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I.ra 1-'atsachliohell fil"OSster Pz-af,.,la..1'1Z:, 

irJ Hypothetischen ausserste Vorsicht. Pfonlisch, 1923} 

When theory, fancy free, 

Bids t1bither -- yon I s the way"., 

Cal.m fact e:xhorteth thee: 

110onsider, tyro! s~1n (Orig. ) 



I. 
~ 

EDITORIAL JOTE , ____ _ 
The author adopts the A.111erioa..'1 ~lling in tho ~l;. 

(1) Re!'crenco.s are given i.11 text by elcnrated nuroorals., corresponding 
to alphabetized bibliography .:...'l A :l)Ondix III. 

(2) Titles of journals a.ro abbreviated in accord.a.nee with the lddely ... 
used "List o.f' periodicals., abstracted. lr.r Cbertlcal Abstractsu, 
kier. chem. Soc. (Columbus, Ohio), 1951.. 

(3) Abatracts (abstr. ) and •personal eomrrmnicationst are indicated. 

(4} Authors ar~ listed alphabetically. In case of tiple nut.1:.or­
ship, the ..,eco11d and subscqu!')nt author's names follow :in 
alphubetical sequence. 

( 5) Diphthongs are replaced by Soi=)aratc letters. f~odified 1ettora 
(accent, etc. ), when not n."lglicu.ed (c.ll• ·o, German ii) in the 
original rcfer...,nce., a,?pcar in the usual alphabet or ,er, but include 
the modification. 

( 6) H;yphcn:;.tcd a. 1 co:n.pou:id names are listed in alphabetical oxvJer 
under ir.i'i:,ial letter of svrname, inclrnling De, Le, :ac., :fu, Va.11., 
Von. 
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ABSTRACT 

By specifically analyzing for the vario11s active principles of 

plasma, platelets, tissues and their fractio-ns,much new information 

has been obtained concerning the role of liµ:,ids and platelets in 

blood coagulation and in the hemostatic mechanisms in health and dis~ 

ease. Analyzed canponents are studied in artificial clotting systems, 

especially a two-stage thrombin- forming system. Some 86 cases of 

bleeding disorders, 32 newborn normal infants and their mothers, and 

many normal adult bloods ha'\Te been analyzed with re"'pect to cmponents 

or the clotting and hemostatic functions . 

The detailed considerations embodied in the thesis are encO'llpassed 

under the following heads: 

1) the importance of certain lipoids, especially eephalin, 

2) the normal need, in plasma clotting, for platelets, 

J) the particular significance of a platelet component, which 

has many analogies to cephalln, in the thromboplastic system, 

h) potentiation of the thromboplastic actions of cephalin, of 

platelets, and of tissue thromboplastin (to some extent) by a variety 

of experimental additives . Part of t.111.s may be explained as a 'thrombo­

plastin generation' through co-participation of certain plasmatic eom­

poMnts (antihemoPhilic globulin, TC" etc . ) . Part, however, may be the 

result of certain proteolytic enzymes, particularly trypsin, 'dis­

aggregating' lipoproteins and thus rendering their phospholipid (and 

sometimes calcium) available for participation in the clotting reactions , 

S) possible ca .. containing and 11-oid-containing 'intermediates• in 

the thrombin-forming reactions, 



6) myelin figure formation as an explanation of •alterations' of 

platelets and certain other formed elements such as thromboeytes, mega­

karyocytes, and stromatolytic erythrocytes ., 

7) the multiplicity of factors which platelets may contribute t.o 

the blood clotting and hemostatic mechanisms , 

8) the occurrence of many clinical disorders due to deficiency of 

platelet functions . Thrombocytopenias denote deficient numbers ('counts' 

and total bulk in body) . Throm.bocyto-pathias are deficiencies of specific 

platelet components, e . g. thromboplastic factor, accelerator, vasoeon­

strictor (5-hydroxytryptamine}, or retractor factor . Such deficiencies 

ean be clinically significant even when the platelet count is nol'l'l!al . 

Bleeding in leukemias , uremias, etc. may often be accounted for in these 

terms, 

9) the nat,n-e and modes of action of heparin and other 'anti­

thromboplastic I inhibitors, and cf some antiproteases, in relation to 

the 1T!echanisms discussed, 

10) the •cephalin availability theory' of the author, as a useful 

working hypothesis to ex:plain the importance of the natural thrombo­

plastie phospholipid . Lipid release from platelet, tissue, or possibly 

plasma sources may- very well be the long-obscure 'trigger mechanism' 

which initiates blood coagulation. 
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PART I. B A C .. G R O U :: D 

FOREWORD 

1. 

In presenting a. thesis embodying e.,..,;perimentcl uork conducted over a 

27-yea:r iod. (1929-1956), it is nece~s to :review the kno rledge of 

1e field at the co,;mie..,ce.JlOn.t o:£' this 'riod and ita pubsoquent pro,:::;ross 

to the presen~ tine, in order to eva.1.uate each ccntribation in the light 

of contemporary mow.edge and theory. Several volu..'ileS, a."ld possi'h.1.y 

several aut,. ors, would. be required. to rev:i.eu critically a"'ld in dotail ill 

the extensive literature of the lood coagulation field. From ·· ha pey'PJ.o­

logical a~·.1,1roach alone, several thous titles ure referred to in the 

monumental reviews of P. Morawitz 346,31.a a..~ E. "."ohlisch 505,5'06 and. in 

. ~ recont articles, including those a.ppoaring i.?1 the .Annual. Review of 

Physiology, t o o:f the..'11 by the present a· 1thor l33,11.i.O. The pui"'poses of 

this thesis best be served by a election of ·those ideas n..11.d trends 

of tho11&"'lt w1u..cll afford the background for the topics presents 

A thesis, more than a de.finitivo scientific publicatiOn, rci".I.ects 

the interplay or ideas thc-,.t infl:uencc the .rrllld of' its author ari.d it is 

not ;i.nappropria-te that it indicate, to ootlC e:t've..'1t, ·he persomu elei."10nli 

in research. In i.ihe period covered. Sciel ce itscl.£ has m::idergonc a 

begi."l.ning, but it has accelerated i n ·vhe last few clccadea o! the twen­

tieth cc.."Yt::ur-·.r. Characteristic of aal"lier pc.riods was the eroinerice of 

individual scientiS'tSJ t1hose disccwer"les opened up new fieldS, or special 

areas within those fields, often sing:f..e-. anded. Students ld ~-oung i.vi.ves­

to ork in the laboratories of the distinguiehed authority 

a.'>"ld ·~hus developed the vari00$ •schools ' , justly ood:ing to ·the reputation. 

and pre.s ige o.f t. e •~er•. A £:i."lB xaz:t_ple in our .field m:w the 



2. 

Dorpat school, und.er tho leadership of .Alexander Scnmidt (1-860:-1895) . 

T"nc modern scientific era has e.aen i:meh larger numbers 0£ scientists 

norld . .J.g siliul:ta.neoualy in the sa.-:ie field. Through scientitic gatheri..."lg:J 

of regional., national,. and in:l:.o:.""?'..ational scope, 10:rkers of ld,."ldred inter­

est have frequent opportw,,itios for exchange of ideas. Thus, all are 

kept fully in:t'omed of many lines 0£ progress sr.d 0£ the definition ot 

numerous proble:r.s in advance of their eoltr~ion. A not infrequent oon­

sequance is that the ~.e solution (or allo.ost) ia r0aehed sixuultano011,<Jl,y 

by se\"eral independent gl"O"'"'PS of worker·s, perhaps Uidely scattared over 

the ;..--orld. An illustration o:r th.is may be cited from a field peripher.al. 

to thcrt of t:b...e preoent enquiry. In 1939, the Joul'nal o! the .American 

Che,.ucaJ. Society s:bn.llta..'1eously published fom4 papers .fron1 different lab ... 

oratories., aJ..1 or ul"..ich must sllare the credit for t e de!i.~tive solution 

to tho problem o! the chemistry of vitamin(s) 

thing 'is true of the recent discoveries of setreral nmi !'actors .in the 

blood clotti.""lg mechanism. Here, a.110-ther consequence is m.a.."litest~ nantel.y,1 

some uncertai..""lty because o.f the di.fficul ty in exact identification ot the 

factors in question, thus l~ad:i~g to a con:f'usion in nomenclature. Sueb 

confusion is moro troublesome to the casually i."ltorested seie.,tist th.Em 

to t. ose actually working on these probl011S, however. 

L"l the coagu1a:tio11 fieJ.d, at least in America., perhaps the 1ast 

o.f the old nchool authorities was ~I. II.. 1-ro-... ron, o.f the Johns Hopld."'.IS 

School of Medicine in .Balti:m.o:re. This ~"'ltmt scien:t.ist a.."id distin­

gu:i.Ghcd t,eacher was qUietly continuing his erit,ical e2perimentation in 

a modest laborator.;., um.ch he oect.,pied as Emeritus Profesoor o.f Pr;;ysiology., 

d-u:r-i....ng the period 0£ the 19.30 • a when the present. author hlld the privilo..ge 

o:r payi..11g .h:im numerous vi.sits. His friendly ctt..arm., advice avid critioal. 



the blood clot~ing field. 

On the occasion o:f the annual meeting of the Federation of' Ar.-.erican 

Societies .for Experimental 'Biology at Detroit., in 1-935, a mna1l group 

of interested coo.gulatio:ni.sts n1et together and agreed to maintain an 

meet at each ar..n1.1al meetir.g of tl1e Federation, and the sustained inter ... 

othor specialized fields., a:od a very important result of their coordillated 

:interocts has been to sect1re i..•1-ter-societ,y sessions and u,ymposia at ouch 

ga.thcrin;;s as the Fed.-0:ration a.rld the Int.crnatior& Physiological and 

Hemat.ologi.caJ. Societies' meetings. other .significant contribttt.ions to 

the cross .. fertilaa.tion of id6"'\S among specialized scientific groups 

aro the m:mwrous Hesearch Oon.f.oretJCes, 1:thich a:re a di.stiootive feature 

or the moder.a scient:if:Le scene. S01:-.e ~les, in which lbncric.an 

coagulationists get togethol'", are those pro::-.1oted by the lla.tional Reooa.,:ch 

Colll'lCil, the u. s. Public Health Service., a."ld the Josiah l".acy Jr. 

Foundation, to rr..cntion just a fei;. 

with this broad perspective,. we may selectively su:mmeriza the Gat'ly 

his+v0r-3 of blood coagulation, in 1:m.at we may call the personal ara, 

a..YJd then proceed to a brief re.vi.Er:'.r o.f its modern status, in ~'uch due: 

credit f'or individual investigators need .!.10t be de..'liod by presenting 

The topic of the bloodplatelotn will be separately reviewed. 
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obtained from plasr:i.a with strong solutions of sodiu.m. chloride .and other 

neutral: salts. Redissolved on addition of water, it subsequently under­

went coagulation, indistinguishable from the appeara."lce of natural 

fibrin clot. 

The f'alse impression that .fibrin was the restu. t of some ' sponta.11eous ' 

change in&. soluble precursor (f.ibrinogen) was first questioned by 

Buchanan 68, 69, particularly in his observation that the washings from 

a blood clot could coagulate certain hydrocele fluids . He co:npared this 

with the ren.11et curdling of milk and also did :much to try and prove a 

cellular origin of the blood coagulant. Buchanan ' s work was neglected 

until republished by Grun.gee 183 
i..."1. .support of his confirmatory experi­

ments . Gamgee 1 s method of preparing tbrombin ( as it has come to be 

termed) from blood clots was further improved bJ W. H. Howell 229, 232 

at the beginning of our current era. 

2. THE DORP AT SCHOOL 

Alexander Schmidt, of Dorpat., established his famous school in the 

latter hal£ of the 19th century. From t.he master and his pupils ca1ne a 

large body of work and publi.cations, reviewed in Schmidt•s two mono• 

graphs 
420,421 

in 1891, 1895. It is easy, from our advanced modern 

rtewpoint., to be extr emely critical of the crudity of their experimen­

tation a.>1d highly theoretical presentations 0£ their ideas. It should 

be remembered, however., that the difficult biochemical problems of the 

coagu1ation field l:m..i!ble us even to this day. Then again, the 19th 

century discoveries, especially in the field of ferments (or enzymes)., 

aroused such interest that contemporary enthusiasm sometimes got out 

of bounds. Analogies were suggested and their implications tacitly 

accepted, 'With little or the caution demanded 0£ more recent experimental 
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science. Schmidt used a crude technic o£ storing blood serum umer 

alcobo1 to obtain his ' fibrin ferment•• which vas a very weak and im­

pure thrambin by modern standards. His numerous e.xperi.111ents endeav­

oured to oearch out all posei.b1e !actors innuencing the cl.otting 

1tleChar.d.sln. •Proplastic•, i . e. fibrinogen-containi:ng• ~ such aa 

~e ficl.d, or plasma obtained from blood kept fluid with~ and 

other neutral aalts (~. He:non 
218 }, vere clotted by Scl:rmidt1s fibrin 

ferment . He obtained good evidence for a precursor of the coagulant. 

The teff.1S thrombin (.f'or fibrin :ferment) a.'Yld ~ip. (ror its pre­

~ ) were introdu.ced in his later writing. Thus Schmidt has deser­

vedly boo."l called "the f'athGr 0£ the t.hrambin tf.eory" . Many details 

of his pa.rti~ar t,heories a:-.td termi.'1.0logies have long since been dis­

carded and need not be reviewed. A few words may be said, however, abot..t 

some of the .uper:imental racu1. In attempting to unravel the thrombin 

pr,oblem, Schmidt did l!IUCh to in;>l:.ieate (he .thought) both (1) a plasma 

protein, tparagl.obulin', and {2} tissue or cellu.1.Br .factors, which he 

called • ~c substances'. As to the :t:trst, it did seera rational. 

at the time to look tor a proteolytic ' split~· ~ the 

poetu1ated enzymatic breakdown of fibrinogen to fibrin. 

Schtrl.dt and his pupils did a great deal w1 th the tissue materials 

noted Under the second head, namaly, t zymoplastic substances'.. These 

wre obtained both in aqueous extracts and by means of fat solvents, 

hence chiefly lipoidal in character. Heat stab:LUty and many other 

pro~rtie3 were investigated. The most significant conclusion about 

these eymopla.stic agents vas that they ware not tb:rombin but could parti­

cipate :L-ii. the activation o£ prothramhin. 

The easential. teehnique whereb,y Schmidt s9Ught to characterize ti.88ue 



f'.rad,io:.1S uas, first t,o obtain an alcoholic extract ( 1zymoplastic 

substance'), t,hen a succeeding watery extract (tcytoglobulin1 ) and its 

~cetic acid precipitable fraction ( •preglobuli.n1 ), and fina.lly a~ 

insoluble residue ( t C",ftin' ) • Of hl$tor:i cal interest wore tho obr;-erva,.. 

tions: {l) zyr::.oplaetic si1cbstance promoted. clotting under a va..'l"'iety 

o:f' test circ,rmstances some of which led to the eonclusion (.above) 

that it could participatG in the a:ctiV"J.tion of prothr.ombin to t.hrombing 

(2) the defatted ool.lu.lar eA"t?-actives., expeciru.ly preglobulin, had 

considercliI.e ,;,,lot-in.lrlJl.itj3 pouers, o. g. for r.tlJrtures of' MgS04 plasma 

and fibrin 1'er;.11ent (th.ro:1binh (3) zymoplas·tic substance, however, ,ras 

able, to 11Cstore clot-t:i...tlg in those i."'1.."ti..bited mi;:tu.res. 

Se.w..i.dt ' s f:L.'"leJ. mmw.ini u:p of his 1riews on coagulation 421 included 

the ide....1. of so:met11i...11g no?"D".al.J.y present in blood which eotld be rega.:rded 

an an antithro;1bLry_. Tb:it; term :was actually introdu.eed by F'a."'lO (1881} 

to designate the t.henoolabile ( on boiling) agent ·which caused i:ncoa.gu­

lability o! blood after eel'.!tone i:njeetio:n.a in tho dog., as fh~st shmm 

in Car 1 T,udwig I s laboratory by 8c£1..midt-Hu.lhei.,n (1880) . Extracts 

.from th.a medicinal leech contain~ subntance hirudin which Ha.yk:raft. 217 

showed to have similar •antithrombic• powers. 

It was generally known in this era that: (a) the •thrombic• act:i.on 

of f:resh seri.m progressively decreased on agi.'1.g even for a fmr hours; 

(b) t..~om.bin eJ.ottod plasma less readily tha.."l a .fibriEogen solution; 

(c) the weak thro::-nbin preparations of that t:iJ1e had little., if a:ny., 

capacity to produce coagula:Cion (thrombosis) on i.."1travenous injection 

.:l.nto experiJnenta.l PJlimala.· 

3. TF'.E WORK OF H...\T~-t . ..1111.STEM A,ID WOOLDRIDGE. 

Olof !Iamm~U"sten 
20>,, in 1883, se01ned to simplify Schmidt's th.eories 



by suggesting that I fibrinoplaatic substa..-...iee• ( 1 !ibr:i.no-globulin•) was 

not a componen"t of the eoag,.1lant, but appeared as a split produ.ot of 

!'ibrinogen when acted upon by the fibrin fer:.,ient.. . However, this end• 

nent biochemist went cm to considerable succoas in tne purification of 

both .fibrinogen a.nd thrombin. We o--ire to him the application ot the 

t salt:i.:ng-ou:t.1 technique to precipitate f'ibri.viogen from plasma, using 

t sat. lfa.Cl or 1 sat . (lill4)21304. Weyl, Heynsius, and o·thers (re.:t. 371) 

were tho;:i developing the use o:t.' neutral salts, rather 1:;;hru: the earlier 

acids a.rd a.ll:..alies, otc . , for the separation of all kinds of proteins. 

The distinction between albumins and globulins on the basis of aolubili­

ties in such salt solutions was made int.his era. When oxalate or citrate 

(see later) replaced the older .l:gS01i, etc. as anticoagulant.a used in sepa­

rating ( centt1.:f.'ugally) the plasma .from the blood co:rpuscles, the prepw;-a ... 

tion of fibrinogen &~d other clotting factors by the salting-out :method 

was much ~r:,roved. The technique of elementary organic analysis by 

combus~ion methods, dating back to Liebig (1840) > we.s continued a."ld, 

despite the relative crudity of the materials analysed, did give data 

on 1E1 S., P, a.11.d minerals, e. g .. Ca, tibich contributed some information of 

real value iu these early days of protein- and other organic- cher:tlstry. 

lia."11nlarsten ever1tually purified .£ibr:i.nogen u."ltil he was able to obtain up 

to 94 per cent of its protein in the f5.brin clot which resulted from 

treating its solutions with tb1:·01iioin. His thrombin was fractionated from 

fresh horse serm,. The conclusion from these careful expe:ri.."nenta was 

that the smal.l qqonti ty o.f' non-e-oagulable protein unaccounted for wae 

merely a minor contamination tiiith wh.at we would now term serum globuli.."18. 

lla.~sten' s worlt on the calei'U!'ll factor w'.i.ll be reviewed on p . 9. 

L. c. Wooldridge S08 had cons:idel"able justil'lcation for eo;;,ie of bis 



cla:i!llE to riority, over the Dorpat school, in ·cho investigation 0£ 

phosphollpids ( 'lecit,hi.1·w t) in the blood clctti.'lt.; zystcrn. He obtained 

many int ~esti. f; c::perim.e~1tul .i'..'llcts., but !1.is tissue i'ibrinogon heory and 

:many aspect ... 0£ his ~ork wo:i. .. e too unort oclox to gain .hi.111 wide recogni­

tion. Even t.he publication of hie obscur-e 1:orkz by Hors el · . d tar ling., 

in 1893., nailod to shake the wi eaprew:3. acceptance of the .u"om.bin theoey. 

4. T! r~ C. r:::m~ FACTO ... : Ifarl:r worl< of A:rthus., .i:'ekelhm"il1g., .rfa11;.nm·sten, 

Sabbati..l'li. 

Al.ex. Sch..'nidt mis neve,r com"inced of the need for calcium in the 

~ ,n,i..__ h·~~ . t· 201,h04 th.ro!!lbin-forming reaction. ..rn::..~ <..l.1..1. been prev:Lous m.ggas ·1ons 

for a role of caleium in blood clotting" but the significant evidence 

was provided by :1\rlhus €llld Pages in 1890 19 • They used oxalates o:c 

fluorides to prevent clotting, and restored it by simple .i.."'C•ad.dition 

of ca.leium salt. 

Pekelharing 
372

•373 confirmed this and introduced citrates for the 

same purpose. This worker i.Jl'lproved ur>on Schr..idt' s thods for obtaining 

prothrombin. Dilution and acidification of plas.:na. wit11 11eak acetic acid 

separated this agent, by a principle hich lie woul.d no characterize 

as isoelectric precipitation. Pekelh.aring, however, uen.t to undue 

lengths to identify his material a.s a »nucleo-albuminn and suggested 

that it had a cellular, perhaps platelet, origi.11. These uere not useful 

idea.s and they somewhat lessen the value of his contributions. He did 

i."'1.Sist u...uon the i,-nportance of calciu::i: salts in activating prothrombin 

to thrombin (fibrin ferment), but he loses us :in hi.a urther speculations 

about its trans.fer of calciunt to th.a .fibrinoge..."'l :b. the act of clotting. 

Haomar.ste..11 '206 
provided :more convir:.c; nz evidence of the speeifie 

importance of caJ..cium in prothrombin activation, while der..ying it any 



i"cnlly- ni, i.:::'ican ... ro~e in fibrin fom"'t.:.. ~n. i3y o ., ation ~ 'iso­

olectric' rccipj_tavion 01· .tl.is fibr:ino~en n.>:id t. 11\.1::•bin, he obta.i.ned 

10. 

ysi!lg ns lit· le as 0.005 

.r ce 

;; ur.::cy 

:.t..1.- es in that 

tb,ey do not l:.:roci_ i·::Oat, cal.cium, 1ms scttl._, at the tu.,.,-n 01· the cent..i.ry 

. s' • . . • trJ..7 ' I t -1- t'· _, _ oy n ..... ~'t::...., . :, l-~-~ sr..o~c.. u.v n ..... o.v ·cmovo 

-· •iac·;:;ive G ... C_ - a.::lion c0..;-.._µI0.:ros . 

,,, 
.;.:1:- I cl ·"ifiea · ea... co cerning the 

1·ole of ·~is .... uc. f ..... etor.s i.11 tb.e clotting ·1echardsm. FuJ.d ' s te .; ' cytozymo' 

late ~dopt d by a m.tuority cf o k r~, no ably· ~eluding Bordet 55, 
1Jhereao . st. E1u·1 pean inv .Jtigai:,01·s ac<; pted lor~l'i z• s term. ' thro· 1bokinase 1 • 

The 3.!'gume. .... wa!J still by analog.{ wit • a ci tl;r ac cpte 011Zy, 

(1899) .had just 

co7crzd entc.i.. o ... · ......... 'lSe to cxpla.:n i.;he :..r..tt;.lvt n.11 activation r ancroa:tic 

did clei:o.-ly 

state that~ ccl.ci-;:im ions and ·!;;issue facto1~ 'ore needed ·o convert 

prot?'..ro.. in int:) thro.mbin. 

llir"'·ritz 345 also gavo us the te_·_. 1roetathrotibin' for · he :L"lactive 

;fo_ of tJ ,mbin :i • Sd , ., believed dlliJ to s0;:, combinat · on nt.l anti-

tJ o ... b.i.n, .. ic. •!Or-~ .:.tz, ~ollmrJ.ng earlier leads by • • >el nidt, thought 

he ·1az ubl<J partly t.o reverse wit,h an acid .ai il alkali tr ... a.tr.1ent . 

6. ~HF, 

P. ~;olf 351, in the later 1900 ts, reGtr;;.tlicd Ji:.hc plum .. e.."l.a o"' 

peptone s: ock in er :.:rJ..J.ental animaJ.s, pm oic·u.a.rly in rcla:t,ion to the 



1i ver. F-e not orily conf:L.rmed ear. ier French .orlrers ( Corttje , Gley., 

Hedon aqd ezenne) as to the hepatic origin of antit..11:rombin (much 

Uolt pre.!erred to call • a.titithro' J»si.~ t ) but also gave good eVid.ence 

that the liver produced fibrinogen a.Yld antifibrinolysin. Nol!' wae 

especially interested :L.'1 the fibrinolytic phenomenon, pointing out 

he l.oss of fibrinogen due to . poaranze o.f an active proteolytic 

u. 

eneyme (fibrinolysin) ·in the blood, partly expla:ining the incoa.gu­

lability encountered not only in peptone shock but also in livt3r p:>ison­

ing w"ith phosphorus (Corin a.Tld Anciaux, 1894) o t."ith chloroform 

(Doyon, 1905) . Evon when the blood remained coagulable~ the clots 

would soon undergo J.ysis. As lit,tle as l/60 vol. of nor:r..al dog plasma 

could prevent this, indicating that no..~ pl!) contains a powerful 

antifibrinoly:tri...n. This, however 11 is re uced or absent in the above 

cases :L"l olving failure ot liver function. .roir per.formed many :notmro.rtby' 

eJ1;per:bnents, but bis theories 1irore heterodox. In brief', he tried to 

br:mg into a dual clotting-fibrinolytic sche!!le: (1) i'ibrinogen, 

(2} ' thromhogen', mrl.ch is possibly equivalent to the orthodox prothrombin, 

a.1:though l olf' al.so indentif~ it with .,_ e antii'ibrinolytic agent, 

(3) •tnrombozyme ' , ssibly equivalent to Schmidt's zy,.noplccstic sub­

st~nce or Morawitz •s th:rombokinase, s1nce Moll asserted that it was 

"produced by certain whi to cells ( thrombocytes c:;1P..d platelets} a..'"ld by 

the endotheli .. O.i.. the capilla.rioo11 • rfolf accepted thrombin only as a 

by-product of the reaction betlimen the above three substances and not 

as the coagulant itself, as int e t.nrombin theocy. He used the term 

• thromboplastic • for a heterogenrous group of ~0'8nts, including nettablo 

surfaces., e .. g. ground glass, 11calcium oxalate in colloidal suspension":, 

chloroform a."1d sir.:ilar emulsification, which assist in the colloidal. 
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reactions. • •• • nThe tbrombopl<'.stic agent interve.'":les solely to make 

'the reaction posnible between these (3 cited) precursors, It acts as 

12. 

a. catalysa.tor. And so also do the alcoholic or aqueo1.is tissue est!".actarr. 

It may be remembered that hound 174 and Bordet and f"~ 5B retarded 

blood and plasr"~ clotting by use o:f' paraf:t:i.ned surfaces. 

7. THE ~'ELL THIDORY 

Around 1910, w. H. Howell and his pupils w:re re-investigating 

{a) the tbromb:in-f'ibrinogen rea.ction (Rettger1 19103 Houall, 1910), {b) the 

intravenous injection of thromb:in (Davis., 1910); and (c) the clotting of 

peptone- end birudin- plasmas, especially by gl.ycerini-zod ( Cecil, 1911) 

tissue extracts. In a 1911 paper, Hmmll 230 carefully reeon.sider-ed 

the role oi' •tbromboplastio' tissue extracts and, because of their 

ability to clot the above-mentioned :inhibitor-containing plasmas, he 

concluded in favour o:f an alternative to Mormrl.ta•s theory, namely, 

that tissue ex:""w."acts a.et only by neutrru..izing certain clot-inltlbitors. 

Fnrthen-uere, ho argued for a t)pe of (natural} inhibitor whieh does 

not merely antagonize active tbrombin but actually prevents the!'~ 

tion o.r thromin £ram prothrombin. Ilenoo the new term ' a.ntiprotb.rombin r 

and the specif:i.c idea. {Howell's 'tbrombopla.stih') that tissue oo..1:.raets1 

particularly the themootable lipoidal. fraction, act by neutralizing 

antip:rothrombin., 

In 1912, ind~Aent of Zak 514, Howell 
231 

identified the throm• 

boplastic agent as cephal,-,1!1 in some £om of protein combination. Lecithin., 

whether from tissues or egg-yolk,, was inactive. Howell ' s cepha.1..in 

preparation f'ollowed. the , "lethod 0£ Thudichum 464~465, pioneer in the 

field of brain chemistry. Dialronmr had separated •1:ooithin' .from other 

brain lipoid fractions and shown that its lzytlrolytic products v.rere 



yceros osp citl, choline, and fat·y a,:ids ..,1ch as oleic and 

r;w.rgaric (ref. l0.3). Thtldicl un found that there were a variety of'. 

phosphor;d.ated li~o:i.ds (phosphatide 3 phospholip(o)ida) differing 

especially i!1 t:1eir uitrogonoua bas"ic groups. ~tain:i.ng the • e 

':t eit,hL11 for those contain:.L"'lg choline, t' e ne1r terr1 cephalin was 

13. 

given to tho c containing ethanola:mne. In 19151 F..ouell set his Pt'Pil, 

Jay McLean, to test, in the blood clotting syste:u, ill phosphati®a 

described in the literature to that time. Au unexoected result m.ll 

receive di e consideration in a later paragraph (p. 14). ,. The data £or 

Howell1 s 239 la.st paper, on 11Tho isolation or thromboplastin from . 

l .g tissue, ere conpleted just before hi .. death in 1945, but it vas 

his daughter Dr. Ju..~et Howell Clark, who rrot.e it up for publication, 

kindly submitting it for ey appraisal bafore sendi.."1g it to the puhlj;;Jhers . 

This paper showed the progress Ibrell had made toward characterizing 

thro.m.boplastin as a "protein compound of a phospholipidu from which 11it, 

as possible to remove the prote:L'l, leaving a esidue with nr ,.eel 

thromboplastic activity, 't:,h.e cham:ical nature or which has not been 

detorminodlt . 

Hmrell 233 used a cri.lda preparation of prothrombin, s · :.,ly obtained 

by precipitation of pla.Sl'rl.l1 nt.."1 acetone washing with ether' drying ~ on a 

Buchner funnel, and subsequently extracting with alkalinized water or 

saline. one of his prot!tro:m.bins failed to activa'l:;e with calcil!m alo11e . 

In fact, na.ny oi: tho::11 act1.vatod to thro1nbin I sponta..~eously' and this was 

enhanced by treat, ent with cnc13 and otl er lipid-solvents 71 • I owtc:ll 229,232 

also prepared a thro10.bin by 8% NaCl extraction of was .. ed blood clots 

(se p . !,) nd could • uri.ty this by shaking ~iith Ohloro.for u.."ltil it no 

longer gave any reaction to chemical. tests for :phosphorus. These data 
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caused Rowell to reject the European tr.rombok:L.?J.aSe idea and i..'1Bist 

that calcium alone could activa'ce .. -irothrombin. Reviewi-Ylg these r.;.a.tters 

i."1 his 1916 Harvey Lecture., Howell 235 agreed that thermolabile 

(50° - 60°c) aqueous tissue extracts or· relatively thermostable cephalin 

do assist in protbro1 bi.'1. activation, but. he proposed. an alternative 

conditions the prothrombin is 

protected .from t.li.e activating in-f'luence of the calcium ions by a 

co:.ib:i.nation of some kind -ri.th a..'1 inhibitory agent or antisubstar...ce., and 

that cephalin exerts its accelerating effect upon coagulation by zieu.traliz .. 

ing the irrl"luence of this inhibitory substance tl.us liberati.11g the 

prothrombin so that calcium ca."l car :vert it to thronbin" . This is the 

essential Rowel.l theor-.r. 
326 

Howell ts pupil, McLea.?J. ., in the above-mer :tioned study of a 

v""ricty of relativoly crude J>hosphatides., fou..."ld so ,e that., instead of' 

aiding, had a iarked · nhibitory effect upon coa<>'1Uat:fon. These incl cd 

t o preparations o.f •cu.ori.11' (method of Erlandsen., 1907) a.'ld a. 

1hepa:rphosphatide' (m.othod of Basko.f.f, 1908) . In personal come.roa­

tior.s with Dr. Jey ·wtenn durL'lg visits to Oolumbuo, Ohio, around 1940., 

he told mo hmr elated he had beel1 to 0 discover anti;>rothro.mbin" . But 

he had o leave or active ser--n..ce in lorld .rar I a:n4 miss t e follow­

up vork in tthich Howell and Holt 242 and Howell 237 established the more 

iritporta"lt spects of this a."lticoa.gul t ction, i!'.eludi.'"lg need for a 

plasma co-£.a tor, and identified the a.gent, not as a phosphatide., b1..,t 

as a. sul.fonated polysaccharide w:ni."le1 which Ifuw-ell called heparin. 

In his 1925. Pasteur Lecture 
236 

a? d 1935 Physiological · view article 
238

, 

Howell clearly trl.entified his a.Tltiprothrorobin with heparin.. He did 

note th.at .Iella11by 330 was not able to obtain .a.v evidence that :ieparin 



combL':tes i.'ith proth...-o..win, finding that it did not prevent 1e activa­

tion of prothr :.bin in -:i rni:id:,u:re of prothrombin, calcium, and kinase 

{tiasue extract) . Hmrellh:; "op_ sit .... results" were tb.o'....ght to be due., 

os ibly, to di:ff rancen in the faro prot.lu-om...~i.~ prep,'3ratj ons or in the 

test sub:Jt-rate {purified fibri..'1.0gen v."'• dialysed o.xa.latod lasma). Hcmell 

failed to tion a. much w.ore sienif'icant poiri.::., namely, 'that Hellanby• .s 

'k::i.nase' 1,-as a crude aquoous tissue e:ct:.ract1 l<Thereas Hor.ell• s ' thrornbo­

plastin • was purified cepha!.in. Howell cites Fuch' s 177 suggestion 

t t the prothrombin coiuplex might be the s::u11e as t a 
1
pro ... erocyme• 

postrilated by rd.et and De~ 56• Jo further comment is made in the 

revioo, but I know from personal conversations m.th Hovell that he 

t1as unimpressad with this idea. Bordet • s p!'Oserozyme wa said to change 

to serozyma (prothrombin) on contact wit 1 vettable surfaces, but 

heparinizcd plas or protlrr"omb-'l'l solutions a.re unaffected by the S'U!"­

face of the co tainer. :Hovell 238 did not bri:Dg the heparin co.factor 

into tho a.'ltiprot a-ombic thesis, but only int.o the tithro:nbic action 

of heparin. Thus ••• "u.."llike hirudin., ••• heparin ••• has no inhibitory 

effect upon the reaction between thrombin a..Tld fibrinoge.'111 ••• although 

• • • 1'11epari.n added to plaana or se • • • causes the production in these 

liquids of a true a..'1tithrombin by a reaction wit'1 some unknovJn thermolabile 

consti.tuent of the bloodn • Let us ticipate sorae of the 

of' our ther.'e to -record tho reasons for the ref\1tation of the Howell theory .. 

This ca!".e about because of failure exper:L"Jentcl.ly to verify the essential 

facts which the theory requires. Here are the a..'1.SWer to some key 

questions: 

1) Are significant a.110unts of heparin to be foti:Cd in the blood 

normally? 'l'hc best answe!' is ,hat of Jaques 249 who used a reliable 
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chenucal assay ethod wnich failed to find nore tha."1 10 microgra: !S 

per 100 ml in normru. hum.a.Tl blQodS. This is only about l/lO the ainount 

of t e heparin needed to keep blood .from clotti.'1g :u1 vitro. Heparinemia 

ca.-1 occur i."1 peptone-shock a.11d other phylactoid reactions 2.S'S_ 

2) Can :1epa:r:i.n form a prothrombin-a...'1tit.hrombin type of comp1€A.'1 

Because of its highly acidic groups heparin can combine ith the basic 

groups of ma.w prote:in.sJ etc . (li"'ischer 162) . Cr.argatt 75 oMiained 

evidence of a stoichiometric combination etween heparin and prot~ 

(a basic split-pr duct o.f salmon- roe prote:L"l) . It ca.'1 f'onn a polyanion 

corrplex with f'ibrinogen, exper:i.J ,entall.y 42• No one, however, 1'...as 

isolated an;,"th:L11g like the postulated hepar · protbro""lbi...'1 co ... pound. 

The inhibitory actions of hepari.'1 ruwe proved multiple and complex. 

They a.re still l.IlSUff'iciently understood, but ch that is now lmOW!l 

can expla:i.'1 these actions without, need !'or postulati.71g Howell' s 

Com'_t?lex 4,2$ • 

3) Does t onbopl.t.st:in neutralize heparin a'ld release prothrombi.n? 

As to the f"ast part o! this question, let us .for the moment i.de.,tify 

thro i.boplantin in.th cepbalin ( tbromboplastic phosnhollpid) . Phos-

p orylated llpoids are acidic in .uch the sa.rie uay as the sulf'onated 

heparins. He.i1ce a direct neutralization soer.,s i!:proba.blc chmcnlly. 

There is much more reason .-md evidence (e. g. Chargaff 75) to think of 

both the phosphatide and the heparin as competing for tho basic grotq?s 

o.f protei...>1.S. Cephali.11 combines stoichioroetrica.lly with protamine 74. 

pa.r-1 ........ "'1, the st...-ronger acid, can 1dev-la.te1 cepha.J.in f"rom this co.·:ibi."lation. 

n en pari.'"l is made to react wlth the thrm:ihoplastic lipoprotein 

.from 1~ 87, th phoapha:tides are spb:t oi'f the protein carrier ru::.d 

a. heparin-nrotein co:rnpom1d rosul.ts . This compound, in losins its 



ttJl"'OOl.boplastic property, has acq'lli'red a new one: it exerts a ma:rked.ly 

• --'! ,;.,.o tn 83 mi. _......_ • • • .., t· ' J.' :;., 1· - .i. • ,.. s.nt1coagw.c.nt eJ...1.eC , • .u:re P~:ui..elll w.01.et.y ¢.i. ne ... nromnop a,$v1 .... 

agent must ob'-n.ourily also be considered. Ji'urtha~ore, tbe :rilasmatic 

2Ii2 67 1s1a . 
cof"actor ( c£. ) has been shown ' to '.ll" • .'te!'!!"'Vene L"1 the a:nti-

protr.rombic as. well as the antithronbic actions o.f hepar:t..'l an.d this 

requires i'trlhor e~1la'la.tion.. As to the second part of the question, 

real evidence is still lackinf, that protr .. romb;:in was bou.."1.d in the first 

place. 

4) Can prothf'ombL"l be activated by cru.ciuo salts alone? This essential 

corollary to the Howoll theory is seriousl.y questioned by :r..ore recent 

work, including data presented in this thesis, in which it uill appea.:r 

from e:xperiments ld.th both Hovell-type a."ld :rl.th ncr..rer types of 

prot..11:ror1bin.s that cephalin or tissue th.rornbopl.a.sti."l play a direct role, 

a.1.ong with calcium., in the conversion of prothrombin to thrombin. Ftu:1;her-

363 36i, 
more, wholly 11W factors , ·..,. have no11 become recognized as oquaJ-17 

, 
essential :in the highly complex thrombin-f orirlng react:i.ons . In a.ummary, 

then, the f:fa.mll tooorJ was too simple and has not stoc,d U;_") to the 

In 1909, J. Hella.nby, 'imrldr...g in the Physiological L-::i.boratory at 

C~br-ldge (E..Yigla.'1.d) as George i:Ienry Lewes nstudentu I published two 327 

notcwor.,cy paporr.: in the field of' blood coag,uation and, i..1 his maturity, 

he returned to this field 1tlth further investigations in -the 1930' s .328,329. 

Molla"'lb<J f'irst employed fovl plasma, as reca.."Wlanded by Delezenne 

{1897}, to prepare fibrinogen by a dilution a-rid acidification tecbnie• 

in principle similar to the tech.11.iques of Alex~"lder Schmidt 42°,421• 

He rejected ~.:arsten ts ~ $al.ting-out ... 10tho-d because of "baneful 



innuences of salts on proteins" and stated ••• 11it is clear that if 

fibrinogen is a ~lobulin• the best method to prepare it in to dilute 

18. 

and neutralize arry fiuid conta1n~ng it. This procedure wil.l certainly 

precipitate all the globulins contained i.'l'l the fiuid. used., but there has 

not yet been adduced a certain proof that any globulin other than fibrin­

ogen exists in plasma..... As a matter of fact the ina.jori ty of experimental 

results poi.11t to the conclusion that fib.rinogen is the o~ globulin 

327 . 
contained in plasma •" This error is not only confounded completely 

by more modern knowledge (ref. 11lr.), but was untenable even nth the 

data on plasma and serum proteins available in i-1el lanby• s time. Further-­

more, it is inconsistent with many observations in bis own work. Else­

where, Hellanby cited Pekelhar1ng 
373 

as identif'.Ying prothrombin with 

' kinase•. We have noted (p. 9) that this authority did believe pro­

t.hrombin to be a '~bumin' of cellular origin, but he was vex-:, 

clear that it vas a plasma component and quite distinct from the 

zymoplastic cellular substance of AJexand.er Schmidt. 

Credit mu.st be given to the attempts of the Cambri4ge "student" to 

further the knowledge o:r blood clotting, including his efforts to be 

quantitative in rna.n;r experiments. Yet one finds all sorts of inconsis­

tencies and contradictions. For example, compare (a) "every f'ibrinogen 

solution which has been tested has coagulated with calcium chloride al.one" , 

and the statement (b) ••• 11but a consideration of the properties 0£ 

ldnase and prothrombin and the constitution o£ plasma point to the 

conclusion that calcium alone will not clot f'ibrinogen solutions"• As 

1tbrombokinase t Hellanby used diluted testicular extracts from the 

bled cockerel, after the manner or Rauschenbach (1882) . With calcium• 

this readily clotted his ' fibrinogen • and he properly inte~ted this as 
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evidence for prothro bin contrun:izmtion in t e substrate. In this early 

uork 32:/, ... ielJ.a...'1by did not separa. ·e protbro foin but merely deduced its 

presence and activation i'rom crude c;q)er:i.nents, espeei.ally varying the 

concentration of kinase. 

Mellanby' s 1909 thror:ibin (fibrin ferment) waa simply 1·the fiuid 

,-.:pressed after co:n;plete eoa~at:lon • • • of a fibrinogen so1-utio., by 

kinase a.."ld ealcium cbloride0 • It was 'With s ·ch reagents t at he attempted 

to quarn;d.tato t_ th:ro bin- fibri."10gcn re ction both as to clotti.ng-ti.1:es 

and .fibrin y. eld.s . Ho varied (a) calcium and otrur aJ.ktiline earth salts, 

(b) ne,ttral. salt (,.Ja.Cl) concentra.tio. , (c) acid (HC1) or alkali {'laOH)., 

and (d) o.~ate, citrate, .fluoride, etc. 

In 1930 ! Uru:ey 328 
presented a. purifi~ation technique for 1pro­

thrombase ' , which was his tenn for prothro bin, based upon the prevailing 

enzy.:10 idea. Starting with dilution and acidil'icatio,;, patternad after 

t earlier metl ods of A. Soh""'idt a.'1.d ?e aring a.~ esse.."1.tially 

a."lt cip ti.>1g who.""'ij -we would nmr eall ru eff'ort toward isoelectrlc 

precipitate obtai.noo :f'ro;::1 the diluted plasma is a complex m:i.xturo. The 

greater portion of it consists oi' prothrombaae, fibri."loge.n and Sertl.111 

• obtilin., but tho • igr tents o.r serum, cholosterol, d tr.ire boki.."'lase ( 1 ) 

a.re al 1 ·s presont in variable quan.tities. The sepa.ratio:n of prothromba.se 

f:rora this complex precipitate has preserited considerable dii'i'icultioo" . ' 

l averthe.less, by diluting w.ith l:u:ie water and bubbling C~ th:i: ugh,until 

a p:E of .8 ... 7 .o, and calcium. l)ica.rbonate thus formed about 0. 0092 

per cent., he el imed splitting of the prothro.mba..,e f rOlil the co _3lex. 

The mno t of calcium was said to be too s to ~ctivate the prothrombase 

in the 't~"'"Je required for i'iltration ard subsequent precipitation by 
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acetic acid, to pH: 5.3. Tho fi."l.al product nas dried nth acetone 

(ct .. llm:rell, seep. 13) . lkt:nissiona o.t its frequent contamination uith 

thrombi.."l conflict with a.ssertior...s cf "no sponta:.'18000 activation", e . g. on 

dialysin . Mclla.'lby ts product did have cons1dera.ble pot.ency and, 1n 

soma test.s., was pat"tly stable to boili.'1g for 5 .min. at pH 7....8 . 

tt .... Addition of tissue extract al.one ( tl".:l"O':'lboki.11a..::;e) to a. solution 

of prothro'1base aluays causes tho generation of a corr JSpond:L"1g 

quantity of t1'l.""Ombase in tho course of a fev hours . This fact holds good 

even u.hen tho prothrombaae has beo.i."l prepared i'rom solutions conta.i."l."ll1:g 

no calcit1"n salts, i . e . ox .. a.:Urne plasma a.11d the repla.ce:rnent of calcium 

bicarbonat-e i.. sodium bl carbonate i!l tho s,gcond s-taGe of the process" . 

on the velocity oX act,ivation11 • Hance Hella..11.by balked at a:ny ±'i...~ 

conclusion., t,.,.us .... "no definite atate".l1e:.:1t on the place of caleitrni salts 

in the reaction ""l'tJ:Y be rr"'~de until thrombokina.sc has been isolated in a. 

pure ccrnditiontl 11 

i1.ellanby' s •tm-o:;1base1 {t,hromb:in) described in a. later paper .329 

b"'a.S obtained by slightly modifying the prot.hrombaso method so as to 

pem.it co;nditions favorable to •spontaneous' activation. 

We have cited the .f'oregoing in Sotla detail in order t.o emphasiz-e 

t e unaatisfactor.; state of experimentation ldth the blood coagulation 

proble-11, as late as the 19301 s. Fibrinogen had e~t'.e a _long 1-ray ·with 

V-~ 4 205 11 2,30 • u,.1wwa.rsven a.."ld P .. .awe , btlt. prothrombi.."'l. and 1kiri.lll3e' and even 

Howell I s 
232 

purified thromb:i.n tre-re .far short o:f critic.al requirom.ents .. 

It is :L"'l .tact all too evident that most workers pre!erred to ·avoid 

facing the issue of cont.aminant inpurities . Most deductions were m.ade 

as i.f these did not exist, -even it a.t titles this • <>ant a considerable 
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t-.rl.sting OI the cxper:i!r:.ental results. I rould oOt seem that it uas 

asking too re· ch, by 1930, to ensure that fi rinogen preparations ~,are 

f"ree fro:: all traces oi' prothr · bin. Yet .cwhere can ml find a pr<)d ct 

which .failed to clot uith calcium and tissue e::,.."tract., except poss:i,bly in 

sone of the earlier exper::il:le.T1ts of Hooell 
230

• Most of the t:u .. c, 

howver, Houell only uoed calcium salt in the control test, since, 

according to his theo:ey-, this is all that i,ms needed to a.etiYa..te pro ... 

throln.bin. 

9 • • mJ..S; PR.AC.TICE VS .• Pll~EP"f. 

C. A • . til.ls, of C:L21cin.'1.ati, was the other notable aut ,ority vhose 

personal interest and ez.cha..>1ge o! ideas played a role • the prc:1ent 

writer ' s ent:r-; :into the blood clotting .field at that time. Of' his 

volumf.n . ..JUS m-J.ti..TJgS 334, 337 little will be said in this review. :e do 

recall, hovever, Hills' insistence on a critical control of fibrinogen 

preparations .for frecdor from prothro •. min. Milla used cephalin as well 

as calcium i..'1 the preliminary test . Unfortunately, mueh of Mi.Us• 

l!lagnii'iccnt conceptual approaches ended in data which must be discredited 

because of tho failure to realize :in pr-actice lina.t he preached · theory. 

:.o critical control was inadoqu.ato when oat needed to support the 

i. tel".f)retation of his ;..'l)erincnts. The fact ras that fi.1ls J:38 obtained 

clotting in. his 1prothrombin- freet .fibrinoge. on addin0 lung extracts 

or platelets :L the presence of calcium. T' is led him back to the 

heterodoxy of a second type oi' clotti.."lg and even to the nomenclat-ure 

of Wooldridge1s 
508 

•tissue fibrinogen• . 

The refutation of J:ill' s ~inents nd conclusions was made in 

1934 by the L...""1-Ta pa,thologista Smith, ja,rnor and Br:inkho1., 4h2. In 

sca.rch.:lng for suitable fibrinogen these careful workers :i.nally 
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adopted the tcchnio of adsorption with Mg{OE)2 .for~ of traces 

of prot~in, as previously rcc07'ur.11aridod by Fuchs lBO. Tl1eir seC'Ol'.'ld 

contribution was in the preparation o! the lung extract itself. Being 

highl.y vascular, lung is ord:lnarily full. of blood, the prothrarabin 

w-lth water or saline the Iowa uorkors \."ere able to obtain a. sti.baequ.snt 

prothrombin-free extract . Tb.is did not clot the critically prepared 

fibrinogen even on add.i."1.g oeJ..cium. 

Prothrombin-adsorption tech.'1.iques wore not nev. Pickering)?$ 

reviewed a variety of' reagent.a which had been tried £or this pw.,x;se. 
os-

we rrey list Ca/P04)2 (Bordet and Dela"lge, 191.4), Ba.004 (Me and 

Walpole, 1916) 98., Mg(DH)2 (Fuchs, 1929) 
170

., .Al(OH)3 (Quicl'i':1 1935) 
381; 

Many including flJ.exa.'1dor 
6 

and ourselves J1:i7 have come to pre.for Ba004. 

In their 1938 purL1'ication of p:rothrombin ~J c~ (under pressure) 

elution from the Mg(OR)2 pl.acme. ad.aorbate, and its subs.equent tranvfor­

mation to thrombin by t:re.an:::: o! calcium a.'ld lung extract, the Imm 

. 435 h28 
workers uere assisted by W •. H. &..~gers '· • Ai'ter establishi:og 

his mm laboratory at i>Tayne, Uni'\l'ersity, Detroit, Seegers and his 

ll f ·1-.. "'"'·~-..1 ,i.1n--·b· 424,431,49S . 43:3: CO eaguos u_·r•'t,uer pux·..w.~ prow.u.vm in a.."1d tlll"otabin ,. 

from bovine plasma, to· give us the ~st potent and possibly the 

purest preparations to date. There still remain some qu.estions or trace 

yield several other ,coraponents o:r the clot-1:;ing system t.he :presenee of 

which :L'l the final product may call for sor:10 critical comment .. 
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B. r ODE!UJ VIEWS ff·: BLOOD CLOTTil G. 

'!'he following selective outline of present da,y (1956) knowledge is 

presented vi th slight per,aonal bias but is essential..1y the concensus of 

the modern • group thi."lldng1 • All workers agree that many details and 

perhaps still undiscovered .factors await :further exploration a11d that 

the present 'working hypothetd.s•, useful as it is, especially in mtrly' 

clinical applications, yet tails to give an adequately detailed answer 

to the deceptively si.'?lple., but truly involved, questions: (l) wlzy- does 

blood not clot :L"l the normal circulation., a."ld (2) why does it clot 

(a) in ·iromootic conditions and (b) when shed? To unravel the com­

plexities we shall try to ana.qae the clotting mechanism step-by-step, 

bearing in mind, however, the inter-relatedness a."ld .frequent simultaneity 

or overlap of the several a.nd. successive reactions. 

l . SKELBTO:T SCBEt!E OF CLOTTmG REACTION. 

Figure 1 presents an intentional Jy. over-simplified. scheme. !t 

merely indicates the tvo I classical' phases of clotting. The esse."ltial 

and final (second) phase is the conTersion ot the plasma protein 

fibrinogen into fibri."l cl.ot through the physiol.c)gical intervention of 

thrombin. From one point of view, this reaction is colloidal, tii1rely, 

a change from •sol' to •ge;1.• inVolving J13&1\V" pbysico-ehemical considera­

tions, including sur.face eleetrical. charges depending upon polar 

groups of the reacting molecules and the 'ionic atmosphere t of the 

surrounding salt-rich Yned:i.m. From a11.other poi.."lt of view, it is 

enzymatic, ref erring to a specific mode of action of thro:nbi.'1. 

Thro:mMJ. is not normally present in the circulat~"lg blood. I.ndeed 

there are antithrombic !actors natural.l.,- presei.1.t to inhibit or remove 

arr:, thrombin which might possibly form in the blood. The plo.ana does 
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contain a precursor protei.."l, prothranbin. The cl.(wsical first phase 

or clotting, then, is concerned with the conversion of prothrombin to 

activo thrombin. ~'his is particularly conplex and will. require a 

searching ana.cysi.s of what our scheme collectively e&Ua •activators•. 

Possibilities of inhibition of the activator mechml:i.sms are indicated 

i.."1 the scheme and will also require investigation. It is questionable 

whether we can grou such first phase inhibitors as 'a.'ltiprothranbici 

without beoom.ing involwd in the old controTersies of the flcMul theory-. 

2. EXT&IDED SCHisl!E OF CLOTTIUG ~ID HEMOSTATIC MECHANISMS. 

Figure 2 presents a more detailed. scheme or tJle major .factors in 

blood clotting and bemostas-is , with some indication o:f inter-rela­

tionahipa. For clarity, all inhibitor factors are om:ltted a."ld r.rust be 

considered separately. Brie.fly summari~ed., the following ideas m--e 

cmeredc 

1) Bemo.stasis is e. m,siologic&l. trmction inYolvingt 

(a) vaseu1ar integrity and vaaoconstrlctor mechanjSZDB, 

(b) platelets (and other formed elements) participating in the 

cell-thrombus, 

(c) fibrin clot.. 

2) Vascular factors will not 'be considered., except to mention: 

(a) vaaoconstrictor role of serum serotonin derived (in part) from 

~-tryptamine ot pl.atel.ets, 

(b} ro1e of damage to vucular endothelium in (i) initiating 

platelet participation (adherence, cl.umping, breakdmm) and 

(ii) attord.ing site for fibrin depoaition. 

3) Plate.lat f'actora (incompletely- revi.ewad) including: 

(a) the above vasoconstrictor (2a), 



(b) a platelet component, which reacts with pl.asma .factors in 

'thrombopln.stin generation', 

(e) a platelet 'accelerator', 

(d) platelet retractor !actor, 

(e) a role of thrombin in the platelet mee.lianisms. 

4) 1asmatic thrornboplastie factors (AHF, Pre, etc. ) are i-"ldicated as 

reacting with platelets (3b) in thromboplast:in generation'· · 

~) Injured tissue sources of a •complete• throml>oplastin are indicated. 

6) Prothrombin is the inactive precursor of' tbrombin, in plasma.., 

normally activated by ea++ and tbrombopl.astin in the presence o.f 

(7) and (8), which a.re two essential plasma tco-factora• . 

7) Proconvertin., ~ COffl"ertin in the presence o:f Ca a.>td th:rombo­

plast1n. 

8) Proaccelerin, yields accele:rin~ under the ini".luence of a trace of 

throlllbin. 

9) ActiTe thrombin, formed by the indicated reactions, 

10) Comarsion of fibrinogen into fibrin. 'Serum .factor• (p. 33) 

should be included. 

11) Cl.ot-retraction subsequen~ results, from action of a p1atalet 

factor (3d) . 

12) Fibri.nol,ysis and clot-roaolution result eventually., from activa­

tion or the proteolytic enzyme system, whose compone."'lts are also 

indicated in the scheme. 

13) Various inhibit.ors should be inc1uded in the concepts outlined 

above (see PP• 49-57 ). 

3. TliE T i'.R .Bil -FIBR.Il100E:ir REACTION • 

. fust of the early work in this area was poorly quantitative a.'id 
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beset 'With uncertainties a..'1.d errors caused by impurity of the reagents 

used. Modern . ..aterials are by no means con.pletely £roe from all 

uncarta:i.rtties, but have clearly proved their value in many exacting 

qua.YJtitative tests. Particularly signi.ficant are data which have been 

obtained with P!!,y'sical meaan.u-aaents__, e. g. opacity, rigidity and tensile 

strength of cl.ots, light-scattering (Stufenphotomet:cy), streaming double 

retraction, diffusion, viscosity, electrophoresis, ultracentrifugation, 

and electron-microscopy. Sol~ity studies 89 are very valuable in 

preparative procedures, when worked out in relation to the five variables: 

(1) temperature, (2) pH,()) ionic strength, (4) protein concentration, 

and (5) content of vat~ible organic solvent, e . g. ethanol, 

s1nc-glycine, etc. Aonumant,a.l eontl"ibutions in these a...""'eaB o:f our 

field haYe come fl"Otn the late E. J . Cohn1s Department of Physical 

Cbelllistry and Pl.amna Fractionation Laboratories at Harvard 114. 

a) 11.brin yields . The modern chemist seeks to follow the course and 

kiXletics of reactions., especial.ly enzyme actions, by tim:L.Ylg changes in 

the substrate, as well as by measuring amounts of the final. products. 

Thi.s logical approach is beset with technical dif.ticulties in the ease o.f 

the thrombin-.fibri...'1ogen reaction. The exte.."lt to which these may- be 

overcome i.s illustrated in the selected references l59, 348.,60. Fibrin 

yields, as ea.sured by the amount of C08.(;Ulated protein recoverable 

in washed clots~ is~ of course, priJ .arily dependent unon the initial 

800'Unt of fibr:inogen available. fbat the thrombin concentration deter­

mines only the rate of the clotting reaction but not t.he ultimate -
fibrin yield is cl.early shown L11 Figures 3 and 4. These a.re .from 

experi:ment.s with purified 1'ibrinogen a..TJ.d thrombi."'l made in the author ' s 

laboratory to. Figure .3 shows ei'.f'ects of varying the relative tbram.bin 
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concentr-c.:.tior a thousa.'1df'old, but e.:i. .. loyi. e, a conata t a'OOunt of 

i'i.br:i.no • Deopite clotttng-t:L:te (see below) V.'.ll'iations bet-ween 

18 ~ec. a.d .30 m-i'"I•, the .f:u:;al (10 day) fibr:in y elds are identical aid 

all 100 per ce::t of the original (coae;ulable) protei..."l in the fibrinogen. 

Tncse indings a.re strong evidence £or the Z"'fl. atic nature of' t 1e 

thromb.:.c action. F'i, 1r0 .4 shows .fibri..'l yie ds, with tine, e:::pLoying 

!our different trxombin concentrations. The l.inearity of t.he logarit ..mi.c 

plots {of' residual substrate concentrations), within s."!lall lilr.i s of 

exp ;u _ ta1 error, indicates a first order eaction 273 again consis­

tent rlt._ an e11zy:·U1.tic actiVity of thrombin. 

t10TE: The resul ta do not rule out ti pseudo-first order reaction 

in Jhich preli...--1.inary phases n:tr.,Ji.t be slov·er tha.11 t:.e ac~i.o. oi' •• o; .• om. 

Other t,h:ri.gs 1'1f'..ieh do not affect the fibrin yield., within ... easonablc -
1 'nita., are (l) te:.np~ature., (2) p , (3) salt eonce..11tratio~ ~ e. g. :·acl, 

Ca~, (4) '.f!bri.noplastic•* colloids, e. g. acacia (except for .1inor 

FbafNOTt~ "'il·erguson {1916) !;,ti propo"soo a revival of this old term of 
Alexander Schmidt 1 s i."l order to in.die te agents which shorte.1 clotting­
ti!!i.cs through nonspecific effects best intorpreted ~s adsorptive or 
s:L'nilar ways of br"..i.ngi..'11.g fibri."lOgen a."ld throobin 'reactive groups1 

to&ctLer a.c!d thu0 facilitat~1~ their interaction. 

occllWion effects} (!,) minor pa.."'"1:.ial denaturation of fibrin.ogen 

( 'pro.fi' ri.u t of l~pitz, 1937). Things which -ai at'.fcct fibrin y-leld.f 

i..T"lelude (a) o:r.trel.'lely low f'ib:rinogon concentrati-ona (0. 002 ... 0 . 003 

per Ca."'lt) where •.:101.uble f'ib:rin•., . e . intel".111ediate polymers of insu.f­

£ici ·:rt ·cgree of aggregatio_ , for:ns a oigni.fica.11.t proportion of the 

end-product, according to . ~orrison :34t.\ (b) occlud,;,.~ protei.-ris 348; 

(c} reve::.~s:iblc :L.'1.1 ibitors of tho type studied by J . D. FCJ:'17, s . 

Stul."J.o.:i , t al . in the 1lisoo:n.sin Labor.ato.rics l60,438,LltO.,. or '..,ho sl1¥10 

reaoon; (d) f..:.bri!.olyt c e;1zymes, if actii ... , which arc apt t.o be 
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eontarri..'1.ailts of' thrombin and some fibrlnogen preparations and can 

destroy fibrinogen and fibrin at approx:iinately equal rates, according 

to experiments in our laborator.r 29l. 

b) C1ott3-times. ' The earliest efforts to obtain quantitative 

in.formation about the clotting process were b.1 measurement of the time 

required to form a visible or a solid clot. Because so 'maey factors 

enter i.'1.to the determi.."13.tion of arr:, •clotting-time•:, the whole concept 

would seem to be fraught with ext.reme empiricism. In fact, it is possible 

to advance the view that there is no such thit'..g as clotting-time, since 

the blocxl does not nomally clot in the circulation, so that we must 

merely be measuring the results of highly artificial conditions. In 

actual practice, however, these conditions can be defined suf.fictent~ 

to give clotting-time determinations real value in following and inter­

preting the clotting phenomena. As a technical. point, particular)Jr 

referring to experimental sylJtems of artilic~ isolated clotting 

agents, most vorkers prefer to time the first a.ppearance of a deJ..--Wte,4r 

vi.Sible clot ( fibrin strands), ~at.her than a solid gel ( tube invertible) . 

Both end points are empirical and depend tJ:l)Qn a cert.a.in amoimt of 

.fibrin formation, by no means indicative of 'the ultimate fibri.'1 yield. 

The appearance of successive crops or clots when a weak thrombin is 

used, is a well-known phenomenon. Factors known to in.f'luence clotting ... 

tir..e include: 

(l) Concentration of' thrombin: the stronger the thrombL>1, the shorter 

the clott:L"lg-time, other things being equal. This is a common .feature 

of enzyme reactions. Figure 5 shows an eJCperiment, from the author's 

laboratories, in which, over at least a 10-fold range of relative thromb±n 

concentrations, the cl.otting-times obeyed an • invorse ~·, an. old idea 
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in the coag!.1lation literafa.u"e 
163• I.., :..s> perhaps uni'o:rtunately., very 

diffictu.t to def'i11e the precise expori.'lll8ntal conditio: s for obtaining 

this :re&"l t . In nost e . .::peri .. ~cnts, the dev4...ation f'rorJ. a linear relation-

clotting-tit-es i.11to relat.:ve thrombin concent'.!'2-t.:.ons { •un.:.t ' of activity) 

by use of t:..i.s type of ref era'-1.ce curve ( s:L'!!ple plot) obta.i..'lCd under 

closely sim.J.ar e:xpey:L"?Ol!.tal conditions 20• 

{2) Concentration of fihrinogen: over a considerable ra.."lge this has 

!"eT.lar~::ably l:l.-·tle effect o- the clotting-tine, uhich 1s not so atrange., 

above) . ~he gualit;/ o.f the clot varies, hcrut:':'J'c::-, a.."1d n y af.f'ect reading 

of the end point. Particulru:-ly ~ .lth very weak i'ibri,~oge.,"1s., a poor 

clot .ce d the prob.."lhility of slouer d less cor•plcte polymerization 

(referred to under fibrin ~)., may cause longer clott:L"'lg- tir-es. 

(3) Temperature: It boo lon.., been knorm that coollng retards the 

reaction., while w .. trmi?.g accclera.t s it., up to temper.1tures whore coni­

plicatio!'...s appear beca.uoo of ther .. "Ull dona.tu.ration of tr c fibrinogc:n. 

Thrombin is m.ch nore heat resistant, but this depends on pH, salt 

conte.Y1t, a."'ld other considerations. So:ne pl.c...._,e.mas a.rl · .re i'i.brinoge-ns 

mey be c ..,.. letely clear whe."1 .froze.."l kept at -20°0, but shew clots on 

sub eque..'1t thm:dng. i'his r.~cy- L"ld..i.cate that tr.aces or thr • ibin ca.z~ act 

on fi....brino:-; 1 ... lorly even in the .frozen state, but it is just possible 

t.am, the clotting occurs i.!1 the act of th.lmi.>i.g. 

(4) pH: There is a.91 ill-de.f:L"ied p.i optimum for the thronbin-1'ik-i."l0gen 

react:i.on, ~ti.th SO!'.! dependence upon the experimental eonditions. It is 

i.."lpO.:rtant t .at tho nor.n.aJ. pH of the pl~ I ab:iut 7 .4) is close to this 

optir:r.n. Clotting-tinos aro prolonged, but only slightly, until r;1e 
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approach the ertre .. .es of (a) 5 • .3 ; • tLe ,.cid rw..ge,. or (b) 10, i.'1 the 

al..1'.:al:L"'le "region. T~1 (b) w-e run into the •reversible :L."lhibitor • 

probl ( oo 7)) o:f iJ1sufficie~1t polymerization o.f the :fib .. i!,.ogen 
466• 

This ney also 'be a factor in ·t e cid rev.on 4o,. 

{5) Ionic st~ength: the most important action of sodium. chloride a.1d 

roost common neut1 "J. salts is a r:ela ~ clott±r~g- tirnes with i."lcreasing 

iordc atren.:,~h US.. !Im1erous data o.. this O bn.ck tl1. the way to William 

Eewso:i (1770) . Polyiralent anio. e 191 e . g. f !'T'ocy.?.nicles, ferricyani<les, 

have es_ ciall 

e~" .rent of t' e 

ked i..."'ll'libi.tor:,· ef ects. Table I .Ju.t'!!llarizes a.n 

J.ht' uthor • s ;., • The e,:p0r.:ine·t shO'liS that the i.~hibitory 

action of strong eutral. salt (L..5% Ha(!l), uhich ca.".l be removed by 

subsequent cl:Uu:i;,iori., does riot alter .f .. brinogen or thrombin a::id only 

prevent"' the appearance of visible .fibr::in in a mixture of t,ese two 

a...,.ents . Con.fir""ntion o.f ths fact , r.hat clotting- t:L es becone pro­

gressiYely s orter, the longer "the tiiro..,1bin- f:Lbrir'..ogen mb.-ture is held 

rit.h t!:e 4.5% ~am. before d:i1 ution, 1:3 re.;.,arded as evidence t:r.uit the 

essential stop in fi1::>ri.."'l .format.'...on proceeds ::.r.cle::i~"'ld.ently of the 

presence of the dt., w:ich rn.erely "lhibits or rBtards the gal f'ornation 

( recipitation) . cf. Apitzl8. 

(6) Specific ion effects: calcium is a.:10· .alous in that it definitely 

accelerates t-1 e clotting- ti.ie of' ti11·ombic- f'ibri.."'loge: ui..X't,m:es, in a 

narrow rom._,,t; of lmr concentrations e . i:;. 0 . 008 - 0. 032 r:io1a.r1 i.Y? one or 
our 

60 
e;;-.-,pcrfuents., a1:thot1gh this depend..; on totnl ionic strenun-th ll5., 3lO. 

By re::rtrr.-:1. of t i.e Ca- effect., !IDTi ••• nhi ~ders the fibz-inouen- fibrin 

.j... i.. L>O? .,rans t.ion • 

(7) Reve1·siblc inhibitors: in a.a ext,e.·u:ri.ve recent stuay ,y Shul.Hian 438 

42 (out of 80) substances tested markedly delayed or inhibited cJ..ottmg 
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in throm.b fibrinoge1 r.ixturcs, u.ndcr this aut. or's test condi tior..s. 

This t,ype of .-""Ulibitio.1 io rcvers:.i.:blo by lialysis. Im rta.nt conclusion.a 

as to tho ' polymerizat10~1' process b°'J which fibrl.110gen is trru sformed 

consider thi ... copic in a later paragraph. 
60 (8) t.Fihr plastic• colloids • The shortening of" clotting ti.mes 

by thene agents has been mar,:t,ioned "' th.a precedir.g sectivn on fibrin 

yields a..'ld the footnote on P• 27 suggests :a..."l ~lanation o::: their mode 

0£ action. acccia is of aonc importance in that it is used "to 

sta ilize the reactivity of f'ibrino enr. in -t ,e Io a tuo-,.sta ,e1 

prothrombin ( d t. •o::r.b:t.n) bio.assay 443• Prot.a;m..."10 has sii.tllar effects l.3~, 

over a wide PB ra:r.ge . We have also noted it wi.th a highly puri....fied 

lactoglobulin. Also soo 1platlets 1 (p. 89). 

(9) ?artie..l enaturation. of fibrinogen 
60

• The prese author• s 

view is ~;,~'::;_;!is due to the s ~ general type 0£ ' f brinopl.::i.st:Lc • 

action as . ted u..'ld.er (8) . That all o ... the der.t.!ltured fi r:Inogon ia 

:included in the fibrin clot ma,y be evidence of an adsorptive or 
504 oeelusion phe:nooenon. 'l'he Wohliseh • denaturation theory' of' clotting 

is nOlr 1.a.rgely diocredited. 

{10) !.dsorptive removal. of t.br mbin; conparod w1.1. ole blood ar 

plasma clovting (cc-e later)., the sur!ace o.L the contai! ..,.. as lit,tJ.e 

' ei'.f'oet on the tra;-o:.bin ... fibrinogen reaction. k.1 exception is seen in tha 

case o:f very weak th.rombi..'11S, vhere adsorption on t,o @.ass., etc • ., ~ 

part 0£ it from solution and hence lengtherJ.S t:'le clotting-time. TI:i..is 

ca..'l. be nrinj,daed cy acoat:lno tr-.i.e tube with non-wettable silicone 
60• It. 

is a common e-.. rienoo that poorly weohoo. glassware., thus cont· .d.na:ted 

nth a · ._, <>f t.brombin, can clot fibrin.ogen solution stored therein 



32. 

lat.er. 

c) !a.tu.re of Fib:rin Formation. Progressi:.."lg fro. 1 the uncertain expe:ri-

• 11.8 . • 278,274 . 
·ents of Apitz , Lalo. and h.iS colle :uea produced evidence oX 

a ste rise process i."1 the formation of fibr-'...u1 !'rom fibr:lnogen under 

t e infiuence of ·t;brombin. Tho latest ·:.ntcrprctation 0£ 'these 8..'1d 

other data was ti'ell brought out in the presentations and discussions 

at the 1951 Confer~ce 0£ tho Josiah Racy Jr. Fou.YJ.d.ation 274. J . T. 

Edsall (represe:1ting the Cohn labo?atories), J . D. erry- {for=iorly or 

the Cohn tea'!l., but not at Wisconsin), • Laki. (nov at Bethesd ... , 'rd., 

N. I . H. Laboratories), D. F. Wa~ (.!as.sac usotts Iu:ititute of TechnolofJY) 

veru the chi r aut- orlties at this :1ceti.ng1 w.it .. the prese .t a: 1.thor 

convributi.ng a minor role.. The modern concept of fibr'n .fonJatiou 

is as follows: 

Fi'brinoge."1 is a f'ibrillar protein w. os lo. g i'iln; ootous molecules 

appro:icisnate )8 i in diameter and 700 X i! lellurrtll { usuru.ly),, ~d th a 

molecular troig...ht close to 500.,000 (perhaps 330,000) . In solution, these 

mrlrlir.;; and ::rteric hi:ndra.."l.cet. During cl.ott:L"1g, hmrever, they line 

up 'like logs in a strea.~1 ·d unite end-to-e..'ld and also s'de-to-m.da, 

until the 'polymerization aggregates' are lnrge enough ond hydrophobic 

enough to separate .f:ro,:J. t. e watery solution as visible fibril . Fibrin 

:fi.J.a:,ents or noodles wore oeen to appenr during clotting under the 

ordinary tr.ansill:uo:L11.ating mi.scroscope by RD.:.iVier (1873) and i'.)cbimmelbusch, 

(1885) . StiibeJ., in 1914., a::1d Ho roll., in tho sa:~ year, demonstrated. 

t lo:. very clearly with the dark-field microseope. Iiot-rell 234 discussed 

the pro !l · of t_10 .fibrin gel :forzr.ation in 1916. Electron mic:rosopy1 

first used f r obr.crving fibri.'1 by Wolpors and Ru.ska 50? in 1939, has 
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1...- ed to rt th- od . b i.-..; ·tt 422 u ucan U.S · sup po :m; :m el.. Vl.e'W"S, y i-lCi.u= ry .u.mm at· 

212 . 204 26h 
Porter , Hall , Kaesberg and ShuJ.:ir.an · and others . Even 

the electron microscope does not resolve tho ... ibrlnoscn o1 cules and 

the simplest ,oly..:i.ers or protofibriL .. ., but it does sh ariatio.'113 :L"l 

.ooslnJork nsity a.'l'\d the fibrillar compositio:-:1 together ·th cross 

str:ui:l;ions, of the fibrils l-thich n.~ pear uri.i.forra under the ordi..~ary 

(incl. dark- field) r.,ic.roacope. Consideration o.:t clottin'"" conditiooo 

(see above) i.11 relntio::1 to electron -microscopy a.'ld l:lan~~ physical 

measurer ts { soc eai ... lier) affords trong support £or the modern 

concepts , fl"hi!S, under inhibitory conditions, uch s;:..allor aggregates 

are forr",ed and resemble the nor::tal early or la:: phase, in which there 

is yet no visiblo clot., but viscooity, bire.trigence, opacity and other 

data indicate some inte:rmed.1.ate pol.yi:1erizat:ton. Under sone conditicms, 

t.he fibri."1 polymer is reversible, undergoing disaggr,3gation and re­

solt..ort1on, o.e. in urea, gu.a'1idino, lithiu."1 oro:w.Lde. (stro .g solutions) , 

etc. 307• Irreversible a."'ld urea• insolubl~ clots ho.v recently boon 

266 
showrl to depc;'.:d upon tvo things,. na.r.lE".ly, (l) calcium and (2) a 

. ,, ~ 277 304, 305, 307 
spee-ta1 tse,ru.-:1 i'actor1 Laki and Lorand , Lorand , 

439 Shu.1.r.an • Ii e lier indication o:f i:. 4 s :was _ound in 1944 by' 

ob' ins 405 in studying the so,1m hat si.,nilar problem of sol.ution• of 

in a1.plain:L~ sane of the peculiar actions o.f ccl.cil.l17l vhan present. 

in the thro:nbin .. fibrinogcn ( + serum .factor) .\d.xt1rrc ( ace above}, tho 

'scrum i'ac tor' being a common con-'- ., ru'lt o.f •purified• i'ibri.."'lOgen, 

b t see p . 115. 

It is 51_ggest-.3d on p . 34 how a lirJ.ted attack on tho i'i rin.ogen 

J.eculc r:.cti ates p~la:i:· ffroups which enable the altered substrate 
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ol 

cb.D.rge distribution on fibrinogen ol c 1 es bee "' udied d t. ere 

at orcos p a. role in 

ases of alt 'ii d.tor (s ionic s rength) are to be 

inte eted {Fe ' 0 

involve v er ,a.al forces ( . g. ad.Gorption, etc. ) 

• cal bond ( currently b ta le) lS'B . 1 events, the 

.., · s do not i.nvolv 

fi in end-product. I i a 

pr cti ct., 01 ever., t- t. considerable .ount of thr bin is 

adsor d o. to the fibrL.'1 clot 434• Indeed, upon t · depe ed the 

blood clots. 

d) Thrombin. This is by no s the ir. le ~ o eolyti 

sugge te the 19th cent atio sts. It ,; u."llike trypsin 458• 

-..o ... t of 
2l.9 .38 

al.le evidence £0 it~ proteol ic er ' can be 

as d to co taz:rl.:nant fibrinolysin 
149 ,h62 

or ssible as a 

ce egree of solubility of fibrin 
247 • rover, S erry his 

tes L 37 · rec tly s that ibr olysin- fre t btn can 

hy . bo "'in s rnt ctic pol peptides, • • T. ii ( tosyl-

ar inido- thyl- st r) . 

