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Heparln Is one of die most Important anticoagulants of blood. The use of heparln as an anticoagulant pre- 
texts many advantages over other preparations; It Is readily soluble In water and physiological saline, Its action 
Is virtually Instantaneous (peak effect after 5 minutes), It is rapidly eliminated from the organism~ and I t  does 
not Increase the osmotic pressnre of blood. Yet, although heparln Is so widely applied, the mechanism of Its 
effect ori blood clotth~g has not been adequately studied. I-leparln Is usually regarded as a physiological anti- 
coagulant, which Is always present hi rite blood, and wtflch Inhibits lntravascular clotting by binding one [7, 11, 
13, 14~ 16] or more [9,  10] of the c0rrlponents of the blood clotting System. 

The present paper Is devoted to the study of the reaction bgtwcen, heparln and thrombotropln, wlllch was 
shown by B. A. Kudryashov [4] In 19/18 to be a new component of this systeHi, Thrombotrophl Is the h~tiator of 
the process of blood clotting, Its action on prothroml~oldnase being the first step O f this process. The effect of 
heparln on this Important stage of blood /:oagulation has not heretofore been Investigated. 

We also Investigated the reactions of heparln with blood calcium, prothromboklnase0 and thrombokhmse; 
very diverse views as to file nature of these reactions have been reported, and highly contradictory opinions have 
been expressed by different authors. 

EXPERIMENTAl ,  M E T H O D S  AND RESULTS 

We used the following methods: determination of blood profllrornbln activity [5], of thrombotropln [4], 
of blood calcium [de Waard (3)], clotting Lime of normal and heparhdzed plasma (G. G. Bazazyau's method) 
after addition of thrombln. In a number of experiments we reed plasma which had been treated with Cas(PO4t)a , 
to remove prothrombln [15] and thrombotropln.[1]. 

Heparln and thr0mbotropln: we studied file mutual relations of heparln and fllrombotropln In blood clotting 
s~tems, In vlvo, using albino rats, and In vitro, with tbrombotropln preparations. 

We examined the effect Of thrombotroplu on file activity of heparln added to C%(PO4~ -treat,:d rat plasma 
to wMch thrombln had been added to promote clotting. These expertme.lts were repeated with fibrllmge, n soln--  
tlons instead of plasma. Thrombotropln was added to the plasma or fibrlnogen solutions simultaneously with 0.5% 
heparln. 

The activity of beparl a fell In the presence of physiological levels of thrombotropln activity; this was 
shown by a shorterling of clotting time of thrombln-acttvated plasma, from25 to 17.8 seconds. Thrombotroptn 
alone had no effect on the clotting time of plasma after addition of thrombln. 

Only active thrombotropln exerted any effect on the activity of heparln. If the thrombotropin was Inacti- 
vated by heating at 48" for fi minutes it did not lower the activity of Iieparln, and even somewhat lengthened 
the blotting time of plasnia treated with thrombln. 

The same effects were observed when 0.5% heparln and thrombotroptn solutions were injected simultaneously 
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Into the Jugular vcln of tale.; active thtot+nbotrop111 shortetlcd the. e lo t t l ,g  thne of hcparlnfzed pla+ma treated 
wlth throinbl,+, from 30.8 to 20.3 s~'eotl,.l+, whlle inaclJvated thrombotrophl somewhat Icngthened-clottlng t lmc,  
from 30.g to 3,b..q seconds (30.B secot~ds Is the recall clott ing Ome found for thrombhl- hid ir clotting of plasma 
from control rat.~ Injected with 0.rJa]o heparlll solution and physiological saline). 

The effect of 0.r~0 h+_'parltt solution o .  tile thrombotropfn activity of rat plasma was studied In vitro alld 
tn vfvo. The In vlvo e• performed on 33 rats, showed a mean thrombotropln activi ty of 94.3% before 
injection of heparin, and of ~5.1% a f t e r .  The same volmnc of 0.8,5% NaC! was glvell to a group of 1~ control 
rats, Instead of heparhl sohfflo+~,.aud In this grottp thromhotropln activity fell very slightly, front 9~3.5 to 8,q.,~],, 
l , e . i i t  remained within the normal range. 

