kininogen standard prepa
rations. Antiserum was mixed with the agarose solution at 54-56 . Sample 
aliquots (5 pi) were applied in wells, and electrophoresis was carried out 
at a Held strength of about 3 V/cm of gel for at least 18 hours on a 
cooling plate at 10 on a Flat Bed Electrophoresis Apparatus FBE-3000 
(Pharmacia AB, Uppsala, Sweden). The plates were stained with 1% Coomassie 
brilliant blue R-250. In the rocket assays of fractions from the DEAE-
Sepharose Fast Flow column the median value from three parallels of each 
fraction was used to calculate the amount of kininogen present. A standard 
curve with four dilutions of crude kininogen was established in each 
experiment. 

Crossed Immunoelectrophoresis was performed according to Laurell on 
12.7 x 3 cm Gelbond R film in a 0.15 cm \7B agarose layer, in tris-barbital 
buffer, (pH 8.6, ionic strength 0.1) using the previously described cooling 
plate at ID . 15 pi samples were allowed to migrate from 4 mm wells towards 
the anode at 8 V/cm for 3 hours. Conditions for electrophoresis in the 
second dimension into agarose gel containing antiserum were identical to 
those used for the rocket electrophoresis. 

1)1 scontinuous polyacrylamide Rel electrophoresis in the presence of 
U.IX SDS, was carried out on vertical slab gels (80 x 60 x 0.75 mm), 
separating gel 8£=T, stacking gel 4%*T, C=4%, essentially by the method of 
l.aemmli.'l Molecular weights were estimated using high molecular weight 
protein standards from Bio-Rad Laboratories. Lanes with molecular weight 
standards were fixed in 20% trichloroacetic acid and stained with Coomassie 
brilliant blue R-250. 

Imrounoblotting. Proteins were electro-transferred from (8%) polyacryl
amide gels with 0.1% SDS onto a nitrocellulose sheet ( 8 x 8 cm) essentially 
according to the method of Towbin et al.' , using a Trans-Blot" cell For 90 
min. transfer in tris (25 mM), glycine (192 mM), 20% methanol, pH 8.3 -
hui fer .it 150 V, 0.4 A. Immunodetection was performed with a Bio-Rad Immun-
Blot R Coat Anti-Rabbit (GAR) Horseradish Peroxidase (HRP) kit (GAR-HRP 
diluted 1:1000), according to the manufacturers instructions. Our rabbit 
anti-human HMWK antiserum diluted 1:500 was used as primary antibody source, 
(he "blotted" gel and the lanes with molecular weight standards were stained 
with (onmassie brilliant blue R-250 as described for PACE. 

Bioassay of kinins released in kininogen preparations incubated with 
plasma kallikrein or hog pancreas kallikrein (HtK), The kininogen prepar
ation was incubated at pH 8.0 with an excess amount of plasma kallikrein 
(«hunt i S-2302 amidase units/ml incubate for 30 min. at 25 ) , or with an 
excess amount of HPK (about 3 U/ml incubate for 30 mln. at 17 ). After S 
min. heating at 100 the incubate was diluted with de Jalon's solution, and 
the it-leased kinln was assaved against bradykinln standard on the Isolated 
rit uterus, [he results were calculated to kfninogen by applying mol.wts. of 
I 11»,Dim, /I'l.imo. and H)n() lor HMWK, I.MWK ai.J bradylcinln respectively. In 
purl I led HMWK the kallidln released by HPK was calculated to klnluogen, 
t iMn* Into consideration a relative uterus-stimulating activity of 
k il I lilln/bradyklnin of 2: 1. 

I HhNIi Al S 

MMK-Sepharose Vast Flow, Pharmacia AB, 1'ppsala, Sweden. H-D-Pro-Phe-
Arn-pNA ' - IICI (S - . 'MIJ) . K.ib I lUannost l e a , S t o c k h o l m , Sweden. BenzamidIne 
IM 1 (H l - ( 'K) , tokvo Kasel KoKyo ( o . t L t d . , l o k y o , Japan. P o l v a e t h y l e n g l v c o l 
MHMI, f luka Al., Huchs, S w i t z e r l a n d . Agarose Standard low m r . Ammonium P e r -
t u l i . i t v , A t r v l a m i d e . N . N ' - M r C h y I v n c - b U - a c r y l a m l d e ( B i s ) , N , N , N ' , N ' - T e t r a -
m e t l . v I v t h v l v n v d iamine (TEHED), l o o m a s s l e B r i l l i a n t Blue K-250 , SDS-PAOE 
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Table 1. HMWK Measured in Bioassay of Released Kinin 
and in Rocket Immunoassay 

Kininogen HMWK HK/ml 
Preparation PK HPK Rocket 

Crude I 
Purified I 

8 9 

520 (546) 85 
514 (540) 

85 
580 

Crude II 
Purified 11 

60 ^ 
282 (298) 

65 
158 (174) 

65 
167 

PK: Plasma kallikrein. HPK: Hog pancreas kallikrein. 
Rocket results calculated from HPK-induced kinin release. 
* Free kinin incalculated. 

standards (40,000 - 250,000 MW) and Immuno-Blot Assay kit - Goat Anti-Rabbit 
IRG (H+L) Horseradish Peroxidase Conjugate were from Bio-Rad Laboratories, 
Richmond, CA., U.S.A. Hog Pancreas Kallfkreln (Kallikrein Hlb 6603/1 1100 
KK/mg), Farbenfabriken Bayer AG, Elbenfeld, W. Germany. Synthetic bradykinin 
(BRS 640), Sandoz AG, Basel, Switzerland. Plasma deficient In both kinino-
gens was obtained from George King Biomedical, Inc., Overland Park, Kans., 
U.S.A. Triton X 100, E. Merck, Darmstadt, W. Germany. 

RESULTS 

Kinln re lease _and_jrocket immunoassay. Table 1 shows the kinin release 
induced in two batches of crude HMWK and ln two batches of purified HMWK by 
excess amounts of plasma kallikrein (PK) or hog pancreas kalllkreln (HPK). 
S" significant difference in kinin release could be registered in the crude 
kininogen preparations between the two kinds of enzyme. A similar result was 
.ilso obtained In batch I of purified HMWK. In batch II, however, part of the 
kininogen was resistant to the effect of HPK, which was only capable of 

r IK. I. Immunoblot of kltttnogcnn neparntrd ln dine PAGE. 
Det.il In In text and caption to Table I. 
l.anm; A, crude I.MUK (20 ng), B, purified I.NWK (60 ngj , 
L, purtflrd HMWK II (55 ng), D, purified HMWK I (70 ng), 
E. crude HMWK I (60 n K ) . F. p'.asma deficient In 
klntnogen (1:50), G. cltrated pUftma (1:50). 
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Table 2. Rocket Immunoassay of HMWK and LMWK in Human Plasma 

Plasma samples 
(Males, 20-30 years) 

HMWK 
ug/ml 

LMWK 
ug/ml 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

65.8 164 
09.0 175 
30.0 174 
84.8 183 
79.9 180 
96.0 164 
87.2 166 
64.6 183 
66.3 174 
68.4 180 

Mean ± S.D. 85.2 ± 21.5 174 ± 7.4 

Klnlnogen levels In standard preparations measured in kinin bioassay. 

setting free klnin from about 50% of the kininogen present. Table I also 
shows the results of rocket immunoassays of the kininogen preparations. The 
rocket assay values were calculated into kininogen on the basis of the kinin 
releases obtained In the crude standards by incubation with HPK. To allow a 
comparison of the rocket data with the kinln release values, the figures 
registered for free klnin present had first to be added, as shown by the 
asterisk marked figures in Table 1, presupposing that the'klnin-free HMWK 
had kept Its immunoreactivity. The table shows that a satisfactory agreement 
was obtained between the amounts of rocket- and klnln-measured kininogen in 
batch I of purified HMWK, whereas the rocket method did only measure about 
50Z of the kininogen present in batch II. 

B tt 20 
RETENTION VOLUME (ml) 

Fig. 2. DEAE-Sapharos* Faat Flow elution pattern of klnlnogens In Hunan 
ploswa. Th« curve shows protein «lutIon while bars show rocket 
lHTOunortactlvlty In fractions, Sample volum» 0.50 ml, column 
K O x 5 CM» Nad at«p gradient to 0.3 H In trla buffer pN 8.0. 
flow 1.0 »W»ln. 
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* Immunoblotting,. Fig. 1 shows the results of immunoblot experiments 

using antiserum against HMWK. In normal plasma diluted 1:50 a heavy band 
corresponding to an apparent mol.wt. of 180,000 is dominating» whereas a 
weaker band corresponding to a mol.wt. of 120,000 and a diffuse zone at a 
mol.wt. range 60-70,000 can also be seen. In kininogen-deficient plasma at 
the same dilution the HMWK-bands at apparent mol.wts. of 180,000 and 
120,000 were almost absent, whereas a diffuse band at the mol.wt. range 

1 60-70,000, and probably reflecting the presence of some l.MWK, can be 
readily recognized. Fig. I further shows immunoblot data obtained with 
preparations of HMWK and LMWK, crude or purified. Crude HMWK yielded the 
same two bands as those registered in plasma, and corresponding to 
mol.wts. of 180,000 and 120,000. In addition a faint band at a mol.«r. of 
100,000 was just visible. No band corresponding to LMWK was present in 
crude HMWK, and no band corresponding to HMWK was present in crude LMWK, 
No clear differences could be registered between the two purified pre
parations that had shown different immunoreactivity in rocket assays (1 
and II in Table I): Two heavy bands corresponding to apparent mol.wts. of 
180,000 and 120,000 respectively, and one band at a mol.wt. of about 
100,000. In both preparations the band corresponding to a mol.wt. of 
120,000 was the heaviest one. 

Analytical scale separation of HMWK and LMWK followed by rocket immuno
assay. The results of a typical separation experiment are shown in Fig. 2. 
Three peaks of rocket immunoreactivlty can be seen together with the 
corresponding O.D. values. Peak 2 and peak 3 correspond to LMWK and HMWK 
respectively, whereas peak 1 corresponds to LMWK not adsorbed to the DEAF, 
column. Free kinin is not present in the three peaks. In the absence of 
detergent (Triton X 100) the rocket heights were reduced to about two third 
(not shown). In the absence of Triton X 100 plasma kallikrein (2 S-2302 
amidase 0/ml incubate) almost doubled the rocket heights, whereas HPK O 
HPK-U/ml incubate) had no such effect (not shown). 

Table 2 shows the results of rocket immunoassays of HMWK and LMWK In 
plasma specimens obtained from 10 healthy men. The average assay values were 
H'i PR for HMWK (range 65-130), and 174 ug for LMWK (range 164-183). The 
1MWK results obtained as the sum of peaks 1 and 2 (Fig. 2). 
Immunological methods have previously yielded values of 90 (n=25),' 70 
(n-.Mj),' 90 (n-!7)(3 72 (n-15),* and 90 jig/ml (n=450),5 f o r HMWK, and 
175 ug/ml (n-450), 5 for LMWK. 
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ABSTRACT 
Factor XII was assayed in acetone-treated and kaolin-activated human 
citrated plasaa (total plasaa dilution 1.0 + 0.3 v/v during acti
vation with kaolin, 1.8 ag/al incubate). Measurements were performed 
with the tetrapeptide Bz-Ile-Glu-Gly-Arg-pNA (S-2222) and with pre-
kallikrein as substrates. The correlation of both methods to another 
S-2222 based aethod recently described was good, r = 0.90 and 0.85 
for the two methods respectively Under the assay conditions used, 
FXIIa was present «..- a S-2222 aaidase that could be blocked by corn 
inhibitor, whereas plasaa kallikrein was found to be present portly 
as an aaidase blocked by a low concentration of soybean trypsin 
inhibitor, and partly in a functional state not inhibited and adding 
to the «ensured level of FXII. The presence of benzaaidine 0.7 to 
2.1 aM during acetone treataent increased the measured level of FXII 
assayed both as prekallikrein activator and as S-2222 aaidase. 

