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Pharmacological investigations in connection with histamine have 
been carried out for a long time in order to establish, whether hista
mine had any influence on blood-clotting. The investigations, however, 
undertaken on experimental animals have led to very contradictory 
results.

Some authors, as for instance Dale and Laidlam, (1910) did not 
observe any changes, whereas Barger and Dale (1922) found later, that 
histamine was able to produce intravasal blood-clotting. In experiments 
on dogs Biedl and Kraus (1912) found a clotting inhibitory effect, where
as M o d r a k o w s k y  1912) found an accelerating one. In the more 
recent literature on this subject there are not te be found either uniform- 
or satisfactory dates, (f. i. Guggenheim, 1940). On investigations on 
humans Dzsinich and Pély (1934) made the observation, that blood-clot- 
ting at the highest degree of the histamine effect is very much protrac
ted, but that it turns normal again after discharge of the reaction. Ac
cording to Howell (1924) the quantity of heparin — the physiological 
substance of the organism preventing blood-clotting — increases to a 
great extent at the end of the peptone-shock-effect in dogs.

According to him this effect has to be attributed to the protec
ting mechanism of the organism trying to eliminate the shock-producing 
substance from the body. It follows from the above-said that the dif
ference between histamine effect and pepton-shock can be defined as 
follows: the clotting of the blood is uncertain at the effect of hista
mine, whereas it becomes definitely retarded as the effect of a peptone- 
shock.

Jancsó (1931) established that the primary condition and intro
duction of the accumulation of the reticuloendothel-system (RES) con- 
sits in the precipitation of the colloids circulating in the blood or 
brought into it in the course of the experiments — because there is fine 
fibrinnetwork formed around them, and accumulation is already brought 
about through the fibrin-colloid complex.

The further elucidation of the question has been considerably 
promoted (by JancscVs observation, (1947) according to wich histamine 
is to be considered as the activator and the directing hormone of the 
RES.

Thus, according to Jancsó, the preliminary condition of the ac
cumulation of RES by the cells is■ that a colloid-fibrin precipitation has 
to be effected in the blood and on the other hand, that the stimulant 
of this accumulation in the organism is histamine.

In consequence we had to accept the data of the literature esta- 
blishang the accelerating effect of histamine in blood-clotting which
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permits to assume that appearance of histamine in the blood leads to 
the precipitation of fibrin. We tried to clear up in our researches the 
coming about and the mechanism of this process.

The investigations on thrombin inactivation served as a further 
help in our experiments. According to recent investigations the throm
bin inactivating capacity of blood is a very significant factor from the 
point of view of coagulability, (Lenggenhager 1941, Gerendás, 1946 and 
1948.) and the shift in the formation or disappearance of thrombin as 
related to one-another promotes or inhibits the process of fibrinpreci- 
pitation. It was observed, that in case of a thrombin injection into the 
bloodstream, the organism protected itself against intravasal clotting 
by increased inactivation. (Gerendás and Csapó 1948). In opposition to 
this theory, it could be supposed, that histamine effects just a contra
dictory influence on inactivator decreasing its activity and promoting 
the coagulability of the blood, as well as the appearance of intravasal 
fibrin traces.

It has to be emphasized, that we have already established in our 
previos experiments that decreased inactivation is generally followed 
by increased coagulability (a shorter clotting time) and increased inac
tivation by decreased coagulability ,(a longer clotting time). This can be 
easily understood, as by diminution of inactivation the formation of 
thrombin is facilitated, and it remains longer in an active condition 
which means that its efficacy is increased.

EXPERIMENTS
In the first part of our investigations we studied in invivo experi

ments the effects of histamine on thrombin inactivation of the circula
ting blood. In the second part of our experiments our observations were 
supported by experiments in vitro.

EXPERIMENTS IN VIVO
We used rabbits for our in vivo experiments. Tn the thrombin 

inactivation fests 1 ccm of blood was extracted from the vene of the 
ear, or of the opened thigh vene of the anaesthetised animal.

The blood was left to clot and centrifuged 20 minutes subse
quently. We examined thereafter the thrombin inactivating capacity of 
the serum separated from the coagulum. The principle of the thrombin 
inactivating test consists in our method to add thrombin of an exactly 
known activity to the serum, and to observe the decrease of its activity 
during 10 minutes.

