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in initial experiment was carriad out on the
variation in the production of toxins with days of
incubation by Aspergillus flavus Link grown on palm sap
nedium. This was compared with the production of toxins

by the fungus grown under identical conditions on the
yeast extract sucrose medium, The attendant viriations
in pH and weight of mycelial matt were recorded. Peak
production of toxin on palm sap medium was observed on
the 5th day of incubation while pezk 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 xesonance and fluorescence
spectra of palmotoxins Bo and Gc have been obtained. When
compared with known aflatoxins similar features are

_discernible,

The suscebtibility of 20-day old zats to sub-lethal
‘doses of palrotoxins Bo and Go were tested. Decrease in
weight in relation to dosage; incxease in the value of
serum glutamic-oxaloacetic acid transaminase and serum
alkaline phosphatase, vhen compared with control animals
injected wi ih carrier volvent, were obscrved in the case
of palmotoxin Bo., There was, however, no remarkable
difference in the above indices of toxicity for animals
treated with palmotoxizy Go. 4Animals treated with
aflatoxin Bl were als® used for compixison.

The metabolism »f aflatoxin B1 and aflatoxin G1 in

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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the rat in vitro have been compared. Twe metabolites

of aflatoxin B, believed to correspond to aflatoxins

Ml and B,, respectively were observed on t.l.c.
Similarly, two isolates from a2flatoxan G, - probably the
'GI! and G, were also observed on thin layer plctes.

The rot liver microsomal fraction hydroxylated and

deme thylated aflatoxin B1 at a higher rate than aflatoxin
Gl'

The effect of variation of co-factcrs on the enzyme
activity of the microsomal-plus-soluble fractions of rat
liver with respect to the metabolism of palmotoxin Bo
and palmotoxin Go were investigated. EBffects of
variation of the concentration of NADP and changes in
the pH of incubztion medium on the demethylation of
palmotoxins Bo and Go were also investigated. Optimal
conditions for the metzholism of palmotoxins Bo and Go
were thus obtained.

Species variation in the 'in vitro' metabolism of
aflatoxin B1 have been confirmed using eleven commonly
availablz species. Using methods identjcal to those for
the stwly of aflatoxin B1 mctabolism, the metabolism
of palmotoxins Bo and Go have been investigated in tho
same animals, using both liver slices an¢l microsomal-
plus~soluble fractions of their livers. In general, a
hicher xate of metabolism wes recorded for afilatoxin

81 in #11 test animals than for palmotoxins 3o and Go.
The trxend in metabolite fopiction from aflatoxin 31 and
palmotoxin Bo appear simllar. Evidence wa:: obtcined

to show a great variatiop in the amount of isolates and
the dcawcthylation by test animals.

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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QUOTATION OF REPERENCSS

-

The folloeing systems of quotation of references
tere adopted in thia thesis

{1) 7Yor a eingle author - the name of the author
and the year of publioation.
(A1) Yor tso to four authore - the namce of the
authors and the year of publioation.
(444) Xor Sive or more authors - the name of the

author firat mentioned sccompanied by et al.

and the Year of pubijcation.

The fysicn of Journmsl jbbreviation

The 8ystem of journal abbreviation used in the

liat ol referances in this thesis ia that adopted in the
yorl: st of folentifio Periodical, 4th EKd. Butterworth,

London, (1963, 1964, 1965)

+e49¢
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MYCOTOXINS :
(a)} Higtorieal backgroupd:

Moulds have long been recognioed aa blochemicelly
eignificant, primitive plants, capobie of cnusing great
economic losses. However, it wans not widely recognised
until recent years that certain common speclies oery produce
toxlc metabolitee besides those responsible for rendering
food unacceptable. (Barger, 1931; Christenoen, 1957).

Mycotoxirie, therefore, belong to o group of mould
metaboliteo produced mainly on foodetuffa and capable of
cauaing illness or denth when lngested by man or animals,
Sectt (1965) hoo shown the poeslble exiotence of fungal
meisbolites toxic to higher organiemo. The vnrious
dieease eyndromeo 8o induced are onlled mycotoxicoees,

Forgngo and Carll, (4962) otudied the problem of
mycotoxina with respect to the field of veterinory eclence

but their {indings did not appear to have been appreciated

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



then. The disastrous acute effecte of mouldy feeds on turkey
poults and ducklings and the attendant hepatic carcinoma

in rate drew more attention to the bilological importance

of mycotoxine, (Carll, Porgacs, and Herring (41954):

Forgnce, Carll, Herring, and Mahlandt (1954); Burnside et

el, (1957); Blount, 1964). Attention has been paid mainly
to diseases in poultry, swine and cattle &ricing from
mycotoxine isolated from zmouldy corn diets. Guccessful
studies on stachybotryotoxicoses, a disease primarily
affecting horees, cattle end man resulted in the organisation
of a laboratory in Ruesia in 1940 for the study of toxic

and pathogenic fungl (Sarkisov, 4947). Work on the

influence of fungal-contomionted rice and studies on the
carcinogenic efrect of actinomycin by some Japanese workers,
gave furthér emphasis on the role of fungal metabolites 1n

cancer.

{hn) Mycotoxine from food borne fungi:
Severnl fungal metabolites now known to have deleterious

effects ¢n both man snd animzle, have been isolated since
it becama clear that this group of oubetancea constitute

8 formidable threat to human existence. These subhstanoes

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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(a) Hiotoryw:

The cflatoxino represent a group of fluoreooent

°
= nr

oecondary fuagal metabolitec diocovered as contaainanta
in animal feedo (Smith and McKernon, 1962: Allcroft nnd
Carnoghan, 1962; Ncobitt, ¢t nl,, 1962; Broadbent,
Corneliuo and Shone, 1963; Coomeo, et o1, 1964;

ond Coomeo, et al,, 1965). The discovery of theoe
toxino had been oequel to the ovoervntion of toxloity
oyndromeo in young turkeyn which were fed with mouldy
peonute; (Blount, 1963}, Toxicity eyndromeo of domeotic
animalc ultimately attributed to aflatoxino hnd earlier
booen rooognizod in Bngland by 4960 and 1961 (Steveno,

Ot al. 1960; gwarbriok, 1960). Similar incidento were
reported in duoklingo and ohiokeno (Aoplin and Carnnghan,
1961); Swine, (Hnrding, gt 58l,, 1963); and Cnlveo,

( Loooemorc nnd Hording, 1961).

(b) Aflatoxin-producing fungi:

dargeant, et al. (1961) noaocinted toxicity of feeds
’
with heavy mould infestation of lfeedotuffo and demonstrated

that the toxic agents were produced by cortain strains

or:ggpggggllualglavuo icolnted from sich menlo, It hno
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been shown (%ilner and Geddes 1954), that thie fungus

ie a cormon one distributed throughout the world. It

hoe nleo been estcblished that other species of fuunus
oan produce aflatoxins (Codner, Sargeant and Yeo, 35963;
Hodgea, et al. 1964; Murakami, Ovaki and Tnlesse, 1966;
Xulik ond Holaday, 1967; Boaoppo, et al. 1967).

Prominent among these fungi are Agpercillus parasiticun.
4. Parasiticus ver. nlobosus; 4. oryzae: Penicillium
pubervlug; other speoles of both Aspergillue and Penioilliun
whioh have been shown to produce aflatoxins include 4.
niger; L. wentll; A. rubor: P, varinble and P. frequenfng.
Benioillium citrinup hoe been shown to produce aflatoxin
B, almoot exclusively (xulik and lfoladny, 1967).

8oott, van Yalbeek ond Forgoco (1967) have shown thot
AoRgrgillus 9ntionud produces aflatoxine, van Walbeck,
Srott and Thatoher (1968) hnve also demonstrated the
production of aflstoxine by Aspergillug oohrgceus and
A8pgreilluo rhizopua. However, the amount of toxin
produced and the compooition,have been shown to vary with
the atrains, (Codner, Sargesnt and Yeo, 1963; Hesseltine,
et al, 1966; Diener aud Daviz, 1965; Boller and Schroeder

1966; Purchase, Steyn and Pratorious, 1968; Joffe, 1969).
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(c) dia for

e,

I. Hatupal -
Differential productiorn of aflatoxins with reapect
to the eubatratc on which the reaspective fung! grow,
hae been demonstrated, (Moyne, et o). 196€: Stubblefield,
9% al. 1967). Heeseltine, ct al, (1966) dzaonotrated the
production of aflatoxdne by three strains of Asvergilluse
Jlavue when grown on 8ix major agricultural commodities -
porghum, poanuta, goybeans and rice, with varying asmounte
of toxin recorded for each subotrate. Theee ecme straine
produced quentities of afletoxin B1 , ranging from 77 -
288 ug/gn on whole oate, 35 - 593 ug/mm on groate and
0.15 to 4.2 ue/gm on cat Hulle; (Stubblefield, g% al,

1967). Moyna, gt al., {1966) found thot eterilized whole
cotton seed and kernole supported the production of

aflatoxin, equivnlent to that produced on wheat but twioe
the levele on peanut. Numerous natural subotrates hnve
veen showvn to support the growth of Aspermillue Clavye
vith the consequent production of aflatoxins, These

include wnlnute, parpy eecda, coconut, apple juice, and

potato producte; (Frank, 1966). Beseir and Adekunle (1972)
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have reported the production of oflato#an—81 in many
Nigerian fruitz. These include pawpaw, sweet orange,
banana, plentaine and a host of othere, Borker, ¢t o}.
(1966) ; Kraybill'ana Shimein, (1964); and Hesseltline,
gt al. (1966), have demonotrated weak aflatoxin
| production on aoyabeane or soya proteins, It i8 thus
geen, that the growth of Aspergillue flavug and the
attendent production of the aflaioxins epreads through

A variety of natural subetracoes.

II. DNutrient Medie:

Production of afintoxin from liquid medium in

comparable quentities with natural substrates hoe not

. beon poosible, 'iildman, Stoloff and Jaoobs (1967) havo
guggentod thiat thie may be duo to large surface areas
oxpoe®d %o air in notural subetrotes and to high nutrient

J to moieture ratios. 8Small quantitiee of aflatoxin have

been obtained from a modified Czopeks dox medium containing zinc

gulphntd in addition, {Nesbitt, ot a). 1962:

Armbrecht, et al. 1963). Some other investigators have
wed this medium with the addition of yeast-extract to

improve tie yleld, (Viollvridge, 1963; and Spenseley,

1963}. Tae glucose-ammonium nitrate medium of Brien, et 2l.
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(ﬂ%ﬂ hna been employed by Van der Zijden, et al. (1962);
de Iongh, et al.(1962)and Lafont (4963), for the production
of aflatoxing,

Mntelea and Adye (1965); Clegler, et gl. (1966) and
Hayee, Davio cnd Diener, (4966), have reported improved
aflatoxin yields when the fungus ia grown as a submerged
culture. Valueo ranging from 30 - 500 np/litre hove been
obtained. Iarge quantitieo of =21lotoxino hnve been
produced from Czepeks Dox medium in which corn-oteop
liquor was added (Codner, 3argeant and Yeo, 1963, and
Schroeder (1966). Davio amd Diener (1967) have aloo
I produced high yleldo of aflatoxin from yeast extract-

ouorooe medium. The medium, made up of 20%® sucrooe and
| 2% yeaot extrnot in water, hao been sxtensively used for
the guantitntive production of the aflatoxine (Bnafo
1570; Uwaifo, 1971).
I1I, Footors affecting aflatoxin production in 1iguid media:

Several faotors affect tho production of aflatoxin

in 1iguid medium. Theoe include the method of culturing;
carbon and nitrogen source; pH, temperaturo; duration of
fﬁcubntion and finally, the steriiization of the 1iquid
media,
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(a) Method of Gultare: o

Godner Sargeant and Yeo (1963) ntwc ohovn veried ylelds of
arla toxin ueing rotary shake flusks as compared to

production by the oame strain of fungus when incuinted ia
threce or twenty-litre =escrated fermentore. =katiszles and
Adye (1967), produced up ts 90 mg of aflotoxin per
1itre of medium in ohaken flaske but only 63 mg/litre in
submerged culture using glucose-ammonium nitrate mediun
and the oceme strain of fungus., The same culture produced
up to 63 mg/100 ml of medium when grown ae etotionary
culture in litre rlaske and ueing 28 yeast extract
eucroee medium (Pavio, Diener and Eldridge, 1966).
Similar trendo hive becn reported by Hayee Davis and
Diener (1966) and Ciagler, ¢t ol. (1966).
(v) Effget of pii:

The pil dependence of the production of aflntoxine
‘appeare to be interrelasted to the mode of culturo,
composition of the medium ond probably the strain of the

fungus. Matoles and Adye (1965), using submerged cultures

and the glucosg-ammonium nitrnte medium, found that pH

C scrensed from elightly above 4.0 to 2.4 - 2.3, Davie,
€ ‘e_x* and 1;1dridge (1966) ucing etationary culture,
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have shown thet initiol pH has little or no effect on
aflatoxin yleld fromn yeast extract-sucrose medium, except

thot Aspergillue flnvus dic not grow vell at on 1nitial
pH of less than 4. Regeardleos of the pH, they found that

the final pH of the medium was approximately 4,
(c) Temperature and duration of incubation:

Temperaturc and duration of incubation, not only

affect total aflatoxin production but also the ratio of
the different components in the crude extract., Dilener

and Davis (1966) observed that the greatest ylelds of
aflatoxin were obtalned in {5 days at 20°C but only 11 days
at 30°C. At higher temperatures, however, finnl yleldc
were lovier than maximum ylelds when the fermentation 1s
extended to 21 days., Schindlor, Palmer and Eiaendberg,
(1967) reported maximum aflatoxin production at 24°C

whereas maximum growth occurred at 29°%C or 35°C

depending on the Aopergillus flavue lsolate, They also

found a difference in the ratio of aflatoxin B1 nnd g,
with respect to tempcrature,

Sterilization of the liquid medium may affect tho
production of aflatoxine, Steam atorilizetion under

pressurc hee been known tow couse underairsble chnnges in
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the composition of nutrient solutions. Toxic materials
may be produced particularly when high concentrations of
oarbohydrate are autoclaved together with organic
nitrogen compounds, Dsvis and Diener {4968) found that
| A, porasiticus did not grow in a medium contnining 20%
ribose (or zylose) and 2% yeast extract, when sutoclaved
together. However, when the two componcnta vere autotlaved
, geparately end mixed prior to innoculation, growth was
| achieved,
(d) Effect of Carbon and Nitrogen Sources:

The influence of carbon source on the production of
aflaotoxine has been extensively studied (de Iongh, Vlen
and do Vogel, 1965; Meteles and Adyo, 1965; Davis,
Diener and %idridge, 1966 and Davie and Diencr (1967).
From av2ilable data, sucrooe, glucose, fructose, xylosc,
ritdsc anl glycerol werc the most potent carbon sources

i tor aflastoxin production. Similarly, nitrogen sources
could also affect the production of afletoxin in nutrient
culture. Eldridge (1965), Mateles and Adyn (1965):
Schroedar (1966) and Devis, Diener and Bidridge (1967)
hove shosxn that smmonium sulphate and potassium nitrate
appear to be the bvast inorganic nitrogen souroes for
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been produced in media containing corn otcep liquor, a
mixture of cacamino acide, yeast extract or peptone

a8 nitrogen eources. It must be mentioned also thot
zinc hoe boen found to have a remarkadle effect on
oflatoxin production, Armbrecht, gt al, (1963); Nesbitt,
et al, (4962); Matelos and Adye (3965); Toe, Tormsley
and Walden (1966) and Davis, Diener and ®ldridge (1967),
have descrived the cignificant role of zinc in

aflatoxin preduction, However, thne mechanism of this
stimulation 18 yet unknown.
(d) Isointion of Aflstoxin:

The aflatoxins are intensely fluorssoent twhen
expooed to long-1ave lltro-Violet 1light, Thie singular
phyeical ehnrracteristic hao been very uscful in the
identification, isoletion and determination of the
suwbctances in extremely low concentrotiona,

(o) Exiraction of ofiatoxine:

Jarpeant, et al. (1961) firct demonstrated that a
toxic principle in a mouldy menl could be removed by
exhaustive extraction #with methanol and further rceolved
by paper chromatography ae ¢ single spot cxhiibiting
bluieh fluoreooenoce under Jltraviolet illumination,

Subsequently, the fecitition of tho oflatoxins involved




the extraction of the substances using either the

Soxhlet extroctor or the liquid - 1iquid extractor and
purification of the somplcs using chromatogrnphic
teohniques mainly. Coomea and Saunders (1963) ntilized
a 6-hour Soxblet extraction with methsnol while Broadbent
and Shone (1963) recommended a L-hour extroction.
Variante of thio basic exhnustive methinol extraction
oystem have been utilized by Geneot and Smith (1963);
Trager, Stoloff and Campbell (1964); Tropical Products
Report 1965; Coomes, gt ci: (4965) and Nobney and Nesbitt
(1965). Most of these methods involve a 1.5% - 2% looo
due to the deotruction of aflatoxin B,. de Iongh, gt al.
(1964), however, suggeeted a dual soxhlet extraotion with
methanol for one-hour ond chloroform for two-hours in
order w0 obtaln a more quantitative extraction at a
ghorter time, Theoe methods have bcen employed for
obtaining tho toxins from various natural productao,
Aflatoxino produced in 1iquid oultures are almoot
quantitatively removed by partitioning into chloroform
(Adye and Moteles, 1964). Thia has been efficiently
nchieved by using a Hollimnn 1iquid - 1liquid extrnctor

(Rmafc, 1970). Other methods involving the uoe of
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meclidnical blendora have been proposed (NEsheim, 1964 ;
Pons and Goldblatt, 1965; Pone, et ol. 1966; Stoloff,
Graph and Rich, 1966). All these investigntors uacd
polar solvent ayatems ouch that lipid materials were
excluded from the extract.

(b) Purification of extracta:

Several mothods have been cmployed for the preliminary

purification of crude aflstoxin ¢xtracte prior to

chromatography. Coomes nnd Sander (41963), de Iongh, et

el, (1964) have employed & partitioning procedure
between methanol: wseter and petroleum ether in a separating H

funnel, for removing interferring lipids, curbohydrates and

pigments. Broadbent, Cornelius snd Shone (1963); Geneat
and Smith {1963); Coomes, et 0l. (1965) ond workers ot the
Trogilcal Producte Inotitute (1965) have portitioned the
crude ertract between metinnol, water and chloroform for
initinl purificotion. Pono and Goldblatt (41965), however,
removed interferring gocaypol pigments in primary agqueous
acetone extroctos of cotton seed materinla aa inesoluble
lood derivntizeo by  treating the extracts with lead

acetote. Further partitioning with chloroform,
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2d the aflatoxins from reoidusl lead salto and

uéggglnsgon of crude extracts:

Crude aflatoxin extracts hbove been effectively

‘resolved using chromatographic techniguen, Most

- prominent omong these are the column, paper and thin
layer chromatographic methods.

'I. Column chromatography:

The first chromatograpnic purification of partially
purified primary extract was carried out by Coomes and
Sandera {1963) using & column of neutral elumina, This
procedure recolved aflatoxin B, and B,. Pons, et al,

1 2
(1966) used & column of silica gel G (Merck),

Interferring pigmente were removed by first eluting
willi ¢lethyl cther and finnlly eluting the column with
_chloroforn: methanol (97:3 v/v). Eppley (1966)
adapted the ebove method of Pons, ¢t al, (1966) to the

rification of wet chloroform extracts of peanut
|

- |
Y ¢ ‘.' -
P |

roducts using sequential elution with hexnne and diethyl

to rcaove pigmento and lipido whilo aflatoxins

were 0luted with chloroform: methanol (97:3 v/v).

il - i-
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nillicolumn for a oensitive oemi-guantitative procedure

for aﬁlﬁﬁq;in detection in peanuts. Partition chromatography
on 8 cellulose cclumn 1s the basis of the procedure uced

by Stoloff, Graph and Rich (1966). Pigmento were cluted

with hexane ond oflotoxins with hexone: chloroform

(11 w/v).

II1, Paver chromatography:

Paper chroamatography has not heen found so odequate
for the fractionotion of crude oflatoxine, It has, therefore,
been sparingly employed for the purpose of aflatoxin
geparation., It was, howsver, introduced together with
column chromrtography (Sargeant, et al, 1961). 5% Acetlc
acid in butanol used as developer did not resolve the
aflatoxine into more than one component on a Whatman
Ko. 1 paper. Coomes and Sanders (1963) introduced the
use cf a benzene: toluene: cyclohexanc: ethanol:
water solvent (3:3:3:5:8 v/v). Resolution to B, and B,
wao not achieved, van der Merwe, Fourie and Scott (1963)
and Daviea, Eldridge and Diener (4966) hove intrcduced
- the use of benzene and water, regspectively, na developers

- in papcr chromatography but none of theoe hno proved

lent for t#i¢ regolution of crude ofluatoxine into pure
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111, Th er chromntography:

Thin layer chromantography hae been found most usefiul

i’bx- both preparative and quentitative aflatoxin recearoh,
‘Several modifications of the seme basic methoed hove been
employed. Broadbent, Corneliue and Shone (1963) used
plates coated with neutral alumine and a4 chloroform:
methanol (98:5:1.5 v/v) solvent syotom. Though this did

not resolve aflatoxin B1 and B there wos obout 2 30-fold

a9

increase in sensitivity over the paper method of Coomes

and 8ander, de Iongh, et al. (1964) introduced the uee

of oilica gel 6 (K!esel gel G) platee for the reoolution

of aflatoxine, They used a obloroform: methanol (98:2 v/v)

polvent syetem and reported ebout 6-fold increase in

sensitivity over nlumina plateo. Coomes, et al. (1965);

Nabney and Nesbitt (1965): Tropical Products Institute

(4965); Bngebrecht, Ayreo and 9innhuber, (1965); Eppley

{1966} and Pone, et n). (1966) have employed various

procedures involving kiesalgel G of 300-500 u thickneao
verious somdimtions of the chloroform: methanol

Bolvent systeas. Trager, Stoloff and Campboll (1964)
duced thh we of oilica gel G-iR for improved
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| ;"L.'.' of éf‘&af'owinu.B“ 8,, 0, and 0, ueing the

chl El-'_ - methenol (95:5 v/v) solvent syotem, The

i .
I--! of silioca gel G-HR and chloroform - mothonol mixtureo

ﬁn_liined and equilibrotod ohambers wero inoorporsated in

'p_mobdu-aeo reported by Nosheim (196l4); Roberison, gt al.

(1955); Pons and Qoldblatt (1965) ond Pono, et a1, (1968).
Pons, et nl. (1968) and Pono {(19¢8), introduced the
use of adesorbsil-j-nilica gel pintoeo for 1mproved
fluorodenoitometric msosuremcnts, using chloroform:

sethanol and propanol (850:125:25). Wiley (1966)

recommended a tRo-otage development on thin layer plates

coated with silica gel - cellulose mixture and employing

@ethyl ncetatlo for firot development and chloroform:

methancl {59:2 v/v) for the second development, It is
claiped that this procedure giveo better separstion from

interferring fluorecoent materiols in extrocto of

aericulturo) commodities. Peteroon end Ciegler (4967)

*sve introduced the use of two dimcnsional thin layer
: j?:gb.!'tograpta using ancetone: chloroforn (9:1 v/v) follcwed
l.df:velwnt in ethyl scetata: {oopropesnol: water

€

01244 %/¥). This grocedurc in known to remove impurities

T® gl

la L 8xtracte and (nr bettér regolution of afliatoxin
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1 0,. Nochelm (1968) hac that

dons Ar i&f;'fOPTOP'Wﬁ- oolve : 10! nl oillen gols

lcium oulphato binders, gol thiokneoo, humidity and

UL
A

» plnse ocomposition,mny influonce the nep ration of
~ oflatoxins on thin layer plates.

..;\_ & ﬂ_ -

h v
)

| A8ty of the aflatoxins con be divided into two
droad outlinen:

(a) physico~eshemicol methiods (Molky 1967) and
(b) blological assay oethods,

- (a) Byyngeo—chenical acthodn:

7142 physico—chemioal eosay method 18 based on the

allat.&me fluorescence characteristica of the aflatoxino

under ultrai-viciet {llumination. This mothod of nssay
auinly sz into three croups - the visusl pethod,
Speetvnophotosetric and fluorodensitocctric methods
S, ¥igual Netnod:

| This sethod ad depended, until recently, on the

| E.-Il stmpairison cf fluorescence intensities of unknown
| -
¥1ith sianlerd samplas, chroadtographed under

I—I.I_‘ I _._I
Ilantdenl conditione (de Iongh, 1963; Meshola, 1964;

obertesn, g4 al. 1965; Puma, 3o Q. 196€; Stoloff, Orph
BRI L, UL eloapam genRRTOR T (1) e L) L




|

princ: a'—)m?'been 1 dilution method.
|

lnm 1'-_ q-:d-ﬂdéd serinlly until 1e ‘ﬂ!f moro

luorescenco when run on thin layer plnteo (Ooomes, 2t al.

| 56 3\.:“‘““:- £t al. 1965). Carnnghnn, Hartley and
| N - | .

f‘m 11953) hnve chown thr't when run on Xieselgel O
Eﬁéﬁﬁg the smllest woight of aflatoxin B

2 and 01

giving an obfervadle fluorcocenoe 1o $.0003 ug and for

] ‘B‘1 » 0.0004 ug. Holmnpfel, Stoya and Purohnoo (1966) havo
shown thnt the fluoreasecence of oflatoxin N, 1o thres times
28 intense a8 the fuaorescente of aflatoxin B1 ond thig
$108ing o been e=ployed in coaputing eflatoxin Ll1

concuntrations in icott exwples, However, the variationo

in fluorescerc# 3ue to eolvent effects, eilico gel samplecs

#aod the proseoco of fluorescent interferring mnterinle,
have “eyn 8 major met back to the ueo of fluorescence
g%w; of aflatoxing (Rodurts, Ponr end Golddblatt, 1967;
| 3 Asaworth, ¥eKimney tund McMeann, 1967; Rodericka,
Oustess and Btolerr, 1967; Wiseaen, Jacobson and
Qnﬂf, 1967 ; Srowtber, 196% amd Schroeder, 1968),

- #, Duerodecsitcagiels Nethod:

.T‘_"-! of the Nuorodenslt.ometer for nflttoxin
oy wee intradioed By Pane and GotMblatt (1965), to
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ced out by a fluorodenoi tometor with the
ndard, | ﬂ?—qson and Sinnhudber (v'*)gﬁ),'uaing n reécording

of a known

d6nod tometor equipped for fluorciioence omicolon mosouromento;
|

found that the logarithmio relationphip botweasn emitted

|
fluorescence energy fnd concentration wan linsor over a

=l

?Idne_l'mmtion range of 2.5 to 19 x 10~ ug of aflntoxin

| - B, por opot. TI'ong, Roberteon and Goldblatt (1966) have
- 8lso reported lineor relationatup betieen emitted
.~ fluorescence aa meagured by peak areas emd concentration

I .
gver o concent-ation rangs of at loast 2 x 10'h to
I

‘05 x 104‘ ug per apot of the four reopective aflatoxins.
Ixterciva use of Wiz asthod hoo boen cmployed in view
of the procisicn attalasble with fluorodeneitometrio

peasurewnsa (Beckwith ond Stoloff, 1968; Pons, ¢t al.
. 4963, ?isiietn nnd Tolk, 1969).

1. Geectrophiotogctric Motlod:
Tha firse effort to improve the accuracy and

-

ﬂlﬂiim 3¢ mflatoxin adngureuento by the use of
m. seihals waa rcportel by Nubaney ond Neaditt

: :__"-_;* . This mihof 12 Based un the Ultriviolaet

asrption of aflstexirs nt 363 s u after purifiontion

¥ ."' G
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by the formula:

DxMNXx 106

Concentration = =500 % 2

ug per S ml

where D = Corrected optical denaity at 363m u

4 = Molecular weight of the aflatoxin

E = Wolar extinctlion coefficient,
This method is applicable to all the four oflatoxins.

(b) Bilological Acooy:

Bilologieal assrys have Leen used where subatances are
known to produce measurable effecta relative to the doae
adminiotered. It hna bcen employed both for confirmatory

test for aflatoxin toxicity end for its cstimation (Brawn,

Wildman and Eppley, 1968 and Browvn, 1969). Several

organiams hiave been uned but a few of these are discuased

here because of their knovn reproduoibility.