INTRODUCTION 

Determination of factor XII (FXII) in human plasma by means of chroao-
genic peptide substrates can be carried out either by direct measurement of 
activated factor XII (FXIIa) (1, 2), or by assay of the kalllkrein generated 
by FXIIa in plasma (3, 4, 5) or in purified prekallikrein (PK) (6, 7). The 
present report describes measurement of FXIIa in acetone-treated and kaolin-
activated plasaa, applying both a direct and an indirect aethod with the 
tetrapeptide Bz-Ile-Glu-Gly-Arg-pNA (S-2222) and PK as substrates respective
ly. The plasaa samples exaaiued were also assayed by another S-2222 based 
direct aethod recently described (1,2). In a previous study Hoea and 
Briseid (8) found that the presence of benzaaidine during the acetone-treat
ment of plasaa, significantly increased the yield of kaolin-activated FXIIa 

Key words: Factor Xll-assay, prekallikrein activator. S-2222 aaidase 
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assayed as prekallikrein activator (PKA). In the present work it was investi
gated whether such an increase could also be observed in connection with 
the S-2222 substrate. 

MATERIALS AND METHODS 

Materials: Benzamidine hydrochloride, TCI-grade, Tokyo Kasei Kogyo Co., Ltd., 
Tokyo, Japan. Methylonine hydrochloride, purum, Fluka AG, Buchs, Switzerland. 
EDTA-2Na (Titriplex) and Triton X-100, E. Merck AG, Darmstadt,W.-Germany. 
SP-Sephadex C-50 and Protein A-Sepharose CL-4B, Pharmacia AB, Stockholm, 
Sweden. Anti-human IgG (gamma-chain specific)-Agarose, Sigma Che». Co., St. 
Louis, MO., U.S.A. The peptide substrates H-D-Pro-Phe-Arg-pNA-2HCl (S-2302) 
and Bz-Ile-Glu-Gly-Arg-pNA-HCl (S-2222) were from Kabi-Vitrum, Stockholm, 
Sweden. Kallikrein inhibitor (a soybean trypsin inhibitor preparation) and 
Kallikrein activator, lyophilized in vials, Channel Diagnostics, Walraer, 
Kent, England. Corn inhibitor, KabiVitrura, Stockholm, Sweden. Trypsin 
inhibitor from soybean (SBTI), Type I-S, Sigma Chen. Co., St. Louis, MO., 
U.S.A. Plasma deficient in both kininogens, GK1603-926B, and plasma deficient 
in prekallikrein, GK1703-726, George King Biomedical Inc., Overland Park, 
Kansas City, Kansas, USA. Lyophilized human plasma deficient in FXII, Merz + 
Dade AG, DUbingen, Switzerland. Chemicals for the casting of polyacrylanide 
gels, SDS-PAGE standards (40 - 250 KD MW) and Immuno-Blot Assay kit - Goat 
Anti-Rabbit IgG (H+L) Alkaline Phosphatase Conjugate were from Bio-Rad 
laboratories, Richmond, CA., U.S.A. SDS, Sigma Chem. Co., St. Louis, MO., 
U.S.A. Nitrocellulose blotting membrane, Hoefer Scientific Instruments, San 
Francisco, CA., U.S.A. Antiserum v. Kaninchen gegen Gerinnungsfaktor XII 
K.-Nr. 750701, Behringwerke AG, Marburg, W.-Germany. Other reagents were of 
analytical grade. 

Purified proteins: High molecular weight kininogen (HMWK) was purified 
according to Dittman et al. (10) and FXII as described by Laake and Osterud 
(11). Prekallikrein prepared according to Laake and Vennerød (9), was 
further purified by adsorption onto a SP-Sephadex A-50 column (100 mM Na-ace-
tate, pH 5.2 at -i»), elution with a linear gradient of NaCl (0 - 350 raM), 
and removal of immunoglobulins on an anti-IgG agarose column and a 
Protein A-Sepharose column operated in tandem (100 mM K-phosphate, 150 mM 
NaCl, pH 7.2). 

Prekallikrein substrate for assay of factor FXIIa (prekallikrein activator, 
PKA) was partially purified from human plasma (9). Kallikrein occasionally 
generated during the purification procedure was removed by adsorption to a 
SBTI-Sepharosc AB column (220 mM phosphate buffer, pH 7.0). The activity in 
the PK preparation was adjusted to 10 S-2302 U/ml. 

Plasma samples were obtained from 10 men (26 to 46 years old) without any 
known diseases. Especial care was taken to exclude persons with a history of 
allergy. Blood was collected by clean venepuncture into 100 mM sodium citrate 
dihydrate solution (one volume of anticoagulant and nine volumes of blood) 
and centrifuged 15 minutes twice at 3000 x g and 22°. The citrated plasma 
(CPL) was stored in aliquots fresh-frozen at +70°. The plasma specimens were 
used within 14 days and once only after thawing. 

Acetone-treated plasma (CPLa). CPL was diluted 1.00 + 0.20 with EDTA-2Na in 
saline to yield 5 mM, rapidly mixed with 0.40 ml acetone and kept at 22° for 
about 17 hours. The acetone was removed by vacuum evaporation, and loss of 
water corrected for. Preparations were kept on ice until used. 
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Acetone-treated plasma with benzamidine was prepared as described for CPLa, 
but benzamidine was added in the saline to yield 1.0 mM in the preparation. 

Photometric measurements of p-nitroaniline (p-NA) released by amidolysis of 
peptide substrates were performed at 405 run. Concentrations were calculated 
from absorbance values using a molar extinction coefficient of 9800 for p-NA. 
Activities were expressed as U/ml (or oiU/ml), one unit being the amount of 
enzyme that splits one umole p-nitroanilide per minute. Each assay result 
stated represents the average value of at least 4 single measurements based 
on two parallels of CPLa. 

Buffer solutions in the assays of FXIIa. A: 50 mM tris, 150 mM NaCl, 0.01X 
(v/v) Triton X-100, pH 7.9 B: 5 mM phosphate, 150 mM NaCl, 5 mM benzami
dine, 0.01X (v/v) Triton X-100, pH 7.4. 

Direct assay of FXIIa as S-2222 amidase. At 37° 10 pi kaolin incubate (CPLa 
mixed 1.0 + 0.1 with a suspension of kaolin 20 rag/ml in saline and kept 
agitated for 30 minutes at 25°) were diluted with 10 pi buffer A in a poly
propylene tube and incubated with 30 pi kallikrein inhibitor (K.I.) solution 
(one vial dissolved in 10 ml distilled water and diluted 1 + 49 in 50 mM tris 
pH 7.9), found to be equivalent to about 5 ug/ml SBTI in the incubate. After 
exactly one minute 100 pi peptide substrate (2 mM) and 150 pi buffer A were 
added. This mixture was then maintained at 37° for 30 minutes in a tempera
ture controlled shaker. The reaction was stopped by adding 100 pi 50% (v/v) 
acetic acid. The kaolin was removed by centrifugation at 14.500 x g for 10 
minutes, the supernatant diluted 1 + 1 with distilled water and released p-NA 
measured. Blanks were prepared the same way, but the reagents were mixed in 
opposite order. 

Control experiments without K.I. and experiments in the presence of C.I. 
were carried out as follows: Fifteen pi kaolin incubate were mixed with 3 pi 
distilled water or 3 ul corn inhibitor (C.I.) (0.5 mg/nl in distilled water) 
respectively, and kept at 25° for 5 minutes. Preheated (37°) substrate 
(100 fil) and buffer A (182 pi) were added, and the subsequent steps carried 
out as described above. 

Indirect assay of FXIIa as PKA. Released kallikrein assayed as S-2302 amidase. 
Activator preparation: CPLa was mixed 1.0 + 0.1 with a suspension of kaolin 
20 mg/ml in saline, kept agitated for 30 minutes at 25 s and then diluted 
1 + 23 with buffer A. At 25° 80 pi of PK substrate were incubated with 20 ul 
activator preparation. Aliquots (5 pi) were withdrawn after 20 sec. and after 
3 minutes and 20 sec. and added to polypropylene tubes containing 100 pi 
S-2302 (2 mM) and 195 pi buffer A. The hydrolysis of S-2302 was stopped after 
6 minutes by adding lOOpl 501 (v/v) acetic acid. The released p-NA was 
measured and the rate of activation of S-2302 amidase determined. The amount 
of FXIIa was calculated as PKA-U/al plasma, one PKA-unit being the amount of 
activator that activates one S-2302 amidase unit of PK per Minute at 25°. 

Acetone-treated plasma with benzamidine was used in a modification of the 
PKA method described. Activator preparation: CPLa with benzamidine was mixed 
1 + 1 with a suspension of kaolin 20 mg/ml in saline, kept agitated for 5 
minutes at 25 s and diluted 1 + 1 1 with buffer B. At 25° 80 ul PK substrate 
were incubated with 20 pi activator preparation, and the further assay 
carried out as doscrlbed above. 
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Aaidolytic assay of FXIIa according to Galliaore et al. was performed as 
specified in the paper (1). In the aethod citrated plasaa was incubated with 
acetone, treated with FXII activator and K.I., and FXIIa was assayed as 
S-2222 aaidase. 
Inaunoblotting. Proteins were separated in a discontinuous polyacrylanide gel 
(T«10Z and 0 2 . 7 X ) electrophoresis systea (with SDS) essentially by the 
aethod of Laeaali (12), and electroblotted onto a nitrocellulose sheet (25 aH 
tris, 192 aH glycine, 20X MeOH). Iaaunological detection of proteins was 
carried out usir^ an inaunoblot assay kit fron Bio-Sad. The blot was washed 
and quenched and then overlaid with huaan FXII specific rabbit antiserum 
(iaaunoadsorbed with FXII deficient plasaa). Bound antibodies were finally 
detected with alkaline phosphatase-conjugated goat antibodies against rabbit 
IgG. 

RESULTS 
Significance of the FXII concentration in the aaidase and the PKA assay. 
Assays were carried out in aixtures of acetone-treated noraal citrated 
plasna (CPL) and acetone-treated CPL congenitally deficient in FXII. Activi
ties registered after activation with kaolin are deaonstrated in fig. 1. 
Curve I shows the total S-2222 aaidase activities obtained, whereas curve II 
shows the activities reaaining after eliaination of part of the kalllkrein 
activity by incubation with K.I. Not all residual activity could be inhibi
ted by C.I.(FXIIa, curve III). A three tiaes higher concentration of C.I. 
did not increase the inhibition (data not shown). The difference between 
curves II and III represents kallikrein activity that was not inhibited. 
Results in accordance with those deaonstrated in fig. 1 were obtained in 
experiaents with FXII-deficient plasaa of other origin. 

60 
FIGURE 1 

70 Concentration-effect curves for 
FXII as S-2222 aaidase and as 
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S acetone-treated noraal citrated 

50 "• plasaa (CPLa) and CPLa congeni-
I tally deficient in FXII. 

40 S I: Total S-2222 activity 
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FIGURE 2 

Concentration-dependence of prekalli-
krein on the assay of FXII as S-2222 
aMidase. Activities were Measured 
after kaolin incubation in Mixtures 
of acetone-treated noraal citrated 
pl asna (CPLa) and CPLa congenitally 
deficient in prekallikrein. 

I: Activity inhibited by C.I. 
(FXIIa) 

II: Activity not inhibited by C.I. 
(total kallikrein) 

III: Kallikrein activity not inhibi
ted by K.I. Prekallikrein (7.1 

FXIIa was also assayed as PKA in the sane Mixtures of noraal and defici
ent plasaa. The assay values are reflected by curve IV in fig. 1, which was 
found to coincide with curve II. No PKA activity was left after incubation 
with C.I. (data not shown). The PKA activities in fig. 1 were scaled by 
considering the FXII 100X value to be identical with the corresponding value 
for aMidase activity in curve II (residual activity after K . I . ) , 65 PKA units 
being equivalent to 195 S-2222 ailli-units. 