Lorand 307 h., co tributod so e provoc tive • Ho uses 

oei:me!rS 1 citr t thror:ibin (see p . 39) ar (a) bo c fi nog o 

(b) an br 
308 

gen , to show: 

1) . on- tein is libe·,at d pari ue.i..)-=>u 

of t cr-omb:in; 

n.th t clot action 



2) the gl· tamic acid missinc froo t e _ibrmo_:en rte action 

of thrambin ca.."l be ide."'ltifi d in n I fibr · - pti t , · • ch has 

i. ... olgve d charactarizcd 309' .306; 

3) :L"'l bovlne _ibrinoge , t o:m,>ir .. is thotlght to split gin.in -

30 
01 ds • ( IOTE: · t does n do so in too case of 

w..sulin, according to · ddlebrook); 

4) nine replaces glut c c t e 1-tc ru. ru no-acid 

·id s or hU1i.an, as co • ared with ov.i..nc, ibr~ og , but t 10 

general process is the s e; 

5) elec rophoretic studies show a charact rist.ic pattern a:nd the 

pa r-strip thod pcm.its char ctorizatio. of the split pr 

ductn . The pattern with tb.r&.:ibin is quite different f:ro that 

produc · ey fibri..~olysin . 

Lorand concludes that: 

a) tho 1.f'ibr:l."1.o-neptide' is a by-proo.u.ct, Thi.ch does not partici­

ate · t .. e fibri...'1 po erization, but does cco nt for the 

.... - .......... quantity (about 2%) of r..itrogen not rccoverabl- :L."1 fibrin,. 

even optl.L'ltil clotting of t ... c highly ified :fibr: ...... ogcn mr 

availa.ble. 

lecule activated by this action of thl'ombin 

e first pba~es ot polymerization to fibrin; 

c) ith prolru god action of strong thro?:lbin, e . g. 3-:4 • thr bin 

cting on 150 '1' • fibr1n o 24 hr . n.t 37° C, complete fi rino-

lysis c . occur (Guest and are 
203

), r 

lall • P. l • u crease 307 . Hence 

d) ".:f"brin -s j nt a tra.11.Sitory st e iJ. the continuo s dog2·a.dation 
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process of ibrino en i:rJ t 

ay no rot r. to proteolytic 

co cepv or 

e) Other Co 

quite stable and 

so 

2) 

on to 

. . 

.:.on of t -'mbin on .f'i ll1oge . • 

ts etc . rly purifie' 'ibr:i.noeen so1utio a:! o 

ev•r eo ly1 co -~able. 

p siologiclll C p=1,;u,c~Ances, 

of coagulatin ibrlnogen e avail bl 

pro olyti c enzyme 

y), adily oos 

clot. 
186 

ase , a prod: ct o t ie r ctio 1 of a. 12r,ost phylo-

coagul e, fro broth ~ultures or cer tlcrococci, t a plasma 

othro. in. fcctor 187 
1 ·• c is • arently 

3 C ops 3 or 4 
of Crotalus, accordi.."l.g to Eagle' • 
True fibrin clott · -· a mild e distingu · '-"bed fro iety oZ 

fibrino~en precipitation (which, tio.., 

not} . The p.;)e do-clot with .;.;.;.~'.i::~ ... in;.;; 
82 

'is a case ( st of 

i! o..:.. .. t . oft a thor•s l5$ dark- field o scrvatio so 

(a) 

·crogr'"phs ( igure 6): (III) d (IV) 

ond script appear ce of ninhydx clots, ,,.......,,.,..,,d "th 

(I) t 

co fjr,,:j t l st. 

.bin mn ( I ) JXL!,/c;J..UJ. . Laki. 27 5 as r cently 
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ti.. HE cm IO.' 0 • 

It :.s ·Tit thL, ar(,)a of t e clotting fielc. t at 

gations of t · t esis e concerned. The est :10 prot ombins do 

.Lot cho.n..,e i.'l :.o tl h · ' spo ta. eo· 1 • but cf. 425). the 

activators • t.:.o t e scbe: o.f F .:..1tUres l 2 : (1) ~aJ.c1 , 

_a.ctorn, (3) ' eel.or tor' f~ctors, (4) •convortor' 

factor.., . on-co -i-1:;aJ. ter: is 'lre sed in _ roaching t so probler...s 

th open • 

a) _Pt__..-......;_~.;..._.;;..;.....:.:.-_.,,__. __ ~......;;..• 

ur-l fy. 

hen rovi ed in the 2 · ,., t of o orn 

"lrlt"1nh1".&111"ly too crud , 

es 425, 276,491. 'cvertiie-

less, t 

of prothro i:! • g. by calcium ions 

factor, .rit 

<:on...irmed. d th 

ssibili'ies o inhibito , 

(a) trac s of ctivatcrs, (b) traces of inhibitor , {c) ·br· 10lytic 

onz:- e (or rec sor, etc. ), (d 

critical co id t1on, oven in 

b) . atu.re of prothro. i>in 425. 

• s o er f c ors, y sti11 need 

• 

t obulin .frLctio (s) of the Cl a prote· "' • 

otei...-1 

Its 

at quartity bl 

of ibr~nogen (280 

. 425 
(15 mg/loo ml) is very 

Inf ct, unlike t 1~t·er, i~ does ot 
491 eloctro horesis • se gero d 

st pot t , 

st roth • m., to te, a.'"l.d their t-ror::: provides t o most reliable 

data 0 .. 1 i o charact~rization 425• gers believes that :.o t of the 
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fi tie ... • obtc.ininr,, biochemically e prot ire in co from. 

:i..1 t e lceulen dur 

prepar tio:n exa: 

ul r .... c t ifu e, 

co otan 

a.."ld ot 

tor 

ed. 

' e purest 
280 

ras moJ10dtisp ed ..:..'1 the 

Its p ..,ical 

lecul wei t 62, 700, nd t 

e 0£ lli woid olecule f ll9 x 34 • Chemical. analysis yiel 

race o (cys d et "onin ) , so e 4.3 p c nt 

carboh;ydrate 31, nd 3.75 per cent as . P~ of 1deriva ives• 

( gero) • prothro i.."l solutions sh re etic 

itutes 70-90% o.f e total 432• 

l!" lbin yi. d n c ng s i..-qg tor ein odry 

( ' f ( lyo h:Ui ) sta e, but onerally :vera!! 23,000 ........... ..,... two-s 

ass ) per tyrooine or 1h00 units/ dry 
280 

c) ...;;;.~;.r...;;;.~;;.....;;.;;._~...;..;;.;.;...;;.;.....;~o~.~a~t~i~on;;;;... __ • 

in' : . 28 £or 

o puri · od • rothra:ilii.'1 i."l t. c convc tional 

e 

er, i . e . ad ion of 

p stin, ccel tor obulin, (pro)conv in 

etc. only • 

rel ti ly lat • or p sical. studie , 

tio of rot i oft e order of 0.5 r us 

( 10-100 ti1 os s co ~centr; to us too 

c be sec lth t (1 g) by 

gatio 

tric l t, ,-..,4.a, 
oun 

J• 
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specific activity of 

the terial · t the peak .,.as 30,000 (t 1 bin) unit / tyrosine. 

(2) 1Ci ·rate tbro:mbin': distlllt:,oilishes a nc product whic 

ct al. 432 obtained in 1948., oi! ,.ly b inc· ting _ urified prothrombin in 

25 per 

used 

od. cit ate. Sav rat o er ts (but not all) could b3 

· .,_ action could be :.odifiod by certain diph ~~1 milfones 432• 

_ .' re 1y difficult to evaluate t.he biologicaJ. significa.nc of 

tis artificial thod of thr. iu fom .. tion. ever, it :ust 

:ve ioch""':dcal oi :nificonce. ce:f'ract: vo index, ult ac ifugation, 

aLd clectropho1 tic :studies on 'ci ate thr biI ' give evido4 e of a11. 

· .it· splitting of prothrambin i..'"lto , sil'llilar (rnoloc . it. : 34,000) 

.fro.ctions, but on diJ.•,tion t I a:p_ ar 'ag , ate 1 

d continuing ch.angos over a 2h hr . period 
280

• 

'disaggregates• 

(3) 'i'rypsi..."l hro in• : i.s also · cussed in tho cited ref'er 
280 

d will 111-.. ntioned again later (p. h2) . 

a are difficult to se, ut o see. ind.icat 

re- gate, bly into new agent • Autopro-

t bcen identified m.th proconvertin 49i .,425, l:3 while 

v ............. ~ II has properties re.., lbling C h29. L'l tho fo tion 

both ' biothr ~bm' and •citrate thro · in' , small but sign:i.!icant 

unts of CClj(lOOH-sol lble c lzy'dr c mid tyro inc conwoun,ds are 

1·oor :ted, cO!lf· the id a th.at thro in :f o 

the sult f sane ' splitting' process 427• Those very lat st· a.a 

canno yo-t be integrat d.th he ol er aa on of pxoo-

thes·s. 
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d. Ste£ ini 

396 
clai? 

• £roe 1 prothron in 

'uch t e . 'prothro i? 

ta o! ol.f.' .3Sl 

t. t their ,. thr binocen dif!ered • rosero e' n 

o y a f c 1 particulars. Oi'll.y a tor aasma prothro bin · 

iev by , k to int e precursor f , d ck and Hus 

recentl at~ted to ~la.in the o 

£ 1nfa.11ts {s our Table LII) on e b is of a lac 

m.e::zipo:r.sry coagulation's eonsi er that Dr. 

£ ctual evi enoo to 

Con:f.'ere ces), but are 49l is 1 thro inogen 

idea. The resent author154 strongly opposes it. 

e) Calci :i.J>. relation to the convcraio of prothror.lbin · 

01 r pl clotting exper · ts b;y rdbo 3>2 fcLean 

exte.."lded t earli idea of sabbatini 417, hat clott 

calci .2,_. There is a definite opt· 

ap _ rolci:! toJ.y t t :vail ble in the hl 

o£ cal.Ci r~ed, 

under hysiological conditions. 

1 the calci: ion concentration., butt actual on •activity• 

( in terI!lS of by&-,. kel theory) require consideration. lordbo 

icular: st died this and her pointed out that the • availabl ' 

calci ate (or cit.rate), 

calci salt 

equilibrium. of the dif.£ ra.."lt fo (free ca*, tiva (Ca Citr 

anio, 

ta 

tein-bound C , etc.) . It is ause of this ti."'le factor 

ral-fold xcesn of citrate or oxalate t add.ad to 

• revont clott · , c nver ... ely, t - 1 6 t 



· aL ... 1 • of calcium to a.ntico mil.ant eed be added to rcsto .., 

clo ting cited 125• 

41. 

tcin- bound calci is present i tl blood pl a ormally and 

in prothrorob.ir. aLd other terials prepared fro it, unless very modern 

tee mies of co • lctc alcifieation { • g. 

used to bvi this. A n-amber of r ror n:ve cont:L~ued 

to suggest t..11.at (protein)-'bound' calc:i: c pl a role in clotting. 

liclp 383, .394 still. retail the .:.dea that prothro .bin is I calcium 

co u!ld ' • There .:..s little point in guing a.bout this, since the wei.,. 

of orts the co11clusio11 that ionizt:.l calciun. must partici-

• 01:nt in the convernion of p o or:lb · to tbro bin. A 

oss .... ble _conciliation of the two vi ints vil1 be suggested fr 

ta pr nted in this thesis . Under all ordinary co.Yld.itions of 

,activ ting puri:fied or ove. cnlde prothro:ibin.s, omission of ioniz 

calci Balt or th presence of suffici t excess of citrate or oxal to, 

. s to , i."l thrombi.11 J:o ation by thromboplastin (and ad -te 

ccelerator -nd convertor factors) . The special conditions nder 

w: -i ch hrombi.11 £or .. t 7 ap ently in the abso ce o.f ionized 

calci...,, include (l) ogcrs• 432 ' citrate ... o .bin' .f'on:iation (see 

above), · ch we shall not attempt to rolain; ( 2) e:r.porime_ tat ... 

tu.res, SU 
339 40 a.a those of tl.lstonc (seo _ . 83), a."l of rece t o:rkcrs 

wit t thro·- plastin generation test, see p. 8L, hich e best 

0 ~ained n te ediates•1 conta:LYl± ~ bound Ca ( 7. • ch, :hmre-ver, 

as ionized in an earlier phase) . 

f) ThrombopL .. stin and t 1e activation o.f E:;"Ot o bin. This topic 

will e lored in uch detail 1n the body- of this thesis. .Aqueous 

(sali..."le) tis o extracts, of ,iany kinds, arc m cr.ful. activ tors or 



0 

p ""ified (a._'1d crude) prothrombi!is , in t e pro ence of: ru.ci· milts 

te ano nt"' of •acceler tor' and •co!1ver or ' f'aetor., . Puri-

to thr bopla.stic ~ct ions., but; much we 'er, 

i,)pec 

' · s a.'1 •inco..."'1plote i tbr :iboplastin. Plat et cusp ~ ions so 

ct as ,., ' i.'lco lote• thro"looplaatm. ~o d os a roo ll lipid 

ruction l05. -o·rcver,. whe plutelets r cepbru: ti.re i..~c ted 'b"i.th 

s ral other pl C., etc . - see later) , 

a •co;::i:ple o1 tbr01"l...bopla.stin is ngenerat u. "'ode . wor ·e nre still 

tr,y:i..."lg to f.L"ld f'ul1 ~lara.tion for these :per· rrta1. f"cts ( ee P• 82) . 

g) •Thro bopla.ntic onzy.oo t • The coa.gul t roperty of ak olut · ans 

of pancr tic trypsin_, which earlier observer erro~eousl concluded 

to I fu_ - like' action, by e ,,ld Harri ll2 

to he resdlt of o·,"8 role in the activa:tio.."1 of prothror.1b.u , in 

crz,-stalli!.e t-71 Er· w.U1 be r.1entioned · this thesis . ore recently, 

hultze nd Sci .. Tick 423 hmre ·100 ext ively t e conditim s under 

• · ch tr-,;lps:ir.. trar_sfo:ni tion of prothro to O.l bin c be arried 

280 ou • L ru augh report some ultracentrifuge s · es ( s 

• ryps~ bi.n' 6 • 39) . 

he uthor l4l spe.."1t r:everal years ryi."lg es-"'vablish "si!:'!il 

e) and 

poss.:.b]y; 'to give it ~. iI .ortant role .:..."'l. th :L~tiation o ordinary 

136 k76 
blood clot ting# • Hm·ever, the .f'inn1 o.rtco . • evidence that 

..,..,..,irn~in- in 'bitors could pr ent -i:-he proteolytic actions O- fibrinolysin 

ithout r , i11g the •thr op:. stic ' eff c·t, -- quite contrary o t 

fin·1 ·.ngs Y.f)Sin. Pendinu ssiblo re-o _ Ding of t ...is line or 
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in st· ation, .:t , t bJ co u d t t 

ga t o relat.:..o. 

co iatio d, in al te 

h)' .. ~elerato sin prot 

-er fully arc at en.lei ond t 

s 

<liso_ r, mic he 11 :red '. arahc: 

um.dentif'ie ity 

Conley 4°2 also · ~ sti­

ctivit of pl 
401 

d Colo ~ '"'Uof"r""s-t that 

The 

rorke:ra 

ot provide a 

raion. 

of 

· nr blcedj.ng 

f ctor, which 

.fina1.ly shown to l ck, as called ' £ tor 'and lat 

'pro:iccelerin' 'py Ortren 364• c. - .38 arlier ovidenc :for a 

'labile f ctor' . 

antl ll9 
• 

othe lead 1a.s the 

en 361 al.so ovided evid 

cof tor' of 

_ hia 'f ctor V• ( ro ccela1 in) i..1.to a • factor VI' ( ccel iri). 

c 'accele:r tor 

lobulin I J by now rl or 1 ca• f r short. Tl 

t •een •pla cG 1 ( roaccel in "' actor V) 

cG• (accelerin or factor VI), t e latter bei."lg f"rn~rl fr 

t fo . r b trace or thro i."1. {p. 20 of 

ref'. 453) l tot ;;, ible • 

sent t.or e, ~ • CuSiC • 

opro 

fc e ces bet t e activ ti of 



(,2 

n 

ll:"Ol!ib:'Ln ( ci'. 492), (3) des ructio. o:f cO 

( ) ts rol i perfr'>.....,,,_.TIP, 

thro bo ~a in; 

( ) 

into celerin; 

(c} t e hro 

(d) sati · ctory ass thods 

• ( if'ic) techni 

modific io (sea pp. 101,103) 

to clinic 

pl._telets 

Ir the ox, c t, 

DeC::a.ufle O labili ty 

44. 
299 

• 
' 

bin as ff3' and 
15;; 

s • 

( roacce erin) 

upon 

chniqueSJ 

apt to 

'to t e t t t 

(t) AcG l ls £all 

i) •c.~ rt.or• .factor 

322 or liv r inj'ltt'7 461• 

:factor 

""""""'~....... ev:i.d nee or a precursor 

on t trac o factor 360,366, 

I • 271) Koller '\ t io con-ectly r 

ta t actor vrrn . It 
' 

ctor, lich 



( } arner, 

ility1 f ctor 

gg std 

rt· { or 

d f ), aa gested by 

453 a:vr10~n:rs (p. 20 of ref. ) • 

correct o 

J.98 

, .. -
coa c..tion 

mix e of t 

298 o s R. s. res - -

one factor 

under 

Cal.ci 

th 1 h.ns in tbrombin activation to 

co ta.ins much unalter proconvertin as 

L""l fici y of proconvcrtin, prothr_,.....,.,.,.. 

in equate. estoratio b p 

co rtin. 

pl a {ol.ll' laboratories) c pletely restor 

rte end yield of t.hronbin o Dr. s e ut 

ported we cases of evere congenit bypoproco 

e prothro i.11 consumption as reduced. Thia not 

in earlier c reports 9, due, believe to h ir 

de of this defect. upportmg this, we ib2 e 

45. 

e 

OlVi 

0 

ry :1 

both 
298 

r 

limi • 

thin no 

t re:irpo:Ld to 

der cquired nspoproconvertine'l!1ias, aceon~ny:1 

,.1 • .u1..aiu.cu:>, in ( ) vitamin K deficiency £ inf ts, C ) liver 

etc. (author's • 
101 as 



tis ~ctor 

Th 

r cllnical 298 

stage chnic 1hich 

p . 89) . 

• 1 298 

bl to compute a 

pl.zy- a significant role w: 

th good clot ing hich 

blood essel, 

46. 

ion to id tis conta.mina.tio11. 

o il.exi :y r reactions involving (l) pl telets, pl 

t normally, but d ficient in ctors, 

rec nti.fied ' h ph.ilia-like' co 

I.Lr1<,mu.l.."l activators . The l tel.et actors 

p in 

of 

( ) 

philiac' 

e. • thi ' 
t jor 

pr 

group at t 

ration test dll be discus 1 ter section. 

rel tod bl • Only few key 

t e exte i e recent 11terat 

will be e luded. 

A 

in thi£J f · old 

to account for 

w:ill be 

clotting difficulty o .. the of inhibitor 

pl stin• idea f Tocantins et al. 47o,ti.7h,475, 

, lat r, oth r or in • H. L. 

orial Labor to ton City it , 

con ri.but convinc' ctor ( ), 

) • K llor 
270 

list 

it ge , etc. in 1e a.rd 



Laboratories' pl.a a ' raction I'. It is so what nstable nd 

dif.ficult to isolate. and pi1rify. Bidwell 46, in England, clai'lls a 

4 ood bovine plasma fractionation, but the problem needs further soJntion 

AHF is utilized or consumed in the clotting rocess. With other 

factors, it articipates in thrombonlastin generation from platelets 

(or cephalin) (p. 80). In the natural clotting of hemo hilic blood or 

recalcified hemo hilic plasma, the 'prothrombin consumption' is very 

defective. Following this lead or Dr. Brinkhous•s, we have also developed 

a method, depending upon the prothrombin consumption (1 hr. at J7°C) in 

recalcified mixtures of 'substrate' (lmown severe hemo hilic) and nonnal 

(!=.- test) plasmas, for quantitative esti ation or plasma AHF levels. 

These tests can also be modified to as ... ay anti-AHF 152• J changing 

the substrate (known cases), they also assay TC and anti- , etc. 

We shall say nothing about the imwrtant familial aspects of 

hemophilia, except to mentioz:1 the very interesting work on canine 

hemophilia 197• 

(b TC-deficiency (Hemophilia T3). !n 'February 1952, ~r. Levis and 

the uthor 294 were investigating a 'bleeder' who seemed to be made 

worse instead of better by blood transfusions. Our tests immediately 

showed that he had a circulating anticoa lant (see 1 ter), but by 

reparin plasm fractions free from this inhibitor, an underlying 

clotting defect was disclosed, which was definitely not hemophilia. 

By withholding transfusions, the anticoagulant gradually diminished, 

as shown by the tests illustrated in Fig. 7, clearly revealin evi­

dence (the long recalcification clotting tf es in the last tests) of 

the basic clotting defect. In April 1952, A -eler and colleagues 5, 
in California, ublished the first clearly 'dentitied case of th new 

'hemophilia-like' disease, which they named PTC-deficiency (E,lasma 
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~hromboplastin £.onponcnt) . Usin17 th · tecretlques, quickly com~ 

t at our as was the i.e. ticaJ. d:iao:rder, but th a type of inhibitor 

c lic"tion 
29 • A fe"w nths later., Bigg , ug).as., cfarlana and 

colleaw. 51 ~ ublished an English ca, e, and • he _ i.e of the p tient, 

c in · the term • (;hristmas Dise e ' • Koller ' nai .e or PTO is 1 actor 

ll' 210. 

An earlier l ad as . rovided by e2"u' particularly 

the .drge tinian, avlov ky 
370, namely, tho..t the . ..u.A.J.U!:!, of -o 'hw. 

philic t bloods, fro., certain c.a:::e ... , rosul tod in correctio ' of t 

clotting- t.:... es, both n vitro and i...11 v± o Very inv-...,restingly, SO!, e 

of the classical 'l er ophiliac• fa::'ililics (e. g. Von enna) enel"..sively 

studied :L'l ope ave turned out to be, not ·T •• at has recently been 

ccepted he.""!lOphilia, but the similor ~ :i.:C e!icie.11.cy ( or Ch....""1 ... 

disease} . To avoid t. e confusion whic has resulted, 270 • oiler , 

of' &ri·zcrland has proposed a rovis"on ~ 

philia ( e usual type); (2) Hemophilia B (Pl'G-deficiency); and 

(3) ot. e s ( ee helm) . other :interosti.'l'lg recall is the o taining 

of an • viheoophilic globuli..'1 ' fro s · ( ather t pl ) by 

the Dutch rorkers, Bendien and Van Croval.d 39., yec.r or two head 

of the oton (Thorndike) group 68uniike ., Pl'C per~ists :in the 

serun., since it is not completely cons 

author suggests, therefor:;, that the Dut 

with h philia Band t!ai, their 'globulin' u a 

The preoont 

er roal.ly dealing 

pr a.ration. 

(c) PTA eficiency (Homo. ilia C) . R. L. o :thal a: d 

. u~~2,w~ . uor' rs ha:ve uncovered cases alleeed.cy lnc o.ng third 

pl lastic f ... cto (PTF) , -whic th y call E,la thr .-

bopla.stin !?tocetlont (PTA) . re mve confirmed t e defect :ve prothrombin 
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io. in one oft eir c os . 

(d) 'Fo -factor' - defic' 

·ell 446 encount d a.not ier of ca.... nth 

plasma C 

_th rolo 

udies m1ggcst yet r, t 

of 

f.ugod at higl speed Tith.out antico gul t. 

efect iith a fractio' £r no 

s • 

(3) Duckert, oller :'I d coll 
108 es 

er, at ological conditions., i!. the t 

, 

r;eler, 

t e pati ts 

C 

cal.er e _ 

blood, cen:.,ri­

it th Il 

of 

d ated 

tigating 

boplaatin 

g oration t t, concluded th.at atill anot er factor st 

nized ( 1Factor x • }. It ls said to b deficie. t ipa.rtieularly · 

r cog-

C "8S d.t ipa.titia, or . er:; • t Ii h n 

omnar) . 

~. P .OB IB 

oting .:>ee.lml"iS 
425 ., !ollowi..11g 

echa.? • particiP te in the r val or outrcl.izatioi- of t 

(t e co ents ar those of the preset rcviEnJer): 

"l) lrOl ibin 

t 268. 
adsorbed on fi _ in." 

2 JOmit6 or tbron b are trru.iz-ed by 

action'. This is 



th clas icol "' tit l!'<nnb n o so 

acts over 

limi' ·n d ,gree, i . e. a give. a.:r o in can 

us t te , . 1 tat !ibin.1 £or t o inactive prod ct rl.ch 

thro ' £0 • • cl . ,J.or 

ctivation by tr at:. th acid "' alkali lJaS 

co by Gasser 184• Astru Darli."lg velopoo. a thod 

of assa titr..ro bin 
21

, which t · la11~ 
22 

distin · ... ho 

... 1thrombin i.'lll.ibitor• 

labil pl = component (co-inhibitor} . 

un · soci ble c ound, t e co 

coinhibi or, ee to be highly dissoci ... ble. " 

in and thrombin 

at fat sol n s 

c inactivate a.."ltit u- bin was ote 

chloroi'o ... especially being used .for 

it has the disadvan 

et al. 43.3a have 

to ve his 

m the oorly literature., 
351 purpo , aJ. though 

thro bin 
476• gers 

~ ccial.].y 

Q+,..,....,.1,..,...rger456 

or !.lts 457. 

3) · parin co-factor, together with he · ., inter.feros th t 

f urt 

"1'.) /mtitbro:o in- ccelerator acti: ty nrioos duri..'1. · clott 

proces and also ncutraliz » t ers • li25 



5).. 

( I.J... = "a."!tit omhin-accclerator") rcl'ers to t o antithrombin 

dcr:te. "'.,rt.hle after othor cxtructio. cf de.fl ted plas • To 

· t ·"' c?.ttrib ted the disap!)cara.'1 f t 

aft r act::.v"'tion of the :prot ci , (l ) throm-

boplastin, and (platelet-) .AcG, he latter r go.ts not beinrr 
425 

sollt'ce of the alle ed A.A factor . {" egers) : nThere 

call nntithro in- accelerator inhibitor". -:u h.ibitor is r movoo 

y aC0.3 adsorption lll'ld is ecoYer ble m t.e citrate el te. 

These new ideas or Se gers er.re -~. ~~ rovocative, icularly 

re,· to his suggestion that .- inhibitor is proconv rt:1n or 

"a~sociated 'With proc ertin in :lrti.ally !.lterialu"• 

b) 
_ 242,382,121,151,22 

• It i ,cnerally agre d that littl 

if a.ry:y hcparir is enent n the c:irculatinc blood OJ.y 249,61. 

The prot · e titration ethod 
250 

of as il" ' hepa.rin-1:ilie' ae ivi 

t.:.coagul .t t1.;;._ts, e . g. prolongation of clotting-tines of w'ole 

blood 15 or recru..ci.:'ied plasna,ro tine 1n ;, t or's l bor .. tory, p .107, 

w.C!l hcpar· ia known to be pr se.t. This i.., both in vitro 

n."ld i.11 vi o. In vi o, ho·rover, hep in y be removed ro. tl e circt:,­

ls.ticn • ' (!'l) r"!U'-1. excretion 254, (b) etabolic t tion, or 

(c) .. epari..'1.a.Se CllZFle 
2481252• Che ·cru. e . rnctimi d as of the 

-tachrcmatic.. color reaction of hepari.11 .. ...tth azur dyes are t o 10 ,t 

corrvinc · thods 
342• They have rceont.cy- boon used in c nju.'lction 

·tn t..- to h,,. 
36 il ' 50l . ...1~ -rm~ r1J. . paper C.u,,.v- g!'Dfl,v • er S or.. eoncernm~ \lue o ... --o~ 

of m-·i .f'rm:l ·:. .e tissue basophils or Ehrlich :mast cells is • 



,2. 
sigr.i.ficant mount.., o-' hep.u·-'l (prov _ concl •siv ly by ch mieal eA'i:,raction) 

in certain pathological co .ditions, p rl · cularly those inrolving D.U 

2~5 195 
anaprzy'lactoid type of react1ion .., • T .• ey n.1.Do yiel hist , which 

403 407 
probably o ,s a conplcx · t heparin • R e .:>il va i licates 

£ibrinoiytic enzyoe activation a s histm release to e an 

accotipani!1C1 t . Hyper 1epariner:iia can ca.1 se leed.ing 448 ioorders • 
242 

c) Hoparin co-factor {hcpa:rin-conple:.nent) • d ~augb. 164 

have recently fr ctior.catcd co-factor fr . Cohn' s pl • ction T' . 
heir · sts extend. the wo_ k of .!str and Durling 22 a"ld do n.ot upport 

Klein and ers • 
268 

idea of II interfere nee ri.th t:_ tlP"O hin-

1'.:J rino0 c intoraction" (also Gl--zko d Fer on•s 
190 

r· · tc' 

react:_ n. _hey co elude that he i..'1 plus cofactor inactivates 

clotting r ving thr bin by direct co i!:.a.tion. Thu.s, the reaction 

is ' progre..,sive• d 11.;. uted'. Furt' ID!, "co. ;plicatio ari ... o since 

r ac ion elocity, specific c~ity of cofac+...o ... (units / .g. C) and 

ext nt o :reversibility ( ing ro e) are functions of cofactor 
164 Theso authors suggest that cofactor does t conccntr tiona . 

occur, as such, plam::ia - "but that heparin cofacto s in ef ·ect 

rcpres t altered normal antitbrorilbinsn . 

of the author ' s vork rith • eparl.n and 1co£a.ctor', etc., will 

ibe presented :in this thesis . re shall not vimr the chomi'"'try 0£ the 

eparins . r th der mrk on pa.ritol, tr .... b o , thro..:lbocide, 

s ilfo ted dextrans, a.nd other synthetic hepRt>in-1.ik subst,ancen, of 

curren :interest, particularly in these 

sub titute. 

for a che p heparin ... 
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d) Sge£it' c Inhibitors of individual. clotting f ctors. These .factors 

being protein in nature tor the most part, •antibodies• to individual 

clotting factors, considered a priori, a possibility, uhich recent 

invcstigat·ons are begL't'llling to support with e,:per ntal .facts. Such 

inhibitors are partieularly significant hen t ey c be demonstrated 

nd shown to contribute to the bleeding tend.en in clinical cases 453. 

{l) Antiplatelet .factors, causing thro bocytopenia and interferLrig 

vr.ith clotting and hen.ostatic .functions, ar~ scussed n pp.63-64 . 

pathological factors, which t31?8Cif'icallz inhibit one or other 

of the various components of the throm.bin-.fo:rmL'lg system, are beginning 

to receive serious consideration, as follows: 

(2) ti-AH.F a."1d anti-PTC. The present author and associates 
152 

prese d a paper at the Septe,bor 1955 ~ ting of t e ll!lerican 

P~iolo ·ca.1 Society and a definitive publication will appear shortly. 

By us of the prothrombin consumption test on specifically claficient 

substrates (lacking AfIF or PTC, respectiv, Qy) to rhich mixtures of 

normal and patient plasmas were added., e assayed the anti-AHF a .d ~'1tJ.-

PTC L'1hibitors in 8 cases with he.morrhagic disorde~s. The rout tests 

on these cases showed: prolonged clotting-ti.tes, but normal prothrombin 

ti! ( Quick tost) . In S cases lTith pr:L,nary hS!:10philia, the anticoagulant 

could not be demonstrated by simple clot delay on mixing with normal 

blood or rocalcif'ied lasna.., but required the specific anti-AHF test. Ono 

hemophiliac led to death in 18 dey-s following a tooth extraction,despite 

a record 400 trans!usions with whole blood, plasma, a..""ld antihemophilie 

globulin. ·e could demo!U3trate removal, by the potent inhib tor, or the 

transfus AHF faster tha."l it could be supplied. In all ·:v h philiacs 

e acquired i..'1..liibitor wa.D specifically anti-AHF, whereas in the two PTC­

deficients, it was anti-FTC. The eighth case was 'idiopathic', in a female, 
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and showed a very high titer of,anti-AHF, as well as an apparently high 

titer of anti-PTC •• The last might be questioned on technical considerations. 

Inhibitors oi' the above type have en eport in a very ................ 

minori :y of case"' of henophilia; P1'C e.ficiency; certain allcrgie; 

scme oyster.lie collagen diseases 
175•453 

i a."ld questionably associated with 

pre cy. Hiwto of previoUD tr ns ion th.era can usually 

elicited. In one of our PTC eases the evidence ry clear that 

tr ns!usi sled to the recurre •. co of high titers of th inhibitor. 

In this c se, d in the ' idiopathic' female, electro heretic 

revealed 

vidence t t tl o inhibitor is acquired by o. e unusual type of 

Si 

' imcnmity r ction'. Howo.ver, the result, in causing trana ' ions to 

come ha.rofu.l instoad of helpful, complicates t clinical control of 

t e bleeding problem. 

(3) Anti(pro)conv6rtin (Factor-VII inhibitor) . er et al. 
487 

' t 
have obtained certain .fractions f'ro , normal dog pla.s !B. hich specifi-

cally inhibit active converti."1. Jurge 259 has prepa.re4. a imilar 

ent from normal human serum and sug0 sts that it has certain properties 

in C 

{4) Anti(pro)a.ccelerin (Factor-V inhibitor}, h reported 

!Iorder 223 
in a case with a b1eedins:1 disorder. It is aid to be 

'lipoid-like 1 to cause the factor V deficiency which explains 

the bleeding syndrome in the case cit • 

(5) Antithra:: boplastin., (. )., in t e ense 0£ a circul.atin inhibitor, 

of added tissue t.bromboplasti!'. , in cases with bleeding t ......... ~.cy., 1s 

suggested in ueveral accounts referred to on p . 209 of the new ext by 

Ste£anim and Dameshak 453• The present a.ut.hor suggests that t. positive 
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nt.if·cation or a e1 

cri ria: 

( ) i st 

ombopl otin, . g . m tl 

est, 

basis of inhibition or l or 

226 
Bougie 

for . stance, 

oft e 

t 

arti 

di t 

place. 

• 

OU"li S 

no re, · 

th lack of 

report 

ot that of ot 

oonc of 

true guival 

s 

• 

, • • •c 

( ck) 

other factor int e thrombin-

di£ ctil 

thigh dilutio 

{AHF, PT , e . ) . In tac , 

o! 

• J 

l20 inve 

inhibitio. of rain 

ies, ·th r:, 

di.ft rent re 

tency int st 

case cited 453, t patient st 

est 81 studi by Co.tl. ot al.. 
92 · ght pos ib 

he abovo-:montio_ criteria. 

tit mbopl ·tin, (B):, in th 
474 . ,. 

fers o 

. • 
l) it 

alleged pl sma facto for · ch t toll ng cl s are 

CO tit . t of DO 
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2) it 

a SDCC1 eries of m:in1ool pl 

as it effects, 

.3) it is 1 s eff cti e · • t pre .co o 

clott , 

• 
5) it can be conce tra.ted i.'l cert 

ioh l.SS e acts . Both theo point" • 

358,3$9 
Nff.r:"IIJ.aLil • 

475 

56. 

, 
1) iu oO incl: ased in st-irr • tion 471 

• 

to he aignii'ic of 

objections, i.."'lcl.uding que tio the 
.I 

co. trol o:r ionic rengt :i.s i'l t ution 

) _s_~-------------·b_i __ t __ o.;;..r_.p __ ro..;..b_l ___ ~---------------~..-;.. 

t oregoing brief r"'vi iu is vid t tJ at t e 

a 1 ttle kno 

Valid into tion 

· ing of specific testing tachniq "'• In so .. 

es io is ettl • The er tic goal i 

n occ io 

t 

in an ext sive tr 

tio s ·p o:r inhibitor ant::teruran 

on 

cas s . he 

ts~ searching r cw of this fo oft apy. 

ibitors are 

cl.in! 

ul of the 

agnostic 

for 

r rapid o.d: e the diffic t r·e1a of fract_o io o the 



individ al. clotting factors, fro t.c blood in r.:i.ctical p epar~tious, 

• hich c be us d for rational repla.e nt therapy. 

BLOOD • L! TZLE S 

• HISTOtIC T 

Several car :f'u.1. microscopist in t e early ri1-"1ethenth century Il!lWt 

be c ·ted with the discovery of the blood platelet, although they lrere 

ig:nor t of their t!"'.ie n"ti.:._"'e and funcuio., • ~st of these workers are 

ci d in a 19.34 revicu of "the history of hae tology by Sir .. Hi it .. hroy 

408 Roll ston • 

exand.e- Donne (1842) l06 ter ed th ' obulins ' ( a tem still 

used in the ... nch liter .... ture), but ,,.ob bly co rl'u od ~t~ fatty 

p icles of the c le. Addison (1841), possi ly Wagner (18h2), and. 

certainly Andrru. (1843) 17 observed th n c icing clotting of tho 

blo • n al thought th to be ' fibrin olecules' 1 as did Fr. Simo • 

G. rnann (18h8-60) 5161517 el.so cit Gcrb r •s •£ e clei' nd Fr • 

tar rorperchen', as rell s· n' • t v{~Jlcher '• 

used Si •on' s tec~'lic of: rucei ing blood L"lto otass: 

f errqcynnido a delayed clotti."'lg eno gh to pe · t investig· t.:on of 

1 t 1e supernatant, s ·ill ra or les tur id, fluid" . Se also <;:ould 

roe i vo the blood into neut,ral or carbo.dc acid sal tsn. In sl0r:ly 

clott · bloods, he clearly noted the •little dies' (klc:ine orperchen) 

before fibrin peared and described t e latte_ s ... orm:i..ng ho. .,aneous 

• li ttl bodies• o:r., in amc 

eases, f'ro _ leukocytes. Ho concluded in favor of ' idea t at 

n ••• these little bodies a1.r aey exist· the ircul ting blood. 

re not £atty 

globules, but a..11 orga..'1.ic (vesicular) foi at.:.on ("or . · sche ldtu en 



ar.d &"l!)hioia and c.~.scrib0d the nucleated. cells ( disti.Tiguishable from 

leukocytes, but con....~wcd 1dth erythrocytes) , which .. ere t rmed 1thro:r:1 

bocytes' by lat"'r writers 100• He discussed their for, aticn in terms 

of Sch'.i=-71:1.' s ncell theorytt d suggested a ly.!lpha.tic ori · • 

Ir 186.5,. :\_ Schu1tze a,.ain noted th :.n h blc-.ods' "' did 

Vulpia..'l (1872) and Riess (1872), who thought they s of 

disinteGratod l3ulroc-.f'vec . In 1874, h:l. Osler J57 gave othor classical 

description, w -· ch distingi,j flhed the:-i from bact.erial rrl.'Cro-orga.,·d.sm.s. 

In 1877 2lJ,2l4 called t em. 1her:i.atobla"'ts t or the tthird.' 

{formed)- elorr..ent of t. · lood, a.'1.d insisted that they 1ere _ recursors 

of t.'l:le eryt.hrocyrte:::, a view which he r1air..tained as late as 1923 
216 

• 

. fuile ., of tne co:. ~usian of platelets ~11th the ot 1er formed cl.e:::.ents 

ma::r e blarled upon .. r'.cy" controlled observation in vitro, two :.ore 

rece..-vitly .:.dent·· fiod pha.'10:iena a:;; be suggested as so-m·c ... s or error, 

(l) llr ...... g leukocytes ce-1 lose fragrn._nts during obsorvation (dar. -

fi-..ld) on glass slides in a sued blood drop 
122

; (2) erythroplastid 116 

for t:'...on can occasionally be obso...""V'ed., under similar conditions from 

ceri..ain erythrocytes or their ~recursors . 

F~ccrur 8 shorm one of a series of 1k photomicrographs, tako by a 

former coll~agt,e (Dr. P. H. Ralph) ov !" a 2 hr. period in an observation 

case of oclgli."1. 1,., diseas • 

Bizzozero ' s 54 work was ,mst sigrif'ica".lt . He descri ed platelets 

iP the circulation in J.he neocnteric ve-s .... ls of rabbits and guinea 

igs, ru d later i."1 the intact bat ' s t.ting. He dem n ..... tratsd their adhesive 

quality, t eir .1: a.."'1-.:icipatio:n in thro mi• and their ole in the coagulation 

of the blood. 
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L'l vi o, p1 telets ar tiny little dis s, ppc l tic ar 

le nd platelet-> to •r:iarginate' fro tl rod 

leyer closest to the blood ve • latelet 

plugs can be seen to fo and seal off icrosco ic holos in a.Tl inured 

sel, pnrtieul ly in venules . The la.telets adhere divid 

to othe!' pl telets . Th also r ak one by o or cl "'of 

va.:cy:L"lg sizo. Thece y be nrroeted, te ro...~ or .ore TV>,..-mn ently, 

furt r alo~ · the co s of the c1rculat· n. 

In obs nations on t.e formation of ceilul" t .bi in tl o og 

os ter-.r, o ~ ric the ca.pill 

crooanipulator), th a r 127 note t e si iificance 

of rate of blood now. In slower r tea of now, all the co. 

ele nts entvr into the thrtr.nbUS f ation d J red CvllS• be· 0 t 

st numerous, 1 ~ ely reponde t • In m it 

is the stickiest eleme ts w ich h e he st c 

adherent . ence t dintinction bo een • hite • ( hro cyt.e or platelet) 

thro bi ru a 'red' or ':mixed' thro bi, at ologists. 

na1rem•s (1889) term 1clou . ernoutati ' m the G an • lutstillendon 

eil• are highly descriptive {p. 62 of ~) 383• !herto :i Jon "' 

(1851), .L te az cielly (1 72) 513 ~ec 

·zzozero 54 

(1869) and 

nstra.ting rtan e of i ;tor 

controlling he. rr· after ves~el inj • 
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The thrombotic platelet mass lat r evinces a hyal e or grru ular 

appear cc, for .-tnich the te • "vi,..cous tamorphosia" 1as coined by 

Eberth and clilimnelbuscb ll3, and later used by J . H. Wright '1d G. R. 

ti.not Sll. At one of the Macy Confere ces 5o9 Helen P. rright reviewed 

this topic and de~cribed her qua.~titative au roach, based upon rotat:ing 

t e pl telet-contairong fluids in glass tubes tor dei"inite t"' e periods 

m,d comp· ri."lg the platelet count (hemocytometry) with a vaselincd-tube 

control . She reduced •platelet adhesiveness• by hepar1J1 ~ d chlorazole 

dyea, :b vitJ.o, and by dicum.arol in vivo. Conversely, adhesiveness was 

increa~cd after operations or parturition, at periods when the platal.et 

count as also elevated ar: .. d many yom g forms were c:irculati.'1g. Sjmj) s.r 

findings were reported for the tbro :boeytosis following :injections of 

adrenalin or of pyridine. Splenectomy gave .similar results., but now 

there was little .further ef'i'eot from pyridine. Mooltcn and Vroman .343, 

dth an jmproved technique, failed to confirT.1 Helen Wright ' s suggestion 

o.r an incr ased platelet adhesiveness in hemophilia. Her idea,in this 

disease, is also contrary to abservations or nany other workers. Dr. 

1ri. t •s int retations in.eluded tho following (with the present 

reviewer's parentheses): ••• "the factors which appear to 'ta:in the 

various (fon:iea:) elements in suspension are .first, their surface charges 

(p . 174 of Tocantins) 469 which are of tho sa: (electrical) sign,; and 

seco d., their constant motion, both as a mass and relative to one a.'1.other" • 

• • • "It is believed, i.Oroover, that tne surfaces of the !o ed. blood 

elements carry variable amounts of adsorbed water and that this helps to 

render the stable in suspension as well as augµenting the viscosity 

o.f the blood" ••• ntheir surface reactions y be in part dependent on 
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tabolic activities oft.he cell". 'l'ha lntelet surface 

odified by subst.nnces normally (.fibrinogen, globulin) or 

abnor.nally (l.I· :nmnie globulins o.f anti-pl telet sera) present in t blood. 

~esivenco t also be related to ru.ter:i.tion in tr e wettability or 

stic · ss of injur ascular endotheli 419. It ay be racalled that 

Roskam 415 collect - data. le · ,, to the suggestion t t pl telets 

are surro lded by fir.mly adsorood prot in film, to hie many of t ir 

properties be due . That this i ... not .ecos~arily fibrin or fibrinogen., 

however, is indicated y the normal platelet adhesive ess., etc. in a 

c of congenital afibr:inogenemia studied by Pinniger and PY-tTn+'TI" 376., 

and confi.r.natory observations by .Ale er et al. lO others 296, 

cited 7• 

3. P ·TEI BT t GGL Il TION• ( 'OI ) • 

ccording to Afnaud 24,25126•27 pl :telets suspended in pl.,. 

be gglutinated by a wide variet of substances., e . • e1.atine., egg 

alb • , poptone, , lecithin, hea: tals, dyes, and surface-

sion lo erin agents such as ricin., sod. taurochol to, o.nd saponin. 

ex or:inents were articul ly inte sti.l as hawing 

that :.ilat let agglutination could il e ndent of clott · • Tocant1ns469 

revimred of older papers dealing wi 1.utination 

under variolW ~· ntal conditions d in nmnerous cli..."licaJ. disorders. 

ber of ern worker ... !kVC restudi so of these probl on 

-free) platelets., especially aided by the silicone 

technique (seep. 120). 

Copl d obb 93 observed that hed .. latelets could be 

aggluti."Ulted by ndd.ing plasma or serum, especially the latter, and also 

by ' purified' preparations of globulin, prothro~bin, throm.bin, placental 
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tiss· juice, and pla with hi co. centr tion of parin ( I ) • 

T is 1 st findi? G as unexpected and conflict nth tho ta or C. H. 

st d colle s 45• These oronto workers inserted a glass chm ber 

tween 

agglutination 

d vein in exper:mental animal and observed platelet 

adherence to the f1at- surf ced gla.BD cho:lb ... r , icro-

acopically. The cine togra.ph film of these observations w s re-exhibited 

at t 1acy conferences (1949) . Heparin can.Eed a groat reduction or oven 

161 
abs nco of observable latelet ag&J.ut tion. • st, and others , 

believe tJ at s e he ... arin preparations contai..'1 

expl the findings of Copley et al. 

ities 1hich could 

4. ' 
Foll tlng the 1905 suggestion of Marino, 

ROBLEM. 

33, .34, 35 inj t-~ on ec ~-u 

rabbit platelets into guinea pies d obtained a platelet antiscru.~ 

lich caused thro ocytopenia and endothelial {capillary) daI:Jags uhen 

injected into •no - ensitized.1 animals. Ackroyd 
1 

has recently reviewed 

t e probl of• 1 telet ag utinins and lysins in the p~thoge esi of 

throobocytopenic purpura •. He i.11cludes: 

a) the 1a.b~ormal splenic seer tion• t eo of Frank (1925)$ 

b) the efforts of Troland and Lee (19.38) a.'l.d others to obtain spleen 

extracts ( ' tbro .bocytopen • ) allegedly capa le of reproducing the 

h n thr hocytopenic condition :i."l rime 1tal a.ni.l ru..s; 

c) t e d onstration by Eva.11s., uane., et al . (1949-51) of a 1thro bocyte­

agglutil ting factor • in t e aera of so, e ITP (!_di athic thro bo­

cyto£<3nic) patients. 

d) s veral reports that transfus platelet.., surv-lve £or shorter 

periods in ITP cases; 

e) <?rrin on I a 
2crt convincing experiments i.11 which, by injecting 



himself · t plasrr..a. fro an ITP c ::.e, he lowe d is .Jl tclet 

count to dangerously low levels d as fortunate. to recover; 

f) co_lf. to repetition of trl.s., ext ly c 1'efully condu..ctcd, 

by Stcfanini et • 454; 

g) Tullis • 478 finding that 9 out of 18 sera fron ITP cases caused 

agglutination and lyais of nol'Tlal 

co. lement. 

64. 

208 455 
h) demonstr tio., by both Harrington' s and ~tefanini•s eroups, 

that platelet agglutinin could occur in so. e ti ts a...fter 

pre . cy or transfusions; or 

i) even in so e 

fused 455, and 

i vid · s w_ o have nev,~r bee pregnant or trans-

j) t e confusion due to d8r.l0nstrations hSl,S02 of fall in platelet 

count .followi "' transfusions o:f o :ial blood, etc. 

'i'his whole proble· is beset wit technical and internrctative difficulties, 

but the following co.clusio:ns re sent current thinking: 

l) antiplatelet ag·lutinins and lysins occur in hum s, so etirocs 

without, but usually with, thro ,bocytopenic purpuraJ 

2) t.ere e platelet •groups • or •types •, analogous tot o e en-

counte with red cell.s; 

3) •acquired' cases of thrombocytopenia often have ad ons rable 

caus of agglutinin production. Ackroyd 1 as some very 

clear- cut st dies of drug- induced ( sedomi ; quinidine) thro x:,­

cytopel".ia.s, shwing that both drug d specific antibody are 

needed for the p tclet-destroying action; 

4) co:nplemant is involved int e platelet lysis, as it is in hemolytic 

a.."'ld bact riolytic illllnu.'11.ty reactions . 
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$. IN VITRO 'AL'I'ERATI0~1' OF BLOOD PLATELETS. 

In 1873, Ra::.1vier 397 obserrod the microscopic changes of platelets 

a."1d fo ation of fibrin in a drop of shed olood. He described alterations 

in the shape of the platelets a11d in nthe refraction of their granulatlona" . 

However, his most significant obse!""1atior...s rero: (1) fibrin needles 

are often sca'1 first at t:."'1e ed.ges of plc.telets or platelet debri::;; ( 2) pla• 

telet ' gra.11uJ.atious • occur at the intersecting no es of the fibrin 

netnork. 

Aynaud (seep. 62} made a ela.osical series of studies o:f platelet 

alterations in vitro, rlhich have ls.rgely been neglected by more recent 

workers in this field. However, they formed the chie£ backgrowd for 

the pre-sent author ' s observations 124, which are embodied in this 

thesis. With e.."draordiruirily sldllful use sinply of para.f!i..'J.ed equip.. 

ment, the centrifuge, and tho microscope, Aynaud described the sequence 

of alterations .from the original disc or bat8nnet (!·· p . 60 ) fora to the 

spiculated •stolla.te •, awollen and gra.>1ular (disintegration) fom.s . The 

controlling factors studied by th.is worker includ {l) surface, 

(2) temperature, (3) dilution of plasma (with citrate-sal:i...'l'J.e), (4) the 

deoalcify:i...'1.g (citrate, etc.) a.nticoae,-rulants, and (5) manv experimental 

additives (see previoU3ly) . 

Fonio and Sclnrel"l..da"ler 171 used _ .gS04 plasma to observe various 

platelet alterations, sore of the..'n. bizarre. 

Zucker 51B, confirr:d.ng tmpublished observations in the present 

author ' s la.bo:rato~J,. agroee that even siliconod surfaces, which are our 

best non-wettable surface to date, fail to prevent, but merely retard, 

morphological cha.YJ:ges in thG platelets held in citrated plasma. The 

decalci.fying ion- exchange rcsin.s, e. g. Amberlite or Dowex •.50, do not 



66. 

help. Inf ct, .est recent uorkero fi.'ld t.csa unsuitable for platelet 

recovery and pre or the strong ca .. bi,"1d.i."1g c elating' agek"lt, T 

( 0odi ct.iyle:re-dia:mi.."le-tat1 a-acetate, also called Scquestre or 

Voraene), ef. Tullis 479• 

CaG12 was not fou..TJ.d to .have c J...:. u.once o. the welling, ~tc. 

sho m by tm.s ed (x.3) pl_telots in buffered sal.: e (.filstone .340) . 

niether or not thro bin c . produce platelet alterations, as cla.:Lined 

by Zatti .5l5 and ,. onio 169., is still a.."1 unse tled quoation (Zucker 5lB), 

but is probably 'rue and this r.iay account for soc new facts.sch as 

low se:r9otonin assays in :::cvcre clotting disorders (Dr. J . H. Le'Wi.s, 

the aut or., d • B. Zucker, unpublished data) . 

B. PLl: ELET FONG IO .. S: 

Fort. e purposes of this t.esis it ia not necessary to review 

so.e platelet functions (e. g. metabolism; •platelet loading•; etc . 469) . 

Included arc t ose coucorned with hGnostasis Pnd allied i'anctior.s. 

l . RELJ ... IO .,F PLL':..EL "' TO l ;"'lOvT ."IS, C. 

As noted previotLsly, plntelets pl" a ·ey role in thrombosis and 

bolism, bos.:.des acting as a defensive mechanism against blood loss. 

Pu..T>C plr.tolet or ' rhite • thrombi are relatively rare and the usual 

thrombus is •red' or •mixed•, ,d.th the bulk and numbers of erythrocytes 

preponderating. mroovcr., clotti.'lg is initiated about t t11 

( kelens' t esis) ll.B that platelets adhere and begin to dis· .tegru.te. 

~ e a · hro:::ibus · s also rich in fibrin, which forms a supportive 

, es roilk and buttressing that adds greatly to t hemostatic c.ffectiveneDs. 

In t e cli? -· cal • bleooing tim.;. test • ( e . e;. .n.otho of Du..\.-e l09 or 

Ivy 
244), def cts of platelet or vascular .function .. rather than of 

clottiI g functic: , ar causative of prolon ation oi' t· .e bleeding. 



........... , .... r, V c io not infr~qu tl., ~rr:r , or .arly so, ens s of 

or in tancc . Comrersoly, t · : ole b ..... ood I clottin"' ti.. ' 

t st ( . g. r c- lliit t od 
286) is oft n o ltl in ire ocrtoponics 

i.-'11.arY' vascul.ar di "eases. 

S · cc l emorr eic di.,or ors 453 ""1 acco a.rry (1) vascular 

a no , uiti s, (2) latel t deficio..,cics, q titativo (thro. cytopeuic) 

or qua1:~ tive (t o.bocytopathic or t~~o bastlenic), or (3) coa7.Ulation -
dequacie" , it is evidm t t at all t·1r e nor. ally share :in the def 0 ive 

h os..,a;~ic 

V scular ano. alies arc bey-:>. d t e scope o the _ .. ..,a;.lt t sia . Just 

rtant the contr~butL "or e ir t to f cto:-s e, is 

emphasized y kno .. cases of Afibrinogeneru.a 7, ho lack the esse.tial 

clott.'...."lg CC ""ffiS •• e e c·ses do av leeding pro le~~ but o~en 

iagc mt h better than, cay, a severe he.r::ophiliac . cy it not be that 

nre also neces ery certain factor(s) O- the tl bin- for.:ing cha.'U. 

for some plat -. ct functions? 

Serotonin. ·1.arjorie • Zucker 518 perfor ed. xper ents 0>1 the fomation 

· ch app ars aft r cutting a (small) hlood vessel 

in t. e ?'at . o :ng a frequent vasoco ~trictor ef!ect at t t· of 

l"'tcle.., de cs'tion~ • Zuc er investiga"" d this additional heno .. enon 

d used an car- v s..,cl pori'u:3io ec nique for ioa.ssc.\Y of the 

'pla ... le-'..; asoco stricter' :'actor. ~ e co ce:. SUS of a number f workers.367 

on this probl i t at disintc ::""ati."1 l telcts liberate 5-ey: 

ryp e 399 
l • ich reacts w.i. t so pl ... a factor to eco. ' ser 

serctoni. • ( rcb. 5-hydro:,.yt,eyptami.."le creatini..."'le s,llfate) previously 

r cogL1zc 

lo~ s e!"'l.r.l 

by o.pport ct tl. 400. 1 e have so e un ublished data. S110 ring 

ot~nin ( 1 tclet ·asoco trictor) values in cases r.i.th 
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{p. 66) i .. , tha: t' i"O:~bln (or zi,mo factor :i 

systen) is need ·d .for platelet ' lea'" e ' of 5- hydrozytcyp+...a."nine . 

The .tbro:· ocytes serve the 'e orrtatic functions ;i; l011er animals, 

e . g. birds, fish, reptiles, · phl.bia, etc . , '.Cb. as t.l:o pl telets do 

. 185189 
in _:m:in::.1.s ' • That they arc not quit,e as efficie!'1t, in some \,rays, 

is sutGeGted by th0 relative ease of preparing coagulable, or very 

slowly clotting, plasrzas from the thrombocyto-possessi.'1.., bloods, !YJ 

careful collection - n centr1£uging, per haps even without use of anti-

co~Q .. u.a~-its . This is ver-y- difficult in m als, even uit.1 use of anti ... 

coagulants, becauce of the ease o.f' platelet broakdoi,m. Th . ..:re are S:Pecica 

diff e:qences, howe-mr, wd equine blood has bee11 used by a number of 

investisators 24. 

a) Clot Retraction. In 1951, o. E • .E:udtz-Olsen 70, of ~pe Tmm, 

publisr>..cd a_"}. outstandi::1g monocrapJ1 on this subject, ui.th a ve-::y s.rt.ensive 

bibliogrcy>hy. Hi.s theoretical "'pprcech I"ay be q 1.oted ver'-,ati.":l: 

•••• "The blood cloi:; cons:.sto of a throe-<li:.1ensional netunrK or i'ib:ri..'l 

threadstt ••••• 11The sorm is held in. this nnt,;1ork by capill.: .• ry fo!'ces . 

:hen the !JGl"~ ~-...tificcl.ly is pressed out of' the .mcshe:J thG network 

c-.ollnpse.., and docs not a~ain c•=-::pw.d wr.en i_rr.m.er · ed i..~ serum, due to 

adhesion bct::e "' the ircividutl fi!)crs . T io czm be seen by n:a;ipulation 

of the nctwor~{ under tho m:!.croacope. The capillary force holding the serum 

i."l the clot :!rl.ght convc.."lier!'tly o expressed by this formula.: -

Force: 2 ~ cos 9 
gr 



here y: the surface tension of the scrum 

: the angle or contact of the serum dth the .fibrin hich 

is an expression o.f the wottability of fibrin. 

d: the density of the serum. 

g: t e force ol gravity. 

r: the width of the mesh. 

whic is simoly the f omula. for a..w fluid in a.riy capill.ary tubon . 

Consideration of the force of gravity b;1 this author is a new contribu­

tion ••••• "When the clot is placed in ri · d structures lil~o glas'"' tubes 

gravity tends to aw the serum out of the fibrin netlrork against the 

capillary forces holding it back; an arti.ficial "clot retr~ction« may 

thus be produced" . To avoid this, Dudtz-Ol.sen designed an ingenious 

a."ld si..rnple :mothod ("the suspended clot ethod") . Under constant 

(37°c) t ..._) rnture conditions, 5 rrJ. of blood (or test mixture) a..-re 

f'loated, free from the influence of gravity, in an inert oil m.xture. 

The serum expressed during retraction of the clot noats to the surface 

of the denser oil mixture and can be measured. "It is shmm that the 

size of the oshes in the fibrin netvork.,·and therefore the capillary 

forces hold:L."lg the scrum in the clot., depends mainly on the concentration 

of fibrinogen in the plamnau •••• "It unavoidabl.y £ollows th~t clot 

retraction is inversely proportional to the fibrinogen concentration"• ••• 

•••• nof major i.~uence on clot r-etr· ction is the volu.100 o r...,d and rl"lite 

cells in tne blood. These cells play a passive. obstructive role, and it 

i.., dem.onstrated experimentally that an al..,.·oost linear, inverse relation­

ship exists between the volume of packed cells and the clot retraction° ••• • 

"correction ca.,.., be achieved by simply addine the haeniatocrit to the 

observed clot retraction" . 



•••• "Rigid control of the temperatur is •••• essential. 

clot r~traction" . 

10. 

al.l ork on 

••••"Character oft e clot, its firrnness, rigidity and e1asticity ••• • 

depqnd early exclusively on fibrin co centration the occurrence 

or absence of "bri! lysis. They arc cor:ipletely · ependent of platelets • 

•••• Fibrinolysiw nd. clot retraction are independent processes. '' 

•••• Clot retr,ction is de to special function of the platelets •••• 

"viscous tamorphosi leads to the fo ·~ion of lona strands or 

pseudopodia of ~plasm connecting individual platelets or l telot-

se . The c str subsequently contruct producing patch;y fusion 

of platelets throughout the clot . As t e platelets are adherent to the 

.fibrin net 10rk of the clot the contraction of t e cytoplasmic strands 

and the erging of the platelets result in a contraction of the whole 

fibrin clot with a squeezing out of the se 

white cells enmeshed in the fibrin network" . 

and few of the red a.'1d 

••••"Fro: t e delicate platolet-mcchani produei..11,g clot retraction it 

ould be expected that the force exerted by the process is very small. 

Byas· le experiment (p. 79 f.this assumption is shown to e correct; 

the force (about 19 - 20) is so in.:,ienificant that it co s extre:nely 

unlikely t at clot re ra.ction serve"' cy _ hysiological urpose in 

the smallest ves~els1
' • 

•••• "L~ the crab, clot fol"l'Jation d retraction t o pl co in t.e co lete 

absence of fibrin and o tirely celluln.r functions" ••••"It is sug-

ge .... ted that the process is a redunda.."lt phylogenetic reb .. c of no 

importa:'lce in higher aru..m'll. life • 

A critical review of Budtz .. Olscn•s wor" will not be att ;:ipted here., 
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ut t pr :-c:ent m-iter would r ·s s que .... tions, e . g. 

(1) platelets don't retract clot formed fr fibrinogen with t om.bin, 

but obly ·th 1thro bin-fortling' co . t mixtures . The prezent 

author's experience is ot1erwise. 

{2) clot retraction cannot dr together ,:iall vossel alls. 

' ocantins 46a, who is cited by tz lson, collaps cellophane 

tub:L.~g by clot retr~ction. 

(3) fi rinoge. concentration is the chief ·eterminant of size of fibrin 

mesh and hence of capillary forces . There ar :1a.'lY discrepancies 

between the inef.fectiveness of certain agents in odi.fying 

Budtz-Qlse...~•s clot retraction .ea.sure:rn.e.~ts a~d data of physico­

che.'1?ical and electromicroscopy studies w: ch indicate toy can 

gre tly alter tie fibrillar co sition oft e fibrin clot. 

(4) C fibrinolysia be criticol.ly ruled o tin connection ldt clot 

retr ctio? (see below) . 

(S) accepting tz-Olson•s worthy critical review of Gl :nn•s 

(1918) 188 case data on "hereditary h lOIThagic t o a.at eni.a• , 

t ere are, contrary to the South .Af'rica.n•a opinion, undoubted 

ca., of platelet anomalies ( t bocytopathias) in which these 

ele ~ ts are deficient :b1 so e retr ctor factor {? Glan~"lil • 8 

nretraktozyrr.e") . uch pl telets can be isol ted , co ared 

trl.th normal platelets, shown unable to induce clot retraction in 

rma.l platelet-free pla., i.a. 
453• Such a case will described 

i.~ the present thesis. 

b) Role of Platelets. tz-Olsen 7o refers to 'l'hackrah (1819) and 

others 1ose wor i: clearly i.."'ldicates that the fa.ct of deficient clot 

r traction in association w:i. th cert m urpuras 1'fas knmm at the beginning 
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of the ninetee C .tury • Haye. 2l5, in 1896, t first to 

correlate or clot retraction, in purpura, with de.finite reduction in 

ie number o blood platelets. ong workers who have ex.per· ntaJ.ly 

reduced platelet counts by ce. tri£uging plasma and carefully correlated 

with clot retraction data, we ention Tocantins 467. 
Le urd d a ez 289, Bordet and lange 51, Opitz 

tzdorff" 3>6, and others 70 have reco od ir'abillty to obt i."1 clot 

retr ction with pl :telet •extractives•, but only vith 1inta.ct1 la.telets. 

In recent electron croscopy studies, ssis a.'ld Buratein 44,43 

obserlred adhere ce of fibrin fil ents only to spiculated •altering' 

platelets d not to 'disintegrated' fo • Gla.nzmann' s 188 
eug estion 

of a •retractozyme• (enzyme-like .factor -"1 latelots) has, there.fore, 

not gained ac epta.'lCe, until r cently., \1h Fonio l70 claimed sa -

ration of outer 'cyalonere• £rm the central •granuloroere• of 

platelets by differential centrifugation a.'ld the identilicatio of 

•r tracto e 1 wi , the alo.."?lel"e fraction. Very recently, 1956, 

alini 

platelets 

tegrate 

Stefanini 316 claim isolation of a •retractin• th fro 

fro blood-free ti<>sues. Their bet 

xtract wit . ether-water ( 65 :35) ru d t en deposit in the 

cold at -2<>°c . Thro. ooplastic factor is eli! · at by heating £or 

2 hrs. at 560c and subsequent storage at -20°c. ests or vasocon-

strictor factor (5- hyroxytrypt e) are al.so egative. They conclude: 

1:1t could repre...,ent a lipoid subatance". 

do pl telets b · about clot- tr ction? The wakne s of the 

force involved in clot-retraction is stressed by Budtz-OJ.sen., by 

p!-evious wor rs. · e it is usually su.ff'icient to detach the br!n 

stra."lds .fr adherence to glass, thi" y not be t o case in so 
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•ibrin is .more ad.Lcront to collodion 220 
and Tocantins 467 

observed ailure of retraction in su h vassals. .gever, clot retra.c-

tion is not significantly better in non-wettable siliconed tubes . Hudtz-

01.sen revie\18 uch of t e older literature (e . g. Fuchs 179) on the 

influence of t4 e contai..vtln vessel• s surface on clot retrnction. Althou.gh 

he cites their er in another connection ( e::.perature effect), he 

doesn' t .inclu .. e a ver., intcrest:ing experiment of La..'Tlpert and Ott 279, 

'Which the resent 'Wl'iter has frequently reproduced for the benefit of 

his students. '.thus., if blood is allowed to clot in a wide test tube 

paraffined down half of its side, the revr ..... cticn of the clot w-lll -
subsequently be away fro tl e glass a.'ld to the paraffin. Th t fibrin is -
less e.dherent to paraffin than glass as shm.11 by Fuchs (1931)., and 

many rorkers have used para:t'.fined vessels in clotting experiments 

because of its •non- ·ettability•. It is dilficult to explain the La111Pcrt 

and Ott experime.'1t except on the basis that the glass in ao o way •acti­

vates• the retraction-producing factor. 

0 eervtng certain si.:arllarities between retraction, e . g. of laS7..a 

clots contain:irLg platelets and thro bin- f'ibrinogen clots, which do not 

normally retract b1 t can be ade to withdraw fro t glass tube and 

• clu."llp • when known to contain ve:ry: small amounts of tcypsi.."l or .fibrinolysi , 

Ferguson a."ld Erickson 149 revived the idea. 219 that ciot retraction 

y be related to fibrinolysis . This au gostion is not c....sily dismissed 

by the argu:nents 0£ Budtz- Ols n., whose exper:L"Uellts gi,ve no heed to the 

quantitl of fibrinolytic enzyme. It mny also be necessary in the r:i.ost 

recent work 316 to present conclusive evidence to rulo out all ossibility 

of tr~ceo of active .fibri.nolysin being present or :formed i. the tost 

syst • The present author does not insist on •the fibrinolytic 



th •, but ercly believes thnt it shout oo convi.'1cingly ru.1.ed cut. 

Th.'...s being so, it is ap1,ropriate to consider s .. :e .. culiar 

•retr:actility• of p].At,clet 'p1·ocescas'. T if) uill bo done in tho l)rasont 

stated, -wit £~ cortai..'1.ty., houev r, that ;la:l;.cleto do • t extend 

t~-Olscn•s data a.re very weak on this 1 int. Thia author, how: m:, 

':NJ:'7 be roforrod to for a good cooporiSon befa ee::. physical t~rosist 

of corti:.in gels and · ha •clot otr,ncti nt _.,h...,noruer.on. he dif" erences 

of the tvo proce ... oos is probably entire'.cy d:i..fforent*'• 

IJ.. CLOTT.1. TG FACTORS L. SLOO.D 'DL -~TELETS. 

a} ed of ~latalets :fo,r blo?<l, clott n~. There as nr1J.ch doubt ., 

e blood Platelets ooit1g essential for nonr.al bloo clott; unt:IJ. 

Bri? t--Jlous 64, using the • 1ly introduced siliconed sur.f'aoo gl.asmrare 

of Jaques ot at. 2SJ.,28-B, showed tl at plasma recaleification clott.L"lg ... 

ti.mos 11·1d p ... ot 1ro bi.."'l eousun1ption { utilization during clottir.g) wore 

delayed, tho • e the platelet cou..'lt "'as educed .: cent ·lfugatio •• 

Succoos.t'~ e~iments : n obtaini.."l.P- a non-clotting ll.o:tcl.ot-.t"ree 

plD.SrliS. w"ill be cited (pp. 120-121) in tcho of this th-s • Tlio 

tJ:4"'"0 boplnsM.11 genera.don ·test .:.Cs di cuswed on p . 80 . 

b) Erro cous ideas. In -the earlier litor~t·, e, e'bo· t r. .at the :Ql.atelets 

can contribute to tl c bloo,1 elottin 1 .ccha:niam; c.p,;i ar h i"ollol.";{ng: 

l) platelets ac"' as a eor:plete •coe.gulant• £or fibril en, {a) in the 

px'ose e of r·al.etu .. 11'1., by ille ,edly pro·91dir.i.g a •ti&suo fibrinor;on• 
508 338 (Woeldri.dt:;;o 1886; :m . .lls 1930h (b) in ctill earlier meas 
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- cited by AnderBOn 16 lB44). 

2) platelets con • prothrombin ( tz 346 190SJ Bm~.J 

l9l2J hrist , es a t8Rl"t S5 1927; Fuchs 177 19):>J 

.uuwl:l,l..l.. 

238 
193S - cited by Toe 

469 19.38). Disproved 

by ss, Mill8 .336 110. 

3) pls.tel.eta di.rec acUvate prQt.hromb tllro 

substance ( • Schmidt !a0.421). 

4) abno 18tabil1ty• of platelet.a is cauae of pbiJia 

(Sahli hl.O l90S J t Lee 341. J.9163 ~rawits 347 l92S J 

15. 

32 

Ce.kada 240 1926J CbrisUe, 

Fon:Lo l69 1932h See present thG8 • 

a. art 85 1927 J 

&l 

216 
}III_Vjan 1923, suggested 

t t whatever i8 N8pO iblo far e stability of :oophilic 

pl ~a a1.ao ac owrta £or t.lle sta.bili ;y- of l talats i.'l t a,.u.e-.. 

I activatQrl) • Bardet 

licatad pl&tel.ets u one aom-ce of their t18aue 

• 1ple or • eytoz;ymo • and extracted a tberno uwJ.e 

li id teri , aoluble in alcobol., ethe .. , am cblorof o , but little 

aol.ub1e in acetone, vhic agreed Howell'• 231, 1912, 

of t bop]. tic r tor eepballn. cepbaJ:ln was l.ens 

potent crude plv.telet (or tiaaue) extracts Bowell 231 and 

Rullipf hl6 believed the tbrom'boplastin to & cephalin-pro 

(i.e. li. pro in) •~ex•. Eagle 110 al.so noted that 

ext.ract from a.at ta had o~ about l/10 of the or~...-... 

potency. f, Bancro.ft, and StanJ.e.y- 7S ~P'1,r00 plateleta 

horse blood and isolatoo tlie:lr arious 1 ds. A pbospho; 

foUJld to contain a p¢,ent, act.1 tor. The"'.i concl.uded: 

····"pre 
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too erude to permit the isolatio 1 of com -ounds in .a state evon approaching 

purity. It ~y· very well be that a eephal:L--i containing highly 'lmsatura.ted 

fatty acids., ru.d., there.fore, more soluble in ethyl alcohol, is th· real 

activator of blood clotting" . As in their later li1Drk on lune t 
· 78 plastin, Charga.ft et al. also noted that the ' de£atted• ma.teri a.rt.er 

pl.a.tel.et e.nraction was c.lot- inhibitor,. In 1945, Gh.argaff 77 

normal human oxalated plas;."l& to :high-speed (]SO min. at 20,000 r •• m. ) 

centrifugation and len~ed the recalcifica.tion clotting- times Jx or 

more. In the follovi.ng yea:r, further studi.es 8l. added :L"'lformatio that 

the •pellet' sediment from such centritu.gation bad thrombopl.astic 

properties si.'nilar to those of the •:macromolecular lipoprotein • s · ula.r'.cy­

obtained .from lung extracts . Flynn and standlq 167 reported to 

Conferences (1949) that their confirmatory observations also :L"lcl 

microscopic examination o:r stained .t.U.ms, wilich clearly showed " ••• that 

the pellet obtained by high speed ee..11tri:f'Ugation of human plasma 

conposed of platelets a..'l'ld, occasionally erythrocytes• . Charga.t'.f' 

.mistaken, then, i.'1 identi.fyinz a •pla&1a thromboplastin' , and was ~ 

just confirmi:.11s Brfilkb.ous • (1939) observations of the effects of P. atelet 

remcnal. on plasma clotting. 

In 1935, the N"esent author., knowinB only of a short note of 

Haurowits and Sladek 211., 1928, containing lipid ana.'cyses of plat 

visited the Research Laboratory of the Children.ls Fund, Detroit., I 

where a group of wrkers, tmder Dr. I . G. Macy, were performing s 

excellent lipid (and other) fractional ana.1yse8 o£ ~s. 

preliminary work on some horse platelets, prepared for the author 

ml.ford laboratories~ the liichigan group completed a study on "the 

lipid distribution or human platelets in health and disease" 117, hortly 



after the appearance of Charga.tt• a work. 68% of the t6tal platelet 

phospholipid analyzed as ctpl!l1n and it 'W88 computed that, 1£ thin 

were all liberated, it could .furnish 100 Ml or blood with some $'.-10 

mg of cephalin. 'l"his could be Tery significant in the light of tlie 

qnantitati-.e clotting data of ~ bk? am of Ferguson 129• 

11. 

d) Platelets and the activation of PI;>thrombin. Eagle' s llO data.,.... 

as ~llovs: 

(1) platelets (like cephalin) can participate 1n the act1vat.ion or 

prothromb:in (er • .328) to thrombin. Since Eagle' s prothrombin activated 

slowly ( abot1t l hr. ) vith cam.2 alone, he concluded that "platel.eta 

and cephal.in accelerate coagw..atian by increasi.71g the rate or tbroi:lbin -
may not h~e tested sufficiently amall mounts. His weakest cephalln 

(0.0001 cc. of o.1i suspension) does not quite roach 1100%• activation 
llO 

:in his Fig. 3 • 

(2) Prothro in prepared .from ~ pl.a3ma and compared with a 

similar preparation .f'rom normal plasma showed, in the prese.11ce of a 

concentrated platelet suspension, considerabl: aver thrombin formation, 

but a normal (100%) eventual yield. With calcium al.one., Eagle claimed 

110 ultimately ' normal• thrombin yields (act~ his curves, 11 l, rer. 
show 80-90%), t vecy slow rates, particularly in the hemophilic . 

S1Il'lple plasma recalciticat:ton clotting-til:18s shoved that hv.oophilic 

platelets were as c;ood as normal. platelets in accelerating clottin~, in 

a series or strengths o! the platelet ~nsions, in both (a) noritml. 

plasma a.'ld (b) hernoohilic plasma. However, the stronger pl telet 

s spension (both typeo) worked less well on hemophilic plasma and the 

weaklest platelet strength did not work at ill. In coz;parable e:xperiments, 
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ccphcl. · speeded the clot·, ir:g of n01 . rec cified pl snas., 
no 

had ~o litt:e effect on the h o hilic (Ta le III, of ), as 

previo 3ly bee shom by 'ills 333., t. at Ea[;:lc i . · as d it as 

inoff""*ctiven . 

::n 1911, th, i, he;,, o.,.. ilic 
4 

as:na wao not 

dc.ficic t ·· . protl'..r in., t th·t it"' co e s·on to lelayed., 

rh · ch led J.n to the hypot -.otic suegcstion of some "qualitative efect" 

.,pared 'prot' rom · ' by , 

etho s.:. ., ar to that later used by Ba lo, 

ha:l, bot stu · cs co d be aubjecte t,o t P e c":"i tici , Wll cly ~ t.hat 

their p1·ot i.ro bin cont d th · nbopl.:- tin an ... hat thl." nio-.1t be ·hat is 

1 C fr • hilia. Tsing his cetone cthod)Ho roll, uith Cckacta. 24° 

could I ot f · d a.-.,y difference in quantity or cactivity et1 ea.11 t.h 

p-rothro. b 4 s o. ~ or.me and ho. ophilic blood. ·mre p op!) e ;;, 'p'.l.asma 

thro plt•,#t"' .. 1 a .d f und les of. t .n h ophilic .lasma. Puri.fi 

"'lycerol extraction) ·e .::;a.1..d t.o e P• ot(.in- ree 

( n · ' ·drin :ind bi et rcac t.:01 ) , , .nough 

, .te_ i!>.l for co c aive alyses m:d t, ·ned to tl o tud r of lung bro· -

)Opl stin, also own to 1 o able, expcrime tall .. , to rest.ore nc ... 1 

d·' d th· 1:e ,hat his 'pl 51'.la thror )O"last.1. . ' ; i.' 1t co e fro. nlatelots 

he rs a le t.o _ epa.re active tr.re- bo 1 ::,t_c r." tcr· al i'ro.:i platelets, 

( 240). b th or at d. he o_)hi..Lic • 19 of' ef. 

