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Blood coagulation is a complex blologicalprocess, requiring the participation of a large number of factors
present | In the plasniia, the blood platelets, and the tissucs, “A munbu of workers [1 - 3, 4, 5, 11, 12] have shown
that a nmnbcr of factors take part In the process, other than ﬂbr[nog ¢n (Factor 1), prothrombin (Factor 2), throm-
bhoplastin (Factor 3), and cale hum salts (Factor 4). Tt |s known, morcover, that thromboplastin Is present fn an
Inactive form In the blood platclets, leue ncyu s, and body tissucs [1, 8]. Blood thromboplastin or{ginates from
a numbcf of factors present dn the blood platelets and the plasma, ,sp.cial fmiportance in the fo;-iimtlon of
thrombopiastin has been asérihcd to hn_r!lu:m()philic_ globulin (Factor 8), to the plasina component of thrombo-
plastin (Factor 9), and 1o Factor 10, Ac- globulin (Factor 5), pro convertin (Factor 7), and caletnm chloride
(Factor’4) appear also to take part In the l'orm:ulon of thromhop!aqtiu, sln( ¢ none of these factors has any cf-
feet onthe activity of forined tllroxr\l)opldqtixl [‘)l Blood thromhoplastin orlginates from the Interactlon of pla-.
tefer and plm,mn factors. “The ¢ xtstence of a relatively large nuber of factors which arc active in thie first
phasc is supported by the fact thar deficienc y of cach individual factor, cxeept Factor 4, tesilts b a specific
formt of hiemorrhagie diathe q[t.

Evidence fas been reported dn the titeraraee that the thromboplastin ac tivity of blood depeirds on the pre-
scnce of fulty active h}ond prothroml)okhmsc (bloud pl.m ]uw), and on the concentration of plasma thrombo-
pln';tln factors [1, 14]. The more thrainboplastin is forie d in the first phiase of “clotting, the more prolhmmhin
ts converted fito thrombin in the second phase, for converston of fibrinogen into fibrin in-the third phase.

It-follows front the above: that the most coniplex ph.m of blood clotring is that of thromboptastin torma-
tion. Very Hetle study has been d(,votul to the relations of erythirocytes to this process,

* A number ot authors have ostablished the presence In human crythrocytes of factors participating (n the
formation of mrmnboplm.t(n (1o, 13].

The present paper preseuts ovidence of the presence of thiromboplastin factors in dog erythrocytes.

EXI‘ER_,II\H-‘N'I‘AL

The experiments were porformed on male dogs. Four ml of blood were taken from a superfictal vein of
a forelimb of healthy dogs, without anesthesia; 2 mlwere Inmediately placed in a ccntrlfubc tube contalning
0.5 ml of 1.34% sodhun oxalate solution, and the re maiing 2 ml were placed into another centrifuge tube. Two-
series of experinignts were performed,

In the first serics evidence of the presence of thromboplmﬂn factors {n erythrocytes was based on measure-
‘ments of rocalcification rimes of oxalated dog plasma In the presence of aquecus hunolyznus of washed crythro-
cytes:  As controls we mcasured recaleification times in systems (‘omainin;, phystologicat sallne,

Plastua recalcification time was determtued in thu following w way: 0.2 ml of 0.277% CaCly solution and
0.1 1l of licinolyzite were added to a 8 X 100 nun test tube, followed qulckly by 0.1 mlof plmma. a stop-
watch lwluy stirted. at the sae thine., The test tube was shaken, -and the time of appearance of fibrin floccules
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was noted, The measurciments were made In a water bath at 38°, Recalcification tiine was taken to be the
Interval between Introduction of plasina and appearance of fibrin floccules {31,

In the sccond serles of eaperfinents we examined the cffect of hemolyzate on prothrorbin requirement.
The prothrombin requirement for clotting was determined by the method of Quick [14]. The prothromblin re-
quiremant was calculated from the diffcrence bétween {ts content In the plasima and serum when blood was _
allowed to clot In the pormal way, aficr addition of hemolyzate or of the same volume of physiological saline
(control). The data so obtatned served for the cstimation of total thromboplastin activity [61].

BXPERIMENTAL RESULTS

Our control experfments showcd that the recalcification time of oxalated dog plasma varled within the
range 80-142 seconds. This time was shortecned when a dilutod hemolysate of dog erythrocytes was added. -A
statlstk,ally treated presenration of the results fs given In Table 1.