In iaaunoblot studies CPL and CPLa with or without benzaaidine all 
yielded one major band with an apparent HW about BO KO, a band which was also 
present as the «ain band in purified FXII, and which was absent in FXII 
deficient plasaa (not shown). 

Significance of the PK concentration in the aMidase assay. The results of 
assays carried out in Mixtures of acetone-treated CPL and acetone-treated CPL 
congenitally deficient in PK are shown in fig. 2. Curve I shows the aaounts 
of FXIIa present when Measured as the S-2222 aaidase activities blocked by 
C.I. Curve II deMonstrates the total of aaidase activity left after incu
bation with C.I., whereas curve III shows the part of this activity m a t 
could not be blocked by K.I. The curves indicate that both these fractions of 
S-2222 aMidase activity originate froM PK. 

FIGURE 3 

Concentration-dependence of high 
Molecular weight kininogen on the 
assay of FXII as S-2222 aMidase. 
Activities not Inhibited by K.I. 
were Measured after kaolin Incubation 
in Mixtures of acetone-treated normal 
citrated plassa (CPLa) and CPLa con
genital ly deficient in W W K or PK. 
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Influence of the HHWK concentration in the amidase assay. In assays carried 
out in mixtures of acetone-treated CPL and acetone-treated CPL congenitally 
deficient in HHWK, it was found that the registered level of FXII was reduced 
to an extent closely corresponding to that obtained by reducing PK alone 
(fig. 3). In addition to the lack of HHWK the plasma used contains only about 
301 PK as compared to normal, which means that the mixture of 40X normal 
plasma and 60S HHWK deficient plasma contained 40X HHWK and 581 PK. The 
addition of either purified HHWK or purified PK to yield normal levels in 
such a nixture did not increase the assayed level of FXII. The addition, 
however, of both substances increased the level of FXIIa inhibited by C.I. 
to normal (data not shown). 

Influence of benzamidine in the amidase and the PKA assay. Assays of FXIIa 
were carried out in the presence of different concentrations of benzamidine. 
Fig. 4 shows the results of experiments in which benzamidine was added to 
acetone-treated CPL prior to the treatment with acetone. Curve I shows that 
the S-2222 amidase activities were slightly increased by the lower concen
trations of benzamidine (0.7 and 2.1 mH in the plasma samples corresponding 
to 30 and 90 fjM in the final S-2222 incubates), whereas the highest concen
tration (6.0 mH in the plasma sample corresponding to 270 fiH in the 
S-2222 incubate) caused a clear inhibition of the amidase activity present. 
Factor Xlla was not inhibited by benzamidine. The 40 to 50 X inhibition of 
the remaining amidase activity reflected a benzamidine effect in accordance 
with its inhibition of plasma kallikrein (data not shown). As shown in figure 
4, curve II, the presence of benzamidine during the acetone treatment caused 
significant increases in PKA activity over the whole concentration range 
tested, amounting to 25X at the highest benzamidine concentration. No 
increase in S-2222 amidase activity or in PKA activity was registered when 
benzamidine was added after the acetone treatment of plasma (data not shown). 

Correlation of chromogenic substrate assays and PK substrate assays. Plasma 
samples from 10 normal males were assayed for levels of FXII by two different 
methods based on S-2222 as substrate and two modifications of the PKA method. 
The results are shown i table 1. Citrated plasma was used throughout, but in 
method II benzamidine was was added prior to the acetone treatment, corre
sponding to 1.0 mH in the preparation. The variation in the level of FXII as 
estimated by the S.D. of the means were roughly the same for the four methods. 

FIGURE 4 

Concentration-dependence of benz
amidine on the assay of FXIIa as 
S-2222 amidase and as PKA. 
Activities after kaolin incubat
ion were measured in normal CPLa 
to which had been added benzami
dine prior to acetone 
treatment. 

I: S-2222 activity 
II: PM activity 

Tor details «• METHODS and 
legend to fig. 1. Beraomttne (umeVl) 
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TABLE 1 

Correlation of FXII Measurements in Plasaa Saaples froa 10 Norna1 
Hales in S-2222 Substrate Assays and in FK Substrate Assays 

PKA U/al plasaa Coefficient 
Method Substrate S-2222 aU/al plasaa of 

± S.D. correlation 

I PK 63.8 ± 16.3 I-IV r«0.85 

II PK 71.6 ± 17.8 II-IV r»0.85 

III S-2222 172.2 ± 45.2 III-IV r-0.90 

IV S-2222 148.7 ± 50.9 - -

All methods based on acetone-treated citrated plasma, but in aethod 
II benzaaidine was added to 1.0 aH before acetone treatment. 
Activation: Methods I and III: Kaolin 1.8 ag/al for 30 ainutes at 25°. 
Method II: Kaolin 10 ag/al for 5 ainutes. Method IV (Galliaore 
et al. (1)): Kallikrein activator for 10 «in. at 37». 

ranging froa 25 to 34X. The average level of FXII was measured to be slightly 
higher (13t) in the modification of the PKA method based on CPL with benz
aaidine added (method II in table 1) than in the aethod based on CPL only 
(method I in table 1). The average level of FXII was also found to be some
what higher (16S) in the S-2222 based aethod described in the present work as 
compared to the aethod of Galliaore et al. (1), methods III and IV in 
table 1 respectively. The level of correlation between aethod IV (considered 
as reference) and each of the other three methods was satisfactory and equal 
(r . 0.85 - 0.90). 

DISCUSSION 

This report describes a functional assay for FXII in human plasma based 
on kaolin activation of acetone-treated plasaa, and measurement of the S-2222 
aaidase activity obtained. Under the chosen conditions the acetone-treatment 
will remove known inhibitors for FXIIa and kallikrein (7, 13). Only one frac
tion of the kallikrein activity present was eliminated by use of the low 
concentration of SBTI present inK.I., found to be equivalent to about 
5 fjg/wl In the incubate. The reaalning aaidase activity was found to be 
composed of FXII, about 2/3, as measured by the inhibition with C.I., whereas 
1/3 was resistant to C.I. (kallikrein activity resistant to K.I.). Assays 
carried out in mixture* of noraal plasaa and plasaa deficient in FXII, showed 
that the last aentioned activity was not present in the deficient plasaa, 
and it was included in the suggested S-2222 aaidase assay. The finding that 
assays In the plasaa mixtures of FXIIa as PKA yielded results In close 
correspondence with those obtained by the aaidase aethod, underlines the 
significance ot the part of the kallikrein activity resistant co K.I. for the 
•stlaation of the plasaa level of FXII. An laportant feature of C.I. is its 
Inability to inhibit plasaa kallikrein (14), a fact strongly supported In a 
recent paper (19). In tin pr« »»t work, assays carried out In aixtures of 
noraal plasaa and plasaa deficient in FK provided evidence that not only did 
the S-2222 aaidase activity blocked by K.I. originate fro» PK, but also the 
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activity neither blocked by C.I. nor K.I. Considered together, our results 
obtained in aixtures of normal plasma and the two kinds of deficient plasma, 
indicate a functional correlation between FXIIa and part of the plasma kal11-
krein present in our preparations. The possibility of such a correlation is 
supported by results described in a recent publication on the effect on 
contact activation of a monoclonal anti-human plasma prekallikrein antibody 
(16). The results provided evidence of a previously unrecognized site on 
prekallikrein (heavy chain) required for its interaction with factor Xlla, a 
site sterically related to the active site (light chain). 

Experiments in which the level of HHWK was reduced in mixtures of normal 
plasma and plasma congenitally deficient in HMWK cannot alone evaluate the 
significance of HMWK for the assayed level of FXII. HMWK-deficient plasmas 
have been found to contain only about 20 - 301 of normal of PK (17, IB). This 
also applies to the HMWK-deficient plasma that was employed in this work (8), 
so that a simultaneous reduction in both plasma factors will take place. The 
fact, however, that the reduction in the assayed level of FXII was not more 
extensive in mixtures of normal plasma and HMWK-deficient plasma than it was 
in corresponding mixtures with PK-deficient plasma, emphasizes the importance 
of PK. Addition of either purified HMWK or PK to normalize their levels did 
not increase the assayed level of FXII. When both substances were added 
together, the level of FXIIa was brought to normal. 

Previous results that the presence of benzamidine during the acetone 
treatment increased the level of FXIIa measured as PKA (8), were confirmed in 
the present work. He also found that the level of FXIIa assayed as S-2222 
amidase was increased at low concentrations of benzamidine, whereas the 
amidase activity was inhibited at a higher concentration due to inhibition of 
the kallikrein present. 

When plasma samples from 10 healthy males were compared in our S-2222 
based method and a S-2222 method recently described by Gallimore et at. (1), 
a good correlation between the two assay procedures was obtained, as shown in 
table 1. It should be pointed out that the last mentioned method had been 
found to correlate well with a clotting assay for FXII. In the present report 
the level of FXII was also assayed by two modifications of a PKA method 
described previously (6). Both PKA methods showed satisfactory correlation 
with the reference method (1), but the measured level of FXII as PKA was 
somewhat higher In the modification based on the presence of benzamidine 
during the acetone treatment. 
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ABSTRACT 
Plasma kallikrcin and FXIIa were assayed in acetone-treated human citrated plasma 
(CPLa) with the chromogenic peptide Bz-lle-Clu-Gly-Arg-pNA (S-2222) as substrate. 
In end point assays with short incubation periods (1-10 min.) nearly all kallikrcin 
present could be blocked by a low concentration of soybean trypsin inhibitor (STI). In 30 
min. assays the main part of the kallikrcin was recovered in a functional stale not 
inhibited by STI, and at the same time the level of FXIIa (as amidase activity 
blocked by corn inhibitor, C.I.) was reduced to about 2/3 of the Initial value. The 
formation of an association between FXIIa and kallikrein is suggested. In fractions 
from gel fillration of CPLa kallikrein was assayed as S-2302 amidase, high molecular 
weight kininogen (HK) was measured in rocket immunoassays, and HK and FXII were 
studied in PACE immunoblol experiments. Kallikrcin appeared as one peak together 
with HK (gel mol. wt. 300 KD), about 40% of HK was free (220 KD), and no FXII was 
observed in the kallikrcin or HK peaks, but In two areas corresponding to 78-79 KD and 
39-42 KD. When experiments, however, were carried out with plasma acetone-
activated and gel filtered in the presence of benzamidine (5 mM), part of the amidase 
activity present in kallikrcin peak fractions was blocked by C.I. This observation 
supports the above suggestion of an association between FXIIa and kallikrein. 

INTRODUCTION 

The plasma proteins (actor XII IFXI11, factor XI (FX1), prckalllkrrm tPK) and high molecular 
weight kininogen (HK) constitute the contact activation system of blood coagulation (I) PK and FXI 
both circulate as non covalcntly associated bimolccuUr complexes with HK. (2, 3). In vtlto the 
lymogen form of FXII Is activated upon contact with a negatively charged surface such as kaolin In 

Key «ords: F K U XII. plasma kalhkitin. high aoknte weight aininofcn. contact KUvatiOB. S 2212 sundast 
94S 
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the presence of PK and HK to form an active serine protease (1). In a recent paper (4) evidence was 
provided for the presence in acetone-treated and kaolin-activated plasma of kallikrein in two 
functionally different states. In assays with the chromogenic peptide S-2222 as substrate the minor 
activity (here designated Kail") was blocked by a low concentration of soybean trypsin inhibitor 
(ST1), whereas the kallikrein fraction usually representing the major activity (here designated 
Kail*) was left uninhibited together with activated FXII (FXIIa). Kail* was found to add to the 
activity of FXIIa assayed as S-2222 amidase or prekallikrein activator. The possibility that Kail* 
might reflect an association between plasma kallikrein and FXIIa, as suggested in our previous 
paper (4), was further studied in the present work. Also the possible role of HK in this connection 
was investigated. It has been reported that only about 75% of the PK present in plasma circulates 
bound to HK, whereas the remaining PK is free »5). Gel filtration experiments were carried out to 
clarify whether the presence or absence of HK night contribute to the difference between Kail* and 
Kail". Kallikrein was assayed as S-2302 or S-2222 amidase, and HK, quantified in rocket 
immunoassays, was also investigated in immunoblot experiments (6). 

