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Glotéing of blood results from the conversion of
o soluble plasma protoin, fibtrinogen (Factor I) inte
£ibrin, an ineoluble notwork of fibres, The Jelly 1iko
appearance of blood €lote 4s due to the entropment of
colle and gerun within tho moshop of notwordt dn £ibrin,
The mochanisn of coogulation Lo otill not clenrly
underetond in dotadls. Malphighi (1666) wao one of tha
£iret o conoider this problom in tho sightecnth century,
aAlexanfer Schmidt (1892) proposod the coneopt that tho
congulntion of blood 4o tho consoquence of s chain of
rencting factors culminating in tho conversion of
fibrinogen into £ibrin, The formntion of fihrin ic
catolysad phyamiagimny by & hydrolytio plaona onoymey
thrombin, Thrombin ic preoent in the Coym of prothrombine
Recognition of part played by colefun led to the |
developmont of the clapeical theory of the coagulation
mechanien (Horawits 1905) in vhich four factors weoro .
regardod ap neceosavy, thromboplastin, caleiunm,
prothronbin and fibtrinogon. |

In modern concopt of congulation blood clotting
is conceived ae & dynomie provees in vhich positive
forces lesfing to coagulation ore antagonised by nogativo
forson, the lattor intluding naturel anticoaguiantc anf
sgonts which remove formed olot, (Howell 1910y Folf 1908).
Thors are at lenst throo distinet phages in the clotting
of Bloond, namely the formation of thromboplastin, tho
formation of thrombin and the production of Librin,
Mpdorn theorics of copgulation will bo nore casily



undorstoosd if the various factors axo considered

goparatelye

The various foctorp will be dooeribod

more or lons in yovorno of tho order of thoiy formation.

Tho irheront complonity of cosagulation procoon
has beon confoundod by tho groat number of temms vhich
have been applicd to the various faetors involved,
Tortunatoly an intermational committoc hap agsved upon
uniform terminslogy which io an followp -

Synonymo for various congulation factors

Intornationsl
Nomenclature

Synonyns

Pactos 1
Pactoy I3
Factoy 113
Pactor IV
Paotoy ¥

Pactor VI

Pactoy VI

Pactor IX

Pactor X
Paetor XY
Paetoy X1X
Pactor XII1

Prothronbin, ticouc axtract
Thromboplastin

Calotun

Pronceolerin, labilo footow; ascolerntor
glotulin (ACG), thrombogen |
Acceloyin

Proconvorting ctable factor; corum
prothrombin conversion aceoleratoy
{8PCA); autoeprothrombin I
Antihecnophilic factor (ARF), :
Antihnomophilic globulin (AMG),Platolot
sofactor I, antinaemophilic factor A
Plasma thromboplactin componont (PTC),
Christnes factor, platelot cofactor IX;
sutoprothronbin I antihaomophilie
faotoy II |

Stuaxt « prover factor

Plasms thromboplostin.entoccdent (PTA)
Hogoman factor (HF)

Pidrin sbobilicing factor (PSP) Lokl -
Lovand Factor (LLP) Pivrimmoo



The diotovery of prothronbin formed the booio of
elassical theory nf btlood coagulation, Thin observation
wao notad by Schmidt (1869, 1862, 1692)e Ho wam ablo
to precipitate out the active ¢ongulants £idedin formond
ox thrombin from the vorum, This obosrvation chowed
that an active coagulant wap prosont only durlng the
coagulation procoss dbut ite precursor (prothrombin) io
prooent in an insctive form in the plasma. Thie gove
rige to the thoory of coapulation msm:ﬁed by
Schrid$ (1892), Morawite (1905) and Puld end Spiro (19@4);

Pibrinogen ¢ thrombifh wwe-d Fidrin |

The chenmicsl rosetion dnvolvod in the convorsish
of fibrinogen to fibrin wos not kuovm, Houber (1903)
gadd that an intramolooulay woarvengemonts took placo,

| Owren postulated tho prosence of e proconvertin
- 4n plogma useful in converting tho prothrombin to thronbin.

The classical theory invelves five clotting factors
sut of which fibrinsgon, thromdin mnd coloium woro
iready isolated fyom eitheyr plocma oF soyunm and wore




aeceptod ao real clotting fooctors, Prothronbin woo
conpiderod to be hypothetical substonecs Baglo (1935)
aund Omren (1947) showed thet tho omount of thrombin
formed won divectly propovtionnl ¢o tho prothyonmbin
progont, |

The existance of prothvoubin oo & roud coagulation
footor 4o found out by two lines of oproach (1) Bordet
ard Dolang (1914) cbsoyved that aftor the adsorption of
prothrombin by aluminiun hydroxide, barium culphate op
caleiun phosphate from plomms and than oh eaxTying oud
congulation toat bty zecaloification of abooybed plocm
it wan dolayed nmaxkodly ond (2) tho adsoybont wan olutod
anfi tho cluting solution wao added to “sdovrbed plaecmn®
anf cosgulntion test by rocaloification wms porforned,
1¢ wan obsoxved that ofoorbed plamn clottod repidly on
adéitisn of eluting velution, Theso tus ohsorvoiions
oupported the cxistanee of prothropbin,

The rolc of tisoue axtracto in tho blood congulation
way yocogninod long ogoe K¢ vno found that plasma rich
in colle or whole blond eoapulated mors rapidly than
thooe with fow collpe Tho %dosuo Lootor dAfforo fron
thrombin ap 4t is reolotant ¢o bodling, cocondly it conmpt



congulate £ibrinogon solution and thiwdly 1% is not
eoncumed during cosgulation of Yool .04 4% 10
cnzymatic in noture. Bagle end Herris (1937), Tagnon
ete ale (1942), Tagnon (1942) end Purpuson (1949)
obsoxrvod that protoolytic oneymos could form thvonbin
from prothrombin, Thieo supported the onpynetic naturs
of timous factor,

The thronmbiplestic activity of platelets wvae
recogniced by Bordet and Deleng (1992). The rocont
studies suggent that the platolets are roquired to
react vith plooma conotituchte to rolcave their
thronboplastic activity,

There arce some¢ elomonts naturally sccuring in tho
body which tond to keop tho blood in 1iquid phase 4n
vitro a6 well as in vivo., Such irhibitore ard
entithrombing hepoarin end antithromboplactin,

Schmidt (1892) obsorved that thrombin isappoared
ropidly after tho blood coagulation due to eonversion
of thronbin to “metn thromdin® and that thyombin could
be rostored on addition of aikolies or meido, Quiock
{1938) found that antithrombie activity wao assgocinted
with albunmin fyaction of plaemn, Sotrup and Daviing
(1942) studted the mochanism of innotivation of thyombin



by mmmmm and found the innctivation prodvas to
be very alow, ' |

Hoparin was- discovored by telean (1916); Howell
and lellenby (1935), Quick (1938) observed thot
heparin drhibits the thrombin izbrimm reaction, The
mbﬁxm w68 very 14tt1e vhen pure eolutions of
thronbin end fibrinogon wore usol.

Howell anf Holt (1918) found that its action was
dapondent on albumin fraction of plasms vhich 4o
precipitotod at ono third and one half saturation with
ammoniun tmlphates It 46 & mucopolycaccharide and 4o
present in nost of tho ticoney of boly and also in
gramules of most cells. Oonerally hoparin is dotectod
in the body in normal conditions, but it appoars in
large omounts in the casco of ansphylactic chock,
expooure to mnmwg irredintion and sons Mmsz-rhagm '
disordorn.

¢ of an antithromboplastin was

) 11ingmof and Dactlohon (1912) ond 4¢
ving supported hy ﬁ’bem%m (1943 n & b, 1944 8 & b,1945)
and Tovantins and Carroll (1949). Thoy also prooumod
that oxcoss of antithromboplastin ic present in

empphilice pationts, Asg thore Lo no direct ovidenco
cmﬁ.m&m the exiptance of antithrontoplasting it 1o

considored ap a hypothotical substance,




I% hot dooh obeoyved that aftor ourgical operation
or with the hypersocrotion of sdronalin ae 6 sooult of
fear or after adrenalin injoction the clot Gispolveo
rapidly on standing a% 37°C within o fov hourw, Tho
factor ropponsible for the lyois of tho f£ibrin clot 4o
an onzyme knowvn o plasniii o £ibrimvlyoin faotows. This
property of fidrinplysin foetor wop obooxvod by Folg
(1908 by 1928). Tho exnet role of fibrimnlysin faoctos
1z atill in dark dut 4% 4o kuovm that 1% playe an
. dmportent part in dilesolving the intravosocular clotos

A1l tho obsarvations disoucsed above rogording
the mechanien of coagulation of dlood, oxistance of
inhibitory sudbstanves and the phenomeron of £ibrinolyeis,
support the classical thooxy acearding $o vhich
prothrombin ie converted to thromdin with the holp of
caleiun and thromboplastin in the imitia) phacc and 48
the noxt phase, Pibrinogen is converted to Librin,
This ¢an be Glagramatically statod ao =

Tiooug Plesnn

Platclets Pactor

Antithey

tithrombin ¢ Thrembin ¢ Pibrinogon

ombin &« @iﬁli's;u + Plagmin



Inability of classical thoory to provide
vatiefactory anevwors $o coriain experimeontal conditions
anfi to explain the counes of homorrhagd in some diseano
gove 1% & eorioun get back. Idificationn of olaoscicel
thuory wero ouggestod il order o provido emplanstion
for these oituationn,

Yooldrige (1883, 1889) and Miila Ouent (1921)
pracumed that tissue factor 1toolf acted oo congulant,
They oleo bolieved that tuo types of fidrinsgon & and B
ore progent, The fidbrinogon A won dorived fyon tisouep
and fibwinogon B from plasan and tho @ireet comdination
of two lead to coagulation of bloods Thic theory aid
not rocedve ouch attontion as 42 had no exporimentol
aupports

Nol® (1908 &) and Plachep (1934) ncounod that
prothronbin was dorivod fyon ticsue, Thio thoory voo
contradiotod as 4t wag already known that prothronbdin
eould be fsolated from plaomn ond socondly tho tiooue
axtract has an onzynatie naturs.

Stuber and Tang (1330) obnerved thot the procosy
of glycolyeis was similapy 4o the phonomonsn of blood
congulation. They found that subntances vhich promotod



glycolynis chortonsd the clotting ¢imo ond the one
vhich dolnyed plycolyoic longthonod the clotidng tino,.
Theso obsorvations wers provod to o wvrons vhon the
sugor £ro¢ blood wns schown to ¢lob within noxmal timo
and tho procoss of glycoiyois in cugo of haom»hnm
vap found to bo quito normol.

Howell (1935) put forth o theory that thromdim 4o
formod fron prothrombin only by tho colefun and in vive
the recction is inhibited by the comdination of hopoxdn
and prothrombin, In tho presence of thromboplasting
prothronbin vae 60¢ freo 0 reset with enlefuns Hollanby
(1935) contradioted thoso vievs by chowing that formation
of thrombin was possible evon in tho presence 9f heoparine

Folf (1908 o) proposed o valuablo theory of blool
congulation, Three ploomn protoins (1) thrombopymo
{prothronbin of othor woskers), (44) theombogon and (144)
fivrinogen wore concermod in blood coogulations Ho chovod
thnt thronbooyme would be adesrbed by cluniniun hydrorido,
barium sulphoto or ¢celeium phoophate end thrombogon was
xm in mmm&mﬁ adoorbed p s Hplf's theory oan

Tioono Lackoy
enloium -

(m*hmm’bmz—’/ i
Thrombogen
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Bordet (1020) put forwardl o now theory as hin
anporinentol observations could not Yo anmwvercd by
¢lagoica) thoory. Ho obscrwod that blood collocsod in
povaffin 1inod %nﬁamg clottod very closly thon the
blood collogtod in ordinawy lavs container, %his
sboorvation suggested that some substonce woe aetivatod
duo to the contact with foreign surfoso. On the basie
of this osporinent; ho supposed the preconce of procursoy
in plaens o hypethoticol eubotanec, The thoory of Dyrded
fan by onpreocof 6o &

Proverozyno Soxpsyne

Sarogymc ¢ oytonymo m) Shyonbin
{Prothronbin)

Thyombin ¢ PLbrinogon sweeed FLbein

For tho lant 48 yoars of thie contury the clasoicel
thaeory of the bBlood cosgulntion roceived much attention
and wos confirmed over cnd ovor ngalm. But clasoieni
thooxry would not enploin the resgon thy Clotting faodtoxn
get avtivatod on contact with foreign curfoces, Soconfly
1% aledo could not omplain how hacmorshagic condition
sceured in coscp vhero the olotting factor yocogriood by
slasoionl thoory were within normal limitos Thio woo tho
£ivat blow brought by Owpon (1947) €5 closcicel thookys
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The devolopmont of the experinontel woxk enablod
tho knovledge as regurde the vequirenent of congulation
Lactor V, VII & X in addition to tisouo factor and
ealeiun for convarsion of prothronbin to thronbin in vitro.
It in slog obsoyved that in vive the yole of tiosnc
factor was played by an aotivator, thromboplactin, which
wvag dorived from blood Ltoolf, .

The prothrombin activator dorived from tissuet
(brain, pploon, livor o%e.) vas callod oxtrinsic
thromboplastin or prothronbinsco op cxtrinsic prothrombin
activator or intrinsie thrombopleastin. The oxtrinole
thromboplootin was found €0 be formed by the group of
vholo perdce of roactions in vhich ot looot oight
clotting factors take paxd, namoly faatore V, VILIL, XX,
phospholipids, Hagoman favtor; placoa thyomboplootin
antecodents (PTA) end oalelums IR tho modern thoowy of
blond congulation tho blovd clotting Lo supposod $o
oocur in three phases «» (Fig.1)

1) Surfaco contaet
2) Pormation of thronbdin
3) Convernion of fidrinogoen <o Libwin

Thie diceace is extremcly yarc and io probably
irherited no an outosomal rocesoive condition ond
atPoots both voxess Oasos have boon deseribod by
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Naofarlano (1938),; Plonigor andl Prunty (1946), Prantico
(195%) and HavGisty anfl Plunidoor (1956), A ourprioinid
largo mmber of oll tho easos doseribed have haen ﬁm
off spring of tonsonguinuous narriagos, Tho condition
may nmanifont Ateclf ot birth with prolonged blecding
fxom tho umbilicel stump. Thore Lo & tondency to esoy
anfl omeonsive, braloing ond cuts, scratches ond voin
puncture sites tond to bleed moxe than normal. %Tho
hacpontatico defeot in the azﬁ’wn@genaemw pationt 1o
less moxkted than in the severely affooted hacmophiliac
ond hocmorthzones nre emtromoly rare, as io crippling,
The plasos level of fibrinogen roguired for haemootanis
16 thought to be in the rogion of 50 » 100 mg./100 ml,

. This level con ucually be obtained by tronofusion
of froch or atored plaoma oy froesedriod fibrinogon
concentratos, eince the half 11£0 of transfused
gibrinogen 46 4 =~ 6 doye (Huddon and Gould 1952, Giltin
and Borges 1953) transfusions for the control of
hoomprrhazes aftor injury or surgery neod to be givon
only evory 2«3 dayss The mopt steilking laboratoxy
findings are the infinitoly prolonged vholo dblood
clotting time and ong stage prothronbin tine and tho
failure of the blood to clot on tho Mdi‘bﬁ.&n of &
strong solution of throhbin,

Blologieally thin protoin can be dofimod 88 tho
plasma protein vhich ie clottcd by thrombin and 1o



mroslly presont in concontrations of 2006500 mg: pox
900 mle of plasmn, Plbrinogen 1o one of the largest
proteinn found im noxmnl plaemo.

The role of Lfibwrinogen in the living organiom io
not eosily merrowed dovn $0 the ares of hacmostusis,
vhen wie conoider that low levolo of fibrinogon ean be
tolernted without oxcoseive Moeding $.0. in
afibrinspenenio and defibrinatod etatop, Pidyinogen
moy play ¢ xole not only in haempotasis, tud eloo in
fibroblaot,; proliforation and dofenco nechanicm egainod
infootion, IHuman fibrinopgon has a molotuler violght
betwoen 3,30,000 and 3;40,000 {Caopoxy Kolovicl 195%
Lman 1953)

The curront concept of fibrinogen ig that it da
an clongated moleculo with high intrincic viocoodty,

terminal aming acid analyeis (HMomback and Yomashinn
1959) ﬁ«nﬁwatca that it 4o most 1ikely o dimor build up
by two Ldenticol helves, Dach half coneists of throo -
polypeptide ohains oC (A)y (> (B) and Y vhich arc linkod
by diculfide bridges: The two helves are alos joinoed
by diculphide bondo, Rach choin hes a freo COOH -
terminal groupe | -
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Pibrinogon has 56+58 hedf oyotino rosiducp cdl
of vhich arv involivod in disulphido bridpes (Hemochon
1964 ). Tho treatnont of fibrinogon with sodiun
sulphito; t0 clonve tho wDefe bonds, yiolde throo
compotionte vwith 8i£geront elaotrophoretic mhinﬂwa
{Clogg ond Bafloy 1962, Nenochen 1964 o), Gho momew
todeht of culphitolysed £idrimsgon in vorious donaturing
solvonts lion botweon 50,000 and 65,000 (nanaemn, 1964 a;
Haschemeyer anf Iadoon 1063, Johnnon and Mihalyi 1969)
vhich ouggost that fibrinogon is componod of throo
patrs of ehama, vhich is in agrocnent with the
Betorminal amine acld analynio, from this i¢ Lollove
that fibrinogen normnlly existo 4in a dimerde form ani
o fay attempts to obtain the monsmevic form hove
fodlod (Jokmoon and Tahalyd 1965),

Eloctron micrographs chow that fibrimogen io
composed of thrse nodules 50«70 & in dsencter connoctod
by o thin otrend chout 15 & ek (1) end Slayter 1962
The ienzth of tho fibrinogon moleoulo appears to bo
dopondiant on the pl of the polution £ron vhich 4¢ fo
dri08 chowing 6 mindmun of 230 & ot foocleotric point
anfi dnercasing to 400 & at pi 11,0 (W21l 1965).

Electric birefringonce studies suggost that the
tws A peptiden, are situatod _éﬁ onch and and on tho
seno oide, of tho fidrinogen molcoulc, Tho B peptidon
oh tho other hand aro syrmofricelly loeated about tho
sontre of the nolecule (Hosohomoyer and Tonocd 1962
Haschenoyor 1963), | |







Raman'tigr Dlorbaelt et.ade {1968) have founf that
tho threo chaind of fibrinogon axd eroos 1inkod in tho
Betormdnal rogion by meats of dioulphido bridgos
{dioulphido knot) and that thoro are twm ouch rogionn
per moloculo of fibrinogan. The propopod model (Pig.d)
of the fibrinogon molooulo which cal be xolated $o tho
cloctron micrographs of Hnil and Slaytor (1962).

The contral nodulo nay Yo thoe region in vhich tho
fihrinogon monomer are acsveiatod.

Thore 1o an ovidenos that £ibrinogen in normel
blood eonsiots of o population of clightly difforont
moloculate Thuo we oon diotinguich fibrinogon of low,
intornediatoy and high solubility in ami vator
mixturcs (Hlombock and Hlonback 1956, mgiaan e%,015 1948,
losesoon eSsal. 1967). The fibrinogon of low oolubllisy
that formo comploxun with cold inoslublo globwlinn hep
not until reoently (Moooseon et.ol. 1970) boom obtainod
in high purity, thoreforo 1¢6 molosulsy structure 4o
no$ woll undernteod, Hunman fibrinogon of mm:eawm
solubility has boen &m % annteﬂ.a molmnmn ok
diffexunt chromatographic dohaviour (Pirlayson 1963) or
with differeoncen in Hallwtorninn
8ifforont dogroe of meam (mmtmu amx» 1966%
Tho high solubdility fibrinogon dcoeribod by Lisooscon o%.ol.
(1967) hes a lover mploouloy voight and 1o most liloly
produced by limitod protoolycio of fibrinogom of
intemmefiate solubility by plocoin (locosson eb.ol.1967;
Notusoon ofeals. 1971)




thexro ooeus to be aomﬂaﬁm uf ﬁm oC(A)
later of the P (B) chatny (KMlio end Koepstid »
Gaftnoy 91971)s Tho v'» chaino cecn o hﬁ 'Slm aeod
mu&aten% &ﬂar amag ro of £iby

m:wem 19?@)» tetional £ibeinogons

have siop bean descridod. am at thoso ahw ﬁi.fxn;
in olectrophorotic nobility ac comparcd vwith nornal
£ibrinogon, and in omo Librinogon Dotroit « o point of
gutation oecurrod in the Haﬁ = toyminal portion of tho
molocules (Blemback otespls 1968, turmon cfeals 1969)e

Although heroditoyy Gofictionoion of Libyinogon

ave beon known for como yeays (Mucfarlono 99%8)
attontion hoo m&em@‘ boon Locunsol, m ﬁho recognition
| _  4n 19 44 |

&:m % tha aynmmﬂ of maemm amm f&f‘;”;. Lnagons
axfl Bigan (1951) suggosted that thoro vas o ﬁmmm
botwoon thoe fibrinogen of afulto 08 nowbomn SNLonts
docaune placmn frory tho lattor rocotod mw m@ﬂg vith
thronbin, Ingrem (1985) otudfod tvo pationto vith
prolongod thrombin cloteing timoo ond cusgontod thnt
dystibrinogonoordn rieht b6 on hoxwdity tradts &V lono®
otght femilion with emzmaagemn havo nov boon
fooeribed in which tho nffortod patiento hod o norord .
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concentration of £ibrinogon tub thedr plecus reaetod
more slowly thon noxmnl plocms vith &ifforonmt
concontration of thrombin,

wa {9964) doneribod the £irst eaoo of © _
patient with o clear cut abnommelly mactﬁna Etbrinogon,
The plogan of tna paﬁtfm am mst méaﬁum a fibrin
clot vith intrinstie thronbsplastin anio
tmﬂmmm op nornsl mmtm mﬁ‘ thmmum *ho
nddition of calefun and normal cnount of thyonbin
resultod in translucomt elot and highop eoncemtration
of thrombin produccd clotting of tho plasmn,

-

The vonont of B Joraracs odthor with or without
coleiwn produccd nd clob and tho patients plason
inhibited the clotting of newmel placha by vonomy
thronbin or ontrianie ﬂmﬁaﬂmm 1% was ghovn
that the ebnomeulity wvap cenfined to the fibrdnogon
and vhon thic wan soparsted by eald or aléshol
procipitation ond added {0 normal plasmy ms.mm
of thronbin fibeinogen reaction of the mmﬂl placun
oecurrody