1. Duckling Agsay:
Duckling assey hns been n moat widely uwacd and

accepted procedure for aflatoxin asaay in various

-
materialo. lethal effecto of the toxin and degenerative

 changeo in the liver of day-old ducklings have been

11ized in thia aossy (Sargeant, 0'Kelly, Carnaghan,

-

964 ; 8mith axd UcKernan, 1962; Carnaghon, Hartley and
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963; Sargeant, Carnaghan :ui”_r raft, 1963;
\rmbrecht and Fitzhugh, 1964; Newberne, Wogan, Carlton
and Abdel-Kader, 1964), An LDSO of 0,37 mg aflatoxin B,
per kg of body weight of the duckling hino been repor ted.
Scnoitivity to aflatoxin injury and the immediate
induction of bile duct proliferation ere two contributory
factore for the sridespread use of the day-cld duckling.
IT, Chick Embryo:

4 The chick embryo technique has been found to be
simple, reproducible and sencitive. Platt, Stewart and
Gupta (1962) reported thet 5-day old chick embryo ims
scnaitive to aflatozxin injury snd as 1little as 0.3 ug
of crude prep2rations causcd death in two days. The
developmeni of the chid¢ embryo technique a6 n bio-assay
me thod wne reported by Verett, Marliac and Mclaughlin
(1954) and by Herbst, lkams and Jayaraman (1968), They
uged fertile white 21eg horn egge, injecting them with
the toxin either through the yolk cao or the air cell
routes. It was, however, found that the sir cell route

wao more ocneitive (Verett, Marliac and Mclaughlin, 196L).
Mortality, growth retordation in surviving embryoe

and grose pethologicel findings were used ns index of
-'A ind cveluatioh “Hit tRER BAB68 Moinly on mortality




- I o g’
st 21 days. Fﬁmﬁ._ﬁr aflatoxin 8, Of 0.025 ug per
. ) | oo B
| m hes hae'i reported for the a1 | ; 1-'ab1wte'iﬂnd twice
) . : I =
2s high for the yolk sac route. Gabliks, et al. (1965)

estzblished the LD, for ten day old chick embryos as
i?o -~ 2.5 ug per cgg when administered through the
chorio-2llantcic sac. YUnder similar conditions, the
duck cmbryo was found to be four to five times as

sensitive.,

111. Fish:

The larvae and embryos of Zebre fish 3rachydanio

rexio (Abedi and McKinley, 1965) and the larvac of

Upexreodon species, 15mm in length {Arseculeratine, et al,

196%) have also btecen used for assaying aflatoxins, The
larvee of thc Zebra fish, however, show greater

susceptitility to aflatoxin toxicity than the cmbryos.

L4

1v. Ccll Cultures:

Zissuc cell cultures are knmitn to be susceptible
to aflatoxin toxicity. Calf kidnecy culture {Juhasz ond
Greczi, 1964); He La and Chang liver cultures, duck and
chick embryo cell cultures, hove been recommended for
assaying 2fl~toxins (Gabliks, 1965, Gabliks, et 21. 1965).
Toxicity is measuraed by the destruction of the cells,
which is, precedec by an Snhibition of growth. Dasniel

(1965) intzoducedreheeTuserafrothierrest fibroblast cell
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: to be sufficient to kill all the cello within 48 hours.
The LDSG 1o given as 0,062 * 0.004 pg/ml of culture

medium,

| V. Micrg-organiemn:

| Aflatoxino have becn shovn to poaceos antibiotic

| propertico (Burmeloter and Hesoeltine, 1966; Arai, Ito
and Koyama, 1967; Teunieaon and Robertson, 1967) .
Aflatoxin B1 suppresoes the growth of Asvergillus
awamorii; Penicilliium chrysogcnum; Penicilliup duclsuxi

| and oome otraina of Asoergillus flavus (Lillohoj, Clegler

and Hell, 1967). In addition, it induces aberrant forms

of Flavgbacterium nuratiacum in media conteining the toxin

in a concentration below tho funglatatic lecvels,

Assays of aflatoxin B1 utilizing micro-organiomo

gsensitive 10 1ts toxicity, have, thereforc, been

pootnisted (Clementc, 1968; Herbst, Ikawa ond Jayaraman
1968), Bocillus megaterium ia usually uoed ao the test
organizm and psper disc mcthod employed. A concentration

of 0.1 ug afletoxin B1 per dioc inhibits Bacillus giegaterium
sporesa aignificantly (Clcmuntn, 1968, Herbst, Ikawa and
Joyaraman, 1968). The 0380y method 1o convenient to

carry out as & clear zoue of inhibition io obanerved

arter 15 - 18 hourscofitgoubettonat 35°C - 37°C,
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i (F) Chemistry of the Aflatoxins: '

-

'ﬂ " N - i
The aflatoxins ccnstitute a group of highly
substituted coumarins which have boen isolated from

mould cultures of Asggg2§llu§ flovus. They are seprroble

into singlc compounds by thin layer chromatography and
can be differentiated by their 2f. wvalues und fluorescent
characteristics in Ultraviolet light. nRight aflatoxins

hcve been characterized and laballed Bl’ B G

zl' Gll EI Mll

Hz, By and GQ‘1 based on both their colour under
Ultraviolet light and their kf. values.

In view of the avallicbility of only smsll quantities
of these toxins, structural elucidation has proceeded with
great reliance on the interpretation of Ultraviolet,
infra-red, nuclear magnetic resonance and mesSs spectra
(Asto, et al. 1965}, Their chemical nature has been
extensively reviewed by Wogon (1966). Aflatoxin B has
becen shown to be & highly unsaturzted coupound, consisting
of only carbon, hydrogen and oxygen (Nesbitt, et al, 1962;
ven der 2ijdan, et al, 1962). fflatoxin 8, and G,
possess 2 vinyl ether system each (Hartley, Nesbitt and

O'Kelly, 1963; van der Merwe, Fourier and Scott, 1963).
caroonyl group anG & methoxy group are proscnt in each

Gt (£1atoxins B ,“BieB eans s (8 longh, ot al. 19623



-
Merve, Fourier and Scott,
-I ; _ i =
4n afle Oxhﬂ' is sﬁli

pentanone ring in aflatoxin B (Carnaghan, Hertley cad
- .
0'Kelly, 1963).
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._n"?é ultraviolet, infra-red and maos spcctral

clarncteristics of the aflatoxins sre oimiler (de Tongh,

el al. 1962; Nesbitt, et al. 1962; and von der Ziiden,
el al. 1962). The intermretation of these phynioel
ohoracteristics hoo been uced in the elucidotion of tho
atrucuture (Asao, et nl, 1963 anmd 19€5). X-ray
cryotiallogrophy has also deen employed in the structural
analysis of the aflatoxins {Cheung and Singh, 1964).
Chemical synthesis from phloroglucinol hns almo tecn used

in th? confinnation of the structure of afleatoxin B 1

(Buchi, et 81. 1966). The structure of aflatoxin M,

bas been oonfirmed by chemical oynthesio (Buohi and
Weinredb, 1969). Coetalytic introduction of one molccule

of hydrogen to one molecule of either nflatoxin B1 or

afiatoxin G, ylelds oflotoxin B2 and (}2 reopoctively

1
(Chong, et al. 1963, Van Dorp, ct g1. 1963; van der

Ucrae, Tourier and 3cott, 1963)., Aflatoxin B, wao

reccntly oyntheoized chemically from a benzofuran
(Roberto, et al. 1968),
- (8) Prgpertien or the a(Antorjno:
. Chenfcal Properilen:
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atoxin B, takes part in ketonic renctiens. Thus

& '}r

w'fﬁ;b:h_, dinitrophenyl hydrazine and hydresyloming

form phenyl hydrazones ond oximco (Crisan and Grefig,

i

NOH
.1

> =N H(;-_:_._‘} NOy
H

U‘;J"\f’ O‘LH_I_

Aflatoxin B, dinttrophenyl hydrozine

118 rcaction hos becen employed in tho detoction of

oxin B, and B3 HININSRFFlnteo (Crienn, 1968).

2
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I .
deep yellow to orange colour is rogarded as being
pooitive for nflatoxin B, and B,. Aflatoxin 0, and G,

N lack this ketogenic group, do not take psrt ia the
reaction and thue cannot be identificd by thic method.

The aflatoxina, notably 81 , Ba, 01 and 02 react
with noetic anhydride¢, trifluoroncetic acid or formic

acid, with thionyl chloridec as coteolyst to form
derivatives of the parent compound (Andrellos and Reid,

1964; Crioan and Grefig, 1967 and Stoloff, 4967). It
hae been suggested that the vinyl ether double bond of

the bifuran ring of aflatoxin B1 and 01 13 the ¢ite at

which these acids are added unto the toxins,

Z_L' ond {}1 form ncetyl dorivotiveo of B

AFRICA DIGITAL HEALTH REPOSITORY PROJECT

. they react witsh glacial acotic ncid In the

KoY.



- .- . = d - :
presence of pyridine end thionyl chloride an catalyst.
i L - I
hey also react with ncetic anhydride to form the

 moetyl derivatives (Dutton and Heathcote, 1968).

excesS
B, L = %gal acetlc
- "1 acid + thionyl Y\
chloride /L/ |

” J\‘:J\
(.ﬁ 2-\- -1,1 "'-l. 81 H

- 2=ao06to)xy-3-hydro-

alflatoxin B1

Brcess
G, 1B elagle? cceiilg

acid + thionyl -~ . )
chloride 2-acetoxy-3-hydro

alflatoxin G 4

Under mild ecid conditions aflatoxin 81 i transformed
into a hemlacetol; the formation of which ia regarded
ea confirmatory teat for aflatoxin B, (Andrellos ond
Reld, 1.96“"; Buchi, et 81. 1966: Pohland, Cushmoc and
Andrelloc, 1968; Clegler and Petoroon, 1968). This 1a
an acid catalyzed addition of water ocrose the olefinic

KO m of the bifuron ring.

‘Dutton ond Keathcote (1968) have also ohown oimilar
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N Ot ¢ 21 "‘, . I' eJ1dg 'l-hﬁﬂ.tﬁxm
-"hiﬂ-om to givo aflatoxin G

2a’

GO ym,x* m.n:

Aflatoxin B,

Aflatoxin 'oi’
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1
r to take part in addition reactions with ozone

i
- I o
: :J ot al. 1968), benzyl peroxide, osmium

C “ﬂ.t potassium - lodine complex (Trager and
: =y
u :4." . f‘.‘ M).

. - Oxidation of aflatoxin Bl results in the formation
of succinic acid whilQ ozonolysis &nd suticequent
:‘b:'e‘fsl:_ithn of the products of ozonoijpris with silver
oxide gives lacwulinic acid (van Dorp, et al. 1963).
11. :M'ical Properties:

The physiczl properties of the afletoxins have been

extensively studied. A summaxy of these features is
fresentec in the sccompanying Teble (11) (Asao,

et al. 1963; Chang, et al. 1963; Carnaghan, Hartley
and O'K«lly, 1963; Asao, ct al. 1965; Robertson, ct
al. 19CS5; Holzapfel, Steyn and Purchase, 1966;
Extcrtson, Pons and Goldblatt, 1967; Dutton and
Hiathcotz, 1968; Goldblatt, 1969; and Fishbein and
Falk, (1970).
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on and emjocion max of 0{1ajtoxine

[e—E e et s

: Fluoresoancc emisaion
Yenourement Bxcitation maxina (nm)

conditions  mximt (nm) B ) 0,
1

Me thonol( a) 365

Hethano1(P) 365
Ethanol 365
Chlorofora 365
Acetonitrile 360
3ilicc g2l

80144 , 358-:369
Stato (¢)

{a)} Carnoghan, Hortley and O'Kelly (1963)
() Rodertson, ct pl. (1965).

IE-,.;)' Beterts and Pous (4948),
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JAmX 13! comid.

AFLATOXIN MO LAR MOLETA AR WEIGHT l[ AXLTING POI
FOIONLAR
%2 I C, Iy 40,4 312 | 268-269
" § + —
' s B-~-2¢&
’, cn“m% 314 288~259
|
9 G A 2% 328 244-246

02 cl‘fll,go'y 330 237-240

—
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(H) Biochepioel effects of aflatoxino:

The observetion of the death of turkeys fed with
mould contominated groundnut in England in 1960, wao later
traced to the oflatoxina {Allopoft and Cernaghanm, 1963;
Van der Z2ijden, 1962). The aTlatoxino have no# teen
nogsociatcd with several disease oyndromes genarally
referred to as aflatoxicogen. These inciude:

1. Hepatotoxicity:

The aflatoxins are known to te hepatotoxic, inducing
carcinogenesia 1in liver celis (Iancaster, Jenkins and
Philp, 1961 ; Smith and McKernen, 1962; Barneo ard Butler,
1964; Butler, 196l4; ¥ogan, 1966; Carnaghan, 1967 and
Schoental, 1970). Ingestion of nflatoxins over o long
period induces lcpatomen to memmalo, birdo and fish
(Schoental, 1961; Snlmon and Newberns, 1963; Carnaghan,
1965; Newoberne, 1967; Wogan and Nowborno, 4967; Rogora
and Mewberne, 1969). Hepatomas of parenchymal eells and
of bile duct epithelicl arigin hove been oboerved in
troats (Ashley, Helver and Yogan, 196h4; Ashlcy, et al,
1965; Solomon, Jensen and Tanner, 1965).

In a&dition to hepatic tumore, ths aflatoxineo olao
induce twoouro in eubcutanous tiooues of the rat and

mice appusinlly during oubcutanouo adminiotration
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O ‘are very paotent mutagens being capable
"-', ;-eauiﬂ_ag' extensive genetic damage (Legator, Zuffante
‘and Harp, 1965; Lilly, 1965; Gelboin, et al. 1965;
‘Clifford and Rees, 1966; Clifford, Rees and Stephens,
'1967; Dolimpio, Jacobson and Legator, 1968: Epstein

and Shafner, 1968). The cffect is achicved through

the interaction of the aflatoxins with nucleic acids and
the subsequent interference with gene transcription.

LS a terotogen, aflatoxin B1 shows a marked species
~ specdficity. Foetal malformations in the golden hamster
hzcve been reported a2t a dosage of 4 mg/kg body weight.