T:' • 169 h,r 1 • P ; • 
l' onio J U~ CQ C€T• ' J. ug -0!1 arr.:.•ed tubes as ] to 

o taln . e."lOphilic plasm0 uhich clott d v ry slowly (1,-8 hrs. at roo 

t • ) , but rapidly • addin:.. washod platelet suapcns_on fro 

blood> or ess ap.'...clly uith rash d he op ilic pl· tele '"'• 
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Other ea 1y 10r :ers, ; "'1'1 ·-1 g t' ose we h~ve di ... · sed ur..d.er 

•erroneous ideas •, argued fo""' • wre st l .' or ' less active • ls.tc~ebs 

in heoo hilia, b t · t is not ._Jrofita e to ryo • to t "' a~ i\l.i.-the;r. 

All recent work supports t o co ~lusio _ that it is not "he platelet 

wich is at fault j_ horaophilia, ut "' ,..,, , pl ,... f ctor ( ~ ) wri.ch rorks 

~ pl: telets to •gene ·ite th ombo lP.st · ' fo- pc.irticipa~-ion t: .... o 

activatio of protJ,.rombin to throm.bin (see p . 80 ) . 

______ __,, _____ ,0_·1_j_11_c_o_n_.S1_l!n1Jl_..... ... t"l_.:.o_,_,. I 1939, P,...elinJ.d1ot'D 63 used 

the two-stage prothro,b 

after vn ious inte 

et~ od to s... ' '.°!'"Sid1 cl rothrm .. bi. in !:Cr.:m, 

a1 d tht'r' dct.sr.:tll'!e 1 roth.ro, bi._ con crsion rate t. 

This "Ced · · .en1oph~ ic pla a, co ""'ed wi onal. It 

could to n rmal., heme~, , by , dd.L~ lung throm oplru:.tin. In 

the careful prep ~~·10 

citr te · blo "t low t,empcra:ture, the p:-othro b ·n co. ve!'sion 1 ·as fou."l.d 

to be slouer than ·n an earlier exper ent . Converso1 .. ~, 1 hen heno ilic 

blood was (ept citrate for 24 hrs . fore r"- vi_ g the ples ... n. £.rc:::n 

the cells, the s11bsequ t te t sho·m gr "t :lnp ove t · the prothrom'Jin 

conversion, as ell as i recalc~ ic ,iov clottin[;-tilEs . 

,:,_ l t yev:rs late--., tltb the ndv0 nt of t. e 

Brinkhous 64 re_eated efforts too tain 8 lntclet-poor las~a aYl.d 

clearly showed that, in norma.1. plasma, ·ecalci.fi0ation clotting- j"'eS 

' 

d •prot o bin coru;·::1.ption' (or - •utilization• ) depe'!ldcd on the ... ,~ .... crs 

o.f residual platelets. A platelet poor _ lns!:la bee e • quasi-hc.-nophilic ', 

in these r:::.spects, t n'Jl'.'!'lal l tclot-poor p S!!ln cor, cctcd the def ct 

wh • adde to the ho ophl ic . Th5 a ot ~o, hOW"ovcr, he ·. ho 

ilic la a ,as also 1platelet-frGo'. He concluded: "i.."l hat1ophilia 

there is a plasma factor requi.r d or latclc~ utilization" . 



In f'Urther pursuit of tho prothrombi.11 utilizat1on problem, 

ao. 
· :nkhous 

and colleagues 
281 

compared data obtained by the 2-stage test wit the. Quick 

1-stage protbrOO'.h:i.n aethod, in both dogs ~ nd human, ea.ch being (1) normal, 

(2) henophilic, (3) platelet-poor (by centrifugation), (4) blood-

clotti."lg i."1. silicone. While both oothods revealed the defective prothrombin 

co:r.su.'aption i."1 ( 2),. (3) and ( 4) , the 1--stage values were not only higher, 

but ran th h above the original ( 0 t.irne) value, even in the nol".lnSl.: 

This uould "appear to be due to the evolution at d por:..,istonce of ... 

recently recognized serum factor ( convcrtin-aee p. 44) which accelerates 

thro .... bin fo:rmn.tion" . Evidently, tho 2- sta~e test is the ore relia.b1e 

measure of the prothrombin. 

Quick 385, in 1947, also approached the prothrombi..r1 consumpt · n 

problem via he:'tophilia, and modified his 1-otage • p-rothromb:i.ri t te > 

~ace p . 98 ), by 2.ddition of fibrinogen, later substituting Ca3P20s 

adsorbed plasma 386.,,387, i.YJ. order to apply it to (1 hr. ) serum (c:f. 

Soulia- 444). Like Briri..kl1ous., Dr. Quick a."ld his colleagues aho'WGd\ 

deficient prothro::ubin utilization i."1 he."':!Ophilia and in platelet-~ fl" 

( centrifuged) plasma 
391• They also studied the prothrombin con " tion 

( ) 391,392 ( • defect in a cases of thrombocytopenia , b) a case cl labile 

£actor deficiene-,t 390 
1 a.11d ( c) after dicumarol 

388• In one thrombo­

cytopenic, s-gle.."J.ectomy raised the platelet count a.."ld restored the 

thr :\.,.. t' 392,388 St f . . d C . 452 h -i. o.:num conSUt:lp ion • e ruur.i ar rosoy ave e..'\." 

these observations. 

f) Platelets and thromboplastin r;cneration: I termediatos. A n.ei 

avenue of exploration of the blood clotting field., particul -..1y in 

relation to c1·· cal bleeding disorders, ras opened up recently by the 

work of the Oxford University pathologists in the labora:t;ory of 
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82. 

(a) when the patient ' s il(OH)3 plume gives a poor test, the oth 

' reagents all being normal, the result is pxMUiipt:ive fl'idenc~ for 

bemopb1Ua. Ord1narily 1 Am' persista in treah Al( OH)3 ~ ' 

along vith AcO (factor V) vhereu P.rC (ChJoistma8 factor), pro­

thrambin, procornertin (factor VII), am probably' .tactor I , 

are removed b,y the adaorpt.1an. 

(b) when the patient•a aged (OY8l"llight) serum g1'Y88 a poar test, the 

other reagents being nom&l, the result suggest.a P.l'C-deticiencf 

(Christmas di•••). PTC ord1naril1' surrl:vaa in the aarum along 

v.l.th factor VII, vbareu AHr and :factor V are gone, u is protbroml)in 

(comnmaed) and thranb1n (rmaved bJ' the natural antit.brombin) . 

4) c81"tain c:1rculating antiCOllgU].anta interl'&N vith the teat (~ 

and ~ 227, IJoag1e 226). 'i'be present author and coUeaguea ]$2 

hs'9 recently prom that tbeN 1nbib1tor8 are specitical.:cy, anti-

AHF and ant.i-PTC, reapectiva'.q. We prefer our apacific :tests, 

based upon the prot.hrombin consumption ~ (p. 79), because 

they make the distinction bet.wen the two inb:lbitora. The throm­

bop].astin generation test ia unable to do thia. In other respecta, 

hovenr, it lUliY" be more senait.ive than pro1ihrombin conaumption test 

methods. A care.tul comparatiff atuey of the two methoda baa not been 

made and there 18, aa yet, no true yar.d8-t1ck for nal.uating the 

282 validity of gantitativa data or these and aleo other (e. g. ) 

S) the question ot i.ntermediateas 

(a) Biggs, Douglu, and Mac.farlam 50 found evidence for ~n 

ot hctor V (AcG) and f'actor VII (proeOD't'9rtin) in thrombopla ill 

generation from platelets. Macf'arl.ane and B1ggs llh a1ao ahoued 
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an :i..ncreasin . potency 11Jhon already active brain extract w s 
. . 320, 319 318 t>rei._cu.bated w:i.:th !'actors V a"1d VII (cf'. ' ) • 

~ . 

raises considerable question as to tcrmL'1olcgy and Uacfa.rla.."l · 

et al. suggest that the teri *tbror:lbopla.stid should really a.. ly 

to the nrodu.ct of the preliminary reactions which, 'With calo!i.uo., 

participates directly in the conversion of protb.rombin to thrombin. 

Since 1Icmell (p. 12)., although not strictly in that author' 

sense., the term thromboplastin has been widely used to desi. te 

a.1y tissue extra.ct used :L."l act ·vating prothro1llbin. 

boplastin, for 1nsta.'1ce ~ is the key r-eagent i n the 

time test (p. 98) . Brinlc.l;.ous aJd colleatues (p . 80) distL"\:,uuish 

between tissue thro::nbo:plastin as a bo:..iplete' thro!"rbopla.stL"l 

ccphaU.n or l~,telets a.s 'incomplete' or 'pa.t'tial• thronbopla.sV 

They anply ·t.hese ideas in their two- stage prothro bin co:i 

tion test (p . 79) and partial thromboplastin A.RF assay 65,66 

ctually, the historical term (p. 10) for the postulat 

activator., l-rlth calcium., of the prothromnin conversion was 

"thrombokinase! Hence, there is much eri'~ in Milstone•s 
33 

suggestion to re-define this term for the present p-i:irposes. 

ffilstone I s work, rhilo confined to expori.'nental test systems 

essenti.all: anticipated rauch of the basic concepts a :vanced 

• 

the more recent English investigators . other .American rese chers., 

notably F. D. Uan ... ,-i and associates 32o.,31.a., F.lynn o.nd Coon 16 ,l66; 

have pursued the idea of intermediate COl"'.:.ploxes in the throm in­

forming rcnctions, although not e 1:lha.sizin0 quite the same view-

point as the above. The distinction between t,hrombin ge.ner ionJJ2, 37? 

a.."ld thro.boplastin generation is by no means clearly cstabli h-ed 
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at thi::1 ti"-10, howe7er;t (sec P• 86). 

(b) Bougie 225 has otudied tho shorteni..~g of the recalcificatio. ti:rae 

of platelet-rich plasi.ui.s from ca..ses 1.ith {l) circulating a."'1t -

coagul~t, (2) hex oph"ilia, (3) ' 'hristrm.s disease, (4) 1dind an• 

{phenylind.ailcdione; related in action to d.icu.."lal'Ol a1d tro~eAa~), 

a'1d (5) normal bloods. He co?]cludes that there is ... other · · 

portant intermediate at a. later stage i..'1 the.3e co::rple;.: reac~ · ons. 

'I'he folloiring su.mary· of these ideas -:ra.s k:L"'ldly su,pplicd by • 

Bougie, in a personal commu.11ication: According to Bcrgsagel., o...."'ld 

Hougie 
40., AHF 3.Ild l'TC undergo. a reaction with calcium to fa an 

intermedinto product (Product I) . Product I reacts nth pl 

causing them first to agglutinate 

resul t:i.11g in '* a sediment.able thro plasti...71 complex" believ 

be a complete thromboplastin . This (a) differs trom tiss-i.:.e 

(e . g. brain) thromboplastin (b) in that the one- stage prothriombi.."l 

ti..-ne of stored and dindeva."'1 plas,na, considered to be dei'ici nt in 

both tac·t;or V (proaccelerin) a."'ld factor VII (proconvcrtin} , 

respectively, is normal 1dth (a) but delayed with (b) . 

true even who {a) is washed and re- sedimented and used in 

dilutio,1. The complete thromboplasti.."1 losaa its activity on 

heating for 10 r.dn. at 56°c. 1IoTrevor, after heating for 5 

to 100°C a..<1d re-treating Hith Product I , the activity is r.:; 

and ..ay aga.:in be recovered· in the {ultra.)contri.fugal sed.i.me ·t. 

· 'fhc heat-stable co.::nponent is thought to be cepho.lin, and the 

• 

heat labile co:apanont to be Product I . Product I loses its 

activity after decalcification by .Amberlite (io::-exchange r sin} 

e.nd, there.fore, calci'Ul'il is b\;,lievcd to be an essent.ial comp mmt 



moder~.tcly st ble in si.,plc prepart-ttions but loses c.ctivity · 

soru."':l or • hen citrated or o:r.ru.ated. The participation <:f 

factor V a.nd .factor VII is pre .od ·n the formatio of Prod.net I 

.uid hence of' co..""r_plete tr...romboplastin., but details of the e :rela­

tionships need further :investigation. 

(c) Hordcr has studied the defect in thro,.bo::Jlastin generation i a 

case with a specific :inhibitor of .factor V 223, and has da on 

the i:hf'lcence of factor V upon plasma thrombople~tin 

thro,bin formation 224. 

Discussion on internediates. It appears to the prece t autlor th~!t 

present methods are yielding conclusions which are suggestive rath>r 

than d0finitive. The reagents used in t.1e cited experiments a.re 

m~t.3riru.s.for the most part and this raises so e questions. 

and Biggs • .3lli. exper:i!:ients., for meta.nee, it was concluded that £a tors V 

and VII in.creased tl e potency of tissue thromboplc..sti-11. 

is the evidence that the potencies of factor VII axld .factor V a:re 

bei.11g increased? Serum 0.onta1..ns much proconvcrtin as ~.tell as conv in, 

a.".I.' pre-inc bation with calcium. aid t!i.ro.,.'!l.boplarrt:L"l ca!l activatt- the 

!om.er to tl e latter c..nd abolish the lag phase i.'1 the convercion otr 

protbrom.bin (factor VII- f1-ee) to thro in 295. 

trace of tlu-onbin cru activate proaccelerin to acceleri.11., with air .:ir 

abolition o.f the lE~g phase iri purified thrombin-forming systeos 2 

Ca."1 the English · orkers stutc the coqplete n.bscnee of traces of tl om.bin 

in their test o~ste.? These are de.atable matters, <k"!O. tle irr:port nt · 

point 1::J that the c.xperimental test eystems leave the results 

divergent interpretations . Tbe final an.suers .:t.12St amut more de.f~ tive 
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e..-,;:perment • It roulrl Benm that the distinction betwee the thro;;.ibo­

plastin-i'oming und the th~or;1bi.n-f'orm:in:~ reactions is not yet whol: 

cstahlishe . 

Conclusion. Despite a diversity of "P ,roa hen a'1d vie,i-io:L11.ts., od1?rn 

in:v stigators in this field arc providing evidence of similar basic 

concepts and of a <:omr.:xon goal of enquiry. It ffould nw seem to be 

establwhod that the ma"".ly faetors which participate in the throml:r~ ... 

fon:rl..ng reaction do so by a series of complex and inter-related re ctions, 

in which the forn,..ation of certain inte~ediates 'W01.u.d see? to be a 

logical necessity. ?·any, but not all, o.f the data can be intcrpre ed. 

i..'1. terr;JB of thrombopla.stin generation. 

g) rJ,.at,elet factors. related ,to, elotting1 etc. At an :April 1955 

Conference of t.he National Research Councjl l G Coag1Jlation ro ~,,,·ttte , 

!llOOti g ·~ Washin~or.:, n. c., w. H. Seegers l:26,104 listed ll e.-q:Je i ­

mentally demonstrable actions of platelets or platelet fractions · the 

blood clottir1g cystom. We quote his list verbatim: 

111. Platelet f PC tor 1 (Ae-globuli.ri liko property) 

2. Platelet factor 2 (Thrombi.~- fibrinogen interaction) 

3. Platelet .factor 3 {Prot,hrombin !'lctivation with plam:;,...a cofac 

4. Platelet factor L. (Antihoparin) 

5. Clottable fact.or 

6. Antif'ibrin.olysj_n activity 

7. Antitrrrortboplastm activity 

8. Clot ret action 

9. V asoconst!'iction ( serotoni.."1) 

10. Sntl.ke veno!!l factor 

ll. ft..c-globulin stabilization. n 



Ste.fan.i.ni Wi9 inc.l ld:es so e ·etai.l as to la.tclct .factors in · is 

19.53 revimr. Ackroyd ' s racerrt rev:icm-
1 

cites 1plat le· fu~tor 

87. 

1-4" d the ... e "e so titled d discussed · , ch of L e curr .t rork 

in t ril:: fi .1 • •c shall o , att t C • rahcns..:.·r.-. re . et of tll 

the literature o his topic, Y1.1.t will .. race t om· own ntt. pt to rder 

the expc,..-· 01 ta1 f cts in so .e lo .ical o der, vit. a few selected 

references to each c tegory. 

1) PL TELE nTµ cr OFLASTilJ" (PR 'FO~ IBO) . The best vidence for t· ·s 

i ... Chru: <.>aff t s 
78 

rcparatio of 

lipo_ rote: n centrifugate. Fro .• tls he ccovered 'platelet 

tbro opl stic ph0sphc-lip ·' (? cephalln) in lipoidal e racts. 

T at tl is is a Troak and •incomplete ' thr m· opl c:tin is evide 

387 2190 • :fro the data of Quick , are, ahoy, d Seer;ers , Travis 

476 and For won I and others. 

2) _ 111..1:ZL..T?I' Cff iPO !ENT (platelet actor 3) in generation of plasma 

287 
t .... ombo_ la ti.'1. tenggcnhagcr use the tc. 't .rombo "1.in ' 

"'nd \.UC. 387 the ter:1 •thr bopla;;:;ti oue se t in loo_ • g at his 

fr0:11 po· t of viet , 1" • ~ely, as if t e pl· telet component. 

ere th activator of the plasma c . o;ients (see AHF = 11 co.fa ·or 

rt !d P1'C = "cofactor II, etc. - p. 46). It is rccl.ly oemantic 

(or tautoloefcal), but ost other rorkers prefer o pre~ent t e 

probl fro t e opposite point ot view, na; ely, s il the pl sina 

co-factors activate the pl telet precursor of at o,:lboplastin. 

Bergs.age d Hougie's views as to pro· a' le ' inte edL tes1 in 

t ese ·eactions h :ve bea'1 ctatod (p . 8.4) . JJ. ·jaorsi , Abe, i.d 

~egern 
12 

hav atte:: ~)ted to purify ' p -tel.et fac or .3n an 

gl 'efily state that it is unlil:ely to be a protc·· i. L>i their 



the rc~ct.io1,"' uhich th".3;:;;e authors cla:in for "platelet facto:i'.' l'f 

c~ be ,1 equa.i.o ·dtho.::t going :r.to t .c rxmy details of Seege:- t 

curTOnt t'l0orics, rhich we do .'ot _ .opoco to re·.fi l in the :pr"'sent 

clisf!crto.tion. 

3) SN.A!C VEN J •ACTOR, a.cccrdi."lg to Lee, Jor.:.'lson, 

rei'e!"s to acme platelet factor, wnich, ncting i!: co1-::.juz1ctiou 

RusscD. •o "ri})el." venom (itnelf a •thromDoplac.tin •, wit,. ccr 

restrictions of potency 39B,4.36,500) is a _e 

vencm:s and phosp .oli?ids is a tcpic ,·Tith a considerable ~iter t1JX'e 

arid uc shall not e,cpl.ore this or.:.1 fur.Jie::- . 

4} A .. '?IHEP :..~ l ..."CTIOM (pla:telet Factor 4}; cl.,·:med by -.rri.n Crsvc:r a:.1d 

Pa 1lssen 48J. and r~cov~red in a sep~ate fraction b-f Deutsch 

10h 261, 490 et al. • Other re-cent r~fcrcnces • 
261 

5) Alfl'ITI'::~c~IBOPL w'.!.'IC ACTIOP: re£. Jurgen•::; , the .. labile actor 

sedi~cntablo i:t tho ultrncentrifugo. 

6) Pu.TELE'!' ri ACC'ELER.ATORu (Platelet Fc.ctor 1.): ··:as discov,:,red by 
490 Ware, F.nh.ey, "nd Seegers n...,..,,.d probably nccou..vitei for 6 e f 

the dat of Quick .38S and cf kl.."1111 !furn, and 1aga.th 320• Travis 

a..11d Fereuson 476 found only traces ~,.n ·roll-washed platelets • 

.Allow5.nc- -Ol' the possibility of losa due to la.bility of the 

llko f~c-~or, we inclined to the view tr..a.t it might merely re o:-esent 

srn.!e of the .. lo.sl"'a AcG adsorbed on to the platolets. This vi,e'".; 

is strongly sup-tiorted in a recent sti..ldy by Hjort et al. . 222 .. 

7) A F- _ TO:t CO!' RI GTI 'G TO n AcG I1 f ~ T l'J3ILITY" : was incident all~ 

490 noted by :are, Fahey, and Seegers • 
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8) A F tCTOR · ;TR'[ 

note )Y Travis ,u:id Ferguson 476• 

aiding the t:!.ro;~ i:n-fibrinogen :::-eact.lcn, :;a:.; la" t. i:>y t:o.!P, 

F2hey, ru0.d Seegers 490, and al.so reported by ~·.m .... velu a 

481 ,. 261 .... L.76 Paulsz:en and b'<J Jurger..s • Travis a..""ld. l'erguson co d 

not confirm this, houever. "Platelet Fnctor 2n (Sec "rs) derl tes 

this alle~ d activity. 

10) A 11 cr.r,HAI3IE " l"'I'OP.11 490 refers to the ' clot-li e • rcc.ctio!'! ot 

platelets to the addition of thrombi- . The nuthor •s {unpublis:1cd) 

dark-field obn ~rva-:j_ons i.'1dicate this to be a var.ian 

•viscous ruetanorphosis ' (p. 61) of .1atc..1et:; ar.Ji not a?J;' tru 

clotting ~ hcnomonon. 

ll) l'!1ATELET ASO,...O'iST'1ICTOR or rt~1E'10T"' JU: n has cl.so 

se:pru.~ately (p. 67). Also ref. Correll et al. 94 
243 n. ~racques • ,!a[:ali.r.i <" .... "ld Stefanjni. 3l5 could not con.fir.::n 

121 Fe:rl.chel and Soegers' cl,'ll.tl for c clot retraction effect 

sorotor.d.n. 

12) AM L;TIFI.,..~ TOLYTIC F!LC1I'OE ms ::.1oted by Seeger~' col.1 c.s-ues, 

Johnson and Sclmeide-r 257, ard conr.:~ by Stefn-j_!J.i 450. 

Alao cee p . 212 . 

Conc-1;..' nion. :us :i.s obviousl a rich fiel~ for f111"ther 

to detc!'l"'ine t.he ex.act identity o:f' the i'actors involve and the 

which platelets ca.-r:t _ nrticip:lto ·h1 the p cnomana mentioned. 

d 

on 

h) .t.irkelcns • thesis. A recent co:-u:,rohensivo thes~s 118 of "the role 

of pla:tele s L"l t~1e coagulation process", by ~• TJ . Erkelem:: (Rotterdam) 

has appea:r"'d i.1 Hollruid.. Its chief co clu.sion is tLat plasm.a. c:han es 



erecodc t>: ~ .:i.ro probn.bl · rcsponsi:bl "'or plato, et brea.lro.om:... L'1 

platelct-i.'ree. plasma, coagnlat;.o..'1 ca~ be ··.,du.cod by 1.-aolill a.•·id ot4 r 

pru-t:i..cul" tc · ·te·' • '1As a :result of t c scco:1dary structur _ c 

90. 

of the t'1r rJbocytcs, a...f'tcr t:ie .:orm. i..icn of tho fu.:,t 0 i~r·n, a 

ther:~ostablo thr " :bocytc factol" · s lib";rn.ted, stir:;ulct ~ a- the :'.:'or:nation 

of thromboplastin. 7hereforo en accelerat:i.11£ a..~d finis!:tln~ .ftc."'11.Cti n 

in the 1,rocess of blood coa.r;ulnt,ion :..s assigned to the thro. 

no iri.itia:t.5.ng _ mctio!111 • 

cyte but. 



A. 

r L 

The followin. e .perimonts seek urt.,er knowledg c ncerai g 

the 1-ole o ., lipoids ,. nd plat _let'-' in the blood-clotting 

mechanism3 . 

a.mi a :iu·:fber· of tissue co.'::! orier.ts a.re . 1_/ze i with reg~rd to 

the va.riou'J factors wticll t .e.f Cv.ltain and whicr can be de 

strate to pl"'y a art, in t . int rac1:, ons inv veJ. in 

m chanis:..s. ·he si..,n.:.L.ca,1ce of tLle L.telet. a.. scc--e of 

ot.:.er ... act .. i.> ..., 1sider.,,l ·n r 1 ti t norr!i . .:.c 

In vit-ro te t ..i,/::;te .. is are devfo .d to de , tht.. m 

ct· on of h~ v-· ric •s factor .. und a e 1.t. s die, , can;,· ex ,eri-

nt.s 

The · te ·i s used ii. the e inv st. 0 • vions · r, :foi~ th:; ,o~ 

part derived fro .. , : .arrm1J li1 n bloo , na ly, dog , 1'\.lu l3, and 

beef c ttle . 

1. B 

la) Do£ . Blood samples of aome lv-50 (o 

obt,! 11_ . ..:r~ from t • ju,;ular Y- ... n f tne 

or J 1tl m y ofto 

91. 

wit_ .. d1i.ma.l discor.uort, u.;ini a sy!':nge ant! nee le tee, ni ue, 

as i 1 th,. ca~e of hum ns (see lb) . . o.r l· r ~e amounts of 

1Jlood it. i::: desir&.bl e to sac rif.:ce U c an.l a.l, under 

intra-s:>-ritone l so ium pantobarb ta.l (nenbut.alJ or simiiar 

ax osthesia . Th carotid art r:r L c .xpos n. 

carc . .J.lr..ted with a silic( ned ,lo.->5 c .. ul .... or pol 

ont.rolli 't .. the vess 1 i ..,b a scft rt.oner-tip_ cd 



9 2. 

bulldog cl 
' 

nd av iding ti·sue c 1t~ct, e . g . <:i ... ca aing 

into nt c ag 

or o ,~r. i e, s needed, usi, g.i.a"" ( l"'yi•e,. ..,r.J. eJe~ 11.as , o.r 

0 l co •• ed ot ) Cd . iv ,lumes f 

blo...,d o l of (,.1 clar sc,diurn • lute or tri ·odiu citr-te. 

_) qi:e;:;tr ne- .n
2 

(' DTA or " 1ersene') is res r ed J.Or ..:;peci· l cod. cticn:>, 

•:.• ~er j:latel t ..,tudie.1, th_ couti:~e b ir~ tv receiY..: ') _ of 

lo d into si lcor " · 1 oz . b ti. lo cent .in..;. .g 5v - - of t .e p:,iaidered 

Ch 1 t 'ln ~ • 0 nt. cf r. 276 ··1" r· ,, 4,3 ,4J. 1 1.j,I,,.;•,;,,. ~ V ' , ¥ l"' • {) 'I';,; • • 

uman. 

ing a si1iccned nyringe ~ it. i .:i sha p ne~ ,1crt- _vel ,.o. 20 

nee le. .irq ad 2-.; (2 ::-~rc~L .,oluti,;,n) Cv tin o ne dles 

(p. 283 of ri;;:f. 453) ha.': little d ::-1.tiwn_l u van age. ..ne b ood 

is i .. me " tely tran~ferred into n.n ants, .::.s in la., :ill,l 

4 . 5 tl f blood ' .. alJO cl t, t -~d in (W,.sser n - \,, , o) I• ...... 
" 

h "J .'' t ra.ter-ba th t 3··0 1;;, te cen ri up, n . t 'v • 
I • 

-·l Ctl: .... -·· - •• 1_;;, ... ~ 
to ·ecover t.i - eru . s a routin,.,, f ..,i' pre ..... re ..... in ,;o 

er 

0 . il of o.: sod.:.u. ox.al ,te is a ed -~fter exoc ly 

l hr . , · · ec.ilt.t ly before centrifu 1 Lne. 

il fici:nt, e:"c . ""r~ secured. thr::.u.:h coo,,cr :1. ic 1 c_ the Blood n 

n th_ citrated or oxa.la.ted .:las ::i.s re r erve. r f cticna.te 

r-icu .. a. ., at pu4 poses. Frozen st. rage .::i.t -20°.; , 'i;eep-

, eze') i .... -o .tiae . 

le) .£££!. u bloo:.• 1:;; cbta· able ;,, 1, a ccc ~rati e _,l ·u uLrhous., 

·,here it " po< B ·ble to arranre for suit.ab e lar, .. c d\, co'; i:..tions 



93. 
1th . on of t cle· 1 d a ,l. 1 d 

. l on rt. r u p 

he b.itc the~ in uch n r d r b ... ood t, t V ry llttl 

obj ctio C b ra d to it li } t contact i th OU d 

ti u <#. ev ~ l. cf blood my b in horou · 1y 

C n g lv·nized pai S C te.ir1il t. p ro,t,iri te ount er nti-

co ·u ... · nt . . e . tur is i-: rr yr X 

t le 0
, ch.:..1 din buck t Ol ic , for tr· 0 h 

recs in tory. 

2. , 
2 ) ru: • bl d 1 clott d i. ( r ot ..I. 3 J 

ld ter-b t. 37° fo 1 hr. th n ted 

in ' l , or 

rat (4 J 'Inter ion 1 1 

cen 

in 

be~t ~o r or t 0 tin 

t·o 5t g , n el, 5 in. at 15 r . • . anQ roe 

of t :·u rn t .nt cell-con in t d 

- 1 tr . 

rr ,· t -ilic ned tubef.l centr 

20 in. u ern· nt.. a is rich .:.n 

t e u I r portion is re ,Ll b 

i leucoc B.nd ythrocyte. 

at 3 

blood, 

at 

r due 

1h t-o. 2./3, n , of t 

c r ful y re ove u 

r ..• • £or 

• G2 , i 

, r . ...• f r 

f nly 

ccnta n ton 

2c 

it! 

re ic tr. sf rr dir y 



into tre 6 ca ~it ilii n~d 5 0 tis ed ' 

.t t· ClL t cf t re rig r. ted 'Int r.~ationa ' centrilu , and 

~;::un or . le t 4 nutes at. r . p. . 1 cle r uper1 

a. idinJ;; t lo er .os t oi-t ion, is · 

2 :the se ented f at .. L a r . 

61 .:.1.. 0 . 85 p nt . aCl (.., line; cont 1.nin 0 . 2 erc _nt riton 

( · 13.39, ll in 

1/ t e volum f th r1·1rw.l f:at let- • 

3. o
4 

adscrp tc . 9811463 ,i.lO' 914. 10 :rl. • dsorption of 

Baso
4

, e . 0 • ,erok'n ' .ce entt, t 100 

rot1r i.1, p:roconverti.n, TC, tc . , le ving "'D 

fibrino .en, AcG, ht:G , tc . 

ents , U.;, l..'1 S I e Ol arlie !do ·, i .. c ude: 

)?
176, 442 w1ich is too alk line in our o.idcn; t p CCX 

e .381,52,. ( , ) 5o,387 
a3 "42 • 

·r , urpc-.. es of the ex .ri enta escrib d in t 

t es·s, t e .o.,t .;•ti ·a.ctory· 1ibrino en 

oxalated plan c ha· been · ,3crb 

prepar d Ir de~ 

4
, as in J. 

94. 

'f'ho ibrinogen i· tJ, ted- out at 1/ 4 aa ... . ( • 
4

)2..1 
4

, t1"4e ce,1trifu ~d 

lved i sali e · nd diu rs d u, inst lin nil 

0 .005 triaodi citrat • om pur~r ~ibr· cgen 11 

cribed in cert ir e .. ri ~nts . 

5. Frot, in prepar tions . 

5 ) 1owell- t/p!,71 • ucn ua d in our e rlier s uai s, 

befor~ ea, v nt oft e cdern t·. f n . t as 

d fro Berk f ld-fi. t red cit.rat d og plr • ( • 22, 

P• 162) by , an of cetone "'reoipit. ti<. (a er . t - defibr.i.n ion), 
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coll t t r i it t n fi t r 
' 

1 h r, 

• 

5 ) io 

0 d e. C rd by • 0 cit 

2 2 

p. 224.35,42 
• l ... 

t ~p of but ,av d t l we 

or 
' 

!.156. 

or , nc udin• f xp 

i ' ·eh sol ion fro 

og, h or n C, l t d 4 (e 

3 bov d t t.h t. st.ill 

. nt wi 1/3 .2 , e e P• lOu• 

alyae o. th e lute w b '• in s v r 1 r e 

• • 

l. 

, ... uch · lt-, SO V , • U5U lly r ir 

0 t b t •a 1 tic l' 

f luti 15 • 

ich ar clud: 

1) o. f bovine fibrino e1, pl ma I ct. !' , 
r. tiv tho:.. 

p If; col anol 

r u in of ro o. by 
4 

d 0 

l or l ti no • • i .;uf le t • 



· 2) Ruman fibrinogen, ,rei ared by ti i3 ,. thoC1, an· · v i bl ! r 

reotricted c. - t ibution by the meric n .~a.tional .ed res s • 

.3) 'lncubati n 'xture', for pe.rfc,:-"a.no. of t e t o t,l i: 

: rothromb 1 a:.aa,1 ( ac corc.ir <, ti.; A.Uable 

fro .. the Difeo orp . ( o rtes1 of r • ..; . • \.#nristense ) • 

4) 1..;,i plastin' ( a- thrombo la;.itin) i... vailabl from t l 

hilcott o ., ar d 1. rclia ble .for rotnrombin ti c t _.., ts • 

5) 1-.,oluplastin', cb1et1'el'n r.nd ..,o . ( ourtes,., of )r • .::.. • . • 

. lane rd) i., tl.e co e ci~l or st f 

test.a in the 1 re::.t;;nt study. 

6 ~·vine t robin, upjohn ~o . urt sy of ~r. J . ffl • 

is .referred. 

1) 

7) • nronbin torical' (bovine), .arke, avis & o. ( o•rte3y £ 

Dr. f;. • · · arp), l., i5 t,Ood, but is ft.en undu y cont- nated 

,ith fibrin si1. 

fan.7 i naivi ual inve3tigators have provided us \fit samr .. les 

r their 1aterla s, which i.ill be in appropriate 

s c ions . Cur own 1,rocedures an.L pr~p r. tions will ~1so be 

desoriood 1d critical~y discussed ir connection ~th~ eir use 

in various ex ri 1en~s . 

2 . w1'I Kr G '.1.S. 

,hile the special qualitative an uantitutive char.act. rizc..ti ·n 

of reag nts wi 1 .. tail 'test.ings wbicn re !Y rt. o tn individua 

x er.ii: •ents, t are some ciyuere.l test roce ur s nic 1 a1•e 

a ropriately vie ed at this ti: a . e follo~in~ s lee~ d 

t chn.lcues r resent tho fruits ol' · ny yeu.rs cf ex.eriencc- . 

hey eml:xY.ly ex, erimen al criteria. based ui on man,-:,- lines o! 

96. 



.. 
I 

of progres-> by a heat of modar.1 .orKers it t.iis fiel • .owever, 

many of them 1ere not available in tnc arlier yeriods o. our 

tucy, · h n o, e 1 ct rs, . uch le s techni .ue , w re till 

H nee t,. t.es . et 1od.., _re 1,rese .. vC a 4• in the 

li ht. of • ic old exj crio.c t 

e"' p:r it bly rei..eated, with m dific tioos 

Ut.t;estad by t e ne ,er ideas .• 

a) ~ibrinogen as~ay. (1) Gravimetric. ! 1e common clinica rGu ine45J,473 

io quite useful for approximate determin~tions on i olat d fibr1nogen 

->Olutions. dd 0.5 ml bovine thrcm.bin (500 units/ml; o 0.5 ml 

solution (e •• 1 JUa) diluted with 5 ml imid-zole- uff'-red sal ne. 

I idazole buffer331 o.f pH: 7.3 ia made by dissolving l. "/2 g 

i .li azole ( can tabs.) in C)O ml 0.1 • Cl and lutin ·· with 

ist. w ter t l ml. l vol. i~~d. buff. is added tc cl9. 

line (0.85 

wound 1'.f on 

fibrir clot is carefully an cc ipl tei, 

tared gl~ss rod, wa .. heu it saline followed by 

di:ltilleci ,ater, and dried to co st. 1t \tei,:.;11t, i.e. vernignt a 

0 . . 
85 C., ana. u.e1 1 d. 

(II) Color1c;•tricJ48. 60 ur preferred ~et d for ui" l cc r tie 

assays of }Urifi ibrinv ·en is ~c rec v ~ t.e ibrin, 

obtain as i. (I), on a ,.,ount;ed is ect:i , • eedle, wa .. h · ns, 

digestin. ifith a ~o ified .. ehl 's blur t re gent, then dilu. ine; · d 

readi. g he color 11 tensity with the .iO.ett-..Summ.er on photceleet 

colorimeter, 3in .• o. 540 filter. '.1e instrum. nt. i;;i pr ·Vivu ' 

gr-ddua.t d ag i ..st the bove .,;ravi etric (dry wei .t) .::md cro-

jeldahl (fibrin ) deter:n.i:nations. 
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{ I) etric . ! 1 4,:;., t rl35 us ve yn 

to -Ct ·ic color eter, 1 t. 1 o . 54 fil r, bi 

e , it t t t bi 

Dt:, t ro· bin to a 1:1 ccu-

n f !ibrino l ll 

7 . 5 rag/1 " ml . icro- et 0<1512 is b sed n t 

enaination, ori 

et ai . 393 is er o ol " 
iu 0 . 2 0 ..,a- tpln . {e V of 0.1 

0 . 02 .. Cl2 and ti u t.r bo laetin, e . 
' 

• 96) 

and tht1 of fibrin t d, 1th s o ate ,, t 37° • 

vet c niqu e o , rs ve ov re e t, 

cn- s eci.ficit o · l te t C 

bin, (2J ro)ucc erin, .3 

V rtin . 

e t hr~ ~ et. o f! r int e c ce r su tr te 

h y 

(ors 

t 

.folio tt c n ,pro edurc of d in . l 1:10 

t 0 .1 il . plas ( r se 
' 

r r 

ubstra , in 13 erolo ic l tub 

in t en udding 0 . 2 ml - t. ln . al iru1 

) it st t clot 

a- tpln: ~u 1 •~oluplastin ' ( • 96, 

o~ ot r uit ble ti su 

r cent.' , · h stat~ ic lly i ic umb r 

o _sa. s on l&!I fr heal hy o 1 a uJt h n 

r {a) su a n rr. 1 or, b tt.er, a err ctive l ·ra 

• 

l 



a numb of cases at or ne r the upper limit c normal variatic s, 

a s1::ri s o s, ine dilutions (pref. rred to otn r diluonts i.:> 

de and 

lues u1; to · bout 12 -l:JO i:,er cent cf h 

included in the ct.rv abta led by etnod ( u , 

nor:n 

ost pla:; 

un1 ow11.S 111 f 11 on . is i'<Jl' renc cu1-J" • l.i the c 

t ti11g, variabl<: di utions re n cessar.;r. 

iO over ome d 7-to ay vari t.ions vf r 

it ·i.s rec on ended t:~at •ccntrol cl tl e d~l be v lected frcm 

vailab-e cerscnn l · ose as lJ:3' pcin on th stan d curve h s 

99. 

b e .. re. ,e t-ed1 stablished. his teat wi l then o.dtmt t. •• e t dard 

urve .o he articul·r 5et of test~ ~ 5 c~. in he! ~low 

tien 'X' ives l-tit,igc clot ... ing-tim_e (s· y, i'or >rothra b n) 

corre~p ndi - to 63 , r cent on the at •n .rd re.: rence c rve. 

The day's contr 1 1 kno~11 to b 0 er cen o·:i th 

curve, .f gives a clotting-ti .... o ·. ich read::. at 81 er cent. 

·enc the cted u.r nC;r; Ji '..he uru~o t t i 63 .2Q. 7 , 
81 

,cpres.; d . s ' e1·cen .. age 1 of .l., tie 

pr t.. t study, r-ci1,roco.l re l..;o .x ress d, 

ercent,1ge is , in tcr::.s c, • a t· rio. ... d nc .al 'ac 'vit.1•. 

"· gures '), 10, l , 12 :;.hew corral.at... n or ou 

n .,ely, 'proth . lr .. • ti1r.e, et cd l '~pecL.ic l-:stu5 prcttromb n 

a.aoay), et hod II ( orthodox 2-s t~.ge ,rot .. rc 1bin assay , .. e ... r od l 

(elu tc ay .. th... i' r pro h ombln). .1 J ve. 3 

te .... ts on l.'l.Sr.:o.s fro;;, human cases, both !".or l i .. clin.:..cal 

V ri~ti 5 t.. i · ts o.t' t1 e t --t ethodr • 



rr a in ( • 0.95; o. bJ. l t cot 

d .1.) . • t 2-sto.~ 

d II, e b 1 ) • 10 • 

nc 
' 

wn i. i re , n~- i ch oor ... r 

corr • 5) of dif bl. 

du nc, iz f ct t. t ie te 

i ricb ot r t. n n. three 

l ic,n . 

d) pecific 1- t bin 

use-., a 

fo. JI>" d i 1/1 V 
' 

.l.J.1 orb d 

roconvertin ·r part on . hi erocon 

o t e 

• 

b e 

Int res 

it 

t CS;;, ntieJ. 

se · w s bt i 

c ntrifuc.;,ing , te · 

.. oconv rtin . e d UC 

a 11 g .h 

<:a..:..Jay . 

1. 

ubs 

of 

i 

295 

r calcH' 

~ r 18 

fr 

• 

4 d­

e 

0 t 4 v • 

v.l C .., ."V ng 

in ccnvcrsio 

C conv ( r convertin r i1.cub~t.e · it G vl
2 

, n .... r bo st.in), hi..:. s . 

b l ub tr te i e~ ned cont 1 

nt of fibrin 

don .... h r i.: 
it .. sui "bilit s a t st s1.,;.b tr te,, 

(n 0 t 1 t ..... s ! C r), p si o ... 

re no to l·y ny rol V 1 

bin tc t .ro ln. 

100. 

ed 

ctor.s 

en 



s orod, 
0 

5 :u1 lots, at -20 '.,, t .. i pr thr ~b s ~s rat~ re, in 

eervice.:i. le for ., .y onths . c,msicn .lly it lcJe.; . i.fic~mt 

', ounts of ,cG, i ' r r st bl i .. t} ne m ... " 
la::rma . In such case, 1.he uost.r e 3 • d b aesa.7,.d 

'J th t' 0-C ac.e et ud c...nd, .. i..f 6 .., _t,i.Jf C 

h suostr t,~ C r stored tc se u es .:, l'C-Y y u..,in a 

d ~i r, f th t st I un mo~ n 1 • 

pu ;'-Oses, i prer red c~ordin t.c th C icns or a e d 

gersl•95, i . e . 0}. S , ed sev ral our:., i dso.rbed i 

4g/1 ml .r B~' 4 can oe substituted for tne ca.rb1.. te . 

e) .;)pecific 1- .... ,:e proacc~erin oay : u.,e 

hUJ:lall oxalate plamna, as ori ··inally recon: .endeu 

f· .ini.395 • For some ti.1e {e . i; . 297) we r com::.en e 

subst te 'a·ed' 

ti ;,te 

.. sorpt 

101. 

e • ) 

(th uouu. 100 /ml) f ,.,h~ unlmcwn 1 ,.,m befor the routil'e l 10 

dilution l rior to ucldi to aubstrat ., etc . .lowev r, any additional. 

pro~ rombin vhic ould be c rried ever in e lu d unkno 

t.n non:wlly prothrc:ubin- rich ubstrate c 

net;li&ibl ef ect, ~articula:dy when the refere. ce s ru.dard:, 

h(Ul led .. Lhc eaaie t ?·~th , therefore, ia o 

specific 1- ~tate ,et, ~. In reag ..t (e •• ~) 

a. l rge ru. unt prot· rem in . 

ing ' of th subs· r t.e plaoma :., est. cco pli ed by re-0~i 

and thmd. , ( ich. lw· ;,·s reduces t .. e la' 11 proacce .... er · n) tlnd. 



stora.g i. the ice-bo: at 4 °..:. fer l r 2 w.:s. ( or ""or er;, 

until he r gu · r prot .romb n time .. est. (0. ml plasma + 0.-2 ml. 

a-"pll • ) , t 37° , .: ves clot tin 1-t:u ,es excevs o 60 aeccnds 

plAs,.,. snoula cont,~i 1 r.croal ~t o ibrlno en, • .ro-

tnrcmb .... n, prcccnvertin, etc. frozen stored, it is t.erv·icea. le 

f r .ra1.y . en • is an if e. :ma11 a1.cw1t of sedim t ppe rs on 

tl .in t 1is c::at1 e re."oved by certrifugation nd the resiaual 

supern. tant foun to be littl. affected in mcst instances. 41 

102. 

very fresh n r.cw.l l sma must be used for t.1e st da.r of refer ce 

a id for the daily control . , e h-ve foun it :,e t t use a singl 

well-known •normal• ror both . 

f) ,;;,pecific 1-stage rr c nvertin assay: uses as substr.;:i.t 

rle.s?:lll twice fi:ttered t rcugh special '2 %' sbestos ( eitz-t¥pe) 

Fads , obtained fr . th ,:,it . Gallen ~o ., .::rwi tzer l nd, 

th ori inal rec .11Uenda tions cf uwren and fias365. ' ia fi tra.t · 

i~ deigned tc remove nearly all t e _.,roconvertin, but 

a sui11cient amount cf proU rombin. ur te t.s usual reveal 

about 60... of the rigin prothrombiu nd a. control prot ro.mo 

t e test (wi h O. l tl saline, instead of test plaa ) of 12 

2 
or longer. new recor:.memw.ti(ln to e,aplo.f a wood cha.re 1 

'L-50' pringfie .d .Facing vv . , ,illiamsnaett., .,ass . ) 

.. ave, at ti.meu, sup~lc:ne ted cur substrut ·, with proo nverti -

free bcvi1e prothrombin, pr pared by the ethod describ~d for numati 
,-

1-·l ma fraet1cnation295 • Fiorinogen and o her factcrs are sati -

factory iu t.is substrate but, like the prothrc bin subotrate { .101, 

it rr.JJ:y lose cG 

pla.sme. dil.:~tion. 

require supple. enta.tion of t, is 1 ttie test 
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r fly det led, 
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v r 15 ·out • 
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s ee 

de crit1.c .1.. r st· o t t o-st 

., et.he~,. 

tes , El c. 

e 1.i.~ l h po• ro onvcr-tin ics. 

m t cd re uir ,;, our ~ly, 

+ l ne+ .l 

) t l 

pria ( . • 1: iluti ! ~ .l 

11) 1:1 ( · line il. ) C • 

. .6 (2) + 1.e 'i cu . 
C i ti ' 1 · ia.azol bi: er, 4 

cac 5, ( il 0 tin' chi n o.), 

.9 12 0.1 ) . 
ins: 0.4 ml 6 . e ,r (.3,, 

irt ·v l ' r .,e, t.t.a th .1 .l ibrino e~1 t 2a0 (25°-JO ), 

nim r a.ch d. 1.3-17 c. 

r • 

~ur b t .f'ibr1uoe n i f d 

, 4- e p. 94, 

red 

) 

1/4 s t.u ' ( . 4) 2 4' r /3 r it. 
a d z d a t ci r.,.t e o. 5 so u cit.r • • 
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rozen st re (-2 ° · in 10 ml lots it eps - ell !er · .i.y 

it re rkably c nstan:t react vity (v e p.109) . ca-ion·lly 

of .>e in .. en·";.; a.pp Q. .. s Il firat .. awln ·, but this cai 

be cer t.ri...uged ft r.d tl . bulk o · solut1 n r mai: s cle r t er a .. :tcr, 

ven tn uu I r p · .... t.ed f ee.dngs an' t ,ings. 

Co ~utation of unit Me; fa JO dil. is uset in st ge 

( 2) anc the :: . .nirn o lo tin--tire& (.reached, say, i."l 3 or 4 in. 

04 ste~ (3) incubation) is 14 sec. an 1ence th 1ccrrection 

factor' frc 'ill' · nd ,.,eegers' lables4
<if5, 256 is l.l: 

l.l x 5/4 x 4/1. J0/1 7. 2/1 {i.e. respecuiv- ci utions ~ 

steps , 3, 2, 1) = 330 units/ml. 

h) 

method, developed in th.e author I s l bcrator1. 

3 r.il c:x-lo.ted (~ citr ted) pl .... .., a iz adscrbea l 

ith 300. ~- · a. 
4 

( erck 1 .:i, and t.ho sedi ent, r c vere . y c n ri­

fu ticn, ie It( shed ..,itii distilled w t.er a ti.en e ut i' 

d.n. with l oi .2 molar sod. citt·· t · • 1he cluat ·,. recov 

by centrifugati n., cc.ntnino esse tially al t.he rothr· m in, pro 

ccr vert:u, and TC o..: the origi 1 1 i· sma • 

• I'Oa.CColeriu ( except to trace 1 , , 
inhloitors (e. ·• antit ,rcr.1bi..n), usually. 

't. lacn:s fibrinogen, 

i' t e lasma 

or pproxic-te r o tem erat. re) 

with the ollo in, activator s7 t.er : J • • 6 l a r n,., 

• 5 ml (i.e. 1/10 v l.) ., i.dazole uf!er (. : 7 .J :1 1 b vine 

proconvertin (see 1 •• 100), 0.1 ml 1cC (E·Cv
3 

bovine serum, see: . 101} 

ailuted l:fl, 3.1 ml ' S lu.rl atin' ( c iei'r liu ... o. •s thro bopl st.in), 
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t 1 mn. int 1 , 0.2 tl fl mples r t_., d ri 0 .2 i ·in gen 

{ rr: cur•s ovine t l , t a ... e wit 

lott·n -t th u. tc. u 11.y r e.~h a 

t.in 5 dn tes, n ec e o 

fr n~ 

clott · • -t.:.m ... 

b-/ r J.\,r nee to a 

l • 1, cf · nhibit 

d t 

y ic lli. 

b-n 1p rce. t get 

ot in rrom 

iluticn of al ol of .t. s , :.s e crib un er t e 

1-st 

t e 

tee li 

(p. 134 ). 

vvrrel .. i 

I 

C es d 

prev 

1 ta1durd of the d y 1 1 

lj c tl ned ( • 99). 

r udnely us d, 

r. cf ... he 

n ·n pt . l 

bet ee. ~ et od and t.e er dox 2-s etho~ 

s e rge group cf 3 0) h il1l 

in the ot r com riBo of .r thro b1n 

i -h wn to b v ry s ry in igure 12. 

odi ic tion of th j) 

11., 

dex', 

~iY 0 

t .e vicu te t, nd sec rin t 

cl ttin ,,-t.im ,due 

od: 

t e .... c iv or sys 

l t nute 

ic. , 

c rve, 

s 

uic ts th initio.1 v locit of t.e pr t.rumbil ·ctiv ion. 

u ~ iefly ~o th roconvert t e pl 

y then din tr e O.l ml roe nv rtin · co tinuing 

.e u 1 incuba~i n nd te~tin, t e tion is 

c rrie t.o co 01,. l H ra. io ! t 

1 n. tes div' d by the fi 1 te . g . 5 . ._ p ·ce 

t e 

l 
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rtproccnvertin in ex.•1, v. 1ich .,,e vo fun tc iva a fair de0 ree 

of correla.ti n ,;it 1 tho routine l-.;, ge s "'Cific pr nv rtin 

.. "f.!S r ( • 102) • 

,1) r or (2) 

scribed 

r r human l ::i; , but usin0 bulk v 1 ei... r J d g or 

( ; bovi.c oxalat d ~lasr.in . v~i.g tni .s . substrate, e rro-

thrcmb1n conversicn :r J b stucue at l ;iur;. . or othtir · ui ab e 

int.rvuls, i . t'.e r t.,u ar ctiv t ... 

st.ituticn, tor t e ~it~d (l, nee lcra.tcr gl ., lin _r l~ 1S lu-

ri lit 

i., desired to st ti;. 

kp k2) ... r. age ACC ..J~ai: Q. b use 
' 

for e ple o. 

( 'l) resh (B c
4

-.:dscrp in is • ece::;..;a.ry), .... r 

(k .. .) nlatelet. uspensions (fresh 1, t a .... say ,t;;ir I l rater' .... 

ro.;ertf . ~e6 • 94 for method of *"re.1-aring asned p' t .. ets . 

va:dcn c rves cbt ined ,ith sever· l dL ut.:. no vf a 

r 

t e :a.or.er c...t t 

l,) 
.l. 

:;tic factcr asoay by the elu d: 

Using cs...,entially t o sw:.ie proced· re, but substituting ~or t.he 

fi .ro:nbop.l ·SviC f ctor can bf.. U!i3aye , • • vi:.> U • r ... bOfl St. .. 

12) . latelnt thro bopla...,t.ic fo.ctcr: i.. routinely ...... say d in our 

la or ... torios b., tl,is ~echnique. It nvolves pl tel t 1 tio 
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and orro p t tat 

di ut n c rve"' net.· v tion c rv • 

ids 

t .. o , · n 

0 e t ... on th r t h si.., , t it 

in inhibit r sic 

ch n'srn r f ... r co: on .t , ... 
C n iy hr b 

f t. .... c .. (co r with i ib.:tor-fr co trc in :;; ch t 

yst ms ..> th . ctiva 

(. 'in5 ... nhib t ry no ) i_ 

th t ,,ion . 

1 . n ( it cot ct r, i an .. or . r 1 

C 1 r ... ent t s· ey t • 

parin in l:: ood er fl85 s u l !/ by 

) - im t (b, rot n 

f r £er to use C fie ), 
\ 

bu techni lb • 

2. ts . 

a . test . 

f ix sol t.ion 

par :i with ox. :-i. en .. l t 

ia ive evidence of -,ome .:_ ... 1y 

. 
C f ct l'. n 

i an 72. 



b. 0 t i• I l C 

c vity he 

ot.1 r r..:.br r-o,.en- ith rin t 

cc~siv t .e i.ter:al~ . line :J h,u.., ... d in. e 

li t "t is er ·er ed ,1th m ny of c r t .,t , 

t d t1 nstr t t. C 

' 
or nc 

' 
cf a. ithr 

in i · l le V I. 

•• Ur, l to r t " t r bin-

.re t int -~a1 .. t C 

ction. - i lC 

' 
i.l tr 

-• <) V oret. c 1 

end- " int . .n l e . Jh d' t' a 

su ... 11 .\ red, ... 

• 

3 . ral, 8. r 

nt Cl a 

use f ( • . serol icalj 

lw ys t scrupulo ~1 cle i ... h C i 

d l J SU furic c1d-cnro .. .. e 

ry g ovs • 'i.'i: i • of cy proce ·.., f ac _itate 

by l ctr· c ch en t r ·nd ch nic 1 to 

nr r. d a .. 1 ... nd point. ' ill t. g:-

ents . 

2. CLO~TI G- TIME, as discussed on p . 28, is an empirical 

ob rv ... ti 1 · dfi 1.. er rict 

C nd ,i: 1 b def in d for ., l ri nts . 



J. .1. e y r ct.io in 

physiolo ical 

ibrino en into _ibri 1 through the gency 

first :s tei .:.n ur i..vsstig tL ....... n, t er fcre, .. ..i.:.:.- ... e an .,v luatio 

or he ti •e r' 1 ti.. .. nships 1 the t 1rombi11-fibrL1ogen rcactio~ .. 

a) 'ibrincgen a. a clott1ng-tLne. fibrinogcn concentr ticn, over 

60 coa • .dde::·· le ran e ,1ai:1 re rkably lit o .i'fect on c:!lottin,g-

t (c.t.;. f much rr.cre significance is th react vis.z o! h 

i:.;r.rticul fibrin· gen soluti 1n .• r.eani. r; the pn.rticulo.r clct.t.ing-

ime it wi l sh w wit give throrabin rreparati n un e:r th6 

i. ea test cc , .. i ti ... ns. i'hare is no re.al inf orrn.a.tio. , to at~, 

ur,x>n which w c n predict the reactivit.y of a ... ibrino e • l't is 

also riot eJ<ac l.y kt.own h,..t ·eter · ,es t 

iro bin ~ repar&.t ion. 1 owever, any f th~ , o· er. ni ir.ly u.rifi 

o!1d st.able thrcmbin prep"-r4.tions l:lflY be r-licd u .on to ive 

definite clotting-time, reproducible, withi . 11 .... i · t of: 

experi er t error, . many rcpetitiv, ti.;.; t.s cc. d cted 

goo·, .fibri ,ot>en :.olutioh. Under c re1 ully cc:1tro-lec;, stand diz d 

exi;orimental con i ... iona, reptJatedly u:,ing tht;;: s -: suootr te 

fibrino -en, co .p .rative clottin..,-t es af ar,j v lid, thou h 

rel tive, rneaaure c,f thronbin potencies. ct.u 11 

r thod havt- beth be n widely use • In t.!e first., v thrc 

concentr ... ticr~ L v· ri d :nd t .e res pee ti v clot in 

. easure of relative .. hrc·tbw pot #icy • 

• i u~e 5, in the introductor1 cacti 

n e mpl i..., ~iven 

!n hif; ' etbc 

(p. JO~ the thrombic 1u:i.tcrial is iluteo to gi v a stand.a.rd. 

clotti. -t· e, and r l· tiva di uticns ~r use a 

thrcnbic c1.c t ... vi t,;. 

r 
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it.u .... "' "' bJ •• C,; 

• ry '4n<. ) pr vidt: rdi ed y s 

' rl · n l revi.; ) f 

d o., 
' 

d ~ n · .cu 443 , 
ri in 1 (1931.) to ... 

in t r~.., in unita ctiv -

in 0 c iv te 

d pr U''t, 

5 s co clot ... ~ -t. £ br n _e., 

ac LC .l ~ol ti h D Il v m ny te ... ti. 

0 ul .. lo rete t y 

origi. l f"bri ven needs r p 'El!!. nt ith ut.c . 
I h :. ... e ~ • .1. . n • ... ta! d ?• d. 

c) t i Cl bl 

tc _i'bri o n r re ~e .... a rd 

t I· OU! 

. tt. ic l r bate r fibri 0 e 
' 

»tun-

'o and . ' .t rticular et of 

, . t . v lue5 · ei bl in the 

sane cf any v'd I,Ce ·f luctu .. icns . 

.i ri O (; r :r ut t o-ste. ro of 

:.. bJec cl nic U.1.fici t 

ex eri cE i it. 

r c"ivir..·, si :,t·tistic _ ru1 f 1 pl 



rot .. o.m in 153 .e • . e :,a \•e ,..r · r d ??a u !i b'"'ir o .n 

t rep .. rra ... icns ( • 94 1 witt 111hic. th t. O-S1.,.a ,.,. prot .. rc t) .. n say 

g~ ve. elose to JO: t.nit s/ml hun,'.!n ... av .( , wn ich i · Yt,ry c..: 

valu ·• 

d Clot ti:'.\,1-t ~ in concentr ... ~. ,.et rn:w to the 

fir .. t met. .oo., 1'l 'le this h,_..., no vali..e • t · .s I ru y ~ b3t-lut.e 

if om.e ; ..... r renco $eries of' tr.ccnbin ctiluticw is use , uoo.er 

t c s<mo experi •ntal conJit'ons . 1h nd _ent.l pr· ci 1 i 

th t .. e »hort r the ... lot lng-t · ur;der .... and r con i ti -n .. , the 

1 ore the u.ro: .'.n ctivity o!' rs:lur,iv~ c • centrat.iou. 'h · 

i:,ut int practic _l ·se, beid, v.:.11.iateJ, '-'- d, or. y for 

u g~ven zet 

th da.t , nd 

e.g . rig . 5, he cb 

./ ntal 

ra.rhica.lly as a •t re ·bin il~t:. n cu1"'1/er, 

d clot ir -ti ... s, in a y v rL,ti oft. e 

;r. 1 er-i.ment, .. y bo ·ea ofl a.s a •percent ..,..., 1 c t.h~ cri 11 J 

( !..rcn .est) thr ,.-.bin . ~.uch 1;alu.:..bl in CITJ,i,/l.t ... r. e ... net even 

!' ~1.Ulr ~uantit tion in t .. is y . '.,r in~ te.nce, 

tion and t· c ~ cu e:.. t £Lay b" far belo1o,; the _uant t ti v lil i.,5 

111. 

re 

of th~ . eth d n. J t b~ signific· i l_ d.iff rent 7 s1~. inspe tion 

o.t· 

4. i, E I.N ..... "'... Ji:•. In tl e e;)m·- le ,;iv n .in fi"" ·e 5 (p . 28) 

uite by c. a.c, a very !air op.rcxirnat· n t I the; :i. 1 ,141, 162, 20 

\as cbtained. -n ur ez_criencs, 1e tru vari ~-s res 

o!" tw ·;;ual d.:.vel:" c:nce of da • .a fro t:. s •l.iw• hav n t been 
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al, ibl "'Olubl in of 

-I, 1-t r , -w s dLut.. 20x 

'th i till .t .r n·1 isce .ectric 

c t1c cid, i1. 1 ··n:xi _ turbi ty t , i: 5. 5. 

war cov rd by JO i • c trlf eation t 3, 

1n 0 . 8~ r.iginal volu 

l oluble in 1 . 5 ure, ev n wi h dd d c ci 

!'e inin ... t :t" 24 hrs . 

0 . 05 tl. .1 vl2 (or o. .05 t 

U Jal n•s: l unit /ml); tr lO t r w t 

t re fi 

re re ·ith tc, t 

0 . 2 cl the r spectivo r· 

of bovin ( 1 ohn's, • 96 ttr bin, in silicon 

re u e in or.e t ft ronbi1 by 

0 . 1 .• 

. i r. 

in (bovi e, 

0.3 ml J 

tin 

on to .. ctu t t ce t 

o uhe fi ~ co ·er rt~ , tate in 1able 

lJ . 

cited igur, relativ cone 

r plotted ag · st the r ciiroc oft t· e 

'LU!.,l appe rs to b ch better lin · rit· 

1 ug 

t t t. 's rum f ctor' of Loran rn~y inde d by riab e 

deviati na ire 'th inv e la,, . ~t is 

crit ricn of ur a wOl ti)~t of r c le' id cl t~ i in 

ting 



fu...···tl.er ;,roLreso may be r.i.ude alon"" t e 

une;./lo!"ed poss· bility that dis tur ing 

orand fa~to~, ,y l~o huv 

~resen·, 

.. ctcr::;, 

n th 

ll5 . 

' 
t.. efOJ' , 

lines. h re n 

ot,t:r t.,an t . 

i velectric 

of .urifica.tion. r ui ..:; fer • 1.f purity 1 the obncr a-

tion that 1e ( ,..ri1+)i 
4 

1:-'urific· ti 1 

, .. 97:"f.: clcttable p ... ·o.-aration ·, hich 

in the _expe::-il cnts f cyle., and 

fr cti ,. ation dces n t eli!,inato 

In tie light of th~ cited 

relating Lne Lorant. 1.5erum .fuct r' t. 

.1ct ·r a ins iabilit:r ... 

onium hU 

r439. 

. ori? 7,439 cl rly 

t " 

i~ it 

t tn_ an ,ous ~c~icn of ca.lc~u. s lt., in 

a.city, 

s ib.J.e 

limited 

concez .. t.r 

hr ••t..:in-fi r· o~cn .nixturt'ls, 

e~ factor 

tho Dani of n re·ctic.s in vin5 

,. T. n • r c1.,ns i. nt v l~ e, and fi:l.ed t r,._, iJin v.n-i fi rino....,en 

( __ r.-r) +- t· 1 - con ~nvra 10~5, ~au 2 w ~ ed .., t .. e 'ir · l m 1 !' · t.y • ed 

"ld clotting-ti:: a 'et ri· e. t. 

in cble _ ... . how th .. su (p. 3. , 

a.ccel rating f ect. of certain sma-1 c centr"'tion;:i calcium i 

v .~lU !vi. ~ e usual acceie~at .on cf •lotti gin a c rtain 

c calcium alt corcentrations, ere 0 .0Jl too. 1 ol r, i ent . 

r .ere i;:;; a ' fini .... .Jpt.i um • t • u:> 
' 

·i..., .... 11 t .r gens . 

t st b ccncluded, t,;erei.'oro, t 1, 

not :Jignificantl cone rned with th se ffects of calcium i . s .1. 

thro ..:bi.tl-fibrinogen clottin_;-times. 
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2 . 

inc c retul .... rste. 206 , se . 10, l.., b en 

t C cium a 1 :I, i . ++ 
• !.£!!!, 

clotw ... of i rin e . t23a 
' n , 

. t .. ill :),:; roor:; f r oubt, how v ... i dicat ... , 
need for fi .r f t. at th tr ce of (. rote· - 0 ) c· i 

cl ttin re ts (fibrin g n as ) 13 cut 

"'pee fie in lu nee on th clot ti z • 

() J. (19.37-56). ) . 
·t dy t} cl ... t ... inc o . let yd c lei iod hr in-

e • 

DS . ( ) . In l 37 experi tl28 n , t. e thor pr rt: 

thro1.1bin (p. 161) 1:/ xi ·l ct.i at n 

( I l • • ' ft rs ver l h urci>) it calciw l' In hr .e 
' 

ei_erim nt, t' is thro bin w s r 2 hr ., rs .' 

13 r ., rep ctiv ly, in ld 3-c C re-

di lyzer o ion cmbr s • h 110- vclt airect c r ... nt 

of 0 .3 to .4 l •• • i. /4 r . n fell 

to 1 r 2 ·11i- pa. in abut 2 hrw o is 

ctr de ( nd-) 

b un uC floccul·t O t t th nod 

in bo 15 

tion t .. h 

by C 

nf the i oel 

n. 

Ci l.l 

in 

ctric 

o s d .ent. 

. br ne . ..'he 

unbuff 

in,, 

sic b , vi r 

.ri 1 o r o th 

run 

lai e 

e 

Jre-

1:. t.e - .ec v by ccntr·tu a 1 n nd diwso d n lut 



to '7., (I . . ) n 10~ ... or • r-cl r 

' 

t t .; o" tur ... idity , ·d 

tro co ic ·e .. rt f V • t at . 
" 

f • 122) citrat 

by d orp:.ion17 , d 

(xj) t l/4 . t . { I 4)2 4' 1/2 

lvin .r d t . ter . bl • 

d C lc.f it, Sid 

tr sco~ic t ~v for cal~i • 

tr bin d b) tn 

(1) ./1 " • 0 t, (2) ,/1 oa. citr to. 

a ~ t.r 

f th 

C Ot 

fi rir en, t 

tr 1 inhibitor · 

tr 

l t ... t 

hr . 1 ctr 

i h 

l ( 

int 

, 

iot n cl t ly i , ·t r 

, 

( ). c lcific io ! prot in ha a 

":.ht dv . t cf the i . w.ch ns in 

d t dly ... ubj ct 

th c ti nic xchnnge r , 

erved rf ct no l clctt ·. r t·. 

. . ( . ,c .. ur s T, e Y) • 

rin-

ro-



llB .. 

SI J. t L, t. r fore, co eluded ... ht rot in- cund calcill!"I, 

wl ile co ,tribiti Q (like :::iodiur:, potas ... iUt, etc.) ·c tJ.e c. ·ree 

ttern on th pr.tein colecul-s , is not sse.ti 1 _er the 

compoun • 

Tk., CWTTI V F PLl ... f;LE'l- • 

....=.=~.;;...,,;i:;lz (1949) .
147 

:ABL.E~ IV,V. 

'10 stud~ ... h clotting pr perties of l te~ o -rree • 

Cit~·a.,., . ith the ilicone 

ni<;_u I ft r 16 1 r . ce:r.trifui:..a icn t 20,000 r • . • m. in t,1e rerr· crated 

' ultisp ed' . 

J8° , for clottin.;-tirnes with 0 .025 . Ca 12
, (GJ L t§;la a 

s 'li or • • r :ea I pl.as· as were kept ·.n · ilicc.n , ,t, 

on bet type• of surface. ~cries 1 w re ( +) tr at c with 

.1 r r l hr. 0 in er er t cbt in tion f, t 34 v, ..,ure 

of .cttablc 5urf ce . .. he control ries II (~,) cc;.ne 

r r tne s c.e p ric'!~ at the th ••. -ne (34°1.t) t npe.a ure . e;;i«es t e 

C 
~ cwi , additives ·o ·e t ed~ (1, 5· (2) ir,t..ac ... 

pl t let. (c ef•lly preuerved in sillconeJ , (.3 

( rozen, ,awed, mi tr1.tur t d with ... alL. ) , (4 brain c 

In anoth r .., ri s of x. er.· nt,s, .,i l.Y conduct 

tubs), (l) wa~ rep nted, and test wer~ als 

lu .. .;ti.'), (6J cry"'t.· llin 

( ?) Loo · s ,J0.2 bovine fibrinulyait. {4mg) . "i'h 

T .... bl V: 

tis ue 

ta are shown i 

obtoi.ne in 24- 48 hr .... , or i. siliccne . Thi 
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unequivoc 1 ~.,ult i.;., difficu t to achi ve nd vas .... pen.c on only 

two o:- thre ccco.S on:.i. In m ny nore si. d.l _ v _ edrn.1,;;nL clo tipg 

di . ccur in as in fro l t.o rr. ri.s- hrs . ; . d ::.on_ r in sillccne. 

In (2) und (3;, clottine was rcstvred, rith in... ificant 

dif~erenc s di.!e to tr e nn<Jr or tr ~atir be plat leto . There 

b ... 1ever, a c . nd signi . ic~nt diff ~ence betw en th~ ~ests 

on p .,.-::.;ia only in cont· ct. v,ith "il:tco e nd t iC..JC e;q::x:,sed, eithe:r 

( ,) i ;n:ed:5.at .... y _er (G +) over a I ericd, to ' ·etta _e' lase ·urf ees . 

e glass clottin~- ... _. s (17""- 210"} 

ilico e cl ott.J.g- ti s (435 11- 66011 ) . 

in th 1 hr. expt6 • 1 r ba.bly n SC • 

hat he plasma in actually ~ltered by 

yo~ co~par~d it • e 

The o,n.ewhat l ne;or c . t . 's 

cf 1 bile f ctr ( cG} . 

rf uC!i:ii ccntact is shewn 

of the ah{lrt r clotti .g- ti t te$tS i 

silic ne (Ir,s; after t1:&n$f r t such tub s of the ( ' t ) _la:., ... -

incubated sa . les . 

In (4), ce;halin ie ~hcwr. to act i. much th _m~ w fas plateleLs . 

ctual'.:7, t is even ore effectiv i t, .... cone ntr· t..ton tudied~ 

e .. c._ler..,.t :- ef'f ct of 1~ss or. sc .e compcnen~ of tbe 

las~· iJ 1-o evid~nt in the cet'halin experi ens . 

Int e ble V data; (1) the ncn- ~lotting control ie 

lastin is o ~ rved to ~ive h~ v rJ r d clotting­

ti .e cf 'l s c . , ex ctly ceirres onding, in fact., t the t pie 1 

• prothro.,.bin ti.'lle' ( Ciu~ ck test) on o. din ry · og • la ma; ( 6) tryp in 

an (7) ibrinolysin re lso ~ffe~t·vc . two p·c eolyt,ic 

enzyces, ~ thes'::! last i~esta, :Jhow simil r t., irom~ la:.tic I Jl:"o ... ~:rt,ies 

is inter-e3t.i:.,i; ob ·ervation, w c. ill re .uir~ fur or 

inv ~t:gaticn (see later) . 
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on of e .rlie ef 

role of l t let ... ill nor;Ll ,lcod clot.ti!l ,er>" su:·!'.:..;;le1 t.ly con n.-

cirg. 178 . , 9'l l i d . . uc .s , in ... ;i , .:.: a e .._, e oot .111i.15 

incca l bl hu - pl ., ticn n 

glausware, .., . ci .d ... h, mer, r·n ou 

were n ble to eon1..:r:::. thi!J \var. • Introdu-..i.lB t . ., si ico e tech.1;:dque, 

n 1946, Ja .ue., Feldsted t:. •• d uc, on-lo.251 noted t .. e p.r'c--

lo :at.:. ,n of n· tural n· rec lei.fie":. .on ... lotting- i es ... plat :let 

ccunta were or and ,,ore re 'uced y i .crem,.:.n0 c nt ift. t · en in 

sLiccnize .. u s. .owever, th~y ii r unabl. t.c e;t ri of L . 

. tcle ~s and :iu nc., l plami • :n . e ... allowing 

year, inkhou 64 did succeed in obt inin$ a pl t let-tree .u an 

itr ted as .a, with th~ si.lic .e ., chu:ic, _ ...... ri .::rr.tior., and repeated 

c ntr;.fu 0 tiona ov r a t~·t 1 i:erioo of 1350 d.n., u ... .:;.n'"' s ... , eds up t.o 

111,000 r.p. • The re rt d fin""l re;.,arati n, ~.,c lc ... ti 

0 
at 28 J' d d not lot it • .;O hr-. : othr bin conv 

in thee t si- he ·oph' lie' f.,la...,.nm.~, but ,? thr .nbin 

.1omal. ro bin topic l' and • thr .bo~ 1.a"tic e ·tract fr • beef 

lun clotted the ~ .api<lly 1 rIIVJl ho~e bleed. 

lr.t·,let su cn•·ion' ro· uced tie clottin ti .. ~e to 6-9 ·n. '!' vY 

destrcyed ad ed ,,hr "bin nor :w.J J..Y. e plateL t-1' e ... no .a. -
la!'l""a '.W'• s able to correct thEi clcttine defect 01 he1 nhL .. ic 

·h le blood, but n t of rec· J.cif ... ed plat let-tree ,1e:"ophilic plas;:JA. 

orr etion 'id oec •r in t. t: i;Ul.~,mn. :ni. tu A es, haw .v ... , if 

r no. -'.i Jhilic, rier .rovided. Hart nn d 

c , .. e pb.telets, 

nl 209 , 
· fter '- ny f il 'l"i., , tin lJJ' uc eded in ,btaL1i· .. 

inco gulable canine r.ls.omii. 

t-free 
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tton, are ers'.369 u e a. speci 1 " chni .. ue · 

blood, ¥.it.out n~i~oagu1 .nt, fro 

.u,... vion i fr!. rat 'ultis eed' at 22, 0 - 23,0 

:for 5 rain. 5 ~ .. . t t.;s obt in 

.... 1 rt f t.r lon er t un 72 . r.:.. · t 

. uld U-U 11 , ho ever, b s o :· rin r i 

... e s or in ... i_ic n~ 1'\~it abou eau l fr quenc ". rot re b n 

fter tte centri uc tiot , s1 ed no 

V Us, CC . ~h oY.alated pl ob i1cd 

r.:.e ti.rite .:.. .... h s.i; ci 1 bloo • cell ction. r hig 1., i-

i'ug te.i. e the "' 1 , ss le els of re f r veral 

cial ind-rect t .t 
' 

h ev r, fori ti...,. of 

tr ceo f'lf t. ror. bin. ibe fibrin not r onl 

tt c • .. icr of fibrin n . 
ur ex ri tint 147, tberef r , co inn t. e f 

co cintint tc t. fact th t 1 LleL r . or ~a y 

ent. · c. fo~ bloc- cl tting. th tao ' urf ce' effects 

ter tion oft cpl cl t-fr e n. rig· : 1, 

au i" cur •se ce.i- Jin .nd t nzy es, in thiJ t p~ of exp rim nt. 

t t! .., li. i (cphJi., hs o r cit · r a ent c 

re J ce at lets in h t e b~, evo to b E I t, ro, bcpl -tic• ty e 

of cticn (s - later~, o.en u. so o v y intriguin questi-nD . 

rig t. tb techn·c l dif lt. it obt .ning large 

qua .• titi :: of co 1 t-fr e her( nd 

0 ,ers) h v nut p·o re ed to t .e logic 1 pr ··od .. r , n ely, t 

C m teri 1 , J r.t r ng .Ol. -t 'or t e d 

of cl tin f ctors 're :from 11 t C S o! n tur l •"' ro ,-

tiI ' ( l st. o.i' ri ) . er tel t-p er' 



122. 

D i u! Ci l for ti fyi t i ri id crite i o, · lt 

$UCCe·s t 

f r ur·t i arin' ' 
ro 'I • t e.:n ~ il:i.c lobulir., r ct rs . cc _ .in, , 

f t, e .o f;U t on ., • itt oft 

e u hor a follo · d ~le r c nt 

.n to int e ep t 1 the 

n • hew .. tt fr cti n (e . . r1.;thr bin, ac ler or 

.... obulin, etc . ~ _.ureenor iu r ' ing f-ro t. t 

be r r rt d hat he ,, v nee.,, to da.t , ,.n.:le , ,t' ll 

leo.vo h to. esir a . ev rthel _"', his shculd tu n ou t 

be prc""is~ns in of in st tion rd th 0 

c es. 

