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In previocus communications we have dealt with investigations as
to the disappearance of thrombin generating in blood during clotting,
respectively as to the disappearence of manufactured thrombin prepa-
rations added to the blood. We have established — on the basis of our
experiments — that the disappearance of thrombin is to be attributed
to two processes: a suddenly occurring adsorption and a progressive
inactivation following type of a monomolecular reactions. (Gerendds,
1946, 1948.) In these communications we dealt in the first place with
the physical and chemical laws and properties of these processes, and
also with the effect of substances inhibiting inactivation.

It is known that heparin produced by the organism or admi-
nistered into the blood prolongs clotting time of the bloed. However
till now no uniform theory has been formed on the mechanism of
the heparin effect.

Some of the authors see the role of the heparin in the inhibition
of the formation of thrombin (Howell and Holt 1918). According to later
researches it is however beyond doubt that the disappearance of the
thrombin is partly also caused by heparin (Astrup. 1943, Jorpest, 1946,
Quick, 1938, and others), whereas according to Seegers and his colla-
borators (1942), heparin does not increase the quantity of the disap-
pearing thrombin, but intensifies the velocity of its disappearance.

In experiments described below we have investigated what kind
of connection exists between heparin and the above-mentioned ad-
sorptive thrombin inhibition and progressive inactivating process.

METHODS

The principle of experimental determination of ihe thrombin
inactivation consists — according to our method — in adding a solution
of connection exists between heparin and the above-mentioned ad-
the oxalate-blood, plasma torbserum to be examined. and to observe
on samples taken from it repeatedly the diminution of its activity du-
ring 10 minutes. :

A standard solution from powdered thrombin is prepared, and
diluted with distilled water in the proportion required for each experi-
ment. 0,1 ml of this solution was taken and investigated in the follow-
ing combination as to its clotting capacity:

Fibrinogen solution -~ .......... 0.1 ml
Disblled waler: . .. .icovaiennt « 0.1 ml.
Thrombin solution .............. 0.1 ml.
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The period between adding of the thrombin solution {o the so-
lution to be examined and the appearance of the first agglutinated clot
which may be lifted with a glass-book, was considered as the clotting
time. The experiments were carried out at room tempernature.

For the preparation of the standard solution a quantity of throm-
bin was used, which showed in the above-mentioned solution with dis-
tilled water a clotting time of 12 seconds. This time serving as starting
point corresponds to the time of activity at the beginning before the
setting in of the thrombin inactivation.

To the blood, plasma or serum to be examined we added suc-
cessively and in quantities detailed in the description of the experi-
ments the activating ingredients in a glass-dish, and at last, the stan-
dard thrombin solution. After a lapse of 1, 2, 3, 5, 7, & 10 \minutes iof
incubation time, samples were taken from the thrombin inactivating
mixture and their thrombin activity in combinations similar to the above-
mentioned samples was determined.

Fibninogen solution ............ 0.4 ml
Distilled water ..c............. K0k s
Sample of mixture ............ 01

The obtained clotting periods gradually lengthened indicating
that the activity of the thrombin in the inactivating mixture gradually
decreased as time progressed. The obtainer time-data were graphically
recorded on a logarithmic scale and a straight line was drawn between
them. Thus it was made possibile to interpolate the clotting times and
we were able to establisch, the thrombin activity by the help of an
empirical relation. From the reduction of thrombin inactivation we then
calculated by the help of the formula concerning monomolecular reac-
tions, (k=1/t. log. nat. ¢,/c) the reaction velocity constant of the inactiva-
tion. It must be mentioned, that in order to simplify calculations a
graphic method has been worked out, which will be dealt with more
minutely elsewhere. (Gerendas, 1949, 1948 b.).

1. ROLE OF HEPARIN IN THROMBIN INACTIVATION

In the first place, the inactivating effect of the added heparin
on thrombin inactivation was investigated through in vitro experiments.
The thrombin inactivating capacity of a fresh rabbit-serum was es-
tablished according to the following combination:

BeR I N s s et e s 05 ml
Distilled swatess s ioos ohidi s 0243
Standard thrombin solution ...... 05,

The clotting times are shown by the ncemal curve of Iig. 1. The
k value, calculated from the curve was: k=0531.

