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ABSTRACT

It has been reported that aflatoxins .1' solated
from foodstuff contamisated with a toxie ~tra'a of

Aspergilisg flavng producses in rats a leslss sdmilar to
the “gueet clover dipeape®™. Mocheuical, kimetic and
microscopic evidense has been produec { to ghow that
aflatoxin leagthens blood ¢lotting tie 4in ret in a

vay similar to S-hydroxyooumaiin.

"la vitro ™ experisents with liver aslices confirm
that the iahibition of ti> symthesis of blood elotting
facters by aflatoxin 15 4 yesult of a compotition with
vitamin K for tho apeemsyme invelved in the produotion
of prothrosibin ju the liver. Fhea the intereotion of
aflatoxin with buc v olotting ensymoe is compared with
that of cartu. “s‘mughloride (a known hepatecarvinogen)
and of h-Ry‘voryooumarin it 45 found that aflatexis
dosrenres *t9 lovel of prothrombin, in a way similar to
behylrexyo umaris and ualike cartes tetrachloride.
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Sensitive hopatis functien tests followed by light rad
elesctroa misresccpy coafira timt at the time when . iatexia

leagthonsd blood cletting tise maximelly, the emi s ultre-
structure of the paremclymsl cell was intast.
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(4) "Sweet Clover Pisespe"”

Esemorrhagic septicasmia, o dSscase associated with
exsessive bloeding and a long wh+lo biced cletting time, was
recognised in Canadian cattle early ‘s this century. GSebofisld
(192%) treced this "sweet clover dlsease™ o ingestion of
isproperly cured hay made (roa cvmmon types of sweet clowver
(ielllotus alba). Noderiek (1971) was unable to prepare
prothroubin from the slecl of affected animals and alse found
that vhen prothres’ix was added to the plesmm of the diseased
animls, the olottii; time was reduced.

A bo-assoy, using rabbits was later developed by
Campbell, fSsild, Yoberts and Idnk (1941) in erder to identify
the hasmeriegis agent in the spoiled sweet clover. OQuick's
(1937) en: etage prothrombdin technique was used. This
culnisated in the isolaticn and mysthesis of the hasmorrhagle
agent dloowmarel, Qiumpbel, Newbmew asd Lisk (1981) then
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suggested that the bialogical aymthesis of this suds’wace
fron evumyin during spollage of the hay might have “eea
@ue to oxidation of coumrin to h-Nydrexycomsaria, skich
oowpled with formmldelyde to give dlecoumarol.

Rocently Bye and King (1970) showed (iat a stryaia
of Agperziliue fumigmtug Preconius, iseisted frem spoiled
bay, will coavert melilotis scid (o-iydrenyphenylprepionis
asid) and o-coumric acid inte h-Rylruxyooumarin and
dicoumarel (Figure 1) The ecomversien of o-coummrie acid
inte b-hydroxyccoumarin has beva ocbserved several tises
(Boeks, 1967; Bellis, Spring 24 Stoker, 1967) Shieh and
Naskwood, 1967) and 4t rescosd that the mechanism imvolved
in tiis pesction s $he% of & Peexidation (Bye, Agton and
King, 1968 Spring and dteler, 1969). I the presence of
senisarbaside, o~ “Wamidohyde is forned from o-commaric
agid) however, “hove s mo evidence that this lies on the
sorsal setabolis puibeny (Bye and King, 1970).

AL'then % the blesynthesis of A-hydrexyeousaria frea
melilotic asid isvolves severnl emaymic steps, the eoupling
of Abydreiyosumarin with formaldehyde to form &icommarel s
& mon-ensymie reaction (Spring and Steker, 1968). Dye and
King (1970) has stated that the isolation of the enayme(s)
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mnmwuwmm
spodlage of sweet clower, is mecessary te show the Nlatiss,
12 any, detwoen the emayme(s) iovolved in tiis reaction and
those of the fatty acid f-oxidation.

(44) Pecognition of *Durkery X ‘dpase”

Several decades after tie ";meet slover discese®
protlen, another cbecure disewe described as "Surikey X
dissage® wes discovered ia 1960 in England oo a result of
deoaths of about 100,000 twrkoye ia poultry farms. Soon
after, a similar condiiisn vas observed in duweklings. Ne
specifie poisomons “pen® wme Ldentified in sasples of thedr
seals but RMlount (1961) and Asplin and Carmaghan (1961)
shoved that th: ¢.aw.a factore in these tregic incidents
were (a) the procence of Brusillian grounisst meal ia the
food and (b) certain liver lesions in poultry farm animals
and @uetlizgs., The earlieet indication that a groundnmt
msal otk vhan that from Dresil could cause the édisease was
given iy Asplin and Carmaghan (1961) who showed that
dueklings which had fed on a groundmut meal grewn and

procsssed in Uganda and Tangayika (Tansania), beth Bast African
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somntrics, had liver lesicas similar to these produc~d by
the Bresillian groundaut meal. Simultancously othe™
workers (Loosmore and Harding, 1961} leosmore ana Varuses,
1961) established that some unknewn disease ‘4 piyw and
calves was eansed by feeding on PDrasillian o ov~amut meal,

Veing dmoklings as experisental visnls, Sargeant,
0'Kelly, Carmaghan and Alloreft (1961) casvied out an
extrastion of the Soxic sudatanece ~va some samples of the
Brasillian groundmut meal. No rlkaloids were present in

the extrasct (Alleroft, Carmaghan, sargeant and O0'Kelly,
1961).

(a)  Pissovery of AP lexia.

There wer: ojsculations with regard to the mature
of the toxie svietinee. Sargeant, Sheridsn, 0'Kelly and
Carmaghan (1961) slswed that am isolate of the comson mould,
Apperglllis Dlavug wos the poisoncus material. VWhea this
isolate was “rown on a sterilinmed non-toxio groundnut sample,
4% prodnesl the texic prinedple. In view of the origin of
this (~win, 4t wvas mamed "aflatoxin®™ (Interdepartaental
Soriing Party on Groundmut Toxieity Ressareh, 1962).
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The discovery of aflatoxin as & costamimant ‘u bumas
and anisal feeds has arcused the intereet of sclemsists ia
all eoumtriss which produge or consuse groundsuts secause of
the potential public hoalth hasards and the ltim.te eccsomis
sonsoquences. Migeria is cue of the world's wajor exporter
of groundmuta.

()  Susesptibility of Various ixisal Speeies.

Toeding trials, nsing torte groundmmt meal of a known
aflatoxin content, have indicited a species wariation in
susteptibility of animalsr. Table 1 shows some results of
n,mmm-umuunmm. Ia the mat
the toxieity eof afla‘oria decreases rapidly vith age and
wedght of the amiral (Dutler, 1964). This may Do due to the
relative lack ¢f microsomal ensymes ineluding aytochrome
P=450 (Parke, 19°8) which oxidatively metabolise druge and
forodgn ooz ~=min, Theso emaymes tond to appear a few days
after s\ asd to reash a maxisun after adbout a mosth in
rats (Rate, Vassanslld, Prestine and Chissara, 19064),
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 Boute® of 1By, | l
e

léay N0 037 Carsaghs (1963)
. leomate wr 0 0.56 'l.m. sh al. (21965)
| 21 days R 0 5.5 lAsso, % al. (1965)
Rat [ NAdays 7 0 7.2  Dxtler, (1964)
1 190 o A 0 17.% :Ml-' (1964)
| 100¢g " Lepe €.0 Putler, (1964) :
Ramstor 30 éaym N o 1n.2 II'I. (1966)

. _ :
Guinsa.pdyg Adult | W7¥ L.+ | oa 1,0 Dutler, (1966)

Kouse | s | wr k) uht%?"mi :

Rabbit Veasling ‘W7  i.p. | ea 0.3 "'"g:,;ﬂ Dutler, |

\

Adudt | %/7  d.pe | e 1,0 Newberse gf al. (1966) |

o AMult W7 0  ea 0.5 Newderne g3 al. (1966)
| I
!ru | 6=7hge WP 0 0.62 HNewberme and Butler |
i | Resberne and
| Cat ‘Ir. Mt WT L. | 0.35 (1969) Mtler

I'-—_.——u—-—-—-—___.__________

thnm-mmmh

+(0 2 Oral, 4.ps ® Intraperitonsal.)
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(a) Aflatoxine v Bay and .

#ith the use of thia layer chrematerszuply oa siliea gol
(Kioselgel @, Merck) Smith and MeXernan (1532 separated
extracts of cultures of toxle styeiws of Agpersilling flavug
and obtained at leant twelve flueresosst components. Five of
these components damaged the liwvers of éueklings. wan der
S4jden, Koolenamid, Doldiagh, Narvett, Ord and Philip (1962)
then reported the isclatior of a srystalline form of a texin
vhish cansed a lesion similar %o the "furkey X dipeage™.
Alse ia 1962, do lengl, Posribuis, Vies, Darrett, and Ond
obtained a concenty in of the %exin after treatsent of a
chlorofors extrast vith Gireard T peagent. Two dimensional
ochromtography ¢t al’ica gl G showed two spotaj the
mberial frea bolh spots were toxie to duekiings. The ome
mterial ~ti s blus-viclet fluorescence was assigned the
solosulis jormmla Oy i 0. after ehemical and mase
mmmmmuuu,“-.
1dentified wsing muolear mmgnetio resomance spectra.
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Bartley, Seaditt and 0'Eelly (1963) were the first
%o report the iselation and clarasterisatien of fowr »1=~ily
pelated toxins. These toxins separsted ea silica o2?
chromtoplates using ehloroform/methancl (98:2, w/'v) se
Geveloping sclvest and were designated aflatoxiss 4, B,,
l‘mlahuhdlm-Hul‘ﬂu. Afliatoxin
B, was identical with the substasce iselated by vaa der
S4jden gt p] (1962) and by de Jongh pf pl (1962). Tadle 2
shoes some plysicechemical propertios of these toxins, With
interpretation of ultraviolet, iufrescd, muclear magnetioc
rescnance and mass spectral data, sue complete strustures
(Asno, Buehi, Abdel-Kader, “hsng, Wick and Sogan, 1963, 1965)
and the absolute configuraiton (Brechbuhler, Duchki and
Milne, 1967) of theso aflitexins have been established.
The total synthesis ol 2 rucemie aflatoxin EN (Dueid,
Foulkes, Kurese ard Viicaell, 1966; Puchi, Foulkes, Kuromo,
Mitehell and Selawidey, 1967) has been deserided. The
structures of (hea: fouwr olosely related aflatoxins are shown
is Pigure 3. The molocules of aflatoxins A amd O,
possess an o, f-unsaturated lastene ring, and they are
furacsownrin derivatives., In the case of aflatoxine l.
a4 G,; o termimal furaso ring is aflatexine B, asd &
is reduced by addition of two lydrogen atoms. The double bend
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42 the o, f-position to the carbenyl growp could aseount
for the pharmmoclogical astivities of these toxise
(Raymes, 1948). Since these subotances are lasctomsy,
their Mologloal activity could be related to thalr high
reactivity to eloctrephilic agests and their potectial
astion as alkylating agests under physiclexicn! conditions
(Dickons and Jopes, 1963 Dickens, 1964),

() mamhmh.

Allereft and Carmaghan (1962, 1963) discovered that
the milk of eattle which had fod on aflatexin-containing meal
oontained s sgbstance which war toxie to ducklings, predusing
a lesion similar to afiatcricosis. later, de Iongh, Vies and
wan Pelt (1964) shored by thin layer chromatography ea siliea
ol (Kieselgel 0) that the toxin ( "milk toxin® ) 45 a bluse

violet fluorese.™' gudatance with an l‘ value much lower

than that of afiatoxin 3. Twe hours after an adainistratien
of a single éres of miwed aflatoxins, Allereft, Nogers, Lewis,
Fabaey anl Dest (1966) ddeatified a substange identisal with
the £1lk tocin 4n the liver, kidsey and wrine of sheep.
Allerelt and hee collaborators then suggested that the milk
toxin b assigned aflatexin N te isdleate its erigisal
teslation frem milk. Aflatexis N was, afterwards, ressived
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into two components with the uwse of paper chrematogranky
(Aldevoft gt a1, 1966; Holsapfol, Steyn and Pureb-=e, 1366).
T™he spot with the bluevislet fluorescence was #ocigunted N,
whilst the other viclet flmorescent spot with & lover R,
wlue vas dosigmated N,. The faot that aflotuxiss A, B,,
G, asd G, would separate on silisa gol Vet not oa paper
vhoreas .I. and H, vould separate on jover and mot silica
gl 10 a defimite ovidense that thoy nee distinotly different
substances., Nelsapfel and his grouy were also able to
isolate aflatoxins l‘ and N, 1= addition of aflatoxins
Byo 8,0 0, and O, from mouldy groundsuts. On the basis
of ultravislet, infyared, munolear magnetic rescnance and mass
spectrul data, confirmel bty appropriate cheamiecnl reastiocns,
$he complete structures of aflatoxiss M, and M, whioh are
m—mmunmsunmwwhmxu
(1966) and Masri, Lacdin, Pege and Gareda (1967). Aflatoxin
M, 15 blyromu®iatexin B, asd N, 4is d-bydrexy
aflatoxin o,.
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AFLATOXINS M.,




(o) Mhﬂhi

The isclation of aflatoxins I. and .h frea
eultures of Agpergilling flsvug was reported by Dulten cad
Heathoote (1966). 5, fluoresces blwe whilst G, has a
greenish fluoressense. Dutton and Heathoote conl!srmed the
structures (see Figure 3) as 2-hydroxy deriwmiives of
aflatoxine 5, and O, and vere accordligly named
aflatoxine b and @, respectively. ‘hese structures
were forsulated on the basis of ultrnviclet, infrered,
siss and muslear magnetic resoncnce vpeetra, supported by
selected ehamisal recctions. These two aflatexins, hewever,
vere relatively nometexic ¢¢ dusklings but the possidility
thet aflatoxine B, ard 0, ocould give rise to the

highly toxie l‘ end O, by delyiration is highly
speculative.