MATERIALS AND METHODS 

Materials: Bcnzamidine HCI, TCI-grade, Tokyo Kasci Kogyo Co., Ltd., Tokyo, lapan. EDTA-2Na 
(I ilriplc»®) and Trilon X-100 • - E. Merck AG, Darmstadt, W.-Cermany. Polyaelhylenglycol 6000 
(PEC), Fluka AG, Buchs, Switzerland. Agarose Standard Low mr, chemicals for the casting and 
dying of polyacrylamide gels, SDS-PAGE standards (40-250 KD MW) and Immuno-Blot Assay kit -
Coal Anti-rabbit IgG (H+L) Horseradish Peroxidase Conjugate were from Bio-Rad Laboratories, 
Richmond, CA . U.S.A. Synthetic bradykinin (BRS 640), Sandoz AG, Basel, Switzerland. Hog 
Pancreas Kallikrein (Kallikrcin Hlb 6603/1, 1100 KE/mg). Farbcnfabriken Bayer AG, Elbcnfcld, 
W.-Germany. Ullrogcl AcA 44, LKB-produklcr AB, Bromma, Sweden. Gel Filtration Calibration 
Kit and SBTl-Scpharosc 4B, Pharmacia AB, Stockholm. Sweden. H-D-Pro-Phc-Arg-pNA-2HCl 
(5-2.102) and Bz-llc-Glu-Cly-Arg-pNAHCI (S-2222), Kabi-Vitrum, Stockholm, Sweden. Soybean 
trypsin inhibitor (Kallikrein inhibitor) and Com inhibitor, Channel Diagnostics, Walmcr, Kent, 
England. Plasma deficient in both kininogens, CK1603-926B, George King Biomedical Inc., Overland 
Park. Kansas City, Kansas, USA Plasma congenially deficient in FXII was a gift from Laakc and 
Vcnncred (7) Antiserum gcgen Ccrinnungsfaktor XII, K.-Nr. 750701. Bchringwcrke AG, Marburg, 
W -Germany. Goat antiserum to Human HMW kininogen L-CH. ICN Immunobiologicals, Liste. 1L-. 
U S A Peroxidase conjugated rabbit immunoglobulins to goat immunoglobulins, Dakopatts a/s. 
Glostrup. Denmark. Other reagents were of analytical grade. 

Purified proteins: High molecular weight kininogen (HK) was purified according In Dittman el al 
I») Plasma kallikrein was prepared according to Nagasc and Barrett (9), or isolated from partially 
purified prekalllkrein 110) by adsorption lo a SBTI-Sepriarose 4B column. 

Klnlnogen-speclflc antiserum was raised In rabbits K njcctlng purtlicd HK subtutaneously. Both 
I IK and low molecular weight kininogen ILK) ga< Ipitate* in «ingle radial Immunodiffusion 
jrnJ nwkct Immunoelectrophoresis, whereas no prtetptUW was formed against plum* deficient in 
h«lh kininogens (6). 

rijsma «ample» were obtained from 10 males (26 to 46 year» old) without any known disease» 
EtpreMl care was taken to exclude pnton* with a history pi allergy One sample (CPL/l I) was Iran 
t 34 year old woman. Stood wa* collected by clean venepuncture Into 136 mM sodium citrate 
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dihydrate solution, containing 50 mM EDTA-2Na (one volume of anticoagulant and nine volumes of 
blood), and ccntrifuged 15 minutes twice at 2100 x g and 22°. The citratcd plasma (CPL) was stored in 
aliquots fresh-frozen at -70°, and used only once after thawing. Plasma used within 14 days was 
designated fresh plasma. 

Acetone-treated plasma (CPLa). CPL was diluted 1.00 + 0.20 with saline, rapidly mixed with 
acetone (25% v /v of final volume) and kept at 22° for 17 hours. The acetone was removed by vacuum 
evaporation, and loss of water corrected for. Preparations were kept on ice until used. 

Photometric measurements of p-nitroaniline (p-NA) released by amidolysis of peptide substrates 
were performed at 405 nm. Concentrations were calculated from absorbance values using a molar 
extinction coefficient of 9800 for p-NA. Activities were expressed as U/ml (or mU/ml ) , one unit 
being the amount of enzyme that splits one umole p-nitroanilide per minute. Each assay result 
stated represents the average value of 4 single measurements based on two parallels of CPLa. 

Assay of FXIla and plasma kallikreln as S-2222 amidases was carried out essentially as described in 
a recent paper (4). Total amidolytic activity was measured by mixing 15 ul kaolin incubate (CPLa 
agitated 1.0+0.1 v /v with a suspension of kaolin 20mg/ml in saline for 30 min. at 22-25°) with 100 ul 
peptide substrate (2 mM) and 185 ul buffer (50 mM tris, 150 mM NaCl, 0.01% Triton X-100, pH 7.4). 
The mixture was maintained al 37° for 30 min. in a temperature-controlled shaker. The amidolysis 
was slopped by adding 100 ul 50% (v /v) acetic acid, and the released p-NA was measured after 
removal of the kaolin. Assays in the presence of corn inhibitor (C.I.) or soybean trypsin inhibitor 
(STI) were performed as follows: 15 ul kaolin incubate were incubated with 3 ul C I . (0.50 mg/ml) for 
5 mm. at 22-25°, before 100 ul substrate solution and 182 ul buffer were added, or 10 ul kaolin incubate 
were incubated with 40 ul ST1 (6.25 Mg/ml) for 1 min. at 37°, before 100 ul substrate solution and 150 
Ml buffer were added. The subsequent steps were carried out as described above for the assay of total 
amidase activity. 

Assay of S-2302 amidolytic activity. Enzyme preparations were diluted in 50 m M Iris, 150 m M 
N a d . 0 01% Triton X-100, pH 7.9 buffer so that 400 ul diluted lest and 200 ul substrate solution 
12 mM ) gave a rise in O.D. in the range 0.02-0.1 per minute al 37°. 

Rocket Immunoelectrophoresis was carried out according to the method of Laurcll (11). Agarose gels 
II) 13 x 12 7 > 8.0 cm) containing 3 ul antiserum per ml were made by pouring hot (54-5*°) 1% agarose 
«>luii«n (in trivbarbttal buffer with 2% PEC; ionic strength 0.1, pH 8.6) onto Celbond* film. Sample 
jli>|u!>t* (5 ul) were applied in wells, and electrophoresis was carried out al a field strength of about 
J V / r m gel lor at least 18 hourt on a cooled (10°) flat bed apparatus. The plates were stained with 
l°4 Ciwmassie brilliant blue R-250 alter extensive washing. Crude HK and LK standards (6) were 
included In each experiment. 

Immunoblol n p a l s M r t t . Proteins were separated in a discontinuous SDS potyacrylamide gel ( T « 8 * 
and C«2 7%) electrophoresis system essentially by the method ol Laemmll (12), and electro-Irans-
Icrivd (25 mM trl». 192 mM glycine, 20% McOH. 002% SOS. pH 8 3 buffer) onto a nitrocellulose 
sheet The blot waa washed, quenched and overlaid with either human HK specific rabbit anti
serum, human HK light chain specific goal antiserum or human FXII specific rabbit antiserum 
limmunoadsorbrd with FXII deficient plasma) Bound antibodies were finally detected with either 
horseradish peroxidase IHftW-conhigaled goal antibodies against rabbit IgC or HRP-conajgaled 
rabbit antibodies against goat I j C Molecular weight» were estimated by Including mol wt 
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standards in the SDS-polyacrylamide gels. The standards were removed from the gels before the 
eiectrotransfer and stained with Coomassie brilliant blue R-250. 

Bioassay of kinins released from kininogens in plasma. Plasma samples were incubated at pH 8.0 
with an excess amount of plasma kallikrein for 30 min. at 25° or with an excess amount of hog 
pancreas kallikrein (HPK) for 30 min. at 37° (6). After 5 min. at 100° the incubate was diluted with 
de Jalon's solution, and kinin was assayed against bradykinin standard on the isolated rat uterus. 
The results were calculated to kininogen by applying mol. wis. of 110 KD, 65 KD and 1060 Daltons 
for UK, LK and bradykinin respectively. 

Gel filtration experiments were performed at 4° and a flow rate of 0.12 ml per min. on an Ultrogcl 
Ac A 44 column (1.6 x 94 cm) connected to a Pharmacia FPLC system. The column was equ.libratcd 
with 10 mM phosphate, 100 mM NaCl, 4 mM EDTA, 0.01% (v /v) Triton X-100, pH 6.0 buffer, and 
3 (1 nil CPLa were applied to the column via a sample loop. Elucnt was photometrically monitored 
at 2811 ran and 2.0 ml fractions collected. The molecular weight standards used for calibration were 
dissolved in column buffer and injected onto the column in the same manner as the plasma samples. 

RESULTS 

Significance of FXI! for the formation of Kail*. The results of S-2222 amidasc assays carried out in 
mixtmes of normal CPLa and CPLa deficient in FXll arc shown in fig. 1. It can be seen that the 
gradual increase in deficient plasma in the mixtures caused a linear reduction towards zero of 
FXIl.i llv The total kallikrein activity (II) was independent of the level of FXll, and the main part 
of the kallikrein was present in all the mixtures as Kail " inhibited by STI (IV). The substrate 
up libation period for the experiment demonstrated in fig. 1 was 10 minutes. Table 1 shows the results 
ft assiys carried out with the same normal CPLa and different substrate incubation periods, it can be 
seen Hut the results obtained did not deviate significantly from 1 to 10 minutes in the experiment 
shown The main part of the kallikrein could be Mocked by STI. After 30 minutes incubation the 
level of total kallikrcin was about unchanged, but now the main pari was present as Kail*. At the 
same lime the level of FXlla that could be Mocked by C.I. was significantly reduced. It should be 
pointed out that in some experiments the formation of Kail* took place already between 2 and 10 
mtmttcv 

further evidence lhal the limc-dcpcndenl loss of FXll aclivity was correlated with a change in the 
functional stale ol plasma kallikrein Irom Kail** to Kail* is given in fig. 2. The experiment shown 
is identical with that one in fig, 1. but the substrate incubation period in the fig. 2 experiment was 
increased to 30 minutes Abo in this experiment the total kallikrein activity (II) was independent of 
ihc level of FXlla. bul il can be seen that the gradual increase in deficient plasma In the mixtures 
n»i i>nly caused a reduction towards zero of FXlla (I), bul also of kallikrein In the slate not inhibited 
by STI ( I I I . Kail*). 

Amounts of FXlla, Kail* and K a i l " In singl» plasma specimens. Effect of storage. The S-2222 
.•mistase activities were generally measured In 30 minutes end point assays. Aller this point tn lime 
ihc Jin vines were rather stable and Ihc relative amount» rrg'ilered for FXlla . Kail* and Kail** 
were near Ihc same in fresh plasma and In plasma stored over • period of al least 6 months Table I 
shs.ws the results of assays carried out In plasma samples obtained Irom 10 healthy males The 
average vah.es irgistcrrd in fresh plasma arr shown In table 2.1, whereas Ihc assay data obtained 
In the 10 plasma samples tiered separately for 6 months and then pooled before assay to yield 

http://vah.es
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FIGURE 1 

Significance of FXII for the presence 
of Kail*. 

I: Activity inhibited by C.I. 
(FXlla). 

II: Activity not inhibited by C.I. 
(total kallikrcin). 

Ill: Part of the kallikrein activity 
not inhibited by STI (Kall*). 

IV: Tart of the kallikrein activity 
inhibited by STI (Kall**). 

