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USE OF A KALLIKREIN INHIBITOR IN THE TREATMENT 

OF URTICARIA AND HEREDITARY ANGIONEUROTIC EDEMA 

LENNART JUHLIN AND GERD MICHAtLSSON 

Patients with hercditary angioneurotic ede­
rna are known to lack an inhibitor of kal­
likrein which normally prevents the release 
of kinins (4, 17). The kinins released cause 
an increasc of the capillary permeability 
with formation of ederna. Why the ederna 
is localized to certain areas is not known. 
Patients with chronic urticaria show an in­
creased reactivity to injected kallikrein 
which might also be caused by a dccrcase 
of kallikrein inhibitor ( 14). 

Frey and Kraut (8) observed that nor­
mal blood inhibited kallikrein. It was later 
shown that plasma contained two kallikrein 
inhibitors, and a third with a lower molec­
ular weight than those in plasma was 
isolated from the lung, spleen, !iver, lym­
phatic glands and parotid gland (g). An in­
hibitor purified from the parotid gland and 
the lung of cattle is commercially avail­
able.' It has a molecular weight of approxi­
mately 6500 and is built up of 58 amino 
acids, the sequence of which has been re­
cently clarified (Fig. 1). In addition to kal­
likrein this product (TR.) also inactivates 
trypsin, chymotrypsin and plasmin (g). It 
is used clinically mainly to counteract fi­

brinolysis in abruptio placentae and in 
extracorporeal circulation, in conditions 
with hypercoagulability, and in acute pan­
creatitis. Its clinical significance has been 

discussed at a symposium in 1965 (n). 
In this investigation we have studied the 

clinical effect of TR. in the treatment of 
patients with urticaria and hereditary an­
gioneurotic ederna. We have also investi­
gated its ability to inhibit skin reactions to 
kallikrein, bradykinin and histamine. 

Material and Methods 

Drugs used: Histamine hydrochloride' o.r 
mg/ml. Synthetic bradykinin' o. I mg/ml. 
Kallikrein.' The dry powder containing 
kallikrein 40 U, thiomersalsodium 0.02 mg 
and sodium chloride 3.44 was dissolved in 
r ml of saline. The kallikrein inhibitor TR.' 
20,000 KIU/ml (kallikrein inhibiting units 
according to W erle, ref. g p. 7). 

Patients: The patients and their diag­
noses are listed in table 1. The number of 
patients Nos. refer to those used in an 
earlier investigation where the clinical data 
and the skin reactions to histamine, brady­
kinin and kallikrein in urticaria were de­
scribed (14). The clinical picture of patients 
A and B with hereditary angioneurotic 
ederna has also been published elsewhere 
(15). 

Experimental procedure: Intradermal in­
jections of o. 1 ml of histamine, bradykinin 

' Commercial name: Trasylol®. In the following abbreviatcd TR. It was kindly supplied by 
Bayer Ab, Leverkusen, Germany. 

' Vitrum AB, Stockholm, Sweden. 
3 BRS 640. Kindly supplied by Sandoz, Stockholm, Sweden. 
• Padutin(8). Kindly supplicd by Bayer AG, Leverkusen, Germany.

Department of Dermatology, University Hospiral, Uppsala, Sweden. 
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Fig. 1. Primary structure of Trasylol (from Andercr and Hörnle, ref. 2). 
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Fig. 2. Trasylol inhibition of kallikrcin induced cdema. The t,.irvcs show the Trasylol induced pcrcentual dccrcase of thc edematous area seen 5 !murs after intradermal injections of kalli­krein. The figures refer to the patient's 11umber. 
and kallikrcin were given on the volar side 
of the forearm. The area of the erythema and of the wheal was estimated by measur­ing the diameters and calculating that they were regular ellipses. A Il mcasurcments 

