
PRESENCE OF COMPOIqENTS OF ,TII.ROMBOPLASTIN IN ERYTIIROCYTES 

V. P. B a l u d a .  

From .tilt: Chair of I'atliol~gical I'lly~iol0gy (Director - Prof. l. A. ('!iviil), Kllbatl 
Medical ln.~tllute (Di t to!or :  Prof. v .  K. Suprunov), Krasilodar 

(Received March 8, 19,57, Prc~nicd by V .N.  Chcruigovsky. Member AMSUSSII) 

Blood coagulation is a ~:olilp!cx biologi~-al process, requiring die p,'u'tlcipatibn of  a l,'u'gc liutnbcr of  factors 
pre~n_.t In the plasr'ra, tim blood platcicts, alid the tissues. A niunbcr of workers [1 -- ,3, 4, 5, 711, 12] ilave showu 
that a nilrriber of  factors take part In the process, other thau ftbrhlogcn (Factor :I), prothrotubln (Factor '2), lhroiu- 
boplastln (Factor 3)r alld calclulli Salts (Factor 4). It is knowli, itlorcovcr, iliat thi~oinbop!astln Is pre,~ent ill an 
lllactlvc hJrlli In the blood platclc!.%. Iciicocy.lt:.% mid body ltssucs [1, 8 !. Blood thronlboplasthl orlghiates fronl 
a number of.factors prcra.rni Ill rite blood plalolcls and the plasma. .S~:c!al .hl lpor iancc In the forillallou of 
tt irorl ibopla~tln lla.~ bvcu. ascribed to antlhl: i t lophtl i (-  g lobul i l l  (Factor 8),. to lilts plasina.coill i~OllCill of  ltlro~ub~- 
plaslhi  (Factor 0) ,  ~liid lo  Pat;lot 10. Ac- g lobul t l i  (Faclor 5), pro COliVCrlhi (Factor 7), and cal l : l i l in  chlorfdc 
(Factoi~4) aplr~ar al.~o lO take par t  lit iht: fori i ia! loi l  of tlir0ilibopla.s!tll, Slli(:c liOlle of ihcst', faclors tias aiiy t~f- 
fcct Oli i t l c  at:t lvtt 7 of fflrllic~l lllroirld)o|li~{sllii I01. Blood throl l iboplast i l i  orlgii lalt;S froill the l i l l c rac i lo l i  o f  pla- 
tc ic t  aild plasli ia factor.';. The c• of a re la t ive ly  lactic l iUil lbcr of factors wlii~-ti ,arc acllvt: lit the Ptrsl 
pha.~, Is Sullporlcd by thT.: f.'l(:i that dcf fc lc i icy (if cal;li indiv idual  factor, except F,'lclor 4,rcsfi. l ls Ill a spL't'tflt; 
forl'll o f  l icl l iorrhal~lc dt:llhc.~l,g. 

I:vitlcliCC has b('.cri rcl!ortt.d hi the: I i lcrat i i rc  l l iai  lho, ihrol i iboplaslt i i  ac i t v i l y  o f  blooddcpciid.~ Oil the prc- 
~t:nc, c bf  f i i l ly  il(:ih/c b'lood prolhroil ibol(hlasc (blood plait; lcl~), and Oil the COli(;t2.illraltOll o f  plaSiila illroii~bo- 
plasl l l i  fal;lors [ |~ 111. The lilOrt: lhrOfillli lpl.a~lhi i~ f l l r l i l ( i d  hi tho ftrsl plia.~c o f ' c l o i l h i g ,  the illort: prolt i ror i i l lhl  
l~ COllVCrtcd t i i lo lhrol i ib ln hi tilt: .re(rolld ph,!st:, for coi lvcrslol i  of fibrli logCll i l i lO f ibrin lu illt: third p!i.lgt.. 

I f . fol lows -f[Oill Ili(: al)ovc thai llio rtiOSl Coil iplcx plia,~c of bh~d c lo t t ing i.~ thai o f  lhroi l ihoplast ln lor i l ia- 
l ion. Very l i t t le  stiid7 lia,~ b~:cll devoted to ihc rc lai lo i ls (if crythrocyics to this prbcess. 

A l l l lr l lh('r ol atilhol's l iavc established Ihc prc.~ciic~ hi hi l l l iai l  crylhrocytes of  factors part l ( . Ipat l i i l l  Ill the 
formation of  lhrol l ibopla;; l i l l  [10, l ; I  I. 