At this timo no chomicol studics wexe undertolon
to ddontify tho aminms acido donetitution of tho C{4),
(> {B) or vechains of tho fidbringpon, elthough 4% voo
clear that thic constitutod ar sbboront molotular form
of fAdbrinogen, It is imtorosting thet thio pationt
hed no clinical hictony of nimommd bloodingy
Boekt eteals (1965) doperibod o potient with o wild




hnonprrangic dinthepio in which tho ctmoyemiity coudé
%o aﬁmnma $o tho patiexi?c £ibeinogon and 4n which
tho £indings wore oimilaxr %o thono descridod by mmchm

owevery 4% showod oome ninos diffoxonces fyom ¢ ‘
deperibod by Nenacho i thad the p&tmm:z plam dﬁ

not intorforo with tho thyonbin £idrinogon rosction of
normal. plesne and minoy immnvetlectrophorotie
differoncos dintingmishod tho fibrinogon fron normel
fibrinogen, Beck ot.ol. (1065) recognived thic as on
abnoxmal vardiant of fibrinogon and adopting tho

sloturo provioudly cpplied $o nowasl bacmoglobing,
gwyamﬁ tho Gooeriptive nemo fidrinogon, Paticato vith
plasna having o prolonged thrombin clottdng ¢ime
attributod to tho prosonce of onh abuornsl fibrinogen
molecule havo alus boon deseribod by Vonm Felton otsols
(1966), Mosmon etenl. (1968), (Pidrinvgon Dotreit) oed
Porman et.nl. (1968), (Fibtwinogon Clovelsnd). Tho
ebnormnl fibrinogonn arvo fnhérited ap autsoomol
dominant traito, ama of tho patients have & nild
bloeding tondoney vhilet others axe eyupton fraa ond
in two cagen ¢pioodos of t&mmlm and poot
operative thrombophelibitioc have boén recordad, I &0
not clony yoi mem vhad gmﬁaa diffaroncos eszieto
in the m‘m fanilion oo for studied, Porman mmmsa)
~ avod thoir cane with txmo 0% Boolt ot.ade(1965),

m: mm oteals (1066) end Manmon efe.ols (1968) onf

[t —

amaaﬁ that ‘khn mmmﬁy 10 aemiatnﬂ mﬁy vith




: ENLE ontrila m&fiﬁﬁ gave

tho esmd m@loﬂnlw mi@% a8 mmal fibrinopon and
‘after culphito cleavage tho overags molocules woighto
of the thrve chaine wore the ooy ag in noxmol Libvinogen
but carbohydrato m,ym showad significantly Mmr
valuop for noutral mugnro, oiold d and

thon tho normal f£ibrinogon. contly

oteal, (1968) havo choun éiffoyencar t

soquencs of tho oC(A) ehain 02‘ £4brinogon

Afer rofuction and allyle

£rogrnent was soparated by fmvw on 80; y
Thip fraction vep thon M@aa’e@ﬁ with tmm and tlw
toyptic digent Guhscm& o G anainm
aloetzophoronio ehxmewh&'@

- Gomparison of tho "f&m&-z, Praot
£rom nosmsl :sm&mm and ﬂmgen metmw ahoma
‘that ons peptide wao m&mews in tho mopn from the.

mnol Librindgonte A socond pﬁpﬂee opot van of a
digeorant colowr with the mixhydrin yosgent tuggooding -
ﬁhaﬁ thﬁ.a onpisted of ammemu of tho normol poptido
in thio pmﬂ«m and ol ; %o of the mnalag paptida.
‘ho wmplew aboonco of m of tho mm yepﬁaa
indicatod that tho potient wao homogensup £or tho
fivrinogen Detroit tyody, Further amalysic of tho




difforently colourcd peptiden indiceted that tho
Betosminnd pard of thooC (A) chain of the odnormnd
fibrinogon had orpiningg rosiduo 19 of o noymsl =C(A)
chain roplaccd by o noutyel ocumins ocidy probnbly

perine, Koubaok ot.ads (1968 b) poing ous that tho
roplocenent of otrongly besic omdne aeid by o noutyol
yazoxy seid in tho Betormina) portion of thooC{A)
chain may rooult in mna&dmbio %nfamamm changot
in tho Beterminal dfoudlphido kn £ivrinogon ond
theso changes may divectly or indiredtly affoot the
active sitc of polymorisation, loro rooeatly Monback
anf Hombaelr (1969) have invostigntod the tryptie '
tingerprints of thooC (A) chain fyagmonts of giteinogen
Paric, Surich, Saltimove and Douvedn,s Thooo fibriusgomno
gppony to contoin oniy normal tryptie Lregnonto.

Bolayan pit viper crufe vencs hao o throudin 1iko
sction on fibrinogon (Reid 0tetd o 1963 b3 Hnhng eﬁnﬂlﬁ
1964) in man (Roid ot.ole 1963 b) and 4n mmmas.
ongmade (Rogoceri otenle 19665 Rodd 1967, Unwrchall and
Bonoug 1968). 1% dopletoo plarma £idvrinogon by
converting the majority of tho Antravastalasr posi $o
£ibrin with tho forxmation of mwﬁw&a provobly locslined
in tho enpillexy net worie of tho lukgo, muoelon,

Adver and eploens Rapld rensvel of the microtlet telon
place ro-eobabliching tho potoney of tho vanmlo
vAthout t4eeuc mecroois. In vitxo, erude vonom hes o
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pooptul copgulant actdon (Chan oteels 1965). Tho
vononm convertn £ibwinogon ¥o Zibtrin directly both in
plama and in particlly purificd fibrinogon solutions,
in vonon nmamuou botaroen 1 ¥0 30 mge por ol
completo conversion of £ibrinogon to £ibrin appoars
¢o tako plact ac tho oddéition of thyonbin doco ned
protuco furthey cosgulation. Approxinately 10 ag. of
vholo vonsn hao an eguivalont coagulaticq aetivily of
ToleI.He Unit of thoombin, Vonoa ronombilos thronbin
in tho convernion of Si rinogon Lo fibrin os 4% producos
ioh 4n tho abooneo of pthor con

;ta iaaa M thm‘ﬁ profuced hy thmbtn mmaatw ﬁha‘e

only o £roction of tho totel fibrinopen 4o foming o
clot (Regooeri 1666). In contrant to thrombin, heparin
in thorepoutic concontrationg doco not inhidit tho

ulant scsivity of tho vomom 4n vive (Chon ot.al.
1955;} Regoconi 1066) oxr in vityro (Rﬁmﬁﬁ. ’é‘@yﬂuigﬁﬁ’a
Sorun has o variedlo inhiditory offoct on tho eor :
aotivity of venom (Chom ot.el. 1965).

Orufio vonon containg two onsynes vhich are hnowm
%o have & Gircot action and tho othor with o poveriul
fibrinogonolytic effert (Rogoocnd $966), Although
140 ¢thronbin the congulont Sfyradtion of vonon acte
dircctly on fidrinogen $o produco fibrdn, thoiy actiono
ars not gamzm, Bagooesi { igssz mggnmaﬂ that




wmw&aw onBymo @mm ﬁm vonom m nod @z:m on
tho B ﬁm 4 fﬁm@m Tho 1ytic component of
ronsc: ol $k 11y activo in vityw, io of
mxﬁaﬁ? mﬂmﬂ in tho production of

)ELbrd orde A0 vivo {Rogooesi 1966, Rogooend

1) T™hin 10 & protodn vhich dictinguiches placns fm
oovun having ¢ cheracteydotico of o giehux&n vhich
10 eanily fractionnblo '

d g

2) 1% i cosguleted by heat et %ﬁﬁ {oorum globulin
at aboud 70°C).

3) & placmy protein clottablo by thrombin '

4) Usleculey welight 3,530,000 to 5,40,000 (Catpary andl
Kohviichk 195’!3 Shuilnen 1993)@

8) Pibyinogon moloenio 46 3 to 4 timea nger thon
tho othoy plasem &ammj It 1o olongntod
caguring 700<1000 & 4n longth ent 30-50 £ 4n wvisth,

6) mhmm belongo o tho fiteillar group of
protodng, _

7) Procipitoted by & to /5 caturation uith ammoniun
pulphato fron human plecnn.

8) Tho icoscloctric point ab pH 5,5

9) Dostroyed by heat et 47°0




10) 10 1o probably oynthooieod in tho ldvor, oo ito
loval o docvenpsd vhen thig orgen o resovols
11) Tho slotting of puve £4brinogen io Anvorsol;
 propovtionsl to thrombin concontration.
12) Tho clotting of fibrinogon &0 Gus to tho polymerication
- of altered Zibtrinogon maloculen,

98en 15 uoed in 0ho preporation of £idrin

£4r ond fibedn foom. I¢ 46 uuod aley in curgorys shin

ting and in twoatment of bumin,

Heny procodurce havo been doperibod for the
prepovation of fibvinogon (Kolmick 1964). The methobs
uood dopond upon the procipitation in ¢old oxganiec
polvante such oo othonol or ethor; which ie thon follotnd
by Lurthor roprosipitation ofop or by chromatography
with Sophefex or Ocllulonos Tho chyomntography XOROVED
tho 1808 traces of foetor XIZL end placminogon,

Gonoral methols of £ractionation of proteino ¢an
bo groupol undexr the Lollaving hoodn,

1) 8al¢ procipitation nethof
2) HMothod using organic colvents such ss othanol,
ecetone andl othop
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3) Preporative eloctraphorutic nmothed
4) Constmoun azeetmhamsm
5) Idnoay polymors of high moloeular velght
(polyethylono glyoel)
6) ﬂm%mw uamg Lomeoxchanga ma&m ond aaualm

nercant in the palt concontration in on

aquoous polutiion eoucoo & foorease in the solubility
of protoins and thoy pracipitate out. XIn protudn
fractionation, onlto noet counomly uscd oxe sodiun

. chloride (Hegmosotoh, 1879 enfd 1830), codiun sulphoto
(Howo 1929 onfi Kokwieck 1940) end emmontvs oulphato
(Chick and Famtin 1919), Serenson (192% 19%)@
Gohn oteole (1940); Sitechmann (1960) usod pelyphoophato
of theco cmmoniun gulphate is tho nost ﬂmnl.y uood
bocauge of $to highor eolubility avonthough spdiw
‘oulphate was proved to b0 moxe offoltive pmtm
procipitont thon semoniwn ewlphates

~ Youmdly the solubility of protein inercanon
with ineroaning toupersture within the cortaln linito.



pH pleys an importent ol 4n tho protein procipitation
bogause cach protoin hos 180 foooloctyie podint ol

vhich 1% in loaot oslublo. TFho protoin provipitadion
also depenfio on tho dicleotpic conptant of tho
oolution. Thoe proteins oxv largo swloculon with pany
positively and nogativoly chawged groups, ouch ofy

wBils* ond <000, Theeo groups cen ntoract
s&e&mntaﬁcany vith eath othery or with smoll Sonn
of opposite charge in the solvend, thoy can alod

roact with watery 1.0, thoy are hydrophilic. Votor
heo & rolativoly high fAlclectric oonotant (78.54 ot
25°0) ond in oqueoun soluvion, tho fntornetion batvoon
tho thargod mﬂm with wator moloculon is onhancod,
thuo favouring oolubility. Somo of tho proteing 1iko
albunin and pooudoglobeding oxo colublo in osltefrec
wvater bocnune tho protoin wetor intevnotion i otrongor
ouglobulitio are fnpolublo im caliwfroo water bevauso
tho protein, protoin ﬁmm%m fo styongors A% low
osls conocontrationby tho ohapgod groupu of tho protoin
intoraet with tho ingwgenic ions, the ouglobumling amd
brought ixto sslution mﬂ the protedn 40 cadd %o bo
"sadtod An"y Vhon noyv oalt 40 addod, tho fonie
ptrongth do inercascd and the offootive coneontrotion
92 vatog {aotividy) ie aamama@ wndil o pow& 1o |
roachod whero tho pretein—ic—voachod-vhepo—<he
protuin intoraction bﬁg&m to azmea tho mutcin wsratoR
intoractions Tho protoin 4o cudd 9o bO ealted out®s,




1) Tho methods of ealiing out do not chaxply separsto
6 serico of homogonosun fractiony anf coveral
roprecipitations have tu bo carricd out o obtain
a purn fmﬁmx vhich yooults 4n lono of notericl,

2) 8o the samang out nethed con b5 uoed only an 6

naxy nothod %o purily partinlly tho dooizod
.fmeﬁion vhich mey be furthoy wmm w othoy
nethedo,

3) Completo removal of colt which 16 ugod for the
protoin precipitation is giffioult for vhich tho
d4ndyeio is pequired.

Orgnnie solvonts cuch oo asectone, othor and
anol lower the dicloctrie constant vhich causoo
6 dcepense in the oolubility of tho protoing,.

The conditions vhich have o bo mnintained
during cuch Lynotionation protoburet are fe

1) 8a1% contain (denie amm)
2) Tho $omperaturo to bo naintad

68 6t 0° ¢ » 5°0,




3) pH should bo as noaw tho istoleotrie point of
protoin ao poeniblo,

4) Consantyation of protoin

5) Concentration of othanpl, scotonc op

mpy {1908) ong Haxdy ond Goydiner wme:
first dovolopod this method uoing othanol oe o
protein precipitant. Cohn {1941) made o Byatmmﬁ
vtudy of ethonsl fractionntion methed and devoloped
the procedure to fyactionnto hunan plasmn. Piilonoy
(1943) dovelopod the nethod woing mothano) whilo
Kelsrok (1946) uscd othor fow plasms fractionation.
Cohn et.al, (1946) modigiod tho mothod for plosm
fractionotion and cstablinhod the fellowing optimn
eanaaﬁmm for the copawation of a component fiwn o

xture of placos protofno, Acecording to Cohny tho
Loving ﬁva important foctorn exe cosontial <o got
mm rogulto ge

1) a1t eonvontration Lo pointained no lovr an poosiblo

8) To telo aldventngo of the divorsity of protoin
slectrolyte intoractionn
b) To avoid the neooonity of dicdyoin

2) Coneontyation of othanoiie The ashml coneontyation
should be kopt ! :,if, v 4078, -

b} ﬁmmm%m of pratcm maintainod




o) Sometimus ap low en pﬁﬂaﬂmﬂ %o mindndeo
protein « protoin intoraction,

b) Othox timos ao high eo maa&ble in orGop
%o yender large ocole prooosninge
4) pH noay tho isoclectrie poind
5) Tcoporature io kopt a5 lot? ap ponsible betweon
sexo and the froosing point of the colution,

1) Whon acotono oy other 1o ueod ag protoin procipitont
the procoosing hoo to bo done undey very striot
conditions and more precautions have %o b2 tokon
6 avold chancos of aplosionns Thio 10 not tho
cage vhon othensl io used ae o protein precipitant,

2) Tho plaogmn
arge '0?&316 m o mr atat@ s.f em&i%am arg
propeyly nainteinsd by thic methof then by ony
other mothod,

3) ALl fractions vin, fibrinogon, gamma globulin ond
albumin proparod by thio method cun bo utilicedl

4) The ¢pld cthanol mothof hao got anothor advantago
ovorr the enl$ procipitation moﬁma Iin the laStow,
tho high calt concentyrotion nemamry for protoin
procipitation oon. bo diminionod only by dindyelo,




mehmkaaxm volung oF o 1dquid 3o €o
b ddalynofl and ogtpocos ﬁm prmam w M@m’

temporature vhish nay give rioe to donsturntion
of pyotoino,

Purther moro, durdng the provcos of dialycio,
vhon oals concentration 1o dirdninhod, conditions
bocome favourabla Loy bactoriel grewih and protoin
golution 1o likoly to bo contaminntod,

$) IZ othanol ic ueod 8o o protein precipitont snstend
of cal%y 3% may b0 yonily removod beoouso of Ato
volatalitys The pofost mothod fLor cuch wdmovel
eppoars $0 bo tho rapid freosing of the golution
af vory lov tomporature with ouboequont deying Lyom
tho fyoson ototo in voomun 4.0, lyophilisation,

Thon protoing are oubjoctod to an olootrio £idid
thoy move according to tholy claetrophorotio nobility
et that particuley pH. Tho mh&lﬁy of tht protoin
dopondo on the not chergo on the protoin molooule of
thy pHt useds Thio mothod wae dovelopod by Fisoliup
(1937) to eoparats soxum protoino, Tho mothed 4o
gonorally woed for the mmmw onf quontitativo
anslyots of protoin minturos, ydginel mathol of




olectrophorosic hao found nunbes of vard
lont fow yonrme 1In 1956 Gipd uvod prop

forn, Thic mothod, though m@., w m e
canndd bo afopted fow lorgo sealo mamfoot

A methof wom ovolved by Hougourd and Kepnor
(1948) to scparato protoing uoing continmioun
olectrophorenis on & popor curtains The protoins
poparato aceﬁr&ng 0 thely elootyical chorpo. Tho
apgmm consietn of an cloctrolyto resorvoiyr. The
£11%0y paper cheot heango fron the soncrvoir. Tho
oleotrodan are plocod along tho sides of the pnpor.
Tho bottom cdge of the £ilter paper 45 sorratod
to afford dxip posnto. A% o point on the topy tho
‘poper is out end folded vaok to foxst n teb to vhich
tho samplo 1o fod by moeno of a Vick, The oleetwolylo
flov is continmoud, %ﬁ elnctmm ¢onoo Leen the
grovity anfdl the current 10 passod ot right anglos
to tho flovw of azemxmm This reoultn in o
soparation of tho minture of tho protolno in e
continzonn HARNEXS. 1% 4o inportont Yo maintedin o
rolatively uniform £icld of potontied ﬂmm&xﬁm
on the papors Thero should bo no eveporation of vater
oy an incvesso in tonperaturo rooulding in ¢ho
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provipitation of tho proteins on the popor during
clectrophoresin, Doy this yoooon the concentreation
of the clectrolyto in the tuffor chould bo low enoudh
%o avoid depooition on duying of the sample, The

3 %0 b0 gepavatold chould not bo ton

protoin mixtur
congentratod.

- Tho protein can bo fractionated by the uoe of
high molocular wolght limeex polymoers Poleon ct.ols
{1964) mado ueo of polyothylong glycsl mmwm
veight 6,000 to ieoolatc bhomvgencoun plosus 0]
such an ﬂbﬁmgm onfl gomon @obulin, Tho pﬁoﬁnﬁu
propored by thic nothof reteined satiefoctory

o Poul ('196?} ﬁawiapw ﬁm ‘

gehanzorn oo fmmolubio compounds vhich
posses the mmﬁ of sfroyption anf havo & ehoXgoy:
Tho structure of on fon onchanger conoists cosantially



of o polymotric Skaloton $o vhich are attached tho
harged groupe: Tho chargo on the molosule 3o
noutruliced by olootrontatie charge on tho polymor
eulo o thus mado clootrically
wanchange chyromblopraphy invelveo

‘ ing on to & rosin
suspondofl in duffoy and packed m@ g columm, Flution
may bo offeotod cithor by chonging the pH of buffor
pasoing through the colurm, thup nftmm the chavgo
on the protein molooulen, ox by ircrossing tho
molarity of tho buffep, thus providing nore anlé lono
to corppoto with tho protoins for chorged groupo on

the resin, Conditions for chromatogrophy are solectod
t0o tako advontuge of not chergd 4ifforoncon botvocn
porum protoins end o ascure o noY charge on the rogin
opposito that of prototus,

Synthotic don gxchange resing have boon usod
oxtenpively for tho seporation of many subotoneon
14ko pozum mlbwmin by Boman (1955), purification of
onsymee by Bainort gleel. (1952)y and for the
soparation of enins acids by Stedn and Nooro (1952), o

In 1956 Potorcon and Soher introduced eollulont
don onchangersy oo ion omchango resing voro not four
to be very uweoful in the poparntion of large moloculon
1dke proteino, cnins acido, Mipido and sugerD, Tho
ccllulone dott oxchangero have o largey cxchanso




mp:mmv than thet of ion omchange reoins, Diothyd
inoothyl (DEAE) ecullulose is an anton mem::gax

mﬂ used vith uffor syston ahaw pﬂ 700 Carbornynothyl

{e.me) collulone 40 a cotion ¢ op anfl uood with

vaftor syntomn bolow pH mo« m xming PEAR eollwlosd

puro IgC vao doolated fyom humon and rabbit ooros

Ggl filtration chromotngraphy wao introducod by
Porath and Ploddn (1959, 1960), mm motho8 hat boon
widely used $o0 isolato antidbodics of differont
nolecular weighto snd ¢o ooperate tho hooyy and Aighe
polypeptido chaino of tho immmoglobulin mploenly
{Fledochmnn et.ale 1962)

| Thest methoo thongh thoy give vory puio frectiono
cannst bo adoptod for lawee eoclo monufactuyds

Thrombis may b dofincd ao tho natural congulont
of fihrinogen, Thronmbin appecrs in blood Lollowing
tho activation of $ho clotting oyotom, eo tho Toould
of proteoiytic action on 4% pammnt prothromdin,
Theonbin can bo convoniently soparated Lfrom activation
mixturos by oolting ues of tho fact that 4% 4o leso
nogatively chaxgol thon prothreubin os tho moiduo




10£¢ aftor thrombin hao boen i‘ema&a m moad highly
ot ﬂhﬁ w |

used {Socpors and mmm; 295@}@

The prinery soguence of thrombdis has almost boen
olucidatod (Nagnussons 1971); and 4% hoo boen Lound that,
mm prothrondin eonsiote of & ainglo mxmpem

hodng thrombin consinto of two ehains of unoqual lengtho
ﬁei.mﬂ by & dioulphido bridgo. %hic moonn that the
convercion of prothrombin to thronbin Lavolvoo thoe
clovags of tho molecule im two places,

| The Aethain of thronbin contains forty nino onins
acid rociduo and hoo no cardbohydrate, Thin chosn io
dexived from tho contral mﬁtﬁn of the original
prothrombin moloculo, The Bechoifn, on tho othor hand,
hao about 225 reciuop and chows oxtonsive mequonco
hﬂm&iﬁwg with tho paamatw provoast oueh oo chynotrypoin,
The Bethain ic Garivod from tho Cetorminnd onfd of .
prothronbin and carrien the aetive contyo of tho enz.
Thronbin, 1ike chymotzypoin, hoo 6 reattivo coxdne
rooidno a% Ato activo contro, vhich fun bo cheraoterdicod
by 4to reamotion with GAtcopropylefiurophophnto (Glednme
anfl okl 1956)s Acourdng that thero 1o ono aetivo comtro
per molecule of thrombim, Kondy, Loronfl enfl Miller {1965)
calculate o moloculey woight of 32,600 for thronbin




nod by othop

noim, 19551 o the isolatod Dechadn

: __ aliey @gﬂ;&a: 195%)« This appovent
ppecificity for the oubstrato may bo determined bty tho
dictonco bmw the binding oite, on the sudotrate, onfl
tho & eglycing, I¢ Ao intersoting that the
ﬂbrmmwam rolonoed fyom porcing socretin by tho
action of throndbin ell have o phonyle laning rociduoc

from tho Ceterminol agginino (Blomback, 1966, 1l% ol.ols
1965)s 1% may bo thet thic phomylelaning rupiduc 4o tho
ammg gito for tho mmbﬁm Tha mmam 80 on
thrombin for macrompleculay substraton may bo dontmoyod
by acctylation, sineo acetylation Lmmibits tho aetivity
of wn&n on £ibvrinogon while lonving soactivity of .
the aetma centro wnmffooted {(Tandohury end Boogewo 1950).