On thc following day 300,000 KIU of TR. was given as an intravenous infusion in 300 ml of saline <luring 3 hours. lntra­cutaneous tests as described above were thcn repeated in most patients. On the third day 6 of the patients were given an intravenous infusion of 500,000 KIU of TR. in 500 ml salinc <luring 3-4 hours.Intracutaneous tests werc repeated and care taken to avoid skin areas used previously. Freshly preparcd solutions of kallikrein and TR. were used throughout. 
Results 
Cl,ronic urticaria: Six patients with chronic urticaria wcrc treated with intravenous in­fusions of TR. Patient No. 2 rt'ceived 
300,000 KIU within 3 hours which im­mediately stopped hcr itching and the ur­ticarial wheals disappearcd fors days. ltch­ing wheals thcn reappearcd. She was given thc same dosc of TR. anti again the cffect was prompt but fi,·e days later ncw urti-
carial lesions appeared. The other patients rcceived 800,000 KIU of TR. within 2 days. Their urticarial reactions disappcared within 24 hours aftcr the start of TR. in-
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Table 1. Pariems treated with Trasylol 

Area of ederna 

5 hour� aftcr Dose of Time after 
Si<le cfTcc-ts 

Pat. Type of 
Sex A�e 

i. c. inj. of Tra!-ylo! Trasylol 
of Tra,ylol 

no. urticaria kallikrein within with no 
before 48 hours urticaria 

infusion 

TrasyloHnfusion 

chronic f 58 1509 

2 chronic f 25 1965 

3 chronic f 44 1981 

6 chronic f 48 4950 

7 chronic f 63 7070 

10 chronic f 49 1415 

16 acute f 34 393 

28 cold m 21 177 

A Her. ang. f 49 7540 

ederna 

B Her. ang. f 25 1650 

ederna 

fusions but reappeared within s to go days 
(Table r). In patient No. 3 a throat infec­
tion <luring the premenstrual period may 

have contributed to the relapsc and in pa­

tient No. 6 it was provoked by molds. The 
side effects appearing <luring or shortly 

after the infusion are listed in Table 1. 

After treatment witb TR. the cutaneous 

reaction to kallikrein became normal. The 

inhibition of the infiltrate appearing s

hours after injection of kallikrein is shown 
in Figure 2. The inhibition is stronger after 

the second infusion of TR. The kallikrein 
reaction at 24 hours was inhibited in the 

same way. When the urticaria reappeared 

800.000 

a) 300,0�0 

b) 300,000 

800,000 

800,000 

800,000 

800,000 

300,000 

300,000 

a) 700,000 

b) <500 

800,000 

90 days 

s days 
s days 

s days 

10 days 

30 days 

14 days 

no effect 

no effect 

42 days 

21 days 

Trombophleb-
itis at the site 

of first infusion 

None 
None 

Flushing, 
orthostatism, 
perspiration 

Flushing, 
hypersalivation, 
orthostatism, 
perspiration 

Flushing 

Flushing, 
perspiration 

More urticaria 
develops 

None 

None 
Anaphy\actic 
shock 

Metallic tastc, 
orthostatism, 
swelling of 
abdomen, 
pcrspirat.ion 

the reaction to kallikrein was about tbe 
same as before treatment with TR. The 
same abnorma! reaction to kallikrein as be­

forc treatment with TR. was, however, also 

secn in three patients before their urticaria 

bad exacerbated. Injection of histamine and 

of bradykinin caused, in addition to the 

regular immediate response, a delayed reac­

tion afer 3-10 hours in patients Nos. 1, 3 

and 7. The delayed response was not seen 

after the treatment with TR. but could be 
reproduced when the urticaria reappeared. 
No definite effect on tbe immediate re­
sponse to histamine or bradykinin was ob­

served after TR. 
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Fig. 3. 

Left. Abdominal swelling 3 hours after 
termination of second infusion of 
Trasylol. 

