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Heparin s one of the most fmportant antlcoagulants of blood. The use of heparin as an anticoagulant pre-
sents many advantages over other preparatlons; it is readily soluble {n water and physiological saline, {ts action
is virtually Instantaneous( peak effect after 5 minutes), it is rapldly eliminated from the organism, and it does
not fncrease the osmotlc pressire of blood. Yet, although heparin is so widely applied, the mechanism of tis
effect on blood clotting has not been adequately studied, Heparln fs usually regarded as a physiological anti-
coagulant, which Is always present in the blood, and which inhibits Intravascular clotting by binding one [7, 11,
13 14, 16] or more [ 9, 10] of the componcnts of the blood clotting system

The prescnt papcr 1s devoted to the study of the react!on between, hcparin and thrombotropin, which was
shown by B. A. Kudryashov [4] in 1948 to be a'new comiponent of this system. Thrombotropin s the initlator of
the proccss ~of blood clotting; fts action on prothrombokinase being the first step of this process.- The effect of
heparln on this mportant stage of blood coaguladon has not heretofore been investigated,

We also lnvc:dmtcd the reactions-of hcparln with blood' caldum prodlromboklnasc and thrombokinase;
very diverse views as to the nature of these reactions have been reported, and highly contradlctory opinfons have
becn expressed by different authors,

EXPERIMENTAL METHODS AND RESULTS

We used the following methods: determination of blood prothrombin actvity [5], of "thrombotropln 41,
of blood calctum [de Waard (3)], clotting time of normal and heparinized plasma (G. G. Bazazyan's’ method)
after addition of thrombin In a number of cxperlmcnts we used plasma which had been treated with Cag(POY;,
to remove prothrombin {151 and tlxrombotropln f1].

‘Heparin and thrombotropln we studied the mutual relations of heparin and thrombotropin in blood clotting
systerns, in vivo, using alblno rats, and in viuo, with thrombotropin preparations,

We examined the effect of thrombotropin on the activity of heparin added to Cag(PO Yy ~treated rat plasma
to which thrombin had been added to protriote clotting. These experiments were repeated with ﬁhrlnoga n solu-""
tlons {nstead of plasma. Thrombotropin was added to the plasma or fibrinogen solutfons simultancously with 0.5%
heparin,

The activity of heparin fell in the presence of phystologlcal levels of thcombotropin activity; this was
shown by a shorteriing of clotdng dme of thrombin-activated plasma, from 25 to 17.8 seconds. Thrombotroptn’
alone had no effect on the clotting time of plasma after addition of thrombin,

Only active thrombotropin exerted any effect on the activity of heparin. ‘If the thrombotropin was inacti~-
vated by heating at 48 for 5 minutes 1t did not lower the activity of hieparin, and even somewhat lengthened
the clotting tme of plasma treated with thrombin.

The same effects were observed whcn_'O.S% heparin and thrombotropin solutions were {nfected stmultaneously .
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tnto the jugular vein of rats; active thrembotropin shortenced the clotting time of hepartulzed plasina treated

with throinbiri, from 30,8 to 20.3 scconds, while inactivated theombotrophn somewhat lengthened clotting time,
from 30.8 to 35.9 seconds (39.8 scconds {s the mean clotting thime found for thrombin- {nduced clotting of plasma
from control rats Injected with 0.5% heparin solution and phystological saline).

The effect of 0.5% heparii solutton on the thrombotropln actlvity of rat plasma was studfed In vitro and
in vivo. The In vivo cxpcrfmcnts, performed on 33 rats, sliowed a mean thrombotropin activity of 94.3% before
injection of heparln, and of 25.1% after,” The same volume of 0.85% NaCl was given to a group of 12 control
rats, Instead of hieparln solntion, and in this gronp thrombotopin acdvlly fell very slightly, from 96.5 to 85.5%,
1.e., 1t remalned within the normal range.

It thus appears that heparin causcs a marked fall fn thrombotropin ;!cdi'tty The same effect was seen {n
experiments fn which 0.5% heparin was addcd to rat pl:mna tn vitro,  Simnllar results were obtainced when fibrino-
gen solutlons were taken fnstead of plasma,

Effect of Prothrombokinasc and Thrombokinasc on the Actlvity of Heparln

- The effect.of heparin and thrombokinase taken tobcthcr was studted separately for thromboktnase ftsclf
and for its-precursor prothrombokinase. Prothrombokinase was activated by mcans of plasma thrombotropin,
using B. A. Kudryashov's method [4]. ' '

Heparin was dissolved in p'roﬂnromhoktnasc or thrombokinase solutions, to give a concentratdon of 0,5%, -
and 0.1 ml of ‘thc resulting solutions was addcd to 0.9 ml of Cay(POy), -trcatcd rat plasma,

‘Clotdng of 0.2 ml pordons of the mixtures was effected by addinb ait equal volume of thrombin sotution,
and clotting time was recorded, As a control, we added the same volume of heparin solution dissolved in 0.85%
NaCl, Instead of in prothirombokinasc or theombokinase solutions, to plasma.

