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.. 1 .. 

A I a T R A C T 

The metabolic fate or aflatoxin ie of 

interoot in connection with studies related to tho 

mode or action of bepatotoxins in tho induction of 

liver tumouro. Tho nb~lity of tho toxin to 

interf ct with aub-oellular particle& a nd the rate 

of excretion of tho carcinogen by a particular 

apeciea, may be important in interpreting ita 

gross effect on on animal. 

In eooe atudioa deooribed in this theaia, 

the rate of motaboliaa of drugs in the normal rat 

and in the poiooned animal baa been compared. 

lt ia a aore uee!ul information when the effect of 

a drug on animala under different dietary treatment& 

are evaluated, since thia will reflect auacepti­

b1lity to thoao drugs by animals w1tb nutritional 

doticiencioa . 
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Evidence is here pr esented to ohow t hat 

rnts on low protein diots are more susceptible to 

aflatoxin - poisoning , becauso they are unable to 

metabolise the drugs as rapidly ae rata on high -

protoin diots . This !i1v:ling i.G aupportod by 

bi&tological evidonco . 

In ordor to !aoilitato tho identiticnt1on 

o! metabolic products of tho n!latoxine, use was 

made of c14- l.D.bclled n!latoxin . Tlda 11aterial 

was produced by incorporation of labelled isotopes 

into oulturea of Aopergillua tlnvuo on CEapek-Dox 

media. Tho uti1ieation or Sodiuc Acetate-1-c14, 

Sodium Aoetato-2-c14 , in the b1ogenoo1a of the 

a!latoxino 1o roportod. 

After o. given duoe , atlntoxin or ito 

motobolitea were abuent from tbo heart and muocloo 

of anianla examined. 

n.e otbor major part ot the work described 

in thio thea~ conoioto ot studies on the 

motobolino of labelled n!latoxino in mammalo fed 
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on high or low-protein diets. Urine and bile 

aQmploc obt ained from expe r imental rats and 

r abbits woro analyaod for tbe presence of 

a!latoxina or ita oetabolites . Bile samples 

were obt&ined aftor tho eat obliahmont of biliary 

fistulae. For tho collect~on of urine ~aaples , 

from animals under light anaontheaia , diuresis 

was atinulated b) imp~ntatioo of a polyetl ,lene 

cannula into tb~ oxt~rnal jugular vein followed 

by an in!uaion of 5~ mannitol in salina at 

0 .75 ml por minute f or rabbi~ and 0 . 2 ml par 

minute tor r at . 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 4 -

ACKNO?ILEDG El1EIIT 

1 am grateful to the Boad of tho Depart~nt 

ot Biochemistry , Univeroity of Ibadnn, for a1lowing 

mo to make use of the facilities avAilable in his 

depart111o nt !or this work, and to the ·,oat African 

Modiccl Council for a grant in aid of oy 

inveotigatione on the physico - chemical d e toraina ­

tion of the aflatoxin~. 

I alao thank my eollooguce in tho 

Doport~ont of Biochemi6lry, Univcraity ot Ibadan 

for tho~r cooperation and particularly, Profoseor 

S.A . Vic:oner for hie~ advice and CUftgeotione. Hy 

gratitude ie duo to Proteoaor o. Baeair, who 

ouporviaod my work, tor his untnilint;; into root 

and onoourage111anta . 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 5 -

1 R T R 0 D U C T I 0 J 

{i) Discovery of Aflatoxin . 

Loguoes a r c used as common ingred~enta in 

animal feedo ao well as in food for bumnn consump­

tion. Those graica are susceptible to attack by a 

wide variety of fungi in tbe soil or afte r barwoat. 

Forgaca , Koch , Carll and Whito-Stev~na (1962) have 

warned tbnt 1ncreaoed attention euat bo given to 

diooaoeo or ani.l:lalo nnd oon caused by fungi that 

have grown and produced toxic subatancoa in fooda. 

Tho " poisoning of the hoot following entrance 

i.nto the body or toxin(a) or fungal origin" 

boo been deacribod by J. Forgnce (1962) a& 

"H:ycotoxicoaie " · 

Faroera bavo nlwoyo boen doubt ful about the 

wiedom or fooding oouldy f oodaturf a t o t heir 

oni.lllnlu. llovertboleaa, illneoa and mortallt)' 

cauued b)' aucb pr oct1coa hnve boon citod in tbo 
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literature. A more recent example is the 

disease produced by peanut ceal conto~inoted by 

11 otrnin of Anoor ·"l.l_u·_ fl .. vus (Burnside, Sippel., 

Forgacs, Carll, At Iood anJ Doll , 1957) i Sto•tons , 

Sounders and Spe~ce (1960), Soitb (1960). rhis 

disoooo was later obown to be caused by ar.atoxin, 

ll motcbolite or tho fungus. 

(H.) Occurr& r co in llntural Product . 

Slovene, Saundcro end Spence (1960) roporlod 

occurroncoo or a dioooee Amonr young turkey in 

forty-fivo different Cnrme in Gr' t Britain. It 

woo estimated that about 100,000 turkey diod 

durin~ tbio poriod when imported groundnut woe 

uood on oupplo:cent in on1col foodo (Blount, 1C)61; 

Giboon and Herrin, 1061). In o porticulor cnse, 

one turkey !nrmor divided hie 1ntoko or poults 

into two halveo, kopt side by cido, but Cod on 

di!forent brnndo or rood. One batch romainod 
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perfectly healt hy t hr oughout and t he o t her 

ou ! f erud a acvoro at t ack (Smit h , 1960). At t hie 

t ime it waa not poGoible to aaaociate any aicr o­

organi~~ or virus with this diaenGO , since all 

att empt s by different laborat ories t o i dentify 

t he causal ag~nt(s) wore unsucccaa!ul . It ~as , 

however , concluded that the disease pr obably 

or i«inatod f r ·~ a prefor med toxin. Thiu suggest ion 

was contained in th~ r o1ort of an Inter -depnrtment al 

Vlor ki.tog j lr t. on Groundnut toxi.ci.t,J. (Tropical 

Product l~>at1tute Report , 1962). 

Oroundnut in imported into Groat Britain f r om 

t ropical countrico, ouch aa Bra~il in South Amori oa; 

Uganda and Rhodoaia in Eoet Africa; S~negal, Gambia 

and Nigeria in Woct ~rica. In the5c ' producing 

coun~rioo • tt.o aood ia planted in looau cloy ~oil 

ond it =~turco within 1~ 0 t o 150 doya int o a lar go 

ooodod runner, wit h dark groon !oliogo . Gr oundnut a 

aro uouolly conn1dor cd r eady ror barvoat when tho 

leavoa t.urn yellow (Smartt , 196o) . Ar t e r hnrvcat, 

tho plont;n or o o t ackod t.ogo t ho r un t.1l t he baul.lla 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 8 -

are dried and t he kernels begin to r a ttle i n t ho 

shell s. This process is called curing . Tho nuts 

are t hen t hreshed ! rom tho baulms and dr ied i n t he 

sun. McDonald nr.d Brook (196}) sugges t ed t hnt t he 

uno o! e r tificial dr iers would be mor e c t!ectivo 

in preventing fungal n t tack nt this ot age , since 

tho moisture cont~nt o! the nuts could t hus be 

brought below 8 per cont . During a t or ngu , however, 

the ooioture content or ctored product& may rise , 

hence adequate precaution 1& nocoennry t o cnoure 

th~ qunl\ty or thoco matcrialo. 

A nu~bcr of Aopor61lli1 cpccioo wor e round 

by Doinor and hie noaociot~a (1960) in tho 

miororlorn or mouldy nuts. Tbo proaunco or 

AsperK!llua !lnvuo in otorod ~roundnut materials 

hne boon confir med by JnckRon (1964). rig . 1 

showo photoaicr ogropha o r ~n!octod sroundnut c , 

!irot publiohod by Spone~ (196J) . McDonald and 

Br ook (1963) regarded t ompor nt ur o nnd moi s t ur e 

cont ent ot stor ed groundnut o ao two 1nport ant 

t act or o which cont rol runscl"l gr owt h . 
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arc driud and the kernels begin to r a ttle i n tho 

shollo . This process io called curing. The nuts 

arc tbon tbroehod from tho haul.ms and d r i.od in tho 

sun. HcDonuld and Drook (196.}) suggested t hat t ho 

usc ot artificial driers would be mor e ot!octive 

in preventing fungal attack at this stage , oincc 

tho coioturo content or tho nuts could thus be 

brought below 8 por cent. During storage , however , 

tho moioture content of stored products aoy rioe , 

hence adequate precaution ie necessary to cnt>ure 

tho quality of these mntoriala. 

A nuabor or ADporgillii species woro found 

by Deiner ond hio ossociaten (1960) in the 

~croflora or mouldy nuts. The prea~nco ot 

Aapcrg1llu6 !lavuo in otorod grouodnut motorial& 

boa boon confirmed by Jockoon (1Q64). Fig. 1 

obown photo:rl.crographo ol' infoctod groundnuta , 

fi.rot published by Spono~ (196;5) . McDonald nnd 

Brook (196}) regarded toaporaturo and moioturo 

content o! ~torod groundnuto ac two ~portant 

factors which control !ungol growth . 
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Fig. 1: PhotOGicrographe of infected groundnute 

(Spensley , 196}) . The !ung~ Qttacb the 

seed coat ond ponetrato ~to the 

ootylodone. Tho uppor picturo shows 

a higher magnification (XZ5) of mould 

iA!eetod nu~. The other picture abowo 

low cogni!iootion {X2 . 5) of a group of 

infected nuto . 

• 
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Dacog~ to tho pods or insect attock cay also 

!acilitote deterioration . 

Clegg and Bryson (1962) oxoainod oaaploo ot 

" produce !roc Bra~il, Uganda and Tang ika . • 
4 

consig~ent of groundnuts froc Uganda was f ound 

t o bo heavily cont~inoted with fungi. W. P . Blount 

(1961) had e~lior ouspected Bra~il/lon groundnut 

oo the causal nsent of outbroako of •turkey-X-

di.Doaac •. K . S11.rgoant and hio col~aborator:J 

(1961) obtainod pure cultures of oocc or the 

rungnl opocit-,. prooent in tllesc so.mplcs . Eisht 

isolateo N~r grown tor seven dQYo a t 27°C on 

C~apek ' e solution osar. Cbloroforo ext ract~ o f 

thoec culturoo nero tooted for biologico1 pot ency 

nnd tho toxin producing !un()UII •oG thuo identi:tiod 

oo Aoporgilluo flftvue Link ~x Frioo . This funguo 

wnc lator ioolatod froo otbor oourcee than ground-

nut and woe oooociotod with outbr onko of tho now 

diooaoo of fo r m onicolo cal.lod 'turkey-X-di.soaao•. 

In viow o f itt1 ori,rtLll tho toxin wao nocod /J"U..TOXIII 

(Tropiool Frod uot ot ituta floport, 1962). 
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The oain intcroot of roeunrch worke r s on 

nflntoxin at thio timo w~e to otudy tho inoidonco 

of fungal attock on groundnuto in tho ' producing 

countrieo ' nnd to cugaoct muthodo of preventing 

futuro opidomica. I nvootigntiono on mcthodo of 

detection of toxic nuto and ot makinG toxic moolo 

eo.fo for conoumption w~ro cnoourogod. 

He Donald ond llorknooo ( 1q64) work in~ ... 1 tb 

o t.cn.c or r<!ecnrch workoro tJt. the Romaru experi­

monto.l ototion in Uorthern !ligeriu, obocrvcd that 

when podo nora hand-picked from tht: hnul.m u.nd oun 

dried in a l.nycr, with protect ion fror:; rain, tho 

rote of drying woo high and the crop wo.o toxin 

!roo. Dickenn ond Pattoo (1966) aloo noted that 

aflatoxin woo not likely to duvelop during ourins 

if reco~endod procticoo wore followed. 
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( iii ) Biolopoal lloony o . 

Roporto fr om t nrmo nnd f ood i ng trio lc i n 

t ho lobornt or ioc hnvo indicat e d t ha t many f orm 

onimnlc nrc ouocopl iblo to • tur koy-X-dieuaoo ', 

but oomo aro moro oo thnn othore (Aoplin ond 

Co r naghnn , 1961). Among t ho lorgQ f orm nnimn lo , 

pi gs f r om t hree t o twolvu wooko olU ond pr egnant 

cowa oro tho moot oocmonly affoc t od (Loooomor e 

ond Harding, 1961). Colvoo f r om ono to oix 

aontbo or age oro highly ouopoctiblo bu t boc~ng 

aoro tolerant with ago ( 1 oosemor e and lfa.rkoon , 1961). 

In a long-tor= feeding trial , hcitor s wor o ae 

clinically affected aa aoakeyB (Tulpulc , Madhavan 

and Gopalnn , 1964) wbilo oheop o r o e~porot ivoly 

roa:Uttont . 

Siller and Ootlor (1961 ) doocr ibod t ho 

c~nical and aocroooopic !ootureo or dieeoeoo in 

turkey poulto fed on mouldy sroundoute . Tbo 

h1 tological chan ae aro pricorily hopot ic and 

abos ;S rel:l!lrkeblo cor.ci t oney. 'Iboeo wo r e 

ri~o(l I 7 Loo• ore aDd K:lr ttcon (1%1) 
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aa follows: 

" (1.) tho ro ill conoider oblu proliferation 

o f bilo duct opit.holium t o form numerouo 

otructuroo rooombllng nmoll bilu ducts, 

(11) ch r onic obli t orotion or contrilobular 

and bupatia voinn, and 

(iii) o wido variation in oizo ond cbapo or 

par~nchymol colla, mony o! which oontoin 

obnor~ally lars , conrao and denooly bnoo­

phyllc nuc loi and finally 

(1.v) di.tfuso t.1.brosi.s which diorupt lobular 

atructureo." 

(o) Ducklla~ Teet. 

Tbio biolosical toGt wae dovolopod at tho 

C otrol Veterinary Laboratory, Woybridse, Engl~nd 

and can be ueed ror qualitative end quantitativa 

aDs ant of toxic gr oundnut ~oala and oxlracto. 
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Th~ toot dcpcndo on tho rapidity with which tho 

p r oliferation of bilQ duct epithelium oocuro in 

ducklingo aftor ingcntion of nflntoxin . Thu 

intoncoly baoophilic proportioo of tl1~oo cello 

whon ota.in~d with haocatoxyl.in ond cooin rondor 

hiotologicnl oxru:~ination and confirmation of 

diooaoo more rapid arnl oaoior than in turkey 

poult.a and chickcno. 

ln tho 'ducklins teet', D'luoouu c:::tro.ct, or 

euspcnoions or toxic oamploa, oro adainioterod 

individually to groupo o~ dny-old khcki-Campbcll 

ducklings. Tho onmplo is introduced into the 

lower part o! tho oesophagus through o thin 

polythone tube attached to on hypodcroic ayrinso. 

!.!tor docing, the birdo oro kept away !roc thoir 

tood and wotor !or ono hour to ovoid rosurgitotion 

into thoir cocoon rood oupply. Thin procoduro io 

Hpeat d !or !1Yo corwoculiYo dCI.,)"a. SUI""'i•or• oro 

aacri.!J • vd on tho oi.&fl•h dny. Tb f>rOotor 

aucco~ibility oC duckli.nsa to o!l~toxin poiooning 

cac ar j to othor tore n~ lo io notable . 
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Klimon nnd Kruzn (1962) oboorvod that duckling~ 

oro moro ouocopliblo to nitro£urozono intoxicotion , 

pnrticularly ut two lo four wooko o! ago, when 

thlly conow:~o core nitrofurnr.ono per pound ot body 

w ight thnn chic'kons of n compu1•nhlo ngu and oizo. 

In field outbronko of •turkoy-X-dinonnu' , tho 

highoet ~ortnlity woe rocordbu nmong thin ngo 

sroup OJ birds (Aoplin nod Cnrnoehnn, 1961) . 

Tborc io, howovor, no record of rood consumption 

in thoea rllportu to justify thic o.suuaption. In 

any cnno, sonnitizntion o! tho birds to toxino 

r-_ny depend on a number of fnctorD, ono o! which 

La the coopocition o! the diet givon to thceo 

:!ara nn.i.Dall!l. 
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(b) E~g TuBt 

Noxiouo influoncco ofton hovo o grootor 

offoct , thll younsor tho oubjoct , and coxi.ool 

offocto can th n bo oxpoctod during oobryonic 

dcvolopaont. Toato pcrfarood on poultry or oUtor 

lnborator;y animolo nrc lnboriouo and ClXJtOnaivu, 

but tltc introduction of toot oubotoncoo into the 

yolk of hon ' a ogg io oicplc. FUrthermore , tho 

ct:Jbryonic devolop::~ont of tho chick takoo ploco 

•i.thin o closed ogs choll, pormitting no 

olici:nation. Thuo tbo •ogs aooaya' may bo 

oxpactod to give rooulto of highoat oonDitivity. 

?latt, Stewart and Gupto (1962) uood five-day old 

chick ecbryoo. Thuso wero injected with v4rying 

doa o of aflatoxin oxlrocto diooolvcd in wotor ond 

X invd after two daya. Ao little ao 0.) \.IS 

of t o aor pot nt oacpl a cnuaod doath of tbo 

o bryo. ?h control • r not affected by thio 

tr ata nt. Tb torotogonic o!tact of a!latcxin 

tterofore rat d hi bor thon tha.t of J.l -ll.Clino­

r f~onitriJo (Horco rA Platt , 1D(x) or 
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l hnlidomido (Kompor , 1C62 ) . ~bon aflatoxin B1 

wao odainiotorod o t lovuio ot 0 . 1 ~g por oug, 

10 por cont cortulity woo recorded in 12 doyo 

(Diener, Dovio, Jln.,yoo ond Eldridge, 1966) , but 

tl1o torotogenic ctfocL won otill dotectablo ovor 

longor poriode at donoo botwoon 0 . 01 to 0.05 ~g 

por egg. It woo therefore auggootod that 

oucpoetod rations ohould not bo porcittod in 

aniool !code until tonto hovo ~hown thoc t o bo 

borcloco for the moot oenoitivo ti sues. Tho 

Kiniotry of Roulth (1962) in Pario hoo, howovor, 

advicod ugainot tho uoc of this mothod bocaueo tho 

chick ccbr,ro, lacking o placenta , cannot bo 

coapar~d with tho coocalian ocbryo . 
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(c) Tisouo Cultu r e Toot . 

Biological ocaay mot.hodo i.nvolving tho 

odmintatrntion o.r u:flatoxin either .into tho ombryo 

(chick) or into young onimalo oro nll indirect 

procoduron for nooonoing toxic.ity of Motoriolo to 

tioouoo. \~oltt and Horton (1951) propoood di.roct 

adminiotr~tion of torntogono to tho tiocuoa or 

organa cxciood and cultivated in vitro. Tbia 

method cnoblco an orgnn to bo oxplnnted ond, at a 

certain otago or ito dcvelop::~ont, to bo placed in 

direct contact with th~ toxin. In tbio way it io 

pocniblo to local..izv the toxic action by finding 

out wbotbcr ito application to a particular 

organ con induce opocitic looion. 

!ba ouccoo•ful caint~nonco or colln in 

tioouo culture dopondo on tho avAilability o! a 

cuitoble nutrient c diUD which ~rovidoo the 

a=ir~acido, vitaeino and trace clemonta cooont.ial 

tor tho ~o .. t.h or cello. J~~:c cuut Oroc::i (1964) 

de: ribo~ a ti ue culture teat for aflatoxin. 
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l11 thio oosny , mothonol oxtroct of infected 

groundnut wo.o 1nooulntod into Clllf-kidnoy oono­

lnyo r o . Afte r 48 hoUJ"D incubation, toxicity woo 

ovnluo.t od by tl10 do6reo of coll dootru otion 

oboorvod in tho tioouo cultur e. Toxin nt ooncon-

trnt.ion of 0 . 1 to 0 • .5 Jlorto pur milllon oaueod 

coll d etruction up to a dilution of 1o-4. Tho 

qunnt.il) of otlotoxin roquirod for an indication 

of toxicity 'llno one-thouoandth o! that UDcd in 

the egg toot and about 10-6 of tho LD50 !or day­

old ducklingo. The natura o f tho mointonQnco 

a diuc uecd in thio experiment wac not ctatcd by 

the authors i.o their paper. :lcvcrtholooa, t he 

uoo!ulncoo of thin technique os o quick check on 

toxicity of infected groundnut oamploo io obviouo. 
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(d) A1bin:im:l Test . 

One other teet that iG of interest in tho 

inhibition of devclopcent of green colourat~oo in 

plnot ce11a by fungal cetabo1ites. Sboeotal and 

White (1q65) pointed out that a nolution of 

aflatoxin (10 mg/ml) inhibited tho formation ot 

green colour in craGo oeed1iogo. For thio test , 

twenty needs of creon, Lcpidiuc Sotivuo were 

explanted on circloo of ourgicnl snuoo placed in 

two-inch potridiohen which contained 4 ml of 

distilled water . Solutions of aflatoxin 81 

(10 ms/ml) or groundnut extract (25 cg/cl) was 

tbon uood in ploco of d14lilled uter. Tho develop­

mont of colour neo delayed in tho teat preparations , 

but tho controlo bohovod normally. Tho occurroncd 

of nlbinilllll in theao plontG ic naoocintod witb tho 

inturnction of oflntoxin with R.r:.A . , •hich cay 

alter tho genetic choroctoriotic of tbo organiem. 

Thio intorprotntion ill in agreement ait.h tho view 

that development of colour in loovoo in a gene­

controlled character (Koohlor nnd Woodworth, 19}8) . 
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(~v) Phyeico - Checicn1 Aoonys. 

In an ottecpt to prov~de a quick nnd repro­

ducible method tor chocking the t oxicity of 

imported groundnuts and anical feed s tuffs , a 

phynico-chomicol toot ~aa developed at the Unilover 

Lnborotorioo, London in 11 L2. Thio toot is booed 

on on earlier oboorva t ioo uf A~lcrott and her 

ooaociotoe (1961) , that o chlorofor.c extract from 

o toxic cool govo o characteristic blue fluoreoc~nco 

when viewed under ultraviolet 1i( t. 7his work ~hicb 

wao otnrtcd ot tho Woybridgo Centr ~ Vutc ri no r y 

Research Station wao later extended in eo1loboration 

with tho Tropical Product Institute, London . Sovcr ol 

oxtrocto were prepared, uoins cSi:tteront aol\•ont.o , nnd 

ocroonod Cor toxicity by individual odminiotrotion to 

young ducklingo. Tho lovol of aflatoxin in agricul­

tural producto is g nerally very low , or the ordor 

ot one port per million. lienee the osony procedure 

muot not only oncu r o cocploto ext r action of toxin, 

but ou t a.l o be very sensitive ond cop:~bla of 
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detect ing tbe preser.ce o t a fraction of a 4icrograc 

of tbe t oxin in diets . 

Tbe !ol~owing &olvootc hove been found 

ouitablc for the oxtrnctioo of nLla t oxins: oqueouo 

cethonol (Ueshei.m , C11.111pbcll , Stoloff and Barnes , 

1964), chloroform (Leo , 1965) snd bexane-oce t one 

water mixturoo (~ogan , 1966). fhe next advance was 

tho development of n ai.mplo ~cro-method wh~ch could 

be used !or the rooolution or mixturca or fluorescent 

metabolites !rom fungi. 

(a) Column ChrooBtogr~phy . 

Column chromatographic techniquoo have boon 

used ~or the separation of aflatoxin from otbor 

fluoroucont oubo toncoo produced b Aop• r gilluG fl ovuo 

(SClre;onnt , ot al, 1961). Deactivut•>d alunrl.nn wns 

found cuitnblo by Allcroft o t nl (1962) for tho 

ohroootogrophy or oflotox1na when petroleum-other­

mcthonol mixturoo woro uaod ae solven t. A bluu­

viole t tluoroooont bon~ on tho colucn woo aoaociat od 

with t ho toxicity of tbe gr oundnut. cool invontigoted. 
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Chromatography on oilicn-gcl columns revealed a 

fraction wh1cb contained this material and induced 

prol~fcrntion of bile duct in ducklingo, {De Iongb , 

Vlcn and van ~lt , 19~) . The Dolvent oystec used 

by tbc~e authors was a solution of two percent 

methanol in chloroforo. Smrgeont et al (1961) 

prepared eryotolline aflatoxin from c petroleum 

ether, methanol water extract. After fractionation 

on neutral aluQino thio oubctonco gave an almost 

colourleos product. 

A column chromotograpbic technique can be 

used oo a propnrutivo method for iaolotion of 

aflotoxins froa other fungal aotobolitoo. But tho 

rooolution of oflatoxino s1 and Bz or a 1 and 

Gz, howovor hoc not boon ocbiovod by this ml!thod. 

The limitotiono to further !roctionotion or tho 

atlntoxino nrc the length or tho column and the 

particle oi:c.o or tho adoorbont. The choice of a 

ouitablo solvent io also important . Purification 

or tho otmtoxi.na hoc been achieved by roper and 
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thin- layer cbr ocat ogr aphic t echniques . (Coo~es and 

Sau nde r s , 196} ; Coomes , Cr o• t her, Francis and Shone , 

1q64) . 

(b) Paper Cbroo .. togrophv. 

Paper chromatography was used by Mc~~non 

(1962) , ~ho found that the intensity ol the blue 

!luoreoconce on paper appeared to be corr elated with 

the toxicity of tho oamplo~ oxaaincd. This woe then 

dovolopod as o quantitutiva asooy proccdur u by 

Coooos and Sounders (196}) . Thoce cuthora p r opoood 

c descending paper chr~otogrophic technique , uoing 

bonzono , toluene , cyolohcxnnc, ethanol, wotor 

(} : }:5:8:5 v/v) on oolvcnt. Cooooo ot ol (1964) 

lot or poi.ntod out thnt tho rooolution o f tbtr 

nllotoxino was poor nnd inc~plcto by thiD met hod . 

nr . voluoo wore not reproducible on paper ch r omat o ­

graphy , except on o t rict odhor onco t o cpocific 

cond1 t 1ono such an , t t~~ allowed t or oo t u r ot ion o f 

t onk by tho aolvont; t al!lpor ot u.ro and g r ade o f pnpor 

used. Those dillicult;~oa can be a vo i ded i C a 
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a t ondard aacple i s run along with t he t est. This 

procedure was adopted by Br~dbont et al (196}) . 