Acure and c.:uld urricaria: lntravenous in­
fusion of 300,000 KIU of TR. was given to 
one patient with acute urticaria and one 
patient with cold urticaria. In the first pa­
tient more urticaria appeared <luring and 
after the infusion. The patient with cold 
urticaria showed the same degree of reac­
tion to ice-cubes before and after infusion 
of TR. The reactions to kallikrein were un­
changed after treatment with TR. in both 
patients. 

Hereditary angioneurotic ederna: Patient 
A received roo,ooo KIU of TR. <luring an 
attack of pharyngeal and laryngeal ederna. 
The patient felt immediately that the 
swclling stopped and the ederna of the 
pharynx was seen to disappear within a 
few hours. No side effects were noted. On 
the following 4 days two additional in­
fusions of 300,000 KIU each were given. 
After thc infusions she still lacked the 

Right. Twenry-four hours later the 
swelling has disappeared. 

C't-csterase inhibitor in serum. The pa­
tient was then in good condition and had 
been without symptoms for 6 weeks when 
she got a minor attack of ederna in the 
skin. She now showed a strong reaction to 
kallikrein at 5 and 24 hours. We therefore 
decided to treat her again with TR. An 
infusion containing 1000 KIU/ml was start­
ed slowly. About ten seconds after its start 
the patient felt a stinging sensation in the 
lips and tongue. She had probably received 
less than 500 KIV when the infusion was 
stopped. During the following minutes her 
lips became tense, she had paresthetic prick­
lings in the hands and feet and complained 
of thirst. Her blood pressure was r4c/c3o, 
and her pulse regular, 70 per minute. A few 
minutes later she became pale, the blood 
pressure was not measurable and the pulse 
was palpable only over the femoral artery. 
A swelling of the chest and especially of the 
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abdomen was evident. She was unconscious 

for 4 minutes and had spontaneous passage 
of urine and faeces. She recovered <luring 

treatment with oxygen, intravenous infu­
sion of epinephrine, metaraminol bitartrate 
and corticosteroids. 

Patient B. This daughter of patient A 
had prodromes of her disease in the form 

of restlessness and dysphoria. Antihista­

mines had been tried <luring the previous 
week without effect. She had a strong and 
tender reaction to kallikrein. Treatment 
with TR. was therefore decided on. During 
the föst infusion of 300,000 KJU she felt 
a metallic taste and also felt warm for a 
few hours after the infusion, otherwise 
there were no side effects. On the follow­
ing day 500,000 KIU of TR. was infused 
<luring 3 hours. About r hour after termi­
nation of the infusion she began to sweat 
and to have an orthostatic reaction. At the 
same time her abdomen started to swell. 
During the following hours the circum­
ference of her waist increased by 15 cm 
(Fig. 3). She had had previous attacks of 
abdominal swelling but not of the same 
degree and tb.ey had always been combined 
with pains and signs of constipation or 
diarrhoea. She now ]ost her appetite <luring 
the first hours but was otherwise able to 
walk about in fairly good condition. The 
abdominal ederna had almost disappeared 

the following day. She also felt more re­
laxed and the depression and restlessness 
had disappeared. Her increased reaction to 
intradermally injected kallikrein was nor­
mal after treatment. Before treatment with 
TR. there were also delayed reactions to 
intradermally injected histamine and brady­
kinin. After TR. the reactions to histamine 
and bradykinin also became normal. Her 

C' r-esterase activity was increased as be­
fore infusion and she still lacked the in­
hi bitor. Three weeks after the infusions of 
TR. she had an abdominal attack, which 
was said to be less painful than usual. 

lntracutaneous tests with TR.: After the 
severe anaphylactic reaction in patient A 
we decidcd to test the sensitivity of the 
patients to TR. 4-6 weeks after they had 
been treated. TR. was given intradermally 

in increasing concentrations beginning with 
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0.002 KlU in o. I ml saline. The dose was 

then increased 10 times for each ro min­
utes until 200 KIU per wheal had been 
given. Doses of 2-200 KIU caused a slight 
erythema for 15-30 minutes in all patients. 
Patient no. 6 complained of nausea after 
the last injection of 200 KIU and hyper­
salivation and a drop in blood pressure 

were noted. She also had anorexia and had 

to lie clown <luring the following hours. 
The next day she had completely rccovered. 
In the other patients with chronic urticaria 
the test did not produce any general ef­
fects. 