Death and resorption of foetus have also been rcported

within thc $3th and 15th day of pregnancy (Elis ond

Dipaolo, 1967). Chick and duck embryos are susceptible

to the cffect of sublethal doses of aflatoxin B, .
Malformations and stunted growth have been reported
(Verett, Marliac and Melaughlin, 1964; Gabliks, et al.
1965; and Shiboko, et al. 1968). Species like swine, dog
and mous¢ have no demonstrable susceptibility to the

teratogenic effect of aflatoxin B, besides the induction

of foetal rasorption {lNewberne, Russo and VWogan, 1966;
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B ec dee, theoe nfore¢-mentioned effecto, ulflatoxino

2en ohown to oauoe oevaral othor blochemicnl

ohangee in many animal opecieo. Increasc in eomm
|

 alkaline phoephataoce in sheep, roto and monkeyo
(Alloroft, 4965; Clifford and Reee, 1967a; Roo and

Ghering, 1970), ond increase in aerum levels of icocitrote,

malate and glutamate dehydrogenooe hnve been kncwn to
occur (Clifford and Rees, 1967v; Rao and Ghering, 1970).
Broan and Abroms (196%) reported incresec in serum
levele of lactic dehydrogenaee, nldolaee and
glutamic-oxnloacetic ocid and glutomic-pyruvic
tronascinase in chickens. Platonow (5965) also found
incrsage 1n the level of urocannoce in tho serum of

chickens treated with aflatoxins, Dotto end Gojon (1965)

I ave nlso demonetrated alterations in plosma proteino

of ducklingn polsoned with aflatoxin. Decrence in drmug
itoYolizing enzymes in rat liver damsged by aflatoxin

.- heve bsan reported by Clifford ond Rees (1966), though
| @ Steyn, (1969) olaimed aflotoxin B, ceuld
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her @L,_ﬁm; .iono thua appear to be
ongeque: t o ﬁ’liiﬁlxi'ri poleoning of ooveral opccieon,

v

e I" -
. -~ y

;@"'-;‘_T' aoid and protoin oynthesio are altered ond

.% i '*n_ OL#J genae transoription is attondant on

[

flatoxin polconing (Neobitt, gt nl. +962; Clifford and

Roes, 1966; Sporn, et al. 1966; Clifford, Reca and Stovens,

~ 1967; Clifford and Rees, 1967v; Bluock and Jirgensona,
‘4967 and Chang, et al. 1963). Dased upon theoe ococumulatod
data and the precent theorfcs of protein synthesis, and
‘t;.hp_ role orf DNA traascription on this prooeogc, interaction
of aflatoxino with DNA has been postulanted ac the initinl
ond eritical rrcature of oflatoxicoses,
THE PATMOTOXINS

Asuelgilius flavug appears to oyntheslze a complex
prrdy of substances in eddition to the aflotoxino,
| ?.avocol amd Aspergillic ooid, have been loolated from
culture filterates of Aspergillua flowug growa on &

sontaining casein hydrolysato and oodium chloride

(Dunn, Sewbold ond Spring, 1949). Extenoive reviaw of

Sueres 9n thefe toxina other than sflatoxino produced
spergdllus flaws hoo been glven by Wiloon (1966).
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. . 1 l
include oxalates d ic ncid, Aepergillic acid,
T _|._i - - I .

00l and :‘*'Iﬁhir oubs ts
| othe .
w endotoxino and tremorgenic subc

| ||
I S 1'

. 0 )

he author

on. Rooently,

+m™

cks, et a1, (1968n) hao added to thia, o oubntunoe

-5§&-nagnruax1n. Thoe otruoture of tho oubsotanos was

ﬁ}ﬁhn-n4mumxﬁneouely by Roderioko, gt al. (1968b) and
ioe, gt nl. (1968).

And yet more reccntly, two new Tiuorescent mctabolitso
of Aspergillus flaws hove been icolnted from the fungal
culture wﬂen grown on the ynim sop medium. These
eubotonc8s have been lavellied Palmotoxin Bo and Palmotoxin
Go (Baoeir ond Adekunle, 1968, Adekunle, 4969).

(A) The palo oan mediun:

The sop ccllected from the oil palm tree (Elaeio
ggingcnsigl containo fermentable sugors notably ouorose
(Bacnir, 1962). Recent work by Foparusi (1966), Adekunlc
\1559) shoes that it contoino fructose, glucosc, cucroscc,
~a8ltogse, raffinooe and glucuronic acid. The relative
atundnnce of each comptituent varion according to tho
;iﬁﬂdd 7ariety of the oil palm and to the period of
wollection. However, oucroiae 1o known to be tho

Jredomirnnt Sugar in psla onp (Pupnruni, 1966). 1In sdaition

el
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mino

-1- :'- E‘ﬁ'-“'- 1 3 J ] _'l'- '_"-r mino T"ro

: “E:'“"" ;:" ..,3'3 and vitamin C, Iron, zinc, oodium,

'.-'i_!- r and oobalt arv  among the traco elemento found

to be present in polm cap. Adekunle (4969) hno

ptabliehed that treoh palm sap oupporte tho growth of

Agpergillve flayyp with the reoultant production of

S p—— -

allatoxino and other metnboliteo in oomparablo quantitieo
with most other natural medin.
(B) Nature of the Palmotoxins:

Little iz yet kno'n about the palmotoxins, The

subotonce referred ic as palmotoxin Bo and Go, {luoreece
blue and green respectively on thin layer platco
$1lunimteé wlth ultraviolet 1light. They have Rf valueo
| 0.2 axd 0.43 reopectively on Kieoelgel G plateo of

0.25 thickneos and using ohloroform: methanol

150:2 v/v) ao developer (Adekunls, 1968). They are
precipitated fram their concentrated chloroform solution
I By n-h2xine and petroleun ether - a manner oimilar to

% Bflstarins (Asmo, et Al, 1965). The palmotoxins are
alao reperted to centain sarbon, hydrogen ond oxygen

oF: 'i_ Th: strsctures 29 proposed By .Adekunle,(1969) are
.-

R
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Ot
} .J.mrcu-ch mn )3 o 1
olf

e o
i -(CH), (- C =CH-CH=CH - (CH,) - C- O
; 15 proposed that they could be apatial 1somers of each
oﬁrev and do undergo oxidnilve ozonolysis ylclding

fractions believed to correspond to

CH (CH )16 ‘¢~ -0I in both caeee,
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cffect of the polmotoxino., Moot of the otudieo have
I 5 e

- .f'-'.l'-_f_ii‘iﬂ:ﬂ ‘to avian embryoo.

They are believed to be of oomparnble toxicity ae

~ the aflntoxino (Bnaosir and Adekunle, 1968 and 1969).

-:.Eﬁn-mge ucing 6-dny old white rock chick and domestio
- pigeon embryoa Inve been given ac 0.333 + 0.024 for
palmotoxin Bo, L.220 + 0.083 for palmotoxin Go ao
oompared to 0.38 + 0.Cf for aflatoxin B, in pigoon
ezbrya. With chick erbryo the LDsOs are glven ao
0.434 + 0.070 for aflotoxin B1 , 0.323 for palmotoxin
Bo and 4.653 + 0.076 for palmotoxin Go,

T™e polmotoxiniare terotogenlo to chick embryo.
Palmotoxin Bo hos been oboerved to be ao terntogenic ao
aadtoxin 31 while palmotoxin Go io, however, leco oo.
| #alformationo aocsocioted with pnlmotoxin polooning
include molforoations of the beak; incomplete
~ 088ificntim of the okull; limb defecto, ond otunted
growtil (Baesir and Adekunle, 1970n). Theoe toxins are
: H peported to induce liver lesiono in chick emdryo,

N

L marne® sis{lar t» efiatoxin trented embryon,
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Sl e el ¥ 13 O terized by fatty infilte
atoxicity 1 '9@"5615 lze fatty infiltcration of

iy Y, L . . ' . =3 - e - _
the 1liver, and poripheral neorosio of tho liver lobuleo.

The - Beve

~1 UC ol 4

of theoe offecto in aflotoxin B1 and

palmotoxin Bo trcated embryoo oro oimilar and leao oo

'-fp'x; Mtox&n Go treatod embryoo (Baooir cnd Adekinle,
| 197m).

METABOLISY OF DRUGS AND FOREIGN COUPOUNDS:
Living organisms blotronsiorm compounds foreign to

their metebolic network, Generally, this has become
nccessary as a means of dealing with the compounds
preparatory to their excretion. DUxtensive reviews on
this process have been given (Brodio, Gillette and
Eadu, 1953; and Gillette, 1966, and Veocll, 197¢). Ao
a result of thesc trancform tiono, the pharmacological
activitieo of the compounds aro remarkably altered and
40 aose: oaoeo, the compoundo ore denotivoted (Williamo,
1969; Gillette, 1965 and Uehleke, 1969).

The rcaetions involved in thio prooeos are medioted
bty cnzymco locoted in the endoplaomio roticulum of moot
organs but notably tho liver ond generally roforred to
0¢ the mirxed funciian oxidnoon or mono-oxygonooo in

¢ of thuir het¢rogonouo oharaoter (lacon, 19570 rnd
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d Burns, 1962; aishi, 1¢ 62 and Mason, E

|965). These enzymes are found bound to the membranous

, P
>nt of the microsomes and are released on ruture of

the particles (Siekevitz and Palade, 1956; Fouts, 1961;

| Brnster, Siekevitz and Palade, 1962; Dallner, 1963). They
‘are unique in activity and have been shown to catalyze a
large variety of oxidative and reductive processes in the
body. These include aromxtic hydroxylation; side chein
oxidation; deamination; N-, S~ and O- dealkylation;

sulfoxidation; N- oxidation and epoxidation (Axelrod,

1955; Brodie, et 2l1. 1955; Brodie, 1956; Brodie,
Gillette and Ladu, 1958; Gillette, 1959; and Williams,
1959).

A, Mechanism of metabolism of foreign compounds:

ir, broad outlines, the metabolism of foreign
coapounds in the body, inveolve two distinct processcs:
(& an initial oxidative or reductive process and
(b) a synthetic p:ocess in which the compound is
conjugated wi<h amino acids, glucuronic acid,
sulphate and a host of other compounds
(Williams, 1959 and 1969).

¢
O

asically, this hae bzen reprosentcd as follows:
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| Uhgouoﬁ%conjuguted'!

product

(oxtdation) oxidize
drug of

|

foreign

coaxpound

;Qxidat;gg Proceesg:
Qmidgtive enzymes in various snimal tiesueo require
reducing agents mainly pyridine nucleotides - NADPH and
NADH (Mueller and Miller, 1553, Glllette, 1966; Nilsson
and Johneon, 1963; Gram, Rogero and Fouts, 1967; Gigon,
Oram and Gillette, 1968; Holtzman, et al. 1968). In
anddition, they require atmoepherio oxygen (Maoon, 1957;
Pooner, Mitoms ond Udenfriend, 1961; Hayano, 1962;
‘Baker and Ghaykin, 1962).

The oxidation of drugo or foreign compounde 1o a

eoupled prooeeo involving cytochrome P450 mainly and

Ilﬂﬁﬂﬂ — Cytochrome C reductaoe. Cytochrome PL450 wao
firot detected by G.R. Williams ond later deocribed by

K _ ngenberg (1958), Garfinkel (1958) and Omura and

Into (1952). The extent of participation of cytochrome
|
.
tudied (Dallner, 1963; Cooper, 6t al, 1965; Gillatte,
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1968 Gligon,

1
e b 1 -
gt al. 1967; Holtzma

; A Hilde b'aa’rﬁ"t-, ‘Remmer and Rsterbrook, 1968;
adek and Monnering, 41966; and Alvares, €% al. 1967,

» U
Pha

A p‘_ﬁ'ﬂjhg-tp tie mixed oxygeningse theory cf Brodie,
{1lette and LaDu (1958) and Gillette, 196G, NADPH
a component in the microsome {Cytochrome P450)

e BE

thich reacta with oxygen to forn an ‘active oxygen'

- to the drug substrate,
. 1, NADPH + A + H'
I

S ‘AHQ + 02
3. Active orygen + drug—oxidized drug + A + H.0

ntermediate. The active oxygen 1z then traneferred

> AH, + NADP*

» 'activo oxygen'

A 1o the microsumal component.

The cyclic procees postulated by Holtzman, et al.
: f’FBGB');, Gillette (1969), enviengco the formation of a
~ eytochrome PYSO - eubstrate complex, which is then
reduced by NADPH, nnd mediated by NADR - cytochrome -

C-reductase and the eventual oxidotion of the complex
]

by molcaular oxygen. The finding that various oubstrates
” chianges in the vielble abaorption epectrun of

AFRICA DIGITAL HEALTH REPOSITORY PROJECT



R A
et p1; 1966) aleo suggest

-

£} ',gdﬁb%fatea
2d complexes With the oxidized form of cytochrome
; and that tﬁ& rote limiting step of the reacticn
x~dmﬁﬂ_redud%1nn of the substrate -~ cytochroac PY5H0

plex, Subtlrate

,_,,-*-ﬁ.___ﬁ/
‘-uk._'( 3
G‘!IdILwi A Rzo \
Oxfté |
i NADPA . Y rf\
NADPH =2 it . C s m .
reductase \ Qu\r. te L
a J.. r‘
Y”.'.'.;:.’.
Lyt Pys

Oxidation of foreign compounde may involve a more complex
mechaniam but the participation of oytochrome P50 and
pyridine nuoleotides in moat of thse reactione; ia well
established,

- II. Synthetic or Conjugation Procese:

The seoond phaee of the engymic renotions, involve

oynthesis of conjugated producta. Two poasible
hanieme hove beqh proposed for thia. The firat

| ﬁy-ﬂl may involve the activation of the oonjugating
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e ol P
N 1 R : N
, 19505 3oith and
S N =N
ceinger, et al. 1954; Ieeelbnoher and Axolrod, 1535;

|
ton, 9955 and Brown, Cuclzer and Burnott, 1957).

- tachanism con be reprasentod thuo:

. .

¢

,:.‘T' { ’1:_’_“ w iy 3 ac tivated tranefernse oonjugnted
_'" "" —_-—-——-l-—lnb
nucleotif!e drug
conjugntedo enzyme
agent

I
.Qh process hap bsen demonstrated by Axelrod, Inacoe
and TomXina (1957) in the formation of some glucuronides.

e eecond postul=te eavisages a eituation in whioh
the farelgn capound is firet activated nnd then,
Fzﬁd 7 t5 the oonjugsting agent thus:
I

q
- ATP
I k,‘ﬁil_; 5 activated Conjugnti Conjugnted
cospount nucleo tide ~ ngont product
foreign

cospouna

[
it lldans(1959) tns desonsteated this meehnniem in the

-I'

ation of hippurie noid,
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h The pattern of metcboliom of forsign compounds has

fﬁﬁea-nhqun to vary from opeoiles to opeoles., This epecieo
variationo in the metadolism of compounds have long
been recognized and Parke, (1968) hoo ohown that the
variations might be in the Quantity of saubstsnoss
metabolised and in the products of ouch metaboliem,
Thuo, 1t is now known that different opoclee roepond
differently 2o an ndministered drug or foreign compound
and thia hze been found moot useful in ohemotherapy
(Brodie, et al, 1952 and Williams,1959).