(@) Aspexionls.

hon Bith and MeKerman (1962) odtained froa ewltures
of Agvec~illus flavus five fluorescent compounds by thin
layse evomatography uwaing silica gel, they speculated
that there might oxist even more complex phytotoxins.

Rodirisks, Nesery-logan, Caspbell, Stoleff and Verrett

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



(1968) confirmed this by reporting the iselation of amother
toxic metabolite frem cultures of Agpermilize flavmg with
the trivial nase “ggpertoxin® and a molecular forsuic
01950+ The strusture of aspertexin illustrated ia
Figure § was established almest simmltancously by teo
different groups (Rod ricks, Lustig, Campbell, aid Stoloff
(1968); waise, Jr., ¥iley, Mack and Lunddin (1968).
Aspertoxin is Selydroxy-f, 7-dimethoxydi “wrvmnthone.

(o) Palmotoxine B and O .
*

Isclation of two additiomal fluorescent toxine frem
sultures of Aspergillug flavus <a palm sap obtained from a
wariety of Elaeis muinrensis “me been reported by Daseir and
Adekunle (1968). T srdetances vere desigmated palsotoxing
I. oend I. to ipiicats their origimal isclation from an
unfersented paln coo. The substances ran mear the erigin
vhen they werc espavated and purified by thin layer
ehromtography in kieselgel @ wsing 5012 (v/v) ehlorofora
ia methosel ns the developing aystes. R, walues of LR
and I. weiw 0,20 and 0,13, respectively. On the basis of
ultraviciet, infrared, nuclear magnetic resomance and mnss
spectra supported by specifie chemical investigations,
Adokunle (1969) suggeoted the struotures as leng ehain
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unsaturated fatty scids (dienes) vhich may be spatial
iscmers of cach other. Bach of them exhibited a mmss
poak covvesponding to N’ o 380 an ion for which the
molecular forsula u‘l“n, has been proposed.

Toxieity titrations of palsotoxine B, oo/ G, oa
G-day old White Rock chick embryos showed thoi B 15 as
toxic as afiatoxin B,, Palmotexin O Z1s relatively nan-

M.MHMHM 't (ooggir and Adekunle,
1969) .

(dv) Biochesiea) Effeqts of \flatexis.

Moot of the dnveridgotors on the biochemical mode of
action of the aflato—na L ve utilised aflatoxin B, because
this i the most patest uflatoxin, with regard to its toxicity
to animals. Toxielcy and earcimogunicity of aflatoxin in
animals asd J4s aytotoxieity in oell oultures are a result
of interaction of the drug with cellular conatituenta,

(a) Taxtorosbion with DUA.

Aflatexin B, binds to mative, double-stranded
helisal ealf thywus DEA and in this respect a maxisal
kypochrenicity at 355 mp and Myperchresicity at 385 mp were
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dencnstyuted by Clifford and Rees (1966, 1967). Sperm,
Dingman, Phelps and Vogan (1966), howewver, reported a alif%
in sheorption maxisun (from 363 m to 566360 m) woon
biading of aflatoxin 5, %o calf-tiymus DA vhea (he two
coupounds were equilidrated in phosphate bufic™ orlutienst
this ehift was nooompanied by a marked hypervisemiss at 362
M. The texieity of the aflatoxins war proporticasl to the
magnitude of spectral shift isduced by DA binding, The
spectral akift of aflatoxin l‘ vas similar to the
difference in adsorption spectrua giwea by astinomyecin D
in the presence of ealf-thymus ™A (Redgh and Geldberg, 1964}
Bernbard, Pruyssinet, laFargy and Lo Bretem, 1965). ,

Using equilibrimn ddalysis, Klack and Jirgensons (1967)
showed that aflatoxin N, binds to DNA and aleo to two highly
purified kistonss. Tis interection results in gross
conformational o'anes in the lysine-rich histone amd DA,

The bnding of aflatoxin with DR gives rise to
dohidition ¢f LA and REA polymereses resulting in the
fispairmens of the syntheais of both DHA and RNA. The
bloskage ~f wissenger RAA (p-RNA) formation results
ultitatily in the inkibition of protein synthesis. Although
bioting of DHA and aflatoxin 2, bas been demonstrated
"1a vitre® theve 15 »o ovidense to swpport sueh an
intemnstion "Ly vive" .

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



-}
denonstyuted by Clifford and Reeo (1966, 1967). Spomrn,
Plagmn, Phelps and Vogan (1966), however, reported a shift
in absorption maxisun (frem 363 m to 366368 =) wa
biading of aflatoxin .l to calf-thymus DU theu the twe
sompounds were equilidbsated in phosphate bu.l®er solutions!
this chift was acoompanied by a marked hyperehromism at 362
. The toxieity of the aflatoxine vas moportiosal to the
magnitude of spectrul shift induced by DNA binding, The
speotral ghift of aflatoxin 'l wa similar to the
difference in adsorpticn specirex given by astinemyein D
in the presence of calf-thymus ™4 (Redch and Goldderg, 1964}
Bernbard, Pruysainet, lafarge and Lo RBretem, 1965). .

Using equilibeins dialysis, Mlagk and Jirgensons (1967)
shoved that aflatoxic B, binds to DNA and also to two highly
purified histones. s intereetion results in groes
conformational elur==s in the lysine-rich histene and DNA,

The Mading of aflatoxin with DHA gives rise to
fiakibition of ™A and RNA polymereses resulting in the
fisgairsen: of the syuthesis of both DA and WA, The
blockayo o meesenger WA (meRNA) formation results
ultiastaly 4n the inkibition of protein synthesis. Although
tadirg of DEA and aflatowin B has beon demonstrated
"SA viire® there 1o mo ovidenos to support sueh an
Mimi.
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(») Carcinosenesis.

¥ith wvery fow exseptions, the eoffect of an ssute dose
of aflatoxin is tissuve-specific affecting only by idver
(see Wogan, 1966). The sequential histolerical alterations
caused by aflatoxin B 4in rat liver has been descrided by
Butler (1964). A single dose of aflatexin A to mat o
other animals causes parenchymal oe'l wceveais, bile dust
proliforation and other histologleal ebanges in the liver.
Indeed, aflatoxin B 4s a potest hepatocareinegen for
several anisal species (Fogan, 1966). The alteration caused
by aflatoxin 'I. in suolislar morphology may be specific to
the aflatoxing since efmilay shangss have been reported
after administration of cotinosyein D (Bermbard gt gl 1965)
and also by certa’s pryriolisidine alkaleids (Svoboda and
Sogn, 1966): OCempar=tive studisa of the mucleold (Usmma,
Merris, and Duoci, 1967), however, suggest that the lesion
appeara to % revarsible and does not appear after sultiple
and repeate) doses of the compound.

(o) ZZiztexisdty.
Severnl workers (Jubnss and Greesi, 1964; Gabliks,

Sehaoffer, Friedman and Wogan, 1965 Daniel, 1965) hawe
Genonstrated oytotexis effects of aflatoxiss dn "jin witro®
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mu:ﬂmﬂﬁumm Lemter
mm—uﬂ)nmﬁlfﬂlwm
aflatexwin dinhibited tho aynthesis of DNA and proivic 12
hoteoropleoid huumn esbryonie lung cells at comvemuivilonms of
Ol to 1.0 pepens Optotoxicity of aflatexin B, in
oultures of human gnbryonie liver eells beag xiso been
seported by Ducherman, Recs, Imman, and Puttsu (1967).

The toxie vesponse imvelved the loss of ayloplasmie WNA
and maried changes in mucleclar moi)'olegy.

(@) Respones in Flast Tissues.

™o mature of the »{ffects of the aflatoxine 4in plants
is gisilar to those omnsod is enimal systems. Schoemtal and
White (1965) showed trut aflatoxia inhibited seod germimation
when lopiding g8’Ay -~ ‘watereress) soods are oxposed to the

agtion of a soueeatrution of 25 p.pen. of the toxin. lLower

lovels of the teota will 4nhibds the synthesis of chlerephyll

in the leaves o young plant, I41ly (1965) has reported that

mized afictoxins induoo chromosomml abbemutions in reots of
Yisl Ca~ ocodlings. These findings may imply that
afictoxdae alter genotic expresaion possibly tirough
biading with DNA, So, there is an obvieus similarity ia
the mechanisn of sotion in both plant and animel oystems,
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(v) Desssclesiea) Agtiea of Aflatexin.

In a roview by Schoental (1967) empinsis was ;laced
on the need for studies on purely pharmmecologieal

proparties of aflatoxin in doses which are act asnlely
texieo. It has, hitherto, not bDeea establiiwel Thether

aflatoxin can bo photosemsitiszing liks retv>-ypeoralens of
cestrogenic like commsatrol.

Several coumarin derivatives have been studied from
the peint of view of their s»iigoagulant action (Averm and
Mathur, 1963). It has heon established by Bababummdi (1967),
Bababumsd and Bessir (1509) that aflatexin B, prolengs
bloed elotting time of rvis and that this cospound was

effective a8 an “aticcogulant 4in such smallesr doses than
h=bydroxyooumy rir.

Ia this theais is presented:

(a)  the waristion of the antiesagulant action of aflatoxin
B, 4> elsven different snimal speciss. Doth the young and
adalt a7imls dave besn ccupared becmuse the netivity of
sems @rug metadolising ensymes very with age ia animals of
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many specdes (Kate, Vassanslli, Froatino, and Chiesare,
1964 Parke and ¥illiams, 1969). Hovever, cnly male
axisels have boen used Decause, in gemeral, they
setadelise drugs and foreign compounds more ruplai] \aa
fomales (Eato and Gillette, 1965 Parks, 1968;
¥illdans, 1969).

(») Studies which were underta”:C i an attespt to
slusidate the intimate mechanism ~{ $.¢ anticoagulant
sction of aflatoxin ‘Lt

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



BAIERIALS AXD KFTRODS.

Mungal Isolatea.

(a) Agperziliue flavus (UIC B1) dsclats wme swupplied by
Pr. 8,0, Alaseadura, Dotany Department, University of Ibadan,
This wvas o strain of Aspergiling flowyy Mdsk ex Fries,
origisally obtained from mouldy rroun‘muts. A culture of
this fungus wes presented to the h;celogy laboratoriss
(Dotany Departsent) of the Vaivareity of Ibadan by the
Tropical Products Institvio, Leadea. It is cosmonly found
in the sdoroflom of storc? produsts. The myoelium is

septate and the coaid!~ woye greea in ¢clour. The spore
dlaneter 48 OAD %2 0.27 n.

(d) Aspermi)ing Qdaves (NREL 2999) iselate was supplied

bWy D, 0.¥: Nos-cltine, Nerthera Begiomal Ressarsh laboratory,
United Gtaioe epartasnt of Agriculture, Peoria, Illineds.

This s'wal™ was isclated from mouldy Ugandan groundsuts in
196) v Pz. PuK.0, Austwick, Veyheridge, England, whe

deaigaated 4% as V,3754/10 and deposited 1% in the Commcmwealth
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Nyeological Institute vhere it was assigned ONI 92019%b.
™he strain 45 very stabdle and consistently ylelds hi~*

levels of aflatoxin, especinlly Il.mlﬂu-sw

tranafers (Shotwell, Hesseltine, Stubblefield pnd “evyneom,
1966) .

Compogition of Palanged Diet.

A balanced diet van prepared acvording to the method
of Bageir (1964) and used as grovin vndimm for Agpersillug
g The diet was composed of: ! ,000g gari four
(Sapilot saguleala, Ovass) and 2,000g soyabean flour. This
aixture was suppleseated vith 40.0g methdonine, 2.0 lysine
and 100.5g salt mixture. The salt mixture was mmde up with
22,0g sodiun chloride, 250.0g caleiua phesphate, 125.0g
potassiuva eitrate, 30.07 magnesium sulphate, 5.0g ferrie
eitrate and 0,77 mixivre of trace elesenta, This mixture
of trace elomcube enntained 12,0g potassium iodide, 10.0g

sodiwm flusclts, 2,0 sanganess sulphate, 1.0g potash alum
and 1.0g sive culphate.

AS atoxin Voriing Standapd.

50 ml. of a ohlereforn solution of aflatoxin was
supplied by the United States Department of Agrisulture,
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Bov Orloans, louisiama. It contained:

(a) 39x20""pg perpl aflatoxin B,
(») ll:ll'.'u per 1l  aflatoxin B,
(e) H:m“u per yl  aflatoxin @,

(@ 5x20™ug peryl aflatoxin 6,

™his solution vas amalysed on silica gel { this-layer
plate, developed in 3 per cont methowwl in ohlorofora.
¥hen the plate was emamined in witravielet light,
aflatoxin l’_ gave intense bWulsh lissrescent spot at l'.
OMd) B, guve a very faint hluish spot at Bev OoA3.

