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De terminat ion  of the kallikrein inactivator

“Trasylo1”~~ in the blood and organs and

its distribution after injections

by

E. Werle and I. Traut%chold

From: Clinical Chemistry Department of the Surgical Clinic• of the University of Munich (Director: Prof. E. Werle, M.D.)

• Summary
I ht c  ~~~~

K method ±s—des-cP4-be4~ suitable for clinical ui~e for the

quantitative determination of the kallikrein inactivator

(Trasylol) in the blood after parenteral administration. Its

applicability is demonstrated based on animal experiments.

Kallikrein inactivator from bovine parotid glands is

administered pa renterally in the f orm of Trasy lol* for various

indications (1) .  This disclosed the need for a method of

determination of the kallikreirt inactivator in blood and

tissue fluids. So far, quantitative determination was only

possible with a relatively broad margin of error for pure

inactivator solutions , by measuring the-kallikrein inactivating

effect on the blood pressure of anes thetized dogs . The

quali tative determination is based on the fact that Trasylol

is capable of inhibiting fibrinolysin (plasmin) . This in-

hibition can be seen on the thrombelastogram (id) .

Trasylol is the brand name of the Farbenfabrik Bayer Company .
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4 T . •
The new photometric method developed by us for the deter—

mination of kallikrcin activity and its inactivators (2)**

has proved to be eminently usable in a somewhat modified form

for the determination of free inactivator in the blood , body

f lu ids , tissues and urine af ter  the administrat ion of Trasylol.

It has been established that  upon deproteination of whole blood

or organ homogenates mixed with Trasylol by means of perchloric

acid 1 the inactivator remains quantitatively in the supernatant

I and af ter neutralization and precipitation of the perchlorate

without loss, it can still be detected therein in a concentra—

tion of 0.1 kallikrein inactivator units/ml. The inactivator

is not decomposed by the b1oo~ enzymes even after a prolonged

period of incubation at 37°; therefore it can still be

quantitatively demonstrated in blood samples that have been

left to stand for several hours . Citrated arterial whole blood

was mixed wi th 10 kallikrein inactivator units per ml blood

and after  60 mm incubation at 370 the inactivator distribution

was investigated in the plasma and erythrocytes . Almost the

entire inactivator activity was found in the deproteinated

plasma , while the erythrocy tes contained only traces of

inactivator .

In order to test the applicability of the method we studied

: the distribution of Trabylol after intravenous , intramuscular

and intraperitonoal injection and a fter continuous in fusion

** •

It is based on the capacity of kallikrein to split benzoyl-
arginine ethylester estorolytically . The course of the
splitting can be followed on extinction measurements at 254 m)1.

L J U  
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into the blood and organs of dogs and rats The experimcntb

were carried out on anesthetized dogs . The total dose used

was 100 kallikrein inactivator units/kg body weight.

Method an d eval ua t ion

Five ml blood was drawn at given intervals after the

Trasylol injections , it was mixed with 5.0 ml 6% cold per—

chioric acid and mixed thoroughly. This was followed by

brief centrifugation and an alicjuot portion (V].) of the clear

supernatant was neutralized with 2n KOH (V2). After standing

brief ly  at 0° the liquid was poured off  the KC1O4 precipitate

and this neutralized supernatant was incubated with a known

quantity of kallikrein (V4) for 30 mm at 37° and pH 8.0 for

äetermination of the inactivator (V3). The determination of

the kallikrein activity with and without inactivator, and

therewith of the inhibition (H), is meas ured on the splitting

of benzoylarginine ethylester by kallikrein 1 which has been

described elsewhere***. The inactivator concentration should

be so selected tha t inhibition is less than 50%, since inhibi—

tion is only proportional to the inactivator concentration

up to 50%. The kallikrein inactivator unit is the quantity

of inactivator which is capable of inactivating 2 kallikrein

units by half in 1 hour at pH 8 and 370~~ The quantity of

inactivator in the blood is calculated according to the

The inactivator contained in the deproteinated solutions can
also be detected based on the fact  that it is capable of
inhibiting the proteolytic effect  of trypsin (3) .

_ _ _ _
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following formu la:

V7 . H . V
v . v 3 . ~o = kaiijkrojn inactivator units/mi blood

V1 = volumes for neutralization in ml

[ V2 = volumes after neutralization in ml

• V3 = volumes for incubation with ka l l ik re in  in ml

V4 = kallikrein quantity used in ka~L1ikrein units

H = inhibition %

To calculate the inactivator content/g tissue in organ

homogenates, the result mus t be multiplied by the dilution

factor with which the tissue was homogenized. The behavior

of the Trasylol level in the blood is shown in Fi g. 1 after

various routes of administration . According to the figures
immediately after intravenous injection of the Trasylol quantity

cited above there is , for instance , a blood level of ca.

