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The struotural ocanfigoetions of tho mynthetis coumrios
have been shown t0 be of major ispmtance in their aotion o Wleod
slotting. Ia view of the similaritios in the struwoturwa of the
gotietio camaring and the aflatoxing, attexpts have been mede
0 compare the blood olotting aotivitiss axkibited Yy
d=hySroxyommmris with sixilaz cffects obtainsd with the aflstaxins.

The affoct of & dclanced Aist, which hod boen iafeated
YWy & taxio struin of Aspargillus flavus, wans fod to a sot of
rats. he blood clotting tiaes of these anjmals and thmir
oootrols ware detaruirnd, A "Pxrosdotest® reagmnt, whioh ostimtas
simultanecudly gmptities of h1ood clotting fastore IT, VIO, IX
and I present in & known vvitme of dlood, wus wsed, The olotting
tise of Hlood withirewn froa the poleonsd animal. was prolonged
Y sprruximtaly 655 of the noreml ties. Thore was o sazgmative
evidange tint tho inoreess in blood clotting time was Qe 40 the
aotion of afiatoxins which are matadolitas of Aspargillus flavua,
T™he mnldy diet vas thmrefare extracted with esthanpl and the
airtare of aflntoxing purifiad using ohlorvfore in thin layer
chramtogmmphy, Ths 4different effvots cn blood olotting tiss of
{(a) the infasted Qi0t, (b) the aflatoxin cixtwo, and (o) pruxe
matoﬂns,,mm The evarags poroedtagp imramse in
oletting times fn the three cnses wwre tho sams.
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The struotuml coufiguretions of the gynthetis cowmrins
bave been shown 40 be of major ispartance in their aotion an blood
oletting, In view of the similaritioa in the struotures of the
Quthetic cowmarine and the aflatoxins, attempts have basn msda
to ococapere the blood o0lotting aotivitiss exhibvited Ly
bydrozycoumrin with eixilar offecta abtained with the aflataxine,

The effect of a balanced diat, whioh hod boen infostod
ty & taxis strain of Aspargillas flovos, wea fad Lo & got of
rats. The blood olotting timss of thees animals and thefr
ocontrols were dstermioed. A "Thrusboteot® reagmnt, which estimstes
aimultanecisly quantities of blood alatting factors IT, V11, IX
end X present in a known voluss af blood, wus uand, The olotting
tise of blood vithiresn frm the poiscond animnl was prolonged
by aprroximtaly A58 of the normml time. Thare was a sugEmotive
evifsnos thot tho incrense in blood oclotting time wma &a to the
action of aflatoxias which are motabolites of Aspmyillus flavus,
The muidy Qlet was therefore asxtiuvoted with ssthangl end the
eixture of aflstoxins purifisd using ohlorufors in thin laywr
cloamtogrephy. The different effects on blood olotting tise of
(s) the infeated diot, (b) the oflatoxin wixtwre, end (o) pure
cﬂntoxina',-mm The averugs pmoartage inorvass in
olotting tims in the tixes canes were tho same,
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The antagwmisn of therepeutis mwwnts of b~hydruryocumarin
by vitaxin K repurations wes eatudisd is rets, and commrison vus
mds vith the affect of those vitamin X mewparuticns on the dloed
olotting of Aflatexin By = treatsd snimls, ﬂ.ﬁdnl’ and, to a
1osser dsmee, 2 - mothyl~114 = oapbthoquinome (¥emdions) ware
effeotive mmmmmma olotting tiros which were
indwsad by 4 - bytruxyooumrin ead Afiatexin B,.

By using the *throwdoplostis® reagmnt, facters X and VII
wvare found to be daficient in the plasws ovtaimd fxvm ths hlood
of the aflatuxin - poleaned animml, A atudy of the *In vitxo”
myothosia of thoee two faotors ky rut liver slices woo attemptad.
Inhibitian of the mynthessz of these feotors wes ocaused by the
presamoe of aflatoxin and also by ¢the admindistration of

{-dylrogyeomnrin, In each cese, roverwal of inhibition with
vamgmmommm.

It ws neocssury to invastigato whethar the daficienay
of ons or both of fuotare II and YII was reammsible for this
grolmgation of hlood alotting. For this purposs, thixmboplestin
s Joplaced with viper venom in the olotting time dstaguwdnetions
of plamm. Only the doprwaaicn of mothrowbin captant of the
plasm sas mmsred,
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fone Lver function dests were parfurasd on the
aparimutal ;ots vhen the effects of aflatoxin 3, axd
b~hydroxyuoumarin oa blood elotting wre mximl, ails by sids
with their oantrois, in &xdar to deterwino whether
Potirasdin was being destroyed in the prremalyml oells of
the liver ar whother the aflatoxins were soting 1ils the
coumrioe by campeting with vitawin X, the lattor being an
sasantia) cofsctor in the moduwotion of prothromdia in the
liver calla.
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faw liver Amction tests mere perforued on the
upx—nammsmmmamwnim
&~hydroxyoormmrin an blood alotting swre mxisal, 818 Yy aide
with their oantrols, in ordar t0 dotnrwing whethar
prothrasiria was Yeing dsstroyed in the parenchymal cells of
the 1liver or whothar the aflatoxing were acting liks the
ocwmrim bty oampoting with vitsain K, the latéor being en
eagmmtial ocfeotor in the prodwotion of mothramdin in the
liver oallos.

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



I would 13%e to ackrovleds gratafully the guddance aud

mongegmmaent given to mo during the mricrd of xy study Yy =y
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In man, the complox mechanimm of blood coagulation breskm
down aly in oonditions such as Puowdosis, when Exocstive

olotting way blook esssvtial blood wessels, 6r 4in Baasmphilia,
sbm the blood fails to clot,

Barly ia this oantwry, ammorrhagio eopticamsta, a
disssee ssaccinted with exscsaive blselding sud a long *hole blood
olotting tine was recogaised in Camadian Gattle. This “sesat olowmy
&isense® was treced to ingtetion of immopmly omwd hoy made from
comnon typos of swest olover (mbufiald, 1934). It was found that
tha discese dissppeared wian tho oattle ossassd to o fod an Ue
spoiled bay. Godarick (19) was imabls to premare pEtizsbia
(Wlood alotting fastor II) from the blocd of affectsd enimals, anf
he also found that when prothramdin was slisd to the plasm of
dissased animls, the alotiing time was rednoad, later, Quickils
ans-otnge protirowdin teahnique wa found to glive almoreal results
with the plasm of the digeased animals (Quisk, 1936).

Link (1941) dsveloed a bic-assay for the heamareglo
agmt in the epoilsd sswot alovar veing rubdite, Quiak's
ane-stage tacaknigue was used, 7he plasan wes dluted to give a
ccasidaredls "opesd® to the alotting time figures as coapared with
e test on the comentmtad plamm, These stuifss sulminated
in the isalation and Eynthweis of diccamrol, aad in the sstadlismsn
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of 1ts chmionl formila —3,3' - mthylans-bis«=h-Sydroryscumeria,
Campbell and Link (1542) muggastsd thzt tho bialogionl @ymthewis
of this widstance frum coumrin &xring spollage of the hay eight
bo Gus to oxisation of coumrin to A-hpdroxyecumrin, vhish
oouples with formliahyds ¢o give dlacmamnml.

Arcra and Wathwr (196)) postulated that in the
sxti{ooagulant activity nsscolated with the cosmrioetype
molsouls, the aptiocagilart compwtas with Vitamsin K in it
blood clotting rolo of prodioing prothrambin 4n the 1liver.

Meon ot al (1966) obtainod evidence for the aymtlmose
af motirambin end jroconvortin (festcr VIT) by the liver. Dhey
also daanstrated inkibhitisn of the gnthoses of those faotore

by 3{x-dostrmyl bangyl M AyEkvrywnmuria end a resemal of tha
inkibition Yy vitamin x1-

Tbo discoweTy of aflataxins as covtasimants in snim]
feeda (Do Lougd, 1962: Bampten, 1982) has arcwsed the intarest
of ressarch wriare to0 dstemiine the effeots of theoe dcxians
on voriows Molagioal mystems. Aflatoxing are produocod by atreios
of Aspereillus Clavus, o ocemon fungus, Asporgilius flavus, can
be grum ce doth natural and gynthetio media, Sargmmt et al (196t)
first reported that tho toxio proparties of oartnin samplas
of peazuts were &ne to metabolic (rodwots of Ampergilime flsvwma,
Magditt ot al (1962) and Ammdrocht ot ad (1963) used & Caspuk=Dox
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sedium to which gino sulphate was added ¢0 increnss the yialst of
aflatorin in cultures of A, flovus. Bamir (1984,) Amonstrated that
ths prodmotion of cflataxin, and bance the inoildence of
"aflatoxioceis”, varisd apmeciably whon stores of A, flevie were
grown on aterilizsd orushed wheat, r'ioe, beana, gari, and soyu,

or alrtures of these mnturinls. Osiyesd ot al (1967) indicated
thet {f an equimlecular aixture of fructoso and gluocse is used as
the eardan oourvo in the Csapak-Pox esdiue in place of Msross, the
prodnotion of 4he taxic metabalite of A. flavd is grooatly enhanoed,

Asao st al (1963) and Jlartiny ot al (1963) have indicotsd
that there arv at loast four aflatoxins. They teve also deterwined
ths otractares of B,, B,, O, and G,. Thess aflataxing heve &
furvooamrin oanfigaration,

Tha stuly of the biologiosl effsots of ths aflatoxins
has beccas a mjor oujeot in sovernl ladorotariss, sapecially
in thoss countrias vhaze grumdinut constitute a mjor feeding-etuf?,

Thexuz (1965) axamioed the histocheadstyy and electren
adoTosoty of aonte liver losions mwwmm31 in

&oklirg, and be sugspated that thips toxic inoiple was
transpotsd by the red bhlood cells, fe shoved that at lecat one

of its gytotoxio affects was dus t0 a direct sotiam on the liver
o¢ll emsbrence,
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Sutlar (196)) showsd that a aingle dose of aflatoxin B
depreased [rotedn ayathasia for over 48 bowrs., Ho Mugsestisd that
in thess ocirowmetances, tho inhibition of wotain synthasis oould
play an igpartaat purt in the dovelopeent of periportal socxoatls.