Brodie, gt al. 1953; Burno, gt nl. 1953 and 1955,
hnve demonstrated epecieo differenoce in the metaboliem

mepridine; phenylbutazone, €thyl biscoumarin rcetnte

and pentobarbital, Galdwell, Dring nad VW{lliamo

]
-,
..'-. ,- '

iave cho'm that the main metabolic reaction of
im

homphetaaine in the rat io oromatic hydroxylation
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Wiﬁgfklnn in the guinea

mve demonotrated extensive apecies differences

3
o

Bridges, et al.

.‘-l.

o

Eﬁ,the metabolism of some methoxy-6-sulphanilamido-
pyrimidines, Quin, Axelrod and Brodie (1958) studied
the rates of metaboliem of hexobarbital, antipyrine and
aniline in the mouse, rat, guinea pig, rabblt, dog and
m3n. They showed that in all cases the mice had 2
higher rate of metabolism thnn tlie othero and also
established an inverse relationship between the octivity
of the enzyme aystem and the durction of drug actionm,
Species vorintions in the metaboliem of a lot of
substancea tave a2ls0 been recorded, Kurphy and Dubois
(1957) have recorded epeciec differences in the handling
of on m:tieholine esterase agent formed in the liver
from the dimethoXy eoter of benzotriagine diphosphoric
anig,

In 2 oimilar manner, it hno been reported that
differencec in otroin affect the metabolism of druga
(Jay, 1955; Quin, Axelrod and Brodie, 1958; Jori,
Peacador and Pugliati, 1971),

. feo:
Studiee in the metaboliem of compounds have rovcoled
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et certain compounda which are m'l,tged by adult
' -Eﬂhﬂﬂa, oannot be handled by new born snimals (Jondorf,
Maickel ond Brodie (1958), Fouta and Adamaon (4959).

It i¢ thus pOatulated that the oxidative enzymen
might be lacking in new born nnimals. Thus Weatherall
(1960) found that phenobarbital was more toxic to new
born thon adult rabbits, ILathe, Claireaux and Norman
(1958); Browin, Zuelzer ond Burnett (1958); Schaid,

et al. (4959), Inscoe and Axeircd (1960) have shown
that the foetue and the new born have low activity for
the hepatic enzyme -~ glucuronyl tranaferaae which is
required tor the conjugation of bilirubin and ®dny
other drugo to form the glucuronides, It ie thue
established that the age of animale does affect
remarknbly, their abllity to bilotranaform druge ond
for=ign compounds,

I1II, Igfluence of other compounds:

The presense of other oompounda influencea the
activity of drug met:abolizing enzymes. Some of the
oonmpourids notably, harbiturates and eome polyecyclic
hydrocearbona enhance: vor nicrosomal dxug nctabolizing

activitices {Brown, Miller and Miller,
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I -
' ii Conney, ¥iller and ¥iller, | 56 'H,Er, et ai,
[

Conney and Burne, (1959 and 1960), Comney ct 3).
H (1960) ond Remmer (4969) have shown that pretreatment
I 111 phenobetbitone, barbitel or osino-pyrine,
increosed the activity of liver microsomal enzymes that
met@bolizo hexobnrbitone, zoxozolamine; phenyl butazone
amino pyrine, amino azodyes and many other compoundso.
3imilarly, certain comucunds are also known to
inhibit the nctivity of the mioroocomal enzymea.
Notable in this group e /5 —diethyl omino ethyl
diphenyl propyl acetate (SKF 525A) (Axelrod, Udenfriend
and Brodie, 1954; Cooper, Axelrod and Brodie, 4954;
Brodie, 49%56; Fouts and Brodie, 1955), Sevoral other
compounds have aloo boen cheracterised for their
e{{activo 1inhibition of drug metnbolizing enzyme
activities (Foute and Brodie, 1955 and 4956; Christencen
and Viisoing, 1972).
IV. Mutpitiopal Statug:
The nutritional ctate of animnla affect their drug
metibolizing cbility. Di:on (1960) has chown that

t Ve tion deprences drug wetabolism both ip vitro nnd
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: i"“ (1954); Reif, et al. (1954), It hae further
b n. observed thot vitamin C deficiency could effect
drug metaboliem extensively (Axelrod, Udenfriend and
drodie, 1954; Conney, et al, 1961 ; Udenfriend, et al.
'SLL; Dalgliesh, 1955). wills (4972) demonstrated that
‘vitomin K and naphthoquinone had €{fects on 1lipid
peroxidation and oxidative metatcllem by rat liver
;nicpoeomca. These oompounde stimulate the rate of
oxidation of NADPil so that less is availnble for
oxidative metnbolism of 1lipids and other oompounde like
amino pyrine,.

Becking (1972) hns reported that rate fed on iron
deficient diets for 18-days eshowed 0 markod increase in
the meioboliem (in yitrg) of nniline and aminopyrine.
‘ticrosoml cytochrome C reductoes activity wna aloo

increaeed during iron deficiency.

1
V. Other Foctors:

Several other factore are now lmown to affect

,u— metabolism of druge and foreign compounde, Theae

lwde aex and routesof administration of the eubstanoe,
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‘Quin, Axelrod and Brodie (1958) have observed sex
ferences in the mctabolism of hexobarbital.

I '.!{ﬁxob'm;tam was metabolised more rapidly in male rate
thon in female rats. Murphy and Dubois (1958); Inacoe
and Axelrod (1960) have also demonatrated eimilcr effacts
ueing dimethoxy-ester of benzotriazine diphozpnoric aoid,

- ond o-aminophenol respectively. Theoe effecis have also

been traced to the sex hormones.

The discovery that gut bacterla could metabolize
certain compounds, (Draser, RenwiékK @ and Williams, 1971
Gingell, Bridges and \Yilliams, 1971 ; Williams, 1970 and
1974), led to the vbelief that compounds administered
orally miy have altered pattern of mctaboliem fraon thoee
edministered ciiher intraperitoneally or subcutnneoucly.
Pifferencee in metadolism of compounde arising fran
the route of administration might, tlierefore, be
accounted for partly by the influence of gut flore or by
poor aboorption from the gastro intestinal tract

(Dollery, Dovios and Conolly, 1974).
NETABOLISM AFLATOX

The motabolioam of aflatoxine, attracted attention

fo; lowing the oppcaranco of aflatoxins or their toxic
1
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xic dleta

« A potentinl food contamination prodles

gard wna t1llustrated by the dlscovery of
st:ibolites in milk from dniry cattle fed

aminnted rations under experimentl conditions
(Alleraft and Carmnghon, 1963). Thie oilk icolote
‘_ found to be toxic to ducklings. beiny capable of
3auaine liver lescionn or death Iin a psttern similer to
‘authentic aflrtaxin emmplen (Bolzapfel, 9teyn and Purchass,
1966; Purchace, 1967). de Tcagh; Vleo nnd Van Pelt,
(1964) demonatratod the presence of thio nilk 'factor’
in the milk of cows feu hlghly contaminnted pennuts
ard aloo bhowed its preoence in the milk of laotating

‘rato fed chromatogrophioflly pure Aflatoxin B1 , hanco

~ metrbolic product of nflaotoxin B1 and hno been glwven

it woo concluded that tho milk f{aotor wno,in fuot, a

the triviol nsme aflatoxin M, . Alleroft, gt al. (1966):
‘Rabney, Burbngo, Allcroft ond Lewin, (1967) have aloo

I
entified nflatoxin ll1 in the kidneoy, urine, foeocesn,

3k ond 1iver cxtrocto of shecp previouoly dosed with
efintoxin 81 . Von der Linde, Prend and van Bsch studied
I

p the sppeorence of nflotoxin metnbolitoo in oows
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milk. They shomed that the toxic metnbolite appeared
in milk 12 - 14 houra after dosing with aflatoxin

B,. The quantity of aflstoxin M, in the milk of cowo
1o now kmown to bear o linear relationchip with the

oflatoxin B, ingeoted (Allcroft and Roberts, 1563:

’
Moori, Garcia aad Poge, 1969).
A factor, with propertieo similar to aflatexin
“1 han been identified in the livers of rats dosed with
purified efletoxin B, (Butler ond Clifford, 1965), thus
cuggesting the conversion of ‘e parent compound to the
metabolite in the liver tisoue. Baoosir and Osiyemi
(1967); Ooiyemi (19€8); Emafo (197¢) have nloo chown
that the liver 1a the primary orgon responsible for the
biotronoformaoiion of oflctoxin B1 ‘
Holzoyfel, Steyn oand Purchaco (1966), Moori, et al,
(1967) have ecotnblished the ohomical nature of
afiantoxin i, . They hove chown that it io 4-hydroxy
aflatoxin 131 and a hydroxylanting enzyme oapable of
to 4-hydroxy oflatoxin B, has

1 1
been reported by Schadort and Steyn (1963) to be present

converting aflatoxin B

in the rat liver. They have aloo chown that a minor

product, the 2-hydroxy aflatoxin B, , 18 oleo produced

1'
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the 1

 1tver enayaeo, |

-'1'.':. ition to hydroxyletion, aflatoxin B, 1s

_ 1
1186 Me‘d by the cleevage of the methoxy group

iiving rise to formaldehyde and a phenolic moiety

"’-‘i ﬂk and dogen, 1965; Wogan, Edwarde and Sohnnk,
1967; Ooiycmi, 1968; Baosir and Emafo, 1970). The

formaldehyde produced ip finally converted to cerbon

.“d'bdde-. The fate of the phenolic molety woo unknown
‘until Mlezois, Wogan ond Weinred (1974) showed that it
wao largely conjugnted in the rhescus monkey, 0o a

‘glucuronide end henc e referred to it as afleotoxin Pi.

The metcbolinm of aflatoxin B1 has been reported

to be lorgely cpecies dependent espocially in the rate
- of metaboiism (Portdion, R, Plownan, "R.M. ond Cagpbell,
7.0, (4968), .Bacoir anl Emafo, 1970; Steyn, Pitout
.~ onA Purchasa, 1971 ). The mouse for instance, appeora
to produce othcer oubotancco in addition to aflatoxin
(Steyn, Pitout and Purohace, 1971).

Tll:rbwgve.r, two major metaholic conversions of

-

'x,ln B,, have been estobliched - ring hydroxylotion

4 ving ge to morix:;droxylated producto and

1
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: -?elié'{:hﬁ.aﬂon which alao conoti‘tt‘xte-ﬁ another
I&-egra'dhﬁive pathwny (Rolzapfel, Stcyn and Purchase,
1966; Alleroft, ot al, 1966; Naeri, et al. 1967; and
Nabiey, et al. 1967).

Reporte on the metsboliem of other aflatoxins arc
very pcanty. It lo believed, however, that they are
éi\pable of undergoing oimilar degradations as cflatoxin
31. Thue, arlatoxin B2 yiclde allntoxin !82 - a
4-hydroxylated product. Aflatcxin 01 is hydroxylated at
the 4~ and 2- position tc glve rise to the mono-
hydroxylated products referred to as aflatoxin "GN" and
G,, reapectively (Dutton and Heathcotc, 1968; Schabort
and Steyn, 1962). Allcroft, et al. (1966) have oboerved
however, tint aflatoxin B 4 oo metabolized in the sheep
to a lorger extent than aflatoxin G
I. ZEgcretion;

Aflatoxin B, and metabolites are excieted through

1
the bi)e {Baaolr and Osiyemi, 1967) and in the faeces

1.

' Bnd urine mainly (Falk, Thonpeon and Kotinl 1963; V¥ogan,

Rdwards ond Shonk, 1967), In the rabbit and rat,

oxin B 1 and the metabolites esre ¢0xcreted ao
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ich u;;b conetitutec another

pathway (Rolzapfel, Steyn and Purchese,
1966; Allcroft, e_tjg 1966; Maeri, g} al. 1967; ond
L ey, &t a1, 1967),
.I;epbi'te on the metaboliom of other aflatoxins are
very acanty. It is believed, however, that they are
capable of undergoing oimilar degradations as aflaotoxin

B,. Thue, aflatoxin B, yields aflotoxin 4, -a

hydroxylated product. Aflatoxin G, i3 hydroxylated at
the 4- and 2- poaition tc give rice to the mono-
hydroxyleted products referred to as aflatoxin "GN" and
G,, reepectivaly (Dutton and Heathcote, 1968; Schabort
and Steyn, 1969}. Allcroft, et al, (1966) have oboarved

. however, ihut aflatoxin B, wns metcbolizod in the sheep

to o larger extent than aflatoxin G, .
1. Excrotion:

- Aflatoxin B1 and metabolitea are excs;:ated through

the bile {Basair and Osiyemi, 1967) and in the fneces
| |
ond uirine oainly (Falk, Thompmon and Kotin 1963; Wogan,

inard and Shnnk, 1967). In the rabbit and rat,

and the metabolitoe are oxcreted e
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Nothing i1e aa yet known obout the metaboliom of
the palmotoxins, In ths precent ‘ork, ‘}_n_ - vitro
techniques, ao applicd in the otudy of aflatoxin B, ,

have been used to otudy the fate of tie compounds in

geveral animal species.
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I. Aspergillue fJevus (Link) ex fries U.I. 8% otock:

The Aspergillus flsvuo U.I. 8] culture wao obtainod

from the Depéertment of Botany, University of Ibedon,
Ibndan, This wae part of the coriginal aflatoxigenic
isolate of Dr. 8.0. Alescodura of the same Department.,
Stock culturea were cbtained by oub-culturing the
originnl oupply on oterile sgar slaonto of the Yeast
extract-sucrcne medium (Davio, Diener and Eldridge,
1966), GCultureo were grovm at 25 + 41°C until a uniform
grovith ¢f mycelio, ohovwing green sporulation appeored,
Stoock cultureo wore preoorved by gub-gculturing at two

woekly intervalo,

II. Compooition of medium for sub-culturing Aogergillun

flavus ex frieo (U.I. 81) (Dovie, Diener and

E;dx_‘iiﬂg, 1966) :

Yeoot extract (Difco) 208.

Sucrooe (bacteriologicel. grade)200g.
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Bacto-Agar 15g.

Dictilled water 1,001

The pH wao adjusted to 7.0. The solution wne heated to
melt the agar, cooled and diotributed into Mefartney
bottles 1n 10 mdl porrtione, The bottleo were eterilized
at 15 1b/oq. in. for 30 minutes and allowed to cool
while in a sglanting position, The wedlum was then

innoculated with eporee of Acpergiiluo flavus using

a platinum loop.