An acoocoaent o! tbe amount or toxin pr eeent in the 

eacple ia aadc by a tocbniqu~ of sor ial dilution 

until visual extinction o C the fluorescence occurs . 

The minicum detectable ncount o! aflat oxin Tan 

s t a ted ns 0.1 to 0 . 2 l!B . Thic cotbod haG beon 

c riticiud by "Pbney and llasbitt (1965) , since it 

is subject to curtain error n, cuch ns quunching o! 

!luorer;cence by illlpuritiao occompanying the 

afl4toxin opot (Lijineki and Butler , 1966) . 

(c) Tbin-LnJ~r Chr~atoeraphy. 

Thin-layer chrocatogropby can be used as n 

prcparativu no well oo an analytical aothod. It 

nloo boo tho advantage that tho overall tice f or 

onolyoio io conoidorably roducod. An extrnct 

contnining n r lotoxin io applied onto a plate, which 

ia later dovolopod with t wo to f i•o por cont 

csuthonol in chloror ora oo oolvont . The chr omat o­

grno 1a viewed under ultroviolct light ot }6}o~ • 
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A cooplox ~rray of fluorc~ccnt cocpoundc ~3 

gon r nl.ly prooont , (UoGbit t. ct. lll , 196}). 'I'b 

known oflotoxino cocpricc four o f thece co~poncnt o . 

Two of them ccit. blue-viole t light ond t he other 

t~o give yellow - green fluorocccncc. On oilicn gel 

plotco developed in throe por cent methanol in 

cbloroforc, Acno ot ol (1063) recorded the 

following r. v~luea for ntlntoxino B1 , Bz, G1 

and Gz :-

ll!lntoxin.e a, s~ a, Gz 

Mol . Wl. }12 }1 . . :>8 -o 

R! . Vo1.uo 0.56 0.5} o .lt8 o . lf6 

In our loborotorioa wo hove noticed t hat 

tho roaolution or t.ha t~!lotoxino io beat whon 

rroahly pro porod plntt" T UDOd. Rf. ValUOO ArC 

Dora reproducible on plot than on poper and can 

be u vd !or tho idonti f1cnt1cn of tho loxinf. 

Lij:Lnoky nnd Butlor (1966), hoi¥Dvor, not ud U>1:at 

tho &roon r luoroacanco ort.on ob crvod tor o! lntoxin 

0 1 1 duo to th proacnco of yellow impuritioo 
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(d) SnoctroPbotocetrv. 

ChrOCDtogrepbic annlys~ of aflDtOX~n 

followed by visual or photographic cxncinntion o! 

fluoroGcencc aro known to bo oubjectivc end hac 

boon criticized by cnny invcotigctore , (Coo~ea ot ol 

1965; L e, 1065). Tho eboorptioo nnd ucission 

apectrt. u! tile af'latoxinG were obccrvcd to b.: 

oimilnr (Sargeant ct cl , 1061; de Iongh et ~l , 

1962). On cxpocurc to ultraviolet 1igbt. uil toxin 

81 io excited, and a chorncterictic blue !luoron­

conco io o~ttod. Other fluorescent catorinla 

proeont in chloroform cxtracta obtained free 

natural producto moy provont a prociaa mooouremcnt 

of toxicity. lt is alGo doairablo that tbc recording 

of tho intensity or fluoroccvnco ohould be non­

aubjoctiva. J\lrtboraoro, Lijincki , Rallo end 

Chcotnut (1961) hnvo auggootcd that ouccocoful 

npplicot ion of OJ>uct rofluori.l:lot ry ne an analyt ico.l 

technique rcquirca tho ccacuruccnt. of omin&ion 

intenoition under oarorully cont rolled cond~t.iono. 
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Carnaghan , Hartley and O'Kelly (1963) recorded the 

fluorescence oci~aion eaxicua for a!loto~n s1 

or Bz at 425 0ll r..~nd tbnt for G1 or 02 at lt50::1.JJ • 

Those authors a~DO observed ~ido differences in the 

intenaitieo of light emitted fro~ cqui-molnr 

oolutions of thcce four subotanccc. ~bon co~pnred 

on on arbitrary u~it called KQ, tho following values 

wore recorded for flatoxino 81 (0 . 5), Bz {4.0); 

G1 (2 .5) and Gz (6.5). Tho KQ vu1uo roprea nto 

the fluorooccnce intenoity of tho toot oub~tance, 

rclativo to that of quininG oulphnto. Tb6 reciprocal 

-t tl•ia value is n concur~ or the concontrot1on of 

th~ oubotonco in microgramo per cillilitre, that wi11 

s1vo tho oaco fluoro 1cunoo intonoit:y no ono lllicro(>rlllll 

of quinine oulphutu ~~r aillilitro of colution. 

Tho nbovo met hod con thoro fore bo uood tor tbo 

oc;ticntion or low lcv .. le oC oCllltoxin provided n 

suitable oopnration or tho tox~na one !roc tbc other 

hac boon nchievod. Ujinak,) ond But lor (1966) 

obaorvocl that during chromntoe;rapby or exlracto ot 
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spoiled diets, the grcon !luorc~ccncc &iYCo by 

aflatoxin G1 woo duo to the presence of yellow 

impurit~oo. Bence reliance on sr~~n !luorascoccc 

no a coons of identi!icntion and cotioatioo of 

this OAtorial may b~ mioloading. The proGcnee o! 

non-fluorescent impuritio~ ony aloo roduco tho 

intensities or fluorescence of thooe substances 

concidcrably. 

!lesbitt, Hartley, and O'Kelly (196}) recorded 

thu ultraviolet opcctra of aflatoxin b 1 , 3z, 01 

and G2 in methanol. Tho authors observed that 

all tho a!lntoxins showed peak absorption at 22}, 

265 and 363c:'l! • Uoing n 2-cm cell., llobnoy and 

lloobit t ( 1964) c:oaourod tho oplicnl durusit.y of 

methanolic solutionc of tho aflatoxino at }63mp 

and uood thio nc n baois for quantitntivo ooooao­

mont of tho concentration or thveo subotoncco in 

aolut1.on. Tho rol.At:ionahip botwoon optical donoity 

nod concuntrntion is known to be linear over a wide 

rnngo. In prnotico tho optical donDity at )6}mu 

minuo that nt 420m" ia unod !or tho colculation 
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o f extinction coo f! ieiont. Thi D to.koa into a cc ount 

t ho r c t tho.t t ho ohopo ond p<>oi t ion of t hi o ponk 

in tho ult r a viole t opoct r um dooc not vor~ wit h timo 

and nlco eliminot oo l ho baelcgr ounl o f!oc t couood 

by tho J'rooono ot oomo other nub l nncoc which moy 

bo procont in tho mo t hono l io oxt r nct. 

Tho biologiool ond chomicol t uo t o hovo 

generally boon in good ogr oomcnt with one onot ho r. 

Fbya~co-cbo=icol teats , ~ith bettor oopor ation o! 

conpon nta on thin layers of ailict-gel G aro , 

however, cor e roli4blo . Speonley (196}) auggea t od 

that tho proccnco or a non-toxic oubotanec bavinc 

c~lor chromotogrophic and fluoroooont propor tion 

cuct not bo ovor1ookod . For th~ roocon , laborn­

torioa undertaking chocicol tooLo ror n!lotoxin or o 

dviaad to c r ooa-chcck their ' poaitivoa' by 

b:1olof)i.clll. OCAilJ'O. Tbc.ro .ia no doubt that if the 

c • :1c 1 t at 1 n ~ tivo, t ho saaplo ia n ! latoxin­

fraa, t leact do•n to tho level ot ecnoitivity 

o f tho toot . 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 32 -

(v) Tho Str uctur e of A!latox~n. 

Thu elucidation of tho etructur.o ot tho 

n flntoxino poood ll chollongo to tho onr lior 

invootigot oro . Vnn dor Zijdun ot ol ( 1962) 

obtoinod o eryatnllin toxin fro~ oynthotic 

cultur~ codium on which Anporgillun flnvuo had 

grown . Chromatographic onnlycic chowc:d that tho 

cryatollino toxin contained o number o! coopononta 

which •oro ccporoblo by counter curr ent diotribution, 

C?:cobitt pt nl. , 196}) . Two !ractionG wor o di.otin­

guichoblo; o blue !luorooccnt coteriol , now called 

oflotoxin B, woo obtained o!t~r ro-oryotal~izotion 

!roo ~ethanol . It !orQCd irregularly Gbapcd platoo 

hich coltod with docccpooition ot 2?0°C with prier 

ooflonin at 250°C to 26o0 c . Tho other cocpooont , 

all tox1n G. Co~~ Cine cclourlcoo noodloo with 

c lt.:l..ns point at 21t?0 c to 250°C. TI1eoo cry~>talo 

•orcr l.D.t r Dbown to cent i.n i.cpuritioa , 1dlich •AY 

b di!!icull to r oYO by olv nt oxtr ction on 

r -err t lli Lion. Structural atudi 

1 1 r qu!r th appllcotion or 
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"V" 'V ._.. H!) 362 14 ,700 1600 

I 

' 
AFIJ.'i'OXIll a1 }28 c17R12~ 

24} 11 ,500 1760 
c D 257 9.<x>o 1695 Aoo.o o t . 'l.l. 1o63 

/ 264 
196."' 

I :::1 - 10,000 1630 

'-' 'd ~ ""'"HJ 362 16 .100 1505 

1545 

,Jir\ A FU rox:m a2 
217 28,000 

3}0 c17H140, 245 12,900 . 
......... 

""'-~!> 
265 11 , 200 

vv 363 10,300 -. -:;,. -- c} 
- ·~· 

..a. - --.. - ...... 
• - .__ - ~ 

~"!!>RIO-
• " - -~ 

l 255 8 , 500 1705 
I 

!:.::.01 AFLJ.- }00 - l.. 264 9 , 200 1625 
"XXIN B1 

~ 
A~no, ct a~, 1965 

"'U ...... · 'oc.~ 
}}2 1},900 1580 

...., 

c ) 248 7 .700 1706 
... o-1l ~ , 7 -;"JlJt..i;,..-BCll 257 ?,000 16o8 

~u.-...··crtJ C14lf1404 
Aano ot ol , 1965 

... r~ •. - (jj 
1 "'.J c:r:-:umr; c:.Hsr - ~~ }2c; 16,100 1567 

~ , 7 -IIlHI£1. 'llJ i 
C?, 24: 1),200 1?26 C;l, • ..., ,............. 

f; L ;;tf ;:=• rt'- c,4u12o5 \ 
:?.'i I J,I....C) - ~ ....... 268 8 ,700 1614 Aono ot nl , 1965 
c. :: .. J.Plli ' "'0 cu ~ ~'1!, }56 9, 000 1556 

..:~-- . 
. . 

ft 
215 22 , 200 1759 

~ • 7, Eiii'..::l'n. 2}7 14,600 1685 
ll ~I.l U.:7E- 1 I ...... 
,,., C2 } ") - c14n12" 5 257 9 , 650 1614 
. .. t -· ~ r~ ....... Anno et Al, 1965 
• ' ~,. .M-1 :f • • 4 - 345 25,800 

0-4 '-.&-oc~ 
1594 

:s ....,. 3 
}55 26,800 1550 

235 24,800 1650 J .E. Do. vir; , 1960 
--.~ '1·~-• . • ... 1 .,j• c,?r.c/-., r • f<.. :lf"I - I .... H 249 2?,600 1627 Bullock, 1962 

OM• ~ · v 

~,.-'"0 }29 13,100 1590 " 1963 • 
I 
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Tho proposed structure for aflatoX1n a, 

hue now been confiroed by Buchi •.·t 1 (1966) when 

a total aynthesis of racemic a!l.J. lox .l.n B waa 

nchiovod . Another con!iraatory cvidooe~ was 

reported from X-ray ebrystollogrnphic studioe. 

Cheung and Sim (1964) obcorvod that arlatoxin o1 

cryeto~zod from benzene as r.cll foraed Pri4Colic 

cryotalo containing benzene o! solvation. In thio 

wtly, OJJO cryotol unit would eonoiot o! two molecule!! 

ot t~!latoxi.n G1 and one coloculo o! benz< 11C . Using 

tho io~orphous rcplncomont technique, brooob~n~4no 

and bromothiophenu solvot~o woro oleo prepared. 

X-r ay cryc-tollogrophy of those cryot.als Gho••od throe 

dlm~no1onnl olcctron deno1ty patternn. TboGO wore 

dioployod in contour~d soctiono on ohoctG of ~lose 

and atnkod on a !ramo. Tho !ir.ol picture which 

omorged confirmed tbe propoGod struaturo for 

aflatoxi.n 0-; . 

A vorinnt of t.bo otructuroo of aflatoxin 

01 b d boon propoood by Vnn dcr Horwo , Fourio lllld 

Scott (1963>· In their view, tho pooition of tbo 
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d~hydrofuran ringo in rolat~on to tbot oi the 

lactone r~nso wore reversed. Thin propoool ia not 

cupportcd by the ovoiloblc cvidonco. It is now 

kno~n , thot oflotoxin B1 contoino on aP-unooturatod 

6 - lactone ond a cyclopcntononc ring in which the two 

carbonyl &roupo arc croee - conjugotcd with the double 

hondo , while aflatoxin o1 with ito oddition~l 

oxygen otom , hoo two erose-conjugated aP-unooturotcd 

6 - lnctonic rinro . 

(vi) Toxicity of Aflatoxin. 

(n) LDso ot Aflatoxin in Diftor~nt Spocioa . 

In toblo 2 thu rooulto of LD50 otudioo on 

flotoxin roportod by diff'oront lnborotorioc chow 

oligbt voriotiono in dotoilc but support tbu 

oooortion that ofl.toxin is o vory potent carcinogen. 

Tho Lo
50 

tor aflatoxin B1 to day-old ducklings 

•tor.ico rro:- o. }':l mg/kg (Cornoghnn et ol , 196}) to 

0 . 56 cs/kg (A· 0 ~t 1 , 1965)· Aflatoxin G1 hoe 

a t hird of tho potency of a, . whilol ni1atoxino 
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I TOXlCITY Of' .AYLA'roX'lfiS B1 , Bz , a 1 AJ1D o2 TO DUCKLU:CiS A;JD RATS 

Aso or Cox 
Routo o r A flo- Doac L~o Rc ! o r c ncc . .AniA:ll 

~oit;ht A~nia - t oxin og/kg 
trAt ion ucod ( 1J g) 

Ducltlins 1 doy M Or ol s, 18 . 2 0 . }7 Cnr llllgbo n, 1963 

Duekllns , dl\y M Or nl Bz 81, .8 - S• . -
,, 

" 
Duckling 1 dQJ' H Ornl a, }0. 2 • c. " " 
Duckllns 1d~ H Ornl o2 17 . 25 }.en " " 

• Duckling 1 dny H Or al s, 17 .5 0 . )}5 Lijincky n od 
Butler, 1 <166 ' 

Ducklins 1 dny M Orol a, ,54 .08 o.q5 " " I 

P\or o o, 45 .7 0.?8~ " .. 
I 

b 

!ll.cklins 1 doJ H Or nl s, 28.2 0 .56 J.Dao a t ::. , '\ ~ -65 

a, 90.0 1. 80 " " 
• Duckling 1 doy M-F Or.::~l s, 12 - Hol.:ap! c ll ct n l 

1966 Ducltllng 1 day H-F Or ol H1 -6 .6 - II 

H;> • - II . . • 
~Uta , d~ H- F Oul B1 - 1.0 #.sao c t nl 1065 

21 c11l)'ll H Or .:1l s, - 5 -5 II • .. 
21 dQJ'tl F Or.:~l B1 720 7 . 2 Butle r , 1964 

100 8 H ip B1 6oo 6 . " .. 
150 8 F Oral s, 110} 17 . a " - -- ·- -
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B2 and o2 or o rolotivoly much lcoo toxic. In 

tho rot , tho toxicity of nfl toxin docrooooo 

rapidly with ago, nnd weight incroooe (Butler, 19G4; 

Aoao ot nl , 1D65). Thin may bo rol>\tod to tlio 

rclntivo undordovolopoont o! drus-~ot~bolioing 

cochnnli!O!S in tho vory youns nniJ:Iol. It hoc, 

however, boon reported by Rol~opfol, Steyn ond 

Purchnso (1966) that o!lotoxin M1 , a metabolite 

ot n!lntoxin 81 ie also JlOtont cnrcinog\Jn. Tho 

opccioo dif!orcncos in the toxicity of a!lotoxino 

to nnicnla hoYe not bedo fully invootigotod. An 

explanation or lbc epccico diffcroncca will oleo 

require undcratnndins or tho aotobolicm and 

dotoxicotioo of thoac toxins in vivo. 

(b) Injury to Aniaal Tissue • 

Pot 

FQUH 

orto o ~tion or orG n oxlroctod !roo 

1 !1 ld outbroako lw yo rovcolcd the 

r r r t re 1-
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(1) there 1e coooidorable proliferation of 

b~e duct opitheliuc to !orr nu&erous 

structures resembling saal1 b~e ducts; 

(2) chronic, frequently obliterating, 

endophlebitis of c~ntrilobular and 

hepatic veins; 

(}) wide varintion in ai~o nnd chnpo of 

paronchymnl colla, many of which contain 

nbnorcnlly lnrgo, conrso and densely 

bnoopbilic nuclei and 

(4) diffuno fibrosis which die~uptn lobulQr 

·tructuro . 

Lancnntcr, Jenkins and Philp (1961) fod 

toxic groundnut menlo to rats for n poriod o! six 

aonthn nnd observed tho prooonc:u or liver t•.12?urs, 

but cirrhooio , cull necrosis or collulnr 

inf'illrntion W II nboont. 'fhio SU8ftOOtO that tho 

toxic ocont. octo tliroc:tly on hepatic cell!~ . 
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(1) there ia conciderablc proliferation of 

b~e duct opitbeliuc to !ore nucerouo 

ntructuroe resembling a=oll bile ducts; 

(2) chronic , !requontly obliterating, 

endophlobitic of C6ntrilobulnr and 

bepntic voinn; 

(}) wide vnrintion in eizo and ohapo of 

parenchymal colla , many of which oontsin 

abnoraally largL, conreo and donool) 

bnoopbilic nuclei and 

(4) dif!uoc !ibrooio which dio~uptc lobulnr 

otructuro . 

Lnncnoter, Jcnkine ond Philp (1961) ted 

toxic ~roundnut aoola to rate tor a period of oix 

montha and obcorved tho pr ooonco of livor ~~~?ura , 

but cirrhoein, c~ll nocroaic or collulor 

infiltration woa nboont. Thin ousgootc that tho 

toxic ogont octo directly on hepatic colla . 
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Tho diet uoed in this experiment contained 20 .1 5 

per cent coec~n . A more ocver c attock woo r eported 

by Shoontol (1961) in guinun pigo fed on dikto 

contniniog 15 per cent groundnut m~~~. But~er 

and Barnes (196}) Cod rate and guinea pige on 

co~ercial ratione ond Gho•od that the cbangoc in 

tho pathological picturoo in thooe c~nl£ are 

oi~ilnr . These include tho proliferation of cOAll 

bile duct ep1th lium, which extended to othor 

lobulQo progroooivcly . Thana authors also 

demonstrated that no little no 0.4 porto p~r ·illion 

of aflatoxin induced hepatic tumour a ~ f~vo out of 

nix rnto ot~ that whon tho diet woo eupploccntod 

with extra choline or methionine, tho incidc~ce of 

hcpntomn woe not docronood. Thin obowo that 

aflatoxin io 1 , 500 timoo mor o t oxic thon other 

ohomiool corcinogcno , or methylating ogunt s 11ko 

butter yellow and that ito mochaniam ot oct ~on io 

probably di!toront. 

It ~ aignificont t hat a cingle oral dooo 

of aflatoxin 81 (}46 me/kg) givoo riDe to a 
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periport al lo ion which re~in a po~n~nt focturc 

ot the dD.:1Ag d liver (Butler, 1965). It u therefore 

infor=ativc to rccoun: tho coquoncc of cventc lc di~ 

to groas livor dncaso 111 a.n.otox"in. pouooing. ithin 

tho !irot twenty-tour boure, there io Q loos or 

glycogen in tho liver, which in accOQ~niod by ~odia­

tc arrost or rogonorAtion o! hePAtic acd kup!!or ceLlo. 

Thin in than followed in tho n xt dll7 by poriphorol 

zone nocrooin and ratty in!iltr tion or par nchyDAl 

colla with pyknotic nuclei. On tb third dny thoro 

1 wo11 duvcloJod biliary proli!or tion extondins into 

tho :ono of nocrooi • Thea progreo iva chnns a roault 

in diotortion or lh lobulnr pattern. 'lho long t rtll 

o!foct of aflatoxin 1 poroan nt daoag of tho livur 

coll • Butler and Dnrnea (1964) round hop toao in 

rato which wore given diets containing aflatoxin 

<1.75 p . p . c . ) tor 89 d ys but returned to a cecner oi l 

diet tor nnothor }16 doyc. Tho ait unt ion pr osreoaivoly 

dotoriorutod with time, oven a!tor o chango or rood 

hnbito. 
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(c) Protein Synthoo~o . 

H~stoloe;icol changes ~n the liver of rata 

otter poisoning with aflatoxin B1 io oecomp~nied 

b~ o !311 in tho octivitioo of hopotie onzymco nnd 

o corresponding olovotion of oorum onzymo ootivitioa 

(Bo.asir, 1964). Cl.if!o.rd o:1nd Rooe ('1967) confir111ed 

thnt tho serum lovolo of ieocitrato dohydrogonooo, 

glutamate dohydrogcnneo ond moloto dohydroson~oo 

waro ro.iood t\~anty-four hours lfter odm~n~atr t1on 

Of nflotOX~n 81 to r'tp. Th~8 W06 th&D follOWOd 

by a rise in bilirubin conc~ntrntion and nlko.line 

pbosphotaac activity. Tho hopntotoxic action of 

otlntoxin reaulto in o roloooa of hepatic anzymo 

into tho I!Orum. 

Tho biochemical chanson following tho 

dcvolopoont of oxpcr~entally inducdd livor injury 

nd necrosis may bo preceded by d~ogo to 

eubccllular particloa or alteration in enzyme 

ayatacc involved in maintaining tho onargy supply 

~ ion transport ~cchonic=o or tho colla. Diekono 
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and Jones (1965) domonstr ft t od th,t flat 1 B ~ ' oxo • 

unlike other carcinogenic l·ctonos r• acted ver y 

slowly w1tb tho sulphydr yl groupe or cyotoin in 

vit ro . Tho ce.reioogenic potvncy of n!l4toxin ia 

nloo gr oatur thnn that of otb~r cloooly rolAtod 

oubotances which ronct chemi.cnlly vdth eulphydr yl 

groups quite readily, wb~ r·by their activity is 

loot (Dickone, ut ol , 1966) . It is aloo conoidorod that 

tho v~ry high octivity of thu nClntoxins mo.y bo a 

consequence or other chemical ro11.tureo or the 

molocul.c . 

Clifford and Roes (1966) proposed that tho 

biochemical changeo underlying the devcloP3cnt of 

livor nocr oaio in tho rot Aftor tdminiatrntion of 

a!lotoxin B1 woro no followo: Tho toxin 

1nterr.acta with DliA. . Thic intorraction prevon~cd 

t ho R!IA polycor aec tronocribins tho D!IA lllld • 

inhibited tho formation of cocoongar RliA (cRNA). 

A t tlure in mRJIA formntion roeullod in an 

1nhib1Lion of protein oyntboDi.n which tho nut horo 

eo idorod to bo tho cnuo of livor nocrooie . 
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Th~a viow is baaed on a number of cxperimentnl 

obsorvntiona. 

(1) The nboorption spectrum of aflatoxin s1 

VIB O 11ltorod on ..1dd1tion of v~rl.ouD concen-

trationa of calf thymus ~.A (Wogan et ol 

1966; Rcco and Clifford , 1966) . 

(2) Tho incorporation of [14c}leucino into 

protoino l.:imith, 1964) nnd t4
c}orotic 

acid into th~.> RliA of liver slices 

(Clifford, Roeo, and Stevena, 1967) woro 

inhibited by a fla toxin J, , 

(}) Tho chango in absorption spectrum ol 

mflntoxin a, woo similcr to tho dif!or onco 

in apoct.rum given by ac tinomycin D in tho 

proaonco of calf-tb)'J:IUD DIIA (Clifford and 

Roes, 1967). 
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(d) Carcinogenesis . 

The effects of oflotoxin on difforont organa 

in rnt hnvc: been reported by But lor and Bo.rnc:.o ( 1965). 

In the ~idney the proximal convoluted tubule showo 

cytoplaGOic swelling and pyknotic nuclei, aimilnr 

to thnt found in tho liver within twenty-four boura. 

The glooor uli ro norcnl, but collo with hyporchro-

1118.tic nucl,. 1 arc seen in tho loops ot Henle. Of 

tho throe zonos of tht adronol cortex , only the zonn 

reticulrri 1~ affected. Tho other two zonets, tho 

:onn glom~ruloaA and zona !ncoiculrt~ ~o known to 

bo tho centro of oynthotic act1vity for tho ndronal 

otoroido. Tho lunss, ponoronc ond the olicontory 

canAls wcro least nffoctod. Tho b~Prt ~bowed a=nll 

aroan of oyocardinl fibrosio ond th rod pulp of tho 

oplocn ~ore noorot~c in npponrnnce . 

Theron , Liobonbor and Joubort ( 1965) rolportod 

on tho oloctron cicrogropho of livor cells obtninod 

froo rots siYon acute docoo of aflatoxin 81. In 

th •o picturoo, ~ho 11.1 toc.hondri a oro awollon and 

hewed Yidono or di elution or oxtcrnnl licitin~ 
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mecbr:ino. The cistern'\e of the ondoplns:nic 

r~ticulum in contact with tho red-blood cella 

~ppcnr dilntod 3nd f~led with o finoly granular 

mlt~riol. The cndopla6mic reticulum of tbo liver 

of control aniClala showed the long slender profiloo. 

It wno oloo noticed thot the morphological chnngoo 

in the liver cell organclleo ~ere always more acvore 

in tho vicinity of oxtrnvna6ted red-blood cells. 