Substrate incubation period was 10 
minutes. S-2222 amidase activities 
were measured after kaolin incuba
tion in mixtures of normal CPLa and 
CPLa deficient in FXII. 

10 40 70 100 
Factor XII [%l 

CPL/1-10 are given in table2,11. The yields of Kail* in fresh plasma varied from 39 to 93% of that 
of total kallikrcin. For one single individual no Kail* could be registered in fresh plasma, but the 
level of total kallikrcin was normal (table 2, III, CPL/11). After 6 months storage the yield of Kail* 
was 40% and hist within the range measured for the other 10 plasma samples referred to in table 2. 
At the same time the level of FXlIa was reduced. 

TABLE 1 
Significance of the Substrate Incubation Period in S-2222 End Point Assays of FXlla, 
Kail* and Kail**. 

Incubation period FXlla Total Kall Kall* Ka l l" 
minutes mil/ml 

I 255 104 I 103 

10 253 91 8 S3 

30 158 83 71 12 

Assay* based on CPLa activated with kaolin. rUsma specimen» Irom 3 male* were 
pooled and used lot the experiment 12.3 and 5 h» table 2). 

» XIW: AcuvMy blocked by C I Total Kail. Activity M I blocked by C I 
Kail* Part of Mill Kail not blocked by STI Kaft" Pan of total KaN blocked by STI 
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FIGURE 2 

Significance of FXI1 for the presence 
of Kail*. 

I: Activity inhibited by C.I. 
(FXIIa). 

II: Activity not inhibited by C.l. 
(total kallikrein). 

Ill: Part of the kallikrein activity 
not inhibited by STI (Kall»). 

IV: Part of the kallikTein activity 
inhibited by STI (Kall**). 

Substrate incubation period was 30 
minutes. Further information in the 
legend to figure 1. 

Bioassay and rocket immunoassay of kininogens in plasma. To find out whether the low yield of 
Kail* in plasma specimen CPL/11 (table 2, HI) might be correlated with a subnormal level of HK, 
assays of this kininogen, and in parallel also of LK, were carried out. The results were compared 
with assay data obtained in the normal plasma mixture CPL/1-10 (table 2, II). The kininogens were 

TABLE 2 

S-2222 Substrate Assays of FXIIa, Kail* and Kail" in Fresh Plasma and 
in Plasma Stored for 6 Months at -70°. 

Total 
Plasma specimens FXIIa Kail Kail* Kail** 

mU/ml 
1 172 71 66 5 
2 153 48 37 11 
3 128 84 48 36 
4 112 82 51 31 
5 140 81 67 14 
6 63 59 23 36 
7 114 60 30 30 
8 143 70 41 29 
9 151 78 62 16 
10 78 52 42 10 

1 Means fresh 125.4 68.5 46.7 21.8 
S.D (34.3) (13.1) (15.0) (11.7) 

II Stored CPL/1-10 121 73 52 21 
III Fresh CPL/11 151 80 0 84 
IV Stored CPL/11 107 82 35 47 

Assays based on CPU activated with kaolin. Substrate incubation 
period was 30 min. Further details in the caption to table 1. 
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TABLE 3 

HK and LK Measured in Bioassay of Released Kinins and in Rocket Immunoassay. 

Plasma 
Kininogen ug per ml plasma 

Bioassay Rocket immunoassay 

HK LK HK LK 

CPL/11 (table 2, IV) 
CPL/1-10 (table 2, II) 

79 
91 

157 

163 

72 

89 

144 

157 

Assay methods described in Materials and Methods. 

quantified in rocket immunoassays as well as in bioassays of released kinins. Table 3 shows that the 
level of HK in CPL/11 amounted to 79 and 72 ug per ml plasma for the two methods respectively, as 
against 91 and 89 ug per ml for the plasma mixtuie CPL/1-10. This means that the HK concentration 
in CPL/11 was normal, as previous results obtained with the rocket immunoassay method showed a 
range for HK of 66-130 ug per ml in 10 healthy males (6). 

Gel filtration of acetone-activated plasma. Fig. 3 shows the results of a typical gel filtration exper
iment carried out with the plasma mixture CPL/1-10 (table 2, II). The extent of activation of 
kallikrein after acetone treatment, as calculated from the assay values obtained after an additional 
activation with kaolin, was about 75%. The kallikrcin assayed as S-2302 amidase appeared as one 
single peak with a recovery of 90%, and corresponding to an apparent mol wt. of about 300 KD. 
Rocket immunoassays of the kininogens present yielded peaks of about 220 KD and 66 KD, 
corresponding to HK and LK respectively, as found in immunoblot experiments using both anti-
human HK light chain and total kininogen specific antiserum (data not shown). It can be seen in fig. 
3 that the HK curve had a deflection corresponding to the kallikrcin peak. About 40% of the total 
HK was recovered outside the kallikrcin-containlng fractions. Immunoblot studies provided no 
indication of FXII in connection with the kallikrcin-HK or the free HK peak. As shown in fig. 3 the 
main peaks of FXII present were observed in two areas, namely in fractions covering the mol. wt. 
ranges 78-91 KD and 39-42 KD. The S-2222 amidase activities in the kallikrcin-HK peak fractions 

FIGURE 3 

Ccl filtration of acetone-activated 
citralcd plasma. Elution profiles of 
kallikrcin 5-2302 amidase activity 
and of HK and LK rocket immunoassay 
activities. 

3.0 ml CPL/I-10 (See table 2, ID were 
acclone-trcalcd and applied to an 
Ultrogcl AcA-44 column (1.6 x 94 cm) at 
4° and a flow rate of 0.12 ml/min. 
Fractions of 2.0 ml were collected. 
Column buffer was 10 mM phosphate, 
100 mM NaCI. 4 mM EOT A, 0.01 % 
(v/v) Triton X-100. pH 0.0. 

Fraction number 
16 20 24 28 32 

-r 

83 so ee tos 
EluUon volume (mil 
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FIGURE 4 

Immunoblot of kininogens in plasma (CPU, acetone-treated plasma (CPLa), and in 
fractions from gel filtration of CPLa. 

11 12 13 14 15 16 17 18 
Fractions from AcA-44 column 

I: 174 KD, II: 116 KD, HI: 104 KD, IV: 92 KD, V: 73 KD 

l.ancs: A, CPL deficient in kininogen (1:50), B, purified HK (70 ng), C, CPLa/1-10, 
table 2, II (1:50), D, CPL/1-10, table 2, II (1:50), fraclions 11-18 from AcA-44 gel 
filtration of CPLa (figure 3, elution volumes 71 - 85 ml). Sample volume: 10 ul. 

Details on the discontinuous SDS-PACE used in Materials and Methods. 

were completely blocked by the ST1 concentration used to distinguish between Kail* and Kail" in 
Ihe plasma assay procedure, whereas C.I. had no effect. Similar results were obtained in S-2302 
substrate assays. It should be pointed oul, however, that part of the S-2302 amidase activity 
registered in kallikrcin containing fractions was blocked by C.I. (not shown) in experiments with 
plasma acetone-activated and gel filtered in the presence of benzamidine (5 mM). 

The gel filtration experiment shown in fig. 3 was carried out with CPLa prepared from CPL/1-10 
(table 2). Gel filtration was also performed with CPLa from fresh CPL/11, assayed to yield no Kail* 
(table 2. III). The elution profiles for kallikrcin and HK were rather similar to those shown i', fig. 3. 
Also for CrL/11 Ihe HK peak was found outside the kallikrcin curve area, and with a deflection 
coinciding with the homogeneous kallikrcin peak. The mol. wts. calculated for the peaks were also 
Ihe same as for the experiment demonstrated in fig. 3 (gel fillralion data for CPL/11 not shown). 

Immunoblotting of kininogens In plasma and in acetone-treated plasma. Fig. 4 shows the results of 
immunoblol experiments using antiserum against HK. In a mixture of normal plasma specimens 
CPL/1-10 (fig. 4, D>» heavy band corresponding to an apparent mol. wtof 174 KD was dominating, 
wherras • weaker band corresponding lo a mol. wt of 116 KD and a broad zone at the mol. wt. range 
60-70 KD were also present. The bulk of the last mentioned zone was not seen in experiments using 
antiserum against HK light chain and pnbaWy represent» LK. Purified HK (fig. 4. B) yielded the 
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same two banls as those registered in CPL, corresponding to mol. wts. of 174 KD and 116 KD, and in 
addition a band at about 104 KD could be recognized. In CPLa (fig. 4, C), one heavy band corre
sponding to a mol. wt. of 104 KD, and a diffuse zone covering the LK mol. wt. range 60-70 KD domi
nated the blot. Fractions from gel filtration of CPLa did not yield the 104 KD band present in the 
starting material but instead two main bands corresponding lo mol. wts. of 73 KD and 92 KD. The 73 
KD band appeared in fraction 11 corresponding to the ascendii.g part of the rocket immunoassay 
curve in fig. 3. The band weakened over the descending part of the rocket curve, as seen in fraction 18 
in fig. 4. The other band mentioned above, and corresponding lo a mol. wt. of 92 KD, did first appear 
clearly in fraction 16, corresponding lo the peak of free HK outside the kallikrein curve in fig. 3. 
Immunoblot experiments with an antiserum against HK light chain provided evidence that the 73 
and 92 KD bands both originated from HK (not shown). 

DISCUSSION 

The intention with the present work was to study in more detail an observation brought forward in a 
recent report <4), that the major part of the S-2222 amidase activity of kallikrein generated by ace
tone and kaolin treatment of plasma, was not inhibited by STI in a concentration capable of 
completely blocking purified kallikrcin. In the report mentioned it was shown that this STI-
rcsistant state of plasma kallikrcin (here designated Kail*) was dependent on the presence of FXII. 
Plasma congenitally deficient in FXII contained a normal level of plasma kallikrein, but the 
k.illikrcin was present in a state easily blocked by STI (here designated Kail**). 

Correlation between FXIla and part of the plasma kallikrein. The observation that FXII was re
quired for the presence of Kail* (4) was verified in the present work using a FXII-deficicnt plasma of 
other origin (figs.l and 2). Evidence was also provided thai in normal plasma a conversion of pari of 
the kallikrein to Kail* took rapidly place in connection with the amidase assay procedure. In a 
mixture of plasma specimens from healthy individuals near lo all kallikrein was blocked by STI 
when the substrate hydrolysis was rapidly measured in 1 to 10 minutes end point assays, whereas 
the 30 min. procedure generally used yielded the same level of total kallikrein, but less than 30% as 
K J I I " . The increase in yield of Kail* went parallel with a corresponding loss of FXlla (defined as 
CI.-inhibited amidase activity), a result supporting the evidence of the significance of FXII for the 
generation of Kail*. The inability of C.I. lo inhibit plasma kallikrcin is well documented (13, 14). 
The rapid convi-sion of Kail** into Kail* did not lake place in all plasma specimens investigated. 
As shown in table x, 111, all kallikrcin was recovered as STI-inhibilcd kallikrcin also in the 30 min. 
end point assay when '*csh plasma (CPL/11) was studied. After storage of this plasma for half 
a year a significant part oi Ihc kallikrcin present was now assayed lo be Kail* (table 2, IV). 

A possible explanation for Ihc observed alterations in relative amounts of the parameters measured 
might be the formation of Kail* as some kind of association between part of kallikrcin and FXlla, an 
association neither inhibited by C.I. nor by STI, and possessing reduced amidasc activity as 
compared with Ihc sum cllects of its two components (tabic 1). Such an association would have lo be 
very liable lo dissociate as no FXII could be detected in immunoblol studies of the kallikrcin-con-
taintng tractions obtained in gel nitration (fig. 3). The fact thai C.I. was found capable of blocking a 
minor part of Ihc S-2302 amidasc activity in kalllkrcln-conlalnlng frictions from plasma acctone-
aclivatcd and gel filtered in Ihc presence of bcniamtdtne might reflect a stabilization of Ihc 
suggested association by this unspcciflc protease inhibitor. The presence of benzamtdinc during 
acclonc-lreatmcnl was previously found lo Increase the measured level of FXII (4). As mentioned In 
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our previous report (4) the possibility of an association between kallikrein and FXll must also be 
considered as supported by results described in a publication on the effect on contact activation of a 
monoclonal anti-human PK antibody (15). The results provided evidence of a previously un
recognized site on the prekallikrein heavy chain required for its interaction with FXlIa. 

