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In case rats or mice are administered intravenously large quan-
tities of colloid solutions, — :and this colloid solution is sufficiently
labile — the animals show simptoms similar to anaphylactic shocks.
This condition was called by Lumiére an anaphylactoid shock. Jancsé
has dealt with this question more intensively later (1928), in connec-
tion with his chemotherapeutic investigations on salvarsan derivates,
and demostrated that also in the case of salvarsan an anaphylactoid
shock was caused by the precipitation of the drug in the inner blood-
stream, a supposition, which he was able to prove subsequently through
jin-vitro experiments. He observed that arsenobenzol derivates cau-
sing a very strong shock and being very toxic in therapy precipitate
in the moment of their mixing with blood-plasma, or eventually
shortly after it. It has however been established at the same time that
salvarsan derivates are accumulated in the reticuloendothel (RES)
cells according to their degree of intravasal precipitation. Lately Jancso
(1947) has established the connection between RES accumulation and
histamine effect. The characteristic of the Jancsé phenomenon consists
in the fact that on the effect of histamine the vesselwall of the
endothel is transformed into RES and becomes capable of adsorbing
and retaining Indian ink whether histamine is rubbed into the skin or
administered subcuftaneously, intraperitoneally or intravenously. Jancsé
concludes from this fact that the hormone of the RES which introduces
the accumulation is: histamine.

We found in our own, earlier investigations concerning this
subject (Csefko, Gerendds, Udpardy, 1948) that as the effect of hista-
mine administered intravenously, the thrombin inactivating capacity
of blood is temporarily shocklike, diminished, which means, that the
inner substrate of the blood is tending towards clotting. Whereas the
latest investigations of Gerendas, Pédlos and Csefké (1943) have estab-
lished, that the heparin contained in the organism plays an important
part in the raising of thrombin inactivation.

Based on these results we began the investigation as to the
nature of anaphylactiod shock and as to the connection between the
efil'fqts of histamine and heparin. We chose Indian ink as model-
colloid.

Jancs6 in his paper calls our attention to the fact, which has
been also observed by us in our previous investigations, that in the
production of the Jancsé6 phenomenon only defectless Indian ink
protected by gelatine, and causing no anaphylactoid shock may be
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used. There are, very great differences between Indian inks: some
are of very labile construction, forming immediately thrombosis in
the blood thus killing the animal, and therefore unutilizable for our
purposes. We found, however, after elaborate researches certain prepa-
rations which precipitate in the small lungvessels only in form of
small particles. This precipitation is so small that it does'nt cause any
grave symptoms on the animal: difficult breathing is to be per-
ceived for some minutes only. This Indian ink is at a critical point
between stability and lability, and has been used in our subsequent
experiments.

Our experiments were carried out on rats. The injection was
administered — for the purpose of indisturbed operation — under a
light aether anaesthesis which lasted no longer than the injection

wtself.

a. In case the rat is administred per 100 g of its bodyweight
1 ml of Indian ink of 10%, the animal wakes easily from its torpor
only its respiration being slightly increased. I'rom the Indian ink, and
which after 15 minutes may only be observed in the eyes, and disap-
pears entirely in 45 minutes. The animal moves lightly, reacts vigo-
pously to pain, and defends itself. After 45 minutes it is bled to death
by throat cutting. At the dissection spleen and liver are blackcoloured,
saturated wiht Indian ink, the lungs are of a lightgrey colour, and
there are no inky thrombuses to be perceived anywhere else in the
vessels. Other deformation are not observed.

b. In case the animals are administered three minutes before
the above injection 2 mg of histamine per 100 g of body-weight intra-
venously, and thereafter given the Indian ink injection, they show at
their awakening from the elher-torpor heavy, difficult respiration,
they collapse, stay leaning to one side, and sometimes small spasms
occur in their limbs. They do not muive about actively, and do not
defend themselves when pinched or seized. The initial grev colouring
disappears only with great difficulty from the skin, and is still
visible in the eyes after 45 minutes. At their bleeding to death — after
45 minutes — only very little blood is let out. At the dissection, the
lungs are of a slate grey colour, the liver and spleen brownishblack,
there is a great dilatation and stagnation in the big vessels of abdomen
and intestines, and the Indian ink is to be found in the large blood-
vessels in thrombotic clots. Consequently, the Indian ink causing no
anaphylactoid shock is precipitated in the large vessels by histamine
administered intravenously. There this precipitation effect thrombosis
and general stagnation and in the moment of the administration of
Indian ink the animals show symptoms of an anaphylactbid shock,
whereas, the Jancsé phenomenon is characterized bq the non-throm-
buslike intracellular accumulation of Indian ink in the post-and
praccapillary vessels. The difference is based on the different stabi-
lity of the administered Indian ink. The [ancsé phenomenon is only
to be observed in the perithoneum, in the soft connecting tissue under
the skin in some parts of the small venes of the skin and in the
mesentherium.