The presl:lit papcr pl'o,;~:li.is ovldcliCC of ' lhc llrt;~on(~c o f  I l t rol i lboplaslhi factors In dog crylhrocytt~s. 

EX PEI(IM ENT AL 

The ex|icrime(Its Wcrc performed on male dogs. Four In[ Of blood wcrc taken from a silpcrflcial vcln of 

a forelimb orhcalfl~y dogs. Will,,,.t ~.~csthcsla; ~ ml-were , . , t  cdlatcly placed iu a centrifuge tube containing 
0,.I~ ml  of  1.34%.mdhun oxa'latc soltltlOl!, alid the rt~il l : i l i i l l ig B i!il were placed into all0tlier ccntrif i~gc tubt;. T w o  
s~rlcs e l  cxper.lliit~lli,'l were pt~rforlrlod. 

In. tilt: first serie s Cvl(IC[l(:(: of.the presence of  tllromboplasiln factors Ill eryitiroeytcs yeas based Oil mcasurc- 
incnt.~ o f  rocalclficatlon tlrucs of  oxalatcd dog pl0.qma In the presence 0f aqllcous hcluolyzat6s of washed cryshro-. 
cyt.cs~ As  controls we: mcasur~,d rccalclf lcation ihtles In systcnlscontMnhigphysl010gtcat saline. 

Piasllm rccalclflcatl0n time was i.let(:rinhl/;d in the followtlsg way: 0 : 2  inl of 0:~' / ' l%CacI z s0hitlon al'ld 
0.1:ill! of Iivlnolyz;itc were added io a 8 x 100 toni it,st tube, fl, llowcd qil:lckly:by 0 . i  lid 0fiplastlia , a stop- 
waich I , t , l ,g st;srrcd, ai ili,i .raii~c t i i l lc .  'I'tit: tcSi tube wa,~ .~hal~cu~-alld the i:ilui; of  appt'arailt~c of  f lbr lu f locci i les 
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w~ noted; "l~e tneamrtmtettts were tnade In a water bath at 38". RecMclflcatlon tln,c was taken to be the 
Interval between Introduction of plaslita ,'rod appe,'trance of flbrht floccnles ['3 ]. 

thd ~ccond series of experhnents we exatnlned the effect of hemolyzate 0st prothrombln requlr.ement. 
The prothrombln requirement for clotting was dcternthtcd by the method of Quick [141. T h e  prothrombht re- 
quirement wa.~ calculated from tt,e difference between Its content In the plastna ,and serum when blood was 
allowed to clot In the normal way, after addition of hetnolyzate or of ihe same volume of physiological sMlne 
(control). The data m obtahted served for the e~thnatlon of total throntboplastht activity [61. 

E X P E R I M E N T A L  R E S U L T S  

Ourcontr01 experiments showed that the recalcfflcatlon thnc of oxalated dog plasma varied within the 
range 80-142 .~conds. This time was .~hortcned when a diluted hem01ysat c of  dog erythrocytes was added. :A 
statistically treated pre~litatlon of the results IS given In Table 1. 

TABLE 1 

Effect of }lemol,rzate on RecalClflcatlon Thne of Oxalated Do~ Plastrla 
Stati.~tlcal Plasma recalciflcatlon time sere_ads)___ 
coefflc !eats 

M 

o:!: 
lit -l. 

t 

P 

plastna mid physiological 
s a l i ne  

100 

plasma mad red cell hctno- 
lyz ate 

37 
4 

1 
-12.6 

<0.001 

Note: M Is thc:tnemi arlthtv~;tlc yah,c, o is the standard deviations, m 
the moan error, t Is fl, o illdex of significance of deviations, .'rod P is 
the probability of difference, calculated In relation to tilt." rccalclflca- 
tion tithe fi)t,t,d In the prcsei)ce of physiological s:tlhl+t:. 

It aplm,'trs fro,, the data of Table 1 that whets physlologh:M saline ts added to the plasma the rt;~'+ah:lfl- 
cation tlnnc, as calculated froni the ,'u'llhtncttc incm~s, Isequal to 100 seconds (o :- J: 21 .+econds); with red col| 

IJcnmly+(.ats; tiff.+ lime Is-dv<:rt~ascd to :l > ~c<:(m.d~(o :: t ,1 .~'c(,tds.) l lci,~'c the coagulabtlttyofoxalatt:d pla.~l~m tit 
the in:~scnc~" of h(-mol yzat- aml wit]l ntlb~'qllt-iIt rccalcificati(m i~lncrcast'd,wlth refcrent:e to the c(mtr01 (P < 0.001 ). 