Thio nugn .tfl tlwt the toxic principle (aflatoxin a1 

or possibly n cloocly rolnted oubntonce) was tr,nopor­

tod by tho rod-blood co-le. 

Tho foregoing ovidonco point to tbo fact that. 

or1otoxin roachins tho liver through tho portal 

oyotoc exert n cytotoxic effect. on the membranes of 

intracytoplnGDic ot.ructuroo. Roynoldo (1963) boo 

ot.atod that oltor~t1ono of tho coll combronoo cay 

rcoult in tunct)onal chnncoo in on~ymo activity. 

Th induction or bopatoco in aflatoxin poisoning 

could th roforo bo a c:onocqu nee of metabolic 

1n~ury couoed by tho doronsc nt or eloco rolation-

bi~e b twu n c~lti-one70 ystoo•· 
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The bish incidence o! hcpatomoa ~n hatcher y­

roared rainbow trout (Salmo-gnirdncrii) may be related 

to tho diet ui ed (Wolf ~nd Jackson , 196}) . It is now 

thought thnt nflatoxinc pr ent in the diet are 

re ponsiblo for this incidence. Thus, cryotnlline 

aflAtoxin, purified diota to which nflutaxin bod 

boon added, and commercial trout rations in "hich 

a!latoxino wcro found, all produced hepatoma in 

r ninbo- t r out (Ashley , Halvo r ; Gordner Jr . and 

~logon , 1965; Sinnhubor \'/ales , ond INc , 1966) . 

(o) T~ratogonosia. 

Tbe action of nflstoxin on tho cells and ito 

~ntcrraction with aubcellulnr porticlea baa been 

NIJlortod by Legator nod Witbro• (1964); Legator , 

Zutfante and Harp (1965) . Thoro woo oupprGooion ot 

m1tonio in diploid and heter oploid lung cell cultureo 

oc tbo addition of nflntoxin o, . In theao cello, 

c7ntb oio of D:IA .an docronnod. ZUck rcnn 11nd F\11 ton 
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(1966); Reco , Inmon and Pelts (196?) compared tho 

cytotox~c effects or aflatoxin on human and rot 

embryonic ~ver collc . Tbece authors concluded 

th1 t tbero was a striking similarity in tho action 

ot tho toxins on those cella . 

In pregnnnt m~ala, aflatoxin poisoning 

may ohow diaaol e!!ectn in the o!!cpring. ~ucb 

motornal influences may roault in do!octo or 

malfor~tiono in the foetus. Elia ond Di-Paolo 

(196?) od2iniatorod o!lotoxin B1 to pregnant rats 

botwoon ninth and fourteenth day of tbe development 

ot tho toetu&. These authoro noticed signa or chromo­

eomal rearrangements in tho nuclei of tho rap1dly 

differentiating cello. Aflatoxin may nlao have a 

oeoondary o!!oct on the cetoboliam of the !oetuo. 

~nero woo, however, a decreaec in tho incidence of 

calformotiona following tho injection o! aflatoxin 

B1 -~rA cixturo to rato (Roeo, Clifford and Stoveno 

196?). Thin 1a 1n oupport or the view oxpreenod by 

R• en~ Clifford (1966) that tho teratological e!!ecta 

• 1 be a conaeq once of the b1nd1n& ot afl4toxjn to 

~4 ad inhibition of the PNA-dopondont mA nynthoola. 
AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



• 

- 52 -

CIIAPTER 'l' \l o. 

~ A i E R I A L S 

(1) Aflatoxin 1'/orking Stnndo..rd 

5 ol or n chloroforc aolution or aflatoxin 

was presented to us by th~ u.s . Dopartmont or 

Agriculture , Louiainno. Thin t~orY.ing stan::lard 

contained the following :-

Anatoxin s, 0.00}8 per }ll 

.. Bz 0.001 .. .. 

.. a, 0 . 00}2 .. .. 

.. Gz O . QO.J5 .. .. 
Tho above nolution wac nnolyood on ailicn «ol G 

tbin-lnyor plato, dovelopod in 3 por ccr.t eotbnnol 

1n chloroform. The following aubotnncos wcro 

1-!onUUod w \t.t.ll ~ I""'~ .....,.c CI.JW.,...,.,o,\ ,., .. lt...,.oltt l•(Jhl, 

( ) tlotoxin a, gave 1ntenao blu1oh 

tluoroac n t pot Ill nr. 0 , 1181 
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{b) aflatoxin B2 : n very t aint bluish 

opot at Rf . 0 . 4}; 

(c) on intonoo sroonieh epot nt Rf . 0 .38 

nnd a fnint groonich opo~ nt Rf. o. ;4 

corroopond to oflnloxino G1 ~nd 

a2 roapectivcly . 

(~) Composition of Czapok-Dox Hodium 

( Do.'t :...nd l'hon.. Modifi co ti on, Horris 1960) 

}Og Suer ., ... , 

2s Sodiu .... l • .i.ll•ntc, 

1 E Dipotooaiuc llydro~on .Aioophnto, 

0 . 5 6 Hagnooium Sulph .... ' 
0 . 5 s Potoaa:luc Chl or:u1", 

and 0 . 01 6 F;:;rrouo Sulphntu , 

ro diaoolv ~ in top a~or to cnko n litro . Top 

uacd ~or tho propDrntion or tho codiuc 

ir. o~or to provide tho necoeoary trnoo elocont o 

C lf1 r 19G?o) • 
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(iii) Fungal 1solatoo . 

Tho following fungal ioolntoo woro supplied 

by Dr . s .o. Alosoadura , Dopnrtcont of Botany , 

Univor aity or lbodan. 

AoPOrgillue ~hrJCCUA (}9) 

Thio w~o ico- \-J frao lotoi~fruito . It belongs 

to the Aspergillus OchraCMua group , poaooaoing 

eoptate mycelium and nhitu spores . The spor e 

diameter wao approximoLely 0 . 25 to 0. }~ . 

Aoper~us Flavuo (?5) 

Th:iu ;rus isolated froc the ooil in Ibadan. It ie 

n cocber or tho Aoporg=~lus Clovua group, which io 

c~only round in tho -.yerotloro oC stared products. 

~1o cycolium woo septnto ond tho conidia wore groon 

1o colour . Tho oporo dincotor wno 0 . 45 to 0. 55~ • 

Aeperg1lluo FlnYuo (81) 

T ~ ••• a aLroin or h pftrc1lluo I lnvu" Link OX 

Fri•a, originolly obt'linod frcm oould1 groundnuto. 
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Thio fungus wos presented to tho Mycology Laborotorioa, 

in the Dopart~ont of Botany , University of Ibadon by 

tho Tropic~ Product Inotituto, London. Tho morpho-

1ogicnl oh~octeristics oro oimilor to thoao of 

Acporgi1l~n flnvus (75) described nbovo . 

Tbo nucbcrs ind1eotcd in p~rentheais ~ore tho 

sari~ number& given to thooo culturu~. 

(iv) Composition of Expari~entnl Dieta Ior ~ts . 

Tho following :1ngridiento were waighed and 

mi:xod togetbE:r ir '1 v t;-

c~ooin • • . lpp by B •• • IL- itod, Enr.l~nu 

contoinod loou than 5% moistur • 

Fot : Coata.inod 10 g of Danish Butter 

melted in 100 g groundnut oil. 

SAlt : :tixture wos prcp.:arad accordi.ns 

t.o Hubbell, Hondol nnd Wakoaan 

( 19}?). 

ABIDEC 1 A ultivilnmin aixturo conufoclurod 

by Pll:rkfl, D;lY.ia and C~pftn)" , London 
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UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 56 -

Composition ot Diets in 6 per kg . 

~- Sue- Cel- Salt Vito.-
Diet l oin Ft1t rooo 1u1- Mix- mino 

{g) (F) (g) one turo (g) 
(g) (g) 

(n) High- pr otein di t 250 8•) b10 30 20 10 

(b) Low protoi.11 die t 40 80 820 }0 20 10 

(c) Nora J. dio t 150 80 710 30 20 10 

One killograc Of CQCh diot WQ nr~pa red nnd 

etorcd at 4°C until required . 

(v) C~orci~l Diet tor Lnborotory Animnls . 

(a) Rot: Supplied by Liveatock Feed r,td ., 

Annlyoia: Crude-protein 21.~; Fibre 4 .~ 

nnd Oil } .5"· 

(b) Rabbit: Gupplicd by Livootock Food Ltd . , 

England . 

An~lyaio: crude - prot ein 20 . 0 •• Fibr e } . 4% 

nod Oil } . 7 · 
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(vi) Rad~ooctivc Isotopen. 

A11 r ndioactivc isotopnn ueod woro purchoood 

froa tho Radiocheoi.cnl Cc. nt r• , 1\moroha.m, England . 

Sod~um acetato - 1-c14 , opocific ~ctivity 29 mc/mM. 

Sodiuo acotnto-2-c14 , spocific activity 27 .4 nc/mH, 

botch 49 . 

D- glucosc-c14(u) , 5nccific activity 12} cc/aH, 

batch 2? . 

Sucrose-c14(U), apocific "ctivity 185 mc/mM , 

botch 4 . 

Glycioc-c14(U) , opocJ.fic octhity 108 me/all, 

bo.tch 1} . 

Teurino-S-35, opooi.!ic activity 12. . 4 mc/mM, S}. 4 . 

Tbo total nct~vitioo wore chockod juct bo!oro uoo. 

Excopt for Tourino - S-}5, a otock oolution of 

each o r tho lnbollod antcrinlo abovo wsa propnrcd 

t o givo 100pc ~or nl of aolution. 
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A standard oolut~on of tnurino-S-35 was 

propar od and uocd imaedintely nttorwnrdb . 

(vii) Composi. ti on of Krcbo-Rine;or Phospbot ~.o and 

and Bicnrbonntc Solution11 . 

1 . ,, ~l (O. '154M) 

2 . KCl (0 .1541-1) 

) . Cac12 (0.11H) 

4 . KH2P04 (0 . 154M) 

5 . HgS047HzO (0 . 15'+H) 

6. Zl3HC03 
(0 . 154M) . 

Tho above oolutiono wer e c:ixod in tho followinG 

proportiono :-

100 ports or solution 1 

pluo II pnrte of .oolution 2 

pluo 3 pllrto of oolution } 

plus 1 part of ooluti on 4 

pluo 1 part or oolut.i on 5 

plu 1 P rto or oolution 6 . 
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The oolutions after ~ixing was gasoed with oir 

!or ten ainutca . 

( viii) Ligui.d Scintillnt ion Fhor;phoro . 

2, 5 , dipbcnyl oxo:olo, Packard 

Inatrumento Ltd . (ocintillotion 

grade) . 

5g woe disoolved itl n litre of 

scintillotion grado toluon•-· 

y:. E . 220 l.iquid scintillator tor uu 

witb aqueous oolutionu - lluclcor 

Entorprioeo Ltd. 
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CHAP'!'ER r H R E E 

H E T H 0 D 8. 

Culture Tocbniguoo . 

Th<' t;l"Oitth of /,r.nor-.illuc flnVU& on 6<> di.ffo­

ront nubatrntos o carbon oourcoe •as compared with 

that on oueroao (Viouor, 1967a) . Tbo mycelial dry 

weight ineronooo with incroaco in oueroae coneon­

trnt.ion, but this wan not porBllollcd by tbe llClOUnt.o 

of o!lntaxin producud (Davia, Diener end Eldridge, 

1966). It wne thoro/oro nocooaory to cnrry out 

prolic.innry oxporimonta to delormine the conditione 

tor the growth or Aopor!illuc flovua and production 

or • rl t~in in culturLo. uains oynthotic modin 

pr Yiounly doeoribod by Oaiycmi, Bobobunai and 

Bacoir (1967). A codi!icnlion or Czopok-Dax 

adi w o round auitoblo for tho auhaequ nt 
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experioents, described in thio ooction on tho growth 

ond production or aflatoxin by Aoporgilluo !lavuo . 

(i) Preparation of Inoculum . 

lun~~ spores ~ere scraped loose !roc cultures 

on ognr alent with n platinum loop and transferred 

into 10 Ql of sterile distilled ter. A drop of 

teepol wos odded und then mixed thoroughly to ~vo 

o uniform distribution of aporoo. In order to f r ee 

tho suspension !roc piococ of cycelium, the prepara­

tion wos fi1torod through sterile obsorbeot cotton 

Wt• ·~ · Counting or the conidia proaont i.n tho 

f~trate waa cnTried out with tho aid of n haomo-

c:rtooeter. The oizc of inocul\1:1 woo then adjuated 

to 2 x 106 conidia per 1.0 cl, by adding ctorilo 

diat~lod wntor to tho suspension. 

(11) Yoroontntion Pr~nduro. 

fcrmontatione were enrriod out in 250 1 

lt r• !1 ak • 100 ol or C~ pok-Dox colution 
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woo poured into each flnak and autoclaved at 

15 p . s . 1 . for ono hour . On cooling to room 

temperature the oolution woe inocu.lllted v.ith 

1 . 0 ml . of spore inoculum contllining approximatoly 

2 x 106 fungal aporeo . The Cloak wna left to rest 

in n slanting pooition, in order to provide a wide 

Area tor the G\lrface culture. l'be incubution period 

woo seven dayo nt ro~ t.empor ture (opproxialltely 

(iii) Growth of Aaporgilluo Species on 

Cznpek-Dox Kod~uo. 

Different procedures have been uood for in 

vitro cu~turo of Aaporgilluc opocioo on natural nod 

oyntbetic cedin (Tropical Product Inatituto Report 

no . 6, 1964) . Toxin-producing fungi •ere reported 

to crow on poonut menle (Codner, Snrgonnt ond Yoo , 

1963); Cruehod wheat (Chong, Abdol-Kadir, Wick 
\0"" cbr 

and We~n, 196}); Corn-cool ~Moryo, Fourio nnd 

cott , 1963) and Rice (£botwoll, Heeoelt1no, 

L blo-Fiold a~ noronaon, 1966) . Unlike thooo 
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Fig. 2: Growth or thr ee run~ol ioolatoo under the 

sa:e condition ~ cultur~ rlasko cootain1ns 

100 al C~apok-Dox aedium . Tbo ourtaco 

cultur o wao incubated at rooa temperatura 

~ 2?DC . Each point r apreaonta tho aoon 

dry-weigbt or throo dotorainotionu . 
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Dry weights of mycelia produeod by 

fungal isolateo grown on aor~ted 
Czapok-Dox ~ediuc. Each point is 

the mean dry weight ot three 

dotarllinat1ona. 
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cooplex oubotrates , eynthetic media contain pure 

coopounds of known composition and concentration. 

These wero found ouitoble in biogenetic studies by 

Adyo nnd Hateloo (1964) . Addition or corn-Gteep 

liquor (Sbroodor, 1~65) or two pur cent yeast 

extr~ct (Davio , Diener and Eldridge , 196b ) wno 

found to increooo the rate of growth of fungi and 

tho production of aflatoxin . In tbc exporimonta 

doacribed in thin thoaia, throo fungi or tho 

Aspergillus group, c~only found in Niger ian noila 

wore selected tor otudy. These woro claaai!iod ao 

described previously on page 54 • Fungnl eporoe 

wcro grovm ili' hor on 8Urfocu culturo or in 

aerated culture codium . 

Surtoco Culturo . 

1 ~ or oporc inoculum woo ddod to 100 ~1 

O~pek-Dox solution (100 cl) nutocloYed ond lnt or 

1.ooculatod with !unsal oporoo 110 doacribed in the 

ter:ontat.ion prOClodure on pag 

t tho 1 ub t1o JOriod, tho 

61 • At. tho end 

ontont or tho tl ak 
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0 o n Buohnor-funnol, using woe filtered i t vacuum 

lC mycelium was woehed twice ~ith filtr tion. Tl 

- • then trona!erred diDtilled water on the funn-1, nd 

into a weighed porcelain eruc>.blc,;. Tbio proporation 

wan left to dry in a forced draft oven, at 105°c, to 

n constant weight. The dry-wei~lt of mycelium woo 

recorded. The gronth rates o! Anp~rgilluo 

ocbrnceus (}9), Aepergillus flnvue (75) and 

Aoporgillus flnvua (81) on ourfoce oulturee ere 

recorded in Fig. 2 . 

Aer~ted Culture . 

Sterile air was passed into the f~r=ontation 

!lomt at a conotont rate of three bubbles per aeoond . 

Thu procedure used woo o modification of the method 

of Arnstein ond C-OLt (19,54) . Tho co2 prooont in 

eoersent SOD otroAC was poecod vio a gee trap into 

three soto or ooturotod Boriuc hydroxide oolutionc. 

Tho dry weight or the cycolium !roa the culturoo 

or Acporr.illun ~hracou8 (}9). Aaper&illuo !lnYUO (75> 

ond ADporeillu !1 vu8 (81) woro determined as 
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Fi5. 4 : Thin- loyor chromatograa showing 

the production of nflo t oxin by 

hL~ rgillua flovuo (?5) on 

Czapc~-Dox =ediua . Anpor~llue 

Ochracou~ and Aoperpilluo fl4vuo (81) 

did not produce aflatoxin under tho 

onao condition. 
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described above ond they are recorded in Fig . } . 

A.nalyuia of the filtrate o.nd z:yceliuc fro= tl.e:s" 

cultures, cnrried out according to the procedure 

described in ~ropical Product Institute Report 

No . G6 (1964), revonlod that Aspcrgillua oehracoua 

(39) and Aapergilluo !l~vua (81) produc~ blue 

!luore 1cont materials wnich remained at the oricin 

durin chroaetography. Aflatoxin wee not detected 

in thooo cultureo under the exper1oontal condition. 

Asporgillu !levuo (75) produoed good yiold or 

!latox1na B1 and 61 (aoo Fig. 4) . This 

observation is in nsroeaont with tho !indinge o! 

Dttnor ot al (196}); Codner ot nl (1963), thnt tho 

production or aflatoxin by di!!urent strains or 

A&J:IlrgUluo epeciea vnrioo oonoidor ably . Voild.man, 

Stolo!! and Jacobe (1967) recorded in a aurvey on 

Aaparp.llua !lnvuo that " out ot throe -hundred-and­

oixty - throo atrnine or Aapcrflilluo tlnvuo reported 

in tho liter~turo, only ono-hundrod-nnd-ono were 

toxin-produc l nv ''· 
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In order to develop a nuitable eetbod f or 

the production of large a=ounts or n!latoxin , tho 

following procedure •as adopted. Acpergilluo fl~vu~ 

(75) was cultured on Czapek- Dox medium ~s described 

previously on page 65 . The culture was harvootod 

dnily and the QI:!Ount or aflatoxin produced wns 

ossayod by a nodi!ioation or the method described 

by Le• l1965). Thio io a 'wet oxtrnction' procedure, 

followed by thin-layer ohromntoeraphy of tho 

chloroform extract. 

Tho production or a!letoxin under two 

difforont oxpcricontnl conditions wns invdetigoted. 

ln tnblo 2 , io recorded tho n~ount of toxino 

produced in aurfftCO or aernt nd oulturoa. In tho 

aurfoco oulturo, aflatoxin " u dotoctnblo in the 

cediu~ on the third day, whilst tho toxin woo found 

in tho aerated culture twenty-four bourn later. 

noo production o! aflatoxin progronnod with increase 

in incubation tiJI!o , after an initial lnt.unt period . 
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•• ull.E 2: .PRODUCTIOII OF AFLATOX1.N BY ;.sPERGILLUS FLAVUS (75) 

AFLATOXIII PRODUCF.'D (~g/L) 
Incubotion 

Poriod in D:17s 
!;ur!oce C.'! .. r•. t.eratcc: C~lt .roe 

a, c, Toto.l a, o, Toto.l 
-- --

- - -
2 - - -

9 15 24 - - -
} 

4 25 52 77 } 4 7 

5 150 167 217 10 14 24 

6 200 218 418 }2 }5 67 

7 221 255 476 71 98 169 

8 225 2}6 451 1}5 152 287 

9 216 224 4}0 147 182 }29 

10 181 172 353 155 19.} ;1!8 

11 180 170 350 162 200 }62 

12 180 1?1 351 167 208 }75 

..J 
(._ 

I 
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( iv) Incorporation of Ieotope& into Culturoo 

ot A pergi!lu tl~v~~ (75) nnd (81) 

GrowinE on Czapck-Dox Hodiua. 

In the next ~xperimont , biogonooio or aflatoxin 

!roe~ acetnteG -c 14]nnd aoOJtoto~-c1i wiUJ invootigatcd . 

It WIUJ dccirable to develop n ouitnblo procaduro for 

tho ayntbocio or c14-lobelled n!latoxin, with high 

opocific activity, which con be II Gild 1 n cetabolic 

nt.udioo . 

Tho biooynthotic procedure adopted wo a 

"lodi u~otion of thnt doacribcd by lluntor nnd 

:r~ck·-·nhull ( 1955) for tho incorpor ation or c14-

lnbollod compoundo into otropto=ycin. A atorilc 

oolution or L1 - c14-} ncotnto or [z-c14 "J oco t nt o 

(50 \lH> in diotilled lflltc r woo added nuepti.cally into 

n culture o! Aaporgilluo !lnvua (?5). Tho ourfoco 

culture • no incubated at room tocpor oturo for aovon 

daya. At the end or thia period, tho cycel1ol crowt.h, 

covor ins t ho ourrooo of tho culture woo tronc fcrr od 

into buckne r runnel, rioacd twice •it.h d~tillcd water 
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and then dried to a conctnnt weight in a forced dra!t 

oven at 105°c. Tbe radioactivity in the dry mycelium 

wna doto~inod by countins portiono of it on weighed 

plnn1chct~ in an cnd-~indow Geiser Muller counter 

3t infinite thickneoo. 

The waahing from the ~ycel~iuc wan added to 

the !iltr~to in n standard flaak (100 ml) nnd cade 

up to anrk with dicti~~ed ut~r. Rndionctive contunt 

of nliquota or thia solution woe estimated by tho 

liquid aciutillotion technique. Tho nflntoxin contunt 

woo dotcrcined by tho cethod o! null-!luoroacenco 

tochniqut> (Oaiyoci 1 Bt~bnbunmi ond Boacir, 196?). 

Specific activitioa of tho c14-lobollod aflntoxinc 

woro dotcn:rlnod and expre11oed in c\l,.. n"r "11- . 

Sufficient counto to give a atandnrd urror of .. 2 -
per cent wore cado in oll dotercinDti<lnu. 

When ~-c14 J ncotnte wna nddod to tl-c 

culture modiuM 1 4 par cant of tho radioactivity ~no 

proocnt in tho oycolJ~um nd 10 per cent in the 

tiltroto. A higher proportion of tho radioactivity 

wno rotntned wh(ln [ 2-c141 ncotnto wo~ unod, 
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'nlc epccific nctiv:1.ty or the aflatoxin produced by 

Asnervillus flnvua {75) was lens tbnn b~! ~be value 

reported by Adyo nnd Koteles (1964) uoing n resting 

cell ccthod. It woo suggested thnt a coneidcrnblo 

portion o! tho iootopc was oxidiood or ueod largely 

!or tho eynthoaio o! myceliuc instead of being 

accumulated tor aflatoxin production . Tho dietribution 

of labelled iaotopoc in tho fungal cultures io shown 

in tnblc } . 

In the next experiment tho utilization of label­

led isotope by tho fungal cultures woo investigated . 

1 . u of spore inoculuo wao nddod to 100 ~1 of 

otor:1.l~ C~~pok-Dox oolution. To tho mixture ao nddod 

1 . 0 al of c atock oolution of labelled isotop ~ho 

culture was then Jiotributod equally irl, jH grnd~atod 

centrifuged tubes (10 cl) , plugged with cotton wool, 

under naeptic conditione. Tho prupnration was loft in 

n olontins pooitlon Rt room tocpornturo and harvooted 

pcriod1cally nftcrwnrda oa tollowo :-

Tho content o! each tubo woe centr1!uted nt 

1,000 g for }0 c.inut co. The supernatant wac docnntod 

and tho rco1duo, wnehod with alorilo diotilled water . 
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T.t.Bu ~ 

lt\CCRI'ORA'I'I011 OF 1 - C1 ,. .hCETATE AND 2 - c14 ACETATE IIITO AFLATOXIN 

BY .w.'b"'::LLU;:o l'LAV ;:, (75) A.., AS.'ERGILLUS FLAVUS (8 1 ) 

A. f l. •vus 75) A. !1. VU8 ( 8 1 ) 

Ito :a b - c14 J 
Acot14t 

~-c14] 
AcetaL" 

[1-c1,. • 
Ace t n t o 

'oo: ~&n t or funguo (cg) }65 412 37> 

.::ouct Rat e por as. or fungua (Count c por 6.}4 ~51? 518 100 aoco . po r cg) 

Tot al count s ~ cyceliuc (Counto por 100 aeca) 231 , 500 624 , 900 23} , 000 

Total count!; in f Utr nte (Countc per 100 soca) 627 ,500 851 ,250 655 ,830 

Spec itic oc ti ritioa in c ll C per I:Ji: 

,\not oxin B1 (221 ll S} } . 0 5 . 4 -
.o\!lo t oxin G1 (255 \18) 4. } 5 .. -

--· ·-·-

HC7!'E: Tot Ill r a dionctivi ty Guppl'iod t o o 1Ch a:;,mple woo 50 llfol ncolnt o , 

approxin.:l t ely 6 x 106 counto pe:r 100 &ceo . 

~ 2 _c 14 J 
c ot o.t o 

450 

11}4 

42} , 000 

909 ,1 50 

-
-

I 

...;) ..,. 
I 
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fig , ~: Biogenesis of aflatoxin by !sporgi1lua 

fl~VUs (?5) on Czapek-Dox ced1um in the = 

J>reaenct: of G-c14] ocotate . The 

aurtacc culture weo incubetod at room 
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The wncbin~ woo ndded tc the oupernntont acd t hen 

code up to 10 o1 inn s t nndnr d ! loot. ,\liquot o ot tLl ~ 

nolution woo counted in t he liquid scintillation counter . 

Tho rocidue wna tronD ! erred into n corto.r lllld ground i11t u 

n pnot e . h portion of this woo then collected int o o 

weighed plontchctl nnd dried on o hot plote to conctant 

weight. Tho dry-•oigbt or cycclJ iuc on the pl~nfchott 

or; dotcroinad by di!!aronce . The rndioacti\·it) .:.n tho 

oycol~uc wao eotic ted by counting at 'infinite thickneno ' 

in n Goigor-Hull<'r counter . Tho amounto or r odi oactivi t y 

rocainin& in tho c:~odiuo wore rocordod no cho"n in Fig. 5. 