c. In case the animals are given three minutes before the admi-
nisiration of histamine at least the threefold quantily of heparin, (at
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jeast 6 mg of heparin per 100 g of bodyweight, dissolved in distilled
water) and histamine in the above dosis is injected subsequently, we
may observe, that after the receiving of Indian ink the animals wake
easily from the ether-torpor, the grey colouring disappears very
quickly (in 10 minutes) from their skins, and the eyes too become
colourless in 20 minutes. There is no sign of an anaphylactoid shock
on the animals, — as contrasted with the animals of group b. When
bled, to death 45 minutes later, bleeding is abundant. At the dissection
liver and spleen are of a coal-black colour, the lungs are of a normal
rose colour and conditions of the abdomen are entirely normal. Indian
ink thrombuses are not to be found in the vessels, and there appears
pot even the Jancsé phenomenon, which is observed at group b).
(With the exception of the duodenum, where it appears even when
histamine is not administered).

d. In case histamine is given 3 minutes before the aministration
of heparin both in the above doses and lastly Indian ink, there is no
external difference to be seen, as compared with the animals of groupe
¢). At the dissection, however, a difference between the two groups
can be observed in as much as there is a very slight greyish tint in the
oolouring of the lungs which proves that Indian ink was precipitated
in the small vessels.

The following conclusions may be drawn frem our investi-
gations: Histamine, or histaminelike substances are causing precipi-
tation of the colloids (in the present case of Indian ink) in the blood.
In the case of using Indian ink which is on the critical point between
stability and lability it happens therofore, that the colloid, effecting
no precipitation in normal circumstances, is precipitated never-
theless in small/ particles in the lungs. It is a well known fact that the
lungs are, under normal condition, the organs with the highest histamine
content, consequently histamine added to the organism is adsorbed
most rapidly by the lungs. This is probably also the reason why the
Indian ink in the critical condition between stability and lability, pre-
cipitates in small particles in the lungs even when it does not preci-
pitate in the other organs. The action of histamine in promoting throm-
bosis or, as in our present experiments, in expressly producing it,
appears, after the experimental results, to be proved. Thus it seems
natural that, at the effect of heparin, this thnombotic process did not
occur.

The suspending effect of heparin on thrombosis, and on the
accumulation of RES, is therefore, beyond doubt, based on the anta-
gonismy betroeen histamine and heparin,

It seemed therefore, probable that on basis of the above-said
there occurs some chemical association between heparin and histamine,
which could be eventually proved optically. It is known, that heparin
gets a violet colouring with toluidine-blue. (Jorpes, 1936.). We there-
fore investigated, whether this dye-reaction is influenced by hista-
mine. We added a solution of toluidine blue to heparin which effected
the characteristic violet colouring of the sclution. If we repeated the
same experiment — with the only change of giving previously his-
tamine to the solution — the violet colouring did not take place, the
solution kept its toluidine-blue colour unchanged; this means, that in
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this case heparine was already associated to histamine and gave, conse-
quently, no reaction with toluidine-blue. On farther investigations
of the question it has also been proved, that the linkage between
heparin and histamine was stronger than that between heparin and
toluidine-blue. This was established by adding first toluidine-blue 1o
heparin and obiaining thus the violet colour-reaction. In adding subse-
quently histamine to this solution the colour reaction was undone,
and toluidine-blue colouring reappeared.

In order to investigate the proportions of the bond thorouhly,
we have undertaken the following experiment:

Figure No. 1. Changes of the spectrum of the heparin-toluidine-blue solution at
the effect of histamine, Dates of the curves shown on Table No. 1.