I3X. Culture medium for guentitntive production of

affatoxin:

The obove medium of Davio, Diener and Lldridge
(1966) woo retained oxcept thot bacto-agar woo omitted,

Yenoct extract (Difco) 20g .

Sucrooe (bacteriological grado) 200¢.

Distilled water 1000 ml.

The pH wao aloo adjuoted to 7.0 and the oolution
distributed into 250 ml, ZErlemmeyer flacko in 50 ml
aliguoto, Culturee were grown for 6 to 8 dayo.

IV, Medium for production of Palmotoxina:

Palm eap from the oll palm (Elaeis suineensia)

wero collected with dry-heat oterilized flasko embedded
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in an ice~salt mixture in o large thermoa finsk. The

sop waa collected from the top of the oil palm,
overnight by placing the flask in position (Faperusi,
1966, Adekunlc, 1969).

At collection, the unfermented sap had & pH of
6.0 to 7.0. It vwas then distributed into 250 ml
Erlenmeyer flasks, sterilized at 15 1bs/sq. in. for
30 minutes and innoculated with Aspergillus flawus
apores. Cultures were incubated at 30°C for 5 daye.

V. [Thip lover plates couted with silica gel G:

4

60g of siiica gel G (obromalay brend supplied by
lny and Boker, Degeaham, England) or 50g kieael gel O
(E. lerch pdnrmstndt, Germny), where applicable, were
ahakee wiith 100 ml of water for 2 - 3 minutes and used
to ccat 6 gloas plates,20 cm x 20 cm x 0,3 cm,arranged
on 0 Shandon "Unoplan Levcsller'., The sprender waa 8o
pdjusted oo to give a uniform thickneas of 0.5 mm and
used in coating the plates,

Plates were activated overnight nt 110°C in en oir
oven befure uce. All plates used were prepared by the

above prozedure.
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VI. Aniooisused for “in vitro" @
All through thia wor}c,”n-n“i; ‘ax;tz—rala vere used.,

The lizard and toad viere used as caught from the
aurroundings. The sheep, goat and duck were bought from
the local market £nd meintained on their raspective

normdl diete of green grapo for goat and sheep and insects
and ents for the duck, until they were in use., All
chiokens used #ere obtalned from the Faculty of
Agriculture, Teaching and Research Farm, Univarsity of
Ibadan. All other onimnls were obtalned from the
Pre=-olinioal Animnl Houee, Faculty of Mcdicine,
University of Ibadnan, Ibadan, Litter mateo were uoed

as much a2 posaibls, Animals used viere:

Ret (Rottya op. wistar otrain) 95-1408 wt,
Albino mouse (pusculus op.) 30-35g wt.

Guinen pig (Covip porcellus op,) 300-350g wt.

Rabbit {Oryctolagua cuniculue) 4.8-2.0 kg. wt.
Do (Domestic) (Cenio op.) 5-5.5 kg. wit.

Sheep (Local dwert breed){Ovio op.) 10-10.5 kg, wt,
Goot (Local dwarf breed) (Copre
hircuo) 12-92.5 kg. wt,
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 ouek Caag o) 82,2 1g ut.
te x'o‘eklc.oék (_Qg;_l_tg_ 8p.) 2-2.2 kg wt.
e (Bufe zemlnris) 50-60g wt.
Rainbow L,izu‘rcr ( Agama ogomd ) 70-80g wt.
VII. Gomposition of the incubation medivy for
Liver_Slices (YcEWAN, 1956):
Sodium chloride 7.68.

e

Glucose 2.0r.
Sucroae 4.58.
Sodium bicerbonate 2.1g.
Potassium chloride 0.42g.
Calcium chloride 0.42g.
Sodium dihydrogen phosphate 0.14g.
Dietilled vmater to makc up solution to 1 litre.

The calcium chloride war usually added at a
lovter atage, whon the other componcnta have been
ppprecinbly diluted with the moximum poasible quantity
of water, to svoid the precipitation of calcium phosphat .

. -
Preoh colutions were preparcd each day.

*II.I Bil&em r Kitrate reagent (Trevelyn, Proctor and
Hbrrieom. 1950) .

311ver nitrate {eoturated eolution in water)
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0.1 ml. Acetone to meke a eolution of 20,0 ml, Distilled

water was added dropwise until the precipitated silver-

nitrate redisscolved,

IX. Ninhydrin renzent (Baesir, 1963):
Ninhydrin

Qo

o)a ]
Acetonc to make a colution of 100 ml.

X. Potacoium Rhodizonate reagent:{(Schneider And
Lewbert, 1956):

Potasslum rhodjizonate 12.0 mg
Distilled weter 15.0 ml
Concentrated ammonium hydroxide
solution (8P gr. 0.91) 10.0 ml.
Absolute alecohol 25.0 ml.
XI. Douhlo Strength Nesh Reagent (Cochin and
Axelrod, 1959):
snmmonium acetate 150g.
Redit:tilled acetyl acetone 2.0 ml.
Distilled water to make solution up to 500 ml,
XII, Naphthoresorcinol 8pray resgent (Bridgeo, Kibby
and Villiamc, 1965):

4% v/v naphthorecoroinol in acetone  20.0 ml,
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. Mﬁdﬂc J:.- ) make a

“nolu I ion of 25ml.
ﬂﬁd bl_:@_ﬂ _naphthorenorcinol Solution:
(Fiehmin and Green, 1955).
Naphthoresorcinol Oilg.
Distilled water 100ml,

The naphthoretorcinol wne pulverized with a mortar
and peetlo, ohnken with water in a glase otoppered,
amber-coloured measuring cylinder for 10 minuten and
then filtered, The filtrate wno stored awey from light,

IV. Reagento for alkaling phosphatange determinntion:

(Beeoey, Lowiry and Brock, 1946).
(a) 0,05 Glycine Buffer:

3.758.
L7.5¢.
Diseolved in adbout 800wl, dietilled water, added

Glycine
Magneoium chloride

85 m1 1N aodium hydroxide and made up the solution to
one litre,

(b) P-nitrophenyl phopphate oubotrate:

P-nitrophenyl phoophite,
Sodium salt to make 0,2% solution in 0.001 Normul

s n'
.iqﬁdﬁ}erio ocia,

2 rengontorwerenpappEedctcthe BIH 'Bloohomica

i AdJUOth ﬂl.t°“6.5 - 8.0.




—
y,

Irl_, it e zbinations' for alkaline -a_..‘-

(TcP, Cat, No, 15987 TAAF).
determination: (Reitmon and Frankel, 1957).

(a) Standard Pyruvate,
Sodium pyrurate 22.0C mg.

e determination

0.11 phosphate buffer,
pH 7.4 to make up to 100 ml.
(v} SOOT Substrata,
o Ketoglutaric acid 29,2 mg,

dl -Aspartic acid 2.66 g.
Theae were dianolved in 1N sodium hydroxide and adjusted
to pH 7.4. 1t wos then made up to 100 m2 with 0.1M
phosphiate buffer pH 7.4. Thie gave a aolution of
2 mi o ~ketoglutaric acid and 200 mM dl-aspartic ncid
per litre (Reitmon and Frankel, 1957).
(e) 2i4 dinitrophenyl hydrazine reagent:

2:4 dinitrophenyl hydrazine 19.8 of.
It woo pade up to 100 mL with 1N HC1.
(d) Aniline citrate resment:

5g. citric acid (annlytiesl grade) were disaolved
:li. §.m1 water ond 5 m1 of Aniline (unalytical gradg)
are added .
I
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2.08.
woa warmed with o little of 2N fodium

i - »
hydroxide until the eubotance dissolved completely,

The solution was made up to 100 ml Witk ©.9% saline.
KQII. garbon monoxide:

Carbon monoxide waa generatcd from sodium formate
(BDH Chemicals) nnd concentrated sulphuric acid
(SP. gr. 1.88),
XV11l. Iodine Numbgr detersination (Baesir, 1963):
(a) Dame Iodinc;

8.2 ml of pyridine and 6 ml- concentrated sulphurio

acid wers ndded to 20 ml glacinl acetic acid oooled with
ice, To thia wae added a solution of 2.6 ml bromino
dalgpolved in 20 ml. acetic aoold, The mixture wne diluted
to 1 litre with glaclal aocetic aoid and atored in the
dark.
(b) {0 Botasoiun fodjde anlution.

10g. potarsium fodide wou disoolved in 100 ml of
lecd mater,
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.68 of sodiun thioculphate was dssolved in
LN P -
distilled water end made up to 1 litre.

'l_"::. 4 . I‘Oh 3

| |"BW in'f starch was otirred with 4 ml. of diestilled

- water. The suspension was poured intc 95 ml. of boiling
distilied mater. The resulting solution vas cooled and
mode up to 100 mi,
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METHODS

I. Preparation of Pure samples of aflatoxin 81 and GI:

e — -

Following a preliminary experiment, yeast-extract-

sucrose medium inoculated, with Aspergillus flavus spores,

was incubated for 6 days at 20°C. The medium was
harvested by filtering off the mycelial matt. One litre
of the liquid broth was extracted for 24 hours with
chloroform in a Holliman's quickfit, liquid - liquid
extractor (Heclliman, 1952). This method of Trager,

Stoloff and Campbell, (1964) and Nabney and Nesbitt (196S5),
was retained for all quantitative extraction of the medium.
3 The chioroform extracts were concentrated in a rotary

{ilm eveporztor, Precautions were taken to avoid direct
exposure to light, as Bmafo (1970) had shown that the
aflatoxins were photosensitive and degenerate rapidly

when exposed to light.

Primary Purification:

Crude chloroform concentrates were filtered through
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I.

a double layer of Whatman No. 1 filter paper, over
anhydrous sodium sulphate. The extracts were then stored
overnight at about 0°C. when some impurities separated
out. The supernatant chloroform solution, was then
stored in amber-coloured bottles at a tempcrature below
4°c.

Chromatographic Separation:

A modified thin layer procedure as reported by
de lough, et al, (1962 and 1564) was employed in the
chromatography of crude toxins. Kiesel gel G (E. Merck,
Dermstadt, Germany) and silica gel G ('Chromalay', May
and 3aker, Degenham, England) 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:
methanol: formic acigfiintnlined.and uncquilibrated
Baird and Tatlock (London) Ltd,, multi-sheet chromatographic
tank (Smith and McKernan, 1962), About 16 plates were run
' at a time using about 400 ml. of the solvent mixture

(Plate 1 ).

The plates were raemoved from the tank when the
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vent front was about 5 cm, to the top and stored in
a dark chamber to dry. On viewing the plates in
‘Ultraviolet light, fluorescent bands corresponding to

aflatoxin B8, and 01 were marked out and scraped off.

1
The toxins were eluted from the silica gel with 2%
methanol in chloroform {(v/v). The eluate was concentrated
in a rotary film evaporator and re-chromatographed using
10% acetone in chlorofore (v/v) as the developing solvent,.
The aflatoxin_s1 and G1 were recovered from the silica gel
scraping, by eluting with 2% methanol in chloroform (v/v}.
The solutions were taken to dryness in a rotary film
evaporator and the residuc redissolved in a minimuo
amount of chloroform. The toxins were rcprocipitated
from chloroform by dropwise addition of either n-hexanec or
petrolsum ether (Shotwell, et al. 1966). The solutions
wer» left in a deep freezer at about - 10°C.' Crystals
foxmed by this method were dried under vacuum, in a
dessicator.

§gggtroghotometric Ana}xsis:

To ascertain the purity of the samples so obtained,

gspectral analysis - mainly ultraviolet and infra-red

-?E_ctt.a were used.
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The aflatoxin B, sample was dissolved in me thanol

1
(analytical grade) and the ultraviolet spectrum (Fig 1)
obtained in a Perkin Elmer Ultraviolet-visible -_
Spectrophotometer 137Uv. The spectrum of aflatoxin G1

was obtained both in methanol (Fig 2) and in water

(Fig 3).

Infra-red Spectral Analysis:

The infra-red spectra of both aflatoxin Bl and G1
were obtained in nujol using a Perkin Elmer sodium
chloride Spectrophotometer 1378 (Fig 4 and 5).

Table 5 is a swmmary of the Ultraviolet and infra-

red characteristics obtained.

II. Quantitative estimation of aflatoxin B, and GI:

1

(a) Spectrophotometric Method:

The $pectrophotometric method of Nabney and Nesbitt

(1965), was used in the estimation of the aflatoxin Bl

and Gl used in this work. Chloroform solutions of the

toxin were gradually added to distilled water and the

chlorofora blowvn off with Nitrogen gas (supplied in

cylinders by the Industrial Gases,(Nigeria) Ltd.). The
I .
iabtioal densities of the aqueous solutions wers obtained
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treyv o'fet and infra-red charact

APLATOXTI 61
Ultraviolet Inf'ra-red Ultraviolet Pesks Infra-red
Peaks Pogks —  penks
(Hqthanol.l.): (e Metlisnol Vater ( -1y
223 m 218 mn 203 m
265 m 239 nn
29 m
362 62
365 nm 365 nm |
[
1545 1545

|
|
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from a Unicam SP SO0 Spectrophotometer at 363nm. Emafo

(1970) has shown that the optical density bears a

linear relationship with the concentration. Concentrations

were, however, obtained using the formula of Nabney and
Nesbitt (1965) (Page 25 ).

(b) Serial Dilution Method:

The 'Null fluorescence techinique' of Coomes, et al.
(1965) was employed in the estimation of residual

aflatoxin 81 after incubation and the aflatoxin Ml and
|
\
GM! formed during incubation. The minimum amount of

aflatoxin B1 which gave the least observable fluorescence,
has been given as 0.0004 ug and for aflatoxin Gl’
0.0003 Lo,

In the assay method used, 1 ml. of extract or
2ilatoxin concentrate was added to tube one of a set of
ten test tubes, each containing 1 ml. of the pure solvent.

1l ml. of the mixture in tube one was withdrawn and added

to tube two and the process continued until tube ten
was reached, 0.04 ml was withdrawn from each tube and
applied to chromatoplates of Kiesel gel G (E. Merck,

Dermstadt, Garmany). Standard of known concéntrations

AFRICA DIGITAL HEALTH REPOSITORY PROJECT
F



1
4 ' o
were Similarly treated and equal volumes also applied

on thin layer plates. The use of standards were found
‘necessary, to correct any variations in fluorescence
properties due to either the silica gel or to the solvent,

Spotted plates were developed with chloroform:

methanol (96:4 v/v); air-dried in the dark and viewed

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 particular experiment, least fluorescence
was observed in tube 4 (i.e. dilution 16), and the
corresponding concentration under the prevailing conditions
was L.,000S ug; the concentration can be calculated thus:

0.04 nl contained 0.0005 png

1 ml contained 0.0005 x 1
0.04

Since the original solution was diluted sixteen times,
II._.'pl of the original solution, contained

0.0005 x 1 x 16
.68

= 0.2 9.
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- The same principle and the fact that aflatoxin M, and

1IGM" are three times as fluorescent as aflatoxin

B1 and G1 respectively, were employed in the calculation

of the concentration of the hydroxy aflatoxins.

I11. Preparation of Pure samples of Palmotoxin Bo and Go:

Palmotoxin Bo and Go were prepared from mature
cultuxes of Aspergillus flavus (U.I1. 31) grown on the
paln sap medium. The aflatoxins are also produced along
with the palmotoxins in this medium (Adekunle, 1969),
Procedures employed here were similar to those for the
isolation of aflatoxin Bl and G1 except that cultures
were incubated for only five days in this medium. The
chloroform extracts obtained by liquid - liquid extraction
of the brcth, were first left to cool, when some fine
need}c-shaped crystals believed to be mainly kojic acid,

scpaxated out (Foster, 1949; and Parrish, et al. 1966},

The supernatant was filtered off and concentrated in a
rotary filn evaporator. All processes took place with

Rinimum exposure to light.

Primary Purification of Extracts:
— -

) The concentrated extract was passed through anhydrous

odiung s.ulpha te in #nggg\bg-ﬁul&ﬂl%R@@JEyfhatmn No. 1 filter




The same principle and the fact that aflatoxin Ml and

WGM" are three times as fluorescent as aflatoxin

B1 and G1 respectively, were employed in the calculation
of the concentration of the hydroxy aflatoxins.

111. Preparation of Pure samples of Palmotoxin Bo and Go:

Palmotoxin Bo and Go were prepared irom mature

. cultures of Aspergillus flavus ('i.1. 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 for the
isolation of aflatoxin B, and G, except that cultures
were incubated for only five days in this mediuam. The
chloroform extracts obtained by liquid - liquid extraction

of the brocth, were first left to cool, when some fine

necdic-shaped crystals believed to be mainly kojic acid,

scparated out (Foster, 1949; and Parrish, et al. 1966).
The supernztant was filtered off and concentrated in a
rotary filn evaporator. All processes took place with

pinigun exposure to light,

Prinory Purification of Extracts:
— —

i The concentrated extract was passed through anhydrous
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wﬁber: It was later passed through a very short column

of cupric carbonate, previously washed with 2% acctone
in chloxoform (v/v). This procedure removed some of the

adhering pigments (Stubblefield, Shannon and Shotwell,
1968),

‘Thin layer Chromatography:

Crude extracts were separated by the thin layer
chromatographic technique as erployed for the isolation
of aflatoxin B1 and Gl‘ However, in the first thin layer
sepaxation, a 3% methano) in chloroform (v/v} solvent
system was uscd. The bands with Rf. value of 0.15 and
0.09 (Plate 2_ ) and fluorescing blue and green
rospectively were isolated, (Adekunle, 1969). These
corresponded to the palmotoxins Bo and Go respectively.

The substances were eluted from silica gel with 4%
@ethanol in chloroform (v/v}). The eluates were taken to
dryness using a rotary film evaporator and redissolved in
chloroform. The substances were reprecipitated from
chloroforn with n-hexane or petroleum ether (Shotwell,
&t al, 1066 and Adekunle, 1969). The residue were

iéplratod from thg supernatant by centrifugation,
1
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ssolved in chloroform and re-chromatographed in 5%

1 :thanol in chloroform (v/v). The substances were once

J__' isolated as above,
t-b'f Purity:

; For the purpose of the metabolic studics, test of

purity was largely based on thin layer chromatography.
Isolates were chromatographed until! they gave single spots
on thin layer plates using methanol: chloroform (5:95 v/v)
and chloroform: nethanol forrmic: acid (95:5:1 v/v).

The Ultraviolet Spoctra were also taken in agueous
solution using a Perkin Blmer Spectrophotometer 13711V
(Figures 6 and 7).

IVv. Estinstlon of Palmotoxin Bo and Go:

{a) Reprecipitated samples of paliotoxins Bo and Go were
preparqea as daoscribded above. Thay were dried in an
ewocuated dessicator in the dark and later weighed. The
geighed sanples were dissolved in dry chloroforn
I’ ﬁpnq}gnieal grade) and made up to 5 ml. in volumetric
| :t*}u‘.. Aliquotse of each sample, represcnting different
orcentrations, wera diluted to 3 »l and theoir optical

s5ities obtained at 265nm using a Unicam SP 500

-;« trophotoneter., Standard curves were obtained for
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each substance by plotting optical density against

, n
i [ .“ A
] € o] = o |
A -

on {Figures 8 and 9).

1 i
'(* -%'diluﬁon technique for the estimation of
Dl = =

m 1 LS lmotoxins Bo and Go:

Standard solutions of the toxins werc serially

di@nted-in the same manner as for aflatoxin Bl.and G

1.
0.05 ml. from each test tube was spotted on thin

layer plates coated with Kiesel gel G (E. Merck,
Dexmstadt, Germany) and developed with chlozoform:
methanol (96:4 v/v) solvent system. The spot with the
leastobsexrvable fluorescence was also obtained by viewing

on Ultraviolet light (30650A) placed at about 20 cm from
the plate.

Calculation:

Concentration of 1 wml. of solution = 5 ug

and thc dilution with the least fluorescence, was

dilution ten.

. . I1f X is the concentration equivalent to 0.05 ml in

the tenth test tube,

0.05 ml. is equivalent to X ng and 1 ml. of the

original solution is equivalent to

v x 1 x 2%

| —
0,05
AFRICA DIGITAL HEALTH REPOSITORY PROJECT
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Applying the same principle to palmotoxin Go, it was

||
bdnd that concentration with the least observabie

fluorescence was 0.0002 ug,

V. Determination of alkaline phosphatase activity in

serum by the Colorimetric method:

The method used in the determination is the method
of Besseyylowry and Brock {1946). 7This method depends on
the hydrolysis of P-nitro phenylphosphate at pH 10.5.

The substrate used was as in the materials section
and supplied in the BDH analytical set (Biochemica test
combinations TC-P, Cat. No. 15987 TALF} for alkaline
phosphatase determination,

Four test tuées each containing 1 ml. of the substrate
were incubated at 37°C for 30 minutes with 0.1 ml, of the
test serup in 3 out of the four tubes. At the end of the
30 minutes, 10 ml of 0.02N sodium hydroxide was added to
all the tubes and 0.1 ml. serum added to the fourth tube
which served as the blank tube. The optical densities
(8) were read immediately at 405nm on a Unican SP. 600
Spectrophotopeter, using 1 cm. glass cuvettes,

i
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ne8 for alkalinge phosphatase were obtained using
following rclationship:

: QOSM x 200 millivnits/ml of alkaling phosphatase.

VI. ﬁ!!'tetnina't‘ion of Serum Clutanic - Oxaloacetic acid

transaminase (SGOT) by the Colorimetric method:

This determination is based on the transamination
of L-aspartic acid and m.-oxoglutaric acid to oxaloacctic
acid and glutanic acid respectively.

o.~Kctoglutarate + aspartate =———>>Oxaloacctate
+ glutamatce.
Glutapic-~-oxslozcetic acid transaninzse mediates this
repction (Reitman and Rrankel, 1957). Tha oxaloacetic
2ci1C formed in the recction is unetable and is decomposed
to pyruvic acid by the addition of anilinc citrate
s8OANTioN.

2eection of the pyruvic acid formed with 2.4
dinitrophenyl hydr«#zine yields th: corresponding hydrazono
which gives intenoe brownish colour on the addition of

odiur hydroxide solution.

Pezgents for this dtermination are as shown undor

e

Batariels and were supplied in « g@at (BDH onzyma nsaay

b AFRICA DIGITAL HEALTH REPOSITORY PROJECT




I -

q . rl'.ﬂ.'r o -i"-
| |
|

- 01 -

i
E

! 3. '2; 25002 for the detcrminztion of SGOT).

1 ml. of the substrate was pipetted into e:zch of
4 test tubes and cach allowed to attain a temperature of
37°¢ using 2 Gzllenkamp self regulating water bath.
ffter noting the tice, 0.2 ml scrum wes 2ddeé to three
of the tubes which served as sample tubes. The fourth
served as blink. The tubes were incbzted for 60 minutes
and wiith the tubes still in water, 1 drop of the aniline
citrate reagent was added to each tube. After S aminutes,
1 ml, of 2:4 dinitrophenyl hydrazine solution was added
to czch tube and 0.2 ml of serun also added to the control
tuba. Incubction was continued for a further 20 ninutes,
when the sampics were removed fror the water bath and
10 m}, of 9.4} sodiun hydroxide added to eiach tube and
the tubes allowed to stand for 10 minutes.

Opticz2l densities were ncasured at 505nm. The
concentraztion of the tests was obtained frow 2 standard
curve (Fig 10) obtained by incubiting 2 pyruvate standard
for 30 minutecs ot 37°C and further trezting the samples

with the other reagents as in the tests.
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et 2 |ﬂ-fdr the deternination of SGOT).

1 ml. of the substrate was pipatted into esch of
4 test tubes and each a2llowed to attain a temperature of

o, .
37°C using 2 Gallenkamp self regulating water bdath,
tfter noting the tire, 0.2 1 scrun wes 2dded to three

of the tubes which served as sample tubes. The fourth

_serued as blznk. The tubes were inchated for 60 minutes

and with the tudees still in watex, 1 drop cof the z2niline
citrate reagent was z2dded to cach tube. After 5 minutes,
1 ml, of 2:4 dinitrophenyl hydrazine solution was added
to each tube and C.2 wl of serun &iso added to the control
tube. Incubation was continued for a further 20 ninutes,
when the samples were removed fror the water bath and
10 nml. of 0.4l sodiun hydroxide added to cach tubec and
the tubes nllowed to stand for 10 ninutes,

Optical densities were meacured a2t 505nm, The
concentration of the tests was obtained from a standard

curve {Fig 10) obtained by incubsting a pyruvate standard

for 30 minutes at 37°C and further tresting the samples
1

e

with fthe other reagents as in th+ tests.
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/II. Preparotion of Liver Slicen:

- The animelo were alwnya killed by decapitation,

The livers vere removed immcdiately and rinsed wlith
ice—cold (0 - 2°'G) normal oeline. Extraneous tisosues
and gall blodders were removed where neceosery. Slices
were prepared from weighed samplee frec-~hand, using
very oharp razor blade previously clesned with acetcne
and rinsed with buffer solution. Tie temperature #gs

kept ot below 4% 511 through the process.

VIII., Rrepgratiop of the microgomes—pluc-soluble
frogtion of liver homogenatc:

The onimnlin used for thegse experiments were cloo
killed by decopitotion and the livers removed immediately
and woched in ice-cold (0 - 29C) 0.1 phoophate buffer
(pH 7.6). ‘Weighed liver somples were homogenized in
three volumee of ice—cold (0. - 2°C) ©.3M potassium

phoophate buffer (Bmafo, 4970) using a Waring blender
for 20 seconds (leudbeoter and Davies, 1964).

|
Homogenotes were centrifuged at 10,000z for

tS minutes using on HSE Super opeed refrigerated centrifucge,

L]

uci {..[_m,toéhmdrio and unbroken oselle were thus
F i
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oedimentcd, The resultant superantant conteinine
he microoome-plus-soluble fraotions was uecd in

e "
ths 'in yitro' etudies reported in thie work,
IX. Formation of :Jcatyl derivativeo of pflatoxin

M1 end other hydroxylated metabolites:

Acetyl derivativee were prepared socording to
the methods of Holzapfel, Steyn ani Purchase (1966)
and Dutton and Heathootc (1968). The chloroform
elustec of the metoeboliter were evaporated to
drynese in a rotary film evaporator at roonm temperaturé.
To the dry metabolite was added 0.0{ ml. pyridine and
0.1 ml. eaoetic onhydride, The mixture wes left
overnight in the dark and at room temperature, After
evaporetion of the pyridine nnd acetic anhydride, the
reaction product was disesolved in chloroform, applied
fo thin layer plates and developed in 4% methnnol in
chloroform (v/v). Acetyl-derivatives did not move

from the origin,

X, Isolntion of metabolites from incubation medium:

Renctions during ineubation were uecunlly terminated
by the method of Cochin and Axelrod (1959). To eaeh
flask contoining Sel. of reaction mixture, 1 ml. of
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2086 Zine oulphate oolution wase added, -f-Io'wed by

g lhl saturated barium hydroxide eolution. These

‘reagento servcd both to stop the reaction and to
i;r'b&iﬁm_e the proteins. The mixture obtained was
oentrifuged at about 5,0008 for 15 minutes in an MSE
super opeed refrigerated centrifuge. The supernatanto
were ooncentriated in a rotary film evaporator at 37°C.
The concentrate was applied to silica gel G - ooated
plateo and developed in either 4R methanol in chloroform
or in 5% methanol in chloroform (v/v). Somples of
aflntoxins B1 ang G1 and Palmotoxins Bo and Go similarly
treated were run alongside the concentrcte, AD
authentic cflavtoxin M1 eample was run olongside. The
same procedure @as followed 1n the casc of aflatoxin

B,_. ™ 1llumination with Ultraviolet 1light, the tect
gubdtanceo and their metobolites were located by their

|

| Rf., valueo and their fluorescence,

- XI. Estimntion of formuyldehyde by the Colorimetric method:

Thic procedure duc to Nash (1953) dependo on the
reaction between formaoldehyde with a fairly neutral

an of acetyl acetone and ammonium acctate to
: b g
3
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form diacetyldihydrotoluidine.