Tho !i~ure nloo chows the quantities or oflotoxin(n) 

produced in the culturco durins tho onmc per iod . 

Very little nativity wan round in tho o!lnlox~n 

produced by tho abo~o eo~hod in which lnbcllod oce t a t o wac 

ddocl to tho culture r:~ecliun before 1ncubnlion c:~onoed . 

A 'replnc:ocont culture ' procedure odopt od by Adyo and 

M teleo ( 1964) nl o fiD\'O low yield of lobel1od n tl t oxin 

t r tins rr01:1 [1 - 14c ] - aoototo oa pr ocuraor . 
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In the noxt cxpericent, n aurfocc culture 

wne grown on 11 non-r'1diooct1ve c:ediuo . At a gi\•en 

time intervAl after the beginning of incubation a 

ntcrile solution of the rndioactive iootope wns 

added to the culture cediuo ocopticolly . 

On tbe aoventh doy, juct before oporulation 

started, tho culture wa3 transferred into n separating 

tunnel nnd nhakon with equnl volume or chlorotorc:. 

The solvent, in tho lower layer , woo drninod orr. 

A frooh chloroform woo added to the mixture and thia 

extraction procedure woo repeated three llaea. Tho 

chloroforo oxtracta were pooled tobothor and filtered 

tbrou&h a lnyer of nnhydrouo sodium aulphato. Tho 

dry chloroforc extract wan concentrated to a cmnll 

volume (approximately 10 ml) and chrooatorrrnphed on 

thin-ln;ror o! oilico-gel 0. Tho cpcci!ic activitica 

of a!~toxin produced wao recorded in tcblo 4 . In 

nubaoquent culturoo, addition or rntlioncti'>o isotope 

to tho medium wno delayed for 60 houro. 
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TABLE 5 

CRA!IGES IN SfECIFIC ACTIVITY OF AF.LATOX1U rriTB Till=: OF AD}alll STAATI ON OF 

Cz-c1''lnCE'l:AH. TO CULTURZ:i OF ASPERGILLUS FLAVUS (?5) 011 CZAPEK-DOX HEDIUH 

r~~ a!t or ntnrt or 
AF!.ATOXIll B1 AFIATOnN G1 

Specific octivi t y c:t:ltu-eo (houre) Spocit ic activity 
R. I. c. 

(~ l1 C/mM) R. I. C (ell C/aM) 

0 5 .4 0 . 022 5 . j 
• 0 . 02} 

24 11 .5 0 . 0,36 • 7 ... . 0 . 059 
36 17.0 O. O!JJ 19. 0 0 . 060 
48 28 .0 0 . 088 22 . 4 0.070 
6o 30.0 0.094 28 . 0 o.oas 
72. 26. 0 0 . 081 24 . 0 0 . 075 92 21 . 0 0 . 066 18. 0 0 . 056 • 

;iorE: "·"- ... ~ --- . 
(R. l .. ) tbo r~tio of t ho Dpocifio 

llC t ivi ty of llf'ls t oxin to t b,. LllJUCi.fic activity of tho 
pr cc ur eor . 

....., 
()) 

I 
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Sec t ion II: Hethoda for tho EGticntion oi Aflatoxin. 

The Phyaico-chemical teat for aflatoxin deacr ibed 

in the report of Tropical Product Institute, London , 

Jlo . G6, (1961t)waa adopted. The test is bnaod on viaual 

aa~eau~ont of fluor oaeooco of aflatoxin when compared 

with th~t of ~t6nd~rd solution of the oome aubatance 

under prGscribod conditiooo. Thio is called tho 

'viounl aosoy technique• . Ao improvement on this 

method, which doea not depend on the application of n 

~;to.ndord referoneo oubat11neo waD doaeribod by Coaaea, 

Crowther, Frane in and Sto•1on11 ( 1965) for routine 

nct~caoment of tcxie•ty duo to aflatoxin 8 1 in grcucdnut 

and groundnut a .toriolo. Thin i.e c~led the 'Null-fluo­

reaconco toehni 1uu' . A modi Cication oC tbit procedur e, 

1tbich i.e auitoble !or tho dotorminotio· of oflatoxina 

8 and G hoo boon reported by Ooiycmi, Bebobunoi and 

Baeoir (196?) . Thin oothod whtch io simple and 

repr oducible hao now been tc~.od Cor quantitative 

aaoayo of otlo t oxino B1, Blo u1 and Oz . 
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Aflatoxin levels wero dcteroinod by a dilution 

technique aod tho quaAtity of Q!lntoxin presoot in 

teat sa:ple was expressed as ~g 

culture codiuo ugod . 

(a) Viuual Assny Tocbniquo . 

per litro of 

10 ml of dry chloroform extract of teet 

sample wao ~ppliod onto u cbroaotoploto of kiooor 

gol o. An equ•l volume of eacb of a oct of standard 

oolutiono cont~oin& oflatoxins B1 , B2 ; o1 or o2 

was opottod on tho sooo ploto. Tho chroeatogr~ wn~ 

run in a tank contninin& two por cent ~otb ,nol in 

chloroform and then viowud in a dark roo~ illumin1tod 

by ultraviolet ln=p situated }0 em from tho plato . A 

photogro.phic record of tho plato was produced by using 

o Leica Cam~r~, fitted with a 2h (yollo~) filter . 

After d~vQlopmont of tho plnto, tho intonaity or 

tluoroaconce was uood for tbo aaaeaa~ont or tho 

concentration of tho aflatoxin& proooot in tho t~rt 

oaeplo . A coapnrioon o! the intonsitioo of 

!luorooconcc or the tool nnd that or tho otnndard 

aolutiona wao cndo at onch dolercinntion. 
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;~, . 6, Ehoto-reeord of fluorooeoooo of oflotoxio 

81 on tbin-l4Yer or Dilica-gel G. 

A OCri4l dilution or arlatoxin B1 in 

Chlorofora •ao ProPcred. Equal voluoc 

(O.< ol) of •••h dilution ••• opotted 
on tho cbrooatograQ . 
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(b) llull-Fluor~aconoo Tochniquc . 

k o~t or dilutiono or toot oamplo oxt r nota 

in chloroform wno pr oporod , ouch thoL tho dilution 

r nc:tor rnngod fro:~ 2 to 2 10• 0 . 2 ml portiono 

or thooo oolutiono wore trnnof~rrod onto Kioool-gol 

G thin-1oyor plateo. Tho diaoeLer of ooch cpot 

baing looo than 1 co . Tho chroootograc woo r un 

in 2 per cant cothonol in chloro!or~:~ and viewed in 

the ultraviolet light under tho conditione dcoc:ribod 

above. Tho dilutioo foetor of tho oolution with juct 

viniblo tluorcoccnco wna not 1 . &he acalloot woight 

or aflatoxin s 1 and G1 ob~ rv blc wcro O. oo4 ~£ 

or~ 0 . 00} ~6 respectively (Co~oo, Crowther, 

rraneia nd Stevens, 1965) . By ndopting n oiDilnr 

oxpericontnl procedure tb oini~uc quontitieo of 

a!1ctoxino Bz and Gz cboervablo wore dotoroinod . 

~ vicuAl l~ts ror the detection or aflatoxin Bz 

• 

Gz were !our.d to be 0.005 l&t) nd 0 . 00} ll£. 

ct.ively. 

cbr 

A r~oto-record of tb fluoroocent 

to 1 teo ia own in Fig. • 
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Tho concentrAtion of aflatoxin present in 

tho extrac t woo colculntcd oo follows :-

If i = viounl limit f or dotaclion of 

n!lntoxin in )L g , 

L a dilution foetor , 

k E voluco cppliod to plnto (0 . 2 cl) , 

v = volumo of teet complc •xtract (10 ml), 

Yl • Dry Jtoi.sht of oatoriol extracted (g) , 

C = concentrntion of nflotoxin iD lL g 

per litre, 

tbon c .. x L 

• 1 X w X LX 5X10-5 u R pa r litre • 
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(C) Dona it ooetric J.!cnDure~tent of the A!latoxU\e , 

A developed chr omat ogram cont aining !luoroo­

cent opot e 1'1110 copied on an ll!ord liP} photographic 

plato ao follows :-

A Loica camera woo titled with a lA (yollow) 

photographic gel filter , which tranamito only wavo­

lenstho lonsor than 410 c~ and ol1m1notoo ct ray 

light nnd ultraviolet raya. Tho plnte woe plAced at 

a !ixod diotanco !rom the u.v . aource and the 

expoouro woo tir.od. A copy o! the developed photo­

eraph io ohown in F'ii! , 7 . 

Donnitocetric moaoure~tent woo recorded on tho 

Chro::oocan (Jo)'CO Loebl.s Co. Ltd . ). A linear rolatioo­

obip wan round between recorder readins ana the quontiea 

ot B!latoxin. Tbia cetbod wa.o however leas cen.aitive 

than tho null tluoreoconco technique . 

(d) Spoctrophot~ctrz 

Ultraviolet opactra were detorcincd with tho 

Fwr~r.-Eleer (1}7 UV) apoctrorhoto=etor . Oblorotorc waa 

1 lvonl. 

lr.tra-ro~ a ctr• wor 

- rd) •pectro ol 

• 

recorded on the P&rk1 -

etor . ehlorldo-
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Fig. 7: Chloroform oxtract or culture or 

Aaperg;Ulua rlovue containing 

a!latoxina B and G was 

chroantographed on thin- layer plato . 

~e plAto wae photographod under 

ultraviolet li&ht . The picturo wae 

tbon scanned on a donoitoceter 

(Chroaoockn-Joyce-Loobla Co. Ltd , 
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Section III: Toehniquea Ueed For Hoaeuremont 

of Radioactivity. 

(a) Liquid JCintillation Counting or Sort 

P Radiation .. 

A scintillation counter typo 6012 , supplied by 

tho Isotope Development Licited, Borkohiro, England 

waa uoed. Thie equipment ia capable or moaeurin~ low-

energy beta active liquid ewaplea of ailliaicrocurie 

quantities, when euepondod in a suitable ecintLllator 

modiuc. It hae two photo=ultiplior tuboo connected 

to a two channel oyvlem. 

Tho Collo~n6 prec utione were oboervcd during 

UllO: 

(1) tbo electronic oquiP=ont waa owitcbed on 

ot ll!not. JO minutoo borore coc::cncine; 

oporo.tione: 

(11) the porCor~nce oC tho in tru~cnt woe 

chocked, bo!oro nnd aCtor each oet of 
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meaouroccnts, using a refer ence cource 

and o background oample as controls; 

(iii) the choice or tho boot working condition 

wao made after proliminart uxperi~onto in 

which tbc referonc~ ~ourco wao counted at 

varying voltage imput and differin~ 

discriminating bios. An efficiency or 

6~ . 5 per o~nt was ocbiovod ot o voltage 

imput o! ~0 volto, in a single obonnol 

counting . 

Use of End-Window Geiger Mullor Counter. 

'Ibo sco.lor (EKCO Typo U5}0P) wcus turned on lor 

10 cinuteo before ueo. 

A ntandard oourco of 1ltdt- •all placed in the 

counting chamber, hicb hnd a 2~ geometry. Tho count 

rnto of tho sample ot Yorying operating potential was 

rooorded. Tbc plateau of tho curYo obtained indicated 

o r•Clon whore tho countinc rnto wan rolntively 
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insensitive to voltllge change . The voltage was sot 

a t 1250 volta , corresponding to the midpoint ot tbe 

plnteau, 

The background count rate at this eetting was 

r ecorded , tor each operation. Tho time n~coasary 

to obt ain 10 ,000 counta wac recorded. An e f ficiency 

or }2 por cent was achieved, und~r the oper ating 

conditione . 

Section IV: Operationo on Expor~ontal An1aa1s . 

(a) Animal Husbandry. 

(1) Rate. 

Rata were kept in a batter y or metal cages or 

standard cue 10" x 10" x 6 " tor each rat . Each cage waa 

provided with a water bottle and a beaker containiQS 

tbe experimental diet . A wir e moah placed uftdor tbe 

ca~ ••• uaed aa a device tor collecting faeces , 

wbil•t urine tlowed on to a por apox tray which 

drained into a collaotiag beakar , 
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fig. 8: Growth of rats on exper~ental diets. 

Eacb point in the figure represents 

the o.vor.~ge weight of ?-111a~e roto. 
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R!lto k pt. t:odcr tl:: abcrJe cora! tion::: c!nel.o,Fed 

normally on d quote d! ta l'bere nc appuently no 

r~n in weight in rotn fed on~ per cent caae!n diet , 

" no ehown in Fig. 8. A Dub-leta; 1 doec (5;. g aflatoxin 

B1) in Dnline •aa injected 1ntr -peritoncallr into 

teet rate twice weekly Tho controla rocc:.Ted anllne 

nlon • At thiB dooagc the growth or rntD on adequate 

toxin. Rate on low protein diota .. ro oicilarly 

af!ectod. 

(11) R11bllite. 

A lnrsor coso, but or eicilar doai~n a !or 

rote woo provided !or th rabbit • 

Two rabbit~, given 50ng por kg o! 4-hydroxy 

couonrin ouopondod in wator by oto=och tuba wor• 

euppliod with water nd libitum. Urine woo c:ollectod 

durinG tho rollord.ns 48 bourG from thoeo 1uumaln . 

Tho J thvr axtroct or tho urino eontninod 4-hydroxy-

oounorin glucuronide h • wn~~ 1~~~ and purUiod 

according to th~ procedure ot HoAd 1 ~tb and 

1ll:1nr.tJ ( 1958) • 
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(b) Ad iniatrntion of k!lotoxic . 

l!lntoxin B1 tone diaoolveo i,g non:!U. 

snllr.e (0.% ilnCi ) at a coccent r ation ot 10 \IS por 

=1 . Each rat wan weighed and a oinsle done or 

50 \& g aflatoxin 81 por leg wiUI ad.cinL ter od 

intr a-peritoneally. An equal voluce or norcal aalino 

waa given to tho control rato. RDbbito cere £iven 

intravoaoua injection in a oinglo doao or 50 p g 

of atlato~in a, per kg. 

(o) CAnnulation oC the Bile Duct of the Exreriaontal 

Aniaal Under AnAootho i n~ Collection of 81lo. 

(1) Rate. 

A rot wc1S)1ins apprax.il:lllloly ZOOs woo kept under 

light clhor onooothooia. A alit wao cado in th~ wall 

of tho bile duct 1 co r r om tho juncl1on with the 

duodenua 1 and a thin polythar.o cathet e r ZO co long 

wao inoorted eureionlly according t o t ho procudureo 

of Boyland 1 RA=oey and 51.111 ( 1961) . a.od Pryor old 

Slater (196?}. A glneo-eoddl 1 dooi£Qed by Von-Zyl 
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(b) Adcinintration of Aflatoxin. 

A.tla.toxin B1 •11..11 diasohed i:1 norcal 

!Ulline (0. 9; Na.Cl ) at a c:oocer:tratioo of 10 \lS por 

ml . Encb rat wao weighed and a oioglc dose or 

50 \1 g a.flatoxi.n 81 por icg Wile od:;jn t oter ed 

intra-peritoneally. An equal •oluce of nor=Al saline 

wae given to tho control rate. Rabbits were given 

introvenoue 1njoc:tioo in a cdnslc d~o or 50 \l g 

or aflatoxin s, per kg. 

(c) CAnnulation oC tho Bile Duct or the EXn•ri.cntal 

A~el Under Annoetho 1 and Collection of Bile. 

(i) Rate. 

A r ot woishing opprox.ic.:stllly 200 s woo kept under 

lisht other nnnoothcoia. A clit ••11 1111\le in the wAll 

or the bile duct 1 co rro: tho junction with the 

duodo nua, rmd a thin polyt Ita no ca.th~ t or 20 co lons 

wao innortod eursicnlly according t o tbo procuduree 

or Boyland, Raa11ay and 61= (1961) , and Pr7or and 

Slotor (196?) . A glnaa-ooddlo, dooigned by Von-Zyl 
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{1958) wae ~do !roo 3 pJTeX t ubo (5 cc dia=et e r ) 

aad et r appod to t ho back of tb~ r at . The open end 

or the biliary f istula ~as taken aubdercally thr ough 

t he baao connect ive tissue and paeoed out thr ough 

t he skin at the back of tho nock int o one or t he 

chacbere of t he glass- contadnor. Bile oaoples ~~re 

withdrnwn for onalyei& froc this chamber periodically . 

After tho oporation , the a~al was caintained on an 

experi~ontal diot, and 0 . 85 per cent Galinr wae given 

ad libitu= inotoad of wotor . A preparation containing 

10 ,000 i .u . penicillin woo injoctod oubcutaneously 

d~y durin~ th~ experimontol period, which lasted 

t ro to thr oo d~ya. 

(11) JbbUto . 

A rabbit , weighing 1. 2 to 1. 5 kg , •oe anooe­

t bo t ieod by introvenouo injection ot ure t hane 

( 1 . 25 g /kg) nnd pontobubitono aodium (12 . 5 og/kg) . 

To oollt..ct bilo a glnoo oannula (with a narrow boro) 

woe inoert od thr ough the tunduo ot tho g~ bl adder 

and wan placod as clooe oa pooG1ble t o tho oponine 
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or tho cystic duet. ihc e~on bile duet was tied 

orr. Bile oamples were collected soriolly at regular 

intervalo or tim~ in glaso test tubes. 

(d) Sti~ulation of Diure La in Hamnalo 

Under Anaesth~sia. 

(1) Rats . 

A oodifientioo or tho cethod of Cbild and Doddo 

(1966) woe uood. 

H~la r~t opproxicoioly 200g wao onoosthatised 

by intra-poritonoal injection or urethnno solution 

(20 c•/k~). A cannula wan inoortod surgicallt into 

tho trachea . Tho lett oxtornol jugular vein waa 

prepared tor cannulation. A short midlino inc101oo 

woo ondo in tho lower abdomen ond two ur~thrnl 

cathotcro wore inaerLod 'o- urino colloction. A 

thin polythono oonnulo, connoctud to a reservoir 

containing 5 por cant (w/v) r.annitol in oolino (0 . 9 

por cont, w/v, llaCl) w<.u ti~d into tho oxtnrnal 

Ju~lar vain with an ntraumntic nuturo. n1uo an 

infusion of this solution wna pnosod thrOU£h tho 
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~cin nt 0 . 2 cl per ainute throughout the cxpcriccnt 

to onauro coderat o diurcoiB . Urine an=plee wero 

colloctod at r egular intervals . 

( 1.1) Rnbbito. 

Robbite, woighini 1 . ~ kg to Z kr, 6re 

onaeethetizod by intr avenouu injection o! urethane 

(1 . 25g/kg) and pontoborbiton~ eodiuo ( 2 .5ms/kg). 

The procedure uaod woe aioilar to thnt outlined !or 

tho rota , but ~ higher rate of aolin infusion, i.o. 

0.?5 ml por minute , wae uacd . 

Section v. I~ol~tion of ~tabolitea o! 

.Ulotoxin.e 81 • 

(a) Annlyeia oC B~L S&Jplco. 

Bile 0uplea obtninod !ron:a oxporiaw.ntal llni-a , 

o!tor prior injectior or l11bollud .,notoxin 81 . were 

nnnl.yaod lltl !oll01'e :-
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A known voluce of tto bile eaoplc was 

trancforred into a large exceoo of chloro!oro (at 

loaet five timca the voluco of tho bilo). The 

prepuretion w~e kept in this condition at 4 °C until 

required for uac . 

The chloroform layer •as carefully ro oved with 

a pootour pipette and the aqueous layer was xtracted 

twico with frcoh chloroform oolution. The chloro!oro 

oxtracte wcru pulled together or.d concentrntbd to a 

emnll volumo (0. 5 cl) on tho vnouuL rot1ry evaporator. 

Thin extract woo tron.of1.1rrud quantitatively unto .. 

spot on an 'octivat~d' chromateploto o! M~rck'a 

ailico g~l G. A hot nir drior waa employed during 

thia procoaD ouch that the dino~tor of each apot woe 

not moro than 1 cc. Tho prepared plato waa chroaato­

grophcd, using 2 par cent methanol in chloroform ne 

aolvcnt lUI cloo~cribed by do Iongh, Vloa and Pelt (1961•) 

llll<l modifiod l:ly Butler '"d Cliftord ( 1965). 

Tho aqueous layer waa driod in a d~si)ator, in 

vacuo, over colciuc chloride. The roaidue •~a ogitotod 

with 0 . 5 1!11 cotbanol at rooa tocperat .1r • ~o &othonolic 
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A known voluce o! th~ bile swcple was 

transferred into a large oxceao or chloro!ora (ot 

leoet five t~ue tbu voluoo or tbo bile). Th~ 

preparation wan kept in this condition at 4°c until 

roquirorl for uue . 

The chloroform layer wao carefully ro~oved with 

a pootour pipette nnd the aqueous layer wao . xtractcd 

twice with fresh chlororor- solution. Tbo cblororor~ 

oxtrocta woro pulled tog,tn r and concentrat~d to o 

amnll volume (0. 5 ol) on tho vncuu~ rotary evaporator. 

Thie oxtr \Ct wo& tronoforrcd quantitatively unto a 

opot on an •activatoa• cbroCUiloploto or ~!urck'c; 

oilica gol o. A hot nir drier woo ccploycd dur~ng 

thin procooc ouch that the diac~tcr or onch orot wna 

not Moro than 1 cc. Tho prepared plato woo chrooato­

gropllod, u&inr Z por cent aethanol in ahlorofor!:l llll 

oolvont oo doeoribo:-d by do Iongh, Vlco lind Pelt (1964) 

and modiliod by Butler and Clirtord ( 1965). 

Tho nquooua lnyor woo dried in n dooi~otor, in 

vacuo, ovur calciua chloride. Tho roaidue woa ngitotod 

witt 0 . 5 al sotbnnol nt rooc toaporAturo . Tbo aothanol1c 
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Fig. 9: Thin-layer chromatograc of rot 

bile 11011pleo collected at 

10 cinuteo intorvala, on 

e1lica-ael G. 
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solution was chrooat ographod on Merc~'a a~lica .gel G 

t hin layer plat e using but anol, ace t ic acid , water 

(10 : 1: 1 v/v) na solvent . This oy&toa was essentially 

t he BILClO 1111 t b lt used by Froach on.l W~gonor ( 196?) t or 

t he quant itative deterainotioa of bilu nc1ds in aoru~ . 

For tho identification of oll~toxin B1 and i t o 

cotabolitco, the developed platen were v~cwed under 

ultraviolet light. Tho fluorescent spotc on cbro~to­

t;rUJM.. wl.ich wo r e coincident with rad1ooct1vo pollks wor e 

romovod from tho plato with a •:.ono extractor' (Osiyocd , 

1964) prepared froa • glnso aintorod t ubo, and eluted 

with ~:~othonol. Tbc eluates fiorc then chrocatosrapbcd 

ulonga1do standard solutions or atlataxin B1 , H1 , and 

4-bydr oxy-coucnr in glucuronide. Tho ccporation or 

aotobol.itoa of ntlot.oxi.n B1 on tho thin layer 

chroontogrnc ic illuctr~tod in Fig. 9. 

n1o conjugated motobolitoc rocoinod at the origin 

in tho oyot omo de6cribed nbovo. In order to r ocolvo 

t hio fraction !roc other cinor tluorooccnt compooonlo , 

<:xt r oc t o t r o::J thoao rract1ena wor e Rnnlyo~~cd by 
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deocending chrOI!Io.tographic technique on Ylbotea.n ~io . 1 

• 
pa.per (20e:n x 20co) . The chrCICiotogrAQ "liS ru.n ovcn..~.ght 

( 13 houro) uoing b~tanol; nee tic: acid; •~oter ( 10 : 1 : 

1 v/v) as solvent . Alter drying briefly in air, the 

chro~~togrno wno sprayed ~1tb ~pbthoreecorciool 

reagent for glucuronidos no described by ~illi~r~~f~~ 

( 1944) and modified by Elliot, Robertson ona tli ... liaz:~G 

(1966). Colour developed on hooting tbo chrocntogr~ 

in on ovon nt 110°C for 10 minutoc. 

(b) Annlysio of Uri no S1L111plu11. 

Urino oamploo l4 ml to 5 ol) were oolloctod into 

slaos toot tuboo. Tho ''oluco of encb aCLDplo was 

rcduc:cd to o.s ~1 on tho vnc:uuo rotary evaporator. 

The concontr~t~ woo placed in o dea~otor, nnd tho 

loot trooo o! water, rocovod. Tho rooiduo wna token 

up in aotl•anol (0.2 td) and nnalyoed by tbin-layor 

ohroontosraphic tocbniqueo. 

(c) KcthylDtion of De-llothyl Afloto:dn S, • 

A blue !luoroacor.t cpot (Rf, 0 . 60) wno ioolatod 

cloeo to that of o!lot~in a1 (Rl. 0. 65) on thin-layer 
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chraoatogr~ of bile run in accord~nce with tb~ :etbod 

of Frosch and fingener (196?) . This aetatolite was 

then separated fro~ nflatoxin K, on n chroa&togra=, 

uoins the syGtem described by Allcroft, Rogers nnd 
"""-'t~l 

Lewis~ 1966); scraped orr uitb oilicn gel G froc tho 

plAte nnd eluted nith cethonol. Tbe methanol extr~ct 

wns ovnpornted to dryness under reduced pre_.~re, and 

diethyl othor woo ndded to the rooiduo. 

A nitroeoderiv .tivo or p-toluone-11-oethyl 

aulphon11111ide wn~ Jl~lUSe II with othonolic potusiwa 

hydroxide on a water bath. Diatocnoth.•ne, p:onor11tod 

from this renotion, wan pnonod into lht vlhtrelll 

solution. After two bourn, tho oolvont woo ovapor11tod 

,rt nnd tho residual solid wn11 then diaeolved in dry 

ethor. 

A portion of tbo motbylalod product obtained 

above woo ohromntob"T·tpbod on thin l11yors o! kiesal gol 0, 

uain& z por cent methanol in chloro!om oa oohcnt. 

ttondnrd aolutionD or o!lAtodn 81 pnd nflotoxin H1 

woro Min on tho once plate • 
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The R1' • \'alue O! the Ct-thylatcd product 

corresponded with tbct of aflatoxin 

blue-violet fluorescence. 