" It was found that prothrombokinasc or thromboldnase somewhat lowered the activity of heparin, shortea-
ing the clotting time from the control value of 15 sec. to 9-10 sec.

There was no slguificant difference between the effects of prothrombokinase and thrombokinase,
Addition to the plasma of prothrombokinase or thrombokinase alone had no effect on the clotting time,

We used prothrombokiiase pre pared from rat brain, thromboplastin, and a prepacation of prothrombokinase
not contaminated -with other proteins, called Hemostasin, Hemostasin was somewhat more acdvc than throm-
bokinase or prothmrnhol<hna<:<, pre parcd from rat bratn.

Heparin and (‘-alclum

In the first scriu of experiments we examined the effect of heparin on the concentration of calcium salts
in rat blood, both in vivo and in vitro, white In the second scries we examined the effect of adding calcium
_chloride on the activity of h(’pdl’ill.

In th( first serfes of in vitro experiments hlood was taken from the jugular vein of rats, into a. syringe con-
: mining 0.1 mt of 0,5% hcparin solution, and It was then centrifuged, and the calefurn content of the heparinized
plasma was determined. The mean value-found was 7.62 mg 7. Blood had been taken previously from the same
rats, with 0.85% NaGl in the syringe instead of heparin solution, and the calcium content of the serum was found
to be 7.32 mg %.

It follows that wie calciurn content of blood Is unaffected by heparin in vitro,

The same result was obtained In expertments in which heparin was Injected fnto a vein, in vadous’
‘amounts, and blood samples were taken after injection,.

_ We examined the effect of calcfum c}'lorldc on the activity of heparin, using whole oxalated rat plasma,
Cay(PO ), -treated rat plasini, and fi brinogen solutions, We. hoped in this way to avold the contradictory resuls
obtained hy workers tising onc type of experimental material only = plasma or fibrinogen.

For the in vitro experiments we added to 0.9 ml of plasma or ﬂBrlnogen 0.1 ml of 0.5% heparin solutions
in 0,025 M calctum chloride . ‘and clotting of the mixtiure was effected by means of thrombin solution. The con-
trol systems consiste 4 of 0,9 mi of the same ptasma or fibrinogen with 0.1 ml of hieparin dissolved in 0.85% NacCl,
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Our expedments showed, as did those of M. A, Ukolova (6), that calcluin chlorlde causes constderable lowering
of the activity of heparin (clotting time was shortened from 20.9 to 12,6 seconds for whole plasma, from 23.4

to 12.3 seconds for Cay(PO),;-treated plasma, and from 12.0 to 6.7 seconds for ftbrinogen solution). Addition of
calcium chloride alone to the same plasma ot ﬂbrlnogcn solution had no effect on clotting time after addidon
of thrombin,

In the in vivo experiments heparin was injected, followed after 5 minutes by 0.025 M CaCly solutlon, The -
same.volume of physiological saline was in tnjected tuto animals of the control series, Blood samples were taken
5 minirtes after injecting calctum chloride or saline solution, the plasma was separated by centrifugation, and
was coagulated by means of thrombin. It was found that the clotting time of heparinized plasma was shortened
from 78.6 seconds after saline Injection to 29.2 secornds after calctum chlorlde injection, Injection of calclum
chloride alone had no effect on the clotting time of thrombin-treated plasma, '

DISCUSSION OF .RESU L_Ts'

We conclude from our results that hepartn and thrombotropin are antégonlsts; Additon to rat blood, In
vivo or in vitro, of thrombotropin preparations, at levels close to the physfological oncs, lowers the actlvity of
heparin added to the same systems, This property of thrombotropin Is abolished by thermal inactivadons. Intro-
* duction of heparin {nto the blood lowers the activity of added thrombotropin. Heparin has no effect on the cal-

clum content of blogd, - ‘

Thrombotropin, prothrombokinase, thrombokinase, and calcium do not, by themselves, shorten the clotdng
time of oxalated rat plasma to which thrombin has been added, This confirms the findings of Conley (8) and
Lyttleton (12) that free heparin is elther absent from plasma, or present only {n very fusignificant amount; hlnd-
fng of {rce heparin by the above-named substances could cause slgnifxcant shortening of clotting time of throm-
bin- trcatcd plasma, as has been shown above.,