(cf . ..... t . 22). 

In ... 913, d r~intl 95 cla ed that th ass 

er f ld 

.u nt tion, b tr tr d to cl tti 

of latel t . • C l cl d th"t th y t: .. d ( di CCV 

t . ni u for ' d ,1 t l tizin - I nd ( t t, 1 to .e s 

er ea enti 1 for no;rru 1 elotting. 

owel nee flet cm of his , 
1914)192 tor t i r f l y t .. 

., d ta, d ~ t f3 ... 

d clot on cific ti l, t 0 

or 1 hours . ne dog th. t h n fed trr hour 
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ble . ing g v a filtra'. .- r • .:..d: cl tted re.;.dily in 

p • ctic lly · nr mu1 recalcificc.tio clottin:,-t.1.me. ,,cd ard 1,er: rmed. 

ny l ·rkefeln !iltrt..tiom, arn:~ divide' th filtrn.t~s int (1) 1st 

port:on, (2 1 in n:. di&te, ·nd ,;) 1 -t orticn. t . fc,und that 

o ~ tl1, first - rti n, "N! ~.ch 1',"fl slow in. ·;p e-:.rin_: t. m , tre fine 

pores of th., diato1aceou--: fi:.t-r, show c a:r ed clot ... ir.g efect,·. 

n f,tct, it :, 0ft n incc>a.ruJ,~ble evl:ln with U.!"cmbin, proving 

1.0 t cf' ~l. clott.,' ng f·,::.!tc,1·~,, ev~ n t . fib:rino~en, 

1e lant cr .. io µfS clotted r6ad"ly n cicple r c, lei ic~tioi. 

he interi·ec!iate orticns vt,ricd, an not unccmm n ... .f ... ou. d clot p orly, 

if at all, on ad int; c ,lciw:;., bu.t quite v.ell if .Jatclets, brt in 

extract, or cer 1alin were also a ded. Fro ... ! rc.,.,bin c"' ld be r ~covered 

by Howel 's , cetcr.e n::et. od, even froM so,u of h · 'int mediate' 

iltr' tes wh_cn did not clot sat:m.'. ctori-J ;..itr: a alone. 

· r a nu::1 • f ye~rs the present utl o·126,l30 r utinely 

1~loyed the erkefcld filtration 1' . lasma pz-i :~ tt: 1·0 a.r·n6 Howell-

t:,pe prcthroobin. ::, the si1n.pl, ctcriol bical 1 ,) r ory t ~ick 

o. invertin · a l rgc te3t t.ube over the c2.nAle, ':the fi t1·at1 n wn• 

1 variably rr.pid ard s~tiafact,~J. e!'t !"e6ult ccnfirr.~ .d Ge. ara, 

in t.iie fin in __ · of ood clott!.n. on si ~:-le ~ ec ... lcific t · en. Clotting­

times might he as 1 ng as 10-12 in., · r-stead of the u3 -1 ( .. nfil~ered) 

plasmats 2-3 m~ 1., ut could eo~i.1.y be rester~ to no 

86 by - d 'it.ivn of a arr.al} e.n:cunt of ce. t lln • 

,, , ....... , or bet ·er, 

ts • .1.hJ previc1...sl,y cited r.,ore recent :erk ... 11,., th eili one 

tech. iqu a:--.td hi t a. eed c .. ntrifut,at ..... n r doubto 1.. :,re e .. t • .,.t tho 

pre~e--.t autho1• 1 vie ~ f o.n e rlier ."ricd . ore erro. cous in tel1eving 

t. •t all pl t .lot rnnt-ria could bi, rer.ioved by Ser ,e.feld filtr .. ti n . 
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e r_ loo dn .... r o .... pl . re b pla .... vi of othe_ t n 

L..t let ori i , nd ~Ll r .0 ell'"' C utio. (p. 4 of r f . 

233) 11h· t 1 t 11..ts y er' ell i jnt 

h in r in r centrifu tion nd in erhe~e 'iltr Lon. 

ort~nt r~ors in lo1ell s th r vi .s, h v 

T 

H LI. 

Ap rt fro th errors or on J.atelets nd 1 n cxtr c s, 

~. . lls335, 336 c rrectly c~ntrov~rted lo~ell's view t t 

lon ou1d ctiv te prot.,r ... b·n . 'ill~ i ·sted ti l 

role force l li, ctin olon 1th calcium, ~ • •tnr b kinaoe 1 

in the s ns of the. or witz 34~,346 theor.y, seep. 10. 

included th follo ·in~ ex eri ent: 

s r ci itated at 1/4 s~t . 

followed by 1/2 .at. ith the .on . "'Ul ate, r ._. a lo JUl 

hich 5erved 'pr t,r bin•, .fter bet fr~ct_ons 

fre f exc ss s lt . Cn extract.in . 1., rothr ,. · in by 

t en h c .. , 

~ith fibrL ·en and c_lc"um alt ., nc lon -r e .v clot. ;c 

! s re5 ored, ho eve., n fu t . !' ac'diti n of ce. lin. 

Ti utLcr 1 t:. fL. t. "'<lest essay ~n .... o ~ho lo~d co 

n~ 

field, in 1934, s n ttempt to ccnfi, this ex_eri .ent. e 

ble to do .,o, h wever, only .ft r nz n -extracting (b •• ) tt.e 

fibrinogen 1""• 

ixturc o! b . 

1th con 

fibri..~ogen and b • • ro 

lt , the rec_ i.ie 

... ul l O h 

d 

ion 

induced to cl t b7 ( ) re to~in th benze xt~ ctiv s ( ecover d 



by evaporat:cn) in a n"i n < f t.h .. r-;ere trace of .... ate 

recovered or (b) layerine tt r. benzene extr'--ct en th• of the 

test i ·tur . • 

o:?CLlf.:.iI N. , f course, ,n e:.e.:nent ry kn wled 0 c r the lipi. che:riistry 

- f the blor.,d precludes any dotion that this 5i ple use of be .;:en@ 

cnn possib. y extract n:ot·e than a V-=?ry s!"a}l fr"".ct_on of 

· 'lterial~ in tt1c pl.:,smw. fractions . Indeed, the <>ucity 

i our ev~porated extracts bears wit1ess Lo this , evert:1elesa, 

e ex erirnent does snow the removal cf scme l~sma propertY, whi. 

can be re torod b7 added lir,oid { ce. halin) a.n, which . ould ppea.r 

to fit the definiticn c::f u 'tnro bopl stin' (see lat-r) • • e-evaluat.icn, 

from tt·e o em viewpoint, ro.isee at le&st cne im,crt:int ros.sibi1 ty, 

namely th t th t_5t : terials are erho s de ri ed cf ewe labile 

clot• .in- fnctor (: • roaccel,erin) not necesaa ·iJy rel.t d to th.,. 

p rtial lif oidril ~xtraction . this o·,sibP it'Y ·dll b- ex. lorcci :i,.n 

tho re~ent tnesis . 

T. BL VIII, with . as ye Ot1 ?.!.. , T.....S ( '::.'.tBL 

. U 105 .. To observe the clotting properties of an urti!'ic.:::ill; 

I,Vll) . 

isolated s1steir of identifiable cca~ulat,icn co"" onentti, cl.f "3r su Jection 

to benzene-extracticn. 

from ~o4- adsorbed o:xalated de pla.:; , redissolved i. 1/3 orig .. 

vol. cf saline C . 85..-, Ua.Cl) and dialysed against ,line conti.iini 1g 

0 . 005 od . citr te . ~ibr . (b.e . ): • ibrino"" n ha. n for _5 :-.in. 

. 
funnel, r-ccverir.,.: tJ· e cJ 6" r bottom layer . , c t• rbld.ity noted . 
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· lu;i.te; 0edimcnt, from the Ba.:>v 
4 

adsorption (100 mg/ml) of the above 

plauma, lio . 126, 't,ashed ·,2x wit dist . water and then eluted for :10 

min. with 1/3 ori5 • v 1. of . 2 . · sod . citro.t liquots o.f t ,is 

eluate were (a) preserved, frozen, untreated, (b) dial.1se1 J hrs , 

against sd.ine, and ( c, benzene-ext,rac t.ed (b . e . ), in a bi nila.r , anner 

to the b. e . fib ·inogen ( see above). ,Lnother portion ( d) was 

benzene- extracted without dialysis c.mc. then ( e) c.. fr::.cti n oi 

as dial.,•seo. . Specific assays of co pcnant<l of eluates (a) -

weL'e obtained by the routine metnods previously described . rhe 

data are given in able VI and ar~ expressed as a un~tage/ml, 

compared 'percentai;ewise' i-.ith the st· tist.ical nor .al human pl· sma, 

by which eacn ~vst iJ stand~rdized, cf . Fig. 16. rncse eluates 

(1) lac· fibr'noge:1 and thro· bin (no clot in 3 days in control tests), 

( 2J cont ... in vsry small a.mounts of acw (i:,ro cceL,rin), but are ri ·h 

in (3) .i-1rothrc ,,b:n :md (4) rroconv"'rtin . 1he dialysis an. benz ne­

extractio., did not alter the i:;rothro bin and prcconvsrtin values 

significantly. 'T•' LI. hig ionic 5tren Lh cf the 0 . 2 · citrate is 

in.~ioitory in clotting te.., tb, unle.,_, the elu, te is hig.1_y dilute 

It ,.,ay be recalled that it is rcutine ./ diluted 50x in our eluat 

method 111 assays (p . lOL) . Some .:.ncubations with 40 u/,:.J. thromb · n 

were .erfonned with the undiluted eluates and failed to show any 

signific,,nt inactiv.:.,.tion of ti'le added tl1rombin . There was, ho· eyer, 

a 2- Jx lengthening of clot ting-times, from the s to.rt, "" cc ,.. red 

with e 0 . 85,! Ha~l control. '•ith 0 . 2 M sod . citrave as the contr 1, 

however, 'the clottin5- times (of the orcier of 25"-30 11 ) v.ere comp· ra.ble . 

more significant antithr<.r .. bin a~,say was, tt1erefore, conducted pn the 

b. e . dialyzed . ::!lu""te (e • Ir.c data a:re 0 ive i Ta' le VII, 
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with details of methoa. appended. t:ere is no more than the meres 

trace, if anything., of proeressive increase in clotting-times in he 

test (2) with the eluatt:.!, which is nothing like the rapid activat · en 

in defibrinatea plasma or serum, or in (J) tho untreated AcG pr~ 

paration I, used as a positive control (in \able VII) and co::ipar~ij 

(4) with a partly purified AcGcp , described in Expt. 10, on p . 134. 

_£Q: Cur regular Baco
3
-treated bovine serum ( . 101) assays ~bout 

1200 percentage units o.f (pro)acceJlerin/ml. ' hen assayed at full 

strength by the 'imFroved' 2-stage ~ethod, p .103., it showed a bapely 

assayable 1 unit/ml of thrombin yield. It is probable that 

traces of both t.hrombin and proth1·ombin i:,ersist in barium carbonate­

treated bovine serum, but. t 1,q are quit negligible in t.be dilutio ... s 

usually employed. I,owever , we did a.ttenpt to •purify' this ~ 

preparation by an adtiitiona.l &su
4 

adsorption. This reduced its 

AcG unitage to 900 percentage units/ml, but the traces of thr~nbtn 

and prothrombin persieted, as shown by the control t.ests (1-4) ir1 

the experiments of ables X and XI. 

Ceph. : •Ce}X\alin' was prepared fron acetone-dried dog brain 

(cf. Eagle110) by several days extraction with ether, r~movinci t e 

acetone-soluble traction a.nd rcsuai.,end.ing the dded acet.one-i.1180 uble 

lipoid8 in Baline as a stock .3% euspeooion, uniformly dispersed )lit.h 

aid cf mechanical ho ... ogenizer. uilutions (t1.g. 0 . 5µ) frcu: ttl 

stock re stable and uniform. .11.e stock .3,.; solution, like other. 

raagents, is stored frozen at -20°c in the •Deep Freeze •. this 

cephdlin served as the •standard' in many experiment.a (e.g. .• 1175) . 

The optimal CaCl"' ccncentratioIJ was carefully deter: .. ined tior 
' 

t.t1e eluate clottin6 tests by a vrelimi 1ary serise ,ef mixtures, 
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corres ndin o (8) i '.;.a.bl1;; · l., but ,ith ·dv calc um concent.ra-

tio • • . ~ cit d a uunt.. of Ca:Gl.... •ao f ouad. to bv cpti :!l. 
;(. 

B. ,W:M 'f. Clo ti g test. mi..v.tur · f 'i rin 6 n b.c.) a .... dia.lysed 

elu tes ( desciibed above) co.mtitut ·d, in en-ence, ynth tic 

plasma ..,y t ... of . ·.rwn u:iit.icn an· free fr" , ove 

Upcu uch, the eft ct~J oi be.n .• ene extraction cvul bes tudied in ·he 

;.,_:!.ctting testt, su,r ·rized in 'able VIIl. 

R .,~:U.;....T.:>. The ,cs t sierlii icant fi, ing wa:::. t ch corer clotting-

t~ e {loo5+n) i. (5), wit. the b •• eluat~ ac~iv~ted ith (~d ed) 

C ... lone, than in the at'le eluate {9) befor~ b nzen-.. e.;t.ra...:tion B54") • 

• :<;r ov .... r, tl:te "+" cign indicutes the t .r.i ~ o ~ th~ fir .. t i:Jp of 

fibrin and rr.any ..J. re minutes were rec:uir d fo .. .:. solid clot i. (5), 

"'' e.r"a:., (-;) ;.,roe-r saed to a solid 'gel' wit iin · min e or t ·o. 

ec lcific ticn in the presence of b •• cG 

(7) consider bly reduced the c.t. (210"}, sho..;ing that 'cG lack was 

sit.;nificant ir th eluates, as v1.::w knmm 1'I'o1. th n~lyses in n le 

VI. e.Jt (8) she e-.. cep1Hllir1 to be a ood (? - artial; thr1..~bo­

J:.;lu.stin i . t ,e ,;re~ence of C and AeG. I com. risen it.. ( 5), 

t.e..,t (6) a-> e 
6
ually si • 1~·ioant in showi ;:.; that ce.i·' lin c..,uld 

a.cce_erate clot tin; ev~n in a syat0m. very J::cor in ,iCG. ln fact, 

th 221n c.'(;. in ( ) w ... s bettor t au tne 354" c.t . int. e ..,impl/ 

rec lcifi d un ... r~ated elu2.i.t ( 9). All four t.es !;;3 1.1.t., tho un r r ted 

eluate (9-12, er ·efi1,itelJ better· ·.:.h, n t e co respond::l.. t. tc ·te 

{5-$) witn the b.e. clu te. Tt.e differences bet een 11 (107.5") 

and 7 (210'*) are e~pecially significant, b ca.us bot'! are perfo ed 

in the in·esence of adeqm:.te acc~.ler,..t.cr fa.ct.or. It. ...,h ald be n t,ec 

th t t: 90 , rcem, ge unit,.;; of cv su ... 1 li iH t.e 0.1 ml introtluced 



into to the total 1 ml mixture, corresponded very well to tne let 1 

nor;na.lly encountered i.1 plasma.. .1:,.ctua.l.17, our synthetic syst.em 

was hypoprothromb nemic (about l?'per ceut•) and hypoproconvertinemic 

(about ll 'per cent'), compared with a normal plasma. The 16. 711 

c . t . in (13) and 15 . 7" in (14), where tissue .. nromboplastin 

(•Soluplastin') was added, with ~cG and Ca, and the tempera~ura 

raised to 37°0, are of the order of magnitude that would be expected, 

if We ware testing a plasma of similar Composition y the regulaf 

1-stage 'prothrombin time' test. Testa 1-4 are,essentiall.1, controls 

for thrombin and prothromb~ in the AcG prepa.ra.tion. Tnro:nbin it 

really absent from t1e eluate (see Table VI). 

CO! CV S.t.Uli. These new ex1.,eriments &!for~ significant evidence o 

a diminished coa.gu.labillty after benzene-extrnct.ion . lt 13 es3entially 

independent of the presence or absence o! abundant accelerator f ctor 

(AcG) , although this has its own effect on clottin6-time . It is 

not an inhibitory phenomenon . It can b corrected, in fact. over­

CO{rec'teci, 01 the addition of cephalin er tissue throm.boplastin. 

!:'ay it not, therefore, be concluded that: (a1 benzene extractio;n 

reI'lOves SOIM •thromboplastic' factor associated with the co.nplex 

p·oteina of the clctting system, and (b) benzene being a. lipoid­

solvent, may- not this factor be a thromboplastie lipid related to 

cephalln? 

EI. illtIVJ:l T 7 (1956) . TAB~E IX • 

.PURPOSE. 1o study further the clotting phenomena in 1- sta.ge sy tem, 

such as those of the precedinc; experir..eut,, and to test for clot 
' 

promoting activity iu 'ttl& benzene extractives. 
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.'r .. lir::inary ,,.;,b.., rv"' c · ,ns ·-uined 

fro" evu1,o ·at ion of th ... benzen:J la. r fr· · th" prec din.; extractions 

irtdic ·t.ed the extr- ·t:ly 1:1inute yieldo r :..xt actives . It 1;-9. , t. ere­

f{ ro, e.tter:p.tcd to obt ir1 n. •.• or;: sigr:.ificunt auto '"lt of tr.nt.erial "'ro.m. 

bout 33 !l of a citr te g pl m whicL had k 2t 

weli for oan,y onth• in tto '!1eep freeze', w • ., tc.ca:.\ cd, filtered 

( fr· !il trace of :::;edi:.tumt), tl.lld ext.r, ctt:d ... w e·ua.l 

volume cf benze e. ..:; ntrii't15.ition c~ thi;; top 1 .r .~ted .>0 ml 

f ·i.e: r oenzene from ;:i. small foa.cy de1,oni • ...11 clea.r e;x.t.ru.ct 

·a eva. r'i:Lted to drynes,,, in vacuc, ~nd the r si ue ext .ct.e 

wit •• 3 ml imidez le- bu,.fere,! s line . ,,1th ue;_h t " 1.,as defi1 it';.;L.r 

t rbid, it aid n· cont in a weigr,abl cmount o. extract d ii.ate ··al . 

iB'l'HOD . ln <c. 1-stag', te:::t eries, similnr to those c:., .,ria-nt 6, 

t e extract (extr.) was co l~~red with ai ple reca.lclfication of 

eluate + fibrinogen l:'ixtures. An tirr.a.l amount of ceph, lin ~ . sub­

st · t.ute•1 in uno l er parsllel test. 

t n an in,i.epe dent, observuticn, the ef 'ects of b . e . • -.c (a second 

extraction 01' t " ::. ne ret.i""ent as · ;)er_. i•. Expt . 

were sttlaie , b tr. ,·itl1 and ;,.;it..1out cephalin. 

five 1ays ~arlier) 

..... ..:.....JU..&-TS: ese are given in l'ablo X. -l· r,) an eluatv h'ca 

b en benzene ... x"racted · r1-. tLen dia1:,sed 5 n •s pr ..... vioualy was 

Ir. (B) ., · 1., · a .o reage1 t v,as nubw.itt d to a furt .er oonze ... o xtr ction 

an t "'ted ti'dce , namolu· ( ) wit. •. in 15 mil . a?'t~ , ) .~f r about 

3 hrs . .: th series of tests er.1. loyed thf! same 'reshly be,uer. .. -

extra.ct.ed fibrinogen . .,ote the f llowin~: 

(a) ai .r'le rec lci.fication tirr.es shou a ::.i,jnifica .. t prolon -ati n 

· fter the fr sh benz .... e eJ<tr.:.i.c ion 1, 2 s . '"' 2 . lowever, there 
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is so ... e r V,:;,rsL;n to ..-i st, rt. r cl· t.,iJ · time L. 

( b) t .c ext · . .reduces t. .. c c 10 r., • ng- ime<:, al ho h . ,ot as · ll as 

cet b:::.lin does in tne .c.::-pcor ~f,:>t "ill . 
(c) cG Jive.;; consi.erab..l.e uid. t.o t c cl tt'n, 

. ode::ate'l ~ o ,..,it: a on ... ,,: nl cl u ·h or so w 1 n a r l"' ivel7 

ade .uato thron~.b pl, stic s. Lion is resto:r d by c .~-in • 

1 tes s are c ns · st it;l.y- shorter in the 'a' n .. he .tlr~ci us 

ext.ract wa. net. to~t.ed with .cG, ir orde to conserve it for tt,o 

ore siznj_f.'..c nt 2-stage eJCi.eri . .:wnt' tc follow. 

1.,U ·ctusr<. -, .. Ar .r c_nclusion fror.i n 1-:.:it, g t.1p 01. ex ;adcet t ri.\lSt. 

be tentative, but :it dces seeu re. sonn.b~ t ccncl . e t~w.t at 1 •st 

nese f""ctor~ i.i.rc (l) eluate (i . e • . rothrorabin + :r converti.1 1, 

(2) •Ja, (3) AcG, (4) a thrOllibop .. cletic :.ype of r ... ctor, .~1l.ch c:m be 

upplied r, th',. well b ce':halin and ma ly · J th, benzene extra t . 

The fact t ht benz ne ex ... re.ction do s r~o ... res •1 in u y;3ter.i. co .letely 

u. -ble to clot with c. ci . alone sug _ ... st· the. u .-.all .,.cunt 

a o:.,e- tl.rombo i-las Lie aeent noru~ally acco,.,;,. nie3 tno reagents a tud ed. 

· t ncn-clott-ng, \'.11th '11 aloi e., m,_y b.~ :-ecor 

of ben.z.enc-extracted r aJe.1ts ( Ex.pt . 5 ) .;J.,_t ~.ca bly 

o two grounas 1 vi~ . l; t ... o great · n i, ic strength, 

able to re eve any s, ~.111 traces o.i' t.hrcmb.,_n for~tio, b for .. , t Hl ~ 

c. 1 induce invbibl~ fibri1. for!.!llition. 

par::at~ the d tectio,. of vc.; . eah t.hr·~::ibin .• :cm.at~ •r by cl 1 nai in 

the.:;e t ~o unfav0rable ci.rcw ,a ~.ncec .. 



1J2. 

In so ct.oing, however, it still permits observati n of a quunti~a­

tive difference, which can be int.erpreted as an ability of benzene 

extraction to remove e. .;mell :;..,ortion of the p tential 't. rombopl~ tic• 

material in the clot tint; .·.,terials . from t.he nature of the extra<;iticn 

and the similarity to a weuk cepha.lin 1n restoration of tne clotti.1& 

deficit., rr..a., it not be su.nrdsod th'"'t we re dealing with at r~mbo­

plastic li oid? It, is also sug ested, somewhat theoret.1.call.7, 

that the reappearance ol greater clotting activity on sim~le rec~ -

cification, at times, a.l.ter this has been .J.essened by benzene ex.traction, 

ma,y possibly iudicatc some I free I f onn of lipid becocing liberate' 

from the natural lipo-protein com le.xes, ani being •available' 

in this fon:i for (a) the clotting reactions, on the one h@ld, an 

for (b) easy removal (in trace a.mountD; b.r the li"oi solvent on 

other. 

~TS S und 9 (1956) . T lBLES X, ZI . 

PURPOSE. Tr, study the conversion or prothrombin to thromb n in 

variously activ~ted eluates, by a two-stage 

reference to thromboplastic additives . 

EAGSNT..... The same as those used i ·1 the ;,receding 1-staee ex:_-'eriments. 

!ETHGD . The 2-sta6e procedure is e5sent.i lly that c:f our 3tandr d 

•,fethcd III' (see p .. 104). ,;ote that the -,alt concentra.tic.n (0.8,; 

a~lJ and pH (7 . J) ure 1·h.ysiclo0 icallj equivalent to pl~s,na . _:oreover, 

the 50-fold dilution (0 ..1. elw1te in 5 ml thrombic .mixture,) reduc s. 

the citrate ccntent to a poir:t or non-si~nificance. Howev;:?r , th 

chosen a.ir.ow1ts of a012 arc strictly opti.rr.al, accor ing to caref~l 

prel.1minary tests on rapidly activating te t systems. 



EX1.ERIMENT 8 is performed on dialysed, benzene-extracted eluate: 

(1) wit.h C& t4one; (2) witn Ca+ extr. (p. 130); (3) with Ca + ext • 

+ AcG (b.e.). 

The composition or the thrombic mixtures and the clotting-test 

data, after varying periods of incubation, up to 3-48 hrs. re 

given in Table 

CCl!vLU5I US. 

• 

(l; Ihere is extremely little thro.mbin formation in 

these systems, purticularl., with Ca alone. (2) he •-extract• adds 

a little, whicr is significant, and also indicates the extre~e 

sensitivity o! the test syst~m. (J) Alt.ough tests {l) and (2) 

are 1.~tenticnally conducted with only th trace of contaminant 

AcG (see anal,yses in l'able Vl) in the eluate, tne provision of adequate 

accelerator in the form of l:S dil. b.e. cG, still adds onl/ a 

no.'Tinal increase in t.he trace of thl'.Ombin formation. .a.he import· t 

conclusion is that thrombin formation ie extremely poor in a system 

adequate with regard tc prot.hrooibin, J,roconvertin, calcium, and 

AcG, but deficient in 'thrombcplastin'. 

An incidental finding in these tests confirms t.he antithrcmb+y 

tests of Table VII. .fote the excellent stability over J hrs . o! 

the very weak thrombins in tests (l) and (2), with eluate mixtur· 

only, whereas the 2 and 3 hr. tests in tlu: presence of the 'Berum 

AcG are definitely beginning to lose potency, despite the 1:50 

dilution of its serum antithrombin. There is some loas in all, in 

48 hrs . , especially in (J). 

EXF?.l1I!Olfr 9 is similar tQ the f oregoin , but relies u.pon the 

dilution and a little extra calcium to overcome the citrato. 



2. 

The test data given in Table XI show: 

1) 'Ihe AcO preparation bas a mirute •ount of thrombin-)1.elding 

pot.ency, ewn without any eluate (4). 

2) Eluate, with Ca, yields very little thrombin, even with the 

adequate provision of AcG (5) (7). 

J) When the system is completed by addition of a 'thrcnboplastin', 

whether (a) cephalin or (b) crude tissue tpln., tbrombin-form.ation 

is rapid and optimal. 

4)-Cephalln is remarkably effecti.,,., and compares well vi th tissue 

tbrolaboplast1n as, to activity (shortest clotting-time) attained, but 

is definitely slower (7 min., instead of 2-3 min.) in reaching this 

optinnmt. In fact, the end-l)Oint comparison in (10) and (8) indicates 

practicalq canplete throutbin formation in the cepballn experl•nt. 

5) Extra roconvertin, in {9) and · 11), affords no benefits, which 

agrees with the analttical findings (Table VI), shaving that the 

eluate already contains it in adequate am.cmrta. 

ODNCLTJSION. The major conclusion from the foregoing experiments ts 

that an extremely important clotting function mat be assigned to 

factors playing a 'thromboplastic I role. Significant aioong such 

is the phospholip:ld cephalin. 

6. EXPERIMINTS ON 'IHROMBIN-FOR«nON. 

{6,A) REFERENCE STAK>ARDS. 

EXPERIMENT 10 (1956) TABLE xn. Figure lh. 

PURPOSE. To obtain reference assays, tor thranbin yields, on a 

aeries of dilutions of •standard' (canine) eluat.e, containing pl'O<o!­

thromb1n and proconvertin. 
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·:.luate (No. 127): c.2 1 cit .. tc 

elu k cf the U,:> •• l 

. r vie 

S_Eecific ... so.rs, on Eluate ~ o. 127: {l) t .ro:..bi..: I .2) a.ntith o, bin: 

; (3) .rcti,roi:',bi.r.: 573 st .. nd· .C'd 2-st,, ge {.p. 103) units, J, r ml., 

or 191 en b· 1;,'s of a: d .!"d hu an .L~., \. 
• Q :, ... , , 

Ui) p·occnve.rtin: 36 (perceut .. ge' units, by 1-st o m .;h d (p.1 2}; 

( 5., ( .JD1): !!E.£!. only. 

Fibrin g n 'dog: t.andJ.rd): xa5 prepa!'e front tr.e ba.ou 
4
-· dsorh 

j~la rne1. r ... he s e de,·, y t.:,e u ual technique (F •• 94,125' ). 

Ao .C? : ... , rcutine 1.cG ;;repa.1.~atio,1 (p.lOJ), na el:,, Ea , 
3

_. dsorbod 

bovine serur1, lfas ,.i.rtially pu.rii'ied by pr~cipitatic,u at 1/3 ~ t, 

( H
4

)
2
S1 

4
, re3is .. olving in ori inal vol. f ulin and <il .ly.:ing 

2 hrs. ~ ;ainst s line in cold t·oc {l~v'). . l 5 · f .. '! 'l..l.'. oGq>, 

by pr ~i ... ini.ry te;:.-;t, proved opt.i·,·.i.1 f r tests cf t;,tpt.. l • 

(1) 1ha data inc udeii in T·-blt) V l (p.127) sh w t.he 

veri cori..,i ero.· le nwo 'al of an .. ithrombin b (2) speoi-

fie ,cG u;.;ay (l-s a e, p. 101) oho 

• percent ,. et uni ts, . per :ml .. , com1.a.rad with an untrea tea. s "i.J,le o · 

ridna .. cC. · r';..flll'.'<~tion (1240 ' ercienta~€:· units), but, ev rihele s, 

· very .. erviceab e J;refarat.icn; (3) le prcc r v rti 1; (4J :1eri:;s 

tr ces vf (pro)thrc bin .. 

Schie fin•~ •~ lup astin' (p. 96). 

&_: in /;.i..lllount U.:,od. 

D. Jt<mdard '.·,et. od r l', e.xc . t for use 1.11' l: > 

. ou 1ta c1 elu · te. fi ,:;t, c : 3.8 ltll.), i!d.d. buff 
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,r.,.:,OL.:S. re given in 'table XII, sl'.owing the actual test dat.'." .. , 

graphically, i rigure 14 , 1,lotting •end-point.' (i.e . m1n::ma1) 

clotting-times a ... ainst relative strength cf eluate . 100 'fer ce t', 

in our standard technic, refers to 0 .1 ml elu~-.te per 5 ml \ total 

thrcmbic ru.xture (•r • • ) • ~>ince this represents a 50- fold diluti 

cf the eluate, it will correspond to 573 + 50 = 11 5 stands.rd 2-stage 

prot, rombin units per ml of throrebin-forming mixture. 

u!1C1US1CNS . 'rt.is a:iway series is veey satisfactory for measurigg 

difference:.1 in the thrombln yields between 150t and 1 · ( 1pe1·cent~ge' 

units; relativ~) of eluate. As the amount of prothrcmbin is reduced, 

the thrombi.l.1 yield, as measured by the minimal clottine-time end",oint, 

is reduced (longer c.t . 's). The required incubation period (3 :I: l 

min. ) is not signii'icantly different., however, untiJ. the .erot.hr::: .bin 

is ~ 20 r er cent (of standard) . ,,1th very weak, e . g . 1 per cent., 

eluate, the lengthening of the incubation period is significant • 

..,,hi.) might be due to the usual salt concentrations becoming urd.'a or­

able at very low protein {specifically, prothromb n and proconve in) 

concentrations . Tfiat relative excess of oalts delays tr1rombin 

formation and lengthens clotting-times is illustrated, incidenta.11:y., 

in Expt . 12 (p. 140) . 

(6,B) .JTIH ...... OFHILIC GWBULIN Li P~LJ.TI N 1'0 TtlRll~!BI FORMATION Y 

CSl'H.iiLIN A. n BY TL ... SUE THHt,Z-b PLASTI • 

EX.t ..... .r:NT 11 (1956) . r BL3 XIII. 

i'URFOS. To study the effects of purified antihem.cphilic globulin 

(AHG) on thrc:nbin formation, from eluate prothrorubin, in relati n 

to cephalin and to tissue thr~T.bo~lastin . 



MEfflOD. iothod III two-stage procedure, as in the foregoing experlments. 

St.andard volumes or reagents are given on p . 104. 

REAGF..NTS. .1 •ate and standard fibrinogen, as in t. 10. 'lbe luate 

provides nrothrombin, proconvertin, and PTC, (? etc.). AcG: same 

purified preparation as described on p. 135, used in hS dilution .. 

!!!2,: A purified preparation of antihemophilic 1lobulin from bovine 

plasma, for which we are indebted to our colleagues in the Pathology 

Department, Dr . R. H. Wagner et al. 44R. Our assays for its wry pqtent 

antihemophilic activity and for a trace of PTC are described in E t. 34 

on p. 191 {Table rmII) . The other specific assays showed no thrombin, 

prothrombfn1 or proconvertin, · and test (l) of Table XIII proves that it 

lacks thromboplastie activity. lt does · 

fibrinogen. rv 

,. ,t.-. ta 

trace or 
tt;ed in 

thrombic m ri;iJ. !t '41~ i.ntcri'eres ith tests for antithrombin. 

~-: 0 .. 1%; diluted from the same 3% stock cephalin solution (p. 1~7 ) 

as in the nrecedi.ng e:xperiments. ~·: •Soluplastin •, Sch:teffelin 's 

(p. 96) 1 used (a) undiluted (1:1) or (b) at l:S dil 1tion. Cai 0.15 CaCl 2• 

RESULTS. See data of Table XIII. The control (1) without added t . o­

plastin, but in the presence or AcG and AHG, shows very little thrombin 

formation. The trace activation is still continuing at 1 hr. but s not 

significantly increased at 18 hrs . (2) AHG, with thromboplastin 0./1), 

shows little, if any, difference from the 1AHG-free r control (J), .e. 

the same maximal activation (1$.9Tic.t.) takes the same 3' time. (4 AHO, 
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, ith thr'->rnboylastin (1/ 5), ,,._.:,dn ::;1 0,1:, nv ~i n..a.:!.ic .... nt dlff'$rence~ 

fro t 1 cent rel ( 5) • ;cth re ,u.:.re 10 rr,i~;. 1 or 

.... n· t.! slight ji:f ~e:rence in en<l-p int Gl tting- .. ifil:.s iG e:x. eri-

.ie tal •1d ct .. oll.y not ir. :f;:;.vo cf th._. .~ .. G- con ainin.;:; ,ixc.ure . 

t1-ace o!' f iorin in the r •- . coul<l b- re., o .:.. littL, 

• v ..... ry il1 •rAnt r 0:.sult ls e.een in the ceph'.i.lin e.xr,,!'ir;,cnts, (6) with 

; •. G, c1. l (7 with -u.t it . There :s a finite improv m1.nt in 

ac.,.:.vat n ra. e 7 rain. Vo . lj min . · nd al o a dec.Lde .. ly 

·1 d.t the interpret.a ic,a 

tnat rte re., i. b<1aic pri~1c.:.p1e, perf'cr1.:in ·, oy "' nei,; 

.,.,sent..:..al r acticn:J i.wolved 

(3 p .• 81 ) • Ce:i-:halin i!i an ' inco. plete I thrO:"boplas tin an" doe· 

not yield thrc::bin f rID1::1.t..icr~ oi..,ne. as fast as, er, in t .. e pr -set.t 

..:.u .... n r· · c - ;,iw. _,u.,u e ,. as comp e e...y c.,:), ··~c t t· (1'", y /::-., · ,. r ) 1 t ' ,, i.;sue t.hro:nbp-

pl s-1..in. ·.it..h the .Arc (et.c . ), ho rr,,ver, ·t d.:-e., comr-.lete ... he thrtimbin 

f ornu t:~on to the ar e ( 15 . 7 sec . c . t . ) w:!-p"'int,. a, d in a tim 

( 5-7 '"Lll . ; bet. rween c.l-..at or' t... 1: 1 t ln. (3 cl • ) an .... t t of the 

l:5t,la . 

· las .a throi .boplu.s tic .fa.etc ro, see p .. 46) ,:..re avtil. ... ble from :.he 

lu~r.e , See Expt . 34 (Table XXXVII) . 

abcut tl e thrc boplast.J..~ effect of t. phosi;.hcli id ce~t~ li:..1, in t' at 

i' indicates hew a weak . . 
o · c<...1ve 'U)o. 

ir~to more • oierf'ul complete t1 ro .. boplastin, when ••. C (..!n ih.e::opl ilic 

globul-n) ,:.artic.i.pat~s in t ,e r,,a_ct,ion(a) . ere is vVidence of 



some antiheroo;:hilic 3.Cto. contaminant of our dialysed el· te 

rre ar ... tion (Table ::<:XX'lll, ,.:.Xpt. 34) . !his could explaii. why 

cef .. alin acts as well ,lo it does, in test (7) for instance . 

139. 

may very well be that t is is tr.e sig:-1if icant difference between our 

eluates ana Sef~i:;;ers' wore ru:cified prothromoin (p. 259 J, with reap-ect 

to activat~on by C& + cephalin. 

e de not t p~ooant h~v a suitable Pr~ 

_preps.ration, to invcsti.,i, .. tc its probable .11art_cipation (accordin1'.: 

to oth-r current knc.~10~,.:.e 1 in t.ha ~eneration cf •co·:plet ... ' throl:!lbo­

plaatin. ~e ma/ sug!'.iest 1 ho~'ever, that it should be 1>0ssible tc 

stud; tLis in much the i:rn.mu way, with the basic test eluat~ · rej red 

from • very P .. C deficient pla'5ma . 
298 

So~e of cur hum cases 

would be the mcst ::;uitcble so1.1rce of such pl.:isma.s . lt is ju;;t 

also that such d.ght be p.r pared from a deg , fter r.dro.itii:ltration 

::isiblo 

of dicuma.rol., tro;nexan., or sim:.la.r drugn . c luve some un-::ublia ed 

<lat.,. o. 1-'TC-low::ring (c!' . 350) in sevt-ral human cases undergoing 

such therapy . Lo~..- levels cf :- '.!C were found in all uc 1 cases tt:st.ed., 

but it ia questic~1able 1t1liether lo'h enough levels could be thus 

cbt im~d fer trie suge.estea axperir.ent without too much loss of 

.roLhroobin .i.nd prc.<:onvertin . 

t·e shaD 1ot include the e.x1 cri.ence we have ourselves h,i.d \l\'it.h the 

"throraooplast.in generation test 11 (p . 80 ) • ·-:a do not use it as a 

clinicul routine Lee· use ,,.,, c believe our more specific I HG nd Pi'C 

(and a.nti-AHG an<l a..11ti- ,r.c) a ... sa7s ive more oignificant 9,uanti­

tative information . 'lhe thrombcpla.stin generation test. IDB./ be ~cn­

sidered to nave ccmiderable practic::d v lue ~ differential 
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•spot' diagno:ds cf the !'er:o;hiliac diseases . The t,est ha. a v 1ue, 

in these discrders, cori;-arable , perhap», t wh t the Quick {pro­

thrombin tir-i.e) test has in the di1'ferent group of p:rothro1.1bin anq. 

related deficiencies . ..here are t. nur:ber cf current workers, both 

in England a.'1.d in Americ~., \~J,o ~.re experimentally studying varia ts 

or the t ro. hoi"lsstin g;eneration. test ii order to learn more 11 bout 

the ba~3ic :mechanisms and possible 'intemediates' in these react· ons 

(re!'. Bergsa.gel and Houeie4'; cited • 81..i ) • \.e re content, tl1er~fore, 

to le ve to others t .is particular line oi' inc;t..iry and, merel ·, o 

adc~ our own confirmatory data, to wh< t is now \ idely } . .nown.354 

and used, n·J.mely, that cei..halin cm substitute excellentl:I for 

platelets (see p. 81 ) in the perforruance of many variants of 

throzboplastin cener.ation test. . W~ shall, however, review sc~na -f 

our own experiinents of mtiny years ago and sooe mere recent confirma­

tory data on ce~tain aspects of the problem of 'intermediates' 

thrombi.11 formation, with particular reference to 'the phospha.tide 

cc;:h:..lin and the role of calciu.:n. 

(6,c) 

Ell':..1U:IBN'r 12 (1956) . Table XIV • 

• U . .J-0.,"'"'. '.l'o decalcify a thro:nbiL-fcrming mixtur"" ::i.t v rious 

frcr.i start of prothro;nbin 1..-l.ct.ivation and to observe the ef~'ects 

on thrombic activity . .:..e{1Ue8 trene- ,a
2 

chosen ru1 the decalci!yi 

agent . 

1.i<'"'Gi-t;TS . ' t 1'! ( 1 V' ' EDT ) 1 i...--" " C 
,w;.l~ lJ• ..,eyues rene-.-a

2 
ersene or A , , rose u~ca... o., 

Providence, :~. . I . , ha.J a molecular wei£ht of 372 and solabi it:.y io 

inter at 26°c, of 11. 1 g/100 ml. 100 g EDTA •sequesters' 10. 5g 

of ca++. J .72g dissolved in dist. . wti.ter to 50 utl vol'UI!le • 0 . 2 



(st.oc c soluti.. .. n) . ~: 0. 1 ,., was used ia Expt.. . 12 . 

Eluate (ho. 127) .... ee p . 135. 

cGT, parti.::.J.ly purified, eee P• 135 • 

ce~h. ; 0 . 1,; ce:-1hnli , see p . 127 . 

~: 0 . 1 !' ca.Cl
2

, 

.ll?.!:•: std . (dop.;) .iibrinogen, see p ~ 125 . 
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1, special problem wa.e presented by the high _i_o_ni_· c ...................... ~ ...... 

of the total salts in the r:d.xtures used in Expt . 12. A comprc:r.i.:µe 

was made 'hhich )e!""'J.tted the obta.ihing of clotting-times, which were 

reli~b}J readable . Although ~rolonged by the high salt content , 

t,hey yet ullowe1 the necessary control cf the calcium. 

i'hrombic Hi.xture: l.6 ml sit.line, 1 .0 ml iitJ.dazole bu.ff er, 0 . 2 

.-,cGcp fl:5), 0 . 2 ::-J. ccph . (0. 1%), 1 . 0 ml eluate, 1 . 0 ml Cacl
2 

(0 ., 

2s0c. 

Series (A): 0 . 15 ml T . M. + 0 . 45 ml fibrinogen-sequestrene ~i . e . 8 

vols . fibr . 1 vol . 0 . 1 M EDTA) . 1'his is properly co11trolled to be 

equivalent i! all sJ.lts to the final test mixtures in series {B) . 

t~eries (B): .After 5 min . of' incubation cf .H. (above) 1 1 . 2 ml 

w ·~ added to o.6 ml sequestr ene (0 . 1 M) and 0. 2 .ml samples tested 

on 0 . 4 ml (W1treated) fibrinogeu, 111,mediately' (1.5 oec . ) d a 

stated times thereafter . 

Series ~C_: After 6S ~~n . o~ incubation of r.M. (above) , a.noth~r 

1 . 2 ml was treated witn sequestrene (0 . 6 r.tl.) and 0 . 2 ml suraple:i repeatedly 

tested, as in (B) • 

. r ... ,ULT3. Under these particular experimental conditions, :n.axim.aJ. 

throobic activity \~as attained in the T . d . after 15 min . incuba. ion, 

accordin0 to test series (A), in which the 'I • .• was incubated o:ie 



11~. 

dea (cc tr 1 t ·xt !" ) bri.o-

), th it 1 5 n. t ... , . r 

corr .:opo .g te:r:. f th 1 { ) nerieu . 

i cub tion of the J. • •• ith th qu ot..i. n C nti 

ac i ·ty 1¥ rr a. , b• t ly un very 

t pro re wiV ly d 

in s ( ' .... ·1 te i . )1 " , 
b t · ni ~l clott,i i 0 ri ) t, C ~ 11 

cen du, us f fr sh tub 

.e ue.,tr ne, for th r 

no tr ce f t 4v 'r- r' c.:.l' p. en ,e on ( ), bu the 

• ret ac ivit. _it,y • 

ri , • t i - success! 1 c n 

erv tion icr. t u hor ~· r.t d 

o ell- ... y pr t.r lr 

!n 194?156 
d. .J a 1 . • 

c.;a + 0 . 25"' 

i 

)Of- stin 

roduc l Cu p • 146-149. 

o Ca 
2 4 

n the lat,t r 

I ho 

J. enct-p 

1 iJ ,'CV r. 

1 3f-28, u·in · 

b 's). 

t rl civrat 

r due d 

nc • oi 

clo 

ood en - o.ntn ... e. remely port ~ co clu i,n s 

t e first (1937) 

lain d b. 

xper et, 

r 

.... ont ini 1c plex1 ( of . ·rot 1ro bir. + t. r tic ctor, 

t d 

in 



143. 

we should now, dcubtle38 ,- include the probability of' the acc~lerat.or 

cJ1:l co~iverto:- ' co'-factors al.30) . This 1inter.ned.:.ate' is de onstrable 

only during the earlier ·hases of prothrom.bin conversicn. After 

a t,it,e, thrwbin f o.rmaticn is complet.e and the "ripe I thrombin can 

be decalci!ied without altering its clotting potency . Sone evidence 

cf a true reversal., ba.ci<: to in .. ctive prothrombin in the prese·ice 

of excesB of t.1e decalci.f.yine; at; nt, was alle.;edly a1Auced in the 

1937 experL11ents ( see pp . 147:-148, but cf . p . 153). 

IgncrinJ the citrate in tne eluate {-.;h · ch isu I t r;uit-:i f· ..i.. ... ., nee 

it mounts to 0.04 mola .. in the 5 ml • .r., ccnt,iiininL l ril cf 0. 2 

: sod . citrb.te used in ·the elu ... t.e pre1 aration 1 , the fellowing 

computatiQn indicates the excess (e,uivalents) cf ~DT over tbe · dded 

(1 I!"J. of 0 . 1 1) calcium: In J vols . of Ei>TA-treatod J. • • / . , the 2 

vols . of T. i . supp),y 2/J x 0 .02 M (l/5 or 0 . 1 .. ) Ga. , w ile the l 

vol . _ )!Ji. supplies 1/3 x O. l ~ sequesttrfme-Na
2

• T'ne relative n.o rities 

do .ot tall the full e tory .t however . Because of the abilit7 of 1,,a 

to displace some of the .m in the chelating agent, 100 g EDT.n. 

actually 'sequesters • 10. 5 g ca++. Therefore, the above amount. 

0£ EDT , namely 24. 8 milligrams per ml, is actually enough to 

sequester 2. 5 llt.b'"lll Ca . ~he added Ca per .ml of m.L--cture, however, s 

only 0 . 53 mgm. Hence there is nearly 5 times as much aequestrene-

.-a2 added as wculd be required to remove all the added calcium, 

even if the 0 . 04 ·~ citrate played no part in the removal of Ga- :Lcns . 

Even a slit;ht insufficiemcy of ED'fA, leaving a small ·part cf the 

calcium still icni~ed, results ih !ailura to show the 'reversal' 

effect . Ins tea.ct, a low continued acti v~i.ticn ccure in .;,eries (a) , 

under these conditions . 
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cm;CLU.:.>I •·• Theoe ex;.,er.;.ments support tne hypothesis that an 

'intennedin.te' containing loosely-bound calcium is tempera ily present 

during the activation of prothrombin to thrombin. The tinal 

( "ripen) thrombin can be dec .... lci!ie<l without loss of potency. 

EXPEP..I'E.'fr 13 (1956). Table XV. 

PUHI"...,SE. To repeat Z:.xpt. 12, but with the following ::ncdificat.io 

(a) use dialysed eluate, in order to provide moro favorable ionic 

strength conditions, and (b) substitute tissue thromboplasti.n fo~ 

cephalln. Further., to demonstrate whether the sequestrene- 1 revel! ed• 

mixture can be re~tivated by subsequent restcral of calcium, etc • 

. U1i'H D: .follows the some general principles as in the preceding 

expt. ~emp.: 28°c. 

Thrombic :~::x.ture {T .. H.): 7.2 ml SJ.line+ 1.0 ml irnid. buf.'. + 

0.4 cl AcG<f> (1:5 dil.) + 0.4 ml •Scluplastin' (l:lOdil.) + 0.8 1. 

dialysed eluate (~o. 127) + 0.2 ml CaC1
2 

(0.1 M). 

Dial. EL.: 'l'he dialysed eluate assayed 90 percentage proti.rombia 

U,."ri.ts/ml, and proconvertin 216 percentage units. 

SERIES (A): 0.15 ml s&mples o.f 'l'.L. test d o. 0.20 tul fibrinogep 

·+ 0 .05 ml O. 2 segues trene-?.a..,, r.:.t wt ted incub tic.11 intervals. 
,,_ 

SE!'!I?:3 (B): fter li ci.n. incub tion of T.l~., an 8 :nl all.quot w s 

added to a -waiting 4 ml of 0.2 ,J EDTA, and a second test series 

sta.rted at the 2nd minute, now usit111 0.2 tnl samples of mixture 

(B) to 0.2 .r::1 untreate~ fibrinogen. 

t'!':8 UES ( ) : nfter lj hr., the remainder of mixture B was transferred 

to a Visking casing (cellophane) bag and dialysed l hr. against 

t .. ren changes of 0.85% NaCl. ,.'he casing 1embrane w stied o as 



j'USt to enclooe the u::aterial to be dialysed, with the r~sult t,.a 

th re tr.:i.s r~c volume c. £J.n0e during the dialysis . Subsec uentl/, a 

:, u: .... r:..liquct was r .. ued with 1 r.tl cf •Calcium activator mix ' 
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( ~. -t".ix: 3.0 u.l ittitl . buff . Gal. + o.s o.l AcG ~ (1:5) + o.e .ml 

•wclupl 3tin' i:10) + 0. 4 ml ,o . l K vaC12) and 0 .25 nl ean:ples 

te~ted a&Qinst 0 .. 2 ml of unt1·eated fibrinogen, after succe::i5ivo incu­

baticn intervc.13 • 

_ uES (D): As .:i. control for teJt series (C), 0 .08 ml dialysed 

eluate wac !JUbstitute<l fer saline i, !l 1 ml ru.xture sim.i.la.r to t .e 

'Calcium uct.ivs.tor mix ' in proportions o! otber ingredient·; aod 

dilute· itt; ml of ouff . saline just befor a~ding the cluat and 

begi:ming the test series, viz . 0 . 25 Itl. sa.inplin,:s t~sted o·t 0.2 1nl 

fibrin gen, ao 1 . (-!) . 

ru:;m;:.':'B: ere given in Table XV . fot.withstanding t .. e rncra rapi,. and 

complete activ~tic. in about 5 mi.1 . in (A) and in (D) series) b 

use of tissue thromboplastln, t. e thrombin forms.ti ... 1 could be inter­

rupted after 1,. min . by cdding 0 . 2 r ttequcetrene (1/ 3 total vol . ) 

end 'revcraed' in a manner qualitatively indistinquiahable from that 

observed in Expt . 12 . The initial clotting-time in the (c) aeries 

waa 1oa.4n . In an Ste hr. test (not included ir. Table ,V) , the 

c . t . vas 32311 • The attempt (series (C)) to reactivate incubci.te 

(B), b• 1
~) Ca-addition (net iilustrated) or (b) activator mix 

(Ca-mix), was unsucces..,fu.l . ·,ithin the few seconds of experir.iental 

error, all te.:;ts ot the (C) 5erics reproduce the {B) c . t. value 

(a 90 min. )., with whlch t.bo dialysis st rtea . nl.r further c . t . 

len&>then.i:r.z (cf. (D) ~ t ... e5 mi •. • ) was nrresteJ . ..othing li'ke ttie 

control series (D) waz shown in (C) . 



DIS • "::SI r • Success in this rather tricky experiment depends u;.,on. 

careful consideration of (l) ionic strengths (total salt content), 
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(2) amount of sequestrene, (J) rapidity of activation (depending 'llpon 

amounts of AcG, thrombopla.stic agent, c~lcium, and eluate in the 

T •. !.), and (4) choice of a fe.·icd during activation at which the 

EDTA can start its action before completion of thrombin forr~ution, 

since "ripe" thrombin {BY.pt. . 12) is insensitive to seq;iestrene 

inactivation. 

E.nP..LI.ER D, TA. The following data are selected fro 1 sane 1937 ex9.eri­

ments, published by the a.uthor128• 

EXP.ERll'aEl,JT 14 (1937) . TABLE XVI. 

PURPOSE. 'l'o study the effects of excess oxalate at various stag s 

of throobin formation • 

. : ... THOD. A two-stage technique, essentially similar to the foregoing • 

• !:AGENT:. E.!::2• : Howell-t7pe prothrombin, from l3erkefeld-i'iltered 

citrated dog plasma (see fp . 161-161+) . lfo attempt was ma.de at t.n 

time to assay its protirombin content, and nothing wao tnen known 

about proaccelerin and proccnvertin. 

f!m: 0 . 1% brain cephalin126 prepared according to .owen 235 . 

£!..: 0.1 N {i . e . 0.05 N) vaC12• 

~ . : 1/1 K2c2o4
• 

filt. : Precipitated from t g(0H) 2-adsorbed citrated deg plasma wlth 

1/4 sat . (NI\) 2so 
4

., reprecipitated, and again a third time new 14iith 

1/2 sat • • ~aCl. This fibrinogen was prothrombin- free according to 

0 
test with Ca. + Ceph . , which ga.ve no trace of clot, a.t JS c, in 

hrs1261128• 

't .M.: 40 tnl Pro. + 4 ml Ceph. + 4 ml Ca . Test 0 . 5 ml samP,les 

1.0 ml fibr . , after various incubation periods. J8°c . 



:3 (l): , fter a.bout 11 r:lin. activation, 10 ml T. ,;. was dilut d 

with an equal vcl . distilled water (control test) and incubated and 

tested parallel with (II) . 

SF.l !IS (II): After 12 min. act1Vittion,. another 10 ml aliquot of 

T .1.. was ;nixed wi tl an equal vcl. of N/1 K
2 2

o 
4 

and 1 ml samples 

tested at intervals thereafter with l ml fibrinogen . 

SERIF.b (III): fter 4 hrs . activation of T.M., a Jrd 10 ml samp e was 

tre:.ted with oxalate and tested in a sitd . .lar manner. 

P.J:SUL .. ': Theae are given in able XVI . 

-:-xPBRIHBl."r l~ (19.37) . TAB.LE XVII .. 

• URP05E. To study the effects o.r excess citrate at varicus stages 

cf thrombin fcrma.ticn. 

· E'l'.iOD AUD R.EAm:.ur: As in Expt. 14, except for substitution er N/1 

sod. citrate (for the oxalate). 

RESUL'l~: are given in Table XVII . 

I,.,CUJJI N. (Expts . 15 and 16) . 'i'he obvious differences bet,1een 

(l) •!res 'tnrO!:'lbin (l0-15 min. incubated T.11. ) and {2) •ripe• 

(several hours old T.L.) in the progressive inactivat1un of (1), 

but not of (2),with a 50-100 fold excess of oxalate or citrate w re 

128 
no'l:.ed • The only effect on •ripe' thrombin, as in the initial 

(l/4 min) test on t fresh' thrombin, ia a prolong ticn of clotting­

time (cor .. pared -with the co Ltt·ol) due to th immediate effect of tl,e 

high salt content . 

"he cited publication ( • 758 of r'ergueon126) includes menti n ot 

the following: UB:r dialyzing 'fresh' thrombin w.ich had been prQgressively 

inactivated by citrute to a clotting ti.me of abou~ 1 hour, we h~ve 

been able to chec1 the inactivation, and by recalcifyini, to restore 
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the clotting-time to a value almost identical with a control co isting 

of untreated prothrombin with a like amount of calcium a.nd ce.1-",alin. " 

(er . p. 153) 

:1ectrodialyaed 'ripe• t.hrombin (see p . 11e was also unaffected 

by oxalate or citrate except for the •i.mmediate1 effect of che 

hi h so.lt concentration, which \# s exagger ted by the low otenc··• 

of thece particular t:1rombin prepnra.tion~ . 

The thrombic mixtureu ('r .M. ), untreated., were remarkably sta e 

in these earl~ experiments (p. 760 of F~rguson126) . 

C\,.r CLUJiul (cited from 126 ) • •• ttit is clearly indicated that alcium 

for:na an intermediary complex (prothrombin- cephalln-calcilll:l 11co.lt':pound11 ) . 

This complex soon paeses over into a stable thrombin . The inter­

mediary can readil,y" be deprived of its calcium with resulting 

activation, whereas the i'inal coagulant can be prepared Chlcium.-

free without signi 'icant. loss in potency" ..... 11 'l'he mode of action 

of the so-called "decalcifying" anticoagulants is now elucidated. 

In addition to their- classical e!fect of preventing clottin, by 

depression of the ionization of the calcium salts necessary for 

throt1bin formation, they can progressively remove calcium from he 

ninte ediarJ co:;;.plex11 • • • • "~·nee the thrombin is "rire" er ully 

elabor ted, hcwever, calcium is now no longer an essential canronent 

and oxalation or citraticn ceases to affect i ts potency, except for 

the usual non- specific 11i.1imediate effect" • • • " 

EXPERIMF..NT 16 { l 94 7) . Figure 15 . 

FUffi~SE. To ·confirm the 19J7 expts . (14;15) c1ted126, but using 

one of Dr. :,. H. Seeger•s 'purified' prothrombin preparations an 

substituting a weak ti:3Sue throm.bop a.st.in for the phospholipid 



(cephilin). 'l'hi 1947 u:pt. ,;nz p ·esc t d c;ra. .. iic i ... hre 

. 156 141 117 publlct..ticns ' ' ' and is rer :r duced in fig re 15 • 

.1.Lt' D. ~s .. tia.11.1{ ·i dltn· to .. he fer· coing. 

Seri s ..:: (' 13.5 :rol .i eger.3• bov · .• e prcthrciilbin (0 . 5) + 0.75 

ml tiasuv thro bo . .lastin (0 . 25 · ·quibb's rabbit br in (co ·· crcial) 
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preparation)+ 0.75 1 O. l M Gavl2. l bl 1 bo ine 

fibr.incgen ( .. rmour I s) + 0 .. 2, ml bo:rat buffer, pn: 7. 7 (4.5 vcl. 

2. 5,., H/~)
3

, 45 vol. 0. 5;t tbCl, 10 vol. 2B4o
7

, l' n 20) + 0 . 25 

l ... 1 • 

. ries II: S· e T.i . -Utt.std (nee nii ph·s o tlat· control) 

by substitutin0 0 . 25 ml , /1 [
2
...,l

4 
for the buffer. 

!::eri\'.;s III: ( 
2

; .3 ml 1
1 

) 1riin . old + J ml :!jl ~od . ~.al . Clott-i!3g tests: 

l ml B.E . + 0. 5 ml T~. 
,:. 

.:;eries V: ( 
3

) 3 1 T1 J min. old + 3 w. r/l od . o.TAl. lotting 

t sts: l ml • ·• + 0. 5 ml 

URI \JS£. Fur her study of the progressiv~ inactiv t · en of Vi'ro. in­

fomin~ mixture. , u.,in1:;, cationic xc:t Ilg • resin as t. e d ealcifyJ.ng 

gen.t. Atteaipte .. reactiv-..tion. 

- ~enti lly simil--.;,r tc the fore cin6 (see Expt. 13, p. 144 ) 

·G.:. S: ., me CU[i.lysed eluat ( .o. 12'/), •purified' ccff, etc. as 

in E:x:pt. lJ . O. l Penh. {p. 127) • .B •• : l;., n.our•.:, bovine 

fibrinogen, adacrb d with BaS 
4 

(p.95 ). !:lowex 1 50 1 : sulfonic 

cid resin _,ow Che icul .;o., Lial· n , ich .. ), c .arg d in so iu .. 

c.,rcle (p. 275 of st.efanini an i amesh k453). • .• : 13 .iiJ. saline + 

2 ml imid. buff. + l ml AcGcp (1: .5) + 1 __ J. O.lp ceph. + l cl dial. 

eluate + 2 ml 0.02 '1 CaCl..,,. nll clottin, tcata use 0.2 ml incub 

" 
+ c.2 tl 13 .F., at 28°1.i, O(.' (D) equiviilcnt SJ,eCi ''i do 



SERIES (A): Control. 

S (B): tter l min. incubation, 10 ml T.M. is added to lg 

Dov ex , .50, shaken vigoroua}J' t. intervals thereatt.er, with 

testing of clotting pot.ency of the clear aupematant • 

., ES (C): tter l hr. incubation, another 5 ml of r ••• incubat 

is similarly treated wit 0.5 g Down 1.50' and ret•sted. 

S UES {D): !tar 20 min. shaking with Dowu. 1 50 1 , 2 ml ot (B) 

is treated with 0 . 2; al A.cG+ , 0 . 2; Soluplastin (p. 96), &nd o.; 

ml 0.02K CaCl2• 1herea1'ter, tests are :ar.ade with O.) llll ot {D) + 

0 . 2ml B.P' • 

:l.50. 

.:iElU~ (E): l>riginal eluate pre-treated with Dowex '50' (100 mg/ml) 

tor l hr. (nut S!Z) and used in T. • of aw composition as (A). 

RESULTS: Given in able XVIII, ahov that the decalcitying reain 

gives an excellent 'progressiYe 1 inactiYation, 1n (B) when the throm­

bin-tormat.ion 1a not quite complete, as seen trom the control series 

( ). The similar teats after l br. (aeries C) ahow much leas effect 

or the decalci!ication. That a little progreHive inactivation does 

occur in this series may be regarded a.a evidence that the t.hrombin 

tonnation is not 7et. quite comy lete. This is probably due to the 

u e of the relatively slow-acting and 'incomplete• t.hromboplastic 

:Caator provided by the 0.1$ cophall.n. 

It was not po sible t.o demonstrate any re-actiy tion by restoral 

of Ca ana other •activators• 1n series (D) although these clottihg­

ti es were somewhat shorter than in the (B) seriee, at the at.art 

of the (D) experiment. T ere is ossibly a point. or some minor 

significance in the data {e.g. lat test in (B) and { )) suggestin& 

a slight 'immediate' inhibitory action of the Dowex '50', which might 

be due to some alterat.ion cf the ionic strength pattern 1n 'these mixtuNfJ . 
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Series (E), performed next. day, clearly shows that Dowex • 50 1 

has no effect on the original eluate. hfter 1 hour's treatment 

'\J.lth the resin, the elurite activates just as well (if not better­

~-~r-erimental) than in the control series (A), :p rticule.rly reaching 

the end-point in an identical (15 min.) incubation period. ln other 

experiments (see Table XX), bovine thrombin and dog tibrinogen 

were subjected to prolonged treatment with Dowex •so•, without 

significant changes in their reactivity. 

(6,D) A LIPID-CO 'TAINING 'Hl'l'ERUCDI TE' IN THRG ra ti FC !ATION ? 

· E.¥.PERIMENT l,8 (1956). TABLBS XIX,XX. 

PURF'O.'E. To 3tudy ·:.he effect of benzene-extraction during the 

conversion o t prothrombin to thrcmbin in eluates (prothrombin 

proconvertin) activated by AcG, cephalin, and Ca-salt. 

MKI'HOD. Essentially ~i,ilar to the preceding Bperiment, and uaµ1g 

the same preparations of dialysed eluate, 'purified' AcG+ (1:5), 

cephalin (0.1%)., and buf!ered-aallne-ca (0.02 :) • Armour's bovuie 

fibrinogen (B.F.), lt, BaSo
4
-a.dsorbed, was used as substrate: 

0.2 ml fibr. + 0.2 ml (or equivalent) of test mixture, after 

successive incubation periods. 

S .... "il.ES (l): Control, act.ivo.tio:~ of the usual T •••• , viz. 6.5 ml 

sal. + 1 ml imid. bu!!. + 0.5 Acdt + 0.5 ceph. + 0.5 eluate+ 

1.0 CaCl2• 

uERIES (2): ,fter 5 minutes activation of (1), an aliquot ~as 

treated with an equal volume of benzene in a separator.r funnel, 

with vigorous shaking at intervals, and 0.2 ml samples retested 

after further incub tion. 
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(J): fter 70 min. in·ctivativn ct' (2), l l o .ple a., 

re-treated With n ct.iv or ·ix of 0.2 cG<t>, 0.2 .... p ., . 1 ..: 

and 0.3 s· ple t -~t.d t ere~fter. 

· iJ.:jULTS: · re sho,,1. .h·• dat. C rly .en 

"'Ctiv.,t.:.o ·u th b.e. pro res .... iv 

t. r . bin ( 

of (2), eit er by 

(not illu trated) 

t e 7 ... in. sa ple 

'G) or., oth-r t mpts 

ce h. , l ne or ~ 

DIS US I 'l'hi ent is a ost int r sti, iec of 

evi<ler.ce t s r,por U 1936-19_,s ·u , 
. 26 129 tion ' that 'free' 

or'uvailable' ce : in · lso part· ci 9 tes ir, t postu~ tetl 'i, t 0 r-

,e iar t uri 1 • t ,rv., bin formation. ho arl r b ex re.ct n 

ex. eri ,ents p . 125 •t f;l • ) ow that fibr o v, elu (pro-

nd proconvert.lnJ sn t e cG pr pa ticn cold b n .... en 

wit benzene without er· thlln ·ti.nor c n es i potc. cy. ontrol 

t ts on ovi ,e tiirc.. bin (i.e . fully fc1· 

, like i l · nsensitivit of thrc bin 

to t.1e bem~en -extract on technique . it the~ controlo, t er f re, 

th pro r siv, inactivation uf parti lly-for-Ahed tt.r,.rbin series (2)) 

..:..o particularl oignific,mt.. 

\., vW IO'~. rh 1or gcin · eviden e, th .• , i r ni., 1 to a 

loo"e bin ing o.f I fr e' phos holi id ( cept •. lit ) · to o. e I iht r• 

c "i ry coru.1ex' du. inc t.h co v r::iio i' p.r t ro .. bin t " ro .bin. 

1:pid by benr.e e-ex~rection ot s ~ to restore 

th rigin l p -t1r ,bi (a.ct.:v· table ' w V .... J e ... , cG), o t t.c 

re ult ·• som.€ in c ... iv,. y- product (? 'autoprot ro bin', in eegers' ·-e.rwe). 



Iha..t. there is .1. progressive 1no.ct1vation, not. merel.:f .an nrre t ot 

further thranbit1 f'cmation, when a: partia.ll,y activated ttrcmbin 

fon:.1.ng .mixture .ls t.reated with a decnlci.a.ying agent, has been 

reI,ieatedly confirmed by experblent.s wh ... ch we have made in 19.37, 

1947, nd sgain in 1956. !n all, we have uaed (a) three dif£ereu 

types ct prothromb1n pre1;aration (Howell-t:rpe, ~•egers-type, ar.d 

our own •eluate•, (b) four t.7pea or decalcifying •£an~ ( oxalat.e., 

citrate, s-eqlestrene, and ion-exchange ruin},, &nd (c:) both part.i~ 

{ce1 .alin) and Contflete {tiaaue extract; ty~ oft r~~boplastin, 

·n the other hand, the com;.letely-!ormed or •ripe' th.rombin ia 

eeaentiall1 devoid ot calcium and it not specifioally affected bJ'j 

the decaloifyin~ anticoagulante. The ~ro"'9aaively' tna.ctivated 

5). 

l.8). 

Clixture cannot be reator•d to prothroabin (activat.able b7 the uaUi&l 

aeana, i.e. Ca, thromboplast.in, proconvertin,AcG). r..arlier (pp. 47-148) 

sugg95tion128 that aueh reactiYation might be possible ~ust be 

reintorprcted as probably due (as ~as conceded at that ti!!W) ton 

considerable amount of the original. prot.brosibin r,eni5t1ng W'.10.tw\t,;ed 

through t.ne teat. :.e were always &.ble to 1ncruse the potet'.tC/ o.1' 

our electrodi&lJ'aed thromb1n by .furthtir recalci:f'ioation, for ins ce. 

'l'he tentative au~e tion is th&t the decalcified intemediar,- c~u 

to an inert by-product, perhaps sitrdlar t.o Seegers' • aut.oprothro;;;.bin( a) ' • 

The new (1956) e:Lferimentu demonstrate an apparentl,r sirrJ.lar 

prugreasive ina.ctivation when a partially aotivated. mixture (pr 

tbrombin + proeonvert1n + AcG + tree qephal.i..e + Ca) is treated 'Iii t.h 

!?!!!!..~, wn.reaa the final ('ripe') t!lroflibir is unat1 ected by thb 

l1po1d nolvent.. 
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These < ta au rcrt tl'ie hypothe · .:..s, advanced 'Y th aut.ior in 

1937, ""ely, that the convar.,io. of ._-·f'otnrcmbin to t ro:nbin inv lves 

· n intomediary ster, during which t o calcillu.: a.n i:.obi e 1 hos­

•holipi cc..n b ren:oved, rcsultinc in a 1,rvgres:-;.i e inactiVD.tion 

:-hencmenon. he new addition to t .i theory is the :m ge.,tion 

t. at tue rmoval cf eitr,er '• or ce· halln c -uses t: e i.i1t£;,rredi - . 
to alter its nororn.l reaction F' ttcrn ( tow rd thr 

and be div rt.cd intc so.. side-reaction ielding an inactive oy-

p!'oduct ( ·: • nuto.t"rothrombin( s) 1 ) • 

Preliminary experim r!!: . ln a roretiticn cf l'!iX t . 17, 100 .ng/ru.. 

Dowex 1501 waa added 5 r, in. after the start of 

unual (A 1 T.M. (sxne 'ixtur~ as on p.J.49·). Just a.ftvr tne a 

of th•) re in (B) the test clott.ing-time wac 20.9u. ,~fter l 

ho Dowex '50' it has lcnt1t. ened t l06 .. 4n . :}l;.nnd.;;.rd on -stage 

prcconvcrtin ass.a.l~ (p . 102) gave tte follolriinz 'percent· ~e 1 valu. s: 

( .) i.e. untreated l' •• :. at start, llO;u; (B), i.e. 1 hr. after adding 

owex '50', 54 • This could ean : ... r·ely that ab ut half the ori ,inal 

proconvert.' n wa.o con urned ( utD.ized) in formin , the 5 -in. {'t in er­

mediate) tnrcmbin and was 5Urviving in the sub,·e uent r sin incubate. 

'he answer is cert.E.i:11:y negative to the , Ut'; ose of the -nquiry, 

namely, tc s-e if t ere v.·as ny i!'!c .. ease in procc Vt!rtin activit, , 

.. s wi vh so:ne of &e gers I groufl I s l.3 t,xpe.r·iment;s wi ~h 'autoprot roill.bin • • 

It r mains for future :lnveutlgd.t.J.on to e.x. • .,.;lore furt er t.ile to ·a..ible 

conn cti ns bet,,een our lin of a.• reach and th~ q~.ii ,,, ii'f t:r ·nt 

nethcds used in !Jr. • ii. .:ieegors ' la bur t ries . 
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( 6,F). QUANTITATIVE HBU'l'IuNSHIPS F CEPH, LIN (VARYI iG CONvENT TIONS) 
1'0 F.ATE AND YIELD OF THBOMBIN FORMATION. -

.'hen the prothrombin and proconvertin (in t.he eluate), t 1e .ti.c·, 

calcium, and saline-buffer a.re kept constant, our two-stage rfet i d 

'Ill', becomes a valuable quantitative technique for assay of 

throm.boplastina, according to the effects vhich tncir additions ha.vo 

upon the ~ and. yield of t.hrombin, as determined b:, the clott 

times (for a standard fibrinogen) in the second stage o! the teat. 

Since these assays are relative, it is necessary, on each occasion, 

to prepare a reference series or dilutions of some •standard' at 

the same time and with all the same reagents as in the t&sts with 

the unknowns. :e choose as standard.a: (l) dog brain cephalln 

suspension (p. 127 ) , when testing various lil-iid preparation~ 1 (2 

15oluplastin'(p. 96), when co.:;iparing various tissue t.hromboplast 

preparations, and (J) freshly obtained platelet suspension fro~ 

normal hwr..an donor (., p. 94 ) , when assayinA; a patient's plate] ts 

for -1pre£ormed1 t..,.rombol,-lastic coll'.ponent (factor •1 •, in our lis ing, 

p. 87). 

EXPERIMENT 12 (1955). 'fABLE X.Xl. 

~Ufi.POSE. To pr pare a standard 'reference series' of cephalin dh.utions 

and to study' the effects on rate and yield o! throznbin formation: 

by 'Method Ill', as previously described. 

REAGEtrl'S. The prothrombin and proconvertin eluate is described on 

P•l26 , t.ne 1untreated 1• preparation being used in routine assays. 

The AcG is described on p.101 and is further •purified' (p . 135 J 

cnly for specially sensitive assays where it is desirable to minimize 



ar.y instu.bili y of' t e end-point). The u.Gu 1 s line, .: . id""zole 

buffer {p!: 7.J), fand Ca ·1
2 

arfi u ... ed . 

'l'he stund:~rd .L. (t ,rc:"".bic mixtu e) ~ J. 7 ml "' lin + 0.5 ml 
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. idazole buffer + 0.1 nl , cG (1:8) + O.l nl thr01~bopl.~:stic pre r·a­

t.:.on (to be tested) + C.l ml eluo.te + 0.5 r.il 0 . 15M .s.t..12 • At 

successiv incub, ticn p rio'' ... , 0.2 ml 'l •• is t ted for the clotting­

times Ct 28 °c.) hit 0 . 2 ml fibrinogen (dog, p. 94 ; 

UICCt:..,SI ,:. Sor .. o or tlw test series we.r·o not carried to com.plet 

Tl cy ure, in fact, a typicul ef~r nee s ·ies t~ en at r~ndom fr 

rw of cur routine s·~udies in conr:.ectic.u wit: inv~tig·.tion of the 

ti.re;; boplastic potencJ o varicus li .. oi (see ;i.175 ). 'They include 

o 1e or two small i. ip "rf ec tions to illus tr tc ti. o:::ca.,ional ex erimenta.l 

error, e.g. test seria.J b. is 'out, of line' . By and largt.:, ho,ev '1:'1 

t ey ;...:r reli.:i.b ... e a."\d serve to de."'!lcnst.r.,.te the f o ..... lcuin : 

(l) t. e smallel.' the conce ,.tr tivh of ce.halin, the slower the 

~ of ... hr n bin for':.lation. Thia i. denot-d by 1..he s qucnc 

cloi:.tiog-tin;_es and, pa.1·t_icula ly, by t-h incub t.:.o:. p rice' re, ired 

to reach the minim.al clot..ting-time e:ad oint . 

( 2) t ,e ::.ess the c p .alin, a.loo, th- le-'-' cc. !il 

tiol • mis lo.st ic ,.1easurad. by t.l,e end-point min .-.1) clot-:.. ng-

times, in a r,~lative rr:....nner, an . c, .. n be ua. .... it 

ref-rence scanaards cf eluate dil ticns, such as ,·3e 

Fie,-Urt; 11 and '.1.able XII. 

USJ cf 

(J; ile our ceµia.lin is usuallJ t be r garded a.S an incompl .. t.e 

thrombo l. stin, es1;ecia.lly 'Wh n com ,.,rinr.., '1Ctiv;· icn rates wito 
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h se in i,ir.l-. l~ i;hro::.bic rui:>.t,· res but substituti •C: is ue 

t 1rc ..• bople.stin (e . g . r.xpt. s, p. 133), ,h:: fl. .:..1 h ... mbin zielq 

good, iz. 90- 100 per c t 

in o case~ m: seldom under 50-60 pa.r cen:., if o ti ..1.l st.re th 

ccih ~in is u ed o For suggested explanation seep. 139. 

(4) ti t t.r ore fa an ~ )rAL!"e t 1 ,Jtimum.1 cer;h lin cone .ntr ti n is 

illustr ted n '1'-ole .Yl };:/ tz1e ,ocrer yield (28.l" c.t.)., , es ite 

the hcrter (1.5 rn.in.) incuo ... tion period , in th cas of tn 100 

strength (test 1), as co."J1ared wit.t the 5o y (te t 2), viz. 22" 

ini l c . t. in 20 min . incub ticn. 

uc to t.ie r ct t t ceJll lin is s till ti. 

r latively cru 'e :>re. E 1·ation (see lat.er) ·. d contain soma li. 

in.hi.bi or ia nc well r co nized ?J . a iL,,. r i i bit en 

b.c -n re ;::rt d f r excess or ce.rtui l fr_ctions ..:.le u_ thrcmo plas-

tin4, 9l,35S,359., l93 und even for platelet s1:.spe!"l!lio s2 1 • 1nis 

i~erii tely s est", ho, @ven·, th t our t~.:;t c n e:l.:.c b us d ... 

saa.y such i!UU.t.ru.'ombc1,lr.ntic inl ibitors. fhi;:) we do ::3inply b 

,i) in, th unknown r.l ter!.al With l ptimt l ( U,.iU -11:y .)v r ) 
ce. alin an notint the z-e,..tuced t 11·0 ... boplastic ct.ency . 