.a,, givins a 

The ultraviolet and tbe infrared spectre 

of aflatoxin c, and that of the m~tabolitoa ~ere 

recorded on the infraeord {Perkin-Elmer, Licited, 

U.S.A.). 

{d) '1ydrolysio of Anatoxin H1 Glucuronide 

{1) Enzyme Hydrolysis. 

After the initinl extrnotion oC bile or ur~ne 

onmplea .ith chloro!orc, the aqueous lny~r as taken to 

dryneoa under roducod pronouro. The dry rooiduc was 

disnolved in a known voluco o! •ator nnd the oacplc wae 

ndjuoted ~o pH 4.5 wi~b 2N occtic nc1d. The enz.Y=ic-

hydrolytic procedure wao aiailor to that uoed by Taylor 

and Scratcbord (1961) except that P-glucuronidaao 

(2,000, Fiohaen Unite per mg) nuppliod by Koch-Light 

Laboratory Ltd. woo ocployod inatoad of an extract from 

l~pot viocora. 0 . 5 ml o! occtotc buffer pll ~-5 

containing the e~:ymo woo ddad to tho mixture follo~ed 

by tho addition of 0.1 cl of 0.2H KB2P04. Tho mixture 
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woe t hen incubated at 3?0c !or 6 bours . At tb~ end 

or tho period 5 ml or chloro!o~ wae added. The 

extraction ~as r epeated twice . The cblorofore extract 

wao reduced t o 0.5 ml on the vacuum rotary ovapor~tor 

and chromatographed on tbin-lnyer o! Merck ' s silica­

gel G using 2 per cent methanol no solvent . 

(11) Dot-Acid Hydr olyced Metnbolitoa . 

Bile or urine samplto wore aoi!idied aod made 

211 , by adding n t ow dropu or I Oil H2S04 . Tbe tube 

wna then heated in a boilinc water bath for }0 

minutes , cooled and extraet ed with etl r. Ether 

waa roaovod by playing a otrenc or hot bir over the 

eurtace of tho li~uid. The residue wna taken up in 

chlororo~ and chromatocraphod on thin-layersof 

Horok•a ailicn-gol G, uaina 2 per cont met hanol 

na oolvont . 
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CHA.PrER FOUR 

!X PERl Ml:fT 8 AND 1U:SU I/1'8. 

Exporil:lent I : Diotribution of Aflzltox.in B
1

, 

nnd Ita M..tdboli.t._a in fb.t 'l'ia11ueo After 

a S:inde Dose . 

T.bo ~ or tho oxper iccnla dooeribod in tbi11 

thooio ~na Lo provide ndditionnl information on tho 

cot nbolicm of orlatoxin. Thin toxin bod be~n reportvd 

to chow toxicity to 11nicnla nt vory low concent rations. 

D nco sublethal doiiDCOB in th" range o! 10 to 50 \1 & por 

~s. wt . or tho oxporimcntnl nrdcola wore used . Tbo 

OY~nbility Of lobollod n!latoXinD CacilitlltOd 

dotootion ot a traction of n cicrogrn& or t ho 

l:lolnbolitoo. 

In ono ot tho proli.cin ry oxporiconla , tho 

d1atr1but1on of labelled aflatoxin in rot tiocuon aCtor 

0 •1nglo dono woe invootignt J . 
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A calc rat (200g) wnu given an intrcperitone~ 

injection or [c14
}<:.tlatoxin s

1 
( 10 'II g) in nor c.nl 

calinu (O . 9 Per cent 1/aCl) in a cinglc dose . 'Ibo 

rot was cnerificed six bouro lnt~r . The heart, 

intestine plus intestinal contento, kidneys; livor, 

cuc;elo nod at OCiach ware remo\·cd ond ria.aed in salin~o . 

The tiocuos were mi~d ocporatcly in n waring-

blond or ond analysed according to tho ~otbod or 

Butler and Clitrord (1965). In thia procedure, 

tho tiaouce was oxtr'lctod exliDUiltivoly in hot cethonol. 

Tbu extract was thon portilioned between chloroform 

nnd aqueous methanol loyoro. TI10 rndioact1v1ty proeont 

in oncb lnyor was dotorcinod by tho liquid nciotillotion 

tochniquo. 

Ronult. 

The result in tnblo 6 nbowa lhc.t the bulk of tbo 

Odminiotorod dose wac found in the inteatinu plus 

fnocnl contents . Tho roJiooctive oounte proaont in 

tho liver, kidney, heart and cucc lD woro 

high radioactivity in tho intestinal 

nlso rocordod · 

conlotnl ane 

ai!:lniUconl. Tho 11\•er ond kidney nlao retained ecco 
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Tnblu 6 

Dintribution o! Aflatoxin and Ita 

M~tabolitco io Rnt . 

Counta/See. 
l'iocuo 

Cbloro!or~:~ Hcthonol l'ota.l 
Extrcct Extract or dollu 

Hoart 0 1} 0.2 

1 ntestinnl '+}1 1691 }1 . 5 
oontonta 

Kidney 2o8 4Z }.? 

Liver 119 240 5.} 

I+.111C lo 0 It? 0 .? 

Total doao 1a oqui•Alonl to 

6500 counta/euc. 
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of the toxin, nnd very little r.ao pre&ent iD tho heart 

o.nd muoc lo. Tho significD.Dco or thiro pattern of 

dintribution was approcintcd by Wos n (1966) when 

he ouggcotcd that tho aflAtoxin WD6 prob bly oc.cr«:to>d 

via tho bile into tho intcotinc. This inference woo 

vori!iod in our n xt oxpor1cont on tho excretl.on of 

aflatoxin in the rata. It woa Aleo obocrvod that a 

grontor proportion or tho radioactivity fro~ rat 

tiliOUf/8 wna proaont in tho r.othnnol 1 ~ r ~xcept in 

tho kidnoy which rotninod r:Jore or tho chloroform 

oxtrnctoblo motorinl. Enrlior im•OIItigntorti 

(do Ionsb, Vlos nnd Polt 1964; Butler nnd Clifford 

1965; Allcroft, Rogero and Lowia 1966) r~port d only 

on tho chlorofor.c cxtract. ~rthor in\'OatigatloiUI 

on the more r•olar aquoouo cothonolic extract wall 

tboroforo contomplctod . 

f~pcri.lllont II: Ex.oretion of Atlnto, in B1 

and ltn Mctnboliton in tho R,t . 

'lbO a.iJ:: of thill OXpDrit:IOIIt W;!.O to OtUdy the ~odC 

or excretion or aflatox · ·, 'he r~tl. (c11' ]-ntlotoxin 

81 (10\1 s) W!IB injoclod l ot.rllpllrit co•• ll)' into 0 
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11~ .10 1 Rat e or oxcr et ion of o!lotoxin in the 

bil e of n rot oftcr o ain~lc dose of 

[c14
1arlat oxin B1 (~ooir nod 

Ooiyca1 , 19 ? ) • 
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bllinry cannulated rllt (ZOOg) . 

aflatoxin in tho bile or t ho rnt woe iovestigatod 

m.::tbod or BQJ\'lhan' Dllllkalakis' Edurd OJld by the 

(Jr. ) (195}). Tnio mothod hod also boon 

ocaployad by F:iachcr, Hillburn, s .J.tn and tlill:lams 

( 1966) in their investi~ntionu o on the nature of tho 

biliary cctftb lit r [ 14 1 ~ w o os o C -stil~beaterol in tho 

rat. 

(n) Dilo 

Tho rllto of biliary oxorction or orl.ctoxin 

ia rocord11d in Fi .10 . Following int r aduodoiUll 

infusion or [14c ]-hfllltoxin s, into tbt exporiaontol 

anicol, the portal blood sooploa ~r found to contain 

aflntoxin n, and ita motabolitoa . Tboao cA:ploe 

11ore nnalyeod by thin-layer and pnpor chro::sotogrnphic 

techniques, as described in cboptur throe, ooction v(a) . 

Tho rate of ~xcretion of a!llltoxin 81 oft or a 

uinglo doao in the r11t boo been reported by lhvair 

ond Ocliyeai (1967) . 'IbiD cxpcriatCnt oonlirD<id ao 

oorlier obuo rvntion by Folk. Thcopaon ond Kotin (1965) 

t hot aflat oxin woo rapidly axcr otod in tho bilo. 
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The proacncc o! [ c14 l -afl.Atoxin s, and i t s ~ctnbolites 

in the portal blood obtci~d !roc r ot given intraduodenal 

infusion of [c14}.anotoxin s1 in salioo , indicated 

that aflatoxin B1 or its aotnbolite was reabsor bed 

into the entero-hcpntic circulation . 

Analysis of tho bile and faecal sagples r6vonlod 

thnt o!l.Atoxin ~11 and its conjugates wcro tho cojor 

cotnbolitos in tho bile. ihu foeccn in the biliary 

connul~tod rat wac devoid of radioactivity. T~in 

obsorvntioo is conoiotcnt with the view thHt m tabolic 

products of aClntoxin eight bo oxcrotod vin tbc bile 

into tho iotcstino, (Wogan, 1966). 

(b) Urino 

1 ~tC' tire. urinory excretion of In order to ova u 

Ur thr • 1 cntethcrs .. e r o o!U..toxin in tho;, rnt, 

inlplnnted inLo o rat . 

in!uoioo of 5 per cent 

Diurooiu woo otioulalcd by nn 

oxtornnl jugular vein· 

mannitol in anlin~ tnt o 

10\16 oc~14}~r~ to:.~n 
tho 

a, 

in anl.ioo woe i 11 ;.r.to the rn t . injected intrnpor tenon l 

by tbin-lnycr nnd pnpar 
Urine aooplon wore analyaod 

chr0lllat.oerrt~ph1 c: ll!Ctboda • '------- AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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Fi~ . 11: Cuoulative excretion orG?14faflatoxin 

in the urinu of the rat. The pereontago 

of do6e exerotod after n given interval 

of timo (T) in minutes waa plotted 

against log T. 
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Each rabbit was nnaoathctizcd as described in 

chnptor 3 o.nd then givon an intravenous infusion o! 

5 per cent nannitol in nnlino through the external 

jugular voin ~t tbo rnto of 0.75 ml per minute. 

3 to ~ ml of urine wna collected in 5 minutes 

through implanted urethral cnthetcro. 

Bile was collected periodically !rom each 

nnionl via gloeo cannula innorted through tho ~oll 

bladder into tho cystic duct by tho ccthod o! Child 

nnd Doddo (196b ) which followod ooocntially tho 

procoduro o! Ranahan, DG~lakio, Ed•orde and 

Dnubon,Jr ( 1953) . 

Rooult 

It 
010 

bo 6 oen trnc tnbloc 7 and 8 that otter 

intro.vonoun inj ... otion, o!l.Dtodn (c 19, aflatoxin B1 

'!nd/or ito motobolito• •PJJcnrod in the urine ond 

bilo nt 
80 

cnrlior period of tiao than •h'n th• toxin 

•no injoolod introporitoncnlly. 
Il alao oppoaro that 

1 8 0 o! rndiooctivity !rom tho 
the onin pnth o! ro o 

lobollod a!lntoxin B1 in tho body won tho bilo. 
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TABLE 7: !:XCRETlO.'l OF AFLATOXW B1 Ill THE URiliE OF RABBIT · 

. 
Intr 1per i t onenl Inj~ctioo Intr nvonouo Injection 

T~e 
Cwaula.tive Perce a- Counts Cumula t ive Pe r c en -.tn Cuunt : . 

Ki.nut ots per eount11 per togo por counts pe r togo 
DOC • Dec . dose tlOC . ecc . dooo 

0 u 0 0 0 0 0 
10 0 0 0 93 98 1 . 4 
20 25 25 0 . 4 :n 131 '1. 9 
30 52 77 ~ . 1 27 158 2 . } 
40 78 15} 2 . 4 18 176 2 . 6 
50 5~ 206 } . 1 14 190 2. 8 
6o }It 21to }.8 10 200 3 . 0 70 19 259 4.0 8 2o8 } . 2 So ,, 270 '< . 2 6 214 } . } 90 5 275 4 . } 3 217 } . } 

' .... .... 
IV 

I 
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TABU: 8: :£XCRET10ll OF AFLA.'l'OXlll B1 II\ THE BILE OF RABBIT 

lntr.p•ritoncal· Injection 
Inr.r,vtnous Injection 

Count . Cuaulntivo Percen- Count· Cuculoti.v c Porcen-

rer counts per t "180 per counts per t.nr;o 

ooc. soc . dose ooc . sec. dooo 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 tn 97 1.4 

10 10 o. 16 133 2}0 } .4 

55 65 1 .0 189 419 6 . 2 

1?8 24} } . ? 229 61!8 9. 6 

4}} 6?6 10.'+ 122 ?70 11.4 

276 952 14. 6 6? 8}6 1 ' ' ... _, 

104 1056 16. 2 35 872 12.9 

87 114} 17.6 2} 895 1}. 1 

... ... 
"' 
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1}. 1 per cont or the dose adnin1stcr cd ana 1?. 6 per 

cent or the acouot given intrapor itoocally were 

recovered in tho bile within 90 ciautoa . Tn none 

of those expericonts wns ooro tbnn 5 ner cent of 

the rndioact1vity round in tho urin~ . On tbo boaio 

of these rocults, it io oppor~nt that tho biliar y 

excretion reprocents nn ~portont cetabolic pnth•oy 

or tho cotoboliso or aflntoxin a, . 

It ia known that n large proportion ot a 

dru~ odQinietorod intrnporitonoolly io absorbed 

dir ectly ir.to portnl blood which then flows through 

thu livor t tore it roach~s tho oyntooic circulation 

{Gnrottini and Shore, 1966). Accordingly, H 

aflatoxin ia aotaboliood in tho liver as susse&ted 

by tho cxpcriccnto at Butler and Cl1!1'ord {1966) and 

in rapidly excreted in the bile no domonntrntod by. 

Bkasir and Oniyoci {196?) , little of th• odainiotor od 

dooo will bo found in the ay toaic circulation. Ir. 

cont ract, thQ toxin injoctod intr v~noualy ontcr o t ho 

eyntcQic circulation directl.r 11nd ic diotributod into 

bot h tho intra- nnd cxtrn-collulnr fluids. 
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Exl>or kent IV : 

- 115 -

Effec t n of Aflatoxin ~ on t he Liver 

oi Rat11 on Low or Hid1 -Protein Diet s 

Tho liver iG tho lor gost organ in t ho animal body . 

It contains a system of on:ymeo •bich are concer ned Wit h 

t he oetabolillO of toroisn coz:spounds. T/illill.l:lo (1967) 

bao doecribed those enzyaoo involved in tbe eet abol!Am 

or natural subetr ates as •Paro-:ctnbolic' , whil•t 

' Xcno-cctabolic' en~ymcs refer to tbo ~oup of nicrosoonl 

en:.ymoo involved in the mctaboli&::~ of foreign compounds, 

The influence or diet ~n the octivitioe or these on~ymoo 

ho~ been indicated by aany invoatigator e <williams , 19}8; 

HeLeM and Vlitech1 , 1966; l!clAon and HcLoan, 19£6 ). 

Thoro is n widely held bolior that animal& fed on 

n diot deficient in protein nr • oapec1ally euccept ible 

to poicono thnt affect tho liver (Nowbern , Wogan and Hall 

1966; Willin~e 196}) . ln thin cxpo ri~cnt tho aotaboli~ 

of acetate was inveotigat od uo1ng liver lisau~e obtoinod 

froa (a) r nt o poieonod by afl a t oxin , Cb) norDally-tod 

healthy rnta. 7 litter s or weanling al~ino r at s (cnlee 

and tocnlee) wore uocd. Enc:h litte r conoiot od of 6 rllt.,, 
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making a total of 42 rato. These were d.ivided into 

six groupo as follows :- One rat froc each litter, 

woisbing about 50g, Ju•a traoo rerrod into a battery of 

cagoo ouch t hat oacb group contained 7 r ats or about tho 

acur.o weight . 

Two groupo, cocpoced of 14 rata .er e fed on a 

low-protein diet (4 per cent caooin diet) and another 

pair or. high-protein diet (25 per cent caaeio diet). 

Tho loot two groupo were fed on 15 per cont caooio 

diet ac a control. 

A oinglo dooo or 5 ~ g oflatoxin 81 in 1 cl of 

ep line (0. 9 por cant !lnCl) waa edlliniaterud intraperilonoally 

to half ot the rbto on oach oxperimantnl diot . The other 

halt wa.a gi\'un equal volume of aolino alone. This 

operation wao ropeotod twico wookly ror three weeke. 

At tho end of thia period tho rata wor e ooc ritieed , 

Tho liver was romovod immodintoly nttorwarda end liver 

alicoa wero pr oporod by a 'hand outting' me t hod deacribod 

by Umbrait, Burrio and Stoutner ( 1964). Thooe alic:oe 

(ae1gh1ng 57 to 70 ag wot • woight) wore diatributod into 
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1arburg flasks, contoini~g Krobo-Ringer bicarbonate 

solutions (2 ol) ond a solution of 10\IC ~-c1!.)­

occtnte (0. 5m1) in the aida arm. The solutions ere 

oixed ·ond thea incubatod in a water bath ot 37°c !or 

90 lllinutee. 

14 The C 02 evolved in the process woe absorbed 

into alkali (0. 2cl o£ 5 per cent KOR) placod in tba 

centre well. The ncount or radioactivity incorporated 

into the acetone extractable, liver rat was asaascod by 

a procedure similar to that uood by BArnes and Boothroyd 

(1961) . Tht cont~nte of the centre well wor o troOG!erred 

qunnt1tot1voly into •wcooa BaCl2 in a centritugo tubo . 

Tho anco3 procipitctod wan counted at 'infinite thickneea• 

in on ec.d-rlndow Gei&er-l'l'.lller counter . 

1\ooult 

Tho rooult in tnble 9n ohowo the reletionohip botwoon 

tho 0 rrecta or Aflatoxin a, and diet on tho incorporation 

or (1 -c14] 0011tatc into rot -Uvor 

t eat , nt J pr obability vf 0. 05 , 

rot. Ua1ng tb1 s tudents •t• 

tho value or 't' ! or eix 

aaaplee 1n 2, 45. Tho r ocult indicated that tht offoot ot 

aflatoxin on r a t on low-pretcin di el woe eigniCionn~ 
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tABU: 9a 

m: REu.l'lC:ISSl? SE'l'~EUl TL ~H:CTS OF IJ'UTOX1li AND DIET 

Cfl !!'U E r::cGRKlRATIOll Of ,.c14 ACETATE.INTO RAT LIVER-FAT 

CtcparlGOC or frutaeets !lo. or (14ean) Variance t t I l'ro bn b il it 1 
~i\CP to Expericental Rata Sl..l:ple Count/Sec./ 

Ill£ F~t 

• IJlatoxic 6 112 . ? < 0.05 • 
Low-Protein 2.7 

- Anatoxin 6 105 9.3 Signi!iunt 

• A.rlnloxin 6 104 5.2 >o.o5 
~i&h·irotein 2.2 

• AflatGXio 6 100 11.2 llot Siblli!ic3nl I 

• ... 
• AChtoxin 6 100 6.7 ) 0.05 

... 
()) 

Control 0.0 I 

- IJlatoxin 6 100 ~\ . ? Nol Significnnl 

:.Ow-Protei:. - Arl3toxin 6 105 1·!1 < . 'i 
Vs 2 .~ 

Hiph·Prctoin - IJlntoxin 6 100 11.2 Signiticnnt 

~01-Protein • A!lotoxin 6 105 9.} ( C.05 
VI 2.6 

:Ortr:l • IJlotoxin 6 100 lC. 7 Sigr.i!icanl 
~-

li(h·l'rotoir. - Hlil.toxio 6 100 1 1, 2 > 0.0~ 
'{a \ 0.0 _.,, 

--'..>. 
-u Co••--\o 1~ ' .... . • '"'' . ,., ' ~ - - r~cl· t" - . -' . •, -

. . 
+ A!latoxin 6 112 22 .? ~&: . #!1. . - . - . ) • ~ ~ ... 

6 ' B.i&t· Prctein , A! .!.c. toxit 10~ 5.2 SiJ:nilicanl 

lm·Prottin • Arhto:lir. 6 112 22,7 < 0, 01 
Va 4.8 lli(hl:r 

c.atrol + l.!lntoxin 6 100 6.7 Signific ... ,t 

Hi~·frQ~tit + Ulatoxin 6 1p4 ~.2 ) 0.05 
1t 2.} liot c,ctrol + Aflatoxin 6 100 6.7 S1f711! icant --
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WI.E % 

TilE REUTIIXIS:IP S...I'Til'.!r.l 'I'll£ mtcTS C'f' AfL.UOllll Al/D DIET 

II1 :':': F:Ji C'I'IC!i =-t C\12 Bl RAT LIVER .;IJC[.,, 

-
Cc:;eriao~ o! irtltetn~s lie. o! (Keel 

l'ariatc~ It I l'rob:lbilHy 
Ginn to Expert:e~tal Elta Scple Ccu::.t/Sec ./ 

cg Li nr 1it. 

• 1!lltoxi:: 6 15 5.? < o.oD1 
!..:1'11-l :o te in 6.L Highly 

- 1flatoxir. 6 }2 2t? SiiUlificant 
1--

) ~ . • 1!lltoxir. 7 41 i}. 7 o.,) 
d.ish·Pr1tdr. 0.? llol 

• IJ l.r. ~oxic 7 4} u.o ~lent fic1nt I 

• , Ulat,x1n 7 }5 11 .9 ) o . o~ .. 
\1,' Ccr.trol 1.8 1/ot I - Ul.Atoxin ? ~9 1~.0 .Si.;n ICI 'Jnt 

L~;-Proteic - l!latcxin 6 }Z 2ft , 7 ( 0. 01 Va ).8 
!Ugh-Protein - u.atoxi~ 7 ~} ll Sl&•tifloM,l 

Ltli·Protd~ - Ulltcxin 6 }2 26.? ( 0.05 'Ia j .6 Cactral • Ulatcxin 7 j9 14.c Mtni!ic,nt 
Bi&b·Proto1n - Ulataxil; 7 43 22.0 ) C; . r.~ Vo 

1. 7 II at C_c.wtrll -~J.!l&tClili '} --. 39-"' .r- .,,,c: 
· t,:nir\:t:L"" · • 

. . . ~ . 
-· ---,:.._ ~ 

'•·Putelc. • Ul&:ox.u. £ 15 • 7 I 0, ()1 7· "11 
''i.F- r•t,•lY £.1£!: -.r'tl! t !J; • A!htorl:. ? ~1 ~:,.? 1.1~.:-Hlt~tJl • 

!..»-"'ote1n • Af~toxil; 6 15 'i.? , 
(',1);,1 Yl 

10.~ i!1c,llly eo,trol • Ulltonn ? 35 1'.9 ~~ .. ~it1 ~l 

!:1ll·P:-~tt1Jl • /J la l oxl.n I '? 41 ~!.? I. '·'5 "n 
I 3.51 l r ~ t:::tLl.)' c ... ntrcJ • Ul.r. t cxic. 7 }5 11 ,9 I "'~mH• • '-'· . .ern. -- • 
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( t "' 2 . ?), lt 95 por cent confidence lovol. Th& 't' 

•talues !or rate on high -protein and control dicta aro 

loAor than this l~it and oro therefore not signi!ic nt. 

Tho influence of diet alone on tho oxper imentol 

rots wos ovaluotod b] cooporins t~n 't' voluoa obtained 

for the throe diftoront trea.tmonta oitht•r with aflAtoxin 

or 1thout . The roaulto are rocoraed in table 9 • Tho 

effect of d low-protein diet woo eignificant wuon 

coopered with the controls or rots on a high-protein 

diet. Thoro wac bonover no oisnificanco in the 

dif!croncos between the controls and tho rata on tho 

high-protein diet . 

The production of c14oz by liver al1cea depends 

on tbo rate or oxidation or[ 1-c14]ccetote. The reoult 

Presented in table 9b ahown thnt thin rote woo deprooood 

in rats on the low-prot,in diet by the adr=iniatralion or 

oflntoxin n, but not signiiicontly nffoctod in rnto on 

the o~oquato d1oto. 

The otroct of diet, per ao , on the rote of 

Prod ction ot c1402 w oisnitlcnntly diflorent in 

t • r l o low-prot in dlot ahon eocpared witt thoao 

o trol or 1 h-protein dS.l. On th 1d.SrleLr lion 

t t 0 , lltolnry ir flu r co w 1 aor urlle the 

' 
lh dht ry rot ir tt • 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 121 -

Experiment V: InvoatiEations on the Het.aboliolo of 

Afldtoxin B1 by Liver Tinnuca CroQ Rotd on Low­

or Hieh-!Totoin Dicta. 

In tbis experi~ent, the enmc nurnbor of ~xpericontal 

rota wore ted on diets no described in ox~rim~nt r~. but 

•ero not treated with o!lAtoxino . Within 15 ~nutvu ~rter 

sacrifice, liver tiosuea !roc encb ret waa homogoniaod in 

Kroba-phocpb te buffer and then diotributed among throe 

'iflll'burs Uasko, containing 2 ml of moctiu:~~ . 100mg (wet 

woisht) of tioauo wore plocod in onch flock. 10 llS (c14} 
otl toxin B1 dissoh•od in tho buffer (".5c:l) was put in 

tho aida ;;.r • o<rt~r miXing tho eontento of tho flAsk, the 

proparotivn •a ploeod in n water both at 37°C nnd inoubotod 

for . ~ ·ours with conatnnt ogitation aa doocribed by Craig 

(1 •• ,;) . 