An intonse greenish spot ut R, 0,33 and a faint greenish

apot at k.ﬂlﬂ“ﬂ-‘tﬂmm'lllmm

(a) Pat 204 Nwger These were colleeted from the animml
house of . ¢ Jvpartsent. They were fod with a commereial
diet yuscased from livestock Foed ldnited, Ikeja, Nigeria.

The 4st vas composed of crude protedn (21.00); fidre
(5,08) and ol (3.5%).
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(s)  Babbit, Ouinse-Pig and Napeter: The animls were
also sollected from the animal house. Their dlet wes
composed of cyude protein (20,00)§ fitwe (J.48) anl s1

(3.7%), purchased frem Idvestock Feed ldmited, Tio e,
Hgeria.

(6)  Dusk and Ohdeken: These birds were spplied by the
Undversity of Ibadan Poultry Fara. Theisr 4d¢t was compounded

ia the farm as follows! maiss (yellow or white) 72.9%; crude
protein (26.90) and palam odd (1.0%;.

(€) Cat apd Dogt These word purchased from a local

market in Ibadan and they fod mainly on meat and bones.

(e) Qoakt Tis wns rnisd purchased from a local market
and had ascess to zZein 1lsaves and various bhruised
vegetahles.

(2) Beskar' Tuis was supplied by the Zeclogical Garden
of Ibadan "mivsreity. It wan feod with all kinds of
foodstua” ranging from vegotables to meat.
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(a) b-Biyfroxyeommarin (n.pe 222-204°C). It wap uses 29
purehased from Nopkin and Williams, Lssex, Bnglsnd,

(o) Carbon Tetreohloride. It was used as perciased from
Hopkin and W{1liame, Essex, England.

(e) Indocysmine Gregn. ™o green pewder (Rymeon,
Testoott and Dunning, Ine., Baltizore, Md,, 21200, U.S.A.)
which wvas supplied ia 50 mg sine viady was a gift from

Drs Cu¥s Loovy, Division of Haytie Metabolism and Futrition,
Veterans Administration Neupital, Bast Opange, W.Je, UsliAs

() Duesbotest Brugeals ™e reagent (Wyegeard and Coy,
Norway) was purehared fyca Duncan, Flockhard and Bwvans,
ldmited, london, Eagland, It wea supplied as a freese-
dried subdatanns ‘2 vioumn-gealed ampoules of 2,2 ml. each.

(o) PExoeell Vieer Vepone This fidbrinegen coagulase was
purehasc irom Eogh-light lLaboratories, ldsited, Colmbrook,
Duckingharshive, England, 0,1 mg of the venon was

@lssolved 4n 1.0 ml, of distilled water immedistely before wse.
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(a) S-Byiroxvesumarin (s.pe 22-204%). It wo> vicd a8
parehased from Hopkin and Willisns, Essex, Ensiand,

(v) Carhen Totrechlorides It was used as parchased from
Hopkin and Williams, Essex, England,

(o)  Indogyesine Gresn. The gresn yowder (Hymson,
Festoott and Dunning, Ins., Baltimorv, Md,, 20200, U.5.A.)
which was supplied ia 50 mg sise vials was a gift frem

Dr. OuMe Loevy, Division of Waptie Netabolism and Futritiom,
Yeterans Administration Neondtal, Bast Ovange, N.Je, UsSuAe

() Dwosbotest Benzents The reagent (Fyegaard and Cos,
Noreay) waa purcbuse’ from Duncan, Flockhard and Evans,

limited, londor, Pagiand, It wea supplied as a freese-
dried sudstance i~ vaouum-soaled ampoules of 2,2 ml. cach,

(e)  Mascell Viper Vemem« This fibwrinogen coagulase was
purekreel from Kooh-Light Labemmtories, lisited, Colndrook,
Dusitagivashire, England. 0,1 mg of the venon was

élssclved 4n 1.0 ml. of distilled water immediately before use.
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() Ridommelade Agid (Nepkin and Williass, Essex,

Bagland). It was used (as purchased) in the comsty il s

of a standard curve for the aseay of ribenueleio veil in
1liver hoaogenmate.

(a) Ismidasole Buffer (il 7,3) (Merts and Owean, 1900).
Tds sas prepured by dissclving 1.72g ‘widasole (glyemaline)
(RNX 127, Fooh-light lLaborateriec, Limited, Colnhwook,
Rackingtanshive, England) da V0.0 ml. of 0.1 N kydrechleriec

aedd and dlluting the soluiieon with distilled water to
100 ml,

(%) Nlohaalis Byifer ‘4 7.4) Niehaelis, 19%1). This ws
mde by mixing 5.6 i, of veronal asetate solution, 5.0 ml.

of 0.AN Nydroslovie acid and 15,0 ml. of distilled water.
The solution o) vercmal acetate wvas prepared by dissclving

1ok of anidrous sodium asetate (Nopkin and Williams,
Besex, "=z and) 4n 100 gl distilled water.

(o) Cusen's Buffex (pil 7,33) (seo Diggs and MacTarlane,
1962). Tuis was prepered by dissclving 5.88g of scdim
barbitons (sodimm distiylbartdturate) and 7.34g of sodium
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ehloride in a mixture of 705,0 ml. distilled water ard
225.0 ml. of OJN hydrechlorie aeid,

(@)  Thosshate Buffer (pil 7.4) (see Vooton, 1964).
Thds was made by diseclving 7.55g of dry aniylire=s disedimm

hydrogen phosphats and 1.81g of dry snlyisons yotansimm
diiydrogen phoaphato 4n a litre of distilic? water,

(¢)  Bicarbomate Buffer (p¥ 20,0) (sse Wooton, 1964).
6.3g of ankydrous scdium ecarbomats ard 3,36g of sodium
bMearbomate wvere dissolved 4in a litre of wmater,

(f) Mearbomte-Suffeged Onlanced Salt ¥ediwm (Peters

and Anfinsen, 1950). @bia wvas an aqueous solution

sontaindng 10 sl of malciem chloride, 30 sl sodium bicar-

bomate, 105 i sodl'a ohleride and 10 s potassimm
bloarbomate.

AlLL ths sheaicnls uwsed in the preperation of Owren's,
Fhosprar. » Disarbemate tuffers and Dicarbomnte-buffered

mlossed salt sedion were products of Hopkin and Williems,
Essev., Lagland.

All buffers were keph ot 4%,
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ehloride in & mixture of 785,0 ml. distilled water azd
2150 ul. of 0.1N hydrochloric acid,

(2)  Mhospdate Buffer (pll 7,4) (see Seoton, 1964).

This vas made by diseclving 7.55g of dry axiylirews disedimm
iydrogen phosphate and 1,81g of dry snlyisrows potassium
dibydrogen phoaphate in a 1litre of distiilic? water.

(o)  Blearbomste Buffer (p¥ 30,0) (sse Wooton, 1964).

6.3g of andyérous sodium carbomate ard 3,36g of sodium

bdMeoarbomte vere disselved in a litre of mater.

(£)  DBisarbomate-Duffeged “~lanced Salt Mediuyn (Peters

and Anfinsen, 1950). ibia vas an aqueous solution

sontaindng 10 mil of salcoiam ehloride, 30 s sodiuwa bicar-

Semate, 105 sl sodl'a chloride and 10 s potassimm
biearbonate,

AlLL ths chemionls used in the preparation of Owren's,
Phospar. ; Blearbomnte btuffers and Dicarboante-buffered

baloweed salt mediuwm were prodnats of Hopikin and Williams,
Lapex o sagland,

All buffers were kept at 4%,
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Among the tiwee species of fusgl, Aspepgilics fiavug,
Pepledlliun pubet-alus, and Agpergillug peresl’..q vhieh
are known to produce aflatoxia, Agpergillug flapwe seems to
be the most widely distributed both in wild wrd cultivated
strains (Hessltine, Shotwell, Elldis and Stubblefield, 1966).
It has also boon shown that growth can eecur on any
agricultural commedity provided thc® ‘emperature, molsture
and aeration are adequate (Austwick and Ayewet, 1963),
Bassir (1964) demcnstruted that a iaianced diet containing
is part a mixture of garli 1= and soyubean flour is an
1deal subotrute for the prowth of Agpergillus fiavag.
However, several straine of this fungus have been used to
produce aflatoxin on » wido variety of agricultural
commodities. Hesralti=s gt gl (1966) using tiree styains
of Appergiliue [loyus, WRRL 3000, NRNL 2999 and NERL
A<11,613 peported tiat the amount of aflatoxin produsced
varisd greail; “opending on (a) the commodity used, and
(b) the type of strain wsed. In the survey NREL 2999 was
the brat.

Sorefore, as a prelisisary experiseant we
tavestigated the growth of FKRRL 2999 and compared it with
that of the leeal struin VIC 81 ca a mixture of gari flows
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and soya bean flowr. The struinm which grew faster a™d
profuced Mghey amounts of aflatoxias was thes uses

throughout the experisents to culture the subatral’e
in the attespt to produce sufficlent quantiti.e oy the

Soxin for uwse in the present plarmmsclogiexl ==4
bloshenical investigations.

(1)

Preparation of Imooulus.

KRRl 2999, The method of Shotwell gt gl (1966) was

used. The incculum was prepored by iscculating tubes (1.5 om

x 15.0 en) of potato-dextroci-amr with spores of NREL 2999.
The potato-dextrose-agar su~ prepared as follows: Flask 1
contained) distilled »steyr, 100.0 mlj dextrese, 20.0g)
saleoium carbomate, 0.ig) and mmgneaium sulphate orystals,
Ou2gs FMask 2 enetrliasdi 400,0 ml of distilled water and
15.0g of apar. Viask 3 coutained! 200.0g of potatoes
(peeled and pliioed) and 500,0 ml of distilled water,
Comtents of fisck 3 were brought momentarily to 120%C 4a
en antoelavs and filtered through sterile cheeseeloth.
T™he soluilen was bWrought up to the origisal volume,

fal tavsomsly, the agar in flask 2 was melted and the
solution in fask 1 was heated %o bolling. OContents of the
threo flaghs vere mized, but the pil was not adjusted,
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TInooulated slants vere incubated for 7 to X\ days
at 28%, By 7 days, the cultures had a heavy ex) of

green comidia, wemoved by adding 3.0 ml of 0.0074 Tritea
X100 per slant. GSpores were scraped looce wilh a loep,

the alant was shaken ¢o give a unifera uwsj;inaion of spores,
and the apore suspension was wsed to inso~wiate the substrate.

UI0 81. The method deseriled by Osiyemti (1968) was
used in the preparation of VIS M lwsoulem, Fungal spores
vere seraped loose from cultuves o agar slant with a

platinem loop and transferved into 10.0 ml of sterile

distilled mater. A dre) of L2epol wvas ndded and then mimed

thoroughly %o give a uniic™m distribution of speres: 1In
erder to free the susrencion from the myeelimm, the

preparation was #1trrud through sterile absorbent cotton
wools OCounting «f the conidia present im the filtrate was

earried out «ith the aid of a haomcoytometer. The sise of
wﬂtmmun:m‘mmxmn
by addisy eterile distilled water to the suspension,

(11) “pewth of Aspergiline flavus Cultured on o Balanged
Dist.

Orowth of the two fungnl isclates, NREL 2999 and
VIC 81 were compared under the sose coaditions ia eulture
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(1)  Bstresticn.

T™he procedure of an exhanstive soxhle: ¢ iraction of
the aflatoxing, fros mouldy subetrates, w’ih selhanol was
firet dsscrided by Coomss and Saunders (1963). While

aflatoxins vere apparently completely rev«ved iu a Gebour
sothancl extruetion, more than 10 por cert of aflatoxin B
would be decosmposed using this techaique.

In this thesis, a slighily modified technique of
Robertson, Pons and Goldblatt (1957) has been saployed for
the extrastion of the afintoxinas.

After five days ~f ingubation, wvhen the strains of
Asperzilliug flaveg o rown sufficieatly, aflatoxing were
extrasted and the mould ppores killed by refluxing the
souldy diet with .50 ml. of ghloreform in a sexhlet extrastor,
for six howrs., Using ohloveform extimeticn the amount of
aflatexis P, whish would have decomposed has been shova to
b leas thoam 2 yor cent (Pons, Bobertson and Goldblatt, 1966).
After occling to room tesmperature, the extrest wvas filtered
suoceacively through a domble thickness of Whatman Mo, 1
fi)8sc paper and through 400 g of ankydrews sodiwm sulphate
s a plntered-glass fumnel. Thea the chloroform extrect waas
swmpornted "in vaewo™ to approxisately 10 md,

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- Bl -
(41)  Iuis~layer Chromatogrephy.
Separation of the aflatoxins bWy thindl oy

chromatography were sisultassoualy report.d by Coomes and
Samnders (1963) and Breadbent, Cormeliv: and shose (1963).

(a)  Oms-Dimsnsiomal.

For the preparation of chrommtoplates, 30g of
"Chromalay® silicn gel (May and Baker, Limited, Dageaban,
Bngland) wvas wsed to ccat five glase plates (20 em x 20 em)
to a thickness of 250y using fhandon's thin-layer
ohromatographiec equiperu: aceording to the procedure of
Stahl (1965). Actiwntion of the chromatoplates was
carried out in a érying oven at 110°C for 90 mimutes.

The prepared platss were then stored in a eadbinet for use.