It thus appears that heparln causes a marked fall in thrombotroph~ activity.  The same effect was seen In 
e+perlments in which 0..q% heparln wa~ added to rat plasma in vitro. Similar results were obtained whell flbrln0- 
gen sol,lions were b~l<en Instead of plasma. 

E f f e c t  o f  P r o t h r 0 m b o k i n a s e  a n d  T h r o m b o l < t n a s e  on t i le  A c t i v i t y  o f  } I c p a r l n  

T h e  effect+of hcparln and thromboklnase take ,  together was studied +separately for tJtroml+oktlmse Itself 
and for its prec,  rsor prothrombol<lnase. ProlhromboM~tase was activated by mealm of plasma thrombotropln, 
using 8. ,4. Kudryasbov's method [,I]. 

Heparin was dissolved h! prothrombokhmse or thrombokirlase sob,rio:is, to g lee  a concentration of 0..5~o, 
and 0.1 ml of the rem,lthlg solutJolls was added to 0.9 ml (>[ C%(PO+) 2 -treated rat plasma. 

ClottLng of 0.P+ ml portions of the mixtures was effected by adding an equal volume of tl,rombiil solut lo, ,  
attd clot t ing time was recorded. As a control,  we. added the same volume of hcparin solution dissolved-ill 0.Bb~o 
NaGI,  Instead of lit prothrotnbokhmse or thrombokina.sc solutlolts, to plasma. 

It was found that protltromboktnase or thrortlbol<hmse somewhat lowered the act ivi ty of  heparln, shorten- 
Ing the clottillg time from the cotltrol value of 1,5 see. to 9-10 see. 

There was no slguificant d[fferettee betweetJ the effe~:ts of prothromboktnasc and thromboklnase, 

AdditloJl to the plasltm of prothromboldlmse or thromboldnasc alone had no effect olt file clott ing t ime.  

We used protl,rombokltlase prepared frol]l rat brain, thromboplastin, a ,d  a prtq+ara ti<m of prothrombold lm~e 
not conlamlnatcd.wlt~ other proteins, called llemostasln, tlemostasln was Somewhat morc act ive fllan throm- 
bokhmse or prothrotnbokt~lasc prepared from rat brahl. 

H _ e ~ a r l n  ai~d C a l c i u m  

In t'he first series of cxperlnleflts we exatitined tile effect of heparirt on the eonce~ltradott of calcium Sails 
in rat blood, both In vlvo and in vitro, while hi the sceotid series wc examlHed rite effect of adding calchnn 
chloride on the activi ty of hepartn. 

In the first series of i~t vitro expcrtltle~lLs hlood was taken from the jugular vein of rats, into a syringe COlt- 
tatnlng 0.1 ml  of 0.,5% hcparhi sohltiQil, ,.'hid It was then centrifuged, and the calchtrn conte~lt of the heparlnlzed 
plasma was-determined. The meal] valHe folmd was 7.G~ mg %. Blood had been taket~ previously from the same 
ram, with 0.8.~a']o NaCI Iti the s),rlnge Instead of heparln solution, attd the calcium content of the serum was found 
t o b  e 7.3~ mg %. 

It follow's diat tile calcium content of blood Is umtffectcd by heparht In vitro. 

The same result was obtained In experiments lip whleh+heparln was Injected Into a vein, In var ious  
amounts, and blood samples were taken after !njectloti .  

We examliaed the effect of calcium Chloride on the activity of heparln, using whole oxalated rat plasma, 
Ca+(PO~t~ -treated rat plasma, 'and fJbrlnog('u solutions. We hoped in tiffS+ way to+avoid the contradictory results 
obtained b y  workers rising one type O f experimental material  duly - plasma or fibr!nogen. 

For the In vitro experln~ents we added to 0.9 ml of plasma or flbrlnoget| 0.1 ml of 0..~p]0 hcparln solutions 
In 0;0~5 M t:alclum chlorldt:, and clott!~g of the mlxt~trc was cffected by means of thrombltt sohtflo~. The coit- 
trol s~(stetns !:~msisted of 0.9 m( of the s~+l+W pl;Isl+m c>r fibri,oge~l with 0.I tt]l of heparlH dissolved lli 0+8:~o NaC1. 