It has been investigated subsequently in what proportion the
velocity of inactivation changed if heparin was added to the inactiva-
ting solution.

The experiments were undertaken in the following combination:

SOLTIO . 5 e ahs Ssabes o n g sahs 0.5 ml
Distilled water ................ 8l &
Heparin solution .................. 0t s

Standard thrombin solution .... 05 .,
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The heparin solutions used for the mixture were chosen so that
the heparine concentrations relative to the mixtures amounted to
03125, 0.625, 1.25, 250, 3.50, 5.0 and 10 ug/ml respectively.

After experiments were completed it has heen established that
the inactivation curves obtained by heparin concentrations of 0.3125,
0.625 and 125 pg/ml, did not differ from the normal curves obtained
without the addition of heparin. After these values however the curves

Figure No. 1. Increase of the thrombin inactivating capacity of rabbitserum on

the influence of heparin, respectively its decrease on the effect of toluidine blue. The

curve at the bottom shows that heparin does not produce thrombin-inactivating effeet
in a pure thrombin-fibrinogen system.

became steeper as the heparin concentration of the solution increased.
(Fig. No. 1.). This means that with the increase of the conceniration of
heparin velocity of the inactivation also gradually increases. The ve-
locity constants dalculated from the data (the values of k) show a
steeply rising curve. (Fig. No. 2. Heparin curve).

As the time-curves of clotting (F'ig. No. 1.) start from approximately
identical clotting time wvalues, it follows that there is no change in the
adsorption. Consequently it may be established, that the effect of hepa-

13
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rin consists in the acceleration of the reaction-velocity the process of
thrombin inactivation which folloros the larws of & progressive, monomo-
lecular reaction-type.

According to our investigations the inactivation-increasing effect
of heparin takes place in oxalat-blood, oxalat-plasma and also in oxa-
late/serum obatined thrmough cogulation by thrombin. We got similar re-
sults from the blood of man and of various animals, (ox, pig, hen;
pigeon).

After these experimental results it seemed possible that the blood’s
own heparin contents are also playing a part in the normal inacti-
vating process of plasma or serum (the velocity of which has been fixed
in the previous experiments with £=0.5).

In order to prove this we looked for substances with whose help
the heparin could be chemically bound and its effect thus eliminated.
We investigated the effect of toluidine blue dye used for the histological
demonstration of heparin (Holmgren and Willander, 1937) on the throm-
bin inactivation of heparinised serum. (See also Gerendis, Horn and
Borsody, 1948).

Heparin in a concentration of 5 ug/ml was used for these ex-
periments, i. e. a concentration strongly increasing inactivation in our
previous experiments. In spite of this, we succeeded in finding a com-
bination with toluidineblue, neutralising totally the effect of the he-
parin emplayed. The combination was as follws:

Rabibit: SEFBM. v s h o uhs sl o it Shss 0.5 ml
Heparin solution, 60 s#g/ml. .......0.1 ,,
Toluidine blue solution, in various

0T, | D AW HELR e N i Or .,
Standard thrombin-solution .... 0.5 ,,

In this combination the reaction velocity amounted to k=0.546,
with a toluidine-blue concentration of 40 xg/ml (which is expressed in
a figure corresponding to the system: at a concentration of 50 ug/ml
it amounted to k=0,522. I'rom interpolated values it results that at a
concentration of approximately 44 pg/ml of toluidine blue, the velocity
of inactivation is corresponding to the normal inactivation, (being
k—0.531). According to this, a concentration of 44 ug/ml of toluidine-
blue neutralizes the effect of 6 ugml heparin so ithat the effect of he-
parin in increasing inactivation is comp{;iely neutralized.

In the subsequent experiments we investigated whether the in-
activation effected by the blood itself, — in which process a part was
attributed to the heparin contents of the blood — has also been influ-
enced (decreased) by the effect of toluidine-blue.