Discussion 

Our patients with chronic urticaria had 
suffered from daily eruptions of this con­
dition for a long time. W e therefore be­
lieve that the disappearance of the urticaria 
in these patien.ts w.is not due to a tem­
porary remission but was caused by the in­
fusion of TR. The patients with hereditary 
angioneurotic ederna often had periods of 
1-2 weeks without symptoms. The effect 
of the treatment is therefore more difficult 
to judge but there was no doubt about the 
good influence on the acute laryngeo-pha­
ryngeal ederna in patient A. She was con­
vinced that the infusion had alleviated her 
condition. Thus, despite the fact that sh,­
had suffered from a most severe anaphy­
lactic reaction to TR. she wanted her 
daughter to receive the same treatment. 
Our indication for the treatment with TR. 
was the strong reactions to kallikrein. No 
curative effect was obtained in two pa­
tients with acute and cold urticaria, respec­

tively, where the reactions to kallikrein 
were normal. TR. has not been used pre­
viously for the treatment of urticaria al­
though Nugent and Atendido (20), when 
describing a patient treated for pancreatitis, 
mentioned that he also had an urticarial 
exanthema which disappeared. Frey et al. 

in their recent monograph on kallikrein 
mention one patient with hereditary angio­
neurotic ederna which had improved when 

treated with TR. by Werle (9 p. 241). 
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The half life of TR. in bloocl is short. 
\,Vhen injected intravenously in rats the 
balf life in blood was found to be only 
30-60 minutes (g, 11). After an initial ac­
cumulation in the !iver it is passcd to the
kidney and slowly broken clown (g, II).
After one week the tissue leve! of TR.
would probably not be sufficiently high to
explain why some patients are frcc from
symptoms for a longer period. One may
therefore speculate on other possibilities
such as an inactivation or depletion of pre­
cursor to kallikrein. This should mean, on 
the other hand, that at this time the pa­
tients should again have an increased reac­
tion to intracutancous injection of kallik­
rein. The patients wcrc not regularly tested
one week after treatment with TR. so
that we do not know for what length of
time the reaction to kallikrein is suppressed.
On a few occasions tests with kallikrcin
were performed <luring the first week, with
normal results. This can be explained by
the presence of residual TR. in the tissues.
On several occasions tests were performed
weeks after treatment but before urticarial
exacerbation. The rcaction to kallikrein
was then aga in abnorma!. This means-if
our theory is correct-that for several
weeks there should still be a deplction or
inactivation of kallikrein precursor. The
incchanism of this is not ekar.

Donaldson found in vitro that TR. in 
high concentrations (625 U/ml) partia1ly 
inhibited the generation of C' 1-esterase in 
the presence of Hageman factor, but did 
not block the esterolytic activity of acti­
vated C' r-esterase (6). In our patients with 
hereditary angioneurotic ederna TR. <lid not 
influence the leve! of C' 1-esterase inhibitor 
or C' 1-esterase activity. The patients with 
urticaria had normal levels of C' r-esterase 
inhibitor. The inhibitors of kallikrein and 
C' 1-esterase occurring in serum therefore 
are probably different although they have 
much in common ( 16). 