We used for our investigations mixtures of the following Com
position:

Incubating mixture at 20 C°
Serum of the experimental animal —  • 0.4 ml
Distilled water .........................................  0.1 „
Standard thrombin solution ....................  0.4

After stirring the incubating mixture, samples were taken from 
it in the subsequent 1, 2, 3, 5, and 10 minutes, and their activity was 
examined on the following clotting-test:

at 20 C°
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Clotting test
Oxalat plasma o f ox ..................................... 0.1 ml
Distilled water ....................................... 0.1 „
Sample from incubating mixture ...........  0.1 ,.

We put the mixture serving for the determination of the clotting 
time into the cavities of a china dish. The occurrence of the clotting 
was established by the help of a small glass loop. We measured the 
rime elapsing from the adding of the thrombin till the formation of the 
first massive fibrin clot with a stop-watch. As a result of inactivation 
we obtained gradually increasing clotting times. From the clotting 
times we defined by the help of an empiric relation, their correspon
ding thrombin-activity and calculated, base on the dates thus obtained, 
the factor of the velocity of reaction, according to the following for
mula:

2. 3 .  log

For further details as to this method we refer to our previous 
publications. (Gerendás, 1949, 1950.).

F i g u r e  No .  1. Change in the thrombin inactivating capacity of rabbit serum after
intravenous infusion of hist amine.

In one part of the experiments histamine was administered in
travenously in infusions, in other cases by simple intravenous injections.

In case of infusions, 12mg of histamine dissolve in 12 ml. of dis
tilled water were infused in a space of time of 20 minutes. Preseding 
the experiment, the thrombin inactivating capacity of the blood-serum 
of the rabbit has been established. The curve thus obtained ( F i g u r e  
No. 1, curve a) represent the control curve before the administration of

14
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histamine. Then also measured the inactivation after the first and the 
second hou r following to the administration of the histamine ( F i g u r e  
JNo. 1, curves b and c.)

The figure shows that the clotting times were prolonged i. e. the 
velocity of inactivation was increased. This phenomenon seemed to be 
contrary to the effect expected as it showed that histamine applied 
intravenously increased the effect of inactivation.

This phenomenon seems to be similar to that, described by 
Gerendás and Csapó (1. c.) occuring after the intravenous administration 
of -thrombin. These authors found, that as the effect of the administra-

0 60 120 180 240 300 Min
Time

F i g u r e  No .  2.  Change in the thrombin inacllivating capacity of rabbit serum after 
an intravenous injection of 1.5 g of histamine.

tion of thrombin the organism in defence increased inactivation and retar
ded clotting. If increased clotting is effected by histamine, it oan be just 
as well expected that the organism will eliminate it after a certain 
time, by some compensatory mechanism, and will even probably, over
compensate it. It seemed therefore probable that the primary histamine 
effect occurred during the hour following the puncture, and that have 
only observed a compensatory phenomenon instead. We therefore, re
peated the experiment but instead of infusion we administred hista
mine intravenously (lmg per 1000 gr body weight), in 30 seconds.

Blood was drawn in the 3rd, 13th. 30th. 60th, 90th, 180th, 240th, 
and 360th minute after the injection and the thrombin inactivating ca-
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pacity was determined by the above-described method. The reaction- 
velocity constants, calculated from these data, are shown on F i g u r e
2. It can be observed that the administration of histamine is followed 
by a prompt decrease of the inactivation. This decrease of the inac
tivation continues for 60 minutes subsequently to the administration of 
histamine, then the speed of inactivation accelerates rapidly, and in the 
100th minute it already exceeds the normal inactivation velocity. A 
maximum speed value is reached in about 130 minutes, which is follo
wed again by a decrease of speed. The curve reaches, after several 
fluctuations, its normal value.

Also in case the animal was given a large dose of histamine, so 
that it perished in a histamine shock, thrombin inactivation of the 
blood-serum has been determined before the injection and after the 
death of the animal. We observed that the inaction of the later 
blood-sample was considerably weaker and that the coagulation of the 
blood tended decidedly towards the thrombotic direction.

We got similar results at the repetition of the experiments.
From the results of our investigations it becomes comprehen

sible why literary data about the effect of histamine on the blood-clot
ting are so contradictory. The authors were not aware of the fact, that 
they have been faced with phenomenon taking place periodically where 
it depended on the time sample-taking whether they obtained inactiva
tion or increasing of the clotting.

It can be established as a consequence of the results of our ex
periments, that as the effect of histamine, the succession of two pheno
mena is determining the events taking place in the blood-stream. The 
primary effect, — which lasts 0.5—1 hour — after the administration 
of histamine, is a decided thrombin inactivation, and a tendency of the 
coagulability of the blood towards increased clotting.