We added to heparin solutions of equal quantities, histamine
solution in gradually increasing quantities, and added to each sample
an identical quantity, i. e. 0.05 °/00 °/ toluidine-blue solution. (TaE]c
No. 1.) We obtaineg thus a colour-series which showed according to
the quantity of the histamine employed, beginning with ‘the violet
colour ‘of heparin-toluidine-blue, gradually the transition from violet
into toluidine-blue colour. The absorption spectra of the solutions
were then determined by a Pulfrich-photometer, (Fig. No. 1.) which
showed distinctly the transition of the two basic spectra into each other
(On the Figure the absorption spectra of samples 1, 5, 7, 8, and 9 are
shown.) The biggest change between the two spectra was observed at
610 m ». The extinction variations obtained at this wavelength are
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given'on figure No. 2. It may be established from this curve. that the
transition between the two modifications occurs at a histamine concen-
tration of 10 mg/ml, which is approximately equivalent to molecule
proportion of 2:1 between histamine and heparin; it seems, conse-
quently, that for the neutralisation of one molecule of heparin two
molecules of histamine were needed in this experiment. We are very
well aware of the fact that this reaction is not specific in in vitro
conditions, and a good many compounds are turning the violet colour
of heparin-toluidine-blue into toluidine-blue again, and that a heat-
effect, or the change of the pH decomposes also 'the heparin-toluidine-
blue bond. Nevertheless the colour-reaction made the calculation of
the molecule proportions possible — in the case of histamine. — The
chemical investigation of the details of reaction are pendent.

Figure No. 2. The variations of the extinction of the heparin-toluidine-blue
solulion at the effect of histamine at 610 mg,

All the sings indicate consequently that the precipitation of
the labile colloids in the blood is caused by the histamine circulating
in the blood, or is at least in a great measure facilitated by its associ-
ating with the heparin present in the blood, and by increasing thus
the coagulability of the blood. This is also proved by the observation
that Indian ink on the critical point between stability and lability
causes severe thrombosis in rats at the effect of hislamine adminis-
tered intravenously. Our opinion was already at the animal experi-
ments, that the antagonistic effect of heparin is actually directed
against histamine, and was not the consequence of the increase of
stability of the colloids. This was also proved by the in vitro experi-
ments described above. In this connection we also succeeded in clearing
up the approximate quantitative proportions between histamine and
heparin.

We established by our previously described experiments, that
Indian ink of a sufficiently labile construction precipitates in the
whole circulatory system, as the effect of histamine administered



204

intravenously and that thrombin, containing Indian ink may be observed
in the big bloodvessels. This precipitation can be prevented by heparin.

We further investigated whether if animals were administered
Indian ink, which subsequetly accumulated by the RES, there were
to be observed any signs in thrombin-inactivation and coagulation of
the blood indicating the liberation of heparin. We wanted to elucidate
by this, whether the organism defends itself on such occasions by
mobilisation of heparin against precipitation and against thrombus
formation.

In these experiments rabbits were given 5 ml of Indian ink of
15% per 1000 g bodyweight, protected by gelatine, (Indian ink Weber).
Changs of the inactivation and coagulation of the blood were observed
immediately after the administration.

Time
Figure No. 3.

Figure No. 3. shows the graphic demonstration of our experi-
ments. (The medium values of the data of 8 experiments on animals.)
The inactivation curve shows the percentual changes of the k values,
expressing the velocity of the reaction, compared as to the initial
values. The percentual changes of the clotting times expressed in
seconds are demonstrated on the figure.

These experiments prove that inactivation is suddenly decreasing
immediately after the injection of Indian ink, when Indian ink gets
precipitated in the bloodstream on the surface of the RES cellules.
Shortly afterwards, however, the inactivation s powerfully accele-
rated, and remains for a long time on a high level. The clotting times
are undergoing a correspoding change, the coagulation is conse-
qulently accelerated at first, but later falls back beyond the initial
value.

We succeeded, therefore, to demonstrate through these experi-
ments that in the first phase of the accumulation when the precipi-
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tation of the Indian ink is dominating, — and according to literary
data — histamine gets liberated, inactivation suddenly decreases and
clotting times are shortened. Immediately aftedwards, however the
action of a compensating phase may be observed which appears as
well in the coagulation as in the inactivation. This compensation is
evidently brought about by the liberation of heparin.

f we observe also the duration of the circulation of Indian ink in
the blood, we can see that in the 25-th minute after the injection there
is no more Indian ink to be proved in the circulation. These tests were

undertaken with the blood-drop method, described by Jancsé. During
this time, the Indian ink got partly stored by the RES, and parily pre-
cipited on the walls of the cells. According to our opinion, the origina-
ting small thrombuses of Indian ink are causing the prolonged mobili-
sation of heparin as a defence action of the organism.