At the end of thio JICriod chlcroforo (5nl) "8S lidded 

!o th oix~uro and then filtered through cotton . The reoiduo 

• a •aahod with chlorofor • The cocbined cblorctorc extract 

I the liltr to and liver tiaauea, woe concent rated to .Sal 

rot ry evaporator ~ chrocntosr•rh•~ on tbin·l•I re 
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!'.&, lU: 10: ~>r~?Aii{JLitaf OF AFLA'roXIN B1 BY Ll VER THSVES fllO~~ RAT ON LOW OR HlGB PROTEIN- DIF:rs 

.t. ot liver I c14-labolled A.mou nt rer.a.inins ,:[c14}Atla tax in :::[c14] ~ 

Etpori.Jo n t I ti11eue u11od Atlll toxin B1 in mo·dium after recaining in f•! lo. t orl n 
(mg) added t o incubation ( ll g) medium after met& boll-

modiUD ( liS ) incubotion eed I I 

-'> 

tr ~ Lolr-Protolin I 100 I 10 I ?.6 ~ 0 . 5 I 76 I 24 I ~ 
Diot I I 

Rat!! iln lliah-l.·otdn I 100 I 10 
Diet 

I 0 . 8 ! 0 . } I 8 I 92 

Corlrol lUte. I 100 I 10 I 1 . "1 '! 0 .} I 11 I 89 

Each f igure r oprosentc tho nverage or nino deterc1nation5. 
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of oilicn gol G. The o~ount or[c1~nf1Dtoxin s1 

ro~nins in the extract woe estimated and r~c~rded 

~n table 10. 

Rooult . 

Tho rcoult showed that about 90 per cent of the 

[c1~oflntoxin wns m tabolincd by tinouen !rom rots on 

control and high-protc1n dieto. Leos than one-third 

of th18 amount woo metnbolisod by liver tiosuco from 

rata on low-protein diot. TI1is ropronented n toll of 

65 to 68 per cvnt in tho obilit) of liver tissues from 

theeo rate to ~etoboli8e nrlotoxin a1 nhon o~parcd 

with the controls and rota on hi&h-protein diota 

roapectivoly. 

HcLoan nod McLean (1966) reported a !all or So 

P r cent in tho octiviti~to of li.:cr cnr.ymoo tbnt 

d~~ethylntc pyracidon and hydroxylate bonzopyrano in 

rato fed on a } per cent coooin diut. A 50 per oont 

'1ecrono •ao round in rate !cd on 6 por cont cnaein diet. 
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The significance of our obcervation io that tho 

t oxicity ot otlatoxin moy be pronounced in the ani=nl 

on inadequotc diets. Slatg r (196b), howeve r, boo 

war ned thnt reaulto !roo in vitro oxporimenta cny not 

reflect tho oituotion in tho whole nni=nl. For thin 

roaaon, auboequont nxn~rimonto ~ere performed on 

biliary cannulated r t . 

F.Xocriccnt VI: The Effect of Ditl~rx Protein on 
t b" E:xcrotioa of "tl .... tox1u B1 . nd ito 

Motabolit oo in the Bile .,f Rll t . 

Tncro ore rotcroncoo in tho litornturo ohowing 

that =oloculor woi&ht , polarity and cotabolic~ of foreign 

coepourAn &ro toctorn which detorcino tho excr etion of 

foreign coopounda in tho cQCoalo . Hillbu rn, ~aitb and 

1filliii.CII 0967.a), (1967b); Abau-El-Hllkorec , 1-'.lll.buro, 

S:Uth And ~illi ( 1 967a); ( 1 967b) . 

Tho aignificanco of tho proportions of aflat oxin 

or ita 11otabol1Loo excreted t hrough tho bil in rolAUon 
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!1tj . 1~: /, biliaey CAnnulntod Rat 

carr11ns a &lAoo cnddle !or 

the colleotion of bilo. 
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to other routco of excretion boa , however, not been 

evaluated. In tbe n xt experiment, the excratioa of 

aflatoxin B1 and/or ita mctaboliton in the bilo and 

urine of rats fed on high or low-protbin di~ t o wao 

invootigated . 

Tho bile duct of a rat on an expcri:cntal diet was 

cannulated, nod bile was collected in a glaoa onddlo no 

described by van Zyl (1~58) . A biliary cannulated rat 

undor light other nnnoothoaio ia ehown in Fig. ' • rho 

rat 'fino e;ivon lln injection of 10 ll" of[c14}aflutoxin a, 
in 1 ml oR line intraporitonoally . Tho collected bilo 

D4mp1oo wero withdrawn from th 0 1 uS container at 

regular intervals. Urine and Caecal moteri11lo wore 

collected nt tho onao timo. Tho amount of rndiooetivity 

Pronont in tho naoploa were doter !ned oo doocribcd in 

ohnptor 3. Urine and foocoo wore annlyoed by tho cothod 

or de Iongh (1964) and bilo, ohro011tographed oo dcocribod 

by Frosch nllll \Yagenor ( 196?). Tho ult r Aviolet and intrar c•l 

apcctra of cctnbolitca or atlotoxin B1 were r ocordod no 

doocribod in chapter J . 
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T:.BLE 11 ; EXCRETION OF AFLATOXIN B1 .\ND ITS METI..BOJ.JT£5 IN RATS 

- -
':'1-c ,.ft cr 25~ Caccin Diet 4j! Casein Diet 15~ Cneoin Dio t 
&d ...dnie t r e - (Bigh- Protoin) (Low Protein) (Contr ols) 

tion o! 
a.!lotodn Counts pc·r 111 e • Counts p()r oec • Count o po r sec-

B~ ~' f' r1 : · f:u:CQC Bile Ur :lta. ;.' I •C(: ( ' . . .. _. B1lo Urin .. ~ ocen 

0 - 6 Boun 21· 
~· :> }ltl - 400 258 - 2431 215 -

6 -12 Jourc 1?0 18 - }00 1}~ - 120 11 -
12 - 18 ilour c 57 12 - 21 2~ - 48 5 -
16 - 24 !lour e 31 5 58 :n 5 78 15 3 63 

! ot ol Counh 2538 271 55 1854 41? ?8 261 4 ?. 34 62 

~rc:ontage 
'Sl .5 ~ . 1 0.8 28 .5 6. 2 1. 2 40. 2 }.5 0. 9 ot Docc 

' - ' 

llCY.i'~: Bach f igur e in tho t:lblo roproconto t ho conn or t br co do t ominn tioiUI . 

I 

... 
1\1 
0\ 

I 
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TABLE 12 : KETA.SOLITF..\i .: An.A'!OXI;; B1 PRESEltr I:; AAT BILE AI<D URI NE SAMPLES 

~ 

Higb -Protoi~ Die t Low-Prot ein Diet Control 
Arlntoxin B1 ' Pt! r conti\J;O of Pt!rccnt nge or Por cent nge or 

nnd 
Do·1o :::Xcr ehd Do::~c Excr eted Doae Excr e t ed 

~ t~tabolitee . 

.BUo Or ine Bile Ur ine Bilo Urino 

.Ulnt wtln B1 - • • s .6 } . 1 - 0 . 2 

J.tlnt (Z)tin M, 7.5 1 . 1:1 11 . ~ 1 . 6 11.5 } . 0 

1.3~etbyl Ulntoxin Hi 5.6 - 1. '+ - 7 .1 -
Glucuronide 2-.. 1 ' 2 . 0 

' 
10. 1 - 2 . 1 • • 

• 
- ---

Ellcb tiEUr o r eprccentc tbo o.verngo for .f'ive dot or minAtionc. 

I ... 
N 
...:I 

I 
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Resul.t 

F~g . 10 ebo~D the rat e o f excret~on o ! 

a f latoxin in bilinry cannulated rato . 
• 

The ro ulto in table 11 chow that a f latoxin 

a, ond its motoboliteD aro excret ed rapidly t hrough 

t ho bile and that ur~ne and faocoo arc a~nor routoa 

for tho d~spoonl of the toxin. In the int act ooiDal, 

the bil.o duct joino the pancreatic duct and omptieo 

into tho duodenum . Thin moy account tor no=o of the 

toxin or ito metobolitoa found in tho gaatroin­

teatinnl content by Shonk ond ~ognn (1965). It •~ , 

however, domonotrntod ~n expcricent II thot aGOo o f 

tho aLlnt oxin a1 oxcr otod via tho bilo wao r enboorbod 

into tbe onter o-hopntic system . Roault a of the 

4 nnlyoin ot tho bilo and urino tor cotnbol1c producto 

or ntlatoxia a1 oro r ocor dod in tnblo 12 . The 

ultraviolet and infror ed opcctr o or nf lntoxi n a, 
And ~t o mot obol.it.oo o r o r ocordod in Ngc • lJo, l 'a,,l4 

and 1 5 . 
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Tbore were significant differences in tho 

pattern of excretion or aflatoxin nnd its cotabolites 

in the rat fed on low- and high-protein dicta. 

Aflatoxin s1 waft a~~e"t !ro~ the bile of rat on 

high-protein diot, tho oa j or metabolite beins 

a glucuronide conJUI)ute; o. tn.., tc»..1.n. -.<'lntoxin s 1 

wac excreted in tho bile and urine o! rota on low-

protein diet h:LDo, aflatoxin H.,, n toxic 

motabo41Le o! aflatoxin a, , aa excreted in tho bile 

o! nll tho experimental nniDola. Fecirculntion of 

these potent toxins in tho entoro-hopotic yctoc would 

oxpooo tho li\•ar o! a rat on an inadcquota diot to 

ffrooter dacogo. Thio could be of icportanco in 

tho pathology of otlntoxin poisoning in tho cbemal . 

The relntlonm1ip o! colecular weight or 

C!latoxin s 1 and ito aotobolitoa to tho pattern ot 

excretion ot thoco cocpoundn in tho bile ia discuaeod 

lator . 
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Fig . 13a r Ul.trav~olot epootrum or Aflatoxin Bl 

in Hotho.nol reoordod on tho Unicam 

Sp . SOO Spootrophotomotor ehor.ing an 

abaorption poak at 363ol1 • 
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Eis . l3b c Ultraviolot absorption ot Do-mothyl 

Aflatoxin B1 in mothanol, show~g 

absorption ponka at 310~ and 350~ . 
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Fig . 1~ : Infra- cord r ecording, using NaCl 

crystals on Parkin- Elmer type 

apeetrophotome t or , showing i nf r a -rod 

pat t er ns of two m~tabolitcs of 

«fl3t oxin B1 . Aflatoxin M1 shows a 

aaxt=uo peak 3t 3475cm- 1 , indicat ing 

tbe Pre ·nee ot -OH Gr oup {oee table 1) . 

Tbe P&aka in the 'finger print ' region 

••r o diminiehed in domotbyl aflat oxi n a, . 
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D I 5 C U S S 1 o 11 . 

There are severAl reasons for ~tudying the 

c:etabolism or nflotoxin j n mw:ua ,} . l''iratly, the 

to~n hns been found in human food o~ woll aa in 

animal food~. Secondly, it ic a potent carcinogen 

to young birdu nd ~acmals and concern haa boon 

nroused about tbe henHII hnz:ard involved in tho 

coru;ucption oi tox:~.c di.cto. A third reason arises 

from tho possibility tbnt tbe trnn«f,r·ncc of the 

hepatotoxic agent or ito aetobolitoa !roa th• 

parent ~c tho offspring, during intrauterine 

dovelop~:~ent or through the mother' c 111ilk may roeult 

in teratogenic e!fecto on tl•o embryo or groan 

Cclforcotioo in tbo :infant. 

Tho pooeibility that tto off ct o! nargiDDllY 

toxic roods contniniDS aflatoxin cny bo incroncod 

by rationo not well balar.ced in enors:r nd aminoocid 

h d Recent rev1owo on the 
c not been inveo~iscto • 

aat1olo
51 

of infantile pr~ory hopatooa indicate 

t t as t 1111 woll 0 the prcoonco or toxin in foodo 
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CAY contribute to the high incidcrce of liver 

cancer in th' u~~erdovelopcd porto o! the world 

( be. ~ d 9" lhtltr" a 
1 

1 ..,}) . Thio view is otronflthened by 

tho observation th~t kwashiorkor, n diconao o! 

children due to protein dofioicncy, io widooprcad 

in the tropicc nnd in certain nreoo o! tho world 

where chronic mlllnutritioh abound a. 

Robinaon (1967) cvoluntod tho incidence of 

infantile cirrhocio o! the liver in In11o and 

ottecpted to correll!te the conllllllPtion of peanut 

by aothoro with the proaence of liver cirrbooia in 

their infanta. He found pocnut-to!foo in the 

pooooaoion of aoce or the mothers included in hie 

survey, nftor they hod denied eating it I Be 

therefore pootulnted tbnt "ninco o!lntoxir. ia 

•~cretod in tho milk or coza nnd cirrbooie io duo 

to thin toxin, therefore if the infanta ore not 

oxpo od to thin toxin !roc any other source, it 

ba to be proaont in the 1111 l.k of thoao .:~otberc 

• oao ir !ante bon clinic 1 aigna or liver cirrhccis". 
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It is however pocoible that ~!lntoxin ~oy be 

found on proprietary food ctu!!o (Bnaoir, 1964), 

Recently, on infant food, (ARLAO) mndo !roo ground­

nut nnd milk powder woe introduced into tho market 

in florthorn Higorio. Adequate control muot be 

exorciood to prevent the growth or !uogi and the 

produ,tion or toxins in theoe !oode. 

Tho work presented in thia theoie i6 an 

attecpt to explain some o! the pnthologicol effects 

O( aflatoxin on the 1!11111::1!11. 'IhO toxin ic known to 

bo hepatotoxic, ~nd mny couee metabolic injury by 

nltoring the clo~e relotionahipo between the ~lti­

er~yco eyoteoc in liver olicoo, hocogonntoo and 

=icroooceo to which many autnare have referred 

(Wahrlow 1959, l'lillla= 1 96}; ~:c:Loon ond HcLuo 

1966, WUlia!:! 19o''). 

Glucuronide formation hae btlln found to be a 

m.jor route !or tho excretion o! aflatoxin in the 

dult rat nd rabbit. Tho amount or glucuronide 

tor 1 lo the rota Cod on low protein diota wan 
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lower than that found in aniDAlo fed on adequate 

diets. Uilliaos (196}) han explained that an7 

defect in tbe production of uridine diphoophatc 

glucuronic acid (UDFGA) or in the activity of 

glucuronyl tranoforaao could result in defective 

glucuronide synthoois. 

Tho slucuronio acid utili~od in glucuronide 

ayntheoio io derived !roc carbohydratoo by a oor1ea 

of enzr-ically-controllod reactions. The level of 

glycogen in the liver of rots on low-protein di~t 

io very low, and thoro io on accumulation of 

ketone bodice and liver fnt. In theee conditions, 

there i8 apparently a lo..ervd capacity to conjugate 

drugo which ore norQally excreted ao glucuronidoo . 

In patients with contcnitnl non-bnecolytic 

jnundico, thoro ia 0 toll in conjugation of 

bilirubin with glucuronic acid. It ia bolioYed 

that tho detect 1o the roiiUlt of rcducod !unction 

ot glucuronyl trnna!ornoo . Glucuronide aynthooia 

ia al o at low level in young ani~l anJ in tho 
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embryo , and here it appoaro that glucurooyl t raoa!ornao 

nnd UDRlA are 'lt n low lovol (Williams 1963) . Tho 

deer oaoo in toxicity o! aflatoxin ~ith ago mny , 

tbor ofor o , be a conooquonc~ of tho dovolopmoot o! thia 

detoxication oochaniam with tge . 

W'torlo~ (1959), han explained that thoro ia 

a derangeiiiQ nt o! oDZ)'I"" y'ltooa in nni.cal Of' 

inadequate di~t ~nd th t thin loworo the r~aint~nce 

of thooe nnimnla to toxic aubatoncoa. Rc pointed 

out that a protuin-de!icient diet cnuaes metabolic 

injur:r by nlturing tho cloau rulation .lbipa b!Jtwcen 

lhe cul ti-on:)'l:lo oyotoCD. thio dora .. go:... nt lower a 

the resiatnnce of tho cell to external stimuli . 

Tbo inuuction of hvpatoca and cancer in thin 

circucctnnco io, tboro!oro, o cocbinAtion of bio­

checicnl and nutritional offecto. 

T110 coaposi tion of tliol, Q.Dd hcnco the ctato 

ot tho liver, e~ influence th cGtaboliec of foroisn 

COl:lpouruia (WillilUllJ , 19.'58). Thia oarl.r atote.cont 

•~r~ed tr obaerrationo that in the doc (aQi otbor 

• la) Glucuronic acid rcr detoxication ~roco •••e 
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could be derived froo protcino, or oynthesizod !roo 

carbobydratoo or acino~cide . Evidonco is accumula­

ting !rom roccnt studios th11t tho activity ot dr ug­

cot nbolizin~:; cn~yutes i depreosod in onimolo on 

inadoqu •t~o di, t.s . 

Seawright nod McLoan (1966) ehowed tho.t young 

~lo rots !od on protein-!roo diet !or ooo week arc 

rooiotant to tho lethal and hop~totoxic effects ol 

car bon tetrachloride . Those cnicnlc con be code 

llctnoiti•to acoin by injection or ph nob rbitono in 

docos that induce synthol!io of alic1·oeoual hydroxy-

lcting cnzyoco. Thio is in cupport of tha bypot.heoio 

tho.t carbon-tetrachloride is convort~d in tho livor 

by the action of drug ootoboli%inr en:yoes into a 

ooloculo that is hepatotoxic to r t • 

Madhavan end Gopalnn (1965) dc~onotrotod 

lbot roto !od on I; per cent c ocin diet pluo 50 ll & 

or a!l toxin doily tor two to throe wookc dovolop 

tbo tri 1 losionD of ratty livor, n crosio nnd 

b1li~y !ibrooi , •hilDt tho nor 1 rat oho.ad 

Cc1 rtoh c: t a . TIJ 80 au thoro tl ore!ero cor.cludr-d 
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that n!lntoxin does not oxort its o!foct by 

inhibition of fibroblastic gro•th or fibrinogoneaia , 

but by direct action on the liver col1. 

Diokona ond J onoo ( 196}), 

had sho•m that 11 nu111bor of laotonua and o:~o othor 

co:~poundo contn1nins n rolatod chocicol ~tructuru 

oct no nlkyloting agents in roactiono ith cystoin 

at ordin~ry tocpernturoa ond io t utr 1 aolutions. 

The striking exception in thin oori~6 dO ~lctoxin, 

which roncta only ~lowly with the oulph-hydryl group 

of cyctoin. In othor lactonoa, such ao cou:~arin ~nd 

hydroxycournnrin dorivntivoo, opening of tho looton• 

ring by llydrolysiu rE~DUltod in lot:ll o! toxicit1. 

In our atudioo on tho ootabolism or aflatoxin 

in tho DACOal, tho chucical ctructur~ of the oc-pound 

and ita catabolic toto aero taken into cone d~r t.• n. 

In 1964, whon wG ecborkod on thia investigation, to~ 

choaical atructurca of aflatoxin B1 and o, hnd 

• Ju t bo n olucidatod by Aano et nl (196J). Tba 

IMt bolla pathwoya for tho convora1on of t.he toxin 

to non-lox.ic: tabolit.oo • a not kno•n· A toxic 

t lit d ~lk toxin' .... found in llk or 
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cows (do Iongh 1 Vles and Pelt I 19611). Thti structuru 

of thia oubctnnce "as at thio ticc on open question. 

Our firot endeavour woo to develop n method 

for tho production or largo nmounto of lobcllud 

nfl~toxin that could be uood in c olobolic otudies. 

Thia toxin wac produced by Aeportillu~ flovuo a 

Col:!:lon could in Nigerian ooila . A cultur~ of this 

!ungus in Ibndnn produced l rgc acounto of aflatoxin 

on C~apck-Dox modiua. This could hod oleo been found 

growing luxuri,.ntly on !ligerian stnblo di t1. (Booair , 

1964) cod it pros~nco in ooco or tbu trsditional 

lligorinn Coodo such no osi (!orcontcd lll!lize) and gori 

(a C rinoceous ~rain QadO from coaonvo) had boon 

rD£nrdod ac n 11 problec of bw::!ln nutrition in Nigeria 11
1 

(B~oeir, 1964). 1~~o tunguo 1 aa well no t•o other 

strains of Aapcrgillua , proe nt in tho ~cro!lorn of 

local diotD wcr investigated !or tho produc~ion o! 

aflatoxin ~n aynthctic modi under v rying oxpori-ant l 

oonditionD uoed. 

A b tt r yiold of tlatoxin wa IIChinod in 

rt c cultur 1 contr t lo tho er ted culturo. 
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The reduced r edoxpotential o! the Qodium (Viseer , 196?c) 

under ouch eonditiono encouraged the accumulation of 

metabolic producto by the runFUo growing on Czapek­

Dox medium . In tbe.se culturen , product ion or aflatoxin 

wao encouraged during the gr owth phnoe. At tho onrot 

or aporulation in aurfaoe culture a , gro .. th wna &UniJ::JoJ. 

and tbore was a tall in the concentration or aflatoxin 

in tho broth (see table 2) . For theeo reasons, tbe 

cultur ee wore harvested on the eeventh day. 

On addition of l~b~llod isotope to a cultur e medium 

the labelled catorials iu chnnnclod into a number or metabo­

lic pathwnyo . Tbe utili:;ntion or ieotopeo euch aa (1-c14 J-
acetate and [z-c 14 ]-acetate for tbe biogeneau or 

aflatoxin han been suggootod by Adyo and Katelea (19~). 

Hown er ' addition or 50 ll c or G -c 14 J·ecotato to tb 

culture codium before t~rt~ns incubation did net reeult 

in a bigb yiuld ot lobelled n! latodn (Table ,5) . It no 

real~od tbat halt or tho radioactivity wan lett in the 

0 

OC!i~Q on the third-day or incubation and, before tbo 

ot ot tbo r apid trowtl phaoc 

llhon [ 2-c1
1
• J -acolalo 

of the ( Un!US Aap~rfilllua 

••• ueed, and a~dition 
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The reduced redoxpotential of the medium (Vi~aer , 196?c) 
under such conditiono encouraged the eccumulation ot 

metabolic producto by the Cunguo growing on c~apek-

Dox ~adium. In tho~e oulturo~, production or aflatoxin 

woo encouraged durinr tho growth phooo. At tho onoot 

of aporulation in eurtaoo culturoa, l)l'O><th wno lli niclll 

and there was n fall in the concentration ot aflr.to~n 

in tho broth (soo table 2). For theao reasons, the 

cultures were harvested on the aoventh day. 

On addition of laboll~d isotopo to 8 culturo medium 

the labelled matcriol& is ch1nnolod into n nueber ot aotobo­

lic pnthwnyo . The utilizntion or iaotopoa ouch aa (1-c1'+ J-
-

acetate Clod [z-c 1'+ ]-acetate tor tho bioseneaiD ot 

ntlato:dn bao been sueseotod by Adyo and Katelu (19&1). 

5 C 01 r,_c 14 ].-ocotato to the However, oddition of 0 I' L: 

culture cedi~ before starting incubation did not 

in a high yield or lobellod nflatoxin {Xablo 5) . 

reoult 

It wao 

realiGcd that half ot tho rndioaclivJty wao lett in the 

d r incubation and' \K>foro the eodiuc on tho third- •1 o 

on ot ot tho r apid growtt phe~oe 

!_.l.a,.ua. rtbon [z-c14]-nc tnto 

or tho fUD8UB Aapnr&illuo 

wao uaed, and a~dition 
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of t ho isotope to tho cult ure won delayed f or sixty 

hours n!to r incubation had begun, aflatoxin or higbor 

opeci!ic activit y was obt~ned. A aiail~ proc~duro 

has boon descr ibed for tho incorporation or c14 _ 

labollod gluoooc into stroptol!lyoin (lluntur nnd 

Bcckonhull (1955}. It woo observed tbot the 

incorporation of isotope woe increnaod f ive t~oa on 

delayin& the addition or radioactive motoriAl unt~ 

growth hod procoe~od !or 60 bourn. Thic suggoatod 

thnt in the Urst '+8 hour s ot growth, the substr ate 

waa uaed lnrg~ly !or oyntheeia ot oycolium and ~a a 

aource or ener gy instead o! boin~ accumulated tor 

aflatoxin oyotheois . 

The avllil.ab.illty or c11'-laballod atlbtoxin 91 

or bigb npecific activity facilitated tho identif ica­

tion and quantitativa ootiDAtion or =otabolic produeta 

ot aflatoxin adniniatored in o o1ngle dono to tho rat. 

Tho use or isot opic dorivativoa in atudioa involvin& 

Lbo idontificotion of t r ace acounto ot ~etabolio 

product o boo boon ecployod by anny invaatigut oro 

(WWio llDd PllTko, 1 953 1 tillioc.a, tlliot and i'nrko , 

19591 :idUDOD a~ Colier , 196}) • 
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Shank end Wogan (1965) otudiod the diatribution 
14 

of C - laboll.,d aflatoxin in the rat . Wogan (1966) 

r eported thot from 14 to 69.8 per cent of tho radio­

activity may be found in the intoatinul oontont 

twenty-four hours artor the odmini t r ntion or 

aflatoxin . 

In our study of the ~!tecto of aCl~toxin B1 on 

tho liver of rats (toblo 6) o"n-tbird of the doao woo 

excreted via thia routo, aix ~our after administ r ation 

of tho c14 - labelled aflllto.xin 111 into a rat. lib on tbe 

bilo duct or th~ oxp r,c~ntol rot waa cannulat ed, and 

the bilo flow. into tho duodooUl:l via th4f bi~c duct waa 

thue prevented, }7.5 to 4j.6 por cent of the ndciniator od 

dooo wac round in tho bile content \table 11). 

Will1~(196}) ouggoated that an activo drus io 

otaboliaed in the body by oxidation r eduction , or 

hydrolyoia . Drug activity io , therefore, terainoted 

partly by tho excretion of tho activo or inactive 

otabollte and partly by a aoco~ aetabol1c r oactlon. 

4nonp; the cOUC!Al"inD piX! relAted oo poundo , hydr oxylation 

ia a c.gc.::on reoct.io • Tbe bydroxylat ed product ia then 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- '145 -

conjugntdd with gluruconic acid. Thi~ reaction often 

locdo to n conaidernble reduction in activity or the 

pnront druF or ita ~etaboliteo, which any bo excruted in 

urine and/or bilo . The excretory path wily tor 

aflatoxin mi.,.ht bt. 'lir.lll.u- to Lh11t enunciated above . 

Tbo rcoult L on t lblo 11 llUIJ~Oot that utlntoxin s1 

and/or ita c~tabolitob ~•r~ oxcrutcd vi the bile duct 

into the inteotino. Tho resulto in teblo 12 leo 

chow that 4 to 6 por cunt or the doo~ wae excr~ted 

in the urine . Tbt r;igni!ico.nce or tho c ode or 

excretion of nfllltoxin in relation to aflatoxin poiaoning 

in rat on low-protui diet is diocussod below. 

AflAtoxin ia a potent hepato-toxic. Metabolites 

or a!l&toxin hnvo boon detected in tho live~ hal! on 

hour otte r ndainiatration o! tho drug (Butler and 

Cl~tford, 1965}. Do Ionch nt nl (1963) reported tho 

procenco or cotabolitoc o! aflatoxin in cilk. Tbo 

' Oilk toxin' (Kaatri et nl , 1967} woo lotor found in 

urine bJ nolrnp!cl ot nl (19(,6) . Evidonco in proaonted 

in thin theaio to chow thnt tho liver ia n anjor cito 

r •tlatoxin in lho rot. Table 10 for tho otaboli~ o ~ 

ti •• tud7 on the n o.a the roault of • cG2pnr 
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l:lotabolism of n!latoxin by liver tioauea obtainod 

fro:~ rata on lo~t-protein or on adequate diot
8

. 
In 

thio experiment, it io oosuood that li\•er olioos and 

hooog~noto, , ropreaent organiood surviving tioouo, 

th~ metabolisa of which any rofloct that or tho "'holo 

organ. Lnoer (1942) hoo pointed out that thie cay not 

be eo in all inetnnceo, and that reoulto !roc in vitro 

oxpcrioonto cannot be a aubotituto !or evidence froa 

tho intact orgoniam • 

.,. 
It wn~, th~reforo, conoiderod noceasary to 

oocparo the modoo of excretion or n!lotoxin in rota 

1'od on low and hif'.h protein dicta. Falk, Thll:lpoon 

and Kotin (196~) reported tho oppooronce ot !luoroscont 

aetobolitee or otlotoxin in bile, otter adainiotration 

ot tho toXin to rot. Tbo roto or excretion or aflatoxin 

a, in tho bil~ oftor 0 cingle intra-peritoneal dose to 

calo albino rota was ~o~ourod and reported by Boasir 

and Ooiye.ci (1967) (coo Ns.14) ne"thoro oooGiod to be 

no publiahod dntn on tho quantitative patt~rn or 

biliary oxcrotion of the toxJn nnd tho nAture nnd 

•rt1tton of 1ta a tabolito in bile". The 

rJ t.t.a h Y b en oxtat ~d to include • etu~7 of 
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the rate of excretion of the aflatoxin in tho bile 

of roto under two dittcrcnt nutritionRl conditiono. 

In tnblo 19, it is shown thnt }7.5 per cant of the 

ndMiniotcrod doso woo excreted in a twenty-tour-hour 

period by the rota on an odoquato diet an oocparod 

with 28.5 per cont by those on low-protein dicta. 

Analyoio of the bile oocpleo obtninod !roo theae 

rota {tnblc 12) roveolod thnt tho rat on a high­

protein diet excrete coinly conjugation producto, but 

no froo aflatoxin, and thnt the rovorac waa the caec 

for tho onimola on lo~-prot~in diet. Tho activHy 

ot the drug ootnbolioing cn~rwoa is d, pre sod in 

nnil:!olo on inodoquoto dioto (KcLoon and HcLeon, 196" ). 

lt io ovidont that u.o dotoxiclltion o! aflatoxin wna 

doproaood in tbo rat on low-proloin diet. J'\lrthercoro, 

oincc the rot bnc no goll bladder, the potent toxin 

excratod in tho bile ia possod into the duodcnuc nnd 

~1 bo rooboorbod into tho ontorobopntic oyotoc. In 

ouch eiroucotanco, tho li•or tienu~ 1o cont1nuouol~ 

~r.oaed to tho carcinogen. Thin 1 explAin t be 

ob ervation by HadbaYan and Oopolan (1965) that rat 

low-prot in d~al are ora uooaptibl to aflatoxin-

on 
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poisoning than those on adequate diets . 

Tb6 following Qot abolitee of aflatoxin El 
havo been i dentified : 

(a) Aflatoxin H1 ie an oxidation product of 

aflatoxin ~ (Holzapfel ot al , 1966) . 

This compound had been described oa 

' Kilk-toxin ' by Do Iongh et a1 (1962) . 

Variable acounte or this toxin were also 

found in the bile ot rats on low- prot ein 

diet (17 . 4% or dose) and high protein diet 

(9 . 3~ ot dote) . 

(b) Aflatoxin H
1 

glucuroni de is a conjugate 

of aflatoxin K1 end glucuronic acid . 

This conjugate is aoid labile, which 

suggests that it io an ether gluouroni• e . 

(c) Do-cethyl aflatoxin }~ was taolat ed from 

r at bilo . 

l~ 
Shenk and Wogan (1965) tod aoth7l-C -

labelled aflatoxin to rota and recorded a higher 
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iig. 1 6 : Chowo t he propooed PAthwnyo tor tho 

me taboli~ or Aflatoxin B1 in the mam=al . 

A!~ toxin /·!1 glucuronide io tho aajor 

DL t~bolite in bile end urine . De -methyl 

a!lw to~ •AG pr esent only in t ho bil~ . 
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11jo in tho r ir lr n r n -1 11 d 

1 t.oxin u c.L • 1 1 t1 r e1 tl l 

an toxin 1 Cr bil r r l 1 ll rotor rurt.h r 

ll\'id I 0 th t o.1u tb1 tion of tl \Od , J robabl1 

I l oe ln t 1h r. 

l r a. 1 rat ., ror tL• uboli or 

ta.z1 ~ Ulu trated in F1 • • 

• • r 

• • 
• 

r 

• 
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- 1 .. -

A. -
(1) 

I? ) a l unli t" ~Y 

sood yl 1d or tl t Jn on c p k·Dox d1 • 

(ii) lrc rror tio ot 1 b 11 d 1 otof into 

r to.xi • c d 1 in the dditlon 

t b lJ d t ri l tor I oura ttor 

t t ~0 !I c:~ r.e d. 

1 l ,, -
1 tlato.x 1 y • 

• t t • b•tr t , • 

• -

-
r 

t 

• 

r t 
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- 155 -

or the drug pnsced throu8h lhc bile fluid 

in 6 hours. The largo nmounto of radio­

activity found in tho saotro intuntinol 

tract woo probably doriHd !ron~ the excretion 

or tho toxin via tho bile into tho intootino . 

(2) Tho r~tc or biliary excretion of aflatoxin 

B1 in tho rnt wne doter :1 nod. ln the rat 

giv n aflatoxin a1 in n single intrapori­

toncal doso tho pock level, wa" ~tt !ned 

opproxion.toly ?5 minutes aftQr 1d: i.nitltration. 

(}) Chr~ntogr a of bil nnmploo !rom experimental 

r to on thin-loycr pl too of ailica &el G ahowod 

!our !luoroocont opote which corroo ondod to 

r diooctivo rook& on a scan or r proocntntiva 

rndi~-chrocatograc. 

Tho rollorln!) tabolitoa wcr identified: 

(a) All toxin fl1 

(b) Do- o:-th)'l n toxin a, 

) A lu uronido oo~ju t or Cl toxin K, 
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(4) 

- 156 -

At n docc or 5011 EV'Y.s .,, igbt for rnt 
1 

on 

noraal diut 1 froc aflatoxin s
1 

wzus 

nbscnt from bil oarnploo. Bil~ o cplco 

obtain~d fro~ rata ~n n lor.-protoin diot
1 

how vcr 1 contninod free o!lntoxin. About 

15" of the dose llDD cxerct11d in thio torn . 

Annlyc1o or urine oncplo seve two 

blue fluoroocont c~tnbolito • Thone wure 

nflatoxin M1 ~d o glucuronide conjugate . 

Free o!lntoxin wao proocnt in urin~ sacploo 

obt inod !roo rata or l~w-protoin ~icto. 

Only tr coo or nono of !roo nflotoxin 81 

no found in urin fro rnto ou hi!jb­

protoin diot nd tho r bbit . 

(5) R lotivo diotribution of nCl.Dtoldn 

nd ita ot bolit in different or~~no 

ttor n in&l doao (r.OIIG/k ) • given 

1 nt r p ri ton ll.t to lbii'ID r t • " 

• toxin • pr rt 1 t 

lh r 1 idn 1 1 t L 1 l 00 t t • 
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(6) 

- 157 -

Liver slicoo or homog6nRlos we r~ 

propnrod from rato fLJ on experimental 

dioto 11nd u ad to dt'toroinc tho rote of 

dotoxicotion of afl toxin in dtro. 

Liver oa=pleo !roc rata !ed on high­

protein dioto wore found to cetabolise 

the drus f aator than aa:!!ploa !roc nniDela 

on lon-protein diot by fnctor or t hrot . 
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1 . 

2 . 

or 

158 -

COliTRIBUTlON TO KJ.O. LEDGE. 

A now procedure Cot· 

[ 2-C 14 }ncotot;c into 

tho incorporation 

ofbtoxin is 

described . The opocific activity of the 

c14 -lnbclled aflatoxin produc~ wno 

30::1\1 C per m1i 

Evidence is prcoonted to chow thnt the 

rnto of dctoxionlion o1 aflatoxin wnu 

doprooaud in tho rnl fed on a low-protein 

diet; and thnt the circulation of the toxin 

in the entcro-hopotic oyatoo ~sht be on 

important factor in aflatoxin poi~On406· 

3. A pathway Cor the cctsbolic~ of af1 toxin 

in th a= 1 io proposed. 

4, A D • 
tnbolit of atl tox n, d -a tbyl-

!1 lC\dn B1 I 
b o 1 o!Jlt d nd id nLUi d. 
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- 159 -

5. It baa bcon ahoan that !roe aflatoxin 

B1 is oxcrot~d in the bile or tho r at 

while roodins on a low-protoin diet . Only 

oonjugotoo ot aflatoxin woro round in tho 

bile o! rato rod on hish-protein diets. 
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Spoc.L. • 

Aor . Hicr obiologr ~. 

Y'b- o. Production or 

Atlntoxin B oa:l 0 by 

Aopcrgillus FlDvuo in n 

Synthetic Hediu~ . 

J. Choc. Soc . 2169-78 . 

Studios in ~c logic 1 
Cho iotryl ~rt VIl: t ri­

n'\tocy•tln, t t bt'llt 

of /.llpor p 11'!... or . 
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Dickcne, f' ., nnd 

Jonoe, R. E.H. 

Dicke oo , F . , 

Jonon, H - •• • • •• nod 

\'.':1 y nf or t , • . 

Dickens , J . " ., n:1 

Pbttoo, 1 .::;. 

D1oncr, U . L. 

i)lc. r; r 
1 

U. L , , D:lYia, • • n. 
lr~m . W. D., nd 

rl i( •, c. . 
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( 1966) 

(1966) 

(1960) 

Br it . J . Cancer !Z· 691-698 . 

Tho Cnrcinogcnic hClion oC 

Aflatoxin ACtor Ito Sub­

outonooue Injection in 

tho Rnt . 

Brit. J. Cnocor XX, 1}4 . 

Ornl, Subcutnnoouo nnd 

1ntrntr~cboal 'dminietrolion 

of Carcinogenic Loctonoo 

ond Rolntod Subotnncoo: 

Cheo1cal St ructurc nn:l 

Chnr~ctoriotic oC Cnrcinogcno. 

Trop. Science VIII, 11 . 

'ibc EiCoct of Tiao, Tempe rn­

tur" o.1 Moisture on /,flo­

toxin Production in Pllcnuto 

Inoculated with o Toxic 

Strain of ~rJ>illun Fl1wua. 

fbrtnpoLholoty ~. 220-22}. 

The ~ccr or or Po nuta 

in &tor "' • 

carco 142, 1491-149.!. -
• Tox1~ Prod cin£ A r rrtl-

lua I 1 tod tr~ ti 
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- 17} -

Di ener , U. L. , "-vi 11 D U<> I • • 

Rayea, t .. lf. , nd 

Eldridge , D. N. 

( 1966) J . f~o . O!!ic . hn~l . Chom . 

49, 1224 . Production of 

.\!latoxino B1 and a1 br 

J.opo r ftilluo Flovuo in n 

Somiaynthotic Hodiuc . 

V~n Dorp, D. A. , vor Dor (1963) Roc . TT~v . Cbim . 82 , 587--
Zijdon, A • • ~ . , Boorthiuo, 

R. K. , SpurobooiJ , S . , Ord, 

r . 0. , Do J ODF' 1 t. • :llld 

Kounins, R. 

Dutton , '1 . T. , Bnd 

Hontbcot&., J. • · 

Eiduoon, S . ord 
• .. 

Gol,Z.o r , E. 

Eldridce, D.w •• Dnvia , II· D· 

D1onor, U.L . , and 

!.6nillotri, v. P. 

1.1, J , • m 
Vi r 1 • J , . 

(1966) 

592 . Dihydro-h!l~toxin B, 

n Metabolite of Aqpor!illy 

rlavue . 

Bioohoa. J . 101 1 21P-22P. -
Two !low nydroxy-• 'lAtoXinB . 

BiocbCC · fhazDDCOl. 12, 

1429-1435· rho Excrolion 

nnd ~Atoboli~ o( 35s-Labol­

led Tbiorido~ino ic Urine, 

Blood, Bile and Fnocea. 

( 1965) AJytoJ!Atbolo&)' Z!• 495 • 

.Ullltoxin Production b;r 

£epersillun FhYil!l in n 

Chellicnlly D• !ir.cd Liquid 

(196?) 

HodiUC• 

t.rcl. Jbtll · §l. ))-'15· 

A !lilt c:d n 1 • 
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Elliott , T . I . 1 

Robert l< ", J . ~ . , 

nal 'l#illi Ulll 1 R. T . 

Fnlk , H. • , 

Th Dl n 1 , J , 1 

am Kotin , P . 

- 174 -

(1966) Biocho~ . J . 1QQ, }9}-~02 • 

Tho llot nbolioo of tb 

Iooaoric Decalonoa . 

(1965) /~or . AGGoc . Cancer Roo . 

Proc . 6, 18-19. - ibpid 

nppoo!ranco or •• r~ t:o:d.n 

a Sorice of fluorooccrt 

Hotobolitos in Bile ,,Ctcr 

Intr~vcnouo Injection of 

1.1'lntoxin Into Rllto . 

Fiachor , .• , ~lillburn , P . , (1966) 

St11th,N. L . , :and 

Bioohoa . .; . 100, 69P. -
Tho Fato of 14C 

Willi!U:Itl , R. T. 

Por& co 
1 

J . (1962) 

Forsaoe, J . , Carll , W. T. ( 1962) 

For c: , J . K ... oh , 11 •• 
(1962) 

cd .it -~t veno. P,. H. 

Stilboceterol in ~ho ~t. 

Foodotuf!e 34. 124- 1}4 . -
~cotoxicoe1o - tho 

llosloctcd Dioc4ooo. 

,.dYanecc in V11: . Sci nco 

7, 2?J-}82 . ~cotoxico lc . 

,,.,ian Diaon~o 6, '+C:'0-1• '9. -
HJcot oxicooic n . /,nti-

runc l n1 Ant inicot 1c 

Elfie cy or ~1 t 
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For g·c" , J . , Cllrll
1 

W. T . 

and Wh1tc- Stevcno 1 R. ll . 

Frooch 1 8 1 11nd 

Wogenor 1 11 . 

Gajnn , R. J . 1 lleahei.o , S . 1 

and Cncpbell 1 A. D. 

G&r att1ni, s., and 
"-' nboj •, P.A . 

a:Jr dir.e r I E. r . 

1boon 1 "· .c • I and 

rr1a 1 .u. 

• • • • 

( 1962) 

( 1967) 

( 1964) 

(1966) 

( 1962} 

( 1961) 

(19£1) 

Avian Dicooooo &~ }6}- }80 . 

l~cotoxicooio 1: Rolotion­

ol.ip of Toxic F\Jngi to 

Hou ldyfood Toxicoda in 

Poultry . 

llaturo 1 21} , ltOft- 405 . 

Quant it t 1v Dcterl!linntion 

of Conjugated Bilo Ac1do 

in Sorwc in Acute Hopntitic. 

AIIIIOC. oC Agrlc. C1 'II . C.·. 1 -
27-::!8 . Uoto on ldcntiti a-

t ion of Ailntoxino by 

OScillographic Polorosrnphy . 

In t-dvnncea in .ibamacology 

Acadooic Prcao , Vo1 . 4 , pp. 2? . 

Poultry Science , 41, 1}48--
1}50· A Co=pnricon o! the 

?oxicity to Poulto ond 

Chickll of n Cert ain ~onut 

011 ::tnl . 

Vet . ilocord Zl· 1!i0. 

Di uno o! Tur key Poult • 

Vet . !lee r d Zl• 1 _,.,. 
1\lr): 1 1 1 ' Di • 

I t 111 of ltr I • 
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Giboon 1 . lr .C. 

Gibson, W. W. C. 

Giboon, W. VI .C. 

Gyurgy 1 P. 

GyorSY I P. 

Hnigb , O. P. tux! 

Ro~a . H. 

- 176 -

(1962) 

( 1962) 

Vet. Rocord ~. 99-100. 

Toxicity of Groundnut K• 1. 

Vel. Record 74 1 884 . -
Groundnut Toxicity: /~por«il­

lus Flovuo Toxin (Arlntoxin) 

in Ani.onl Products . 

( 1962) Vot. Role orcS ~ 1 981. 

Groundnut Toxicity . 

(19~6) J , ~p . Mod . ~~ 449-462 . 

tnrlucno• or Dietnry 

Fnctorn nne! Sox on the 

Toxicity or CCI4 in Rata . 

(11)58) 

( 1950) 

F(IJ , !'roc. 1?, 7,&-- - . -
llutrH1 1.11 l'.odicir • 

Brit. J. Jbd ] o z t 538-40, ...... 
Urinary EXcr• t.o~ or a 

SUbntnncc nttor " Sinslo Do • 
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- 177 -

Ha.nnhan, D .• , Daokalakio, 

E. G., Ed. ll'd,T., ond 

Dnuben Jr, H. J . 

Harding, J •• .., ., Done,J . T., 

Lewis,~ .• nd Allcroft,R. 

HArris, H. 

Hea.thcoto , J .G. 

Child I J . J . , and 

Dutton, ~ ..• 

Heaaeltino , C.W., 

Sbotwcll,O. I ., ElliD , J.J, 

and Stubble!iold , R. D· 

Uodg9a,F.A., Zunt,J . R.I 
t::itb,D.fl. 1 flcliiOD , A.A · 

.\n:bre t.Ch t • Jl , I Or¥! 

pbell, A.D. 

(195}) Endocrinology 21• 53-5?. 
The Hotobollc Pattern ot 

c14 Diethylstilbestrol. 

(196}) Reo . Vet. Scionoo i• 217- 229 

Exp~ricental Groundnut 

Poiconing ill Pig.s. 

(1964) Nature, .. 02 , 1}01 . 

Breakdo m of lucloor Ribonu­

cleic Acid in tbe Preoenco 
ot Actinogycin D. 

(1965) Biocbem. J . 22~ 2JP. 
Poeaiblo Rolo ot Kojic 
Aoid in the Production o! 

Aflatoxin by A.sper gillua 

Flnvua. 

(1966) Bact. ~views,~. 9?5-978. 
Aflatoxin Foreotion by 

Aape r~llua Flavua . 

( 1964) Schr.c<>, ~~ 14}9. 

Hycotoxina: A!llltox1n 

lsolatrd Croo Penic1lliu: 

5-\lbarulu.c. 
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Hodges, • 

Holker, J . .:;._, 

and Under ood 

Hol~pfcl, - .v ., 
Stoyn 1 ~. S . , -nd 

Purchaot , I • 1 .1 • 

- 178 -

Hornby, R.B., Killer, J .C. 

and Do.bell , J. S. 

Houl)b, J . , BArnard, H. 

and Bo.ollir, o. 

uctcr, O.D., and 

oelo:onhull, J), J.D. 

cl t"'.t" ul 
_., n~ ..... ,_ ... 

( '1964) !len Zealand lied. J. ~, 

112- 11} . Toxic Oroundnut 

Offered !or Huaan Concump­

tion in !le11 z~o. la.nd • 

(1964) Cbe~. and Ind. 186~-1866 . 

Synthoois of a Cyclop no 

Ccucarin Str ucturally 

Related to Aflatoxin B. 

(1966) Tetraehodron Lottoro 

llo. 25, 2799-280}. 
Isolation and Structure of 

AClD.toxin H1 and ~12 • 

(1962) Vet. Record Z!o 52. 

( 1955) 

Toxicity of Orouodnul Heal. 

naturo, 175, 716. -
Urinary Excretion ot a 

&ubotanec After a Singlo 

Dono. 

(1955) Bioeboe. J . ~. 268-272. 
Actin~ycote Hotaboli I 

Incorporation of 111C-Labo1-

lod cocrounda into trer~ 

tCIIJCin. 

a.... t ,, '" ' Hc:uo.~"-" f h 

C.'-*"''•;·~' 1u._ r t u '' 
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D; lonf;h • H ·, Beertbuie (1962) 

R. J< ., Vlea, R.o., Brcrret , 

C • B • , n nd Ord , •1 . 0 . 

Do Iongh , i. , nee , J:l . o. 
and Von "' lt, . J . 

De Iongh, H. 1 Van Pelt, 

J.G . 1 Ord , •• , o.nd 

Bacrrott , C. u . 

Jacluion, C. R. 

Julul or. 1 S , 1 and 

Orocz.i, E. 

(1964) 

(19(4) 

( 1965) 

(1964) 

Biochoc . Biophya. Actn §2. 
548-551 . Invcatisntion ot 

tho Factor in Grounrt:ut Heal 

Roeponaible !or'Turkoy X 

Diaeaeo 1 • 

llature 1 20Z, 466-467 . -
!ii!Jt of 1-'Jin.,al fed on 

A!lo.toxia Containing Diet . 

Vot. 1!\.ccrd 7!, 901-902 . 

A ae:1- quant1tatiYe Ootorni­

nmtioa o! A!latox~ B1 in 

Groundnut Heal, Groundnuto 
and Pvanut Butter . 

Trop. Scioaco VII , l?-)} . 

Growth of Aopergillua Flavue 

aDd other Fucci in Windrowed 

PltamatG ill GeorGiA ~rt VII . 

llaturo zo-, , 861-862 . -
Extrncta ot Nold-Intoctod 

Peanut SAmploa ia TiDauo 

Cultuu . 
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Kl.im. t , B. , uld 

Kru7.n 1 B. 

Koohlor, B. and 

Woodworth, C. JI . 

- 180 -

Lancaotor, •t. . , Jenkins , 

~ . ~ . , nnd ~ilp , J . MeL. 

Le Broton, E. , Fray-

Clinne t, c . , o.nd Bo1, J · 

Lo~t.or , H. lind 

1t1n U: row, A • 

( 1962) 

( 19}8) 

(1961) 

( 1962) 

(1965) 

(1964) 

Vot . Record ?4 , 16?-160. -
Toxicity or llitrofurazone 

!or young ducltllnga . 

Phytopntbolvgy, ~~ 811 . 

Viroaoonco , (Palor or 

Loavaol in Corn Seedlings . 

llnturo 1 192 1 1095-1096. 

Toxicity Aaeoeiated with 

Cortll.i.n Sa=ploa or 

Groundnuto . 

Coapt. Rood . 255, 784-786 . 

Sur l' ApJ14rition d ' llopatoooe~ 

(Spoatoaee~) Chezlu Hat 

Wistar Role de la Tox~a 

do l' ADpers:f.llu.o flovua . 

quontitntivo Dotorcinstion 

or Atllltoxin in Oroundnut. 

J'roducte . 

J . ADo . Ot!ic. ~ric. Cbo~­

ote 4? , 1007-1109. -AflAtoxin I:f.fnct on IIi tot ic 

DiYiaion in Cultured 

t=~rJonJc L~ng Colla. 
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- 181 -

Lij i rwky, \V . , Rnhu , C. R. , 

a.nd Chest nut, A. 

Lijin.aky , '' . , and 

Butlor 

Loosomor o , R.H., and 

Markson , J . "! . 

Looaomore , ~. '{., and 

Harding, . t . J . 

( 1961) 

( 1966) 

(1961) 

(1961) 

AnD.lyt . Chom. }.21 1448-1 t4 • 

Det ection of Polynuclear 

lfydrccor borus io llixturon 

by Fluoroacenco Spoctr oscopy . 

Proc . Soc. Exptl. Diol . and 

ltod . 1?~ , 151 - 15'+ . -
PllrH .J: tion " i ::' x:1e ty 

of Arlo toxin G1 • 

t . R cord 73 , 81}-814 . -
~ 1son1n~ of C4ttlo by 

Drozilliao Groundnut Mool . 

Vot . Rooord z.l, 13(12-1}64. 

A Toxic Foetor in Br~illioc 

Ground nut CoUDi II& Livor 
DoJ::oge in Piga . 

Madho.Ynn, T. V., and 
(1965) Arob . Path . ~. 12j- 127 . 

Oopalnn , C. 

J!~io , a. r.. ( 1967) 

,._.r1 1 U. LurAio,R. f . • . ' ( 19 7) 

. '". . . ~ o.rcia,v.c . 

Effect or Dietary Protoin 
on Afln toxin Liver Iojur7 

in lloo.nlilli> Rnta • 

1/:l t uro ill• 247- 249. 

Treat ont or ~ta rr oo 
Urinary Excret ion. 

• 1 t uro ~· 75)-7 

Cry• t allir Ml.ot d 

Dru 

1 
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- 182 -

Hatoluo , R. I ., and ( 1965) 

Adye, J . c . 

He Donald 1 D. and 

Harknoas, C. 

McDonald , D. o.nd ( 1964) 

Barkneas , • 

McDonald, D., bardno11o , C., ( 1964) 

o.nd Stoncbridge , W.C . 

Wc:Dono.ld, D. , ond (1965) 

Hark no 110 , C. 

(1961) 

Appl . Microbiology 1~ , -
208-211 . Production of 

Aflatoxino in Subcorgo~ 

Culturo . 

Trop . Scionco ! • ~OS-214 . 

Gr,..wth of Aspe r ld.llun Fln•tu/1 

and !'rl)duction or A ·.t.· t xin 

in Ground nuts PtU"t I-I . 

Trop. Scicnco VI, 12-2? . -
Growth of Aaporgillua .i"lavuo 

and Production o! Aflatoxin 

in Oroundauta Port IV. 