Mmm bestdop m&m ﬁn tima" Wiy hoo on :
"aet:mﬂmg" effoot on factors VIII, V & xzm - Tho

om by which thie- "activationt 8. gehdoved . 4in ot

: 4 tut 4% Goas soen 3@ aopma on tho %hmmf,.»}
iy QMWQ o , R




This roaction gives rino ¢o tho only vieiblo
phonomonon in cosguletion anfd 4% is not surprising that
i% is usod ag dndicatoy for oithor of the roactants
ord the moet commonly uoo6 ond poing for tho reaction
is the golation 9: thoe placme. Yhon ono addo ta Mﬁaﬂ
fibrinsgon increaping convantrations of purdifiod thy

ond plotc tho emm timo of tho nintures aga&nat %ho
ihmmbw goncontyation ono obtaino o hyporbolie curvd,
Thie ewsvo can bo sonvortod inty o otrofght 1ino 42 tho
clotting vAmo e plottod tgainot tho roeiprocnl of tho
theonbin congontration. Tho vicidlo phoaomonoh mﬁh ony
obosrvon i.a in faot tho oumnation of thros aiof |
the intexaction of tho twp protodns (Mmgaanﬂ
Laciowokd %957)« Thepo $heoo phaoto avo vicuslided ao

00 poparatt revoreibld mmmﬁ

> PAPAR
Honomas*
(£) + ?

fo Protoolysic o FAbrinogen e

2, Polynexdsation ¢ Nl eewswd fn
S Olotting s nfn = Pidwin

P ﬁamtea tho roleano of poptiden fron Librinogzon
wynie aotion of th ronbin Thowo poptidon

: sokgnatod A & B (mmulﬁm iﬁ%ﬁ Bettolhoin and

mm 1952) Hiomback end Vootopmayts (19598) chowod thot




tho relense of peptide & parallols the rate of fidxin
xmtﬂ.m;, hile tho rdlenvt of puptide B ooenp to ¥
parine) vhon tho formation of £ididA heo conoode Two
ﬁﬁm‘ poptidat axro alop oleascd Lrom fidvrinogonm, Thoro
nro ﬁaa&mtoﬂ AP ond ¥ (Blombaok 1968). Thooo poptidon
aro aplogucn of tho A paptide, The AP poptido hao o
phot; Jorylaﬁeﬂ soring mﬁuﬁ and ’&hﬁ ¥ poptedo 10 tho
A poptide less the Botorminsl alonming, Tho significoned
of theso popt dos 18 not ye% m&mﬁm& Tho moleculop
wamw of the A and B puptiden fyen bovine fibedinogon
ore 1,500 o 2,400 respootivoly ({naﬁmv ﬁtem W%)a

In 1) fivrinogono thich have beon inveotigatod
thmm cmms o arginyleglycing

hana whon mlommz

| (znmmk, 1966)s 16 40 tho 06p of thood papm:m
ard thup negative chargo, vhich m&ﬂﬁﬁéﬁ the séeoni
phaoo of the maa#ium namely polyncrisation,

Tho mechanion by vhich £ibyin monsmer polynoriscen
hag pesrploged chenmiots and physicnl chomiote for @
considoyablc minber of yoayss In cosonce tho probvlosn
currounding the reversiblo psiymovisation of £ibein ave
that Guring polymerization, thers io o chargo in Sho
ionination of the m&m w&& ﬁiﬂﬁ sma that the
procoss 4o onothexud plonas
thin io the$ thomo ehangau m %m sooult of tho aetion
of @m«r RIIT ootolyoing tho reaction betuoon glutmm
anf 1ycino eifo chainy, Howovor, Bmires and shorgs (1968)




have shown that vhon this roaction io pmamaa w

FOneo m%m;an %lm hamm

of mmm anﬂ moa&f&eﬂ Libvinogen, It may M that
tho emm hangos

i zmmm and mw%m of

Laterchain in onn, sz typﬁ 1 4 memomm that
is pmpuma ms@ %alm Ma acoount thalt the polymordtation
ib nomey can b mamd by uirosy

Tho detormination o8 purdd:
w&th tho mﬁm aﬁ‘ tho seoouron

'w abm 3 m* cont of the @um ﬂbﬁmgm mm@m
(overd 1352), I£ tho cooun® of fabrin fowmed io
ootimatod frem dry volght or nitregom fetorainations,
thon the aptimate will be lob by an omount vhich 40
oquivelont to the ampunt of poptide relessod, I¢
hovavor tho £ibein 4o ootimatod Lrom meeturcments of

tho opticol donsity of tho vedinoolvod elot ot 280 o
the lowo of tho peptiden will no% bo dotected sineo
they only have & Jow optical doncity of 280 rm, %ho
ﬁbﬂmgw is alng emeaa bloeke ,, ¥ by BﬁW




ilia io rolatively uncomnon dicensy ang
io tmam i‘kg puvere foxm 48 1 por 25,000 of the

populatisn, During lent Lo yoors, importent changen
‘heve Solon place in tho coneo; aﬂ ﬁaamopmuaa

els.mml enﬁiﬁy mth a mmw pitonce and
ammmw sauncd by ¢ opecific aaﬁmﬁ of blood
eongulations ariety of namom wore propopod
for ouch haomors ,ﬁ; conditionss Recent sdvancos in
the Madga ai intrinsie
of blood coagulotion hwm alitored thooe viowe and iv
sosus now that the tomm haomophilio uso@ in paot
Ve | gY 0 hat ghe conditions in vhich
indlay elinienl wond ..--.wmmm voso producad by tho
bosge dofoct in Blood con lation mechanicm, The tosm
hoomophilin A 1o now uscd to descridbo tho dieorder
vhon antihnomopbilie glotwliim (ARD, Paotor VIII) is
doficiont and haonophilio B e uscd Yo deoerids tho
dicorder when PIC i deficiemts Hocmophilic A is povex
times more commen then haemophilia B, Hoomophilia A
anfl B arc no¢ genotically related but both aro inberitod
a0 oox linked recopsive charagtos beconeo tho geneo
for tho dicorder ars carried by tho Zechronosomos
ftmp females carzying o gend for hoemophilia on ons of







5 tranmmit tho gons to half of
thedy fomals offepring am‘! ms‘ of their male offopring
asgording ¢o tho m of chanct, On tho other hand
hadmophilioes having only ono Xechyomotomo, transmit
tho geno ¢o oll thoir fomalo offoprings but o nong of
tholy nelo children, Thoosratically 4t van scoumed that
5 fomalo retoives ono defortive Xegong fyom tho
haonophiliae fathor and anothey &cfootive Xegono Lro
hor varricr mother than eho moy be Yiceders swe gorion
0f oxperimentn with Gogo proved that above conclusion
m not tEuos A@&Nm to the thoory, o singlo
= 59 rrying tho haomophilin gone in femalo
wanm aot pm&aea ¢ doficiency oﬁ Zuotoy VIII, Yocauno
: indantod by tho unaffeetod Xechrononomd,
don to the fact tho Wocdor confuctor aorriago
 ompoctod €0 have wcwzpa oftons I¢ vmo
fuzthor that the preagenes of o Aoublod quantisy
gt B0 lethol and inhibi¢ the devolopmont
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Hoeder Covricr
con daughtor

. Bevoraly offscted pationio suffer prolongod
blceding aftor injury ond charncterioticelly odporiones



gpontancoun hasmorrhages into deop muselar tieocuon

erdl jointo, %ho more mildly affoctod poationto otill

blecd after troums but in gonersl aro opoxoed the padnfu

an orippling heemprvhogon {nto jolmto onf musolon

axporienced by the sovercly affoctod pationto.

Superficiel cute and abtrassions ravoly loed excensivoly
wugh deepoy wmﬂs W blood on end off for covornd

One of tho nost Lonouy mmea abtnosruelitios
in mon 19 the Wloedew discasdy hoomophilis. X% ip ond .
of oevoral gonetic comiitionn which nmoy wosult in
oxessaive bleocding at pointe of Lajury of etraon,
| . , ¢ of deloyod clotting vhich 4o duo
to o ﬁeﬁﬁwmy of cortaisn conponents of the blond,
Difforont atnoxmal gonos, come eutosanal and othown
Xelinkod, avre rocponeibds for the dcficlonty of
&ummm nempmmmg In dinooiesl

azf ymaen% m ool l qmm'ma%g :n anothey mﬂﬁnﬂy
dionovered X-linkod Woecder &aem&g mma hoomophilisn By,
2 Mam éiaam thers 40 0 &efmionﬁy for m@hw




1inked haomophilino, and 4t hao not yot hoon docidod
vhethor the corrooponiing gonon oecupy oRa or two lools

of sox chromooomop and theix mm@iﬁw a8 corrioro of
vow-1inked genog, became poscille only in tho twomdieth
contusys |

I¢ hoo ofton buon wondored whoethor fomalo Bloodows
aotually enist, oventhough somo womon of this type hove
boen lieted in tho rave aulooomel podigrees of blooder
@incanco, Until 185%; no mma haenophilic fonale
hof Boon diagnonof; & fact vhich lod to the ouggeotion
that ha femslos eithox 440 Before birkh or that thoy
14ve but are phonotypiesily normsl non bloovders
Goneticists wore not inclingd to accopt oithor hypothooie,
but pointed out that hh fomelos would only ocoust amons
tho effepring of hotoxosygous (Hh) womon and affootod
h mon and that the vory cmall rumbor of such merricgen
had; by chanco no6t produced bh daughtero. !Ehw viow




the hetawqysoua Lenulo auﬁ affooteld mole de&e gmmnﬁ

Soon aftor the haemophil

human fomalés wore ﬁaacr&heﬂ vhy wore hh magmuﬁ
anfi oxhibitel,; according to ¢nvaful Wa‘m@ oll symptono
of true Z«linked hoomophilin: The dbest votallished eavo
i that of o woman vhe hod had & hictopy of cosy byuloing
and froo blocding but vhs hod ouccosafully givon birth
to o childy Sho probatly cwcepoll cerfous bloeding et
tho time of delivary bocaunt, ap ie genuxally thought,
the control of houmorrhage from tho placontal sito do
ntracstion of the uterine wall and not by
Thic hasmophilic woman's fa@hm'
‘hod dted o philia, 6o had ono of hoy mothes’o
drothero. Ke;- mfh&x nhy thoxefore e clasoificd ab
& corrior, mmgmmwmmmmm:mm

O @ 1O @ ¢

Podigrae of |

N




ns allolo in tho yechromdeom cheomooond £on
cmeqmmsr bo negioetod in tha ammm 6f Xolinkod
oie It would hovoves, bo puoscitlo 0 asoumd

romooone contedns recaesnive allolos Lfor
11 X«linkod goness If this werc thue o norheomophilic
mnp for eximplos would nost bo homdzygous for mzm:wyﬁ
hut heterozygous for the normal ollolo in the Xechyonosons
and the recoonivo hoouophilic pilole 4n tho yechromopomo
anfl 8 hadmophilic nan wmxm b6 homesygouo for thoe
abmxml alleld bocauss of ito prosoneo in both sux

: jome I¢ 48 unlikoly that such a visw of the
Mcaumuan and nature of Xelinkod genoo 40 corroct,
It dooo not scon $o anplain anything that tho simplor
intorprotation of the hemtﬁmoﬁn nature of Xeifnked
gonon in the nale amﬁmuwww it oon at
pragent neithor bo proven not dioprovey

me m y

Tho oxiotance af A0HOPH ,
tho relativoly rare &imrﬁam of ocoogulations hoo boeh
the uain impetus for the stutien that havo lod to ouy
progent ¥mowledgo of factor VIIX, A familin) typo of
bieeding vhich tondo So bo sevoxo and come tﬁm@a fatel.

The carliost recoxdcl atcoun$ of tho complicationn
of ninoy curgery porfermed on haosmophiliceo 1o found in
the 5¢h contury Talmud (1969% In tho Rabbinie :




inctraction; s mother io ostougod £xun cireumcioion of
bop child 4f tho firet tvo have 4iod oo o womld of

thic protvduro, John Conrall O0%%o (1803); om Anvriswm
phycicion; publiched o dotniled account of hacmophilin

in 1803 that wao widely voed, Ho rocspnicod thot %m
unaffooted mothor tranenito the disecacs to her affoctod
gony eforved %0 oo a "hlooder” but o nore complot
eollcction of cason wno presonted by Hase (3&2@);

Ho aleo formlatod tho lav of trancmicsion of haomyphilio.
The torm “hocmophilia® wao opplicd to tho condition by
Hopft, & atnﬁem; af; Schomlein®oc in 1828, The £insd
cotabliohment of haocmophildn ab o specific clinfcal
ontity wos mode by M&m& an PAlden (1991). Midn
haa boen mfcmﬂ %a &n tho ;mp:ﬂw zmwa as m ﬁ&mmﬂ

Wright invonted tho vholo blood olotting timo ap
o 8lagnostic teot for hacmophilis in 16893, In 91
Adéio demonttrated thot tho prolongod clotting time of
bacmophilic blood could bo shortonsd by tho addition
of & fraoction of mm platns,, m@ £raction pwparoa

amw ﬂmmmymuc gzmxm by ?ﬁ%ﬁ am &ayzw in
1957 Patelr and Stotoon in 1935 showod that the clptiing
timo of o haemophilisc zoverts to nornad vhon h¢ 4o
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onsfused vith noymol bloody an Gftm; SranEnouc
late demonotrated %o Bo duo %o the mhro repid
convernion of prothrenbin o thrombin in 1938, Tho
plagnn ooogulant that 4o deficient in hoomophilio hao
alos beon oallod ihaemaphilie factor (AHP) anf mood
roeonmtly foctor VILX (Wﬁ 1959)s Digse ond
associates (1952) dosoribed oeven oaseo of suppoocd

tn m mmaz. though their WMQ ammmw
were oinilor o thot of mem. Shey nnmed thio

bleoding tendenoy af PCHRISTIAS DISEAGE® and tho factor
yonponoidble for tho ammmy vap namef "CHRISTAS
PACTOR", Sfmultancoudly Agpdler et.als (1952)
represonts & eimilay hosmorrhoglo condition, but the
potient hnd nownnl AHG end PEC levels. This Wloeding
abnopnlity eould not be orploinod by closoieal thoomy

end was celled "PTA DEFICISNOY" (PTAw plagma thromboplostin
am&eeﬁenﬁa) and ‘»tha fmw a«mzm fm cmm PIA oy
fortor XI4 :

Bxeopt in m& aamm, tha hmrﬂm@# tonﬂam
appears in me end yonainn o 1ifo long nfflications
B.ocding may ocour xm or mﬁa the mem ﬂummﬁ
of tho bolys £rom nouty mouth, gastro-intestingd o

dnnxy tracts nay emma :’w ﬂaga am t‘mﬁkﬁ lacﬂmg




in some cosoe to death from omponguinations Thoro Ty
b2 haensrrhiage into $issms m&m @mum o Mdseﬁim
yomulting ofton inte the formntion of onzwmarous
haomotamane In addition to blood loss tiseuo hoomsrahiag

sure effoctns The blood supply to the
Mnal orxgang moy bo oecludod with subsoquent
nucronio oy alropy. Potiente romailn ansemice Guo ¢o
repeated Blood losoen, |

In sny $ndividunl tho soverity of the bavie
disorder temds to ropain yelatively conetants Thero may
W perdedic phasos during vhich patiente peem %o bo
yathep mors or loss 1mm than upual %o eevﬂmp
WMQag but euch pkosts are vory indofinite

Vith growving ago thoxa appem to be e loponing

of the tchndenoy ¢o bleod, Howovory thio may bo duo to
yours of diseretion vhon Anjurics oxv avoldod wathor

then any substantiel Smprovenont in beoie pathologys

There ave wvide varistions in tho soverity fyom
pationt to patient, though in a Mﬁ fanily tho
effoctod nmombaxe usunlly have tho sindlax gevoridy.
On ¢lindeal grounds o patient will o grefed ao
"nevers® 4f ho suffoved repeated hoensrrihrosin vith
serious erippling and doep tioouo haenvrrhogoo, with




114810 provacation "modornto™ 4£ he hod o fev
hacmorrthroois, occéeionsl hasmotonn and no sexions
erdppling, the "mild", 4£ he had no hoonsrrthrocic or
other spontancous blooding end movely gave a hiotory

of abnoxmel bloeding after definite injury,

Bafore recognition of the cxact naturc of the
clotting defoct An haemophilin, the troatment conoistod
of attonpto to contyel oxcomsiva Wieeling by locnd
neasures cuch oo cautexrdication of wounds by heat
Siathoray or chenicals, spplication of tourniquoton op
tagm drosoing and somotimon tisoucs wero sutured
tightly over tho bleoding pointe in the hope of
achieving hasnostatios Tho reoult s slmost slwayo
oxtonotvo tissus dectruction and blesding from & largey
aros than beforo, the Lormation of dangerouc haomatomat
oF actual gangronds |

geontly the troatment of haemophilis hoo admod
at o mrrmmm of clotting dofoet in vivey 4.0, reioing
tho AHO level. Haty cosgulant substances were tricd
without succoen, It wao aleo founi thot spontancons
blooding in severely affectod caces van easy %o contynl

rathoy than ¢roumatic dlooGing, This 4o bocauso Lactor
VIII lovel dobwesn 1015 pew mm sutfiesn to control




cponsanosun bloeding but for troumatie Mooding much
higher lovolo (about more then 30 perwent aro meeded).

In 1840, Lane suggestod vhole blool tranofucion
thorapy but this could ecorroet tho AHF levels ¢o very
1ittle oxtont, Iamtor on fyedch plasms wao wood to raioo
tho AHG levelas Tho magn ﬁiﬁiﬁnltms cncounterod in
troating tho patient in this marmor vag tho velume of
plasmz thet could bo tronsfuccod 1.0. naximum 1000 ml.
of plasma onn bo given to the potiont vhich rajoso tho
ARG levol by 20-35 per cont tamporarily. Hptensdaye
AHG concentrates avc boing mﬁaﬂmﬂ from humarn;
bovino and pigo plesws.Bigeo and Mocfaxlens (1962)
obporvod that AHG concentrateos vhioh 16 alop kmowm oo
“cxyoprocipitate”™ are threo to five times more activo
then frooh plasmn, Thin eryoprecipitate ean bo stored

£rovon a% « 20°0s for ooveral montho without mich Joso
of notdvitys

Pactor VIIZ 10 o protein of lavge momculm*
wolght grentor than 1,00,000 not absorbed by AL (@H)gg
BaS0,, absent in cerum, I soparetop with fibrinogon
in Lroctionation prweobures; may ba m&&eﬂ Lron
each othey by contimious cloctrophoresics Tho subotanco
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Rigdy w%abmg Some preparations may be storcd
wmm lose of activity in the deep fyeons for yeavs
at « 20°0, Tho activity ddsnppenrs Guring clotting
anfl i5 rapidly destroyed by thronbin onf proteolytie
engymony congonital doficieney of factoy VIIT causon
haomophilde. Horohgold ot.aly (1971) ansiyzed s human
fraction of high purity ond founf 1% $o contain 75%
emtno acidoy 107 hexosos and 115 1dpid, Yarchooi et.al.
{1972) clos Lournd carbohydrato (5%) end 1ipi@ (5%) 4n
wan proparations Uselee®s (1970) human fraction was
statod to contain only 5% noutrel cugesos aﬁkma- e O
(1972) found that bovino favtor VIII proporat
purdficd 10,000 times contoinoed .
oo ipid,

Betimaton of cmounto of factor VIIZ in plesny
hava beon bascd lowgoly on thyee apeay procodurot,
Tho oavlient involvoe messuring thoe inpsovonont of
tho Arpedred utilisation of prothronbin in hacmophilie
wholo blood after the oddition of varying amounto of
the plecus being tosted (Uyoham, cteals ¥951).. Tho
ootimeto Lo mado by comparing tho offoctivonsos of
tho tost plecmo vith o standord plasus in bringing
tho prothrombin concontrotion o€ s hacpophilic plooma
to oo preselected velno under ptanSord confitions
say o 507 in 30 mbmmtos ot 28°C end pH 7.0, Auothow




oocay of footor VIII 4o basod on tho oboervation thud

the prolongod “partisl thromboplontin® (or cophalin)
clofting ¢ime (P27) of haemophilie plaswa can bo suducod
by addition of small amounts of norwsl plasan in ~
reducing the prolonged clotting time and tho offeotivorsss
expresoed as per cent of nornal (Langdoll eg.sls 1953)
Tho third method (Biges ond Douglon, 1958), tho
thromboplastin gonaration test (T6T) poeourep tho

smount of %m’!mpuamﬂ woneratod in a clotting
eyctam in vhich the cmsunt of AHP fo tho limiting

factor (Bigan, otends 1955). Each method hao
dieadvantagos that nood $o be recognized and the

Gecision as to vhich one to uso ultinetoly reots with
invootigatox,

The Pt mnge nothod 4e based on tho thromboplaotin
gonoration test, In ¢his tent systop dllutions of *&hﬁ
toot placma ove compawa vith normal &n their avtivity
to forn intrinsle prothronbin setivater. %Two stagoe
method gives lops randon errors thon the othor methodo,

At pl 742 moxe than 907 of the activity
porsisted for 7 daye ab 4°Ci, vhilo at both 28 ond



3790, thoro ves a 505 loes dn 24 hrn, ono wap momo
rapid ot higher temporaturcny in 30 mimuton af 45°0-
505% Loon, ot 55 « ecomploto lses, Completo Sestruotion
at pH 4 end 0 ot 37°0 for 30 mimtoss. 507 Gestyuction
at pH 5 and 9; end no dontruction ad pE 7.