The secondary effect, on the other hand, manifests itself in an 
increased thrombin inactivation, This can be considered as a compensa
tory activity of the organism, and leads to prevention of coagulation.

Our opinion concerning the observed phenomenon is resumed, as 
follows: The decrease of thrombin inactivation occurs in each case, 
wheni histamine gets suddenly, shock-like into the blood. In consequence 
of diminished! inactivation the equilibrium of the coagulating system is 
altered, the quantity of thrombin increases, and fibrin is formed. Our 
investigations are thus explaining the observations of Jancsó (loc. cit.) 
as the fibrin generating in consequence of the above described process 
draws the ahen colloids to be found in the circulation to itself, just as 
Jancsó has observed it in his experiments as the effect of histamine.

In consequence of this process however, the blood is getting into 
an over-coagulated condition and therefore the defensive phase is 
instantly setting in. Which increases inactivation and prevents throm
bosis.

We however consider it possible that while the histamine takes 
such part in the introduction of accumulation, the coagulability of the 
blood is in certain cases directed in a too large degree into a thrombo
tic direction. This may lead not only to the precipitation of the falién 
colloids, but also to that of the thrombocytes, and may thus effect 
thrombosis.
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The organism, tending constantly towards the maintenance of the 
inner equilibrium, is compensating the shift of the coagulation when it 
tends in a thrombotic direction. It is very probable that a greater quantity 
of heparin — the clotting inhibiting substance of the organism — 
is produced in these cases, and carried into the circulation. Histamine 
effect gets thus compensated by the heparine effect.

The above-said present a new aspect of RES accumulation, and 
thrombin is given also a part in its mechanism.

EXPERIMENTS IN VITRO
We carried out experiments in order to determine, wether the 

influence of histamine in increasing coagulation and inhibiting inacti
vation could also be demonstrated by experiments in vitro.

These experiments may be summarized in four points.
1. We investigated, whether histamine is influencing the clotting 

time of recalcinated rabbit-plasma containing oxalate. We used for 
the experiments rabbitblood, containing 2°f/0o of Natriumoxalate and from 
it obtained the plasma by centrifugating. The clotting times after the 
recalcination were obtained with the folio wing combinations:

i. a.
Rabbit plasma containing oxalate ........  0.1 ml 0.1 ml
Distilled water ........................................ 0.1 „ 0.0 „
Histamine of various concentrations. 0.0 „ 0.1 „ Water bath
m/40 CaCI solution ....................................  0.1 „ 0.1 „ 37 C°

F i g u r e  No .  3.  Changes in the clotting times of reoalcinated oxalate plasma unde*
the action of histamine.
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By system No. 1. (control test, without histamine) the starting 
point of the curve has been established, whereas by system No. 11-in 
using histamine solutions of various concentrations the dependence of 
the clotting time from the histamine concentration has been determi
ned. (F i g. No. 3.). The histamine concentrations of the above systems 
are given in mg/ml.

No histamine effect has been observed at concentrations bet
ween 0,003—0,01 mg/ml. Beginning at a concentration of 0.01 mg/ml till 
0,1 mg/1 an increasing clotting-effect has been tested. (On the figure 
the clotting times get shorter). At a farther increase of the concent
ration its accelerating effect on the clotting begins to decrease. From a 
concentration of 2,66 mg/ml of histamine a considerable increase of the 
clotting time could be observed, which means, a coagulation inhibiting 
effect.

It can be established from the results of these experiments that 
histamine is effecting an accelarting influence on the cUMting of recal
cinated rabbitplasma at concentrations of 0,01—2,66 mg[ml and there 
is to be observed a shortening of the clotting time of about 60% at the 
optimum concentration (0.1 mg/ml).

2. We examined subsequently, whether histamine is influencing 
the clotting time of the oxalated rabbit plasma, when coagulation is 
effected with thrombin.

The following combination was used to determine the clotting
times:

i .  li.

Rabbit plasma oxalate containing ..............  0.1 ml 0.1 ml
Distilled water.................................................. 0.1 „ 0.0 „
Histamine sol. of various concentrations —  0.0 „ 0.1 „
Thrombin sol. of various concentrations ........0.1 „ 0.1 „

This series of experiments, as well as the further experiments 
were carried out at a room temperature (20 C°). Thrombin solutions 
in six different concentrations were used in the experiments. These so
lutions produced coagulation in the first series of experiments (control 
experiments, without histamine) in 15, 22, 30, 60, 100 and 150 secs, res
pectively. Subsequently the clotting times were determined in varying 
the concentration of the histamine solutions, and the curves of the coa
gulation were constructed thereafter based on these results. (F i g. No. 
4.). The concentrations of histamine in the used conbinations are given 
in mg/ml. .,

The curves are very similar to those obtained at the recalcina- 
tion tests. The concentration of the thrombin solution employed was 
proportionate to the dotting increasing effect of histamine which means 
the weaker the concentration of the applied thrombin solution, the less 
quantity of histamine was need to produce a clotting increasing effect. 
The increasing effect of histamine was already observed at the weakest 
concentration (=0,003 mg/ml), in which coagulation was effected in 
150 secs. (Curve No. I). The optimum effect of this curve appears at a 
histamine concenlration of 0,66 mg/ml. whereas the inhibiting effect of 
histamine starts from concentrations of 2,5 mg/ml. onwards.

At the other curves the effect of histamine could only be observed 
at greater concentrations.
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In comparing the curves it can be established that the clotting 
increasing effect of histamine is most developped in curve No. L 
(smallest thrombin concentration) where the clotting time diminishes 
by 66% at the optimum concentration.

F i g u r e  N o .  4.  Changes in the clotting times at the effect of histamine on oxalate
plasma clotted with thrombin.

3. After the accelerating effect of histamine on the coagulation 
of recalcinated plasma as well as at cotagulation with thrombin was 
already established investigated subsquently, whether the accelera
ting effect of histamine appeared also in the clotting of pure fibrinogen 
by pure thrombin.

The following combination was used for the experiment:
i. ii.

Fibrinogen (3 mg/ml ...........  0.1 ml 0.1 ml
Histamine sol. in var. cone. —  0.0 „ 0.1 „
Distilled water .......................  0.1 ., 0.0 „
Thrombin sol. in var. cone. ........  0.1 „ 0.1

The fibrinogen solution was prepared according to L a k i‘s me
thod. (Laki 1942). We prepared histamine solutions in concentrations of 
0.0125, 0,05, 0,3125, 0,625, 1,25, 2,5 and 5,0 mg/ml. Thrombin solutions 
were chosen to clot system No. I in 13, 20, 30, 60, 120 seconds respectively. 
The diata of the clotting are shown on F i g. No. 5.
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The curves show that histamine has no clotting-accelerating effect 
in this system, but inhibiting effect at greater concentrations may be 
observed here too.

F i g u r e  No .  5.  Changes in the clotting times effected by histamine on fibrinogen 
coaguluted with thrombin. Histamine has no accelating effect.

Thus we see that histamine in itself has no accelerating effect on 
the action of thrombin, and it may be concluded from the results of 
the experiments that for producing the accelerating effect of histamine 
some other factor or factors too are need in the plasma. There 
seem to be two possibilities: histamine hlas either an accelerating 
effect on the thrombin producing system, or it inhibits the action of 
the thrombin in activating system, Our subsequent experiments prove 
the latért supposition.

4. We worked with the following combinations:
Inactivation of the serum without histamine (Control)

Serum, (ox) ............................
Distilled water ........................ ... 0.1
Stanard thrombin solution ... 04 „

Inactivation of histamine serum

Serum, (ox) ............................
Histamine sol. var. cone........ .... 0.1 „
Standard thrombin sol. ........ .... 0.4 „
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The activity of the samples was determined by the following

test:
Fibrinogen solution ..............  0.1 ml.
Sample taken from mixture-. 0.1 „

The clotting times obtined by above experiments are shown on 
figure No. 6. The histamine concentrations corresponding to system 
given in mg/ml.

F i g u r e  No .  6 . Decrease in the thrombin inactivating capacity of serum at the 
effect of increasing concentrations of histamine.

The curves are showing a diminishing inactivation in proportion 
to the increase of histamine concentration.

Histamine, consequently, reduces the velocity of ihe thrombin 
inactivating process. In order to elucidate this connection, we have cal
culated the velocity constant of the ina cti vating-r eact fern of the curves 
as obtained with each hisamine concentration. The changes of the 
k values thus dbtained are shown otn F i g. No. 7. It is evident from the 
curve that the inactivation inhibiting effect of histamine begins at a con
centration of 0,1 mg/ml. and that greater quantities of histamine are 
inhibiting inactivation almost entirely.