TABLE I

Composition of the histamine- heparin- toluidine-blue solutions for the examination
of the absorption spectra. Dates are given in ml.

No. of the samples SRS TR SRR SR s e (e RS

10 mg/ml heparin 20 2020 20 20 20 3.0 230 -

10 mg/ml histamine = 02 04 08 19-16 20 30 30

Distilled water 80 28 26 22 189 14 10 = 20

0.05 mg/ml toluidine blue 20:20 20:20 20 20 20 20 20

Volumen 70 7.0 70 70 70 70 79 7.0 7.0
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AHTAIMOHWU3M F'MHCTAMMHA W TEMNAPHHA IN VIVO U IN VITRO

Aprop: MUXANWJ T’EPEHIAILL
PE3IOME

Jlenas BsIBOAbI M3 HAUIMX OTBITOB, MOXKHO VCTaHOBHUTH, YTO MOJ AEHCTBHUEM r'uCTa-
MHHA OCAXK/IEHUE KOJUTOHA0B, fO0aBIEHHBIX K KPOBHU VYCKOPSETCS. ITOT Mpouecc safep-
ykuBaeT renapus. W3 aroro crepver, uTo renapid u rucTamMuH A00aBleHHLIE HADYHCHO,
KOMIIEHCHPYIOT €BOE [EHCTBHE € TOYKM 3PEHHA HHAKTHBAUMM M KOArVJISIUMH KPOBH.

Bo BTOpPO# yacTH HAUIMX OMBLITOB Mbl H3YYaIY BOMPOC O TOM, UTO C/IVYaeTcsl, eciiu
ructaMuHd 0cBo00YKAeTCSl B TOK KPOBU B Hauale HakorUieHus. B aTom cnvuae uuaxTH-
BalUs VMEHLINACTCS U KOoarvJjsiuusl YCKOPSeTCs . Ho nocne sroro OpraHu3M HEMeJIEHHO
MOGHJ‘!HSHPVCT renapud, a pe#icreue 2TOroO renapvuHa nposBsACTCA H B HHAKTHBalUHUH,
M B KOarviJisiguH.

Ha ocHOBE HamuKX ONLITOB Mbl NPpUIJIM K BLIBOAY, 4YTO rernapMH ¥ 'HCTaMHUH KOM-
MIEHCHDYIOT CBOE [ICHCTBUE B OPraHU3Me OTYACTH MYTEM CBOErO BIMSIHUSA HA KOArVISUKIO
KPOBH, a OTUYACTH TOTOMY, UTO OPraHMsM OTBEYACT HA BCAKOE AeHCTBHE rucTamuxa Mobu-
nusauuelf renapuuHa, a — C Jpyroi CTOpoHn! — Ha BCSAKYI MoOnnMsaluio remnapvHa
OpraHyu3M OTBEYaeT ASHCTBHMEM IHCTaMMHA.

AHTAaroHM3M Me>KAY THCTAMMHOM W TEeNapHHOM MOXHO [0Ka3aTh W [EHUCTBHUEM
rMcTaMyMHa Ha LUBETHVIO peaxKuuio TONYUAMHOBOH CHHBKU C renapuHoOMm. Ha ocuHoBe ontu-
YecKOoro UCCIEeJ0BAHUSA LIBETHOH peaxkuM Mol C ﬂpHGHH:}HTEanOﬁ TOYHOCTHIO YCTAHOBUIIH,
49TO B 3TOM ripouecce 2 MONeKvyIa ruCTaMuHa COBJUHSIIOTCS C O/IHUM MOJIEKVIIOM I'ernnapuHa.

I1o HamIeMY MHEHMIO THCTAMUH H renapyH OKasuLiBawT 3HAYHUTEJIbHOE M aTarOHUCTHU-
gyeckoe BIMAHHE Ha (opmauMio ¥ HA NpefoTBpaIeHHe TPOMDO32 1 HA MPONECC HAKOMIEHHS
(B peTHKYIO-9H0TEIMANBLHOK cHcTeME.)



	4. BIOCHEMISTRY����������������������
	Gerendás M.  - Csefkó I.: Histamine and heparin antagonism in vivo and in vitro��������������������������������������������������������������������������������������

	Oldalszámok������������������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������


