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I I 

/.BSTR/.CT 

1111 initial experiment was carri3Cl out on the 

variation in the production of toxins with days of 

incubc:.tion by Aspergillus flavus Link 9ro11n on palm sap 

raedium. This was compared with the production of toxins 

by the fungus grown under identical conditions on the 

yeast extract sucrose mediun. The attendant variations 

in pH an·' weight of myceliill 1111!.tt were recorded. Peak 

production of toxin on palm sap medium was observed on 

the 5th day of incubation while peak production on 

yeast-extract medium was on the sixth day. 

Further investigation of some physical characteristics 

of palmotoxins Bo and Go have been carried out, Ultraviolet, 

Infra-red, Nuclear magnetic resonance and fluorescence 

spectra of palmotoxins Bo ruid G., have been obtained. When 

compared with known aflatoxins similar features are 

discernible. 

The suscc,>tibility of 20-day 01 1 ::nts to sub-lethal 

dosec of pal.Jroto�'ins Bo nnd Go wcr� tested. Decrease in 

weight in rel :1tion to do:.i\ge; increase in th1, value of

serum glutamic-oxaloacotic acid tra.nsaminase nnd serum 

alkl\line phosphn tase, vthen coriparcd with control Animals 

injected wi ::, c.:1rrier uolvent, were observed in the case 

of palmotoxi.n Bo. Thero w.:1s, however, no rcm.l.rkable 

di!ferencc in the .:1bovc iudiccs of toxicity for ruiimals 

treated with palmotox:i:, Go. /,nimals txea tcd with 

a!latoxin a
1 

were als:> used for compr·x ison.

Th- met 1bolism , ,f L\fla toxin B
1 

and nflatoxin G
1 

in
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the rat� vitro have been comp.�red. Tiro metabolites 

of aflatoxin B
1 

believed to correspond to z.!latoxins 

1-1
1 

and B
2a respectively were observed on t. l.c.

Similarly, two isolates from aflatoxin G1 
- probably the

•Gti:1 nnd G2a were also observed on thin layer pl.,.tes.

The r�t liver microsomal fraction hydroxylated and

dcmcthyl�ted .ulatoxin a
1 

at a higher rate than .ulatoxin 

Gl.
The effect of v,-iriation of co-factors on the enzyne 

�ctivity o! the microsolllill-plus-soluble fractions of rat 

liver with respect to the metabolism of palmotoxin Bo 

.md palmotoxin Go were investigated, Effects of 

vnriation of the concentr�tion of NADP and changes in 

the pH of incubation medilllll on the dcmethylation of 

palmotoxins Bo nnd Go were also investigated. Optimal 

conditions for the metabolism of palmotoxins Bo .md Go 

were thu5 obtained. 

Species variation in the 1 in vitro' metabolism of

aflatoxin B1 have been confirmed using eleven 001?1JT1only

availabl-2 species. Using methods ident fcal to those for 

the study of afL'ltoxin B
1 

metabolise, the metabolism 

of palmotoxins Bo and Go h�vo baen lnvos'tigatad in tho 

same animals, using both livor slices anc\ mierosomal­

plus-solublc frnctions of their livers. In general, a 

higher rate of metc1bolism wr.s recorded for a!latoxin 

a
1 

in tll test animals than for palmotoxins 30 and Go. 

The trend in metabolite foxuction from aflatoxin 3
1 

and 

palmotox.in Bo c1ppec1r sim:'.lilr. Evidence wa:, obtllined 

to show a great variatio1;1 � th0 amount of isolates <1nd 

th1· d...i;;cthyl�tion by test r.nilllnlJ.. 
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The effect of phenobarbitone treatoent of animals 

on the enzyce activities has been studied. Pretreated 

animals showed a higher rate of hydroxylation and 

demethylation in illl three toxins. C.U:bon monoxide 

inhibited tho hydroxylation and dcmcthylation of the 

toxins. 

•
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I II 

QUOTlTIOI or Hi1£R.EIC&f 

Tu followiug •1•te•• of 4uotat1on of reference• 

•1r1 adopted in. thi• tbeai11

(1) For a einglA author - the n1•1 of tile author
and tha 7ea.r of publloation.

(il) ror two to four author• • tha no.a•• of the 

author• a.11d tba yeu of publloation, 

(1.11.) ror fi•e or •ore authors - the n�•• of the 

author firat aentioned acoompan1ed b7 et al. 
--

and tu 7eu of publication, 

zu 8Yetem of Journal AbbroYiation 

The 11711iem of journal abbrorla.tion uaed in the 

liat of rof,ranc•• in thia theaia 1.a that adopted in the 

Jorld J.int of &oienlifio Periodical, �th 14, Butterworth, 

London, (l96J, 196�, 1965) 

••••• 
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MXCQTOXTIIB : 

CHAPl'e:R I

(a) H1oto1•icol bockJU'oupd:

Moulds hove long been recognioed aa biochemico.lly

oignificont, primitive plants, cap�ble of c�using great 

economic losses. However, it wns not widely recognised 

until recent years th3t certain col!Elon species Dl3Y produce 

toxic metoboli tee besides those responsible for rendering 

food unacceptable. (Borger, 1931; Chriotenoen, 1957), 

Llycotoxins, therefore, belong to o group of mould 

metoboliteo produced mainly on foodotuffa and capable of 

c11uaing illness or death when ingested by llltln or animals. 

Scott ( 1965) hoo sho1•m the possible exiotenoe of fungal 

met1'.lbol1 tee toxic to higher orgoniemo. The v"lrioua 

dioenoe eyndromeo so induced ore onlled mycotoxicooeo, 

Forgaoo ond Carll, (1962) otudied the problem of 

mycotoxina with respect to the field of votcrinnry science 

but their findings did not appear t o  hAve been appreciated 
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- 2 -

then. The disastrous acute effects of mouldy feeds on turkey 

poulto and ducklings and the attendant hep�tic carcinoma 

1n rrits drefl more attention to the biological importaree 

of mycotoxins, (Carll, Forgoes, and Herring (1954); 

Forg!lco, Carll, Herring, and !Jahlondt ( 1954); Burnside .£i

ol, (1957); Blount, 1961). Attention b!ls been pnid mainly 

to diseases in poultry, swine and cattle orioing from 

mycotoxins isolated from mouldy corn diets. Succesoful 

studies on stachybotryotoxicoses, a disease primarily 

affecting horses, cattle and man resulted in the organisation 

of o laboratory in Russia in 1940 for the study of toxic 

and pathogenic fungi (Sorkiaov, 1947). Work on the 

influence of fungal-contomionted rice nnd otudies on the 

carcinogenic effect of octinomycin by some Jnponose workers, 

gave further emphasis on the role of fungal metabolites 1n 

cancer. 

(b) Mycotoxins from food borne funu,i:

Several fungal metoboliteo now known to h.o.ve deleterious

effects on both mnn and onirolo, hnve beon isol:lted since 

it becnma clear th:lt this group of oubetancea constitute 

o formidable threat to human existence. These subatnnoeo
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8.1'8 believed to arise nc seoond�ry mctaboliles ot rung! 

and the scheme below h.�o been proposed by Bentley nnd 

Crunpbell (1968) no poooible pothwnyo for the form�tion 

or the fun1tol metnboliteo (scmm: I). 

The nccompnnyins t"lblo oumm�rioea oome of the known 

mycotoxinc, their origin and poooiblc eff ccto, togothor 

with the relevant rcf orenceo. 
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'.lm l.?V TOXU,'S :

(a) !iio tor,r:

- 8 -

The on'ltoX1no repre3ent n group of fluoreooent

oecondory tungil metnbolite� diocovered "Ul cont:imin.'Ulto 

in onimnl reedo (Smith lln:i McKernon, 1962; Allcrott nnd 

Cnrnoghnn, 1962; Ncobi t t, fil !!! . , 1962; Broodbent, 

Oorncliuo and Shone, 1963; Coomeo, fil ,ru., 1964; 

nnd Coomoo, et al,, 1965). The dieoovory of theoe 

toxino hnd boon oequel to the oboorvntion of toxtoity 

oyndromeo in youns turkoyo which wore fed with mouldy 

pennuta; (Blount, 1961). ToX1c1ty oyndromoo of domootic 

Mimalo ultimntcly attributed to 1nntoxino h-'ld earlier 

boon rooognizod in Englnnd by 1960 nnd 1961 (Stovono, 

.Ql fil, 1960; Swnrbriok, 1960). Similnr incidonto were 

reported in duoklin�o and ohiokono (Aoplin and Cnrnngl��, 

1961); Swine, (Hnrdil'l{t, �fil.., 1963); 'lnd Cnlvoo, 

(Loooemoro nnd Harding, 1961). 

(b) Ai'lntoxin-producing tunrt:

Sorgennt, � !Ll:- (1961) nooocinted toxicity of feede,
with hcnvy mould infeotntion of feedotuffo ind demonstrated
th'lt the toxic ngento wore produced by oortnin etraina
or Aopcrg!llu� tl'lvuo iool'lted from ouch menlo, It h�o
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been oh01m (·1.ilner a"\d Gcddeo 1954), thlt th1o fungus 

io a coa:mon one distributed throughout the world. It 

hao nloo been ootabliohed tht\t other specico of t'unr:us 

onn produce anotoxin� (Codner, �arsennt and Yeo, 1963; 

Hodgen, � Q.!. 1964; LturnJcnm1, C>,r.iki and ?nkose, 1966; 

Kulik ond Hol�doy, 1967; Baaoppo, � !!. 1967). 

Prominent among theoo fungi are Asporaillus p_,r�siticuo; 

A. p�rnA1t1C).!s vor, 11loboous; 4. pry?.ne; Pen1c1111un

rub§ru+um: other apeoioo or both Aspergilluo and PenioillJ...!!9

whioh hnve been ohown to produce nnotoxino include A, 

nigei:; j. wont11; A, rubor; f, vnr1nblo and .f, i'reguontn_�. 

Penioillium citrinum hoo beon ohown to produce aflatoxin 

B1 nlmoet oxcluoively ( Kulik and lloladny, 1967).

Boott, vnn V/Olbeelc nnd ForfV-100 (1967) h'lvc ohown thnt 

Aoporgil1u.9. ontionu(! produceo nflntoxino. vnn l'lnlbook, 

Scott and Thntohor (1968) hnvo nloo demonotrotod tho 

production of nflotoxino by Aopornillue oohroccuo and 

AoporgiUuo rh11.op1.!_o. However, the amount 01' toxin 

produced and the oompooition, have been shown to vary with 

the otrnins, (Codner, Sar£eont and Yeo, 1963; Hesseltine, 

.!U .!!!_. 1966; Diener nnd D�vic, 1966; Boller nnd Schroeder 

1966; Purchoae, Steyn and Protorious, 1968; Joffe, 1969). 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 10 -

(C) Medin for an.nt9xin Prod11ction:

I. Ha tur:.ol Ltedto:

Differcntiol production of 3flntox1na With rcopect

to the oubotratc on �hich the reopoctive fungi grow, 

hlo been danonatrntcd, (Uoyne, £! gl. 1966; Stubblefield, 

� Ql. 1967). Heooeltine, .Q! !!l, (1966) det:1onotrnted the 

production of oflntoxino by three atr�ins of A::toer�illuo 

nuvuo When gro-.m on six anjor agricultural comoodities -

oorghum, poonuto, ooybeans and rice, w1 th v::>.ryina anounto 

of toxin recorded for each oubotrnto. '.l'heoe oomc stroino 

produced guontitios of nflotoxin B1, r�ne:ing from 77 -

288 u,vgm on whole onto, 35 - 593 U?/"1'!l on gronto nnd 

0.15 to 4.2 U!V81Jl on oat Hullo; (Stubblefield, ll £1!. 

1967), Moyno, £1 !!!., (1966) found tt'lt otorili .. cd whole 

cotton seed and kornolo oupported the production of 

oflntoxin, oquivnlont to Ul'lt produced on whoot but twioe

the lovele on po11nut. Numoroun nnturnl oubotrnteo Jmve 

been ehoYm t o  oupport the growth of Aspcrnilluo _Q,nvue 

Ylith the consequent production of oflotoxins. These 

include �nlnute, poppy oecdo, coconut, npple juice, and 

pot!lto producto; (Frnnk, 1966). Bosoir nnd Adokunle (1972) 
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h�7c r�orted ��e production of anQtoxin B1 in cnny

lligerion fruit' • 'l"nese include powpow, sncet ornnge, 

b:innna, plo.ntoino ond n host of othero. Borker, .tl .l!, 

(1966); Kr 1ybill nnd Shimkin, (1964); ond Heo�cltine, 

.Q..\ 11, (1966), hove demonotrnted weak aflatoxin 

production on  ooynbe'lno or ooy:> proteinc. It is thus 

oeen, trot the growth of �opergi lluo fl,, vuc ond the 

nttendont production of the oflotoxinc oprendo throu;:h 

n variety of nntw-al oubotrntoo. 

II. Nu triont IJcdin:

Production of nnatoxin from liquid medium in

compar'lble guontitieo with nnturol oubetr'ltC" hno not 

beon poooiblc. ,/ildman, Stoloff and Jnoobe ( 1967) h 1vo 

oug�eotod that thio m..'ly bo duo to large ourfaco nrcns 

oxpoocd to oir in natural oubotrnteo nnd to high nutrient 

to mo1oturo r�tioa. Smnll quantitico of oflntoxin have 

boen obtained from n modified C?�peko dox medium contnining zinc 

OUlphotc in addition, (Nesbitt, � !)l. 1962; 

Armbrecht, .!tl !!!- 1963). Some other investigators have 

U3ed thio medium \11 th the addition of ye1:iot-extrnot to 

improve t,1-: yield, (1/'lllbridge, 1963; ond Spenoeloy, 

1 963). T.1e gluooec-'.lmmonium nitrate medium of Brion, tl ru_. 
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(1961) hoo been emplo:,cd by Van der Zi.•den, .tl il• (1962); 

de Iongh, .!U. !!,l.(1962)o.ro lllfont (1963), for the production 

of nnotoxin 

Uoteleu 1.1nd Adyr (1965); Ciep;ler, .tl ,2l. (1966) ond 

Huyoc, D�vio and Diener, (1966), hnve reported improved 

oflotoxin yield:i 7/hen the funguo 1n grown an o cubmerged 

culture. Valuco rnnging rroo 30 - 500 cg/litro hove been 

obtnined. LtlrRe quontitieo of nflatoxino hnvc been 

produced from Cwpcko Dox medium in which corn-oteop 

liquor l'll'lS added (Codner, Oargeant ond Vco, 19b3, ind 

Schroeder (1966). Dnvio nnd Diener (1q67) hnvo aloo 

Droducod high yicldo of nfl�toxin from y�'l3t oxtrnct­

ouorooe medium. The medium, mldO up of  2� oucrooe nnd 

2% yeaot oxtrnot in water, hno been oxtcnoivcly u�cd tor 

tho qunnti tntivo production of the n!'lo.toxin ... (&·�'lfo 

1970; Uwoifo, 1971 ) • 

III, Fnotorc nffooting n!'lntoxin production in liquid m_odin: 

Several f�otoro affect tho production of aflatoxin 

in liquid medium. Theoo include the method of culturing; 

cn1•bon and nitrogen oource; pH; temperoturo; durntion of 

incubn t1 on and finally, tllc s ter111 Z'l tion of the liriuiJ 

r.iedio, 
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(�) Method o� Culture:

Codner, Snrgennt nn:l Yeo ( 1963) l.avc ottr.m ·.-criecJ yioldo of 

ofln toxin uo ing rotnry oh.'.lkc fl _ _,Jw ae cocpored to 

production by the onme strJin of runsus when incubated in 

three or twenty-litre ccratcd fermentoro. Uatoleo on:l 

Ady'- ( 1967), produced up to 90 cg of o.flotoxin per· 

litre of medium in ohoken flnoko but only 63 mi;/litre in 

submerged culture uoine glucose-ammoniuo nitrate ccdiun 

nnd the oome strain or fungus. The same culture produced 

up to 63 mg/100 ml of medium when grcnn no ototionory 

culture in litre flaoko and uoinB 2% ycnst cxtroct 

oucrooo medium (Dnvio, Diener and Eldridgo, 1966). 

Similar trondo hnvc bocn reported by Hnyuo Doviu and 

Diener (1966) ond Ciogler, £1 !!].. (1966). 

(b) :§f!'c9t or pit:

The pll dept1ndc:ncc of the production of nfl"toxino

nppenro to o e ln torrolu tocl to tho mode or cul turo, 

composition of the medium nnd probnbly tho strain or the 

tungus. Matoloa nnd Adye (1965), UJ3ing submerged cultures 

and the glucoso-3rnmonium nitrnto medium, found thnt pH 

dccrcnocd i'!'om oli(Jhtly above 4,0 to  2.1 - 2.3. Dnvio, 

Diener ond l!ldridp:< (11)66) uting otntionn.ry culture, 
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have ohown thct initial pH hns little or no effect on 

oflotoxin yield fran yeoat extroct-sucrooe medium, except 

trot Anoer111lluo n,nvus did not grovr ,1ell ot on initinl 

pH of less thn n 4. Reeorclleos of the pH, they found th.'\ t 

the final pH of the medium was opproxim�toly 4.

(c) Temperature and dur�tion or incubation�

Temperature orxl duration of incubation, not only

affect total oflotoxin production but also the r�tio of 

the different components in the crudo oxtroct. Diener 

and Davis (1966) observed that the greatest yields of 
0 aflatoxin were obtained in 15 d�ys at 20 0 but only 11 dayn 

at 30°0. At higher temperatures, however, final yieldc 

were lo11or than maximum yields 11hen the fennentotion is 

extended to 21  days, Sohindlor, P�lmer and Eiocnberg, 

(1967) reported mnximum oflatoxin production ot 24°0 

where.�s roximum growth occurred at 29°0 or 35°0 

depending on the Aonergilluo fl�vuo ioolate. Thoy also 

found a difference in the r'.ltio of oflotoxin B1 o.nd o1
with respect to temper�ture. 

Sterilization of the liquid medium m�y affect tho 

production of afloto:xino. Stenm otcrilir.otion under 

preoour11 lUlo been known to c..iuoo underoiroblc chnngco in

•
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tho compooition of nutrient solutions. Toxic lll!lterials 

mny be produced particularly when high concentrations of 

oarbohydrate are autoclaved together with organic 

nitrogen compounds, Dovio nnd Diener (1968) found �1at 

A, porooiticus did not grow in , medium contnininr 20% 

ribos e ( or ;,.ylooe) and 2% yeoF t extract, when outocloved 

together. Ho·11ever, when the tno componento wore auto'l:laved 

separately and mixed prior to innoculation, gro,vth was 

achieved, 

(d) Effect of Carbon and Nitrogen Sources:

The innuonce of carbon source on the production of

oflotoxino has been extensively studied (de Iongh, Vleo 

and do Vo{;(ol, 1965; Moteles and Adyo, 1965; Dovto, 

Diener md Eldridge, 1966 and Dnvio and Diener (1967), 

rrom available dotn, oucrooo, glucose, fructose, :xylooc, 

ribooc nn:l �lycorol wore the moot potent cnrbon oourcoo 

for afl1toxin production. Similarly, nitrogen sources 

could olGo offcct the production of oflotoxin in nutrient 
• 

cultul'e. Eldridge (1965), Mo.teloo nnd Adyo (1965); 

Schrocdor (1966) and Davia, Diener ,md Eldridr,c ( 1967) 

hove nho·tn that ommonium oulphLlte and potnaoium nitrate 

oppcnr to b the bo t 1 norglnic n1 trogen oourooo for 

otlotoxio production, Highen t yioldo, however, h�ve 
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been produced in rnedio contnining corn otccp liquor, a 

mixture of coonmino acido, yeast extract or pe?tone 

an nitrogen oourc�a. It muot be mentioned 0100 thot 

zinc h!la boen round to h�ve n rcmarkD.ble effect on 

oflotoxin production. Armbrecht, .!ll Ql. (1963); Hesbitt, 

£1 .Q1. ( 1 962) ; tta to1os and Adye ( 1 965) ; Loe, Tovmsley 

and Y/alden ( 1 966) and Davia, Diener and Eldridp:o ( 1967), 

hnve described the oignificnnt role of zinc in 

ann.toxin production. Ho·nover, the mechanism of this 

stimuLntion is yet unk.no..-m. 

(d) Isolation of Aflatoxin:

The ono toxina are intenoely fluoroooent ,1hon

cxpooed to long-w'.'lve Ultrn-Violct light. Thio singular 

ph.yoioal ch�r�cteriatic hoo been vory uooful in the 

1dent1ficotion, ioolotion and doterminnt1on of the 

subo tMCOB in extremely low concontrntiono. 

(a) Extrnction of oflntoxino:

Sar�e�nt, il ru:,. (1961) firot demonstrated thnt n 

toxic principle in a mouldy menl could be removed by 

exhaustive extraction ,vith m�thnnol and �Jrther rcoolved 

by p:lpc r chrol".ntogr:iphy oo £, single BJ)ot cxhibi tina 

bluioh flv.oreoocnoe uncl<'r 'Jltrnviolot 1llum1nntion. 

Subccqucntly, thr ioolc, t1on of tho oflotox1ns involved 
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the extraction of thE nubstnncco uoin� either the -

SoXhlet oxtructor or the liquid - liquid extractor and 

purification of the oomplca uointr chromntogrnphic 

teohniquco mninly. Coomea ond Saundero (1963) utilized 

'\ 6-hour Soxblct extraction with metn:inol ,1hile Bro!.ldbent 

nnd Shone (1963) recommended n 4-hour extraction. 

Vnri�nto of thio bnoic exhlluotive methanol extraction 

oyotem h!lvc been utilized by Genoot nnd Smith (1963); 

Trag�r, Stoloff and C'.lmpbell (1964); Tropical Products 

Report 1965; Coomeo, £! !!l; (1965) and liobney and Neobitt 

( 1965). lloot of these met.hods involve o 1. 5% - 2% looo 

due to the deotruction of oflntoxin B1• de Iongh, � £l.

(1964), however, ouggeete<l n dunl ooXhlet extraotion with 

metmnol for one-hour nnd chloroform for two-hours in 

or�or to obt'.lin a more quantitative oxtr'lction at n 

nhorter time, Thcoe methodo havo been employed for 

obt�inillll tho toxino from v::iriouo naturol producto, 

Anatoxino produced in liquid oulturco are almoot 

qu.anti tntively removed b;t p'.lrti tioning into chloroform 

(Adye and Motoleu, 1964). Thin hno been efficiently 

'\Chieved by uoin� n Hollimnn liquid - liquid oxtrnctor 

(E1� 1fo, 1970). Other r.iothodo involving the uoo or 
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mechnnicol blendora hove been propos�d (Nenheim, 1964; 

Pons nnd Goldbl�tt, 1965; Pono, et al. 1966; Stoloff, 
--

Ornph and Rich, 1966). All theoo inveutisotoro uocd 

polar solvent oyotems ouch thot lipid moterilllo wore 

excluded from the extract, 

(b) Purification of extrocto:

Several cothodo hnvo boon employed for the preliminnry

purification of crude oflotoxin oxtrncto prior to 

chromatography, Coomes �n3 Sander (1963), de Iongh, � 

£1. (t964) hnve employed o partitioning procedure 

bet cen meth:1nol: >1otcr and petroleum ether in n oeparntintt 

funnel, fox· removing interfcrring lipids, c11rbohydrateo ond 

pigmentc. Broadbent, Corneliuo ond Shone (1963); Geneot 

nnd Seith (1963); Coocen, .£! .!!],. (1965) ond workero ot the 

Tropical Producta Inotitute (1965) have portitioned the 

crude er.troc t between mcttnnol, water and chloroform for 

initial puriricotion. Pono and Goldblatt (1965), however, 

reooved interferring gooo:rpol pigments in primary aqueouo 

acetone cxtrocto of cotton 3eed rnaterinlo 01 inoolublc 

lcod dcri·,ati·,cn by tr1 'ltintt the cxtrocto w1 th lead 

aect.ot<:. Further inrt1t1on1ng with chloroform, 
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3Cpornteo the nflntoxino from reoiduol lend selto nnd 

piRTI\cnto. 

(c) Reoolution of crude extrnctfi:

Crude oflotoxin extrncto h,ve been effectively

reool ved us in� chromntoi:r:rophic technigueo. 140::it 

prominent nmong thooe ore tho column, paper oncl thin 

layer chromotorraphic methodo. 

I. Colucin chromntogrgphy:

The first chromntogrnphio purification of partially

purified primnry extract wos carried out by Coomco and 

Snnder::i (1963) using & column of neutral alumina. Thin 

procedure reoolved onatoxin B1 and B2• Pons, il 21·

(1966) uoed n column of oilico gel G (Merck). 

Intorfcrring pigmcnto wore removed by first elutina 

111th aiethyl ether o.nd finally clutinr, tho column with 

chloroforo: methnnol (77:3 v/v). Eppley (1966) 

ad:ipted the above method of Pono, 9_i Ill.· ( 1966) to the 

pur1f1cotio� of �et chloroform extrncto of peanut 

product-0 u1ing oequentinl elution qith hexane nnd diothyl 

,;thcr to rt;c0•1c pig:n,,nto on1J lipido while 'lfl:-toxino 

vor, "·at, 1 vith chl,,roforrn: methanol (J7:3 v/v). 

iiolnd ·· (11'18) h !.1 oloo irugf,'.oot.otl the uno of silicn gol 
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millicoluran for o oenaitive oemi-quantitative proc�dure 

for aflatoxin detection in peonutr. P�rtition ohromntogrnphy 

on n ct:llulose column is th� hno1o of the prooeuure uoed 

by Stoloff, Graph nnd Rich (1966). PiR!llento wert: eluted 

with hexonG ond o flo toxins with heXDne: chloroform 

{1 :1 v/v). 

II, �nor chromatopraph.y: 

Paper chromatography hlo not been found oo odequato 

for the fractionotion of crude aflatoxino. It hao, therefore, 

been sparingly employed for the purpooe of aflatoxin 

oeparotion. It was, hov,aver, introduced together with 

column chroCJAtogrophy (Sargeant, fil fil, 1961). 5% hCetic 

acid in  butanol UDed ao developer did not resolve the 

ofl�toxino into more than one component on n Y/hotmon 

no. l paper. Coomeo aoo S'.Uldero (1963) introduced tho 

uoe of a bent :n1: toluene: cycloh�xano: ethanol: 

m1ter solvent (3:3:3:5:8 v/v}. Jeooluiion to B1 and B2
woo not achie·,ed. vnn der Merrie, Fourie and Scott ( 1963) 

am Dovico, Eldridge and Diener (1966) hove introduced 

the U3c of bcnzcn� and wntcr, reopectivoly, no developerc 

in paper chror:ritor.raph:, bnt nono or thcoo hno proved 

ctricient for the ro,olutlon of crude ofll1Lox1no into pure 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 21 -

compounds. 

III. TI)in lnycr clµ'omntoqrnphY:

Thin layer chromotography hno bocn .ound most uoe1\J.l

for both prepnrotive and quontltotivc nflntoxin reoooroh, 

Several modifico.tions of the some basic method hove been 

employed. Broadbent, Cornoliuo and Shone (1963) uoed 

plcte� co-ited Nith noutrnl nlumin� and o chloroform: 

methnnol (98:5:1 .5 v/v) solvent syotom. Though this did 

not resolve aflatoxin B1 nnd B2, there woo about n 30-fold

increase 1n sensitivity over the paper method of Coomes 

and Sander, de Iongh, � !!!, (1964) introduced the uoe 

of oilica gel O (Kiesel gel G) plntee for the reoolution 

of oflotoxino, They uoed n obloroform: methanol (98:2 v/v) 

oolvent uyotem emu reported about 6-fold increase in 

ocnnltivity over olucina plateo. Coomes, ,lll !Yr., (1965); 

1;:1bney onrl Ueabi t t ( 1965); Tropical Products Institute 

(1965); Engebr�cht, Ayreo and Sinnhuber, (1965); Eppley 

(196v) �nd Pono,� !Yr_. (1966) have employed voriouo 

:procedtn'eO in·,ol"'ling kic!l'llqel G of 300-500 u thickncao 

-ind ·,arioU!l oocb im t ion!l of the chloroform: meth:lnol 

oolv&nt nyotc:::l. Trigcr, Stoloff ond Campbell (1964) 

1ntroducc1 tlt UJo of oilic� gel O�IR for improv�d 
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rcnolution or nnntoxino B1
, B2, o1 o.nd o2 uo1ne; tho

chloroform - mcthnnol (95:5 v/v) oolvcnt oyotcm. The 

uoc or cilicn gel 0-HR nnd chloroform - mothllnol m1xturoo 

in lined nnd cquilibl'ntod oh .'lmborG r1orc inoorporntod in 

prooedurco reported by No�hrim (1964); Robert.Jon, .Q! .Ill· 

(191:5); Pono nn•l Ooldbl'ltt (1965) llhd Pono, .Q..!: ,U!. (1960). 

Pon�, il .ol, (1966) �nd Pono (1968), introduced the 

u.:io of ndoorbsil-1-oilica gel plntoo for improved 

fluorodonoitonetric meoow-oconts, uoing chloroform: 

ceth.'lnol ond propanol (650:125:25). Wiley (1966) 

reco::imcnded a t�-stngc development on thin layer plntee 

coated with r.111ca gel - cellulose mixturb and employing 

cethyl '\O"t� tc for firo t development Md chloroform: 

c:et.lDnJl (98:2 Y/v) for thG oecond development. It in 

clniccd t..� t. thio procedure giveo better oopnrrition from 

1ntcrfcrr1n; f'luoreooont QO.tcriolo in extrocto of 

o.s;r1culturol coc:::oo1t1· • Petoroon and Ciogler (1967) 

ha .-e introduced the Ut.;ic ui t � dimonnion1l thin loyor 

eh:'� t.osro:phj' uo1nP'. acetone: c .lo1·01·orr (9:1 v/v) follO\'lod 

b; Ocvolllp!:-nt in ethyl ocoto t.•l: iooproponol: rotor 

(10: :� 1/v). Thi proccd!U'c 11 kno-;,n to remove 11,puriLioc 

r, p ,t ztrar.tc Md fc.r botL r ro 1,lut.lon or nflotox1n 
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B2 f'ro:.i o
1

• Hooho!r:i ( 1'l68) l.•,o ohown, horcvor, thl' t,

vnr1nt1ono 1n duvolopin nolvont., comm\!t•oinl oilicn �olo 

cnlc1uo oulpll!\ to bindcro, r;ol th!oknooo, hum!rl 1 Ly nnll 

vnpour fl}'lnno oom1,ooit.ion,lll11.\' int'luonco thu 01..p 11'3t,1on of 

nflntoxin" on thin lo,.vcr plntro. 

(E) E; tirn tion l)f Aflntnx1np:

Ao ny or th Oflntoxinti cnn bo c\1vit1cd into t,,o

bron,\ outline : 

(o) pll.,V"ico-ehcc1cnl cct.)iodo (11 lJ 1967) nnd

(b) b1ologic!'\l o::t!l:,· ccthodo.

( "I ) !'h; • 1 o o -ch�1 e"' 1 � t.boo o : 

";tie phyo1co-chc:i1ool oosny cethod io baoed on the 

1nt.Ul:lo nuore::ccooc ch.-u-ncter1Bt1co of the aflatoxino 

u:idcr ultr -violet lllu=iin t.1on. Thio cothod of noony 

--:u; t-111 int1> t.h.rcc r:roupa - the viouol Cl(!thod, 

tric ru>d tlu�rodcn�ito:::ctric r.iothodo 

• "l

1 clq,eoocd, until recently, on the

Yl r1..:T.: or t'lu�r ccncc in ten 1 t.1� or unkno;m 
.. l • "U"1 OCpl " • chro=:itogr1p� undc.1'

l r • •• 1 ( ,. 1963; r. h 11:1, 1 ?64; 

• ; p , :JJ . ' (. Ot 1orr, Orop 1• • • I 

• f ,', ! Al 1 r , tJ, ' • • 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 21\ -

on tho �lilO principlu h!lo boon tho aerial ,lllution mot.hod, 

Snt'lplco nro diluted tuirlnlly \lntll lhu1•1 io no moro 

fluoroocenco \1hCn run an thln loyc1• plotuo (Ooomu'l, Q.k .Ill,

1964: Coooo , PJ1 !l.l, 1965) . Cn1•n 1rhnn, Ht11• l lcy anJ 

O'Kolly (1963) l1'\vo hO'iin t.hr.t uhcn run on Klciuls 1 o 

platc:i, tl1 rolloot. woi(tht. of nr10 toxin D2 on I o1
givin· on ob orvobl rluorooconoo io 0,0003 ui: nn1l ror 

B1, O.OOOl.i u�. Holrnpfol, Stoyn r.nd Ptu•ohnot. (1006) h11vo

ot.own t..lnt the nuor�Jccncc or onntoxin u1 10 thruu tlmoo

n inton::o .o t.h nunrcnccncc 01' arlo toxin B1 and th1o

Mndln,s lo been -ployoJ in c oopu tin'> ofln toxin 111
c.:i:ic ntr. tlon:J in tc t G.:?:Jpleo, However, tho vn.riationo 

in nu�� cc:nc du. t.o oolvont crrcctn, o111co gel onmplcc 

T 

• • 

p� cncc or nuo.rcJcont 1ntorrcrrlne i:n..itoriolo, 

j;)r t b�ck to t.hc uoo or fluorcocenoo 

r n ton (nob rt , Pon:: ooo Ooltlblntt., 1967; 

• 

) 

n1 licK !in , 1967: Rodcrlcko, 

1 rr, i%7: Wl c::!ln, Jacobcon and 

7: "'r, t r, 19°63 !l.rx1 Schro�or, 1968) •

!1 lt 

I 

r_ 

t. r f'nr n Lox.in

1 

•
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rnothocl 1nvolvt l tho oornpnricon of fluoroocLnt pooko 

tr�oc l out by n fluoro<1cno1 tomutor \71 th t.h'l t of a knov.n 

ot..'lnd!l1'd, Ayrcn onil !linnhubt r ( 1 ,t,6) 1 ualn� n rt;t:01•ct1n6 

�, no1 tomot1:r equippcc.l for flno1•1J ocnco , i:iloolon monouromonLo; 

rounll tl�t the lo 1•1thi:i1c rolnt,ionuhlp bot.wcon cm1Lt.od 

fluorcccono� un rf!Y ,nd �onocntr,t.lon vmn l1noor over o 

cone ntr'ltion r�nso or 2.5 to 15 x 10�' ug or nf'l.rttoxln 

B1 Pr opot.. ron:i, Robortoon nn,J Goldblntt (1966) h.!\ve

nlno rcportcl3 lincnr rclntlonnhip bot 100n emitted 

fluort' • .:t.ncc i:c:1 urod by pcnk ure..'\o Ol'l'I concentration 

, er eonc<ant:- tlo."l r�'\66 of nt lonot 2 x 1 o-4 to 

' ; x 1 o-
4 

Ut! per cpot or th four reopcctlvu nfla toxina.

htC!l:li'. WJe o!' thl:: cct..\tod h:lo boon cmployetl in vie':'f 

� t pr �1 ion ot.tnlmblc with nuorodono1toQetr1o 

�:n· (B -cnltb oml Stoloff, 1968; Pon:i, !ll !!!,

, n1 ;.....,.,tn nil �lk, 1969). 

Ill. t-� l: 

r1 

1 1 • 
,J 

t • 

' • 

t Nbrt to 1 prove t.h nccur:\cy ont! 

:'l1tl toxin - c:.re ento by th ur.e of 

l 
.,, 

, 

-p'l:' t. J by r n y ond llcobi t.t.

,. 

n L Ultr viol L 

rt r purl t'l tl :1

tl 
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by the formula: 

Concentration 
6 

- D x M x 1 O ug per 5 ml-
E X 200 X 2 

\'there D - Corrected optical density at 363m u 

U - !loleculor ,,eight of the nfl�toxin 

E - Molar extinction coefficient, 

Thin method is npplicoble to all the. four of1:ltox.1no. 

(b) Biolo�icol Aoooy:

Biologionl ooonyo h.:lve beon u:ed where substnnces are

lmown to produce meoourable effects relative to the dose 

ndminiotered. It hos been employed both for con!irMtory 

teat ror 'lflo toxin toxicity on l !or its csti.D-l tion ( Br01vn, 

VT1ldmnn and Eppley, 1968 ond Brown, 1969) • Several 

or[I1\nioms h.,ve been uoed but n few of theoe are diocuoood 

here because or their knol'm reproduoibility. 

I. Duckling Aosay:

Ducklinj ,ooo.y hns been n moot widely uocd nnd

accepted procedure for oflntoxin aaany in vnriouo 

m::iterialo. LE:tbnl effecto of the toxin nna degenerative 

ch..'\ngco in tJ1c liver of day-old cl\lcklinp:o h..,ve been 

utilized in this �or,�y (Sllrgeont, O'Kelly, Cnrnol\hOn, 

1961 ; Sm1 th a� Mci{p,rruin, 1962; Carn1g..'>lon, Hortloy one\ 
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O'Kclly, 1963; Sargeant, Corno.gbnn ana Allcrart, 1963; 

f,r1:1brecht anj Fitzhu.,..t, 1964; Newbernc, iVog.ln, Cnrlton 

and Abdel-Koder, 1964). An LD50 of 0.37 mg oflntoxin B1

per k� of body weight o� the duckling ho.u been reported. 

Sonoitivity to oflatoxin injury ond thP immediate 

induction or bile duct proliforntion ore two contributory 

foctoro for the widesprend u.ae of the day-old duckling. 

II. Chick Embryo:

t The chick embryo technique hao been found to be

simple, reproducible and eenoitive, Plott, Stewart ond 

Gupta (1962) reported thllt 5-day old chick embryo \Illa

ocnoitive to anotoxin injury and oo little oc 0.3 ug 

of crude prep:lr".\tiono caused death in two dnys. The 

development of the chick embryo technique oo n bio-assoy 

mo thod woo reported by Veret t, ldorlinc and llcloughlin 

(1964) nnd by Herbst, Ikamo and Jnynromnn (1968), They 

UJ3cd fertile white leg horn oggo, injoctinP thorn with 

the toxin either through the yolk ooo or the 'lir coll 

routes. It woo, however, found thot the 1ir cell route 

wao moro oconitive (Verott, Uorlinc and f.lcloughl.in, 1964). 

Uortolity, growth rotordotion in ourviving embryoo 

an1 gro:io pothologicol findingo were used r,o indox of 

I oo�oy ond cvnluotion �11 ttfn baood �inly on mortality 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



,-- ---- - -
--

- ·----------------------- -- ---,

�t 21 c!;J.ys. 

- 28 -

hn LO for a!l�toxin a of 0-025 ug p·r 
so 1 

e(JCJ hns been r port<?d for th·- :,,ir cell route and twice 

�s high for th� yolk sac route. G�bliks, et �1. (1965) 
--

est1blish-..d the. L050 for ten day ola chick embryos .is

1,0 - 2,5 ug per egg when administered through the 

chorio-�lluntoic sac. Under simil�r conditions, the 

duck embryo was found t� be four to five ti�ns as 

sensitive. 

lll. Fish:

The larvae an·I embryos of Zebr.- fish ar<!.chydanio

rerio (/,bodi and McKinley, 196S) .md the. larvae of 

Upcrodon species, lSllllll in length (l\rseculeratine, £! .l!, 

1969) have also been used for il$Saying <lflatoxins. The 

l;,rv.:-.e of the Zcbr,i_ fish, however, show gre�ter 

susceptibility to a:Cl,taxin toxicity than the embryos. 
, 

lV. Cell Cultw:es: 

Tissu, cell cultures �re knm1n to be susceptible 

to aflntoxin toxicity. C"l! kidnL'y cul turc ( Juh.1s2 .-.nd 

Grc,czi, 1964); He w and Chang liver cul turos, duck -lnd 

chick �mbryo cell cultures, h�vc b�cn r�commcndcd for 

�ss�ying l..fl�toxins (Gabliks, 1965 1 Gabliks 1 £! £!_. 1965). 

Toxicity is r:10.::isur;Jd by tt,c- d, true tion of th_ eel ls, 

which is, prccodeci by an inhibition o! growth. D.:>nic-1 

(1965) int:ocluccd �he use o! tho r,t fibrobl�st cell 

cul turnt:: (,'\,,. t-hn ""' u-C .... "",..,. .... _, - ,... ... . t - •
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to be sufficient to kill ".Ill the cello within 48 hours. 

The LD50 lo given os 0,06.! ± 0.004 µir/ml of culture

medium. 

V. l,licro-ort,1'.nnitim!l:

Anatoxino h'lve been ahorm to pooocoo antibiotic

propertlco (Burmeloter nnd Heoocltinc, t966; Arai, Ito 

and Koyama, 1967; Teunieaon and Robertson, 1967), 

Aflntoxin B
1 

euppresoes the growth of J\snertt,ilJ,ua

nvnmorii; Penicillium olll'Y!)Ogonum; Penicillium duclau.xi 
• 

and oomc otrnina of Asnergillus flnvus (Lillohoj, Ciegler 

ond Hall, 1967), In addition, it induces aberrant fonns 

of Flavobacterium nurotincum in medio containing the tox.in 

in a conccntr,:ition bclo11 tho fungiot'ltic levels,·

Assays of aflatoxin B1 utilizing micro-orgoniomo

sensitive to itc toxicity, h!lve, therefore, been 

pootul9ted (Clemente, 1968; Herbat, Iknwa ond Joynromon 

1963), Bncllluo meP!lterium io usually uocd oo the test 

o�gunium n.,d papor diao mothod employed, A concentrotion

or .1 us oflntoxin B
1 per dioo inhibits Bacillus megntcrium

opor ..... oip,niflcantly (Clcmonto, 1968, Herbst, lkowo and 

Joyorncon, 196�). The ooon,y mcthoC lo convenient to 

corr:, oul oo u cl ...... r zrr.10 or inhlbitlnn io obncrvod 

art.cl' 15 - 18 hourn or 1-ocuba Liou at 35
°
c - 37

°
c.
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(F) Chemistry of the h!l�toxins:

Th� nflatoxins c,nstitute � group of highly

substi tutod coum,rins which h:i.va b ,,,n isolated from 

rnould cultures of /.spcrgillus fl.::.vus. They ,;re scp, r �blc 

into sing l<.: compound-; by thin l�yer chrornatogrnphy "nd 

cru, be diffcrcnti�tcd by their '.U. v,lucs .:i.nd fluorescent 

ch.:i.ract�ristics in Ultr�violct light. Eight :ulatoxins 

h. V

r-1
2

, R
2a, and G

2
.:i. oo.scd on both their colour unde;;r

Ultraviolet light and their Rf. v.:i.luos. 

In view of the .::.vtil.::.bility of only sm.-:.11 quantities 

of th<.:S<? toxins, structurol elucidiltion hus proceeded with 

grc,t rcli�nce on th. interpretation of Ultraviolet, 

in.frn-rcd, nuclc�r mugn�tic rcsonnnce ilnd m.::.ss spectra 

(/,sno, £! ::,! , 1965). Their chCJr1iccll n, turc has b ... ,,n 

extensively reviewed by Wog Jl ( 1966). l1flntoxin s
1 

h.:i.s

been shown to be .::. highly uns ... tur ... tcd co111pound, consisting 

of only cnrbon, hydrogen and oxygan (Nesbitt,£!�- 1962; 

v�n d.lr Zijd.!n, £! .::!• 1962). /:.fl.::.toxin B1 ruid G
1,

posscso cl vinyl ethor sy<tem ..,.::.eh (Hartley, Nesbitt and 

o•t: 11:;, 1963; van dor 1'1Qr1f�, ,urior ruic Scott, 1963). 

A. crrO<Jnyl group ,url ccthOIC}' Qr�up nr� proacnt in onch 

Iongh, ot nl. 1962; 
--
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van der Mcrwc, ?ourier Md Scott, 1963). The tC;rminal 

lnctone ring in nflntoxin O io ouu titutcd with n 

penta.none rinp: in aflntoxin B (Cnrnnghnn, 1101,tlcy nnd 

O'Kclly, 1963). 
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STROOTURE O,;, THE AFI..\TOXTh'S 

, .. 

APLATOXIN G
2 
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The ultrnviolot, infl''l-red and mno3 3pcctr·tl 

chnr'lcterwtico of the nflatoxin ... arc oimil!lr (do Iongh, 

,£1 !ll, 1962; Nesbitt, .Qi�- 1962; '"Ind von dor Z1jdcn, 

ti .11, 1962). The interpretntion of thcoe phyoioo.l 

ohorocter1at1o3 hoo boon uoed in the olucidotion of tho 

otrucuturu (Asoo, ,!!! !l!, 1963 and 1965). X-ray 

cryot:-illogrophy h.'lo ru.oo boon employed in th1.. otructural 

onnlyoio of the  ofl'ltoxins (Cheung ond Singh, 1964). 

Chemical aynthoois from phlorogluc1nol brls also been used 

1n th .• confin:intion of the structure of o.flntoxin B
1

(Buehl, .tl ru_. 1966). The ctructure of ofl'ltoxin M1
has been oon�1rmed by chemico.l oyntheaio (Buohi ond 

Weinreb, 1969). Cotrlytic introduction of onu molecule 

of hydrogen to one rnoleculo of either 'lfLqtoxin B
1 

or 

�n-tox1n o
1 

yieldo oflotoxin B
2 

and o
2 

rcopoctivcly 

(Chong,.£!�- 1963, Von Dorp, £1 ru,. 1963; von der 

lJcr-.Ye, :'o'.ll'ier And Scott, 1963). Aflatoxln B2 woo

recently oyntheoizcd chemico.lly from a benzo!'ur'lll 

(i:i-;crto, !;!�. t968). 

( ; ) Pri?P':rtj'?!!,_()f ttir �on to:r!nn: 

1 • 9,hMicnl Pr"p£rt1o != 

Tm. c�rbonyl group or tho cyclor,ntonono r1ng or
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aflotoxin B
1 

tnkos port in ketonic reootioni. Thus

it rcAta with 2:4 dinitrophonyl hydrazine and hydrrocylomino 

to form phenyl hydrnzonca ond oximco (Crionn ond Orcfig, 

1967) 

• 

:._,�t,2x1n �l 2.!..l'!��h�'lY.!. ��rnzil}_C 

Th1o rcocti?n hoo been employed in t.hc- detection of 

arln t.oY.1n 81 ooo 82 on thin lnyor pln tc ( Crionn, 1968),
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A deep yellov1 to ornnge colour 1a regarded oo being 

poo1t1vo for nnntoxin B
1 

and B
2

• Aflntoxin o
1 

and G
2

�hich lnck this ketogcnic group, do not truco port in the 

renction and thus cannot be identified by thio method. 

Th� aflntoxino, notnbly B1, B
2
, G

1 
nnd o

2 
react

With noetic nnhydridc, trifluoroncetic acid or formic 

acid, vd tb thionyl chloride as catalyst to form 

dorivativco of the parent compound (Andrellos and Reid, 

1964; Crionn and Oref1g, 1967 nnd Stoloff, 1967). It 

h!lo been suggested that the vlnyl ether double bond of 

the bi!'uron ring of aflatoxln B
1 

and o
1 

is the oito at

which these acids nre added unto the toxino, 

,.) 
; 

-t k-c.
"' 

'< 1-t 

hnatox1n D
1 

Olld o
1 

fora r.cetyl dor1vot1voo or s20

am 020 wb,.n thoy rcnct rrith gl.Ociol ncotio ncid in tho
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praoerce of pyridine ond thionyl chloride oo catalyst. 

They aloo react with acetic nnhydrido to form the 

ooetyl derivotivco (Dutton ard Heathcote, 1968). 

l:)(e$ 
• glocial acetic
acid+ thionyl
chloride

• �lncial oceti�
acid+ thionyl
chloride

.... 
,, 

(.� ,_-:: -�. 
� 2-e.ooto.xy-3-hydro-

oflotoxin B1

2-ocetoxy-3-hydro­
oflatoxin o1

-

Under mild ocid conditions aflatoxin B1 ic trnnaformed

into a hemiocetal; the formation of Which io regarded 

aa confirmatory teat for oflntoxin B1 (Androlloo ond

Reid, 196".; Buohi, .2,1i g. 1 966; Pohland, Cuahmoc and 

Andrelloc, 1968; Ciegler and Petoroon, 1968). This ia 

on acid cotolyzed addition of water ocroae the olefinio 

linkoge of the bit:'uron ring. 

Dutton on1 Heathcote (1968) have also ohown oimilar 
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reaot1onn With nnntoxin o1 in the oold nnd unuor mild

acid oonditiono. Addition nt carbon 4 yields nflntoxin 

'OW' rurl nt tho 2-pooition to nivo nflatoxin 020•

�-- . 

q-
J

\ '" j I
-- - \ 
l• _I ... ! ., ' � " oc.•,

l :. r­
ll n

_ 1.(I 
II L 11 / I-..... 

"Y _...,,"l�t-.-

+ 
H2o+ H 
Cold ' 

Aflatoxin B
28 

Anotoxin 'OJ.I' 

.. 

I 

• 
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The olc!inic double bonu of :-.fl.itoxins B1
ond G1

.1.ppcar to t�c �t in orldition rcnctionu with o�onc 

(!Mnrnkanath, £.1 !!,!. 1968), b,n.yl poroxido, osmiu� 

totroxido nnd pot.:1ssiu111 - iO\.lin� ea� ,lox (Trr.gor .ind 

Stoloff, 1966). 

Oxidntion of n!l�toxin D1 results in tho formntion

of succinic aciu while ozonolycis .:.nd sub!:oqucnt 

oxid..ition of tha products of ozonolyois with silve:r 

oxi:lc oivcs lncwlinic nci,l (v n Jorj>, £! 2!· 1963). 

11. Physicu Properties:

th� ph}•Sicnl properties of th:? .ul.:.toxins hnve been

extensively studied. A surnrory of these features is 

prt?scntcd in the .:cconpnnying T�blo ( 11) (/,sao, 

et nl. 1963; ChMg, at 1. 1963; Cnrn�ghan, 
- --

Hartley 

� 01Kolly 1 1963; Asao, � !:!· 1965; Robertson,.£!

!!!· 1965; Holz�pfcl, Stoyn nnd Purchasa, 1966; 

P bcrts��. Pone and Golublott, 1967; Dutton nnd 

H tltt:�t�, 1968; Goldbl�tt, 1969; nnd Fishbein and 

P lk, (1970). 
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TABIE II: 

Flnoret19enco excit-'ltion onll umi.t.!£1.!.9.U.J.lll'IXijj\l\ or of'l£ltOXBlO 

----

Fluoreooonoo om1ooion 
!Acnoure.mcnt Exci t'ltion mnximn (run) 

conditiono c..'Utim.'\ (nm) 
B

1 
B2 0

1 

Uethnnol('l) 365 425 425 450 

l!eth..'1.nol (b) 365 430 430 450 

Btha.nol 365 430 430 450 

Chloroforc 365 413 413 430 

Acr.ton1tr1lc 360 415 412 440 

Sillc:1 gel • 

Solid 368-.>69 432 427 455 
St.:lt.O {c) 

{a) c�rm1ghnn, Hortl·i rm o•iclly (1963) 

(":) Robort'JOn, .£1 Jl1, { 1965). 

(-:) Rot crt nn1J Po11 ( 1 ,;1"') •

0
2 

450 

450 

450 

430 

437 

450 

----
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Al'1J\" l'\l.'I: I� 

� 

a ... -

a
1 

a .. 
-

I 

I 

I 

I 

rot , O.."Ul.1\11 

l'Ult'...'1..J . .AJl 

cl ,1'12°0 

c1 .,S1i_4 ° o 

C1.,&i.207 

cl -1r1.,07 

I 

I 

I 

I 

• 

1.1ot.n.1.'r.Nt 1n:1 mrr UU.TJNO POINT 

312 I
268-289

I 

31•1 I 286-289 I 

32,8 I 2'14-246 I 

330 I 237-240 I 

I 

( z. ) 230
0 

-"558 

I I 

.:;430 
I I 

"-556 
I I 

-!-,-173 I 

I 

197 C:U,900)

Ifs 
223 (24,8110) 
2G5 (13,400)362 (21,800) 

ua 

'=-:?00 (20,300) 
222 (17,000) 
:?GS (12.-) 
362 (23,800) 

201. (28,,o50)
215 (27,100) 
2� c10,ooo> 

I!: 360 (J.8,900) 
lldditloaaJ ea1M 

a.lao at: 242 

(9,800) 

257 C 9,200) 

� (27,300) l?eO 

:!J. 7 (28,000) 1111M 

244 ( 9,600) 1Q4 

257 ( 9,200) � 

3G3 (20,900) 
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(H) Bioche;nioel effect� of aflotoxino:

The observotion of the d eoth of turkeys fed with

mould contominotod groundnut in England in 1960, woo later 

trnccd to the onntoxino (Alloroft ond Cornnghru:l, 1963; 

Vnn der Zijd�n, 1962). The: 'lflntoxino htlvo no·1, boon 

nooociotcd with several disease oyndromoo gonorl'\lly 

referred to as aflotox1cooeo. Theoe include: 

1. HE!,Patotoxicity:

The anatox1ns are known to be hepatotoxic, inducing

corcinogenesio in liver cells (L'.lncaster, Jenkins 'lnd 

Philp, 1961; Smith and McKernon, 1962; Barneo and Butler, 

1964; Butler, 1964; Wogan, 1966; Cornagbon, 1967 and

Schoentel, 1970). Ingestion of nnatoxins over o long 

-period induces hepntomoo to mommolo, birdo and fioh 

(Schoental, 1961; Snlmon and Hewberno, 1963; Cornagb.an, 

1965; Newt>orne, 1967; Wogo.n nnu Howborno, 1967; Rogoro 

and Hewborne, 1969). Hepa tom'ls or p::irenchYJnt)l cells and 

or bile duct epi the:licl or 1g1n hove been obocrvcd in 

trout:, (Aohlcy, Holvcr and Y/ogan, 196L�; Ashley, ,tl !Ll,. 

1965; Solocon, JonDen and TaMer, 1965). 

In nddition to hepatic tumoro, tho onntoxino oloo 

induce tlll:louro in oubcutnnou� tioouco of the rot and 

c1cc c3poz1.olly dllJ"ing oubcutonouo odm1n1otrnt1on 
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(Dickens and Jones, 1963 and 1965), 

11. Mutagenic and teratogenic effects:

Aflatoxins arc very pQtent mut19ens being capable

of cnusing extensive genetic darna9c (Legator, Zuffilllte 

and Harp, 1965; Lilly, 1965; Gelboin, .£! �- 1966; 

Cli!ford and Roes, 1966; Clifford, Rees and Stephens, 

1967; Dolimpio, Jacobson and Logntor, 1968; Epstein 

and Shnfner, 1968). The effect is achieved through 

the interaction of the nflatoxin::: with nucleic acids and 

the subsequent interforoncc with gene transcription. 

/,s a teratogen, nflatoxin B
1 

shows a marked species 

specificity, Foetal malforrotions in the golden hamster 

have been reported at a dosage of 1 mg/kg body weight. 

Death ill'ld resorption of foetus have also boon reported 

within the 13th and 15th day of pregnancy (Elis and 

Dipaolo, 1967), Chick and duck embryos are susceptible 

to tho effect of sublcthal doses oi .i.flatoxin 8
1
. 

Mal!oro.1tions and stunted growth h�ve been reported 

(Vor/ltt, Marliac and Mclaughlin, 1964; Gabliks, et al. 
--

1965; and Shiboko, at �l. 1968). 
--

Species like swine, dog 

and aousc have no daconstrable susceptibility to the 

ter•togcnic effect o: aflatoxin 81 besides the induction

of f�-,tol resorption (PIClllbern·•, nusso nnd Wognn, 1966; 
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Hint::,�&. 1967; Dipoolo, Elio ond Cr11ln, 1967 nnd 

Ello nnd Dip�olo, 1967). 

III. t�lncellnn2out> 0N'e9t .. :

Dooldoc, thooo nfo.•c-mon tionod 1.:ffoct.o, 11t'lntoxlno

hnvo been ohovm to onuoo ocvort\l. other b1ochom1o'll 

ohnnnco in mony Mimnl opooloo. Inorunuo in oorum 

alknlinc phoophntnoe in shcc.p, roto nwJ monkoyo 

( AlloN ft, 1 965; Cl 1 ffor\l nnd Roco, 1 9670; Roo and 

Gher1ng, 1970), nnd incrense in aorun lovclc of ioocitrotc, 

anlntc nro glut"mnto dehydrogenooc h'lve been knovm to 

occur (Clifford nnd Reeo, 1967b; Rao and Ohering, 1970). 

Brown and Abroms (1965) reported incr�oc in serum 

lcvclo of lactic dohydrogo�'\oc, nldolnoe and 

glutru:iic-oxnloncotic ocid onJ glutomic-pyruv1c 

trnn:mclnnoo in chicle, ni,. Plntonow ( 1965) oloo found 

incrcnce 1.-i the level of urocan�oo in the norum of 

chicken!l trc:itc.1 with nnntoxins. Dotto ond Gojnn (1965) 

ln�c Ill.co demonotrnted olterntiono in ploom� proteino 

:Jf O®klin;n p'Oioonel '111 th nnntoxin. Decre.,oc in drur; 

� tc oli,i�e cnz;ya:io in r�t liver d!l®Ccd by nn�toxin 

• hav been rtJ) rtcd by Clifford ond Rooo (1966), though

'l t ."5 at.cir, �19£,J) ol'limc<'l 11not.oxin n
1 

could 
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induco ito own metnboliom in tho rnt. 

Mnrkod biochcmionl olturotiono thuo npponr to bo 

consequent on o�lf\toxin poiooning or oovcrnl opccioo. 

Nucl�ic no id ond pro to  in nyntheo lo n1•0 nl tu1•cd nnd 

nl torntion of gcno trnnoor.iption lo nttondnnt on 

ofl.�toxin poioonin� (Ntabitt, .!!1 ,1.�. 196�; Clifford and 

Roeo, 1966; Sporn, .Q! !l1. 1966; Clifford, Reoo ond S tovono, 

1967; Clifford �nd Reeo, 1967b; Bl�ok o.nd Jirgonoono, 

1967 and Chang, � !)_),. 1963) • Based upon theoe oocumul.£1 tod 

data and tl.le preoent tl1eorioo of protein eyntheoie, and 

the role or DNA tr!lnacription on thio prooeoo, interriction 

of �i'lntoxino 1Ti th DHA h!lo been pootulnted ac the initiD.l 

and c�itic!ll feature of on�toxicosee. 

'l'HE P,\Il:tOTOXIID! 

:4.Q.m:.r_g.ill!J.!!. rl'lW.O. Oppetll'o to oynthcoizc n complex 

nrMy or subotoncco i.� addition to the 3flotoxino. 

Flovoeol ond Aopergillic acid, rove been iool(r"od fror.i 

Cul WrC f11 t-OMtos of /,!m,E'rp;illu� rlQWO gI'OYffi on 8 

C-�1u:: c:mtal.ninr cooeio h,y1rolya�to nrul oodium chloride 

(Du.."l."l, HC'i'bold and 8prin1,, 19li9) • Extenoi ve rcviu, of 

• • ?n tltc o toxin, other thrin onntoxino produced

1 t,��!!l.L fln·1u h: o been tivcn by Wilron (1966). 
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Theoe include ox..�lnteo, kojic noid, Aopcrgillic ncid, 

flovoool C\nd oornll other oub.:.t;mocn grouped by the nuthor 

no cndotoxlno Md tromorgenic oubotnno<r. Roocntly, 

Rorlcrick;, � tl, (1q68n) hu1 ocldod to thin, n oubotonoe 

called nopcrtoxin. Tho otruoturo or tho oubotonoo 11:to 

elven oimult�nc-iu:ily by Rotlorloko, .fJc !!l,. (1968b) nnd 

Wnioo, �\ .::J., (1q6e). 

,\nd Yet mor u recently, two novi fluoroocont mctnboli too 

of Aoper�illuo flnvuo hove been iooloted from the rungnl 

culture 'ffhen BX'O"'n on the pnl.m oop medium, These 

cubotoncoo hove been labelled P:llmotoxin Bo a.nd Palmotoxin 

Oo (Boocir ond Adckunl�, 1968, Adekunle, 1969). 

(\) Toe pnlo onn rncdiur.i: 

The sop collected fro� the oil palm tree (Elneio 

ffllir.eninin) cont�ino ferccntnblc ougor, notnbly ouorooe 

(B.�ooir, 196 ). 'ieccnt .1ork by Fopnru,i (1966), Adekunlc 

(1969) oh:r.i �u,t it contoino fruotos,, �lucooc, oucrooc, 

C!llt.ooe, rnffinooe nm glucuronlo acld. The relative 

n�Wl1bncc of ��eh conntituent varioo according to tho 

� rid vnrict.y or the oil ,�1m ond to the period or 

c�llcetl•n. H011ovcr, ouoroJc lo knO'Jln to be tho 

. 1 1�:u1t u r in pole onp (Fop11ruo1, 1966). In odt11t1on 
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to ougnr.1, thooe nut11oro h�vc found vi tnmino, omino 

ncido nna trnce clcmonto. The prodominnnt vitomino ;ro 

vitnmin B
1

, B
2

, B6 'lnd vitnmin c. Iron, �1nc, oodium,

oult'ur nnd oobol t o.ru runong tho tr,,co olomcn to rounu 

to bu prc3ent in polm oop. Adckunlt (1969) �,o 

eotobliohed thnt l'rooh polm anp oupporto thl.l growth of 

Aopcrailluo fln� with tht reoultont production or 

nl�ntoxino nnu other mctnbolitoo in oompnrnblo gunntitioo 

with mo::it other n.qtur�l medin, 

(B) ti1ture of th i.: Polmotoxin�:

Little ic :;et knol';n nbout the palmotoxina. The 

:iubotruice referred to n ::i p!llmotoxin Bo and Go, nuol'eoce 

blue nnd green l'eapectively on thin lnyol' pL�too 

illucin:ited with ultrnviolet light, They hove Rf valueo 

0.2 and 0.13 rcopectively on Kieoelgel O plntoo of 

0.25 c: thickncoc o.ru.l uoinr ohlol'ofor1:1: moth!lnol 

(50:2 v/v) �o devclop�r (Adekunlo, 1968), Thoy arc 

prceipii.otcd fra:i their concentr:ited chloroform solution 

bi n-h.x.-mc nnd pctroleuc ether - n r.ianner oimilnr to 

t.he n i.-niro {Aaoo, .o.J. d. 1 965) • The p::ilmotoxina 01'8

�o rqiorte-d t? conto1n uufilun. hydrogen nnd oxygen 

ly. nv. t.rJn tJJro 

••

propono1 by .AOclrunlo, ( 19G9) nro 
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PAWOTOXIN � 
Oti

CH3 -(CH_ )16- 6

P,hIJ½OTOXJl! � 
oll 

CII-CH::CII-( 011 
t ),r_Oi

cuj -(c 1 .. )16- 6 ::cJl-cJ1::CH - (cu2)2- !.. 0:1 

It io propoocd thot they could be spaLiol ieomera of each 

other ond do undergo oxidntive ozonolysio yielding 

fr�ctionc believed to correspond to 

( ) + -0 C. J OH2 16 C -8}{ in both coeee.
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I. fflYS ICAL ffiOPr,RTJ;ES { ADEKUNLr.: 
1 

1 969}

TARU: IV: 

Toxin Mel ting Molooul 1r l,lol, Waight vnujo1

Point Formul� 
Iodine 
Number 

Bo 
380 

Oo 
,380 

3500 1620 217 15 9 0 3c1665 720 · ± ' :,

3400 1620 
1665 720 217 15.45±0,42
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(C) B1oloq1cn). effeotn of t)10 pnlmotox1no:

Vory !'ow dntn h'lve boon ncoumulo tetl on t.hc b1olog1cnl

orrcct of the pnlmotoxino. lloot or Ula otudioo hnvo 

nloo been 11m1tcl to nvion ombryoo. 

Thoy ore boliuvcd to bo o f  oompnr'lblc toxicity no 

the ofln toxino (D'lusir :ind Adckunlo, 1968 ond 1969). 

Thou• LD50 ur.ing 6-dny old Vlhitc rock chick and dome ... tio 

pigeon embryoo mvo been given oo 0.333 .t. 0.024 for 

po.lmotoxin Bo, 4. 220 + O. 083 for pnlmotoxin Go I.lo 

oominred to 0,38 .t. 0,01 for 'lflatoxin B1 in pip,oon

e::br• ". ;11 tn cl, !ck er.ibryo thG r.n503 ore 1Ji van ao

�.4.3u .t. 0.070 for onoto.:un B
1

, 0.323 for po.l.aotoxin 

ug und 4.683 .t. 0,076 for polootoxin Go, 

'1"llfl pnlc1.,tox1n., o re tcrotogcnio to chick embryo, 

P.J.lcotoxin Bo h!lc boon oboerved to be oo tcrntogenic no 

�notoxir. a
1 

while pnl.motoxin Go io, however, looo oo. 

'�f�rcotionn ooeociotcd with pnla:otoxin poiooning 

inclu.1o olforn'lt1ont or tho be�; incomplete 

o 1r1c�t1on or the okull; limb defccto, and otunted

m- t1 (fl'lc 1r on1 hdckunlo, 19700). Thooe toxin!) oro

rep!> t. '! tl'J indu:o liver lcoiono in chick embryo,

in n. 1 1l�r k> onnt x1n trc.�tc� cmbryoo,
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Hep.ntoxicity 1a olt�r�ctcrizcd by fntty infiltcr'ltion of 

too liver, nnd poriphornl neoronlo of tho llvor lobuloo. 

The se,·cri ty of theoe offooto 1n nnotoxin B1 and

pnlcotox1n Bo trcotod ombryoo ore oimilnr and looo oo 

for polcotoxin Go troatod cmbryoo (Baooir ond Adekunle, 

1970b). 

IJE'i'ABOLIS!.I oi;, DRUGS &'ID FOREIGN COUPOUNDS: 

Living orgonismG biotrnnoform compounds foreign to 

their cetebolic network. Generally, this h.'.ls become 

nccess.::iry as n means of dealing w1 th the compounds 

prepar:itory to their excretion, Extenoive reviews on 

ttis process have been glvan (Brodio, Gillette and 

.Illdu, 1 953; and Gillette, 1966, nnd Vcocll, 1971), Ao 

l reault of thcac trnn.cfoI'lllltiono, the pharmacological

act1v1t1co or the compoundc aro rem.'lrkobly altered and 

in oo-£ o�oco, the compoundo ore donotivotod (Williruno, 

1569; t;Ulctta, 1966 fln1 Uehlcko, 1969). 

�£ rcnetiono involved in thio proooou �ro modiotod 

b7 cntymco locotco in the ondoplnomio rotioulum of moot 

orc:n,.'l Lut. not.'lbly tho liver ond gonorally rororred to 

oo t.tc aSxcd runcli�n oxiOnoon or mono-ox.vnonooo in 

,tcu or UiuJr hot( rof'OOl)UO oharno lor (llnnon, 1957n (lnd 
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1957b; Conney und Burns, 1962; Hayoishi, 1962 and M:.ison, 

£1 �. 1965). Thes i enzymes arc found bound to the membranous 

c0t:1ponent of the microson�s and arc released on p ruturc of

the particles (Si�kevitz and Pal, de, 1956; Fouts, 1961; 

Ernster, Siekcvi tz ;,,nd Pa lode, 1962; Dallnar, 1963). They 

are unique in octivity and have been shown to catalyze a 

large variety of oxidative r�d reductive processes in the 

body. Thcs� include nrom.::.tic hydroxylation; side ch.lin 

oxi�tion; dcamination; N-, S- and 0- dealkylation; 

sulfoxidation; N- oxidation and cpoxidation (/veelrod, 

1955; Brodie,.£!£!, 1955; Brodie, 19S6; Brodie, 

Gillette and L.ldu, 1958; Gillette, 1959; and Williruns, 

1959). 

A. t�chanism of m�bolism of foreign compounds:

Ir broad outlines, the metabolism of foreign

compoun1s in the body, involve two distinct processes: 

(a' an initial oxi�ativc or reductive process and 

(b) synthetic p:·ocess in which the compound is

conjugated IYi '.h runino acids, glucuronic acid,

sulph�te �nd a host of other compounds

(Willial!IS, 19�9 and 1969).

�chcca;l::nlly, thic hat bcon roprosented as follows: 
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Drug or (oxidation) oxidi ".CJ
---- -· �--') foreign cor.ipound 

I. Oxidntive Proceos:

drug oR 

foreign 

compound 

�onjug�tion) conjugatej

product 

Oxid�tive enzymes in variou3 onil'L11 tiooueo require

reducing agents mainly pyridine nucleotides - lW)PH and 

N/iDH (Mueller and Miller, 1953, Gillette, 1966; Nilsson 

and Joh.noon, 1963; Grom, Rogero nnd Foute, 1967; Gieon, 

Oram and Gillette, 1968; Holtzman, ,!ll Q!, 1968). In 

addition, they require otmoopherio oxygen (Yoooo, 1957; 

Poonor, Mitomn �nd Udenfl'iend, 1961; Hnyono, 1962; 

Bnker and Chl\ykin, 1962). 

Tho oxidation of dru�o or foreign oompoundo io a 

coupled prooeoo involving cytochrome P450 mainly and 

:OO>Ht - Cytochrome C reductooe. Cytochrome P450 woo 

firot detected by o.R. WilliOJ!lo and lotor deocribed by 

lO.ingenbcrg (1958), Garfinkel (1958) and Omurn ond

s��o (1952). The extent of participation of cytochrome 

P450 in aicroc.o:nal oxidntive proceooeo hl\n boon vtidoly 

otudicJ (D�llnor, 1963; Cooper, .Q.!i Ql, 1965; Oillotte, 
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1966; Grom, c.t. al.. 1967; Holtzman, tl a1,. 1968; Gigon, 

.!U ,1!. 1968; Hilderbrandt, Remmer and Enterbrook, 1968; 

Sladek nnd Mannering, 1966; and Alv�reo, � .ru,.. 1967). 

,\coordinp- to t:10 mi.Xed oxyuen..'\oe theory of Brodie, 

Gillette and L:lDu (1958) and Gillette, 1966, ?tADPH 

tcducoo o component in the microoome (Cytochrome P450) 

which reacts with oxygen to forn an 'ncti,e oxygen' 

intermedi�te. The active oxygen io then tranoferred 

to the drug subotrnte, 

1, N\DPH + A + H+---::> AH2 + NADP+

2. AH2 + o2 -------} 'octivo oxygen'

3. Active oxyFen + drllP' �oxidized drug + A + H2�

A io the miorooomol component. 

The cyclic prooooo pootul�ted by Holt2111.'Ul, .!!! ;u_.

(1968), Gillette (1969), onvion�oo the form.'\tion of a 

cytochrocie P450 - oubotrnto complex, which io then 

reduood by HADPH, ru,tl modiate:d by MAi)lll - cytochrome -

C-rcductaoe and the eventunl oxidation o f  tho complex 

by colcoulor oxygen. The finding thot vnriouo subotrates 

oauoed clnngeo in the vioiblo oboorption opoctrun of 
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liver microoomee, even in the absence of HADP.d 

(Remmer, !1 �. 1966) aloo suggested thllt eubotratea 

formed complexes with the oxidized form of cytochrome 

P450 and th�t the rote limiting otep of the renction 

woo tho reduction of the oubatrate - cytochrome P450 

complex. 

NADPH ' _,_ - I- �"
cyt, C
reductr.iee 

\ 
\.. 

• 

I 

l \)( l � :.,_J
-yl ,-• I ::

- \ � t,. r .)IIQSf, , ...
,:,q - ., ' 

I ---

OM 
'��·�.;,. \ 0 

r....yf. P�-:;0 2 

Oxidation of foreign compounda moy involve a more complex 

mech�nism but the pnrticipntion of oytocbromo P450 nnd 

pyridine nuoleotideo in most of tho rooctiono, ia well 

eotobliohod. 

II. Synthetic or Conjugo.tion Proceoe:

The oeoond phoee of the enzymic ronotions, involve

the oynthcoio of conjugnted products. Two possible 

mechnniomo ll:lvo been propoocd for this. The firot 

mccho.niom m�y involve the activation of tho oonjugnting 
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ngcnt. nnd thf'. t1•11nnroroncl1 or tl,lo, to th, oubolrnto 

(Dutton nntl St.,l'Oy, 19511; 8m1th nn1I Ulllo, 19�1; 

StN>minsor, � �. 1954: Ioocl\Jnohc1• nnd Axolrocl, 1955; 

�t.t�"'I, 1955 nnd Dro n, Zualtor nnd nurnott, 1950),

Thi� "Cllnnim:i cnn bo rcpr, oontou t.hua: 

,\':P 
) nc ti vct ted 

nucleotide 
conjugntt� 
ngent 

trnnofornae oonjugnted 

drug 
enzyme 

"Zh.1 procesc h!lo b:cn de!llonstr�ted by AxelroO, Inscoe 

a:d 7-a::};ino (1957) in the fomntion of oome glucuronid&c. 

i'hD oecom po�tulnte cnviongeo o oituotion in whioh 

r "tir.n c� io 1'1rot activated nn4 then, 

t � � 'lll t,., the oonJU£?t1n� agent tl un: 

A'i'P 

1 

> 
cctivotcd 
tJ'.1� l CO t 1/11,; 
foreign 
c-:r:;pmiM 

Conjugnti�
ngcnt 

Conjugntcd 
product 

ohnnlo1:1 in U\o 
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Bcnzoic ocid 0-- 1> Benzo:,1--CoA glycine
'> Hippuric 

glycine ooid, 
H-acylooe 

(P) �tpre 1nfluenc1na the motnboliom of drugo ond

forcip;n Comooundo:

I, Speoieo: 

The pattern of motoboliom of foreign compounds has 

been aho11n to vnx•y from opeoiea to opeoiea. This specieo 

voriotiono in tho motoboliem of compounds h.'lve lolllI 

been recognized and Parke, (1968) ho.o ohown thnt the 

voriotion:. mignt be in the quantity of aubatanoas 

motnbolieed and in the products of ouch motoboliem. 

Thuo, it is now !mown thot difforont opocieo roopond 

differently to ru, ndminiatered drug or foroign compound 

and this hoo boen found moot lWOf'ul in ohomotherapy 

(Brodie, ,tl n!, 1952 ond l'lilliomc,1959). 

Brodie, ,tl .f!.1, 1953; Burno,� r1, 1953 nnc1 1955, 

hnvo demonotroted opecieo differenoco in the metnboliem 

of mepridine; pben:,lbutnzone, ethyl biecoumarin ncetnte 

ond pentobarbitol. C-aldv1ell, Drin3 nnd 171lliamo 

( 1 971 ) havo ohcr.m that the main met:1bol1c reac t1on of 

mcthnmphotnir.inG in tho rot io oromntic hydroxylation 
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but N- demethyl�tion in the guine3 pig. Br1dgeo, ll !!1,

(1969) h::lve demonotrated extensive apecico dif'ference3 

in the metnboliom of oome methoxy-6-ou.lphnnilamido­

pyrimidinoo, Quin, A:.<elrod and Brodie (1958) otudied 

the ratoo of metaboliem of hexobarbital, antipyrine and 

aniline in the moU3e, rnt, guinea pig, rabbit, dog and 

non. They ohowed that in 'lll caoeo the mice had 'l

highbr rate of metabolism th�n the othero nnd also 

established an inverse relationship between the 'lotivity 

of the enzyme oyatem nnd the dur tion of drug action, 

Species vori 1tions in the motoboliem of n lot of 

oubotances rove oJ.oo been recorded, Murphy and Dubois 

( 1957) htlve recol'ded epecieo differoncco in the hnndling 

of on ontioholine eotoraoe ngont formed in the liver 

from thb dimethoxy eotor of bonzotrinzino diphoophoric 

ao1d, 

In o oimilnr m!lllllor, it hllo been reported thnt 

difforenooo in otroin �.rroct the motabol1om of drugs 

(Jay, 1955; Quin, Axelrod and Brodie, 1958; Jori, 

Pcncodor and Puglinti, 1971), 

II, ABg: 

3tudieo in the metnboliom of compounds hnve rovcoled 
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tm t certain compoun1o vihich aro ootoboli zed by odul t 

onimalo, ooonot be hnndled by ne� born :mimo.la (Jondorf, 

llllickel ond Brooie (1958), Fouto and Ad�rnoon (1959). 

It 1� thuw poatulated th�t the oxidative enzymeo 

m1F,ht be looking in new born nn1W'lls. Thu� W�othernll 

(1960) fouoo th:.'lt phenobArbitlll wnc more toxic to  neVI 

born than adult r�bbits, :uithe, Claireaux and Normon 

(1958); Brov,n, Zuelzer Dnd Burnett (1958); Schmid, 

�ft!. (1959), Inscoe encl Axelrod (1960) rove shown 

th!lt the foetuo and the ne'1 born hove low octivity for 

the hep�tlc enzyme - glucuronyl trnnofornse w hich 1G 

required l'or the oonjugrttion of bilirubin o.nd m:iny 

other dru�J to form the glucuronidec, It io thuo 

oatnbliohod thnt tho oge of onimolo doeo affect 

rom.'lrknbly, their nbility to biotronoform drugo o.nd 

foreign compoundo, 

III, Ipflucncc of other ogmpoundo: 

The prcoenoc of other oompoundo influenoeo the 

activity of drug netl\boli?.ing enzyrneo. Some of the 

oo�pou'ldo notably, horb1 tur'l ttts ani:l o ome polycyclic 

hydro,:'lrbone cn.h.1 nee. Uvor ntcrosom-'l.,w:u9 mcrt.\boliz in9 

cnzyz:io :ictivitics (Brown, Millor '\nd �lillcr, 
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19511; Conney, Miller nnd Miller, 1956; Hiller, ll fil.., 

1958). 

Conney nnd Burns,(1959 ond 1960), Conney .Q.! 21,. 

(1960) ond Rommer (1969) ll.'.lvc Ghown thot pretreatment 

of rats with phenobnrbi tone, bnrbi tol or omino-pyrine, 

increosed the nctivity of liver microsomal eneymea that 

metobolito hexobnrbitone, zoxo7.olnmine; phenyl butazone 

omino pyrine, amino azodyes and m�ny other oornpounda, 

Similarly, certain compounds are al.co known to 

inhibit the activity of the miorooomal enzymeo. 

Notable in thio group io f, -diethyl omino ethyl 

diphenyl propyl acetate (SKF 525A) (Axelrod, Udonfriend 

and Brodie, 1954; Cooper, Axelrod and Brodie, 1954; 

Brodie, 1956; Fouts and Brodie, 1955). Sovornl other 

compoundc h::ivo olco boon choroctoriaod for their 

effoctivo inhibition of drug metnbolizilll1' enzyme 

octivitieo (Fouto ond Brodie, 1955 and 1956; Chriotonoen 

and l'liooing, 1972). 

IV, 1')ltritiooal Statu�: 

Tlll: nutritional rt.-ite of animnl;.1 ntrect their drug 

mctnboli1.ing nbility, Di.:on (1960) hoo ohown tbnt 

ot.or'lotion 1l opre:aoc.u rlrug 1cetobolism both in yi�ro nnd 
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.1!l vivo, The effcoto of some pnrtioulor diets on drug 

mctaboliom hnvc bePn demonotrt-t•�d by Brown, Miller nnd 

llillcr ( 1954); Reif, §! !l.!, ( 1954). It hno further 

been obscrvul thnt vitnmin C deficiency could affect 

drug metnboliom extenoively (Axelrod, Udcnfriend ond 

Brodie, 1 954; Conney, .Q! ,!!1. 1961 ; Udenfri end, _tl tl, 

1954; Dolg].ieoh, 1955). Willa ( 1972) demonstrated thnt 

vitamin Kand naphthoquinone hnd errecto on lipid 

peroxidntion and oxidative metabolism by Mt liver 

miorooomoo, The�o oompoundo stimulate the rate of 

oxidation of ?11\DPil so thot leas is uvnilnble for 

oxidative rnetnboliam of lipids and other oompoundo like 

amino pyrine. 

Bcckin� (1972) hne reported thnt rnto fed on iron 

deficient d1etJ for 18-<lnyo ohowed o mnrkod increnoe in 

the metnboliom (1!:l yitro) of nniline ond ominopyrino. 

�icrosoonl cytochrome C reauctooo activity woo aloo 

incrcneed durinP iron deficioncy. 

v. Other Foctoro:

Severt\l other factoro are no,1 lmown to affect

the motnboliom of rlrugo and foreign compoundo, Theoo 

incl•xlo ocx ond routes or adminiotrtition of tho oubotanoo. 
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Quin, Axelrod and Brodie (1958) wve obGerved oex 

differences in the mcto.boliom of hcxob�rbitol. 

Hexobnrbital woo metobolioed nore rapidly in male r�ts 

tho n 1 n femo le ra ta. Murphy and Duboi::i ( 1958); Inscoe 

and Axelrod (1960) hove '.\loo de:nonntrated eimil.!lr 01.'fcct'l 

uoing dimetho;cy-eeter of benzotri�zine diphoophoric aoid, 

nnd o-omi.nophenol respectively. Theoo effecto have a.loo 

been traced t o  the eex hormonoo. 

The discovery that gut bacteria could motnbolize 

certain compounds, (Draser, Renwick' nnd Tlillinms, 1971 J 

Gingell, Bridgeo and Williams, 1971 ; Yfillinmo, 1970 and 

1971 ) , led to the belief th:it compounds ndminio tered 

ornlly m.'ly have !ll tored pattern of mctnboliom from thoee 

odminiotered oithor intraperitonoolly or oubcutnncouoly, 

Difforenoeo in metoboliom of compoundu orioin� fl>om 

tho route of odminiotration might, therefore, be 

nccountcd for partly by the: influence or gut L'loro or by 

poor oboorption from the gaotro intestinal tract 

(Dollery, Dovioa and Conolly, 1971). 

M'CTABOLI.Sll QF AFLATOXIliS 

The motnboliom of nfiatoxino, attracted attention 

folloTling tho oppcaranoc or nnatoxlno or thoir toxic 
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011 t , in hU=:;Jn rood u:-odue t rr nni il rca

n t xic a1ct . A potent! l food c nt in t1on proble::i 

in t.hle rcg:u-d lr.\O 1lluutr,te<l by tht di cevory er 

toxic 110t.:1b.,liteo 1:n ciU; rro::i dn1ry cattle fed 

c nt lrnteJ l':ltlon under expcriomtl l condit1on.o 

(AllcM:f't on:l C.-irn.,ghon, 1963). ':'hio ci1lk ioolatc 

rouna to be toxic to duckliTit;u. bo1na c:ipnblG of 

c'lu 1n_ .. liver looionn or dentb. in n p:ittorn oioilor to 

'lllthcntlc nnntox1n ct11:1plcJL (bolznpfol, Stcyn n.nd Purchne, , 

1966; Purchnoc, 1967). de Iongh; Vlco nnd Von Polt, 

(1964) deconotratcd the preacncc er tl1io cilk 1:f'nctor'

i� the oilk of oowo fctl highly contonin.�tod ponnut.n 

om oloo ohowe<I it.a preoc:nce in tho r.iillt of lnowting 

rato fed chrom!lt.ogrorhloolly pure ntl'ltoxin B1, hanco

1t wno concluded that tho milk fnotor ,rno, in foot., " 

cutobolic prcxtuc t. or nnntoxln n
1 

noo hno been n1 V\. n 

the trivial n.'lmo nna toxin M
1 

, Alloroft, ,il !!Ja. ( 1966); 

?i!lbncy, Burbngo, Allcrort ontl Lewi , (1967) h.'lVO nloo 

1-dcntittcl onatoxin M1 in lho kiclnoy, urine, tneoeo,

oill: an!l liver cxtrocta of ohoop proviouoly doood with 

fl."11.oxln B1• Yon <lcr L1n1o, Freno Md VM ERoh OJtuuit<l

t'UrtivJr the oppr.orcncc of nflnt,,xin motcbolitoo in oowu 
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milk. They Chowed that the toxic metnbolite sppesreu 

in milk 12 - 1 4 hour a after dosing 171. th afln toxin 

B1• The quantity of nfllltoxin !11 in the milk of cowo

io now kno�n to boor o linP.ar relntionohip with the 

oflatoxin B
1 

in8eoted (Allcroft and Roberto, 1968;

Maori, Oar cia and Poge, 1 969). 

A fnctor, 1·11 th propertieo similar to aria taxin 

H1 mo been identified in the livers of rota dosed with

purified anntoxin B1 (Butler ond Clifford, 1965), thus

cuggest1ng the conversion of the parent compound to the 

metabolite 1n the liver tiaoue, Booair and Osiyemi 

(1 967); Ooiyemi (1 968); Emafo (1970) hove nloo ohown 

thnt th� liver io the prim.'\J'y o�gon responsible for the 

biotronoformotion of onrtoxin B
1
•

Holzapfcl, Stcyn f\nd Purchaoo (1 966), Moori, fil Q.!. 

(1 967) hl\vc cotnbliohed the ohomioal nnturc of 

nflntoxin IA1• They hove ohown thit it io 4-hydroxy

oflntoxin n
1 

�nd n hydroxylnting enzyme onpoblo of

convertine ofl atoxin B
1 

to 4-hydrox:y oflatoxin n
1 

hl\s

been reported by Schn�ort and Steyn (1969) to be present 

in the r:it liver. They hove aloo ohown that o minor 

product, the 2-hyrlroxy oflntoxin B
1

, io oloo produced
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by the rot liver enzymeo, 

In nddit1on to hydroxylation, aflntoxin B1 is

nloo metabol1zed by the cleavage of the methoxy group 

riving rice to formoldehyde �do phenolic moiety 

(Scbnnk nnd Wogan, 1965; Wogan, Edwnrdt. and Sohnnk, 

1967; Ooiycmi, 1968; Baosir nnd Em".fo, 1970). The 

formaldehyde produced iu finally converted to carbon 

dioxide. The fate of the phenolic moiety woo unknown 

until �mois, V/ognn and ,Veinreb ( 1971 ) showed that it 

wao largely conjugnted 1n the rheouo monkey, no a 

gluouronide and hone e 'referred to it as aflatoxin Pi, 

The metnboliom of nfllltoxin B1 hac been reported

to be lorgely opecics dependent copcx:ially in the rate 

of metnboliam (Portmon, n, Plo17t'IOn, ""K.M, cmd C:ltJI)bcll, 

T,O. (1968), Bncoir nnJ Emnfo, 1970; Stoyn, Pitout 

and P-.irchnoo, 1971 ) • Tho mouoc for inotanco, nppcoro 

to produce other oubotnncco in addition to anatoxin 

u
1 

(atcyn, Pitout and PurohC\oe, 1971).

However, two mnjor metabolic conversions or

aflotoxin B1 , have been estobliBhed - ring hydroxylation

giving rioc to mo�droxylntcd producto and 
" 
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o-demethylo.tion which olao conotitute another

degrndntivc pathwny {Holzapfel, Stc:,n etnd Purch::1.!le, 

1966; Allcroft, � ,ru.. 1966; Masri, _tl ,U. 1967; o.nd 

Nobncy, .Q.� !lJ:. 1 967) • 

Reporto on the metoboliom of other nfl 1toxiro arc 

very scanty. It io believed, however, thnt thoy are 

onpnble of undergoing oimilar degrqdntionn oo c.flatoxin 

D1 • Thu.,, anotoxin B2 yicldo nnntoxin u2 - o

4-hydroxylated product. Aflntoxin o1 io hydroxylotod at

the 4- and 2- position to give rioe to the mono­

hydroxyloted prcxlucte referred to no nt'latoxin "OJ.I" nnd 

020 reopoctivoly {Dutton and H�'lthcotc, 1968; Schnbort

and Steyn, 1969). Allcrort, et al. (1966) hnve oboerveu 
--

however, thn t anntoxin B
1 

woo motnbolizcd in the sheep 

to o larger extent thm ru�ntoxin o1•

I. Jl��re ti_gr.1:

Afl.ntoxin B1 n� lllOtnboliteo nre cxci•eted through

the biJ e (Boooiz· arxl Osiyemi, 1967) ond in the fneceo 

orn u;,ine mninly (Fnlk, Thompson lllld Kotiu 1963; Wognn, 

Ed;mrda o.oo Sh.'?nk, 1967). In the rabbit nnl r'lt, 

ofl<ltoxin D
1 

and the metnbolitoo ore oxcrct ad ao
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o-oemethylntion which ol3o conotitutec another 

degrndnti vo pathv,ny (llolznpfel, Sto:,n and Purchrt!le, 

1966; Allcroft, £.!: �].. 1966; Maori, ,q! ll• 1967; and 

Nobney, ft.ii Q.!. 1 967) • 

Reports on  the met:tboliom of other oflutoxins are 

very ocanty. It io believed, however, thnt they ore 

cop..'lble of undergoing oimilo.r dep:rndotion:: oo r.flatoxin 

B
1 

• Thu: , oflotoxin B
2 

yields nflntoxin 1.1
2 

- n

4-hydroxylo.ted product. Aflntoxin o
1 

io hydroxyloted at 

the 4- and 2- pooition to give rioe to the mono­

hydroxyloterl products refer1•e<.l to no nflotoxin ''OM" nnd 

0
20 

roopoctivoly (Dutton and llenthcote, 1968; Schnbort 

and Steyn, 1969). Allcroft, et nl. (1966) have oboorvou 
--

ho11cvor, tho t aflntoxin B1 wno mctnbolizod in the sheep

to o lnrger extent thM n!'lntoxin o1•

I. �Ci_ro_t:t.211:

Aflntoxin B1 :\ncl metoboliteo nro oxci•otcd through

the b1Jc (Bo3oir· arxJ Ooiyemi, 1967) and in the fneceo 

and U;'1.ne mainly (F:uk1 Thoc,poon nod Kotiu 1963; Wogt'ln, 

Edm1rdo ruv.l Sh.-:nk, 1967). In the rabbit nll'.'I r'.lt, 

Oflutoxin D1 an<l th{j ir.ctobolitoo ore oxcrct .id ... c.
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the glucuronideo (Oaiyemi, 1966; BoGsir and Ooiyemi, 

1969). 

ME1'AAOLISU OF '1liE PAillOTOXIllS 

Nothing 1o ao yet knoYln obout the metaboliom of 

the polmotoxino. I I In tho preoent .vork, in - vitro 
-

tecbniqueo, no oppliod in the otudy of afl�toxin B1
,

hnve been uoed to otudy the fntc of the compounds in 

oeveral anilll.!.\l species. 
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CHAP'l'tR II 

IIJ\TERIALS 

I. Aopergillue ,O.evue (Link) ex fries U.I. 81 otock:

The Asper gill us flavuo U. I. 61 culture 1100 obto inod

from the Deportment of Botany, Univcrsi ty of Ibodon, 

IbC\dan, This wae part of the original :lflatoxigenic 

ioolnto of Dr. s.o. Alasoodura of th e sar.ie Department. 

Stock cultures v,ore obtained by oub�ulturing the 

original oupply on oterile agar alnnto of the Yeast 

extract-sucrooe medium (Davis, Diener aru.l Eldridge, 

1966). Cultureo were grown nt 25 .:!: 1 °c until n uniform 

gro;•1th of mycelio, oho\Ting green sporulntion nppeored, 

Stook oulturoo wore prooorvcd by oub-oulturing at two 

;1ockly intcrvnlo. 

II. Cocpooition of medium for cub-culturing Aopergilluu

flnvua ex frieo (U,I. 81) (Dovio, Diener and

ID,dridfl'.e, 1966) :

Yeoot extract (Difeo) 20�.

Suoroot. (bnotc:riologicol. grade )2 OOg.
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Bacto-Agar 15g. 

Diotilled water 1,00Qnl 

The pH woo �djusted to 7,0. The solution mo booted to 

melt the agnr, cooled on<J diotributed into ltcC3rtnoy 

bottleo in 1 O ml po1•tione. The bottleo were oterilizcd 

ot 1 5 lb/og. in. for 30 minuteo and alloved to cool 

·,vhile in o clonting position. The 1tedium was then

innoculnted with eporee of Acpergilluo flovus ueinp

o platinum loop.

III. Culture medium for quantitative production of

anatoxin:

The obovo medium of Dovio, Diener ond LldridBe

( 1966) woo rotoined oxcept thot bocto-ap-ar woo omitted. 

Ye�ot oxtroct (Difeo) 20g. 

Sucrooc (bocteriologicnl grndo) 200g. 

Dlotillcd wntcr 1000 ml. 

The pH wao oloo adjuotod to 7.0 and the oolution 

distributed into 250 ml. Erlonmeycr flooko in 50 ml 

oliquoto. Cultureo were gro?ln for 6 to 8 doyo, 

r-1. Medium for production of Pa1motoxina: 

Pnll:I eap from the oil palm (EloeiG miineensia) 

;rero collected Ylith :lry-heot otorilizod nneko emboddod 
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in an ice-salt mixture in o large thormoo flook. The 

oop 7/0G collected from the top of- the oil palm, 

overnight by placing the nook in pooition (Papo.ruoi, 

1966, Adekunlc, 1969). 

At collection, thb un!'ermented oop h.:ld n pH or 

6.0 to 7.0. It was then distributed into 250 ml

Erlenmeyer naoko, sterilized at 15 lba/sg. in. for 

30 minutes arxl innoculated with. .,,A"""sn=-:e::.:r.::r,.::i:ll:-.:\!Q. f.1��1:!

op ore a. Cultures were incub,1 tcd at 30°c for 5 doyo. 

V. !hJ.n lo.ver plateo coated with silica gel,_Q:

60g of si: ico gal O ( ohromaloy brand ouppliod by

Uoy nnd Bokor, Degcnhllm, Enr,land) or 50g kicool gel 0

(E. llcroh Dormotndt, OoI'D'C\ny), where opplicoblc, wore 

ohokco ,·1itb 100 ml of rioter for 2 - 3 minutci. nod uoed 

to coot 6 glono plo teo, 20 cm x 20 cm :� O. 3 cm, �rro.nged 

on o Shnndon "Unoplon Lo'lctJllor". Tho oprender woo so 

aJjuatod oo to givo o uniform thic.kncon of 0.5 mm nnd 

u.icd in < o::iting the pla teo. 

( 

Plnteo were octivnted ovurnight n-t 11 o0c in an oir 

oven before uco. All plateo used were pr epared by the 

above procedure. 
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VI. Anirr.alauoed for "in vitro" otudiec:
-

All through thi., ':'lork, 11\.'lltl anirrru.o ,it::re 1.1!)<.d,

The liz..'lrd nnd tood wore uaed no caught from the •

aurroundin�o. The hoop, go3t ond duck were bought from 

the local mr1rket r.nd maintained on their respective 

nornnl Oietn of green grooo for goot nnd sheep and insects 

and onto for the duck, until they were in uoe, All 

chickens used ·11ere obtained from the Facul t y  of 

Agricultur e,Teocbing and Research Farm, University of 

Ibnd..'ln, All other onimnls were obtained from the 

Pre-olinioal An1mnl House, Faculty of J.lodicinc, 

UniverPity of Ibadon, Ibndan. Litter m'lt.co ,vere uood 

os much no poooiblo. Anirn.'lls uoed v1ere: 

Rot (Rntt\ll!_ op. wiotor otroin) 95-110g wt. 

Albino mouoe (�luoculuo op.) 30-35g wt. 

Gulnen pig (Cnvit1 p9roclluo op,) 300-350g wt.

Robbit (Oryctolnguo cuniculuo) 1 .8-2,0 kg. wt. 

Do1 (Dome tic) (Conio op.) 5-5.5 kg. wt. 

Sheep (Local dvmrt breod)(Ovio op.) 10-10,5 kg. wt. 

00! t (Locnl d'Nnrt breed) (Cnpro 

biroua) 12'"12,5 kg. vrt. 
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Duck (AJ¥lj! op.) 

rTh1te rock cock (�nllu� op,) 

Tend (B�_t,q r_e,rul,n,r:i_ ) 

Rainbo'N Lizord (Af!<1!Jl.!l ngnm0,) 

I • 8-2 . 2 kb ,rt • 

2-2.2 kg ;7t, 

50-60g wt. 

70-80g wt. 

VII. ,C_0,!!11l08 i �ion oU�incubo ti�JJ._1Jl9diur,1 for

J.,1 ver f!J.,ic� ( LlcE.tAN, 1 956) :

Sodium chloride 

Olucooe 

Sucrooe 

Sodium bicorborote 

Potooeium chloride 

Calcium chloride 

Sodium dihydrogen phoophtlte 

7,6r.

2. Or., 

4.5g. 

2 .1 g. 

0,42g. 

0.42g. 

0.14g. 

D1ot1lled woto1• to make up oolution to 1 11 tre. 

The calcium chloride wo� uounlly added ot n 

latter ot..'llJC, whon tho other oomponcnto h/lvo been 

opprecinbly d.lutcd with tho m:ucimum poooible quantity 

of wnter, t.o o"oit.l the precipitation of cnlcium phosph.'l� . 

Freoh oolutiono were prepared each day. 

VIII. §,:1,_l_te.r_�1.t.r!1!UC!l.S.CJ11t. ( Trevelyn, Proctor and

Hnrrioo:11 1950). 

Silver nitrat1; (<loturntod oolution in wotor) 
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0,1 ml. Acetone to mok.e a oolution of 20,0 ml, Distilled 

:-inter ti:ib ndded dropwise until the precipitnted oilver­

nitrate rediooolved. 

IX. Ninh.ydrin rcn�ent (Boeoir, 1963):

Hinhydrin O. 2g. 

Acetone to m::uco o oolution of 100 ml. 

X. Po1nooium Rhodizon�te rengent:(Sohneider �nd

Lewbert, 1 956) : 

Pot..�ooium rhodizon.�tc 

Dietilled water 

Concentrlted ammonium hydroxide 

solution (BP !{I'. 0,91) 

Aboolute alcohol 

12.0 mg 

15,0 ml

10,0ml . 

25,0 ml, 

XI. Double Strength Nnoh Rengcnt (Co.Qllin and

Axelrod, 1 959) : 

Ammonium ncctnte 

Rcdir.tilled ncctyl �cetonc 

150g, 

2.0 ml. 

Distilled wnter to mrucc oolution up to 500 ml. 

XII, µnphthoresorcinol Bproy reogcnj;_ (Bridgco,Kibby 

an::\ \'/illinm�, 1965): 

1% v/v nnpbthoreooroinol in acetone 20.0 ml. 
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1 � v/v phoaphoric acid to m."\.ke o 

oolution of 

XIII. Agueouo nnphthoreoorcinol Solution:

(Fiohm'ln and Green, 1955), 

?laphthoreoorcinol 

Diotilled water 

25ml. 

The nophthoreoorcinol wne pulverized with n mortnr 

and pootlo, ohnken with water in a glaoo otoppered, 

omber-coloured mcr1ouring cylinder for 10 m1nuteo and

then filtered, The filtrate wno stored nway from light, 

XIV. Rengonto for alkaline phoophatnoe detenninntion:

(Bceoey, Lo\1ry ond Brock, 1946). 

(a) o,OSM Glycine Buffer:

Glycine 

Mngneoium chloride 

3.75g.

47.5g.

Diaoolved in nbout 800ml, diotilled water, added

85 ml 1N oodium hyeroxide and mode up the solution to 

one litre. 

(b) P-nitrophen.vl pho�ph�te oubotrnte:

P-nitrophenyl phooph.'ltc.

Sodium oalt to mnko 0.2% solution in 0,001 Norm.'ll 

hydrochlorio ocia. Adjuotod pH,to�6.5 - 8.0. 

Thcoe rc'lp:onto vrcre oupplied in the nm 'Dioohomicn 
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teot cornbinationc' for alkaline phoophqtooe determination 

('IDP, Cot. No. 15987 TAAF). 

X!J, Ren5entn for �luwm.�te oxnloocetic ,cid tranoominnoe 

determin, tion: (Rei tmon Clnd Frankel, 1957). 

(n) Stn�nrd Pyrupate,

Bodi um pyrur, to

0.11A phooprote buffer,

pH 7 ,4 to rn::uce up to 100 ml. 

(b) SOOT Subotrato.

oc.-Ketoglutaric acid 

dl Aoportic ncid 

22,0 mg. 

29,2 mg. 

2.66 g. 

Tbeoe were diaoolvcd in 1N aodium hydroxide nnd adjusted 

to pH 7 .4. It woo then made up to 100 ml with 0.1 M

phoophate buffer pll 7 .4. Thie gnve a oolution of 

2 mlJ o<.. -kotop;lutnric acid and 200 ml! dl-aopnrtic .r\cid 

per litre (Rcitmn and Frankel, 1957), 

(c) 2;4 dinitrophen,yl h.Ydro1.ine rengent:

2:4 dinitrophenyl hydrnzino 19.8 mR, 

It woo m.odo up to 100 ml with 1N HCl. 

(d) Aniline citrnto ren�ont:

5g. citric acid ('lMlytiool gr'ldo) wore diooolvcd

in 5 ml ttntcr ond 5 ml of Aniline (onolyticnl grndo) 

wore od'1ed. 
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XVI. Phonobnrbitone Solution:
•

Phcnobnrbitonc sodium oalt 2. 5£1, 

Thr oo.lt woo wnrmed with o little of 2l� ::iodium 

hydroxide until the oubo�1nce diooolved completely. 

The ooluti on W,lO mnde up to 100 ml 111 th O. 9% S:lline. 

XVll, Carbon monoxide: 
-

Carbon monoxide u�o gener�ted from sodium form:itc 

(BDH Chcmicnls) and concontrated sulphuric acid 

( SP • gr . 1 • 88) • 

XVlll, Iodine ?Tu9ber determination (Boesir, 1963): 

(o) Dnmo Iodine:

8.2 ml of pyridine "\nd 6 ml, concentrated oulphurio

acid 'i'lerc, added to 20 ml glacial acetic ncid oooled with 

ico. To thio woo oddod o oolution of 2,6 ml brornino 

di::ioolvcd in 20 ml. acetic ooid, The mixture l'IOO diluted 

to 1 litre with glncial noetic noid ord otorcd in the 

dnrk, 

(b) 10% �ot.lsoium iodide oolution:

1 Orr. pot.,nnium iodide woo disoolved in 100 ml of

dic-tillc<l water. 
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(c) N/40 Sodium thiooulplnte oolution:

6,6g of oodium thiotulph.:it� wn$ dio5olved in

di.otillcd 'Nater on:l mode up to 1 litre. 

(d) 1% St.:lrch Solution:

1g. of otorch v,ae ot1rred with 4 ml. of distilled

water. The euopension W'l!l poured into 96 ml. of boiling 

d1ot1lled w:lter. The reoult1ng oolution ooo cooled ond 

mnde up to 100 ml.
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CHAPTER III 

METHODS 

I. Preparation of Pure Sillilples of a.flntoxin s
1 

and G
1

: 

Following a preliminary experiment, yeast-extract­

sucrose medium inoculated, with AsperQillus flavus spores, 

was incubated for 6 days at 3o0
c. The medium was 

harvested by filtering o!f the mycelial matt, One litre 

of the liquid broth was extracted for 24 hours with 

chloroform in a Hollinan's quick!it, liquid - liquid 

extractor {Holl.iJ!lan, 1952). This method of Trager, 

Stoloff and Campbell, (1964) and Nabney and Nesbitt (1965), 

was retained for all quantitative extraction o!  the medium. 

The chloroform extracts were concentr ted in a rotary 

film ev,,port.tor. Pr<'cautions 11ere taken to avoid direct 

exposure to light, as Ema.to {1970) had shown that the 

a.flatoxins were photosensitive and degenerate rapidly 

when exposed to light, 

Prinary Purification: 

Crude chlorotorm concentrates were filtered through 
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a double layer o! Whatman No. 1 filter paper, over 

anhydrous sodium sulphate. !he extracts were then stored 

overnight at about o
0
c, when soma inpuriti<?S separated 

out. The supernatant chloroform solution, was then 

stored in amber-coloured bottles at a temperature below 

4°C. 

Chromatographic Separation: 

A modified thin layer procedure as reported by 

de longh, et al. (1962 and 1964) was employed in the 
--

chromatography of crude toxins. Kiesel gel G (E. Merck, 

Dermstadt, Germany) and silica gel G ('Chromalay', May 

and Baker, Degenham, Englund) were used in coating the 

plates used in the experiments. Crude extracts were run 

on coated thin layer plates activated overnight at 110
°

c,

in an air-oven. The plate� were developed with chloroform: 

r '\SlS" , > meth�nol: formic acia,J.n unlined and unequilibrated 

Baird and Tatlock (London) Ltd., multi-sheet chro1Mtographic 

tank (Smith ru,d McRcrnan, 1962). About 16 plates \qerc run 

at a time using about 400 ml, of the solvent mixture 

(Plate I ). 

the plate& were rnnoved from the tank when the 
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solvent front was about 5 co. to the top and stored in 

a dark chamber to dry. On viewing the plates in 

Ultraviolet light, fluorescent bands corresponding to 

a..flatoxin B1 and G1 were narkcd out and scraped off.

The toxins w,,r, , •luted fror- the silica gel lfi th �

methanol in chloroform (v/v). The eluate was concentrated 

in a rotary filn evaporltor and re-chroaatographcd using 

1cm acetone in chloroforc (v/v) as the developing solvent. 

The aflatoxin B
1 and G

1 
were r•covered froa the silica gel

scraping, by eluting with 2\; methanol in chloroform (v/v). 

The solutions were taken to dryness in n rotGry filD 

evaporator and tho rrsiduc rodissolvcd in a minimllll 

amount o! chloroform. The toxins wore rcprccipitGtod 

from chloro!orm by dropwi�o addition o! either n-hcxanc or 

potrolow;i othor (Shotwell,��. 1966). The solutions 

wert• left in n doep !rcczer n t i\bout - 10
°
c. Crystals 

formed by this method wore dried under v:icuuri, in :i 

dessica.tor. 

Spoctrophotonctric Analysis: 

To ascertain the purity of the samples so obtained, 

spectrill analysis - nninly ultraviolet and intra-red 

spectra wore used. 
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Ultraviolet Spectrw:i: 

The aflatoxin B
1 

saople was dissolved in ccthanol 

(analytical grade) and the ultraviolet spectrum (Fig I) 

obtained in a Perkin Elm�r Ultraviolet-visible 

Spectrophotometer 137UV. The spectrum of aflatoxin G
1 

was obtained both in methanol (Fig 2) and in water 

(Fig 3). 

Infra-red Spectral Analysis: 

The infra-red spectra of both a:flatoxin B1 and G1

were obtained in nujol using a Perkin Elmer sodium 

chloride Spectrophotometer 137._ (Fig 4 and 5). 

Table 5 is a SU1111Dary of the Ultraviolet and infra­

red characteristics obtained. 

II. Quantitative estimation of �flatoxin B1 and G1:

(a) Spectrophotometric Method:

The ::.pectrophotomctric method of N.1bney and Nesbitt

(1965), was used in the estimntion of the aflatoxin B
1 

and G1 used in this work. Chloroforc solutions of the

toxin were gradually added to distilled water and the 

chloro:forn bl01m off viith Nitrogen gas (supplied in 

cylinders by the lndur.trial Gascs,(Nigcria) Ltd.). The 

optical densities of the aqueous solutions wcr� obtained 
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TABLE 2 

Ulttt-violet and infrn-red oharaoteri:,tic: of cflatoxin B1 and G1

AFLATOXI!I B1 .i.FLATOXD r G
1

Ultrnviolct Infra-red Ult�aviolAt Peaks Infra-red 
Peaks Poo.k

)
pO'llcll 

(Kotlumol) ( c:I -1 Uothanol 17ater 
<o:i-1,

223 o:i 1750 218 110 203 nr.i 1760 

265 n::i 1680 239 !IC 1695 

362 no 1630 262 nc 
253 !Vll 1630 

1590 1595 
}65 nll'\ 365 nf'I\ 

1545 1545 

•
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from a Unicam SP SOO Spcctrophotoceter at 363nm. Emafo 

(1970) has shown thnt the optical density bears 1

linoar rel�tionship with the concentration. Concentrations 

were, however, obtained using the formula of Nabney and 

Nesbitt ( 1965) ( Page !2.5 ) . 

{b) Serial Dilution Method: 

The 'Null fluorescence technique• of Coomes, il al. 

(1965) wns employed in the cstination of residual 

aflatoxin 8
1 

after incub;,.tion and the aflatoxin M
1 

and 

GM 1 formed during incubation. The minin\1£'1 amount of 

aflatoxin 8
1 

which gave the least observable fluorescence, 

has been given as 0.0004 µg and for aflatoxin G
1
, 

0. 0003 }JCJ • 

In the assay method used, 1 ml. of extract or 

.ulatoxin concentrate was ad<led to tube one of a set of

ten test tubes, �aci, cont !nine; 1 ml. of the pur� solvent. 

l 1111. of the ni.xture i."I tube one was withdrawn and added

to tube two and the process continue<] until tube ten 

was reached. 0.04 ml was withdrawn from each tube and 

applied to chron.itoplntl'!s of Kiesel gel G (E. Merck, 

D�rostadt, Garmany). StMdard o! knovm conccntr�tions 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 84 -

were similarly treated and equal volumes also applied 

on thin layer plates. The use of standards were found 

necossary, to correct any variations in fluorescence 

properties due to either the silica gel or to the solvent. 

Spotted plates wer� developed with chloroform: 

methanol ( 96 :4 v/v); air-dried in the dark and vie1Yed 

over a Gallenkamp 3650A Ultraviolet lamp, with the plates 

placed at a distance of about 20cm. from the light source. 

The dilution that gave the least fluorescence was noted. 

Concentration of the test solution was then calculated. 

Calculation: 

If in a particulax experiment, least !luoresconco 

was observed in tube 4 (i.e. dilution 16), and the 

corresponding concentr tion under the prevailing conditions 

was 0.0005 ug; the concentr.1tion can be calculated thus: 

0,04 nl contnined 0,0005 pg 

1 ml contained 0.0005 x l 
0,04 

Since the original 30lution was diluted sixteen times, 

1 QJ. of the original solution, contained 

0.0005 X l X 16 
0,04 

0. 2 Jl9.
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The same principle and the fact that aflatoxin M
1 

and 

1'GM11 are three ti.mQs as fluorescent as aflatoxin

B
1 

and G
1 

respectively, were employed in the calculation 

of the concentration of the hydroxy a!latoxins. 

III. Preparation of Pure samples o! Palmotoxin Bo and Go:

Pal.Jnotoxin Bo and Go were prepared from mature

cultures of Aspergillus flavus (U.I. 81) grown on the 

palt! sap medium, The aflatoxins are also produced along 

with the pal.Jnotoxins in this medium (Adekunle, 1969), 

Procedures employed here were similar to those for the 

isolation of aflatoxin B
1 

and G
1 

except that cultures 

were incubated for only five days in this medium. The 

chlorofor� extr,cts obtained by liquid - liquid extraction 

of the broth, were first le!t to cool, when soi:ia fine 

needle-shaped crystals believed to� mainly kojic acid, 

sep.u:atcd out (Foster, 1949; and Parrish, 21 !tl· 1966). 

The supernatant was filtered off and concentrated in a 

rotary filll evaporator. All processes took place with 

cinicua exposure, to light. 

Pricary Purification of Extracts: 

The concentrated extract was p;\9Scd through anhydrous 

&Odiuc 11ulprui. to 1n t. doublo lnyor or 1/ho\tnan No, l fil tcr 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 85 -

The srune principle and the fact thl\t a!latoxin M1
and 

''GM11 are three tines as fluorescent as a!latoxin 

B1
and G1 respectively, 1�ere employed in the calculation

of the concentration of the hydroxy aflatoxins. 

III. Preparation of Pure samples of Palmotoxin Bo and Go:

Palmotoxin Bo and Go 19ere prepared from mature

cultures of Aspergillus flavus (U.I. 81) grown on the 

palm sap medium. The aflatoxins are also produced along 

with the palmotoxins in this medium (Adekunle, 1969), 

Procedures employed here were similar to those !or the 

isolation o f  aflatoxin B
1 

and G
1 

except that cultures 

were incubnted for only five days in this medium, The 

chloro!orn extracts obtained by liquid - liquid extraction 

of the broth, ivere first left to cool, when soine fine 

n.•ed}c-shaped crystals believed to be rnainly kojic acid, 

separated out (Foster, 1949; and Parrish,� g. 1966), 

Ihe supcrn�tant was filtered off and concen trated in a 

rotn.ry !iln evapor,1tor. All processes took place with 

ninaun exposure to light, 

Pr�ry Purification of Extracts:

The conccntratqd extract was passed through anhydrous 

&OdiWl ,ulphatc in a double lnyer o( 1/hntrnan No. l filter 
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paper. It was later passed through c1 very short column 

of cupric carbonnte, previously wnshed 1vi th 2S. acetone 

in chloroform (v/v). Thi� procedure removed some of the 

adhering pigments (Stubblefield, Shannon nnd Shotwell, 

1968). 

Thin layer Chromatography: 

Crude extracts wore separated by the thin layer 

chrol'latographic technique as employed for the isolation 

of a.flatoxin s1 and G1, However, in the first thin layer

separation, a 3r. methanol in chloroform (v/v) solvent 

systet1 was used, The bands 1ri th Rf. value of 0.15 and 

0.09 (Plate :t_ ) and fluorescing blue and green 

respectively were isolated, (Adekunle, 1969). These 

corresponded to the palmotoxins Bo and Go respectively. 

The substances wer<.' eluted !ron silica gel with 4li

cethanol in chlorofom (v/v). The eluates were taken to 

drync�s using rotary fil.cl evaporator and redissolved in 

chlorofo.rr. The substclJlces were reprecipitated fron 

chloro!orn 1'i th n-h�xane or p<>trol,·Ulll ether (Shotwell, 

il il• 1966 nnd J.d-.ikuolc, 1969). Iha r, ;iduc were 

�cp rated !roo thQ supernutant by centrifugation, 

r 
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redissolv� in chlorotorc nnd rc-chronntographcd in 5% 

�ethanol in chloroform (v/v). The substances wore once 

core isolr.tcd as above, 

T�st of Purit):'.: 

For the purpo5e of the metabolic studies, test ot

purity was largely b�sed on thin layer chron.1tography. 

Isolates WQte chr0111atographed Ulltil they gave single spots 

on thin layer plates using nethanol: chlorofora (S:9S v/v) 

and chloro!ora: �ethanol fornic: acid (95:S:l v/v). 

rho Ultr�violt-t Spoctra wcr1. uso takon in nquoous 

solution using" Perkin Slmer SJX!ctrophotocoter 137tN 

(FigurcG 6 and 7). 

l'l. Ei;tir111.tlon of P.11niotoxin no nnd Go:

(.1) Rcprccipi tatod samples or p.1l.1tlotoxins Bo nnd Go woro 

prep;1rod as doscribc!d above. Th, y wQr<? dried in l\n 

eva.cuat� c:w-;<.ic,;tor in the dark Md l.1.tor weighed. Tho 

weighed aar.iples ware disaolvod in dry chlorofom 

(analytical 9rnde) Mtl mad1> up to 5 ml. in volunctric 

flasks. Aliquots o! c-nch srunplo, raprosontJno di!!nrent 

conct>ntratlons, wol'< dilutf!d lo :I ml nncl thoi r opticnl 

dQn!litieo obtnincd ,,t 265nm usin{I a 1Jnicnm SP SOO 

Spe<:trophotonotGr. StandArd curvos war( obt ,.lnod !or 
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each substance by plotting optical density against 

concentration (Figures 8 and 9). 

(b) Serial dilution technique for the estimation of

Palmotoxins Bo and Go:

Standard solutions of the toxin& wore serially

diluted in the sru:ic milllner ns for aflatoxin e
1 

.o.nd G
1

. 

0.05 ml. from each test tube was spotted on thin 

layer plates coated with Kiesel gel G (E. Merck, 

Dermst;idt, Germany) and developed with chloroform: 

methanol (96:4 v/v) solvent system. The spot with the 

leutobservable fluorescence was also obtained by viewing 

on Ultraviolet light (3650A) placed at about 20 cm from 

the pl'lte. 

Calcul,•t ion: 

Concentration of l ml. of solution 5 u g  

and the dilution with the least fluorescence, was 

dilution ten . 

• 

• • 
If X is the concentr�tion equivalent to 0,05 ml in 

the tenth test tube, 

0.05 gl, is equivalent to X pg and 1 ml. of the 

original solution is equiv�lent to 

Y. X l X 
2lO

0,05 

C !j 1J(J 

r 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



.... 

\.t. 

12 / 
0 

\ 

iii 08 

0 0 

:;J. (}t. 

O 02 

10 Jo s'o 10 90 ro ill 'ISO no -
CONCENlRATDN ( 1J1i 3 ff'I. l 

Palmoto�,n Bo standard cur� 

l -
1,6, 

1 
4
� 

1 2• 
� 

1 oi 

.., 0� 

�0 ,. 
Cl. " :_

iz ..... • 
() 30 � 70 90 IX> 00 M 170 

COHCENTRATION .AJ.9/lni 
Standml Cur� f tor _ea I IT'iOlall I' Go--

1 

I 

I 
l

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 89 -

Applying the srunc principle to pnlmotoxin Go, it wns 

found thnt the concentration with the least observable 

fluorescence was 0.0002 ug. 

V. Det�rmination of alkaline phosphatase activity in

scrum by the Colorimetric method:

!he method used in the determination is the method

of Bcssey1 Lowry and Brock ( 1946). !his method depends on

the hydrolysis o! P-nitro phenylphospbate at pH 10.5. 

!he substrate used was as in the materials section

and supplied in the BDH analytical set (Biochemica test 

combinations TC-P, Cat. No. 15987 TAf.F) for alkaline 

phosphatase detercination. 

Four test tubes ench containing l ml. of the substrate 

were incubated at 37°c for 30 minutes with 0.1 ml. of the 

test seruc in 3 out of the four tubes. At the end of the 

30 12inutes, 10 nl of 0.02N sodium hydroxide was added to 

nll the tubes and 0.1 ml. serw:i added to the fourth tube 

uhich served as th.. blank �ube. The optical densities 

(B) were read imncdiatcly at 405ru:a on a Unican SP. 600

Spcctrophotoeeter, usi09 1 cm. glass cuvettcs. 
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Vnlucu for :i.lknlino phospht\tnso w'Jr<' obtninocl usino 

the follo�ing rcl�tionship: 

E
405nn x 200 = nilliunits/Ml of nlknlino phosph�tnso. 

VI. D.!t"n:in.:-tion o! Sorum Glutr.nic - Ox;ilo,\cctic ncid

tr.:ms:uain�sa (SGO!) by the Colorimetric method:

This dctemination is b-�scd on the trru,sanination

of L-aspartic acid ;ind oo-.-oxoglutax:ic acid to oxaloacetic 

acid and 9lutl:.l:lic acid respectively. 

o,..-Kctoglutaratc + aspartatE: • -·)Oxaloacctatc 

+ glutacatc.

Glut.mic-ox.:.l�cetic acid tr.i.ns:inina!lc nediatcs this 

re ctian (Rcitaui and Prank 1, 1957). ThQ oxaloacetic 

�w fomcd in the rc�ction i. unatablc and is dccocposod 

to pyruvic acid by the addition of anilin citrate 

s�luticm. 

2c ction of tm pyruvic '\Cir' !ormcd with 2 .4

dini troph�nyl hydrrtzine yield th corresponding hydr/\:on" 

miich give� int�n�c brownir.h colour on the nddition of 

g{l'jiu; hydroicid" 1olution. 

Pc�C!'nto tor thi d(,t rninrition nro nn llhown unrJ.:ir 

t r:I 1 n1 lfC:t<i cupr,l icd in I a1.1t ( DOI I on:iyrio no any 
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Set 2; 25002 for the ck-tcrnin.::.tion 01 SGor). 

1 ml. of the substr.i.to �,.:i.s pipetted into e,ch of 

4 test tubes and e.:ich ullowed to "'t� in a temperatur• of 

37
°

c using i! G�llenkamp self r'?guli!ting v,.:i.ter b:1th.

/.!ter noting the tir-- , 0. 2 ml seru'::l w�s i!ddcd to three 

of the tubes which served as sample tubes. The fourth 

served a,; bl,_nk, The tubes wer<> incb;-ted for 60 cinutes 

"110 11i th th12: tu:,Cs still in water, 1 drop of the aniline 

citrate reagent was added to each tube. J.fter 5 l'linutes, 

1 cl. of 2:4 dinitrophenyl hydr�zine solution was adred

to ��eh tube o.nd 0.2 cl of serw:l also added to the control 

tube. lncub..1. t ion l'laS con tinuecl for .:i. further 20 cinutcs, 

when thl: sanplc:. were rcnoved fror; the w.iter b.i.th -uid 

10 n1 , of o.� sodiun hydroxide �ddcd to ci!ch tube and 

the tuocs �11owed to strutd for 10 ninutcs. 

Optictl densities \1crc nc'�uroc. at 50Sru,. The 

conccntr .... tion of the tests 11as obtained frOr.' " Stillldard 

curve (Fig 10) obt'incd by incub.:'.tinQ .:i. pyruvate standard 

0 
for 30 ninut.u "t 37 C and furt��r trccting the samples 

with the- other rc.:igcnts as in tho tests. 
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Set 2; 25002 for the dc.?tcrnin.ation ot SGor). 

l ml. o! the substratn wr.s pip ·ttNi into er.eh of

4 test tube:,, and crch "'llowed to att in a temperature of 

0 37 C ui:ing r. Gr.llenk.:unp self regulc.ting w.i.ter bath. 

l.ftpr ncting the ti�e, 0.2 cl :::cru� �s r.dder to three 

of the tutx>s which served as sanple tubes. The fourth 

s�rved as  bl,nk. The tube::; were incbr.ted for 60 minutes 

Md 11i th tho tuoos still in 11.i.ter, 1 drop of the aniline 

citr.i.te ro..-gcnt was .added to each tube. hfter 5 minutes, 

l ol. of 2:4 dlnitrophcnyl hydrazine solution was ad�ed

to each tuba Md 0.2 cl of scruo r.lso .1ddcd to the control 

tube. lncuoo.tion 1·1,"'!: continued for r. further 20 ninutes, 

when tho sar:iplca wcru rcnoved froc the w.itcr bath and 

10 ml, of 0,,!.11 sodium hydroxide .1ddecl to e.:-.ch tube anc! 

the tu()cs 1\llowed to stnnd for 10 ninutas. 

Optic--1 densities ware r:ioasured c..t SO'>nn. tha 

concentr. tion of the tests 11as obt.:.inod !roe a st.:i.nd;\rd 

curve (Fio 10) obtained by incub.•ting .:i. pyruvr.to standnrd 

!or 30 ninutcs nt 37
°

c and furt��r treating the samploo

with ihC? other rez-.gcntr. ..-.s in th •1 tcst!l. 
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VII. Preparation of Liver Slicoo:

The anirolo were ru.wnyo killed by decnpitation.

The liverc v,ere removed immediately and rinsed v1it.h 

ice�old (0 - 2°
c) oormnl online. Extraneous tiosuee 

and gall bloddoro wero removed where neceosnry. Slices 

werP prepared from weighed srunpleo free-hand, using 

very ohorp razor blade previouoly cleoned vdth acetone 

and rinood with buffer oolution. l'hc temperature 'NO!l

kept ot belo;1 4°
c r:.11 through the process. 

VIII. Proporntion or the microeomes-oluo-3oluble

rroctioo of liver homogenate: 

The oninolo used for the�e experimento were oloo 

killed by dccopitotion -mtl the livero removed immediately 

ond woohod in ico-cold (O - 2
°
c) 0.1�1 phoophnte buffer 

(pH 7.6). 'fleighed liver aompleo were homogenized in 

three volumco of ioe�old (0. - 2
°
c) 0.3M potl\ooium 

phoophate buffer (Emnfo, 1970) using n Waring blender 

for 20 accords (Le1dbeotor and Davies, 1964). 

Homo110M teo ,,ore centrifuged at 1 O, OOOg for 

15 minute. uo ing on MSE Super opeod refl'i�eratod oentr11\u:,:o. 

nuclei, citooh:mdrio and unbroken oello Viera thuo 
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oe1iment cd. Th� resultant euper��tant containinQ 

the microoome-plus-soluble :frootione HOG uood in 

the '.!!l vitro' otudiee reported in thio work, 

IX. Form.�tion of ocotyl dorivntiveo of n(l,,toxin

M1 ond other hydroxylated metoboliteo:

Acetyl derivotivee were prepared oooording to 

the mcthodo of Holzapfol, Steyn and Purch!loe (1966) 

and Dutton and Ho�thootc (1968). The chloroform 

oluoteo of the metoboliteo were evnporoted to 

drynoeo in a rotary film ovopor�tor at roo� temperature. 

To the dry metabolite was added 0.01 ml. pyridine and 

0,1 ml. oootic nnhydridc. The mixture v1aa left 

ovurni.ght in the dork nnd nt room temperature. After 

evnporotion of the pyridine nnd acetic anhydride, the 

reaction product vmo diooolved in chloroform, applied 

to thin layer plnteo and developed in 4% methnnol in 

chloroform (v/v). Acotyl-derivntiveo did not move 

fro::i thu ori�in. 

X. Inolntioq of metaboliteo from incubntion medium:

RCDct1ono during inoublltion were uounlly terminated

by the cc thod of Cochin and Axelrod ( 1959). To onoh 

flO!lk containing 5ml. or rea ction mixture, 1 cu. or 
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20,1 w/v Zinc oulphate oolution wao ndded, followed by 

1 ml. onturnted bnrium hydroxide oolution. These 

reagento oervcd both to utop the rcnction and to 

pr�cipitote tho protoino. The mixture obt'linod woe 

oentrifu�ed nt about 5,000� for 15 minuteo in on MSE 

cuper opecd refrigerated centrifuge. The supernntnnto 

were ooncentr'\ted in o rotary film evaporator at 37
°
c.

The concentrate wne applied to silica gel G - oooted 

plntco ond developed in either 4% methDnol in chloroform 

or in 5% methanol in chloroform (v/v). Somplee of 

l\nnto:xino B
1 

and G
1 

:\."'ld Pnlmotoxine Bo and Go aimil'\rly

tren ted were run olongo icl e the concentrnte. An

authentic aflato:xin M1 orunplo wa& run olongoide, The

same procedure '.'l!lS followed in the caoc of onotoxin 

B
1

• On illumin..'\tion with Ultrnviolet light, the toot

oubotonceo nnd their metoboliteo were located by their 

Rf. vnlueo and their fluorescence. 

XI. E!lt1:r.'\tion or form'.lldeh,yd� °'pY the Colorimetric method:

Thie proccduro duG to Nnih (1953) dopen:Jo on the

rC'lction betuccn formol.Jchydc with n fairly neutral 

oolution or ncetyl ac�ton rid Ollll\onium nccto�e to 
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form dincetyld1hydrotolu1dint, 

Formaldehyde vino eotim:i tod in 1ncubnt1on mod in 

by the mothod of Cochin l\nd Axelrod (1959) no modified 

by Stitzel, � Q!. (1966)� A otondnrd curve (Fig 11) 

woo obtoinecJ by trentinll' known concootrntiono of 

fol'lll9.ldohyde (llnalyti��l gr�de) in tho aomo way oo 

the 5,000g supern.'lt<int ond thio woe usecl for the 

eotim:ition of the forQOldohyde produced durinP' the 

incubation period. 

2. 5 ml porti Oll!l ox' the 5, OOOg oupernn tant obtained

after centrifuginP' thf. incubntion mcdi'l, were placed in 

teot tub6o. To each wao added 1 ml. of freshly prepared 

double Strength Naoh rcogent (Nooh, 1953). The teot 

tuboo were incuboteu in o Onllonknmp water b'lth at 6o
0
c

tor 30 Qinute�. The tubce woro immcdintely cooled in 

on 1co-�'lter mixture and the optical denoity obtninud 

unins the Uniooc SP. 600 Spectrophotometer ot 415run. 

St·1cn !'lnok:i woro WJu..'llly uoed for el\ch tent and three 

n,q blllnko, Extr� polntion of opticrl den1ities on 

otoooorr'! ,u�voo yiclJcd tho concentrution of teot 

oolutio·. 1, (F,p11) 
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XII. Identific�tion of ConJusnt�n formed duri�F incubation:

( n) f.lercnpturic ricid conjurrate:

The method of Knight nnd Youn11 (1958) wno employed

for tooting the preoonco of morcnpturic conjugntiona. 

0.111 pot<tssium dichromnte mixed with glnci l acetic 'lcid 

(1 :1 v/v) \'/'18 spr::iyed on the nir-<lrie:1 chrom'ltogram 

cont<>ining the conjugote::i nnd fill!llly o.1u silver nitrnte 

colution �ao oprayed. The chrom..,togram was protected 

from light nftor spraying to ovoid any decomposition 

of the oilver nitr�tb, 

(b) Amino Acid Conju�ntion:

The reagent used in this tent 1·1os a mod11'ied form

of the re�sent uoed by Williams and Kirby (1948) to 

locnte "11<1 identify amino ncicJo and applied to the 

study or anatoxin metabolites by Emnfo (1970). 

Thin l.!\yer plates containing conjugntea of the 

cru:rples were sprayed \11 th ninllydrin reagent. The plnten 

-ir.rfl kept at 8o0c for 15 minutes in a hot air oven. 

(c) !l\µ.ppntc Conju,rate Te9t:

The er� d or Jw•r ( 1 9,3) modified by Schneider

a.n1 L<.:iY't<:rt (•956) and applied in the otudy of nflutoxin 

n
1 

o,,njutpt• (:: - 1fo, 1970)11�..1 bean retained in thooc 
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otudieo. 

Thin lnyer plotec devolopod in n-butnnol: gl�oial 

ncetic acid: ·:1ote1• (10:1 :1 v/v), wore oxpooed for 

3 houro to the fumco of o mixture of 10 ml ooncentrotod 

HCl in 90 ml Dioxnn, in o oloood tank. The chromntogram 

wno air-dried, oprnyed with n solution of 20 mg barium 

chloride in 100 ml of 75% ogueouo methanol and further 

dried. The chrornatogr.�rn woe fin'1lly eprayed with

potoo�ium rhodi7.onnte reagent. 

(d) Olqeuronide Conju,rition Teot:

The nnphthoresorcinol oproy method of Bridges,

Kibby nnd lfilliomi., ( 1965) mo been applied in this test. 

The guontitetivc, renction or Fishm!ln and Green (1955), 

for the micro--On�lysio of glucuronide hns nlso been 

Od'.Xpted for 'l qualitative noeoy of �luouroniden. 

(1) In the oprny method (Bridgeo, Kibby nnd Willinmo,

1965), ploteo developed ,71th n-buU\nol-glnciol noctio 

ooid: w'.ltor (10:1 :1 v/v) ,1ere sprayed with the 

n'lpl.thorc.!lorcinol ro:iacnt nnd then hontc1l in n hot air 

oven �t 14o
0
c. Blnioh-brown or blue opotu on the 

chroi:..,togr-il)l were regordt:d no pooitivo 10,110'.ltion of 
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the pr enence of p:lucuronidc. 

(11) The rishmln and Greon method depondo on the

el1m1n.., tion of froo glucw•onic noid which m111:ht qi vo 

colour with n�phthorooorcinol, by oxidntion with 

hypoiodite of pH 10.1. Strong acid condition, however, 

libor:,.tes conju.;'\ted alucuronide. On rencting with 

naphthorcoorcinol o violet coloured pigment wao 

obtained and thus uoed as n pooitive index for the 

preoence of glucuronide. 

5 ml of th& isolated extract via;:; oddecl to a 50 ml. 

Erlenmeyer flack containing 2.05 ml carbonate burrer 

pH 10.1 onJ arokon ,nth 1.5 ml of iodine oolution and 

otored in the dork for 30 minuteo, 0.15 ml of 0.1li 

oodlum bioulphite woe then 1dded, oh!lken and 0,3 ml of 

611 oulphur1c sold 0100 added. Re:>idunl colour Htlo

removed with drop. or oodium bioulphite solution. 

4 ml aliquotc o f  the sn�pleo wer� taken in 

duplicnte�, into boil1Tl6 tubeo, 2ral. or 0.4% 

n�phthorc�oroinol jdded o.oo, further 2 ml of 18N 

r�phuric acid o�Jcd. A bl,nk obt�ined from bl:mko 

or Uv.l 1ncub'lt1on, wno oimilorly trentcd. 'i\iboo '1oro 
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incubnted 1t 100°c for 90 minutoa, 1,ith the tubor, 

unstopperod. On ooolinH, 10 ml of 95? ethonol woo 

'ldded to C'lch tube nnd colour formod woo extracted 

with 8 ml toluene. Violet colour in the toluene ll\yer 

woo regarded oa positive. In cnoeo where the blank 

w�a not colourleoo, compnrioon of the colours of test 

nt 565nm with th'lt of the blank wns uoed oo index of 

pooitivity, 

(e) Hydrolyoio or Conjuirotes:

1. Acid h.ydrol,voi�:

The methodo of Garton, Robinson nnd Willioms (1949) 

ontl De),loio nnd Tk!lcz (1952) were employed. Portions of 

the conoontroted oonjugnteo were added to 0,3N 

hydrochloric noid or 0.3N eulphurio ncid nnd boiled for 

15 minutoo. Tho oompleo were then exnmined for hydrolyoin 

by firct applying the conccntrnted hydrolyonte to thin 

1�yer pl t�o noo developing the plnteo in 4% acetone in 

cblorofor, (1/v). 

ll. F.9z1•m<1 t, ic ;1,1-drr,Jyo \o 9f ponju'1otoo:

Eneyr:£. t�drol:,o1o nr.an boon emplo:,ed in the

ltJcntl r1ont !on or ou· D1J1Jtc 1 glucuronidoe. lletnbolic 

,
.a 
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conjufr}teo 1oolotcd by  thin layer chrom!ltogrophy wero 

concentrated with a rotary film ovo.por'\tor. The 

ooncentrnteo were odjuotod to pH 3,3 with o.1t1 phooph'lto 

buffer. To thio wno nddod f -gluouronidooe ( Ketodaoe, 

E. Merck, Dormot�dt, Oerlll!lny) enough to produce 10,000

unito por ml. A control to teot the otivity of the 

enzyme W"IO run alongside using phenolphthnlcin glucuronide, 

( oupplied from the Biochemistry Dep.'\rtment, St. !dory' o 

Hoopitol, London) ns oubotrite. llixturee ,,ere incubnted 

at 38.0 + o.s
0c for 48 hours. The teat mixtures were 

-

ex�mined on thin layer ploteo, while the bbnk tube woo 

teotcd for enzyme activity by reking the solution 

ollcnline with dilute oodium hydroxide, when a pink colour 

dovoloped if the enzyme wno nctive. 

Xlll. c.1rbon monoxide oerntion of 1ncubot1on medium: 

Tllo method of c�rbon monoxide aeration h'ld been 

odnpted from Christenoon and Wissing ( 1972). Corban 

monoxide woo gcner�ted fro� sodium for�te by the notion 

or oonccntr'ltod oulphuric acid, Kippo app'lr'ltus woo 

U!lC� no� continuouo gno goncr'ltinn iyotom. The onrbon 

oonoTJ.•lo gcncr'ltcd wno Ooo:r.ypon �ted by paooing through 

"turnt,;11 olkollno oolution of oodium dithionito. Tho 
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ennulng gnn wns uood to nor�to tho rolovnnt 

incubntlon medium. 

XlV. Deterrninnt1Qn of Iodint1 number of t)lrs to)(in2: 

Tho method of Bnonlr (1963) W'lO unod, The iodine 

vnlue of o chloroform blank vmo first determined and then 

th.'lt of the chloroform oolution of the toot aubatMoco 

u.:i inr coo 1\llll thiooulph.'lto. The difference between 

tho two titres cru.ltiplied by the iodine eguivnlent �r 

1 cl of the 1:/40 oodiUlll thtosulplnte used in tho 

titration gave the required iodine nllJ:lber. 

T1> 5 c1l chloroforci in n conicru fl...'\ok wns added 

5 ol ''D!IIJ' o iodine". The nonk wno col'ked and left in 

the dark ror 5 minu�� • �o thio then wno ndded 5 ml 

of �o;.; p::>Ul031W:: ·- id und 20 ru. :1nter. The mixture 

'IJ:ln t.1tr'ltcd witl �;/•, oodiuc thiooulph.'ltc uoin,:r 11 

Dta."C� no 1n1ic'ltor. U�i� the oomo procedureu, titre 

� '111lll were token f;,r the 5 ell. of ooch o!lmple. 
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QHAPI'E:R IV 

INVESTIOATXON X

Inveotignt1on or the v:lri'ltion in tot'\l toxin, pH 

nnd mycelial Weicht whon An:ourgilluo r1-ivuo woo grown on 

tnlc onp medium �nu yenot extr'\ot medium. 

The production or nflntoXin in the yenot extr�ot­

sucro3e medium by Asnergillun n�vuo h.�o been ohown to 

vnry with the period of inouootion (D3v1a and Diener, 

1956, Di enor and D'lvio, 1 966 and Emafo, 1 970) . In thi:i 

experiment, the period for tt1e caxill!W:l production of 

toxins in tho p31J:I oap cedium ;mrl the n:inocinted ch.nngeo 

in p., oro c:,celinl i7eign t were doterminod. Thio IV!lo 

cccp.vca with oicil�r ohongeo in yeoot extr'lct-ouorooo 

c�1t:.e. under idcnticol conditionc. 

& :-1-cnt"\, Procedur�: 

rrc:h p�lc nnp obt.=iined ns doucribcd provioll!lly 

(�"o <><J ) , tr.10 dio•.rlbuted in 50 cJ. aliquoto, into 

250 cl. Erle yor n�:Jko. The 1caot OY.tr�ct-oucrooe 

-11� o 1 1 lnrly lli , trJ but.et!. Tllo flooko were

pl· ·c:i 111th w.n_.. ?rbcnt c-,t.t,on wool nrvl nut.ool.nvcl
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at 15 lb/ag.in, for 30 minutes nnd Ollowed to cool to
room temperiture. Each fl�k wno inoculoteu wttb
Acpergilluo flnvuo oporeo uniny n �et platinum loop to
tr::inofor the opo1·eo and ohnkinp ench flnok gently to
ob��in n uniform disperoion of th� nporeo in the medium.
Flnoko Vtere then incubated ot 30° .:t 2°c oo otc.tloMry
cultures. 

DuplicE'lte romples of ench set •:,ere harveoted e:ich
day by filtering through a Whlltman No. 1 filter poper.
The myceli'."11 matt wrts waohed with diotllled wnter and
dried overnight to a connt'.lnt weight at about 1 oo

0
c

uoing a hot-air oven. The snmplee v,ere then weighed.
The pH of the filtr'.lte wno determined with a pH motor
(Radiometer, Copcnhll�en). 

ro detol'minc tJ1e conccntrntion of the totnl

chloroform oxtrnctnble toxin�, 10 ml of filtrnto from

El3ch fl..nok was extroc ted t',1ice \Yi th 20 ml ·�ortiono of

:hloroform in a sep!lroting funnel. Extrncto wore

Pooled together, dried with anhydrouo oodiu.m sulphate

trvl tolcen to dcyneoo in rot'lry film evnporntor. The

reoidue was �'lkcn up in! ml of ohloroform nod the

o�tical denoitieo nt 365 nm �nd 420nm tnkec. Ooncentr tion

'4 
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of tot.'\J. toxin ,·rnr obtnined by the method of N:i.bney 

ooo Ncobitt (1965)1 in terms of aflatoxin B1•

Reoultn: 

A plot of the weight or mycolin npninat the period 

of incubation 13 ohown in figure 12. All through the 

poriod of incubntion, the weight of mycclia from the 

yenot extrnct-sucrose medium woe found to be grenter 

th:ln thnt of the pnlm Ollp medium. Thio probably 

indic'.lteo a higher growth rote in the yenot extroct­

oucrooe medium over tho polm oop medium. The gro�th in 

both onoeo incrc�ocd with doyo of inoubntion, ranching 

o mnximum ot nbout the oixth day,

Figuroa 13 ond 14, ohow the plot of toxin concentr"ltion 

in 10 ml of medium in the yenot cxtrnot-auorooe medium 

� the pnlm onp medium renpcctively and the correopondinq 

changeo in pH. Totnl toxin produced in the yenot extract 

oucrooc medium ,r.io gre�ter thlln th'.lt of tho palm onp 

oedium. ·\ naximum of 0.3 cg/10 ml of solution was 

obt"linc.d in the yeoot uxt.roct-oucrooe medium oa compared 

t,, •on overnge of 0.26 me/10 ml ln tho pnlm oop modiwn, 

Thtn yicl(I ;1.10 obt,,ined on tho oixth dny in tho yonot 

cx·.r,ct oucrooe medium ru11i on the 5th d:iy in the pnlm onp 

14 
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aedium, uoing the o�me otr�in of AoperP:illuc nnvuo, 

The rioe in th� production or toxino NAc more grndunl 

in the ye.�ot extrnct-oucrooo me�ium o.nd fell more 

steeply nfter peo.k production than in the palm oap 

medium, where production rnte wna rnster but fell 

leoo rapidly after peak production. 

The pH or the medium fell ao the toxin concentrntion 

inoreoocd and re�ched the lowest vnlue ot the point of 

hiQ'Jleot toxin production, In both coeeo, the firol pH 

ins around 4. 

Concluoion: 

1. Toxin pr oduo tion, pii of the medium ond growth of

Aoporgilluo 1'l.nvuo funguo, varied romnrk..nbly with ��e

period or incubntion in both tho polm onp medium ond

the yeoot extract ouorooe medium.

2, Yenst extroct-ouorooe medium wos superior to the

llOlm o::ip medium in the oupport of Aoporp:illuo flnvuo

8"1'0'11th aoo in the produotion of toxins. 

3, In the ycoot extract ouoroeo medium, mnximum 

Production of toxin by Anporgilluo .t'lr,vuo woo on the oixth 

<by while, under tho oome conditiono, lllllXimum production 

•�o on the fifth day in the pnlm onp medium.
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INV'ESTIGATIOU 2 

Further investigation of oomc phyoicnl ch.."lr�,cteristico 

or P�lmotoxins Bo and Oo. 

The otructuroe of the pnlmotoxino Bo and Go a.re yet 

unknown, It hao been pootulnted th�t they 111.'ly be 

hydroxylotod long chain fntty acids, of the type described 

earlier on in thio theois. This postul.'\te hao not been 

round conalotent with some of the observed cbnracteristico 

or the oompoundo. It hns been found nccosonry therefore 

to re-examine oome of the phyoicnl chnroctcriotica or 

theue compounds, In doing thio, the msin line of npproooh 

woo to compare theoe ch.'\r'lctcriotico with thooe of other 

knov,n metnboliter. of A. flowo, with o viow to dioccrning 
-

ony oimilnr fenturco. 

�xnerimentol Procedure: 

1, Isolation: 

The procedure previously uoed ond deooribed under 

'methodo' vmo ret.-�incd except thot o test which involved 

tr.1rt1 tioning of the o ubot'.lncoo bet·,,een water and diethyl 

ether h!lo oloo been introduced. 

The ochcmc gi·,en, oummnrioeo the proocduro oo far 
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employed, otarting from the crude chloroform concentr,te, 

which hD.a been subjected to a primo.ry purification 

procedure. 

I 

CRUDE EXTRACT • 

thin layor chromntogrnphy 1n 

chloroform: motbnnol 97:3 v/v; 

scraped, eluted and concentrated 

Firot ioolnte of Pnlmotoxina Bo and Oo 

II 

lthercol phaoe
(?Ion nuoreocent)

s�o 

Rechromotograpbed in chloroform: 

methanol: formic acid (95:5:1v/v). 

ISOLATE 

Rediaoolved in chloroform and

aqueous oolution prepared rrom 

thio under Nitrogen, 

Aqueouo oolution of 

pnlmotoxino Bo and Oo 

Partitioned with diethyl ether 

FlUOI'8SOCnt 
aqueous ph!loe 

Re-extr,oted with chloroform and run 
on thin lnyer ploteo 

Eluted, concentrated and ropre­
oip itl'lted from chloroform with 
n-hcxo.no or petroleum other 
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!Jltrnviolct Spectral An'llyoia:
The �ub., t'\nceo ,vere di.,101 ved in ci ther wn ter or

in mcth.'lnol nnd their Ultrnviolet opectr'I tnken in
wntcr, nnd in  mothnnol reopectively, u�ine the Perkin­
Elmer, Ultraviolet - vioible Spectrophotometer 137UV.
The Ultraviolet Spectra of nflatoxino B

1 
and o

1 
were also

run. 

Reoulto: 
• 

The Ultrnviolet Spectra of nfl.,toxino e
1

, o1 nnd
thooo of oqueouo pnlmotoxino Bo and Go hove been given
enrlicr (Fim,irea 1, 2, 3, 6 and 7). The Ultr,violet
Spoctrn or pnlmoLoxino Bo and Oo in meth,nol nre given
in f1gureo 1 5 'Ind 16. 

j'.ntrn-red onoctrnJ. nnnlyoio: 

The infra-red opectrum of C..'ICh of tho oubot.,noeo wno
obtained nent on oodium chloride dioco. A conoentrnted
Oolution of each of the oubutnnceo wos plnccd on the
dioc nnd the oolvcnt w:is A110·,7ed to evnporntc. A Perkin­
El:m�r Infrn-red Spectrophotometer 137 woo uned to
'lbt· 1n the :ipoctrn. Tt.e lnfr,-rc,d opcctrn of nflatoxino

ll1 'llld o1 ·:rere obtn1ne<l 1n nuJol uo1ng tho oamc equipment.
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R !"\11 tr. :

The Gpoctr� "or U1e '\fl ,toxino B nncl o hnvo 1,oen1 . 1 
---!.,•en nlrc:\rt., (Fl'!Ureo h nnJ 5). Tho opootrn for 

p..'\.li:i:>t.»:ino Bo and Go t\l'O nhown in fiquroo 17 nn<l 18. 

?1uor scone o SnP.O tl'nl \n'\lYl i o: 

'i'-he r.l.uorcaccnco opcctrum of ooch of- the toxino -

'lfl!\t�in '!31 p."llm:>tnxin Bo nnd pr1lmotoxin Go, wns

1>btnined 1n dilut<. chloroform solutions using n 

Perldn-Sl..oor fluorimeter, model 203. Readings were taken 

tet'l'een 220 tlQ and 400 no. 

The nuorenccnce apectr� of ar.l.:ltoxin 131 and the

p::il;--:,toxinc Bo nnd Go ore given in .C1qureo 19, 20, nnd 

2". '.ll the toxino ohow an excit1tion mnximum nt 365nm; 

·1 ·111 e:::1 ion c-- .Y.imuo of! 410nm for nflntoxln B1 nnd

· a.:.-,·�.T.in Bo t-ut 425no for pnlmotox1n Oo.

tl c;e: ll1.�.tic Reoon-irl(?e jlpc:ctrooco..n,y:• 
Too !'JC. r :!!'.'llmctlc I'e onanoc of tho aubritnnoot>

�c ?t.t inc/1 in deutc,r tell chloroform with tetromcthyl

! l r...; , n 1ntr:rn�l t•rncl rd. tJpcotrn 11oru obinlnod

.L 1r1 r t�, ·-1 rilJJI A"ooc 11. L1,t1 n ,dol or nuol< lr mf\pnotlo
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reson'\nce equipment, Thie wu� nlso com1>-,rcd with
thc,t of nn�toxin rl1.
Ronult: 

----...... 

The opectrn nrc given in fif(Ure� 22, 23, nnd 24.
A oummory of the physicnl dnt� obtained in thi"

otudy h.,o been given in Tllble 6. Data obt:1ined from

liter'\Lure nnd oomo which were obtained during this
work, on known aflntoxin� hnve been included for
comparinon. 

Determinrition of Iodine Value or Pnlmotoxin3 Bo nn1 Go:
Thb iodine volueo of pnlmotoxinc Bo nnd Go were

determined in chloroform by the method of Boooir (1963).
Detnilo of the method h,ve boen �iven in Cboptcr III.

The v::uueo for nflntox!ns B
1

, B2, o
1 

'\nd o2 ore nloo

given for compru'ioon (T'\ble 7).
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ltNE.<ITIGAT!ON � 

Determinntion or the toxicity or the pnlmotoxioo 

Bo nnd Oo on 20 doy old rato. 

The vnr1ouo 1001,too of Aopergillus flnvus, h.:lve 

boon ohown to differ remarknbly in their toxicity to 

different specie� of anim"llo (C"lrrughnn, Hartley and 

O'Kelly, 1963). However, onntoxin B1 h..'lo been recognized

no the moot potent of the hitherto, isolated metabolites 

of A02er11illuo flnvuo. 

The toxicity of the polmotoxins Bo and Go lvls been 

nooeooed mninly on chick embryoo nnd they l'ulve been 

ohown to induce donth, liver looiono 11nd other 

morpholoiicnl chnn�oo oimilar to the oflatoxino (Basrir 

and Adekunle, 1968 nnd 1969; Baooir nnd Adokunle, 1970b). 

No work h.no oo fnr been done on the poooible 

toxicity of theoe oubot.:lnceo to mommolo, The preocnt 

e,cperiocnt h."lo beoo deoigned to ohow the possible effccto 

or oub-aoute dooe� of the pnlmotoxino Bo and Oo to the 

r.it, \1b1ch h!lo boon obooen oo reprooent"ltivo of thio 

group of onio"llo. 
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Rmcrt�ent.nl Pr�oeduro: 

The oothodo applied for the nooooomont or toxicity 

'Ire eicilnr t· tho3c of . Ch..-me, £1 Q.!. (1963) �nd R�o 

l.\nd Ghc!'in:-- ('1.:171). Theoe were; loao in body weight, 

reduction in liver oize in relation to the body weight 

nnd ch."m�C3 in oooe serum enzyme nctivitieo. 

20 dny old mru.e rota (vtiotor atrn1n) 11ere selected 

fro� litter m..,teo nnd arrnnged in five groupc of five 

onicnlo e�cb. The nnimnls wore houoed in cngea ond oupplied

vith food nnd wnter ,d-libitum.

Toe nnim:ila were otnrved overnight prior to the 

o1c1niotrntion of the toxins. The r,to wer� woighod 

nnd three: groups wore injeotocl with three d1fforont 

con::cntr3tiono of pnlmotoxin Bo or. pnlmotoxin Oo; the 

fourth -rro-..ip \YOO injected with oflatoxin B
1 

ond the loot 

81'0'.lp ucr·7cd .:\:l control, rooei v ing onl:,• the onrrier 

!'.lob anicr l ( }1 - 31 • 5g··'llt.) roooi vod oonoC:1nt.r, t. iono 

or P'llc1>tt,,:1nv BQ on•J Oo oorroupondinR to 1 • 6 m,vk11

(5-u urr) tor the r1r1t �oup; }.?.3 ml1/k� (100 u�) for 
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the second group and 6.4 ma/le� (200 Uff) for the 

thi � group. The fourth 11:is administered vii th O. 5 r:,g/k1 

(15 ug:) of nnntoxin B1 While the fifth /ll'OUp wr:io

Odl!linio tered ui th proyleno glycol - the c"'lrrier solvent 

for all the toxino, All injections were given 

1ntrnper1tonenlly and at 9.00 o.m. e"'lch mornin� for 15 

d'.\yo. The weiqhto of the onim."'llo were tnken on 

nltorn�tc doyo in moot caaes. 

The onimnlo were oncriflced by decapitation, one 

hour nftor the loot injection. The blood from a"'lch group 

wno pooled in centri!'uae tubes cooled to about 4°
c in 

100-wnter mixture. Theoe were oontrifugccl and the serum

iancdi'ltely ocpornted from tho blood cello to ovoid

nny oontomin"'ltion through hnomolyoio. Tho oorurn olknlino

phooph."'lkloc activity and glutnmic oXfllo ncotio acid

(SOOT) trono'.\minnob activity wore determined no deooribed

in PORC 31/10 , for cooh f(l'oup of on imalo. Tho onimnlo

•ere aJ.oo d1aoected and their livero exciood immedi"'ltely,

weighed and prcoervcd in formol-oolino. Sections of

the liver .vcrc. 1,rcp..'\rcd uoing tho Ultromicrotome (Leitz

71etzel '.l') ruYl thf. oectiono o tnincd with hllcmntoxylin

I 
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:i.nd Eoo1n. The oect1ono were exnmined for hiotologicnl 

alterntionr u�ing � Lo1tz Wctzlnr large reocnrch 

mioroocope (Ortholux) equipped with a comern, 

Renulto: 

Rnto trentcd with palmotoxino Bo oho\7ed a consistent 

loco of wciaht compared w1th the control, A plot or the 

body Woip;ht agninat the period of tre:itment (Pig 25) 

ohowed th·1t the loos in weight, 1vno dooe dependent for 

the dooeo used, Pnlmotox1n Oo treated nnimnls did not 

exhibit any obaervnble loss in tott1l body weight when 

00111p1,red with the control, (F1g 26). Thie woo oloo 

irrcopec ti ve of the doses used; though lov,er mcnn 

weighto were conR1stently recorded for the group of 

nnim�o ndmin1otered with 200 JlB of p�motoxin Go, 

The pnlmotoxin Bo '\na nnntoxin B
1 

treated rnto, 

BhO#ed � reduction in their respective liver oizeo in 

relation to tile tow body ,·,eight (Tnble 8). The 

reduction uloo vnried with the doses of toxin injected, 

The palmotoxin Oo trented onim'llo did not show any 

re.inrloble lon 1.n totnl liver weip;ht with respect to 

the tot�l body 1teight except thut tho lowoot liver 

I 
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TABLE 8 

Relationahip bet11con liver 11eiphts and body ITOisht:1 of the 
Palnotox:J.n Bo trented rots 

(Avnrngu) (Ave re.BG) Livor ,ongo 
Initinl neisht Firuil 

',Teif t
Livor wt/ Dose/Rot/ dt.\Y of rats (g) 11oight (g) 

(g bo� 'flt. 

Control 31,5 98,0 5.0 5,1

50 )16 31 ,8 85,0 4,1 4,8 

100 P& 31 .5 81.0 3.16 3,9 

200 JJS 31,5 75,0 2.6 3.4 

15 )16 
,.rlAtox:l.n B

1

31 .o 84.0 3,83 4-,5 
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l'C.imt/tot�l body weight r,t10, \71lo obtnined in the 

rroup trcntod with 200 u�. of tmlmotoxin Go (T�ble 9). 

?1-> d�ths were recorded durin� tho period of 

study. �min.�tion of the 11vor ooctiono, of the 

�'lll::.�t1."d.r.::i Bo nnd Go trc..,tod rnto did not rcvcnl 

c..-11 acrlccd p.'lthologic:i.l cll!ln.gen when oomp:ircd with the 

:ontr�l. There were ch.,nges, however, in tho oflntoxin 

3� trc1ted r1to �o shown in the degcncrntion of oomo of

t.he cell'.1, Th� cell outlinco in oome 01000 '7ero no 

l'lr,:;er d1otinct (Pl:ite 1>", b, c, nnd d), 

T<lble 10, ohooa the oerum nl.knlino phoophlltaoo 

�t!vity end serum glut'lmic oxru.o ncctic ncid activity 

r.:: b�th p'll.cotoxina Bo =ind pnlmotoxin Go trented rots. 
- r-lcea for the ,r1�toxin B

1 
tre�tod nnim..:ila n:ive

�--· �, giver. olco.

In the p:il�to7.1n Bo trcnted rnto, thc1•e wno n 

r�t¾: blo incrc-icc in th<i vnluoo of the glut:.'1mio-

�-1' "Oti-: nc11 tr:inonm1nnoo nativity Nhon oomp::irou 

11 tt tn� c?ntrol. Tn,;iugh thorc wno �n 1noronoo ln the 

f'Jt UJc ,;ilk'· 11 ·tr phooph-.tnoo nc t.1 v i ty, thio v,nCI

,'?1. prr,nouncr.V, , i'l tho onno or Lho t rnnnom inoao. 
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TABLE 10

Glutwc onloo.ootic aoid trAnllll!Dinll!le and Alkaline 
nhosohnte3e eotivity in the 11>r� or rut. treetoil 

nith pnbiotoxin Bo 11nd Go and Aflntoxin 111

---·-----------------------

PJJJ1orox111 Bo Tl!EAT-'..D RAT5 P.W.:orOinl Go TR:W'!D RATS 

Gor lcvol Alkaline Gor Level Allcatin, 

Dooe/P.at (Intcmationiu pho11pho.ta11e 
Unit3/Litre Level (Mu) 

( Intorna tioniu 
Unita/lltl'II) 

pho11pho.to.11c 
Level (Nu) 

Control 12 .5 + 1 .o 
-

204,0 • 3,0
-

12.4 t 0.5 
-

203.0 • 3.0 
-

;o }I! 19.0 • 1.5 21/t,0 • 2.0 11,9.:.1,0 2()1j.O • 2,5 
- -

' 

100 )13 24.5 • 0.5 226.0 + 1.5 12,5+1,0 20!1 .. 2.6 
- -

200 ,i& 33.0 .! 3.5 230.0 · 1 .o 13,0+1,5 2<Xi + 3.0 
-

15 Jll; 
26.0 + 2.5 215 .! 316 26.0 · 2.0 215 .. 1,5 A&�L·. :wl - -

-

l,1 
" 

llu = cilllunita = o.<Xi ccole unita (Be1111ay, Lo11ry
and Brock , 1946) , 

•
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Activity of theoe enzymea in tho pnlmotoxin Go treated 

oni�1lo did not :il ter oi�nificnntly, for any deductiono 

to be m.1tle from 1 t. Tho valuco were compnred both •ni th 

those or the control nnd 'lflll toxin B
1 

tren ted ani11nlo.

Conclusion: 

1. At the done levelo otudied 20-dny old ri:\to nppenred

ousceptible to nflntoxin B
1 

and pnJ.motoxin Bo toxicity,

P:tl.motoxin Go diJ not nppcnr toxic to the roto nt the 

s:ic:e dooco. 

• 

I 

I 
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SF.CTION 2 

IN'[ESTlO ',TION 4 

Compnrioon of the metoboliom of onntoxin n and1 
nflntoxin o

1 
by r3t liver microoomal-pluo-soluble

f'r,ct1ons. 

Aflntox1n B1 is hydroxylnted by the liver of rnts

And moot other Minnlo either '!n vivo' or '.!.!!vitro', 

t� the 4-hydro,cy-'.lflntoxin B1 referred to os oflatoxin

11
1 

(Holznpfe�, Steyn ond Purch'.loe, 1966). The r'.\t olao 

converto it to the 2-hydroxy oflotoxin B
1 

(aflntoxin

B20) (Schobert and Steyn, 1969; Steyn, Pitout and

Purch'.loe, 1971). It is also metabolized by the cleovnge 

or the 1.1ethoxy group yielding form'lldehydo which io 

further converted to onrbon dioxide in the body (Schnnk

'lnd Wog:in, 1965; 1og-:in, Edvtordc and Schonk, 1967; 

O�iyc.oi, 1968 �nd Bnsoir ond Em'.lro, 1970). 

!lot c.uch io kno-..n about the met'lboliom of ofl!ltoxin 

01• It lo believed, however, to ur.dergo oimilor

dcr.r"\d�tivc proccooco oo ufl�toxin �1, In the preoont

l 

• 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 122 -

SF.CTION 2 

INVF,STIG\TION 4 

Compnrioon of the metoboliom of oflntoxin B ond 
1 

nflntoxin G
1 

by rat liver microsorol-plua-soluble 

rr,ctions. 

Aflotoxin B1 io hydroxylntcd by the liver of r�ts

nnd moot other nninnlo either'.!!:! vivo' or '.!!! vitro', 

to the 4-hydroxy-nflotoxin B1 referred to os nflntoxin

M1 (Holmpfe0, Steyn nnd Purchaoe, 1966). The rnt nloo

converte it to the 2-hydroxY anotoxin B
1 

(onntoxin 

B2n) (Schobort and Steyn, 1969; Steyn, Pitout ond

P-.ircm3e, 1971 ). It io also metobolized by the oleovnge 

of th� mtthox:y group yielding form.nldehydo which ia 

fUrt.hcr convertc.'d to cnrbon dioxide in tho body (Schnnk 

nnd 7'ogon, 1965; i,>g3n, F,d·1nrd ond SchMk, 1967; 

Os1yc::it, 1968 and Bnaoir oncl Emnfo, 1970). 

Not cuch 10 kn0V1n about the metnboliom of onntoxin

o.. It io bo11c·,ed, h,y,vever, to undergo oimilnI'
I 

4c�'ld�t1vo proccooco on ofl.Otoxin B1• In the preocnt

I 
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experiment, the hydroxylation nnd demethylntion of 

onntoxin 01 o.re eotablished nnd compnred r1ith tho

hydroxylation and demethylotion of nflntoxin B1 uoing

the rot-liver miorosomnl-pluo-aoluble froctiono, 

Bmerimental Procedure: 

Pure nflntoxin.B1 ond o
1 

obtained no deaoribed on

p.'.lge '7( , were diooolved in chloroform ond eetnbliahed 

to h:lvc ein!!le opoto by thin l.nycr chroro togrnphy, The 

chloroform solution vmo gradually oddod to n omall 

qu'lntity of distilled V10ter and tho chloroform blown 

off with Nitrogen, This procedure waa adopted because 

of the poor solubility of oflntoxin in water especially 

when ov:11lable os a solid. The concentration of the 

aqueous aol�tion was then estimated by the Spectrophotometric 

i::.ethod or Nt\bney ond Nesbitt ( 1965) • 

lncubationo for enzymic activity were in 50 ml 

£rlen::;cyor fl.noko each contnining 50 u mole niootiMmido; 

50 JJ 1:1010 glucose 6-phoophnte, O. 52 µ mole NADP, .:;Q/lj,.,,Jk ill-,(},._
25 ,11 0olc accii cflJ'bozide hydrochloride (pH 7 ,6) and 
50 111 p mole of ottber onnto.>:in B1 or o

1 
ond 2 ml, of

nlcrooc:e"'Pluo-oolublc troction corrooponding to 0,5 g
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treoh liver, i n  "l total volume of 5ml. Fl'loko wore 

olnkcn in n Gnllcnknmp ro'.lction incubntor with oh'lker, 

in l\ir, for one hour nnd nt 37. o0 .:!: O. 5°c. Controlo 

were applied nlso. 

After precipibtin� the proteins with 20% zinc 

sulpbnte ond onturnted b'lrium hydroxide nnd centrifuging, 

tnt uncetnbol1zed nfl'ltoxins B1 nnd G 1 in the aupern'ltnnt

rcro cotim:1ted. and the amount used up obtoined by 

ditt'crcnco. The formaldehyde content of th e aupornntont 

n:i eatim'lted by the Nooh renction. The fluoreocent 

s::otaboli teo were oloo estim.'l ted by the 'Hull fluoreaocnoc 

technique' • Fluorcacent metoboli tes were obtained oe 

described on p'lge Cf2, and the Ul troviolet epcctrn 

obt:iined in methanol ( o.nnlytic� grade), using the Perkin-

?lcer Spectrophotom�ter 137lN. 

P.e�ult11: 

The Rf vnluco of the two met'lboliteo of nflotoxino 
01 'lnd G 1 on oilic:i :tol G plO. teu ( 1 ohl'om'lloy I brnnd) nrc
.;1·,en in Table 11 0 and their Ul tr'.'lviolet oboorption 

�ika nrc ohowr in '1''lblc 11 b. ?iguro 27 io the 

tlltr violet tr'1c1nr. of th� motobolitc of oflntoxin B1

•
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rill.P. 11(a) 

It •lue ot r1� t.1v :, of JJ'latoxin:i n and c; \ 1 

ltn 

I 0.25 

-- • 

il'1.Ai·'·" Td
-

---
n, A? LAT-OXIII C 

llx 'Cll" 

o.,s o.01o1

0.170 

1 

"Cllx 

O.CY+

0.120 

lilt and "Cllx" repro.scnt the second octaboliteo roapect1vol:, 
er ea :h of the tox:1.no S., 1U1d c1

(1.) :Olvent: 1(1, acatono in ehlorororo v/v 
( b) Solvent· 3 i:ict.hllllol in chlororol'I v/

v

TABIB 11(b) 

-
c, 

----'----·-

cw 

226 IC 

2l5 ' 

357 " 

226 ro 218 m 2}2 nc

26?. 
• 261 l57 •

�, . }60 • J65 
" -

-----L---- -
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identified as an�toxin M1 on the b�oeo of tto Rf vnluc

and Ultr'lviolet oboorption penko, Figure 28 1c tho
Ultr�violet opectrum of tht> '\flntoxin O mctnbolite

1 

probnbly correspondinp: to 1
011' • The two minor motoboli teo 

were not inves tignted further. Renction of tho ieolnted 

oneto:dn M1 and 1on 1 with 'lcetic on.hydride, yi�lded o
.,.t � product \'lhich did,. migr'lte from the bnoo line when npplied 

to thin layer pl." tea nnJ developed with 1 <11 acetone in 

chloroform ( v/v). Thio h'lS been tnkcn to ouggeot the 

prenencc of bydroxy groups (Emnfo, 1970), Plnto j.shows 

the ofl"toxin o
1 

met'lbQlitee on thin lnyer pl'lteo.

Production of oflatoxins Ll
1 

and 101,1 1 and demethylntion

ot' 'ln'ltoxins B
1 

ond o
1 

are given in Table 12. 'l'he reoults

nre given o.s meono of duplic"te eJqJerimento with ten 

1ncub.'lt1on fl.tsks in c..'lcb set o.nd their st.-'lndard errors 

aoo repreoent yieldo of n one hour incubotion and 

util'. :-in.· microoome--pluo-ooluble froctiooo from the some 

liver oool. The vnlue for the totnl amount of nfl'ltoxin 

01 �ti lollze,l w:to olightl.Y higher than th.Ot of afl'ltoxio

B1 b'�t th difference w�� not oignificant. Ho�ever, more

�qCroxy product nnd t'orr.aloohydc ·Mero formed in ono 

h7.ir rr,,c an.ntoxin B
1

t,}l.'ln nn.ntoxin o
1

, the difforcncoo 
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identified ao anntoxin M
1 

on the bnoeo of 1 to Rf vnlue 
ord Ultr�violet absorption penko, Figure 28 10 the
Ultr�violet spect:rum of the 11flntoxin o mctnbolite. 

1 

probnbly corresponding to 'GM' • The two minor met�boli teo 

were not invectigntod further. Reaction of the 1solnted 

nnntoxio M1 and 'OIi' with ncetic anhydride, yi�leled a
,.t • product Whiob did, migr'lte from the bnoo line when npplied 

to thin layer pl..'\ tes nnJ developed with 1 (1f- ncetone in 

ohloroform ( v/v). Thio luls been taken to ouggest the 

preoencc of hydroxy groups (Emnfo, 1970).Plnte l,.ehowa 

the n!'l!l.toxin o
1 

metabolites on thin lnyer pl'lteo, 

Proouotion o.f 'l.fl::itoxino M1 and 'OU' ond demeth,Yl3tion

ot ut'l'lto:xins B1 nod o
1 

nre given in Table 12. The reoults

are given no ceo.no of duplic.,te cxperimento with ten 

1ncuunt1on flnsko in e..'\ch oct and their otandard erroro 

err::i repre::iont yicldc of'\ one hour incubntion nncl 
Utilizing m1crooome-pluo-o6lublc fractiono from the snme 
liver pool, The vDlue for the total amount of nflntoxin 
01 �t.Cll.olized wao oJ.ighUy higher than thnt or aflntoxin
01 but tl:o difference \Y:'\" nol. o1gnif1c: nt. However, more

n7Cr�:r.;,· product nna t'or�-ildclcydc were, formed 1n one 

�r n-,,c ::inntox1n B
1 

th..,n nflntoxin o1 , tho d1ffe1•cnoeo 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



TEST J. 

�L,1'it 4· 1\.-,�r, \q)'-.N <:..\.._vo lT"1-\��'C�

�·,c-,c, n-,":+b,..bo'"'"'�-'--
�--h_c.._"" -=-il,b,V\ �.�INWlifl.D) 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



op 

I 

'l 
I 
• 

... 

rx ---,z�t;----�m----�i%,,_ 
""'-"ElEHOIK I" n-,,,,1 

f'19 AFLATOtlN 'l)l,f cso�v I ...... _.,. ")I.J 

l=",9 · :t g I U l • .'iltA l/"(01.,e j

�CL.l�V�O 

'Gm' �,14 r11,u;, � 
,o 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 127 -

TABLE 12 

Ca:iparotivc Metabolism or Arlatoxins n1 and G1

,:, aeo total -�<ago con- Por.:ia lclehydo 110. or10xin Cone en tr.i tion toxin vorted to fomed 
•-•-,.1111,1 1:1etaboU:od \I 1 /" Cir! " ( MJJ colo) 

B
I 

5°o u::iolc 86.1 + 1.9 1.87 + 0.40 25.0.,. 2,6 20 
-

c1 50n u::iole. 90,7 + 2., o. 78 + 0.07 9,8 + 0.65 20 -
-

-

p 0,05 (tlS) p 0.001 (S) p 0.001 (s) 

+ - Standard error
-

!IS = !lot :iignificant

S = Significant di.f'ference
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being vocy e1gniric.'lnt. Despite the oeomin1:7ly high 

,mluc or the total toxin metnbolized, the /\mount or 

the hydroxy producto wer� very sm�ll 1n ccq_>�riaon, 

Concluaion: 

1. Aflotoxin G
1 

is probably hydroxyloted nnd domethylntod 

by the rnt liver, inn manner oim1lnr to oflntox1n B1•

2. Aflntoxin B
1 

1s, ho�ever, more enoily demethylnted 

ond hydroxylated tren ofl�tox1n G1 •
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,INV'ESTIOATION J 

Co:w�rioon of the 'in vitro' metnboliom of pnlmotQxin Bo 

nnd Go uoina r:1.t liver microoomnl-pluo-ooluble froction: 

.,./hile the fote of �nntoxin B1 in biologicnl oyotemo,

such :\S described in  the loot experiment, h!lo boon 11ell 

doc\ll:\ented (de Iongh, Vleo ond Von Pelt, 1964; Holwpfel, 

Steyn and Purcroae, 1966; Mnsri, .!U: nJ,. 1967 o.nd \/ognn, 

Eiwnrdn nnd Schnnk, 1967), the ftltc of the pol.motoxino 

Bo :ind Go io yet unknown, 'l!! vitro' methodo oo applied 

in the otudy or o.n:1.toxin B
1

, hnvc been utilized to

investigate the biotr:1.noformation of pal.motoxins Bo and 

Oo, 

Bxperimentnl Procedure: 

Pure polmotoxino Bo or Go, woe disool ved in chloroform 

and the chlorofQrm oolution odded to diotilled wnter with 

n otrena of Jli trogen to blow off the chloroform from tho 

iter. The concentr:ition of the aqueouo oolution W30

dctori:iined rroo the oto.ndord curve. 

50 c µ mole of eo.ch toxin woo incubated with 50 p mole 

rlucoce-6-phoopho.to; 50 µ Qolc niootinnmidc, 50 ,u mole

c.:ir,ic"iw:: llhloride, 0.52 µ Qolo NJ\DP ond 25 JJ. mole 
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seoi-oorbnzide hydrochloride nnd 2•ml· or microaome­

pluo-eoluble frnotion equivnlent to 0,5q liver weipht, 

in lt tot'll volume or 5ml• nncl uoing 50 ml· Erlenmeyer 

ruoko, 

Three control tubes were olao included. The firot 

tube eontnined all the rengento but no toxin. Tube 

two contained the toxin and the other rengento but no 

liver fr'lctione. And tube threo contnined the re�sente 

nnd the toxino but incubntod with liver fractions 

de:ic ti V'\ ted by hen t. The incluo ion or tube one, wr:10 to 

compenente for riny endogenouo chromogenio oubntnnceo 

(Chriatenoen nnd Wisainp, 1972), Seven flnnko oont'lining 

the teot were uoed, Thts ten flooks were incuboted in 

oir nt 37.0 + 0,5°c for one hour in n Onllenlcrunp ret1otion-
incub'ltor with ohnker. 

Proteins were precipitated by tho method of Stitzel, 

.£121, 1966. SupernotMto obtnined �tar oentrifuging 

'lt 5,000 g for 15 ciinuteo were extrootod Vlith chloroform, 

The chloroforo extr�cto were concentrated ond eX'!mined 

on tbin layer for nn:, nuoreaocnt produoto. Port of the 

oupormtnnt w30 uccd for fomnldehydo dctermin.'ltion by 

the lf'lct1 re'.'lc t;1 on. 

I 
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Re!lUl t !'! : 

Two derivatives of pnl.motoxin Bo were identified
.. ,, on thin layer. Thcoe hnd lower Rf. vnlueo�thl\n the

p!ll'ent compound, (0,22 ond 0.21 reopectively) in 5% 

ceth.."Ulol in chloroform (v/v), thuo indicating their 

�ore polar n�ture, Only one derivntive of pnlmotoxin 

Go, witll Rf. vnluoo of 0,2 wns isolnted, Appliontion 

or the Nnoh reoction to the auperMtnnt gave n golden 

yellow colour indic'lting the preoence of formnldehyde 

1n the mixture. 

Fluorescence woe oloo observed nt the point of 

OpPlicotion o f  the s�ples. Thie was suspected to be 

a conjugate ond woe further eJOmined. 

!)ll'ther ex:::uninetion of the ioolnteo from incybation of 

pnlrnotQxine Bo and Oo with the rnt 11 v cr-mioroogmnl­

�lu, -· Jluble rr�ction: 

The: II'njor derivr1tiveo of polmotoxino Bo nnd Oo 

With Rf 0.22 'UY.'. 0.2 reopectively were cxt1mined further 

t-,r their cnar�ctto, 1r.t1c::i. Study on the aeoond 

P!llt:otoxir. Bo cotobolitt= .too not cnrricd out in view 

or tli(j O �"JU tc accunt produce;], thuo hindering any 

-

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



.. ', -

• I', 

l?, •

1 

• \ 

• l l 

r 

• 

• 

• 

t. 

• • / )• • 

I 

l l 

, ll l 

r 

l I

I 3 • 

n • 

). 

•1 l oetlc

� thin l!lyor

,,�� (v/v) oolvcnt 

11 or th 

"1 1-

tr 

• t 

• 1-

1t

t 

• 

lUNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



- 133 -

for mcrcriptur1c 1oid, glucuronic ncid, aulph.:lte ond
'!:lino ncid conjugnteo.

Reru1lto: 

F1gurec 29 onl 30 obow the Ultraviolet spectr, of
the palmotox1ne Bo 'lnd  Go metabolites reopccti vely.
Absorption pe!\ks for the pnlmotoXin Bo motobol1 te!in
wnter were ,t 215nm and 265nm vih1le th'lt of pnlmoto.xin
Go TIOrc o.t 2� 2nm and 272nm. Figures 31 1od 32 ohow the
nuorcooence opeotr'l of the pnlmotoxina Bo and Oo
ciet'.lboli tes respectively. Both showed excitation mo..ximn
nt 365nm. Tho cmiooion mnxinum woo at 41 Orun for
pnl.Qotoxin Bo metoboli to while thll t of palmotoxin Oo
r:.embolite was at 425nm.

Producto of the reaction of the metnboliteo with

ncetic anhydride did not move from the bllOf:I when run on

thin l:iyor ploteo uoinri: 4% meth'lllol in ohloroform or

1� ooctono in chloroform (v/v),

Pooitivo teat for conjugates woo obtained only for 

elucuron1dc conJugotion. Hydrolysis with .6 -glucuronidnse

:Yielded fluorcocent oubstt1nceo w1 th the s�m& Rf. V'llue

'lll tac rorcnt compoundJ (p1lmotoxino Bo on11 Oo).

..... 
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Compnrieon or the nuoreActnce intenoity of
pnlmotoxina Bo nod Go vii th thooe or their
respective met�bolite: 

Hovina eotnblished the nuoreoccnce ohnrnoteriotico 

ot p'.\lmotoxino Bo and Go metoboli teo their rel -itive 

1.nten.:ii ties were compal'ed 111 th t:hoee or the pnrent 

oompoundo in chloroform solution, ll.3ing the enme Perkin­

Elmer fluorimeter model 203, 

Bxperimentnl Procedure: 

A solution o f  either pnlmotoxin Bo or pnlmotoxin 

Go in chlol'oform wns diluted with more chlo11oform 

until thei11 opticnJ. denoitieo tnken at 265nm, uoing o 

Unicnm Sp. 500 Spectrophotometer wo110 tho oome no thooo 

of the reopective metoboliteo. The fluorescence 1ntell!31t1es 

:it on excitntion of 365nm ond emisoion of 410nm for 

polmotoxin Bo and ito metabolite orxl 425nm for pnlmOtoxin 

Go nro 1to motob611te were r1:1od off the ooale. 

Jleoultn: 

In both cnaoo, it 17.\s found tl\l\t the metllboliteo 

•ere twice no nuo11eocent nd their psnrent compounds,
Qoncluniono:

1, Tho rot liver microoomt1l-pluo-oolublo fraction,

-

I 
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t re a le)t xln Do 1nt t n other nuoro cent 

unj � t Ctl\1'lc by thin• l.oyer chrO::." toP;Mphy. It 

r, t.r n t'orcitc1 polc,toxin Oo into only one new 

our.l!. Tl • c "lro prob'\bl:y hyt)ro:icy product:i . 

Dc::ethylnt1on occurr�d •hen r�t-liver m1cro3oi::ll-

·-"- olublc friction ""10 1 ncub�tcd With e1t��r

•'.'.J. :>t-,xin Bo or p:\lmotoxln Go. 

3. The !luorenccnce 1ntcno1t1oo of the cct.'lbolltoo or

llkoU>xinn 'Bo nnt:i Oo, were twice 00 much no thoir 

p!rcnt cOlllpoundc, 

4, Olucuronl�c conjugnteo nrc formed whon either 

p:ilii::>toxin Bo or pnlmotoxin Oo wno inoubn tod ui th rnt-

11�er cicroroml-plua-oolublo t'r'lctiono. 

l
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EXPERD!ENT B 

Determin.'I t ion of the co-f!lctor reguirementD in tho

'.!11 vitro' mctnboliom of pnlmotoxino Bo and oo uoing 

r�t-liver microoom'll-pluo-soluble fractions: 

The incubation medium used in the 1 in vitro' studies 
-

oo fur, hno been reported to be idenl tor the study of 

the mctnboliam of oflntoxin B
1 

llnd to result in mnrlmum 

notivity of the drug-metobolizing enzymeo of the rut 

liver (Emnfo, 1970; Baooir �nd Emnfo, 1970), It boo 

been ohovin thnt vtithdrnwol of any component or its 

oubotitutiono with other oo-footoro might affect the 

enzyme activity. Using tho B'1111e method, o study of the 

dependence of the metaboliom of polmotoxino Bo ond Oo 

on theoe roctoro mve been investig'lted ond compared 

•ith oimilnr effecto on aflntoxin B1.

�erimentnl Procedure: 

Four bo tcheo of five 50ml. Erlenmeyer flooko were 

uoed in the experiment. Into tho f1rot botch woo added 

50 p mole of rr.'lp:neoium chloride only, The oeoond botch 

contnined 50 u mole of mngneoium chl".lride and 50 µ mole

or elucooe-6-phoopb..'1 to. In the tiiird wno ndded o. 52 p. mole 

.... 

I 
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\OP, 50 u oolc glucoac--6-phoopMto ond 50 µ mole 

:tlcot1n'\011lc but no m:ignooiuo chlor 1do. The tiMl b toh 

c tiined the cocple tc cyotcc of Bnooir ond El"'lt'o ( 1970), 

:;.x:pr1o1ncr nll the above f�ctor:: 1n equi•rolant conccntrntion::i, 

7o four of the fl., oko in ench bo toh woo added; 50c JJ cola 

� either ofl!\toxin B1 or pnl.111otoxin Bo or polmotoxin Go;

2:ll of tllc liver extract, equivnlent to 500Dg.11vor oncl 

25 u cole oem1-cnl'bozide hydrochloride {pH 7 .6). The 

ritth 11.nok in cnch rotoh wno uood n� control nnd 

contained liver extract but no toxin, One or the four 

rl.nako cnntnining toxino vroc olno uced no control nnd 

no 1ncUbnted With liver extrnct do�ctivotcd by h�,t. 

Z�e� nn=k no cnde up to 5ml. with double diotilled 

IStcr, The nooko were incub�ted tor one hour at 

37.0. o.soc in the oallenkomp ro�ction incubator equipped
-

•it.i, 'l =r.,ki r. '!'ho amount of t.oxln loft nftor lnoub'ltion

- tic:1 �J � before by th,; • Null fluorooocno o

te:::r.1',lue nnd the t'ormoldch,Ytlo produood oot1m�tocl by tho

n..-. re"ct1on. 

L 1lt : 

'l'hc 1nflucmr ot' oo-t'no toro on th'l l.!l vJ t.r2
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cetnboliom of nflntoxin B1 , pnlmotoxins Do nnd oo h.�ve

been t'lbul.Oted in T11ble 13, T:lble 14 nloo ohows the 

effect of the co-fnctoro on their demethylntion, There 

wns no metnboliom of the toxins in the medium containing 

rogneoium chloride only. No demethyln tion took plnce 

in the medium in Which glucoae-6-phosphnte l'IOG added to 

ongneaium ohloridc, Vol.ueo obtained for totol metobolirun 

1n th13 medium were r,'\thor om'l.11, olmoat 1nnignif1cant. 

The introduction of NADP and nicotin'lmide in tho 

presence of glucoae-6-phoaph-:1te, without mngnroium 

chloride nppc�red to have triggered off the re'lotion to 

n rensomblo extent. 

From the vnlueo obtnined in the loot botch, mngnooium 

chloride awearcd to rove ho.d o tremondouo ootivoting 

innucnce on the rc�ctiono, 

Qonclu3 ion: 

1 • Biotronoform'ltion of polmotoxin Bo nnd pnlmotoxin Oo,

ftpPenrcd to involve NADP dopendont onzymco 

tho:ie for tb c metnboliorn of nfl '.\ toxin B1 •

similor to

2, Uagneoium chloride activnted the metaboliom or

,;in ,;toxin B , pnlrnotoxin Bo and polmotoxin Oo.
1 

..... 
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TAf\1£ 1J 

Per-;cn:40, toxin cctabolized by the 'lqllivnlont or 0.3? of Livor

W.acwrs present A:flntoxin Palcotoxin Palcotoxin 
in i:.edim B

1 
Bo Go 

--

lla�Silr'I 
0 0 0 

ehlorido 
- -

M4oiesi11:1 chloride 2.45 3,6 4,5 

• Glucose-6- + 0.9 + 0,4 + 1.0
-

phosphate

HADP + lliootinnrrl.do 50,5 26.2 25,5 

• Clucose-6- + 0.5 + 1,} + 4,2
-

- -

pho,phato

llal!lloDi\C ohlorido, 
86.1 '�7 .5 49,5 

llicotinamidc, l1ADP 
},0 

lM Gluooso-6- + 1 . 9 2.20 
• 

• 
-

-

phosphate 
-

+ = Standard error.
-

-

-
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TABLE 14 

.�nfluonco of co-factors on the dc;;.othylation 
of 11.flatoxin I½ and pabotoxina Bo and Go.

Ccl'actora pr!!sent 
� lledil.Cl 

Ka910Dilrll ohlorido 

lla91osi11:1 + Gluooso-6-
chloride phoapha to

llAD? + niooi:inal!liwi 
• Glucoso-6-phosphate
-

banoaiw chloride + 
:u.cotinonide + lfADP 
Cluco:c-6--phosphate 

·-

Follllald.ohyde formed by the equivalent 
of 0.58 liver nftor l hour incubntion 
{in milJioicl'Ol'loles). 

At"l.atoxin B1 Palootox:in Bo

0 0 

- --- -

0 0 

-

14.0 .! 1.} 8.25 + 1 .0 -

25 .o + 1 .o 20.0 .± 2.0 

Palcotoxin Go 

0 

t---

0 

-- - ..

-

,�_4-5 + o.a-

10.0 .:!:1-5 

+ = St.llldard orror,
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t ion of thr. effect .:ir o o.n"oo in NADP Hie tinl'\Qide 

dinucleotide ho�nh.-'lt� concentrntion on the 

t.hyln t 1on of p�l,potoxin Bo rind ml.motoxin Oo: 

In view or the role of NADP in the nctiVity or

wlP dependent drug1etnbolizing cneymeo (Pooner, 

lilt�., , and Udenfriend, 1961 ; N1looon and Johna on, 1,63), 

n �tooy or the 1nnuence or tho variation in conoentrntion 

or riADP on the demothyln tion of pnlmotoxin:i Bo nnd Go 

I"'� e..'U'r1ed out. The rcli:lbility or the formoldohydo 

t tiction �u end� it readily noccptnblc no nn index for 
• u eoccent or ootnbolic nctivlty •

IJ;,erv nt'11 PrnccdurC1: 

'ine other co-f'lc toro wore kopt oonot.ont, Trhllc the 

r:.:r,> c n::tntI""t.ion V-10 vnriocl. llonco the medium wno 

zr:.-_ up 'Jf 5? )' molo m'lgnc::iium chlori<lc, 50)1 mol­

;1... "-6-ph?::ph-ito 50 JJ m,, ,lt nicot!n'lmido 25 u mole,

1"1l rb'lzido hydrochlor1,1r (p'( 7 .6) rind 50m µ molo of 

" t.Qxin. ,,nrloJ!l concentr'ltiono of IIADP roprooontin�, 

• 
r: 0 11 o. 1,, o. 5, o. 6, O. 7, nnd O. 8 u raol o• , .1 :,, 0,2, ,.,, 
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,ere u!;ed. Tr1pl1cnte samples uerc used for e:1ch 

concentr'.ltion. 2ml' of r'\t-liver microsomnl-plua-ooluble 

rr:iction \,no nddcd t o  ench in n totnl volume of 5ml. ,\ 

control in Which the liver fraction vmo incubnted 1·1ithout 

the toxin wao applied for each sample. Flnsko were

incubotod in ::i.ir for one hour at 37 .o ± 0.5°c using the 

O:illenknrup reaction incubntor with a shnker. 

At the end of the one hour, renctions were atopped 

by the method of Stitzel, .tl fil.. (1966) anu the 

ro�ldohyde content of ench flf\ak estim'lted by the 

!f!loh method. 

Resulto: 
·---

Variations in the concentr'ltion of HADP nffectod the

i'orcoldobyde yielda from pnlmotoxino Bo and Oo. This 

ei'fect hi.lo been represented graphically in figure .S3. 

The formrudcbydo yield rose with the ooncentrntion or 

H,\Dp until ot n cone en trntion of nbout 0.4 Jl mole when 

nd:lition of more ii,\DP did not oppoor to rooult in 

1ncrc::iocd formnldohyde yield. 

�onoluoion:--. 

A concentration or o.4 )l mole of NADP oppcnrcd

odequntc for nnximum dernethylotion of the polmotoxins nt

the toxin conccntr�tion ot.udicd and under the prevailing

0olld1tiono or the txperimont, 

.... 
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'EXP'ERil!EllT D

vori\l lion in  r.orm"lldehylle form ·tion from �,., t 1 B .,.n ox n 
1 

,

pnlmotox1nc Bo nnd Go nn n rune tion of time of 1noub t1on:

Eln'lfo ( 1970} h..'lo ohown th'l t domethylntion of 'lfl.ntoxin 

B
1 

var1eu .nth the time period of incub"ltion with r:tt 

liver homogenoteo, The effect of period of 1ncub"ltion 

of polmotoxin Bo ond Go on their demethyl"ltion hOo thuo 

been otudied uoinR r'lt liver microsomnl-plua-ooluble 

triotions. 

Procedure: 

Incubation mixture containing 50 Jl mole n1cot1n.'Ullidc,

50 Jl mole m!lR?leoium chloride, 50 µ mole �luoooo-6- 1

phoollh.'1 tc; O. 52 }l mole NADP, 25 JJ mole oomi-onrbozide

hydrochloride (pH 7 ,6) and 50m ,P mole of onch toxin -

onntoxin B pnlmotoxin Bo ond pnlmotoxin Oo, nrv:l 2ml
1 , 

of the m1crooo�l-pluo-ooluble rrootiono, 11oro uoed in 

3 tot(ll volume of 5m1 in 50ml Erlonmoyer flnoko, Oontrolo 

or iroctivnted (boiled) microsom"ll-pluo-soluble t'r"lotion 

n.'\:l another in wnich freoh liver frtiction vr.is nddod without

tho toxinc, ,1erc employed in ee1oh onoo,
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The flaoko were incub tcd in air :it TI. o ± o. 5°c, 

u::,ing the Gollenkomp rec1ction incubn tor 1Ti th ahr,ker. 

Duplic:-ite on.mplco ncre otopped n t 1 5 minute interv:ilo 

by precipi toting the proteino which were lnter oepnrntea 

by centrifugntion uning on MSE refriRer.lted centrifuRC, 

The oupern�tont t'ran ench onmple vno I\Mlyoed for the 

formc1ldehyde content no described in prigc 'I'/- .

Reoults: 

A plot of the form�ldehyde concentr�tion ngoinot 

time is given in figure 34, After 15 minuteo, dcmcthylntion 

Ind only been observed for nnotoxin B1• There woo,

however, n continuous riee in the conccntrationo of 

formnldehyde in the three samplco no the incubntion 

progroooed, The FJ'Ontcot nmount of form..�ldehyde woo 

produced in 75 minutoo. 

Concluoion: 

Demethyln tion of  nnotoxin B1 pnlmotoxino Bo nnd Go

'in vitro' v�ried with time, with mnximum production nt
- ___,;___, 

nbout the 75th minute, 
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EXffiRIMBNT E 

Influence or pH on the dcmoth�lntion or pnlmotoxino 

�o nnd Oo: 

Dcmcthyl.ntion of afl"toxin s
1 

'.!n vitro' io reported

to depend both on pH and th e buffer oolution (Emofo, 1970). 

0,3!.I phosph'lte buffer; pH 7.6 �'ls been found to bo ideal 

ror the demethyl'ltion of nflntoxin n1 by r'.lt liver

microsom:il-plus-soluble fr'lotion. Sinco the rc�ctiooo 

involved enzyme cntnlysie, it is known from bnoic etudieo 

th:lt the hydrogen ion concentrntion (pH) or the medium in 

which on enzyme nets, influcncco the activity of the

enzyme remnrlcnbly. Thuo, 1 t io kJ'lov,n thn t nn enzyme 

lni; n pnrticul"\r pH at which it noto beat (optilll!\l pH)

oncl thio vorieG fran enzymo to enzyme. The proocnt 

expcril!lent woe deoigned to find the optim'll pH of 

pnl.aotoxiru3 'Bo nnd Go dcmethyl!\ t1� cncymeo, when r'lt-

11 ·,er-1:licroeoi:i:il-pluo-ooluble rrnction W"IS uned. 

J:!P';rincntnl Prooedur�: 

40 cnle r'lto oclcctcd rror litter m!ltcn, were 

diotr1butcd 1nto 8 group!! nn•l their livoro homogenized
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in 0,3M potnsoium phoaphnte buffero of pH 6, 6.5, 7,

7,4, 7,5, 7,6, 7,7, nnd 8, The microaomol-pluo-ooluble 

t"r:lctiono wno obtnined no uouol. 

E�ch group wno incubated vrith 50 )l mole of oithor 

p1\lmotoxin Bo or pnlmotoxin Go, uoinp tho O'UIIO oo-footoro 

:is previously <ltscribed ond including 25 p mole of oemi­

c!ll'bo::ide bydroohlorido odjuated to the roopeotivo pH 

:im in o tot '\l volume of 5ml, Tllo flooko were inoubn ted 

in nir for one hour o t 37. O ±. O. 5°c, uoing the Gallenk.'lmp 

re1ction incub'\ tor with eh.'\kor. Controls were applied 

tor enoh group oo in cnrlier experiment s. Proteins were 

precipit,tcd nnd the form.'lldehyde content of each 

3Upernntont corrcopondin� to the different pH vnluoo, wno 

eotici.'lted by the Nooh renction. 

l!enultn: 

No detectnblo formnldehyde w:io formed from polmotoxin 

Go 1!l •11 tro O t pH of 6. There w:io, however, n grndll:ll 

rioc in both caoco till n r:nximwn ot pH 7,5 nnd 7.6

rccpectivcl:r vno ott.'lined (Fic:ure 35) •

£s,Mlun1on: 

Optiml pH for tho '.!!! v;trr.i' dcmothylntion of

P"'lw.>to1.in.:i Bo and Oo wno bot.wocn 7 ,5 orvl 7 .6 .

the 
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SECTION 3

IlN"ESTIGJ\TION 6

Invcsttantiono of the effect ot' npcoieo :lifforonoop 1!) 

the m!;;tOboliom of onotoxin B
1
, p!\lmotoxin Bo Md 

o:w:iotoxin Oo: 

Reoponsc of onim..'\ln to drugo and biologically 

�ctivc compoun:1o h..,ve long been lmovm to vory according 

to opeciea (Dubois, Thur oh, nnd Murphy, 1 957; Quin, 

Axelrod, and Brodie, 1958). These vnried responses ore 

oloo ooooc ioted with the metabolic p:lttern of the 

oubstf\J'lCeo in the different opcciea . Quin, Axelrod ond 

Brodie (1958) h'\Ve demonotr'lted a v:u-inble onpt1city of 

cnzy::ioo in the liver microoomeo from different species 

to dc:iothylato amino pyrin�. Thuo, it io recoe:nized 

tll'.lt enzyme prcpnr:ltiono from different specieo vary in 

their capacity to h.'lndle o p.,rticulnr oub�tnnce and thio 

o.igbt bo o.n index for eotim,ting the relative octivitieo 

of cnz:,rcien involved in GUCh tronoformo.tions. 

In the work reported here, the apccieu difforonceo 

in the c:.otr,bolioc of nnotoxin B1, polraotoxino Bo nnd Oo
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�'lve been investig'ltod using both liver slices nnd 

m1crooom.�l-pluo-,oluble fractions of the liv�rc of the 

reopectivo o.nimnlo. 

:§xpcrimcntn l  ProccdurJ': 

The procedure odopted here liio been deocribod by

E:nnfo ( 1970) on:'! is s imil ,r to the method of Quin, 

Axelrod and Brodie ( 1958). The nmount or e'.'lch toxin 

Q8��bolized, the corresponding 'lmount of mnjor fluorescent 

metnboli teo formed, and the form:lldehyde formed by ench 

species were estim.'lted using both liver slicco ond 

o1crooolll!ll-p1Wl-soluble f'rnctiono ieolnted from the 

livers of the respective species. This h�o been regarded 

rui 1ndic ting tho ability of the rcapoot1vo apecie� to 

b1otr::uioform the toxino, 

Incub.�tion with Liver Sliqeo: 

Liver olioeo equivalent to 0,5g rreoh liver weight, 

Tlerc incubated with 501 p. mole of cnch toxin in 'l

UcB'wnn �olution, Semi-<:nrbnzidc hydrochloride (pH 7,6) 

wao ad1ed (25 p mole) during incub�tions for

rorr.aldehydc �-tieition, in o finnl volume of 5ml, 

After ir.cubotion for one hour at 37° 1 0,5°0, except 

ror the C'l:JO of the toad 'lnd liznril, whore incubotiono 

I 
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were o.t 25
°

26
°c - , proteins were precipi t."lted and tho

recninin� unmct:tbolized toxin oatim:tted, Tho fluoreooent 

a:et'lbol iteo formed clurinp- tho incub ation wore. idont.ifiod 

uolng the rRt metnboliteo no reforoooe (Plntoa >1, b, and 

c) 'lnd then e::itim'ltod by the 'Null fluoreooence technique'

on thin l'.lyor pl..'l tea. 

Control fl.."loko were uoed in the following order 

1. flaok cont:1ining the medium, with liver slices

but no toxin.

2, flosk oontaininq the toxin in the medium but no 

liver oliceo, ond 

3. flook containing the toxin in the medium but

incubated with liver oliceo d�'lctivntcd by boilirl!f.

Thio procedure 1tna retained for all the opocies studied, 

Incubl\tion with micro9ome-plua-oolublo fraction: 

2Dl of cicrooome-plus-3olublc froctiono fro m �eh

of the 'lnimnl:i wno incub'lted with 50 u mole m..'lgnesium

chloride, 50 µ cole �lucosc-6-phoopb..'lte, 50 u mole

n1cotir.'l01de, • 5" µ l."1)18 JlADP and 5Cn u mole of each

toxin; 1n 'l tvt ..... ;olur of 5ml oo:l uoin8 50ml Erlenmeyer

nruik'I f<iI' the incub�tlon. Except for the lirord arxl
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tond where incubn.tiorui were crirried out in '\ir, at 

250 - 26oc' nll othoro wurc done;' nloo in 'lir nt 

37 ,0 .± 0,5 C for ono hour. Cont.role woro nppliod no 

in the livor olict�. 25 � mole oemi--onrbnzido 

hyurochlorido (pH 7 .6) 1•1ao nudod in cnooo Vlhoro rormoldchydo 

h.1d to be determined. 

Protcino wero prccipitf\ted by the method or Stitzel, 

§! .'.11. ( 1 966) • Supcrn1 tnnts l'ler1> obtained by 

oentrifuginF �t 5,000g U!ling an MSE referigerf\ted 

centrifu�e. The oupornatnnto were exnminod, for 

nuoreocent metnboliteo, on thin la_ver and whore preoont 

thcoe metabolites were nccordingly eotimnted, Simil!\rly, 

the reoidunl toxin:3 were eotim'ltod ond the difference 

between thio nnd the total recovernblo toxin in tho control 

expreooed oo percentngeo. 

Forcoldehyde w:10 ootimated in the oupernntnnt. The 

nuoreocent cotnbolite of thl bnoe line or the the thin 

layer chrom!ltoe;rarn wos ex.nminod qualitntively for each 

llniml. 

B r.w•Abolized by 0,5g liver oliooo io
The afl'ltoxin 1 ""� 

I 
I 
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ohown in Toble 15. Tho compar�tive distribution of 

theoe vnlueo io oho\1n on the hiotoprnm ("'it 36). The 

lowest v'\luo of 55 .61!1 v1,"0 d d i , ,, recor c n ehcep noo the

higheot of 95. 5% in toad 
, Volueo for the metnboliem by

microoom�l frnotiono ore given in Tnblo 16 nnd their 

cocpnrntive diotribution in figure 37. Higher v .lueo 

werr recorded here nnd it r�nged from 75.51 to 99.8%. 

Polmotoxin Bo metnbolized by 0,5g liver olioee io 

glven in Table 17 nnd the comparntive dietribution in 

figure 38. The nmount met�bolized by microoomnl-plu0-

ooluble i'rnction is given in Table 18 ond the comparative 

diotribution in figure 39. In all cnaco, luncr volueo 

were recorded here thtm for nflotoxin B1 • While

onntoxin B1 was nlmost totl\l.ly metnbolized in moot of

t.be onimlo studied, moot of the nnimolo did not metabolize 

core th!ln 60% of the palmotoxin Bo uoed,

Volueo for the polmotoxin Go metnbolizod nrc given 

1n Tobleo 19 and 20 for tho liver oliceo nnd miorooom.�l­

pl�c-5o1uble rrnction, reopectively. Their oomJ:Xlr�tive 

di tr1bution ic g1 ven in figure:> 1.10 and 41 • Here ngain

r,luc:i t1cre 1o,ror, 8cncrolly, thnn for oflotoxin B1 ,

Except in th aog the valuco wore in ll'C\ll,Y cnoco lO'llcr 
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T..\BLE 15 

Inf'lueneo o1 specit.!11 <littorenooa on the 0.0tobollsm of at'l.atonn B1 by Liv..r :,licc:s. 

Guinell 
3.:\t :tice Pig 

Porr.:aldehydo 
produocd 12.4. 6.5 4..1 
duri.n8 inou- + 

T.6
+ + 

bation - -

0.1 0.5 a t=nolo 

Percontllgc 81.0 90.5 87.l

o£lutoxin + +
- + -

a
1 

c,•taboli- -

2.5 3.2 3.6 -,,d -_, 

P,rcontate 1.5 0.9 0.74. 

.n.1'latoxin • + 
- - -

.w
1 

.fonnod 0.1 0.05 0.02 

-

?tu:iber or

25 I.C, 8 
Ani.alal.n 

,71ute 
Rabbit Rock Duck Goat. Sheep Dot, Lico.rd. ':oe.d 

Cook 

12.2 8.} 
0 2.0 

2.4. 5.4. 4.8 5.2 

+ + • .. 
- .. - - -,. - -

1.3 0.8 0:3 0.3 0.3 0.2 0.5 

92.8 96.0 97.0 92.5 55.6 82.1 80.8 95.s

+ + • . , + .. .. 
- - .,. - - - -

!•5 5.5 
- -

3.0 2.5 2.0 :) .5 ' .0 :? • 5 

0.88 1.75 2.1 2.0 , .o 1. 1
0 0 .. 

' 

• 
• .. .. 

- - - - - -

0.1 o •. 5 0.15 0.25 0.12 0.1,. 

8 5 5 5 5 s JO }O 

' 

..! • St.ondnrd orror -� s.c.,..�r. <:\ .. \<.,., ..... ..,.h. ..... �• 
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Pl 
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I 

Foroaldehyde
produced 
during incu­
bation 
(c Q0].1>)

Percentage 
Ai' la toxin 
B 1 duri.n g 
incubation 

Percentage 
concentra­
tion of 
,\!'1.atoxin M1 

lh.cbor ot" 
J.nimale 

TABLE 16 

J'.m'lu..,nce o.f s-01.,,. difference:, on the cetaboliso or Ai'l.atoxin ll1 by CJJ.croso=..1-
pl.us - solubl.a 1'ra.ction 

Rat I Hice
Guinea

Pig 
mutol DuckBabbit I Rock Goat Sheep Dog 

(adult) Lizard \ Toad 

Cock I 

25.0
1

22.7 15.25 I 16.5 2.5 5.0 9.96 
0 .! � 0 ± .! 0 = = .! 0 I 2.6, J.O 2.2 J.2 0.5 1.0 1.6 I -----+--+----------+--�-

87.1 I 95.5 95.s 97.5 98.J 99.0 97-5 75-5 86.0 99.s I 97.s
+ 1 ..- .... + + + ... . .. . . - - - - - - - - - -
1.0 0.65 1.0 

1.a1

1
• 1.00 I o.86

+ + + - - -
0.4 I 0.1 I 0.05 

0.75 

0.95 
+ -

0.07

1.0 0.5 

0 0 

J.O J.O

1.9 I 4.1 
.! I .!

0.25 I 0.5 

2.6 

2.1
+ -

0.2 

4.5 

1 • .)5 
• -

0.2

' 

l 
1 
.
5 

I 1.i.9
I • . -
I o . .)

--+-----+--I I I 1 --- ----
I 2s i 4D
! ---

8 8 5 

� a Standard orror¥ 

5 5 

s.__...,v-, 

5 5 JO 
I 

)0 
I 

Q,\,.,.. ......... ;.--"°' .. ..,�.
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TARI.:: 17 

Inf'luence o!' =ecie::s difference::, on the metabolls.o or Polmotoxin Bo by Liver :,llce::s. 

Formaldehyde 
produced 
during :inouba-
tion Cl u:cole 

Percentage 
palootoxin 
Bo cetabollzed 
d.u.rinS 
incubation 
-

Percentago 
ooncontrntion 
or meta.boll te 
Bo(.m) rorood 

ll O • o£ An i !'IIU.5 

aat 

' 

11 .5 
-+ 2.0 -

45.2 

_±1.5 

0.55 

+-0.l -

25 

ltice Guinea Rabbit Rook Duck mdto
l 

Goat Sheop Dog 
1
LiMLrd l :'oaclPig 

Cock 

8.5 }.5 4.8 4.5 
_!0.5 +0.05 +O.l +0.12- -

50.3 35.5 52.0 45.0 

.;t2-5 ±}-5 +2.0 .!3.0 -

0.63 1.0 0.21 0 

+-0.02 .. 0.12 +0.01- - -

40 8 8 5 
' 

z = Stand.ll:rd error. � 

(ad111t 

0 0 2.6 5.0 
,!0-� +1.2-

45.2 56.0 50.5 43.4 

.. 1.0 - +2.5- ,!0.5 ,!2-J 

0 1.1 l..O 0.75 

+0.12
-

+0.0}
-

,!_0.15 

5 5 5 5 

�_,,.., c:4, \..,-,m\ ..-�•C'?S •

Bo(c,) • motabolltc> of' palmotoxin Bo 

}-4 }.2 

_!() • .} •O.l.-

45.5 4'J-5 

.!3-5 ,!l..O 

0.2 0.) 

_!0-05 +O.Ol-

-

}0 }0 

' 
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TABI.R 18 

Inf"1uence of apecioa d:I.N'orcncea on tho motaboli,io or Palootoxin Bo bv 
:tlcroaooa1-olua-aolubl.o f:mction 

Rat I I.lice 

Porma.1dehyde 20.001 15.6 produced 
during incu- 2 1 b&tion I .:!: • 
� colc 

I 
Percentage 
Palmotoxi.n 
Bo .ceta.bo-
ll.::ed 

Percentage 
conoentro-
tion or the 
aotabolitc 
Bo(m) i'ormed 

4-7.25 
•2.25 -

0.61. 

+0.1 -

I .:!:
l.-2 

58.6 
•1.6 -

0.7 

+0.15 -

-

?lo. of' 
Al\i.m4l.ll 

25 4-0 

Guinea 
Pia 

Rabbit Duck Goat Sheep 

0.00 5.10 0 0 
} .4 

+O.l.5- •O.C6-

- -

37.1 60.0 50.4- 59.5 67.0 

_!).O .!5.0 .!J-5 .:!:1-5 .!.5-0 

1.2 0.31 1.15 1.10 
0 

+o.2 +0.02 +0.2 +0.2 - - - -

I 

8 8 5 5 5 

(��t 
Li::ard

10.4- 0 
O.l. 

42-9 51.2 

+2.1 +1.5- -

0.82 0.4 

.. 0.01 .. 0.01 - -

5 ,o •' 

iilut.o I Toad Rock cockl

5.2 0 

\.:!:0-}3 
- - ·---

50.J. 52.0
+2.5- ·•l.l-

-. 

0 o.,s 

.. 0.01 -

5 '° 

.. 11tan.S.M orror � 
�_,,..., cl,�,...,..;,�-\�onC,. 

Do(m ) • mot.aboUto of' ralaot.ortn Do 
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Fo:n:111ldchydc 
produced 
duri.ne :Lnouba-

tion m mole) 

Percentage 
Pall:lotoxin 
Go c:etaboli:r:ed 

Porcontage 
ooncontre.ti.on 
of metabolite 
Go(c) i'on:ied 

llumber or

AnjcnJ.:s 

T4b1c 19 

Inl'lucnce or :ipecie:i dif'rercnco:i on tho oota.boli:io or Pal,:iotold.n
Go bv Liver Slice:i 

Guinea 
B.o.t Mice 

Pig 
Rabbit 

7.5 6.5 2.l 3.8 

+0.8 +1.2
- -

+O.l ,!0-9-

46.5 54.5 28,5 58.5 

+0.6 +l.O
- -

_!0.5 _:!0.5 

O.} 0.9 0.23 o.oe

�e Duok 

Cock 

1.9 
0 

,!O.} 
·-

35.5 }8.5 

_:!(). 5 +l.O
-

- -

0.00 o.oo 

Goat Shoep Dog 

2.5 \ 5.2 
0 

__ 
... 

_!0.}5 

\ 

,!0-�

35.3 
• 

57.1. 
I 

49.5
+l.3 ' +1.6 +0.9
- - -

0.4 1.0 0.38 

I 

4-0.02 +O.l.5 +O.Ol. +0.01 +0.02 +O.l} +0.05
-

-
-

- -

-
-

25 40 8 8 
I 

5 
I 

5 5 5 5 

-

W.sard 

}.2 

+0.1.5
-

3 .4 
•l.5
-

0.35 

o.�

}O 

.! - stand.ant. crrror � �..,'-.., -\.._-t""'-�---� ...... ot ·-

Co(i:,) • mnt<>boll t.o or Pal.lllot.oxin Co 

I T-d

.:, .00 

�-05 

38.6 

.. i.o 
-

I 
\ 0.30

.. 0.01. 
-

JO 
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Ponna1dehyde 
roroed during 
incubntion 
m mole 

Porocntase 
l?!ll:notold..D 
Go metaboli-
r;ed 

Percentage 
cone en tration 
or the oeta-
boll to r.o(o)
t'on:aod 

!fuober of 
An.:! 111nl1> 

TAllLE 20 

In!'luence or :specie:, di.t'f"erence:, on the metabolis:> of' PalJ!lotoxin
Go by microsomal. 'Pluo-.s aol.uble rrection.s. 

R4t llice Guinea R1ibbit White
Duok Goat Sheep Pi& 

�� 

10.5 7.3 1.a 4.3 3.05 
0 0 0 

.t0-9 .:_0.64 .0.3 +0.2 +0.26
- -

49.5 57.5 30.0 62.0 39.1 40.0 39.5 65.9 

_=>.} +1.3 _!0.4 +2.5 +2.0 zl-5 ,!2 .o .!,2-5 
- - -

0.38 1.0 O.} O.l 0.00 o.oo 0.5 1.2 

_!0.}5 z0.04 +O.Ol. +0.05 _!-0.2 
- -

Dos Lizard I Toad

9.1 I 
I 

0 
I 

0 

+0.26
-

55.0 39.5 l.2.0 

.!,l-5 •0.5
-

, .• 0 

0.48 0.1.2 o.i.o 

.!.0-05 +0.01 
- I .!.o.a:.z0.05 

-+-- -
25 40 8 8 5 5 

.:. • 31.&ndard arrnr -� 

5 5 5 

�ie..v• .,_ ....\•°X'"""' ......;,_.--"'" •""" '-' 
O•t(-) ._ -•-t .. ,'l•l ••·• •,-f"' ,.,_1-,-114'i'a,tn O"' 

JO i JO 

j 
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r 

0 

l5'"7U 

ep oog hzard toad

D1stnbul10n of total atlalox1n BI metabohzed 1n OOt:' t-o.,r 
by the hver slices from the d11fernt sp.?cies ot animals 

r
�
.. 

�• 

,:,. .;..,-;;. I 

o' animals.

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



3-0'

2 
5[

2-0� 
I 

1 sl 

1 Or 

01-

15'1 ifl 
-

x.. 

�- . -
I 

• 

I 
�-� �

�--�� . � ..,. ,l t:" . . 

rat mice ./.".• _,� �=- dock cpal Shttl'p<bg (o toad
'" " - ,,1-� 

OislnbUIIOrl of lhe aflatoiun Ml �rn,.-d �f.t",e hour by the lrve-r
slices of the different spKJ� f!! ·,ri1mals 

'"'i ,,,. "f 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



. ,. 

• 

rat mice·-�;� rabbt'"'-1dick goat p dog hz.atd to�d

Oistnbutoo ol total atlatoiun BI metabohzed 111 one hour by 
m.crosomal lractoos of the d,llerent spe-c,es ol an,mals

rat me.--.,:; rablilt rode, ,. � goat sheepdog t,zard toad

Orslribullon of the formaldet?jdt ltvrnfd from aflatox,n B1

,n one hOJt bz the rncrosomal fracttens of the

d,fll'ftnl 19rc1e-S o! �orywlsJ

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



9 

7 

'/, 6

of 
Ml

4 

3 

2
1

If 

IS"f � 

-
' 

• 

ral moc• ·-;;-_.r� CO(� a,ck -1 sh•..pdoghzar� load

O.slnbu lion of to1,1 ,1flato,1n "II 'I'< • h\ 1,.,�,
... � mocrosomal l1ac1tons of I� d1!1e•� �C�!> ol animal!>. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



9 

7 

'/, 6 

of 

t-11 

4 

2 

1 

IS'J� 

O.stnbullOI' ol 101,1 allalo11n Ml , 

m.crosomal frachons of I� 

• I (f\tl'r
. .,..... -

-·rv· of anmals

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



\
100 

90 

70 

!i 
JOj-
20, 

10 

rat mict- ... ;.;•rabbit·.�: duck goal sh,epdog h:ard load ....... 
Oslrtbuhon of the total palmoloiun Bo me1abol1zed by 
the hver slices from the d1flttenl species of animo11s, 

o s\r,t.,,1,on o! 1� rorm.Jldrhydt tor!Tlfd from p.iirrota,,n

Bo r O'lf twx, by tt>� hvn she� ot I� d,fltrffll 
spt'<1r, ot 1nm.al� 

�_,.__,

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



157 � 

• 

'

rat micP i� rabbit ' • • liJCl< go�t s'. _; ._ .. ,rd toad 

O.stributtOn of lhP tololl palmotOsl.", v tr..bolized by I"' 

lrvPr microsomal fract10ns of the! 1 .: ' .• �if's ol in,mals 
)

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



4 

3 
25 

2 

157W 

torm�d ,n - hour by hV1'r 
tht d,ll•rffil � , .  

.. -
t2 

E I , ... � I � 
� 10'. I " 

m,c10",()m-\l tr•clioris ot 
0 I an,""'IS 
--

J ·: s . -; i;l( E t· � llih-: 
-o rat rr;,f 

1 
·-' �· � ... �Jdr goat sht't'P <bg lizird load

I 0t1t11wtun of formald!'hyde lormttd from palmo\o.un Bo

111 ant' t1oUf l1j m,crosomal tractions of lt>tt d,11,rttnl
!£f:CI� Of 1./ Jct 

c:.A.. -:2• r

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



1ST/ii 

100 
90-
60-
70-
60-
50---

40:-

_:t --lil_is::i.....z, 

1 ral 1'111CI.' c;-;;--rabbll !-:: duck goal �P dog hzard toad

[)<.;1t1bu\100 ol total palmotox,n Go m,tabohzed in 0'11.' hour
_... -

- -

by hvtr ��� ol the d,tterent ..pec1e!> ol in,m� 

I 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



l5'11i 

\ 
100-
90-
80-
70-
6()-

� ;..:m�-�-::-��-��-· �, 30- t 
20· � � 
10: h."'4..�-

1 ral rr.ce r.-;,�rabbal ::.:: duck goat � dog hzard toad

()iStribul•on of 1otal p;i.lll'Olo1un Go mttabohzed ,n CJ'P hour

. -

-
-

by hvtt -�.cts of I
,
'! d,flerent !f!_CltS ot an,ma_ls 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



2 (), 

I 5• 
' 

1 o\ 

05-

1ng 
7 

• 

I 

• 

1·.1 _; r, . � __ i"l l. [] C1 1:1 
1-11 m,cP r,'!;·rabbtl ".��; duck goal �t't'p dog 1,1,ud 10.td

-�-

o, .. 1rtbul10n ot lhe amount �, m, 1.i'bohlr trom pc1lrro1a11n Go 

lormed by 11ver slt<:l'S ot the dtlll'rent spec1!' ot ,1n,mal1, 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



1�7 "it 

M'· --i;;;<..�-:. .�!:
:..

� 

• �:1-ss:1.--b.:>I..� ]§_
rol m1te 1-/j" ._ .... dutk goal wep dog hl.ard load rabbit 

Oistr1buhon o! the total �moto•1n G. "'''°''""-�d .n ont> hour by 
-- . -

hver microsomaJ fractions _o.!_l� <'"I,� , t lnimal!. 

a 
,. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



'/, 

157 xii 

3 

2 

1 • 

Ostribut\on o1 tht' mt'l;ibolltt' formed trom _pafmotoa,n Go � 
thP m,crosomal trac t,on o! lhl' d11tt'rtnl spl'Ctt'S 01 an.mats 

P..9· 41 b 

I 
I"' 

0 I 
}20L 

g ·�· 
0 �

c 
1. 

5· 

II t' I 

• 

'� d r.ibbl 
... . � ' 

_ � ;,:i• •orrr.,d trom palmotc,11 !,ta by 
1(. ...... � .. ,,, � 

, ,r,p J If rf'tll SP"' (':; ol an m.als 

.. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



I 

- 158 -

thnn thooo for pnlmotox1n Bo (Figure 42).

Gcnorolly, viluea for inoub�tion With liver ol1coo 

were 101,or thnn the onoo in which m1orooom'll-pluo­

ooluble frnctiono wore U!lOd, Th1o 1o believed to be duo 

to the diffusion rate of th.l oubotnnces into the cell. 

The form"ltion of hydroxy produoto from tho oompleo, 

w�s oboerved to ohoTT n greater vnriition th'ln the total 

toXin metnbolized. Tho ,thito rock• cock and duck did 

not exh1bi t any nbility to form tho hydroxy produoto 

both vlith liver sliceo 'lnd the micronomru.-plus-soluble 

tr�ction. This result wns consistent in oll the toxins 

otudied. The oheep nod dog 1,ere found to be the higheot 

produc ero of �fln toxin 1,1
1 

• The mouoc oloo •nao found to 

be cnp:ible of producinfl' onatoxin M
1 

in addition to 

o� other fluoreoccnt compounds, Tho r.,t, gont,

lir.nrd nnd toad were moderoto producero while the loweot

·,:iiueo wore recorded in mouoc, guinel'I pig Md rnbbit.

With pnlcotoxin Bo, the sheep, gont and guinco pig 

were core efficient producers oft.he suopeoted hydroxy 

p::-oaucto. The 

C.OU'.)C, robb 1 t,

adult dof wno noclcr'.lte while the rot,

li:,.ord, n.rvl tont.l procluocJvory ont\11

"loount.o. OcnorollY, th1, mount. or thcoo t'luoreooont

1111 
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producto were very smnll in compnriaon with

amount of toxin metabolizod,

the total 

The mouoe nnd oh�op, wer� moro officiant in the 

production of fluoreocent motnbolitco from p,,lmotoxin 

Go. The soit, liznrO, dog, and toad woro modorato 

while the rabbit, tht. guinea pig and the rnt wore poor 

producers of the me tnboli tc. 

!lo:; t of the nniw, lo oppcnred to dome thyln te the 

toxinc. The duck, however, did not deruothylntc nny 

of the toxins. The guinc1 pig, lizard and tood 

microoom.�l fractions did not dcmcthylnte the tox1no, 

though form..,ldobydc woo detectable uhen liver slices 

were uoed, It dooc oppe.,red th�t thr metobolizing 

on::ymec in thooo anioolo cny not be very stable or 

they o:iy oxiot in oo om.,11 o quantity oo to looo their 

'lcti'l1ty during prep:irntion. 

Av.tl.t doso demethyl�tc both nflntoxin B
1 

nnd

pa�otoxino Bo a.ml Go. In all caoos, th� rat ond mice 

were found to  deciethylate the toxino raster than the 

Por tn .. _ ncount of toxin, nnn tax in B
1

Oa::o tttylooo n.c t1 v1 t:, 1-1'!\0 hight'!r thn n thooo of pnlmotoxin

.. 
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Bo nno Go, except in the dog. The Ront l'l,10 not able to
demethylute pnlmotoxino Bo nnd Oo, Tbo dcmothylnoe 
nctivity for. af'latoxin D, in th(.; gont wno found t.o bo
very omoll. 

Coneluoion: ·- ---... 

1. npeoioo differoneoo in the motnboliom of nflntoxin
B

1
, pnlmotoxin Bo and pnlootoxin Oo hnvo been oboorvcd,

2. Compnrnti vely, afl.ntoxin n
1 

ohowod a highor rate
of c,etoboliom in  moot of the specieo than either

pnlc,otoxin Bo or pnlmotoxin Go,

3. Demcthyl�tion and possible hyJroxylotion of

nnotoxin B
1
, p::ilmotoxin Bo and pnlmotox1n Oo, nppeored

fairly 17ell diotributod within the upecioo otudied,

though to o ·mrying degree in ooch enoe. 
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,\n!'llyoio of  the con:\UW\tion procluptn tir the toxin in 

the different opooio�: 

It hao e�rli&r been mentioned thnl during thll thin 

layer chrornoto�rnphy or aupornntnnto from inoubntod liver 

olicea or micronollr\1-plua-solublo frnotiono on inton.oe 

nuoreocence Vias observed nt the point ot npplicntion 

of the sample a. Thie metnboli te v,hich did not move 

from the bnoe lino durina chromntogr�phy with methonol­

chloroform mixtures wna preocnt in :lll the opco1eo ond 

with all the three toxino etudicd. Thie met:iboltte, 

"u,pccted to bt: conjugntoo in vieVI of their polarity 

(&c--ro, 1970) vroo eX!lmined further in on attempt to 

identify it. 

&x,,crtnent�l Procedure: 

The fluorooccnt opot at the origin of <noh thin 

loyer chro:a'l togrnm m,o 

ccth:mol: ohlorororm: 

ocro»ed off nnd eluted with 

w::itor (5:2:2 v/v). The eluate 

vrui conocntr-i tcd with the rotary film evnporntor • The

coD::ontrnt� wore run on thin layc.r pL.,teo of e111on 

lfCl o (E. Jcrok, 1n. Don,ot�vlt, nernt1ny) ooo developed 
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in n--butnnol: glacial acetic o oid: wntor (10:1:1 v/v),
Tho ioolo tea were tested for poosible h,ydrolyaio no 

doscribod in the method, with 0,3N hydrochloric noid, 

Sulph'lte, meronpturic ooid, amino ncid nnd g].uouronido 

conjugntion tooto were OpPlied to the onmpleo t'rom enoh 

toxin, Olucuronide conjup,ntion ms 1'Urther teotecl by 

the m�dificd Fiohln:ln and Green method and hydrolyoio 

with � -glucuronidnae (E. Llcrok, Dermotodt, Oormnny).

All theoe procedureo hnvo been deocribed in pogc!o 'f9,--'f6.•

Reoulto: ---
T\?o fluoreaoent epoto were identified on thin 

layer \then the ioolntee from oflatoxin B1 viere run in

n-butonol-gl�cilll acetic ocid: water (10:1:1 v/v). Tho 

firot rtith on Rf. volue of 0.023 woo present in gorit, 

sheep, r-it, mouc.e and clog; whilo tho ocoond v,ith Rf. 

of 0.5 .,:to prooent in rabbit guinon pig, duck, white 

rock cock, lizard and tond, The lnter conjuRoto did 

not give ony positive rcGUlt for any of the tooto 

opplic<!. It wno, however, hyrlrol.yoed by O. 3N hydrochloric 

nci.!1. The conjugcte with Rf. of 0.023 did not give MY 

P� iti\'O rcS'Jltc for corcnpturic ncid; amino acid Md 
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sul:ph'lte conjugation. It gnve pooitlvo rooulto with 

Mphthorooorcinol. On incubn tion with ,t, -eluouronidooo 

(kotod.'loo) for 48 ho it uroJ yielded n oubotnnoo which on

thin lrtyor hnd nn Rf. vnlue in 3% methnnol in chloroform 

(v/v), oimil.nr to the authentic n o a toxin 111 •

For pnlmotoxino Bo nnd Go, only single fluoreocent 

opoto r1oro observed in each c:ioc. The Do isoln te hnd 

an Rf. value of 0.42 and thnt of Go bod on Rf. value 

of 0,32 oll in Butonol!glociol ocetic ncid: water 

( 10:1 :1 v/v). These oubotnnceo v,ere not hydrolyzed 

b;· 0,3}1 hydrochloric acid ne nuoreecence rem:iined ot 

the b3oe line still, \',hen the mixture 1100 chromatogrnphcd 

in 5% moth.'lnol in chloroform (v/v). Tho fluorescent 

opoto were oubJected to the onmo teote no nflntoxin 

:a1 and on the bnoio of their rooponoe to the tcoto,

the:, ruivc been grouped into ttto: those nninnlo flhooo 

ioolntco govc pooitivc roGUlto for glucuronidc onlJ 

ncre grouped n A��h1le thooe nniaalo whooo ioolnteo 

11d not recpon1 to 11ny of teoto ftere grouped ae B. 

Hy4rolyoio or group A coupowno with J-glucuro JdQse.

(t:. 1:,rc·t, non:,t.Ddt, Geminy; and oopnr,tlon of tho 
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'l'AllL.� 21 ( n}

Conju�tion of Aflatold.n ,, ----------"..!1_b_:y_D:if
:..-_
f
_:
e
:._

ro
::

n
:,:
t
�

S
�p::o :oi :e::s

Specl••, \fi th oonJuSBto 
111' 0.023 (A). 

Spooie3 ni th oonJur
to

·----+---Rr __ o:.:_·.:_5 _ _:(�
n 
_

IIAbbi t

Goat Guino11 pig 

Shoop Duok 

Rat l'ihitu rook cookerol 

Dos Tond 

llouso Li11rd 

Arlatoxin B1 
- Charncteri&ation or Conjusn tes

T�t �a=n�t�4�eo�n�1u�te�A���Co�n=uteB 
Acid Hydrolys13 0,}:! HCl !lo hydrolyais llydrol_yzed

1 llaphthO?"¾�- Violet-b UC 
�·4·.....,...,.--+ oroinol s ru oolour +vo

Gluou.ronid-: 
00:ijugotion 

(ii) llaphthONS-
orcinOl reaction Violet colour
(Fiah:lan & Greon (+vo) 

,)uouronidnse hydrolyied 
(' :,:,towo) ( +V-')

-· 

lt ydrin rooeo, Pink colour 
-VO 

-

?0tat1i1.C1 Cl'!lll!P"J-Pink 
tiod.isonsto- -vo

llcn:aµ-urir. ;c,t1111 didlro 
-�id !.1:ljuoi- i;_;te uilver 

Rc!td.lch bro-m 
u,101.r (-ve) 

..,;t1_en;,;,_ ____ at.,t •• tt 
( ...,.., ) • IICl(,il t1 v
{•vr) - foaittvo 

Bro :rn oolour 
-ve

Pir.k colour 
(-vu) 

/lot hydroly• 
ied (-ve) 

Pink oolour 
-vo

Onlllgc-Pink 
-va

Ro,!,ll1h bro1111 
ool011r ( -ve) 

m s 
.. 
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TABLE 21 ( lu

Conjugation_of Po.lnotoxin Bo• by th8 difreronl �oeoiea 

;Sp�e�c;ie�s�Tf;i th;:;;-:c:on;J;u:g:
4t::o:----,-------------·

Rf 0,42 (Group A) 
�pooioa llith oonJu9tea 

Goat 
Sheep 
RD.t 
llouso 
Dog 
Rabbit 

Rr 0,42 (Croup 8) 

Cllinoo pig 
Duok 
ihito rook cookorol 
L11ard 
Toad 

Plilii toxin B 0 o - Charooteri111tion or Con.lu te

Tost Reagent Conjugate Conjugiito
(Croup A) (Croup B)

Acid Hydro�i11 0.311 IICl !lo hydrolysis Ho I\Ydrolysia 

(i) Napbthoro Violot-bluo Bro11n colour 
soroinol spray oolour

( l ( -vo) Clucuronido -+VO 

conjug2t1on llaphtho�sorci- Violot colour Yell01rish nol roaction ( +vo) (Fi�b::IDll & Cnien pink 

1955) (-va) 

fo - glucurcni-
duo Hydrolyztd No eydrolysis 
( ke toaa, o) ( +VIJ) (-vo) 

/.::ii: C II eid Jf irJiydrin Pink colour Pink colour 
C�J\ll?tion l'eO.!l,Ont ( -vo) (-vo) 

Sul.pc.a to Potanaiu:i Oran,:e{
ink (-vo) 

cen )11&1 tion rhoiliooat.o colour -ve) Brom 

11\lreoi;t:uic Pote, tlu:i di�- Rcd,U ah B roirn RccLU1h Bl'OIITI 
a 1d 8'ft. :J&I t:ion �t.o + llilver Colour colour 

lfitn.t: (-vo) t (-v1l ! 
-- ·- .... - lle�ilve

• i 
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TABLE 21{nl 

Conjugation o!' Palmotoxin Bob� theJ: dit'ferent speoioe 

Speoioa uith conjugate
Rf, O,}I� (Group A) 

• 
�at 
Sheep 
IIAt 
Wouao 
Dog 
l'lllbbit 

I 

Speoios with oonJu
r

te
Rf, O, }It ( Group B 

Cuinua pig 
Duck 
\'/hi to rook oookorol 
Lizard 

Tood 

0 o onn 0 -Pllllt 'C Ch ore.otert:ation or Con to 

Test 

Acid byd.roly:iia 

Glucuron1do 
Con,Jui,:tion 

k:ino aoi:l. 
conjugotion 

�bate 
uc:itlon

' 

ltrcapturio 
acid 00nJ•Jga-
tio:i 

Reagent 

o•.3» �--=1

(1) Naphthorescor-
oinol spro.y

llophthoroaoroinol 
reaction (Fieh:liln 
I Croon 1955) 
.. 

� - gluoarooidaao 
(ketodaao) 

Ninhydrin ro11�nt 

jPotaosill:l rhod110-

nate 

Potaaaim do�
A rltt scat- :t 
�\,;'-' �i""--

fonJugate
Croun A)

No bydrolyaia 

Violet-blue 
colour (+vo) 

Violet colour 
( .. ve) 

l\ydroly; od 
(•vo) 

Pink colour 
(-vo) 

Ora.nse·rinlt 
colour -vo)

Rodd! eh Bl'OW!l 
colour ( -va)

( ..-,o) - llo,;:itlve result 
(•vo) .. Por�t.!.Tll 

ConJugato 
lGroun B) 

II o l\ydrol,ysi. 

Broll'!l colour 
(--vo) 

Yello11iah pin>: 
colour ( -vo) 

-

No hydrol,y�i, 
(-vo) 

Pink colour 
( -vr,)

I 

Orcing:f ink 
oolo -ve)

lied.di ah Bronn 
colour (-ve) 

.. 
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mixture by thin layer ohromto ,rnphy gnv� fluorocoont 

spoto with the onme Rf. valueo, oo the originnl 

pnlmotoxino Do anu Go. Thio nppcnrn to bo in oocordnnoo 

with the ouggeot1on of tho proocnoc of n hydroxyl 

11:roup in palmo toxino Bo nnd Oo no thlo oould rerll'llly 

be n conjugntion point. Tho rooulto have been tnbulnteu 

ond pr�oented in Trlbles 21n, 21b, nnd 210. 

Conclusion: 

1 , Both liver r.licee nnd miorooorol rrnctions of nll 

the .;pecies form conjugntion producto with nn:itoxin B1,

pnl.&lotoxin Bo ond ptl.lmotoxin Oo, thoup:b only n row of 

theoe could be idcntif.iod, 

2. Olucuronido conjusntion W'ls oonfirmed in� number

of opccieo both for nflntoxin B1, pnlmotoxin Bo nnd

polcotoxin Go. 
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:e.!u_s-noluble_j'r:ictiono or rot: 
-

Severnl pol.ycyc11c �rocnrbono, not,,,bly amino pyrine, 

hexoborbi tone, phenobarbi tone nnd chlopromnzino, have

been known to enhunce the activity or the drug metnbol1z1ng

cnzymec. '.!'he phenomenon hc'la been llidely reported (Conney,

Uiller and Uiller, 1956; Gillette, 1962, nncl Orreniuo,

1965), 

'lhe mochruli:im or the induction in bolievcd to

invol vu 'ln incrcnnc in too cytQchromo P450 content in

the h.'l'.Jm no well no tht.: pro to in noicty nnd uloo rcoul to

in the 1ncrc�ood oynth io o! oevernl enzyrno protcinn

(Ern te.-.. a."la Orreniuo, 1 J£5, K.'lto, .,;t £!· 1966, om

969) T°"" metoboliom of dru8c and foreign
dCCJICr, � , •-

1 th • c,rbon ran"loxid<. oen91 tl ve
�o��o-�ndo, in10 vc � 

r::tao·1or, 0000 otuaico h':lvo
c:;f cllroo F 1�,o p;c...-icr{lll /.

-..... t • _ l'li.,o lo 11ot required for
re·, l (I 1 I) t.,. o ..........

.. 
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the metnboliom or nl.l oubotnnceL (M,rnnndcz, Mnzel ond

Gillette, 1966; Gillette, 1966). It 11.,0 beon oho"Nn

thllt rcnotiono like microoom,1 Rulphoxidntion or 

dinminodiphonyl oulphide, N-hydrox,yln�ion or aniline 

nnd N-otl\yl nnil1nc nnd motnboliom or nzo-dyeo could 

proceed in other ,iayo other than throuqh the oytoohromo 

P4SO pnthwny. Cnrbon monoxide oer!\t1on, thcreforo, doco 

not inhibit ouch renctionn nnd i norel\oe in cytochrome 

P450 levelo nrio1ng fran the odminia�r--tion of inducers, 

will not lead to 1ncrenoed miorooomol nctivitieo for 

ouch oubotro.teo. 

The present experiment v111a, therefore, dcoignod to

(n) the effect of phenobnrbitono on thr. mi crooomnl

enzymec reopono1ble for the '.!!l vitro' motnbol1om

or onatoxin B1, and the palmotox1no Bo nnd Oo,

. 1(1) the effect of  cnrbon monoxide on the '.!!l vitro' 

metol>olioc of thece oompoundo. 

Exper1nentnl Proc�ure: 

:.1t.tcr ct1 · . r:, tu 
( fl tnr otr:iin 1 00 - 1 05s-.'Yt. ) 

�rr��"o1 in two Broupo, in ouch n wny were " if'.}tci! nncl '· ,..,., 

th"t tooir 'lvor'lio woi�� wore oq•J'll. The firnt 
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group w.io injected vii th n dooe or phenobnrbi t.ono oodium
cnlt equivnlent to 75m8/kp- body weight in n minimal
volume o f  norm'll Online.. The ocoond group, which 001•ved
oo controlo rooc..ivcd equivnlcnt doooc of
:inlinc only. All injoct.ionn were given

tho norm.'\l 

intrnporitonf!uly 
nnd doily for 5 dnyo. i\n hour nfter U1c, lnot injection, 

the nnimnlo wer� oncrificed, their 11vero excioed, weighed 

nnd pooled togothor in their rcopoctive groupo, 

Wicrooomol-pluo-oolublc.. fr'lctiono wore obtained os before, 

for e-ich 11roup. 

5011'\P mole. of inch toxin wno incub'lted with 2cll of 

the liver rrnction nnd 50 µ mole rrngncoium chloride, 

50 Jl mole nicotin•,midc, 50 )J. mole glucooc-6-phoopho to, 

0.52 µ colc H;\DP l\nd 25 .u mole ocmi-cnrbnzido 

h,yd;oohloridb (pli 7,6) in" totnl volume of 5ml nnd in 

5Cbl Erlcru:1t:y(:r n .. oko. 

Fol' enoh tox in, tho flnokn T1cre diotributcd into 

three woupr. of four •. T1c nanko in each group were

uoe� nc controlc - on., cont�ining liver extrooto uut 

no tt" .. x-in "1.r.d tbo other oont'lininc; de'lctlv.nted liver 

t. x.in in addition to the oo-fnotoro.07.tr et orrJ th' 0 

Or ri "'kO aont.olnocl liver oxtrncto 
Tho t1rot group ,-
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from r'.lto prc-tro'\tod With phcnob�rbitono ond incubntod
in nir. 

Th� uccond group, contained liver oxt.rioto rrom 

prc-trcnteo r'\tn onJ incubntcd in an ntmoophorc of 

c:irbon-:nonoxide (Chriotenoon nnd 1'/iooing, 197:,). 

The loot group contninod livor oxtrncto from the 

control rnto, noo theae were inoub.'\ted in nir. 

Incubntiona were for one hour nt 37.0 .. o.s
0
c.

-

Superm tnnto were obtnincd nt. the erxl of incubntion 

by procipit'lting the proteino and contrif'uging the 

cxtrneto. The metnboliteo,�ntox1n u
1

, Bo(m) or Go(m)

in the renction mi.Xtureo were eatimated. Demethyloa� 

nctivity 'mlB ol.oo determined by the amount of rormoldehyuo 

produced during tho renct ion. 

Reoult.o: 

The rcaulto are given in Tnble 22, Aflntoxin M1
forced in phcooborbitonc trcntod rnto woo nbout t�ice 

tb!l ncount in the control. The tormnldchyrlo r1'.\:1 nbout 

1. 5 tioco grooter thnn tte c.:,ntrol.

Tt1� JJc..,ethylotion in polcotoxinO Bo 100 Go TlllO

n:lJ out tt1ico tbc ,:mount 1n t.hc control, while t.ho 
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TABLE �2_W, 
��tnboli:ic of a.fl<_:t.o�_lh.,..g.y...ioto� Bo IUld �.b.:'. HW2.�C°!'-"!.�·:e.:l.ua-�9.�-�_!t.1oti� . ..i�r:.��_r_!!�z���o1itl.l....!!.11£f!ob,U'bi tone 

------·�--- ---- -
- -9 ···-.... --·---·-------- ·-··---·Pcroontaao of �luorc&ocnt Mct.ibolito:i (M1, ilo(o),--·--

Inoubotion vith. -Liver 1·raotfon
Co(c) tor 1cd

-· -· - -

'i'ox:in rA ta pretron ted troc Jll'utrc . L 1d 
111 th phonobnrbi- ral!J under c .rbo-

ifOr,,,.'11 1'• ,., 

liv�r i'>.· otion 
under air 

cu...-- --·-1· -�'!.oxi=.:::ilo=-------+······ _. -· ·-·

4,1 + 0.2 

1 .95 + o.; -
1. 1 + 0,06 -

o.oo

o.oo

o.oo 

1.86 + 0, 1 -

0.6o + 0.05 -

0.4- + 0.02-
. 

--,-.,......�-,:-::=·�=· --··--------�,,-=-Ai�-1a�t-oxin��
w..
:7· -,�Go ·[r:iT",. cctllbolite or Palcotox:l.n Go

B6(m) = oetabollle of Pa.lzlotoxin Bo 

:£ABU: 22(b} 

g,ui,,ntit_y or Foi:i:w�ceydt. �oracd (o Ji9olc) 

-·------------·- · -· ·------,--L-i
-vo_r

_
fr
_

a
_a_ti_on_&Liver fmotlons Liver rr�ctions 

'i'arj D 
, "-� pratro.1tod froo noro:il r.1t:i fro::i pre tree tau •• -

d rnt!I •·c•Jbotcd incuboted in rot& incubntc ,.... 
in Cnrboru:ionox:l.de nir 

1;.._1n_o_1
r

____ .. ·····-···· ----+--­
-----

·---..... 

Co 

38,1+� 2.0 

1,0.8 ! }.0 

I 21.1 • c.,.;

o.oo

o.oo

o.oo 

19.91 -. 1,0 -

9,81 + 0.5 -

I 
- ---------------

___ 1 _  ----------··. -----
--

+ .. :iw.dlu'd t r· ,r+ s ,l._\...,..,.r,-h,n-
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hydroxyl:ition pro<lucto ,·,ere !\bout three timoo tho vnlue
obtninod for the control, There v1:,o neither domothylntion
nor h,Ydroxylntion in tho cnl'bon monoxide ncrntcd flnoko.
Cgnclu1:1ion: 

1, Phonobnrbitonc trentment of rnto cnhnnoed the
hydroxylntion ond demcthyl.ntion of afl!ltoxin D1,
pnl.motoxino Do 11nd Oo. 
2. Crlrbon-monoxide 1nh1b1 tcd the hydroxyl!\ tion an<l
decethylntion of pnlmoxin Bo�pnlmotoxin Oo ond aflntoxin
B1 •
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CHAP'l'CR V 

DISCUSSION 
--

P_ro Jue ti9n of...!.C?.ll!!.." in p1ln nn.11_!lrrl ycnot ox�r.,et 

nqcrono rod in: 

Yeo.et cxtrnct oucrooc mod1um l'no bean found to

oupport better �owth of /,opcrgillyc fl'l.VUO M1 more toxin

production tmn the pal.a oop medium (F1RO 12, 13 nntl 14),

:, ::iciil"r trend h(lo bet.:n ob:::orvcd by Emnfo (1970) uoin,:;

the ycnot-cxtrnet-ouoronu mcdiuo, the Cznpok.1 dox

cJdiwn M'J tho o.."lrCitc Jucrooc c.<diUC1. Thero oocm� to

be, therefore, n rolntionohip botwoon the ar "1th or the

:U.nl'l'\10 nntl the nttcnJ.1nt toxin prcduction 1n vie,, of the

root thl t. tho i:icdin that oupported better ,,ra,vth of fungur,

aloo g:i·,e batter yield of toxinr-. Jio';'lever, oinec th.i

production of t"Xin in dependent, to o lnreo mcouuro, on

the cr1rbon nrrl nitro�cn oourcc , (du Ionch, Vloo nnd

do Vocel, 1965; Untoloo orx1 tdyo, 1965, Dnvi , Diener olll

:adr1dro, 1966), tbo llir,p'.lrity in th� o 1CJ0 or Ui ... pnlrn

oop,oirht lie. l\u,. to U10 ,11rrcrooooo in oucrooo or
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o:irbohyJr1tr content of the 11 me. 'l,
F:\p::iru. 1 ( 1966) nn.1 /,dckunlc ( 1969)

pol:il c::ip ovnt'lino only 2% ouorooc. 

Bnooir ( 1962) , 

hl\va oho11n th,t tho 

The toxin concontr tion of 3ml'/1 OOnl of r.ioJiur, 

obtnirwd with th1, yooo t .ixtrnct ouorooc :nodium lo olooo 

to the vnluo obt:linod by Uw'lifo ( 1971) but difforo 

froc the vo l uc roportctl by tn,ro ( 1970) • However, 

,.robrcch t, .2..\ .Q!.. (19t:3); le Vogel, .£1 .u!, (1C165) ,n.l

Kulik anJ Rolod-1y ( 1967) rove oho11n th.� t rcpc..,tc, 

tr.'lncf.:r:, of :�• f'l 'lVUO otr'linO on nutrient mcJi:i uou.,Uy 

loo to citl�r n .. a .. crcn'lo in or f'.l total lo:ic or nn".toxin 

prolu:ins ouility. Th.le mi<ilt oxpl"in too dior·rity 

in yi61d0 o'bt'linc 1 1'rom tho car.ic otrnin of funf"UO on tho 

oru:ic. ccdi uc. 

The pH of the m<;;diUQ wno 101,cot nt tho porio' or 

rnx1.cuc tax in produo tion in I oth the pclm onp m1l ttc 

ycnr.t axtr,ct oucrooc mcuir. (Fi� 13), Thi ho lll�o 

beer. • rvcd b:, !)':)v1o, !:>icncr ord t1Jrld111.. (1966) nni 

�,,, (1970) u:;in'' onlY th1. .. ycriat-..,xtrnct rJcr-:ic tlCdiun, 

The acorc.'lOO in pH �1�1t �o 1uo to 0000 ooidr. rclooocl 

tlur ln. thu occmd�cy at L�':Jlioc or the. funl'i (D.intlcy 

'lnJ c��boll, 191>8).
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PJ1yt1cnl ch'\rrctori" tic n r-f 1 · - --��--·--.: •. :....ll.'l . .11!2.�1'!.XJ!lll..Ao nn,l Go: --·-

Tnblo 6 oum1n1• 1 -:oo OP" t o:" the n]'.X)c trnl ll' tn 

obt"in<:.�l in thi'l wcrk. Uop ,rt fror1 11 torn tur

been inclu�cu ror coc,pnri on, 
In vei 

Tho Ultr"lviolct opcotrn or pnlnotoxino Bo ntxl Go 

(Fi"'.Urco 6 'lnl 7) ohot1 n otronr nt.'lorption nonr 200lllll 

onl n wookor oni.. , t '1 hir,hc.r wnvolont, th. Thi:: cnJ 

cbJorpt1on coulJ bl. duu to n - €"
fr tr'\llo ition nrioinr.

!'ro� tilo pre" nee or oxy�cn in the molecule oincc 

ClCl:!Cnt"J. 'Ulnlycio hno oho1m tb.ri t the compoun 'o cont., in

eylr "!.::.n, onr'.· on M 1 oxyrrcn only (B.ooo ir  nnl '.dokunlo, 

1QC ). Dyer (1 65) '1!ll Dyke, .£1.'.');.• (1971) h:vc 'lttl'i'utcd 

thi t�c. of  'lboorption to c 1r· onyl chrot1ophorc. Thio 

1.: nl�,, :;upportc. � by the Ol)octrnl ohi "t ol -c rvcd 1n w:i.tcr 

nn� oothonol (�i"o 15 nnd 1e). Dyer, (1965) h.01 nh0\11'1

tlr.t poll' oolvcnto gunornlly _tuft tbu n _ 6xbiln\.., to 

charter r1""16 length:: m·J ttn t ob ,rptiono involving 

nan..: -:,ntlin,· cloctronr of tb: n - 0ir n -71"• typo nro

oano1 tivc to th!. polr.ritY of the. oolvent 1n v1111cb tho 

cpoctruo 1o deter. 1ncJ, Thio u�thoohro�ic ohift oboorvc.., 

in t?xi '\QUOOUO 1uti".)nt1 rt.l" tiv o Lo the ponk in moth.on.il 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



� 177. 

1::i nloo :'l\own t o  ch.'U'�ctc.ri�c. 1'-.,. f-" trnno1tionn round
1n . u.'l::nturri.totl chr1r1onhor•· Th � - ... u, ti cxio tcnc o of I\

oinil 1r npcctr"ll pnttorn in nf'ln toxino 1'1 nru.l o I nn'l

tile con�l!ltcncu �iith ..... W:u.ch toc nunorotion pc.�.k nroun•I 

265n:,: D.1.'>L)C."lr in 1ll th.. oompoundo, ocou to (liVt. 

ouppoi•t tL tt 1 opi.cul.•tion Ml point to the poooiblc 

cxiotoncc of n co�mon chl\:Jmophorc. rooponaibla for thin 

nboorption in all tb.J compoundo. 

Thu infr"l-rc n',:,orpt ion pcl'.\lc of pnlcotoxin:i Do 

nn:l Gf' ( ... 1,·:i 17 'ln-l 18} nround 1750 cm-1 confirm tbo 

pr cnc.nc c of " c"r"t onyl rroup. Thi� "lhaorpt ion po".k in 

nJ01t ion to YYC'lkcr onco �.round I 630 cm-1 , 1595 cm-1 nnJ

15li5 co-I ,.,hie.� nrc nloo pI'OOont in tJ10 r.fl"ltllltinO 

(-• 10 6) rove been nttributc.u t.o the otretchin"' 

v1bnt1.m o;r-itoc of CCII.IL"crin coioty M-l ketone c'lrboeyl 

groupo nrioin" rra:i nn o(-, un:i'lturntoJ lnctono 

function, (l,o�'->, � 2!• 1963 on1 1965; Hartley, ?loobitt 

rml O'Xcll:;, 1963), The. nbocooe "r pcnko nrountl 3,7 -

4.0 )J (2700 - 2500 cn-1 ) due t'1 bCJl'I 11,d O - H otrotohin·

of " 0-r ,cylio ncid 10 ou�rtortivo of tho aooonco 01' "

c"lrb'>X)'lic nci • in th1. r: lcculc:. Dyer (1965) h."IO oho\ln

di "1\ ,rt.lo rc.--t.ur 1, of the. cirho,:yl 10 !\citl 
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1"\lnction.,1 croup. 

The pcnkn nt 3400 -I 1 -1or:i n Pl'lmo toxin Bo nrvl 3450 cm 

in pole. toxin Go confirm thJ prc.,cD: '- or 1'rco I\Ydro�I 

'Ttil.!p.J nnl th  io 1:. in :1ccr.rJnno o wit. h t.hu lncrcnc ull 

t1Jl rity l'lf the ouootnrooJ no oboo1·vou on t.hin 1,.,yc,r plitoo. 

!fot r.iuct. wnu rcvc:-.lc(l in the nuclcnr r:11,mutio

l'C:lon ,nee luo pro' •n1 .ly t o  tile oroll qu01nti ty of' tho

oubotnnce nvnil.'lblc., �d poor l'Ccolution or the. pc'lko.

However, c�cnicol :hift" Jcciphcrcd fruo pnlnotoxin Bo 

ru'El o.t d :: 1 .25; 2 ,05; 2 ,6; 3, 7 nnJ 4. 5; p."lll:lotoxin 

Go �VC ponlc, •. t J:: 1 .25; 2.03; 2.6; 3,65 1n:l 3,85, 

The po:\!r!: nt a = 3,7 :101 4.5 for pnlooto:dn Bo 'lnl

,� = 3,6; nnu 3.8t'l�l not ,il_tinot but thoro io " 

t1c.!'inito 1nJ1c"tion t the prcoorc o �f thcnc r>-,:\k.:>,

1.n .. to,:in B1, h0",1cvor, pnvc po'lks nt cl = 1.25, 2.61, 

3.4 -ut1 6.5 (Utmifo, 1971). 

nit. prccincmo or thci pc"lto ot 1 .25 in p.1lr.1ritJxino

:::i ,,0� I)? ccy in3ic...,tu tho rro:1;000 of nn nlk:11 oh"in 

... ,r '.!pin -• Thero 10, howc;vc.;o, rc.!lcr::blnrc c or tho

cha"11cnl chi rt.n hurc 111 tl1 t .. -,;<- or nnn toxin r 
1

• Tho

c.!"O� r t. 
n,: t xin n

1 
nr ..,,.,t.ic oh.Jt11onl ol,1. t. nt

6.5 in '1 Lr" ,t 1,10-, U'> ""l 'lo o1 ".lit. bo auo t., tho ro['lroomLnt

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



----z----=-----....

- 179 -

or the ninctlo free nro�'I tic .... • �,urocon by nnothtr (P'C:UP thuo; 

• 

R - dubntituont r,roup. 

llo:1c.ovc1•, fluoru::1ccncc in the "lfl: tax:in:i h.'lo boon

nttributcd tn the.. prc::oocc or the coumnrin rin'" oy:itc:.,.

The oimilarity in the fluorc:icunocai "pcctr" of th:l

1X\lcotox1n:i rn.th the ofbtoxin ('l'"lblc 6) intliontc:i a

prob:iblc prooc-,z o of thi::i oy:i tC;iJ in the, p:llmotoxino :Uoo.

'i'hou"'.h there io n:> otr:ii[•ht forr,ar<l corral: I.ion 1,ct'llccn

otI"'Jcturo nn:1 nuorcoconc c (Udonfriuno, 1962), tbJ

olc11-irit;r in thin onoc 11000 not ::ippc."lr coinci1ont 1.

The io:lino v"lluco (!l'rl'!Jlo 7) obt..'\ino l in tJ1io .:tu'lY

izl:lic"tc th!i pooriblt prcounco �f unn:itur"ltoJ 'Toupin;r

'll.rc�d:,· notcJ in th Ultr •11olot cpoctr:1 of the coapoundo.

Th • • .-..J.w.o !U'e " 11ttlt.. hi i,or thr:n thooo of  the four

�n�t?xin� c1tc..l in T'lblt 7. Thio oic}1t 1nu1cntc tbot

t.hc. 0�.11n� ,u,c. gr,r un lul t�C, l t.h:in the nf1.!\toxino.
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Uc.vortl1olc:in, the. v:1luc,i npvcnt- too 10·11 t:, nrino frJa n 

ot1·�1�ht cm1n un:intur,tc l f,\tty no111. Thio viot1 1r. in 

�::r1.c".le;n t ,11 t h the l 1opnr lt y in ioll1nu v�,lullo obt" inou 

by 11"Clc.in nn:l n1",;i: ., ( 19 1), hot,:.>cn oo 1c. cyclic

CCXlpount.lo c.n1 oorno otl' .i1-11t cln in C<'lnpounun t o. Per

in!ltrlncc, fluorcno :-.n:l phonnnthrcno h:1vo io lino 'rlluor 

o 5,7 - 6.2 in:1 10.8 - 11 ,5, roopcotivaly, nr compcrca

r.it •• ti11. v· ,luco thi.. nuthoro obt-.iw,J for croton"ll;\cby.'lo 

nn:1 ci tr'\l - ;i;il�.2 'ln<1 268, - 281 .o rcn110ctiv..:ly. 

CH).CH = CH,CHO

Cr ton .l ,Chy 1c. 

The opp::lrcnt ino01u· ility �r the pnlcotoxino in 

l1othyl otocr tlrico n?t -ippcnr to bo in kcopin·· ,nth '\ 

l>nr- clnin f"ltty r.ci! property.

t,; bo .1 otrikinP: niailnrit:, botTTocn 

r c "=I 1:1un l ,

It io pooo1blo tlr.t 

c .,Jlfic l fur• .. o! th..: r\n",tuxi.n

tb�llf!h tn� extent or tho co01ficr.t1on 
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c:1nnot be cpccific,l. 

Tllxic i�of pnlmotox1m!...Bo __ �l...9.U'!..l.Q�b..Y. _<1,l._J_y t.o: 

P'\loot oxin Do h'lo been founJ to induoo looooo in 

bo,ly 17uirht inl 1•atluc ti,,n in 11\'<Jr oi ll in l't l.,tion to 

tho bo\y \TC1ctht (T'\hlc. O). Ch'\nc, � 11. ( 1963) h"o

loromtrntad �1..0 th'lt nn 1t.oxin n2 in lucc 1 ouch nbnnrcinli tioc

in tho whit, oc.•kin ·-1uc.kl1n"D. Pnmotoxin Go ui, not 

cX:1ihit oioil'lr p ,to11cy nt tho looc lcvclo otu.11 1. 

IncrC.'\flC 1n the lcvclo or ooruc-glutnaic o,c-\l;-,�act1c nci 1

tr'lna" �in'\ac ".lJ'l 1 �l.k\linu phonphnt"".1u w.,o �:io obocrvt.J in

p.'lL'Jotoxin Bo trentcc r11tn ("''l'hlc. 10). Altor,tivno in 

too '\ctivitioo of tht:.::-c cneyn_,_ nrc kn:> m t inJicnto onnot 

or nccr,oio or hO'{JC\tic cell� '11'11 nycc�rlinl infirction 

(Boo ,.,.,, L rrry 'ln' Drook (1146), L.1,�u{;, 'riLlc,n.ki �1

r.'\rc (• �54) 'ln.1 noit....;'I n. Prinki.;l (1957). It uoco 

'l!JFC. 1', thL rc.fcrc, tln t pnlo-:itoxin ;:,.., mi,;, t .>o 

c"lrcino ·unic to thi r· ln " ci r.iilnr nnMor '\O �ntoxin

� 1, n:u, .._..,. ahcri� ( 1 �71) h�c obnorvcl\ oirail·r incrc,11::c,o.

1n ·lut "lie ,:.: 1_1 nee. tic tr'Ulonoinlloc; ·lut,mio-pyruvic 

tr'\nO" inro1;, olJro].in1. phoa,ln ttl!lL "n 10.,c 1 tr1c 

1 '-:/' r ror.1.o<., in tti c.ru 1 !' nfl, t(Jltin r 1 11oinon� d

nkc.y", It 1 rt.inc.nt t<> n tc. th L onr.y:no (lctl'lity
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vr.lu.in obt'.\1nc•1 v,ith 50 11 "f 1 ,. ·J pn motoxin Do 7/ot•u in the 

oc.oc rnn-ru no ,,1 t h  15 Jl o.r 'lfllltoxin n,. Thie ,-,roo'lbly

in,,ic'\ton " JiN'croncc. in toxicity wit!'. rc..'.'orcm u to tho 

rnt nn! :ocn not noor.i t 'ho in line. with c'lrlic.r fin lin•111

or Dnaoir l\n(1 -�lol-..'U?Uc ( 191 9). In thlo ,n1•k, it h".a b1;on 

cetr.bliohc' th'\t cv..:n nt:. n v.u u·,1. or G.6 r.irr/kr boly ·,,cirrht,

no lc'\th:! wore ruc'lr,lc.'. !3orn.;;c ( 1967) ln.1 m.von the 

LD50 of nflntox:1.n n1 in "21-'1ny ol� m·ilo r'lt ao 5,i:: m:/kr.

bi) �y Yloi,,.ht. It tlooo nv,:>onr, thc.roforo, t!rl t the, w
50

of p:llaotonno Bo M' Go woul. bo hiuhcr Ul"ln 6.6 urr/ke 

boJy 11oiijht. Hcnc o th.l tax in m,:,• not h<. of conpnrnblc 

toxicity r.c r.n".toxin il
1 

in the r".t.

P::l.i:iotoxin Go ui(l not nppo:ir toxic to tho 20-lr:; olt1 

r t. Scrua ;lutc.cic oxnloncctic 'lci 1 tr:ino:u:iinnoo nn! 

·� ... in� phooph.'ltnoo lovolo ucro bnoiceilly un".ltoro1l,

ihi. f1n11nr io in II'. ,in· with O".rlicr roport:i c,f 

D:i�ir :ui1 .. 'ckunl (1q,;9 :in' 1970,,), It r:tl"J bo th,t the 

hy"rJ�rlr.tion of t: i --·,pounl rt. lU:: l.w !to taxicity. 

i>Jtton n' n .,the t (•'.lf.6) }r.ve fwun1 th'lt noe1c hy.1raxyl'ltu' 

ui.: • litw of /X_,,w.11uri fl.�...'2, not illy, "lrl�t:>xino 

� • o r..-"1 1 t.1. 1 11 t.tlc Ol' n, t.oxic pr011ortic.o,
2.., "n • 2" ...., 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



----..... 

• 183 -

Hi:itoloP,icnl ex,min'1tion �r the livor oc..llo ,�1 l

not rcvcnl nny 1:1or pholo('ionl oh.,nttt"' 1>e t\'lcun n?rll!'\l '11'1 l 

thll r,nlmot')Xin\l no C\nl Oo tre; ,t-.; r'llu, Thor,, wno !\

ncrcr.l lobul,r p, t t<>r')e:<oopt tt1r oecnoi.>n"\l 111-lofinc !

cello nhich oha,1ot.l �i!Jtl ... or poriphornl nooronio. The 

nfl'ltoxin !l1 tro,to l eollo r.ho110J n :-ro,tor rirm or

dia,p,c tt-1\n thl. othor liver oclln. Butlor (1964); Dnrnoo 

nnl Dutle:r (1964) h"'ve lcmon:atrntol th-t U,11 oni-ct of 

c,re ino("oneni O in th..: r,t nri::: ing trom l\fl..,. toxin poioonin" 

i slou. !t nppc-ir", tro rofor e, th- t .loopi to the incroaoo 

in too cnzyr.u lcvclo clT r,ctcriotict of livor nn' he'lrt 

�ioe,o•-o, , time 1,0 � rcqu1re1 before th. cffcct:1 l\l'c 

n'lnifc\lt 1n the 3cncr'\l oorrh?lo�y of the cello, 

l!ct"'l)olio- of ,fl 'ltoxinDB
1_ 

�1 o
1 

by tho r,t livur

�icrnnoml nlun oPlublc rr,ctlcn:
- -

T".oo rcoul to obt ,1nc 1 in thio work in' 1c ,to tint.

too lifforuic..:i in the liooppe1rnnco or .n"toxint D
1 nn'l

G. rroo the 1ncub.,ti"n ooJin, '11 not 'l[>PC"" 'lim1N.c 111t,

nc-,c.,rt.r.clcoo, ::i hi 1 • r •· lut1 for ,r1ntoxin 

( lo 12}. The oioilnricy in 'J
1 

th"n ,n�tm:1n 
1

rlu 1 •lit. •u1,; 11 ciqml upt.o.Jco of I.ho t-?xino by t.ho
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livc.r tiD::Jl.h."' (Port ,. 1 "' r.1 • 1 • I' l')l"r.n:ln nn: Cl'l!!lp".J 11, 1968) ,
Hon\.vc:r, th �·dr ,xyl"'ltion nn i d lh"l � cno ·� t1.n •• th� 

tc;Xin (!!1'fc.r ouhot,nt.1"11'-' • •. nntoirin ri lf'.lU fll:)rc 

ro'l 1ily hy .!1•oxy1�tc;d •rid 1 1nothyl tc.d tJ1 n 1fl" toxin o1 •

.'.llcroft, £.t 2!_. ( 1966), n-:10 nloe> r;,boorvc' ,. oimil 1r

P"'-ttcrn 'in.!.!.!.<!' in tli:., ohour. Since th.. LDS0:1 o"

nfl"toxino il1 �n1 M
1

, hnv., 1,con fount tr. be: in thr. :l"JllO

or 1cr - 12 p 1n:! 16. 6 }lG rc::ipccti v1,ly, f ,r 'ny-ol .1 

1uckl.in (H l=ipf-.1, S�cyn ".n l Pw•ch 1-, I 966), it

woul 'l np: c.,r t.o,t � hirtlcr rite of oct:tbuli::n, o".y n,t 

le'\' to r.Tc�tor looo in 'lctivity. The raot"':.Jolitco, 

thcroforo, n::-,pc,r t, 'llo 1CT;'.111c .t... in the 1•cncr'll poti;ncy 

or. tht. c 1e1p-:iun • �hir viori h 10 i>ocn 3h.•u•c 1 nloo by

I"ort.i:nn, Plor.-r...n ··-' C:.lr.l:,11011 ( 19(,B); Soh..,bort 'lnl fltc.m 

( 1969), 'ln.1 p.-, t tor.con ( 1970).

Dcoi�oo, Schncnt1l (1970) h'll propoool thu pocn1�111ty 

,:· ,n ''lctiv'lt1.,, o:;,c,ci:�,;' - t!10 an;,x11ur. �f -:ifl'ltnx1n:i, 

Join t.h <.. pr ox.im 1 c •rein, ·on:.i . th\l 1 t rioul l n:,pcnr 

t!' t t.'1.. -,,cc1.L..-ul 'lt 1 n ?t' tl.� l:1,1 rv.r.:, pro 1uc to ci :ht 

le.. c.rr' i,n tn:. r, t.1.. t r,.,rr..,tion or the Oj)oxi , !l ouoin • 

t. t • in•-- 1 •, in tl1c f-•l·L i.:,Jn ""t'
x1 •c; 'lr• ..... • - "' ·  v - ., 
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t.":r hyrlroxy nf-ln toxino in the,

( 19('6) hnvo nloo , 1·.>rono 1 the

nc 11 , • D,,u lol nn Diuuul 

01-,oxl l lan J.J� th,n:, for the 

fnni" tion of hy lroxy 1uri vnti von .-f moot o 1roino"cnio 

hy roc.u:b::,ns:. 

If the op.,xi len woro intor,;io,�i'ltuo in the f1r::i�tion 

of the hy lr1,cy •lt;rivritiveo of nfl'ltoxin!l D nn, o , nn.1 
1 1 

Schocntnl'o tho•>ry for 'lfl,toxins D1 nnl o
1 

c,rcinoroncoio

bolt':..,, the. vnluco of 'l!'l;i.toxins 11
1 

C\n 1Gll1 1·1oull l>o "I

c1.."louro of the cpoxi<Jeo fl)rmc,l --t .i p 1rtioulrtr timi_ "ln1 

t?:lu'.l coul•l form ., clul- to thc:i.r 1iffcrcrx:co in c".rcinorcnic 

ort..:ct-. 

?in.."\lly, tru ou1 oti tut ion or the tcrmin.'11 1·10 tone 

r1n- in ,!'L'ltcxin G for the pcnt."lnonu rin i iin nl'lt:ltoxin 
1 

� n to ��vo hn 1 n rorn.'lrknblo offoct on tho on1.ym1c
"'• , , ,ric:iro '"' 

' 

rc'lct1v1ty Qf thl. t xin:i, Thie fc.'ltlll'o h'l'l f\J.o.:, l10on

ric, '\"I n contr1butory�t t.h< 'il'foronoco in toxicity 

( nl 0
1 Kelly ( 19Fi3).r n'l�lL"lll, H'lrtlcy q 
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Epoxide !on1ation might proc d thus: -

-.._ � (-- �/ l 
1 

ii I 
,, '" .) ... /, ' 

J )\., 

ul::.toxin G 
1 

-

- ' -
·; I

'-0"''.. 

l!ctabolism of pill..ciotoxins Bo and Go: 

• 
)-, 

�I ,. 
,, 

, ,  
., I ' "\ 

r• '../!
) 

.ulatoxin G1
cpoxide. 

The netaboliso ot pall.lotoxins 9o .\lld Go '1ppenr to 

foll011 a JX).ttcrn sinilar to the n!latoxin., 11.nd involving 

hydroxyl::.tion Md denethylation. In tht �at, two 

fluorescent rnct,bolitcs arc discernible after th� 

incuoo.tion of either ;ulatoxin a
1 

MCI �lootoxin 60.

Both the Rf. valuoi. nd their renctivity tend to in <co\.Q. 

th�t these oct,bolitcs nre ooro polar then tha p.'r�nt 

coopounds nnd prol:l-.l>ly cont::.in hydr?xyl groups. 

The trends in spectral shifts arc sicil.:u:. Pnl.notoxin

;o nct::bolitc showed :i. shift in the Ultr.·violct spcctruo 

!ra:i 203nn in the origin-ll coupound to 21snn; th<' p:.lnotoxin

Go �ctabolit� also sho1icd::. shift froo 204nn in the origin..�l 

c!X'lpound to :?12M, Tranoforc•tion of n!lr.toxin n
1 to �1

i
:.l:;o er.used ,. shift !ran i!2Sn.l lo 226nn. Ind in tho 
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tr•nsforo.:.t ion o! G to , Gl· , • 1 • ! 1 , � s11 t froo 218nn to

232nn wts observed. thic is :-. further evid2nco for the

increase in polarity of th c octabol1tcs (Dyer, 1965) Md

tend::: to support th<: viciw th•t • the fluoroFccnt cct::bolites

of P• lnoto·,ins 6o nn·· Go eight bo th<'ir hydroxy dc-rivr.tivcis. 

!ho sir.Jilarity in the n uor -;ccncu properties of tha

pal:cotoxins i3o and Go, (Figure:; 20 tnJ 21 ) a.nC: their 

n<'t:-bolites {Figures 31 and 32) could indicate thnt the 

fluorescino chrocophorc rcnnincd intact �11 through the 

biotr�nsforn tion. 

In previous reports on co-f;\ctors involved in tt;c 

ootP.boliso of compounds, cicroso��l prep:ir�ti ns h.lv� been 

shown to require both th� soluble fr�ction and ,n oxtre�eou� 

,upply of 
NADPH for the restoration of nctivity

(Axelrod, 1955 �nd 1956). El:lhfo (1970) hAs dcn�nstr�tcd 

thnt rtt liver oicrosomal-plus-solublo fractions, required 

the inclusion of .. rcduc•d pyridine nuclootid� goll!'r ting 

i;ystcn for th r ,stor.,tion of the ctivi ty ,f the -ulrtoxin 

d�o.;thyl.iting ru,d hydroxyl:-.ting onzyr.ie:. Our pr•.sont 

rcsul ts {T.1bl"' 14) confirm this and show nlso that the

nctabolisa of pilll:lotoxins Bo :i.nd Go, requiras .- siailar

systcn, rhis systcc, doos not appear to raquire an

additi�n of o1ueoso-6�phosphnto dohydrooon�so, contrary
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Port..,�.n, ?l"'� i..,d C.'.Clpbcl 1

The conc�ntr.::.tion of lit.DP in tho N/ DPil gQn..:r ting
systco nppc�rad to b-.:. a liniting !•ctor in th� n.•nif stntiQn
o! the �nzync :'.Ctivity, f�t r fixed qunntity �f r,ubstr•tc
nnd g:?.ucosc-6-ph"'!lPhntc. 'Ih� dont;ithylo tion oi p.1L ·otoxins

3, 1'.nr.l G:, sh:iwcd ,"\n incr,..,.sc with r.n incrt:lnsc in Nt.D?

concentration up t, " n;,xinW'l ,! o. p -,10 {Fig 33), 11hon 

thcr� was no nor incr�asc au, to th, c ncnntration of

th� co-f .ctor. Orronius ( 1965) h.::.s ills r!.:cordc • sinill"r

i.ncrc"\ScG in the •in vitro' oct�bolisn of ::u:-ino pyrinc 

du..: t., incrccso in NJ..DF concontr tion. Optinnl pH f ,u.nd

fer th" nctcbolisn of paln,tvxin5 3 anJ G< {Fig 3S) 

11orc ;•:i thin the t"ng o! vclucs do::cribcd for the 

notrbolisA or ufl�toxin i3 in th:! s:-.nc systcn {�:-.fo, 
1 

1970). 

In!lucncc of species veri:-.tion on th ... n<?t::ibolism of

n!lrtoxin s
1

, p:i.lnotoxin!: B :-.nr.l GJ:

11 1cll nr,t•b�lizod inf.fln toxin 81 �pponrs 9,;,ncr,, y , 

. t dic<l (Teblc 15 <'.11'
1 Figure 36). It is,rll thu species � u 

i 1,hcthu: thc- valut!S obt.:in. .. d rcpr1.oscnt
h')lfcv�r, net cert:-. n 

Upt.:ko r,( the toxin frcr.i th1; 
PC r r,c_, <lt
--

_ di"� by tho livar tisnu�·.
incub•tion .. -· rho control tube 
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r1i th in;-ct iv". tcd li vor ,r.-s . 1 · 1.nc udcd to conpcns.:1tc fer

this. H::wcvcr,. it 
til 1 h.:; thl: clc!cct th;,t d,n.:tur;i.tion 

du� t' heat eight nls) du&troy th� bindin9 sites ·nd 

thus r.i.�y n:>t cxhibi t COl'P,."lr;,blc• bintling '"bi li ty :.-.s thl. 

fresh ti!:sucs · H01·1evor, the figures for totJ.l nct.:1bolisn 

given in T.:1blc 15, r tt.'.:cn to represent the suo tot .l 

of nll th 

r��Qvnl of the original subst.utc� fro the a�di=. 

P.:.ttorson (1970) .• rking with 9 ,"lvim "-lld n.".Dr'..:.li;:u, 

species h.::.s .ilso dcnunstr,•te� th:it .. flntoxin 3
1 

wns

'llo".lst completely cct.ib:>lizcd by th species used. Ow: 

results ugrec with this J.nd thos� of En;uo (1970), 

The sheep liver slices showed the nininUll :'\bility 

t" 1.,et "\bolis<' .-:fl:'ltoxin 3
1

, while the t, ·".d with ,.., r,,corded

v:iluc of OS, 5'. w.-.s n?st :i.ctive in this respect. /.. 

smiler trono w:is obtained with the nicr ·sno.11-plus­

solublo fr;,cli>ns. Th r,lt, liz rd, dog, nnd guin�� 

pig liver slic.:" r..utMIY->lizcd bctwc1;n 80 - 9� ,f 

c.Cl.-.toxin 91, while the r,ousc, r bbit, white r"ck cock,

:ond t�•d r:ict:ib-lizc<! 11011 over 90C: of thoduck, 90.:1 t - -· 

substuico. The r,.t, i:;hcop •ncl d<:>g liver nicr ·s,-r-:'11-plus-

t�lublo 

\1011 :'..G 

fr.-ict icnc. did n::it r....• b-,lizc ;ul�t,1xin s
1 

:. 

liver !r.:ctit:>ni. !rot, othor spocics, Hgwcvcr,

•
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• 

there w.is � ocner�l '-c • .u, rease ever tht v, luos obtoined

with the liver slices. 

Tho tot�l p;-lnotoxins 3 0 and Go cc t.ibolized were

f:i.r less tha th t n :i. ,:,f .ul., toxin s1 undor th" s,�th?

conditions. Except , _ th �• c c.ises of th� shoop, 90'\t,

t.'.\bbit :-.nd mouse 
' only .-.bout SOi'S of p.ilcotoxin B wcr1.: 

c,-t, bolizcd (Figs 17 .md 18). The lowest vcluc \7.:IS 

r1?cordcd with the guincr pig whil<. the high<.st value 

wc1s obt.�.incd in the sheep. Pahiotoxin Go showed .l

si.Ililar p.'\ttCJ:Q>with th� highest v.ilu_ in the shoep 

(rigs 19 and 20). It is rc.,,"lrkablc th.-t th,3 shocp thz.t 

w.1s the poorest in '.\fl::,.tuxin B1 net �bolisn showcd tho

gr.i-testactivity f-:,r polrn1toxins ..,, rinJ Go o t,'\b- lisc.

Ihcl'c .lppears t.., be n:> r..?<lSiin'\bl" oxpl ·n:i.tion for this

except� p�ssibility th..�t th l"lrgcly toxic �l.itoxin

e1 eight be inhibiting its 01•1n C10t.1bolisn in th(. sheep

while the less toxic p.i-lnotoxins any not p>sscss this

ch.-rtctcristic• Such r�v"rs�ls h�vc also been noted

in the to.1d, duck, cock, and go..,t but 

in these cases, t� ,�vcrs� w::,.s th� case. Thos�

nnir.i.lls that notcbolizcd �flct xin B1 very well showed

poor �ctivity for pnlJ:lot?xin GJ nutabolisn. Thort is
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o JY'GSibility thnt th( '!'l"""'"'" . l _. � -1··�� 1nv:. vcu f.ir th� cct;:-bolis:'l
�f th1..:...i COt:l!JOU!lds might n-. ,._ • us.: tht sar:x: ::.nJ since the
structures ..if th..- con""untls :-r di r• f!crcnt, th� onzymcs 
night be rctin? r.t tlif!1..rcnt ,,1·tcs- •nc; thc•ir distribution

n,-iy v.lry froo species to c:1':.ci ,; . This su99csti\J11 .lppc."lrs

t, be in linf" with tlJM p-stul,?a_ � r l'' � ., ·- "" "Sn(:r' ..... tOIJ:\ ;:ind

U<lcnfrion ' ( 1101) th· t ::. f�i.i.ly of hyclr >l..-yl;:isoc ."lro 

."lVtil�bl, in the liver nicrosnnos. 

Gcncr .. lly, the oot:ibclisi, of p::ln toxins 3- end Go, 

.lppcars t involvu .l hytlroxyl�tion ::.ncl � dcocthyl .tiJn 

proc��s simil�r to th::.t of t£lntoxin s
1

. The cnzYJllc 

systl.l11s responsible for thcs<. tr, n ,forr ti..ins .rrc 

ll/..JF-J-.1,c.ndent .i.ntl requiro n::.gncsiun chloride !"r 

nctiv.-.tion. These onzyncs rppcr.r widely dictribut cd in 

the. sp.:cics studied. However, .lflrtoxin t1 is nuch

norc r::.piclly nct,"\lx>lizod th�n the p..,.lnot xins o-� ::.nd Go 

(Fig J). Th di!fcrcncos night b.: 'u" t"' diifuronccs 

in p�l�rity rising ir�, structurol n"Xlific tionc. 

G,'lutlct to .:u,:! Jrooic ( 19S9) h.lv- pr::,p,",;,.,t " nNcl thD.t 

the oicr s�i c.nzyncs ycru pr t. ctc•' by lipoid.'"11 

l ycr uhich c�n only b.. pen' tr� tc<l by lipiu ·rolubl.,

I'"lt ri:-ls. l,cn.'\h�n (1961) 11�rkin9 with six .. ryl - nlkyl
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..:incthyl:-.::iinas, �cl Sh'lVm thct th r � tf'S • p::,sitivc
corrcl'\tion ·,._,ti,._�n linirl 1 , s� ul>ility "'"'· l(rv thyl tion

f th� su��t�ru:cs. Tl1u-; • thc. n:>r.: P ,1 ,r 1.-iri.1 war.,
luss tlon:!thyl�tcd 'in vitr , -�c· '. i - ___ .;.::._ �, � v vo• Our present 

with .-.flat..,x.in o l iln� p lnotoxins 3o ilnd ��

ilp,,Cilt t,; c ,nfor11 t thi-, g...nor·l pilttcrn. 

In illl the subst:-nccs stuclicd, dcispitc tho high 

Villucs of totill subst�ccs c�t�b�luc<l, only very sr.�11 

qur..ntitics of tht. fluorescent dc:.-irtivcs were fomcd. 

It is either th�t cost other pr�coss�s opcr·ting in th� 

species yield non-fluorescent i,.nt:-.lrlitcs or th-:.t the 

fluorescent mctabolitos c,·.n ix. further <lccomposod to 

yicl� ncn-flu ¥csccnt pr lucts (Unu�, 1970 =d 

P<'.ttcrscn, 19'/0). f. grc, ,t spccicJ vwri;:.tit,n h--.s been 

f�und in th fvrn, tion of these fluorcsc.:nt pr0<lucts. 

Crccvnn, P�rkc :\n<l \Jilli�s (1965) h:i.v observed species 

differ :nc .� clso in th� hylroxyliltian f counorin by 

liver nicr socos. 

Tho whi ta roclt cock :-.n • d\lck :ippaurcd not to fom 

ru,y fluoroscant acrivltivcs frl'ln .uty of the thro�

d. d This night ir.lply either "
conpounds we hove stu 1c 

--� of th ... hy<lroX'Jl�so onzync or a subdu ,c1
9.!o'1er:-l l'uocncc

r.ctivity. It nicjlt n19� 00 th�t hytlroxy products fra,
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th��. sr�ci�s <kc-mp,s• " spont::!n"'"'USly to nin-flu r�scnnt
rut:-;t�ncc.i:. !h_ Sh<:;cp sh \1CU th c 9rc•tcst .:bili ty t·
f r"' thu V'1:ci�uG " c!.!:.:ivntivc:;. �ir.il�r obs•rvation h!vc
b��n r�p�rtc,.. f r tilc.tc:<i11 n ->1 by /,llcr:)ft, .£! ::._l._. (1966)

nd .i. tion 

( 1970) • Ihc n:,usc prt>cluc.is r.flntoxin t!
1 in

to n yoll(,wish green fluorc:.ccnt nct:-b:->litc •.

This obscrv•tion 11 ... s _, .__ �so""' n rcportc� by Portr:i.,n,

Pl �· r.:..--.n Mel C"'.lllpbcll ( 1968) .-.n .. Stcyn, Pi tout !'JI("

p.r:Ch;\O\ ( 1971). How-v,...�, thir. ..'iffcrs froo th finJing:

of s.,ssir .-.n. a......Co (1970) .J'lci r'::.ttcrson r.ntl t.llcr,..ft 

(1970). 

po.th ,y in the nct�boliso of th conpounds in tht. r.4 
. '

nousc ;m,• l.!og. /.prrccir.blo dc,rn"thyl:\tion o! �flntoxin

il1 'llso Jccu:.:rccl in tho white- r"ck cock .:u,'' in th�

rnbbit. Thu rbscncc of ,.ny � .. tccto.bl<.1 fcrr-...:.ldchydti ::.n

the duclt night be due t'l thn ;ibs\;nc" o{ the c!-incthylnsc

onzyoc or t rccucc� nctivity or tJ the presence o!

inhibitors cf th oniyn� in the systcn. H0t1cvcL, those

illustr:-tu spoc.los di!l :cnccs in th� �ctivity �1 tho

(!c:n.;thyl:i.ting cnzyp.,:s. ln th guinc:- pig, liznrd :md

toe?., cvic!cnc- <>f dcr.icthyl.i.tion w;).s obt;:inctl only 11ith

th� liv r slicl'G but n�t with th� nicr !I ne-plus-

colubl !r�ctions. thir. nii;!1t bo du, t the in&t�bility
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o! th ... cnzyocs. 
..nzyr.c 

systo:?:-.s rcquircc n diff�rc,nt co-f·.ctor or rossibly
sor.c inhibitors might . 00 • ct1.ng L-. t h, cnzync: 

prcp�rilt ion. Howov-.r 
J this trend w�s obs�rvcd with th�

thrac compQunds :.n(l h:l., nlso bc·cn rcportctl by En:\fo ( 1970)

with respect t� �flatoxin g 
1·

/..fl.i;toxin n
1 

is nor<- toxic thrn the pallllotoxins 

aspoci�lly in th� r/\t. lt is ill.so more r�ndily 

tr/\nsformcd in nost spcci"s ".lf �nin:-.ls th;in th .. p.ili:lotoxinc. 

A si.l:lil r situ�tion, opor�tivc in thu a!lntoxins 

(p�gc l51Jt- ) cou1,: ... lso be? pl'\ying .- le'lding role in

cl4?tornining the t�tnl potency of thcsr substances. 

hll the .lni�ls used in this study appoazcJ to 

c,njugate .ulntoxin s1 �nd the p�lmotoxins B nnJ Go

(Tables 21n, b, and c) . only th1.. 9lucuronidc conjug:tte 

ms been identified in most of the species. Tht

innbility to dote>ct the p;-.rticul:u conjug.'.\tcs in other 

sp.1cics �i9ht b1.. due to tho small qu.'.\ntitics forced Md

to the sensitivity of th1.. rcnction5 cnployod in the

idcntilic"tion. 

Hydroxyl ·tion .u,d domcthyl�ticn ,! .ulatoxin o
1

�nc Go, by the rot liver microso�al­
arrJ pllll:IOtOXinS l3o -

· of thi:: r;i.t ar1.. onhnnccd by
plus-soluble frnctions
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rh�nobarbi tonr pretrcntm�nt -,f tho rc.ts. (Tllblc 22.-. 

iln·' b) , 5ch:\bort lnd 5tc.yn ( 1 Q69) h:-.vo reported the 

induction of n!lntoxin 4-hydr xylns� in the r�t �rising 

fror1 ph�nobnrbitonc trcntnr.-nt, Our present findings 

arc in line with this report. Sil:Jil'.\r increo'.\scs rccord.?d 

fc,r both thc. hy. roxylntion «nC the. dCllcthyl:-tion of 

pnl.ootoxins B .u\d o-, might �1su show thc. in;luction of 

the hydroxyl�scs and dC!J�thyl�scs responsible for this 

tr�n sformntion. Since Cilrb�n -oonoxidc inhibitccl the 

hydroxyl.::.tion .'.\lld de�� thyl,tion of dl,,toxin B
1 

and 

palmotoxinu Bn ,'\nd Go I 
it do-,s �ppear thr t the r::et<lbolis .. 

of thcsc. compounds raight b:? rroc,,oding through , cilrbon 

nonoxidc, sonsillv<? pi.thw.:,.y , lr.lost exclusively. 
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The pro<lucti()n of toxins by /,spcrgillus ilnvus in
the y.::as t c:rtr.\ct -sucrose "n·' .. :>,1lm Sal" r.icdi uc: h,:i.s bo:in

coc�rccl. The yc�st cxtr�ct-sucrosc ncdium h�s been 

found to be superior to the pnl.J:i Silp c:cdi= both in 

supporting th,. growth of (;_spcrgillus fl�vus and in the 

nttcncl�nt production of the t-xins. f. tioo course l)f

the. production of toxin:i h.-:.s revcnlcd 01!.XiollCl prcx!ucti-'.l 

on the 6th und 5th �ys respectively £or tho y,�st cxtr·� 

sucros� r.iccliW!I ::ind the pnlnsnp t:K!dium. 

Investigation into th<!. physicr.l cher�ctcristic of

p.-:.lmotoxins B� :-.nd G:> rcvc�lc� � striking sinil�rity 

between the ilil1:\tcxins ,-:.nd tho :>a.llnotoxins (Fig 7). It

is thus f,,lt th�.t they could � structur'llly r .. ·l�tcd. 

Toxicity of pn:tnotoxins 3o and G� to r�ts hilvo 

been investigntocl ;:\nd comp!U•!d with .'.\/1 ... tcxin 31 - fn,lur<!.t\

toxic effects. Both subst.i.ncos did not cxhibi t co111p.1rr,bl-. 

tcxic affects with r.flntoxin 31• Pnlmotoxin Bo wns,

hoocver, found to be m�r� t�xic thiln pnlmotoxin Go in 

the r1"t . 
• 

01- th a I in vitro I met, bolism of
1. c,;u;iper1son

fl . 5 0 -nd G , rovc:ilod th::.t nflntoxin B1 was
n �toxin 1 � 1 

noro cn:iily hydro>C';lntad .:i.nd dc1r thylntcd by rnt•livcr

a 
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microsocal fr�cti�ns. '!!! vitro• studies, sinilar
t') th:sc used in :ulatoxi.-i B 

1 studies, h.1vc shown th,�
tho palnotoxins a� l'nd Go coulc possibly be furth�r

Optimnl j)H, co-f.lctor requirement enrl the
hydroxy l;i too. 

tic. course of the rklm•thyl� tion' hllvc .ilso been found

to be identic�l in th.: nct�bolism of b oth aflatoxin e1
.uitl the palmotoxins Bo 'l.nd Go.

Species differences hllvL been observed in the 'in 
-

vitro• cct�bolisc of .:i.flatoxin 01 and palmotoxi.ns Bo

and Go. The i:at was shown to produce two fluorescent 

products suspected to b.. hydroxy derivatives, froo each 

o! pal.motoxin Bo an<! ru:latoxin 81 while only one such

dcriv.-tive w.:i.s observcC: froc p.i.l.motoxin Go. 

The mouse was found to procluct. r-.!latoxi.n M1 in

addition to a yellowish green fluorescent metabolite

froo afl.-.toxin Bl . 
Both the duck Md l'hi te rock cc.ck,

did not dcconstrate MY cl>ility t, hydroxylate any ·f

tho toxins. The other spocios hydro,cyl�tocl the toxins

to vl\rying c·xtcnt ... with th � shncp showing more

hydroxylnting dCtivity th�n the rest.

Species dif!croncc:. h.-.v,_• alsc- been obScrvecl in the

dei:ethylation of the toxins. rh- cluck clid not exhibit

any d,:r-thylasc activity in 1ny of the substances. Too

g<>11t did not d<.>mcthylato palmotoxin Bo or palmotoxin Go
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"i th r, The liZ;1rd, toad .:i.n' guinea pi9 livnr slicft" 

only showed domcthyl:1so activity while their cell-

free !rcctions did not, V�ryin� degrees of dcn�thylction 

wcr<> shown by thc other �pecics. In ".ll thc spccior., 

.:i.fla toxin B
1 

1·1c.s much nore ri!pic!ly tr.,ns!orootl, th:in 

palmotoxin Bo or p.:i.lcotoxin Go. 

Both th hytlroxyl.:.tion .:.nd dcC'.ethyl.•tion of tho 

thrc.., toxins wcr" sub joct to phonobarbi ton.: induct ion 

cllld could be inhibited by c.u:bon nonoxide. 
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C0tl!RI8UTION TC Kl:o· /L,!OOE

1. Evidence h,-i.s bucn put ! orw.:ircl to intJic11tc a

j'.ll.1Ssiblo structural sinilarity between the n!latoxins 

and th� palootoxins. 

2 • 20-day old ra.ts h1>ve been sho,•m to respond itr:rc to

p.111:iotoxin Bo toxicity than to palnotoxin Go toxicity.

Th._ biochc111ic,cl ch.inges were simil.i:r to those induced by 

afl;,toxin B
1

• A!l�toxin a
1 

was, howovcr, oo:rc toxic to

the rnt than either palmotoxins Bo o:r Go. 

3. It has been established th.:it ll.Clatoxins B
1 

and G
1

c.m be hydroxylatcd ;mQ dcMcthyl.itcd by th� rat liver 

tlicrosomal-fractions. /.flatoxin 8 was, howC!vor, ouch 
l 

oore r�µidly hydroxyl�ta' antJ tler:.;;thylatt:-! than 

n!lato)(in G
1

• 

4, Th, ri.. is cvidC!nc c th�t pc.lnotoxins Bo an,! Go ony 

b� hydroxyl, tcd nnd oon�thyl.�tod. Optilllul conditions 

f,,r those reactions h:ivc bu<:n shown l,> be> silllilnr to 

thoso of aflntoxin B1•

s. the fQllmfing Sp<!Ci�s differences have been sho�n

tJ exist in th aetrbolism of .:lfl�toxin 61 and thC' 

p._,lnotoxins, !JO :i.nd Go:-
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(�) Th� duck neither dn�, thyl, t"S I =• � r.or ,ydroxyla1�s 

�ny of the thx�� toxins. 

(b) 1'he white rock cock docs not appc.ir to

hydroxyl?t� �ny of the toxins.

( c) The: MOUS<> prcduccs ail toxin M
l 

in atldi tion to 

� ycll"wish green fluorescent met ".boli tc. 

(d) Th1.. 90;,t did n:>t seem to b.: cap.:ibl:- o:

de1n.:?thyl ting pi'lnotoxins B•• .md Go.

G. Evldence is presented to the effect that

hydroxyl :!.tion of aflctcxin s
1 

c1.nd pi! lr.iotoxins Bo

.:.nd Go in the r�t arc phonobarbitone incucible ilild 

respond to c;:..rbon conoxidc inhibition. 
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