TABLE 1
Effect of Hemolyzate on Recalcification Time of Oxalated Dog Plasma
Statfstical . Plasma recalcification time (scconds) '
coefficlents pla'mla and physiological |plasma and rcd cell hemo-
o |saline’ lyzalc

M ‘ 100 a1

ot 21 4

mi i 1

t 12,6

P <0.001

Note: M s thc‘mc:m arfthmetic value, o s the standard deviation, m
the mecan crror, t Is the Index of significdnce of deviations, and P Is
the probability of difference, calcutated In relation to the recalclfica-
tion thne found In the prcscncc of phiyslologlcal saline,

It appears fromn the data of Table 1 that when physiological sallne is added to thé plasma the e caleifi-
cation tinme, as calenlated from the arlthnietic siicans, Is cqual to 100 s¢conds (o =12 q(w,,d;). with red eell
hc-umly/.\u this line fs:deercased to 4> sceonds (g = b 4 sceonds,) Hence the coagulability of oxalated plasimain
tie prosence of e molyzate and with subseyuentrecalcific .m(m isincreased, with ref( rence to the control (P < 0. ()()I)

_ The shortenlng of recalelflcation thme of plasma In the presence of homolyz.aro Is related to ralsed lhrom~
bop[m(lu activlty of the plasma.. This may have been due to Introduction of blood platelets tobulhcr ‘with the
hemolyzates, or to tho prux,nco of :hromhoplmlln cmupom—.nts within the red cells, Special examinations
showed that platclets wers ahsent from erythrocyte hemolyzates. It may hence be. assumed that the increase
In thromboplastin activity of plasia obscrved after additlon of hermolyzate. i due to ths presence of thrombo-
plastin factors In crythrocytes (Table 2).

The dnm of Table 2 show that additlon of hemolyzate raisos tho prothrombin requirement, as compared
with the control and with normal values (P < 0.001), and this points to a ralsed thromboplastin actlvity of
plasma mixed with hemolyzate, It may henee be concluded that factors possessing thromboplastin actlvity
are present In erythrocytes.

Recalclfication time fn the prosence of hunolyzatc was accordingly shortencd, and prothromnbin require-
‘mont rafsed. It Has beon shown by a numbor of workers [1, 12] that the thromboplastin activity of blood s
determined by the amount of plmclot and plasia factors prosent, contributing to the formation of thrombo-
plastin. The higher tho content of such factors, the higher will be the thromboplastln activity of the blaod,
and this, in wen, determines tho prothrombin. requirenicnt for the blood coagulation process. The raised throsi-
boplnstln activity and the shortened recalelficatlon time of plasiua containing hemolyzate may thus be aserlbed
to the proscnce within erythrocytes of thiromboplastinogenic cormponents participating In the formatton of blood
thromboplastin,
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TABLE 2

Effcct of Hemolyzate on Prothrombin Requircment

Statistical cocf- L f_mlhrombin ruqnlrcmcntﬂ_) e
ficfents ) under ordinary in-presence of n presence of physiolo-
e _jeonditions _ hemolyzate  gical saline .
M ' 68 ) 84 656
ot 2 4 ' 3
mi : 0.5 1 1
t 14.4 0.4
<0.001 »0.05

Our finding of thromhoplastin factors within dog crythrocytes is in agreement with those of Quick et al,
and of Ottoviant and Dettorl for human crythrocytes, The presence of thromboplastin factors in human and
dog eryttirocytes supports the vicw that this may he a genceral biologlcal phenomenon.

SUMMARY

Data conceming the prescnce of thromboplastin factors in dog erythrocytes are presented. The presence
of these factors was judged by the influence of water heniolyzate of washed erythrocytesonthe time of recal-
clficatlon of the oxalated plasma and on utilization of prothrombin. The average time of recalcification of
oxalated plasma cqualled 100 scconds (0 -~ £21), while utilization of prothrombin was 68% (o = £2). Addition
of hemolyzate of erythrocytes to the plasma was assoclated with reduced duration of recaleification (P<0,001),
Utlliz,minn of prothrombin was increased in prescunce of hymolyzate (P<0.001).

"Reduced time of rec aleification and increased utilization of prothrombin are connected with the pre-
sence of thromboplstin factors in Lrythrocytcs.

The presence of rhmmboplaqtil_;f:tctor§ In erythroeytes of human belngs and dogs supports the view

that this phenomenon has a gendral biologicai character.
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