10 ul rlisssse of the ghlorofora extreet of aflatoxine
vere then v oted on an astivated thin-layer chromatoplate
along with s slundard containing all four aflatoxins.

The plrtes wise dmmediately developed in a solution of
chlorofcra An acetons (85115; v/v) in unlined and
uncvuil ibrated chasbers (Pems, Roberteon and Geldblatt,
Ade6), The plates were then emanined for fluorescence
uader ultravislet 1ight at 365 mu. The aflatexin content
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of cach chlovefors extract was thea detarmined by vismal
comparisca of the fluorescent intensity of ecaci wgividual
aflatoxin with that of the aflatoxin standasrdo.

()  Zwo-Rissngional.

Although the preceding ome-diei~‘caal method
provides a pgenerally satisfactery sorasvtion of aflatoxins
l... l‘.d‘lﬂ o,.mumm-uuummuu
somewhat difficult, because o .I‘ values for 4a and

G, are sisllar,. Therefore, the thin-layer chromatoplates
vere run two-dimensionally uaing the method eof Fetersen and
Clegler (1967). Ny this procedure the four aflatoxins were
distinguighable and sepaivted from other fluorescent
impurities.

10 ul of » crede chloroform extrmet was spotted
apyrexisntely 1 in frem the cormer of the plate, and
developed vith arotonsechloroform (119, v/v) for the firet

diroction. The selvent system for the second direction (the
plate tuvned 90°) was etlyl scetate-isopropancl-water

(102241, v/y). The plate wan aleo inspected for flusreaconse

unde ul traviolet light at 365 m. Figure 6 shows thin-layer

oho . togran of a chloroform aflatexin extract uweing the two-
disonnional mothed.
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of cach chlorvoforn extrect was then determined b~ visual
comparisca of the flmorescent intensity of cach ‘naivideal
aflatoxin with that of the aflatoxin standasdo,

(»)  Zwo-Dimensional.

Although the preceding cme=direr~‘eual method
yrovides a pensmally satisfastery scparciion of aflatoxing
Bye Boe G, and G,, visual dlsorimination of the apots is
pomewhat difficult, bocause ths &, wvalues for 3, and
l‘ are sisllar, Therefore, the ‘hin-layer chrommtoplates
vere rua teo-disensionally uaing the method of Feterson and
Clegler (1967). Ry this procedure the four aflatoxins were
distinguishable and separcted from other flucsresceat
impuritiea.

10 ul of = e’z chlosuform extract was spotted
approxismiely i 42 from the corner of the plate, and
developed with asotonseghloreform (119, v/v) for the fivet
direction, The solvent system for the second direction (the
plate tuined 90°) was otiyl scetate-isopropanclemater
(1012#1, v'v). The plate was also imspected for flusrescence
undey W.ireviolet light at 365 m. Migure 6 shews thin-layer

ehen~"ogram of a chloreoferm aflatoxin extract using the twoe
dimennisnal method.
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(111) mQ)-Mzoresseace Teohaique.

In the attempt to estimate the produstien ol

aflatoxin by eash strain of Agpergillus flsrea ond thesce
compare the relative asounts of aflatoxin jor Lanown quantity
of substrate, the mmll-flusresconce dilulium technique
(Coomes and Saunders, 1963) was used.

A set of &llutions of test saa)le exiraust in
shloroform was peopared sush thné¢ Lhe dilution fastor
sanged from 2 to 220, 0.2 ml portiuns of these solutions
were tyenaforred emte 'Chromaisy’ silica gel thim-layer
plates. The dlameter of cath apot being less tham 1 em.
The chromatogran was rua in 2 per cont methans] 4in
chloroforn (v/v) and viewed in ultraviolet light at 365 mu.
The 4ilution fustor 21 ke selution with just visible
fluserescence was hoted. The smallest quantity of aflatoxing
B and ul chesrvable vere 0,004 pg and 0.003 ng
reapectively {Ceoouss, Crowther, Francis and Stevens, 1965).
By adoptins a similar experisental procedure the minimum
quantities ~f aflatoxins B, and G, observable were
detesissd. A photorecard of the fluorescent spots om
chresaivplates is shown in Figure 7.

™he concsntration of aflatoxin present in the
extraot wmas ealoulated according to the methed of
Coomes gf gl (1963).
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visual 1imit for detoction of ~flaturia ia ug
b = allution festor

K = wolume applied to plate (0.7 mi)

¥V 2 woluw of test saspls extrust (10 md)

¥ = &ry veight of material extrasted (g)

¢ = oconsentrutisn of aflatoxin in ng per litre

then u-;-{:ﬁ;-n

lll:r.hl,llﬂ-,llmulll.

The relative production of aflatoxin by the twe
fungal isoluteu 4y shown 4in Table J.

Using NI 2999 iselate the yield of the aflatoxing
vas doubls over that obtained frem the loeal stradn UIC M0
when &%=~ oy on thoe same amount of a gari-soyubean diet
unday t came eonditions. Tihds produstion represents at
loac* u tenfold increcse over the largest asoumt reported
by Hesseltine gt a) (1966) whea they used scyudean alose as
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substrate for the growth of Agperzilive faves.
T™he ratio 112 of soyue-gari seonms to be the bost

subatrate vhen compared with other mixture~
Mﬂ“_t lm}n

(4v)  grmtallisatien

After thin-layer ohromatsgraphy, the silica gel
containing aflatoxin 1, was seivped from the plate and
oluted with chloroform using Whatsan No.l filter paper
until the silica gel was ron-fluorescent. The solvent was
evaporated using a rotrry evnporator to appreximately 1 ml,
Then p=hemane was adled ‘wvopwise to incipient turbddity.
Crystallisation we~ induoed by allowing the solution to
stand overnight at roecu temperature. The eryatals were
collected by Ccerasing the mother liguer through a sintered-
glass funne’ woder atmospherie pressure, BRecrystallisation
from chloro’ors was repeated three tises. The crystals were
considered puie vhea the material exhibited a single spot
wvhen ana.~sed by thin-layer chromatography.
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5 X & 8

0.20 .10 0.08 0.0 ©O.0l ﬂ-ﬂﬂif‘.’

Dlgsre 70 Yiuctoecord of fluorescence of aflatexin 5
~ serial dilution -rm-hmh in

shlereforn was prevarsd. Nowsl voluse
0.2 ) of sach wag apetted on the
ahromatogrom.
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and propyleme glyool) injected slowly imtreperitomes)ly.
The amssthesia wus given ia doses of 0.6 to 1.0 vi per
kg body welipght.

™s 1aft femoral vein was canmmlatel wiil the
sppropriste sise polyethylene tubing, aud 7.2 ml of
heparin (5,000 wnita/ml) was injected wnd vaghed in with
ealine.

BElood was collected after © hours in the aflatoxin-
treated andaals (Dababumsi and Lrssiy, 1969) whilst At sag

sollected after &) hours in the b-hydroexycousmarin-treated
animals (Arosre and Mathur, 1963 Bababummi and Bapsir, 1969).

™he fyvoir~dried thrambotest reagent was dissclved in
2,2 ml of 5.2 m polution of ealeiwm chloride. 0.2% ml of
the reagect wa pipetted off inteo a small teat tube and wap

Mu--mnunn‘cm-mu—munm
the worki. 7 temperature.
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(11) Collestion of Hloed.

Koed from each animal was collected in a ' frerent
plastie tude (11 em x 1.5 em) containing 0,% ml of 3,15
por oont (u/v) agqueous solution of sodium citwaie to a
mark of 5.0 ml to stop the blood from elotting,

(144) Clotting Time Dotorminatios.

0.05 nl of the eitrated Yiocod wus pipetted off and
blown into the thrvabotest reagunt immediately (see Owren,
1959), holding the top of pipstte just above the surfase
of the reagent and against the inner wall of the teat tube,
and starting the chroncreter simultaneously. The test-tude
containing the eitrates ilood and the reagent was flicked
onge and the mixtvre was them leoft in the water for at
least 30 secondsn. /& ghort iatervals, afterwards, the test-
tube was taken ocut of the water bath and tilted gently and
ohserved:. Tw tise between the commencenment of the reastion

and the D meut of coagulation of the mixture in the tube was
pecordsd. Ail reactions were carried out at 37°¢ 2 0.1%.

"is Vitro® Symthesis ef Frotiosbin by iiver Slices.
(1) ZIsgubation.
l M %GIMMOR’&OJEC*I u ““



——— -

I of igm- @ Diameter of Cammmlse (mm)
Body Seight (kg) : ESJ __ _
7 woight

Yems _. Adult
Young | ASult Young ¢t Intornal External Intermal Extersal
Bog (famtliavir,i) P4 210 92203 05 |06 056 | 0.80 | 12 | 1M
Cat (domostica) ﬁ.ﬂah 29206 | 0.6 |06 |036 | o0 | 065 | o
Mouse (albino, " | & S E s 4
susoulus) ..aﬂuo.oﬁ_a.o.rb.ﬂu | % M _ | i
Semster (goldes) 032000 0.0 | - | - | - 4 » 4
Mt (albdmo,wistar) 0.2820.01 0.302003 & = |2 St F1%5 - H
E-PH“-E 0A30.05 1.3720,08 0.6 |06 | 0.69 | Og2 | 089 |10 |
Goat (domestion) ._.u.k S04 [8.92205 | 0.6 | 06 | 0.56 w 0.80 | 0.9 «30 m
Suines Pig (Raglish) 0.10720.006 0.262.003 | - 4, 4l LAl 3 g Rl _
dH | e BbAsey | - S|&s i| = {5 = § BRI |
" _ . . _, :
} | - . H_i_s. _
Chisken (¥hite rocks.; o56:,002 0.0020.00 = #_o.u = B ¥
i | 1.2120.02 | lels | & § |3 <f 1 dnshi] 20e
Dok iv 0A520.,07 2 | | . | _ |
Iable 41 IIPEEE .



(1)  Sempling.

1.0 ml of 3,138 (w/v) aguecus solution of ~odium
oitrate was added to the medium 4n each of the four flasks
which were insubating to stop any possible zeagulation,
prior to assaying for prothrombin.

After iagubation, the liver slicey wore removed from
the flask and thoroughly mmceruted 1o tio incubation medium
in a homogeniser and assayed for yrothrombin as followst-

(144) Assay of Prothrosmbin.

The liver homogenate and the incubation medium were
severally assayed for prothremiin uwsing the technique of |wgc
Russell ! ow (19%0)., 0,2 ml of either the medium or
the homogenate was vith4wasn and immediately mimed with
0.2 ml of imidamole bufler (pi 7.3) to stop further
aynthesis of the ctagulation factors.

0.l ml of wasogonate (or medium) was tranaferred inte
the bottom of n small test-tube in a water dath at 37°C,

0.1 ml of Pussell viper venca was added and the tube

twirled *~ oix the contenta. The tube was allowed to stand
4in the =aiar bath for at least 30 seconds to come to the

worki~e tomporature at 37°C. 0.1 ml of 0,024 ealeius

ehloride was then blown foreibly and directly inte the mixture
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in the tube and the chrencmeter was started simultansounsly.
™he test-tude was shaken quickly and held 4m the ot
vithout agitation., At second isterwals, the toss s

tiltesd to the horisontal position and was oseivel for a

formation of clot. At this point the chremomcier was

stopped and the time was recorded to a temia of a second,

The clotting time 4in this aysteu dejended on the
eoncentration of prothrosbdn in ths test-tube. The
clotting time was tranmsferred to o7 cent of normal
astivity by using a correlation graph.

(iv) Construgtion of Correlaqtion Oraph.

aed A
The method of m;xm) was used. Normal hloed

from the animal was ~cllecSed into 3.1% (w/v) aqueous
solution of sodius eitretle in the proportion of one part
of citrate solutiar so nine parts of bleed. The citrated

blood wan centrifagnd for tenm minutes at 1,500 r.p.m. 4dn
order to cbtala plasmm.

0" sl o the plassa was diluted with 1.8 ml of the
dilutien solusdon, giving 1 4in 10 dilution. The dilution
solutian s made of Owren's buffer, pil 7.35 (200 ml)

(the proparation of which han been descrided om page 53 )

0.9 saline (600 ml) and selution A (200 ml). BSelution A
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was mde of 3.1% (w/v) agqueous solution of sodimm ~itrate
(200 ul) and distilled water (760 ml).

Ol ml of the diluted plassa was then truvaferred into
a small test-tube in a water bath at 37°C cad assayed for
prothroadin following the procedure deserius. above in this
seotion of Methods.

The d4ilution surve (the correinticn graph) of normml
plagssa vas obtained by plotting tl.e concentration of noreal
plasss (Saking the 1 in 10 dilutien e 100%) againat the
elotting tize of the plasma (in seconds) on a double-
logarithmic paper. Campbell and Iink (1941) had demonstrated
that there is an expomential yolationshipy between the elotting
time of plasme and the conosntration of the plasma clotting
factors.

Figure B shows ths standard curve for a normal rat
plasss coagulati-~a.

™o indooyunine green povder (50 mg) was dissolved
with 10 il of the agqueous solvent made available by the
sanufacturers, giviag a concentrution of 5 mg of the dye
per ml of solution.
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o8 the basis of 0.5 mg per kg body weight. Prisr o the
injection of the dye, 540 ul of venous blood was romoved
h—mmm-tmnmm.ﬂmum
eontaining 0.5 nl of sodium citrate solviiss (3.1%, w/v)
for a plasma blank and standard curve censtruetion,
Through the sane meedle the correct amount of dye was
injeoted into the lumen of the vein very rapidly.