Lnbility during storaper Quick mm::g ot vory low
mamma; :mﬂ, gtorage ot tomporatuxo «~ we or
prondte retontion of activity.

M‘mr vm vmm mmh *bhe typo oﬁ ehalatm agcmﬁg
moet vapid loos in plocms tollected in EDTA,
considorable loos vhon plasna eollected in omalaton,
Factor VIII activity parémtﬁa Iongor in citrated
plasms and longost in citrated giam with n@del

- Eleetrophiorctic ~“‘tf§a§tw VIII wvos yoportod -
%o mtm*m n tha p@ or 92 gobulin region, (Hordiety
snd Pornigor 1956)« ke Lovio et.ade (1950) fourd that
Lactor VIII in mn:mmn and < 4 woo o POgiono in
contimous olectrophorecis. Dagihan of.als ( ﬂ%ﬁ)
Joceted 4% in tha <2 « dlobulin cons in otoxch
block oloctrophovosis. PFactor VIII hoo mmw
anging Svom preaibumin $o dloty gamm globulin,




| hulman et.ols (1960) arrived s¢ a figuro of

196,000 daltone for the mpleculer woight of Ppleteled
cofactor I" (Footor VIIX), Raoo et.ol. (1969)
proedpitated factor VIII from plosmn and £alterad
through agavone gol columm and eatimated tho mplovulay
waicht nove than 2 miliden,

, Minimun pedoculax siger Moleculor size heve pangad
:m as;@oo % m@mn aaumq Bamw end Grohan (1968)
optinoted molacular olue of the purificd faetny VIXX
10 hmm 24,000, 28,000 doltonss Mokue {1970)
 found minimp mploculer woight wes 927,000, Nogon
G%&ﬂlg {1973) foundl betroon 90,0001,00,000,

von 10 ¢o 26 dayo (Schultos 1966)s

£ gynthesiee The mploon, liver and lldnoy moy

ho Anvolved in tho oynthesis of foctor VIII (Normah
oteole 1967, Vobotor et.ude 1967, Doddo Uils 1968).



\ e of Hng mechondent Ionetor VIIXI 4o eonvostod
%0 saezaﬁ' vma hy x:&m I% $0 aloo activatod Yy
thronbin, Tho onperinonts do not prove that favtor
VIXI i6 no% on ongymo, Tho preperotions of Mighly
purifiod factor VIZI contodns lipid which f0
maaaeaxy for Ato nctivitys Incubation of factop VIIX

& aepholiposs ¢ Mooidied 4n rupid deotzuotion

of f&atm‘ VIiX (Herohgold et.nls 1971).

» Angroenod Juvels in pilaocnss Pactor VIIL leovels axo
mmaaaa ﬂuﬂng pm mancy with uee of oral
contracoptivens mtmnts with leukomin (lymphodlaotie),
potiouto euffering fram ronsd discoto and oico by
gzercices (Brondt ot.ale 1973, Crowol) emgg 974,
Rosenthol ond Slonn 1967).

. Activation 4p vitee ¢ Tho ongymo thrombin bas ¢wo
aﬂeﬁa on fagtw m::t, shen £% 4o added to vholo
Yool faoctor VIII sotivity dleapptéars vhen A% 40 oddod
t9 plaoma, fibrinogen iv colvorted Co £ibedn and
Zaotoxr VIIT 4e mmyﬁé (Alomanfow etealy 1954,
Pondck 1957, Rizsn 1957),

The pationto vith hoomophilio develop anﬂboﬂy »
agadnst factor mm Thony bumon ants. Pactor YITIT



mﬁag % Y- @ mmmmm htmx:g ﬁeﬂmentﬁﬁim

econntant ?3» The mwm io quontitativoly romovad

‘ ntihuman  swgl n, Tho inhibotor activity
i tos nﬁ by imm%im with foctor for 4 % S my,

Tho hacmophiliace posecp o fanotionally inactive
form of factopr VIIX: She tvannfucion in hacmpphilfsco
devslope factor VIII antibpdien, vhich euggest that
thero axw two groups of pationtn, ono group in which
tho plagma 1o completely deficlont in protoin beaying
any fsmunslogien) rolationchip ¢o foetor VIIT and o
socond group im which the plaems contains o Lfunetiownlily
inactive but fmsunologionlly cimilay form of fastor VIXL
$o that found in normal personss Au there 1o no antigon
in the firet groupy infuosé Lactor VIII may dovolop
antibodion (Dovenot; 1959 Shonboxy and Goro 1957,
ogynoitd 1966):. To teol factor VIII antigon in

heomophilic placms mima 16 %o poo vhether tho sampleo
are a’b&c %0 noutznlise factowy VIIX antibofios using
stananrd coogulation nosuye to meosuro vesidund ixhibitor
Wsing entigon ond dnhibitor, Adolconm eR.nd.(1963)
wwod that haomophilde 4 placos wao unablo to noutralico
antifactor ﬁﬂ antidodics thilot Shanborg and Gore (1957)




and Pipor Sohrair (1964) contiudod that hoomophilie
ploemt had %emmi@ymmmplmm :
doi :azm JLactor VIIT antdbodicn . Borglunt (1962) nlos

bteined equivoesi rooulto using thronboplootin
ganamﬁan tegk ao w meﬁma of noasuring faotoy VIXX
rhibitor nouty

With tho diccovery of twp formo of haemophilie

4% bocemo apparant thot perhaps thexre aﬁ o W&w
of haomophildacs; 4n ono of vhem femunol L equivalent
1o progont. OCoxtainly thin hypothosis wum oyl ﬁm
conflieting and confusing rupopts of eaxlicr woshoro,
Recently %yer anf Brockerxddge (1968) and Donnson mﬁaﬁ
(1969) havo providod ovidoneo to shov thet thie io indacd
the ¢agu, Dongon ¢teole oppliod a oimdlor texuinology
$0 that vhich hnf boon applicd Yo hacmophilis B nanoly

romophilde A® for pationto choso plasas contained o
i\m&'&iam inactive bud ontigenie oquivalent subgtoneo
to foctor VIIT and hocmophilin A™ for patients thono
plasrs wag totally lacking in Smmunologieally wocognizabln
factoy VIXLe

1) Plaens

11) Oryoprocipitoto
414) Mtor YIIX rich fmnwam
iv) Animo} AHG




Plogmat Plosmn of tho blood oollootud 4n A.C.D. Liai
| %en dmtnm of groupts Oy A«p B and AB poolod in U
rotio 4048987 o concomtyated humom ANO, Plsenn io
kop$ frocen ot o 400, Tho loon dn frvoning 10 aboud
208 (Prouton 1967). Dastor VIIX in fyech frozon
placus 6% « 30°C, for oin nomths, T3¢ activisy
aurvivon for ab lesct 20 montho of « 36°C (Britton
anll Grove Rasmueech 1966).

h&wn@:%ﬁ@ s‘m&h ﬁtmlmﬂty earbondioxni ,
$0e Tho procipitate oo formod io ai.mlvea in
cttmte saline 10-20 ml, warming ¢o o tomperaturo not
ameﬁing 39}’94

VIIx

lanmsagenn




L0110t «

Hpol agont of fraetionntion aw ao

(1) Axcohol (2) Sther (3) Oryoprocipitation

{4) Polyothyleno giyeol (5) Aming

anﬁ f&em VZEI m m#&gﬂaw in tho m
fraction {othansd 85 V/‘?p - 9"5@ pH 7.0 %o 7&3)0
Blood wno collectod sn A.C.D, and rapid
soparotion wao done t6 yielé high vonventration
of faetop VIIL, To avoid tvancniosion of ecrun

hopatitis, two donos®o placma wao usods Rocovomy
of factor VIXI wao 59 $o 5% |

‘ - aﬂm‘to MR 0. !mpuﬂ%‘mﬁ
wam diaaﬂwﬂ Jeaving tho factcr VIII andl nood
62 the fibeinogon in tho precipitato,. Tho firsl
polutions wore olorilisod thwouch o nilliporo
filter, Tho yiold 2o ahout 16%, On o lawgo
aealo 80507 yidld 4o ronfily achiovol,




, aooptie precautionn axo takons
setionated antibaemophilie factor hoo nov

imn replacod by o product based on tho Blunback

10 1969),

proodpitete 1o lyophiliceds 20 o 305 sotivity

1o loot on fruomoedeying, According to Pood awfl.
hensn (1965) the yiold of the eryoprecipitation
mcsﬂm onh o largo gonko ie en low an 25 per conl,
Pordy sint por cont of tho activity of froch ploaemn
can o achievol, Venvor ot.al. (1967) havo
suggootod thet the fovtor YIXI activity of “out
Gated” blood i oufficiently bigh (move than

50 per cont)e

aﬂempaniga by the adé&tiou of eﬁhaml %0 3 pasr
cent v/v; thoy callod thio stop eryoothanod



on g.0ls 1966), Johnoon

n ond Noomony 1969, 9970), Tho Lactor

YiII 1o am“smw £yon thio precipitato with voRy |

10w donie otyongth trie tuffer (0.02 IT twio pH 7.0)3

other olotting factore are adnorbod on elluminiun
roxido goly stordlissd by millipore filtration,

Bolyetlhylone glycol § ?clmn, wm&. (1961339; Johnnon,
a‘t.ah (1966} am:z‘aducad lincay polymers? ¢f high
noomlsr weight. Tho otarting meterisl 1o o coludion
of tho Wtamaﬂiam petongy ANE®, Polysthyloms
glyeyi Loculay wedaht 4,000 40 usod ao
Lractionnting ogolite Tho pR 2o afjusted 0 6.2 vith
0,02 I adtwic aodd, Much of the fibrinogun 4o
procipitatod by tho addition of oolid PEG %o 47 UMY
a¥ 20°C¢,; Tho supegnatent contains moot of the origind}
factor YIII actividy, vhich 16 thom proeipitoted m
by imcrcaping tho P.BE.0. concontwotion $o 12 poy cond
W/¥. The procipitate is rizood $n 0,02 I Srie pH 7.0
containing § por cent V/V othomd st - 2°0 and
disoolved in about 1/200 of the ovigimo}l plasin volumo
of o aalnﬁm of @;02 11 twio and 0,02 I podiun eitrato
god end oterilized by filtration eud
‘ < W { ﬁ 0% 0k ¢ ("96939 tho
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Vagnew; Mchester, Smith and Bxdnmhouso (9964)
prothror bin group of eosguloation fmﬁw vap ramovod by
a&m@ﬁm o6 aluminium hydsoxido
by pdooxpiion sh dhideols The procipitation of
fastor VIII wmo offoctod by giyo xoy Pealening and
reoninowinlyzrdc aeid, Pealonine wae not uood eo
,_ 10, Bealaring - gava toxde effectu, Tho glyeino
vae uma as o memtm (Vobmtor ot.nls 1068)y yiddd
wat 70100 por cont; compavigon of glyoine and sthanoi
proecfures ghowed tho ;mma 80 and 657 respeotivalys

Hyeing memoves albumin. High potongy factor VIXX 40
wﬁmﬂ by glycino ueing polysthylene glyeol ao in
the method of Juhnuon Qﬁuﬁ&p (';9&5@ 1953& ?969}& The
mzaﬁeaawm m:na.ﬁemgwmmmmm

- Tho m of tannie actd oo o previpitoting egont
for the purification of factor VIII vap introduced by
Simsnottd, Onsillas onf Paviovely (1961). %ho otavbing
metersal for fractionation 1o P 1+0 of Homback (1958)3
Tannic acid wap addell ad o 1 per cont solution




azago y.tom £ror tho Honback Lyaction I«0 van aaﬂé
0 ho 80«100 per cont,

Horshyold ond &pwﬁa {1966) found that fnotop
v:m could bo ceporated fyom Librinogen by tﬁm%m
rough agarann goz.w mg mothod hoo not yet boom
aesremgsa on o regular production senlo,

m@wmomwmmmmm io of lov
o inteymodiate wﬁm;« It muot bo adnindotorod by
introvenous dips Faoto ‘
repifly from the cireniatd 3
purificd materiel compavcd with tho rite of lovs after
b ointler dossgo of @ crudor product (Johnoon et.ol. 1969,
ghonbrom, 1969) vhile climically offective matoriol of
lowoy potency romains in chort supplys




I¢ in cleoy fyom the foregning that Cibvwinogon
{Zoctor I) cannot bo canily coparated fron othor
meantmma (which are othexwioo nsoful) partieulasly
ho antihacnephilie globulin (AHG), Inspite of tho
fact that theso two coagulation factoro act gomplomentary
t0 ¢ach otheyr An olinjoal ¢svatment of certadn
hoomyrrhagie dicordors, thers amis$ tho neod of
oopoyating theso fravtions in purifiod foxn 4 be of
suffictont effoctivonoon, PRurther, 1t 40 iupewntive
to dovelop tho procoduron vhorody accurato levolo of
fibrinogen and antihsonophilic globulin coulé bHo moaous
vhith may holp 4n the loboratoxy ovaluation of theco
hotmatologie disoxdero.

I 1o thorefors proposced that thoe folloving plan
of work do initintold se

!w Wi&o . .fz.;;-mias} et mothos imlvm' 'mw“m
organic solvonto ot opdinary and Hoaw coro tomy
Agonto usuf for tho proper: Ny |

are {n) mn:mz onz.phaﬁw(-is) @nﬁy&nﬁa | mfw .
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{ t) yexyemm gwgnle

2. Purthep purdfiecation tmp ¢srricd out by column
chyomatography using Sophadon G200,

nologie and fmmunochomies) tecto of purify of
sgen and antihoomophilie glohulin,

4. Production of hav sroinmune serun

5s Quantitation of fibrinsgon and entihacmophilic
gxgm:.n :mmg nonoopooifie mm by mam

o ‘V‘I: 0 mmsm ammmea in fibﬁmm







5 m. of oilicon fludd 1o diluted % 100 mi.
with Harano to givo o 3% colusion (V/V), Tho cdoanod
glosovare $o rinood with this sslutiosn, %Tho oxcoes
- of solution in pllowed to drain off, Tho glooswerd
in 'ﬂmzt honted in o dry steriliz ;

fno mweaa is repeated again,

Pottlon, pipetton, syringe

silicomisad by tho absve procoss and thon thuy axe
rinsed with dictillod wator and thon storilicod 4in
tht uousl wannaxY

22.0 gon. godiwg citrete {Anadaos)
8+0 gnoe odtrio oedd (B.loxk)
22,4 gmos Gextresy (IPeB.Py)

were discelved in glar i dtotilicd vater and volumo




iv made Yo ono lityo end distributod in omall
bottlos in 50 ml., quantity. DB6ttlon aye then
otorilised ot 1159°C. for 15 mimuton at 10 1bp

- propeures Tho atémm anfl pyrogon toeting 1o

w5 boford weo,

~ Human blood wac esllectod at Haffiin
anfl at d4ifforont cantras,

 Inatituto

300 ola 9f blood 40 teken from cach donox by
8 c»z.m vammmma Contimous gontlo agitetion
| thozough mining of thoe blood and the acid
aﬂ.‘%ﬁ"atﬁ &mw enticoogulont thivughout the
bleedings Tho bloof bottles are coolod at 4'0 in
the refrigerators The botiles are then centrifugod
for 30 minutes at 1,600 g o obtain tho mmzinum

plm 18 separa
in cech b@tﬁﬁa

ic mpmﬁ fapsgm ﬁmaaé auﬁ pK 5;6) *by &iaaolvﬁng,



72 gmos of anpontun eulphato 4n 100 ml. of dictillod
vatar,

(a) Algohody Gommerciel sbooluto alechol

10 froohly

dio%illed ad bolling poind 78.5°C vhich %o 1
(Bpegravity 047939)s

oparnd cthey

2 B, phosphate buffer st pR 6.6 1o made by
dlesolving 817 gme of wuhydrous Ko PO, dn 1,000 wd,
of 44a031208 watar to which hoe beon added 750 nl.
of 4 1 ROR (169 gme)s Aftor worning to diocolvo,
the volume 4o mofe upto 3,000 mls and tho oplution
it filtered, One molax and M/4 mzm&m arc malde
from this giotk salu‘#im |

7+ 04055 1 godiwn citrato, PR 7,4 Movelt Bengent
Ba,040y 2H0s



8* MQ (‘7*8;?5)5 Bakey An

10+ lagnseium sulphato TH)0 ovyst, reagont (B.llerek)

11, Polyothylone glyool (e whs 6,000, Muwrt, 4,000)

Az 0,1 I solution of ¢itrde aoid
B g 0.2 11 solution of &i&aﬂi@ a84
(28,39 guo, of B, HEO

urs phosphato

17 guse of o, ERO, 1ZH,0 in 1,000 ml,)

65 mle 0f A ¢ 43,6 nl, of B 4Lluted to 100 ml,
e Photphato eitrato dbuffor pH 7.1

80 {(T4Ps)

0.5 11 soddum chloride solution 18 ueod to
incronnc tho fonie otrongth in gradient solution,
Tho peintion io propavrad by disnolving 58.45 guoe
of oodium chloxrido in oo litre of diotilled watow,



Sodium sulphite (Bog80,) (EDH) 70 gues 4o
diseolved in Giotillod vator and dfluted to one
1ityre,

ans 249 Wa

sse Y0 gme,
EY Y ) Fra e §
sue D50 nls

is dissolved in 00, free distilled vater and msde
to one litre, . -

1,82 g, K20, + 094 gus Bogileo, 4s dtecolved
An dietilled water and éiluted to 100 ml, |



7

Thrsubin prepared io dilutod with 0,858 Sall

A rolay sslution Lo propurod and standardisond
Wy ¢itrations 0,05 H, 0,025 I oy any othor wosker
molarity mny bo obtained by saiteble dilution,

1% coledun <lidordido fo propaved b,y ammm
1 gns of calotun chlorido in m nle of ammw
mater.

20, Sodtum hydroxide (35) 4o nado by diooolving 3 g,
wrido (3.1%2@&) in 100 nl. of dio%ill

Lo 0.85 gn, /100 slls
14+ 90 gmo./900 nl.
118, 20 gne./100 ml.



zaﬁ 301% 693 oty
234

Citrate HO1 buffow

moﬂim eltrate 5 Hy0 soe  B:00 gno,
Sodiu ehloride sse  3:40 pun,
Gluecosn sae 13,00 gnmo,
Cononsfel, (Spegravity 1.19) see 0:35 mle
 aye dispolved in diotilled wator and diluted to
15000 ol op najusted to 6.3

oxt 0,02 11 trie butfor (omtyoeting duffer)

2,42 gnos/1itres of trishydroxy mothyl amino
othans is dienoived in dsntillod water apd pH 4o
adjuoted %o 7.0 with concn, HOL.

0,02 X ¢tric

0402 1 sodium citratc

0:075 ¥ Hall

40 mls of 0.5 1Y sodiun oitrate
+ 4.4 gan. of vodiun chlorido

» 960 gmos of axtvacting btuffor anfd pﬁ

afjuoted to 7.0 with 0,1 N HOL,



4+203 gun, of citric seld disnolved in one
1itre of iotilled wator.

5,082 gnm, of poddum citrats di
1itre of 4ietilled water,

1 g of sluning ged (D0A) 4 suspended in
4 ml, of diatilled wator,

(0,02 ¥ tmidozole, 0,14 H codium chloride,
pH 645)e

0,136 gne of frddazole and 0,819 gme of sodium
chloride diesolved in 100 ml, of distilled wator,



sppropriate rmgm of Wnﬂim citrato (Eas%“vo -
2H,0) in diotilled watow,

vino maoﬂ is collected ot the
Aaughtor house dmete blod £rom & stad wound
in the m&m ﬂw tlood 40 allowed to fiow divoetly
into o menoured umount of anticosgulont (Vv port of
1.85 per vent postaseivn oznlate to 90 parto of dlond)i
these are mixod thoroughlys avoiding oxecsaivo
fooming ao much oo poseiblos Tho blood 45 filtorcd
through ¢loan gemzo and contyrifugoed ab 2,000 Pepetis
for 30 nimites Yo wemovo the red eoils, the placmn
ic aopivateds About 100 mls of doving plasmn do
raenleifiod with onowfourth of ito volumo of 0.1 I
solodun chloxifos 4% 45 allowed to clob at 37°C and
podntainod at that tmammm for 4 hourp a.tzez
cosgulation, thon plagcl in A00! rnig
The newt movning the coxum i aepamted fron tho ¢l
and stored at -« 20°¢C 4n ¥ ol omowk undil roquirod.
Adoones of foctor VIIT activity vao contimmod by
Anability of tho sorum $o corrcet tho abhowmnd
emampxam gencrotion, enf tho prothrondiy
onsumption teot; o hocmophilie hlood nla%aﬁ wvith
wtopth voluno of bovino serum. Tho difforont
basim of bovine somm coployed, gonoyslly contain
about 25 per cont of foctors VYT, IX and X, 200 por

. eent of factor Vo ond loos then 1 por cont of

prothronbin, The sanv eupply of sorum com bo used



for teotn cnxricd out ovor & period of ssvornl montho.
The day bofore o factor VIII ascay ie o be porforned,
1 ml, of sorum i éiluted 1 in 5 with verons) buffop
2% pH 7.35 and loft ot 4°C, Ovornight to posmid

© coupletc activation vhich $akoo place aftor dilution,

Lannas Blood is obtoinod fwom the patients by
. yringo technique with tho use of cloan,
sm:wmaaa and procosied tuboo endl vyringes. Ning
volunos of blosd eve miwed immodiotely with ono |
volume of 3.8 per cont trisodium citrato and opun in |
8 rofrigerator contrifuge at 3,000 rop.m. Lo
3 mizmutes without any delay. tleay nupémtm

. placmn 16 poparatoll and adsorbed with onowtenth

volumd of alumindum hydwonride goly the mixturo 4o
gholtent and ineubated ot 3T°0, for 5 mimutes. 7Tho
tubes are then spun et 5,000 r.p.m. for ton oimton,
and tho cupernatant Lo prompily ompirated into cold,
oiliconiced toet tulos, Dilutions are mndo in
oitratod solino. Tho sholed of the dflution ddponding
upon the prodablo contont of factor VIXL. fThe plestmd

édlutions anf tho other xesgento are kopt in o bath
of molting dco until the ronent of hoing uoed,

33, Standaxd ploenas Tho stonderd plasme e collectod ond
mpmeﬁ a8 vap sutlined for the teot ploomns Sin
d3lutions, 118; 18165 9592, 1164, 18428, 15256 aro




%

monly used for making the standard mw. ho

mm procedure chould be done at aspproxmimately the
same time as the tent sanmplo. Stondard plooms oy
8loo ho eltored ot « 20°0, Vith the fallowing

, prmuﬂam aftor being sopayatod from the dlood

1 grated contrifugo, it Lo tronaferrod
withant dex.q,y into omall siliconived tubos, which

.are tmmersed in o G0, ico-alcohod minture (with o
temperature of pppromimately » T0°C) %o fyeene tho
specimens a6 quickly as poociblo. mmmm tho
thawing £ the froron placns phould be poexformoed

 rapidly, tho tubs bedng ehalkon with the frozen plaoma,
in a watorbath st ¥7°0. antil completo thaving heap
takon placo, With theso precoutions 44 nno beon

posoible to preserve the AHP activity of tho wtandard
plamma £or 6t loast o month, |

34+ Copholimy (Chlovoform extract of brain « Bell anﬁ .
th 1954% Instend of human brain extract, monkoy
brain wns utilized in thio experiment.