Out expeflments showed~ as did those of M. A. Ukolova (O), that calcium chloride causes considerable lowering 
of the activity of heparln (clotting time was shortened from 20.0 to 12.B seconds for whole plasma, from 23.4 
to 12,3 seconds for Cas(PO4)a-treated plasma, and from 12.0 to 8'7 seconds for flbrlnogen solution). Addition of 
calcium chloride alone to file same plasma or flbdnogen solution had no effect on clotting time after addition 
of thrombin. 

In theln  vlvo e/r hepadn was Injected, followed after 5 minutes by 0.025 M GaCl t solution. The 
same:volume of physiological saline was In Injected into ardmals of the control series. Blood samples were taken 
5 minhtes after injecting calcium chloride or saline solution, the plasma was separated by ccntrlfugation, and 
was coagulated by means of thrombln. It was found that the clotting time of hcparlnlzed plasma was shortened 
from 78.8 seconds after saline injection to 20.2 seconds after calcium chloride injection. Injection of calcium 
chloride alone had no effect on the clotting time of thr0mbln-treated plasma. 

D I S C U S S I O N  O F . R E S U L T S  

We conclude from our results that hepartn and thrornbotropin are antagonists. Addition to rat blood, In 
VlVO or In Vitro, of tbrombotropln preparations, at levels close to the physiological ones, lowers the activity of 
heparln added to the same systems. TMs property of thrombotropln is abolished by thermal lnactivations. Intro- 
duction of heparln Into the blood lowers tim activity of added thrombotropln. [leparin has no effect on tire cal- 
cium content of blood. 

Thrombotropln, prothromboklnase, thrombokinase, and calcium do not, by themselves, shorten the clotting 
time of oxalated.rat plasma to which thrombln has been added. TMs confirms the findings of Conley (8) and 
Lyttlet0n (12) that free heparln Is either absent from plasma, or present only in very lnsi~fificant amount; bind- 
Ing of free heparln by the above-named substances could cause significant shortening of clotting thne of throm- 
bin-treated plasma, as has been shown .~bove. 

It appears that calcium and active thrombotropln present In blood may exercise a sort of buffer action, 
preventing heparln front exerting Its action In normal physiological states of the organism (i.e., when small 
amounts of heparln maybe entering the bloodstream). 

Tile presence of large amoullLq of heparln In the blood 111 Certain pathological states may be Interpreted 
as a defeuse reactlo~l of the organism, whereby hepartn acts in the first place by billtlhl~ plasma thronlbotroptu, 
so preventing latrawlscnlar clotting. 

It may tiltls be concluded that heparin does riot play any defhfltivc part hr the normal p!lyslologlcal process 
of blood clotting. In our opinion, the maintenance of the fluid state of blood is ascribable to the absence of 
thromobokinase from tile plasma, bot not to tile Inhibitory aCtiOn of heparin On prothrombin or other blood coll- 
stltuents, as is generally supposed. 

The b~ic physiological hnpottance ol heparln appears to be that It is secreted Into the blood stream in 
:large amotmts wheu thromb0genic components appear, and could directly lead to tntravasCular clotting; heparhl 
powerfidly hllflblts their activity. 

Consideration should be given to tire treatment of hypedJeparlnemla by administration of calchtm chloride, 
which powerfnllyinl,lblt.s the activity of heparln. ! n using hepadu therapeutically account shoMd be taken not 
only of pr0thrombin , but also of thrombotropln, activity. 

SUMMARY 

Tile relationsMp of anticoagulant heparln was investigated With thrombotropln, prothromboklnase, throm-. 
boklnase and calcium. 

I t  wasdcmbnstrated that hepafln and thrombotroplnare In.antagonistic relationship. 

Prothrombokina~e and thromhokln,me reduce the activity of heparln to the same extent. 

�9 Calcium chloride greatly decreases file activity Of heparln introduced into the bloodstream. 

:ltcpariu Introduced Into the Mood has !!o effect on the concentration of calcium salts In the blood. 
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The ant|no r consMdrst!iathel,arht.exerts a p0werfuLI atttlcoagulant e fleet with compound action only In tt 
pathological condition of the body when thrombogcnlc components whlcll may directly Causo the Intravamnlar 
blood coagulation enter the blood.~tfeam. 
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