Basmir (198,) abuwd that zots fed on halancod mized digts
ca which toxis struins of Aspsrgillus flovus had besa grvwing for
6 days, 9 dxys, an2 12 days respeotively, lost waight rupidly,
The redmticn of g@rowth rate ou ths less scoutasinatsd dists was
in Evpartion to the ooncemtretion of the Aflatocda prodnned
in the dista, The liver calls of the animmls esre carvinombous,
vith repdd detsrigration of the NMls huta,

The classical theory of blood olot formation-whioh was
put forward by karewits (1905) cugEmoted that frudoplastia
(factor IIT) roleased froa doEnged tissuo or blood ocells
aotivated mm,hmmu throadin, ia the pre=droe of
caloiis (fagtur IV). The thrumdin in twrn activated f£ibrisogwmn
to prudnos Citrin, Eowevsr, frotiramhin agtivaticn 1a now thought
to be G to & whole oarina of faotorv teking effect in the
jrosence of phosphalipids end aalotwm. The phaspholipdd is Asrived
sither from daanged tissuo calls in the extrinsic-Systen or fwoe
blood platelets. At 1sast 13 Blood alotting factors have besn
dssaribed, 50 far. These factars appoar to Yo rotein whish are
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Batiar (196)) showsd that a aingle dose of aflatorin B,
Cspreased rotsin Gyvthasis for over AB howrs. Be Siggesiad that
in theso oirounstances, the inhibition of Enitsin_spuihesis ool
play za ispartant part in the dewelopseant of periportal necrosis.

Baazir (1964) ahowed that ruta fed on balonced nixzsd dists
on vhich toxio etreine of Aspmrgillua flavisa had besa gruwing for
6 days, 9 dxys, and 12 Gayn respeotively, lost Veight repidly.
The reduwotion of growth rete on ¢he leas ooutaninated diots was
in proportion to the concentration of the aflatexin prodused
in the diets. The liver cells of the animals were carcinomatous,
with repid dstarigration of the hlls &usta.

The olassisal Chooyy of blood alot farrmtian whinh was
put farwerd Yy barevita (1905) sugpmnted that Wruxdoplastin
(faotor IIT) rolemsed frum Gomsged tissuwe or blood oells
sotivated mothrambin, to rodnos thrombin, in the mwesmse of
caloimm (factzr IT), The thramdin in turn estivated fibringeen
to prodors fikrin, Hosover, othrombin activation ia now thought
to ba 4 to & whols serias of faotore taking effect in the
Jresencs of phosphalipila and calofaz, The phaspholipdd 4a Aarived
either from Gumged tissus 0ells $n the axtrinsic System or fxos
blood platalets. At lesat {3 blood Alotting factorw hava besm
dssuribgd, so fur. These fucdare sppoar to be Frotein whish are
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Peseit only in trupe amcunts iz morwal plaamy, Tnlike
fitrinogen (fastar 1), they camot be rwndily detectsd by
aleatrophoretio or othar phyRiso-ohamicel tsaMmiguss,

There esence or chamse iu a given plases mist be
inferred fram the resvlts of addition @xperinmts in suitably

dsoignod "in vitre® olotting xystews.,

Owrwa (1547) indiaated that the pralangaticn of the
olottiag tise of blood indioed by Qicommruol ws Dot neceasarily
dus 4 a &afisimncy of pothrombin, bat oowld ts oaused by a
daficieiny of samd othsr ocaglsation ocopanont, In vise of the
simlaritiss in the struotizes of D @UROtLs coumrins and the
aflatoxing, the expurimonts dcscxrided in thia thesis were
wisrtaken to detorvring the affeot of aflstoxin on blecd alotting,
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2(1)

W ilhE

The method used for the preparation of a balanced
diot was that desaribed by 0, RBasssir (196)). The &lat was
cowposed of Gard flowr (1000 grams), Buya Bean flour
(1000 grams), Mmlt Wirtae (100.5 grem), Wihimim (V0 sroas)
and Lyvins (2.0 gram).

360.0 graas of this diot was made into @ dough with
570,0 nl, af boiling water tszmA aal then 50.0 gram-
portions of the Jough ware plated out in potri &ishen.
The disdes with the food ware than pterdlized for tesnty
mim;tes et 15 1ba, Freesmoo.

The adaardent used mas Alina Cel C. It ws spread
on glaas plniss using Sandon's thin-layur chramtogrephio
squipent ascarding to the mooadizv of Stabl (1962),

X g8, of the aldaardent man used to coat five,
(20 o2, x 20 ow.) "Chrommtoplatea® with a layer 250 u. thiak,
Aotivation of *chromntoplotes® was aarrisd out in & drying
oven at 110° C. for 90 aimtes, Tho mremred plates ¥me
then stored in a oadinet.
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8(u) mmwmm

s) Incqulation of digt s

A pimpeint of the Woalium of a toxis atrein of
Aspergiling flsvus, Whish hed heen sd.aultwred in ¢
Ceapok nodiua contmining ~edium IMHumés (8.0 gream),
Tugweiua Sulpdate oryotals (18.0 gaig), Potmanim Milarids
(20.0 grasa), Porvem oxljhuts oryatale (0.0 gram)
fusross (120,0 gm. ), Aar (80.0. grem), sud wmbor

(ACOO al.) wa trasaferzed asepiinally iato the cemtye o
the digt ia essh petri &ish, I¢ wad oorvexod and allomed 4o

inechnte for five days at room wmpemims (26° 0.)
(o, Wssir, 194).

») Exteotion of the Aflstoxing:

Tis omburineied dist ms extzaated 00etimmnily
in o alam smxdlst extractor for eix bowe,—wsing esthomn)
as solvest (8o Iough ot al, 196). Dw zathennlle
atzust @ than Hinted with mter v 2 sthanalls
sowen rution of (Of and extrected vith ehloraform
(20 Tough et al, 196).

o) Dia-larsr Clromstommply of e Toxlas.
The chlarcfora extrast ms comoontrated &0 29 nl,

misr vaomm (Adye snd Mateles, 196,) and aliguets of the

extraot was spotted om actiweted hin-layer plabes emde
o Bepek A8, Mlisa 0al 0 (de Towgh ot @, 196)).,
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™a plates weze Lisodistely devaloped in a aclutian of

3 par omnt, Wthonnl in pure ablaruftmu., The plates muae
than exanined far flucrescence under ultreviclet light
at 565 mu.

4) Assessment of lovels of Aflatexin.
T mll-fludressence d\otisn technique (Zropios)
Froduots Instituts Repart M. §, 1965) was msed to

astimtec e caount of aflataxins in e Sy fatake of
the contaxinnted dlot,

0.2 nl. of tho ocongantreted artrust (Gaszridal abuve)

vas made up to 20,0 ml, with chioroform, This gave
g 1,900 dllutioa, Mywul 4lotians of this ealutimn

wre then exaningd for the aharertar{stis btlus or geea
fluscesoenod of the aflatorins under ultraviclet 13ght
at 585 my, after opotting on the chramtoplate and
rumning en § por cent, Mothanol in chloroform,

The aaomt of Aflatoxin B in tho spot with the
hastﬂmhsimubx!o*\p;mm
thet of Af2stoxin 0 4a 3 x 10 ogn, {(Tropical Produwts
Iostitute Bepart, 1963).
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Retamiaetim of Bleod clottins Piaw;

A commruial *Thrvebotest” reginst was meed in the
Gtrnimtion of bleed alotting tims, Thiz msthad wea
asvelopd by Owrea (1999). In thig Higvedotent systom,
all otting feot;e were held omwtant spept feotaes II,
VI, Iz, end X,

The "thrombotast” rosgmit {s spenifically Gaficient in
these four Motars, enl the clatting tims is thereforo
Gspandmt &nlusivaly opan the canoxitrotion of theaso foor
factars in the blood pamls 0 be testsd. The rengwat wos
supplisd as A frwm-drial sudbstsnoe in ¢ vaoum ~ sesled
azpnls gelmted ¢ maaxv 2,2 xd. for § tests
(Ryegaaxd and Co., Oslo, Eorwey).

Vensus hlood was collected in the propartion of
9 parts of Wood and 1 part of 5.13 por oot @A citrete
AUhydrate solutine in water, The freass—driad “imcabdotest
rengent wao dissolved in 2.2 al. of 3.2 mf, mlviim of
ocalodum ahlarids, 0.25 al. of the Teegmt ws pipotted off
intg & easl)l test tude &nd was placed in & water bath a¢
S C. for & fou cimitas to stinin tha woridng tamperature.
0.05 ml. of the aitrated blood was pipetted off and hlown
into the cemgmot iasedintaly, hol2ing the $ip of pipatte Just
abom the ewfece of the reagmt and Againat the imar well
of tho test tube, and atarting the stop-matad mioultanscwmly,
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The teit-tuds containing ths oitrated Dlood and the

reaght was flicknd ance and the mixture wes then lef't 4n
the wmter dath for at 1eest 1 seconds. At short irtmwals,
aftervards, the test tbe was taken out of the wmter bath and
tilted pontly and observed. Tho moment of coagulation of the
mixture in the test tube was recorded,

The mthod weed for the dstmwination of the oocsbined
affect of mothrosbdin end mvommertin was that desoribad
by Ouwren and Aas (1951).