A frosh normn) monkey drodn wen collectod fxem
Polio Department of the Institutes It was mm
with mater, The blood vesocle and the mondhgn wero
, yved ahfi tho tiosuo way cut into emall piewm
ma mu pleces of thoe tiocsug wore mocornted inte
trdon op thrido its volume of AR grafo ncotons, Tho

procons wao ropoatod twics oy thrics by changing




acetone and the cloudy acotone wms decanted off overy
ting, A orude vhito powder of the tisoug wap
obtoinod (fine powder was not proparcd as 4t used

to yico up while propuring ouepension with normal
saling), Tho powlercd tissuo wos then dried and
proserved in the swmall lots in cool, dark and dry

0.5 mgs of acotonn dried byrain was fivst
woshod with 20 ml. of AR grade ocetone and the
mizture was left for ¢wo hours, The brain tiosune
was yosovorad by contrifugation and the supornstent
acotone was diocerded. The recovored brain povdor
was oxtradtod with 20 ml, of chloroform AR grado anil
kepz m@ ¢ hours, AfLtor ¢xo houxe tho suspenpion
(dcep yollow in colous) wao filtored and tho powdorod
bradn wap disosrdod. The filtrato was dried 4in
vacuue and the regulting solid was diluted with
5 » 10 nl, of normol spline, Tho stook sclution
was proseyved in deep Lroesu without any loge of
mﬂmﬁy for tip to throe montho amd 41dated 1150 in

oronnl buffer before unes Tho euitablo dilution
syminod by teiel and drroy in tho test.

Por throuboplastin goneration test 19900
d1lution of ehloroform cxtvact of droin wao found
to give sotiefactory rooulis.



m pm t:f 353 pey ount aadﬂm cxmw anﬂ eun‘m.fugaﬂ
&t 5,000 Fepeme Yo 30 minutes ¢o obisin o p;tataleﬁ
pooy plammn. This io fractionated in convenient
“yolumes and otored frosen until usoed,

A rondily nccoseiblo vein af good m&wa' on
tho foronrm wno choson and tho apin overliying th
vein wag eleanod. The tousniqued wan tied on tho
uym%r am in such a way that the arterial Hlood flow

: tained undinturbed and the wonous yeturn g
m@ fo@ The Blood vas allowed to flow ouf into tho
dyringes Tho ontronce of the afy bubdlos through
tho hub of the needlo and the tip of tho syﬂngnam
hetwoen the piston am the barrel of the syring '
wore avoided by adjusting tho sposll of flow, bmmta- '
copnoity and the type of tho eyringo end definits
snuge of tho needlee were choeen Lor blood esiloction
onfl thoy wore trosted with silicon colution bofore
ues (Syringos 20 mle capneitys luoew mount typos il
gass fitting tightly with tho charp pointed needlo
of no. 20 gauge and 3 oms. in length).

Tvo syringe nethod ves adopted for tho
sollection of blood oo a8 to onoure that the ruptured




4;‘

. tiosuen or Mwm £luid was not minod with tho W50ty
(Pirotly ono or two rl. of the Blood wme collootod
with ons eyringe vhich was Siwmcardod and the eeeond
syrings vao ottached end the roguircd cmsunts of Yho

blood wao acpirveted)s The bloo@ thus obtainod wap
immediately mixnod with the anticoogu
tho tubo gontly.

Tho Giopersion of wmter microdropleto in
poreffin oil ves introGuced by Fround, who usod
avarsl types of wotopreineoil otebilizors such ao
lanoling lanoiin dorivativen; Arlacol A ete.

myﬁamtem (@.Bm‘w/m&;) adjuvant without
nycobactorin do ealled “incomplote™, Tho chodeo
souplate "vorous® incomplote cmuloions yvest on
 opeviel conoidorations, A prolonged mlggﬂ ped
astimiluo 1o oxporicncod vhen incompleto alljuven

f6 uood, but 4% nay bo somothat groater with completo
sdjuvent, NMycodasteria can add a now quality, by
synthooisings Largor amounts of procipitating
antibody now tepmed 79r, vhere ns without
nycobacterin the cynthosio io largoly 78rge Feound®s
deviood hio "conplote™ amloion, for imtramusoules




injootion. Tho modified and offoctivo Pround's
Adjuvant io prepoxed with following conetitucnts,

86 parte liquid parnffin
12 parte lenolin
2 parie sluminium monoetorato

Tho adbove substances sre mimed togother and
bolled to givo & uniform solution: This adiuvant
10 incomplote. T this myesbactorin were added
(11 607) end mimod to give complote adjuvent,

38, Sophadon 0200
39, DEAR CELIULOSE

40, Antiehy, Anti-3 humst sexun

49, A onid B group colle of human blood

pH 8.6, onic strength 0,0625

1) Barbituric acld 2,3 gnos
11) Sodiun barbitond 12,875 gue,



~ The acid wep dissolved sepnrately 4n 50 ml,
of glaso iotillod water st 60°C, Tho mslt wao aloo
dissolved soparatoly in the glass distilled wetex,
Both tho above solutions wors mimed and the fimnl
wvolums was made to one Litro.

0405

P8 8.6y donie strongt
1) Sodium barbitono 14.76 gmo,
11) Sofiunm mcotete 9.71 gme.

Iho above salto were dissolved into dlotilled
water and to the solution 90 mi. 1/10 hyérochlorie
aeid vap added anf the finnl volume was made %o
3.0 litrens

3.1) mawaﬁw exdoride w.a and,
414) Absolute aleohol 100 ml.

0% gms of amido black 4ye 108 woo dissolved
in the nothonsl, acotic cold and diotilled vatex in
tho ratdo of 50140040 roopootivoly. |



Princivlas Tho popiide group 4n the protein reacts with
B:mzat reagent to form o violet coloured complox
compound the amount of vhich i measured Solovimotedicnlly.

1) Sulphate sulphite reagent
2) Bluret reagont

Procoduras 0.1 ml. 9f plasma wes tokon 4in o test tubo
m made the volumo 5 mle by adding 4.9 mle of eulphato
sulphite oolution and 5 ols of bluvet resgent pdded
making the totol wolume ¢ 10 mle. . In caso of "Hlonk®

$ mls of cachy sulphato sulphite solutdon and biuvet
roagent vas tokons Allowod 40 stand for 10 mimuton and
read on eplorimeter af 530 wave longth, Standazd graph
wap plotted with 1% humon albumin aodution,



amtmw Gae mmhia is aéaiség cm&ng mniﬁ unﬂ
quantitative depooition of Lidwin, %he Librin clot 4o
romovot, washed and the protoin detormined by the biurod
reaction.

ti )i 5@0 !mi.tn/ml.

3) ﬂaﬁia atbluﬂan 1‘35
4) NeOR colution 33

4 nle of odtvatcd plosmn 4 3 mle of Neoelind
+ ¥ nl, I}/ phoophato buffor and 045 mls of ¥ 0ol
vexro mixed in o tont tubd, 0.2 nle (100 undts) thronbin
colution was odded to 1%

Allowed o stond otill a% R.T. for 15 mimitoo.



movel the ¢loty; washod with diotilied watop,

540 mls 9L 3% NaOH
gt 3?’@5;

added ond ploced in o watorbath

0.5 ml, of colution was tekon in a tubo. 4.5 nil.
of sulphate sulphite woo odded and 9§ ml. of bluret
reagent was added and rood on colorimeter ag 530 wave
length aftey 185 ninaton,

Light peattering oo doseridod by Thorp (1967) op |
1ight absorption pessuremonts of a diluted plosms and
ite coyrooponding seyum at the some dilutions wero
compared after heating for 20 mimutes at %‘% Tho
aifference batween the plosns and sermm roadingo wao
direetly proportional ¢o the econcentration of thrombin
dlotteblo fibrixogen, |




1) 0.85 @ns/100 ml. eodium chloride

2) 10.0 gne./100 ml., sodium chlorido

3) 20 gmo./100 ril, sodium chlorife

4) Auman thrombin propared at¢ thic Inotituto.
Dilutod in such & vay that one volume of thio
diluted thrombin elotted an egual volume of
norual eltrated pm in ﬁM‘B aaaam‘!m

biood at 3,000 P:Putls Lo ﬁva mma m 4‘&

In twvo tubes lobollod “Eeﬁm? and ®plasma® wero
pipetted 1,8 wl, of 0,857 sodiun chloride and 0.2 ml, 0f
frooh eitraGod plasms was addol.

The contonts of the Yserus® tube were c&aﬂeﬁ with
042 mls of thrombin solution ond an oquivalont volume
of 0.85% saline wap added fo tho contents of tho placmn
‘BBMQ |

‘Tho contonto of both _tuhe-ﬁ vere mined and
‘facubatod at 37°0 Lor 20 minutes and the £ibrin clod
shich Lformed An tho serxum was removed by winding on to



tho clot on the oide of the tuba.

Fext 2.0 mle of 208 sodium chiorids vag added %o
tho Pplacma® and "serun® tubes to bring tho eoncomtration
of Fall ¢to epproximetely 107 4n cach tube.

Both tubes wers incubated at 50°0 for 15 mimites:

wors awla& io 2OOm mwemma The a1f£ferenco botwoon
Tperun® and "plaoma® tubed way meesured vithout
Méiﬁam d1lution at 365 mu in & Unicam Sps 600
speatrophiotoneter,

Xdentical procedurts were followed for the standaxd
plasma in each come, The Librinogen concentrotion
(mg./100 mli) of the tost mmuplo wao given by 0.D.
differonce bstwoon test Fplocua® anfd "serun™/0.D.
difforeonce botweon standerd “placmn® and ®serun®
tﬂ:mgm content of stanferd ploses in mgy per 100 Eﬂm

OeDyplocum (2) = OsDo sorum y ige$ £ibrinogen
OcDsplaama (8) « OoDy norum
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Thrombin clotting time was porformed 4n
quadruplicato by adding 0.1 mi. thrombin solution
(2 NIH unitn/ml,) to 0.2 ml, comple prewarmod o 37°C
for 3 mimtos, |

Indc Jovo. Borgma mao)

The mothod for tho aoesy of factor VILI setivity,
based onr the thrambopl otii gonoration tout of Bigge
and Douglos tut doep mot voquiro hemophilic bWlood now
speeial materialo and Lo geaily adopted to any laboratory.
It constets of o mixture of calelumy; cophalin and Mﬂm
gorun {Co provido all tho cloiting factors roquirod Lov
the genoration of thromboplastin oxcept factor VIIX) addod
sucenpsivoly with dilutod adooxbod unknsvm placme ond
standnrd placmon, Tho eorveoting offect on the
thromboplactin goneration (meacsursd in the ususl way on
& recoleifiod platole$ poor oubstratd) 4o comparcdy
tho omount of factor YIII coan bdo exprassed in per comt
of tho otondard.

The xooulto are oxpressod soccording %o Ba.ggag
Bvaung end Richaprdn 1955 givon in Bigse Maofaxd
1962 Baition,
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Tho reagents are kept in molting ico, arc pipottoed
into 6 vam 10 & 75 mu. tubop mointained in a vatorbath
at 37°0, in tho following ordor «



1) 0s1 1o 0f 31in 2) 0.1 ml. of dilutod

bovinos osrun 3) Ot mh of diluved toot oy otandard

' platmn 4) 0.1 od. of 0,025 1 Caflye A the moment of
adding the calciun chlowide & stopptch ds otarted.
Bxaetiy 8 minutes after tho invubation of tho rosgonto;
Ost mle of yenoting mixturo i tronsferrod o8

10 = 75 mme {tubo containing O.% ri. substrato plosua,
proviously vamod in the waterboth and ¢ vhich 0.1 ml.
of CoCl, wag added; 10 seconds bofore trencferring tho
genorating mixturo, The clotting time is determined
with a segond stopwatohs I% will be obeerved thny

8 minuten olepoe bofore the gonerating mixture 4o aaéea
to tho cubstrate. By starting guocensive generating
tubos ot intorvals of ono mimto uning tho smmo stopwatehy
4% 1o poseidle to tost tho six 4ilutions of the standayd
plasns and the Wank in 15 mimutes, The duplication of
tho stendard curve will teko snother 15 mimton, Thom,
m the mext fiftoon nimutes, the threc a4lutions of tho

aama undoy otuly ore tosted in duplicate, Any
aumaam& determination vill tako ancthor 15 mimmten,

- The avorage valuos of tho two clotting timep
recordod with cach 4ilution of the stanfsxd plasmy andl
tent plnoma are plottod on doudlo logorithmic poper
ard the points aro found ¢o £all on o sivalght iino,
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Tho clotéing tinmep, for the normal otonderd and
for tho abnormal oamplop tested aro plotted ao parallo)
1ines on doublo logavithmie popsy (Pig. 3)e In Plg. 9
10 6 diagremntic rapresentation of rooulto in vhich

linon corrvoponding ¢o 50, 25, 'izaﬁ and 6.2 por m
of foutor VIII have boen drewm poralicl 4o tho nozmol

otandaxd ling, I¢ 4o aosumod that tho concontration:
vhich givo tho came arount of factor VIXI. Thun for
tho noyaal etanderd o dlotting Yinme of 20 soeondo ocouso
in the samplo atluted 1 4n 64 Tor tho 50 poy cont
sapla the clotting Ano of 20 seconde ocourp S tho
oanmple diluted 1 m 32 and Loy 85 por cont sonplé of

1 4n 16 and s0 ok,

In thic exempls tho ealoulation of fastor VIIX
concontration is obvious. In moet orperinonto tho
concontration tostod will not do oo convenienily
arranged ond 4% will bo neeosenzy 4o mako ust of tho
calibrations on the gyoeph paper. Tho horigontal peale
of tho paper is used ontering tho pleens concontrationo,
I¢ vill bo obuorved thet, on doullo oyelo poper (vhich
10 vequived), thic pealo crtonds ¥ to 100, 4f tho Jenvt
é4lution ueod (1 in 2 in Pig. 93) 4o ontered a¢ 00
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thon the next dﬂnﬁon, tho 1 4n 4 (whick io helf tho
concontration of tho 1 in 2 dilution) muot bBo ontercd
a$ the 50 onlibration, thu 1 4n 8 will B0 placod ot 28
and oo one Tho logavithmic scale is showm ao tho uppow
poalo of Fige J anf thy actusl 4ilution usod arc on tho
lowop seald, To eslenlato rolativo mmount of :ramx* VI
aetivity in the wunkmowm, o hoxdvontal 1ino is dystm

to ecomnegt tho stanfard ling vith that for the mﬁsn‘t.
Tho graph paper soalo maﬁm of each enfl of thio lino
oro vocordods Tho relative omsunt of factor VIII will
bo given by formule, |

| chia.a reading of intersection with nmrma.l line

‘Scale reading of intersection with test sample '1:.ne

X 100 pexr cent

- N -—

nothods for aemma%mtion of tho majority of thaso.



proteins, Aanea

eollulose a@a‘m‘za oy am mﬂa,a m ueuauy mﬁ
mfficiont bocouno of the hetorogoneity of the vagioun
electrophorate fractions, Immmmeolestrophovesio B
peruits only semiquantitation of tho infividual proteins,

Rocentlys rolatively einplo immunochémical mothodo
have boon dovoloped which allow the prociss quanvitation
of individunl protoins in copum and other biologioal
fluddo, Tho method of eingle mdial immunodiffusion
8g nodifiod from Mancini, Carbonara and Hopemano (1965),
i relisbtle ond practiomblo. |

Pyineinlos The prineiple of this mothod dopende upon
ﬁhﬁ wtuam of the protein fron & suall cylindpiol
well dinto & ¢thin antidoly « containing ogapr gel layex,
Ap the antigen diffucon into the ager gol a precipitin
ing 1o foxrsiod arownd the antigon well, Tho dismotor
@r thic ring 3z rolated $o the concontration of tho
sppliod antigens |

%: Dgarodo gel 97
2, Buman fibrinogon 955 clottable wao xoconotituted
to give 1% solution.



S grom £ibrinogon vas propared and  \ 4,
WS mmmm way oo “

4q

a) Robbdt mntihuman fibrinogon wntisosus wao uood
by absorbing with hunan soyum, Immunowaleetyoe
phoresio showed that the sntiserun rencted oo o
gingle 1incg againet bumen pleoms and 814 not
ropet with human sopume '

b) Anti-AHP proparod by Hoyor'so method wao used which
gives 8 einglo procipitin line ogoinst
and AH? and not against Lidbrinogon,

The og%imai antibody concontration in the ogay
gel varied betwoon anﬁhuﬁy lote and vao adjustod by
i _ s ge) Qaa mle of anticozun
vRe 1mmmm in w m ngay solution ang Loy AHP
046 ms of entiserun woo mixed in 10 ml, agayr colution,

The wello woma punchod, A nicropipotto wno ueod
carefully *t:a £41) each wan in 5 m nml, o2 tho mlﬁ
' ' fexdls Tho elﬁdemmewema




120 RADIAL IMMUNO DIFFUSION OF FIBRINOGEN
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Typical calibration graph obtained after 24 hours of

diffusion of human fibrinogen solution.
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Typical calibration graph obtained after @4 hours of

diffusion of human AHG solution.



and allowed to stani at yoom tomporature for 48 houro,
The dinmeters of tho elrenlns precipitaten woro
noapured vith & vpeoinl soalod supplicd by o Hoochot
Phapmaceutioals alongwith paxtigon platen,

The unprecipitated protoin wan cluted for 12 houry
with salino solution, The gol wne thon dried in an
oven at 85°0 for half an houpy stasned with amido Wack,
washol with 27 acotic acid and dricd at roonm tempernturo,

A stanfaxd curvo wap construetod by plotting tho
d1emetor® of tho procipitin rings of sach dilutionn of
the stondard solutionn (abseises » antigoh conventration
4n ng,/900 ml.y oxdinator- diemotore in millinetery)
on aem lopnpdithmio graph pepeds Tho obiainod pointn

nally comncet to o otenight ling, Tho valuce of the

taat samples oye ropd fyom tho graph, Protoin

concentration on teet samplos are mmaaa& in ne, /100 ml.
(Fig. lf- and 5)

Gel diffusion 1o & simple and highly ucoful

eemmw for the antigonic enalysic of @mpl#:m
' ale Tho prineiple underlying thic tochniquo ds




that whon complen antigen and i%s spocific antidedy are
alloved o 44ffuso townxdo cach other in & gollifiod
modium, precipitin 1ines sre formed which axo inzoludlo
in paling, Xoch precipitin line ropropento anf
indieaten tho prossnce of ono antigen.

We have followed the method deseribod by Crassot
et.ale (1958), vhich is a modification of Ouchterlony'n
horicontal gol diffusion techniquo, Im thio methodly
cleay mioroncopic olidon 2,5 em. X 7.5 . oxé ueold,

3 ml. of 1% agar preporod in noymel colind io poured

over the olido and 10 allowod ¢o polidify tho gol.

Aftor oolidification of tho gol o sovon woll pattorn

wag cut in the gol., Tho wolls wore 4 mm. opard and 2 mm,.
in diameter. Tho wolls were punched by suction ucing

B pipotte with & rubdbbop tent $o creat vasvwna. 7The wollo
vaxe then filled with appropriate sampleo of antigen

and antivody. Thoe elidoe woro kupt An the potridish
along with moist cotton {o provent the gol from drying.
The rosul$ was scorcd after 2448 hours.

After soopring the rooult the elidon woro washod
with normnl saline for S-6 dayo changing the celing




every 24 hours, %The finsl vathing wag dono with
Gietilledl water, Tho slidop were Ariod at 80°0, kooping
£i3.ter paper ovor thoms Tho olides wexo thon stainsd
vith 0.5% omido black dyo 10 B, Tho oxeoss otodn was
weahod 028 with ¥ glaeial seotie cold solution and
subsoquently vith distilled wator, The washings wespo
continued €411 aguy layer mmummg the pm&pim
linss was fyoe fron the stadn, wing wao dono

vith giycing solution. Such m&m osn ba prosoeved
infefinitoly. |

particlios :l.n mluﬁan waa? tho dnfivonce of an
olectric floid: The movoment of tho particleoo 1o

bopod on tho difforences in the ndgretion volociticn

of difforent protoins in en cleetrie £iald duo ¢o tho |
difforoneos in the ot chargo on the pratein moleculoss

Thor aro various methods of clectrophorooic, the
mont widoly ueed method 1o moving boundarton, I wap
firot opplied for the study of proteins by Tiseliup (1937)
anfl 410 therofore lmovm ap Tigeliuo mothod. Tho vardoun




Mpporting medic have been uced ocuch ao glace boadn,
dlase povacr {Ooolidgo 1950), Starch (Tisediuc &
Flodin 1953) egay gol (Gyabdbar & Williems 1953, 1955
poper (Kunkel 19%54) avd staroh gol (Smithon 9955).
Hoat vommonly used nedis ere £ilter papery agar gol and
gtarch gol.

tmeaﬁiam of tho papor cloctrophorasic =

b) Bost pmﬁeim are abmx‘wé to tho slight extont on
the papors
¢) Variotions in tho filtew paper, buffer concontration,
temperature, tlectrical eystom, oteining mothodn M&..
oausaed variotions, -

- Ve hove usod the cloctrophoreeio chambor supplicd
by Bijou Adco Compony and Shenden Powo

Voronsd luffay, pH 8,64 ionio otrongth 040625 wao
£4110d in the buffer compartmento. 4X34 ens Vhaimen
No.$ filtew popes atmpa were uavd., Tho otvipo wore




modotenod with MWffor and dottod to romove oxcoog of
moloturc. Tho atrips werc thon placed in the chenbor
in such o vmy that the two endo woro dipped in the
buffer compartments. 0,05 ml, of the sumple wag applicd
in the niddle of stripe. Thoe chamber wan coverad with
covers A current of 0.5 mAs per strip wao opplisd snd
cleotrophoresio was yun for 18 hourw,

The strdps were dried in an gven sd 900°0, Loy
15 ninuten and thon gtaine th brorophennl tiue y0.
The atrips wers kept for w mimtot 4n dyo anf excons
dyo was removed by washing the stripn with 19 acctie
aeid eolution, Pinal washing wag done with dietillod
vator and ptyips wora dricd ot 80°C, The driod etrips
wors properved for furthey testing..