(5) Tl least.. ce.1-'r.tllin concentratl ~ te t d in t ,i p rticulur; 

.. ~per e .t. wns .... . 78 or 1:l.,280,00 (t ... st S). .t i, i e ill v.-ry 

much .:;U r{or to th cont. ol (0),. witn 1 dde t r ;bcplc::.~tint 

It .i obvif.)us, ther fore, t .nt t.h ., ct.hod 

und is well abl to detect thrcmboplE1.-8tie activ ... ..,7 i lipic.i .su -

,e ~io.."lS (s,.1c, as cer.,l alin) :iluted t.o ;:,Oll'letnin , ,f the order 1 f 

one in evar"l 1illionu. 'he sel£-impo-, d li it of t(}e illus rGt.ed 
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DI' US51C •• iho re:rnlts a.re essenti lly he oame a.o th s in t .. 19 .. · 

Insta:~.:. it.t 0..1. th· enJ-poini:, was often trouble O!:': wit, 1 [io;.:ell 

r thrc. bins (t. e 1-t .. ) rtnd there was t. e slij_;ht pcsoibi. it t.ic!.t 

th r!iffere.1ces En'sisting t_fte:::· 3 hrs. i cub ticn .-j .... t 1:>1;:. v:rtlLY 

due to · 1stabiiit_r ccinplication,5. c~ever, this possibility 

could no e:x .lai.n the 4 hr. tests, 'here, · fter a 5 '"iin. incubatfon 

wit. an dritional 1/5 vol. vf 1:1000 ce halin, all aer·es attai d 

a. ::ninim; 1 c. t. of' 1211 • 'J.,,e e:xt.ra d · 1ul:iion of "he i'. • in al proba­

Lility, suL.iciently account$ f r the 12 11 val e. lt :crty ba :ceca ed 

that it wa not until c.vernbe,· 1.39, trn1t : rtz, .. eagers, r;.d H. 1. 

tdth332 . , bli.. t.d the r,..sults of t.heir experi, .. er.ts, sh wing similar 

Tne tv,c-stage as:;ay:3 cf 

rgmbin and hro:nbin r,.:. ve uch ·ei,J1t t t e fin i:, of these 

reliable invesligt1tors. How· V-r, we continued to believ that relativ 

clot_,ir .s-t:me.: in c refully cont,rolled co:1pa.ratlve expcrim 11t$, ere 

eq_ueJ.ly valid ·vidence of tlLo •. heno en .. under c nsiderati 1. 

In 1948, ve a.gain ~rfonPd the forego·ne ttp of : erirr:-, ..• t, but 

ith hi ·l ly purified protl'lrombin and using tissue ... hr0mooplastin. 

l.e follc ·ing d&.ta i:n· r';;roduced from t..'. t w rk156 : 

1',1.BL:, Y. III. 

T stud,/ the vffects of V-rying coucfmtr t,icns of tissue 

thro .boplaotin upcn tr.e rat.e and yield f thro:rnbi. for, tion frc;n 

highly ~ urified prothro.mbin. 

R AG: 1-r:·. f'rot ;.rorr:bin(' ro. ) as pr<.:pared by o· rselvc fro. 

citr.1ted .o,, pl sMa. f'ollmd;;g closaly ,,1-o prccedures (io D<)Vi.""l.e 

prothro.bin) of Seegers, Loomis, ~nd V'andenbelt431• It corresponded 
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t in) o cit d ·uth-..riti an 

C f V .rabl -with a nm b (b vine) 

l ... o r .ime t d • t th t ti . 
156 

r !~' e . 
r.,pln. ~= rci l) ~ bolt rain tr op tin. 

__Lr:.: .. u ., 
' 

~vin , i:,. 95 , • 

5 vol. "' co .tain 2 1 ·re • + 0.25 rel .1 ... ... . , 
,. _ (fin_l cone ntr ti~n t in 1 ble XXII in 
v I J 

b r, pH: '/. 7 ( e • 149 ) • .5 

B. -~5 ;u . . . 25 ± 2° • 

r s· rized i bl I I, o tin fin~l t ln. 

co c., (b) t e end-point clotti g-t es(~ c.), CJ to incQb·tion 

to ach tl -

ee rs-type p oth ' in t that t 0 

co ccnv rtln bu onl - .>tio tr 

pr r!.n ( cJ)49l1. .. o -::ver, t er not g n ral 

kno t t es ex.eriment ormed. 

ct tL tin our ' 
e rs-t 

co V 'J 510 ly vor ble acti t tio 
' 

• • ' 
or w 

w a )0 tiv tr o See er"' prothrc .... b Jev rt J 

bi ity c cur nd•po t of en fc, · - ~eeks t roe ter., erature, 

i th Uii.\l t ri st t .... c orat u ·r 1 ar ~ le. 

Th .. ct t t s 11 if.t'ercnc s int clo in .I. 

.p' nt h da. ... u !. bl 
' J di 

... t o.t n . . b·lo a cert· . 
t n d fini t ly rt; uces t 1 t of tnr ..,in form , 

1 iti n to r tly slo i. ~ t : t fact.iv ti n 11 • 
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qu litativ 1y r se ~l 

i_l n t be cit d l.ll d 0 ·1 • 

• 19-..:l)-

rep t , c nfi t, ap ·arent 

ct r ti 

t 

n d~t~ ( p . 19., l bl XX!), 

r• 193, 

a 

,t,l ~tin), C 

16. 

(19561 

i.! 

tr of ~o tum nt i ibit r) d te nes 

th~ _in l thr bin yie d. 

t 

buw it O .c~ S ri tc t 

•st ichio etric 1 • en if .1 • 

fo 

(6, 

factor, 

•., it no d no b 

c nt i. ur 

( th ich und 

t wer de), t 

th C tiny f 

h orl v ry ice , 

t uld b de tr t d. 

r th _in l t 1r 

tp m•, 

.;,. l th 5 

wirabl t ubjc t th"s 

n e t (1937, 1938), citrat d 

fi-

(p. 93 ) ub, ct t er1· feld- iltr i 1 'p . 122 ) nd subsequently 

def rinat- by rm.in C in st tub s in a • t r-

55 o::." t C inu s, e filt tire co rs i_t 

n ... r .par'- fro 5 .. 1 

filt .. · t ,4 H eu235 and .. .... . 
hL c noist si.!PlY of r id r cipit, io with 
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or cet r~cip · t o . 

:ip r i w :·chn-r l -, un1 r uct'on- mp, and • u1c ly 

at -t-t. cut 2u ) of eU er l y 

an ir c 1r ·ent vi o sly P.lied i h t e .. i · f jet 

f • 
i.:> obt ... in d y C ttin up th, r/ 

ha sui bl vclur e ill · W" ter 

(u.au 10 ml p ... r p p r) c 

ube qu ly filt rin • 

p .: C t 

~ sh uld e bout ? . 5 

s t 3t wit (a htuiol r i .• d ca or, ( ri per 

enti bs., .:..1·ooklyn, 1. Y., r c t. 

""'O t bu u: 7. 7 'p. 149 1 or ~i zcl -

buffer , p' : 7.J (p. 97) &r u. .or ... ractin · 

rs. .1.Le fo . r w uso~i 

IV- . 

u !O y the 1 rinci al clotti. <l\Ct ., i 1-typ 

(1 ..!...• + 0.2 ml t r ,bin (b v ne, 

n •a, 2 unit / , • 96 • 

tibrin· gen p. 94 ) • (3 

t t.: 0.2 ml fl:£. + 

0.2 

o- ·tag _cthc p. 103). (,) ;.:..;;:.;;::.;;..;:.;;.::;;.;;.:.;:::.:...:;;;.:;.;;.r. 

stage tho (p. 101). (6) :...;.;.;..;:;;;.;.::...=;;:.::.:;:.....:;~;;.· r cub 

thro bin s scribed 

san, p. 191, • t. 34 (cf . Tab 

,y 11 prove ' 

1 ·cific c -

'C ... ~Ut,V~ ,, for tte 1-.:>t & assays were obtained on norm.al dog 

ox t.ed ilutio.s, ~r. ~r hewn in ·gu e 16. 



R ULi:S: sh in ti.bl IV-_ d IV-_, co,~arinc th 

pr t ro ~it (_r_.) ol ticn ith the r cur or la 

fro ...!E.• 

efibr t d pla - (3,, but, 

la (1), c.t. • 9.3., c., and int .. 

C. • :. 10 0 C • 

, 

liraces • r ot fr (o t n t inv r·a y 

cl t 

h urs. 

i ~· (4,. n t e cit te;:,t, 

r i. 3/4 hr. ut s .,till v rJ 

h nor .1 (loo, ~ a u 254 2- t 

tr C O 

e it. /ml 

16. 

t-

ound in l). rly alf ~:a..; lost in t· e b rk fel iltr,1ti n 

(2) and int t-d 

ere f und int fit l ..£2• 

(cf. vol. c extr ct {10 

is aocuL 2)-29 o the origin 1 .1. 

, 
nl r 10-15 l. • 

4 • , llo: i 0 for 

er p p r), t e ' .. 

prothr bin. 

' ouble 

ry' 

cconvertin: 

1/3 a los 

cri yed a no 1 96 • bout 

erLefeld filt in (2) 

t· eat-de!ibri tion (J). 

ol ticn(4), .1ch, ccrrect for the iluti n, r 

40p •recoverf' oft orig nal ,la~ a r convertin. 

erin: rigin 1 

,.' io w re ·ced o 25 after 

ne 11 itly or 22 ) a t.er t . 

1) n 1 80 ... 

tr ion l2 

t efiori ti n ) • 

( 25 a1) in , olution (41 , c rr teu ... .'or the dil icn, 

t r 

re1 ount 

r presents r· .r bly good 5 

roacc led • 

'recov ry• of tn ri iml pla.., 
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Antit.hro~.bin: 1he test in able XXIV-B shewed this to be e5;:;eutial.ly -
absent. 

m,: Accordin6 to the c.Wsays rer:orted in .... ··q-:t. 34 {pp.191-193 ', 

(dog) ow-ell :vrothrcmbin (1:l) is better t,han a normal (human) 

plasma (1:5) in correcting a 1".nowri PTC deficiency. 'lnese data 

sug)est that the freparat on contains moot of tne ori:inal pl ma 

, TC . 

!!If: wag a16c assayea in f~pt. 34 (pp. 191-192) . It too is p itive, 

but, in!.!£• (1:1) ~as less active t.r,.;.n in 1:10 normal huma.~ 

plasma . The data en these assays nm.st be considered very sigt t'icant . 

CO lCLUSIO ! . Ho-well-type prothrombin preparat.ions are not. only r ch 

in prot.hro::nbin., but also contain significan ... amounts of ~roc0nve,rtin., 

proaccelerin, P'£C and AHF'. The:, lack antithrombin and fibrinoge , 

but~ contain traces of thrombin. These f1nding.,, m.a.y very wel 

explain why- the ld experiments with Howell- type prothrombin gave 

significantly correct a.ruswera to number of basic questions con erning 

the conversion cf prothrombin to thrombin. 

(6,I) QUANTI ATIVE REI. Tll..NSHIP.;, O.F C, L~IUM IN 

E.XFERllIIll~'l' 2J ( 19 56) • T i.BLE YJ. V • 

P I.POSI;. To ,'.\ t.udy the effects of ~creasing calcium concentratil<.;ne 

en the conversion of prot.hrombin to thrombin in dialysed eluate 

(prothromb n + proconvertin), in the pr sence of adequate A.cG and 

tissue thrcmboplastin. 

ME'i'' ,OD. 'l'wo-stage technique, :;im.ilar to that uaea in previous 

experiments • 

•• !.: 0 . 2 ml eluate (No . 127, dialysed)+ 0 . 1 ml i,.ce,s:f (p . 135 ) + 

0 . 5 ml 1Soluplastin 1 + CaC12 (volumes of 0 . 02 M solution cited) 
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imiti.. buff. :3uline to total l1..1 -r.11 vol. 1 1e st.oc!. (aqueous) ~a 12 

solutio:1 .. o. 1 ana all dilutions -were :ade wi h · !r. so.line. 

Clotting-t ~ts: 0.4 ml fibrino ·en \:.og) + 0.2 ral 1adju ted1 a 

{to give c fin l cone .. of 5m Hin th .i:.:. = F t,,..st mi:xtur·e) + 

O. T • .1., test d aft.er successive incuba!.i<.:::. periou • 26°c. 

ltF •. JUl .. ;;, : These are tli ven in J.able , . V. 

DISCUS ..1.C ·• T ,e ~a cone. W'as vc.i.ried tw e. g nd 0.5 rrJ.lli-Hola.r 

in the . . , keepin · the ot,hcr con:, onont!3 con::n,ant .. : e clott.intl 

tests were 11 conduct·""~ at ,1 :fixed (final) ., con<;. cf .5ml.. ...:.e 

efi'ect5 of reducing the Ga. concentr, tion duri."1t, thro:1bin ormation 

wer~ (1) · efinite sl ,~,ing of t e earlier (e.c; . l mi~i.) x ascs 

of act.Lv .... ti n, ut. (2J no sir.;n~.ficant (.;ffect, UJ.:on t. e final thrcmoin 

yield - Lil c.t. end-point.e · ere witnin a few tenths 

of e.11c ether (42. 5±0.J sec.). 

'The ne ;li µ.ble a.ctiv-tion c.r th co.1t cl ( 61 n,'<Jy just bo tn;;, tr~ice 

c;f (pro)thro, .. uin in 1,;he J,cU preparation, , nct.ed oa .1. . 135 • 

To s ... udy the effect o.f ihcrea.sin calcilm concentrations on -
for tr.is reaction . 

• 
129 

In the author's 1938 experiments on this subj ct, 

using iowell-type prot.hrcmbin u.i1d ce, halin as the thrcwboplast.io 

ag nt, tho effects cf tie variable · !ao\mt f calcium ea ri d ov r.· 

into the final tiro~ in-fibrincg~n reaction(.££. ~.t. 2, p.Jl5) 

·ere not cont:-oile • 'his led to o ,.._ jus 

by l.,ot.l ch506, whc• cited teitn uer'n499 c ntroll e ... eri .ent. 

In pts . 23., 24, 25, MJ huve avoided t 1 is error by adjusting 
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the final Ca Cone. in the clotting test ~ixture to a fixed value . 

This is convenientlj done by including a carefully computed additional 

buffered Ca-salt solution with tho fibrinogen just before the final 

clotting test. · 1th high concentrationa of calciw.i in the thrombic 

mixture (T.M.), this r sults, una.voidably, in some excess of Ca in 

all the final tests . However, this is a relatively minor point, 

compared Aitn the control achieved in validating the results or tne 

main experiment. 

lli"THGD . Essentially the same, and with the same reagents, as in 

Expt . 23 , except fort.he increased a.mounts of CaG12• l Mc.lar 

stock (14 .7% CaCl2, 2r12o) wss dissolved in imidazole buff~red 

saline. 

RESULTS: These a.re given in Table XXVI . 

DISCUS IOll. These experiments were very carefully performed with 

excellent reagents and apr;,arent.l.y homogeneous and only sligl'lt.l,y 

opalescent .mixtures . ClCJtting-times were accur3tel,y determined with 

a stop-watch and the end- points were sharp. 1 e results, hoveve , 

show uane unexplained variability, which is considerably more th1i:Ul 

in experiments at lower (calcium) salt concentrations • . e like to 

think our experimental error in clot-timings is well within 10 

;per cent, and in eed, it is usually within a few tenths of a second 

in literally thousands o! tests, in a variety of two-stage systems . 

:ears not quite sure, therefore, whet..~er the variability of the 

end-points (minimal c . t . 's) in Ex.pt. 24 has any real significance. 

cccpting a±lO~ experimental error, the end-points of I-IV were 

all within J6 ± 4 sec., and of V (ut 45 .4n) just a little longer 

than these limits. here was certainly· no verN striking and consistent 
. . 

reduction in the throrabin yield on increasing the Ca in the 'l' •. t .. 
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fro t 25 m. V . The 8 m 1 C lev~l i "' best in t.1·s eries 

( inc:i:~eaning Ca cone . ), '.'i.5 in the dccreasin0 Ga aerie..) o! fable . V. 

hert is, therefora, so,r,e evider,ce of a calcium. optimun :..t .,is 

m f l l . 1tCove tnis level, tbe .• o..:.t conslsi;. .. nt effecto of increasi g 

t .e Ca are tne lon .er c.t. 's in .:.tie one minute ~est, U:.tt .... • i.; 

case (::.>:.pt. 23 in educing th Ca ~ccc. elow t .:s or,tir um 

ln t 5 win. test, howevo!", tnere appe,...rs to be . o:ne sli .,n i:n,Rrove­

nt with increasing Ca . 

C rCLUSI ! . It wo .. ld seem tba.t the ll'ain effect. 1· V;;.ry· n t. 

calciu.m level in our thrc:,bin-fo.r:rdng mixtures is to modify the 

initial rate of ... hromhin f rmation. -ff cts on t .. c final ,.. rcl1'.b1n 

yield are v rJ questionable .:.1.t ·a. levels o.bcve t. 1$ optimum and negli­

ible (if any) at sub- optimal Ca. concentration..). 

'1'0 study the effect::; ol' VilFfine amounts of (..a+i- 'luring 

prothr·- .. in "Ctivaticr, using o..10 g<:rs ,i..Jl ' purifi-d' f,rc .. hr m in, 

in preser ce of tis:..u thrombopla.stin. 

'I'his experiment of the e.uthor•o .: s J.,Ublisned in 1948156 

In retr s .ect, we ,1ere dealine it, a ver-;1 tab e ,·rothr .... in, 

undoubtedly co:ntu.ini ·lg proc.onve rtin, but v ry poor in 1. cG (hence 

the slow ctivation). The propel' seco i _sc c ntrols were inc~ d 

El'W' ; D , ·u~,~3: are gi Vtm in 'l'able XVll . ?ne,; demon trate: 

1) o activation {in 2 hrs . ) in tr .... ~1 '"e ce cf a.dded Ca; 

2) tdOl-,er ~ f activi tion if the \,a c .nc . in th t .rom ic 

r.i.i.xture i::l too low (2; er too i' igh (.4;;); but 

.3) no ff ct on th fini.l (2 hr. 1 thr bin yield, Le. i e,tica.l 

(4 sec . ) llti.nimal c . t . end-poin~s . 

• 
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ihe cited experimental d ta per:n.it. 

ir·mort~ nt conclu5i0ns that: U.e ~ of t.hru"'b.:.n f orxnation t'ro:n 

p t,r bin, in t. e i-r sence o! t ,ro:a.bople.s ti . an 

tors { proconvt.rtir nd . cG) ·l C? _;:;; deten 

:68. 

ticn in t l6 act.iv t ng ( r. .. ) mixtur . ., Teo lit le er too .. •c c l.lcium 

ret rda the thrombin formation, and there i:;; a d fin.it e va-ootimu:n 

at abc;ut O .008 .. , in pr tcin-poor mixture.:: at rH = 7 • .3 and (,) .15 

ienic • trength. l.oweve .. , t e1·e io no evidence t, t.. t t e fi11.~l t 

yi 1 is f.fccted y v r-.tin - t·1c i. a, ~r: th ran 

could ;ean th· t .,..r.y calciUJJ, v n a trace, could co vert p!"othrombin 

to thro bin via the postu:ated 'interr.ediary• (p. 148) and then be 

released ,;ai 1 to convert anothor r.;ortion : t.h pre,thro,bin , 

U · e s i n-exch;mge resinn re u;.) ~d, it .:.s e :tre .ely f.ficult t.o 

be aur tha · 11 t aces of calcium are rc:ncved frvo any plasrn.a 

fr ction, including . rotllJ."'O,'bin. Tt·ere is alw,..-yo t.l,e quastion o 

prcte:in-bound Ca ,in· tr.e poss5. )ilit; 01' so .. e frc C· ++ released in 

~ttaining the equilibria studied by ordbo352• 'rize, 

, t tho so-c · lled 'spcntaneous' a.ct.i v·•t.:.on c ~ .,z-vt .r<>::i,.,i. , e. , • 

(1 in the e.x:.tr:-·i;~.cnt · of :k·~ el1'43J ...,.nd his pu )il ·ex da 7l and 

156 (2) i 1 our mm experience Hith some of these ·1d iith ..:eegers • 

: ... llly purif'ie ''rcthro:::bins are consistent ;iit;, t-h 

cf traces cf c~ contaminant (and, lik wise, traces o: hrc~b pla~tin 

and co-f ctcrs), ~low but .. i,euL' c· tl,, to co:ivert. the • ro~! rombin 

to thr bin by m.echanis s which arc identical in their essential 

natu.re ith th proces:Jen t;oing on in ordliH.ry optimal uctivat.ic:os. 
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of ko i.ng 

cite 146), 

ntns i th or in ry (4 ) r ,fri · rat.o nd r - stin out 

... ity, at t en cf t. 1 p ud tc b 

il t.:.on ri s ( ) w th ounts 

lciU?:1 nd tis .. ..bop tin nc i,cub ced -
ct· tin d ina1. pre hro in 

r. sue a dilution ari t 

ta i ble or .:: -1 ar; .. 
gi l i . 111. 

J. 1 y cl ar ... b identity oft t1ro ic p ~e cies t.., cc s ... ·ve 

di uti r , · h n r ce nl; :..t t 1e hi e t ·1 

r bjec v to re. erin: nt 1 r r. t 

t as as 4 ec . , ccurat ly 

top-watch, r l a C ur oft rombic pot ncy. 

it. ch .... r ri , it :., 1 ccnvicti n 

t to t,r b'n., r ind did ntic 1 . 

It u t b concluded, h r fer , t ra.t · ny 's 

rothr ,bin t tnro , in · y v r;- e ~ b 

1 calcium nd t r c i Vi t r • ...l e rac 
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amounts may be far tco little to analyse . evertheless, given suffi-

cient ti.~e, they may com lete the conversion to a thrombin or potency 

identical with that ordinarily obtained after a short incubation 

period with optimal calcium and other activators . This obviously 

sugbests that t.e calcium and other activators may be used over 

and over again in transforming tbe prothrombin bit- by~bit tc the 

final end product . From one point cf view this type of reaction ma, 

be regarded as •catalytic• . l'his idea ... o..ild seem difficult to apf!ly 

to so simple an ion as Ca.~+, were it not for an ex lanatiou on 

the basis of an 'intermediary' complex, such as .e have argued 

for, on the ba81s of a variety of other experiments . 

,.. , lTLNAL C( 1~ IDEiU1. Tii..; ..S. It is valid to draw f rem the above 

experiment the follo'Wing further conclusions ~ 

1) prothranbin and thrcmbin are remarkably stable protein:3 in the 

absence of any !actors which can alter them. 

2; our purified 3ystem is particularly free £rem inhicitors. It . 

is possible to visualize a lesa pure system, containing anti­

thrombin, for instance, in which very slow conversion of prothrcxnbin 

to thrombin roay be proceeding but with the thrombin being ren:oted, 

as f st as it is .formed, by the <;1-ction of antithrombin . :.iucn a 

system would ;nerel.y shew a gradua.1 loss of the ability of the 

remaining prothrombin to yield the original amount of thrombin~ 

in succesDive samplings tested after the conventional activaticn. 

J) At the dilutions studied, viz . about 1000-2000 t~o-stage 

prothrombin (Seeeers) units/ml, the thrombin formed and in contact 

with the residual still-unaltered prothrombin fer ~eeks or months 

showed no evidence whatsoever either of (a) •autocatalytic• 
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cc vor ion or f (b) any d tructi 

of th prothr ..... mbin y th thr bin (cf. 494). hav re tedly 

ixed fully f o re bin- ct·v ti 

~ activation p 

ystem. 

nd f l d t find y c·el rat 
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with c..'Tlly one xception, n l.1'tl 1 , in t e presenc of 
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4) l'.iit er in' 

(p . 196) • 

tr ces or i lificant s al w 

coul be a tected · 11 8 li hly purifi d prot r 
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exhausti ely in 194$ investigatio 156 rt • 
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DISCUSSION. 

l) initial tests, about 2 hrs. after making up a 0 . 2,~ solution 

(in borate buffer) of the lyophllized prothrombin !!, showed a 

trace of active thrombin estimated to be less than 0.5 per cent 

oi' the total potential thrombin yield (according to dilution ta ts 

given in the cited publication). 

2) the relatively slo~ activations in these 1946 experiments, we 

believe, may var-v well be attributed to lack of sufficient pro­

accelerin. 

3) the 1 min. tests chiefly represent active thrombin in the 

solution, since very little throm.bin will be formed in this very 

short period, under the slow activation conditions noted in (2). 

'!he first test in series (l), therefore, indicates a eonoidera le 

increase in thrombin contaminant spontaneously appearing in tht 

0 
2 months storage at 4 C, in the ice-bcx. 

4) lthough the activation is much slower in (1), with Ca alon•, 

it finally (in 4 days) reaches a stable end-point, c.t. = 3 se . , 

identical with that reached in a courle of hours in the other two 

series . 

5) \.'hi.le this prothrombin solution wn.s unstable in the sense that 

it slowly chapged to thrombin on simple keeping, yet it was am.,.zingly 

stable in the sense of yielding the same potency thrombin and ln 

the same incubation time when activated by Ca and tissue t.hro:nbo­

plastin (2 different preparations) in tests two . onths apart. 

6) Calcium alone gave an identical end- point and it ... ust be conceded 

that thie, although requiring a 4 day incubation, is just as complete 

a thrombin formation. Hence, it must be assumed that the 'purified' 



prothrozibin still contains sigtdi'icun traces of thrombopl si;,ic 

and other necessary activutcrs . 

!f.:HT 28 (1948). 1'ABLZ XXL 

fURPOSR . To study further the stability cf prothrombin, in the 

presence of C. ++ and throm bin. 

l'lJ . 

:=1'H D. Since revi u experiments h d shown th€ v zy slow formtt.tion 

of tbrc·nbin on addition, to hichly purified (Seegers 1 ) prothro b: n, 

of C salt a.lone, it w- s evidsnt that such hrombi...'1 as was sl0111ly 

formed MJ1.!ld havt.J every o. portunit.y ever ever l day., tc, exert aey 

po si le e1-·ect on the still-unalt red prothrombi .• there any 

suei. er .... ·ect it ~culd be expected to show UJ in th f n3.l ( nd-p int) 

clotting-times of -c_st samples removed at · ntervals nd ra. idly 

(with'. l hr.) activated by adaition of ti sue thro bopla~tin • 

.!..d..!.: 15 ml 0.35 re. _! (Ur. ~ieegers' preparati n, a saying 

13,700 uni ts per mg tyro.,ine r. or 2.450 units (2- .,t,age) pe~ . 

of solution) + 5 .nl berate baff. + 1 ml O. lM aC1
2

• 

Test series ( j: 0 . 5 ul 0 . 5; B. F. + 0 . 25 ml diluted T.M., i.e . 

2 + 0 . 25 ml buffer, to serve as control or (B). 

Test series (B): 2. 11 T •• ram ved aft sta. eJ periods nd tre,:.ted 

-with 0 . 2 ml thro .. oplastin (vari us tis:::;ue pr pa1ations), witb 

successiv testi of 0 . 25 ul. samples on 0 . 5 ml B. f. (0.5 .. ), 

until reaching th _ 'nimal clo~tin;- time end-point noted • 

• FSUL'IS: 'fh-Jse aro given in Table XXX. ote that, i, ev ry case, 

no ·itter what th age of the recalcified T .i'. or 't<'hich t pe cf 

t.:ssue tbro boplastin i s used, the (B) series -nd- p into :ere all 

exactly 4 sec. and identical with that r ached z met~~e b t,een 

the Jrd. anrl 8th. day in series (i ) • 



C LU~l .,. Th~s exp riment compl tely f ils to de~onstr te ·n,y 

des ruction or other eff •ct 01· ti1rombin co-exist·. for d· y5 with 

its ori ·i l (partly unch,.n d) prothr bin (£..±_. 494,.. i: ea 
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observ tions ar· iTi,po~tant in ru_in out pcs..,ib'liti s of i.t0rferin 

r acticns in the type ,f },_ er ent relied upon for no t of t. ,e dar. 

in the r en~ inve~tigu ions. 

(6,K) T F\.R (A} THROMBOPiii. i'Iv A D (B) LJ • .:, I IC 

~c'IIVI V ..,u ... D.1 Tbi.l LJ, 

..,yth'H . IC PHOSP i 'ID ~, A 'JD T 

E D\1 
, ( ABLE J., I.) Usin0 i:. •.• c nt· in·n owell-t.110 pro-----

t ro ,bin (cf. Ex1 t. 20, ).158 ), d.ata v;cre bt #in d by t '" author, 

in 1943, on four fr-cic ions obtained bf .. 1·. J. olc , of th l~cck fel er 

168 Institute, ... Y., in the c-furificatlcn of br in ce.h·lin • 

b . f l' . ~· 138 . l rie pre 1l!tl.nar,i .ruenvion , \ e inc u d t .• ese d ,ta i 

h publica icn of' th_ l ransactio.ru, <J th ;, ~con •• ce n 

"Blood Glottin a ct lliea. Disc,rders II o acy Jr. 

144 ·un at.icn • .iney rt. reproduce in - ab e xr I • 11. • • ata 

crncerninc frc;;..cticns, tie percentage r fe rin t y· el n gm. 

per 100 gµ. ori ~ · nal 11ceihalin11 ;d.xture: V = .t'hoaph tidyl et.han 

larane (15~); III = paosp.1c.tidyl nerine {27 ) ; I = inositol hOSP,ha-

tid (22 ) ; IV = nidentifie ·ixture (8· ) • n p rsonal communi-

cations, Dr. , olch .. ta e t 1 ~t III a d I could c nt 

r V ( true ceph·· lin) n I' 11ni.:i.y very wel "tu1~ ou::. tc be ei her 

idontic l wi h or closely rehi.ted to . .icsph t dyl ethunolard.ne 11 • 

'..i.'hus th bio he.i:c·1l criteria. were no full a equ te f r a f'i.."lite 

correlation with the thr()mboplastic activity qu. lita.'tively de· on trated 

by curve y .,~ns.;.tive te.,t.., which a., sho n in the table, detecte 
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uch c ivity i:. · f ur fr· ct· ons, ne of th w 

ot 1t • a k buff rea nsio.1 f cut br in t .ro ,bopl 3tin. 

1or over, 11 the ~r SU~ lied • bro nish 

s of x. osure to • e at., s h re h ·ve lo;;.;v 

co it1 r ble un i' tr · r thromb la t. c ot c . Inco c . ;,.,~_ve 

a~ .ey ~~~,tee t st vert.1e ~ad o e viden ~o i die te 

at t ce 1 b.n b a J,ct nt th:::o .bo.1 sti n 

o r onclus! • w· L .. t: rt 1 r · dvunce in t .~ fi f :r, .o ·pholi id 

ch try. 

uthor ha 

· ho h t·d s. "1e a 

( . BU: ; Il). For • 

the pr c in6 t t syst 

J ice_nnlin) ass 

h V b 

st,, ied by coll a u r., rs. C. 

pr.., re 

1d rson a 

t f · ye 

or 

1ioc e.n t ·.r De1 • t. nt a.., 1e niv rsity of • orth arolin • 

r por ... c the 1953 nnual mo tin· of he fort.. arc in 

t ' 

elllJ of 

Sc.: . ce record d the .finding of neith r such ctivL.y in t. es ing 

5, !'able ' .1.e:.>t n o her 

C rr t rialo t_d, stores ~t, ~u T·ble XXX 

. . ur wo- thcd l!I) tee mqu~, r vicusl. des-

C i d ( 104) • ev ral dog • lu .... tes 1 (p. 126) re r d f r 

se in s. a. lv cG (1: ), see .101, a a .. in l 

b ... tc 1, th 1 · tundard' (clo brain) c , · l n (p. 127 ) • he 

'un now s' er suppli d to u~ id nt fed n d n b r, arid 

11 aJu <> nly t scri_ ive. o us 'J. our 

the (t m rar1 c nclusfon of t ,e e i v t 

crit ri e4 us d for +or - ) o act·v y. 



(a)++H- : nd-. int clot'ti .... -t · e~ o ... < 20 - J 

quiv l ·nt tv > lJ y /ml ob". lned i. incub on 
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c. (·t ?5 ± 3°,), 

ricds o <l - 3 

in. 

(b) ± E.ght nt anc m ·nt of th d. ceph., b t n igni c nt 

tl rombo 1 stic c · vi y a o .. ~. 

(C) ---: -time, in .;>O ., 
( 50 y /ml) co- d ti n, OJ. c • 5 n., • • e nt~ lly co 1 te 

i ibit· n. 

(d - -: n -p ... n ( r. iucub . ) c. • of .3 - 5 

( ) --: -p¥ nt ( .... r. inc . c. . f 2 - 3 n. 

{f) -: C~lci.-p int ( .. hr. in u . ) I! . • of - 2 r~. (<O .lyJ 

DI ~1., h JI 1 
( r f. ble X I). ig . .:fie t f' ,d.L. 6 , t.O d , 

lin"', co tainin"" o. ly 

e. ,. (te< t l, .l, ~) 1, 2- · .,t 2- ·1 lmito_ ; or 1., .'.3 

h S},h t.i' tha ol ni:ies ( 1 ' in t.' ri t t o, 

n • /3' typ i t t .ir{), r ... devcid oft 

r _.., con' rms e rlier d .... tu by . .rru . n '~:mr·· 

263 

la tic activi 

r.202 n b Shi.ma 

nd .. ,uz 11 

ci~s are curren ly under w·y, but not ;et ~vai~ ble or re en a­

t on ·n this th sis. 

J a ty ical •· c t 1 1 pho<1ph t de, ut ag n ·.:t o l. ~ tur e 

:at ... y 1- - OS , • t. 1- '~ .a. l :U.. 

(t st 2), (p. l?S), ~ i , rt i u thr .bi 

so is t.he corr p ndi g v lm · tal-com und te~, t _), exc ... ! r 

extr mely ubt 1 ±. 

r 
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4) -a e 1-p os 1atidyl-e·. ol n ( ea 2), 

85-9 -~s·y a quit inhibitory tic). 

'h·s entifica.tion of 

.ast n. ~ev r, n t 

ied, i ( .. e.,t 1 loot h inhib t r7 P- ot :-t ·es. 

5) 11 forts run do u t e al i io'tor 

quiv cal a er t' at it wa~ r siduul ir. _. cthi:;r t ace 

o th· th£r llquord (t ~s - g). on the ossi le o -

0 n s hie. co ld at ally b ictent.'f ed., urne ut t 

igni!icanu eff ·cts 1. 1 our t a ere unabl 0 6\ g,., St 

·ts true .... 1 . ract: of .( 'b.:tor in tne " 4 . ..L 

u ·na.t n s (.traction I, t t ll in p ·opar .n t al. t 1 

ce -li i • . ct e_ tr c c 

ga only then gl· ble ± test. 

(IT), t.., 1§, .. o· v r, 

omo of he t c !ruction 

(t t · ncr a5ed inhibit .1 ihen ed o k to th 

.ur ... i d phu 

fr t e - f.,:ort , n l.Y, that 

C n ntu (2 - =., not 12) 0 

f S of th_ leov 'ctiv O l 

bet demc., · L , lJ!) b,,. ctua 

.!.. s inhibit.o y 1r ·ticn. 

mixtur s sug st po 'b synergis • 

.es ne efiort to identify 

n (b antiti ro .bo ] stic lipid ·s , vi th 

rganic c emis r7, ure sill v ry preli 

concl ion-tat! 

r,r • 

t e . ost i n~:tic nt 

' 
' xing t c 

it.'on t. e 

) t.:.ro oplastic l!i id( 

of s . hetic 

hey de 1 ~ o the 
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1) the et.nanolamine base is not t.he i--r1mary determinant of t.rqm.bo­

plustic ac ivlty; 

2) know1 ce*ialins, containing saturated futty acids, only., are 

inactive whether in the Ol or f3 form • 

.3) acetal pho.,ph"'tides do not have either thromboplastic er 

anti-thrombopl-otic activity, a.,sccia.ted with th..,ir aceta.l structure. 

4) , nyt ing more t a.n t.nis i.5 speculative at t.ie r se t. til...e. Thus, 

5) it is merely a tentative hypothesis, but not ;et superceded; 

t at tbe physiclo.!:',ic· 1 thrombopla ... tic li ld must. be, eit.har (a 

a true ce alin of some. sr,ecific type (? contnim .. nt unsaturated 

:ratty acids)., or (b) a contaminant., or., po sibly (c I so .e . ei.abollc 

bf-product., of the kno,,n cephalin group of t- csi;hatides. 

Hence this thesis will r;:;st with t .e current status of t. is fiel 

of knowledge and continue to i~entify the thrombv la,, tic (phospho) 

lipid(o) as cephalin(s J, for want of a b tter · orkin hyi:,ot.hesi • 

ADD UXJM. Dr. K. • Brinkhous kindly supplied us wi..h a few illi6 rwns 

of Dr . E. Baer'.; ((;onnaught Labs., Toronto) synthetic prei: ra.ti...,1128129 

of 1 1 2-di.m.yristoyl-phosEh~tiqyl- CC.-eth&nolamine ( 1.X'), with whia 1 

our Pathology De artm.e.nt collcagues282 had re_orted a feeble 

thrombo1,laat-ic action. In our routine tests, a thrombic-mixture:., 

which ave a minimal clotting-time of a negli ible 22 ninutes 

(over 1 hr. incubation), was able to give only a 6 in. c.t. 

it.h 2.0 ra1 of 0.1.,; suspension of 'X', an·:l oarely improved t,o 

about 4..E• c.t. with 2.0 ml of 'X' {per 5 ml 'I'.,.). me:; are 

negligible results and pQint only to the ost. minute trace of so ... ethin_ 

th t can hardly be re6 arded a3 thromboplastic. e must conclude, 

therefore, that. this com;ound., like our own and others202, 26.3, is 

essentially devoid cf true thromboplastic properties. 
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(6,L) IO S 0 

• 

SC 00 of io 

T. : 4 , P• 161) + 0.5 Cl2 (0.05 .eq .. ) 

:t (varied; . ) + 0 2S diSt. 

heparin (0. 5 ., quiv. to 55 Toronto ta) . 

n (p. 1) U~L.l..~.!::~~ 127>, 1ooy - s u. 'l' •• ; 

2) __ _ ubbit ion). ;par 

by 'Dr. A. J. "ck. sent solution 

. tein: 104 11 incl. 4.6 , . 
• 

, ck•... throt'lbo tin vi alcohol-

00 -Od 

I dried, rep in 1:10,000 ion. 

D110SP111tilip1d, or 

h) cryovg,,:.'1~.,,,. .... ~__._..125y : a ropnr tl.On kindly suppli by 

ke.toll Institute 

incub 

(p.146 ) . 

i-"1 'l' lo : . Ill. 
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DI USSI • 

ha C 

cof ctor ( e ter) · h arin ··113' 

par tion. :1th 

Gparin 

rov d co il.e l inhibioory t ( test 2) and 

to tion (test ) 

t e mllt o test 6 

ed. 

i,,J • 

t: 

ef£ect upon • tis 

s 

tis 

inhibition by h 

(at U "') for 3 days, n.ding analyses 

di.st tly . o potent than its equi 

,;;;;EXPERTI;;;;..;;,;;.;;;;;.;;;;;.;.;;..::....O (191.:l.) • T LE ~ 

UR 

inhibi 

• 

t 

in. 

t of 

i.>J.g. 

ept '.'Ul the l min. 

t in 

:bo 1 stin in ho very 

n (5) t pt 

.,.. tion f (3)., it ;as 

ids. 

• -
technique to 

UUU=.L..1.-type prot! ( . 161 ) . 

zen dog ain. 

C : 0.1 • - . 5 dilu • • in e in' ught • 

( oronto) ep ation., kindly ey of • c. • 

... t . Stoc...: lutio, in scl" at pH: 7.5, o. l 

110 Toronto ts. 

agent a C alb obtained by recipi t ting 

citrated do las between 50 and 100 r co. t saturation dth (t )2so4., 

f solution in 
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0. 25 

tio . • 

t : 7.5. 
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cofactor ( or i.t o., in (1)) + o.!; 

C ~ .... 7 .'5'c ~void 

'l. L . 

( • 146) + .5 

(60 . ) 

R ULT • 

DISCU ~ro~. 

elo tin 

5, 6, , 8 

• te 

• (l.h 

.......,,.,....... ,:L"l, o •• e., .. gli ib:te 

t fully ormed ........ ,.an ... •)in ( 6) but did · bi... thrn in 

fo (2) i t: car y p 

(b) 

the 1 

It i , 

(3) . 

1i 

(c) 

L..--ular co£ ctor {'albumin') ws ~ sl · tly inhibi cy to 

• (1), test. 7, m to later ~J.u-. . ..,1;;v 

, sligl :tJ.y holpi"ul to t .. e of acti v tion in 

nts f have found oi 

little aid in i..ffe in dth 

little ·n the way of antithrombic action. 

eo£a r:, rose t n crud cl 

fore, .'.,...,, .. ,1.1,~ ..,o ricr .... a.cc th in.l-tibi.tory ett ,Ct O! a.,,,,.,., • ..-. 

ion even offoc e.!ter .ruu 
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throm~..i..n .formation are at.most negligible. 

t...'1at cofactor is needed £or the action of opnri~"'l in !)reventing ~, 

activation, a..'1d this phonomenon is distinct fi-o:::i. the established 

ru tithrombic action of heparin + cof ctor,, which is ex.err.ad upon !'illy 

£omed throtfuin. 

ADDE!!D-A. (!) .. Bri.nkhous., Smitr., 'har.nor, and oeegers 67, in 1939, 

proaented the f:irat evidence that a scrum cofactor ie needai:l for b P6,rin 

to prevent the con.version 0£ prothro,:l.bin to tbrombin.. Their data ey be 

briei'.ly ~ CV"l.Atrod. One 0£ Secgors • 435 e~ ]:y purified prothrombin 

and rabbii; brain t.hrom'bopla.stin and : ractically ns much (343 units} 

when hepari.."l uis also added. With hopari.1.1 12;tus serura ( co!aetor), 

thro:r.:bb. ormation was blocked and a.lnost all i,he proti..'lroz;ibin rem nod 

migad £or tuo houra. With the scrum alone, all bu.t 52 units o 

This cxperil'lle t shaw"B incidentally th t serui"n. anti thror-..bin cts only 

on fully formed thromb 

oboorvatiorild fact. It is e~rtain., however, that the two hour ine ... 

bation period - 1:s S..."V effect :hich the heparin and serum, alone, 

!?light have on the rate of thrombin forl ation.. Bec.-...use of' this doubt, -
w performed the 1941 e:q)eriment l5la cit-~d above which, v 

established the validity ot the Iatra workers• c-o."1.clusion 

reasonable question, besides adding so·110 new information as to whn: u 
goit1g on during tho ,.ctivation period. 

(II) The ttnnti 11.ro .. ibic" act~9n of hc;;:arin + co.1.actor: ua · st ohcerved " -

in 'the ori0 :L~ oxperit'lelrvS of Ho ·,ell a"ld Holt 2J.a. Quick 382 fOUl;ld 

the coi'actor to t ~, associll.tecl idth the al.bumin, rather thm t e gl bulin, 
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in crude plillz,a rr~ ctio:-JJ. Astrup 20 has reviewed tho heparin .studies 

nado i..'1 the ~arlsberg Founde.tion Labo ~atorios (C penhage.2 .. ), inclu: ·· 

a 1939 confir t.:on o! the Iowa discovery {above) ar,..d an inpp!"tc.nt 

s ggestion 21
1c
22 that ..... .. "the co-fact r necessary for turning heparin 

dn, w~ ·ch w have called •tr..rombi."l coinhibitor•, is 

a far more delicate substance th .. :. hitherto as8umed. t o.:isappea.ra from 

plas .. m duri.?16 clotting and is there.i'or,3 not .found :L'1 -c:, • um, moth~ 

repm"ed by" addition of thrombin., by sponta'leou:s cloGti."lg or b"J roo"p.1-

ci.fication. It is further inactivated co plotely by he tinz to $6°0 

for 5 ni...'1Utcs • 

(III) . Since t'c topic of th:i.s thesis is rinarilJr designed to explore 

t:e cl.Otting :i'unctionv of certain lipids (e . g. cephalin) and compl 

at.3rials (thro 1boplnf..tin) in uhich they oceu.r, axperi: len: s with h 

are relovant . n they doal with antithro:iboplastic inhibitions o! the - . 

thro:!!.bi...11-;;.or. · ne re~cticn. To go into ''1tithrombic actions however., 

uould una.uly extend our enquiry. e shall, the!'ci'ore, o.dt some 

ot1erwise valuable exper.ironts., e. g. (1) on heparin+ cof ctor as 

·entitr>.ror:ibin 131 a 1d (2) some unpublished data., cor,.£:i.rr.-..a.tor., of ~ 

a.'1d ~ 1mg 22, which show., by a dif.fore""}_t t-~od., that se...'l"'\ml is de.void 

or heparil cofactor, but because or p!--ogressive recioval of d thi"Or"J>in 

by t: cl.a.s..,.2cal erum anti tr~bin (Astr..1p 20), this tr,ro.abin bec001ea 

so ~ ak in tho erum mi.."ld;ures that, is nou Ver"'.f ser..sitive to tho i..m ate 

i..~ibitory Action o:f heparin in an e!i'ec"t; irhich requires no cof'ac · 

PurtPOSE. To · onntrat,e that the node of ac~ion o:f p.eparin in de- ing 

"'- - conversion of nrot.1".rombi..'1 to ti'L o:rr:bin is '.a.."'!t:i-t. r.:imbo lastic' ;in 

nature. 
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FORE' 0 ~u. L"l the previoool.y cited 1941 public 1.1ion 
151\ the aut~r 

(with Dr. A. J . Glazko) activated Howell prothromb:in with Ga and tissue 
tbronbopla:::t:L"l (in 1/1., 1/2 ••• l/32 dilutio.ta) with and without l1epa:rir:i. 

The significant observatiQn in the her.iarin experilrl8Ilts was that too rate -of thrombin formation was d.elqed by the heparin the more, the weaker the 
thrornboplastin. The final thro:ubin zields ( end-poi.tit c. t . 's) were 
ea88.'ltially similar, however. 

Another e,:per:L-ne.nt lS6 performed about 1948 with one of Seegere 1 

purified f'ibri.'1o;;ena, essentially confirmed the earlier .findi:ng and was 
especially convi...11eing becauae of the adequate controls. This will be 

reproduced, as follows: 

IB"l'HOD. Two-stage test:ing ot pl"Qthro. ibin activation by :nethod 

assent~ similar to preceding exper:L~e.."lts. 

T. r . : 4 m1 Pro. E. (ref. i.56) + o.5 ml borate buf'.ter (p. 149)., in -
control (1)1 ar 0.5 ml heparin (100 units) :in aeries (2)1 + 0. 2.5 ml tpln. ~ 
(rabbit bra:L"1, Squibb's, 0. 25%) + 0. 25 ml 0.1 A CtJ.C12. 25 ! 2cc. 
ClottiP~ tests: Cl;!) 0. 25 T. H. (1) + 0. 25 buff. + O. $ B. F., l$ (p. 95) . 

(lb) 0.25 T. ·• (l) + 0. 25 hep. (10 unit)+ o.5 B. ¥., 1%. -
(2) 0.25 T. ~. (2) + 0. 25 buff. + 0.5 B. F. , 1%. 

RESUL'rS: 'fhese are shmm in Table IDV. 

DISCUSSior. The da ca sho-w i 

1) complete activation to 4 sec. end-point in 8 hrs., in (l!,}, witµ 

co. lete stability of thronJbin :for a week thereafter. 
2) some inhibition of the tully formed throl?lbi."l by the beparin, aa 

sliotm in (l_) . This ia v~ slight, a mere 1/2 sec. (real) dii'.t"erence_. 
after cornpietion of the T. 11. activation. The small.er amounts 
throinbin in the earlier phases of activation are more signi.:t:icai;itl.1' 
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i'undarr.e.."1.tal role i physiologicul throrabi.n for.nation. 

:a a.1"e end crvoring in th.is thesis io draw only those conclusions that 

a..'1"'0 • 11-sup . rte by m::perirnental fact and uish to avoid theoreti al 

specul tion aa nr~l a.a possible. In the hepari:l: pro bl . s, 

on inseeur · gro1..1.nd ~".td tr~ t"ollouing o-.restio s are vcrry tonte:!;.i.vo., but 

m;:r:y be "orth rese ting as a !JOSSible lead .for future iuve ... ..,i.:::.atio • 

F..cparin (tti.th its sul.:f.'a.ric acid r. oities) a.'ld cephali:n (with its p sphoric 

acid g:rou9a) are both acidic substa."1cc known c.npab.le o.r combinin" th 

proteins ar.d b ~c rotein split produc · s Sl,.eh as p.rot.ain.i..11e (Chm-gaff and 

80 
Olson) • .lay it not be possible, therefore, that t'- nore cidic 

hepa..-:1.n cru. bloc~ or displace the o.ssentiru. tJ:iro,r.boplastic phospha:t/.ide 

.f'ron ecrt.:dn . otein comb:L'"lntions which a.ro nomall.y essential for the 

P•lipid t,;0 participn.te in the proeem;; of. th:rvr1bin formation {proth:rombin 

acti·vation) ? ifay it not further be _ stulated. that the cophal.il. is 

thereby devlat to so,!le other protein, say, .... he co.factor altered 

{? ~a.e rocept:ve) by the action of h pa.rin? This could e .. lai..11 tne 

•an.tithro-n.bopl· t~c • action of hopari"~"l. 1'he •antithrombic ' actio:n~ 

in somew-'£1.at. siml~ t,a.vmer, could be a deviation of ·t..'lrcmbil to s , ,.,, 

co.factor + hepar· co.,-rpl.ex (Astr ...... a"'ld li.ng•s 22 •thrombin inhibitor• ) 

which, ac rdi.."l to li'itzgeraJ.d and ~aur)l (cited p . 51), functio~1S aa 

SO:ilC at ...,-pccia.1 tyr:ie o.f ll.'1.ti thromb· :n. 

(6,M) T'RR ·:rroP STIC }filgzYL:1S l'N REI.A'.rIOJ TO '1IlROLBll lfO Ill.TIO 1 Bl 

THR ''BO '! \STI'1 LIPOIDS A1ID (?} LI:POPHOTE ~s. 

F R&WORD. 19.39 DATA. The •t..1tro-mboplastie 1 action of c 3 1Jtalline 

_ ancrcatic TnYPSU tras ie£ly reviewed o . p . 42, and 

ctridenee of this hcna.-nenon ,,as incidentally in.eluded in t . 4 (p. 118) 

~.,, Tablo V (on co pletely platelet ... f'i-•ce plasn.a) and in r-:xpt. 29 ( .. 179) 



and Tabl XXXIII ( on heparinizcd thro .. ~bin-i'crm:i.:,,-1g woter11S, i.'l 'Whic 

trypsin was aubstitutod £or tissue thromboplastin), ::-:ruch a. Eagle 

(cited p. 42) had substituted :it .for Ca + platelets. ·~e shell oot 

cite the experimental details., but nierely refer to the conclusions 0£ 

our oarly ork l50,l49,l.36 viz. 

l} trypsin ca..'l clot oxal.ated or citrated plasma a.'1.d activate (Howell­

type) prothrombin, even in the absence of added ealcimn and c phalin. 

2) sufficient excess of the decalcifying anticoagulants can prav nt 

these actions o.f trypsin .• 

3) added calciwi, a."ld, even bettor-, Ca + cephali.? 0Teatly e..1"1hanco the 

effects of trypsin. llenee, 

4) t.:e author1 s (uith -:rs. Betty .;ims Erickson's) 1939 co~ clusio 149 

that trypsi."1 is not a throraboplastic a.gent in its mm right (as 

Eagle and Harrie 112 erroneously concluded)., but merely makea ca++ 

a"ld 'free• cephalin a-va.ilable for the prothroz.:bi.'1 a.cti vatio , pre­

surn.a.bly by releasing the."'il i'ror;: otherwise inert protein com.bi.nations. 

~s. Erickson a..'ld the author wore nsver quite able to provido the 

convincing proof for this attractive theory- ~ d such is still 

unavailable. I-Iowever., a 1948 exparimentJ: with B. L. Travis 

"" . B. Gerheim ( graduate stude.11ts), ref. 156 
1 did scoo1 to add some 

new evidence on the need for both calcium and throobopl.a.stin in 

order to obtain the actions of trypsin in tbrolnbin formation. 1'hese 

experiments, thero!ore, will be recapitulated: 

EXPillmE! .32 (19.48) . Figure 17 . 

·+ PURPOS. To demonstrate the need for Ca ... and thromboplastin i.'1. t trypsin• 

activation · of pu.."'1.fied prothramb1n. 

REAGJfiTS. Pro. c. (ref. 156), purified by Dr. W. I. Seegers, 0 . 3,,., solution. 
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'£ri--P. : Crystalline tcypsin, prepared by 1'r. • Kuni tz 323 
1 40 u.'lits/ml . 

1Jcln., A. : Squibb's rabbit. brru.n thromboplsstin., 0 . 25% suspension. 

£_: 0 . 1 i' ~ · 

1'. M. ( tbrombic mixt"Urea) : -
(I) 4 ml Pro. + 0.75 ml borate buff. (p. 149) + 0. 2$ ml Ca; 

(II) h • + 0. 25 ol bu££ + 0.5 ml trypa + 0 . 25 nl Ca; 

(III) 4 :ii. • • o.5 ml bu!£. + 0. 25 ml tpln. !.• + 0 . 2$ ml ca; 

(IV) 4 ml Pro. * o • .5 ml tryp . + 0. 2.5 r:"l tpln • ...! + 0. 25 ml ca. 
Clotting tests: at 2;.;0c., on o., ru n. I•'.. (p. 95) + 0 . 2.5 ml T~ n ... after 

succ S.:.>iW incubation ti."lles (i. t . ) . 

Tbrombin 'E;;rcental;fe,s•: were obtained by comp~g the observ c otting­

times with a dilution series 0£ nia:x:ir:lally activated ( 24 hr~) T. M. III .• 

'l'he dilution dat are plot.ted as 1000 :.. c . t . (sec . ) in the dot to tune . 
of Figure 17. 

RES~:i.:S: ere depicted graphically i."'l :i.g. 17 originally publish 

in the A.7lll. N. Y. ,cad. Sci • ., 1948. Note tl e follawi..ng: 

l} ca, alone., p:roducos a very slO"..r activation, eoraplete in 50 hr .. 

2) Tcypo:L'1, 't-Jith ee, is not signif'icantl.J' better. 

3) Ca. + tpln. gives adequate proti".rombit1 conversionJt but is rath 

slow under tl e particular eJq?er:ime:'ltal conditions (? laek of AcO) 

being about 50% cor:plete in 4 hrs .. a."ld 100:t in about 24 hrs. 

4) Trypsi.11 eign:i!icantly improves the Ca + tpln .. ., ca.usin the 

to <JVer 9<Y,6 complete within l hr. and dalqed (l&-16 h! .. ) orey 

in the pe.."lultimate eta.gos. 

c01rorus10:. Tryp in does not act alono or with calcium. only, but require 

a source o! thro~boplastie agent. With this further addition, the err..zyrr.o 

has a signL~cant etf ect 1n accelerat.;..."lg the thrombin-i'oming reactions •. 
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sentially similar to t . 32, :lncluding computatio: o:f: 

'perce t es• (of ~ · :!al activation) . 

·~ ENTS. • n. (re.f. 156>, another Ol • ors• purified borlne 

prothr~"Tl.bins, o.2% solution. 

. • • al.ine mispensio ( decanted) .:i. roz n dog br · (p. 180 ), 

o. .. 

Tql?• : S o crystalli e trypsin, 40 units/ml . 

T. : ... r.: contain 4 ml Pro. ~ + stated a:nounts of activ tors + borate 

buff. to .. tel 5 ml vol. 

0. 5 ml • F. (1) 0. 2$ iJ. T ••• , . ub~ d s s ted. 

25"c. 
.1.ESULTS: 

DISCU IOi • 

--ivon as 'percent \'.C • ctivation · ble w ·1. 

l) wit ca.., o. ly, activation s veey .,low and ,. sur ble nly 

1-3 • ., but is complete (1ooi) 1n 48 hrs . 

2) with trypsin, alone., activation i slow a.nd poor., with best th.rombin 

yield (2 ) in 6 hrs. The decline., ther 

possibl t \?"O tbinolytic action of trypsin • 

r, points to 

.3) li:..,h. Ca + trypsin., a fairly t:.,Ood activatio is note wi h l 

completion in 3 ir • 

4) with Ca+ t.pln • ., at th higher concentration, gave go throribin 

formation, co::rplet in 30 min. This w used as the ref Areoo~ 

$) m,th , .. <;: + t in., (1./3) conce."'ltr tion., as ch poorer 
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ad required as long as (I), iz. 48 hr., . , to ac 10()%. 

6) r.ith Ca + t.pln. {l/.3 s,:,r. ) + tr., s:L~, cti tion 1 ~ muc_ 

ro d, and complete in .3 hrs. Io m r, tliis is only a. ll.., tle 

bottcr, int arlier stags, L'1 (m). 

co rctusro. s ( . ts. 32; 33) . Both t e cited el:-per; nts prove th t th 

( cc rati."!g) ffe t o t.."7PSi..'1 ,_ _ t 10 eo A er on of' 

'Puri i$d' ro 

a.ct1 ... t.ors., 

ds po t e pr se lC of ot 

ly calcium end l orr.bop s ti.'1. It i part-" cularly when 

quate nd the thrombopl3 ti.."l sub-optir.lal.1 that tcypsin the ci io 

(experi.'Uelltally) 'ows its :most -~ked effects. It nuw be further 

concl od.1 v5. th so slight reservations becau e of th lae ( and 

in t.-perable dif1ic11lty in obtaining) e ct evide ce, that these higilly 

puri.fie_ prothro!!lbins still c ntain tracea of ctivator uritie . 

The differences in the results of the two experirlents, vhile sligh, 

~ e significant ~uggastive evide..'lce that (l) ro. C {Expt. 32) contains 

i.~uf :_ci t trace 0£ thro "boplastin for the tcypsin to nythipg 

or ff ect {by and large) 0£ added calci whereas 

(2) ... o. !!.• (Expt. 33) contains suffic nt tr ces of so e thrombo laotin 

it'lpurity or trypsin to exert vo1"'3' di finit of.feet with c~. 

.turth ·uo. of t (1/3 str. ) t ln. g. doesn•t dd 

pQStul tod t :iboplo.., l.n contaminant., SO that its 

gives little tter uctiv~tion tl i: {III). 

AD .. Tiles , o er .... tudie... in the cited p 156 r , give ... 

ne11 "'igh" into t possi le · gni.f'icruico of •trac contaminants• :in 

even the beot , _ ern prothro.-nbin prop tio_ • It is rhap , nf'o:rtu;i ate, 

• gers . ever seen fit to report on Iicro-calci ( peetro~ 

scopic) and P-lipid analyses of his prot mbin pr ar tio s, but .-::el"ely 
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to BLsert ( "th reaso able pride) th ir 'purity• on the basi ... of poi:.ency., 

per "•.·,,,..to, o.t rotein (or tyrosi. J) . 

(6,ll) H T 'iBI ! 

·:oru· 1.'.i'IO • • 

ca.ilS thr ,moplastic fu ction, particularly o lntelets, is 

beliav. to ass iated with a th: . boplust-' generating rec..ct.ion 

(pp. 80 e s _. ) PTC, fl , , pro oth r !actors or 

involv d., the foll01-1ing C d ' e. .. s ys .. ere per or · d: 

1T 34 (1956) . ABLE XX ,VII. ,_;,;;;.,,;;;.;;;;;;.;;;.;.;..;;....::.;:.,;.. 

o st for PC and i (I) Di ed el.uat (p. 126)1 

(I I) H u ... cype thrombin (p. 161}, and {III) Dr. R. H. • agner •\.l 
488 

'pur.'...fied• (antihemophilic eJ.obulin, • 1.37), using (IV) a r 1al 

hUI pl (n.c.~. ) as the f ctor control. 

mTH • Uses th spocL..t."j_c one- ::rtage prothrombin "3B ~ (p. 100) to 

test the improVC!"'£nt, over salin.e ( substrat~ control: 0), or the 

prothrombi.,.1 cons ~- tion of recalc:!.fied substr te p1 aa (R. J . : Pre ... 

defici t 294; .B .. : A c!'icient 1 ' 2; h clinical ca s) . 

TEST: 0 . 2 nl recal.cified with Q. 2 ml 

tar l hr. in the cas f tho · 

the c · oft e C te"'t"' (s Discussion), 0.05 

s on (l) 

sts., after 1 hr. 

r 0.1 r • 

• 1- tago 

2) ths 

' Scrtll!l r oxal.at.i.a d c~nt .. ifugati.o (to remove clot) . 

of • 'ditives• e specified in Table .CXXVII . 

..;i.ULTS. le JCC':vII :ves the experiment 

Using reference eurv; .. s., similar to those illus rated in Figure 16 (I) 

pl , t1.o 
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d into the cited 1-s , c:o ting-tii e"' (c.t., at ~ 0 0) 

prothronbr. (pr<>.) alues, e;i:pr s ce..'1. o these no .. 9.l otru dards. 

on m uticn (%} (j;) 
l 100. 

'loo PTC control (O) sho ed • clotting d.thin 30 

whereas ell t e additives caused clotting wall ti.thin that period. At 

the t::1.r.e of hese t stw., our su str:::.te ubjcct ( .J.) did show 

consu.-:1ptio of protbrombin., but gave signi.ficru t assays whe.'l the incuba.­

tio. s were restricted to .; hr. n. J. also presented another sommrhat 

complicating bl min that he had a small a.t!Ount of :inhi itor {anti-

c 294.,152 
1 • This made his plllS!,'lll less sensitive in our assays, but 

still servic able, as th results indicate. 

T e AHF control s ,.~~eel a trace of clot in 22 in • ., whereas the 

additi es caused od clotting in le.., tha.n 220 sec. The 10% (l hr.) 

prothrol bin co + tion in the A.HF control (O) is a oovere deficiency. 

All the· t.erials tested shouod the pre"ence of both PrC an 

varying de • 

CO; ,WSIO.'S. Our 1prot~bin• reagents, bot.11 (I) eluate and (Tl) roll-

type prothro:r..b • a quite rich in } • Th<T.f also conta:i.n sign:ifica.nt 

a."'OOunts o ·~ about the e in tha eluate .l11d i...'l'l the Howell prothrombin. 

In the case of the eluate, this nust ean that Do. e AHG is co-adsorbod 

on t.ie and resists tho distilled ·rrator washings (p. 126). he 

tra.oos ot P1'C in the •purified' Af!G may be due to tho use or Al(OH)3 
in the reli.ninary plas?:l adsorption. This is not quite as e.ffective 

as BaS04 in removing FTC. That tho detected amounts of PTC ;rare only 

ces evident fron consideration of the coDCentration oft 

tested { ~)., In the , liG assays a 0. 001 AID tion g ve 
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identic coIToctin as 1 :10 no al plas ,. w ·· ch in icat about a 

hundr~dfol co ccntr tion of · in the stock AID solution. 

• ter other PTC-de.fici t case (I •• ) pro..,ented the oppor ... 

tunity or re-t sti."'l of the f owell prothrombin ru t 1e JG prenaratio • 

This substra.i.,c, i. th control ( O), s ed. a jf- protbromb conmr.,._ 

tion · . hr. t 37°c. A l :10 normal nla.sna ( • • • , p. 191 } co cted 

AfiO {l ,) gave 96%, ~ the owel.l othro lbin 

100 • .1his ~ excello."lt c nfi .. ation of t t . 3 dat , on a."'l 

.ib to free str~te. It defi.9litely confirms tra of P'i'C 

con'ta"ninant n t e , iF ,ropar tion. 
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7. TESTING OF CLOiTING FACTOPJ> IN BLOOD LATELETS. 

The clotting factors il1 blood platelets are reviewed on pp. 74-89. 

T'w following e:r.per:i:ment.s contai.'1. sorJe new information., besides coi;rl:'irming 

SOtJ,e previoualy ostablished facts . Tests on the enz , c a"'d anti-

enzyr-.i.e preparations used will he deferred to a separate section (p. 209), 

£ollowing the th:rombin-formation experiments. 

(7 , A} T IROMOOPL.A..,TIC ACTION OF PLATELETS. POTElITIA'tIO r BY {a) ml 

and (b) TRYPSIN. 

EXPERIHEI;T 35 (1956) . TABLE XXXVIII . 

PURPOSE. To study the tnrom.boplastic action o;f platelets, and the 

modifying ef:fects of added (a) &."ltillernophilic globulin (AID) and 

(b) trypsin. 

JIBTHOD. The two-staee procedure on dialysed eluate (soe Table VI) 

as repeatedly used :L11 previous e:xpor:inents. 

REAGENTS. Eluate (lio. 127), dialysed, as previously described (p. 126 ) . 

AHG: Dr. R. H. fagner •a 
488 , .. -1.lrified' preparation of lay 91 1956 -

de:lcribed on P• 137 • 

!2l!•: 2% trypsin (Fairchild Bros. & Foster, N. Y. ) in glycerol­

borate buffer (equal vols. ) prepared Jan. 5, 19h5 (I ) a.11d l';.'i;ored in 

refrigerator a.t 4°c. Dil. 1:100, w.ith imid. buff. sa.1., be'f'ore use. 

Its proteolytic activity was tested in Expt. 44 (p. 209 ) . 

Plat . : 10:x 'W'aShed., frozen and thmrod dog platelets prepared Oct. -
1952 ( I ) a.'1d .frozen-stored at -20°c . 

T. M. : 5 ml d.xtures., in i.mida.zole-buff .... red naline, containing o.1 ml -
eluate, 0 .1 ml AcG (l:5 dil.. ), + stated am.ou..."lts of 1throi boplasticn 

additivos~ 0.5 ml 0. 02 M cac12. 
Clotting tests: 0. 2 ml fibrinogen {dog)+ 0. 2 m.1. T. M. , after sue easive 

incubation periods. 27°c. 
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RESULTS: Thes ar v in Table MII, an shOW' t • following: 

ditive., thror.ibin 

orr...ation is ea.k but unequivocal and 

30 min., corresponding to about 3S% a-ctivation of the prothrombin. 

(2) n.th A , a marked potentiation is se in tl 5 ·n. d 10 • 

tests. The tr ce of fibrinogen in the AHF pre aration c od small clot 

in •• (2) m bout 4 :un. This w s rerroved and th ·xtu....-e re amed 

clc thereafter. It is po~sibly t e adsorption of a little t in on 

this fibrin (removed) wnich e:xplains the somewhat longer c . t. • s in the 

l t r test of (2) . The end-point is t about 30 nin., as in (1). 

(3) control, :ith AHO only (no platelets), s very poorly activated 

but does yield a 164. 2" c . t . in 30 in. 

(4) Hit trypsin, the potentia.tion is ve 

incub tion, a 155.S" c . t . was obtained, "hereas the other "'eries (l), 

(2) did not ·:ve a clot in the 1 in. incubate in over 2 hrs. More-

aver, t e -point (35. 7") mo definitely hastened to 10 min. 

incubation period. 

(5) tryp in, alone, i.., vory feebly thro. bo last·c, with trace or 
t bin-fo tion still continui.11g aft ... r inc · ation for l • (44$" .... ) • 

{6) trypsin enhanced the :r.ri...11or effect of AIis (in absence of latelets) 

in l 20 min. incubatior>.s, but the .30 n.in . end-point (172. 6") u , if 

anything, a ver:r little :inferior to {3) . Here a.gain a raea of fibrinogcn 

(less t1 an in ( 2)) required removal after 7 min. 

CO CL 'SIO .. I . tih hilic globulin ( ) is cloarly able to • ote11tiate• 

the eak thro bop1 stic activity of an old (over 3!yearsl} ell- .:ished -
(xlO), frozen-stored (-20°c) dog platelet suspension. A trypsin solution 

(fro a tock 2% sol. in 50% glycerol. + bor te buffer), which had l;>ee 
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preserved i..'1 the ordinary refrigerator .for over ll years, ,.as an even more 

striking •poten ,iutor • of the platelet activity. 'l'he actions of 

t-rypsin, individually and in combi..."1.at .:. ::m, effect ve-ry little thro:1 L"-1 

f'or:uat1on 1....-1 our eluate mixtu..~a containing _ rothrombi..'1, proconvei1:L"l, 

PTC., a11d added AcG + Ca, but no added thr :m.bophstin. 

EXPI1ID'®.;T 36 (1956) . TABLE XXXIX. 

PURPOSE. To study the potentiation of platelet thromboplasltin by 

(1) i'ibrinolysin a.11d by (2) weak thrombin. 

METHOD. This experiment was performed. on the same day {2h lay' 1956) 

by the sa.'00 technique as Expt. 35 {p. 194 ) • 

REAGENTS . The salts, including 0 . 02 M CaC12, 

(l:.S), and platelet preparation were he .sa.--ue Md used in the aame 

amounts as in Expt. 35. 

LYSith A 43 month old preparation of (dog) serum fibrinoly~in., described 

on p. 211 . The 1:40 borate buffer dilution of this lysi.."1. wc.s taken .from 

froze.vi storage (•20oC) thawed and used in the e:x:periment, :i..e. 0.1 ml 

per 5 ml T.M. 

THR.: Bovine thrombin {Upjohn's, P• 96), O. l units/ml in huff. s 1ne.,. 

freshly prepared, clotted an equal {0.2 ml) vol. of te::-t fibrinogen 

(dog) in 6 min. At the 1:50 dilution in T.H. (7)J there.tore, there was 

not more than 0 .002 of a thrombin unit par ml. This ext ly small 

amount could not possibly Md its own direct o!fect to the observ 

clotting-times. '.l:he control (9), 111 thout ~ J..atelets or eney;i::ies, serves £or 

both ~.riments 36 and 35. 

RESULTS: are givon in Table X!.JQ:XJ and shou the following: Compared 

with {a) tho _ogli d.ble trace of activation {9) in the aboonce of I lateleta 

.a.'tld enzymes (which are practically without eff'ect, alone), and Wi 
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(b) the test (1.), of Expt. 35, with platelets alone, both the aged 

fibrinolysin (8) and the ver,1 weak throri1bin (7) give evidence of a. 
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signifien..11t potentiation of the platelet, thro:mboplastic act:r..on. That 

this is not moT'e marked (a.a in Expt. 37, p. 201, for instance) is 

probably due to our use of unnecessarily wea..1{ additives . foverthe:J_esB., 

the considerably shorter c . t .•s in the 5 r.lin. test are quite meaningful. 

COW-CLUSIOf. F:tbrlnolysin and throm.bin, therefore, are two other agents 

ldth which we are able to demonstrate a •potentiation' of the throinbo­

plastic action of platelets1 Considering t1 e age (over ~ years) of 

the . latelet preparation, a rem.ark.able stabili t-.1 of the platelet 

thromboplastin iD manifest. 

OLDER EXPERIME::iTS. In 1936, tho author 126 ~:formed so.mo clottin 

experiments with platelets, extracts of the cornea a.l'ld lens of' the eye 

( chosen because of absence of: a. blood supply), ll."ld prothrombin., ac ivated 

by Oa and cephaJ.:in. !n retrospect, these data do not seem to merit 

inclusion among the :r:ru.ch more def:lnitive types of experiue~tation ~ the 

present thesis, except for .me.."'ltion of ·che !a.ct that they 1 d to the 

:forr. ulation of n a cephal.in availability theory0 ( see later) and th,e 

suggestion that prothroi:nbin ( the "protein :factor11 o.r t.'le coagulan'til) mq 

occur in platelets., cornea., and lens ••• "as the possible result o 

diffusion from the blood stream., via the lymph a."1.d tissue fluids 

the case of the eye tissues" . 

L-ri the next decade, only a few experiments were made wit'>l pl~telots 

(substituting for cephalin) in the activation of Howell-type protlµ-ombin, 

in the prese..."lce ot calcium. These did not seem to offer apything ew. 

Eagle and Harris ' ll2 experiments (1937), vhich suggest.~d that tr:,pain 

could coagulate blood by "the sa"ll.G effect. as the physiological. sy 
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Ca lus 1 · lets (or Ca plus ti ... suo extr ci;B)n i? ir the prese t 

writer to an xtensive series of stl: dies wit tryps:iJ: , 

proteolytic e. z. s, il cl cling fibrinolysin (plam .! or t 

other 

in ond avor to lear. more about their ossiblc relations in the blood 

clotting systc . 

t p ri · 1947-1949, and subsc ently, ny c:xper· ental 

test· igs of latclets in artificial clotting 

aut or ai his gr:idu.ate students, notably B. L. ~a.vis . Some of the 

experil nts, of hi.s era 476 which sought to relate latelet 

in " e t.h...""Omb -forr.ting syste.-n with rotoolytic enzynos and vario 

ant.:.prote cs, will bo reproduced int c following: 

RE.I\G .. ITS: .:>o:ne special testings of the e zyme and anti-eney-mo p Ei.r -

tions will e ef erred to a later section (p. 209 ) • 

to 1 lit.er, pH ( glass electrode) : 7. 7 + 7. 75; s ecific resi tance: 170 ohms 

(at 21°c); ef~ectiv ionic strength: o.oS5. 
ibrinogen: B. F. : 1% borate buf.t'. sol. of BaS04 

en (f.r-..oour •s, p . 95 ). 

rbed bovine f'ibrino-

Thronbins: (a) 'l'hr. : bovine t o bL"l (Upjolm1s, p . 96 ), courte of -
• J . m . Con-ell. A 100 units/ril •stock• ol. ·as prepared bor :to 

buff. (b) Thr. - special type of thro in as prepare :for o of 

exoori:l ents ru d will be uescribc in that connection (p. 201 ) • 

Pro. : Sev .... ral bovi? e rothronbil:is ore .made in our mm -
laboratories, following to directions of Seegers t al. 43l. ever, 

Dr. er.'.er kindly sup~lied ua with a number of hi own highly •purified' 

prcparci.tio s . Oor l56 oxtensiv s"vudios ., usin those rroductc., ore 

reported in 1948. ··celle."'1t as Dr. ger.a • preparatio were, they did 
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sho evidence of tr -ce in:. urities, the control testing for hich as an 

rta."lt part of our studies. One of ~he e tr ce contanrl.na..'11.ts was 

active thrombin. In the tests to be cited, it should be e..1'ltioned that 

no pro-t irombin solution was used (with r e deliberate exceptiono hich 

are stated), unless a preliminary test (0.5 B. 

yielded no trace of cl.otting in at least 30 min. -fany of the e imenta 

in the 1948 pu lication 156 were ade before the establishment of our 

m ern knowledge of the accelerator or co-factors (proaccolerin or 

Ac01 syn. factor V, la.bile factor; d roconvertin or SPCA, ~ · factor 

VII, stable factor, etc. ) . In the later ex:peri.,nents, articularly 

t ose about to be cited 476, AcG as always added to our thro bin-

f'ormi.11g syst • rho only exception was when study· the role of 

th particular factor. 

~ · : of bovine serum type, was prepared and _ · y supplied by ,rs • 

• are and Se gers. A O. ]$ sol. in borate b f . showed traces of ro­

thro bi.'1 nd. very r.iinute amounts of active thror.ibin, but the e ere 

consid.rcd to be non- significant in the 

•thrcm1bo.la.stic • affects (author's teats) . 

nts cited. It had no 

Thro boplastins: 1pln • • was prepared by ourselves cetone-dried 

dog brain, a borate buffer suspension of which (0. 25%) ohowcd a high 

degree of th.romboplastic activity. 

Tpln. B: Sehie.f£elin & Co•s • lupla.....otin• (p. 96 ) , sup lied throu the 

courtesy o Dr. E. • anchard, ra.s used in some tests . 

~= o.os 1 c12. 
Fibr:i,n61.y;sin: ~in: a ' purified• enzyno preparation from beef serum, 302 

sup liod t ough the courtesy of Dr •• c. Loomis (Pa .. ke, Davis Co. , 

Detroit) . l sol. in borate buffer was preyared edia.tely before use. 
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In 1ater work, we used our own dog tibrinolysin 291. 