(114) Galdbration of the Stondard Curve.

Using the eitrate’ blood obtained proviocusly from the
anisal, the dye vas adaed to the plassa in dilutions of 100
pg por ml, The optiss! domsity readings for various dye
concontrations wove obtained by reading in a 5.V, 500
spectrophotometsr (Uoicam, Cambridge, England) at 0805 mu.
The difference botween the plasaa blank reading and samples
containing dye pave the optical demsity due to indocyanine
green, All readings were taken at the same temperature,
The standud curve which 4s linear was obtained by plotting
m.pummumuwmﬂtthmmm
consentyations on a double-linecar graph paper.
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in animale which wore treated with eordon tetrachloride
mmnumuummnmmm. At the start
of the experiment, cach animsl wna annsothetised with sodius
pentobarbitons (B.P, Abbott's Veterinary Nembutal, containing
Humﬂ-rmmunmm-ruumm
propylens glyeol) injected slowly istraperitonsally., The
ansesthetic was given 4in Jooes of 0.6«1.0 ml por kg body
wodght. After the injection of the dye, bloed samples were
oebtained at 5, 10, 15 and 20 minutes in order to ealeulste
the removal mate of the dye. 5.0 ml of dlood was drawn
from a femoral we's in the opposite leg to that injected

and placed in o test-tube comtaiming 0.5 ml sodium citrate
solution (3,105, w/v). The citrated blood was centrifuged
and the nlasss pipetted into a ouvetts. The optical density
was obtained by reading in a 5.7, 500 spectrophotometer
(Undonm, Cambridge, England) at 805 mu. The difference
boireon the plasma blank reading and samples containming dye
gave the optiecal density @ue to the indoeyunine green.
Concentpations were then read from the standard curves
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ssastructed for esch experiment. All readings vere takes
at the ease temperature,

Desimiques Ueed in the Measurement of Serus ‘amypes.
(1) lastie Pehydrogenage.

The method of Wroblewski and Jalve (1955) was used to
measure the astivity of lactic delyivog umse in serum,

2+7 ml of phosphate buffer (pi 7.4) vas mixed with
u.lnﬂmmu.tu-flwamntmmmm
tudbe containing the mixture ves allowed to stand at rocm
tesperature (20°C) for 30 mimutes to destroy the endogencus
substrate. 0.1 =l of buffersd 0.7 M sodium pyruvate
(substrate) was then addel, mimed well and the optical
density of the solution vas read at 340 sy 4n an 5.P, 600
epectrophotonetor (Unfsam, Cambridge). FReadings were taken
every mimute for ¢en minutes and a linear graph was obtained
by plotting abungs in optical density agninst time (in

sisutes). The change in optical density per minute wus
caleunlats? from the graph.

> agtivity of the onsyme was expressed in Intermational
units »f ensymo activity (u mole per min. per litre),
in a litre of serum,

sghivity ® 0.0 change/min x 10° x b.8.
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(1)  Gutesie-Omloasetic Traneamimse.

ummumuﬁmmm

$6 dotermine the activity of serus glutaric-oxsicasetic
transaminase .

leb ml of phosphate duffer (p” 7.4) was mixed with
ﬂdﬂ“lﬂn-!ﬂumllnhunultuhhh-
045 nl of 0,24 L-aspartic aedd rad 0,5 ml of malde
dehydrogenase were added to the vixture and the test-tube
sas allowed to oquilibrate at reca temperature (28°C) for
30 pimates, 0,2 nl of a-lwtoglutarate was then added to
the test solution and rixed.

Change in optical density was observed in the 8.P, 600
spectrophotometesr ol 540 mu. Readings wore taken every
sinute for ten pimuter when a lincar decrease im optical
density was recerded. The ohange in optical demsity per
sizute was calsulated from the graph obtained by plotting
change agaivet iime (in minutes).

e astivity of the enayme was expressed in
Intor=ational unito of ensyme activity (p mole per minute
per 1i%a0).

In & litre of serum,

Aghivity = O.D change/min x 20° X 20b.
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(110) Aladize Phesphatase.

For this assay, the method described by Zeoton
(196%) was uwoed,

hiﬂt{ﬂ.hﬂﬂnflﬂmuhﬂ.(ﬂ.
10.0) and 1.0 ml of 0,011 di-sodium paonyl phesphate
(sudstrate) were mized in a test-tude. The tude was
allowed to remain in a water data at 37°C for three
misutes. 0.l 2l of serum was ~dicd to the duffer-substrate
solution in the tube and minod goatly. The tube was
stoppered and allowed to remain in the bath for emmetly
15 minutes. The reastion was stopped by adding 0.8 ml of
0,50 podiwm hydroxide soi-tion.

The contro) (C) was preopared by mixing 1.0 ml of the
substrate and 0.7 ml o 0.5V sodium hydroxide solution
followed by 0.l nl of normal serum.

The stondavd (5) was prepared in a soparate tube by
mixing 1.1 xl of buffer with 1.0 ml of a phencl standard
solution {eontaining 1 mg phenel in 100 ml distilled water)
asd 0.8 =i of 0.50 sodiwm hydroxide solution.

%u eash of the test, control and standard solutions
1.2 2 of 0,50 sodiwm bisarbomate aqueous solution followed
'Mngwmmtmm—
6.0g h-amincantipyrinse in 1 1itre of distilled water) and
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uﬂnmmm:m
24.0g of potaseiun ferricyanids in 1 litve of é55iilled
vater) were added.

The standard, control and test saluticns were them
read in the 8,P, 600 Spectrophotometer aguinst a blank (B)

at 510 sps The blank was made of )i al uffer, 1,0 md

distilled water, 0.8 nl of 0.58 rodiua hydroxide solution,
1.2 ml of 0,57 sodium bisarbonais agueous sclution and

140 ml of the potassium ferricyanide solution.
The aotivity of the ensyme was expressed in King-
Armstryong unitas per 1,000 &l of serum,

?.C
Astivity =

2 100 (K.\A, units per 1,000 ml).
B =P

tSamples of liver (5 mm thieck) were fixzed ia ieo-cold
Bcain'e fludd for 24 bours and then embedded in paraffin,

6 seetions were cut by a microtome, mounted on glass
mm‘-mmunh—mmmm
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m“mhlhhlmllm
(mul_unm.mm-u:hhmwm
Satooa Malf-plate camera with an Agfa filr 25 A% er 15 DIN.

(1) Eleetren Merescopy.

ldver tissue samples were minesd very gently 4ate
1 mn oubes on a plate of wax, irvasersed in 1 per cent cold
mhmmruuuummmu-tﬂ'hh
(Palade, 1952) with 0,045 of sucrese per ml of solutios
added (Canlfield, 1957) axd allowed to fix for 60-90 mimutes
at refrigerator temperesure of 4°C. The tisouce vere
dohydrated in a graded eitdanol series ending with acetone,
every tem mimutes Them, the tissues were enmbedded in an
epoxy resin (EPO™ 512) agcording to the method of luft
(1961) and ineudeied in tiree smecossive temperatures, 35°C
(overnight), 4%7C (24 hours) and 60°C (overnight).

Thin ~rootions vere cut oa a Forter-llum NT-2 microtome
oquipped with a diamond knife. OContrest was enhanced by
doubls =t=liuning with uranyl asetate followed by lead eitrate
(Reynolas, 1963).

Specisens were emumined in a Philips B 200 electron
sieroscope and photegrapbed using LEICA N1 ecamera (Rrnst
Leits Gubh, Wetalar, Germany), with Recordak Micre-file film
h m- AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



-l -
Se0tions were emaained in & Pataas 1ight ctercesspe

(Mﬂhmm.hn-)ﬂmm
mm—nm—-nunumm-nmuum.

(14)  Reetren Mervacery.

umm-mﬂmdmdwmm
l-ﬂhlulnwt-r-:.tmhlmmtm
mmmwuuwmunplwp
(Palade, 1952) with 0.045g of susrose per al of soluties
added (Canlfield, 1957) and alicwed to fix for 60-90 mimutes
at refrigerator temperature of 4°C. e tissues were
dohydrated in a graded ~thanol seriece ending with acetone,
overy ten mimutes Than, the tissuss were esmbedded in an
epoxy reain (EPON 1)2) according to the method of lauft
(1961) and ingulatsd 4in three suocessive temperatures, 35°¢
(overnight), 45°C (24 hours) and 60°C (overnight).

T™hin eect’ons wvere cut oo a Forter-Mlus NT-2 mierotoms
equipped =ith A diamond knife. Contrast was enbanced hy
doudle staiiing with wranyl agetate followed by lead eitrate
(Rey=olte, 1963).

peeinens were emmmined 4in a Philips BN 200 electren
mieroscope and photographed using LEICA M1 casera (Ermst
Leits Gmbh, Wetalar, Germany), with Resordak Nicro-file film
Type 5669.
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(a)  Chemisal Frectiomation of Liver.

About 3§ of liver was weighed and cut imia ploces
finely with scissors and homogenised in 0.25) suerose fer
20 minutes, keoping the homogeniser ourre aded by crusbed
ice. The final concentretion of hosozensie was a 1110
suspenaion in ice-0old 0,25 sucrose (lg vet weight of
ldver to 9.0 ml of suercse solutisa). The suspension was
kept at 0°C,

The homogenate was frecilonated chemioally according
to the method of Schaeides (1945). 2 ml homogemate was put
in a centrifuge tube kipt at 0°C, mixed theroughly with an
equal volume of 1N-perohloric acid ccoled to 0°C and left
for ten mimutes at 2°C. The mixture was spum for five mimutes
at 5,000 r.pen. 4in on NIE angle 15 refrigerated centrifuge,.
The supermatzat wau rejected. The residus was resuspended
in 5 @l OJSU-perchlorie aneid, and centrifuged at 3,000 p.p.m.
Tho supevmaiwn} which ocontained acid soluble nuslectides end

—-'mm-ll‘lm-

$he pesidue in the tube was them washed with 5 ml of
eoll aoytone and the supernatant was rejocted. The residue
sas oxtyacted three times with 5 ml ethamelesther (311, v/v)
at 60°C 4n s vater bath. The residus was thea extracted twice
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with 5 ml ether, ejocting the supermatant but ksosing the
residue| the superaatant contained phosphelipida.

™o resulting residuc wos suspended ia ¥ 4l of 0,58
perchloric asid, warsed camtioualy to remrve esuvess other
and heated at 70°C for 30 mimutes, coverins tie tubs with
non-absorbent cotton woel. It was thoo esoled and
oentrifuged at 3,000 r.pune for five niwies. The supere
aatant was complotely removed, with care. 2.5 ml of
0.SH-perchlorie agid vas used to vash the fimal residus.

The extract was made up to 10 ml wvith O N-parehlorie acid
and used for the assay of ridonucledec acdd.

(b) Assay of Ribomuelcie Agld.

Ribomueleds asl? ievel vas measured using the
oreinol -ferric otlarils method of Greenbaum and Slater
(1957) .

1.0 sl nidzeot was mived with 2,0 ml distilled
sater, 3.0 ml of 0,1% ferric chleride in hydrochleric aeid
and 0.5 €l of 108 ereinel in 955 ethamol. The mixture was
heated is & sater dath at 100°C for 50 misutes. It was
sonlod ond the optical density read at 670 mu waing Uniean

l.’.ﬁom’-‘.mllaﬂﬂﬂm
sater treated similarly to set instrusent to mero.
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Bxperigent It Sveciss Piffevences i Av.)ieagulant Astion
ﬂammhmn-m

Sehoontal (1967) reporied )Mt amongst the animel
species vhiok are very suseeptiile to the taxdoeity of
aflatoxin B, (1 mg per ke body weight or less) are deg,
rabbit, duskling and proly born rat. Those which are relatively
less ousoeptible and yovuire at least ten times higher deses
inglunde afult mt, »suksy, basster and ehiak, wvhilst mouss and
ahoop are quite reristant and will tolerate large doses of
aflatoxin wit’out i1l offects.

The lsagihndng of throsbotest times in rat (Dababdunmi
and Bassiy, 17¢9) by a sublethal dose (58,0 ng per kg body
weight) of aflatoxin N =y sot apply to other specics. In
this smyovisent, therefore, ve examined the extent to whish
afictexin B, will affect the throsbetest times in eleven
spocien of amimls, mamely, cat, dog, moxkey, goat, chicken,
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Guck, guinca-pig, mouse, hamster, rabbit and rat. ‘ttempts
were also made to compare these anticoagulant projorties
with those exhibited by A-hydroxyeousarin in view of the
MﬂuhtHMdlhww:m
and the aflatoxins (see Asmo gt al, 1967). Soth the
young and adult male anisals were ccapsed. Details of
the body weights of the animals used, sie dose level of
ansesthetic and the sises of ths polyethylens cansulse
used in this experisent are shova i3 Table 4.

Tvo separate groups of six, similar anisals in
oach species (emsept for nomkey, where two animals were
used) were injected inimeperitoneally with (a) aflatexin B
(58,0 ug per kg body weigit), (b) A-hydroxyecumarin (50,0
ng per kg body weight). These substances were dissolved
in distilled water, 2ud administered in voluses of mot
sore than 1.0 nl eash., Amother group of six animals of
sagh specins (exeept monkey) were kept as control and
injeoted with 1.0 ml of pure distilled water.

4,5 al of blood was obtained from sach animal inte
a plastic ¢ube containing 0.5 ml sodiua eitrate aguecus

snlutics (3.19%, w/v) for experiment. The clotting times
of these test samples of bloed and their controls were
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In order to test whether or ne! the difference
betweon the mean congulation time of tis contrel animals
and that of scach of the groupe ¢7 vipewinental anisels
is significant, the student’s t-“esti has been used.

P walues are given, as shoun 4n Tables 5 and 6 for the
comparison of each experi—:~tal group with their
controls and are considersd siatistically significant
A2 P {0,05; where P ) 0,05, the valuss are
desigmted ag .0, (not sdgnificant).

The cxtent of the anticcagulant metion of
aflatoxis o both young and adult anisals are sahown in
fables 5 eud G. With aflatoxin treatsent there is a
slight lougtbening of bleod elotting tise in the young
cate and dogs (P > 0.1). The effect of h-hydroxycousarin
{s semevhat similay $o aflatoxin. In adult cats and dogs,

alsv, the imerease in clotting time due to aflatoxin
treatsent is not statistically significant. The resulte
obtained from $he adult monkey are somevhat siailar to
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Aflatexin and helydroxyocumarin oiong mariedly
olotting time in rat, mouwse and hancter. Inm both the
goung and adult hameter, aflatouds seems to be more
effective than A-hydrexyccumeris, valike 4in the rat.

It is of interesat to mote thut afiatoxin peolongs

blood elatting time of both young and sdult mice by at
least a factor of 2, lespite the reported resistance

of this species to sflatoxin poisoning (Newberme and Butler,
1969). Howewver, cemr-visg the waricus t-values, the adult
mouse seesms to "5 mers affected by the anticoagulant
activities of A-'ordrexyooumarin and aflatoxis than the
young mouse. This might be isterpreted to moan that the
soute texicily of aflatexin invelves seme hasmcrrhagle
fastor (acsagst otber fastors) besides its earcinogesis

actis ~.
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huﬂﬁﬂhmﬂlumh.
Pabbite and guinea-pigs are very marked both {a the
Jousg and the adult. Variation ia age !4 not make anmy
difference to the reaction of the herbivercs to the
w.mummtﬂtﬂi!ntmlmm
the bdlood clotting time of the adul® more thanm that of
the young.

Aves Specleq-

The morsal blood clotting times of chickeas and
ducks are quite long «ad the extent of proleagation
in the duck on treal-eat with cach anticcagulant is alse
pronounced, is both Lie adult and 4in the young. In
these birds, boswvver, the antigoagulant effects of the
tve drugs seum 0 inerease with the age of the
animal.
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lotting Time (sec.) Nesm * §.E.™
Dog | 23.525.9 | 4585.9 18| HeS. 26.085.7| 36.585.9 @ 1.7 | NS |
“ouse | 15.820.3  A6.080.3 Sheh {0,000 15.820.3 | 35.110.3 | 60.3 |(0.000 |
Bamster | 19.A20.1  52.120.1 20h.3 (0.000  19.A20.1  67.280.1 430.2 |{0.000

|

32,080.2 69.520.2 187.5 (0.0 32.020.2 & A5.530e2 , 67.5
155.3 <{C.00L | 22.080.3 A49.920.3  87.2 |{o.00 :
463.5 {0.001 29.620.1 70.820.1 3%.8 | {o.00

e ————————
72A20.2 1005.8 {0,001 51.780.2 | 70.210.2 K 92.7 '<0.000




186.0 {0.001 | 18.2:0.2 81.520.2 | 165 < 0.000

Bameter | 19.320.2 46.2:0.2  134.8 J0.001 | 19.320.2 | 76.820.2 | 288.1 | K o.0m
Bat 28.520.3 79.620.5  159.7 {0.001 | 28.520.3 A7.120.3 | 58.1 |<m'

29.520.2 80.680.2  255.5 J0.001 | 28.120.2 59.320.2 | 156,53 | { 0.0

Goat 32.580.3 68.5280.3  112.6 /0,001 | 29.020.3  52.520.3 | 75.4 *! < o.00
Ouinen-Pig = 35.50.2 51.920.2 2.0 £0.001 '| 53.520.2 58.520.2 125,53 | < 0.000

ianisay §2,082.1 44.522.1 1ol B.S. | 44.022.1  #9.522.2 | 25 | HS.|
Chieben | 62.020.1 88.080.1 2%.0 {0.0001 | 66.820.1 82.920.1 | k.9 < 0,001 |

- - T %
Juak 112.021.1 276.58.1 07,0 <0.001  11B.581.d A9%.5N.1  109.0 < 0.000

Idle 6
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m-mmummmb.

The present investigations comcern t)e clecranse of
iadocyanine green in those animal species siose bloed clotting
Mmmmmu-mmm
tion. In tids respect only ome reprosenistive animal in essh
olass was studied. By this method, 1% bas been possible $o
assess the liver function of thess «nimmls at the tise when
& sublethal dose of aflatexin By prolomgs blood clotting
tine maximmlly.

Gots of nine, malc 220Vt animals of the sams strain
in each species of gost, mat and duek were kopt at 27°0 & 1%,
The animals woro stefied a a fasting, basal state. Twe
separate groups of L.rev animals in cach species were injected
istraporitonsally with (a) 58,0 ng aflatoxia B, por kg dody
veight, (b) 7.0 al carbon tetrmchloride per kg bedy weight,
The seminia; thcee animels of each species were hept ap
sontrols. The aflatoxis was élssolved in distilled water
and sdsdnistered in volumes of not mere than 1.0 ml eaeh.

“mmﬂmn“ﬂ.mu-
of t1+ zate at vhich indocyunine green was removed in the
mﬂ““ﬂiﬂh““ﬁ&
mgwamumm_
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Pemnining dye resoved por simute and ealoulasc? viing the
Sethod of Hunton, BDellmana and Hoffman (19(2). The
consentration of indooyunine green in wacL (imed spocimen
was determined and expressed in mg per 100 ml plassa. These
differeat waluse were plotted agniss’ tise (in mimutes) en
a sesilogarithais paper. Durirg % oxponential period in
sach graph,

100 (log N = N)

Bemoval pate for &y ®
vhare l.lmwuunlim now
N = &ye osncentration at time "1W

and ¢ = time “1" - time "OW,

Be=dt.
In apior to test whetber or not the differense
betrses wean removal rate of the comtrel amimils and that

“m“m“dMMHm.
mm-.mmh-ﬂ. F walues are givea as
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showa in Table 7 for the comparison of each experimestei
Sroup with their controls; they ave statistically
sigaificant 4f P < 0,05; where P > 0,05 thy wmiwae
are dosigmted as N.5, (not significant),

Normal Plasge Remowal Rate.

The results are susmarised inv feble 7 and the profiles
ean be seen in Figures 9, 10 and 11, Tith a dosage of 0.9 ng
por kg body weight, the elearuncv of indosyumine greem has
boen shown to be an asourate reflection of the state of the
liver (Hownrd, Semyssyn an’ Leevy, 1965). The average
plassa pemoval rates of (he {ye ia goat, rat and dusk are
(b9 £ 0.2) por cent por mizute, (2.8 L 0,2) per cont per
minute and (6.7 £ 0.2) per cent peor mimute, respectively.
For goat, the iniiiel exponential period was at least
15 mimites whilet Zor rat and tho dusk the disappearance
ratos were exponential ealy for 10 minutes in cach ease,
h_ﬂlﬂhm.MhﬂMSF“
variation 15 all the experisents.
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Sreelen .
Aflatoxis | . 0401 Tetrache

_i Control By | |
’ I

W Il!“”ia hlml’ ‘lm-‘ 1&.“-! 1-”-”

r) 0.1 (H.15,) r {o.0m ’

Omnivore  0.5120,02 | 2.880.2  2.580.2 | 2.820,2 0.620,05 |
(Rat) |
| P02 (Ness) | 20000 !
wm
PMrd 1.2020,05 | 6.720s2  7.280.2  6.780.2 2,020 |
(Duck) |
P)0u1 (ns,) | ? o.0m
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At the end of a three-hour notion of aflavoxia 3,
when the blood clotting time had bees prolengid mcvisally
in each of the species, the plassa resowal rates ‘ad not
changed gignificantly from the normal walwes, They were
found to bo (4.6 £ 0,2) per cent per misnte, (2.3 & 0.2)
per cent per mimute, (7.2 £ 0.2) per cent per minutes for
goat, rat and dusk, respectively. Tie results were quite
poprodusidle to withdn 5 per cest wariation,

Remownl Bates 4n the C~roop Tetreshloride-Treated Animals.
72 hours after t)s injoction of carbon tetrachloride,

shen the liver of esth animal should have been defimitely
damaged (Seawright ond Melean, 1966), the plasma removal rates
of indocyunine greos yore considerably lowered in all the
anisals. T walws obtained under theoe conditions were
(1,0 £ 0.05) psv cent per minute, (0.6 2 0.05) per cont per
sisnte and (2.0 £ 0,1) per sent per minaute for goat, rat and
the &usk, vespectively. These results wefe also reprodusible
to withiy 5 per cent wariation,
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wmummhi

During the past decade several workers (Bessir, 1964
Rewberne, Carlton and Wogan, 1964 Newberue und Wogan, 1968;
Rogers and lewberne, 1969) have reported 4ifferent parenohynal
thanges induced in some animals drrirg aflatoxin poiseming,

It 45 the ain of this evjerivent to smvestigate the
histology of the liver cells of the different saimal apecies
during the period when a sublethal dese of aflatoxin By
prolongs their blood sloiting times, in the attempt to define
the mechanism of amtic-agulaut action of this drug.

Adult male grats, rats and ducks, as desoribed ia
Table 4 were used. Prier to administration of the drug they
had free accear o A balanced dist (Bessir, 1964) and were
alse given ¢y water ad Jibitun. After dosage, the animals
pere giver mator alone. All animals were decapitated three
hours afler on intmperitonsal injection of 58.0 ng aflatoxin
B, pov s body weight, The toxin was dissolved in distilled
patse am administered ia volumes of net more tham 1.0 ml eash,

water,
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vor Matolegy, sumples of liver (5 mm thiek) ires

The sequence of histological changea in liver during
aflatoxin Bl carcinogenssis has boor well documented
(Newberne and Wogan, 1968), T goveral architecture of our
control liver cells (Pigures 12, &, b, ¢) was essentially
similar to that described by other workers (Todd, Shalkpp,
Dooley and Wiseman, 1968, Todd gt gl (1968) have shown
that the main gross and sdcroseopio changes in aflatoxicosis
ia the rat are tranculution, hasmorrhage, hyperplasia of bile
duots and hepatic cells, and megaloeytosis of bepatocytea.

In the cxperirental liver cells deseribed 4in this
theais, no significant abnormalities in the siszec of the
areled wers oceo, neither wan there any evidense of fibresis
of the cectval vein (Figure 13a). Also, after the tiree-hour
period of astion of aflatoxin B, (the period which has been

“mwquMﬂﬂmwm.m
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Tigure 108!

Boputic oell of goat given 58.0 ug aflatexina
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proliferation vers ot apparest (Pigures 1Ja, b). There wes
80 sign of irvegularity of paremciymsl muclear sise) ax' fatty
iafiltration which is characteristic of aflatexin pois aing
was aboent in the hepatic cell of dusk (Figure 130).

Bxperiment IV: Effects of Aflatoxin B) aaf? \-Nydroxyoousarin
2A the Synthesls of Freyhresdin bl Wal liver Sliges.

The mat 4is a common labopatery ~uimal whieh has been
secommended for toxieity studies (Worid Deslth Organisation

Teehaical Report Series, 1966). In this and subsequest
experinents the rat has beea usel in the endsavour te

asousulate ovidence for toe acticoagulant actica of aflatoxin,
Fool and Robdneca (1509) eodtained evidence for the

syntheais of blood olotti=y fastors by the liver and
ishibition of the ay-ibesls of these factors by 5 (c-asceto-
aylbeasyl) 4-hyl~ergo-amarin has alse been demonstrated by
Glson, Miller and Tyoup (1966). It is known that dicoumarel
prolongs bleod elotting time by competing with vitamin K for

the apoencywe ia She production of protiresbin in the liver
(Bogd And Dovmer, 1948 Nana end lura, 1950 Chadelewaka and

Clealak, 1958).
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Spproximately 300g weight, The procedure for tM in witre
synthenis was a alightly modified form of $)u method of Pesl
and Bobinson (1959) and described oa pusr 51 , BEach rat
received an intraperitonsal injeetion of sither 58,0 ng
aflatoxin 5)/Kg body weight or 50 ag A-kydrexyeoumarin/Xg
body weight. The drugs were cevried in distilled water and
adsinistered in volumes of mot more than 1.0 ml each. Control
anisels were injected with 1.0 ml of pure distilled water.
Twelve l-g quantitiea of liver slices froam (a) aflatoxin.

treated rats, (b) s-hydrvrveoumarin-treated rats and (¢) contrel
rats wvere inoubated urler the conditions described on page 5@

and allowed to eynitbrzlse prothrombin.
Four houre ufter otart of ingubation, 1,0 ml agueouns

solution of vitoain Ky (0.2 mg per ml) was added to each of
six incubatisg flasks from the aflatoxin-treated and

Aehydroxy=>=rin-treated groups. After the addition of
um;,mdmm-wm-

further period of six hours.
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Semuit.