Tho separated protein fyactions wore eut out s
4ndicnted by eonep and put inte soparato tost tuboos

To cach tubo was added 5 mle of 4% sodium cawd



solution taking care %o soc thet the etydipe woro
completaly dipped in tho solution, Aftoy ono houy,
optical deneities of the colourad colutionn woxa rond
on 8 Unichom Spe 200 coloximotor using ¥o. 624 £iltor
heving maximun aboorpiion at 520 m m. Tho coneontration
of the protein was esleulatod with the halp of o
ptantesd graph of dye concontratioh agoinst

T densitys

Vapious methode have boon doporibod among vhich
- tho techniquo of Gorden ctenls (1950) and Odwd (1950)
iabmamthﬂmaxmwwma The prineiplo 10
weme a0 in paper clectrophordoio oxcept the cupporting
modium 46 ogawe Thin hap an advantage over tho papor
electyophorenis that tho structurs of an ngor gdl 4o
pore uniform than that of £iltey papér snd moxvovor
the fractions oan bo vluted for tosting ito varloud
properties (Graber 1959).

The chamber was £i1lod with darbitone scotats
buffer pH B.6, ionte styongth 0.05. 1% agay gel weo
prapared by dlessiving 1 gn. 4ifce-sgey in 50 ml, of
tutfer and 50 ml, of watere Thic wae heated in boildng




wntorbath, for 1520

olatone 2.5 mle of gol wap pourcd

on cach giides After solidification tho dliden wero
ploged on tho ¢lectrods veesoles Tho dornection
botwosn tho gel anf buflox wan nade by plaoing
Vhatman Hgs3 otripo.

Yhatman Nos3 filtor pepor steips of siso £ omet 0.9 om.
word somiod 4n the oomplo and placed on the gol loyaw
A constant surrent of 2.5 mh per #1ido wop applied,
Tho vhole set was covered with glacs plate %6 minirdoo
evoparation and to keep up the humidity, Tho |
oloetrophorosic was corriod out for 3 hours, Thon tho
olidep wore dried in oven at T0°¢, for 20-30 mimaten.

The protein corponents wore loceted by stainin
vith 0,5% emido Ulack, 10 B dy0.

Trio i & coneitivo mothod for chayaoterisation
rarious proteins after their electrophoretic
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separation by thelr opooific prostedtadion with
entibodics, The method wes firet introduced by Graber
and Villiams (1955, 1955) Tho mimturc ¢o b0 studiod
10 subjoctod to ¢lectrophoronic in gol. Whon tho
diopevoion of the constituento by tho cleotric f£iold
i5 judged %o bo oufficiont, elotirophovesin is stoppod
and imune eerun 16 sllowod to @iffuse parpondiculoxly
to tho mile of migration, Tho antibodics prasont in
this sorun and the antigonie constituents of tho
annlyscd l4guid diffuse inte the gel and vhon thoy
wect in propor rélative proportions insoluble antigon
antibody comploxes apposy and oyreo of spocifie
precipitation bocoms vieiblo.

The agar gel and duffer ie cans ae in agar gol
slectrophoresio. In the gel two wolls arg madg, Toot
samplés are £111ed into the wello and the alides thon
bridge with the papoy otrips dipping in the buffor,
current asod was 2.5 mA pex slide for 3 hourn,

The voltage was adjunted to got tho requived cwrront

0 usually 100 velto,




After 3 hours the current is atopped and o tronch

2 mm wide $0 cut in tho ager gol pevallel %o the direotion
of mtgmtien of componento cguidiatont fyom tho woll

B 1o £i1led with antisora, Sofium acids wom
epyir 'j‘.aﬁ on tho gol ¢o prevont beeterial contamination,
The glidon wers opt 4n the potridich along with the modat
catton and hept at room tenmporatures The epucific
provipitation 1inos sppuay within 24«48 houve,

The sliden are washod with normal online; dwried and
stoined with amido black dye. |

2 gme of Sophodox G200 povler wap allowed t6 oonlt
in 500 nl. of normol ealine for 48 hours in cold (0° e 4°0C),
The saline was chmaa for. 2/5% timos ond the u.ght

carcfullys NG | - poured
o eilicondaod glass mzmn measuring Eﬂ” ® 1“ 1n ai«mt@w
axnd allowed €0 sottle under gravity 111 the column
attained a4 conutant height. A volunmg of 2 nl, duffes
van kopt adove tho sophaden column to prevent fivm drying.
The column wee kept 4n 6 cold room (0«4°0) and wached
vith eitrate HOL buffor, The hoight of the pophaden
colunn wars 30 e
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: rinogen vae dialysod in saling and 10 ol
ong agpmm onto ¢he colwmms The frootions oulloetod
at rato of 1215 mi./hys enf 5 ml. olutes word colloeted
into tent tubes. Tho optical donoity won mospured of
each ubt on gpoetrophotonster ot 280 m u ond after
plotting up a gragh the tudbes were pooled. (Fig.c)

Two peaks werq obtained. The Lirst peak stario
from 4th tubs extinding to the 8th tubss 8coond peok
storting from 10th tube and oxtonding %0 thd 15¢h tube.
The ovexiapping fractions 4.0. B8 tubd, 9 wao discarded
ap 1t wao obaorved to contain mizturo of both the
Lraotions 4.0« AHP and Librinogen, Tubos 4 Lo 8 woxg
pooled and eslled ag froction I and %0 $p 15 fm%ian 1X.

AHF wag prepored fron inddvidual groups of plasme
anf slgo Lrom pooled plm by differont matho&a and
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The titration 4 carried out vith tubs techRINdo,
Progrossive doubling sordes of 4ilutions of tho ARP
wore nzde in physiologiesl soline upte 11024 Gilution
vith & pantuny pipetto graduated to doliver conntant
voluno (opprox. 0»03 mw)n

To theoo dilutions, one volume of 27 red colle
puopencion in salinoc is afded and tuben oro ehale ‘
(A for Anti-A and B for Anti.B)s Tho tubes arc imubatczﬁ

a%t room temporature for 1 hour and yosults ave yoof
under the umierosoopty The reciprocnl of the highost
681ution which vill show dotectadle agelutimation io
termod an the titro of antibody.
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ibrinogun 4s prooipitated fron plama vith
aloohod or ethew, Tho methods uscd for precipitation
vary with tho consideration of Blood maﬁm end the

Raamoraton (1879) uwed the fraction procipitated
with saturated cpdiun chloxide colution and removod
othox plasma protoing by repoatod precipitation,

1lanby (1599@ m@) procipitated fibrizogon by

The purdty of the produdts propared fe julgod by
dotermining tho amount of protein Meh romoadn after
the fibrinogon in xmoved by coagulation with thrombin,
Fibrinogen proparod by phosghate buffer mothod wan
found %o bo purar than that proparoed by wmy&tﬂ“@w&
with cmmonfum sulphate, The Librinogon propovod by
other 4 oleo relatively pure (Kelvrick 1946%

Some methode for the proporation of Zibrinssd
axo diocupsed hero,
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UseD  FOR L DP‘tPﬂQQTQM Q\ F\&R)NOQI:_B

ME THODS

1) Ammondum euiphate method {Nournth otends $943)

2) Phosphate buffey mothod (Jaquen 1043)

3) Procipitation with ethyl ethor (Rekwick 6 Usckoy 1954)
4) Procipitotion with godfun exlovide {Poroon 1972)

9) Prooipitation vith ethyl aleshol (amm «ole 1048)

6) Propavation of Zibrinogon fiom cryupm é? Ty

supernatant (- ).Crotboloar 1973)

%00 o). of human Blood ie copllooted 4in the
bottles containing 50 mle of Aetd Citrato Dextroso,
Blood 18 kept in the refrigorator at 4°0C. Tho
plaams i them clorificd by contrifuging st 2,000 2.p..
foy 20 mimatos, The 400 ml, of poolod plocun wao |
poparatod. Tho pH o adjuoted to 7.6 by the addition

. of NaOH, Tho oolution i¢ chilled in aon 120 dox
t0 0°0, A saturated ammonium sulphnto (525 gmo. per
1000 nl.) %8 adbed $o plamms dwup by drop fwonm o
veparating funnel while chillod@ plasma is boing

stantly otirred meshanicallys Por ench 100 il

mm 33 nl, of smmonium sulphate is addod; reomliting
in 25% saturation: Tho solution 1o plocod in tho
Loosboxt anf slloved to otand for ot leact 12 hours,
Tho procipitated Cibrinogen is thon separatod fronm
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Eolution by ventrifugation ot 2,000 repum, for =
19 winutes, Tho supernatant is pourcd off and tho
precipitate io washed with a chilled 25% splution
of ammonium culphate, The precipitato is agein
‘saparated by contrifugation snd thon cusponded in

s amount of dietilied watox: This susponsiol

ophano bag and dialysed in tho

534 agninet four m&camw porblons of phystclogiesl
mm,; changed thries in order €9 romovo omsonium
eulphato, Thd sugpondod fibrinogen goes into
eamtm during diolysis. Tho pH 4o chocked end 4o
ucuslly founl 4o ba 7.0, Any incolublsc matorial io
removod by contrifugation ani the clear mupornntant
is otoriliged by paceing 4% through 8 gofde filter.
The aslution thus collected io stored in oterdlo
bottle for cltorage ocither in tho Lrozon stato op in

B freeso dried stato, The fibrinogen sbtainsd do
tonted for protuin eotimations IThe elotting timo

io aloo studied: Tho purdity of the product ie
ptudied by sleotrophoresic.

Contoninated plasna uat nosd for this method,
Po 1,000 mls of disesaded, comntaminatod plasmn are
slded 50 mdy of 43 (OH)y susponsions The mixture



ic sﬁmaﬁ at yoom tonp

ratups Lor 15 minutos. Tho

ﬁamﬁsm m p&m 1o voolod -t 'iz*’-»mﬁﬂﬁ and
to thio 1o added on squal volums arﬂmwemha% L
ffor whioh kot been previously 108 %
in tho Mfmmmw Tho mixtaxs is allowed to sﬁzanﬁ
for ’i§ m&mﬁa ani to allov the fraction to precipitato,
w6 mixture de trifuged Lox 10 mimtos et 2,000 mmm
the oupern ,m &a Gincardeds Tho gwﬂp&taw
| washed wi‘& 1; D mls of 1 M phoapl
%lw precipitate redoversd , fugatio
pmﬁipi‘b&%i} w then diost :;wma m BW mls of BM

yiumo 9&‘ gu phw;phata mww. The precipitato 1o
podimentef by centrifuging, washed with 500 md, of ¥ I
phosphate buffer and rodiosolved in 500 ul, of W4

sophato buffor, Tho precipitation ond woching axe

¢ated ohes more and final preeipitate is dlosolvod
m 150 ms of eitrato onlin s, (9 parts of 0,85 per cond
salino mﬁ ena ym ax ﬁaaﬁ mmm ﬁim%h Thy

5000 rl, of a&txam miﬂﬂg the dialyoing

be aﬁmé uring this time, Tho mm is
gontrifuged Ove any mcﬁgmata that nay hevo
forned end tmm dricd, Tho drying is emplmaﬂ
in o vaemm doscicator over phoophorus pentomid




The dried product is weighed and dissolved in
Gistilied water and roconntituted to originsl volumd,
This solution is ready for une,

Prech plesms is used in thio mothod, The
addition of other wes carried out on the same day,
The Lractionation methol is describod below,

The sorial fractionntion commencen with
procipitation of fibwinogon, The sdéition of 1%
volume of othexr to plaemma wes carried ougy
meintaining the temperature at 00, Thio brings
about the precipitation of 8% of fibrinogen which

- oollects ap 6 siundge at the hottom of tho
pracipitation vesmel, The sludge is eantrifuged
to obtadn exrude fibrinogen o a fiwmly packed
precipitates. The procipitate may b¢ suspended at
0°0; in 20% of the plaamn volume citvate saling
%5 which has been pided 87 volume of ether and
ngadn eontrifuged dovn o inereaso substontisliy
the purity of the product. Tho oyudo Sibrinogen

{Prection 1) analyssd oloctyophorotioally o by

ﬂetﬁm test, containg 504 £idbrinogen, the moin
nant being slbumin, %his naterial 4s uecd
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Fibrinogen ie precipitated fvom ploanma over
the range 15422 gms Ne01/100 ml, plasmn. By |
initially troating plaems with 25 gnes FaGl/100 ml,
plasmo o precipitate producod which containg all
of tho fibrinogen, This may be used se starting
matorial for further purification.

Flbrinogon moy b purifiod from plosma by
precipitating with 5% polyethylens glycol (PEG) in
phosphute citrato buffer at pil 7.1, The procipitate
18 removed by centrifugation, rediscolved, in the
phomphate citrate. buffor ond reprecipitated with
2084 NaGl. Vhon using Nadl ap the precipitating
agent traces of conteminating PEG romadn 4n the
pupernntant fraection and the procipitate bohaves
in o peculisy mannor in that 4t partly vedimonts -
out upon centrifugation and partly forms o "Colwe®
on the surface, which 46 coused by air trapped in
the precipitate, | |




"

300 ml. ecach of blood woo eolleoeted in 50 ml.
of A,G,D, solution, The Blood bottleo are
contrifuged in & refrigorated contrifuge and 400 ik,
of pooled ploems 4o soparsted out in eterils
botilon.

Cool the plagma bottles to oém,,

odded ¢t each bottle to gm & finnd emcantmﬁan
of 8% (9 ml. por 100 nl, placua), Ensure the
minturs by rotating thoroughly. The alcohsl should
be precosled to «15°C ¢5 «20°C, Ko pH adjustuent
16 ncconsaxy,

Let the bottles stand overnight ot «2°0,

eatrifuge the botiles in o yefwigerated
contrifuge at 2,000 rep.ms for 5 minutoss
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Syphon of2 the cupexmatont from tho sedimentcd
fraction I using the anno tochniquoe as before,
The supernistont moy be uccd for furthey fractionation.

The procipitate in cach bottle 1o dicoolved
in cnough storilo citrats buffer to give o total
volumio ‘of 150 mle The tuffer ic transforrod by
aspiration ints the closed bottle through the
xubboy dice, Solution is cchioved by suinging oy
rolling the closed bottle and io accelorated by
eoutious waxming to 30°C in g vatorbath, The buffep
containg por 1,000 nl. B gmoe podiun citrato
{5:5 hydrute), enough HU1 to give 6 pH 645 (adout
0455 nile of conchs HB0lep Gs 1419)e 540 guoes IaCl
ang 15.0 it 1 gluenaty

Yhon dissolution 16 vorplets, tha opalescent
£luld is dram Antd 250 mle blood bottice and
sphiliced immedintoly by frcepe dvying,

A bettex pystem is ¢o produce £idbrinogen
from the supornstont plesmn after the |
cryoprocipitate has been extraeted, Only about



113

25% of the fidwinogen 4o found in the eryoprocipitate,~—
the balance rempining in the supernatard,

Twy bottles of froohl
poasled into ons,

¢olleetod ploaema are

Aftar tho eryoprecipitote has boon produced,
the supernatent is trosted with 108 sloohol ab «4°C,
overnights. This procipitates out the Lfraction X, 4.6,
the fibrinogen, The procipitetes from 2 of theso
400 ml, voluwmo, 1.0, £rom 4 units of pluema, are
pooled, diesolved in a buffer and frcoeow drded, BSuch
8 und¢ will be cquivalent to approximately 1 gne of
fibvrinogon, There 1o furthor advantags vith Librinogan
produced Lrom pooled plasma in & large seale
fractionntion programme thuat the role of tranomitting
viral hepatitis 10 considornbly yeducod,

Theve are soversl methode of purifying Libeinogon.
Tho methode depending on salting ou® with noutral
saltn, 4o mot provide very pure £idbrinogon., This shov
thnt fibrinogen i least solublie protein of the plosns, .
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and this is true in the case of splvent econtaining
psystems which have been devined Lox fractionnting
plasnms proteins, Cohn and his associates (1046) have
denmonstrated schame in which 85% of the fibwinogen de
saparated out of which 609 was £ibrinogon of the totel
protedin,

Fraction I was dissolved in eitrate buffer,
Purther 11 wos yoprecipitated at pH 5.045:%. Ionie
otrength 0.3, tomperaturs 0°¢, and cthanol concentration
2% fraction IA is obtained in vhich 858 was Librinogen,
From this cold insoluble globulin was removed ot pH
6.2, Ionie Strength 0.3, ethanol 0.57% and tomperatuxo
0°G, and the remaining £idbrinogen was reprecipitated
from the gupexaatant solution by raising the sthannl
eoncentration o 8%, Such preparation tonteins leass
than 5% nonolottable protein ond the yield of fivrinogen
i about 4074,

. Blomback and Hlomback (1956) used glycine for
extracting human plesma fraction X prosipitated twice
at 0°C, with citrate ROCL buffer pi 6,0 Ionte Strength
0.3 containing 1M glycine and 6,5% ethanol, Tho
undissolved material (fraoction 1.0) vhioch vos 8648958
¢lottable; contained 953 or the initisl £ibrinogon,
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buffor pH 6,35 ,1onde Strength 0.9 and cold dncoludle
giobulin fraction I-I was precipitated at 0°0C,,

pH 6435, Ionie Strength 0.3, glyeine 0,12 H, othaml

2% the ﬂbﬂﬁ@gﬁn fraction 1«2 at 0°C.y pH 6«5, Tonic
the supernatent solution fibrinogen Ie4 wng procipitatod
at 4°C,, pH 5@:5’@ Ionle Gtrength 0,08, glyeine 0,45 t
gthanol 653, Thie fibrinogen Ie4 1o 951004 clottablo

1 yield about 4045% rolstive to

and the o a
Froction 1.0,

- Proaction I wap ougpended in 10 volumen of the
following tuffor; ondlum chloride 0,234 N sodium
edtrato 0,006 M3 sodium egetnte 0.060 By plycing 1.0 My
athanol 79 pH 640,

The euepensitn wes prepared at 0 to «2°C and
after stirring for 1 hour the washed prooipitate wae
centrifuged in o refrigernted centrifuge at -2°C,

The procipitate, fraction Iay; wes vachod once
moxe dn the same buffer, The residue after the second
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washing, fraction Ib; was Giseslved at room temperature
in 9 volumes of tho following buffers sodium ehloride
0s21 ly sodium citrate 0,005 M3 sodium acetato 0,005 M
pH 642, |

To this solution prawashed BaSO, was added
corresponding to o quantity of 2.5 gme./l. Aftor
stirring for 1 hour at room temperaturs the golution
wag vooled to 0°C, (o precipitate the cold insolublic
proteins, Aftar 1 hour ot 0°0, the precipitate wes
ramoved by contrifugation at 0°C, The supornatant
containing about 1«28 fibrinogen wes precipiteted with
holf & volume of precnolod acetone, The Zormed
prooipitate was allowod to sediment at «~5°C, svernight
anil separated in s refrigerated cemtrifuge at «5°C,
The sediment, coneisting mainly of f£idbrinogen, wao
stored an a wet paste for 4«5 doys at «5°0. ¢ allow
for a furthar poesibls ingotivation of aldventitioun
agents, '

The fibrinogen was dlesvived at room temperature
in the sbove mentioned citrate duffor. The sslution
wan f£iltered through seitn EEKS storilieing pads,
dispensed in glass bottlos, shoil froson and
iyophiliced,
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Fraction I
Suspendad in eitrate butfoy

#lycine 2ee ToHn
pH sau 640
Pemporature eny w260,

\ 2
Fraction Ia Supernetant Xa

I 1

Fraction Ib Supermatant Ib
Blooolve in ettrate buffoy

pi rew 642
Temperature "o 27°0.

200 washing in tho butfer

A W N Ty o i

St

BaS0, admorption
Cooling to 0°C.

.

¥ ‘
Praction I¢ ﬁupemganﬁ Ic
Cold insoluble globulin PMirinogen eolution
¥

¢

2 4
Acotons precipitation
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2 rabbite (%.8 kg.) were injccted weeldy
subeutancously with 5 ngst 7 nges and 10 ng, of purified
£ibrinogon and complete Fround?s edjuvent, Ton days

after the last injeotion the tost bleeding wes dono.
Iaat Gooe wap ropeated to obtoin & suiteble titre, Tho
animale were bled aftey n vock and serun wan collectod.
The above sora wore aboorbed with normsl hunmnn sorun
to sbtain monsopeeific anticera.