Blood was collsoted into 2.5 per osnt poteasimn
axalate salution in distlllisd water in the mupartion of o
gart of oxlsto solatian ¢ nins parta of hlood. The amlated
blood s oamtrifuged for tan =inutes at 1,500 rp.s. in
anar to obtais plamm. 0.2 ml, of the plaam was Giluted
with 1.8 1, of the tllatian aalotion, The 4ilutian solution

ws mde of Owren®s duffer, pA 7.5 (200 ml.), 0,9 por ceut
ealing (600 ml.) and soluntign A (200 ml.) Solution A was mads
of 5.13 per omt. (w/y) Crisodimm oitrate dlhydrute agquecus
scluticn (240 ml.) and Distilled wmoter (760 ml.). Owren's
duffer was moparad by diasolving 5.68 cremm of eodiim
disthylbarbiturate (Rarbitone-e0diux) ond 7.3 gomm of
sodime chlarids in & mistwre of 705.0 al. of A4stil1sd wmter
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and 215.0 =l, of 0,18, Byfrochlario asid. 0.1 ml. of the
dlluted plasm ms tremeferred into the bottom of & clsan &y m=11
tiot tde in o wmterdath at 57° 0, 0.1 nl. of thrabapigstin
(UIrco LABORATURIRS, DRTRATT 1, JOCHIGAR) wms added and the
tibe ms twirlsd to mix the curtanta. The tite wes allowed
to stand in the wmtar bath for Y0 meconds %o comm to the wrking
twperatare of 5P ¢, "Bagto-tirusboplastis' was Bmplisd |
in ampoulos of 150 mgn, ocagh. Bafcre the Upnuboplastin ms +
wmed, it mas axtruoted and cantrifuged as follows - Om®

| &tpoile ms asptiod into & olsan, &ry test tude. 4.0 ml. of
saline ms 2448l to it, snd the tudo was twirled in arder
to suspand o1l the partinles. The tube wan theo-placed %o a
48° C. mater both. At 3 minnm intarvals, th toho was
trirled geotly to reswpend the molids, After 10 mimptas,
the tube Ws rwmoved from the wmtar bath and cantrifugsd for
S fimtes at 1,500 r.pia: in ordar to sodizent the particles.
The supcoataxt o trenafored to & clean tube and stored in
a frooser,

O.t ol. of 0.0R2 ¥, calodim aRloride wmas blgen
forolbly snd dirootly into the plasm-throsboplastin wixture
and the stop~matoh ms atartal similtanscusly. The test
tube was ahakun Quickly an? held in the bath without agitation. |

At second intervals, the tudbe mas tiited ¢o e barisayta)
poaition amd sus cbeerved for & faxmniion of olot, which wms
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the end-point. At this point the stop-ustoh wan shopped
and the thiv wns reandad ¢0 tiw tanth of a seconi. Each

plasn siianls was run in daplicate,

The alotting time in this cystow depsnded on the
oamlined effoat of mothrambin and poconvertin in %o tasted
plagrs. 7he alottizng tirp me tronxfred to per omt, of J
norval astivity bty using a oorrelation greph (Owren, 1943).
The 4llutinn curve of narm) Rleamm, as used in the |
prothroedin and grammverein nsthod of Owren aod Ans (1951)
and Toohey (1958), ws obtained Yy plotting the oaxmeptration |
of norml plama (taking the 1 4n 10 &lutior ms 100 per ceat)
| aginn® the alotting thw of te plamn (in seccnds) am o

dodls-lognrithmin mper,

5 "In yitre" Smtheeis of Cenmiation Faotors by Rat Iiver Tices :-
s)  Inoubation,

A mls albino rut whind wsifhed 500 grum apmoziminly
s anvgsthetisad with 0.25 xl. Rmdutal, by introporitonsel

injsctico, Mmdutal had bYoen found (Fonl and Mndinson, 1959)
to be the sost sffinisnt ansssthetis agmt for wso in Uver
‘ porfusion exparicmnts in mta, e abdoman of tho rat was
thon opanod and o perf\Rian nsefds wms tied ints the pooa-tal
vein) the {nferiar vonsa csva was out, and 15,0 al. of omrmml
saline followed by 15,0 al, of 0olA blsardarete-dif'fered
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telanced salt salutisn (Peters and Anfimen, 1950) ware
pizNiosd threough the liver wnder a preasse of 70 ca. of mtar,
Bxtes of perfusion was 0.5 ml, per minmle, The liver was

tan exnised, froam znd alioed into 1.0 m, slices, These
1z vaae repuwl rupiQly and washed in a Meoker of the
fresl, oald salt golutirn; thay were then plsced in 50.0 ml,
af the mlt eddntian in a stuppxed {50 al, Rlaxzmyer flsek
cnd mahed for five ninutes in a shelmr at room OxypETeRtre,
s slioes weze tden druinel on a f1lder paper, anl Cu» greo

wms Wided and plaocel 12 2 150 pl, lamyw 1lask
containing 5.0 ml. of the buffered sclutiem, The flask was
equilitratsd with a 998 cxygm - € cardam diozids aixtire,
etoppurod snd placed 1n a 37° C. wetor bath for inountism.
Pour t - g8, quantitioe of livor alices were xemred in this
woy in four flasks and insubated for O, 2, b, 6 hours,

respeotivaly,

)  Smmling.

1,0 o2, of 3,8 por oant solution of sodium oitreto
ahydute in Alatilled mter wos addsd to the mdmm in each
of the four flasks xhich sure inoudating, 0.2 ml. of the
oltrabed {noubstion modium wos then withArumn and isemdiataly
mzod with 0.2 nl, of Dxilaeols buffer (pR 7.3) end asdayed
for alotting faotmrs (Berts and Owem, 1930), The ImtAnsole
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buff'er s grepared Yy dssoiving 1.72 gruig of Imtdomnls
(@yomiine) in 90.0 md. of 0.1 ¥, Axtroohleris soid snd
Alnting this wixtwre with 4istillsd mtar to min a 100 =l.
salntim in a grednted volwetris flask. The livor flices

and tdn recaining ingtwation cedios sare pomod it 8
homogsrisar and thuxoughly moerated. 0.2 ml. of the
bomogEmn te ws 2180 withiruwv and imwdiatsly mized with 0.2 nl.
of the Imidasole bLuffer and asmuyed for clotting Onatice
(Poal and Bodinsow, 1989).

Estimation of Prothrombin using Russell Virer Vonom.

The tost for detmrwining the acmdbined affoct of
pothrmbin and vomvertin enplged fiouaboplastin premred
fron tisme axtrest (Quick, 1933).

This Qe of ostimting prothromdin with Rysseld

Viper Venoo wao oxaotly the ssas as that of Mlim<2nn, 150
and that of Mi=sell and Fage, 1900 in shioch (a) 0.2 =l. each
of plaswmo aod 0,02 ¥, osloivm shloride solution wa Aused,
instead of 0 ml, a8 in the Quisk's (1938) midod,
h, Russell Vipor Venom (0,2 ml.) instead of throsboplastin
v=3 used as the torwdakinase. 0.1 mga. of the Venom ems
&iaacived in 1.0 ml, of diatillsd mtar iamAigtnly bofare use.

Russell Vipor Venos poasosses the following aldventagme 1

(f) It 4> constant in potengy.
(2) It 1a in a olear solutiam.
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(3) Mecognition of the axrlisst formtion of a
fixin wad i3 prodedly & ame accmuts end-poimt
tham the dsvalopmmt of a filyio and adtmiwnt 0lot.

Tests of Liver Punrtion,

Alq)ing fhosghntese in Serum

Enolagan (1947) and Nesson (1948) distinguished
o wtive fiva prexliysstouws Jagndioce Yy estimting the
@antity of allaliie phosphatase 40 serux.