Ant1f'ibrinolyain: ~ · : a •purified• fraction from boe.f serum, al.so 

supplied by Dr. Loomis 303, in Nov. 1947. Ao.ii,; extract va:J made with 

borate buffer and centrif'uged ~ a considarable residue of insoltible 

material. 

T;rypain: !!n• (A) I ~ teypain (fror.i pancreas) 1 prepared a.'1d 

supplied by Dr. M. Kuni.ta 323 (Rockefeller Institute, Princeton, N. J . ) 

whose ' units • of activity are cited 353. 

±!IR• D. : a very satiafactor:, caamaerd.al trypsin (Fairchild Bros. & 

:roster, . • Y. ) or which a stock 2% solution was made in 50% glycerol and 

borate buff. (i. e. equal vols. ) . 

Anti.proteaaea (Trff!1D::Inbibitors) 1 or antift.br1noJ,Ysin, see above. 

P. I . : pancreatic inhibitor (anti-trypsin), higb]._v purif'ied, (Lot -
P-A-97-1), Sharp & Dohme Labs., courtesy of Dr. L. Kaul. (er. 353) . 

s. I . a soybean inhibitor, a crystalline preparation, k:i.ndl:, supplied by-

272 
Dr. • Kmlitz ( see above) . 

N. B. I . a a re-purified nav;ybean inhibitor (see P• 209 ) ~ supplied 

by Dr. D. E. Bowman S9 (Indima Univ. ). 

All these antiproteucs were prepared in a O.]$ solution in borate 

buf'fer. The s.B.I. wu diluted too.OU, be.fore use. Special testings 

of the antiproteaaes vill be cited later (p. 209 ) • 

Plate1ets. (Plat. ), cf. P• 94 . Well ashed platelets vere obtafued as -
.tollowa: 100 ml dog blood va.s collected into 1.3 ml. of 3.ld trieod. 

citrate. Repeated centritugings for a few minutes at 1000 r . p. 1 in 

the International Retrigerated Contri.fugo, were per.formed until red 

cells were no longer vis:ibla in the sediment. The •platelet-rich' 

p1uma vas then centri.tuged tar 30 min. at 5000 r . p. and the platelet 
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edi:i. er t resuspended and well wa hed at lca.""t three times, by thorough 

nuxirn ~nth successive 50 ml lots of 0. 9 1a 1 cont ·ru.ng 1/8 ~01. 

3.h sod. citrate (we later used •Triton1 , p . 94 ) , a.."ld a final wash;iJ g 

in lain saline. The final suspension, conce..-ritrated :i....-1 1- 2 ml saline, 

wn.s exmn.i.'l'lec.t micros co ically. :right-stai.."1.ed ear:s revealed only 

granular latelet material, with r.o leukocytes and only a rare erythrocyte. 

PUP.POSE (as in r~. 36): To study the thro bo.lastic action of platelets 

a.'ld its tentiation by (A) eak tbro.lubin nd (B) fibr.:..'101: .. si.71. 

METHOD. A tuo- sta,:,c cyst , sinilo.r to previous testiIJ.es of thror-lb;in 

fo . ation. 

T. l. 1s: 5 ml vol . , con-cain .. t. g ( lit. borate bu.ff. ) ro. + AoG. + ca. + - - -
ol. ... t ., rl.t a.11.d ~thout l_. -i:- (p. 201 ) or !,vsil • 

Clottir..g- tcsts, at 26oC: 0.5 B. F. + 0.25 T.l'. 

RESULTS: These are shown i.'1 Table XL. 

DISCUSSIO • 1hin exper5 ent is one which wo ha e r.iany t · s repea.ved 

to show the nuch better thromb:L"1 to . tion, i.'1 a syst of puri.fi 

Pro. + AcG +Ca+ platelets, when a tiny trace of thro bin is also ed. 

(test 2) . It ust re ain an open question whether at st syst co 

:olotely devoid of thrombin ( even r.1inutest traces) mignt so 1e be 

obtainable a"ld fail (?) to activate with platelets and Ca (:L.11 t a 

preGence of' proconvertin, AcG, etc. ) . Pending such a filldi.Tl.g, it seems 

to be established that platelets are an •inc lete• thro,boplastiti., 

rhich ca.n potentiated by thro"'lbin. The Thr. use in • t . 37 as 

a special preparation. In .fact, it consisted merely of the"' e 

prothrombin preparation., in borate buffer, which hsd been aJJ.owcd to 

st d w.i.th ca.e32 for several wee · .:.n the refrigerator (4°c) . ests 
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it, ·i c le ,;.;y co. ..,rt 

gcve no furt er 

iro bin, si ce incubation 

a71cei ... t of i::.s clot.:.:. .ig 

poto cy. 

ducti·n o_ 

SC>- Ul 

tl 

c: _ a Tep ·.:i: ion o J.Cd ~11 cho.;c -o avoid e ~-cro-

factors xce t t t .re bi!, ::m, er ce, there are 

actors int e (recalcified) prothro.bin itsel_ . itl:t. 

rt.__ r scrvati s , clu..ie th t ak 

c· _ &ct a ... a :re: t.r.::a.ble potentiator of platele t :.ro ilboplastin. Si.nr:e 

Ac is eel, this we n ap ear to be due to the own ef.fect 492 

con ert · ,, pr-oacc lerin to e.ccelerin. ttempts re 1nade 

to run co rol~, ·tho t pl telct . Tne~e s eel only irwi icn rt 

a.ortening of the clotting-times int e p T'al el test (O) , without 

cti ators ( cept for -l:il.10 Ca) . This cit d te\Jt (0) .eroly sl o ed 

t ra e o he 

t b stic action of 

-he latelets, s·..c~n ·· 1 (1) . Th , .. rded t. o, bin..: (p. 201) ( ilute ) 

cl~tted ate ·br o en in 750 ec., rhen .freshly p • are , but rapidly 

1 s • 

T - f::.brino- s· test (3) so ed a otentiat on of the latal.et 

la ti 1.'f ct, qualitat · vely rvsei.,.b ... ing t t of tnro in, a 

even 

dif'.ficult t,o t .,.st a fibrin ly · ~ o tr ces of t so the 

e cym3 ... e., t c ter1t 'briaogen befor i.t has a chance to clot with 

a ry ,·c "' "t iro ·bi! . i.e di perfo t 1is con rol t st, hcmever, n 

t.c p1~~e ce of antiproteases (e • a~t· ibr· sin; , ·ch eLeci. to 

rule out · ~ pocsibil ty. It i not os~· le, thercfo , to ded·ce 

a co,. on , de o ' a.ction f o... thes t o dis · filar and 

· .. olysin) Tit factual ::nowloo_;e cur :utly a."ill l le . 
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CO-~CLUSIOll. We prese..'1t the oxperioental facts, therefore, which, 

prima facie., :indicate that (1) platelets have a weak throm.boplastiG 

action in systrn lS such as those devcribed, a.."ld that {2) veak throml>in 

and (3) scrum i'ibrinolysin eaeh have a signLf'icont •potentiating' action 

on this platelet .fi'ect. Expt. 37 vas even more aat is..factocy and con­

trolled tlum the recent ooni'LTT.1atory E:x:pt. 36. 

(7, B) Rt<""'FECTS OF ANTI ... PROT'&\SSS on '! AHIOUS •THRU[BOPLM'.TIC ' 

DI THRGHBIN-FORMING SYSTEMS. 

PP.ELil!I!llillY ~'TUDIES: These -will be cited in later sections. The$$ 

clearly established the follot.rlng facts needed for interpratation of 

the thrombin-f o:r.ming experi."nents: 

I .. None of the antiproteascs had any inhibitorJ action on the 

bin-fibrinogen reaction (see Expt. 43, P• 209, and Table XLVl) . 

II. In higher concentrations than those selected for the osen't 

e:xpe~-uents, trypsin vas thrombinolytic and Loomis • fibrinol;rsin 

vory i'eebly so, requiring several dayl3 incubation in order to 

denonstrate thi&. 

nI. Again i."l. too high enzyme concentrations to be significant iti the 

present experi:rnents, a question of prothror.'.bi...~lysis mght 

a.rise 4J0, 30l. However, Dr. Lewis, Ann c. Howe ar.d the author 299 

could not. confirm this, but f'ound instead a mnrked su,scoptibility 

or AcG to the proteolytic actions of fibrinolytic enzymes. -
IV. When t.hrombin formation is ite.ry slow and t-;ea.k, it is ossible 

to encounter f'ibrinogc.'10.lysis by the enzymes, before the weak 

tbro1bin has a chance to form a clot. In .fact, this is indeed 

one of the author ' s 137 oothods for assey:ing trypsin and other 

fibriribJ.ytic proteases., at high dilutions., as will b$ illust atcd. 



in E:xpta. 44 and 45, pp.209 and 211, respectively. 

V. There are quantitative relationships between enzymes and the 

respective enzyme inhibitors, uhich must be worked out and 

observed 2911292. Furthermore., the e:nzyna inhibitors act in 
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different ways 292 and some of thorn require a tin:?a-pori.od, 

hence pre-i.."'lcubation with the enzyme, in order to exert s· 

ficant antiprotease effects . This pre-incubation is indicated 

by an asterisk (-ii:-) dth designation of the anti-enzyme used. 

All those considerations were carefully tested before using t e 

previously described (pp. 198-201 ) REAGEN1S i.."l 'the following groupa 

of tests. 

PURPOSE. To test antiproteases on platelet a..YJ.d t:5t2sin additives in 

the thrombin-forming aystem. 

REAGElfrS. ~ · : 0 . 1 ml cone. suspension {p. 200 ) . Tr-tp. : o . 01~ 

Kunitz•s cryotalli."1c trypsin (p. 200 )., 0.3 ml. P. I . : 0.1% pancreatic 

inhibitor (p. 200 ), 0.1 ml. A:f'ln.: 4% Looms • a.nti-fibrinolysin -
(p. 200 ), 0.3 ml. !!2.•: 0.1% Seegers' prothr6!1bi."1 (p.198 ), 0 . 2 rnl. 

AcG. : o.U Ware and Seegers t serum. AcG {p. 199 ) 0 . 2 ml. Ca: 0.5 :ml - -
0 . 05 M CaCl2• 

METHO AlID RESULTS; These are shown in Table XLI. They demonstrate 

(1) treak thrombop1astic actio11 .of platelets; (2} similarly -.reak throm.­

boplastic a~ion o! trypsin alone,; (.3) marked potent~ation oft o be­

plastic action, when trypsin is added with platelets; (4) inhibit n 

of the last by P. I .. ; ar.d (5) ai.'ll:i.lar inhibition by Ai'J.n,l!. 

CLOT-LYSIS: This was followed aver 3 weeks ill these eJq:>eriments. It 

was noted in 3 days :L"l (2}, but was completely inliibited by the platelets 
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(3), as Tell ~s by the miviprote s (4; 5) . 

39. (1948). TA ~ XLII. ~,_..........,..;;.....__,;;;.;.. 

To test antiprotease on 1 tel t + fibr. oly · addit:i.. sin 

tho thra bin-fo ing s.1-em. 

as in t . 38, xce~t £or (a) of o.4 ml o.5% 

tis br fysin (p. 199 )., instead of t sin, and (b) ·tional. 

0 . 01% S.B. I . (soybea..'1 inhibitor:, p . 200 }. 

1ET OD MID in Tabl XLII. 

DISCUo'I0. ~et (1) o_ t . 38 (Tabla I) ms al"'o the co t rol, 

with pl teleto alo , or t e additional tot in t . 39 (Table Il). 

(6) t e £i r· olysin alo hod., ry 

e control (ll)., in lie 

t thror:lboplas ic ffect, e­

d AcO alo caused no 

det ctabl ratched for • 

t thr bopl tic action, 

- ara.~tly 1· 'Ctr win 'dint st ( ) of T e JI. (8) un1· 

trypsin Jq>t. (4), owever, . I . did not inhibi this action of fibri--
olysin. (9) either a.s A:f'ln_,,~ able to cause signific "inhibi-

tion o e i'i ri.'101 sin's potentiat:in ction, a · differing fron 

th corrcspond:i.r trypsin expt . (5) . S.B. I. (10) ..,ee ed to · .ibit 

in the earlier phases, although ch l .:is o later. It ·dll b shtnm 

(p. 208 ) that thi.., ca."'! be ex_ la. d as d· e to a direct anti-thro bo­

pl tic action of the S. B. I .. it»elf. In act, ·t is ao. n.at sienif-

ica.~t tha t 

prepara ion. 

wa event ally 1 el o•rcrco.: e U-.f t fibrlnolys · 

.i.ABLE XLIII. 

o te3t a.ntiprote es thr in-fo 



antihemophilic g).obulin. 

REAGE?ITS. Eluate, d:iazysed (p. 126): to provide prothrambin., pro­

convertin., Pre, etc. (0. 2 ml., per 5 m.l T.M. ) . 

206. 

Plat: 0. 2 ml of a new preparation of human platelets (normal)., P• 94. -
AID: Dr. R. H. Wagner's antihemophilic globulin preparation., desc ibed -
on P• 137 (0. 2 ml) . 

S. B. I . : 0 .1 rnl of a new 0.1% borate buffer solution of cr;rstalli."l 

soybean i..'lhibitor (Worthington Biochemical Lab. , Freehold, n. J . ) . 

P. I . : Dr. L. A. Kazal.' s pancreatic inhibitor preparation (p. -
O.l ml. of 1% sol. in borate buffer. 

N.B.I.*: Dr. D. E. Bowman's re-puri.t'i.ed navybean inhibitor prep tion 

(p. 209 ), 0.1 ml of o.u sol. in bor. buffer. 

.A.f'l.n*: Dr. E. c. Loomis• 1947 preparation (p. 200 ) . A o.h% t~ 

old extract (freed from insoluble material.) in bar. buff. , 0.3 ml. The 

last two inhibitors* were pre-incubated £or 15 min. 11 at 2aoc • ., wi'fill the 

thromboplastic additivea (I} or (II), respectively. 

T.M•e: Made up to 4.S ml with borate buffer and then activated '4th 

O.S ml 0.04 MC~. 

R&':>1JLTS: These are given · in Table XLill. They reveal: 

I . (1) Platelets, alone, were significant activators. 

(2) s .B.I . was markedly inhibitory (anti-thromboplastic}, especially 

in the earlier phases of activation. 

(3) P. I . and (4) N. B.I.* were not inhibitory. A very minor im­

provement was ~ sign:1.f'icant. 

(5) Ai'ln. * waa distinctly inhibitory, but whether tbia was due to 

the very old preparation could not be determined, as the ast 

of this material was used up in this test. 
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II . (6) Alls c used the sane import 1t potontia.tion (? thromboplastin 

generation) of latelets as with cephalin (sec test 7, Table 

XIII} . Compare tri.th test (1) . 

(7) S. B. I. as very antithro:rilloplnctic int is trl.xture also (cf. (2)) . 

(8) . I . (9) J. B. I. ·ere no: - iru 'bitory. 

T_g (1948) . TABLE XLIV. 

To toct a..'1ti~ roteasos in thro bi.Yl- fOJ., · g .., ·stc_,s activated. 

by Ca ad tissue ~bople~tin. 

REAGID TS ill :T OD: Sa...,.. as i...'1 Expts . 38 a."ld .39, · ept for u e ot 

o.5 ml tpln. A. (p. 1(D ) as the only t_iroribopl ..,tic additive. 

, LTS: 'i'heGe are given m Table · LlV. T ey s : 

(1) .. 1arked activation w.ith tllis stro tissue thro boplao in. 

(2) Its co lcte inhibition with S. B. I . -- a.'1 i::lporta."lt control find-

ing (cf. t • .39) . 

(3) No inhibition by P. I , arid (L.) none by A:f'ln. * 

PURPC>; • To test anti?roteascs in thronbin- f'o · 1g syste .s activated 

by ~a an c~ in. 

m Sa e as in Expt . 40 (I) , na: .• ely si.'11., dog el ate 

(prothro in., etc. ), AcG, borate buffer, but substituti..g O. l , 0 .1% 

cephalin (p. 127) for the platolets. 

RESULTS: These are given 'n Table XLV . They reveal: 

{l) Sati.sr ctor.:v a.ctivati{.,n by t e cophali.'1. 

(2) S.B. I . (p. 200 , O. l ml of 0 .1% soln. ): was again anti- thro:iboplastic 

(cf. tests (2) d (7) , Ta le XLIII; ru.d ·est (2) , Table IV) . 

(3) P. I . {p. 200, O. l ml of 0 .1% soln. ): va.s not ibitory; neither was 
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(4} ~.B .I/ (p.209 , O. l of 0.1% soln. ) . 

Of the various anti-protca~es tested, the soyb an inhibitor· trod;ced 

c lie tions beca e of its direct anti-thro ibopla tic effects, 

aga.inot pl telets (Exot. 40 (I)) or platelets + Am (E:xpt. 40 (II)), 

tiG e ,:;hror.iboplruJtin (Exot. 41), or cephalin (Expt. 42) . The others 

were reliable ".nhibitors o! the enzymes trypsin and .fibrinolysin in the 

sys studied, had no significant antithro bo a.stic effec 0£ 

eir om1. Antii'ibrinolysin in Expt. 40 (I) was a questio ble ex­

ception. Inhibition by antiprotcase .... , of th platelet-thromboplast1n 

pot ntiating ction of trypsin was good evidence th t tis onomenon 

depended on the proteolytic actions of the ancrc tic e.11Z1rme. On the 

contr~ , the parently- similar potentiating (to platelet thro.boplastin) 

effects of fibrinolysi..~ were not removed by a.ntiprotea..:.es in amounts -
su.fficie.~t to suppress all proteolytic action. This une:xpected differ­

ence could not be explained except by stulating some unklmm factor 

in the enz e repar tions used. A suggestion that it might be the 

' Hagem factor • 401 was noted (p. 43) in the introductory section, but 

furt er exploration of this 1St await the future ,. 

least, platelets sce.'lled to be potentiated by trypsin in very nuch he 

s e vey as cep ialin JJ.,.9 (p. 1 7) and t ombo Jlastin l.56 (pp. 187-190 ) 

i.-nportant cOimnon a.enominator in 

t se co.npnrisons . It could be a co. on thrOI!boplastic pho holiµid 

bilized or made available to an enhanced gree by the tdisacrgrega.ting ' 

(Pope 379, cited l.38) action of tho protool.ytic enzyme. Such n itlca 

fits the aut. or ' s 11 cephalin availability theory'' and could explain the 

significance of ' thro bopla.stic enzymes• like tcypsin {cf. p . 186 ) . 
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(7. C) -o, c:1QOL TE ·m-~a 0,.., r.'"';'M'"P'"ifO" ''ID h ·, 1·-n,-,oT~,. ,•rs ., \j .!.d.~~ ,.:>.J..1 r J:.i. ,~ l.tI..4:,v . Ji.. ... .["J.c .1:).11...:J.b • 

m~rEJ:m '!T 43 (1948). TABLZ XLV! . 

PtmP00E. To show that anti .. proteases have no sigrri.fica.."lt effect o the 

thrombin- fibrinogen :r...,action. 

METHOD. Timi.rig of the clotting of a te""t fibr:LY1oga11 w.i.th · e .. i..'lcu ates 

of thr.ombin a.'1d the ra:;:,icu.s antiprotease prepax•atio:ns. 2 ml throm.bin 

(bovL'le., Pa.rb:;, Da:>1i..:. & Co. •s tth.ro,1bin topical ', p . 96., 5 units/ ) + 

2 pJ. antiprotease ( or borate bu.ff • ., i.'1 coni...rol) incubated., for por16ds 

of t mi.Tl. to 1 ' • ., and 0. 5 :rn.J. samples of tlxture tested on O.$ ![IJ. B. F., 

trr.'lou:r •s, (1%), P• 95 • 

. ESULTS: These arc given in Table XLVI . They uere negative 'With ogard 

t.o any significant effects of : (1) -, . I . {p. 200 ) ., 0 . 1%; (~) S. B •• 

(p. 200), 0 . 005%; {3) N. B. I . (p . 209) ., 0 . 01%; (4.) Afln. (p. 200) ., 

0 . 1%, oven ii,h an hour• s pre- incubation with the thrombi.n. 

TABLE JJ,Vll(A) • 

P .PO · • To de-ri.0rn:rtrate proteolytic activity .:.n a l.ong pre e.rved ( >11 yr. ) 

t!]l?Si..71 preparation a....,d to show its inh:i ition by two types of' trypsin­

iri.hibi tors. 

JE'TROD. '!'ho fibrinogenolytic t,echd.que origintlly described by the 

autfl.or 137 i.'1 1943. 

RE.AGE!ITS. rat._, buffer, pH 7. 7 {p. 128). Thr. : bov-lne thrombin. -
(u.pjohn ' s , • 96) 1 20 units/ml . B. F .. : 1% bovine fibrinogen (.Ar.not •s1 

Ba.S04- treated, n. 95) . 

~ - : The >11 yr. old (comm.orcial) trypsin preparation used in Ex.pt. 35 

(p. 194) . The 2~ stock solution vas diluted lOOxw-ith borate buff. 

N.D.I.; a highly purified (reprecipitatcu with (~)2S04) a'1t··protease 

from 'OOV'J beans, prepared by Dr. D. E. Bai! .J.a.."1 59 a.'1d kinctl.y suppli. ~ 
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us in 1948. A :fresh o.1% solution of the dried preparation ras ffiade 

up in borate bu.ff. 

P. I.: A hif.,.i!.Y purified pancreatic tey-psin-i."lhib:i:tor prepared Jan. 22, -
1948 (Lot No.: P-A.-97-1) by Dr. L. A. al { Sharp and Dohnie Labs. , 

Glenolden, Penna. ) .. Fresh 0 . 1% soln. in borate buff. 

L. 1. (1ysing iixture): 1 ml D. F. + 0.5 ml tryp. + o.5 ml inhibitor, in ... -
cubated at 2aoc. , with tostl.ng of 0. 2 nll sa-nples at intervals., on cl.ding 

to 0.2 r.il Thr. Successive proloniations of the cl_atting-time indi te 

th.a r~to a.'1d extent of t 1e .t'ibrinoge..r.tolysis. 

Note: The P. I . acts immediately and is added just before the trypsin. -
The 11.B. I .*, on the other hand, resembles serum antifibrinolysin in re .. 

quiring a period o! title to inhibit the proteolytic enzyme 
292. Hence, 

20 min. pre-incubation of N. B. I. ·with trypsin was al.101red before adding 

the fib'!"inogen. Borate bu.£.f. uas used to make up the 2 ml L. 1. vol. as 

needed. 

r •CTID.itTES: 

l) Control, without enzymes; 

2) Tl"'.fPsin, alone; 

.3) '!'ryp. * + J".B. I. J 

4) rryp-. + P.I. 

RESULTS: Tl. eoe are given in Table XLVII(A). They clearly show: 

l) stability of fibrinogen in buffer (control); 

2) marked fibrinogenolysis cy the diluted old trypsin; 

3) complete inhibition o.f lysis by the U. B. I .*; 

4) almost co::nplete inhibition., also, by the P. I . 

COUCLUSIONS. This expe:r:llent affords evidence of the remarkable 

o.f trypsin at ordinary refrigerator tempera.tu.res c4oc. ), in glyca 
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enzyme p aratio. for the special platelet potenti.a.ti.on te ts of E.."q>t. 

35 (p. 194), and 1 ... oparin Expt. 47 (p. 213) . Similar 

to the 1947-49 riments (pp . 198~ et seq. ) . 

:r 45 (195'6) . :rABLE XLVll(B) . -------------
URPOSE, To tc the roteolytic activity of an old ( > 43 nth.a) dog 

ermn fibrinolys ·n · reparation, and its inhibition by ant.:~teascs. 

mTI OD. h fibrino olytic te hniq~ 
137

, as used in 

also _ loyL'l'lg t sa e ""' G rrs, except for: (a) repl ein the trypsin 

l.ysin: •purified' fibri."lol~tic e z , (pl...o,,.'"".u or tryptase) iron 

dog serum, repm-cd by • Jessica H. Lmr.ts t,hc author 291 29 Oct. 

1952. A l.:40 dil · on in rate buffer had been preserved, ozan) 

at -200c. 

(b) ~ · (0. 4 , :in borate buff. ) was pr pared by 2-dey- e}..i;r ction, at 

4 C., of a av. 1947 dried a..'lti 

(se p . 200 ) . 

p parat.ion of • • C. Loomis' 

D T : The e are shcnm in Table XLVII(B) . They d onstrate:. 

l) St ility of tho control fibrinogcn (buf'for only); 

2) f'ibrino enolysis by the old en.zyt:1e solution, c~ plete in 

10 . • 

3) Inhibition of proteolys s men the enzyme was prc-incub t .d for 

15 min. wit, o.u N. B. I . ' (equal o.5 ml vols. ) 

h) ~i.'1lilar inhibition by Ann. (also p i.'lcu 

lysin) . 

d 15 · • ti.th the 

CO CLUSIO. 1his dilute enzyme epnratio also pr served an excoll 

of a.c i ty and as judged suit ble for the tests wit latelets 
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in Expt. 36. The tifibrinolysin as al o satisfactory. ,;)imilar 

tests er e wit t1e enzyme systems used in the 1947-li.9 xperi.i en.ts, 

revio ly cit d. 

The us of rate buffer., wit its mild bactcriostatic e.ffact, 

pro ed 'V valuable as a preservative in o i.r earlier 156 
prothrombin-

activation e r· e...~ts 1d enzyme studies (re.£. 291) . In the e ste; s., 

ing days or e k to produco clot lysis . e shall cite only tho e 

incidental observations which pointed to certain relatio. 

platelet.. to roteolytic phenomena. hief the d on-

stration of an a."ltiprotease in platelets, particularly noted in the 

inhibition or retard tion of fibrinolysis by trypsin. Thi is evident 

in t e clot-lysia data of Table XLI {Exot. 38., p . 204 ) . Reference 

to latelet • ti-fibrinolysin• are given on p. 89. e hrid observed 

it in Expt. 391 other s:Lr:iil experiments i? 1947 .. 49. 

(7 ,E) T •AcG-LIKE' FACTOR II • .TELLTS 476 • 

EXPERD iT 46 (1950) . TABLE ;vrII. 

PURPOSE. o test for _ •accelerator• factor il was ed latelet , uning 

tivated by Ca d a strong tissue t.hro,.ubo­

plastin. Ccrpm-ison with vary:ing concentr :tions of are and egers• 

AcO props.ration. 

IBTHOD. The us al two-staee technique (1) w:i.tho added cO, (2) with 

platelets, and (3) and (4) ·th v cone trations of add AcG. 

REAGENTS. • : One of Dr. Seegers • highly purified bo·vine proth'r'ombins. -
Tphn. B. : 1Soluplastin• (p. 96 ) . 

Plat. : P• 200 • -
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- • : p.199 • 

T •• •s: as describe in Table XLVIII. 

' LTS: These ar give. in T le XLVIII. 

DISCU ,I01 • The poor t om · formation in (l) with tpJ.n. o , indicated 

the accelerator deficiency in the chosen protJ:i.rorn in. L"l (2) platcilets 

rare .found to have only a little e ect . Since there was al...'>"C 

strong thr re.;:,ent, this =m: effect could have bee 

so!.C • -lik • facto in the latelet prepar ion. COClJ)arisons ·th 

unted to 

con mtra: ion or only i:2,500,000 · t e 

1: 100,ooO,equivru.ent voJ.s . of platelets 

l bility O ' pla 1 t ca• during the 

tbroobic 

AcO • stio as to the 

pula ions of p1~te1 t pre-

p ation ere difficult to answer. 1e h ve found s~"ice.nt 

of latelet in our more rece t (1952-56) clinical routine 

discussed later (see T bJ.e LII) . 

co~GLUSIOU. T ese carJ.y ex-peri! ents led us 476 (see p. 88) to ender 

· et er ' Ac0-like 1 f ctor described by fare, ey, and Seegers h90 

as genuine platelet component, or might ely 

t' e plute1 ts fro the plasma 222• Our ' sto, 

in d t.a.iJ.., • ca tad " latelet accelerator to 

adsorbed on to 

"Will not be ct 

AcO- or roaccelerin (see P• 43) . tlOre about platelet anal.Jses 

for this f ctor will e given later in t on cli.ri.ical case • ( • 23.5 ) . 

10· BY {I) 1'ELE S; 