The side effects produced by TR. in the 
form of hypersalivation, flushing, a feeling 
of wannth and, later, increased perspiration 
and a temporary orthostatic fall in blood 
pressure were regarded as being of minor 
importance. Thcy might possibly be due to 
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liberation of histamine. The same mecha­
nism is possible as an explanation for the 
abdominal swelling seen in patient B and 
the increased number of wheals and in­
creased itching <luring infusion of TR. in 
the patient with acute urticaria. More 
dangerous are the allergic reactions. The 
incidence is said to be low (12), though 
reports on such reactions have been made. 
The antigenie properties may be neglected 
if the drug is only given <luring a short 
period. A survey of the literature reveals 
that an anaphylactic shock can occur among 
patients who have received repeated high 
doses of TR. Wc have found 8 cases of 
severe anaphylactic reactions in the litera­
ture (1, 31 ro, 13, 18, 21, 22). In these re­
ports it is often mentioned that the patients 
reactecl because earlier treatment had been 
given. It is difficult, however, to obtain in­
formation as to how often this occurs. The 
fact that over 100,000 infusions have been 
given wi th onl y 31 cases of reported hyper­
sensi tivity ( r2) does not necessarily mean 
that the incidence of such reactions is low 
when repeated doses are given over a long 
period. 

Intracutaneous tests with TR. have been 
tried for the detection of hypersensitivity 
(19). Bumm et al. (3) found intracutaneous 
tests to be of no value since the erythema 
was the same in controls as in a patient whu 

had developed an anaphylactic reaction <lur­
ing treatment with TR. From our experience 
we also consider such tests to be valueless. 
The injected dose might, however, be used 
to provoke anaphylaxis. Thus one of our 
patients with chronic urticaria developed 
minor but definite signs of anaphylaxis 
after intradermal injection of 200 KIU of 
TR. but she had no more erythema or wheal 
formation than non-sensitive subjects. It 
has been suggested that C' r-esterase also 
generates the formation of anaphylatoxin 
(5) with subsequent release of histamine.
It is not konwn whether this ability might
be more pronounced in anaphylactic reac­
tions in patients with hereditary angio­
neurotic ederna than in others. If such a
mechanism is involved it might aggravate
the anaphylactic shock produced by TR.

This indicates the need for being very 
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restrictive and cautious when treating pa­

tients with repeated doses. More experience 

is certainly required beforc this interesting 

substance can be generally recommcnded 
for the treatment of chronic urticaria and 
hereditary angioneurotic ederna. 

SUMMARY 

lntravenous infusions of a commercial kal­
likrein inhibitor Trasylol (TR.J stopped the 
daily urticarial eruptions in 6 patients with 
chronic urticaria and it was possibly also 

effective in the treatment of 2 patients with 
hereditary angioneurotic ederna. The pa­
tients were free from urticarial symptoms 
for 5-90 days. Treatmcnt with antihista­
mines and corticosteroids had had little or 
no effect. Previously they had strongly in­
creased edematous reaction to intradermal­
ly injected kallikrein which became normal 
after treatment with the kallikrein inhibi­
tor. Some of the patients also showed de­

layed reactions to intradermal injections of 

histamine and bradykinin after 3-ro hours, 
which disappeared after infusion of TR. 
The findings indicate that the kallikrein­
kinin system might be involved in these 
delayed reactions. TR. <lid not influence the 
leve! of C' r-esterase inhibitor. In two pa­
tients with acute and cold urticaria respec­
tively and with normal kallikrein reactions 
TR. treatment appeared to have no effect. 
The side effects noted <luring or shortly 
after the infusion were hypersalivation, 
flushing, orthostatic fall in blood pressure 
and increased perspiration, all of which 

might have been due to a histamine releas­
ing effect. A severe anaphylactic reaction 
in one patient with hereditary angioneu­
rotic ederna ( who had also been treated 6 
weeks earlier J stopped further trials with 
repeated infusions for a long period. lntra­
cutaneous tests with TR. in an attempt to 
predict an anaphylactic reaction were of 
no value. Thus one of our patients devel­
oped minor but definite signs of anaphy­
laxis after intradermal injection of 200 KIU 
of TR. but no more local reaction than the 
controls. More experience is needed before 

this inhibitor can be generally used as a 
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treatment for chronic urticaria and hered­

itary angioneurotic edema. 
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