The buffer whish was moed in this pathod was mdo Yy
d4asalving 6.3 . of snlydrous sodiom axxhanate and 5,36 .
of sotimm Hoarbamte in Aiatillad water and mds up to
1 litre. The cubstrats was mde hy 3issdlving 2.18 g, of
discdium phanyl phosplmts in e&xotly 1 litre of dstilled
wmtor (Ring, 1956). Por the experiment, 1.0 ul. of the buffor
dscaribed abovo, and 1.0 al. of the sabstrato werc mixed in s
test tubo to give & solution of PR 10. The twbs was sllowed
to remin in a water tath at 37° C. for 3 dmpas. 0.4 =l.
of serun ws sdded ¢o the Yuffer-sudsttats soluiion in tw
tude and mixsd gantly, Tde tude was stappered and allowsd to
yamain in the bath for mmotly 15 mirutes. The reasticn was
stopped by eAding 0.8 ml, of 0.5 N. of sodium hydroxide eolution
in diatilled mter. The oontrol sas fremred by mixing 1.0 ml,
of bduffer, 1.0 al, of subetzute and 0.6 ml, of 0.3 ¥. s0diwm

tyfraxide eclution, fuollowed by 0.1 ml. of norml earun in
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@othar tist tide. D standard Tas mvmred by aixing
* o1 M, of duffer with 1.0 al, af a phenal atendand_aclatien
(coutmining 1 mg. of phanal in 100 ul. af diatilled = dex)
and 0.8 al. of 0.5 U, of 60dime hytraxiss solutisn in &
different tudg. To cech of the tests control snd afandard
solutisna 1,2 xd, of 0.5 B, scdim blearbanate aguoous
solution follawed Ly 1.0 ml. of snine stiyyzis solutim
(cortatning 6.0 &, of 4 - awino mtipgyring In 1 litre of
d15¢11183 watar) aud 1,0 ¥l. of prassiun ferrisvanile
8alurtian (cartaiming 24,0 £2. of potassive fervicyanids in
1 11tre of digtilied wter) ware added. Mach tode waa mxed
wall aftar sach addition,

The ataandan}, control and test eclntions sure then
reud in the apsotrophotamter (P, 600) egainst a Rlank
(1.1 al. of buffer, 1.0 xl. of distilded mtor, 0.0 al. of
0,5 N. eoldim GQytraxide aquecus enlution, 1.2 ml. of 0,3 E.
sodivm blaarbannte aguous solutian, and 1,0 ml. of the
potosaim forricyanife aquocus guluticn) at 510 wmu.

b)  Bilirubin dn Jerus.

VYalues of dilirubin, & yellow pigment in normel blood,
fall within the rango 0.1 to 0.8 aga. par 100 nl. of sarmm.
But the malority of the valuss are within %o 1limits 0.3 ¢o
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0,5 (Vmghan and Bamlewod, 19%8; Mattn, Maclaun - Wth
ant Ring, 1950).

Tha infireot recotimn of van den Bazgh was used,
In this, o red colour is given by Yilirudin with Riasotised
sulpimnilic 8084 in tho preamce of amwnie euvlphets (to
prooipitate proteyin), and alcada) (to liberwts and dfssclve
the axo-dlirdin). |

A Dlaso-teagmrd was mde by mixing 10.0 al. of
solution A and 0.3 xl, of solution B. Solution A was premred

by dismo1ving 1.0 groa. Adphanilis esid in 15 ml. of
comantreted hy@roshlordo a01d and 4iluting with distilled

water t0 1 1litre, Salutian B wd mroparod by diesolving
0.5 greme of sodim nitrito and mking up to {00 nl. with
distilled wter.

0,05 nl. of the disso-geagent was addsd to 1,0 ul. of
sozun in & 10 w1, oontrifugy tube and, after 3 mimtez, %.0 ml,
of 95% alahal and 0,3 ml, of satwwtod amicnion sulphato were
addsd in that order, After' mixing, end Alicwing tha tnho to
stand at roon tmmporatine farr a Anthar 15 minutes, ths wixture
wos ocentrifussd and the calowr af the sloar pupernsntant
flidd wes rond 4o the speotrophotamoter (&P, 600) at 340 mn,
after the instrummnt had boan set to zero with a blmnk.
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e Ylmk ms wemrad Yy 41lutisg (.5 nl. of commentrated
By&rochlorio 8018 with 98,5 nl. of Aixtillad wmtsr. Dw
staniard solwtion wms promrad Yy mixiag ¢.0 wl, of the
éiaso-rengmt (Assaribed abeve) with 4.0 nl. of 95 alochal
in o tde., 50 wimites were allowed for cdlowr &svelopmmnt,
whan the caloc® wos eq@ivaleut to that prosuced by sarwa
costairing 4.0 Bgn. bilirubin per 100 ul.

o)  Rrobillnosm ip Orine.

Rakor (1951) oonoluded thmt the tost fe urinsry
urobilinogun 4is onn of the 3vliable miens &f dffarwmrtial
diagnosis of liver function.

2.5 M. of centrifuge) test urino and 2,5 m), of
Ekr)ish's reagmt ware eixsd in a test tude and 5.0 m). of
saturetod sodiim acotate solutirm wms added to the mixture.
Ehrlich ‘s reagent was mds by dlezalving 0.7 gn. of p-&imthy)-
asonobasalishyds in 150 ml. of conocemtrated Tydrochlorio acid
and adding 100 a1, of distilled wmter, A blank was groparad
by pixing, wall, 2,9 ml. of norml urine and 5,0 =l, of satureted
sctiua 00state and adding 2.9 al, of Eirlinh's reagent to ths
aixtce. Aftar all effarvescenco has csesed, the optical
densitian of both tha standard solution and the test urine
vare rasd at 330 an, Por the standard, the instreont wos
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got at miro with mter) and for the test orine m=mpls, it wms
sot at aaxo with the blank dasaribed adove.

fhe stendasd solutian for Crodilinogen (Tezwm, 1925)

ws @oparwl by digsolving 0.5 ga. of phenolphthslsin 4n
95% (v/v) slochol and sads Up to 1 litve in the aloohol. 1.0 al.

of thia aloohollio salutican wus treasfezred ¢o a 100 ml,
volimetric flask, snd 5.0 al. of mtirutsd soditm cazdamite
solntion wes added, and &iough Aistillyd water we added to
siks 100 ml, Tds phenolphthalein stapderd has & similar colowr
40 that given by 0.787 ag. Trobilinogsn ia 100 ml. af Trine

(mtaon, 1937).

a) Thywol turbility tost.

Pyac). tabidity toet was sucossafully used Yy
Bolamn (1944) a8 on additicnal mrans of aistingriahing
hemtitis from obstructive jJeumdise,

A thywl reagant, (King, 1951) which is a buffured
aalution of Qyml, was propared by hesting, Jusd to boiling
poiot, 1.50 g8, of barbitons, 1.03 gue of sodlw-Amriuitons,

5,0 gu. of thysol and 500 nl. of watar. The twrbid aixture
wno ¢hen ooalod, ohakem, and allowod to stand overuight at
oG bemposature, Before use, 1t was shelem, and £11tered fyoa
the exvess of tym) which was rmuoipitated, 0,05 mi. of sorum
ws addad to 5.0 a3, of the Opmil reagent, It ms nized and
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allmmed to stand for £0 cintes, The txbidity wns read
aspinst albuxin gtunianis, Thase atanisrds camdisted of 2
seonnant suspanaion of formmsin in gelatin, The frwmssxin was
prepared as follows 1 10.0 gums of dersming (beraiethylsns
tetrogino) wms dig301vod in 100 xl. distNlled mater.

35.0 nl. of thig agoecus solution of hemasrine were added %o
25.0 sl. of & eolutian of hydxusins sulphate (1 g=. of
byiresine milpints was diasclved 4n 100 a), of 84atilled watar),
e mixtwo wns stogpored, shaken, and left at roon teaparatize
for 15 bours. The rooditing precipitats of forwigin was
oaraf\ly mizsd by eently ghaking 1t until it wes evenly dispareed

Yroyghout the 1iquid,

1.5 nl. of this forvezin puspension wore added to
100 x). galatin eoioticn (5.0 go. of poe galatin was
dissoiyed at about 507 €, 4n 900 al. of 4istilled mtor)
togethor with 0,3 ml. of LD per oout fixenldalyds to enoxe
mrmoagt "getting®, Mud a galatin suepension of forwncin
hes Yean found to be 6ivalant to o connestraticn of parcs
allmip of 100 zgs. por 100 ml. The gelatin suspEnsion was
then d1luted with alarifisd gelatin {oontaining 0,3 ml. of
AO par oent Corzaliabyds psr 100 ml. of the galatin solution)
%0 givo sctaniards ogrresapanding to othar albumin somentrations.
Clarifisad gelotin was prepared as follows: 4he "white® of an
es%, in apmoximtely twios its volume of Qistillsd wmber, wms
vigoowly stirred into oolutica.
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al o glatin | o S ] . Tl o s
g wintten,— | & 2R pec 100 al,
1 3.6 0.4 10
2 562 0.8 20
3 2.8 102 ”
A 24 {.6 40
5 2.0 2.0 50
5 1.6 2.4 60
7 1.2 2.8 [
8 0,8 3:2 éo
9 U 3.6 90
10 0.0 8.0 100

The uixture ms deated, with cantimm) etirring, &
boiling water bath for 1 homr. It was than filtered tirougb
a large paper in a hot fumwl. Tbe olsar, slightly yullow
f1ltruts ms lopt 14quid at about 50° C. for use in the
Euparatim of the stanfsrds dcsarided cbave. The following
mixtures of galatin =l farmacin-gelatin swmpension ware rmide
in aml] tobes 1~
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e wiztizre ws hested, vith cootinm) stirrisg, on a
boiling smter bath far 1 bour, It was tham filtared tirousd
& large paper in & hot fumel, The clesr, slizhtly yullow
f1ltrete wes kept 1iquid at about 50° C. for e in the
Femratim of the stanimxds desoridbed edove. The following
cirtures of galatin med formaxin-gelatin swpoension sere mzde
in small tubes i~

|
Odb 10
0.8 20
1.2 50
1.6 40
2,0 50
2.4 60
2.8 70
32 60
3.6 90
(W 100

| L
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1. ©omll glcos toet tubes 7.5am.x {ca),
2., Oreduato pipottos (2.2 )., 0.2% ml,y 0.05 nl.y)

5. Plastio tudes (10 x1.5 @@), for ocollection
and etorags of cftrated dlood.

L. A woter bath (at 37°0).
S5« A lorge pair of eclosors, for dscapitstian,

6. A stop watceh,

1. Thrabdotest (Ryogsard & Co //8 - 0810)

., 2.2 pi, sqnooud oolution of caloiun chloride
(solvent for Arcadotact reagent).