Pationts suffering fxom haemophilin A were initinlly
treatod with plasmn or vhole blood, ofton requiring
axoesoive volumes ¢ affect and maintain haenoptanio.
Then it was digegvered that Cohn trae%aa I obtained
by ethanol fractionation (Cohn et.nle 1946) from f£rech
plasme poososscs otyong antihacmophilic activity
(Hinot gt.ale 1945)s Fraction I becamo widely uced b
clinicnl factor VIII concontratos (Baumgaricn gt.gl.1963,
Blonback and Homback 1956, Surgonoy ﬁ@w 1960)s
These proparations, hovuver have low purity and potency
factoy VIII. Dovclopmonte were towards tho high purity
and potenay factor VIIX such ap eryoprecipitation
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contaned 508 of the originsl placen ctivity, Nothods
wore made avsilablo for tho pwwmﬁm of high pntency
and high oconcentrate vhish can bo adminiete '
amsunity, Tho otolilo Syagtions were propared mm can bo
lyophilinad by using lowr patency material,

Some of the methode of mgmtim of factor VIXL
are discussel hexg «

1) Bther precipitation (Kokvick end Haclkay 1954)

2) &low froonming method (Pool and Shanon 1965)

3) Rapid freoping mothod (Brown gegls 1967)

4) Preperation of high purity ARF with mlyathylmm
glycol (Johnson st.al. 1969)

5) Aloohol precipitation method (Hoyor 1972}

6) Sodium chloride mothad followed by polyethylono
Ziyeol {(Poleon and Reocis Brave 1972) |

: recipitotion ¢ Froch human plecmn is used in
thia mﬂh@ﬂg Tho ofdition of ethor was carriod out

ok the samo day, 114 volume of ether wao added %o
pleams at tomperature 0°Cs The precipitate was
¢ollocted nnd euspended in 205 of tho orxiginnl volumg
of plasma in citrate saline, To vhich 8% volume of
sthoy was added and agoein the précipitote 4o eollectods
Tho precipitote wan digsolved in citrate oaline 207

of the origiml wolume. Thie proparation conteins

0% of tho ¢total Libyinogen and AHG aluo.




me aaz‘%mm as antimaagulma fi‘he bzma pne!g -

mntaim mea.tmg pmehed dce, and kopt ot this
tanporature until they could be tronsferred to o
procooled centrifuge st 4°C. The pack woo then
contrifugod for 30 mitutes ot 1,600 @.-. to obtain

the nmaxdmun yield of platoloet pooe plasma, The plosmd
wns sepavated and placod in o cavd board carton and
irmersed in & mixture of colid €0, anf othanol at
sbout «70°C, The plastna wap allowed to yomain in the
frocping mimture for at lesot ten minutes, and then
was placed in o 4°0. refrigerator and sllowed bo thow
for 18 %0 24 houvs, As soon sg ths thowing van coopletod,
4% vas contyifuged for toonty minutes at 4°0, end
1,600 g, Supernetaut plesma wag taken out keeping
5«15 mi, of suportiatant in the bottle, iumsdiately
gtored nt «30°0; end lyapmmcac

apid frocping method 1 Blood won collectod in neld
axmﬁa dmtmm a8 anticsagalant and centrifuged as .
in the slow nethod, depcribed sdove, to obtnin platelet
poor pleaomn, Plooon wop ogparated endl frozen at ahout
«70°C¢, Tho plosmn woo allovwed to yemsin An the fraoping
nimturs for cix mimites, and wac then {ransforred €0 6
watorbath at 680, CUomplete thawing vis mm end
ropddly done within 90 minutos, The pack vas then
ontrifuge at 1,600 g, for 15 to 20 mirutes and
aapernw!%am plogna vas removed, MMM S»15 mls in
tho pack with tho cryoprdcipitato. The eryoprevipitate
vog snap frogon 8% ~70°C, before storing a® «30°C.
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aveeindte ation methodl ¢ Blood wes collocted in

mmmnaa botties econtaining onc.nineth volume of

36 per cent oodium eitrate, Plagun vas peparatoed by
ntrifugation at 1,200 g,v. for 15 mimutos at 490,

am than yespun at 1,6000 g; o for 15 cdmtes at 4°0,

804 othansl woe sdded to bring the fimal ethanol

 concontration to 3% with g@mﬁe tirring of tho plasma
at «3°¢, for 30 mimitos, The mimture wag contrifugod

at 16,000 g,. . for 30 mimutes m «5°C, Thy precipitato

was dissolved in dmsdazol saline buffey using oncwtonth

tho volume of the starting plooms

eimte ﬂmtmsr: as aatiemlant ané tho piam s1at
rated, Tho plasma 4o treated with 25 gmo, of
eaﬂﬁm mmacfioe mlﬂ a procipitate 4o produced,

~ this precipitate hop the seme composition as o
cryoprocipitats, but 4t containe fidbwinogon. Tho
precipitate 4o ucted ot o otarting material for the

- further purification., Thim precipitate is then
diosolved in o wolume of citrate phosphate buffey
equal Yo 1/10 that of the originsdl plamms and 1o oneo
move precipitated with modiun ehloride u$ 25 per vent
¢oncentration, The preeipitato containe fitrinogen
ond AHF aftor rosusponpion it 1o then treatod with
46 PEG (Molee. weight 4,000) Rollowing trdatment
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vith AL (OH)5 for adcorption of prothrombin. AHF ieX
procipitatod by inercasing the PEG concentration o 1245,
Gontaminating PEC is removed from tho AHP fraction by

uoing 255 soffiuwn chlovido and s them lyophiliced and
atored,

Purificotion of ANPF was carricd cut by ropreéipitation
in the cass of aleohol and other predipitotion method.
The reprocipitation was earricd out twice or theieo
to remove Librinogon as much ag possible, The AHP prepared
by sodium ehioride methof, Johnson's method and Poleon's
method wes purifiod by using PEG-4000, AHP preparct by
slow arfl rapid freecing method were nmot purifiocd,

Tun rabbite (1.8 kg.) wexe m:emfe;ﬂ weeldy
subtutancously with 10 agey 20 mg. and 25 aigs of AHP
prepared by Hoyer's methods purified with reprocipitation
and complete Froundto adjuvant, %en days aftoy the lest
injection the toet dleoding wes dong, The last dooe wag
ropented and the antimale wers bled aftor ton days and the
gsezum wag eplloctéds Tho adsorpiion of anti«AHP gorunm
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hoo boen done by the mothod suggested by Hoyor 1972,
The antiseyun was teoted against noxum, Librinogen,
plammn and m,. Thie mtwmm formad & singlo linc

’ goinat noxmal hunan ploenn

i) 100 M, of plasms diluted to 1,000 ml, with digtilled
water, Adjusted pH 5.3 with 29 acetie acid.
Contyifuged and precipitate was collectod,

i1) Tho prepipitate was diosolved 4n 25 ml. of novnal
oaline and pH adjusted to 7 with 27 Na,00xe

$44) 3 ml, of 0,25 ¥ Call, vao added and congulated
fibrinogen wao removed as it 1o foxmed,

iv) Ropt for 2 hours end equel volume of acotone wes
added ot room temperaturs, The precipitate sas
soparated by m&sﬁr&mgaﬂm

v) 25 ml, of noymal saline vap added to the praaipitaw
onf was mmwm, The mixturs wap conts
and preeipitate vno diecaxdods smmm eontaimd
thrombin (200 undto/mle)e




CHRARPTER » IV
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Table I reprepents the oloetrophoretic anslysis of
differont fractions by Cohn'e cold ethanol mothod, ¥holo
plamma containg £ibrinogan 0,445 but in fraotion I only
0.265 of ﬁmagm is precipitated sut. The mojor
contaninants are f& v ~glodulins, Fraction IT+IIT contedns
onjoy Miﬁm as P ond yeglohulin and sone fibrinogon
1e0e 0,165, i‘ractian IV and V do not contoin £ibdbrinopon,

In tho Tadlo IXI tho date of totel protein content of
L4drinsgen fraction produced by differont methodo ave
fabuloteds In smmonium sulphato methed totel protoin
eptimated is 0,34 gu. of which clottabie and noneclotinblo
proteins are 74% and 268, In phosphate buffor method the
Livrinogon content 4o 0.4% gn.t hoving clottablo protoin
304 and noneclottable protein 703

The m&gmﬁw by mgz sloohol and othyl ether

mothofé give noro purificd £ibrd having protoin
146 gm and 0.8 gues vﬁm aﬂwtabm protesn 80 and 49,85

ard noneciottable protoin 2074 anf 50.2% roopectivoly.
In amam chloride method tho contaninants aro loss otil
4t gives elotiable protoin 40% and nonsclo%tadblo 60%.
Yhen the supornatant of eryopréeoipitate 4s used Loy tho
prepertion of fibrinogen 105 alcohsl s sdded
(Grobbolanr 1973) and vhon two bottlon of fidrinogmn are
pooled together gives protein 1.8 gn.#. This fibrinogon




" Total | m mtam g@t m Bls a&‘ pzam

Practions | pmtﬁzn . i
Albumin Globulin ﬁ«gzsm YuZlohe Plbele
. | alm mm

6.04 3,32 0.84 078 0.66  0.44

D44 0,03 0.02 0.08 0,05  0.26

. T _ -

Praction II+IIT  1.63  0.07 0,18 2 082 060 0.6

Praction IV 0497 0,10 0.54 0,31 0,02 =

2,96 2,90 006 2 - -




ethod Totel protoin Clottablo Noneclotteblo

anta __protein %

_prototn ¢

Wﬂim mﬂphata 0434

4

26

Phoﬁphata buffor | 0.4t

0

4’9&3

5048

40

) a?.f:@m . 146

(Ammwl 3;:,

b

Bthyl mm L 1.8
(Msnlme) m

H&shw rﬂ.ﬁeﬂ
mmﬁu B8

95

Bthyl eleokol :m

{55.5%) s

70




_dlbumin Alp}mhem sm -, A

Bthyl ether (crude) 2647

10.2

P |

Beprectpitation of

tho above product 42

6.1

6.7

3‘%?1 alcohsl (még} gs‘g

10.0

Te3

59.1

Remczpﬁaum of 3.2
the above product -7

3.8

871

20.0

azp
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has clottablo protein 585 and noneclottable protein 42%——-
Vhon 5358 slovhol is used for proeipitation the £ibrinogon
contont 1o 2.0 m.5® wd clottablo and roneclottadblo
protoins aro 705 and 507 roapestively.

Righly purifie@ fibwinogon woe proparod by Blomback
and Hlombaok method {49%6) having total protein 0.8 gn.s
-and this fibrinogen hoe 95% clottablo protoin,

Elsctrophoretic annlysio of tw nmethode ethyl ethey
ond othyl aleokiol (Table ITX) wae cayriad out ap tho
pther proteiny are procipitated with fraction I es
contordnonts, In e¢fhy) ether mothsd nltumin 4o tho major
contoninant (26,74) no compared to <+ P anf reglobulin
vhich are 10,2% and 7.5 roopeetively. The fidrinogen
joolated 15 56% which contadne 50.4#% clottablo and 49,67 _
non=tlottable, In othyl aleohsl nethed the orude Lidydnogon
containg 26,29 altumin, 107 -(+ Pglobulin and 7.3 Yeglobuling
the fibrinogen content 49 54.5% vhich 1o leos than othyd
other mothod but clottable protoin i 50% and noneclottabic
10 41%, Tho reprocipitated Librinmogen containg more
A+ Poeglomlin 6,99 no compored to aldumin and Veglobulin
89 3.28 and 3.8%, Tho fibwirogen contont io 875 and
clottabla protein 1o 80% and nomeclottabile 208,

Tablo IV denotes the valuco of thrombin clotting
timo and clottouility of the fidrinogen preparaed by
different methodys The nminirum oiotting time of purificd
fibrinogen by Blomback and Elonbaok methed, anmonium
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sulphate mothod and ethyl nleohol) methnd axo 6,7 ond 9
socondn wrospectively. Vhercns the clottability io 95%,
707 emd 80¢%. It is found that the oletting timo incressos
with tho docronse in clottability., Tho Gecranso in
clottability 45 due t» donaturation o€ Librinogen, Zho
noximmm clotting time obsexved in sodiun chlordde method
vhich 46 20 sceonde pnd Wottabiiity 4o 408 tut 4in

- photphato tuffer method though the clotting tinmg ic lenp
tho clottability is 307%,

The a&tim%m of clottable Libvrinogon by different
mothods wae caryied out (Zakle V), 2By Biurot method -
. total protein is @s‘ﬁmtﬁ% By thrombin tlotting {time
tho clottable fibrinogen by thrombin is cotimated and by
redinl smmmmm puthad tho elottable Lidrinogon
1o sotinated fmmunslogicallys

‘Humen fibyinogen preporod by Cohnfo method wap .
usefl to produco rebbit antihuman PAbrirogen antiserum.
Tho crudo antiserum vas aboorbed with equal volume of
humon sorun and was kopt firad for ono hour at 37°C.,
then for 24 hours at 4°C., Immunooloctrophoyosio showed
that the antioerum resctod oo & singly line againe®
 human pleses and £ibrinogen and 446 not weped tith humen
seram (Pigs 7)s
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Eoutine titration of antibofy was carrisd cut.
Tho tubes were incubatod at room tomperature for one
hour, Supernatant was tepted Lor antigon and antibody.

Fhic showod that thore vns no ontigen or antibody loft
in tho supernatant wbich vas dotoetable by gel diffucion

- Boutine titration wop carrdod out and e supernatant
was testod for antigen and antiboldy. Thio chowed that
no antibody wos loft which was dotectablo hy galediffusion,
The antigon wee loft 111 the titwe 19512 which can b0
detectable by gol-Giffucion,

In this oxperiment fibrinogen wae serislly diluted
and conotont amount of antibody 4o oddeds. The tubop were
kopd overnight and cuperuatont 1o tegtods A% Gilution
(9132) of fibrinogen tho ampunt of antivody is noutreiiscod
and con not bo detoctable by golediffusion. Owly dilution
upto 198 ehowo precipitation resction against entibody.
Purther dilution does not shov proconco of entigen (lofv)
in tho reeetion mizturg,




Fig. §
Paper Hlectivrpbnoresis

1.Jamonium sulpnute

2. Phosphate bufier

3.Ethyl ether

4.50dium chloride

9.Ethyl alcohol
(1002 ) &5

6.Bthyl alcohol
(dGL ) 10R

T. Highly purifieq
Hb:uq‘m

8.E%hyl alcohol
(93.9%) &%




Therefore 1316 4ilution of fibrinogen and constant

amount of antibody (2 drops) gives complets neutralisation,
Quantitation of fibyinogen was possidle by this method,

Titration was oarried out Yy taking measured smount
of £idrinogen (0.2 ml.) and measured mssunt of antibody

serum, Supernatant was tested for antigen and antibody,
Antibody was not present in the reaction mixture ti1l

éilution 1:32, DNilution 1164 onwards the antibody remains
in the reaction mixture and can be detectadle by gel
diffusion,

Dilutions 111 and 132 show the pressnce of antigen
in the reaction mixture, Supernctant from dilution 1:4
40 1316 shows no antigan left but in dilution 1132 the
presence of antidody is deteotadble,

PMbrinogen precipitated by ammonium sulphate,
phosphate buffer, sodium chloride, ethyl aleshol 53.%%
contain traces of B«globulin along with fidrinsgen,
Whereas fibdrinogen precipitated by Cohn's ethanol (8%)
{10%) containa mch impurities of<(,/[ and alburin,
Mbrinogen by ethyl ether (repreeipitated) and purified
fibrinogen was conparatively pure,



Zable VI

3. Mbrinogen mg.%
10s  professiomsl Voluntary  Staff members
donors (’ano_ra
| 330 325 346
2 68 306 288
3 330 378 362
4 282 396 314
5 284 326 396
6 325 310 362
7 340 3an 292
& 396 362 s
9 310 356 360
10 334 a4 3352
1" 3T 334 356
12 296 292 394
13 340 e 38
14 259 356 j6e
15 362 35 320
16 356 3 334
17 e 320 32
13 3te 392 328
19 314 3 362
20 394 314 IR
21 374 34 262
22 328 334 376
23 382 3&5 355



anti-lie. S,

| l.imacnium sulphate H.8tuyl alconol
| 2.inu8phate vuiier (1uG %) 8%

3.8thyl ether 6.Ethyl alcohol
4.Scdium chloride (100% ) 10%

T.lighly puriiied
£ib.

8.5thyl alcohol
(53.5%) &8
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Reomlte obtained by radial inmung
thyombin elo¢ting time are neaxly samas

Pig. 9 shows the antigen antidbody reaction of
fidbrinogon prepoared by difforont mothodn ond zanw:.bﬁmgm

vhioh wad produced in rabbits by injooting purificd
f4brinogei.

When tho samo samples were $oted ageinet antihummn
serun imminologicalliy, 4t wes geen that fibrinogen by
podium ohloride mothod and purified fibrinogen shcm no
repction sgainet 4% (Plg. 10).

Pibyinogon preopared by difforent methode wors
studicd immnselectrophorotically ueing antifibrinsgon
(Fig, 11) and antihuman sexun (Plg. 12), traces of
v -globulin ond Beglobulin { <i%) were obmervod in nesyly
all the sampleps



137

Proteins %

m gme.

§low freosing

nethod

3o

i

Rapid freosing
mathod

340

Wl

Hoyex*s method

135

225

Johnson'e method

1,2

Poloon'n nethod

143

210




Mmoot oted

1 Prech ARY 2408 2607

2  Frosen AHF 160% 115%
3 Iyophilised

4 Iyophilised 80% go%
one year old '




@nammmm- cotimation of Lidveinog

1) g:wtem&am :ﬂmwm 2) voluntary donoxs 5) staf?
mombero (Teblo VI), It is found thet tho nosn values of
euch group arc 302, 349, 341.8 mg.d

Protein estination of AHF prepared by diffovent
mothode wao done by Biuret method apfd AHP activity was
pleo corried out by two stage thromboplastin gonoration
tests Rooulis ore tabulated in Tablo VIT indicato thing
highest activigty vac found in ANG prepared by slow
fxrooping meothod and lowest activity wap found in
Johnson's method (2004).

AHG prepared by two Giffovont methods whe taken
for this studys In rapid frecsing method and olow .
froczing method when it is freshly prepaved, AHP activity
4o 240 and 260% of tho normal. In frooon etate AHP
activity docrcapes ¢ 160% and Y707 of the normal, Vhon
1¢ 4o lyophiliced it reduces to 145 and 1505 and when
estinated after one yoar in lyophilisod form proservod
at~30°0, showo AHF aetivity oo 80F and 907 rospuctively
(mﬁ VIIX)s
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AHP prepaved by Hoyer's mothod was used <o produce
enti-AHP, Thio erude snti-AHP contuined anti-fibrinogen
ag the majox tmpurity. This antiseyun vno abssrbed with
AXP gm abeoybing antigen prepnyod by Hoyox*o mothol by
hringing tho mysmm plagns fronm 55 othanol «5°0,
sopayation to o finnl concentrotion uf 8% at «3°0,
(Simmerman gt.als 1971)e To tho precipitato oo ndded
the heated and calcium phosphato abmoxbody rabbid
antisoxum in ¢qual volumo $o ons half the 3% ethanel
cupernatant uged to obtoin the aboorbing antiy on, Crude
and cbeorbod anti«ANP wmo tonted by gol Mﬂmaian technigua
against plaoung fibrinogon, normsal humen sorum and AHP,
The absorbed antizerun formod o oingle 1ino egoinet p&am
and AHP (Pig. 13).

- 411 the preperations of tho AlF wers tosted
mm:.égicmy by gel diffusion against antifibrinogon,
dhuman sorun and anti-ARP (Flgs 14)«

in tho first pottora precipitin linoo agoinot all
the wolle ave soon, In the second pattern o faint 1lino
is seen sgadnot Johnvon's mothofl, I¢ fndicatoo that
fibrinogen 48 totally sbeont, Other samples contein
fibrinsgen as fmpuritys In the thind pottora precipitin
1in06 are soen againot oll the wollsy 1% conelulden that
othey protoing are alst prosont in the ABF proparation
(Fige ¥4)s |
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-antieAlRP ana mmpam& m.‘t& mm mﬁm it ean ba poen

m‘b the AHF preparcf by oll the nothods contoin AHD
{Pig. 15).

Tho Amian aiaetmpmmﬁfn paﬁtam of AHF proparcd
by difforent methode has béon studied egailnst antiehuman
serun, entifibeinogen and anti-AHP (Big, 16 & 17).

Tho AHF propored by Hoyer's method is highly
purificd, This propsration normally shows presence of
fibrinogen with elight tvoces of glebulin,

The AHP propawed by rapid froesing nethod and elovy
treeming method chow somo impurdticn vhon tooted agains$
- amay sorun. Johnoon's and mmnw mm m.au

mta.m sinilar impurdtice.

Antibody titration of AHP propared from 4ifferont
groups plasma and psoled plusma wae corried outs Vith
difforent methodn it was found that antiei and anti-B
titrs of plasms and AHF propared by the difforont methode
ic 118 anf 142 rospoctively in tho AMP propayod by A and B
group plugms, Thore won no titro in tho AHP propared
fxom povlcd plasme (Table IX).
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120
125
110

80
140
110

110

120
V40

115 -

75
140
80

110

125

120

125

120
80
80

110

125

120
125

420

75

110

- %20

125
120
140

115
110
125

128
110
115
145
120
525
129
115
125




8% Agb OF AHG Yevels  AHO 1@?@%

Hos  the hotoxra aftor mapmaiy&%ﬁa

i:t;:m wapwnpigaw era _~:."¢ipit&t& giwn m )

N <« D W\ P 0 .

10

33
14 10 50 80
23 15 | 65 | 800

3 110 8OO
16 10 55 1600
A% 15 , 05 2400

1% 5 15 aftor 800

o ngu of AHF g Amount in 1 mdls of noymal plemma
{Ratnnfe gtepls 1964)



‘ ; ‘ R o
ERERZBITIFTETEGEN

ﬁ‘gmmﬂmmaw,i‘é*v

252

2617
252
337
220

45
228

215
537
360
397
345

297

322
15
352

24%

227
297
282
252
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222

275

297

330
352
515
23
297

315

37

330
282
360
262
262
297
330

218

260
245
215
237
290
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322

252
267
230
as2
290
282
23
2a2
215
237
215
260
245

345
275
282
215




Quantitative cotination vne carried out with four
groups of heslthy persons betweon 25 to 40 yeare, Theso
four groups are (1) male staff moembers (2) femedo etnff
members (nonspregnants and not on oral contracoptives) (3)
voluntory blood donors (4) profoosional blosd donors,

The test vap performed with two stage thromhoplostin
gencration test oo discucced in methods, Tho comples werw
tun in triplicate and AHF aetivity vas faun&‘ ia tormn of
normals It showed AHP levols batwoen 50 to 1504 of tho
nosmel (Tablo X).