Complex between HK and plasma kallikrein. Gel filtration experiments indicated that about 60% 
of the HK present was complcxed to kallikrein in acetone-treated plasma. The fact that part of the 
PK present in plasma circulates free and not bound to HK (5) raised the question whether the 
difference between Kail* and Kail" was not only due to the suggested association between FXIIa 
and katlikrein, but also involved different binding to HK. Gel filtration experiments carried out 
with preparations of acetone-treated plasma that yielded strongly deviating relative amounts of 
Kail* and Kail** did not, however, provide any evidence of the presence of HK-free kallikrein. In 
all experiments kallikrein appeared together with HK as one single peak corresponding to a mol. 
wt. of about 300KD, which is consistent with previous gel filtration data on plasma PK in the 
literature (2, 5,16). The preparations investigated contained normal and rather similar amounts of 
HK. 

HK split products in acetone-treated plasma. Polyacrylamide gel electrophoresis without reduction 
followed by immunoblotting showed that the main part of HK in non-treated plasma (mixture from 
10 healthy males) migrated to an apparent mol. wt. of 174 KD. In addition a weak band was 
present corresponding to a mol. wt. of 116 KD. The same bands were observed in purified HK 
examined in parallel. Experiments with HK-deficicnt plasma confirmed the HK-specificily of the 
174 KD and 116 KD bands. The observations mentioned are in reasonable accordance with previous 
data in the literature on immunoblots of plasma HK: Registration of a main band at ISO KD together 
with a very faint band at 107 KD (17), a major band variable around 160 KD together with a weaker 
band at 120 KD (18), or a major band at 120 KD together with variable faint bands at higher mol. 
wis. and a weak component at 103 KD (19). 

When plasma was acetone-treated the immunoblot profile of HK changed markedly. The 174 KD 
and 116 KD bands were replaced by one main band migrating lo a mol. wl. of 104 KD. In addition 
very faint bands were just visible at 92 KD and 74 KD. Acetone treatment of plasma activates 
kallikrein and kinin is released. The 104 KD band accordingly very probably represents Unin-free 
HK. It possibly corresponds to the 100 KD band registered as the main band in plasma activated 
with kaolin, a band suggested to represent Mnin-frce HK with a loss also of a 10 KD peptide (18). 
Surprisingly an extensive further hydrolysis of the 104 KD HK took place in connection with the gel 
filtration. In the normal plasma mixture used this band disappeared and two heavy bands appeared 
in the HKconlalnlng fractions, corresponding to mol.wls. of 74 KD and 92 KD respectively. It might 
be ot significance that the 74 KD band was present over the whole range of HK-conlainlng fractions, 
whereas the 92 KD band did only appear in the gel fractions containing free HK outside the 
kallikrein peak. 
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FORMATION OF AN ASSOCIATION BETWEEN FACTOR XU AND KALUKREIN 
IN HUMAN PLASMA - SIGNIFICANCE OF STORAGE OF PLASMA 

AND THE FUNCTIONAL STATE OF PLASMA KALLIKREIN 

Nils-Ove Hoem, Siri Johannesen and Kjell Briseid 
Department of Pharmacology, Institute of Pharmacy, 

University of Oslo, Blindern, 0316 Oslo, Norway 

ABSTRACT 
In a previous study evidence was provided that zymogen FXII might associate with part 
of the kallikrein generated by acetone treatment of human plasma in the presence of 
bcnzamidine (Thromd. Res. 61,123-133,1991). Some results also suggested an increase in 
such a complex formation upon storage of plasma, and two questions were raised in the 
present study: Does kallikrein activated by acetone-rrealmem of plasma exist in 
modifications with different abilities to associate with FXII? And will -70° storage of 
plasma increase the liability to complex formation? S-2302 amidase assays carried out in 
mixtures of normal plasma and plasma genetically deftci nt tn prekalHkrein (PK) 
suggested an inhomogeneily of the kallikrein generated. A minor and unstable part of it 
could be blocked by com trypsin inhibitor, thus Indicating the presence of an association 
with FXII. In fractions from gel filtration of acetone-activated plasma, kaUikrein war 
assayed a* S-2303 amldase. high molecular weight klninogen (HK) was measured in 
rocket Immunoassay, and FXII. PK and HK were studied In PACE immunoblot 
experiments. When freshly collected plasma was used, an amidase double peak (mol wis. 
400 and 300 kD) indicated an irihornogenctty of the kaUkrern present. HK being observed 
in both peaks. FXII eluled separately over a gel. mol. wt. range of 90-55 kD- When 
plasma was stored at -70* for 10 months before use. the more low-molecular part of the 
kalltkrem double-peak had disappeared and was recovered, in a highly unstable stair, 
adsorbed to Ihe column material together with HK and FXII. Accordingly both functional 
assays and the result» of Immunoblot experiments indicated an inhornogcrwily of thr 
kalhkrein present and also a tendency of Ihe minor part of M to assoctatr wtth FXII. a 
tendency Increased upon storage or plasma at -TO" 

IU? w»*: fo»» XII E>«IWI >»•*!«W, Its» «wte«»»»ria^ 



INTRODUCTION 

Four proteins are known to be involved in the contact activation of blood coagulation, factor XII (FXII), 
factor XI (FXI), prekallikrein (PK), and high molecular weight kininogen (HK). Whereas PK and FX1 
circulate as complexes with HK (1,2), FXII is present as free zymogen in non-treated plasma. In 
previous studies we have provided indirect evidence that FXII might go into association with part of 
the kallikrein activated in acetone-treated plasma (3, 4, 5). In some plasma samples the extent of 
association was found to increase upon storage of plasma (4). No association could, however, be 
registered by gel-filtration of acetone-treated citrated plasma, but required the presence of 
benzamidine during the activation procedure to be recognized (5). In the present work we intended to 
study in more detail the suggested association between FXII and kallikrein in plasma activated with 
acetone in the presence of benzamidine (BPL). In such preparations PK is normally activated (6), in 
spite of the presence of orjy very small amounts of active FXII (FXIIa) (5). We wanted to find out 
whether modifications of kallikrein with different abilities to associate with FXII could be 
demonstrated, and we also aimed at studying how storage of plasma influenced the extent of 
association. To obtain such information we carried out amidase assays of kallikrein in mixtures of 
normal BPL and BPL deficient in PK or FXII. The normal plasma was used after different periods of 
storage. Gel filtration experiments were performed to establish additional evidence as a basis for the 
interpretation of the assay results obtained. In the gel fractions the distribution patterns of FXII, 
kallikrein and HK were assessed in PACE immunoMot experiments, kallikrein was assayed as S-2302 
amidase. and HK and low molecular weight kininogen (LK) were measured in rocket immunoassay. 

MATERIALS AND METHODS 

Material»: Benzamidine HCI, TCl-grade, Tokyo Kasei Kogyo Co., Ltd.. Tokyo, lapan. EDTA-2Na 
(Titriplex*) and Triton X-100 • . E. Merck AC, Darmstadt. Germany. Polyaethylenglycol 6000 (PEC). 
Fluka AC. Buchs, Switzerland. Agarose Standard Low mr, chemicals for the casting and dying of 
po*yacrylamJde gels. SDS-PACE standards (40-250 KD MW) and Immuno-Rot Assay kit - Coat Anti-
rabbit IgC (H+L) Horseradish Peroxidase Conjugate were from Bio-Rad Laboratories, Richmond. CA.. 
U.S. A. Ultrogel Ac A 44. LKB-produkter AB. Bromma. Sweden. Cel Filtration Calibration Kit and 
SBTI-Sepharuse 4B. Pharmacia AB. Stockholm. Sweden. H-D-Pro-Phc-Arg-oNA 2HCI (S-2302). 
Kabi-Vtlrum. Stockholm. Sweden. N-Benzoyl-Pro-Phe-Arg-p-Nltroanllidc- Hydrochloride. Sigma 
Chemical Company. Sl. Loui». MO. US.A. Soybean trypsin inhibitor (Kallikrein Inhibitor) and Com 
inhibitor ryopMlized tn vial», Channel Diagnostics. Walmer. Kent, England. Plasma deficient in both 
kininogen» (GKI603-926B). platina dcficienl in FXII (CK1202-725G4 ) and plasma deficient In PK (CK 
1706-7240). George King Biomedical Inc.. Overland Park. Kansas City. Kansas. U S A Coal 
antiserum to Human HMW kininogen L-CH and goal antiserum lo Human FXII. ICN 
ImmunobtologKal». Lisle. IL.. U S A Coat antiserum lo human kallikrrln. Nordic. Tilburg. The 
Netherlands (immunobtolUng). and rabbil antiserum lo human kaltikrein. Behrtngwerke AC. 
Mahfburg, Germany (radial immunodiffusion). Peroxidase ccmfugaicd rabbit immunoglobulin» to goat 
immunoglobulin». Dakopatt» */». Clostrup. Denmark. PS - mtcroplattc, 96 K. erhohler rand. C A 
Crnner und SAwe GmbH ii Co.. KG. Ntttttngen. Germany Other reagent» were of aiurynca) grade 

r*$Uled fcsMin»; High mokeataf weight himnogm (HK) wa» purified according lo Dutroan n of 171. 
and FXII as described by Laahe and Oftkmd (i). Plasm* kaflikrrm was prepared according lo NagMr 
and Barrett (*l A preparation «oritatntng *l S-2302 amklaui uns» per mg was used to calculate amount» 
of Mttfcrrtrt datrrlaMr m PACE WwmmUiM nuwWwnsx 

PrtkalHkreat »ah»WM fat akta* «f n i t o l»rtfcalUiuvu« atttvatat. PKAJ wa» parnaHy pi» tiled from 
human plasm» 1101 



Kininogen-speciiic antiserum was raised in rabbits by injecting purified HK subcutaneously. Both HK 
and LK gave precipitates in single radial immunodiffusion and rocket Immunoelectrophoresis, whereas 
no precipitate was formed against plasma deficient in both kininogens (11). 

Plasma samples were obtained from individuals without any known diseases and especial care was 
taken to exclude persons with a history of allergy. Blood was collected by clean venepuncture into 
136 mM sodium citrate dihydrate solution (one volume of anticoagulant and nine volumes of blood), and 
centrifuged 15 minutes twice at 2100 x g and 22°. The plasma was mixed with 300 mM EDTA-2Na and 
300 mM benzamidine (1.00+0.02+0.02 v / v / v ) to yield plasma with 6 mM of both EDTA and 
benzamidine (BPL). Plasma was stored in aliquots fresh-frozen at -70°, and used only once after 
thawing. 

Acetone-treated plasma (BPLa). BPL (1.04 ml) was diluted with saline to a final volume of 1.20 ml, 
rapidly mixed with 0.40 ml acetone (25% v/v of final volume) and kept at 22° for 17 hours. The acetone 
was removed by vacuum evaporation, and loss of water corrected for. Preparations were kept on ice 
until used. 

Photometric measurements of p-nitroaniline (p-NA) released by amidolysis of peptide substrates were 
performed at 405 nm. Concentrations were calculated from absorbance values using a molar extinction 
coefficient of 9800 for p-NA. Activities were expressed as U/ml, one unit being the amount of enzyme 
that splits one umole p-nitroanilide per minute at 37°. When performed on a Bio-Rad model 3550 
microplate reader, pNA standards diluted in sample buffer were included on each plate to allow the 
calculation of absolute absorbance values. 