3, 3.3 por eont (v/v) sodium citrote dihydrste
eolutu}n in distillod water.

Prooodure!
A sot of twelvo male, Alhino pate wolighing

approxin, tely 300 grame esoh, wore odbtained from the

Dopartanant of Phnranoolofy. 8ix of them vore fod on o
balanaad dict (deecrived on page .1%.) for a period of

four days apd the romaining eix Xero fed on the ocontaminatod
diet (desorided on papge .J.‘..) oontimicualy for a

poriod of four Aaye.
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Riiscidan. of diged

Attheqcortham;m-lod. esch r:t weo
decopiteted, using a peir of lapgs, eharp scissors.
Blood, fram each rat, Mos collocted in a different
plastio tude (ocoataining ¢,5 ml. of 3.1% (w/v) aquecns
solution of scdium oitrats) to a mark of 5.0 ml., that
10, 9 parte of bdlood have bdeon nixod with 4 part of
eodium citreto eolution, to stop the blood frcm clotting,

Slotting. $dng.datorninption,
The nethod vhich wie usad to Astecmino tho olotting

tines of tha various samples of bdblood ie dencridbed
on pages 01103000 to oojv%;l

Begults
T8 average elotting time of the dlood odtainod

fram tho control rete (those which fod op the delanced
dlet) ol that odbtainad (ram the poiscned rate

(those which fod on the centeminatod diot) were

26.05 + 0,05, 48,05 + 0,05 seoonds, rouvpoctively,

The results are shomn in TublctanA Figore 4 .,
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Coagnlatior Timo (esconds) |

Balanced diet Bouldy ddet.

26,0 48 .0

' 2645 48,0
26.0 | 4.5
26,0 48.0
26,0 b7.5
25.5 48.0
26,0 { 485
2649 48,0

jeen = 26,05 & 0409 Neaps LB,05 £ 0.08
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FicuREl. CHANGES IN BLooD
COAGULATION TIME OF RATS

FED ON NORMAL AND MouLDY
DETS.

—-O—0O— MouLDY DIET,
-8-8—- NORMAL DIET
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FicuREL. CHANGES IN BLooD
COAGULATION TIME OF RATS

FED ON NORMAL AND MouLby

DETS.
‘é’ _0-O— MouLDY DIET
5 —o-8—- NORMAL DIET
W
X%
- 100
Z 90
= 30
3 )
; 60
901 p—"b &~ -
gt&&, 7
b —3 4 5
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2. DEXBACTION AND PURIPICAZICD OP JUIX

The smomnt of £o0d - oamnused Ly esach ret was
n®sured daily throughout the feeding period by finding
the diffarans botvean the smofint of food given to the
rat et ths etart of fooding and the amount left
uneatan at the end nf 24 hours, The a¥erage daily
in%aks, Sastorod using this method, wis fouad to de
32 gens. This quantity of the mouldy, Giet was then
extrested as doearibod on page ..Jl.. and tho mized
axtract vne purified unoing the methoé doscrided on

m@a ooulol soao to ..'.D.‘.

1. Soxhlet Extractor
2, 2950 nl, Round-bottomaed flacks (Julok-fit)

%, 0Olasse pletes (20 m. x 20 o)
4., Ultraviolet 1ight (365 ).

Adroant for thin-layer.chrngate@aphys
811100 Gel G (Merak A.C.)

Salyeni
3% (v/v) Methenol in chlorofore,

Rogad L
Afdatoxing B und 0 were identifisd, wndar

ultreviolst 1ight 8t 365 of, in e purified exteact
Of w mw uAgRE)A.\N DIGITAL HEALTH REPOSITORY PROJECT
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dn the dafly dletary intaks, the Mull-fluoressanss
teahniqne was usod, an desarided on pAgs ...)%....
Apparningt

1. ratuated pipettes (1 ml., 10 mls.)

2, Toet ftudes {12 . x 1.5 ™),

S, 0loso plates (20 as. 2 20 cm).

4o Wtreviolet 1ight (365 sp).
“doorbent for tiin=daver ehromcborunii..

841103 Gel ¢ (Eerck A.C.) woB used,
?chramotoplates” were preparod as degorided on m..lpu

£odxonti
3¢ (v/vy) estdanol in ohlorofors.

Exagedure
pght a12utions of the oanhoantrated ahlorafora

extraoct of afletoxing cbtained ac desaridod oD PAEY. .“,,
yore prepafed, using the gothod doooribed an page.. ...

ag £011000)~ 1
it o oW T I o Toe
s dilution vith the legst finarspoeEncs {n the

, &nd that of tha
Aflatoxin B extract vas ﬁ'

also.
Aflatoxin O extract voo ‘é'ﬁ"cr"
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These diluticns vere equivalent to A Xi0-% Al

mhﬂpmmtonmamo, respeotively

{Ooomes ot a1, 1968).

fiince 0.2 ml, of tho conoentratad chlorofora extract
(25 m1) " was usod for the dilutions, the amonnt

of AfQatoxin B present in the Aeily intake of the

| contaninated diet vy)) pe equal to E‘T X @_ X _‘5_

x b x 4078 pen.
and the ampunt of Aflatoxin O pressent in the daily
intake of the ocontsainsti:d diet will de equal to
af)
61_51299, xijx&:io 'Ap.
© aLopm

Therefore, the totel amount of mised aflstoxzins in

32,0 gruns of the mouldy dlet wos 17,3 alcrogreas,

The effeot of pure aflatoxin By on dblood olotting
| time of rete vae oompored with that of the mized
| aflatoxina exiraotod frod the contaninsted diet, using
the "throwbotest® otdod shich is dosoribed an peges.. |3,
to.., 14:...3. aimilor oxperisent wue perforeed using

L=hparoxycoumarin in place ef aflatoxin By.
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Appare fep)

tawe on thoae Asecribed on page ..2.6..-..

Ropgenfe)

{« 8slina (0.9 (v/v) aquscns solution of
sodiun achiorids (A.R.).

2. Eixed sflatoxins, axtracted from the sonldqy
diet ao dsearibed on page +...hl....

3. Pure afletoxin B4 (m P, Little Ino.,
nassachansette,) U,84A)

L, L~hydroxyamarid A.R. (Hopkins and ¥illisms
124., kseex).

Praggdure
A set of tuamty=four male, albino rats, of the

same otrain, weighing appraxizstely 300 groaé each, ware
obtoined, 8ix reto were sooh injeoted intraperitananlly
with 17.5 pgRe. of pixed afletoxine 1in 1,0 ml. distilled
yater. Bix pota recoived 17.5 pge. of pure afletoxin B,
suependsd in 1.0 nl, of distilled mier each, 7The

thisd grovp of rate receivod 15.0 ngH, of 4 hydroxyoormorin

sugpapoion in 1.0 mle aietilled water eack.
cho pemaining 6ix rato yore ooch injeoted with 1.0 al,

of Gistilled vater to earve as oontrol .
(ns: anisal {rod each sst of rata, czoépt the

n-treatod once vae® decapitated, every hour

The u-wmcmtmm rotd were
the antioomgulant aotivity of

u m m u AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Blood froa each animal was ocdtained, ofter dsiopidetion ,
and olotting time wos Asterained for each eAmplo.

Beglt ¢

The results wre ohown in Tabls 2 apd Pigure 2.
After a perioft of 3 houro, Doth the mizad nflatoxins
and pure efiztoxrin By have prolonged the normal olettin:
tino oaximally. The peak eotion of 4-iydraxycoumarin
vaa reachsd after 48 hours,

Coagnlation times (seconds)

e I o ————— y

( uc:n“tﬁi ﬁ;:;% ensilly Pure /Lflatoxin By Emm;
£7.0 49,0 | WB.5 80.5
27.5 4945 18,5 81,0
27.5 49,0 43,0 81.5
27.0 49.0 489 80.%
26,5 495 u8.0 80,5
27.0 1,540 48,9 80.0
27.5 940 48.0 80,0
27.5 49.0 | 48,0 00.5

——-——-‘——_—'—-__”—"'—__J_Em_a

Noans 49.12:0,05| Weans 00,56 + 0,0
Mesn=27.2 + 0.06 10, 3740, 05 ] 05
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FIGURE 2. THE INFLUENCE OF

() MIXED AFLATOXINS () Pure

AFLATOXIN B, AND (i) 4-HYDROXY-
CcouMARIN ON Broob COAGULATION

_TiMe_Of_RATS. A

=M~ 4-HYDROXYCOUMARIN
—+—4— MIXED AFLATOXINS
-2—4&- Puyre AFLATOXIN B,
-6-6- NORMAL

K,
K

A

)
a 0O 0 =

e
S5 A5 s

TEST ANIMALS



Apparatug:
Boxe as thome dsscrided on pamo..g..g...
Beagentar

1. 2-methyl-{iy=napdthoquinonsa(/ntigen Lt&.,Ireland),
eWrlied in anpoules, each oondoining 5,21 ag, 4n 1 al,
aqueoue aolution, | |

2. Vidanin K, (Roche Produota Lté., England),
supplied in anpocles, each oontaining 10,0 mg. in 1 =i,
aqueous oolution vith a fov dropa of 0,5% (w/v) of phenol

added as n daotoriostatio,
3. Pure uflutoxin B, (Arthur D. Little Inc., Nsse,

U.9.A ) auspansion in dietilled water. . H

U u—rtu;lrovcouarm (AeR.) easpension in Asotilled
water.