Trop. Sciunco VI , 1}1-154. -
Growth or Aaperplluo Fl.avull 

and Produc tior. or Atl.o loxi.n 

in Oroundnut 11 Port VI . 

Trop. Schnee ill• 122-1}7 . 

Gr owth t! Acporgillu11 rlovuo 
an!! Production or Aflatoxin 

in Groundnuto I'Drt VIII . 

llaturu , 192 , 92 . -
Groundnut Vario t y , I n1 

Pintar • 

• 
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Kcl.ru-non , J . 

llcLolln, A. E. H. , nod 

., T-
nC.I.IVO.n, • • 

McLear. , A. E. 11. 1 nod 

WHochi, H. P. 

- 18) -

( 1962) 

( 1965) 

(1966) 

Head , J . A. R. , Scitb , J . H. , (1958) 

ani oill~a. 

Mellacby , Lo.to £ , 

{Foro•Ar~ by 

~ ll&llby 1 ... ) 

• • • 

(19!i6) 

Chco. ned Ind ., 1490. 

Tho Dotoction or ADpt r gil­

lue Flnvue To~in iD -
Groundnut He J.b. 

Bi ochea . J , Cfl , }1P. -
Diot 'l....c r o ca!ll Enzyme a 

e nd Carbontdtracblori~o 

Poi ooniDr. 

Bioche~ . J . 100 , 11P. -
The trrcct or Protein 

Doplotion on Torte Li' 'or 

Injury Produced by Chl or o­

rora , Diaotbylnitrou&Aioc 

ntrl Borylliw::~ . 

Biochc: . J . 68 , 61-6? . -
De t oxiclltion Y~cbAniaa 

(LXXII) Metnbolia:: of 

Coucari n ond o1 O..Colllloric 

Acid . 

Dr it . J . llutrition 10 , ?64 -
Prelildnal'Y f);porko ul e on 

tt • Etroct of t'..Hhitlrt.ine 

C lpboxiAino oo tho Dn l op­

in Chick ar on ~rona-

pl ~t 1 Tu o ra . 
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Van dor Horwo, 1 • 

Fourie, L., cud 

Soott , de , B. 

- 184 -

• I 

~~llburn 1 ~ . , Suith , R. L. , 
nnd 9/illiame , 1<. T. 

Killburn, P. , S!Uth , R. L. , 
and VlillillC!l, R. T . 

Hiniatry or Health . 

Hood7, D. £.t:., ond 

(196}) Choo . nod Ind . 166o-1661 . 

On tho ~truoturo or tho 

A.!latoxins. 

(1967n) Biochoa . J . 105, 1275 -1 ~81 . -

(196?b) 

Biliary Excretion or For lf . 

Coopounde: Biphenyl, 6til­

booetrol and fbonolpbtholoin 

in tho lbt: HoleoulAlr fi'oiE;bt, 

Polarity and Mctnboli£::~ oe 

Factcre in Biliary Excr tion . 

Biocbom. J . 105, 128}-1'~7 . -
Biliary Excr etion or Foroirn 
Compounda: Sulphonamide 

Drusa in the Rat . 

(1962) Circular No. 2282 , Franco 
( l'tlnn:~&ceutical Le(;iDlotion) 

quoted in 1 AdYDr.COD 1~ 

Fbarnocology ' Vol . 4, pp . 288 
( 1966) . Acndo~1c Pre sa. 

llature, 195, 29ll-29!.i . -
Toxic Producla in 

arouodn~<tG . 

(1964) ~ turo, ~· 188 
lUo netic rr.oth da f 
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- 185 -

More on , S . R. , ltxi 

Plott, a. s . 

Korr ia , 1 • J • 

lla.bnoy, J. , and 

Hoobitt, B.F. 

lie! ··bitt , B. F' . , 0 • Kc lly , J . , 

Sa.rgc lnt , K. , >nd 

Shor idan, A. 

!loobitt, • r., Hnrtley, 

R. D. , n d '~ lly, J. 

lioabit t, B .F . , nnd 

r::~bnoy, J . 

( 1962) 

( 1960) 

(1964) 

(1962) 

(1S6}l 

( 1965) 

fi lrition ~oc . Proc . 21 , -
XXXI . Tht othct ot tho 

Prott in \'nluo o! tho Diet 

on tho Toxicity o! P-Acino 

Propionit rilo . 

llnndbook or tlicrobiology. 

Von llootroaJ Co:Dpany Inc . 

llnturo, 203, 862 -
Determination ol Aila toxin. 

llnture 195, 1062-1063 . -
'l'oxic Hotabollteo of 

Aspergillus tlavua . 

Uature, 198 1 1056-1058 . -
To~ic Metobolltaa of 

Aoporgilluo Flovuo. 

~nalyot 90, 155-160. -
A Spoctrophol~ctric 

tlotllod tor Doterninins 

tho Atlatuina . 

lie .oi::s , s ., a.we, D. 

tolorr, L. , and 

<1?64) J, As • orne. A!l1'1c. 

Choninta, '•7, 586 • -noto on Aflatoxin Anslyo14 
t; 11 1 A. D. in Pe•nuU AI t 

Pr I cu. 
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- 186 -

l•esboiJ:la , s . 

llowbernf , P . ~ •. I nd 

Corlton, ..... . 

!lowbern, 1 •• , loran,G . ll . , 

nnd Hall, "' · 

Olliyoci, - . 

OeiyQci , F., Bobnbuno1 , 

E.A., nml Bnooir , o. 

( 1964) 

(196}) 

( 1966) 

(1964) 

J . Aao. or.h. . 1.1 ric . Cher~ . 

4?, - 1010-101?. eycotoxina: 

Studies of tho Rnp1d Pl'ocodurc 

!or D1tor.Dination or AtlntoxJn 

in Punnuts, 11: Dnut Moal nnd 

Pvnm.tt But tor . 

~·od • Proc. ~. 262 

Hepatic Chans•c in Dueklinco 

After Feeding Certain Pvanut 

KoolJJ . 

T. r;ut rition 90 , 123 -
Etfoct of Diotnry ~edifica-

tion on Roeponse of th1 

Duckllns to A!ll3toxi.n. 

P.rclicinory Studies on tho 

Phyaico-Cbccionl DotcrciDA­

tion of Vitamin-» in Soruo . 

,'I.Sc. Thceia, p . 51 . 

(196?) Woet Afrjcnn J. Biol . and 

Appl . Cho~. 2• }1-J? • 
Studios on ADporgilluo 

Elpyun L1 nk nd lh llot.a­

bolitoo }. Production or 

Allatos.in in Cultur•a or 

AJI~r Uluo Flllvuo. 
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Pnt e r oon , J. ~ ., Cr ook, J .C., ( 1962) 

Shand 1 . \ . 1 Lv•1.:s, G. 1 and 

Aller oft , .~. 

Pnttineon, 1 ., ~nd ( 1965) 

Tbor nt Oh , - • 

Plat onow , II . ( 1964) 

Plat t, B. S., Stewart, (, 96Z) 

P.. J .s . , all1 Gupta , s .R. 

Po1111 , VI . A. . 1 and 
( 1964) 

Goldblnt t , L. h • 

Vet. Record~. 6}9- 640 . 

Or oundnut Toxicit y no tbo 

Cnuso oC Exudative Uopnt itio 

(Oodomn Diaonoo) of Guinea 

Pigo . 

Trop . Science VII, 6?-?4 . 
Tbo quality oC Unabullctl 

Grouodnuta in the Gac:bia 

ttith !ipocia~ I\e! or ence to 
Insect and Fungal Attock. 

\'ut . fkcord , ~. 589-590 . 
Eft ~ct ot Prolonr,od Foodins 

o! Toxic Oroundnut H~al 

in Hioe . 

!lut ritlon Soc: . Proc . 21 , 

XXX- XXXI · The Chick E=bryo 

811 0 Teat Orgcnia::~ !or 

Subat&ncoe in Food . 

J. Aocr. 011 Cbe::~ . Doc . 

., , t 59· 
Dc;;mim tion or At la t oxin 

In Cotton need P.roduct o. 
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Prydo, J . , and 

Nillinms , R. T . 

Pryor I B . r . I 'Uid 

Sl ;..tor, "" . , 

Rainbow , C . , on:l 

Roaa, \ • . 

(19}6) Biocheo. J . ~. 794-?98 . 

( 1967) 

CXVI: Tiae BiochcJZ~iat ry and 

Phyaiology or Glucuronic 
Acido . 

VI : Tho Excr ot ion o! 

Etha r oal Sulph_t~ by tho 

Rnbbi t Following tho Adcic-

1otr ation or Phonylglucooidoo . 

Biochcm . J . 10}, 49P- 'OP. -
Chnne;oe in tho Acid Jlydr o­
xylaeos Content or ~t Bilo 

during ~naoethoain . 

(1963) In Biochemistry o! Induotrinl 
Hicroorganiac pp. 2}6 (A. P. ) 

J!a.:allinsOJJwnni , Bbuy n , . N. 1963) llut r ition Soc . Proc . ~, XIX 
llcyo.k , JI . C. 

1 
and I) 0 , •1 . • Ercoc: t or Diotary Pro t ein 

on Hepatic fribrlnogenoaie 

Rooa 1 
(1966) 

• ' I 

11 , t: •• , Cl11tord, 
( 196?) 

. I ., an4 D~ ¥ene 1 H. E.H. 

in Albino !Qta . 

llaturo 1 2091 }12-}1}. -
AflDloxint A oit o of ~ction 

in lhO Rat Livor Coll . 

Bioeho • J • .1Ql1 .!58 
Tho Eft e t ot tho AflDtoxin 

n, I Q1 1 2 On Prot 1 

1111 laic J.c:id S7 ttl a 1 
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Richord£on 1 • ~ . , 

Wllioa 1 :> . 1 Jodwin 1 J . 
1 

and Pierco 1 K. R. 

Richmond 1 .J . 1 • , 

Sutclit! 1 , . L. 1 Davida , 

II ••• 1 fO"t;i tt, ~> . R., ond 

Coppoc 1 J . D . l'l. 

(1962) 

( 196?) 

J. liu tr. ?8 , )01 . -
Ettect o! Mouldy Diet ond 

H~uldy Soyoboon Honl on 

th~ Gro rth ot Chiou 

and Poulto . 

Vet. !Wcord ?It , 962 . -
Factora Other tbon Grouodnut 

in tho Production or 

Aflatoxin. 

Robin4on, P. (1967) Clinical Pedi&trioa 6, 57 -

aro.n 1 A. J . 

a,-ao , A. J . , and 

l'rigbto , £ . 

".:l.aon, .D., llo•borfto , 

f . M., and Pr'ckett,c.o. 

lntnntilo Cirrhooic or 

Liver in Indio with Special 

Rotoronco to Probable 
Atlatoxin Etiology . 

(1961) Science ~. 3J · 
Albiniaa in Citru' lnnta. 

( 19(;1 ) J . fba~cy end Hlnnucolo&J' 

(196}) 

XIII , 492-495· 'Ibe 

Excretion o! Sol:D J.z.o Dyoa 

in Rl\t 8114 · 

l)iotn 
Fed . Proc. ~' 265 . 
Hop•t~a in R2ta FWd 

Containin& Co:.-erci 1 E-. 

ttonl . 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 190 -

Snlmon, W. D. 1 and 

llo11bor no , P. H. 

Sargeant , ~., O' Kelly , J . , 

Co.rDZ~ghan , R. S . A., 

nnd Allcro!t , , , 

Sar geant , K. Shoridan , 

Ann , O' Kolly , J . ~ 

Carnaghan , R. b . A. 

Sa.rgt nt. , K. , Corn glllm, 

R. <.,.. 1 nd .. llcro!t, R. 

fi<:hd.d t , E. L . 1 and 

Bankolo 1 1:1 . • 

lloo•r 1r;ht 1 A. A., 

MeLoan , A. r:. M. 

a~ 

(1961) 

(1961) 

(196.)) 

(1962) 

(1966) 

Cancor Roo . ~. 571 -575. 

Occurroneo or llopotomoa 

in Ra t o fed Dio t o Cont aininG 

~nnut H~ol oo n Major 

Source or Protein. 

v t . cord :U 1 1219- 12 }. 

• 1«. '"' ay or Toxic Pri ,J. 1. 

in Cortcin Grou~nut Hoolo. 

1/aturc 192 1 1096-1097 . 

Toxicity Asaociatod with 

Cor toin Samples or Gr oundnuto . 

Chcr . , ~ lnd . 5) . 
Toxic Producto in 

Ground nuts . 

Science ~. 776 . 
Detection o! .~por(illuo 

Flavuc in Soil b7 lm::uoo 

Fluorescent Staining. 

BiocbcD. J . ~· 11P· 
E!foct o! Oarbon/Tolrachlo­

rid• 00 Prot ein S7nth 111 1 

Ion Tran.aport and tacroo 1 

De ethrlation in Uwer 11 • 
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WOG4n I ' .t •. 

Sc.ao.:ntnl 1 ~ . 

s5.-IO lntol, R. 

• I nd 

White 1 s •• t • ... 

~roodor, H. r.. 1 nnd 

nebworth,Jr ., L.J . 

• • 

illr, .'1., ant 

tl•r, D. , 

- 191 -

(1965) 

( 1961) 

(1965) 

(1965) 

(1966> 

(1961) 

Fed . Proc. ~. 62? . 

Distribution and Excretion 
or c14_Labell. d \!latoxin 

• 

Brit . J. C~ncor , !2o 812-19. 
Livor Ch ngea \nd Priiary 
Liver t~oure in Rato given 
Toxic Guinoo Pig Diot 

(H. R.C. Diut 18) 

Biochea. J . 88, 57P. -
~Jrroli~idine (Senecio) 

Alkaloids and their 

Hepatotoxic Action. 

1/nturc, 205 , 5?-58. -
s,fl 1 toxin and 1 Albinil:c • 

in PlDntD. 

Phytopathology ~. 464-465. 
Ule toxin in Spnnish Pl!nnuto 

in Rolotion to Pod nnd 

Kornol Condition. 
~ffl• >'ltt0'9\o\ o\ ,1A.- o ~~ - 10"1.1 
p,.c; _. \1\ ....... , .c ~\\-."C..•"" ,, 'f'"•CA,. 

Appl. Kicrobiology ~ 

}79-)82. &!!eat o! Corn 

Stoop Liquor on ~colinl 

Orowth o..ad .Ulatoxin 

Production in o\JipOJ'Itilluo 

pnraci Ucuo . 

'ibo 

cord Zl• 1,¥1·1')8. 
f t r -

1nc\r .,. of 1\&rk t 
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Siok?vic , B. ( 1961) 

Sinnhubor , R. 0 . , W~lloa, J . r . ( 1965) 

Engebretoh,R. n., Amend,D . ~ .• 

Kroy,W.D. , Ayroa , J . L., ~nd 

.'<Dhton , '1'1 . 1 . 

Sinnhubcr, R. O., 

Wales, J . H., nod 

Loo , !) •• 

Slcltor 1 T , 1 • 

Soartt , J , 

Ce.itb , r. . H. 

•itb, ll. H., and 

.. 

(1966) 

(1966) 

( 1960) 

( 1960) 

(1962) 

Vet . Rocord 22• 86. 
Diaooao ot Turk y Poults . 

Focl . Proc . ~. 62? . 
~!latoxin in Cotton ~ood 

Monl nnd Hep•to~a in 

R.'11nbow 'i'rout . 

Fed. Proc . ~. 555. 
Cycloprenoido, Co-Cnrc1oo­

gono tor Aflatoxin-Induced 

Hopatoaa in Trout . 

B1ocho~. J . 101, 16P-1?P. -
In Vitro Eltoct of Carbon 

Tetrachlor1do in Rat Liver 

"'ior lSOCC IJ . 

Jlllturo, 186, 1070-10?1 • -
Genetic InntiJbilit;y and 

Out crooaing in tbe Ground· 

nut Voriot:r ll!ani Pintu. 

Vat . nocord ?2, 6 ' · 

Diotooo ol Turkc \ltiJ, 

!111turo, .121• U01- 1,0.}. 

Hepatotoxic Action of 

CbrOOAlo&r phicall1 op r • 

ted rrnction or AnJ rcil· 

~ D ,vL,a. txtr ct• · 
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Seith , • • ( 1963) 

Strlt h , R. H. (1965) 

Sponsley , P . c. (196}) 

Sponnloy, P. C. 

Dporn , -1 Di c ,.. ( 19::6) • • , nE;I!I!lD o · " · , w 

Fbe , • L . , ond 

\7 &\ID, 0 . !1 , 

t ro, r.J. ( 1962) 

Biochcm . J . ~. 50P- 51 p, 

Tho Influence or Toxino 

o r h&po r ,P.lluo Flnvuo on 

t he lncc,r por. tioo or c14 

Loucino into Protoino . 

Bioch• • J . 95 , 4>P. -
Tho Inhibition t Atlino 

Acid hctivntion in Liver 

ond EcJcber icbill Coli PNpo­

r ationa by A!lntoxin in Vitro . 

Endeavour 2Z, ?5. -
Afln~oxi.n: The Active 

Principle in Turkey •x• 
Dioonea . 

llaturo , 19'7 , }1 - }2 . -
:uspc r~tillL n .. "u 00: 

Groundnut • ric ty. 

Science, 1~1. 15}9-154~ . -
IJlatox:in B1: Einc!ing to 

Dlli\ in Vit ru , cud Altor ntion 

.l! Rll• Ho t.aboli.IICI in Vivo. 

I:Ut rHion Rovicwo ~· PJl • "?-
}}8. t(rcot o:dco ia: Foo.t-

bor no f'ung 1 l>iooMO· 
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St a r n , B. E. 

Stovons, J .J . ' Saunder , 

'.II., nd Sp11nco, J . B. 

Svoboda , D. J . , arxl 

Higginson , J . 

Sdntonky , J . v. 

Ta.ylor, ?1 . nnd 

Scrntcbcrd, T. 

( 1S55) 

( 1960) 

( 1964) 

( 1957) 

( 1961) 

!heron, D.J . J., Liobonbcrg, (1965) 
. , and Joubort, H. J . B. 

11!\ture, 175 , ??6-777 . 

Urlnnry EXcretion or o 

Subotanco Alter a Singlo 

Doau . 

Vot . Rooor d 72, 6< ? . -
Investigation int Diaonoo 

ot Turkey Poults. 

Fe i. roc. , ~. }61 . 

lilt r • tructurAl Lcaiono 

in Rat ond Honlcoy Livc:or 

Duo to /.!lntoxin. 

!loturo, 179, 98 . -
Excretion Equ~tiona and 

Intorpretntion tor Diijitoxin. 

Bioctloc . ,1 . 81, 393-. - • 

'nlo Hotcboli15D or 4-·· · 

Progoatcroeo i~ tho cat . 
BilinrT nod UrlnarT Excretion 

or Conjugated Kotobolitea . 

:lc.turo, 206, 908-909. -
HiatochociatrT and El ctron 

HieroacopT ot Acuto Liv r 
JAaiOIUI indue d by Arl toxin 

81 in vucklin&G · 
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Tropical Product Institute 

Tropical Product Inotituto 

'l'ulpulo , • , • , Hadhnvo.n , 

rull Oopol n, c . 

Tulpulo, d • • t (LD 

Nl Ron , K. 

• 
t:cbr l4t, W.W. , Burr1.B , 

R. f . , ~d Gtou!!or , J . F . 

7 D Der UJ~en, , .r..#i., 
1. nct1okoolanll id, W.J..,. . • 

' .. rr t,c. ·. 

. . . ' d fb1l ' J. 

(1962) 

( 1964) 

(1964) 

(1967) 

( 196C.) 

( 1962) 

Roport of the Intor­

doportcontol Working Party 

on Oroundnut Toxicity, 

Roooorch on Toxicity 

IIOIIOCiJltud , itb Cortnin 

BatcheD o! Oroundnuto , 

Rorort llo . 06 on the 

PbyDico-ch&-1Col acthoda 

for the Aaocoamont of 

Atlatox1n in Grountlnuto or:tl 

Groundnut Producto . 

L~ncot , l • 962-96}. 
Effect of Feeding k!lntoxin 

to Younf Monkey . 

Vorictnl Di!fcrcr~oo ot 

Groundnut in tbo Production 

ot ,·.ratoxin • 

~(;lnOIIIotrica Techniquoo 

4th Ed . ' P• 18.3 I t'.11U10DpOUR 

Bur~~t~llll l'\lbllohiof! Co • 

11 turo, ~, 1060-1061 . 

Iaol tton of Cryot lline 
81 or, bl 

rons of Todn 

tar 'i\1rk•1 X D1 ••• 
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vnf..yl, •\ . 

Vioacr, s . ,·, , 

Vi4aor, r; . /,. 

( 1957) J . £ndocrin, 16, 21} . -
llot€l on the E!!ccta or 

lbyro1d•ctocJ ned ihyroid 

lloraono ndcinistrntion on 

tho Concont r~tion or Bil~ 

CholeDtllrol nnd Cholic /,cid , 

(1967A) W(ot /..Crienn J , Biol. lld 

•'•ppl. Chea. ~. 35-47. 

Studil.., on /..aporgi.lu Flavu11 

Link and Its Metnboliten 

( 2) , Tho Coapooi tion or tho 

t~coliuc and the In!luonco 

of Vc.rioua 1~ Ca.rbon Sou.rco 

on th~ Xatnboliao of the 

Fu111 'Uu Grown in Durrnco 

cultv.reo. 

( 1967b) ll'clit African J, flio • N 

Appl. Chec . 12• 1-· • 

GtuJies on aaper~~ 

(1967c) 

rl YUII Link and itD Ketftbo• 

litOD, PDzt 111. The 

Production o! Quinonoa , 

Weot Alricnn J , Biol. nd 

Cho • 10, 11-18. -
StudiOII on Aaper~llua -rlllv'"' Ldnll n-1 lu ' t 

rt 1 ~ • Th 1 nllu • 

on t 
lit •• 
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Vlat cr low , J . 

Wild~nn , J . D. , StoloCr, 

nnd J cob a , R. 

Wi lli.nmo 1 , I . 

wnuamn , R.T. 

Williooo , R.T., Honeon, 

· , f ., nd JUllo , a .T. 

( 1950) 

( 196?) 

( 1964) 

( 19}8) 

(1944) 

Lancet, 1 , 908- 909. -
Liver Cholino- Ect oraoc 

in ~lnuriohed Infant e . 

Biatechnol . and Bi?cng IX, 

lt29-~}7 . Mla t oxin Produc­

tion by a Potent J.aporgil­

lue navua Link laol:ot o . -
J . llut r ition ~. 'j? . 

Roaponae o! the Liver t o 

Prolonged Protein Depletion. 

Biochec . J . ~. 1849-1855 

Studies in Detoxicat ion 

II(n): Tho conjucntion of 

Ioocoric 3- Monthanol wit h 

Glucuronic ~cid end tbo 

,.aoycot r io Conjugation of 

Dicenthylglucuronide, n 

!low Conjug!ltcd Glucur onide · 

lliochoc . J . :XXXVIII ' 274- 279. 

/, .,tudy of tho Dotort~ination 

of Glucuronic t.cid bt t h 

i 1 Roactlor. ' llapbt hor ocor c no 
dth tl:o n:o t o lllctric 

Abeorpt lo::our. 
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71illiru:a , R. 'I'., and 

Pnrko, D. 'Y . 

WilliJlClD I :J. T. 

Jondorf, li . J< ., and 

Pa.rku , D. • 

Willi!I.Cl5 . • I • 

- 198 -

lfilli "c , R. T . , Elliott , 

r .. , ,,.~ Pnrko, D. v. 

Ti'iUiQ.CIJl , R. 'l' • 

(195}) 

( 1957) 

( 1959) 

( 1959) 

( 196}) 

Willi~ , R. T ., Scitb,R.L., (1965) 

llu1 IUllburn , P. 

Biocboa. J . ~. 2}1 -~ • 
Studios 1n Dotoxic~tioo , 

49 . Tho Kotaboliao or 

B"'nzono Cont ainins 14c-

Bonzllno . 

Biochom . J . 6<; , 14P-15P. -
Tbe Kotabol1o•. o! 14c 

Hoxocblor oot bano . 

Dotoxicotioo Kochaniaco, 

London, Cb5pc~on end Hall 
LWtod . 2nd Ed . pp. 48 . 

Biooho~ . J . ~. 19} . 

'>tud iva ic 0.. toxication . 

The Hotcbolioa of Cycle 

14c Kexono and Ita 

Dori•ativoo . 

Clin . AI .r." · n:l lbor op 

11 , Z}4 -?Suu Lc tion -r:cehiUii- L ~·,o. 

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

UN
IV

ER
SI

TY
 O

F 
IB

AD
AN



- 199 -

Willi.aa::J 1 R."' . 1 Iveeon 1 P. 
1 

:~nd Park 1 D. 11 . 

'il'illillt.!e 1 R. 'I' . 

lognn, • • • I IJid 

Fried n 1 • " • 

Wo0an , Q , l, , 

l'Abn:Sor 1 K. 1 Xnlboror, • • , 

Y.roia, W. 1 ond Rutscb­

nann, J . 

Z:JcY..ori:Uin 1 '' . J . , 

P.ooo, Y. . R. 1 Inonnn1 D., 
aa2 r~t. to 1 1. 

(1966) 

( 1967) 

( 1965) 

(1966) 

(1962) 

(, 967) 

Biocbon . J . 100 , 28P. -
The Kotobolic Fnt.o ot 

14c - rbo noxolono in 

the r, t . 

fed . Proc. 26 1 10Z9-10}Z. -
CcupW' t.ive Pol tern of 

Drug Hctnbolism. 

Fod . Proc. 241 627 . -
Effect of :.rlntorln B1 on 

Tryptophan P.yrolaeo Ioduc­

tion in R3t Liver. 

Bnc t oriol o Rev . i21 4Go-470' 

Cbeaical listuro ani Biolol -

cnl Effects o! the ,UlatoxinD · 

LM:I!I c 01. .!.! ' Bioc o 

5 c; "'"'lc Hctobolico of 
5} • o il) Md 
Tbiorida-&ino (Mollar 

f i to P,yrrolidino ono o 
AIUlloi)UOD in the Jbt . 

tlntu re, ~· 81 i4-315 0 
1 • or A!latox n Site of ,,ction 

in Huncn Livor Cell in 

cuuur o . 
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