Assay of S-2302 or Bz-Pro-Phe-Arg-pNA tmldolytic activity. Initial rate assays. Enzyme prepara
tions were diluted in 50 mM Iris. 150 mM NaCl. 0.01% Triton X-100, pH 7.9 buffer, so that 400 ill 
diluted test and 200 ul substrate solution (2 mM) gave a rise in O.D. in the range 0.02 - 0.10 per min. at 
37°. 

Assay of plasma kalliltrein In 1PL» as S-2302 or •z-fro-Phc-Aig-pNA smidase. Initial rale method. 
Toul amidolytic activity was measured by diluting BPLa 1: 320 (S-2302) or I: 80 (Bz-Pro-Phe-Arg-
pNA) with the buffer stated above, before mixing with substrate. Total assays and assays in the 
presence of corn inhibitor ( C D or soybean trypsin mrobUor (STI) were performed as lollows: IS u) 
BPLa were incubated with 3 ul buffer or 3 ul C.I. (0J0 mg/ml) lor S nun. at 22-25°, before dilution with 
buffer and mixing with substrate, or 15 ul BPLa were incubated with 3 ul STI (30 ug/ml) for one mm. at 
37° before dilution with buffer and mixing with substrate. The buffer used for the STI incubate 
contained STI 0.5ug/ml 

Assay of plasma kalllkret* a* 5-2302 «snidast Irt fractions fras» gal filtration. 10 ««in. end point 
method. ICO ul of fraction diluted with the tri» buffer also used m the Initial rale assay* were framed 
with 50 M> substrate wlution (2 mM) m a standard W welb rrucro-plaie After 10 mm. at 33™ the 
arwdetyw» was Hopped by adding 30 pi StMtv/v) acetic acid. 

Peak fraction» were measured m mrttal rate assay a» described above 

Assay of »*lla in BPla at PTC*. Activator preparation; BFta was mixed l»l wHh a suspension of 
kaolin 20 mg/ml in «aline, lunt aasiatrd lor J rMrwte» at 25* and I fm diluted I ' l l with buffer 0 mM 
phwphatr. 150 mM NaCl 5 n M bffuamJdir». 0 0 1 * Truer. XICCL pH 741 Al 25* 80 ul of PK «utntra* 
wet* incubated with 20 ul activator preparation. Akqeot* 13 ul) weie withdrawn after 20 set. and 
after 200 we *t*»Mrim9Ctøoptlm*ib™tmttm»t\00tf±VmQml4i4Mil<li&bann The 
hydtetys» of »-23t» wa» stopped alter * mtnuwa by iJdWig KØ id SO* •»/»! atvtM acid The rate of 



activation of S-2302 amidase was determined from the measured release of p-NA. The amount of FXIla 
was calculated as PKA-U/ml plasma, one PKA-unit being the amount of activator that activates one 
S-2302 amidase unit of PK per minute at 25°. FXIla was also assayed in BPLa as described above, but 
without activation with kaolin. 

Rocket immunoassay of HK and LK in plasma samples (BPL) was carried out essentially as described 
in recent papers 01,4) 

Radial urununodiftusion of PK in plasma samples was performed according to the method of Mancini et 
al. (12). PK antiserum was used at a final concentration of 1%, plasma samples were diluted in 
PK-deficient plasma, and diffusion was allowed to proceed for 48 hours in a moist chamber at 25°. 

Immunoblot experiments were performed as described previously (4). Proteins were separated in a 
discontinuous SDS polyacrylamide gel 0"=8% and C=27%) electrophoresis system. 10 ul test samples 
containing plasma 0:50), purified protein or 75% fraction from gel filtration, were applied. 

Gel filtration experiments were performed at 4° and a flow rate of 0.12 ml per min. on an Ultrogel 
AcA 44 column (1.6 x 92 cm) connected to a Pharmacia FPLC system. The column was equilibrated with 
10 mM phosphate, 100 mM NaCl, 4 mM EDTA. 4 mM benzamidine, 0.01% (v/v) Triton X-100, pH 6i) 
buffer, and 3.0 ml BPLa were applied to the column via a sample loop. Eluent was photometrically 
monitored at 280 nm and 2.0 ml fractions collected. The molecular weight standards used for calibration 
were dissolved in column buffer and injected onto the column in the same manner as the plasma 
samples. 

RESULTS 
All experiments in the present work were based on BPL, - citrated plasma to which had been added 
EDTA and benzamidinc before activation with acetone. In such preparations PK is normally activated 
(6), whereas only small amounts of FXII are present as active enzyme (5). The acetone concentration 
procedure used yields only negligible amounls of 02 -macroglobulin-kalltkrcin complex (13). 

FIGURE 1 

Significance of a reduction In PK or m 
FXII for the kalhkrem activity 
obtained 

S-2302 amidase activities manured in 
acrtonr-trealed mixture* of normal BPL 
and BPL genetically dellctent in PK 
< • — • ) or m FXJUO- - O l 

The normal BPL stored lor 2 month» at 
•70" 
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FIGURE 2 

Significance of a reduction in PK-level 
for the kallikrein activity obtained. 

S-2302 amidase activities measured in 
acetone-treated mixtures of normal BPL 
and BPL genetically deficient in PK. 

The normal BPL stored for 2 months at 
-70°. 

I: Total S-2302 activity. 

II: S-2302 activity not inhibited by CI. 

Ill: S-2302 activity not inhibited by STI. 

25 50 75 100 
Prckallikrein <*) 

Significance of a reduction In PK- levtl for the kallikrein activity obtained. The lower curve in fig. 1 
shows the results of S-2302 amidase assays carried out in acetone - treated mixtures of normal BPL and 
BPL deficient in PK. For this experiment was used a plasma sample containing 3.0 S-2302 amidase units 
per ml. an activity almost identical with the average value of 2.9 units per ml (range 1.9 - 4.0) recently 
registered in plasma from 10 healthy women. 20 - 30 yean of age (14). The plasma had been stored for 
2 months at -70°, and the amidase level was unchanged over this period. It can be seen that a reduction 
in PK caused a linear reduction towards « r o activity, providing evidence that all amidase activity 
measured originated from PK. An experiment carried out in parallel with BPL deficient In FXII 
showed that this plasma contained a normal levd of PK. which was fully activated at the lowest 
concentration of FXII tested. 29% (fig. 1. upper curve). 

Fig. 2 show» S-2302 amidase assay result» obtained in mixture» ol normal BPL and BPL deficient in l"K 
The experiment was performed m the corresponding experiment shown In flg, I. but as normal BPL was 
now chosen the sample with the highest 5-2302 amidase level in the plasma material mentioned 
above, 4 0 unit» per ml This value represented 13»* of the average level In irnmunodlffusion assay» 
the level of prekalHkretn m the plasma sample used was found lo be about 144* of that of the cwiool 
mixture The figure show* thai after a rapid initial loss of aenvity registered at 75* PK. the amda.tr 
curve flattened out and went Uiwwry in a direction toward» a test activity close to one amidasc untt at 
0 * PK present. Whereas C.I. did not brock any arndase actJvwy in the normal «PL. and neither in the 
7*» PK preparation. Ihts inhibitor for FXII did rncreasingry inhibit atlvtoes at lower PK kravt». The 
tow concentration of STI used wa» capable of Mocking the mam pan of amidasc acttvmo present m 
Ih» incubate» m • «**>. PKA assays showed that only 2 * of FXII wa» present m active state in the 
ll«*4 PK preparation, a concemratton reduced to 0 5 * m the incubate with 25* PK IPKA data not 
shown) Assays carried out wish Ki-Pro-Phr-Aig<pNA a» substrate yielded results qoaitlausvty very 
stmtlar to thus* described tor S-2302 (not shown). The activity Nocked by C.I. was very unstable 
When the plasma incubates uwd lor Hg J were «Med after J week» storage at -2tr a l activity Hocked 
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FIGURE 3 

Significance of a reduction in FK-level for 
the kallikrein activity obtained. 

S-2302 amidase activities measured in 
acetone-treated mixtures of normal BPL 
and BPL genetically deficient in PK. 

The same normal BPL as used for fig. 2, 
but now stored for 6 months at -70°. 

For curve symbols used se legend to fig. 2. 

50 75 
Prekallikrein (%) 

by C.l. had disappeared, whereas the remaining kallikrein activity (fig. 2, II) was recovered 
unchanged (not shown). Fig. 3 gives the results of an experiment identical with that one shewn in fig. 2 
but with the normal BFL further stored for 4 months at - 70° before activation. The results differed 
from those shown in fig. 2. in two significant respects. The amidase values declined linearly to an 
activity close to zero in the incubate still containing 25% PK, and C.l. was not capable of blocking 

50 75 
Factor Xll (%) 

FIGURE 4 

Significance of a reduction in FXll-lcvel 
for the kallikrein activity obtained. 

Activities against the substrate Bz-Pro-
Phe-Arg-pNA were measured in acetone-
treated mixtures of normal BPL and BPL 
genetically deficient in FXII. 

The same normal BPL and storage period 
as used for fig. 2. 

I: Total amidase activity. 

II: Amidase activity not inhibited by 
C.l. 

Ill: Amidase activity not inhibited by 
STL 



FIGURE 5 

Gel filtration of acetone-activated citrated plasma with benzamidine. Elution profiles of kallikrein 
S-2302 amidase activity and HK and LK rocket immunoassay activities. 

A: Fresh plasma B: Stored plasma 

A: FRESH PLASMA 

• *X 

B: STORED PLASMA 

h 

26 30 34 38 42 46 50 54 58 62 

Fraction number 

3.0 ml BPL were acetone-treated and applied to an Ultrogel AcA-44 column (1.6 x 92 cm) at 4° and a flow 
rate of 0.12 ml/min. Fractions of 2.0 ml were collected. Column buffer was 10 mM phosphate, 100 mM 
NaCI, 4 mM EDTA, 4 mM benzamidine, 0.01% Triton X-100, pH 6.0. 



amidase activity in any incubate. The results thus implicate that not only had the activity shown in 
fig. 1 to be blocked by C.I. been lost, but together with that activity also about 25% of the remaining 
activity present in the normal plasma. Fig. 3 shows that the inhibition obtained by STI was very 
extensive in this experiment. 

Significance of a reduction in FXII-level for the kallikrein activity obtained. Fig. 4. shows the results 
of amidase assays carried out in acetone-activated mixtures of normal BPL and BPL genetically 
deficient in FXII. The same normal BPL was used as that one employed for fig. 2, and stored for about 
the same period of time (2 months), but the assays were now performed with Bz-Pro-Phe-Arg-pNA as 
substrate. This benzoylated derivative of S-2302 is a good substrate for kallikrein, but is only 
negligibly split by FXIla (15). The activity level in the 100% normal preparation was close to that 
shown in fig. 2, as checked in a S-2302 amidase assay. It can be seen in fig. 4 that a reduction in 
concentration of FXII to 75% or 50% did not reduce the yield of amidase activity. This result shows 
that the PK present in FXII-deficient plasma was fully activated by the acetone treatment. 
Experiments carried out in parallel with S-2302 as substrate yielded results very similar to those 
obtained with Bz-Pro-Phe-Arg-pNA (not shown). Fig. 4 further shows that a factor XII level of 25% 
reduced the extent of activation of PK to 50%. PICA assays showed that about 1 % of FXIla was present 
as active enzyme in the 100% FXII preparation, and a correspondingly lower value in the preparation 
with 25% of FXII. No clear inhibition of amidase activity by C.I. could be observed in this experiment, 
whereas ST1 blocked about 94% of the activities present in the incubates. 

Gel filtration of acetone-activated plasma. In a previous paper evidence was presented in gel 
filtration experiments that FXII might be present in association with part of the kallikrein in BPLa 
(5). In that study no special attention was paid to the time of storage of plasma before use. In the 
present work we have gel-filtered in the same way one plasma specimen used on the day of blood 
collection, and another sample from the same donor, stored at -70° for a period of 10 months. Kallikrein 
in the fractions was assayed as S-2302 amidase, and HK and LK were measured in rocket immunoassay. 
The gel filtration patterns of these proteins, and of FXII were studied in immunoblot experiments. 