(II) P TELETS + TfLPSI ; or (III) TISSUE T ~-OPLAST • 

~~~;...!Ui!..7 (1956} . T • 

PURPOS • o stuc't3' l}.eparin inhibi ... ion of tl tbro:mboplastic actio."1 f 



(I} platelets,. and differences from (II) platelets + trypsin a.'1d 

(IlI) tissue throl. boplastin. 
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_IZfHOD. Essentially the usual method m tuo-stage teehn.i~ of fo -

lowing thrombin formation., with slight modilicatior.JJ of volumes to 

control f'or the heparin carriod over i.."lto tho thrombin- fibrinogen 

(clotti..11.g- test} :mixtures. 

REACEI"l'S . Eluate (dialysed, ~o. 127), p.135 , uas used to provide 

prothro:rribin, proconvert.in., etc. 0. 2 r.it/$ ml T • .• 

Plat. : Hur.a"l _ lntelets (p. 94), 0 . 2 ml. -
'£rn>•: 0.5 ml of a fresh l:100 dil., tdth imid. buff'. sol. (pH: 7. 3), 

of the 11 yr. old Stock (2%) trypsin., described on p . 194 • 

~ · : 0. 2 ml •Soluplastin' (p. 96) • 

.£!•: o.Oh M en~. 

HeE• ; Im.id. buff. sal. dilutions o£ heparin ( ' Liqua.emin' , Organ.on L'lc . 

(Ho!fma.n-La. Roche)., Orange, l . J . ) . 0.5 ml of 2 units/ml hep. in 1.H. (b -
series): 0.1 ml or 0. 2 units/ml hep. in~). series of fibr. + 'l'.1 . tests. 

!:!1!,'s and clotting test mixtures (0. 2 ml fibrinoge,.'1 (dog) + 0 . 1 ml 

(a) 0. 2 unit/ml hep. or (b) imid. buff'. sol. + 0.1 ml T.M. ): are -
described in the caption ot Table XLIX. 

RESULTS: (Table XLIX) show> in: 

(2) practically complete inhibition of' platelot thrombopla..,tic activity 

by heparin, in concentraM.on ot 0 . 2 mu.ts/ml in the t.lirombin!. 

forming mixture. 

(l a, c) was the appropriate control~ $Upply:ing tha sru: f'incl concentra.-- -
tion or heparin, l'lB:001y1 2/4 o.f 0. 2 =: 0 .1 unit/ml, as :t."1 (2) tests. 

(1 !, ~) vith no J:leparln, were o:ricy a little better than (l ,!. c), thu.s 

ahowing that the effects of hepari."1, in the concentrations tested, 
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were very minor on the t'b-.rom.bin-fibrinogen rcn.ction. 

{ 3} the significant trJ]?Sir1 potent.iation cf the thronbopla-tic a ion 

of :plat.olets "gain cori..firms the data of Jzq,ts . 35, 38. The nly 

differc ~ce was that, in &-pt. 47, tl e fi....11.al clotting tests were 

peri'on.'1.ed in the presence o.f heparin. 

(4) The ability of trypsin to overco ... e the heparin inhibition, 

honco restore tho platelet (+enzyme) thromboplastic activity., 

was very strikingly demonstrated by thes,., tc~t.s. 

(S) The trypsin, alone, was only t-·eakly tl:romboplastic . This st~ongly 

suggested that· the activity which was •released' fro:n the heparin 

inhibition by t,rypsi.D vas ~ that of the m1z,T..e itself, but must 

have co, ... e f n the platelets . 

(6) The strong tissue thromboplastin (Soluplastin) 11as also able to 

ovc!'co: 1e the irllibitory effects of heparin in this thro;abin .... 

formi.."lg syste::i. This again confir11;S our 1939 E:x;pt. (29, p . 1J79 ., 

tests 5, 6) . 

DISCUS810!1. U..'11.ike our earlier e:icper:iJ .. ents (29., ,31), which used etcea­

sive 8Jllounts of heparin, as commented upon p . 185, the present st'tl4,y 

(E:x:pt. h7) employed. concentrations of • epurin i,hich might b~ cor:i:pa:red 

favorably with those in 'the t:herapeutic or plr.reiological range . Hence., 

it is particularly con rinc:Lng that such am u.nts of heparin were able so 

completely to iJ1.itibit the thronboplastic act.ion of pL .. telets in o.ur 

suitably chosen tbronbin-.i'oming syst.orJ.. Inability of this hep.nr · , 

however, to antagonize tissue thronboplastin or tcyp?in + platelets was 

equally signi..i'.'i.cant evideuee o:f the much greater potency of these 

thrombopl~ tins. 

CO~CLtSIOrS .. The .foregoing data. not only suggest (l.) that tJw us 
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.unticoagul2""1t effects ci' hcrparin ure iri.timat ly ussociat d :-::1.th inhi­

bition of tLe tbrc~bonlnstic functio:i of pl telots, but also (2) that 

platelets arc . · ch ,ore akin to Si."' lo ... hospha:1:,ide (? cep .al.in), 

as in Expt. 29, than to oru.ina:cy ~repnra.tions 0£ tissue thi:o.boplE..rtic 

extracts . tu.a..'ltitative i..11ter-relatior.shi~ s i oubtc y exist, and an 

e:x."tre. cly • cak tissue throm'boplasti.'1 uld closely ble platelots 

an cephali..'11 in t ese experi! .ents . Ho,iever., we do belie o th€: i'act 

line up behi."ld the _ stul. .. :.tes o:f our I cephalin availability theo '. 

(p. 261) . 

{7 ,G) ALYTIC :.!. W.AC:i.IO: ATI'J OF P .'!'&LETS. 

This lli e of i.1T.rer;·:.igation ·raa not _Jursued .:..n this t. esis . The 

reader .... ref erred to cur:rent ·,.or1
~ in this field by Dr. W. H. 

gurs, of ·raJrie Un;7ersity, Dc,troit, but the rief refer nee e have 

given to this on p . 86 rll1 have to au.f'.fice. Tho one group of analytical 

data, -...--i.th wich the ... resont writer :1.:i.d. so e connection., was th.a·~ 

of trs . Betty uus Erickson a..'1d collaborators, in t e l940•s, cite 

on:: . 76. From these we wish to reiterate the 

(aloo credited to Chn.rgai'f 18, on p. 75) that aceto -iru,oluble phospho­

li_,!d or c:cp al.in is a major fracti n of the latelet li'ooicw. 

(7, ll) ' FI OPW I"' FA TOR L .TELETS. 

The author ' s l34 t I . ' fibri! oplastic• (see p . 27) for factors 

r11ich ~c ele~atc the thrombin-fibri..'10gen reactio· , through s~ e non­

specific colloi al or surface eff ct., oultl seem to b<3 ap 1-opriate 

for such action of platelets(fractions?) s t. at clair...ed by\ are, Fahey., 

d c ers 49o a.~ alle edly con.fir. d by others (see p . 89) . 

B. L. ravis and the p:rc~ent uuthor, in 1947-49 (p. llS 01' re:r. 476} 

were unable o d ... onstrate a:r.1y significant effect of ( dog) platelets 



on Jtili.e thromb:i.n-f1br:L~ogen reaction. 

EXPERDIBNT 48 (1956) . TABLE L. 
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PURPOSE. To re- study effects of adding platelets to thrombi.."l-fi • gen 

of normal htunan platelet suspension (pp. 94; 200) 

!!!!•: bov.lne tbrooibin (Vl)john.'s , p . 96), O. l ml o.f serial. dilutions., 

with i!nid. buff. saline (p. 97) o£ 20 unit/ml stock solution. 

~ · : 0 . 2 ml of (dog) BaS04-treat -· f'ibrLY1.0gen (p. 94) . 

UE'.rHOD. Clotting-ti.mas (see. >~ at 26°c., of thr. + plat. 

sali.'1e, in controls) + fibr. 

RESULTS: are given L'1 Table L. ThC""".f show no significant effects of 

the pl.atelets (l) aa compured ~dth the controls (2) . 

DISCUSSI01f. The tests were meticulously performed. The d4Plication 0£ 

values in repetition of the lat,t two measurements indicates the in~ig ... 

ni£icant e:r.peri.ine."ltal error. Essentially siroilar reeults were obt.nined 

with the Y,r YT• old dog platelet preparation describe.d on p . 169. 

CONCL'""SIO • k'.e are unable to eonfirm. e;ny 1 £ibrinopla.st.ic • action r 
platelets and wonder methe!' such f'L'1d:ings cy ot.~er 'ixorkers may not be 

the result 0£ some altorative (? denaturation) phenomon • nat ~ 

proteins often do have some effects on the thrombin- t.ibrinogen reaction 6o. 
(7 , I) PLATELET UTILIZA'.(IOU DU!UNG CLOTTIHG. 

EXPERTI1EHT 49 (1955) . TABLE LI. 

PURPOSE. To :!.UVostigat ..... the rate of disappearance of platelets du:ring 

the clott.ing of (A) norzr.al and (B) homophilic bloods. 

lETHOD. moods uero collected b--.r clean puncture o.:f' the a'l'ltecuhital 

vein, using rio. 20 new needle and ailiconized syringe. (I), was m:1ediately 

placed in a siliconized tube, nt 37°c., a.."ld Ga"!T1)les pipetted off a 
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the stated jJ1tervals (Table LI) into a aeries of siliconi~ red call 

hemocytoroetry pipettes and the plntel.et counts 62 
ma.de as soon as 

practicable thereafter. (II) 4.5 ml or blood was mixed vith 0.5 ml 

0.1 M sod. citrnto, in a siliconized pyrex bottle and held at 37° 
until the control period, vb.en its platelets were counted, as usual. 

RESULTS: a.re given in Table LI. 

DATA: (A) The normal. blood clotted soon after removal o.f the 6 min. 

sample. Averaging the 5 and 6 min.tests, i . e . just before clotti g1 the 

platelet count had dropped in this time to 104.5/320 111 .32i% of the 

original (Ot) value. The rapid drop in the ~:Jlatelet counts therea;fter 

probahcy represents chiefly the removal ot platelets by entanglement 

in the fibrin clot. 

(B) The hemophilic blood started clotting in 2.3 min. · Averaging t 4~ 
5, and 7 · tests, the platelet count had fallen in this time 

only (137.3/182) of the ¢ginal (O') value. The pre-clotting l0-15 
min. period, i . e • .3 observations, go.ve a simil..ar value. viz. a~. th­

in the 'experimental error' . Only after elotting vas there an 

fall in the platelet count suggest:L~ removal ,of tbe .formed elerne.."l 

entangled in the tibrin clot. 

CO! CLUSIOll. There seams to be a significant presern.tion (80 • hi% of 

pla.tolet.s during t.he longer pre-clotting perioo.. i."1 hemopb1 Ji c as 

psred with normal (32%) human blood. This could reflect a dimin1ahed 

'utilization• of ~telets in the pro-clotting phase of h&Iriophilic 

blood. Platelet counts after the onset of clotting are not significantly 

ditterent and, in all probability., depend upon pl.atelet removal by 

~ement in the fibrin clot. 
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(8,A) FORE ORD . Siedent.opf and ZsigmondyW, applying the optic 1 

principles worked out by Abbe and Helt:lholt"', i'ir.;t used the 

dark-field ~ethod of !!li.crosccpy. It was quickly applied to e 

study of livine cells and micro- organisms by numerous invest -

ga.to1~s n Germany, France, and elsewhere . 

of its use for study of the blood was reviewed, in 1913, by 

27 24 25 26 
Aynaud and Jeantet • Ayna.ud ' ' us~d it, as well as 

ordinary microscopy, in a monumental study of ti1e u.lte.1:a.tioQS 

of the blood platelets, in a work which de.,)erves far ore 

recognition than it has received by occasional brief 

it the mere modern rev1evs4111415 • Stiibe1459, in 1914, gav 

some good descriptions of the dark- field ap_earances of pla elets, 

wit.} m;:cellent phot.omicrograr,.hs . '.I'he present aut .or demonstrutod 

cellular and clotting appearances in a drop of human blood 

preserved at body temperature under the dark- field ~icrosco ·e, 

before the British : ssociation for the dva.ncement of .. ,cien e, 

~eeting at ~ape Town, in 1929. This initiated an interewt 

pursued frcm tioe to time over r.w.qy years , leadina to publi a­

ti ns in South .. frica122 and in Araerical.24, l39• .1.i.e fellow 

account su:unerizes those observations relating to th~ role 

phospholipids in the alterations of platel ts a.nu otzer !o ed 

eleme!'lts , which cccur after withdrawal frc tlle bo~. ....t i 

original more particula.rly in the novel exj.1£:t.nation which i 

arrived at fro~ an nalysis of the data reYiewed. 
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(8,B) PL T.i:.L~;'r3 

1) Alteration during blood coa;:mlation . (Figure 18) . 

METHOD: A simple sma.11 drop of fin6 er prick blood is plac 

on a scrupulously clean slide and spread tbinly with gentle 

pressure fron:, a No . 0 cove:.'.'"slip . It i"' examined under the il­

im1aersion lens of a good dark-field microscope, with an adjust&ble 

diaphragm in the objective to permit best optical resolutio of 

the ninute details bserved .. -i. bright tungsten bmd or similar 

evenly focussed (e . g. burton lamp) illuminant is adjusted fr 

optimal results and the cardioid conaenser (dark-field) is accu­

rately centered . The heat of the lamp usually wa.rms up the 

blood drop sufficiently without requiring the 37°c chamber 

{enclosing the whole microscope), v.hich was used in. our earlier 

observations . 

OBSERV TIOdS: There are no significant alterations in the 

chylomicrons (themoconia ' ), erythrocytes, and leucocytes124 

in the few minutes which elapse before the appearance of the 

fibrin •needles', w .ich inaicate the clotting of the blood . 

The Elatelets, however, typically ' alter ' so rapidly that i is 

rare to observe them in their normal circulating form, na.e/-Y, 

that of a tiny ovoid disc, about t - ~ the diameter of an 

erythrocyte, and with a delicate feebly refractile contour, 

a clear translucent periphery, { 11optisch leer", Stubel459) 

and a few central granules of varying refractility, wnich a e 

devoid of Brownian or other novement . There is no trace of any 

nucleus . Viewed in profile, the platelet appears 'kennetji ' 

( •tip-cat• or •batonnet 1 , .:.yna.ud24) -shaped, or fusiform 
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platelet: occur in a m:i.tter of second a:fte .. wit.1dra.w-11l of tge 

blood. ~r:st. Uie ·o is "" swelling into °' uphen:.i.e• t: e ::was;e 

of '1ich i"" qtit evident w:1c it ha:p..t, ns t 

fluid cur nt ... in t. .. e pl"s • '..his form h 

er lli:.. ov r in 

an even fainter 

outline, but :rEi dist.it ct inner .,ranulntion, co udst ng cf t,he 

l.::;.rger an<! briah.tel article::, fo1i:1 rl,:r bscrred, tog . · he1 wi h 

back row1,.1 ( • granulomore') o! fi er hr.zy .m l s only 

1aintly vi ibl . lt ~t.ta.io. to thr o or four t •st c ~iz c1 

tLe original pl ·t1:.let ..ind evinces a •~ticid.ness • 

it. to · d. .ere to t .e slide or coversllp. One• dh .:•t.;nt, its 

out.~ .\e .!MY ontinue to oxpa.nl, apparently fror.l ... ver"' l focip until 

a. diameter oi' bc,.e 10 f- is reached. · e te1 this a .....,.....,.....,.......,,. 

c. • t ic een i,. eial;y· a small mir otlt,,, f t alt rin 

pl tel ~ts, ho ever. ,.uch th coci1:1ones t ch n - i - th.a 

hao been fre,1uentl,.1 destribed b,i en:rli(lr ooservers, amoly, 

!..l;o ellate .form (ooe pl, te l o · .. i.rure 18) . 

o proc ss e 01·, at we pr r to ca, t em,. t excre11c 

'Ot. ud d fro the of the plat 1 

cally 11 tho ate •ial or the outer lay r or 1., .lomcret . 

The excr acences are or three kir,dt, viz . (1) rounded or 

Ive icular• ( •:..csaelures t t "ynaud; 'kugeliee lfLvher I. Stu el), 

which , re •. o.~t t'I'equent und.e .. these si, ple co •i i,ons (e e 

c .i:. 1 ); (2) cluv-like; and (3) :i amen ous (see Fig. 3 

124) . in r r. 
'i.'he delicate vesicles ot (l), abov , G em o 

~ eapti balloon a the surf ce of the pl .• t lot .. f er a certain 
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degr of s el ling they ha 'le b en observed to shrin · t m1;orar 1y 

·it. ., a.lja.cent eddying of he"'.oconia ( chylomicron5), au· :;>est ng 

rale o of c r tent., into he aurroundin .. s they 

gradu lly s ·ell af · in, t.he:r • a.p1,eur a f e..; g;-· ulez., e e apparently' 

· nterin·, in fr 1.i the b oy of tic platelet, a.n these 

show vigorous rownian mcv_,m.ent, &u:~eestint:; t "t th 

f th Yesicle hav:.. now become J...i. uified. ,;e er l vesicl 

usu lly i'orm fr..,m each platelet a.nu their ize vuri- u:> to 

5 or 6 r . :::iometi es they rupt.ur co letel:r and dis:1p!-'ear, 

but it. is f r rr.~re co .!:'J.on for the:.1 ... o re~in i'or hour 

anchored to the residue of tho .11 tQl.-t bcdy 

breakin~ away and floating free. rhe clubs 

esscnti lly "z n~i.la ... tc the vesic es, eYce. t in shape · nd in 

the lack of articulate contents . I"ney a .. .., very del.i.eate an 

cscillato vigorously with the jerid."le33 of ty ic· l Brownian 

· ovement • hey fre .ucntly become detached . ... he feebly refr· ctile, 

. ouble- contourcd free-wriggling filamento are charact ·rist.ic 

object~ . They o! dhere t0 ed cell;:j ~nd oth1.;r ob·ects • 

.. e sug._est, as did Qraszberger472 for t 'l.e erytm·ocyte filat11ents 

{ .,ee p . 229 ) , that a nun:.bor of observers in the _-,:ist h ve 

ra.fotal:en tu se for Si1iroc" ct· l (or ct ,i;;r) micro-organisms and 

rrcn ously tried to expl .. in cert·in di eas s (e . g • • 

isea e, rheumatoid conditions, tc . ) 3 •infections' with such 

agents . 

124 
t'rom. the body of the i latelet, we have seent 

occasion, during the enrlie1· ph ses of alteration., a single 

bright particle Jer' ine; in and out, of th~ par nt ele ·1:mt in 
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dying leucocyte fragments, as described by the author122 
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in 19JO. This could be regarded as evidence that the platel t 

is a necrobiotic cellular (see megakaryocyte) fragment. 

Such outline of the~ of the platelet as tnlJ.1 remain 

visible after formation of the •excrescences• exhibits delicate 

form change3 tor a short time, but soon cease~ to be distingU;ish­

able, especially when several platelets adhere together. The 

ultimate result of platelet alteration is the formation of an 

.'.l.dherent granular matrix of large and small particles .. in -wh h 

body outlines are no longer visible . J1dhering to the mass ar!e 

numerous vesicles, clubs, and filaments , and often several 

fibrin needles (see Fig. l of ret.124) . 

2) Agglutination of Rlatelets . Thia characteristic phenOrAenon of 

normal platelet alteration was first described by Hayam.213,214, 

in 1877- 1678, and especially studied in 1917 by J . H. right 

and G. R. ·1not511 under the name •viscous met.a.morph0i1is• 

coined by berth and i.JChimaelbusch11J, in 1886. 

Under t.he dark-field microscope, it is seen that the pl te­

lets which happen to be thrown together while acquiring the 

•stickiness• previously noted during the period of swelling, 

readily adhere to form a clump, which is increased. b~ the ad iti"n 

of ot1er platelets that chance along . It is tnis removal by 

agglutination and adherence to glass and other wettable surf ces, 

rather than disinteeration, which makeo it so difficult to find 

platelets in serum !ran clotted blood, and alno renders any 
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attempt a.t counting of the plateleto invalid if even a trace 

of clotting nas occurred . Aynaud24 and others, including 

124 . 
ourselves used paraffined surfaces to minimize these clumpi g 

phenomena . he more recent introduction of non- wet~able 

sillconed surfaces is an improvement over these earlier l'.Iiethod , 

which e have t'requently .used in core recent years and '1hich 

been comr.-,ented on in some detail by rarjorie B. Zucker5lB 

as noted on p . 65 • he phenomena of platelet clWAping and palrtial 

aisintegration (or 'alteration•) normally in vitro make it 

difficult to study specific pla.telet- agt;lutination and pla.tel 

lysis , e . g . after sensitization to certain drugs or a.nt,i.i:;lat.el(et 

sera1 • uch studies must be performed i ith extremely careful 

technique and the use of siliconed surfaces . 

3) Platelets and fibrin . 'fhe often reported finding of fibrin 

needles or filaments, adhering to altering platelets i~, in fact, 

lesa i ,portant than the observations: (1) platelet alteratio ~ 

comr ence long before fibrin appears, (2) lilall.f fibrin needle~ 

be seen, under the dark field, to appear de novo out o.t' t1e 

bac ground o the clear plasma, by nc means re~uiring the plu e-

lets (or other visible object) as foci for their formation . 

4) PL:A.TELl~T u:..;iE VAT!t N. rhe mere use of a. non-wettable surI'ac , 

e .g . silicone, sans anticcagulant, has only a miner et .. cct in 

delaying the typical platelet alterations >which soon s ·i c;.w ... 11 the 

appearances which we huve described • 

• ,roba.ble that complete rna.int.enance of non-wettability i imfossible 

under the conditions of observation, an':l that there is bound . o 

be some air-liquid interface. 
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latel,t alt_r· ticns. 1,ynaud's studies, see u. 219, "tl,.,1, be glveu 

full er dit .f :r- the thorou:-h ir:vestie ... tfon cf ver-J ma: y ""d ed 

aaents inve tig te for their eL ects on :·la.tt....let alt. ra-ticns. 

e n~v ~ rely iti>ed citr·>"\tej ox ,,l .. ""' , mid, more rece_ ... tly, 

eq estrene-. a.
2 

(4''/l'A, eee p. 140) to c n.firm the abi ity of the 

dccnlci!yir:6 anticca~ulant.c to .. ,reserve latelets. y pre:.ser a-

tion, · e :re ... that the alte?'aticn2, wnic I do still occur, ar· 

tuch le5S dislnt.ogr11tive. ,11 chanee · ar gre,,_t.l.1 r{lt rded and 

t 1e!' 1:.re som- defini e di:'/ercnces fro t h .. oequence t 

~.hich we !mv described above. '"btfi-utin ticn of thli plat.el ~s 

..:.s parr.icul. rl/ del· yed an.. .,~y b neglif:ible even !lfter duy3, 

especially withs ·questrene combined with the use of si icone 

a rfaces. 

\'hen citrated plateL,t-rich I,,lasma. is ,llaced on r;.n 

las lide for dark-field observation, m ny ::.ingle .1 t lets 

.~e observed flc,ating in the pla3 .. a . ome, ,cwever, sedi ent and 

J er to an extent ~uffioient to resi. ,. ~he small 1 id currents 

always een in t.he:t:>e ·~:-:t prepnri.tions . Both free- lea.ting ::.mi 

.erent platele!:.s are r"'ther ~ore refr· ctile t.1an in tu., sL;il-e 

blood dro:-. The .. iny disc form, frequently -.ell seen ed"' :-1i 

pre1--onderatel.l ... t f1.!'st nnd may be reg rded as the norm 1 f r:r.:.. 

ts outline i:3 . 11 defined and there is a clear :1yaloinere ana 

a fe, c ntral ststioni;.try granules (gro.nulo,cre). t soon 

to shew delicate s.,ort we.vy filamentou xerescences from 

ore p ~nts along the edge. Confi~"ling >tuoe1459, de ncve dometimes 
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s en ti,ese filu ent · fo1 ... , ,1ithdra·,, and re.form, but t y socn 

rem in eJitended ana irrevertdble. .\fter a fe. r.unutes the,r appear 

to become or: tiefinitely rigid . ,e/ ses:;,. to e::tend .further 

over the course cf ... everal t.0ur anu r-,,,y reduce t!"i oody o.r ,he 

platelet t inBiinificance . ometi. e:;; a sin0 lo ver.1 lcng fila,r.ent. 

xtemis from the s1;1all granular rer.ina."lt of the: body, in wn ,t w 

h.s.ve termed a "'pere.1-lil.H, fGm124• nu. ber o rcunded e:xcri3s-

c-nce..,, u ual1y one (or two) to a platdet, m-Y al o b~- observed . 

lnlike t e vesicles 01 unpreservec! lat 

b s · n edgewise to be ditc- 11 e . r'.enc-

etn, io.; ver, these oen 

124 e u.ae t .e tl:'r, 

i,b.quette- l'orm. B:xcept with vigorous art.:.i'icial manipulation, it 

15 unu::ru6.l 1or eitl, r the. filifo1m or pl~te--ih.i excI'e cence6 

to boco1e detached . ?reserved pl telets ay b~ wa5hed with 

ealine (0 . 85% ,aGl) in silicone and k pt in th fro.zen -·a.ge 

( - 20° ) .. 

4b) tecalcificuticn results in a re-acceleration of the retarded 

.:.lter-u.tive I 1enomena in tLe platelets and i.f ne plu.m:w is still 

resent, f1bri. for ... ation ccurs a ft.w ,dnutes la.tar. 1.he 

recalcifj_ect platelets swen, e.dhere, clump, a: a (parti lly) 

disintegrate in much the same rr.ar.ner as in unpreserved blocd, 

and the phenomena. arc es~um,:,iully simila.. in recer t pre .:irs.t.i¢1na 

~nu in long p:reserved platelets (in silicone t 4°c) ""c lei ied 

as usual. :ee plate 2 of Figure 1S. I is rat.a_r remarkable to 

se the rigid excre c nces soften -nd sw-11 and v ·icul te, 

often involving the whole of tl.e pl telet, excep for r.:.o::;t of the 

cranulomere . Gr;;;..nules evincing Brownian ... ovcm~nt ma.y P:i,ear in 

the vesiculated form. 
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£!feet - of varying citrate coneentratio 'l5 were minutelt 

studied in our 1934 publication124, to ~hich referenc~ m.! • Pe 

made for details. '£he im1,orta.nt conclusion w .is that the con­

centrations of decalcifying a 6ent ~hich prevented clotting ~lso 

'preserved• the platelets to the extent of maintaining rigi,:iity 

of excrescences, lessened clumping, _and absence of 'fluidity• 

of platelet content . We regard thi~ as significant evidence 

that calcium 1 as a specific role in the special ( 'liquefactive•) 

iisintegration phenomena by which the platelets come to pla• 

a very important role in the blood clotti1,1g pnenomena. va~otic 

imbibition of water b'J platelets (1) in n1~otonic solutiont 

e .g. on diluting with distilled water or (2) on addin· 

saponin (see plate 4 of Fig. lS), in the presence cf citrate, 

do not result in 1.lasma clotting. 

-rhe conclusion we124 reached in 1934 was that. the platelet 

'alterations• consist fundame~tall.y of a 'myelin figure' 

fonnation from their surface pbospholipids (see la.ter) and 

that calcium, by it~ influence on the phase-relations of the 

lipo1d-i>:ater s..rstem, specU'ically directa t.he water into the 

fatty platelet .material thereby swelling and disrupting it. 

"Ihis appears to be a significant contribution, ordina.ril.,;r, tc 

tne platelet release of factors w ich the platelets contribute 

to t.1e blood-clotting syst.ein. 

{8,C) MEGAt<AR't CYTES1J9 • U.one-r.,.arrcw, freshly obtained from tne 

femur or tibia of anestletized rabbits, was 1uickly mounted in 

aut.ologous serum, previously obtained !rem neart-punctu.re blood 

of the sa.~e animal. ~ark-field rJ.icroscopic appearances are 

shown i1 Plat.es 5 and 6 01' f 'ig . 19. 
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In the fon:ier, no a.ntigoagulant a~ used, anA ve lea ar 

exc:r-escenc_ , cont,.inint, granule., cscil.J.nting vith ..:rownian 
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ove, .. nt, ar~ se •n at th(t eriphery of t 1e mega.l aryocyte (in a small 

rropo:-tion of the t L.nt cells ob:>erved) . fhe excre ... ce:H.:es dre 

vory si ,il r te; orJin,.ry 1,l •telet r.lte. ation:3 und, like t.ne latt.er, 

often beco ... e det..acLt.d. In the 3econd ..,erie:; o ... o~servati n&, the 

arz :w prep, raticn w.c.s citrated (plate 6). !' b au pre::;se,s the 

slew oeboid move· nt of ~he m~g.karyocy es d c·u·e the~ to 

oho. a 'Well-defined outllne and z. fixeu lassy ppearance of their 

v~r granular Cftopl,ism 'very s.:.r.ri.l .r t.o loukocyte ap ara.nces 

i:1 citrated bloorl reparations) . , very f e, ve icles (see ~lat.e 

~ continue to appvar, however, b t a.re "!:.aller, .::.ore refr.:i.ctile., 

d.evci ( or alrnoct J of grc;,nules, nd re~emble tn- pl~ qu tte fo:r ... 

of corresr-ondin °ly treated ,iJlatelete (p . 226) . 

h~v never observe_ a living megakaryccyt frag enting 

·'lo 
into plat~lets) ... -nd halitve the pheno, na described are absent 

of 1 ess r.:.arked ih the less r.:utur...., • e5akaryocytes . hey were 

aov observed in .E.21;rk ryocytes ( osteobla;:;~,, ,"hich are urU'el ted. 

to pl telet origin • 

. OOCY'i'ES139 • '!he nucleated t .rombccyt.e'"' of amp i ia. (frog)., 

reptiles ( turt..1.e), .fi..,h (fre .. h wutor sun-.i.; ) , and bird., 'fo 1) 

i ave been studied under similar conaitions . ilate 7 ( .... ig. 1 ) 

shows an alt reel frog thra .. ocyte, lylng on t p of a lo.rg"' 

fibrin f ilamt::nt. ote the vesicular bodies d rived from tho 

t.ht·o .bocyte, scme still ~tt ched and others reh,..1sed for some 

dist. e . ,.s fre uent.1.y ncted i. the rlie.:- 1iterat re on 
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thrcmbocytes, t~,eir disi.ntegr ti0n is ofte1 ver.: sudJen 

un l explo3iV in cha.ract,er. ·mis scat .. rs e:xcrosce ces., 

chiefl, ve~ ic es, nd granular rnatoric.J. co soi.,e distance from 

t e f'"'t·ent throi:rJ..i ,cyto, as well s .o , in 1 1 t,e 8 (Fig . 19) in 

-r. at. many ve. icles persist in the regi n of the original ad­

herence &1d disi.. tegration oi' the t .. r bocyte . .1.h ... d: .:-k- ield 

observotions ccn "irm the es~ential ~· il~rity o · the altor tions 

of thrcmbocytes., egaka.ryocyte re(..rgins, nd •. m.malian plat lets. 

(8,E) ..... YTHh.1CYTE ST~:.Ct ~ LYSfo, ETC . 1•urc gctt182
, in 194 , e 

d rk-fi ld obsorvatiom1 of alt rin6 erythrcc7te 'ghos s' 

(stroma cf hemol1zed red cells) in contact 'th 1 ctropic salt 

solut'ons such ac lithium perchlor·te or potassium thiocyanate. 

;Te wa:.; apparently una.i are of our earlier duta on lat let alter­

ations e.ntl, independentl:1, suggested the • rnyelln figure t ex lan­

a.ticn c · tne I henam.en:,, observed. His s a en c: the red cell 

literature revealed eovi:,ral earlier o 5ervations (e .g . livex-355, 

Kite267, Auer23, and others) of essentially s ·1ar appearances 

fr both hemolyzed ~md non- he .. olyzed red cell.., . Iii some 

observations de by the present aut.hor in 1.,a.pe To~n i 1/'.;0 

and recorded ir, the photomicrograph reproduced in r-lato 9, 

f. g . 2 , • .. tromatcl.ytic t f'ilam.ents were observed extend ng fro .. 

the rr.argins o young erythrobla.sts in u. drop of he-rt blood fro.r.: 

... rabbit r:i.bryo . 1 late ll, tig . 20, 1=hoto •ra. ied b;z n erst­

·,hile re.o.uate · tudent. (,'. d... ralph) orking un~er the author's 

supervision _t the un:vursity of icni an int c early 19 

shows apparently similar t.hread-li e p ocesse connect:1.n 

I•· .,, 
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points at !hi ch norr,.-a.l adult hum.a 1 'rt:· c lls ha.v~ ap1. rcntly 

t uch.;}d and then , ithdrawn fro one an·~th ,I . . la1.,e 10., Fil.>. 20, 

.:!.lso prerJared by Dr ••• ;; •• alph, is · ... trikins exa.tnp e of "h 

u.icullit- stromatolytic uppea .. ances occ rring i:i vitro in 

slide (durk-fi ... ld micrcocopy) 0bs-rvaticn of a nuclJ ted r ·d 

cell from a tadpolel39 . 

~onc)uslon . T'nere is cle rly a cot":ton rhenom.e en con ectsd 

i h ::.vrface ' alterations 1 of ti1e t;evur<il var· ~ti1:.s of blo d 

and bone-.,.,,.:..rrm !'tirmod elcn.eut collec ti v 1y co 3idere in the 

fcre-"'oing observations . he basis for attrib1.1.t.:..:.;g t:1ese 

_henomena to a mzolin fizure forwation fr he surface 

:liospholir,,id,:. 01' thesei r r .cd elem nts, .follo s !rem t e 

s rie~ or observations. 

(8, ~) .. Y ,IN Lr R 

Foreword . ~L. Virchow48.3 first described !illclin .forms (fig rea) 

, s microscc. ical appearance"' at the ~ cs of n rvou ... tio ue 

observed in c ntact with w · terJ solutions . _.e inter:-rete · be.'ll 

in te1...; o ... urface {interphc.'is ) ... ·el tions · tv,een th lipoid 

a.~d aqueoua _hases . J . · • Leathes284 studied t1e. very ext~n­

sively., in 1925 . a photc,~ra hed, at s c eJsive ;,; minute 

inte1-valJ., the largo r..yelin fi5ures ppearin~ at th~ ed,e ef 

filn cf lecithin, in contact with a ide variut.y oi' nrlt-.r-J 

solutions> chosen to illustrat tr e ef-'ects of ( ) speci ic 

iomi, (b; o:,1"otic concentration, and (c) adsorbed ub.,tanc~s . 

!. , myelin forms ere re::.<l:i.ly pro uced by dis v.i..l.:.. d .. t r. 

Le· th,;ls . oted a SU!J.,re..,si v - or inhibitcrJ ef f ct of c~-..lcium 

ions, said t b ov rcome by 0 . 01 .! la H and b.r chcle .. terol . 



vther retsrdin; and llk y favorin; a ents e recorded 

by t.iis observer. 
l ':)' 

mi t · · in 1°'.~4 ~ i,1e prcsen aur.nor, u 

r .1roduce, oome of the lecithin exp r:i .ent- of I.eat ya. 

12\ and l2JJ ( .. ig. 2J) t.hcw t • .: dark-fiel· 

( 400x :ms ·nif. ) f the ed..:;e c..i. .1e pho pliol p · d .fi 

231. 

( ·) at the turt, i.n cont.,..ct. 1-,ith uir, z.bo ;ini::; c. l the ...in •ar 

.1tghly refractile ma.rgin; r:...'ld (B) 3 · nut ... s fter cent.a.ct l ;i.t.h 

distH--d . ter, ;;i 10\ i .... .,he typical lurge (i iti 1 1 m;, lin 

r rrns flowing out into the wut iry yll e (u; e. ri . t part o! 

i 1 t.ho :p 1 t.omicr gra_:).11 ~nd :therefo:re retouche<i) he 

"84 
• tr nsluct;ut border', t1.f, dc .. c 1·inod by ,eathes"' · • 

ur observat·on e:.tabli~ .ed ne or t1c ne pc 

\ e b lievie; tc be of considera· le sic;nific nee . 

Fintly, all t>1atery solut.:...ons ceu .... e th. initi:J.l -;yelin 

fig re outflow (i.e. into the aqueous .p-se), ,;nich ia ol owed 

by a fur .\;r xpan:.ion o.fter , 5-l minute ' elay • erio,i'. 

· eco_ · l.1, the dark-fiel 1 met1.o~i _p-r.· •• ts of 

,at es' translucent borJar a• a reci• roca.l phen(;sieno. , namely, 

a penetration o~ the water into the lipid se. .!.'ha aecor.dar-,( 

-;Pansicn ph se, e ob.,01·ved tc be vi.:ry- de nde.1t upon t. e 

,art· cula ions 1..n the w.s.ter.:r olutic, • 1. dis tilled water. or 

s.o::lj . .:.:~ chloride (aid. similar .:!lt) .;clutio :: ,•rnr used, the 

tsecoi.dary' myelin figure outflow 1Went on wit increasinJ 

speed a.n1.,. ieor, but t e inflo of atery phas int. the lipid 

was liclt. .... d and showed little further pcne-;,ra.Liun beyond t..h t 

se n in the i.niti 1 pl as • , ii..h calci olur.1ons, 



232. 

t es r latiu ~ were r v .. ',ti -?'8 th 

in 1. _in fi •re out, loP, bl l.ttl r .. he 

del A er~o • ccn a.rily, ho ... ' t.e tion 

.:.nt the li ·ct rcce ed 1 .. ce t , 
the 'tr nsluc nt b ·rde." r.rou6 .• ut t e li ·ct ortion . 

ur i clu i 11 ;;, ... t ca. c um :;; .) i!'ic _n irecting 

. tcr int t lipid nho.se, as ... ell-k 0 1 from t e 101 ;,- of 

. h ph·se-rel tion ci um 

s lt., in 0 p ... and ot. er f· t- _, 1 

0 th 'conclusicn t. t ' el.:.n .:..r ' e t 

1-.rtac md l c lize i. bibition f wt rn 
' 

OU d dd 

tl t ca ci icnz op c.:.fic,_lly zene 1·~e t., i ibiti n and 

rsef rny_lin fi ur ce, ~ c b een 

very cl r leci fill .. • da .. -field 

ides t t l t (etc.) lteration, e 

C nclude th t vhe C lcium ,a- J,eci ic rol, not o 

t excr "'cenc • n·c can cccur n cit..r t, t . ) 
but th iiqu acti n f t ir c~inz 

: t r into th pl t yt. 
' 

cnlci 

pl· "S -11 i. port.ant role in r 

lf? ' 0 r 1945 ob-

se ·va ions139 
' 

we w re bl t iiclude ,m dar -fie 

ob er ... in:.> o. c., wI' pho phc. _de .. , n ly, t e p ri ied 

pre ra.t'cns of r . r : olch (of tn .ockefe.ller In tit ., . , 
' . ), ithi·h are d ... cric-d Ci. p. 174 . 

_ .. e c if a ition obt d l.h. t 

lin, cf the ev r:i ----ce li ~ s stud· , ., · l ed 

• 
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2.33. 

elin o v hich, i ize ·n ap ' . . cles, 

o t n r to th bove-

l' t r ion.,, tit d 

tor ra t. em ... ica.l. 

111, fund li fi u no enon 

t Ci.1. t 1CS t de in 0 ct it tvry 

solu ciu sal.., a gr"m: .. r a o;) · tio • 

J nc in n t. li id u, d int -t ,ydr~ 

t di p rs'on into ry e. in- ot of 

t. s lt oluti n ha only ~nor ff cto 

o e rane pl en encn i11 ic tr pent~ ton r vS 

r~ly c ntroll d by o 

Th peculi ly in at 

i dir ctly i1to coll i 1 s opens n s 1chyl icr t 

his i mnteado .. 

tiv 0£ 

nater a f 

o ·· th b lk ! li oi al " i rctein 

onccrnin t 

tc., ou x ri n 

~n su ry, t ., or c 

t DY• 

ri.J n-, of th 

cro co ical ap1ear nces o (a) ter-

phoo fiL,.s B.(:<: (b) in vi ro ' lt n..: ' f l I tel ts, 

cyocy es, t .. ro."abocyte nd cert idict.., 

1 -1 po ·t. ce of '· elin (fi ur ) 1 

r lat en·• a... at r l i erf C .J. 

to be extr- .-1Y ,e,ti· l7 no, -vlt l p no. ~-a 

_ li o'd- '4 Ch ~urf~ce ·- , t C l.y i"' n 



l 

.. y r tro L, cf t. c ... i ··a.l~c u ir · ~1e app r. e o:f 

'"C nee ... t of r.:.ou·· uut 

h re L , ..__ specific r.:;eo 

r l ... ti r ct'-' f '. "1. 

th c .trih tin t~ the 

~tu :;.e· hol .Jl, t· 1, pr tei 
' ' 

er: ~ oth r :f · ct rd n ........ d "~dition" - fu. ible 

~oaificr.., cf ·he b_ ic phe. 
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G. 

FOID •RD. uux- rer.rnarch program, 1950- 55, itr r - r· to the in-

o!"ders, , .; largely planned md exec'-<ted by Dr. Jo"'oica r, • 

.. eaearch, ;,cc· te a.>1d Co-investit;at .r, ·it: a vice, a_s.,istanee, 

a.n<l sc: .. ·: participation by the author . Invaluable techi1.:cal 

nesistance ,a,., :endered by Fr,'.:.ncis 1. . • o :gan, .;oris '-' • r crr,uson, 

Iri tuuin, \rm C. t!cwe and ... rt:.a G. J· c • on . Since 19.SJ, a 

gra uate atudent, • r. ~Ta,1,e3 · • . resh, has a.de :::r ... n bl co:it:ri-

buti s peclally to Group Gtu ies (see below), and, 

:L'l the past year, giss Lary Jan Patch has be-en a. most helpful 

collabor.u.tor . ...he nto.ffs of th- Ln..i..verz·ty 1s ( .. . · . ) .. emori l 

Hospit 1, :uke ospit ~1, the etera.. o' os,:-d.tnl, a .d 

h~ve coo r-c;1,tod with the a.ti nt mate .. i l , a h. e a. mu ber of 

rivat practi ioner3 . e ""r in ebten to r . lfar j 01•i1c: .. . 

Zucker of t.he . • r . Colle...,,3 of · entint.ry, hysiology .... ,epant.-

me. t, fo::-
;,19 

.ie .... eru.r;i cerctonin ass· :;rs , us d to a sess tL1e 

_>latelet va.soc stricter factor (i te ll, see Ta l s) . 

ital 

In prepa ing the d~ta for this t: esis, th uthor has 

proceedeu indepei1dently and u .. > not consulted Dr . .e·,rL, w.10 now 

'1a.::; her• 01-m Hosearch ,a Or""dtory at the 'nive.1:5ity of fit sbuxrgh. 

Gratefully acknowled ir45 tne leadi ~; role ..,f .r. i...e. 1~ · UCL the 

indiviau. l ccntributiom f euch -ue:.ber- of o· r group, the 

fcir the following prese.nt.:tion and ~n.tl ia o..:. the data 

selected . 
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CASES: :represent some 86 patients and J2 normal motners and tlieir 

infants . They a.re elasi..d.fied into j groups . ~;o attempt wi l e 

made to analyse them .fr0m the clinical viewpoint . .,ather, the;, 

represent merely a physiological contribution of analytical 

laboratory methods, with which to approach a rational diagnosi~ 

and understanding cf the clinical hemostatic problems . Cur 

•groups' n.re chosen from this physiological viewpoint to serve 

the fiUrpose of this thesis enquiry . 

1 ::TH • .,s: .for the most pa.rt, have been described on PP•91-108, 

and will not be further elaborated. n itemization (,1-JQ) 

facilitates organization and reference . In tne first Table (Lil), 

the mean and ran ·.e of test values are given for ( ) norm.al he lthy 

adults (randomized as to sex and age), (B) parturient mot..er:s 11 and 

(C) their ncraal newborn infd.nts (cord bloods). 

o, ±, (i. e . trace or minor)., + ••• -H++ : indicate relative e-

gree<3 of (1) bleeding tendency, and {~) clot-retractL..n (in 

glass) . ,etraction was al.so observed in silicone (cf . ll)., 

but this will not be reported, since the di!!ere,1ce froni (!&} 

were relatively minc>r . In grou1; summaries, the number of casos 

~-as niv'i.ded, for each test, into the following categories: 

POS . : significant altsration o! the test value . 

if.G . : not significantly different from tie normal 'norm. ) . 

? : doubtfully significant • 

• T. : no test i,er!'ormed. 

RESULTS: a.re presented in Tabl~u1 LII - LX . 

Group I: (A) H ,:lliAL .DUL1'S., (B) PARTURISlIT iiER, (C) ~ RMA.L 

Hfil.'BOID1 ILr'ANT.S ( ·,,O!ID BIO 1)3) , ret.172• T ELE LII. 
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(A) . ~e, U1:U.S: were tram he&lt.hy adults , randomized as to :1u 

and age . They were mos~l.,y medical students , staff, and hos.~tal 

personnel., includint a fe'~ colored helpers . The means or the 

variouo tests were statistically determined on significantly 

large groups., usually more than 50 ca.aeo . 

(B). Y 'rHE:P..;:;: the .32 cases at.udied .ermi.tted vener'uncture 

dud .. 'lg parturition. They all appeared healthy nd we ... l ., und gave 

no hiotory or recent infections, antibiotic or excessive sall¢ylate 

therapy., dietary inadequacy, or gastrointestinal disturbance. 

The obstetrical anesthesia. was non-contributor:, . 

labor., and the puerperium were uncouplieated by toxemia, huao~e 

or throm.bos.s . 

( C) . INFANTS: the 32 newbom babies yielded blood samples fro:a 

the umbilical cord before it had stopped pulsatine. 11 babies 

were delivered without trouble, ~ere uninju~ed, and appe&Ted 

normal • • one developed any bleeding tendency . 

some babies received vitamin K. , questions concerni g which are 

answered in the cited rereronces172, l7J . 

T5.1'r ~ULT.3: See Table LII . For purposes of this thes!i.s, 

comment will be limited to the noting of the absence o! any 

platelet problems in (B) and (C) . 11 tests, in this regard; 

tall within normal (A) limits . A sint.le exception (10%) 

of low latelet accelerator (l,2) in (C) was ot doubtful ~i~-nii'i­

cance (possible lahility-). 

The many interesting findings in other tests are full)" 

dealt with in the cited publications , and include data on ther 
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125 ne horns, ~nd ~est of their mcthors , which are not included 

int ie present ore ccmpletel:, studie~ ~roup . 

GROUP II . co ~Gt... n·,..1 (rAM1Lli11) 1.t,.i':- ~ 

Table UII- A • 

Because of tl ei, unusu-1 interest (rer.453) these case9 swill be 

reported individually, in "'able LIII- .\ . 

Case 1 . (A . H. ): wa.i exnr.ined on t.,c cc:ision..,, (a 1 .Feb . '54, 

before tr at~ant, and (b) 20 Apr . 855 , a few days after splenect~. 

n tests (a): the plat . count (li) i'l'::..o , ery lcw (38,000) and. 

esoay::. for specific plo.telet factors (1:2 - 1§) were not attempted . 

~lot . retr . (~1 was aln.cst ~bsent, but prothr . consumption 

(~) ws.;:; amazingly norrr.al . :.the child ha1 'bleeding syn to.:ns 

(1) ot tr. ... s time, dati.ng back to shortly a.ft.er birt., . ..leed. 

time (2) was ver-~ prolcnged, and the T. 1 . (tourniquet test) 

(§) ·a... strc.ngly I OS . 

a.mi.Ly historie:s (F . H. ) (,2) idll not bed etailed in the pre ... ent 

studie.J, but were si6nificantly .. .,, • il:i. 'a.;es l arid 2. 

In tes .. s (b), ri.fter s1 lcnecto.:cy, all test values ~ ere restor!.;ld 

to normal, with tt e questionable e:'!.ception of 5 ... % plat . tpln . 

(1.2) . 'i. e patient developed nc further bleeding problems in a 

12 _onth follow-up . 

Case 2 •• (D. D. ): .~.::..s no-:. a. bleeder (1), despite t.e POS. 

Fam • .'is t . (.~) . .ievertheless , his plat . count (]!) w ... ~ low 

(9~,ooo) and tests~' 1:2, 15, and 16. er~ sienificantly 

fa1~orma.l. .;e shculd, tnercfore, be regarded as a pote'ntial · leeder. 



239. 

GROUP Ill: HEREDITA:l! THROMOOCY1 PA'l'rtlC PURPURAS. Case 3: 

.ItH PLl.TELET ?.?.UBL::Y.S . TABIE LIII- B. 

Case J . (ii.P.): was a severe bleeder (1), 'riith v..; . ?ar:t. Higt . 

{~). 'l'he plat. count (230,000) was normal, but clot retr. (12) ..,... 

was absent and the bleed. time (2} and T.T . (8) were very signi­

ficantly fv...; . i·b.te . accel . (1&) was ·not tested, !>nd plasma 

proa.ccelerin {~) was a. low normal (62,t). Plat . tpln . (U) 

and eer. serotonin (!1) were normal (l 01>) . Test !2 ~r."s NEO,, 

but senurn antithr. (20) seemed to be increased . Frottir. consump­

tion (~) was ncrmal. (95%). 

qooclwsion: Ti.is rare case s eem.s to be one of the very few 

reported (ref. JSJ) which conform to Glanzmann•s188 'heredita.r,y 

hemorrhagic thrombasthenia'. 

yc.~;er.; 41 5: A. C. and ~. C., mother and daughter, presented a 

familial (2,) disorder, which corresponded most nearly to the classical 

descriptiona484, 485•486•2601262 of PSEUOOHEl!OP, ILIA (re£ . JSJ ,4!>.3) . 

Case 4: was a 52 yr. old •·hite woun giving a+(+) history of 

bleeding tendency (1) since 19 yn . or age . The c:1ief man1 ... 

festations were ecchymoses and a moderately severe post- operative 

hemorrhage. Bleedine. time (2) .and clotting- times (.!,2, ,!!) 

\tere normal., as was clot retr. (g). Her plat. count (!!t,) was 

normal (238,000), but the plat~ tpln . (15) significantly 

reduced (50%) and plat. accel. (16) a low normal (50 ). 

Serot. (!1) N. T. The T. T. (§) was significantly +++.Prothr. 

consumF,tion (~) we.s nvro.a.l ( >95%) , as were HF (22), P1C (23) - -
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and other test • rlasma proaccel . (~) and proconv. (28) .. 
• • :t . 

Fibr. (~) wa elevated. 

Case 5: the daughter, 20 yrs . old, h d also suffered +( +) ec l hymotic 

bleedings. Her plat . count (Jli) was a low normal (104,000) nd 

the plat . tpln . (li_), 25;!, and plat.. accel. (.!2), 20, unequivoc lly 

reduced . Serot . (17) i . T. Plasma proaccel . (~) was normal 

(90%), t.HF (22) like ise, and probably P1C (3J.), 60$ . Prothr. 

consumption (~) was quite normal, as were other tents, incl • . 

a slightly questionable (7lj) (recip. , see P.• 99) prothr. timf 

(~) . Clot retr . (12) was a satisfac.ton- +-H- . Fibr. g1 was 

elevated. 

IGCUSSI N. In these two oases of pseudohe. ophilia, the platelet 

probltunS were relatively minor and functional (t1rombocytopathic). 

They must be regarded as o! questio:la.ble clinical significance 

in a type of hereditary disorder whic appears to be pri ari ' 

a vascujar dysfunction • . e had 6 other cases of pseudohe ,ophilia, 

2 of hereditary telangiectasia, and 2 with bleeding hemangiomata, 

none of whoin had any platelet problems, an whose tests, therefore, 

a.re irrelevant to the present enquiry. 

ACQUI ED DEFICIEr.CIE3 OF PLAT .... LET FUNCTIONS: will be pre3ent,ed 

in the other groups . 'lhe Ui® IA cases (Grou) VIII) are especially 

interesting (p. 246) . 

G UP IV: AC::,UIRED THIDMOOCYT P HA. ( es 6 - JO) . able LIV. 

These 25 cases were clinically diagnosed as follows: 

(A): 11 acute lTP (idiopathic thrombocytopenic purpura), of which 

3 may ve been due to drugs, and 3 to infoctions, nrunoly", 

(1) respirator/ infection in a 17 mo. ole1 cnild., ~2) dipbtheria 
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i 4~ yr. ld chi d, d 3) • t ct ou;;, ? t "') 

h iti in l yr. old . ito ir. 

(n): 7 c ron I . , 1 cl. . o 2- th • ur ti , 

irl. 

(C): 5 O<! n l,y, (lJ t o 

2 pemic"ouo 

1C. 'n 22 

m 3) c;n ith 

( ) : 2 with 

ldr.y . .. 
J.. tat c ligna cy. 

iv n in bl LI , 

D . lat . count .. (!lt, ng d fro 5,00 vO .4, 

XC pt r th 17 ,o O ' t thi ., • 10, '53 jJ. 3) • 

old color d o an i~h Jerniciou ') . . ny 

le d . .. ~n • (Z), one 

h'.:;tory . 

2 othct'f.i, 

(!!) . 

4 • I • , n~ only one 

V i 19 md 

roc3, who e rk kin 

i 1th the r di f t i- t st. t · e .2,) f 

S. in 17 nd ~· ation bl in n . 1 t .- im { 10) 

., d fit ·t l.y pr long d only ut 

C . :. • (lJ) ., 00 • t, uper ... orit; 

CJ • _•t 11 in C 1 er ... e • 

l.o .. tr . (g) { • in 17 f es . is 

(13) . !unct.icna (!_, ~ 17) . re u 

a.r t. l co t 4) . or (!,2) 

pat . 19 . ble j; 

0 r (16) p t, ccel., t ti , 19 c,_s w, al 
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or (ll ~er. ser 'tor.in, t ;;, tine:. 12 cas ,'3, 6 were 

Lh ,i • 'rrr ") ro r . con u I .... 1.c.,n \.Q, a., defective in 16 nd .u stionable 

in one . _ i is hi& 1 i...,nifica t, but thr· antitative correla-

i n bt.;t 1 e pl;,,.t.elct l av -L ru1.d e r.:;e of :f · lure to utilize 

prct,ro .bin o ow d ~ very poor correJ~ti n . ~tis suggested that 

t equality of the latelevs , in te. s 0.1. unction.:.l c ru.citie.i, 

io o e im;· r ant thtm mere nu;·ibers, in contr- 1) ing p.rothromb 

ut · liz tlo. • Th pl sm""' co ~,one. ts (gz, ,?1) o thi"' • ech ni m 

,jere nor.m.ul e .ce; t for one borderline ( 60;; n~ one low nor~ial 

( 65.,.) . TC .:.. says, n_ither in t e r nee w ich co · L e e.x: 

t i luence tbe proU r. cunsun:: tion test . 

nm 11 incider ce (s t: ~'able) of other thro. bir:.-fac-.:,c.r ciuiichmcies 

is unex:•llline • It is p ssib}e th i;, .i.iver function iG occasionally 

disturbed, perhaps by herorrhrge. _.i elevated fibr. (,31) in 

9 case~ may b evidence of a Jiver reaction. 

proacc ·lerin (29) in 3 ccwm, d....,e . ot fleet the any ore, 19 cases, 

lo· v lues for plat . ace .1.. (~) . Pb.s a.-U;r . c. t. 11._) was 

defi,,itel.y r ,lont,e in l:; cat.~ an<! cligntl s in 8 ere case:J . 

· e d not yet kn 11 t e poss.i'oltj significance of th.:.' indin:; . 

GI UP /: ( ;.,1>S S 31 - J.J J • 

T!iese three c;i~es present, dif.f'e c, t, clin cal iso ders, but hew, 

i 1 co on, vei.·y elevated plutelet count (14) . Tuo 1.21, B) 

had bLe. · n~ .:r"'ptcms. 

R ... -u · T. ·: • r<' detaile f i.n Table LV' . 

DLCUSk.l. GaseJl: (f • • ) ,a..., 63 yr . old cc-lo red ma;.. .1-th 

priniary aden carcino:;i.a of L.ne s om ch an 8en ~ :ized etantaees. 
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At autopsy, the bone-marrow was touna to be hyperplastic, wit a 

greatl increased number of megakaryocytes . He was examined or 

5 times bet~een June 23 1 '53 and his demise on 27 Aug . '54. 

The cited tests were on the first occasion, but the throm­

bocytosis persisted .,,.t similar levels 'through 29 June, '54. 

He developed a large hem.a.tom.a. in the upper right arm, inexpl.i,­

cabl,v. Except for a low plat. accel . (16) on Jan. 6, t54, 

all tests of plQtelet function, incl. clot retr. Cl.2), and p othr. 

co .. sumption <22) were normal., Serotonin W) as not tested however. 

The tibrinogen (21) was a borderline (200 mg) on 6 Jan. 1 54 

and plasma proaccel . (l2) low (20%) on the same occasion. 

These findings could go with a .!'ibrinolytic enzyme ctivatio11, 

which m.ight have been overlooked in recording cf a glass c.t 

(1Q) of l.> min. and +H+ clot . retr. (~) on that occasion. :i:je 

do not feel sure of the crude tibrinol.rsin test, however, unless 

all the clot dissolves within 24 trn • . 

case J2. (J.L.H.) was a 64 yr. old white male long known to 

~utter from pol.ycyt.heraia rubra vera. . Q(l!!~ wa.s an interesting 

complication (re.r . 503) . Je had received P32 (red cell destructive) 

therapy at the Veterans• Hos ·ital, and we examined hi.tll twice 

{30 :,tar. , '54 and 8 Apr . , '55) after such couroes of treatme t, 

when ho was showing some bleeding symptoms (cf . Group lX) . 

Despite the extremely hi0 h platelet counts (JA.), t 

function tests (12,, l&), and esp . {!Z), uerotcnin, were sign1-

ficantly depressed . So "Were the prothrombin and related faa ors 

(26 - 29), but net the prothr. conswnption (~), although thls 
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i .t b 

thr 

in ly c lculat . oft lo ~r 1 v l 

riginal 
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cyto i . 

prothrc. bin. 

3 r. ld it 

r~up I sol 1y b c 

roto lin 17 

ct ... o t "'t 

(_1) a. pre 
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r. ti e (26)., 

ic, 

ro-

t 

orr: ic 

y-. ·- to 

Bes·aes 

of one kin~ r 

out 1 

C 5 

J. B 

• 3.3, , 
• • all -... 1., 4 

• r in er 01 .,e 

te t dat be se r tcd L"lto t o rcu. ) by ar itr 

Ta le L -

C e ) • 

t 

12 0 t -'"' ca 

Plat let ccunts 14, ran 

uncti n test (15, 16, 17) 

but one or t o . 1 t l t 

in 5, out of 11 te , C 

on ble _ • tie (9 p )on 

es. 

ed 

V 1 0 

ry of the re.boy enc~ (22 

l . 
. lat.elet 

r ucel1 in ll 

(1 \la de on 

i n::i ficantly ol n ed in 15 ca" e • _her 

5 C 

ilicon c.t. 11 

16 C J S1 

0 ou tfu\ ith defect ve prot r rnb n cou pt (25 .. 



!t · thro .bin test~ (.!-1., W 'Were si ·nificantly al ~red in -i.!lllt, 

es cial.1,y if e incluce m:Lor v ri ins 'r·m t ~ no a 

12, and 1 o tiond, 1y, ha a lm1 plasma re Cc..) rin ~ , 

b .. h l again a;3 · t1Y cases had low plat. <1.CCel. (!:.:_ • 7 

pro o, ed rot.r. ti. e 261, but the s;, c'fic thr mbin-formln 

fact"'rs (exce t for tl:e a.ccel. noted) 1ere "' _,ll 1or l, o~ 

nearly so .. 

plat let c unts, bu" 1.·dth evia nee f s ... e or ot er deficie. cy 
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of platelet t unctions, aetail of w~.ich con be net d i to~ "'able. 

5 cf tl,ese 12 nro. h c,ftc at.b a ca..,e,;, r .corded b · ... edin i,rol>Ie :is 

(1). 

In a ditic vO t .e ezts r€fl:.c"i.. plat ... le fu.Tic ivn~ 

:1:b ~ - 1..§., ~ 1, a prolon ed silico C. • ( ) d. ht 

cant. 1. some inclta.nces.. . .., coi pared wit th .. .11. group'·" 17/22, 

the g1•oup•...; 5/12 is s al1 r pro ortio1 ~.owin. defective 

prot 1r. ccn.;u: ~ t ... on {~). 

t 'Would ar, ear t .. at .,lat 1 t de .. ct , 

etinite t. romb c., tc eni .. or fu.nctLn ..... l attlet defects t. 

ocytop:1.!..hias), are co"' 1<,nly enc our.tore in euk 

may v ry ell p a:;; a le, <lir._! ro_e .-:_n t. · h r11.1r:.nagic 

nse- with ·bnornal va~ue i cur te t, 

overt bl din, .; , r::ay be r t.1.r d a· ot nti .L .. 7 _i ble tc e1 ioodes 

of leed.1.., • 

o. ess fre , E-nt r1':.duction .... in other clot.tin.., f ct.~r ... (e•;;..• 

prothrombin, etc.) '.UY' t·eflact i 1jurJ t L. ve .. , a... 'llel s 
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ADD DUM. hiH.i ooth a.cut- an c •. roni... t/pc of t co :men 

reycloid anc. lymphatic leukemia inc 1 ed · i. both s u -grcup:.., 

h ) s r· e~ ccr:.t. ined relatively .. ore cf t - o. ..... ut t.rpes, 

,mile t {..,) zerie"' l "'-tl more clir nic .... Incl ded i 4 (Ji.) also 

,ere (1 cast. 01 coi.cid-nt polycJ h i .d ..... h i..; now a ell-

recc n~z d 
) 3 

· .55 '~ a ion, and {2) one Cc,,ie u was fi al 

la@1 sed ly, .p osarco'. ·a. .i.nc1u ed i . ( ) · s one ca e of 

• onocytic euke ia. 

G · Ul VI : (i..;ase.; 6 ··- 78). 

L II-. , LVIl- • 

Cut of 12 uremic c~. es etud~ed b~cause cf bl d 

11 st ., ... d vari~us pJ · t;.;let anc. al e-. r ese u.rt; 

1.abl LV.LI. 

(n) 1ft t1i5 sub-...;rcu cf 1 cau s, s ,a 

leeuing probh .. ms, l denie sue 
' "" .!.. Qcked the n ce 

history (7,. he finf i.ngs it mi.zed 8 - 12 ere LJ • or 

infrequ .t. l·telet counts !lt, . er~ 11 ithi. tl n w.tl 

nn c. uite ther •ise, ho"'"· ·,er, er ny of th 

1unction tests. (r.u , plat.. tpl .• (15) t .s lo,·1 in 7 ca;:;es, 

· ~ p.l • accel. (1:2,; L 7 a o 1e doubtful. 

valu 3. 

4 ca.ces, rd or ... e dou tful, u .owe 

coru:; ,tion ( 25)., "'ith i ~u.i.1: iciun le ring of t - te;; ed. -
plasma cc . .,"vnent"' to account fo:· this. 

C ~LLUSI N. b lie ' . these t cff r a nei exy1 naticn f 

t.he bleedin"' tendon~y in urerri.ic. , r,am ... ly, that heir plat le , 

. hile o 1al ir, nu 10er, re fun.cti ..... ly cef ec i\ Ct ro: .bocyto 



much as they are in many leukemics (1able LVI-ti). 1 e not-in­

frequent erect 1 l rothrombin cons ption coul be a re ult o 

this lso. 

() Case 78: is of doubtful interest. 1 e one borderlin 

(50%) value for plat. accel. {1.2) c t e fir t of th to 

examinations, io the oniy justification fer it inclusi n 

in ble LVIII. lat.el.et counts anct other functional 

platel.t test.s were nonaal on t.t e two occasions. .1.he c ical 

diagnosis, of chronic pyelone ritis in olycys c dneys, 

showed an infectious com.pllcat.ion of an alr ady t xemic 

nitrogen-retention. 1he low leve o! rfC and tr bin-

forming factors tn 3 , 155, the day b t re de se, 

co d hav be n due to iver failure. e would juat be 

essing to blame her blee ngs o. som toxic sturb nee 

to vascular integrity . 

G~ UP VIII. PUT ~T ROBLEZ 

DIF I~ULTIES. (Cases 79 - 85) . TABLE LVIII. 

These 7 c see (1ncludin, one que io• ble) re.resent ave 

mall n r ty of our collected data on 52 hemophiliacs, 26 

PC-deficients, 24 ac ired hypoprothrombineinice, 5 congenit l 

.h,ypoproconvertinemics, 4 congenital hypoproaeceleri emics, 8 

caees with circulating inhibit.ors (anti- F or a.nti-PTC), nd 

several others with obscure clotting probl ms . The data of the 

7 cases are individually analysea in 4able Nill. 

{ ) Cases 79 - 83: might be sub- rouped as pri.Clarily •everie 

aver disorders I with ... ild syst • C bleeding problems • 

Two (8u1 81) h rked jaun ic, and fur (80 - 83) showed 
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no r~s onse of their hypoprothrombin ui to vitmnin 

lat. coun ~ U1i JJ, .ws. 79 - 82 were ccnsict r bly r duced 

(31,00 - 92,000), 10 it was .. • ::it· on bl lo 

in I'• ., e BJ. Functi.u. a tests . er '. "" . on ca e 8 
' 

but 

, ere signi ·cantly low 1 r 12) tpln an lli plat . acceli., 

int ~ four cthe s. . er ' .rnroton1 Q.Z, , a quite nc il 

in .. Sc.'!!l ca ea, hcw.::ver. .l. ' 
. 8) ..i.S + i.l. aao 

~ 
. . 

but EC . i 79, Bl, 82 . lot etr. {1.2) was cnly ++ in 

C se 82, bi;_t • t'Iilal in 79 . ~is (s b lo, inter..tered in 

the other cast·s. 'l'he prothr . consumption (2i "'as quit. 

ncrmal ·n 79 - 82, .:m. 1 ... iri e3 . Pl s - hr . c . t.. (l.2.} 

was incr aoe~ ·n the to s cimens ':72,flg), in whie. the o 

was no nterf~rin: fibrino cysiG . ntithr. (gQ,) 

tested •nor al' in J c-ses . 'ne liver d,ysfun~tion could 

account tr e lou 1 veh of 1C (~, , prot rcmb·n (~ 

'E._), p·coonvertia (~), but not ece u.r-1.y of t e , ro­

cce erin ( ml· ss the L.ve has tris 

c .; nent 

ibrinolysi~ wa,.-; a. co .: · ic tion, hich c uid also be d 

ry the sev-ere 11 ver injury 453 • lt intur!'ered wit ct.el., inuti ns 

i clotti, :>-t. · es (1~ ill , lot- r tr. (h?J, .. nd pl -sma-

thr . c . t . cu. ' borderl.;.. e (2 ... mg) fibr . (21 

83 av" been due., i 1,art ('>' . ) tot e .. i rin(o n)o ~in, 

but the fibrino ·en H ., slight y above nor~l i;! ..:a. 81, 



(B) Case 84 (D. H. ): was a 3 yr. old white female child, who ·as 

t.he most s e·1 _re cf the 4 congeni tul hy-poproaccelerine .. ri.a 

cases :whom we h. ve studied, and was the only such ca:,.,e wi h 

unusual platelets . The absence or proaccelerin (~ sufjjti .. 

ciently e.xplai e tne bleeding tendenc7 1), the prolonged 

clotting (10, g) and prothr. time (~), a.s well. as tne ~feet 

(43,) in prothr. connumption (~). True prothr. (27, 

proconv. ( ~), PTC (z.l), MU' (~), and fibr. (g_) were a.11 

normal . There was no tibrinol,ysis (!l), nor inhibitor ( 
' 

and clot retr . (~.) was normal . The platelet count (Jdi} 

was a ncrmal 240,000 and plat . tpln. (1)) normal \lOc ). 

owever, the platelet accel . (!§..1 was very low indeed, 

although it was measurable . The hi· value (250.) for 

serum serotonin is iriteresting, a.na the sug estion t1at this 

might be a physiological 1compensaticn 1 is an open quest!on. 

It was this case that most strongly influenced us toward a 

tentative h7pothesis that the platelet accelerator is V$ry 

closely related to, if net identical wit.h, plasma pro­

accelerin. 

( C) Case 85 . (C . h. ): was a 70 yr. old white male iii h prostatic 

carci..."loma and metastases . £ is bleeding probl~ was pr rU, 

associat~d, we believ~, wit a circulating fibrinolysin 

( f 
453, re . ; • ~.'hen first seen (10 Jan . , '55), the a . count 

(JJ.t) wn~ low (36,000)., as were plat. tpln. (12,1, ionly P.%i, 

and plat . accel. (,l&), a barely usayable l;i> . flasma. proaccel. 

(21) was al~o very low, and !ibr. (21) seriously depleted . 

Cur experience with ca.sew of active fibrinolysin supports 

the thesis that fibrinogen and accelerator factor are the 



two clotting factors most easily destroyed by the enzyme. 

t least in clinically encountered fibrinolysin cc~centra 

tion~, the other clotting factors are resistant. il our 

interpret· tion is correct, the enzyme, in 1.,ru1e 85, is also 

attacking ;1lat. accel . and :perhar;.s whole platelets., which 

could account for the anomalous latelet fi,dings . 

he throrobocytopenia could explain tho defectiv prcthr. 

consumption (25), and the l ck of accelerator, the prolcnged 

prothr. time (26). '!'hero was a. significant. increase in s rum. 

a.ntifibrinolysin (2.4 1, which follows a pattern which we, 

and others453 , have observed in such .. eases. 

The second examination, 'I weeka later, showed the enzyme 

to be present, bat ia reduced runounts, and with the !:ki:le ign 

a.ntifibrinolysin titer (24) . l'latelet!.l (~) had increas 

to practically normal, and fibrinogen (21) and otncr test;a 

(26, 27, 28, 29) were con ... iderably improved, e.xce.·t for the 

ir:iportant prothr . consumption (25;, 'which registere an 

unaccowttable zero . ,UiF (22i was not tested at thib ti:m , 

and it wculd h v~ been intcro~ting to have had this, perhar,s 

vital, inf r.maticn. 

G1 UP IX. PLt,TELET PROBLFl 8 I ·~DI ,Tl i~ JICKN.ESS. ( "'ase 86~. 

TABLE LIX .• 

{A) In hu1tans, our experience is confined to a single case, 

.t1 .• 1. (io. 86), who was an elderly 'White male with a care nor...a. 

of the colon, wh.i..c .. had metastaabed to the liver:. '. it, 

such a hopeless prognosis, he was being given radio-gold 

(A l9S' t h · I t· C! i- it l ( k d T ) 
u J a t e u.n. • • ,s • .., • • 100:- a a ge, ennesse , 
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and the uthor, in con ult tion with the . c., ·as 

permitted to obtain the test data given in 1able IX . 

h >U ... ..,: refer only to t o tests., namely, prothr. cono tion 

nd plat . counts153, butt ey are very int re t g. 

n vhe day (- 1) before th~ radio- gold jection., the patient 

·as iri poor h pe, d th prothr. con·Wl tion, t 67µ 

(23 residual in 1 hr. serum), 11&8 definitel.f defectiv, 

lthough the plasma prothrombi1 as r ther high, t 510 two­

st ge {i. 103) unit /ml, tested with a very re&ctive ib'rinogen 

( 1ncr 1 1 = 400 - 450 unite) . It could have been •via 1ce 

of benefit to the liver that he prot rombin con:Jum tion 

returnea to norn.al for t~o wee·s fter t e u198 injection. 

he platelet counts were esaentially normal t .• roughout this 

period, o they were at the sta.t . 

1he 19- d.ay tests,· owever, s "'We the prot robin consu. rtion 

decread.ng gain {201 esid . = 80 cons . ), while the 

platelets (158, 0 1 ere beginning to tall, although th 

level at this time (on purely nwtlerical basis) should not 

have been able to account for the o~ . yrothr . consumption 

test . e 22-da.y te ts showe eerious deticie1cl o of both 

platelets {48,jOOO) and. rot r . co Ul'.!l.tion (55 ~esid. • 

45' cons . ; . un the r 11 wine day, tl.e ti t die fr a 

1 assive hemorrhage at the • ri.l · ry c rcino~ site . 

could, of cou~se, have b en a va.scul r erosion, but the defective 

hemostatic mec anis.r.lS ere certainlj a fatal handicap. 

(B) ~G EXP TS ( T. 50) . 

uru 3 • • o inject dogs with u198 intrav nously, in an 
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etfo. to localiz th bulk ft rad~atior 'hard''Y 

ands in th· 

1uester coll al ~ld, u., d for t ese 

1 cts on t. ation .,ch ni . 

fol \ in ,;uca ,ads G.- .,eared to b 

C ble U l' ·. tne r· s1.,r ct or· 

·c us, due 0 t e xncti ns of pr 

v rf 'h t,1 ., ' 0 b- iv 

buil le C ntra.1 ~ bo 

s veral te t ., st used re 

ub ic tionl48 o~ 

·. o r c · ..:.v~d 198 u ulloi ·t' 

ow to 

riments) . 

. r cti-

l 

e.;1c,.. b d ·n 

. ) 2 co trol 

cld 

tion 5.ch ! it r dioa vity;, 

' l $ d (b) C ex 81' ,I 

198 
' 

5, a. "1 1.6 .d.llicur· .. /k . 

' 
r·es ctiv )¥ . 

J.. ... r' SU~v•>, f 1' t -- pr th:i:: 

... ion an pl ... - • cou.t t s, n I l= 

(1, I 
' 

U). 

: et mll ,iew w r . an fol .., 

(I 2· d~ th 0 . 
( I): 10 dcse: d ath r l 0:1 .37t. • . 
(III): do anir l urv·vi 

' 
ecov red, 3 01:.t Q c.t r. o ... i us re: 

(I ) ~ .£.0 me/ >Se: a (ir,,nt 

( ccc,r t t 
' 

bu un• -Ct n 

83rd d y . 

' 
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('I/): 1.6 me/kg doae: m.ini;:.al e.!'ects, -n1 i-e ed well 

unti sa~rifice en 106tn day . 

H· ~ pr thr. consumpticn data . l telet counL , given 

in 1' le L. , howea ;;,O·.. .l c,. o co4"relation bet ee. the 

tr.a te r..· • _1 us, Lhe rrot .r . c nou 1;io::i d _ect 

in <le· s I and III en tr e 6tl. da;r, ut .;hi h ti.me t plat .. 

count ·1~re still normal. ?urt.ie,r1ore, tue µ:rot.hr. co,1 u.,ip­

ticr:. Lest data '<"kiro very di ·.i. ;rem., quant1't ·tivel.7 on the 

count 

ls, a.:.t!'. 

-r~ o, er·z.tely rc"'uc tl an ... to abrut ;..h , s _e level. 

i. .,GING.;: 

I>og (1): Liver wa$ . me.rl,..e,.ay ict.eric, h ;murr11·· gic .:ind n erot.ic. 

llwoenu.m. stowed ;:. s .... cticn1 w. · c. ne~tled u der the 

liver, to be wollen .,ith ruat.si ve ir 1,Cl:'S titial 

h- , .rrha c. 

JI rticularly not.e :ort. ,/ neck 

d y; ( 2) J.uln, nary hel? orrhage..,; ( , Ji11 

eerou:.) nc:c.branes a..1d in n:ucos •• of limentary canal; 

( 5) ly.c;t~ h node Le 1orr ,ago:;S . 

Dog (II): Liver- ohowed acute da 1..,. e r crte a;;; n.r,a..,uive 

and ccrmplete hcti orrhasic necrosis • 

were \tide' pread, incl. pulmon ry. 

Doe (..1. ) ~ Liver s,10 ed .tarked chronic d.-:a ,e re .crt d 

s 'chron itn a.tro .. 17 of liv r 

cords, ,::ngorgt.1 si. usoid.s, an... co·i. ... i:iera.bl 

he::1oside1:·in, ri.p. are 1tly fro old he ... orrhage . 11 
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. 

) : i ve1· am ot .• tlr or ems iiere no.1.'"al . 

e are imiebt.~1. to vr . G. J.. . ndr m; i'o,· 

~mi t Dr . .a.rsl.a.J 1 Brue r, e·::.· of th · L. ~. ;:. 01. ~ • 

.1..Cr .:..11kin.., thev etudios pOS:Jibl • 

, 3CU :> :I . • Th:. pa~.1c1c.,eical de.ta. , c:r.. u ple ented it 

.:easure't.entu of t;w res du,il r dioactivit:;, 

, . t t n nf th"-' u198 .~n th :i:..ie ~Jor c ,ucen ,·a ,,... .... _ 

wer , ~ o· ev ..:r, ignificant a:, our~ts ~ l~o _ leen, 

l uL4 
gland l.i;_ · .~"'.J.r:r .at tempt 

tc loc ·liz.e i,,ternal irr .... dia.ticm. f :i a p4rt.ieular cq:; n 

( e •• liver..., b.r intl'!.i.Ve le.us i.1ject · on , r a ::»uiV ly cha en 

pre_.:arz..tion., , ;:•.s not. o.ltog ther successful. 

· !..rk.aole, he; v .. r, ~, .:; t itl ex eut f 1i ·er .;hich 

r·•dintior. ... , th, a.cl.ieved, co~ld ·u~a, w.:.t , t. i ruiic nt 

· f. ect., .... n .t-'rothroiabir,, fibrinc ~en_, . 1d otn r clott.in r 

v circul.:. in . .; (e.g . he 1:u·in-l-Ke) a.tico~ .... ulant co ... lJ oo 

etecte:.:. in 01 r exper ~ ues ts • 

con::nu:i;tiori test {~:heU er by 2- st, .. ge of 1-st ,e me hods • 

wi... t. •• e ·ell-.. cwn t.,r 

cytcpenic effect cf radi~tions14• Jackson, vronkit·, 

on lood .. clvtt. 
r.·4 

f ~ct ors, incl. . Li: 1 , t.lthcu0 h c ... using 

ed, 
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ef ect.., in pro hro."nb1.n corwurr.ption. e accor re·t res ect 

to t .ese other workers, particularly to r. E. L'. ronidt;ie 

for . i ... w rk p-erf orruetl while t e U • .::> . ?. 

(includint:; particil.pation in animal experimenr.s b,oth at t.He 

l aval Researct .Labs. (I-irradiation) and in t i.e test 

ut01:dc oo.mbints dt !.,ikini and t.:Jliweto ) • ronir..i te also 

n te di ere ,onciot, of the t o tests, especially durin 

recovery phase post-irradiation. 

Te believe the evidence for ~he si nif cant role of platelets, 

as p rticularly &stublis ed by cr.1dr . rcnkite•a roup o 

workers, tc be most convinc ng . iowever, e wish to keep 

<:.11 open mind on the possibility for so:::ie role alco of 

certain plasma. fact.ors . e have plans for studyinu the 1C 

.and' actor .X. 1 levelg, which we had hoped to carry out is 

7ea.r, hut, the writing of t.hi~ thesis has necessitat,.:.d a 

del::..y, vhich we hope tc overcome in t .. e near fu~u.re . 

' A-.CLUSIL.·: Thrombocytopenia is a very signific:J,nt 

correlate of the hemorrhagic problem of radiatic~ sickness . 

However, the prothroubin consumption ta.tappers to be a 

, ere sensitive index or the associated blood defsct(s, 

anr? "would seem tc retlect, wit. sc .·• ac..:uracy, tl ta 

48 
severity and probubli3 outco: e 0.1. t'he. ra.di tion injury. n 

'l'he possibility of discovering r;;.uiat.i-on damage o some 

plasma .i.'actor or factors, which work with the pl telet;s in 

J..;rothrornbin utilization, is still e.n o en quewtion . Ca s 

rendered throrobocytopeoic by X-irra.diat en 11 ... ve bceu used 

to esti te platelet life-~pan, in er ssed circulation 

. t 28.3 experi.men s • • 



P RT III • I I 1' ,.;. G .. " T I C r, {, 1'' I :E. A S 

A. FCRKULATI , • An integraticr. 01 ideas , bas d on the a.ta o:t: 

this thesis, permits detailed formulation cf the folloAing 

"'working hypothesis": 

l . ThrombQplastic lipi,g. 'l'here is a.bwidant evidence i't:>r f,I, signi 

fica.nt and esaenti.a.l role, in the physiological clctti:16 proaess , 

of a factor or factors c.f a lipoidal nature, probably ae halin. 

Its chief mode of action may be termed thromboplastic . hi 

zign fies that 1t po.rticipt .. tes ~long with ca++ ions , in ·the con­

Yersion of proth:rombit1 t,o 1:.hroobin, in the ~resence of (pro}con­

vert.in, (pro)aceelerin, and possibly othur co- factors . ·~ is 

probable that {a) t.he initiation of blood clotting is ep nae."lt. 

u on tne a.vailabi ity cf' the proper form of the postulatea lpoi 

t.hromboplaatin, nd (bJ it. may need oc:iw s1 acial yrel1mina.cy 

reaction of ' thrombopla.stin generatic,u' to present it in a: i,)u.itabli1 

form to the thrombin- forming react.ion. It. ie questionable that 

tissue or plas• thromboplastina ar.e true lipoprot.eins 87. 

Furt er (c) there are, in all likelihood, oertain naturalil.y 

protective inhibitory mechani::nns to b..;. overcome before t. ro:nbin 

!o.nnation can proceed . n these we may comment as follows: 

2 . iatural inhibitors . feparin , •ith its co-factor, ia a possib e 

inhibitor whic.1 can be deni.onstruted. in experiment,u systems . 

!:owever, there is considerabltt question as to the artificiality 

of such test systems and tl.e best .od,un evidence (p. 51 ) 

doubts that there is enough heparin 1n the norm.:il circulating 

blood to .,revent clot.tin.:., . l.evertneles::s, such a mechanism could 

2S6. 
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trace cc.it · nant . 4e c~li ve tna :bis may explain tt e 

d . t 81•,AB, 76 
ouo s .1-t. t 1e tbromboplastic li;-:id is rea.l.lf ce. ha.lin . 

258. 

1.1 c.,ief b sis f ..iuc I d u.bts 1 the fi din cf activity i ·1 alcohol- or 

acetone-soluble lipia !ractiuns. _ht ~orue ce;:halin may find iti 

wcy lntc s· c i fractions ... .s ... contaminant is l very reason b e 

su. o ition a, i u~Y ver-~ well be true th~t lipid solubilities 

.... rs not cli"l e.xact method of fractionation Jhen deal· n; with t. e 

c ·de m.ixtur~s ex racte wit.1 alcohol and ether, benzene, chlo­

roform, s.nd other lli:1oidaJ. solvents . rience, >c;e shall adv, t as 

t.ha current wi-1 • .ing hypothe .. i!l t. e conclusion that. the essenti 

thrcm,bo la t.ic lipci s aro true ceph lire; or eth-nolacine ht's-

pn tides . ..nero is f;Ou.e old evid,.nce ( e.g. Gratia nn Lev ne200) 

tn t the uns turated fatty acids are . eces ary . !;ysocopho. ins are 

iilO. ·tive221,5J,3::iv, 79. .....ertai.n uynt.. etic cephalins, cc ttai~ 

only snvur tad fatty acids \:er, .... fcund to be inactive ( t, rombo-

1last.icn.lly) by ourselves , P.i • l75-178, confirmiri,g earlior ork 

202,263 .ore recent oynthetic cet.halin, • .,rei'ar~ by :as.er 

et .. '1 . 28;29 nd . . 1 B i klh .l 
llfoJ. • 'tes::. •a y cur co.l ea.gue ..... r . .• •• r n c,us ana. 

th ' f l . th l t (1 ·• • ~ · " li )282 
c . er emoars o n.s ra o ogy e;i • univ . er .. • 1.,aro na. , 

W65 found t~ be verJ slightly activ . Cur tests (p . 178) ~now this 

to be ne-ligible, ~ug estinf e trace impurit. • vt. l r blochem.ic l 

pro lams, net d on p . 178, such a ... · cssibh tii!f.erence~ between 

0( and(3 cephalins , etc ., :1.t.ait further invest:.i0 0.tion . 

4 • 1..ipid antit.hro:mbopla.stin . r:elatively crude ceJ alin extracted 

fro::t brain and other ti3sues (see pp . 42, 127) are v ry satis-

ac-..0.7 for blood clot,ting exr'eriments489• They d conta.Ln 
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s t'-~h t ... c ~ipl ,.. .... . ...iir s 
I - ' 

at io .. (p.157 ) ,n he 

( le ID 0 l fL'1 -i . f C li 
' ... 

i-•t ~ti .. M• 

... e ... at ~·os . . n } O,,Si il'"'tJ i.., cp-.... 1 t, r' 

- ost. ,.. .cen ), L el t t -t 1r / ' 
ot 

r.tr s z211.., • is ic ly. 

',.h •rt. i-, .. •- OUlJt 

or .., line .. is u xtro.ct;,t; . rcnbc in so r t · ..... su ), 

hc::.hol:.pid :re n. :Le a ,o 'a 

thromboplastin ti t.h t 

P- ... pi "', 1~ a ,rtiou r1rly trik1u · 

l c · .unica.tio:;.0, .. epox-te th t l is • 

v ry ,ovrly •c iv 

it th .. · bop ast..i..n. rni .. i the pr i,; --,ould 

C f ,. t"' . 160, . owev~ ', th f"ffi .... ,. 
';.; so. e .. e.; f!,. • 

t t lJ!' rovid ·it a.d 

oth ry 0 ... -..1,. a ~tu,:J, • lt, ,,ay 0 t ... t ... h xce 

C • ' 11.."l 0 # l t st u.:.t , ... th n+ pr onve.-ln) \J-' 

I • it,h 

i " 1 

, HF r sent ( • 191 an &.bl _r. ur ; t ·· t cri .... ents 



.... cld, b 

t .is d::ffcr"'nc , : , ·v .:.!', (p. 138 when 

.:.lie glcb:..lin) n.1.~ ,~ de t· t... t ..... yste .• 

) p ri:, :1t::. r. . -->O .t a ne•· way of de .onstrnt.' n ~ the p' .enom.en n 

of • thrc . .,.bopl s ,in generati,:,n t. 

6 . Inter:n dia tcz • l.···.:: m.t u.i all :::ure he .... hc_· s ·eci ~ic 

cc. lex (? lip _pro ein) t.,. e c,f co: ;lete ~. ro'"'!bo:-- ustin ie 

c. ·on. .• 

k~o n tc p~rtic.:. te, it wr:·ld be sun·ise 

l in-fr,l"r.iin rea.ci~i .l't . Lxact identificaticn of t..11%e and 

th s quenc c ... · ! eir a1 rce.r, nee ,! ere a rl ,. eld f r fut:.iro 

n ... rvesti .. 1 • r o curr~nt conclusio. 

.ectiary fer ttlic . we b lJ.eve t.t , current e perir:ien _, 

tru t1:or..., .. y evi cnce. e t,:ri., t!.i 

i L, :rmedir..ry ccmyl :>. .:'he cit:.or..1 dutn indeed ,.;} c,,: t'l ) U '.'."OL'lbin 

for.~ ticn · ;{ ue int6r1·4 ted, u: .. ir. its ~.,.rly phase->, :; . dditi 

_ dee _ci :1t (o.t:~la~e, cit ut , ~e 1uestr . , er, 

inacvivaticn t rhat appea.r-s to be en ·nert .. ..;: non-v.1ro .o· · 

fully-:'c , ed., 

eff ct on i , co ,rul-nt potency. 

' 0 

-ult::; in n 

?nli. e tb . , c,5 t.ula.ted inter­
,.,6 ~ 

c lei m · o poun ... ' . 

• course, tl.e dee lcif.:..;;;at:i.vn . ·a:, pru •t;int 1- ~ ot ro~1bin 111,Ctiv, t. ;:;n 

260 • 
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w· en pcrio .. e e rl}' enou.,J., C .,r C. v i .ab ... 

f t:11:.: ..... ctiv .... t.' rig procesnes. 

'?) a .lew d t. ~, ~a:. lly de:...,n.ltrated p . 1.51 ) ,.hen sin.., 

C -1.in the t. •. ..".'Ol' opl--..::tic nd l,;.ive, i!J h .. 1; a ~ , -i.l r 

• rogre::;s ve ioac t.ivat1.on duz-: ... ._: the i: ter· ,e ate c . bt; e :f et:te 

by t..sL the ve,:y · 1ct ::.ipoidd ext.r .... ct · vo ber ,.. · , ther:e 

.,o ;o on to c '1'.c L: we r 

th. in t. e i;,t •. dl.£t:'.f cf c. f::-e , vaiJ..B.ble, .obi e, , n· loosely-

very po .... r 

.... ct ·v,-.t:..:.on by calcium alcm:~, vf i:-10 • .. 11 µrt,t.~r ... cin, . 1ic.1 o· r 

vertln, ·T1.,, or HG . . uch ;.,!'<.J::.hro bin preparatic.ns., by "'cti.;al 

,'lined si nL ic.:.nt ~-... un .:, of ccp. :ilin. 

the s st. . i .. !J.e fr w fcro, 

i . e . ensi i : .... cxc- l&nv 

t. ro::..bi 1 f OI'.:!ill.t.io ... . 

7. ,~v ... iJ ab.i iit.7 th ory. .i..t i.i, ,:,h , L t b · i.s 