The combination used was as follows:

o a1 1T LPTIR e SCMR I L S e & s 05 ml
Distilled ~water . e odieina. Ot s,
Toluidine blue in varying conc. 0.1 ,,
Standard thrombin solution .... 05 ,,

We employed toluidine-blue in a concentration of 0.00125, 0.0052,
0.021, 0.042, 0.081, 1,25 and 2.50 pg/ml per system, in the successive ex-
periments.
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After finishing and evaluating the experiments it has been es-
tablished that velocity of inactivation was greatly reduced below the
normal value by toluidine-blue. Toluidine-blue used in a very diluted
solution proved effectless. Some of the curves demonstrating concentra-
tions which diminish velocity of inactivation are shown on Fig. No. 1;
the change of the reaction constant is shown by the toluidine-blue
curve of Fig. No. 2.

As toluidine-blue also reduces in a large degree the inactivating
capacity of the serum, it seemed beyond doubt that the heparin con-
tents of the blood must have a part in it. Although inactivation could

Figure No. 2. Change of vaiue of ihe reactionvelocity constant of thrombin-
inactivation as the effect of heparin, respectively toluidine-blue.

not be stopped entirely by toluidine-blue, the remaining slight inacti-
vating effect was attributed to heparin liberated from the heparin —
toluidinebluei compound by dissociation. Thus it may be established that
lhe fermentative thrombin inactivation does not occur mwithout hepa-
rin or only on a very small scale.

In connection with experiments on other subjects we also made
the observation that in adding histamine to a violet coloured heparin-
toluidine blue solution the original blue colour of the toluidine-blue re-
appears; consequently, histamine is also bound by heparine, the bond
between histamin and toluidine-blue being even stronger than that
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between histamin ,and heparin. (Gerendis, Csefké and Udvardy,
1948 a).'Based up on this observation the effect of histamin has been
examined on normal serum and on serum treated with heparin, and an
effect similar to that of the toluidine-blue has lbeen observed. (Csefkd,
Gerendas und Udvardy 1948, a) These experiments also prove that the
fermentative inactivator does not work without heparin. It seems
possible, that also the reciprocal heparin-kinase effect — investigated by
Fischer and Astrup, (1935) Horn and Borsody (1948) — manifests itself
in heparin being bound by kinase diminishing thus the effect of heparin
on inactivation. (Csefké, Gerendas, Udvardy, 1948).

2. ROLE OF INACTIVATOR IN HEPARIN-EFFECT

We have also tried to investigate the connection beiween hepa-
rin and the inactivator from another point of view and made investi-
gations to prove whether the presence of an inactivator is necessary to
produce the thrombin-inactivating effect of heparin?

In case we combined thrombin with heparin similar to the pre- .
vious experiments, but added to the inactivating mixture distilled wa-
ter instead of serum, the experiment appeared as follows:

Control:
Distilled s walepd i ey s it teas 0.7 ml
Thrombin solution ............. 0y .
Clotting time in fibrinogen tests 18 seconds.
Experiment:
Distilled - swater . i i vl 0.6 ml
Heparin sol. of 5 pgjml. ............ 0.1 ,
Thrombin solution ................ 0:5:

Incubating times: 1’, 2, 3, 5, 10 minutes.

Clotting times: 19, 18, 18, 8, 18 seconds.

On the Figure the time data shows a horizontal line (F i g. No. 1)
demonstrating, that heparin has no direct thrombin inactivating effect.
This is also a consequence of the wellknown observation according to
which heparin does not inhibit the clotting in a pure thrombin-fibri-
nogen system.

We have established in previous experiments that the inacti-
vating ferment is thermolabile, and loses its entire!activity when heated
to 60° C (Gerendas, 1948). We now tried to determine, whether heparin
had an inactivating effect on such heated plasma.

We kept ox serum for 10 minutes at a temperature of 60° C,
cooled it subsequently to room-temperature, and undertook inactivating
experiments in the following combination:

Heated, cooled and filtered serum 0.3 ml

Heparin solution, 100 pzg/ml ...... (133 e
Dhstilled Waler scetin ivindesssomes -~ UL o
Standard thrombin solution ..... 035

Incubating time: 1, 2, 5, 10 minutes.
Clotting time of test: 24, 24, 25, 24 seconds.
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This experiment proves that heparin does not develop its in-
activating effect, if the thermolabile inactivating substance the plasma
has been destroyed by heating.