It appears that calclum and active thrombotropin present in blood may exerclse a sort of Luffer action,
preventing heparin from exerting fts action in normal physiologlical states of the organism (1.c., when small
amounts of heparin may.be enterlng the blood stream),

The presence of large amounts of heparin {n the blood n certain pathologlcal states miay be {nterpreted
as a defense reaction of the organism, wherehy hepatin acts in the flrst place by binding plasnn thrombotropin,
so preventing intravascular clottmg

It may thus be concluded that heparin does not play any definitive part in the normat phystological proc sess
of blood clotting. In owr opinion, the maintenance of the flufd state of blood Is ascribable to the ahsence of
thromobokinase from the plasma, but not to the lnhlbltory actfon of hepdrin on prothrombin or other blood con-
stituents, as Is generally supposed,

The bastc physiologléal linportance ot hepardn appears to be that [t s secreted {nto the blood stream in
large amounts when thrombogenic composnents appear, and could directly lead to intnvascnlar clotting; heparin
powarfnlly intitblts thelr acdvity

- Constderation should be glven to the reatment of hypetheparinemia by administration of caletum chloride,
which powerfuily inhibits the activity of heparin, In using heparin therapeutically account should be taken not
only of prothrombin, but also of throrbotropin, acttvity.

SUMMARY .

The relatonship of anticoagutant heparin was fnvestigated with thrombotropin, prothrombokinase, throm-
bokinase and calclum, ‘

1t was.dembnstrated that heparin and thmmbotrop!n are in antagonistic reladonshlp.
'Prothromboklna'e and thromhokinase rcduce the activity of heparln to the same extent.
Calcluni chloride greatly decreases the activity of heparin introduced lnto the bloodstrearn.

Heparin Introduced into the blood has no effect on the concentration of calctum salts in tie blood.



The author considers that heparin excrts a powerfut anticoagulant effect with cotmpound action onty fu a
pathuloglcnl condition of the body when thmmbogcnk components which may directly causc the Intravascular
blood coagulation entcr the bloodstream.

LITERATURE CITED

(1} G. ‘V. Andreenko, Doklady Akndv. Nmik SSSR, 11, No; 6, 1948,

(2] G. V. Ahdrc’cnko.‘ Doklady Akad. Nauk SSSK, 108, No. 5, 1956,

[3] P 'P.Astanin, Practical Coursc of Blochem siry. Agricultural Press, 1951. .

[4] B. A Kudryashov, Dok]ady Akad. Nauk SSSR, 10, No. 8, 1948,

{6} B. A Kudryashov. P. D. Ulmna and A. L. Pugachcva, Byull. Eksptl. Blol. § Mcd., No. 11, p. 89,
1941,

(6]: M. A. Ukolova, Proceeding VHI Congress of Physlologists, Blochermnlsts and Pharmacologlsts,* * pp.
156-157. Voronezh, 1948,

t'?j M.. A. Ukolova, Proccedings All-Unlon Congress of Physiologlsts, Biochcrmists, and Pharmacologlsts,* ¢
.p. 821, 1965,

[8] C. L: Conlcy and R. .. Hartmann, Proc. Soc. exp. Biol. Mcd., 1948, v. 69, N. 2, p. 284.
(9] H.'E. Dale, Pharm. J., 1953, 4682, €7.
- [10] E. Donzelot and H. Kaufmzmn Presse mied., 1952, v. 76, No. 16 p. 19
[11} A Flschor and T. Astrup, Blochem. Z., 19'30. 278 326.
A[!.Z_J ] W. Lyt_t!uon, Bioghun.l 19'34. 58,1, 8.
[13] K. Lenggcnh'ngcr. Helv. nwd. Acta, 1953, v. 10, 521,
[#4) R Ma.rb;:t and A. Wtinu:rxtcln, Helv, Phys. pharm. acfa. 1952, 10, 4, 528.
[15] A.J. Quick, Am.J. Phys., 1949, 158, 387.

[lﬁ.l AL L Onlek, The Physiology and Pathology of Hemastasls. Ph. D, M, D, 1951.

b e

. Orlpinal Russian pagination  Sece C, B, Transtation,
o+ InRussian,

Tous