Progotae Fi
Tho mothod used in the detarmination of dlood

clotting tize 1s descrided on pagt ..13.. t0 ..14%.
The effecto of 2-nethyl~{slL-naphthoquinone anq

vitamin Ky on the anticoafulant Iropertieco of eflatoxin L
B, and U~hYdroxyooumarin wore determined in two differont

woyot-
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A st of ten rate wepre each injeoted intraperitansaliy
vith 17.5 ugn, of eqflatoxin By in 1.0 m1. eqioons Ouspenaion.
Phan the effect an blood clotting of ths aflatoxin ves
mexinsl, 1.0 @l. of an aquecue molution containing 5.21 mg.
of 2-sethyl-1:l=naphthoquinong yee injected intreperitonselly
toc saoch of theme rate. A aimilar exp«rimant was perforned on
anotder eet of ten rats, atuinjetering 5.0 sgn. of vitamin Iy
in 1.0 ml. agueous eolution in place of 2-methyl-1;.=-naphtho-
quinons. Their controls were ten rate into eecch of which wag
injeoted 1.0 ml. of an aqueous euspension containing 17.5 uge.
of afletoxin By and 1.0 el, of &istillaed water. The dloed
coagulation timos of ten normol, compareble rete were also
deterained.

' A different aet of ten rats vers each injeoted
intraperitoneslly with 15,0 mgn. of 4=hydroxyoouserin
(Arora and Mathur, 1963) in 1.0. ml, aQueous suepecnaion.
When the effeot om blood olotting of the L-hydruxyooumarin

weo maziaal, 1.0 ml. of on equeous eolution oontaining 5.21 mgm.
of 2-¥ethyl-1tl~naphthoquinans wae injeoted intraperitonsally
to0 esch of those rate. A similar exporisent was performéd on

another eet of tem rate, gdainiatering 5.0 mgA, of Vitamin K,
in 4.0 »1. aqueoun Bolution in place of 2-lethyl-1:4-naPhtho-

quinons. Their oontrole gere fen rats into each of which wee

4njeotsd 1.0 al, of an agueous guspaneion oonteining 15.0 mgn. |
dietilled water.

of L-hydroxyooumarin epd 1.0 nl of
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A N .y .

- -

The blood ooagnlsition times Of tan normil, comparnble
rats, vore alao detcrained.
Blood Wias obtainsd from each rate by Gsonpilation

asnd olotting tinas of the v.rious dlood saaples wete
determined hour after hour ,

Resulfy,

ihen vitain K, wes sdainistsred, there wass a
rovoreal of the antioongulmmt effuct of dath
l~hydroxycounarin ad sflatoxin R, The reversing
offeod of 2-aethyl=1iY=nopbthocuinone was of a losdar
degree. The rosulto aro ahown in Tobles 3 and L.
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TABLE 3
ZER.ZPPRCT QP 2-MeOTHYL-1 0QUINONR WHEN THR

l Coagulation
tine(secondn

Ocagulation time(seoconds)
Aflstoxin By

L7.5 L7.5 81.0 80.0 26.0

1
; 2 47.5 47.0 81.0 | 60.0 27.5
| s 47.0 w.s | 805 | 69.0 27.5
k4 47.5 | 40 40 80.5 | 69.0 27.5
5 4745 4045 I B0.5 |  68.5 28.0
6 L7.5 4l.0 81.0 69.0 27.0
7 48.0 40,0 8.5 | 685 27.9
8 L7.0 40, 80,0 | 68.0 27.0
9 48.0 40,0 80,5 | 68.5 27.0
10 47.5 40.0 80.5 | 68.5 27,5
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TABLE 4,
ZHR-EERECY - 08 - YITAYIN Xy, FHEN DHR ANTIQQAGUILYET

po(hours)after Coagnlation tine (seccnds) Goagulation
pjeotion of time{soconds)
Jitasin Ky Aflatozin B;~treated .4u~-hydroxyooumsar of normal raf§, |
rate Trtreated ratis

48.0 80.5

1 48.0 5 . 27.0
2 48.o 47.% 80.9 80.5 28.0
3 48,0 42.5 81.0 U7.5 27.0
4 47.5 3.3 80.5 34.0 27.5
9 48.0 r 30.0 80.5 30.7 27.0
6 47.0 29.0 80.5 28.5 27.0
7 b7.5 27.5 80.0 27.0 27.5
8 47.0 27.0 80.5 | 27.5 28.0
9 47.5 27.5 80.0 26.5 27.0
10 7.5 27.5 80.0 27.0 27.0 ‘
Y
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0.5 nl. of an aqusoun soluticn containing 5.0 ags. of
vitoain K, vas injeoted intresmacclarly to each of @
get of tcn rate, and 0,5.ml. of an aqueous Oouspansioh
containing 17.5 pop. of sfletoxn B, wie injectod | .
introperitonerlly into ench of the sane set of rats &t
the same time. A aimailur oxperiment was perforaed,
injeoting 0¢5 al. of G10tilled sater in plece of vitisin Ky .
A third sot of tan rata wers osch injeotod with 0.5 ml. of
an aqueouy solution ocontaining 5.0 mgn, of vitamin 81
introsnsoulerly, btut 0,5 m}, ¢f an aqueous suepension
oontsining 15.0 mge. of L-hydroxycouvmarin wes injectod,
at the eame time, intrnperitoneully to ecah of this
set of rate. A ginilar exporiment wes also performod,
injecting 0.501. of aietilled water in placo of Vitsmin Ko
Blood . obtnined by dscepitation, froa & rat in aech
of the svts, every hour, Clotting tiuves of the various
sauples wers dstcrainsd uning the method descrived cn

ptgoe . .1.3 oefO o .|.4. |

2omlt,
Vitarin X4 conpletoly innibited the antiooagnlant

sotivites of both L~hFdroxyooummrin and aflstoxin B,,
us shown in Tadbleg 5 and 6.
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TARLEX S,

0 IPIT OF IVUL1AN 000 AN OTRATICH, G
T Xy _AND U-ATOROXYOOIMARIN O FLOOD COAOULATION TIMAY

Oocm:tﬁn_sug(ammo) Ooagulation
Control ::‘t:?ﬂnl
wi diutﬁluﬁ‘gr )

i 1 27.0 80.5 27.%
b 26.0 80.0 27.0
5 255 8040 27.0
9 25.0 80.0 27.0
12 26,0 81.0 27.5
2l 260 80.5 275
36 £27.0 80.0 27.5
48 IT' 278 80.5 28.0
60 28.0 28,0 27.5
68 28.9 60.0 28,0
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po (hours) ofter
1tanoous injection
‘¥itsmdn K; and
'1atoxin Dy

43

ZUE EFFECT _QOF SIMULTANKOUS ADMINISTRATION OF
YATAJIN X 3-AND APLATOXIN 8B; ON PLOOD COAQUIATION TIME,

Coagulation

e O 9 0N RO WD

-
=

_Toet E ; time (seconda)
At:;:;xin L)1 Afl:::;in TP of normsl raste.
vitamin X]. dietillod wotor

| — — == -

27.5 k8.0 27.5
27.0 48.0 27.5
27.0 47.5 27.0
27.5 48.53 27.5
27.0 48.0 | 28.0
27.5 47.5 27.0
27.5 48.0 27.0
27.0 48.5 27.0
26.5 48,5 27.5
27.0 h8 .5 27.0

I
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1. Burettg (50ml,) on & retort ntand (85m,tall). ‘N
2. Diseesoting board (60m. x 60 am).
3. Stadio-Riggs elicer

4., Shaksr (E. Mickle, Surrey) |
8, Equilibruting aizturs (957 oxygan-5% carton aloxidd). |

8., Potter-rlveh]m homagani sel .

5, 8a1ino (0.9 sa. of ecdium obloride (A.R.)

d4@solvod in 10031, of asstilled water).
3, Bicarbsnato-bufrered balanced 6alt mediwm, |

« O
containing iom¥, of csloium chloride (A.R), 30 s Of
(4 .R )o 105 a¥. of podiun Ghlorido(/\.n.)

sodiun oordonsteo
apd iCal, of Potsesiun Biearbonste in { 1litre Of aQuetUG |

solution.

1, 3.0% (w/v)
4, Inidnsgole Buffer

0 nle
of Imidasole (gigozslina) in %0
ng ¥ith wator to 100ml.

ooldips citreto (A.R.) 8Quooue solution.

ande by diseolving 1.72 pn
of 0,1¥, Mydroohlurio

——
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A stondlrd qurve, ehown in Figure 3 van

ik

prepared as dcaoribod on pagee ...H‘.... eo . '60

Liver eli'bn wore propared, ae descrihod on
page ..JFL' from two groupe of rate whiah had been

treafed with aflatoxin B, and U=hyiroxyooumsrin

reaspeotively, as desorided on puge..aa... Ona gram of the

liver eliocee from each grouwp of experimentsl animals were
incubated ae dcescridbed on page ..J.’l.. for O hour,

2 hours 4 houre, and 6 houre respsotively, to allow for
syntheees of ooagulation factors, Prothroabin and
Prooonvertin were assayed both in the incubation nedium
and in the livor homogonute which wee preparod using
the method deecribed on page ..’ 8... Throaboplastin
(Difco Laboratorise) wee ueed ea the thrombokinase as
described on pego {9 . The emounte of Prothromdin
and Proconvertin prosent- in the plasas et the end of
each inoubation period, were read off the etandard
dilution wvurve.