The amcunt of protivoudia present in the 1ivc= iwsogenate
(oF 1 the incubating medius) at the end of evisy ™o houss were

Pfead off a standard dilution curve which had b>u construsted as
deseridbed on page 5 .

The ingubation mediv~ withdrawn at
every instance ia the experiment d44d nc* clol when it was
assayed for prothwcabin, indicating that "o measurable amount
of the olatting fustor had leaked scrsse the liver eell
ssabrane to the mediuam.

In Tables 8 and 9 4t will be seen that the liver slices
peepared both from the rata tveated with aflatexin 3 and
w—rhm{m-rlmm-wnlﬂ-
of prothrosdin, But this condition was reversed vhen vitasmia
Ky was added to the 1iver slices which had been ineubating for
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Ilﬂlﬂ !Mﬂnhdhﬂhpmum ‘

-'“‘M
§ wone xyooum- addition of Normal sycoum- additien
| howse) vin  viterin Ky of vita-
‘—_——_—_——*——J—

0 2010 70M.0 $ 0.5 | 0. -
2 2050 I. 627.0 | .. 138 | 02 - |
& 790  A60,0 e AT 8 -
6 53.0 | 287.0  Aa0 - 0.8 2.2
n - - 60,0 - - 10.9
] ] BBt - 19
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mm{“.hﬂl—'tﬂ'ﬂ_. 1968)
on the clotting reastions whioh cocur witi ¢ use of
throsbotent has lod %o the recognition of a protein entity
shich nots as a competitive Ankibiter of thrombin formation.
T™e origisal name of this protein was preprotiwosbin but it
has recently been replaced by PIVii (Protein Induced by Vitamin
K Astagonists) in order no* *o confuse it with prethrosbds,
Relative ancunts of PIVVA san be moasured by means of a graph
of elotting time agninesy ~lasma dilution,.

T™he use of the estimwiion of thia inkibitor as a means of
differentinting "et’ ... vitamin K antagonism or absenco and
liver damage 3u ciimieal laborutory investigations is well
satablished (Vemhop, Van der Meer and loeliger, 1963).

It 49 % mim of this exmperinment to make comparative
kizetir =*= ‘08 with clotting tests oan plasmas of rats treated
with asituxin By, b-hydroxyooumarin and cardon tetrachloride
mm'““.““mu'h’““““-
dhmmllIMh-
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ﬁ'mm--mmmtm,xml
Shroughout the experiment. They were also givum tap sater
a4 ibitun.

Four separate groups, eush of teslvy vats, were
injected intraperitoneally as folleust
(a) 17.5 ug of pure aflatoxis By (b) 2.0 ng of pure
aflatoxin By; (o) 15.0 mg of b-Sviroxyooumring (4) 1.0 ml of
earboa tetrashloride. The receining twelve rats were kept as
controls. The aflatoxin and A-hydrexyoousarin were dissolved
in distilled water and ndmimiutered in wvolumes of not more than
1.0 ml esach.

After a parisd of three houre, when aflatoxin had
prolonged the mor=el Dloced clotting tinme maximslly, esix of the
rats from growr o) were decapitated and the plassas were
pooled (aflatowin ylasma)| wiilst the resaining eix rats of
that group wer> killed after A8 hours and their plassas pocled
(aflatexis jlasm), The plasses of six rats frem group (b) were
u-mmhﬂllﬂlﬂ_’m'm"m“'

3 #'.WHH“““(I,“
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4=rylroxyosumarin 62,0 3
. Aflatoxin 36.0 2.0
l—_—_—_——_—-——-l—-?l-——_—__—p
Carbon Tetrashloride 18.5 * 0
L__—_.—_‘-“-ﬂ!——_—————
| Aflatoxin/Carben Telrue- 5.5 2.9 'I
ehloride (101 v/v) | |
h____-__——*————l—l——___;:
toxin/b-ivay o, h7.5 | 241
Af1a s | .
soumarin A1) m)" |

! :I

fable 101 Values of &, and wie lnlthllnt_iﬂ
tise-dilution plots ehowh iR Fipures 1A,
A3, and 26.
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Bxperisent VIt Bffest of Aflatoxin B) on the Activities of
iastis Pelirirogenase, Glytasic-Omlosgetic Tr ~eminase

Serum levels of lactic delydrogenase, gistuaie-
omloasetic tramsamisase end alkaline phoeph: tase have been
Gstarnined as a moagsure of liver fusetioe,

Adult male albino Wistar rats woighing approximately
300g were used. They were maintained on the stoek balanced
8let and water pd Iibitun. Aflatoxin By was sdministered
iatsaperitonsally at a dose of 55.0 ng per kg body wedght,
The toxin was dissolved 4ir “istilled water and adainistered
ia volumes of sot sore Licm 1,0 ml eash., Conmtrol animals
peceived 1.0 sl of pure datilled water. All animals were
fasted for 24 hours Lafore sasrifice. HElood obtained from
animals wes Fun ints clean dry test tudes and allowed to stand
at poon tempevature (20°C) until 4¢ has elotted. It was then
kept until ths eiot had retrmoted and the serum separated.
Betrastiss of the elot was sssisted by gently locsening it
from *5+ =1ls of the tube. The separuted cerum was carefully
pipettcd into a sentrifuge tube and sose contamimating
wmhmu-ﬂllm“m
mmmm%.
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Serwm 1ovels of lactie dedydrogenase, slutisie-
doteruined ae a moasure of liver funetd.a.

Adult male albino Wistar rats woiqhlag approximately
300g were used. They were maintai'ed on the stoek balanced
fiet and water ad Jiitun. Aflotoxia %) wme adainistered
istraperitonsally at a dooe of "9.0 ug per kg body weight.
e toxis vas disselved in divtilled water and administered

is veluses of pot more t)un 1.0 ml eash, Conmtrol animals
sosedved 1.0 sl of purc distilled mater. All animals were
fasted for 2 bours "wfis) sasrifice, Nleed obtained froe
saisals was Fus L7460 clean dry test tudes and allowed to stand
at poen Semperatare (2°C) watil 4t has cletted, It vas then
bept watdl Shw eiot had retrmoted and the cerwm separated.
Betraction of Ity elst was sssisted by gently lecsening it
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Farmen (1955) and alkaline pheaphatase setivity wus aseayed

by the method deseribed by Wootom (1964), Trsnw procedures
are deseribed in pagea 60-67,

Serun esnaymes whose activitics could be indicative of
liver funetion ineluwde lactie dedydrogenase, glutamic-ommlo-
acotic transminase and alkalice phosphatase (Wooton, 1964),
The activities of thesc enxymes were dotermined in the ssre
obtained from our tesi rFuis and the control andmmls,
pespectively. The wesnlis are given ia Table 11. P waluse
are given, a8 sheon ia the talle for the comparison of
sach experisscte) group with their controls and are
sonsidered statistically significant 4f » 0,05 where
r)g,ﬂ,m“nun-tuul.l. (not signdficant).
Ia all, there ware 5o siguificant differences in the
setivitisy within the three-hour period of actica of

aflatoxin B o
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Specific erganslles have been identi®ied in the attompt
to correlate different diologlcnl astica uf nflatoxia By with
some of the hepatis ultrestrustural chaures induged in the rat
during aflatoxin poisoning (Putler, 196ka; Butler, 1966,
Todd gt al, 19687 Svoboda and Piggineun, 1968; Newberne and
Putler, 1969).

The present experimenic have been undertaken te
investigate the effect ¢ aflatoxin B) on ergamslles such as
endoplassis yetioulus is the rat liver ecells after a
sublothal dese of allrloyin B, has prolonged blood elotiing.
Tor this purpose sorrhelogical changes of liver ocells have
bosn obssrved 'y slevtron micrescopy. The content of MNA in
the liver Bas becr sstimated in erder to be able to qualify
any early structural ohangs which might oecur in the
mm—twmm.xﬁhiun-m
-ﬂﬂmmlﬂﬂlﬁhﬂmm“mm.

vs, all the experisents, adult male Vistar rats, weighing
wmm-lhﬂl-l- Prior to administration of

hm”mﬂ-mmmmtm_.
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Zagult.

(a)  Hleetron Micrescopy. Pigures 18 and 19 shew scotions
of contrilobular parenchymal colls, The nueless 1o the mersal
mnhlluhmhmtummnmmm.
and the two have identical structures as thoes descrided for
& normal ooll muglows by Druni and Porter (1%65). The
organelles distriduted in the eytoplasa ~ere essentially the
sane as those dessribed by Fawcett (1355) and Bruni and
Porter (1965). In no instance was “here any abmormality of
the oell membdrans. The rough exl~Tlasmio reticulum appeared
as erderly stacks of cistermas but in between mitoehondria
there were only a fouw cictermae. The mitechondria in the
Hw—nmﬂnu-umm-m:m
Mﬂ.muihl_luﬂlﬂumﬁﬂmrlth
an even, finely grawnlar mirix and a fev electiron dense

granules.

(») mwi After a three=hour perioed of

&4 Id.ﬂ.wum”nmuumwl
of the sub- After serial remowval of acid-soluble phesphorus
“W.mmmulhmhll
’ the liver homogenate extract. There was me
potween the RNA content of liver removed
significant difference
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hh““lﬂhiﬁ-lhm&nmul-
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Mmm—mmnu-mmn
Aspergillue flavng hed beun showm to be due to the motien of
aflatoxin present ia tre mouldy diet on blood alotting factors
of sats (Mababunmi ard Passir, 1969). Indeed, the presense of
mould texins 15 pofeitily the most serious prodlem which
confreonts produsste ud mmufasturers of food and feed
produste.

Secorily, sinee aflatomin can prolong blood sletting in
the rat, thers 1o need $0 know how various amimal speeies, with

strengthened by the ohoorwation of Joffe (1962, 1963)
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Ekaeiybotrys strm. wiieh is poisonous o orses and other
enimal speciocs, including man (Forgaes o«nd Carll, 1962),

S0 far 1ittle or no evidence 1s svailable as to the
susoesptibility of man to aflatrcing, out a fevw instances of
1iver disease in humans have boun correlated with the
ingention of fungal metabolites and plant materisls (Selser
and Parker, 1951 Blank, Chin, Just, VMeranse, Shismkin and
Wieder, 1968), Dyus, Jolliffe and Stuart (1954) had reported
that venous ocelusive dissase lesions were found ia ehdldren
in Jamadeon where Upeislaria fulva L 4s often included in
Whush teas™ . Frture investigations will show whether or mot
thore 48 & diyvoi velationaldp between the ineidence of
kwaghiokor, afisioxicosis and anticcagulant activity of
afiatoxine Meashiokor 10 considered as a purely mutritional
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t3e most potent careisogen knewn

and alse they have generaully beea resuris ce cogmate
subotitutes for husens (Farke, 1968). Ia cowe cxperiments m
deseribed in Shis thesis, birds (ducks and okickers) esore alse
inoluded because of the sssociation of aflatexicosis wiih
poultry farms. Studies of specise differences are of wvalue ia
E%!‘E%ﬂ’fﬁa:«-n-ggf
iﬂ.‘-ﬁ*l%ﬁ.-u-ﬂiiri!ﬁ!
lﬁEhﬁ!ti‘%E%ﬁEﬂl-
H!-ill%‘#!u.

g4114ans (1938) had remarked that the composition of diet
l%ilﬂfﬁl&gi. In the dog



SiRSgenent of wassular diseases and, coresquently, ia the
relief of human suffering.

T™he testing of the mafe’; of jotentially toxie
substances 1s mermally carried cut om laboretory animals
sush as eata, doge, mice, mdbita, hassters and rats because
theso species are more rsadily available than human gubjecta
and alse they have gonovelly beeam regarded as cogmate
subotitutes for husune (Parke, 1968). In some experisents
desaribed in this tiesis, birds (ducks and ehickens) were alse
included becaurs of the essociation of aflatoxisosis with
poultyy fares. Atudies of spooies differences are of walue ia
mmufihlﬂﬂﬂﬁmnwﬂllhﬂmm
.ﬂmutunwmm--rwwmutnm
.,mumn_ummmmmumu.

1965; Sar’e and gilidans, 1969).
giiltane (1938) had resarked that the compoaition of diet

qwmmdtmm. In the dog
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e84 other aninmals glururonic acid could be derived frem
proteins, or ayntdesised from carbehydrates or arizi saids,
ﬂﬂhdummu“.

Dingell, Joiner and Murwits (1966) obesrved that the
astion of foreign compounds can vary with the ratritiomal
otatus of the animal, And in 1968, Osivenl peported that
rats mintained on a diet defioient in wviein shoved a
@isinished rate of aflatoxin metarolisa,

Ia this theais, the resulis obtained om the species
variation of the antiscagulan’ actiona of aflateoxin and
h=hydroxyooumarin seenm o it into a dietary classification
of the mammalian apeties, s is, caranivores, cmnivores,
herbiveres. The bMirds foi™ & soparate class., The
carnivores have the shericet clotting tises, mext is the
caniveres which o7 folioved by the berdivores. The birde
Bave the longent clotting times. The results obtained from
the trestoents vty aflatexis and A-lydroxyecusarin are
alse somevhat somparable (Tables 5 and 6), except for mouse
and the Swek whieh react in a comparable mamner to the

| jant setien of aflatexin, although these twe
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Foreign compounds undergo metabelicw iu the
Mmﬁwﬂ-mummm
(Baore and ®illdams, 1968; Rensiok and viiliase, 1969).
T™he misroflora of the gut alse give rise to the formation
of texie eompounds such as amires 0. arommtisc hydroearbdons
(see Parke and Williams, 1969).