The dlottenhtg of rt:calclfl~ation thuo of plasma ht the presence of hemolyzato is related to raised throm- 
bopla+~tln activity of the plasma. TIII.~ may have been dtjc to Introduction of blood platolct++ togetherwith the 
hctnolyzates, or to the+ pro.re:nee of lhron,bopla,~tht cottlponcnts within the rod cells+ Special uxarninat t0ns  
showed that platclcts were ab~nt  from erythrocyte hctnolyzates. It ntay hence be assumed that file lm:rcase 
In throttlbopla~thl ;u:tlvlty Of plasma ob~xved after addition of hcmolyzate Is due to flt~ prescnc0 of thrombo- 
plastin factors In crythrocytes (Table ~). 

The data of Table 2 show that addition of hcmolyzate raises the profl]rombin rcqnlremcnt,  as compared 
with the control attd with normal values (P < 0.001), and fills points to a raised thromboplastln activity of 
plasma mixed with hemolyzato, It may hence beconcludcd that factors pos~ssh!g throlitboplasthl activity 
~ e  present In erythrocytcs.. 

Recalclflcatlon time In the presence of hentolyzate was accordingly shortened, and pr0thrombln require- 
litont raised. It tias bccn shovm by a number of workcrs [1, 121 that the thromboplastin activity of blood Is 
detertoh]ed by the atuomtt of platelot and plasma factors pro~nt, cottt~lbutlng to the fortnation of throntbo- 
plastin. The higher the cotttent of sHch factors, fltc higher will be file thronlboplastin activity of rim blood, 
and this,/n turn, dctermlnes the prothronlbht rcqntlrvtnet)t for the blood cOagUlatio n process. "lqte raised thron|- 
boplastin activity and lhc: s|,ortcn~d rc,.:alclffcatlon time of plasma Containing hentolyzate n!ay thus be a.~ribcd 
to the presence with hi t:rythn)cytcs of thn)n,bol)iast illO~Vt;lttC col[Ipottcnts participating ! n tile forntatlon of blood 
throfnboplast ha. 
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T A B L E 2  

s of l lemol)!z_ate oj!_Pr:~t[Lromb_h~1 RcqtH_r_cu~,cn_t _.." . . . . . . . . . . . . . . . . . .  
Statistical cool- _ . . . . . . . . . . .  Protl__~ur_on!b In r~ql~ ire rue n t (~ ~ 
flclcllts under ordhl,'try ill prcsullCe of 111 preselr'c, of |)hysiolo- 

" _ " " icondltions: hemolyzate ical saline 
M 
o i  
ms 
t 
P 

68 
2 
0.5 

84 
4 
1 

14.4 
<0.001 

65 
3 
1 

0 . 4  
~ 0 . 0 5  

.Our finding of thromhoplastin factors within dog etyttlrocytcs Is in affecment  with tho~ of Quick ct al. 
and of  Otlovlanl and Dcttorl for human crythrocytcs, The pre~ncc of thromboplastln factors in human and 
dog eryttirocytes supports the view that this may be a gc'neral biological phenomenon. 

S U M M A R Y  

Data C0ncemhQ, the presence of  thromhoplastin factors hi dog ~.'rythrocyws are presented. The pre~nce 
of tt le~ factors was Judged by tile Influence of water hemolyzalc of washed erylhrocylcs oll the thnc of rccal- 
clflcatlon of fl~e oxalatcd plasm a and on utlllzallon of prothr0mbin, The average time ofrccafclf lcat lon of 
oxalatcd plasm a equalled 100 seconds (o " ~ 2t). while utilization Ofl~rothromldn was 61~0 (o = J: 2). Addition 
of hcmolyzate Of crythrocytcs Io the plasma was asmclalcd with reduced duration of rccahilficaliou (P<0.001), 
OtlltzaHon of prothrombin was Increased in presence of I!ymolyzatc (P< 0.001). 

Reduced Hmo of recalclflca!ion and increased utlllzat Ion Of prolhrombln ,are connected with the pre- 
sence of thrombopl:ts0~ faclors in crylhrocytcs. 

The presence of thromboplastll~ factors In cry~hrocytcs of  human bcfngs and dogs supports tht, vit-w 
that this pheltomen(mhas a gcucral biologlc~d character. 
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