Cascs of hoomophilic wore studiod fLor AHP ootivity
before ond after the tvemefusion of AHF (Zoblo £I). It 4o
soen from the ton casec so Loy studiced that nintoum coound
tranafused to bring the AHP activity %o normal 4o 800 units,
In %wo cases 2,400 unite anl 1,600 unite wers tronefupod
and othey two casep were troated with 1,200 unite of AHP,

Four groups weye undertakon for this etudy (1) malo
ptaff (2) femnle otaff (5) voluntary donsrs (4) profesnionsl
donorn, GQuontitative eotimation wao carried out by radisd
immunowdiffusion (Table XII)e It 1o found tha® AHG valuos
aro botveon 215 ngd and 360 ng.Hs
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Practionation of plasmn proteins by difforent methodn
such 6o ammonium enlphate, ethyl other, phosphato buffer,
sodiun ¢hloride and othyl aleéchol at iffaerent concentration
(100% and 53.5%) has beon ecarriod out for tho proporation

brinogen and antihacmophilie globulin,

In selting out methof godium sulphate, ammonium
sulphate and codium chlorido have boon widoly used, The
ammoniv;m sulphate mothod 16 cmployod by many scientisto,
The adventage of this high salting sut offect can be takon
into account becsuse of the great solubility of the
ammoniun sulphato in weter, This parmite the atiainment
of oxtremoly high fonic ptrength. There are certain
mhmka vhich ere counterbalonced dy edvantages of
smmondum sulphato methods The diroet use of nitrogen
proasont :!.n the fora of comonium ion 18 n0¢ nseful
%o dotermine tne protein congentyation in the solution,

in amlyeds 4¢ io important that the salt muet bo
gemovod by dlalysis,. Hufforing setion of ammonium sulphato
is not satiofattory in tho pi range belov 8, The
mmmga ax’ the pH of the molution plays an important

in sbhtaining satinfactory recults. ’




The lavge seole froetionation of protoing hes boon
generally effected by aslting out method vhich were given
cortain floxibility by tho possidlio varistion of pH and
tamperaturg. In protoin seporation noutrsl salt ot
concentration in the rogion of 23 M has dlsalvantagon,

-The produet must b freod fron tho procipitoting calto by
dinlyeios Tho peoducts used for clinieel puvposen
roquived the procans to caryy out undoy asceptic conditionn,

In colvont precipitnting mothod thore ave £ive
variobles, Thene varieble can bo ustd o establish
conditionn such that & dried protedn own bo procipitated
from protein mixtures in agucous solutione Theso variotles
are pH, salt concontration; tomperaturs, total protoin
concentration and golvent convontration

The method indicatod by Reloviek and Moekny (1946)
Loy the precipitation of plesmn protoins chows that tho
Plasns proteing werd more stoble tewards othyl ethor than
{6 othor water miseible solvents such ap othanol and
acotons, The diclectric constant of othyl wzhez' io lovor
than that of othans) ond aneetons, I$ wag thought that
thie might b a fuﬂhev advantago 4n relation tﬁ aw .o
officacy ao o procipitant,

The disndvontoges in ethyl ether method aro that 4t
16 not completoly miseible with wator ut reaches o
1initing solubdlity, Thie 1imit 1o uooful in decveosing
the eolubiiity of proteins An nquoouns syoton.




The production of plasma proteins on o laygo sesle,
tho lov ool ethano) methsdl hng an piventage over the
oalding out procedurd. In salting out procodure tho high
st aanean‘&mtzm meﬁsm for protein procipitation

n b nished by dielysis only. This procodure is

newning ana imaz.wa miech work whon o lorgs volumd
af wma 1a to bo dialysed, The volume bocomes favourablo
fox bacterial growth, during tho last otap of dlalysis
whon the salt concontroation io 4iminisched and the protoin
solution i 1ikely to bocone contaminatod. Tho ethansl
may be readily romoved when it 4o uoced as precipitant,
inotend of salt becauss of its volatibilit¢y. The rapid
froeging of tho eolution et very low temperature ond
subsequont drying from the frozen state in s vaouun
appeard %o bo tho safost method Loy removal of slcochol.
The cooling produced by evapsrvation maintaing tho fyozon

pm'eezn sslution at low tomporature thry
vholo procoss and the temporatuze begins o #lsc onl
vhon tho protein g neayly dried, Undoy thest circumstanceo
most of the plasnma protolnp ave found ¢o bo suiltoble in
water or dilute salt colution say selinn, after drying
they nay bo prosorved fox a long timo,

Tho othanol method han got disadventages along with
the ndventages,. vma%wm in temporature often uescd for
the soporation of certain compononts, 5ho limit of
tomperature employed in the system should bo low in order
to avoid donoturation of the protein. The nocessily for
tho procsutions in froctionation by lov temporature, lovw
a0l ethanol method mekes ¢ in many respects o nore
difficult process to carry oud than in Lfractionntion by
salting out with anwonium culphate.




clotting offect tho aloghol mothod of Gohm (1946) ie o
sulteblo nethed, Tho dlottablo protedn in veriouwp
fibrinsgon preparations vhon comporod it 1s obwioun that
tho mastimuy clotting sffect 4o cecn 4n the fraction I
teolotod by Oohn®s method, In ¢ther and aleohsl methods
idontica) contaminating proteins were found in ginmilap
proportions along with the pracipitate of fraction I,
vhon othyl alcohol (aboolute)} 6% 4o used as procipitent
805 elottable fibrinngen is obtainsd bhut othyl alcohol
(5345%) givos 708 élottable fibeinogon es tho fitrinsgen
is lont in roprecipitaiions In all othor methods
sterilication is needed and in codium chloride mothod
romovel of polyethylens glycol is mont importont,

To sterilist the fibrinogen AY 4o ocoontisl to havo spociel
typ0 of f1ltors vhich are not evailablo in oux countwys

In olectrophoretic anslysic 4t is seen thet in othyl
gleohol and ethyl othor mothod fmpurdtics ofx B and
Y wglobulin vith albunin arc geen ee major contaminant,
In Cohn's mothod it io G4fficuld o remsve those frootions
undow socoptic conditions, But purificd fibrinogen con be
propared by Hionmback's nethod which romoves all the
contaminants but there is the loms 4in protein concentration
anfl ptorility cen not bo maintained,
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Prom tho atudy of thyrombin elotting time by batch
method and clottability the clotting tino 45 9 %o 13
soconde in tho Colin'e method with clottabilily at 70 to 804,
Ouw roenlte are in agreoment with those of Godel and
Kiorulf (1972)s Thoy heve shown that the dlotting timc of
native Librinogon 40 18 gecondo and clottability 1o 5755,
But vhon the fibrinogon i densfursd due ¢o chango in pH
or with the action of heat oy allmii clotting time
inercanen %o 37 ccconde axd clottability decrseson o ‘?955.;
This showe that tho products having 1ot clotting timo and

high clm'ta%m&y ars to be utilisod for the amm
purPOLt,

Glottadle fibrinogen can be ostimated by Bluret
timg method {Batch mothod)s Tho avpults obtainod by Biurod
netho@ diffesr from thooo obtained by othor two mothods.

I% 4 deoouso othey protoins get reacted with 4n Biurod
methof vheress in yedinl immnoe@iffucsion omly fibrinogen
roaoto with antifibrinsgon giving precipitin rings and in
thrombin clotting timo method, clotting of fitrinogon
token ploce by adding throumbin, The resulto of radial
Somuno-d4ffucion techniquo were comparedt with thrombin
clotting time method of Parell and Volf (1973) and they
are in ogroemsnt with our rosulto (Tadle V),




opared in rabbite.
Vhen erude fibrinogon wap unged mﬁiha&iea sgaingt ARP and
gorum were produced tharefore purdficd fidrinogon was uoed
for fmmunization, 91411 this antifibeinogon conteinod
pone antibodics of serum proteins tut thoy wore abeorbod
with oqual volume of sexrum. Byittin gt.ads (1972) hao
proparsd antisora agadnet fibrinogen but ho sbeorbod it
with 1/10 volume of human 8ora, Y
of 1132 vhoro the total noutralises £ fidbrivingon takor
place, The antifibrinogen uosd t‘ar m&m Wﬁuﬁza&m
by Brittin et.gls (1972) 46 0,3 nl. per 10 ml. of agnrose
vhere ap we havoe employed 048 nils por 10 ml. o€ agaroso
because in our oxporiment the antibody geto diluted as thy
abooxption is done vwith equal volume of human peam,.

In gel 4iffucion technique the fibrimogon {by
differont mothods) give singlo procipitin iino ageinst
antifidrinogen indicating that tho preparations contain

ibhrinogon, The precipitin lincg ars aley obsorvod againeg
amﬂaman soyun as othor mﬁe&m arg prosent in tho
aration, The fibrinogen propared by sofium
ﬁillﬂriéﬂ methw &ma 1% chosr any lm againot antihumsn
gorum anfl & faint 1inc is obosrved ageinet antifibrinogen,
It cen bo oonclufed that the Libwinogen is pure and free
£rom dther contaminantos |




Pibrinogen propered by diffovent methods was teoted
immunsolectrophoretically using antifibpinogon and
antihuman soyums Traces of Y «globulin and Beglobulin
wore observed in mootly all the preparations, In
proeipitating fivrinogen proteins othor than fibrinosgen
ar¢ aleo procipitated out slong with fibwinogen as tho
dinsociation constant of other protein io sano ao
fibrinogen, Thiz Lo also because of the physical
adsorption of other proteins on Lidbrirmgon modecules,

Purification of fidbrinogen was carrded out by
Hlomback and Blomback method (1956) and R, Borg (1972)s
The clottability of fitrimogen by Hlamback methed Lo 959
anfl R.Borg'o method $44 but in R Berg’o nethod, OGlyeimo
1o ueed vhich removes euglobulin sxfl plesminogon row
£ibrinogen vhich 40 the Mvnmaga of thip mothod, But
seetons 1o uscd for the precipitation. Though purd
fivrinogon o obtoinsd 4¢ can not b0 veed for olintend
mm:

ABP prepered by difforent nethofe and activity wen
eotinatod, It vas found that the products of olow
frooging and rapid freesing methol heve highent eotivity.
It sleo chnteing othoy protoing, AHF preparod by Sohnson’o
mothod shove lowend metivily oo the Mtsvﬂy io lost duping
tho procossing,
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| AP activity was ctudicd ot diffexrvnt stagos, Tho
wnperature factor io most inportants Tho actividy
cmadng $411 the £rozonm otago and decrenses during
philisation ond aloo on long storages Our rocullo
tally with mﬁﬁ of Angtall ﬁt&i (1951)@ ma‘tm ﬂaﬁw .
1196‘7) and Brown ofwale (1967)s Storage of cryoprecipitate
in plastio bogs at «E59C, doos not recult in any
epprecinble variations in the proportisn of Lactor VIIT
aotivity aftey seversd monthe (Bvowm gt.ol. 1967,
Combrieson of.ple 1966)s Plastie boge were mot ueed in
our loboratoxy, DProose deying io done end the loos of
ARP activity aftoy drying is aboub 404

| mmm study dmplico that mangh the AlG proparod
an ymr ags give tho vatisfactory mmms vhen transfusod
to tho hunomsphillic patientn, The ela%im time decroaseo
and blaeazng o stoppeds

The preporation of antisern 1o JACficul$ in the
paoe of factor VIIT oo AHD 1o sospeiatod vith £ibrinogon,
ARG prapam& by ﬁmﬁ& method vao uﬂmea aftey

anﬂ m pmpamﬁam wam nloo togted apgninet an%ﬁbrimgem
Thrico paprecipitation was dono to remoVo thﬁ ﬂ‘hﬂmgan

o8 wuch 68 Poosiblo hnd this purifiod AHD wes used Low
immundsation, Somng mtmmnagan wng forwd vhich vag
absama with absowding antigon accoxding %o Hayer (1972).




Single prooipitin ling wac obtained agoinst gmm ong
mw,mﬁ aoainet fibrinogen ond poruns

Tho anticern were used Lor radinl mmmmw

Estzmﬁm wos earried out by using 0.6 e of anti-AHP

in 10 ml. nguroso, The results are axpressed 4n mnd m&
not dn intornational unito bdecoust while roprocipitation
eonmn loas of AHP takes place with fibhelnogen. Quantitative
ocotination of ANB levol in plasms vas done in profossionad
donorg; voluntaxy donors, nnle and fornde atalf, ANG
values oro botween 295 mg.s and 360 ngy$ (Tablo XIX).

oon gol diffunion and imounoelectrophoratic studico
it 1o found that AHRP b;r ﬁayar’a methwﬁ contadng eono
| bulin boconss the

digoveiation mnetm 92 these pmtem 10 oimiloy to AHP,
Johnoonts and Poleon*o mothod though reported to bo puro,
our propayations contain some impurition, &lov frecsing
and rapid frecping method chov impurdtics an the plaomn

16 not romoved compietely ard ascoptic precautions provont
un o 80 o

repavations of AP from pooled plasmn show o
‘ snti-B titen vhile Johnoon et.pl. (1968) havo
mm# a tmte of 1850 per unlt of AHP vhich 4o ac high
as noxusl placms, Vhen ARF wos preporad fron A group and
B group g&m, 190 end 142 t1tre was obtained,




o etago thronboplastin goneration tent wao
performod fop AHP activity (Biggs anfl tacfaxlane 1962)
slight modificntion wap dong, Instend of humon byain
monkoy brain wao usod Lor drain oxtract ag monkoy byain
was cesily avallablo from Polio Dupartuent of our Xnstituta,
Thio gave sano rosults os humen brain, Study of AHP
activity wao undoytokon botwoon ago 25 €0 40 yoavs in
four catogoxicn, AHP activify wop found botwaesn 50 and
1505 of tho normal. o sbnormal osst wes found in this
perios (Todle X),.

Clinical stuly wag undertalon in ton known casde of
haenophilia. Whilo ¢roating tho pationts with AHP
800 unite %5 2,400 unito of AHP was tronsfusod to bring
tho novmal lovel (Table XI).

It 1o unforstood fyom the nbove éipcusnion that
Cohn's mothod is superioy over all the other methods an
we get & purified product with comparatively high yicld
anfl 80% elattablo protein, In thin nothod aloo vhon
53.55% alachol 18 naod, the purity of the nm:ﬁuw 1o nore
than that of absoluts alephol,s Tho mamirmm olotting
offect 1o soen in the fraction X ﬁaalataa by Cohn's oold
othanol mothol,
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The eryoprocipitate mothod (clow end rapid) ham
soveral sdvantages over tho othey methods. It is luss
complicntod and cen be carriod out in closed myotom,
without riek of contamination, The proparation coataing
& highey concentration of fattor VIIX relative to its
total protein content,

Though the mothods of Poleon and Johnson ascomed
to give pure AHF than that obitained by slow and rapid
freoping method; 1t can not be uned clinieally bucauss
polyethylene glyeol 4n toxle. Novsover those methole
noed storilizgation vhich resulte in looe of activity.







Mve hetm gtudied, i‘!m propertics vig, purity,
- clottabllity and notivity of the adove preparations hove
boen establiched, The quantitativo cotinstion of
Librinogon and AHP hod alao boon done by doveloping tho
npefzs.ﬁa anticera in rabbites and uoing xadinl

munsediffusion techniqueo, 'the taeuita obtained ave
aiﬁeaaaeﬁ in tho Chaptor IV, |

The Lidrinogen prepared hy modified Cohn's cold
othanol method hap boen found to bo efficacious in tho
cased of @&n'etwg 8icordere ihsu@ this containg tho

purdtion in trace amounte,

The AHP propared by the olow and rvapid mmmg
mothot hap bBoon fourd to ho efficacious in conos of
haomephilis

The radial immro-diffusion nothod has boon usefl

¢s eotimnte L£ibrinogen and ANG levelo, This nmethod 4o
very cimple maﬁ complicated and the rosults obleinod

tadned by othey biochemiond
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thrombine Thrombin is precent in the form of prothrombin,
Recognition of part played by calcium led to the dovelopment
of the clgesicnl theory of the coagulation mechanion
{Moxrenrite %@5); in vhich four factors were rogarded ns
neconsaxy 'tiz romboplasting, caloium, prothrombin anf ﬁbﬁmgm.

. In mpdern concept of coagulation blood slotting io
congeived o a dynamic procems in vhich positive forces
ieading to cosgulation avre antagonised by negative contrawy
forces the latter including natural anticsagulants and
sgente vhich xemove fommed clot (Howell 1910, Folf 1908).



There are threo distinet phageo in the clotting of biood
namely tho formation of thromboplastin, the formation of
thironbin, and the production of £ibydn, Ivéorn thoorics

of coagulation will bo more cosily unfcpstood if tho

various factors are concidered first goparmtoly.
Internntional Committec hao agroed upon uniform teminology
for various coagulation factors namely factor I (Fidrinogon),
factor VIII (Antihaemophilic factor) ete,

There axe some elenments raturally occuring in tho
body which tenf to keep the blood in 1iquid phaso in vityo
a8 well as in vivo. 8¢veral such inhibitors axe
antithronbin, hoparin and antdthropboplosting Antithronbin
removes excess of thrombin formed during coogulation
procans thoroby provents clotting in vivo, Hepexdn is a
highly active anticoagulant,

Among tho eoagulation defeets knowm g5 Lar,
afibrinogenemio and heemophilia & ave considered here,

Thie diseage io extremely rore and is probobly
ipherited ao an autosomel rocosoive condition and affocts
toth the pexes., Hloeding 45 more thon normmel, Tho plasma
level of Librinogen roguired for haemostasis is thought
to bo in the region of 50100 mg./100 mi, Thio level can



usually be ocasily obtained by {ronsfucion of fresh oy
stored plogma or frecpe dried filwinogen concontrates,
Tho most otriking laboratory £indings are the infinitely
prolonged whole blood clotting time and ono stage .
prothronbin ¢ime and the fallure of tho blood to clot on
the addition of a otrong solution of thrombin,

The torm heomophil

e A 4o now used to descxibo the
dimordor vheon sntihaemophilie globulin (ALF, Pactsr VIII)
‘48 Goficient and haomophilia B is ueed to descrido the
disorder vhon plaems thromboplastin component is deficient,
Haemophilis A is more common than hasmoph{lda B, Poih arc
ivhorited ag sox linked recsonivo charsctor because tho
genen for the disoxder are carried by Xechromouomas

£ _the worlk

Fibrinogen dorived fyom the plesmn protoin hon boon
uged for restoring plocnme fibrinogon lovels to normal in
the treatnont of haemoxrhagie condition., Pibrinogen io
alvays aomocinted with antihaenophilie globulin, Attempte |
are heing mads to peporate it from antihnemophilic globulin,
Blochanicesl and fmmunologicnl proporties have been studiod
by obtaining immunelogionlly puxdfiod fibrinogen and
antihaonophilic glouiin,




Pibrinogen (Cohn Praction I) has beoh foslatod Lrom
ah plasma by variouo methods using differont nalte and

srpganic splvonts ap protoin procipitanto.

1+ Sofium sulphete nothod (Howe 1921)

2. Saturated ammonium sulphate method
(Bans Fouroth gt.sl, 1943)

3. Phosphate buffer method (Jaques 1943)

4, Procipitation with ethyl other {Kelnrick aud
Hockny 1954) |

5« Provipitation with glycine (Enzel 1963)

6+ Procipitation vith codiun ehloride (Polson 1972)

7+ Procipitation with othyl alcohol (Cohn gf.al.1946)

Purification of the fibyinogen hapn boen carried out
by Momback snd Monback nethod 1956, Rubcka Bexgte
mothod 1972 and sloo by gol £iltration using sophuden G200,

Glottable and none~clattable protein hag boon eotimnted
by Biuret mothod. The purity of the ebovo preporations
hag been detorminced by papor and immnowolectrophoresis,
Antisera to fibrinogon hove beon preparced by immnieing
rabbito with purificd fideinogon. Having obtained a
morogopecific antiserum to Librinogon, 8inglo Redial
ITremnpdiffunion Techniqué has been doveloped for



quantitation of plasma Librinogon, The resulte obtained
by tho above method have boon compered vith thaeo
obtainoed by the othey nmethods,

The antihaemophilie factor (AHP, Poctor VIII) io
founfi in association with cuglobuling and Librinogen of
plapma, Factox VIII can be concentraoted £rom placmn by
precipitation with o vardety of agents, Thooe agonts
precipitate lovge amounts of fibrinogen in addicion to
factor VIII, Partial removal of £ibrinogon can bo
achicved by a&aomtiaa vith Fullerte oarth, but 1t my
remove significont amount of faotoy VIII aotivity.

1» Bthor precipitation (Relnrick and Maockay 1954)

2, Slov froesing mothod (Pool and Shenon 1965)

3+ Rapid freesing method (Brovn gt.al. 1967)

4, Proporation of high purity ANP with 9313&‘3!:31&0
dlycol (Fohnson g.l. 1969)

5, Aloohol procipitetion mothod (Hoyer 1972)

6+ Sodiunm chlorido mothod followed by polyocthyleno
glyeol (Poloon and Buds Bravo 1972)

Purification of the products praparcd by the above
mentioned methods has been carrded out with ruprocipitation,
by ueing polyethyleme glyueol. Purity of the product hog
boen dotemmined by protein optimntion, by clectrophoresis



mmung~electrophoresis. Nonospecifio antiserun
e&aimt anti<haomophilie globulin has boon preparcd by
fmruniaing rabbits vith purifiod antishaonophiliec factor,
8ingle RMadin)l Ymmrodiffusion Tethniquo hao becn Sevelopod

to £ind cut tho association of fibrinsgen onfl entthaomophilie
globulin quantitativoly. Antiehacmophilie foctor activity
hao been detormined of the products with two staego
thronboplagtin goneration tests Tho study of AHP activity

of noxma) subjects hae been carriod oud vhieh includon
professional donors, voluntary donors ond etaff monborn,

on patients of hocmophilis wore treatod with cryoprecipitatos
Thu AHO level vas dotormined bufore and after tho

wansfusion of cryosprocipitato,

Bosulte ¢ Oohn'e method 1o advantageous over nil the other
methods es we get the valuo of £ibrinogen 874 ond clottable
protein 90%, In caeu of ¢lottable protoin the maximunm
clotting effect is ocoon in the froction I ioolatod by
Cohn's cthens) method, Pibrinogon valucs arc found to be
iow in Single Radial Immupodiffusion as this mothod
entinates only fibrinogen and not other protoing,

AHP propared by rapid froosing methof éhowo
impurities as the other plocms fractions oro not romoved
totally. Hoyexds mothod cloo gives purvor ANP tﬁ.ﬂz twice
roprecipitation, Cryoprocipitate mothod i advo
pyer all other methodas, I% 1o also leos mxpucataa and
¢an be carried out in oloscd eysten without xick of




contanination, 7The preparation contsine s higher
concentration of faetor VIIY, relative to 4ts protein
vontent,

Quantitetive eutination of noyme
AHG levels botween 504 to 1504,

} subjoote choved

The clinical trials show that though the
eryoprocipitates are old (about one year) and having AHF
activity of 804 to 90#% the cdlotting time of the patient
18 improved and bloeding wap immediately stopped,

Bame amd eignatuve Name and signature of the
the condidnte Remoarch Cuide

PR Erchurallos Ww

(an. MQMMQM%aﬁn) {Dr 8.V, Sant)
HeDey PulaPslsy DiE, (mﬁ)o




Ap required by the University Rule Ho.0.770 & 0771
I, otate that the work prosented in thie Thesis which
I intond to cudbmit io of original nature and so fay, has
not been submitted for any degree of this o any othor
Univarsity, vhereever roference has boon made to the work
ot gmm; 4t has been cloarly indicated slong with the
ssurco of information in the "Bibliography®.

Cortificd that the abovs statement nade by the

Candidate 4o corraet.

Signoture of the Reseorch Guide,