Hany toxis chemisals, inclufing aflatowin B, are
exareted in the bile (Mesir and Coiyemi, 1967) mostly as
gluseronides and other sonjugates. DRiliary excretion
appears to be depentsie 1 the mize of the compound exsreted|
smeretion theougy bils is wsmlly the major reute of
eslimization of a coupound vith a molecular woight greater than
00 (ilibesc, Ovith and Filldams, 1967). Perke and ¥illiems
(1969) pevoricd that conjugntes exsreted in the bile may be
w.mm-rwmu
give (e ovigiml toxins oF my be deccmposed to give new
_._-_-.-ﬁmm“mn-m
gub (willdase, Willbern and Smith, 1965),
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Lupton (19847) had shown conslusively that the lives
was the site of astiom of the soticoagulant diseoumarcl and
confiresd that the mechazism of *hae anticoagulant astion of
coumnrin or allied drugs 40 by vitamin K antagonisa. In
this vespest, Koller, Joeliger and Duckert (1951); Pouglas
and Madr (1958) had observed that plassa odtained after a
theraypy of a coumnir o wpound such sa eotlyl biscoumacetate
wus deficient 17 t» witamin E-dopesdest clotting factors
m“tl.m.,“lﬂl- Using thrombotest technigque 4in
our olotting tioe msasuresents iadicates that any, er all,
of theoe CTous Jastors could have been affected during
aflatexin-tainced prolongaticn of bleod clotting tise.
u_“mmnhumnmm
(Clas%erd and Bees, 1966) and in view of the fast that
mu.,..—:u-mn—-—u—u
mhwwr—u—xmamnm
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S0our frequently and some of their ensyn's beves have boen
Giscussed by Villisss (1967) and Parke (174%), Tade study
of the clearance of indoeyunine gress r=egusts that the
liver parenchymal cell of cash exps~iscital animal is
iatact at the time whon aflatowin prolongs bleod elotting
tise maximally.

Vooton (1964) had stalesd Lhat serum onaymes whesoe
astivitiss could be indicative of liver funotion include
lagtie dolydrogenase, Autanie-omlcacetis transexinase and
alkaline phosphatass. As shown in Table 11, the resmlts of
testa for these erayue’ in rat serum iadicate that the liver
sas fusctisaing m rmilly at the ead of the throe-hour peried
of aotion of aflalswin By. Therefore, the possiddlity of any
abmermal piosislsgieal conditions whioh could have cansed o
leakage oi i“use enmymes out of eells into the blood ean be
slimimats 4o

Lstabolites of aflatoxin have beon detected in the
wm-wmmﬂmm:m
—wlm). Evidence has beon presesntod by Omiyemi
mu“umhﬁ“ﬂhht&m
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el .
of aflatoxin; rat on a Mgheprotein diet exeretes maisly
eonjugation produsts, but mo fres aflatoxin, and the® the
Mllih“lﬂtHMllmﬁﬂ. MolLean
and Molean (1965) had suggested that the activity of the drug
mmuwhmsmmn
dists. Dicoumarcl, a well-known hasmorriarie agent, is not

conjugated in either man or dog, and 4o siovuly metabolised to
unknown products (Parke, 1968),

Using the fluorescent antidsdy technique the liver
parenshymal oell has been found %0 hs the site for the
synthesis and prothroubin, a blood clotting facter and aleeo
a protein (Darndart, 1960 Anderson and Barahart, 1964).
Bussir and Bbabunsi (1969) veperted that prothrombin and
procotivertin vere doficicnt in the plasma of the rat which
was injected with pure aflatoxis I, vhen thromboplastin was
esployed ox Shs $hwcsbokimase. Bvidence is presented in this
theals to shuv tdes & sublethal dose of aflatoxin B, inkidits
Mum“ﬂ“luntul-;m“
that of belydrexycousarin where the drug competes with vitasin
£ for (% spoensyme in the synthesis of prothrombin by the
$lien: ,m.m’ﬁ-ml—llllthlﬂmu
aflatoxin and A-tpdrexyecumarin o the L Vilre synthesis of
Mwnlumﬁlnl- In this oxperinent, 4t 4o

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



hthnmnmm“mmﬂlm

protedn iahibitor (PIVEA)., These susults, therefore, seen

$0 be in agreement with those of Hevker gt gl (1968) whe
Sencnstrated the presence of this imhibitor in patients
treated with coumarin druge.

With an inereass in the dosage of aflatoxin frem 58.0
#g por kg body weight to 7.0 mg per kg body weight, there was
still a cosparadle rwolsugation of blood clotting time after
a three-hour pericd of action (Pigure 17). But after a
duration of AL bowrs, the profile obtained with the larger
dose tended to % similar to that of carbea tetmeohlorids.
#1*® 4a 430 dastance was mearly sere (see Table 10),
This would omgpest that the liver had become damaged under
the sondiidons of (a) lomger peried of action, and (b)
whm“- Sizce the liver is the mains
“‘ﬂlmmm:mm
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414 not ohange after A8 howre. I5 ean, therefore, be assumed
mmnmumu-mnummmu
-n-m—-mmu:tmmmtumu_
hnlltmmmmuuumum“
the compound is simllar L. L0ad of A-hydroxycouserin,

he merphology of liver colls gives a olus to the action of
sost carcimegess (le=, »oles, Ayree and Sinmdubder, 1968,
Sohoental, 1968). Iue ‘mmediate effect of lothal doses of
aflatexis on tho liver parenchyml cell is dilation of reugh
endoplassie Futismden cistermas and dislocation of ridescmes
in the peripostai cells (Butler, 1966). 1In this study, with
the dosags of aflatexin weed, no sign of pathologieal
alterutisn ins boon observed. Dutler (1964a) hes ales shown
that facie doses of aflatoxia B; induse periportal mones of
pecroals. Iut in owr pasaffin-eubedded tissues obtained with
Beemtonylin and eosin (Figuwres 12 and 13) this wes not
secognined. Alse, fatty iafiltmticn which vould cempare
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Setabolising enayme ays’en (QUAfford and Rees, 1966a). The
sontents of liver NIA of tio test mte in owr fovestigations
sere not different iyrou tiwee of the contrel. This
obeervation agrors ves; well with the conelusion of Couri and
muﬂamm%m-h-lmul
ondogenous fwtae at the peak of their offect oa prothrootin
tisme. It ~wvecve, therefore, that the lengthening of hlood
clotting t4so by aflatexin, arising frea the redustion of
prothro.tin production, was independent of any alteratien in
aiecesom 1 WA,

In aflatexin poisoning, there is ample evidence
indicating an ishibdition of messenger-NA produsction and a
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(RaStquent 1aiMition of peoteln aysthests (C14ffor: unt
fess, 19671 this mestunion 1s owtiined in Pigure 5. In
m-mu-hﬂ!m““,
1966, 1967). Ia this respest the isterseti'a of aflatoxia B,
to DA 10 very different from that of actisciyoia D
(Eeveten, 1961). The Mating of aflatosi= &, to the purine
ring and purine mucleceides e relati™aly seaker (C14ifford
and Boes, 19670). Although both rflatexis B, and sctimcwyeds
P produce similar eytologieal o'~"gu~ im regeserating rat
liver (Deradard, Frayoginet, Lofarye and le Breton, 1965
Schearta, Sodergren, Carofn.o and Stermderg, 1965) it 48 known
that astinonyein D does sot produce liver mesrosis im the
intact rat 1liver wmalile aflctoxin B, whieh is a meerotio agent.
C1122erd and Ross (19¢7) have suggested that this difference
ia the toxitise ~f aflatexin N, and actinomyein D could be
due to the pelutive binding streagth to DA,

Also, 4% Wa been abown by Clifferd and Rees (1967)
that 4a sfiat~xin podsoning theve is no inkibition of the
wﬂ“mﬂ“mmuﬂml
this i3 wSlike the ebeervation of Rees and Shotlasder (1963)
dmmmummmn“m
mwﬂ.mmm#mwm
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& Yory weak or a0 interaction with DEA. alzo, at tkis doee

lovel, the incorporaticn 43 wive of nat=o usids iate
prothronbia pop oo could hardly be iotiited.

In sany isatances, the iriegrity of an emsymatic
pregess roquires the particiy.il~e Jf ene or mero ocoemzymes.

serve as the substrate« of eomaymie reactions, and the

merosologular protei~e., A coensyme (containing a vitamin
uﬂﬂlhnﬂ'm}ummtmmj

shish can easi)y )» &issceialed from the protein compomemt

proteds (sclsonsyme). Baeh coenayme acts wsually as acceptor

or Gonoy of sose specifis type of atom or growp of atems
rescved Crom o added to & smll-scleculs sudetsute in o

recstion catalysed by the holoensyme.

”mlﬂﬂmmﬂlﬂhth
u“m“MIl Vitamin E is the cofactor of the
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Bnodw,m:nl. effect o4 u.[Latni.jn BI
DNA Eﬂf?ﬂ —> RNA > Prote
(ﬂ;‘ﬂ*ﬁilﬂ B| Iﬂl‘tihiii
lﬁfti‘ﬂth -L,,:
wih DH"‘J n_;inlmln B,

heviesl effest of aflatexin B,,

Afiatoxin B, insterasts with DIA under
son ‘tions in wvhioh the teo cempounds
sre brought into comtast 'Ap witpe'
(Jpern ot al, 1966) Clifford and Resa,
1966, 1967)s Aflatoxin B, fmhibits RIA
polymerase, the enayme responsible for
DiA-directed WA aynthesis (Gelbedn gb g1,
1966).
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““mhm‘m‘-
m“hhm“m.

‘NM-MMMM;;_
$o demonstrate a conpetition botwesn vitamir ® and aflatoxis
B, (o hebpdroxyooumarin) for the aetive site of an apoensyms.
Thds competition might hove bees dus to tic resesblance of
the aflatoxin structure to the quinmous-strusture of vitamin K,
In view of this, kisetio and miorcsecs)ic findings, the

sethanisn outlined 4in Figure 21 s propoced for the anti-
coagulant action of aflatoxia;

(4) aflatoxin 1, cospe’es with vitemin X for the active
aite of the apoensyme (Al)§

(44) e a vesult of $his competitien, the formation
of prothrosbin in u eressed, and

(444) MMHHMMMH
umMﬂlﬂM“““-
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An-‘:iwlnmnmk activity

e

K = vltumln K
AE = APnEnsjmr n  Liver Cell

B =

Tigure 23

4-kj'dfﬂijtmumur m of Oflatexy

Umposed pee’anisn of the antigoagulant

Vitamin K(X) 43 the eofaster of the apoens

(AE) responsible '"mnmh
the liver. mumm‘t

(llmiluuh-nlm“.m_
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Ar

(1) Tere is a species wriation in the sutiscagulant
asticsa of aflatexin and A-bydrexycoumc ~i..

(44) This variation seeas to fi: rusevhat inte a dietary
slagsification of the mamalis: sjpocies, that is, carmivores,
emnivorea and horbiveres. The Liris seem to form a

separate clage.

ghen trs receval of indocyunine green from the livers
“mwﬁﬂiwn.nlmm-mmu
ﬂthmmmmhanunu-m
vith (a) carven tetrachloride asd (D) a subletial dove of
‘mtmﬁ‘mmmm-mun

-h"‘”‘-" y
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-135 -

(11)  the patterns of clearance of the dye in aniosls
treated with aflatexis indicate that their liver

parenciymal oells are intast after a tiree-houwr “ction of
aflatoxia By, This period is required for ~flatoxis to
proleng blood clotting tise maximally in ‘e anmimals.
The profiles of the sarbon tetrachloride-ireated anisals
vere Sistinetly different from those o tae nermal.

gt

Comparative kine?lc studies with elotting tests om
plasmes of rats treetsd wiih b-bydrexycousaria, aflatoxin

8, and sarbon tetruehloride respectively, gave the following
results!

(1)  the wisizal clotting time (%) - iatercept of the
srofile with the ordimate - cblained with either afigtoxin
I"Wwﬂ‘ﬂl_ﬂﬂiﬂlhlllhlﬂm
normal plasan but the obtained with the carbea
“m#ﬂ.-hwm!ﬁﬂhlhld

the porsal plasss. &, of a mixture of equal volumes of
.mmﬂwwﬂ_hm

ml‘-m”ﬂlﬂ“ﬂ_m.
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(111) t, of aflatoxin plassa, alter a three-hour period
llﬂﬂn.ﬂmml:wulmhm.

It was, however, lovered significantly by the high dese

vhon the period of astiow wac &40 hours., The t, of the
low desage aflatoxin plasew, after 48 bours, was emetly
the same as that aftor tivee=hour period of action,

Inves*ixutions on the ultrastructure of the rat liver

mw.muﬂﬂfﬂhm&hm
MW‘“M“"‘I‘

(1) tae typieal Myperplastic nsdules and bile duet
m“ﬂmmmm

vere mot preseant.
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m#nmmhuthtﬂinumm|
from the controls.

(4v) Is all the determimntions of the activities of
lastic dehydrogenase, glr~*" ‘e-omaloacetic transaminase
and alkaline phosphatess im serum, there were mo

significant differences 4n the sotivities within the
threeshour period ¢ ac'ion of aflatoxin .1'
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