Fresh plasma J (fig. 5A). In immunoblot experiments FXII was found in fractions 23-31 corresponding to 
a gel mol. wt. range of 90-55 !.D (fig. 6, I). FXII was not detectable in the late during fractions 48-58, 
but small amounts of HK-protein could be registered (fig. 6, II). Kallikrein measured as S-2302 amidase 
showed a 97% recovery. The main part of this activity covered a wide area in early eluting fractions 
with two overlapping peaks roughly estimated to gel mol. wts. of about 400 kD and 300 kD 
respectively. The amidase activity was rather stable. The analyses were performed as 10 minutes end 
point assays on a inicroplate reader, but measurements of the peak fractions carried out as 50 seconds 
initial rate assays yielded near the same results.In rocket immunoassays HK was found to be present in 
both kallikrein peaks (fig. 5 A). LK was recovered with its peak fraction corresponding to a g••;! mol. 
wt. of about 80 kD. 

Stored plasma 7 (fig. 5B). In immunoblot experiments FXII appeared in late eluting fractions (48-58) 
together with amounts of HK-protein significantly higher than those registered in the corresponding 
fractions from fresh plasma (fig. 6,1, II). The proteins were apparently adsorbed to the gel material as 
the calculated mol. wt. corresponded to a range lower than about 13 kD. The main part of the 
kallikrein present was found in early fractions together with the bulk of HK (mol. wt. about 400 kD) 
The recovery of kallikrein amidase activity was about 84% which was lower than that observed in 
fresh plasma, and the stability of the activity in the fractions was lower. This was not so pronounced 
for the main peak of kallikrein in the early fractions, but very significant for the small amounts of 
adsorbed activity eluting together with FXII. Initial rate assays demonstrated that about 75% of this 



FIGURE 6 

Plasma 1. Immunoblots of FXI1 (I) and HK (II) in fractions from gel filtration of acetone-activated 
fresh BPL and stored BPL. 
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Fractions 21-33 and 48-58 from experiments shown in fig. 5. 

Lanes - A:Fresh plasma B: Stored plasma C: Purified FXII D: Plasma deficient in FXII E: Normal 
plasma F: Purified HK. G: Plasma deficient in HK. 
Proteins separated in a discontinous SDS-PAGE system (T=8%, C=2.7%). 

activity had been lost during the end point assay procedure. Corrected for loss of activity the adsorbed 
protein fractions were found to contain about 2(K of the total amidase activity. Rocket immunoassays 
showed that HK was present also in these fractions, whereas LK appeared as in the experiment with 
fresh plasma, both as to mol. wt. and to quantity. 

Inhibition experiments were carried out with C.I. and with STI. In the fractions obtained from fresh 
plasma (fig. 5 A) no inhibition of amidase activity could be obtained by C.I., whereas STI eliminated 



FIGURE 7 

Plasma 2. Immunoblots of FXII (I) and HK (II) and kallikrein (III) in fractions from gel filtration of 
acetone-activated stored BPL. 
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Lanes - H : Purified kallikrein I: Plasma deficient in PK C, D, E, F G and other experimental data 
See legend to tig. 6. 

Proteins separated in a discontinous SDS-PAGE system (T=8%, C= 2.7%) 

almost all activity present. Similar results were obtained for the main kallikrein amidase peak 
fractions from stored plasma (fig. 5B), whereas 40-55% of the initial rate amidase activities in late 
eluting fractions could be blocked also by C.I. The different elution patterns for FXII and HK in the 
experiments with fresh and with stored plasma are demonstrated by the immunoblots in fig. 6. 



Stored plasma 2 (fig. 7) For the experiments presented in fig's 5 and 6 a plasma sample was chosen 
that yielded practically no kallikrein in the late eluting fractions when fresh plasma was used, and 
very small amounts only in such fractions from stored plasma. The amounts present were clo^e to the 
immunoblot detection limit (10-12 ng in test samples subjected to PAGE immunoblotting), and 
accordingly only results from FXII and HK blots are shown in fig. 6. 

To demonstrate the presence of kallikrein in late eluting fractions together with HK and FXII, another 
-70° stored plasma specimen was subjected to gel filtration and PAGE immunoblotting. The plasma 
preparation used yielded 3.9 S-2302 amidase units per ml, and the recovery in the two main peaks from 
gel filtration was about 90%, with 20% in fractions 53-57. Fig. 7 shows that FXII and HK could be 
demonstrated in immunoblots over the same fraction range (51-56 shown), whereas kallikrein was 
detectable in fractions 54-57. 

DISCUSSION 

Cleavage of FXII in human plasma to form FXIIa is generally supposed to take place on some kind of 
negatively charged surface, HK acting as a cofactor in the reciprocal activation of PK and FXII 
(16,17). One question raised in connection with the activation of surface-bound FXII and surface-bound 
HK/PK-complex concerns the molecular contact between these proteins. Will it be close enough to 
secure a rapid activation process? It has been suggested that the dissociation constant for the HK/PK 
(kallikrein) - complex allows kallikrein to dissociate from the surface to digest adjacent FXII 
molecules (17). Such a mechanism would possibly not be sufficiently rapid and it might be of interest in 
this connection that the precursor FXII under certain experimental conditions seems to be present in 
plasma in some kind of complex with kallikrein (5). If such an association could also be formed in 
native plasma, it might secure the molecular contact required, and possibly even without other surface 
potential than that provided by large lipoprotein particles with negative charge (18). In connection 
with the evidence presented in the present work of an association between FXII and kallikrein, it 
should be pointed out that a site recognized by FXIIa has been localized in the PK heavy chain in 
studies carried out with monoclonal antibodies to PK (19,20). 

Extent of activation of FXII and PK in BPLa. In the present work it was found that only very small 
amounts of FXII were activated by acetone treatment of BPL, 1-2 % of total FXU a s measured in PKA 
assays. However, these amounts were correlated with full activation of PK under the experimental 
conditions used. It should be pointed out that the acetone treatment used will destroy inhibitors for 
FXIIa and plasma kallikrein (13), and the extensive inhibition of amidase activities obtained by STI 
in the present work (fig.'s 2, 3, 4) also confirms the absence of more than negligible amounts of 
kallikrein in complex with 012-macroglobulin (21). It has been shown recently that the amount of 
surface required to allow contact activation is much reduced in the absence of CI inhibitor in 
hereditary angioedema (22). Thus, contact activation might possibly take place in the plasma 
preparations studied. Surprisingly, only PK was activated, whereas the activation of FXII required 
additional surface (5). The fact that FXII was present in BPLa almost exclusively in precursor state, 
made it easier to study the suspected inhomogeneity of the amidase activity supposed to reflect 
plasma kallikrein. 

Functional inhomogeneity of the kallikrein activity present in BPLa. In most preparations of acetone-
activated BPL the S-2302 amidase activity generated seemed to represent kallikrein in a functionally 
homogeneous state, as typically shown in fig. 1. Some normal plasma samples, however, yielded 
rather high amidase activities, and the study of activated mixtures of such plasma and plasma 
deficient in PK, provided evidence of an inhomogeneity of the activity present (fig. 2). The main part 



of the S-2302 amidasc activity generated (fig. 2, II) evidently represented kallikrein in the 
modification shown in fig. 1. In addition there was observed an amidase activity that could be blocked 
by C.I. (fig. 2, difference HI). PKA assays showed that this activity could not be due to FXIIa, and the 
presence of zymogen FXII in association with kallikrein seems the probable explanation. It is known 
that C.I. does not only inhibit FXIIa, but also adsorbs to the precursor molecule, possibly to the site 
forming the active cleft. (23, 24). Immunodiffusion assays had shown that the high level of S-2302 
amidase activity obtained in the plasma specimen studied in fact reflected a high level of PK. It 
seemed possible that the main part of the amidase activity present represented kallikrein in the 
stable modification shown in fig. 1, and reflected by curve II in fig. 2. In addition some kallikrein could 
be present in a functional state that lost activity when the total PK concentration was reduced. In the 
experiment shown in fig. 2 the activity was stepwise restored through further reduction of PK in the 
incubates. When the same plasma specimen, however, was tested after a prolonged storage period at 
-70°, the initial loss of activity was not reversible any longer (fig. 3). 

The results obtained might be interpreted to suggest the presence of a minor part of the kallikrein in 
some kind of association with zymogen FXII. They also seem to indicate that the liability to form a 
stable complex increases upon storage op plasma, as previously suggested (4). 

Assay of amidase activities in mixtures of normal BPL and BPL deficient in FXII (fig. 4) provided 
evidence of full activation of PK at very low concentrations of FXIIa. The fact that the amidase 
activities were near the same over a FXII concentration range of 50 to 100%, indicates that the amidase 
activity in normal plasma that could be blocked by C.I. (fig. 2) was present in FXII-deficient plasma. 

Gel filtration of fresh and stored plasma. Before discussing the results obtained, the properties of the 
gel material (AcA-44) shuaid be shortly commented on. The column seems to function as a gel possessing 
also adsorption capacity towards parts of the kallikrein and HK, and also against FXII. The mol. wt. 
range of fractions 48-58 would correspond to 13-7 kD in gel filtration, as calculated by extrapolation of 
a calibration curve based on marker proteins. It should be pointed out that we have not been able to 
demonstrate a delayed elution in experiments with citrated plasma acetone-activated in the absence 
of benzamidine. In such experiments kallikrein/HK will appear in early fractions whereas FXII elutes 
later corresponding to its own mol. wt. (4, 5). This difference might be due to the fact that in the 
absence of benzamidine not only PK, but also the main part of FXD will be activated upon acetone 
treatment (4). 

in the fresh plasma sample investigated an inhomogeneity of the kallikrein present was indicated by 
the S-2302 amidase double peak observed (fig, 5 A). The fact that HK was present corresponding to 
both peaks must be considered as evidence of their identities as kallikrein forms. No association 
between kallikrein and FXII could be registered in this experiment with a completely fresh plasma 
sample. In the corresponding stored plasma, on the other hand, the more low molclular part of the 
kallikrein double peak had disappeared, and was now recovered, highly unstable, adsorbed to the 
column material together with HK and FXII (fig. 5 B). PKA-assays provided no evidence that FXII 
was present in active state in these late eluting fractions, and the extensive inhibition of the amidase 
activities obtained by C.I. indicated the presence of FXII and kallikrein in some kind of complex. 

PAGE immunoblot studies of gel fractions showed that FXU eluted unadsorbed and corresponding to its 
own mol. weight when fresh plasma was used. Upon gel filtration of stored plasma, however, FXII 
appeared in late eluting fractions together with kinin-free HK (fig. 6). The amounts of adsorbed 
kallikrein were just loo low to allow a demonstration in immunoblots. This result was due to the fact 
that a plasma specimen with a very low tendency to association between kallikrein and FXII was 
chosen, in order to demonstrate the effect of storage. To be able to show the presence in the same 



fractions of FXII, HK and kallikrein a more suitable plasma preparation was also subjected to gel 
filtration and PAGE immunoblot studies. As is seen in fig. 7 FXII, HK and kallikrein could now be 
observed together in fractions 54-56. In fractions 51-53 the amounts of kallikrein were below the 
detection limit, but the registration in these fractions not only of FXII, but also of HK, indicates the 
presence of small amounts of kallikrein. 

Conclusion. The assays carried out in the mixtures of normal BPL and BPL deficient in PK provided 
evidence of an inhomogeneity of the S-2302 activity generated by acetone treatment. The assays 
suggested a minor and unstable part of the kallikrein to be present in association with zymogen FXII. 
The results also indicated an increased liability to form such a complex upon storage of plasma. This 
interpretation of the functional assay data was supported by results obtained in gel filtration 
experiments. In PAGE immunoblot studies of fractions obtained from stored plasma FXII, kinin-free HK 
and kallikrein could be detected together in late eluting fractions, evidently delayed by adsorption to 
the column material. 
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