The effeot of vitamin X, on the syntheses of
thete factorse was determined dy adding 0.2 mg. of
vitamin K‘l in 0.5 21, of diluted equeous solution
t the 1iw,>r 0lices which had besz inoubating for
4 hours. Progrees in the ayntheses of tha ooagulation

fastores wae followed for the next four houre.
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Toblee 7 and 0, and Figures 4 and 5 ohow thet
the 1iver elices prepared both from the pate
treatod with 4 hydroxyooumsrin, and those given
Aflstoxin B, could not syntheoizo metsurubls
quantitieo of prothroubdin rmd procenvoitin ,

But the condition was reversed whon viteain K,

vas added to the insudbated liver slicee. The
plaoma cbtainosd frod ths incubation sediva withArawn
at every period did not ciot; vhan the cediun wus
apeayed for oocagulation faotars,
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TARLE 7. IHE_EFITECT OP VITANIN K, OF {HE STRINESES OP PROTHRONBIN AND
= FROMAVIETIN BY LIVIR SLICES OF RATB TRRATID % ITH LUAYTIRCXYCOUMARIN.
-
e — = -
Clotting Time of Hazogunats ithite of faclors z.: RBanoganate
ﬁﬁm—n‘) (sacnmis) | )
: start Romml j 4 mmi‘] ATtcr the
il et it ion - trontod 1 waaition or Formal lmgg,
Vitamin K1
&) 70.0 274 .0 2.8
2 40.0 225.5 21.5
L 35.0 168.0 43.9
6 29.0 182.0 65.0 81.4
8 42.0

10 29.0
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Ficure 4. SYNTHESIS OF
COACGULATION FACTORS IN LIVER SLICES.

—0—0— 4-HYDROXYCOUMARIN WITH

VITAMIN K,
—@-8- 4-HYDROXYCOUMARIN

-3%-%— NORMAL
|  VITAMIN K,

UNITS OF COAGULATION FACTORS.
s 88 3885338

8- :

e LR U

TIME (HoURs) AFTER START
o' 3 INCUBATION~




TADLE 8,

| ]
R THE EFFECT OP VITAMIN K GN TIIS SYNTLESES OF PROTLROMBIN AND

mocosmrg DY 1XVAR SLICES OF BATS TWRATED VWITI APLATOXIN By

um_(.houx:-_) aftexr.. Clotti1 Ty £ 1 conate Ulu.t. of factors in llooogeonste
' e z::cond.l R, (AzIMIM = 100)
: - o <= '|
atart of inovbotion. | | r“h“nn B; |after ! Aflastoxin B; |Afior the .
f ) O —trosted the N y —-treated addition ©
l : sddition S ey Vitamin K,
: of Vita-
- ! =in ‘1
= ' ! -
© | 70+0 2.8 <\
2 he.O | 21.5 ’q
4 ¢ &.36
6 | 29.0 62.0 8l1.4 <‘ _
‘ | s9.0
1 { 75.0
10 ] { 295 1 | 5
- 2| 4 . : T
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FIGURES. SYNTHESIS OF
GOAGULATION FACTORS IN LIVER SLICES

—_—— s

—-0—0— AFLATOXIN &, WiTH VITAMINK
-o-9— AFLATOXING,.

-¥-%— NORMAL .
| VITAMNK,

UNITS OF COACMUMLATION FACTORS

5 B8 583 333888

T 3. 5 4 56 7 8TOED
Tore (Wl AF TER STARY
OF INCUBATION




Sime a8 thoso am puyp 44 -

)T T TR
I-utegrdomhdmnm 44 ; exospt that

thrasoplastin/replaced with Rustell Vipas Yencm
(Tocd=1ight ledoratorics, ISuoke, mnglond) .

Zrogedure.
A otandsyqd ocurve mas Di'ePdAred, using the method

described on pages 5t 16 dut Ruseell Viper Venos was
used in place of thradopinstin ns tho Chramdakimse,
Liver slioss vare ¢owparad from Aflataxin B~ |l
4 hytraxycomsrin=treated rats 0o descrided onh pege 17.
Ong» rea quADCities vere inocudatod 2e doscrided oo pags
for 0 hour, 2 bours, 4 houre,6 bours, respoctivoly, to
a)low for syuthesie of oosgulation fuctors, Protiromdin
v,.0 epeayed doth in the inobetion modim eod in the
J4yer bomogmnate (obtainsd am doscrided on page |§ ),
ueing RuSeell Viper Venom es dosaribed cn peges |3 to (9
the effect of Vitemin X, on the aynthesie of
prothrasdin wae dotareired by following the case prododire

o dsscrided on page 45 .
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Tablo® 9 and 10 shov that the liver slices
PPpared Doth fivm the rets trected with 4§ Mydroxyocamerin
end fram Choes given Aflatoxin By y-theaise praddiocslly
o FTothromdin during the period of tho experimant,

Sut the conditicn Wie reversed vhan vitmin X, was eadso
to the incudatod 1iver alices. The plamma

obtained from the incudation medimm, withdrawn at

ths vrious periods, 414 not adlot whan thay wore

assayed for prothrasdin,
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Clotting Time of Homogenate ;ta of Protimrwdin in Hopogensate
(MAXINUE = 100)

l (Secuns) I
Time (héurs) - - - 1 I
after start of Formal , | 4 Wyargoxy~- | After ths Bormal . I4-|~5¢1rox3- A{tzr e
inoubation o:::‘x;g = gas.ucm coumarin- CL.d&Lb.:cn of
‘ l © | vitemin x| IMM Vitamin K.
o 204 .0 7040 0.95 (O.i
2 105.0 627.0 3.5 { 0.1
Iy 7.0 460.0 6.4 0.18
6 t82.0 287.0 121.0 15.0 0.UB 2.2
8 60.0 10.9
10 5.5 l 13.7
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TAHIE 10.

93

TIE EYFECT OF VITANIN Kj; ON TOK SYNTWISIS OF FROTIROMBIN

DY LIVER S1LICGES OF HMATS TREATZD wITii AFLATOQAID B;.,

‘l‘i-(hnurn) Closting Tise of LHomogennte

|
bnits of Prothrusdin in Homogenate
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after atars of ) (aeeonds ). (MaxDurn a 100).
inoubation f
flatoxin B tor the aflstoxin By |Aftor tbhn
¥orael |-trented Rddfitiom of Normal |-treated addition of
itemin X, Vitemin K;-
. |200.0 709 .0 0.95 (0.1
106.0 618.0 3.5 0.1l
78-0 ‘03000 60“ 0023
2.0 22 .0 15%.0 15.0 G.65 1.2
l “.o ‘ 902
| sh.0 k.4
3 - i —————



1‘ gets of four rete eaah wers treatecd by
intreperitoneal injeotion with (s) Aflatoxin B, and
(b) 4~hydroxyooumarin as decoribed below. A thipd
eot vhiah wae not trented eerved mam control, Vhen the
effecta of aflatoxin B, and 4§ hylroxycoumarin on blood
olotting wors meximal, four different liver furotion
toste were porformed on the test animelo, side by
eids with their oontrole. Ths tests perforwed were
(s)A)xnlins phosphatsse in sarum, (b) Bilirubin in
scrus, (o) Urobilipogen in urins, and (4) Thymol
turbidity s described on pagos |9 to 293 .

417.5 picrografo of purc Aflatoxin 81 saespended
in 1.0 ml. of distilled rvnter wne injected intraperitoneslly
into oach of the first oet of rats. Urine shigh
woo passed by the rats, three hours after injeotion, wae
coclleoted in smnl) deakers, Three hours aftor the
injection, the male rnte (weigbing approximstely 300
groms each) wore decspitsted to obtein acrus,

18,0 sgn. of 4 hydroxyooumarin suspenied in 4.C ml.
distillsd wntor wns injeoted intraperitionsslily into
each of tho sacond eot of male rute, Urine.which as
passed«dby.the rate, wes collected thereafier, and the
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rate vere decaptistsd nftar LS bours in ordar to
colleote serun frof oach of them.

Teats were than gparfhrsmed on ths urine end blood
as
ssmplos / followo) ~

e) &lxaling Posphatags Angcrma.:
EIRopducos

The level of alkalina phoaphotaed in esch of
the sere obtainsd Lrom noreil, aflstoxin D, ~tretted,
and 4-hydroxyoomaricetredtsd rote, vns dstareinsd
using the nethod desarided co pages |9 to 20.

Road&i ..
che sacunts 0f tho anzyne voro about tho 8ssBoe

fyom tho 6crd obtoinad froo tho norwaly a£latoxin By
treatod and U Wﬂwmtmw rote o GhoED

in Table 11.
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1 Eing-"rmstrong Mnit {a the production of 1.0 mgu,
of phenol {n 15 mimtes andsr the oonditions of the test.

W dxroxyocumarin
- wm.

RATH PPTICAL ;J!?E':I‘X'Y ALXALINE PHOSFAATASE
(510 = (xm-.ww
BCINIR) ) 6 p
Formnl 0.10 5¢3
_—_—————-L-_—-———-—_-—b-—-_-—_r
/%1atoxin Py-ireated 0.10 543
__.__.__—_———-“—-—-_—"'_‘ —-—7—————-—-——-—-——
0.095% 240
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b) MDD g cqrp.
Ergoedurg:

10 al. of sarua odbtaincd from the blood
of a dooapitatod rat uso pipettsd into a test tuhe
and teitod for bilirubin, uaing tho method Qescrided
onpege 2O . Teata ware perforoed on the cars of
aorzsl, aflatoxin By -troated, and 4 hyaroxy-ooumorin-
treatcd rato, Optical demsitieo ware rescd on
spectrophotonoter (e.p: 600) at 540 np.