of 

t " t .ti p..1'\ :.,p. ol-. id -:.,hr-cmboplastic factor must b" · b r ... t~ ..,r 

., e av_.._ able .'...: sor.:1e •:ta.y fro .!. s 

cornbin.. ti n"". .. .rot-in ... ,,ouna f..:h opt1 tides .. re ubiqui tcu::, ln ho 1,h 

ti~sues · nd ;..la::..,, 1 evr,n hem.op~ ilic 
~ ., ')2 .. , ... ,.,,,,,~ 
..1~""~ • . ow the.r bcccrae 

v i11.1ble t functi r. as an e:;s -nti 1. t. rcrbopl tic f cto:::- i·1 

blood COu. u . ti H .. ore"' _ome very intr· ·u.in que::; LiOuJ. 

8 . .t 1ror-bopltwti::: nZ,:rtA~S, . ·inc. 1939, th ~u~hor a.d his colleagues 
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ere .:. c con-

s.:.d~rD. le rx~.1 of evidence, as fcllo a: 

l) trypsin dd.:.tiun f b.cL it.ates tno clottir.1g of' uno e bloodlO?, 

decalcifit1d k-'.:a:.. 11as (out. not. ii' thc!"o i5 toe rr.uch -..x:.1a.. er 

Cl.tr te149 ··~ h.l" •480 hil' 1 , e,e, nc ~p,i~~c u cca or 1~ cp ic: a~ B 

·ractivtb •132 

2) trypsin : c:,s by i-• 'r..ctin::. t· C CC •• •er..,.l.~ n ..., ~ _proti:rcn:.bin to 

tl b . 112 
.re :.tn , 

e1ce~ cf c_ ::i.J~te or cltrl:.te149 • 

3) in uhe t rorroiH-!C.r!'"'.ing ..,y t , t-JP it •.. cts be t, i.1. t,her 

::1 s f "ici ,nt calciu11 <ill.d Sv:'.!.t: but ~ub-cpt.i.:'!'.al) ,'..U";!Ount cf 

ce1 hal..i.n er tissue ., lrombo_ lastin . 

'E perirr.ent 32, p. 187 , inuicatos nu ~Le.... d' ... r.)'p.,in ;ith 

ae 

:,ence, '.I conclude t.. ut tr/p3ir. is n tnr~~bcpl stlc in it~ 

he ,h<.1spholipid (eel! ::..lin 1 ;;J.!.id sc!lo..:..,i .. es even the c..,1.lc.:.um 

! cssible 

bas.:.o _·or th..:.s "'cti(;,n, .a:1d to e.Y.plait, z.in r nct:\'it.y ..'...n t .• e 

rostulated aoi i 

!.ne t , rot.. in (;0 •. bi "tiom, . 

4) tu. n.1'..iprot as~ •xpcri.t1.::ats (p;, . 203-208 ) c e rly 3, c los 
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h t 1r b pla ti ~ction of t.ypsin ., al· 11e 

i rote ly ic ~ct:vity y sui bl i h t es r. nti-

o trcls (p • 209-212 , show oa ... of these 

to be devci (Jf their own i.oh · bito:-., !Lets 

on t· re bin r rP.at n. 

6) tryF 1 c;lottiz.L f c n .1.-t ly lnt l t- ae J sm 

p. 119, l ble V) c not in olvc any 1 tele~ , tentiation . 

r addi ti r1 l ccn de 

sources c- t.hro b ·· l ~: .-; ... i . , w. ic.1 wil ,e ccnside:- en 

p.265 . 

9 . rhe fi 

i,., I r:i. 

F tent 

~ucstion . Cived evi cncc 1ro~ the 

_en ~iven to o. 1 e .... er.tially 

rote "'e .f'ibrinG sin 'pl s. tin 

1 • .c.,· ev~r, t 1e, w. s a sr. s · ni .... ic, it excert.io 1 

_ly tr. ... he3c t .• r ""Oopla tic e ... eta i ~ pl iet 

x. erl er.t•, · hie syste h 

y nti~rotea s. t t ,ro t,e gr·ve t 

l thee 'id .ce ccncer in f rinolysin and r 

ti . ti f C C Oh unkno· n c onent of 1 our 

+ions, ht.ic co ld ex 1 n t· e indin .i .-

t..c !'Otease . rep r . i.:.il t is i 

e wi. hh la 1\}' co_ · ,.:lent t 0 en ·in clot ng rol 

l 

~or _ bri lysi , .m.:.. tuce_ postu t d by U.e th /36 

i 91.3 . 

10 Plat 1 • · c, ei n succe- in cbt· inin a coo _etely 

pl t let- ree las ,a wh c wil , t clot on s 1 

ev n in g os • 118, .. ·a 1 I ) , i3 t e t evide1 ce ~ • t. atelet.s 



are nonnully essential !or blood coaaulation. .'hree obser:v!i.t:.one., 

however, still leave rc:o::n for doubt. Thus: 

{l) ''hy does this ex1 eriment sc often fail, even whea :.r.e technic, 1 

skill doe, not seem to be less thyn in the few ex eriments which 

succeed90, 472
? Is it just a matter or a little fragmented plate­

let .~terial eluding the ex!erimental effort, er could it be tha~ 

the plasma itself sometimes contains the trace amounts of 

thro~boplaatic factor needed? Tissue thromboplastin contamina.~ts 

can c·c. "Linly be ruled out in the careful performance of these 

experiments. 

(2) ';'hy is it. ttat nc,t only platelets and tissue thrombc.plustin 

fdditives work, but also, anu to a very significant extant, 

cephalin (Table I·) and the proteolyt.ic enzyr..eG tryfsin nnd 

fibrinolysin (Tabl~ V)? 

.• t,mt.ative answer could be that t.he common fact.or in ,D.ll cases, 

is the .r aence cf svailable thronbopleetic F-11pid. Tissue thrQm­

boplbstin must be adventitious, but undoubtedly occurs in tw.ny 

injuries to blood vessels. It c1ppears to b_ uite t.h 1ost effective. 

ihe nex.t bent, in cur experiments, is n t platelet.is (much concen-

t ·ated as these were), but purified ceph~lin. Cou)d not 

(exrerirentul) trypsin 'disnggregnte• some obile cephalin from 

the _ la::;ma lipoproteino, as sugsested on pp. 208,262? .let us 

defer an., conclusions about fibrinolysin because or t e doubts 

(see c,1.bc;ve ) a5 to its purity in the preparations employed t.o dat. 

rancreatic trypsin dces not occur in the blood, a..~d we29J believ• 

the claims cited for such, e.g. in pancreatitis, are due to 

trypsin acting ns a kinase activator of Jlrofibrinolysin. 
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(3} finally, j at .hat is the ef ect. o! wett b e 0u.c a.c ·, 

t is true (p. 65 ) th.1t wet't;.able surfaces, nd inju.rea endothe­

lium, p . 62 ; :av"' si17,ni 'icbI.ce i:i t te latelet lt ration-, whicr 

or; inarily p cede b ... oa clottin • cw v r, t :1e ff ct:l ·1ct 

1 the platcl t-free s,,st..em 01' · pt . 4 (p.118) ,ust be c ~o.e 

qpon:;i•1t,(_,). light t.hel'e not b a c tisi .acle labili-

zad-0n cf pJ.a· li; 01 roteins, with r ~lea.::.e of soe1.1e 

( thro ..... boplastic • -lir.,ia) en surface c . tact·, ou ... d 

ti .es, b t case f tie expcri ental fai ure n t i '"' . ' ; 

above, n. such b ca.n lternativ ex lcnati n ... o ..,h be.. e 

11. 'l'h trigger mechanism. Correl· ting these s·:1eculati ns with 

th\;se o! ,rk 1 n.., llt\ Ct'• 89), .. a.y it not indeed b rossible 

naturally t lni L.t .... the clottin precess with t 

li .... id (. ro bly ce . . 1al1r,) frcrn t e l· ma or pl.as · lipoprct. in ? 

:1is 13 a. ver1 1tri uin5 qvesticn a. d upon its fin l naw r 

will depend t. elucido.tion of: (a 11h still ';;;{ terious 

265. 

t .. igger echanis,., wl ich physiologic lly initi· t s blo d clut ... iog, 

·.hen naede for ef nsive hemost sic, a w 1lch i.... o vie 

ir, cp r ... ion (at l st overtly) i I the ci:rcul .. tcry blood; d 

also {b th true i ·ortunc of t1 blood pl t• et . 

12 .. Clinic· diaol'de,·D of g,la,t~let5. The I lat,.,lats ..::. o · evidence 

of t.. eir im ;or aut. e.t.i static function in clin' c l ble-din& 

disorders. ....n y p r these functions concern~ t e clott.ing 

,echani • t er he ost.d,l.c re es cf th re 

rel ted to (1) th ir ability to uggreg·t a d. a 



trypt 

o.y b i 

li to ·orrn. c 11 r 

n ~h rcviai n f 

(p. 67 ) ... & e_. s i 

d (2) er 

oc trict r co, h 

tinine sulfate. Juijt h w im, 

t · uu .. tra d by t l 

t 1er .:;e i u., eluttin deficienc l fi 

n ! r ri en 296 c J. cks t e ent. 1 f"b ir 

clot fo tion. c ~ survi e, d J it n overt 

rth f p s n ent on, o, i t e enc 

· ool ,.. tl t h lo r, 11 p :yl 

ciee u cyt. cti n l or 

oter:i 
189 - volved • 

l . .. • pa .le t ra ... oi p . 65) r 

i· !J,1 d nd : C , c ur i. tr v cu rly 

V s 1 inju an in 1:ro otio c r ·ti 

er, 

00 

r 

field o erv ions (pp. 219-227) ~rcvide very s vidence 

fo igni icant r le of the p~ t let li id . n rtic 1 r, 

t is c nc ud t t t~1 cculiar P- t 1 t xcresce c r 

a v .. iet r h long- mo ::yel ·n 'l. r 'riled 

phosl;holi idv examined wi ha s l er 

C lin pres nte pp nc hich often e p t et 

·1 . e lt 

ar ot ul.d b 

160 n u.natic 0 eg i. ryocyt ( o er 

anit s) and ca icn. l eryt r cyt s un · rgoi troma. lysis . 

266. 



~ urch.:.ott.182, in 1940, nbo nu 0 .,est d t.he my· 1::.n fi ur 

interpret tion, for tr,e ll:Jt, t at .. 1 rentl.y w s w .famili:.r 1th 

the u or•~ 1934 J,l talet obeer~ tions . 

coi,pon nt . :f the 

~ev ral fact rs hic1 l t Je~~ m contri)ut- tot lo tl-

clotting .echan·sw, it l,ould sce:n at th 

c ief is ito t re ,.be ,l tic co:1.t-' ner t . , at lea.st in p re, 

extr ely statle, as h,wn by hxpt . J5 p. 194 . J . • lli547 , 

267. 

who is direct. · n the platelet. O!'r. o · t .. e rvar.ct las r~ctiona-

• •Durin~ s or e, 

platelet~ undergo a g1·adual a,ling • rcces • ~ loss o · ibrila 

{ ct· •121+ .xcre cences) iG one f the irs 

t b sen • . oreover, here 16 ~ concurre1t 1 ss r l 

.:.talic J . Unin.,, s te"'t. s. , o, t. • o · preserved :pl ... telets 

to restore ccagul bL~i ty to plat.clet- poo · plasmo., t • ,l'Vu!'d 

scit. vists claim r .. · r able J rt1s :·va i ·n £ ,l •t let en 

.a pr s rt author b•lieve~ this nod to b re- consider 

v ew of evidence ~~at ,any ot.er pl tclct functions ,.-!! be 

phy iologic lly n eded m .. d ost of the... re .1ighly l bil • 

. l<1tclet.a, fractionated froH. human donors ·or clinlcu.l u e , she 

be used a1 o~t · ediat 1y .llld; ev~~ t • , e-r-e evi ace 

th t l ir tuer .... peut c benefit ar- short- lived . 

15. lot 1tiation thro.;1bopla' ti: • second 

c-..ajor point a. .., t. th tLrci- bopl.tw tic acti , -o P-· t e.:l.e s i 

its pot,e.itiation by antihemor,nilic ctcr, '1'C, tc . ( i;.;e p . 195) . 

'urrent t • .i.'ll i;_-. co: c o. c.;tulat d 't ro, bopl r.in nerati n1 
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.from sane reaction (probably a series of reactions) bet ·een the 

platelets .nd the several plasma components . lhe evidence of 

workeN wit!, tne t.hrombopla.stin weneration teat points to need 

not only for calcium. but also !or factor V (proaccelerin), 

factor VII {proconvertin), if not £or (pro )thrombin its el!, in 

thro.uboplnstin generation . The types of experiment pursu.ed n 

t.h present thesis have not explored the possibilities of thrm• 

bopln.stin generation as a separate phase, i . e . prior to the acti~ 

( 

vation of prot.hrombin to thrombin . However, pt. . 40, (p. 205 ) 

do~ shCJW the portant potentiatlon of platelet thromboplastic 

action by puri.fied HG and. &pt. 11 shows that cepha.lin can 

substitut tor platelet.:, in this henomenon, wlereas the complete 

thromboplutin ( tissue t.pln. ) 1.i sufficient amounts is not. improved 

by the plasma component addition. 

Again we conclude tut the ;hospholipid cophal.in most probabl.:f 

is the stable factor in platelets . 1 is is a w.ak and incomplete 

thromboplastin in its own right., apparently, but yielda a 

complete t rombopl.a.stin in the preaence of sufficient , HG, 

FTC, etc . ur eluates (Table Vl} cont.iLin these plasma components , 

especio.11,y TC, but could probably be i'reed, if necessar,y, £ram 

the contaminant trace or ,n.H,I-' . This present HF contaminant 

explains why our eluates and the older owell prothrombin were 

so well activated by ce halin, as compared, say, wi h ..,eegers• 

ir.ore purl.tied prothrcmbins . 

1other potsntiai.ic,n of platelet th.l"'Ol%i.boplast.ic cti n by 

trace o! tnrombin (~ta . 36, 37) is not easy to e.xplaL, 1n our 
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su ! lume te with cG · cce er n) c 

e.t"'W type i.e. • t t.1e precursor proacce e in . '1 rc:;bin i;) 

492,290 tc ley r le ir. tht:: ct.iv .t o Eroa.ccelerin 

to · cceler.i.n. 1i is t<eraove& a lf.1..B p a e in our two-st 

.to '!lllltian t ..it::.>. o, tr<llil"}? t.o the cl ' 
0 > \. ., that 

platelet acceler t. l i - cG, r. L-.is an v,e 

uthor hav net d ren,y tLes, t ~t ... t sh ·s tJ C l·g ... e, i! 

t ,o-et; C Cl t'n;, ..; a .s, ,·ch reg ro s v dence t'or 

-1:Qacc 1 rin (.ie gars' plas.ira-type , oG). e it not er our 

celerin, there ore, romb'n coul ch 

fro ~"e · recurs r .form (proaccelerinj t t; c 

( a.oceleri. ) in the r.latelet co,, ;a-onent . It is still J t pos ... ib e 

.. ,E.t t .us i.., indeed th case .,,d c uld account tor t . 

potent,· a ion. 'onsi..,teut with this p ssi i _ty s t.. .. e .tact, 

icil 154 ,uve ever times d nstrut.ed wi.. C'.lr cluata , 

namely, i 1cren in·" tho AeO t.o n exceas s v ra tim s t e 

e uivalent cf it strt.lngtl in normal adult hum: pla.:La, 

t.ion, wi . no clear c"t evider.cc r 

en in._. more data on ttie exact qua.ntitie cf cG and pro-Acv) 

in ·Ur y tet:'ll3, t.ierefor , we concl , t a ... th 

ht n-tur described. 

hospholi id from th1:: latelet lipoprct L"lo, as w pos ulat in 

caoe of the much tr.ore powerful. proteolytic enzyme rypsin. 

ckin- concret •vid nee, at thi tie, uch concep~ is ·erely 

a t nt tiv-e sug.c:-estit,n •hicn could uide .ruture nquiry. 



B. IN t~.iel · t4i t.esis support~ 

the i e~ th n :rajo role in th natur 1 clotting roec ani. m 

~-u::st o~ as:.-:i .ed to rou co 1 ctiv ly- .:'orm 

the 1 t ctive.tor(s) w. ich, n conjunction 

· cni ed ca.lei , convert (::. 1 t.1.a pr . ro bin { pr cursor I nto ,he 

ctive thr ;:. in, nee ed for cntalyzine:. 't e co~ version cf fibriuo-

g~n t . 'ibrin clot . e hnve adrdnced evide •. ce ·or 

l) the importance cf cert in llpoid {? cer,h lin); 

2_; the nomal need, in plail"' clot.ting,. :r pl, t - ets; 

3) t:ie 1;a ticula.r si-ni11c ce of plate et c 'r' nee ., , 

ny alogiea to ce!hulin, in h 

4) po ent.iat.icn of the th t,muopla ... tic o.cticns of cer .a in, of 

plc.t l ts, and cf tissue thronboplastin (to o c ex _nt 

b.r vnriouB xperi ento.l ud.,itives . rt of i..hi e 

· expltiined as 

co- .,. u t.1.cip tio.. f certain plzls-at c components ( nti­

her:tc-philic ""lc.,ulin, P1'C., ? etc . ) • . art , h wev r, ma.y be 

the resu t of c rt in proteol ic enzr.;.t ... , particularly 

tr.{P'~in) 1disa ,6 rega inf;' bound fvr o ;hoapholi. id f'ro:n 

t.. e n lly ~vailabl llpop ·ctein co. bin tion nd tl.u"' 

rendering it I wai1 ble' for rtici tion in tho ·oner tion 

of t ror.:.bopln.stin ud hence the conversion .r proth 01:.oi1 to 

t ro bin; 

5) po.., ible .C -containin ~ Gnd lipid-c rt it~in, 1 i 1 erm i~t 

in the throetbin-!crrl'J.n re cti n(z); 

6) myelin !1 uro .fcrma.tion ao an .x,,l' nation cf t. lterati n ... ' 

of 1Jla elets and cei tai1 ct.her .rom c e:le. er t~ s h as 

270. 



thrombccytea, megaka:r,yocytes, stromatolytic eI7th.roc tes; 

7) tt1e ?UUltiplicity of factora lnlhich platelet may contribute 

to the blood clott ng and heruoatatic mechanism; 

8) the occurrence of many clinical bleeding disorders due to 

deficiency of platelet functions . Throtllbocytcpenias 

denote deficiency or .Platelet numbers and hence <:,f t ie tot 

bulk of the platelet factors available in the body . 

ThrO!:lbocytopathias are deficiencies o! specific latelet 

components and ca.n be clinieall.1 isignific t even \<I en tl e 

pl telet count is nor :al . Blcedi g in leukemias, uremias, 

etc . , 'f'J.a¥ often be acccu~ted for in these tenr~; 

9) the n~ture and modes of ~ction .of heparin, and ct er 

•antithromboplaetic ' inhibitors, and o some anti- protea.sea, 

in relation to the ,.echanisms discussed; 

271 

10) the •cephalin availability theory' of t.hs author, us a uae 1 

hypot:.h•JSi5 to explain the. ir. i:,orta.nce of t.he natural throm~1-

p stic phoepn¢11pid . lipid release from p atelet, tissue, 

or possibly plesaa (Eltpt. 4) Bources may veTy well be th 

long-obscure •trigger mechanism'~hich initiate$ vlood 

coagulation. 
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· gure 3. 'Ihe influence or varying t.hrombin concentration ttPOn 

(a) clotting~time (C.T.) and (b) fibrin yield(%) •••••••• 26 

figure 4. Reaction kinetics of fibrin formation. our experi-

with varying strengths of thronbin (0.1, .2, O.J, 

o.h units/ml). residual fibrino~en, as per cent of 

origin 1 clottablo rotein, plotted lo ari th.'l'tically, 

after removal of clot at stated time intervals••••••• ••• 27 

igure 5. The 'inverse law': clot.ting of i"ibrinogen with varying 

strengths (percentage, rel tive of thranbin, lotted 

(a) directly, (b) inversely ••••••••••••••••.•••••••••••• 28 

Figure 6. Dark-!i ld microscopy of clots fo:n:ied from fibrinoge 

'sol ' by the action of ( 1 thro .. bin, ( 2) papa.in ( cry-

talline • (3,~) ninhydrin ··~·•••••••••••••••••••••••••• 36 

Figure 7. A c se ( ..• J.) of PTC-deficiency with circulatin anti .. 

coagulant (anti ... PTC). Clotting-ti! es or variou recalct­

fied lasma mixtures (normal + :natient), in sttiaies be-

tween 29 February and 8 ,July, 1952 • • ... • • • • • • • • • • • • • • • • • • 47 

~i re 8. Dark-field microscopic observation of •erythroplastid 1 

formation from a nucleated erythroblast from the bone 

marrow of a case of Hodgkin's disease•••••••••••••••••••• 58 

gure 9. Correlation graphs of plasma analyses: • rothrombin 

time' vs. meth<:td II (orthodox 2-.stage rothroolbin assay •• 99 

Figure 10. Cor lation graphs of plas,na analyses: method !aI vs. 

method I (specific 1-stage rothl"Q~.bin ass37 ••••••••••••• 100 



Figure U. Corr lation graph. of plasma analyses: method I vs. 

method III ('eluate' 2-stage prothrombin assay) ....... ..i 100 

.tgure 12. Correlation graph of plasma analyses; method III vs. 

rnetho_d II ............................ o •••••••••••••••• ".... 10S 

Figure 13. • eci rocal clotting-times (l/c. T.), for seri l thrombin 

dilutions, with three fib:rlnogens (I,II,III) de• 

creasingly- contaminated With 'serum factor' of Lorand .. 114 

.igure lb. ·inimal clotting-time •end-points' of suitably 

ctivated thrombin-fo:rming mixtures as a easu:re of 

relative concentration of othrom.bin. ;ethod III 

2-sta e ('eluate') technique, ••••••••••••••••• ••....... • • 136 

. 'igure 15,. nrogressi ve. inactivation of 'intermediary• thrornbin b)r 

excess of oxalate (III), compared with absence of 

oxalate effect on fully-:fonned thrombin (IV) A tivation 

of Seegers' pur:U'ied prothrombin with tlded Cacl2 and 

weak ti.ssue tbromboplaatin. Control tests: (I) in 

absence of oxalate, and (II) with oxalate added only 

tote test fibr1nogen • .••......•......••• , .......•...• 
Figure 16. Reference curves tor assays on dog plasma) of (a) pro• 

thrombin times (reci~roeall7); (b) prot.brombin (s cific}; 

(c proconvertin (specific); (d} nroaccelerin (specific). 

One-stage technique: percentage dilutions plotted 

149 

againSt clotting-times. ••••••••••••••••••••••••••••••••• 162 

Figure 17. Thronbin yields, percentage, from highly purified pro­

thrombin incubated with: (I) ; (II) Ca + uypsinJ 

(I I) Ca+ thrombovlastin (weak); (IV) Ca+ thl'()mbo• 

plastin + trypsin. Dotted line indicates reference 

curve, i.e. reciprocal clotting-times (1000 • C. T.) 
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plotted against prothrombin dilution (percent) ••••••••• 188 

gure 18. Dark-field microscopy of latelet alteration: 

1. 1Stellate' forms of latelets in citrated rabbit 

lasma ••••••••••••••••••••••••••••••••••••••••••••• 221 

2. _ecalcified rabbit plasma showin (a) •vesicular' 

alter tions of platelets, (b) fibrin filaments •••••• 226 

3. Coagulating human blood drop, showin (a) latelet 

' ramlomere I and vesicular alterations, (b) eryth­

rocytes., {c) neutronhil gran.1locyte, (d) a few 

fi rin needles. ••••••••••••·•••••••••••••••••••••• 221 

4. Saponin lysis of pl telets in citrated rabbit 

plasma •••••••••••••••••••••••••••••••••••••••••••• 227 

Figure 19. Dark-field microscopy of egakaryocytes and thr bocytes: 

S. egakaryocy:te from rabbit bone-marrow, in au to­

logous senim, showing granular esicular 

•excrescences' at periphery....................... 228 

6. gakaryoc7te from rabbit bone-marrow recalcified 

after citration, showin 'vesicle 'at periphery ••• 228 

7. Disintegrated thrombocyte in frog blood, showing 

'vesicles'• 'l'he thrombocyte is lying on a rge 

fibrin thread•••••••••••••••••••••••••••••••••••••• 228 

• Recalcified citrated blood of fresh ter sun-fish 

showin (a) disintegrated thro bocytes (n ar cente 

of nhot crograph) with vesicles and ranules 

scattered by the exolosive disru tio or the 

thrombocyte, (b) any nucleated red cells • • • • • • • • • • 229 
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'""igure 20 . Dark-field microscopy or erythrocyte alterations and 

of _yelin figure formation from lecithin. 

9. ...,rimi ti ve erythroblasts from heart blood of 

rabbit embr.yo, showing stromatolytic filaments ....... 229 

10. Erythroblast of tadnole., showing numerous fi.la -

mcntous stromatolytic forms ·····•••••••••••••••••••• 230 

ll. Human erythrocytes• showing contact develo't)m:ent 

of envelop-(membrane) filaments ••••••••••••••••••••• 229 

124. Edge of lecithin film (lipid-air interface), 

showing smooth refractive edge ••• ••• •••••••••••••• • 231 

12B. Same edge showing 'myelin forms' produced by 

contact with distilled water • • ••••••••••••••••••••• 231 
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APPENDIX II. TABLES OF EXPERIME'h'TAL DATA 



TABLE l 

CLOfflOO OF SALT-TREATED ,IITURF.S ON DIWTION, AFTEa STATED 
INCUBATION PmIODS. Secorxla, 24°c. 

MIXTURE ADDED INCUBATION ERIOD (mimtes) i 
+ 4-5% Cl with vater l/2 5 10 lS 

1.* Thr. + Fibr. - 150° BS• 15" 5• 

2. Thrombin Fibrinogen 190" 20()R 205tt 215• 

3. Fibrinogen 'lhrombin 240" 216• 250- 300" 
C 

ixUJ.re (l) clotted in 18 3/4 min. 

,, 

20 

212• 

295" 
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TABL I 

o. ~ ml + 0 . 2 ml T (bovine , U john' t fi 1 unita tated 
sec, , ot 2,oc . · 

• 

I . 

• 

r . 

10 5 2.$ 

n . 2n 11. ," 17. 0" 

19.1" 

o.6 S (T uni /ml) 

39. " 

35. • 

26. 9° 



TABLE III 

CLO'l"l:Ull-TIMD, WITH VAHfUD AMOUNTS <'I CALCIUM, 0, MIITUU8 

or '.l'HDB[JJ All> FIBRDlXHCI, COIT.AINDO Din'JiBDf AMOUNTS or 
SBRtM PACfOR. · 

0.2 ml r- + 0.1 nl caclf (final 110larit,- atated) + 0.1 T 
cs untta/al) t aeconda, at zSoc. 

,I 

F. O.al 0.01 o.oos 0.002 0.001 0(820}, C&(mol) 

1. 18.~ 10.9" ' 9.-,. 9.s- lD.S• 12.0• 

n. 22.2 .. 10.s- 9.6- 9.7- lD.)'I 12.6a 

In. 15.5• 10.1• ,.oa 9.S• ,.aw 12.6-



'llBIE 

A OE t 'L T.A 'IE . TS (A) 'ATE TS ( 

S R CE s G s G G s 0 

s 00 c::o hJ5" 110• 465" l S" 155n ~ 

s CD (X) 5$0" 195" 66o" 235" 150" ffi' 

+ co ex:) lflOtt 170" 210" 20!>" .))tt Y) 

Held at .34oC !or 1 hr with sil icone (S or d red glass (G+), 



TABLE V 

CW'ITI 10 F LA fflLET-FREE (0 
FI D,. Wiffl AD !T!V :..:i 

ADDITIVE 

, .. Saline 

5. 11Soluplastin 11 

6. r.ryst. t ain (100 

7. Fibrinolysin (h m 

cm 

co 

7" 

11 

l 7" 



. I 

TABLE VI 

SPECIFIC ASSAIS OF ELUATFS. 

Unit.age. per ml., e:xpressed as percentage or atamai'<i normal ~n 
pliall& values (100 per cent mean). PTC and AHF assays are give'il1n 
1'1ble IXXVII. -

., ,, 

EUJATE PRQTHR. PROCOW. PROA.CCEL. THR. Pre ARP 
(mdif'.) (2-stage) (l-stage) (1-atage) 

Ii 

a. Unt.reated 16) 1.00 2 0 
:ii 

b . Di&lyaed 167 100 trace 0 + + 

c. Dial.(b.e.) 171 llS trace 0 

a. B.e.(only} 18) 105 l 0 



TABLE VII 

TEST FOR ANI'ITHRO:ffiIN I N DIALYZED EUJATE AND I N SERUM-ACO PREPARATIONt 
both reagents benz.ene-extracted. 

! lCUBATION 
ERIOD (minut,es): 1/h 5 10 15 20 30 

l. Sal. control: 26.111 26.9• 24.fJII - 24 ... 
11 

23.9" 

2. Eluate (e.) )1,..411 34. 7tt 3,.1• ... )6.2" 38.8• 

J . A<O (I) 2).3" )3" 128.4• l95Jt 267" ... 

4. AcO ~ 22." 25.sn 29.9" 31.6" 35.ltt h2.8tt 

Clotti~-times {sec.) for o. 2 ml fibrinogen + 0.2 ml samples of tb:rombic 
mixture (T.M.), kept. in siliconed tubes and teated (itl glass} after the 
stated incubation periods. T.M. = 1.0 ml thrcmbin (bovine, Upjohn•s, 
20 units/ml)+ 1.0 ml of (l) saline; (2) eluateJ or (.3) AcG (I)t 
untreated; (4) AcO 4' : part]¥ purified (see EJ:pt. 10, p. 134 ) . 



TABLE VIII 

crom TEST !TURES (ml) OF FIBRINOGEN (b.e.) :AID DIALYSID EWATES 
{see text). EFFE'C'IS OF BE> Z • E EX CTI N. 

Clotting-times, seconds, at temp. stated. 

T~T SAL. EWATE Adl I CEPH. FIBR. ca CLOTTI 
(b.e.) (0.5%) (b.e.) (o.o ) !ME 

.. 

1. 0.2 - 0.1 - o.4 0.3 47,n (26°c) 
2. 0.1 - 0.1 0.1 0.4 0.3 4,o, ( fl .. ,.-

3. 0.4 o.l(b.e.) 0.1 - 0.4 - 22$o+" ( " 
4. 0.3 O.l(b.e.) 0.1 0.1 0.4 - 234<>+" ( " ) ,,_ 
~- 0.2 O.l(b.e.) - - o.4 0.3 1005+tt ( " ) 
6. 0.1 O.l(b.e.) - 0.1 0.4 0.3 221" ( tt ) 
7~ 0.1 O.l(b.e.) 0.1 - o.4 0.3 210• ( " ) 
8. - O.l(b.e.) O.l 0.1 o.4 0.3 69.6" ( n . ) 

·-
9. 0.2 o.l(untr.) - - 0.4 0.3 354 .. ( " ) 

10. 0.1 O.l(untr.} - 0.1 0.4 0.3 151" ( ff } 
n. 0.1 O.l(untr.) 0.1 - 0.4 0 • .3 J.D7.5n ( n } 
12. - o.l(untr. 0.1 0.1 0.4 0.3 46.Jtt ( fl ) 

·-· 
SU L• A,.'qy ESTS, substituting tissue thranboplastin* for the 
cephall.n: 

.. 
I 

13. - o.l(b.e.} 0.1 O.l* 0.4 0.3 16.7• f3?0
c) 

14. - O.l(untr.) 0.1 0.1* o.4 0.3 15. 7" 37°c) 
.. -



TABLI IX 

A. CLOT1'Ill1Jf1MES (SECOD), AT 28oC, FOK MilTURIS COITAil.'flll) DIALtsm> 

IWATI, WRICH RAD BE'D ElTRACffD WITH BENZE• BIFCU DULJSIS S DA1S 

PREVIOUSLY. 

SAL. ELUATE .lcO mR. CBPH. :mm. ca CU)ffI11)-TlD 
b.e. o.S% b.e. O.O'lM 

'.1 

1. 0.1 0.1 0.1 - - 0.4 0 • .3 ,01.6-

2. 0.2 0.1 - - - 0.4 0 • .3 340.• 

3. 0.1 0.1 - 0.1 - O.h 0 • .3 280.&t 

Ji. 0.1 0.1 - - 0.1 0.4 0.3 218.6'1 

s. - 0.1 0.1 - 0.1 0.4 O.J s1.& 

.. 

B. CID?'1'I!O-TIME3 OP ABOVE EIIJATE AT VARIOUS PERIODS A1'TiR tm-EJ;1RlcrtON 

WITH BDZDI. 

S-lSaJ! .3 hr • 

.. 

1. 0.1 0.1 0.1 - - o.Ji 0.3 24.3.4• (la43.S-) 

2. 0.2 0.1 - - - 0.4 0.3 721• S09.6" 

3. 0.1 0.1 - O.l - o.ii O.) )£8).l• 273 • .s• 
4. 0.1 0.1 - - 0.1 o.4 0.3 2)0.)'t 18()11 

s. - 0.1 0.1 - 0.1 0.4 O.J 69.9" J6tt(6 Jar.) 
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S9 
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TABLE II 

TBDM!f 1'01tMlTI01 PRCM mmIAL1SliD lWJATF.S, WITH VAlt'!I11l ACTIVATORS. 

A. C(M Jlllr8 a, TlldlBIC MIJ.TURBS1 al. 

THR. all.. nm,. ILUAU P&O-C. AcO Cl.PB. TPLI. ~ Mm. BUff. 1:8 o.s. 

4. 3.9 o.s - - O.l(b.e.) - o.5 

s. ).8 o.s 0.1~-··> - O.l(b.e.) - - o.s 
6. 3.7 o.s O.l b.e.) o.l(b.a.) 0.1 - o.s 

1. ).8 o.s O.l(b.e.) - 0.1 - - o.s 
. 8. :, . ., o.s 0.1~···> - 0.1 - 0.1 o.s ,. 3.6 o.s 0.1 b.e.) 0.1 0.1 - 0.1 o.s 

10. 3.1 o.s 0.1 - 0.1 - 0.1 o.s 
u. ).6 o.s 0.1 0.1 0.1 - 0.1 o • .s 

9. CU>ffllQ TDII (eeeonct.), tor 0.2 al ~ + 0.2 Ill t.br. 

ld.xt. • 1ie8ted after atatect. incubation periods. 280c. 

TIST HIWTIS 
1 2 l s 1 10 30 '(O 90 

"· 18»9 - - - lJk6lt 932• 1SQlt 73)'1 

s. SJ811 - - - - W)Oit - 290" 2S9" 

6. •• u.ew ~.2'1 21.Ji• 18.)'I n . .,. - -
1. 89S• - - 160" 216- 177" 181• 
8. 21• 16.,. 19" 2QII - • ,. 2).)11 18.ea 20.e- - - -

10. 21.s• 20.a- 18.)'I 21.,- - -
n. i,.8't 17.6'1 21.&t 21. 7" - - -



TABLE III 

REFF.REICE ASSAYS (Method III proth.rombin 2-stage) OF STANDARD (CANINE) ELUATE,. AT VARUNG DILUTIONS. 

'thraabio Mixture (T .M.): 3. 7 ml saline, o.S Ill ind.daaole bl11'tar (pH't 7 .J), O. l ml 101.uplaetin, 0.1 

11\ ACO (1,5), o.~luate (••$1 dilutions) , o.%.e_cac12 (0.1$ M) . 

Clotting• timea, seconds, tor 0.2 Ill . atd. (dog) .tibrinogen + 0.2 Jal. T.M., •tter stated incubation 

periods. 270c. 

T.M. cone. INCUBATION PFltIODS (Mimtes, at. 27°C), 
ELUATE l 2 .3 4 S 7 8 9 11 1S 

l lSOJ 18 • .:,, 1s.1• 14.6" 16.'(tt -
2 12s, 19.s, .. 15.1• IS.?" - -
3 ~ 24.S" 1T.T- 18.$" 19.9t1 -

, 4 80% 26.1" 20.1• m;In 19.5" 19.8" 
· s ~ )2.1" 2).)" 21., .. 'ft;gtt 23.l"' 

6 .SO. 39.7" 26.)ff ~ 24.9" -
7 ~ Jo.Ji .. , - 2o.Jlt 21.111 28.l" 
8 ~ 64.7• . ,r.s'tt )2.3" 37.8• -
9 20,C 81.4n - 37.5 .. ~ 38.S" 

10 ~ 
200.2 .. 7.3.811 - 62.4n 

" 
62.2 .. - -

11 . 317.3n - - - 91.)" - 92.4 • 
12 ,]$ 1065" - - - 447° ~ - 200.2" 180fl 169.7" 

..,,_.,.. 
' ····· -· ~ -· . ~ -

2 0 

l 77.5 

o.15 nil and 0.12, ml Qt eluate, With con-eapoming reduction .of the saline, were used (or T.M. (l) am 
(2), raspectively. The 0,1 ml (undiluted) is the chosen "•~ndard" = lOOper cent. 

,.., 
·.....i 



TABLE XIII 

EFFECTS OF PURIFIED ANTlHEMOPHILIC GLOBULIN (AID) ON Tiffi.CMBIN F'OTW.TION FROM EWATE. 

The eluate ·(see text) provides prothrombin., proconvertin, PTC (etc. ? ). AcG, ca, and the stated 
THR<JUOPLASTIC AGEN'l'S are ad_ded, (+) with,or (0) without,Am. Method III. procedure, at 27°C. 

Clotting-times (seconds) £or 0.2 ml !'ibrinogen + 0.2 ml thrombic mixture {T.M.) after stated 
incubation periods. 

T.M. AID THROMBOPL. I NCUBATION PERIOD (minutes): 
AGENI' l 2 3 5 7 10 lS 20 30 

~ 

1. + 0 5o6n - - .30911 - 202" - 17511 11011 

2. + Solupl.1/1 19.9" 16.8° 15.9" 16.6tt .. - 16.9rt - -
). 0 1f 22.2." l?.611 !S.§11 15 . 91t . 15 • 9'1 16.9" ... - -
4. + Solupl.1/5 81.6" 31.7•• 22. 711 19.611 17.5" 17.1" 18.ln ... -
c;. 0 II 72.4" 41.5" 2$.1" 1811 17 .)'• !S'Jih 17.611 .. --'• 
6. + Ceph.0.1% 23)" 32 .J" 16. 8tt 15. 811 • 1.5. 7" 16" - 16.211 l8.6tt 
7. 0 tt 141" 104" 69.&i m,:!lt -,;rr- 28" 25.5" 26.9tt --

60 

100" 

--
--
.. 
-

r-1 

1080 

llltt 

-.. 
--
--



TABLE llV 

J:llTJOO'lS or S~tnSTRENH>n.LCIFICATION ON THIOIBIC ACTmTY or 
PRO'l'lllOJeII + ACTIVATOR MIITtmiS, TESTED AT mrrm.m TIMES Fl?CJ4 STARJ.' 
OP TBBOMBI1' FOBMA.TIOI. 

'.l'VO-St,age method, at. 28°t, u deacribed 1n text. Clott.iDg-thaN 
(aeeama) tor teat.a at. stated periods, timed £ran start ot experlDrnt: 

(A) !.M. iJlcublltad alone, and DJ'l'A added to filrlnogen. 
(B) T.M. 1.acuhated with !M'.l, tran Sth Jlinnte. 
(C) T.M. innbated with !OTA, baa 68tJa lllimte. 

TEST TIMI or TEST (ld.mtee) troa •tart or 1nmi.t1on of or1g1na1 
SRRiiS thnab1c ldxtv.re (A.): 

2 i. S 10 lS 30 (I) 68 78 128 
,1 ;, - II 

A. j(,00,te 6o9" 297• 86.9" 78.2• SS• 91• 

B. .312" 3919 - 620• ~ 

c. 74" 7).$" TJft 



'!'ABLE XV 

S~UESTBENE - ~At: OF THROMBIN FORMATION. 

'l'WO-stage method, at ~8oC, as descr.U~ in text. Clotting- tbles. (seconds) tor ·testi3 at Stlted 

periods, trcn start of tJ(pe:r:lment (AJ B) or ban 8tart of incubation (C; n) • 

............................ -~ 
M!rt'tml rNCUBAT!ON 'PERIOD (minu.tee) t 

l/4 l 2 3 $ 10 30 6o 90 

-
(A) T.M .. (alone) -'. - 80.3n - h4.6tt h7.8• 46.711 • h.$.1n 46.4n 

(B) T.M. + EDTA - - 108.!,.tt - 117" ]J$tt 152.411 174" 19511 

{C) Dia~ed (B) 189" J.8bw 18611 l8ltt 183 .. J.921f' 211» - ... 

(D) T.M. (alone) - 14~ 34.611 2$.6tt 2s.s• 26" ... ... ... 

l~ 

-
47" 

209u 

;-
-

w 

"" 
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TABLE XVI 

EFFOOTS OF INCUBATION WITH OXALATE UPON THE CL01TIMl-TIHES OF 
VARIOUS THRCHBIC MIXTURBS ( see text . 

Clotting•tillles (seconds), at 38°c, for l ml :mixture + 1 ml 
tibr.tnogen, atte:r stated per.1.ods of incubation, auba~ent to 
dilution with agent stated. 

TF:>T AGE ot ADDPD INCUBA.'l'ION PFJtI<D (nd.Dltes): 
T.M. AOE l/4 5 15 30 w 90 

,; .. 
A. ll min. water 15 .. 15, 15" 15" 1511 15" 

120 

.. 

20-

B• 12 min. oxalate 5511 9Sn 16ott .390" 1)80'* 2700" 4.500• 

c. 4 hr. ODlate 40" 40U 45" 4an 6c)tt 5011 5011 



TABLE XVII 

EFFEC1S OF I 'CUBAT!ON WITH CITRAU~ UPON THE CLOT'filD-TlMlS OF 
VARIOUS TBROMBIC MIXTURIS ( see text) • . 

clotting-times (seconds) at 380c, for 1 ml: test mixture + l ml 
fibrinogen, after stated periods of incubation, subs~ent to 
dilution vith agent stated. 

TEST A11E OF ADD.FD IM!UBATION PERIOD (mi.nut.ea} ' 
SERIFS 'I' .M • .AOEtrr l./4 ' ~ 30 (:/j 90 Y° -
n. 9i a. water J.511 l()n 15• l.S" 15• 15• 2Qn 

E. 10 m. citrate l.OS• 19,tt 21011 270" 765• 84Qtt 

F. 3t hr. citrate 2]$• 150" J.h()n 116" 116• - 116" 
Ii Iii 

'! 



TABLE XVIII 

EFFECTS OF TREATMENT WITH D<JifEX •SO• UPON THE CU>TTilll TlMF3 OF VARIOUS THROMBIC MIXTURES ( eee text) • 

Clotting•tillB1 (aeoonia), at 280c, tor 0.2 ml (or equi•:i.nt.). t.eat Jl1xtun + 0.2 ml 1% BoTinl Fibrinogen, after stated periods 9Ul>Hqunt to adding agent cited. 

TIBT .AGE OF ADDJ!D INCUBATION PERICO (mina:tea), 
SIRIJ!S T.M. AGENT 1 3 S 10 lS ao 30 60 

A. ... Activ. + 1)2()11 217.S" 33.S" 26.S• 29" 37" MJ.x. -
.B. 10 min. Donx 44.9" - l$0.6ta 380" - b96- S1011 -(A) ~So· 

c. 60 min. Dall9X 56.2" - 98.ln 12$.)" - ]Jµ..8tt lS2.3" -(A) •.SO' 

n. 20 min. Activ. 2131' - 20J.6" 2S4.S" - 321.6- - -(B) Mi.X. -
*I:. - Activ. - - 26" 2S11 22.an 2).2" 26.2• -Mix. -

··--- - -- -- . - -·· . -

* Original eluate treatef:'i br. with Dawex •So• (.next dq). 

V, 



3 

TABLE XIX 

EFFECT ""' B IBZ" 'E-EXTRACTI N URING CONVERSIOll OF '?icO'l'HROMBI TO 
THRO BIN IN CEPH.- ca-AcG ACTIVATED EUJATE. 

Clottir..g- times (secom.s), at 27°C, for 0.2 ml (or equivalent.) test 
mixture + 0.2 ml 1% bovine fibrinogen, after stated periods subsequent 
to adding agent cited. 

TEST AGE OF ADDED INCUBATION °F.RIOD (Ulinutes): 
Sffl:rn:3 Mlll'URE AGENT 1 5 10 20 30 45 

.. 

l. - Activ. - 31" 28.Bn 30.3" 32.7u -
mix. 

... (1) 5 m. Benzene 30.7, 47.8° 79n JSOII 16911 172" ,. 
extr. 

3. (2) 70 m. Re ct. - 174.58 18511 242.4n - -
mix. 

-



fibrinogen. 

• 

• 1$.711 2 II 

• 14. ' • ff -
•Tre t.ed rambin tested on untx-c· - d 'i rinogon. 



TABLE XU 

RlTP.S A.JI) Y!ll1)S (MINIMAL CLOTJ.'DG•T!Mro) ot· THROMBlN IN STANDARD '!HROMBIO MIXTURF13 

(T•H•), WITH V.ARYnO CONCENTltATIONS 01" CEPffALtll.' 

Cepb. =no. (tlnal) 1n Jd.Ol'Olraml (-y) per Jll ot T.M. clotting- times (a~onde), at 2a0c, 

tor 0.2 ml t:t.~~+ 0.2 ml T.M., teated at' the stated in.cubat.ion pertoda. -

1 denotes teatll not oarried to coapletion .. 

T .M. I CBPB. IICUBA.TIOI PERIOD (llimatatJ)t FINAL<f' 
COIC.y S 10 lS 20 lL) ,JS kO 16 THROMBIN 

~.--~-........ ---, 
o .. I 0 1Jo2• 1&62• 362• llli• 3].Stt - - lb$" trace 

1. I 100 11.z- 38.)lt 28.1• - · 31 • .,,, JLS• - - - 38% 

2. I $0 . $2.2" 26.)t 2S" 22• 2).)11. 27• ... - S8% -
3. I 2S I S4" l&h" .,on 26.9" LO• - - - 4~ 

.-.-.-. 

4. l2o1S 67 • .,. 116.,. 41.6" J8.S• 31• ... JO" ... 1 

S~ 6 .. 2s a> • .s• kT • .Jtt 314.,- 29. 7" . ~,Cl.r ... .n~s· - ~ 

6. I 3~13 1111.1• 77.6- 43.6ft 37.8" Jl.)0 - 31.su - ~ 

? .• I 1.s1 us, 5;.4"- 41-1* li4" 71. 7tt - - ·)k.1• · 2s, 
8. I 0.78 120,.7" - l.08.8" ·11· J,J.8" ., - 38.1• 19% 

-· -· _, ·- :· ... -; ·-= ·=- n., "' -•~ ·co 

- ~--~-,--. > ..• _ ······-~--·-- ~ --~-- ~~-

'f C<JllJMted u ~ge ot STAIDARDS gt.,en 1tl Ftg. /4- and Table. xn. 

v) r.,, 
{$""It 



fAILI mt 
EmCTS or YlllIIO Cl'PllLD CODITRATIOIS Oil THI cr.omm-
POWER DEV!LOP!D II TE<DIC (i.e. PIO'lllRCimD +Ca) Ktt!UDS~ 

Clot1d.JJC-Uallt (aeconda), at .J80C, tor 1 :al ft.hr.laapn + O.S 
Ill T.M., •W at atatect ineuatAon pe.r.t.ocJe (Ne tat). 

nlllL DIL .. IICUIATIOI PERIOD (111mtaa)c BSTIS1BD (k )IJt. } 

or cam. s ,, (IC 120 180 lrl.000 ~.&lcl 

1. 1 X 10• ) 20" 1" .,. ,. .,. u• 
2. l X 10 2)1' 10" ,. ,. 101' 12" 

J. l x io-S ~ 23" 18• 19' is- 12• 

b. l X Jb-6 120- ]¥)If so- ~- JC)" 12• 

s. 1 x io-T 2160'* 680" D)1' 73" 69' u• 



1. 

I 2. 

1 ). 

I 4. 
I 

I 5. 

TABIE xxrn 

OTS OF VARYING THR:>MBOi>IASTIN co CE rrm TIOO 
ACTIV TION or PROTHROMBIN' wrm s CIAL R PF.RE E 

TO THRO IN mm. 

"End- int" Clotting-times (aec.), at 2S+2<>c, attl!r 
stated incubation riods (see text). -

Hilt eek:. OF tlb-fiODff 
f 

fi!dub&!b 
THRCMil>PIASTlM CLOT.•TIME I CUB. PERIOD 

l t soo 4• 1 hr. 

l I lO(X) 4n 2 hrs. 

1 t 4000 6" 18 hrs. 

j 
1 , tio,ooo 8• 'days 

1 t 4000,000 10" 4 days 



TABLE XXIV 

A. -ASSAYS OF CLOTTING FACTORS Di qJOWELL-TYPE) P1WT11R.OHBH1 ,AIID 'PRECURSOR PLAS!WJ (DOO). 

For :methods., sea text.. Percentage units rc£or :to standa:rds (Fig. JG) obtained. with 
normal (100%) dos oxalated plasma. 
"Hecovoey1~ is computed (%) from. (4) and (l} , allowing for two-£old dilution in (4) • 

l . 
2. 
3. 
4. 

PR.El., A.RATION I FIBR. I TBR. j 

-----... -----..... ~_....___,,_ ___ _:.~..,--,,·.-

PROTHR01,mm 
2-stago I l-sta.ge 
u/m,L 

PR_ · OOONV., 'J?ROACQE 
-1-atage l-stage 

.. 
"'~- ·~-
. 

.?TC ABF 

._....._ 

++ I ++ 
N.T. N.T, 

_..,,, .. . !'l'i • ~ 1..- I -- ·L . .. ---4 -· - .lc·-

Citr. Plasma + {9.311') 0 2S4 100% 
Berka.feld Pl. ~ (lOH) 0 100 56% 

96% . &Yt 
68% ~5% 

Detibr. Pl. trace 0 ~ 6l+% 48% 2Z.' N.T. 
Prothrombin 0 tr. 37 1~ 20'~ 25% ++ 

--~--.. ........ 45 ' ~-~---~ ...................... ·---~ ~· I·-·----
I 2 ? Recovo:rz .. L- __________ ___q_~-- 1. 50% L .... I 29% .. ..-.,.; __ 

B. ANTITlmOMBIN TEST ON HOWELJ.,,..'fYPE f'lWTilR.OM13IN (fu). 

Clotting-times (seconds) for 0. 2 ml 1'ibrir....'.>gan + 0.2 ml sample· of 
r.p.xi;'qre of equal (1 ml) vols . -~ + thrombin {bovine, 20 units/ml)., 
tested after sto.tod incubation periods. 2ooe~ 
~ :'!.~-----------------.-· ~------.. -------------------------... 
D1CUBATION PERIOD (minutes): I 1/4 $ lO 1$ 20 30 

------------·-----------t-------- ;'.: ....... ----~-------------"* 
Teat Clot·i:1.ng ... Tiinas: l7'. 6Tt 1U .. 8" _1-r.·911 ~ l.81> 17 ,.3n 17;1n -- ... ~ ~ _.....,_ _______ ..... 

N.T. 
+ 

? 

vJ 
u,) 

-S:) 



f; 

TABIE XXV 

T.M.•s: 10 ml (total) volume, L"'l imidazolc buffered 
salire {pH:7 .J), containing 0.2 ml eluate, 0.1 ml AcGlf 
(1:lJ, o.S ·ml "Solupl.astin", and cac12 to concentration 
(milli~olar) stated. 
Clotticf! tests: 0.4 .ml fibrinogen + o. 2 ml (adjusted) 
Ca* + • ?. m1 T.M., at stated incubation periods . 
Clotting-times (sec,.), at ?6oC. 

! Ml 0.0? M Ca r Cone. ca in I Cone. Ca* in l INCUBATION PiffiIOD: 
T. !~ . I added/lo ml T. M. T. M. (DM) i T. M.+F. (JJM) , 1 m:t.'l . S min. 10 min. 15 min. 20· min • .30 min. 60 min • 

. \ 

I s (mM) 1. t 4 (ml) 8 (nM) ' 47.9u 4.3. 7" 42.3n -· 44. 2 11 47.9u 53.1" 

I 2 (ml) 

i -
2. 4 (JJM) I s (nM) 58.6" 44.7t1 42.6n - 42.911 45.9" 43.J" 

I 2 (nM) 
-11 (ml) I 15.8" 64.11 42.2" 43-4" 40.2" 3. ! 5 (mM) - -1 -l 

t s (nM) 4. i 0.5 (ml) 11 (JTJM) tl05.1" L.6.111 hli. 511 42.4!' - 46.8° 46.5" 

f 0.25 (ml) 
J 

s. I 

t 5 (nM) ' 185. 7° 57.4u 4;,. 7" 46.6" l: o.s (m-!) 89 . 811 SO• :?0 47.7n 
t f 311" 

-
6. / O (buff. only) t 0 1 s cm-,:) 25411 ?12" - 256" 319" 280" 

' ~ 

I ;! 



EFFECTS OF PJCh:;A<:!,I}IQ AMDU1tr3 OF CAI.CI ? r\ 'l'HR!r!B!' FOlMA'rION~ 
... 21 .. - ...... l 

rune t ... t c nd.itioes as in Tabl.e .... .iY (Exµt. 23), except :for the 
increased. concentration$ of CaC12• 

T .1. Ca COJK1. Ca OJIC, DtcUBA'l'IOl PEF.l® (minutes): 
IU T.H. lli T •• 1. +F l $ 10 20 30 

-- __ ___......,... 

I. 8 mi.'11 2~ mM .)9.6° .38~2ft ,lg" 35. 3tt 35.6" 
II. 10 di 25 di 43.31t 40. 7" ht)tt 45.9» 41.7» 

m. l.S mM 2~ ~ so.6" 1l.J!'' 37,.4 37.$" 40.Slt 

xv. 20 r,t; 2$ roM >)•3" ~" 38.111 

v . 2S 25 l)j~ 61.9° 4$.4° 47.3" ha.2 
............._.~~·~->,..._. .. ~"--··~ ........... . ... ......_.. 

ro 

,36.1H 

ii.4.5" 

Ll..l" 

40.S" 
45.Su 



TABLE XXVII 

=:F'FECTS OF VARYml AMOUNTS OF Ca* DURING PROTHROMBL 
ACTIVATION. 

T .M.: 5 ml. total vol. containing? in borate buffer (pH: 1. 7): 
l ml 0 .1% Prothrombill fl (re.t.156 J + 0 . 25 ml 0.5% Difeo•~ 
(commercial) rabbit brainthromboplastin + 0.25 ml CaCl2 
(final molarity cited). 

CJ.otting-times (seconds) at 290(:., for 0.25 ml T.M .. + 0.5 ml 
B.F. (0.5%) -t 0.25 di.1uen:t (containing same amunt 6£" tpl.n. 
as in T .M. and eDetly enough CaCl.2 to bring the final 
concentration ot cal.cium to 0.0125 Min each (T.H. + B.F.) 
final clotting test Idxture. 

T. [. Ca IN DlCUBATIOH PERIOD {minutes): 
'l' .M. l/4 5 10 15 30 60 120 

-- ·-
1. 0 J..27" 126" 129 125" :1.29" 1.391' J.4$11 

2. 0.002 M l'lh" 12" 4.5" 411 4" 4" 4n 

3. 0.()()5 M 9911 6D 4S" 4n h" 411 41t 

4. 0.025 If 98" 6" 5u 4.5n 411 J,n h" .. 
5. O.QS M 139" 15" $'2" 21n 1.5" 5u qtt 



I 
I 

TABLE XXVIII 

"SPON'm. lEOUSLY" FORMED THRO: BIN (II) COJ.1PAFED WITH 
RA IDLY (Ca+tpln.) ACTIVA 'IED OO'IHROMBIN (I). 

Clotting-times (sec.), at 25°c, for serial dilutions 
of the two thrombins, on the sazoo fibrinogen., under 
the same te st conditions • 

I RELATIVE STRENGTHS (by di!utim): 
MIXT. 100% 50% 25% 10% 5% 1% 

r. I 411 811 un 22 11 40" 84" 

II. I 4n 8 It 1111 22" 42" 10211 

l 
• 



TABLEXXIX 

STABILITY OF PURDtIED PROTHROMBIN SOLUTION. ACTIVATION B:t (l.) Ca,. ALONE, (2) Ca + 
THROMBOPLASTIN ( see text) • , 

Clotting-tiloos (seconds), ~t 25oC, ot o.s ml fibrinogen + 0. 2~ T.M., after atatod incubation 
periods. 

T.M. DATE OF ACTIVATOR 
EXPERIMENT ADDED 

... -

l. act. a, 146 Ca (only) 

2. Oct. 8, '46 Ca+t.pln.! 

3. ' Dec. 9,"' 46 Ca+tpln.~ 
. 

.__... ...... 

INCUBATION PERI 
l m. ·10 m. 30 

·-
112" 871l 66 

6l3n 14n 6 

20°. 12" a 
----

--------- ··-- ... -·~.!----·-------
OD: 
m. l hr. 2 hr. 6 hr. l d. 2 d. 4 d. 7 d. 

-----·-----··---···--
II 

n 

" 

48" 

~" 
4" 

38" 

3" 

Y' 

l.6" 

3" 

3" 

9" 

.3" 

3" 

7" 

3" 

3" 

3" 

3" 

311 

)ff 

3" 

3" 

u,, 

~ 



• 
t 

TABLE XXX 

STABILITY OF PROTHR)¥,BlN A ID THE THROMBIN FORriED 
FRO.~ IT BY SI PIE RFCALCIFICATIO • 

For details, see text. 
Clotting-ti.mes (sec.) of 0.5 ml fibrinogen + 0.25 T.M. (dil.}, 
at st.a ted periods . 
Series (A). T. M. (2 ml) diluted with 0.25 ml buffer, 
before test •. 
Series (B): T. M. (2 ml) maxirr.ally activated with 0.25 ml 
tissue thromboplastin (within 1 r.r.) before testing with 
B. F. "End-uoint" clotting-times cited. ?.3! 20c. 

TEST l AGE OF T. ·I . BEFDRT' TEST! G: 
SERIES l hr. 1 day 2 days 3 days 8 days 

A • 250" 85" 43" 2.5" 4" 

' B. I 411 4" 4" 411 4,, 
f 
i 



T 

o. 

1. 

2. 

3. 

4. 

s. 

* +: 

+ • . 

TABIE xm 
THRCt. BIN FOR TIO I F,SF. 
'T'Hll\ 0 ;IASTIC AQBI 'I'S, FRO 

Thrombic .1xtures (T = 4 cc rothrombin + o.5 cc borate 
buffer+ 0 .25 cc 110 CaC12 + 0.25 cc cited BP'enta, incubated 
for riods indicated. Clotting-ti, s (sec.h, at 25oC, 
pH = 7. 75, for .5 cc :r +r.o cc prot r Mbin-free f. brinogen. 
The -ll ids are 1:1000 suspensions in borate buffer. 

(min., at ?5oC., pH= 7. 75} 
30' 60• 90' 120• 150• --

(Calci un. only) I + + + + + + + - -
Brain usp. 45" 2811 ?7" 27" 27' 28 11 30'' 

> 

t -lipid V I + 320" 180" 68" 53" 48tt 49° 

l -lipid III + 7/f)n 340" 108" 78" 76" 78 11 

P-lipid I + 570" 38011 J.hon 9011 8?." 82" 
r 

P•li id IV 2161 1ro11 1011 .3,9" 39" L.0" 42" 

clot starting in 1 l hr. and becoming solid later. 

l1eak clot startirg in several hours and incomplete in 24 hours. 

I 

l 

I 
I 
I 
I 

I ; 
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2. 

3. 

4. 

5. 

6. 

1. 

8. 

9. 
10. 
ll. 
J2. 
13 • 

• 15. 
16. 
17. 
18. 

TABLE XXXII 

0 V ru:ou LIP0 S A 

~tic hosuhatides nre p. pared as sodium al.: o. 
~--- thoos are described in the test. 

s· s are indicated by tho follouing ibols: 
+ ••• ++++•varying egre s of hronbop.1.as-t-ic (i'PL-IC) activity., 
+ • sl_ghtly enhances ction of st cephali!!, 
:: ••• - a:, va.rr....na degross of inhibition ( 'TI-1: ) of oephalin, 
,. T. = not tested. 

. ), ++++ 
etc. 

0 

0 

0 

0 

--e, 
• • 

lTI-'fP 

(>S . lru. . ) 

0 

0 

0 

-



c..,.., 

~ 

TABLE XY.!III 

EFFECTS OF lru:f Al-UU ON FORMATibr-l OF THROMBIN FROH RECALCIFIE:D PROT!ffiatiBlN, IN 
lCB OF VARIO US THROMDOPLASTI 

T.M. (see text) incubated at 15oC, :for periods stated. Clotting-tiroos (seconds), 
at 38oC, forl ml .tibrinoeen + Q.5 ml T.M. Admourits of additives per ,$ ml T.M. 

T.M. I TlffiOMBOPLASTIC AGEUT I INHIDIT<JR I INCUBATIOll PERIOD (minutes): 
l . 5 lO 20 30 60 

1. I Cep~ (O.l mg) - - $0° 20" uu 911 9u 
2. !feparin(O.$ mg) - CD (X) CD 00 00 

3. I Brain P- lipid (0.025 mg) -. I ,o" 2011 10" 8" 6" 611 
4. It Ileparin(0.5 mg) co (X) 00 00 1800+" .360+" 
5. I Tpln. ~ co . 02s mg lipids> - J .35" 1611 9" 7'' 7" 7" 
6. Heparin(0 • .5 ng) 720" 16" 1011 711 7" 7" 

1. I 'l'rypsin ( O .125 mg) 
!leparin(o.s '1118) I = 

.3011 1511 12r1 un 8" 
8. II 97" 32'' 13" 1111 91i 



TABLE XXXIV 

~ OF COFACTOR O ACTION OF IfEPJ\Illll DURI ;rQ AND AFTER THROMBDJ 
FORMATIO. 

Details of e:xperiments are given in the text. 
Clotting-times (seconds), at 38oC, £or appropriately diluted fibrino~ 
(see ten} a1"ter incubation of '1' .M. •s for the atated periods., at 7.5oe. 

T. • DmIBITOR INCUBATION PERIOD (minutes): TESTS Olt No. 
5 J.5 JO 60 90 120 T. i . (l) at 1 hr. 

----
1. 95" 22" 18" " 18" 18 l81t 5. 

[ I 

2. Heparin a:, + 900" n 2311 23n 1911 
!1 

6. 

3. Cofactor 40" 20" 19" 29' 29n 28" l 1. 

4. Hep. +Cot. (X) Q) 00 CD (X) 23n 1,. 6 .. 
!i, -



TABLE XllV 

DmIBl'!(lllEF.FECTS OF HEPARIN DtJRil(} PROTllROMBIN ACTIVATION BI TISSUE TBROMBOPLASTI?I. 

Sea· text for details ot up~. 
OJ.®ting-timea (seconda), at 2S :t 2oC, tor incubated. mixt1ll'N am the f1brinogens noted in the 
ta:t. 

f .M.I AND TEST ItfCUBATION PERIOD: 
s min. l$ min. 30 min. 1 hr. 2 hr. 8 hr, l d. 2 d. )d. 7 d. 

la. ---- 6.3• la" 20" ,. 6" h" 4• 411 4• 4• 

8lP' .(;I:>" 29" 12" 8" S" 4i" 41'' * lit' lb. -
2. 2 hr. 315" 6C>" 19" 131" 10" 9" eu 71"' 41" 

~ 



TABLE XXXVI 

WFECTS OF TRYPSIN ON ACTIVATION OF l'ROTHROMBIU, .IN PRESEllCE OF VARIOUS ADDED AC'l'IVATORS. -~-
;xperimental detail.a g1 von in text. 

Percontages 0£ prot.llromb:in activated., a.fter · atated incubation periods. 25°c. 
T.M. •a: 5 ml total vol., conta:ining 4 ml Pro. D (0.2%) + stated additives. 

T.M. I ACTIVATORS ADDED {ml.LI DlCUBATION PERIOD: -
CaOl~ j tpln.~ I i;.rypsin 5 min. 15 min. .30 min. ·lJ:rr. ··, .3 'hr. 6 hr. '24 hr. 
O.l O.U 40 u/ml 

I 

30 hr. 

- --·- .. _ ... .......... ..,.,-.~.....__---·~ ... -
'I. 0.25 - - .. . .t .:t + J$ ', li.,1 40it 80% 

*rI. - - 0.5 ... + 1% i% 6% 20% -- ZI ·+ 

*III. 0.25 - 0.5 6% 2S% 35% 6aJ, le>o% 80'1' w: 1% -
IV .1 0.25 Io. 7$ I .. 140% '80% l(.)(7fo 100% - 100% 
v. 0.2; 0.2.5 - 1% 5% 9% 20% .30% 35,% 7c,t 80% 

'*v!. 0.2$ b.25 0.5 35% 42% (;($ 75% 100% SO% 3% 1% --~----
*NOTE: Clot lyaia occurrod '1.n 3 dl1ys., in tt+bos con:taining t~ --

48 hr. 

100% -
... 

!QQ% 

... 

l..,J 

U'J -



TABLE XXXVII 
m · and AHi' ASSAYS. - -
A.gentat O. Sal i ne ( subatl"ate control) 

I. Di&l.1Hd eluate (p. 126 ) n . Honll-t,pe P:rotJntomb1n (p.161) . . III . Purified All) (AntU:aemoph11.ic globulin (p. 137) IV. RoJ.ima1. human pl.a- (factor control) *tbod.l are deacribad 1n the tut. ~ (SUBS.) are.plane, .trom cues· de.f'icient 1nP.rc or AHif, respectivel)'. ----··---~· .. -· ____ , . ._..._._ ----·,·----:---. .. --·-:~-~ ·~ -AGEMT SUBS. . . ~- - l"IH.Tl.111'.P. AOB 07 .. Siillffl TIS'fS ·- PROT. (a) additive (b) c.-t.. (c) % pro. SllltJK· (a) c.'t. (b) % pro. COIS. ----+-~--i------~ . 
•4 o.. PlC aal. (cont.rol) 21.3• 126 t hr. 23~,. 86 3d o. ,.. • 22• 115 l hr. 22.111 103 1.0% -- -I. P.fC eluate (ltl) 22.3n 112 i hr. 27.8" 1i6 S9% J;. JD . • 20.,a lJl 1 hr. 31. 3• 3S 7,--------------------t---+--------t--·-· - --··-II.. ;no Honll. Pro.(111) 20 • .5" 137. t .hr. 29. 7" hO 7U II. AHi • 21.~3" 126 1. hr. 26.S" S4 S7j 

m. PTO ABl (1%) 22.4" . 109 v hr. S]..7n 8 96. m . AHi AHl (Q.001%) . 21..1 11 129 1 .hr. - ,36 ,.9"·· - - 22· 83% ---------------· 
··-·-· IV. PTO Pl.am (laS) 21. 9" 117 i hr. 2S.9' 65 ·1&1M IV. ABF Plamna. (1110) 22. 7" 10$ 1 br. 63• 3 _ 9'1J 11111 - -, 

j 

~ ·- ii" ;;. • ~.- -- ----------------------------· 

c,.) 

~ ,..., 



TABLE XXXVIII 

POTE?lrIATION OF THROMOOPLASTIC ACTION OF PLATJ.i:LETS BY {A} A.WIHEMOPHI1IC 
GLOBULilt and (B) TRYPSI l . 

EXperimental. details given in text. All T .M. 1 s contain O. l ml. dialysed 
eluate, 0 .1 ml AcG (1:$), and o.s ml 0 . 02 M caeiz, with :bnidazole-
buttered saline, to S ml total volume. 
Clot~-times (seconds}, at 28oc, for 0 . 2 .fibcl.nogen + 0 .2 ml T.M. , 
al\er stated incubation periods. 

--- -
T.M. (nil.) OTHER IMCUBATION PERIOD (minutes): 

ADDITIVES l 5 10 20 30 60 

(A) l. { 0 . 2) platelets 2 hr. 495.2" 6S" 31.9n 30.3n 32 • .3" 

2. { o. 2} platelets 
(0. 2) AID ()$) 2 hr. 92 .6" 44.911 42.7" 40.1" 45" -

3. {0.2) AW (1%) - 1 hr. 582.5" 349.61t 16!..2" 246.l" 

(B) h~ ( 0 . 2) platelets 
(0.1) trypsin 155sa 42.lu 3$.7ff 39.811 31.5" 38.8° 

5. (O.l) trypsin 2 hr. 16o9+" 79111 ~7ou 44S" 
6. (0.1) ~sin 

(0.2) A!ll (1%) 732. 6ll 242.2" 195.4" 172.6" 174.211 

- ~--



TABLE XXXIX 

POTENTIATION OF THROMBOPLASTIC .ACTION OF PLATELETS BY ( C) WtAK 

THRC»mIN and (D) FIBRIWOLYSIN. -

hperimant.&1. details given 1n text. All T .M. 1 s contain 0 .1 Jlil: 

dialysed elu.te, 0 .1 al AcG I and o • .s 111. 0 .02 M CaCl2, with 

1mdalSOJ.e-buttered •11ne, to S ml total wl1DD&. 
Clot~U.. (eecome) at 260C, lor 0. 2 ml fibrinogen + 0. 2 ml 
! .H., stated incubation per1ode. 

··- ~ 

T.M. (ml) OTHm INCUBlTIOH PERI.OD (minutea); 
ADDI'fIV.IS s 10 20 30 6o 90 

!i "' 
l!I 

(C) 7. (0. 2) plat . 
(0.1) thr. 191• SJ.SU 29. $" 3(). )8 26.9" 27.111 

(D) 8. (0.2) plat. 
(0.1) l.yain 194" 66.6" .3911 34.Ji" 31.3• 29.5'" 

l'I - ' .. 

9. None 
{Cont.rol.) 2 hr. 2 br. 2 hr. lS608 820" ... 

' II 



TABLE XL 

EFFECTS OF ( ) 1EAK 'I'I · .OMBill ID ( B) FIBRil OLYSnr UPOU THE 
T .. JROlffiOPLASTIC IcffoN OF PLATELETS. 

Experimental details given in text. 
T .M.: 0 . 2 in.l Pro • ., 0 . 1% + 0.2 ml AcG, 0.1% + 0.5 ml cae12 
W.05 ) , the calcium being added after the other activati> 
cited., making., 'With the borate buf£er (pH: 7.7) diluent., a 
total~ ml vol. 
Clott5-tilDes {seegnds)., at 26oC, for o.S B.F. (1%) + 0.25 
T :1 • ., at the stated incubation periods. 

~IVATORS ll{CUBATim PERIOD (minutes): .. 
5 10 20 LO 60 ___j~5 ml T .M.) 

-------------------,, 
o. 

1. 

0 (control) 

Platelets (0.2) 

885" 913" 920n 970 1010'1 

I 

81011 620" 3.30" 190" ·97ir 

2. (A) Plat . (0. 2)+Thr. *(0.5') 145" 5211 22n 12 

J . (B) PJ..at . (0.2)+lqsin{0. 6) 6o" 46" 1$11 12• ---~--,-. _____ _... ___________ .. . 

* Special. thrombin., see text.. 



TABT.B XLI 

Im'ICTS OF ARl'I-PRO'BA.SES OH THRCIIBOPLASTIC ACTIOB OJI' PLATELET-TRYPSD 
ADDITIOIS TO THRCIIBD-POOMDll SIBT!MS. 

T.K. •s: S ml, in borate butt. {pH, 7.7), conta1D1ng 0.2 ml Pro. (0.1%) 
+ 0 . 2 iDl JdJ co. > + o.s 11.1. ~ co.as 11>, addid. aftelo the ft'riD'da 
other act1:vaton am :SnldbJtora c!teci. The aatar1l£t1fJ' ll'ith the 
1nh1.b1tor denotea a lS min. (roca temp.) E!-incubat1on with the 
actifttor syataa. 
~ (seconda), at 2SOC., trr 0.5 ml B.r. (U) + 0. 25 111 T. M., 

:ft 1ncubation perioda. Cl.ot-ll!1! toll c wed O'Nl" 3 weka. 

T.M. ACTIVATORS nmIBI'.fORS IIICUBA!IOH PERI oo (mnntee)i s 10 20 1,0 60 

- ---
l. p].ateleta 0 720" SbD" 100" 6S" 0 

2. trypsin 0 182• 140" 58" Sl" 3 d. 

). plat. +tr:,p. 0 hT• 29.9' 23.5" 23.2" 0 

h. plat. +t.ryp. P.I. 660" 2J"1' ~ W" 961! 0 

s. plat. +tryp. At.l.n.* 7].QA la90" 
,., 

103" 71• 0 

-

- J 
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TABLE XLII 

EFFECTS OF ANTI-PRO'l'EAb.'1::S ON TllROi'filOPLl ~·.,. IC AGTIOli OF PLATELET­
FIBRD'OLYSIN ADDITIONS TO THROMBIN-FORMIMG SYST lS. 

'l'. !. • s: as in Table XLI., except £or tl1e substitutions noted in the text. 
Clottinj-times (seconds) , at 25°C, in the usual. tests. 

T.M. ACTrv.AT IrnIBITORS Il[; IBATIO PE. IOD (minutes}: 
5 10 20 40 

6. fibrinolysin 0 390" J8Qfl 368D 335" 320n 

1. plat. + lysi..'1 0 29.1" 23" 22' 22" 22" 

8. plat. + lysin P.I. 2an 22.$" 19.911 2011 20" 

9. plat. + lysin Ann.* 37.6" 24.9" 22.4" 22.21t 20n 

10. plat. + lysin S.B.I. 6,301' 13511 42" 38.5" 35.41t 

ll. 0 (Ca., AcO only) 0 (D (D (X) 00 (X) 

oo: .. o clots in l/2 hour. 
*: Pre-incub. 15 min. 



TABLE XLIII 

EFFECTS OF ANTIPROTEASES ON THE ACTION OF PLATELETS, (I) 'WITHOUT ABGJ 
(II) !!!!! Alll (ANTim!OPHILIC GLOBULIN), IN THRCDD-~. 

T.H.•s: 5 ml, 1n borate buff. (pH1 7.7), contain 0.2 Ill eluate 
~) + 0.2 ml platelets + 0.2 ml 1% AW (in II) + 0.1 ml MG (1:8) + 0.1 ml o.1% inb1.bitor (0.3 ml of o.h%, in cue of the anti­
tibrlnolysin, test S) + o.s m1. c~ Co.Cl&. M).* 
In tests 4, 5., and 9, the reapective inh1.b1tor vaa pz'9-iDc'uba 
with the activator (I 01" II) tor 15 min., at 2Soe, before add1ng the otber components 0£ th& T.K .. 
Clot~tillea (seconda), at 2Soe, far 0. 2 ml .f'ibr.inogen + 0.2 ml '.it,attbe stated 1ncubat1ol1 periods. 

T.M. Am(U) INHIBl'tOR IICUBATIOH PERIOD (minutes) t 
l 3 s lO 20 30 

(I) 1. 0 0 319" 69.an 31.811 29.9• 29.9• 
2. 0 S,.B.I. - - 951.1' 169' 88.9' 77.4• 
3. 0 P.I. - 62., 7" 36.7" 28" 21.t.S" 26. 9" 

4. 0 N.B.I.* - J6.2n 26 25,.31' 23.4• 
>· 0 AtJ.n.*' - 833n 534" 410n 292• 

(II) 6 . 0.2 ml 0 67• 39.6n 35.3" .)6.1• 39.S" 
7. 0. 2 ml S.B.I. - 621" 31611 26411 2S'l." 
8. 0. 2 ml P.I. ... 34" .31.S" J"{ .2• 39n 37.4• 
9. 0.2 ml N.B.I.* - - 35.yt )2.2" 24. 7" 

---- -----





'3 0 

TA L XLV 

,F CTS F A T!PRO S S 
CE LI I THR 1B • s. 

T •• •ss S 1, in borate buff ( Ht 7.7, con 1n 0.2 ml 
eluate (dialysed) + O. l ml ce • ( . 1 ) + 0 . 2 ml A<:G (lt8 
+ o.5 ml C Cl2 (0. 04 M) , dded after inhibitors stat d. 
In test {4), t e cephalln was •inruba ted tor 1S n. 
at 28oC, th the N. B.I . * 
Clottin - ti a (sec. ) , at 28oC, for 0. 2 1 (do) tibrino en 

•• , at successive incu on riods . 

T. 
I fNRfafroRS 

• 1 cone. %) 

1. 0 56.511 52 50.6" 56.4" 

2. f S. B. I . 1 . 0(0. 001) 222" 156.5" 149. l" 163" 

3. 
1 

P. I . , 0. 1(0. 1) ' 4B. 8" !,(). 3" 57 11 59.B• 

4. .B.I., 0.1(0.1) 146. 211 44. 2" 49 .4" 53. 6" 



o. 

1. 

2. 

3. 

4. 

'llBIE XLVI 

IACK OF EFFECTS OF A TI TFAS S N THE 
nroo -FIBRI OOE RFACTI • 

Clotting-times {sec.), at 25°C, for o.5 ml 
fibrino en + 0 .25 ml thranbin (5 units/ml) + 0 .25 
anti rotease (or buffer, in control), the last 
two* be:i.ng re-incubated with thrombin for the 
periods noted. 

I ADDITIVE 30 min. &J min. 

Butter 15" 1511 14.6" 15.J" 

P. I. 17" 18.S" 18.5" 19.5" 20.511 

I S.B.I. l.4.2 11 1611 1711 17.1" 17" 

15.," 16" 16.511 16.7" 16.8" 

1.5" 1611 16° 1.5.511 16.411 

I 
( 

I 



61 

TABIE n.m 

PROTEOLYTIC ACTIVIms OP OlD ENZ?ME PRE PARA TI 
A f> R I ffIBITIO BY A TEASES 

J:xperiantal detail.a and daacrt.ptiona of the enaJll8 preIJ1ratione 
are giwn in the text. 

'l'ba pancanatie inhibitor (P.I.) acta "iuadiataq", vhe:reaa the 
naYJ\)ean inhibitor (I .1 .1.•) and antlttbrinolyaln (Ann.•) 
require 1S•20 111.n. pre-incubation 111th the ens,-, before addiq 
tbt f1br1nogen to aa ke tM L. M. 
ciotm-u.e (aec.), at ta«>c, tor 0. 2 Ill t.hl"all)in (20 unite/al) 
+ o. L. M., after inmbat.1.on periodl atated. 

ti!tYiilTfti M:MoiS, 
L. Me ' ADDfflV S 10 lllin. ~ 111.n. )) min. 

f (A) 1. 0 butter) lhe2" lb• 14.3• 

2. t pain si.,• 840• 00 

). .+ N.B.I.• 14• 1;• ll&• .. t • + P. Ie lS.7" 22• 28" 

rB) s. , tlbrinol;rllin 

6. ~ ~n + M.B.I.* 21• 22• 18" 

1. . k!in + Atln.• 13" 13.8" 14.8• 

I 
1 



IT. M. 

I l. 

2. 

.3. 

4. 

TABLE XLVIII 

FFECT OF 1 SI·Um ;IATEIBTS AS A "ACCEIERATOR" 
OF THE AC VAT! f OF AcO-POOR ROTHR B • 

Reagents and e~erimental details are described 
i.'1 t.l-ie text. 
T. 1.: 5 ml, in borate buff. (pH: 7.7:,), containmg 
ri.2 RO. (0.1%) + 0.5 ml Cacl2 (0.05 H) + the various 
activators noted. 
Clotting-times (sec.), at 26°r,, of o.S ml B. F. (1%) 
+ o.?5 ml T. M., at successive incubation periods . 

I ACTIVA DRS I CUB.\TIO ,.., RIOD: 
ml (dilution) :5 min. 10 in. 20 min. 40 min. 

I 4?C:>" 30 ti 202n 141" 

! ., • + 
lat • .z 0.2 .390" 240° Qll 22.4" 

Tpln., o.s + 
Ao'~ O.l (O. 01%) 300" 140" 52" 25.8" 
Tp • , 0.5 + 
A~, O.l {0.1%) 11.4" 9.4" 8.0" 7.8 

60 min. 
11011 

15" 

ro .J" 



TAHl'..E XLIX 

EFFECTS OJP HEPARIN OR TmW)U3IJ.f- FOJ1:Hil!O HIXTtrIBS ACTIVATED BY (I) PtATEIEl'S; (II} PLATELl~S + TRYPSIN; 
OR (III) TISSUE TTIR01'IBOPLASTIN. (See text. } 

T.M. 'a; S ml., in irnid. buff. oal . (pH: 7 .3) ., containing 0. 2 ml. eluate (dialysed) + 0 .1 ml AcO (l,8) 
+""o. 2 ml (I) plat .,, .. .$!: (II) plat. + 0~5 ml tryp. (0. 02%) ., or (III) !>oluplastin (0. 2 ml) + o.~ ml (a) 
buff. aal • ., or (h ) heparin (2 _units/ml) + 0.5 ml Cac12 (O. oli M). 
Clott~t:1.mas, (oeconcta) at 2aoc, for 0. 2 _ml i'fbrinog~ .'*" o.~ mJ. (c) ht3parin (~. ~ un:tts/ml) 2-t (d) rn .. ,S • + O.l rn.1. T.M.,J after stated :l.l1cubation pcr1oo.s. 

T.M. ACTIVATORS HEPAftill 
inT.H. 

.. _ .. 
I . l ~ {a) (d) Plat,. I 0 

1. (a) (c) Flat. 0 
~~ (b) (d) Plat. + 

---
n:., J. (a) (o) Plat .. 

,· +tryp. 0 
4. (b) (d) Plat. 

... tryp. + 
s. (a~ (d) Tr1-'P• 0 

" 

III. 6. (b) (d) So1up1. + 
-

~ .'.--·" 
~__,.._...___.,_.I>' ___ --- --·1 I!iCUil!SlOU ?"&J:ODS (minuteo): 

J s a 10 1S 
" ---·-·· .. ----·- "'- "--...,. 

- 64'• - 29 .9" 
98.611 .... 24.111 ... 23.Btt ... • - ... 

. ..... _____ -
61. 41t 40 .. 611 ... 36.411 -

172. 5n 64.5" - 41.6ft -
570" 49$" - 39211 .352° 

.............._ ......... ,. __ .......... __...._... 

. 
)7.1" 3.5.au 

- ··~ - 31.7" .. 
. .__... _ .......... _ 

20 

29.zu 
-
-

.. 
3.5 .4it 

407° 

... 

2$ 30 35 -
29.5n -

2.3 . 61
• .. 24tt 

... looo+" .. 

"" 
.... 

35.an 34" 

37.2" -
420" .... 

30. ln -

~ 
~ 



TABLE L 

EFFECTS OF tiI.A '!ELETS ON THE THROOBIN-FIBRl OGEN REACTION• 

Method: 0 . 2 ml thrombin (core . cited) + (1 0. 1 ml platelets 
or(~) 0. 1 ml sal. + 0 . 2 mi .f'ibrinogen . 
e!'otting-times (sec . ) , at 26°c . 

ADDED '!HR. (un:1.ts/ml) 20 10 5 2.5 1. 25 

(1) with platelets : I 10. 5" 17. 111 31. su 59.0" 12911 {1.30") i 
I 

(2) control, with sal. t 110.s:· 17.8" 31.011 59.5n 10511 (105. 611 ) I 
1 



TA LI 

U'l'IUZA TIO 
L 1D ( HEM{lPHI 

la lot COi te (xl000/111113) tter d time , 1n eilico d 
tlbea, t 17be, (I} in clott1M bl , (II) 1..ti e 1 stre -
lasma ( '• • control). 

( 

) 2 
290 l54 

2 26!> 92 
3 196 132 
h 2.36. 150 
5 l0.3 2S 

106 -(clottin) 
? 3l. 137 ' 8 31 • 
9 19 -

lO 31 l43 
12.s 15 136 
1S 18 160 

(clottin ) 
30 3it3 s 
45 4.2 14 
60 3.7 .4 ( ) S2 
15 -
90 - 1.7 

120 - b ( ) l7h 



TABLE L!! 

GROUP I: (A} Normal adultsJ (B) Healthy parturient 110thers; (C) normal 
newborn infants ( cord bloods) • 

~o. (Sub•group) 
I 
)'$0 (A) 1. 32 (B) .32 (C) 

2. CASES N:>RMAL ADULTS Mal'HERS HEliBORNS 

). AGE 19-5S 15-b) 0 
SEI F, M r F, M 
RACE W, C 23W, 9C 23W, 9C 

h. DATE(S), EXAM. 19SO-$S 19$3-SS 1953-SS 
5. DURATION BLEllDINO neg. neg. neg. 
6. Fltt.11 . HIST • of BLEED .. neg. neg. neg. 
7. BLEm. TENDENCY neg. mg. neg. 
a. TOURNIQUET TEST neg. N.T. N.T. 
9. BLEED. TIME (min.) 6(2-10) 

cwrrnll-TIME: 
10. glaaa (min.) 9(5-13) 7(2-12) 5(1-10) 
11. silicone (min.) )3(15-SO} 24(6-60) 12(3•33) 
12 ... CLOT REI'RACTION +++(+) +++(+) -++++ ••••• .• + 
13. FIBRINOLYSIS neg. neg. neg. (+,2 cases) 
14. '?LA.TEI.Er ~OTJNT 

X 1000/a 249(143-.356) 241(105-446) 271(136-523) 
15. ?!ATELET TrLN•* 100(65-150) 80-loo+ 80-100+ 
16. • ACCEL•* 100(40-lSO) (,()..loo+ 50-100+(one Jo) 
17. SERUM SF.ROTON! .. 100(50-150) N.T. •T• 
18. P!ATELEl' AOOLUT •* neg. N.T. N.T. 
19. IASMA-THR. C.T. 15(13-17)• 16.S• (av.) 25.S" (aver .. ) 
20 .. SERUM Atn'ITHROMBIN variable nonial nonul 
21. FIBR., -.g/100 ml ;64(200-$40) 6$2(340-1020) 344(192-800) 
22. AHr• 100(6o-135) 6o-l00+ 6o.100+ 
23. ?TC* 100(60-lJS) U0(83-l43) I S9(15•90) 
24. nmIB!TORS, etc. neg .. neg. neg. 
25. RO'l'HR. CO r.6 •, S 9S{90-99) 93(8o-96) 83(5S-9S) 
26. PRO'fflR.. TD'1E* 100(74-133) ll9(68-l)3) 119(S6-133) 
27. PROTHROMBIR'* 100(70-136) 115(81-150) 43(30•S9) 
28. PflOCO NVERTIN* 100(64-136) l)S(l00-216) S1(22-80} 
29. l'RQACCELERIN* 100 6o-150) 70-100+ 100-300 

30. REMARKS Med. school Parlt7; 1-11 125 othera 
rsonnel excluded 

* per cent, of standard nor.mal, used throughout Tables LII - LVIll• 



TABLE LIII•A. 

GROUP IIt CORlENITAL (FAMILIAL) THROMBOCYTOPENIAS. 

1. ' cue 2 No. Case 1 
2. I CASE A. B• D. D. 

3. AGE 2 3 9 
SBI M M Ill 
RACE C C C 4. DA 'l'J:(S) , EXAM. 1 Feb. •54 20 Apr. •55 20 Apr. •SS s. OORATION BLEEDito 1-16 mo. - -6. FAM. HIST. or BLEED. + + + 

7. BLED>. TDDINCY +++ 0 0 8. TOORNIQUET TFSf I ++++ neg. +{+) 
9. BLEJD. TIMI (min.) 6o 2i 6t CIDffllll-TIME: 

10. glue (ain.) i fi S 3/4 u. silicone (llin.) 29t 12. CLOT RETRACTION' o ••• ± +++ ++ 
13. P'IBRIIl)L1SIS 0 0 0 
14. PLAT~our.,- -

X l<XXJ/ 38 )20 98 1s. PLA.TII.Er TPLN•* N.T. so 20 
16. " ACCIL•* I.T. 80 10 
17. SERUM SIROTOKtlf* N.T. lf.T. 1.T. 18. PLATELET AOOWI'. lf.T. Jf.T. ,.r. 
19. PUSMA-THR. c.r. ± ± ± 20. I SERtJH AlffITHROMBD( + H.T . tf.T. 
21. Fimt., .,./100 ml I )20 1.r. S20 
22. AD* 100 100 100 
2). PTC. 80 80 70 
24. IRHIBITORS, etc. 11.r. N.T. N.T. 2S. PROTBICJmII CONS. % 9S 100 9S 26. PBOTRR<JmIN TIME* 125 93 88 27. PROl'HROMBI ltt lll 106 9) 
28. PROCOJfVIRl'Ilf* 9S 100 no 
29. PROACCEL!RIH* 100+ 100+ 100 

30. REMARKS betore after -
j treataent apl.enect. .. 
* per cent, ot standard nol'll&l. 



TA.BLB LIII•B• 

GROUP IIIt H:EliEDIT.A.RY THRCJ'1BASTHEIIA (J), AND PSEUDOH!MOPHILIA (4, 5). 

1. 11JMBER cue 3. cue 4. I case s. 
2. CASE (H.P.) (A.C.) (s.c.) 

). AGE 16 S2 20 
SEX 1" r F 
RACE w w w 

4. DATl(S) , EXAJIIDD 9 June, •S3 23 Apr. •5S 2.3 Apr. •SS 
s. DURlTIOR BLEmIJll birth 33 yrs. ? 

6. FAM. HIST. ot BI.Em. + + + 

7 .. Bl.DD. TDDl!CY +++ +(+) +(+) 

8. TOtJRIIQUIT T!S'l' ++++ + ++ 

9. !LEED. TIME (min.) >60 l 6i 
CLOl'Tilll-TIMB: 

10. glua (lllin.) 9 6 J/4 9t 
111. ailicona (min.) 22 31 1.r. 
12. CIDT RITRACtrOI 0 ++++ +++ 

' 13. fIBRINOL1SIS leg. Neg. leg. 

J.h. PLATELI.T COUlff 
lC 'JDOO/.,,.J 230 238 104 

15. PLATELET TPIB.• 100 so 25 
16. • ACCIL•* ,.r . . I so 20 

17. SlllUM SEROTOHillt I 100 N.T. Jr.T. 
18. PLATILIT .AOOLtrr • H.T .. w.r. H.T. 
19. PL&SMA.-TBR. C.T. IIOl'II. 1.r. N.T. 
20. SIIUM .A.HTITHRCMBII all. incr. N.T . 1.r. 
21. FIJli. , .,./100 Ill 520 720 I 700 
22. ARI'* 100 100 100 
23. PTO* 8S 90 60 
24. IllRIBITOR.S, etc. Neg. Neg. Neg. 
25. PRO'lHROIBIN CONS. j 9S >9S >9S 
26. P~BII TIME* 94 8S 71 
27. PRO'l'D)MBI1'* 89 90 , 100 

28. PROCONVERTII* 111 N.T. 1100 

29. PROlCCELERII* 62 I N.T. 90 

JO. REMARKS OLANZMAlfN'S PSEUI>OHDfOPHI LIA. 
THRCMBAS THENIA 

* per cent, of standard normal. 



T BLE I.IV. 

GR.')UP IV: srnmARY OF DATA ON 25 THIFMBOCYTOPENICS, (ACQUIRED) • 

- ·-
RfliARKS 

1. ~OS • 6 .. 30 Diag. ;~text 
3. AGES: 17 mo. • 78 yr. 

St'X: 11 F; 14 M 
RACE: 22W; 3C 

5. DUF.ATION BLEED.: l d,. • 8 yr. 19 1 5 
7. BLEEDIID mm.: +++(+) 10 

ti n * 7 
fT ft + 2 
II 11 0 1 1 4 

8. TOUR. • TESTt ++++ ••••• + 19 3 21' 1 ; Jegroes 
9. BLEED. TTI1E: >10 min. 17 7 l'f - 1> 9 min. 

CLOTrI7«t-TIME: 
10. glass: >13 min. 1 21 31> ;122-lOi• n. silicone: >50 min. 10 10 3t 2 .48-47• 
12. CLOT P.El'R. (glass): ++ • •• o 17 3 5 
14. PLATELEr COUNT 

X 1000/mrri): <100,000 24 1t - ctl74,000 
1$. PLATELET TPLN.*~ <.10 18 l 11» 5 ct30 
16. u ACCEL .*: <.10 19 - 6 
17. SERUM smoToNI~*: <50 9 3 - 13 
19. PLAS~,A-THR. C .T.: >2x nonn. 15 - 8f 2 slight 
21. FIBR. t (a) <.200 (deer.) 0 14 - 2 

(b) >540 (Iner. ) 9 
22. AHF*: <(() 22 1t 2 ~2% in~ 
23. P'I'C*: <.60 - 21 21' 2 60; 65 
25. PROTHROMBIN cor,s . t <.90% 21 .3 .. l 
26. PROTIIROMBIN TIME•: <.65 ... 24 11' - 61 
27. ?ROTHROi'ffi I~: <65% 3t 21 - l ct-52-62 
28. ROCONVERTI Nit-: <.65 11> 2.3 l ~55 
29. PROACCEL.mI N*: <.60 .31> 22 - 30-50 

* per cent, of standard normal. 



TABLE LV. 

GROUP V: THRCMBOCYTOS!S • 

l. No. 31 32 3.3 
2. CASES R.G. J.t.B. E.M. 

- C 

3. AGE 63 6h 23 
SEX M M M 
RACE C w w 

4. DATE(S), EXAM. 23 June, •55 30 Mar . •54 15 Dec. •54 
(27 Aug. •$6} (8 Apr. •55) 

5. DURATION BLEE0111} 2 weeks ? ? 
6. FAM. HIST. of BLEED. neg. neg. neg. 
7. BLEED. TEND ~y ++ i+ 0 
8. TOURm'.QtfET T E3T neg. 11· neg. 
9. BLEED. TIME (min.} lt-1' 2 

CUlTTilG-'I' !ME: 
10. g).ass {miri.) llt 1t 4t 
u. silicone (min.} 30 48 h6 
l2. CID'f REI'RAC '.ITON ++++ ++++ ++H-

lJ. I FIBRINOLlSIS neg. neg . neg. 
]h. PLATELE.r COUNl' 

X 1000/mm.3 2000 1886 (550) 850 
15. PLATELET TPLN. * 100 40 100 
16. • ACCEL.* 90 (20) 50 100 
17. SERlM S:ffiOTONIN* N.T. 5 N.T. 
19. PLASMA•THR. C. T. normal normal normal 
20. SERffl AffiTHRCMB!N nonnal normal normal 
21. FIBR., mg/100 ml 200 540 66o 

\.; 
22. AHF* 100 100 100 
23. PTC* 90 100 I~ 25. PROTHR. CONS • t % 90 99 
26. PROTHR. TIME* 85 44 (68) ,2 
27 . I PRO'l'HROMBIN* 88 68 (48) 60 
28. PROCONVERTH~- 100 60 (44 I~ 29. PROACCELERI~ '° ,o (he) 

.. 

;o. 1ARKS CarcinQ'na of Pol,ycythemi& Chronic 
stomach; general. vera, ~ated granulo-

I metastases; bone with P ; gout .. cytie 
marrow hyper- (~eloid) 
plasia, incr. no. leukemia. 
rnegakaryocytes. 1 

* per cent, of standard normal. 



-

TABLE LVI-A. 

Qroip VI (A) 1 LIUDMICS, WITH THROM30CY'l'OPEKU. (22 out of 39 caeea 
studied.) 

FIWIIDS 1. Nos. 34 - S5 I pc,s. Neg. ? ,.,. ~ 
). JO§c 13-8) yr. 

S?:lt 7rJ 1$M 
RlCEi 19W'; 3C ;. DURATION BLEiD • s l wlc.-3 mo. Ii I . 7. BLm>. TEND., ++++ 2 f • " +++ 0 

" " ++ , 
ft n + ) 

" H 0 6 - 4 
8. TOURN. T!3T: ++++ ••• 0 5 16' - l 
9. BLDD. TIME, >10 min. 7 15 - -CIDTTI10-TJME: 

tr 10. glus: > 13 min. - 20 t12 • (2 cases) u. ailicoms >SO lllln. 15 6 rt - ,45, 
12. cwr.mR.: ++ l6 2 4' ct-clots qsed 

4 18 
(see !_l.) 

13. FIBRINOLYSIS - -lJa. PLATELIT fUNT: <100,000 22 - - -
X J.Jm/• 

]$. PLlTELET f'PLN.•: <.6'> 21 - - l 
16. • ACCIL•*t .c.40 19 l 1t l 1'>50 
17. SEmll SERO'l'Offl!ftt: < .$0 s 1 - 16 
18. PLATELET AOOLUT. • s 6 - 11 
19. PL&SMA-'l'HR. C. T • t >2x nom. 6 6 iot 1> l.5-2X norm. 
20. S1R1J1I AlfITHBCIIBI I inc:r. 6 13 Jct> ... ct •serum• clot. I 
21. FIBR.: (a)<200 Ill• , 1 12 l'f 1 ct> 230 r,g/100 ml. 

(b) >Slia Ill• 1+ - - - 1' 560-llBO ~. 
22. AHF* < ~o - 2 - 20 
23. Pf(}it < bO l 19 l "P 1 '(160 
2S. PROTHR<ICBIN COE • t .c:90% 16 s l't - 'f90% 26. PR<mtRClmIN TIMI*: <. 6S 1 13 2ct' - 1"64; 65 
,21. PROTHR<lmIJlts<.70 2 20 - -128. PROCON VUl'tllf* t < 6S 3 18 rt> 1'66 
29. PROlCCELliRiilts <(i() 12 9 rt too 

IC 

*percent, of standard normal. 



TABLE LVI•B. 

GROUP VI (B): LEUKEMICS, WITH ABNOHMAL PtATELET mrCTION TESTS, BUT 
NO THROMBOCYt'OPEiUA. (12 o t of 39 cases studied.) 

1. ~os. 56 • 67 
2. CASES 

?• AGES: 6-58 yrs. 
SEX.: 5F; 7M 
RACE: llW; le 

5. DURAT! ! BLE.ID • : (?) 
7. BLFJID • TE ID. : ++ • • • + 
8. TOUIDJ. TEST: ++ • •. + 
9. BLEED. TIHE: >10 min. 

CLOTTIID-Til-tE: 
10. glass: >13 min. 
ll. silicone: '>50 min. 
12. CLOT RI?l'R.: ++- ••• 0 
14, PLATELET COUhT 

X 1000/v.mJ: ~100,000 
15. PLATELET TPLN-*: < (:.O 
16. " ·ACCEL •*' <. 4-0 
17. S:ffim{ SEROTONIN*: '-. SO 
18. PIJ~TELET AGGLUT.: 
19, PlAS}lA-THR. C.T.: >2x nonn. 
20. SERUM ANTI'l'HRJMEIN incr. 
21. FIBR.: (a)<200 mg. 

(b)>540 mg. 

22 . AHF'*t 00 
23. PI''*: <. 60 
25. PRO'l"rlRGIBI N CONS • : < 9()/, 
26. ;noTHROOBIN TIMEtt-: ( 7'5 
27. PROTHROMBIN*: < 70 
28. PROCO trvERTI N*: < 65 
29. ·ROACCELERTltr.-: <. 60 

* per cent, of standard normal. 

FINDnns 
Poo.~ Neg. ? N.T. 

5 
3 
1 

9 
3 

7 
9 

2 
2 

~~ 

6 
9 

ll 

10 
2 
9 

12Cf 
4 
l 

2 
9 

10 
9 

- 2 
1cfl 11 
4 6 
4 (i 

1! ~ 

12 
1 

l 

- .. 
i'P 
2<1> ... 
tt 10 

10 
1 

- 10 

12 min. 

<ti18,000 .. 
L.45, 000/rnL.,, 3 

t70 
1>50 
~uh, 50 

1>580-1120 mg/100 
ml 

- t4S 
21' 189, 90 
1<f' 1 t 74 



TABLE LVII-A 

GROUP VII (A,: PLATELET nROBUNS IN UR.fflICS. (10 out o~ 11 cases 

studied.) 

-....---------------,.,..--------·-------
1. No.,. 68 • 77 
2. CASES: 

). AGFS: 10-$9 yr. 
SEX: 8F; .3M 
RACE: 8W; 3C 

7. BLEED. TmD.: +t+t 
++ 
+ •• • ± 
0 

8. TOURN. TEST 
9. BLEm. TIME: > 10 min. 

CLOffiID-TIME: 
10. glaaa: >13 1111.n. 
ll. 81.licone: > 50 min. 
12. CLO'l' REl'R. : ++ • • • 0 

14
• :~r-~~100,(000) 

15. PLATELET TPLN. •c <. 60 
16. " ACCEL.*t <. 40 
17. SfflfJ,1 SEROTONIN*: )0 or less 
19. PLASMA-'l'HR. c.T. : (incr.) 
20. Smttt! ANT!THROMBUh (incr. ) 
21. Jl"IBR . : (a) deer. (<200 mg) 

I (b) 1.ncr. (>540 mg) 

' 22. ' AHP'*1 < l,o 
2). PTC*t < f:IJ 

. 2$. RO'I'HROOIN CONS • , < 90% 
26. PROTHRClfflIN TIME*i < 70 
27. PROfHRCMBIN* 1 < 70 
28 . PROCONVER'l'I V-1 < 6S 
29. PROACCEI.ERilks < 60 

J.P.N. (or B.U.N.)t ag/).00 ml. 

* per cent, of standard normal. 

Pos. 

l 
2 
5 

l 
l 

-
2 

7 

~Cf 

Neg. ? 

l l 
9 
9 ' -

9 
8 

10 

10 
2 
1 I .. 

-
I • 

.. I ~ 
6 3 

- a 
l 

. l(sl.) 7 
1 b 

' -
4 
2 
3 
4 
l 
10 

lD 
6 
1 
8 
7 
5 
9 
0 

- -
-

- 4 1+ 4 

- -
ff --

R!MARKS 

i"lO min. 

<fJ.47-574 

<f'SO 
116, $0 

"tdecr. (?) 
~120 Jig, 

f66 
T78- JJO 



TABLE LVII-B. 

GROUP VII {B): ?LATELET ?ROBLI:l!S nr UREluCS. 
(1 out of 11 cases studied. ) 

1. uo. 78 
2. CASE M. Tu. 

3. AGE 
SE:X 
P.A.CE 

4. D li TE3 I:r.AHI @:) 
7. BLEED. TENDl!NCY: * 
8. TOURNIQUET TFST 
9. BLEED. TIME (min.) 

CLOI'TI~li-TIME: 
glass (min.) 
uilicone (min.) 
cwr REl'RACTION 

10. 
11. 
12. 
J..4. 

15. 
16. 
17 .. 
19. 
20. 
21. 

22. 
23. 
25. 
26. 
27. 
28. 
29. 

:UTELF:T COUNT 
X 1000/mmJ 

I.ATELET TPLN.* l"'.) 
n ACCEL.-lf. ' 

smun smoro IN* 
L.~ ... ·A-THR. C.T. 

SER 1! AHI'ITHRDMBIN 
F'IBR.: (a deer. ( <.200 mg) 

(b) incr.(>540 mg; 
AHF~­
PTC* 

ROTHR. CONS • , % 
ROTRR. TIME* 

nROTI!RO!ffi!N* 
ROC,. roERTIN* 

?R ACCELERI11* 

*percent, of standard norm.al. 

13 
F 
w 

31 Jan. •,5 
++ 
neg. 
3 

8 
4.3 
+H+ 

346 
100 
50 

N.T. 
norm. 
nQ:nn. 

800 
100 

80 
95 
88 
84 

100 
100 

30 May, ,55 
+++ 
ne1. 

32 

N.T. 
N.T. 
u.T. 

340 
100 
100 
? • T. 

1r. T. 
.N.T. 
50 
N.T . 
!t 

20 
15 
22 

Died 31 May., '55 from 
pyeloneuhritis (chr.) :i.n 
po9!?l~tic kidneys. 



TABLE LVIII • 

OR.OIJP VIII. PLATELET l'ROBLl!MS I ~ CASES \'J!TH PLASl'.A CLOTTIHl DIFICULTIJ!S. 

1. 79 1~,. 8l 182 (?)8) 8h 85 2. B.S. R.B. F.M. E.B. D.H. C.R. 

3. 17 I ,4 S4 29 I :6 3 10 
M M M M r M w w C V I C V w 4. 1954 1954 19Sh 19)3 19S3 19Sli 10 Jan .. •SS 28 Feb.•SS s. ? 1 wk. 4 :,r. ? 1 3 11"• 1 ? 6. 0 0 0 0 0 0(?) 0 -1: + ± + + + +++- * ++ -,i; + ne,. neg. N.T. + N.T. ]f.f. 

9. 3, l ' S• N.T. S• ,.,. N.T. 
10. Id• 4 3/4• S• l.Ot' LJSIS I 391 L?SIS 12• 
11. 16• 42, 49• laO• LlSIS 4 hr. LJSIS 82• 
12. ++++ LlSIS L?SIS i+ LtsIS ++++ LlSIS LISIS 
]J. 0 + + 0 + 0 ;143•) ~: hr.) lh. ll 89 90 9'l 128 2be> 
15. 0 15 !tO so N.T. 100 6 !f.T. 16. l 1 20 2S 1.T. s 1 .T .. 17. 150 100 100 100 I.T. 2$0 w.r. N.T. 18. . K.T. I.T. W.T. I.T. N.T. N.T . N.T. N.T . 19. incr. aee 13. see 13. incr. see 1), nom. see 13. see l). 
20. nozm. w.r. norm. norm. N.T. norm. no:na. nora. 21. )20 2So 56o 314> 200 410 20 40 22. 100 lOO 100 100 N.T. 100 100 N.T. 
23. 20 6o 20 so 20 90 100 ,.r. 24. •• T. w.r . ,.,. N.T. 1.r. 0 2~ antiqain 2$. 90 9S 9S 9) 1.r. 43 h1. 0 26. 1f.T. 34tt, S3* 2°* 23* l 7 24 27. bl 2)* ))ft w... ~ 1l3 I 78 ,1 
28. Ju 20.. 2S• S7• S9* 108 I~ 100 
29. b5 "° 40 40 80 0 2s 

LIVE'R. l)IS0R.:D£RS .-, Ccrn!Q'l'I., ! CATC.l'l'\t>Tf\O. l "Prostctte. )). ~unrespons1ve t.o n t.. JC. L.-ck of wlti\ <! treu a:H"'i ;, Jmnd.. Jaund. A~ f Ft b-ri'no\ys,~ 

~ Item numb&riI-t; ot tea t.s aa• as in Table I.II. 



TABIE LIX 

PROTHROMBIN CONSUMPTION TESTS (2-STAGE) 
ON A CASE OF LIVER CARCINOMA (METASTASIS) 

TREATED WITH RADIO-GOLD (Au 198 ) 

Day of therapy -I 4 8 13 19 22 
' 

Plasma (u/ml) 510 470 313 340 445 184 
I hr. serum 
(Resid. ro. (%) 23 I 2 2 20 45 
Platelets x 103 243 280 235 420 158 48 

~ 
to 
&; 
t-< 
H 
>< 

~ 

""' 
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TABLE LX 

I1LATELET COUNTS lJiD . l~ROTf q.)J1B!! Ol:J~M.FTIOH n THREE DOOS 
lliJEC'l" ) ~aTn RADIO-OOLD. 

- -·-- .. ,,.... --..----.....,.- _....,...... ___ __....,...._ 

DOG I Il !II 

DOSE Au198 20 10 l, 
(me/Kg) i~. Pro. Plat. Pro. ~· Pro. 

I .. Cons. /mm3 Cow. Cons. 
--- ·--, .... ,.-.,- ....... ~~- -------· 
'.Dayt 0 354,SOO 96'/,, 238,lsOO - 312.500 -

2 217.,500 931' 765,000 - - -
4 21'2,500 9>% - - 337,500 95. 

6 uS.ooo 0 .339,600 CO% 372,500 8~ 

8 ~ ,$00 114% __ l.39,400 59% 1).$.,000 97% 
10 ( died 9th d. ) 219,000 13}, - ~ 

13 26,000 l",:,.' ... p 77,,00 3)".: 

16 l.3,100 3T l4S,OOO 661, 

- ·~--· ' -·--·--- " 
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ABSTBAOT 

By specii'icnlly analyzing tor the 1iou: ctive 

principles of plasma, plutelets . tissue.a and their 

rractlons, much now info tion has bean obtained con­

cerning the lo of lipoids and plat&lets in \lood 

ooe ntion and 1n the h mostatic me-cllent ln h 1th 

d disease . nalyzed components are otu 1ed in 

art ficial elotting systems. es eeially a t ·o·ata e 

thro b n-for in syst m. So · 86 cas a o bl edin 

disord rs. 32 newborn nor~..al infants end their mothers, 

d n nor 1 edult bloods have been enalyz 1th 

respect to eo ponents or the clottinG an emost tic 

functions. 

e d tailed con~ideration embodi din e ~~esis 

are enoo.1.,epassed under t e t"ollo ing heads: 

l} the imuortanee of eertain lipo1ds, ecially 

ce-malin, 

2) the normal p,eed, in pla ma clot ing, or 

platelet, 

3) ioular aignifieano of 

ponent , hie haQ many ano.l.ogi s to c phalin. Le the 

t.'iro bo lestio system, 

4) potentiat1on of the thro boplastio aet1ona of 

cep~alin, or l t let, and or tiwsue thrombo 1a~t1n 

( to -=>O e extent} by e. variety of experi ent 1 ddi tives . 

Part of this y b explained ~s •t rombople.stin 



generation• through oo-par-ticipation or cart in ,rllasmat1c 

components (ant1be-11i0ph1l1o globulin,. FTC, etc.} . Part . 

however, ma7 be the result of certain prot olytlc enzyme.a , 

particularly tryps1.n, •die.aggregating' llpoproteins and 

thus ~endcu:-ing their phosphoU.pid ( and somet!Jaes onloilltll) 

available fo:r pert1c1pa.tion 1n the elotting r•aatiotts , 

5). posa1b1e 0&•$tmta1ning and lipid-containing 

' 1nterme41ates~ in tbs threm.bin•forming reactions. 

6} myelin figure rorme.tio.n as an explanation o'f 

t alterations' of' platele,ts and cer~ain oth ,.. formed ele­

trie ts such as tbrorlboeyt:es, megak.aryoeytes, fl..nd st.romato­

lytic erythrocytes, 

7) the !.'lUlt!pllei ty ·O:f factors which olatel·ets rnay 

contribute to the blood clotting and h~mostnt!e mechanisms . 

Sl the occurrence ot many clinicl\l diso ere due 

to de:fieieney ot nlatelet functions . 'lhrom.bo~ytopenia:s 

de.note deti::,ient numbers ( • counts• and total bulk in 

body}. Thromboeytopatb.ies are det!cienoie ot specific 

platelet components, e . g . thromboplut1c r otor, 

accelerator. va.sooonstrictor (5•hydroxytryptamine) , or 

ret.ra~tor factor. Such deficiencies can b 01:tnioa.l.ly 

signif'icant ev-5n when the platelet count is no al. 

BJ.e~di.ng 1.n leUkemiaa, \U"~mias, etc . may often be 

aocoun'ted for in these terms, -

9) the na.ture end 1rmdes of a.et· on o:f hepa.rin and 

other •anti thromboplastie ' inhibitors, and of some 



atrtiprot•ases ,, in .r~lntioA to the mo-chanismc diocussedt 

10) the •cephs.11n availabillty theor:r' of the author, 

as a use~ul working hypothas1e to ez:platn the importance 

or th natural tbromboplastic phospholipid. Lipid release 

:tro.rn plat.elet, tissue, or poss1 bly plasma sauces may 

very -r,ell be tllo long- obscure •trigger mechanism' vm:1ch 

initiates blood coagulation . 