From these experiments in vitro it may also be seen that hista
mine is producing its clotting-accelerating effect by inhibiting the action 
of the thrombin-inactivating system of the blood. Thus throm
bin generating in blood, or added to it, remains in greater quantities 
and for longer periods active and may consequently better produce 
its effect.
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We cannot however explain the fact that according to our ex
perimental results, a larger concentration of histamine is needed in vitro, 
than in vivo.We have injected at the intravenous histamine administration. 
1/mg histamine per kg. of body weight, which corresponds approxima
tely to a concentration of 0,01 mg/ml in the blood. This quantity of his
tamine reduces the thrombin-inactivation in the blood of the animal 
from k = 0.52 to fc=0.33. (F ig. No. 2.). The diminishing effect of hista
mine inactivation at in vitro experiments begins at a concentration of 
0.1 mg/ml. only i. e. at an approximately tenfold concentration.

F i g u r e  No .  7.  Diminution of the velocity constant: of the thrombin inactivating 
reaction at the effect of histamine.

As an explanation of this difference it might be supposed, that 
activity of histamine is greater in circulating blood, than in serum, in 
which the humoral and cellular factors have already undergone a big 
change during the process of coagulation.

It might be further assumed as a consequence of our experi
mental results that histamine in itself is not responsible for the influ
ence on the inactivation, but it liberates probably some substance or 
substances in the organism, producing a histamine like effect, or increa
sing the effect of histamine. This our opinion is based on the fact that 
the maximum effect of histamine is observed an hour after its admi
nistration, whereas the well known pharmacological effects of hista
mine manifest themselves already some minutes after injection. It might 
be consequently assumed that the effect of histamine on blood-coagu- 
laticm is to a certain degree an indirect effect, and this explains also 
the big differences between the in vivo and in vitro experiments. In 
spite of these facts it seems beyond doubt that histamine exercises a 
significant effect on the thrombin inactivating capacity of the blood.
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ä e Rc t b h e  t h c t a m h h a  h h h a k t h b a u h h  t p o m e h h a

A b t o p : r E P E H H A U I  M A X A H J l  

P E 3 H D M E

Mbl YCTaHOBHJIH, 9T0 THCTaMHH BHyTpHBSHHO BHanaJie yMeHbtnaeT CnOCOÖHOCTb 
K HHaKTHBaUHH TpOMÖHHa CblBOpOTKH npoß, B3HTWX H3 KpOBH. (cnOCOÖHOCTb KpOBH 
k CBepTbiBatiHio pacTeT.) Ho3anee cnocoÖHOCTb k HHaKTHBaUHH CTaHOBHTCH Bume HOp- 
Majibitoro ypoBHH (cnocoÖHOCTb KpOBH k CBepTbiBatiHio onagaeT) h TOJtbKO necKOnbKO 
HacoB cnycTH, (noene HeKOTopux KOMriencaTopHux KoneSannß) KpOBb CHOBa npnoßpe- 
TaeT HopManbHyra cnocoönocTb k coepTbiBaHHto.

Ha o c H O B e  B b i u i e y K a 3 a H H b i x  Mbi o ö b H C H n e M  M e x a H H 3 M  i t a K O n n e H H H  b  p e T H i < y j i o -  
B H f lO T e n H H / ib H O ß  cttcTeMe c n e g y t o u t H M  o ö p a 3 0 M :  F l o g  a e ß c T B u e M  r n c T a M H H a  o c B o 6 o x < a a K ) -  
m e r O C H  B (})H3H0.rT0rHUeCKHX y CJIOBH H X, CnOCOÖHOCTb K pOBH  K H H a K T H B a U H H  K pOBH  
n a g a e T ,  y p O B e H b  T p O M Ö H H a  b  k p o b h  B 0 3 p a c T e T ,  a  B H y T p n  cocygOB B 0 3 H H K a e T  n p e u n n i r r a T  
(J tH ÖpH H a.  3 t o t  n p e u n n H T a T  T H H e T  k  ceße H H o p o g H b i e  K o n n o H f l b i .

Mbi ycTaHOBHJTH TaK>Ke, c n o M O t u b i o  ortbiTOB in c i t r o  h t o  rttCTaMHH T0pM03ttT 
CBepTUBaHHe nna3Mbi riyTe*t peKaJibttHHauHH huh we c noMOinbto TpoMßwHa, a npnaHHOft 
3T0r0 geftCTBHH HBRiteTCH OCJiaÖJieHHe HHaKTHBaUHH TpOMÖHHa.
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