Bomal gt
The levels of cormum bilirmudin waro about the
same for throo differant sera ao ahown in Tadlo 12,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




! - e e e e ,,5'1

\ TABLE 13,

- lED1a o smw sInIRUBIN I (8) APLAZOXIN By ~TREATED
Tha ocolour of tho stansard solution wns
squivalent to thet Drodvosd by sermm containing 4.0 8g1.

of bilimthin par 100 ml. |

Opi‘lﬁ'tf; NoITY BILIRUNIN IN
(5.0 =p 100 al. MU (ugn)4
NOREAL 0,032 0.17
|
AFL,TOXIN By~ 0.0 0.16
IRRATED
4 AYIEOXYCOUNARIN- 04033 0.18
TREAT!D, ‘
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°)  Urabilidogan 4 Opics.
~Lragedupe)

<he motbod Gecoridod on pege 12 weo nasd
to detaruins ths level of Urcdilinogen in urins AANDLGO
of aflatoxin n"-mma and U4=hydragyooumsrig<ton: tod
goto of four rvito esab. A 24bour urine SaEpla
{ram cachk trootod mat vas obiaired and msosurod.
A 2h=hour eample of narvsl urine wne 8160 chtained,
menoured anl teotad, Optiosl @ansitie6 of tbo noraal
urine, tost urine sasples, ond tho slandard
phenolphthalein ecluticn pere rocd 0d B speotronhotoceter

(S.P.GOO) at 540 UPQ

Ramidl
™e angunte of wrinyy urodilinopgen were adout

tho eame frr tho three differont séra 26 chomn in
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Tho phanolphthelein otandard heo a cimilor |
calur to thet given by 0.387 mg. Orobilinogen in
’m Illl. Ot Ul'm.

ROrAL 0.600
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Btantars were #st @ as dssorided on pagen 24 to 25
0403 @l. of aarup, pipetted from tho blood of a
decspitatod normal rat, was adfed to 5.0 al. of the
thymol r®gant (desorided on pege 23 ) in a taot
tube. The oontonts in tho tubo were mixald and
allawed to etand for 60 mimtes. The turbidity
wae road sgainat the aldvwmmin etardards, Riailer
aexperinante raro porfureod, uoing ssra odtainod fros
ths blood of
(1) e decspitated aflntoxin B~ treated rot ani
(11) a decapitotcd § - byiroxyocommorin-treated rat.,
Deowlts
Tho turbidity prodnced by esch of the nomal,
oflstoxin B,-troated, and U-hydroxyoounarin-troated
sare 7ae Uw same oo that prodnoed by the standsrd
vhich was oQuivalont to 20 ags par 300ul. oorum,
therafvro, tho thymol turdidity (arbitrary unites) of
cach of pormal, afletoxin-troatod, ond Lshyiroxyoocumsrine

trented rits soro wio g
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The relationship betwoan the structares and
hypoprothraabinaenio sotivities of ooumarin=-tyDe
moleculen have dean otulicd oxtendiyely (Arare and Mothur,
1963), following the discavery of dicouwmnrol se the
toxio agmnt responaidble for the seriocus hasworrhagio
conditiona in ocstlle(Gan;pball and Link, 1941).

Clotiing time dctaruinations on the dlood
of rete fod on a balanoed diot vhiah hod deen
infeeted vith & toxio etreidfspargilius flavus shoved
that there usa a subetanse in tho cortaminsted AGlot
which prolonged tho blocd clotting time of reats vhich
fof on the diot (Figure 1). A mizturo ar Wflatoxino ware

sweequuntly extiraoted from tho mouldy diet. The faot
that the erfaots of (1) the extrmoted mixod af2etaxins

ana (2) pure aflstoxin 8y on dlood clotting tine (Tadble 2)
were #inilar to that of the monldy diet (Tuble 1) weo an

evidesco that the anticongulent eotivity of tho aculdy |
diot vas a result of the action of tho aflatoxing presant |

in the aouldy diot op tho blood alotting factors, {
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. &ﬂaﬁ trosbotast tookniue for %‘&:‘} u
ﬂP detormi™tions, 1t vns abown that any of thy four
blﬂbdwnm faotors 1I, VII, IX end X oould have
bdan effeot®™ (Figure 2), The blood clotting tise wus
datersinsd priaarily dby the faoior shich ypo most
dlltiohm at the tine of dctermination, dooause o
defioient faotor Tounld be ths 1lisiting ooo for tbe
coagaletion resotion,

"hen epecifio throsbakinasce were molcged, it
ahpesrnd se if fuctorn II and V2I (prothrosdin and

preceRveLtin,—coopaotivaly) wese dificient in tho placan

of the rat shioch was injeotcd with puro eflstoxin By

(Tadle 8.)., But this Goua not proclude the passidility

thet eithcr factor IX or factor X, or dotl, 24y have dean

defricicnt in the plamms of Ghe troatod rate, r
Aflatodin By, 6 cotmarin-type compuand (Asa0 st al.,

1963) hss bosd ahoen to do mucd more sffective than

i~hylroxycoumarin in Prologing the blood clotting time

of pats, In this conneoticn, tho oamparstive effective

toses were 56 x 1070 mi. eflatoxin B, to 95 x 1073w, 4

hydreagooumariD, otising ¢ ret vhicd weighed sbout 300 gress
In an ettampt to Got-ruine tho mode of sotion of

aflatexin By 00 blood alotting, ite affect oo tho ayntdesis
of eoagulation frotare DY 1iver elices ig invietimwes
Jnl wwe oomparod with that of Ushpirosyooumarin,
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AL18%0x1n B, had bosn ahown %o bave & Ooreinogmio
ROtATILY in rate (Barnes and Putier, 1964) and dA1frord
eng Rees (1966) nad fnatcetod that afiseoxin By hes s
610 of eation fn the rat liver cells Omith and
Hokernan (1962) vere apong tho sarliest to roport some
hoptitotexio notion of dhuomsto graphicelly nepsrated

~Motions of Aipergiliuc f2awyy extracte.

Me resulth of the four liver fanotion toate
(Table 131, 12 and 13) purfarmed oo cur as)erissutal
animalo vere an evidence that tho parenchymel oolle of
the livers of theeo animale wero intact when the effects
of both aflatorin B, snd UY~GydroXyocoumssrin on dlocod
alotting tise wero Paxingl, Maref®r:, it Scono soseansdle
to oonolude that tho aynthesio of at lesct ocne of tho
b3ood clotting factars (which aro proteins mads in the
1iver papanchymel oclls=Barnhart, 1960) must have bosn
tan4ditad, Ouok intiditdan monld havs dren reaponalbls
for tho éeficiecay uvf the fmotm'(s) 10 the pleams of ti:e
sezperisantel animal.

Pool and Bodinaan (1959) found Chot Vitsadn K
sousnsed tho inbiditary effect of %(g-Atgtonyibancyl)
-ayirayooumarin an tho synthenio of coagulntion factors

ny ret liver alices,
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1NEN%8 Gomoribed in this thesle thowed that

__ “thui B1eod elotting biie And the .
1584b1 040 of 10 eynthends of blood olosting feetor -
II and VII tn va¢ 1iver sltces (Tablos 7,8,9, and 10)
bF 4nttorin By, and by behYArOsysommrin, were Peversed
when Vitaaln K, wes adainiwtaered.

By ueing Jugeall Viper Vonom as tho throdbokinase
for alotting the dlood plasmna of aflatorin-treated rats,
the synthesis of prothroabin in the perenchymnl eelle of
the 1iver hat dsen shetwn %0 be that vhiah {8 predoninanily

inhidvited (Tedble 10),
In vigw of those evidaiwion, the sation of aflatoxin

B, 00 dlood alotting aculd do conajdcred to involve &
eiailar sechaniee t0 that of clioocmmssol 0n dlood clottyd
(hmisleveka snd Cleslak, 1958) shore, &7 virtus of
structe ]l r:emdlance, the couierin compound CUNpe, ..
sith Vitaxin K for tho spoensynmc in the production of

mmm in the liver,
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The thenis has made the following sdditions to the
xnoe) 0480 of the diologioal proxcstiss of the aflitoxins .

i Aflstoxin By prolonge She Wiced alotiing sime
of b,

i, arlstoxin B; 10hIdi%e the oynthieie of Blood
olotting Mactora -~ pertimilarly prothrosdin-in the livip
oall of tia rat,

3, Aflstoxin M ichibite dlocd olottios ridotions |
in ynhdah vitanin X is & cofticter, *

1
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The following eprroech is sugmeted fer futare verk.
8) Rxoerisents should de porformed $0

detcTeine - 1f either fctor 1X (Plaama thuwosdoplestin

companent) or faotor X (Atuart-Prover fiotor) oF

both £'ators were daficient in the plagma of 2ot

trented with Aflatoxin I‘i

d) The effoots of Aflatoxin & on the elotting
tine should be investignted end ccapared with that
“Aﬂ-ﬂW'o

0) Astampta ahotuld be sade ¢ find out if
any of he dlood alotting fuctors binds © on %0
the Oﬂ-"mdn.

d) A4An attaxpt oculd alse be maie to dotaruine
at what stage of the yDthesis of a dallcigmt fastor

the pflitain fote,
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