15 kailikrein inactivator units/mi , which drOpped within 1

hour to 4 kailikrein inactivator units/mi. Similar values

were found upon repetition of the experiments. Three intra-

muscular injections were administered into the thigh mus-

culature. In the first 30 mm after administration Trasylol

was not detectable in the blood. After 1 hour a maximum of

Ca. 3.5 kallikrein inactivator units/mi was reached. Two

hours after the injection there only remained 1 kallikrein

inactivator unit/mi, that is to say the decrease was more

rapid than after intravenous injection. If the free~inactivator

quantity active for 5 hours after intravenous injection is

4..
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mixed with the blood and taken as equal to 100 , a f t e r  an

intramuscular injection only approximately 30% has become

active. -

Conditions are considerably better a f te r  intraperitoncal

injection . There is an immediate rise in the inactivator

concentration in the blood with a maximum of 3 kallikrein

inactivator units/ml wi th in  90 m m .  Decrease takes place

slowly . The 5—hour value is still only 1.5 kall ikrein in-

activator units/mi . The active portion of the inactivator

after intraperitoneal injection is ca. 75%.

Inactivator was infused at a constant rate for 82 m m .

Equilibrium between supply and elimination set in within

30 mm with ca. 3 .5  kall ikrein inactivator units/ml , which

was maintained until the end of the infusion ; thereafter the

inactivator level dropped again relatively rapidly . The degree

of activity compared to intravenous injections was ca. 65%.

Of all routes of administration the intravenous appears

j  to be the most suitable, since it gives rise to an immediate

high Trasylol level which does not drop more rapidly than after

the other routes of injection. The drop in the inactivator

content of the blood after a Trasyioi infusion was observed

in 3 patients.

Patient 1-received 25,000 units of Trasyioi infused within

30 mm on 2 successive days. No Trasylol could be detected

in the blood 24 hours after the last infusion.

p Patient 2 received an infusion of 25,000 units on the

I 
- -
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first day and 50,000 units on the second day . The drop in

the inactivator content is shown in Table 1.

Samples of the 24—hour urine of both patients, whose

urinary excretion was normal , were devoid of Trasylol.

We were also able to demonstrate the clinical application

of the method on blood samples of a’patient with severe acute

J 

pancreatitis who was treated with Trasylol* (Table 1). It was

found that the drop in the blood of patien€ 3 took place

considerably more slowly than in patient 2 or in animal ex-

periments , and that 24 hours after the injection there still

remained a remnant of inactivator1 the size of which was a

function of the prior dose, actively circulating in the blood.

A urine sample of the patient on the third day of Trasylol

administration was devoid of inactivator. Possibly this

delayed elimination of Trasylol from the blood was due to an

existing renal insufficiency .

For temporary orientation concerning the time spent by

the inactivator in the organism we have tested the inactivator

content of urine in dog experiments and found only small

quantities, while in certain organs, such as the liver and

kidneys , there was an accumulation.

The same Trasylol dose was administered a second time

to 2 experimental dogs a few hours after the first one. After

the second injection, intravenous in one dog and intramuscular
*

We are indebted to Prof. M.M. Forreil , M.D., lind University
Clinic for Internal Medicine, Munich, for the blood samples.

_ _ _ _ _  
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in the second, the rate of elimination of inact ivator  from t l ic

blood had not changed in comparison to conditions a f t e r  the

f i r s t  injection .

Very high doses were injected to study inact ivator  cx-

cretion in the urine, so that despite a possible enzymatic

degradation of the inactivator, excretion sh ou ld st ill he

detectable. For this 15,000 kallikrein inactivator doses

were injected twice intravenously to rats on successive days .

The blood level after one such injection was only 250 kalli—

krein inactivator units/ml blood ca. 5 m m  after the injection .

Thus in the rat the inactivator disappears quickly from the blood.

— The 24—hour urine (Ca . 10 ml) of animals that had received

30 ,000 kaliikrein inactivator units contained up to 500

kallikrein inactivator units/ml. Shortly after the injection

the organs of the animals showed a high inactivator content,

which was the highest in the kidneys with 4,000 kallikrein

inactivator units/g compared to 600 kailikrein inactivator

units/g liver and 450 kallikrein inactivator units/g spleen.

It follows from this that the excretion of intact inactivator ,

at least in the rat, takes place via the kidney. Since the

• inactivator quantity does not rise, it appears that it is

partially decomposed in the organism.

We are indebted to Miss R. Zill for conscientious assistance.
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Fig. 1. Concentration of kallikrein inactivator (Trasylol)

in the blood of anesthetized dogs after  administrat ion of

1000 kallikrein inactivator units/kg body weight. o o =

intravenous , S = intramuscular, x x = in t ra—

peritoneal , inlusion .

~~tt1va Iorgehail Im Serum von Pat iente n nad~ V~rabroichung
hoher Dosen T;asyIo~

V,r,bre,a.t. .44 ttV .tOrC.h4I~~m% Seru m
piSiM 

~~~~ .~ v~tor.Mr. 
~, 

. U(n~. I. Y• Iv ~~ 
Zntu.~oa 

~~~~ ~nius,on~ inf% on

: 2  1 25 000 ~~~15

2 50 000 0 7.5 3.5

- 3 0 —- —

- 3 1 15 000 0 2

30 000 0,15 5

3 45 000 1.1 10

4 40 000 2,4 19.5

5 0 — —

S 0 4.4 —

Tables 
~.

Table 1. Inactivator content in the serum of patients

after admlnlstrration of high doses of Trasylol. Key: 1. - .

2. Patient no. 3. Day. 4. Intravenous dose of inactivator

administered. 5. Inactivator content/mi serum. 6. Before

infusion. 7. After infusion. 8. One hour after infusion .
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