DISCUSSION

The experiments described are proving that heparin only exer-
cies thrombin inactivating effect, respectively effect of increasing in-
activation hen inactivating ferment of the plasma is able to work.

It now follows from our experiments that the inactivating fer-
ment; discussed in detail in our above-cited publidations — and heparin
are closely connected with one another, and that the inactivator is
needing heparin for its action, just'as heparin cannot exercise its inac-
livating effect without the presence of the inactivator.

It consequently follows that the delay of thrombin-clotting in
the plasma treated with heparin is due to the fact that thrombin has
been inactivated during the clotting by the influence of heparin added
L(l) the plasma, and only fractions of it remained to take part in the

otting.

Horell and Holt have already demonstrated (1918), that hepa-
rine did not impede coagulation in a pure thrombin-fibrinogen system.
According tothem a plasma-factor is necessary for producing the clotting
inhibition effect of heparin. This problem since the above-mentioned
statement of Howell and Holt has had an extensive literature (Jor-
pes, 1946) yet without a uniform opinion having been reached by the
authors.

In the course of our researches we have formed the opinion that
inactivation of thrombin is effected by a thermolabile, fermentlike
substance, equally present in the plasma and in the serum. The acti-
vity of this substance is increased as the effect of heparin and de-
creased as the effect of heparin-binding substances (toluidine-blue,
histamine, kinase). From this we may conclude, that the thermolabile
substance corresponds to the protein part of the thrombin-inactivating
ferment, whereas heparin might be regarded as the prosthetic group
of this ferment, or possibly as its activator.

After the conclusion of the experimental series as above, one
of our collaborators (Palos, 1949) observed, that heparin is protecting
thrombin Wagainst oxydative- and heat inactivation. This protective
effect of heparin is in an appearent contrast to our previous experi-
mental results. It must however, be taken into consideration, that the
results of Palos were obtained in a pure heparin-thrombin system,
whereas our experiments were performed in serum. This is possibly
the explication of the effect of heparin accelerating inactivation of
thrombin in presence of the thermolabile factor, whereas it seems to
protect thrombin against inactivation in the absence of this factor.

In physiological conditions, of course, only the previous action
is possible.
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JENCTBUE TFENAPUHA U UHAKTUBALIUK TPOMBUHA
Aptop: MXAMJI TEPEHIALI

PE3IOME

OnwviTH in vitro Hap cnoco0HOCTHIO renapMHa K MHAKTHBaLWH TPOMOHHA W K npef-
OTBPAIIEHHI0 CBEPTHIBAHMS TMOKA3ajM, UYTO TMOCIHEAHWH HE BIHMSET Ha afCOPNTHBHOE
HcuesHoBanue Tpomfiuna, HO VBENMYMBAET B 3HAUMTEIILHOW cTenmeHu OLICTPOTY HMHAKTH-
pauuy TpomOuHa. (MporpeccBHasl peaxuusi neppol CTeneHu).

N5 oCymECTBIeHHs WHAKTHBaUMH TpOMOMHA B KpOBM. TpeOYeTCs COBMECTHOE
nelicTene aBYX (GaxTopoB: OanH H3 9THX HaKTOPOB TepPMOHAOMIIbHOE BENnEeCTBO BCTpeYyaio-
meecss B paBHOW CTerneHu B CLIBOPOTKE M B muasme, Apvro# (axrop — renapus.

Hu ToT, B aApyro# daxtop cam no cebe HE MOXKET HHAKTHBHPOBaTb TpomGuu Ges
¢oelicTBHSI €O CTOPOHbBI APYroro Gaxkropa.

Mpl CyMTaeM, 4TO TepMOJaGUIbHOE BEIECTBO COOTBETCTBYET 0esikoBoH cocTaBHOH
yacTu (lepmenTa, a B TOXE BPEMs renapHH COOTBETCTBYET NpeJCTaTebHOH rpynne ¢per-
MeHTa.
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