Formaldehyde was eatimated in incubation median
by the method of Cochin and Axelrod (1959) ac modified
by ﬁ"b'!.'f.zcl, et 82, (1966), A atondard curve (Fig 11)
wea obtained by treating known concontrations of
formaldehyde (analytical grade) in the aame way ae
the 5,000g supernantant and thie wam used feor the
eetimation of the formpldmnhyde produced during the
incubation period,

2.5 ml portiono of the 5,000¢ oupernatant obtained
after centrifuging the iacubntion media, were placed in
tect tubes. To each waa added 1 ml. of freshly prepared
double Sirength Nash reagent (Nash, 1953). The test
tubea were incubated in a Gallonkamp water bath at 60°C
for 30 minutens. The tubes were immedintely cooled in
en ice-wmater mixture and the optical density odtained
voing the Uniocam BP. 600 Spectrophotometer at 41Snm.
:S‘:R*fen flacks wore usunlly uoed for ench test and three
as blanka. Extra polation of opticel denaities on

- atapdard curvee yielded the concentration of teat
s

solutions. (Fei)
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ﬁ‘ﬁ. -w.c.&'ti_on of Cogﬂggﬁ'te& formed during incubation:

The method of Knight and Young (1958) was employed
for testing the preconce of morcapturic conjugations.,
0.1 potassium dichromnte mixed with glaci:1l acetic acid
(1 1 v/v) vtn8 eprayed on the air-dried chromatogram
conteining the conjugates and finally 0.iM silver nitrate
golution w»as oprayed. The chromatogram was protected
from light after spraying to avoid any decomposition

of the oilver nitmt«,

(b) Amino Acid Conjugation:

The reagenat used in this test wes a modif'ied form
of the rengent used by Wiliiams and Kirby (1948) to
locnte nnd identify amino ncido and applied to the
study of aflatoxin metabolites by EBmafo (1970).

Thin layer plates containing conjugates of the
eaoples wer= sprayed with ninhydrin reagent. The plates
vere kept at 80°C for 15 minutes in a hot air oven.

(c) 3ulphate Conjugate Test:
The methad of 3wrma (1953) modified by Schneider

and Lesvert (1956) and applied in the otudy of aflatoxin
81 oonjugates (idmafo, 1970))1::\,0 been retained in theno
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ptuéieo.

Thin layer plotes devcloped in n-butanol: glaoial
ncetic acid: water {10:1:4 v/v), were oxpooed for
3 hours to the fumea of a mixture of 10 ml ooncentroted
HC1 in 90 ml Dioxan, in a cloeed tank. The chromntogram
wae oir-dried, oprayed with a solution of 20 mg bvarium
chloride in 4100 ml of 75% aguecun methanol and further
dried. The chromatogram was finally eprayed with
potaasium rhodizonate reagent.

(d) Qlueuronide Conjugation Teot:

The naphthoresorcinol spray method of Bridges,
Kibby and ¥illiams (1965) hae been epplied in this test.
The quantitetive reaction of Pishman and Green (1955),
for the micro~annlysis of glucuronidé has also been
adapted for 8 quaiitative &ooery of glucuronides,

{4¢) 1In the oprey method (Bridgea, Kibby ead Williame,
1965), plateo developed with n-butanol-glncinl aocetio
soid: water (10:4:4 v/v) were sprayed with the
naphthoresorcinol reagent and then heated in a hot air
oven at 1&000. Blnioh~brown or blue spots on the

'
chrogatogram were regarded ao positive indieation of
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tﬂe’ preanence of glucuronide,
(44) The Tishman and Greon method depends on the
elimination of free glucuronic noid which might Sive
colour with naphthoreoorcinol, by oxidation with
hypoiodite of pH 10.1. Strong acid conditicn, however,
1iverates conjugnted glucuronide. On reescting with
saphthoresorcinol a violet colourcd pigment wao
obtained and tiius used as a pocitive index for the
presence of glucuronide.

S5 ml of the isolated extract was added to a 50 ml.
Brlenmeyer flask containing 2.05 ml carbonate buffer
pH 10.4 and =hvken with 1 .5 mt of iodine solution and
stored in thc dark for 30 minutes. 0.15 ml of 0.1H4
aod tum bisulphite was then added, ohoken and 0.3 ml of
61 suiphuric acid aleo added. Residual colour #as
resoved with drops 2f sodium bisulphite solution.

4 ml aliquots of the samples were taken in
duplicates, into boiling tuves, 2ml. of 0.LF
naphthoresorcinol added and 2 further 2 ml of 18N
sulphuric acid 2dded. A blank obtained from blenko

ef the incubation, who oimilearly treated. Tubes wore
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incubated at 1od°c for 90 minutea, with the tubob

unstoppered. On oooling, 10 ml of 95% ethonol wno
odded to each tube and colour formed was extracted
%ith 8 m1 toluene, Violet colour in the toluene layer
wac regarded as positive. In cnses where the blank
w3s not colourledss, comparison of the colours of test

at 565nm with thant of the blank wns used as irdex of
pooitivity,

(e) Hydrolysis of Conjugntes:
1. Acid hydrolveis:
The methoda of Garton, Robinson and Williams {1949)

and DeMeio and Tkacz {1952} were employed. Portions of
the concontraoted oonjugates were added to 0.3N
hyduochloric aoid or O.3N sulphurio ncid nnd boiled for
5> minutea. Tho cemples were then exnmined for hydrolysis
Uy first apolying the concentrnted hydrolysate to thin
layer plstea ond developing the plates in 43 acetone in
chlorofora (v/v),

11, !’,. /on o ;

enzyme Hydrolysies anc been employed in the
identifioat lon of sugpected glucuronides, MHetobolic
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conjugatee icolatcd by thin layer chromatography were
.bbncenmrated with a rotary film evaporntor, The
ooncentrateo were ndjuotod to pH 3.3 with 0.1M phcephnie
burfer. To thic wno ndded /: ~gluouronidaece (Xetodase,
E. Merck, Dermetadt, Germany) enough to produce {0,000

unite por ml. A control to test the nctivity of the |

:
I
enzyme vin8 run 28longalide using phenolphthnlicin glucuronide, HI

(oupplied from the Biochemietry Deptirtment, St. Nary's
Hospital, London) ne subatrate. MNixtures were incubnted
at 38.0 + 0.5°C for 48 hours. The test mixtures were
examined on thin laycr ploteo, while the blank tube was
testcd for enzyme activity by meking the solution
alkoline wlith dilute oodium hydroxide, when a pink colour
developed if the enzyme wao Active,

X111, Carbon monoxide aeration of incubation mediunp:

The method of carbon monoxide acration had been
adapted from Christenson and Wisaing {4972). Carbon
monoxide was generated from sodium formate by the action
of ooncentrated sulphuric 2cid. Kippo apparatus wos

useéd no a continuous gnos gencrating system. The oarbon

@onoxide generntcd was desoxygencted by pasolng through

soturated alknline solution of oodium dithionitse. Tho
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ensuing gna was uoed to aernte the relovant

: nt;tibat'i on medium,

Xav, Determinntion of Iodine mugber of tha toXin3:

The method of Basair (1963) was uaed. The lodine
vnlue of & chloroform blonk wae first determined and then
thitt of the chloroform solution of the teot subatcnoeo
using sodium thiosulphate. The difference between
the two titres multiplied by the i1odine equivalent of
1 @1 of the N/4O sodium thiosulphnte used in thc
titration gove the raquired iodine numder,

T0 5 ol chlorcform in a conienl flaok was added
5 @1 "Dam’'s iodine'. The flosk wae corked and left in
the dark for S5 minutea. To this then wns added 5 ol
of 19% potos3ium iaiide and 20 ml wnter. The mixture
s2C tstrated with %/40 sodiua thiooulphnte ueing 1%

slarck ag indicator. Using the some procedurea, titre

redinng were tacen for the 5 ml of each sample,
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Invectigation of the varintion in totni toxin, pi
and mycelinl welght when Aspergilluo flsivup wao grown on
palm onp medium and yenot extract medium,

The production of aflatoxin in the yeast extract-

sucrose medium by Asvergillus {Aavuo hho been shown to

vary with the period of incubation (Davis and Diener,
1966, Diener and Davis, 1966 and Bmafo, 4970). In this
experiment, the perfod for the miximur production of
toxing 1n the nalo ozp medium w3 the associsted chunges
in pd an3 nycelinl weight were dotermincd. Thio wns
comprred with oiecilar ohnnges in yeaot extr&ct-gsucrose
alivz under identical conditions.

mgigmtal Procedursg:

L Presh pala sap obtained ns described proviously

;' o &9 ), wao diosributed in 50 cl aliguoto, into

0 al, Zriewsyer flaoks, The ycaot oxtroct-sucroase
2 waa 0isilarly dietributed. The flasko were
lugzed with non-ahiaorbent entton wool and nutoclaved
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a8t 15 1%/89.1n, for 30 minytes and allowed to cool to

M Eé”mperﬁture. Bach f1nok was 1noculated with

Aspergillus flavun Spores uaing a wet pletinug loop to

tranafor the opoles eng shaking each flask gently to

obtain 2 uniform disperaion of the Bpores in the medium,

Flacks were then incubated ot 30° + 2°%C as atctionnry

culfiires.

Duplicate samples of each get were harvected each
day by filtering through a ¥hatman No. 1 filter paper.
The mycelinl matt wns washed with diatilled water and
dried overnight to a conntant welght at about 100%
uelng & hot-air oven, The somplee vere then welghed.
The @il of the filtrate wao determined with a pH meter
(Rodiometer, Copenhngen).

To deicrminc the concentration of the totnl
chleroform extractable foxine » 10 o1 of filtrato from
exch flask was extracted twice with 20 ml portions of
Shloroform in a sepnrating fuonel. Extracts were
Pooled together, dried with anhydrous sodium sulphn te

~ 2mt taken to dryness in rotnry film evoporator. The
reaidue was taken up in 2 ml of ohloroform and the

c01 densities at 365 nm and 420nm tokec. Concentration
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f totnl toxin wns obtained by the method of Nabney
~ end Neebitt (1965),in terms of aflatoxin B,

—

I' Resulta-
A plot of the weight of mycelin agninat the period

of incubation is ohown in figure 12. All through the

pariod of incubation, the weight of mycelia from the

yenot extract-sucrose medium was found to be greater

thon thet of the palm sap medium. Thie probably

indicatee a higher growth rote in the yeast extrnct-

gucrose medium over the paln eap medium. The growth in

both onoee increased with doye of inoubation, reaching

8 mhximum at about the eixth day.
Figurec 43 and 14, ohow the plot of toxin conceatrntion

In 10 ml of medium in the yenst extract-sucroee medium

and the palm eap medium reapectively ond the corresponding

canges in pH. Total toxin produced in the yenet extract

I sucroge medium wte greater than thnt of the palm eap

I medium. A moximum of 0.3 @e/10 ml of solution wos

- obtained in the yeoet extract-sucrooe medium os compared

* brn overage of 0,26 n2/10 ml in the palm oap medium,

',! tW,e,},,:i wag obtained on tho eixth day ia the yeast

. ﬁ-'\et mapr-oee med iunraes "o e Hthday in the palm oap
fl
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dium, ueing the osme etrain of Agpergilluc flowvus,

The rice in the production of toxine was more gradunl
the yeast extract-ouerooo medium and fell more
steeply nfter peak production than in the palm sap

nedium, where production rate wng faster but fell

legs rapidly efter peak production,
The pH of the medium fell an the toxin concentration
inoreased and reached the lowest vpiue ot the point of

higheet toxin production. In both cases, the fimal pH

was around 4§,
Conclueion:
. Toxin produotion, pH of the medium and growth of
Acpergillue flnvue funguo, varied romnrkably with the
period of incubation in doth the palm eap medium ond
the yeset extract ouoroce medium,
¢ Yenst extract-oucrose medium was superior to the
Palm oop medium in the support of Agporeilluo flnvug
growth and in the produoction of toxins,
. In the yeeot extract suorcse medium, maximum

oduc tion of toxin by Aspergillue fluvue wao on the oixth
do I while, under the some conditiono, maximum production

ne on the fifth doy  IrcAdiia BALTRerOS BRy BREECE UM




DWESTIGATION 2

Further investigetion of oome phyoical characteristice
I.' 'F i
»f Palmotoxins Bo and Qo,

The structuree of the palmotoxine Bo and Go are yet
'Mn-.. It hae been pootulated that they may he

hydroxylated long chain fatty scids, of the type deseribed

enrlier on in thioc thesis, This postulsaite has not been
'-fqund conaistent with some of the c¢bserved characteristice
of the oompourds, It hans been fcund ncceseary therefore
to re-examine 8ome of the phvoical characteriotics of
these compounds. In doing thie, the main line of approooh
wa8 to compare theoe charncteristice with thooe of other
~ known metaboliten of A, flawug, with a view to disccrning
any oimilar featureo,
: ;mi erimental Procedure;:
. .}s_olwtion:
The procedure previously used ond denoribed under
methodp' was retadned except that o test which involved

e

artitioning of the oubetances between water and dietbyl

' ‘h’-l!' also been introduced.

The schemc giren, oumarioec the prooedurs so far
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1, otarting frov the crude chloroform concentrate,
& -Ang he _

w -

h has been subjected to a primary purification

.r
- "‘:

ORUDE EXTRACT

thin layesr chromntography in
J chloroform: methanol 37:3 v/v;
Fas qrscruped, eluted and concentrated

T'iret 1solnte of Palmotoxins Bo and Go

Rechromatographed in chloroform:
1Y methanol: formic acid {95:5:1v/v).

SDCO&& ISOIATE

Redieoolved in chloroform and

aqueous eolution prepared from
thio under Nitrogen.

Aqueous solution of
palmotoxino Bo and Go

Partitioned with diethyl ether

Fluoresocent

thereal phane aqQueous phase

On rluoreecent)
- Re~extraoted with chloroform and run
1 on thin layer plates

Eluted, concentrated and repre-
A%““ﬁTbT%HE@Hmfﬁﬁw”bhloroform with l
J n-hexane or petroleum cther
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"lhe-luba-ti\ncee were dissolved 1in either water op

N methanol and theip Ultraviolet cpectra tnken in

9 r\.

‘Rlmer,

and in methznol respectively, using the Perkin-

Ultraviolet - visible Spectrophotometer 1273V,

The Ultraviolet Spectra of aflatoxino B1 and G

4 were also
.

Recul to:

The Ultrnviolet Spectra of aflatoxino 81 , G, and

1

thooe of nqueouo polmotoxine Bo and Go have been glven
earlier (Figures 1, 2, 3, 6 and 7). The Ultraviolet

Spoctra of palmotoxinz Ro 8nd Co in methanol ere given

In figures 15 and 16,

Infra-red spocirn analyoia:

The infrn-red opectrum of each of the sube tances was

- obtalned neat on sodium chloride dioca. A conocentrated
Jﬂﬁlh*éol of each of the oudbatances wns placed on the
6ioc and the ocolvent was alloved to evapornte. A Perkin-
“A3Cr" Infra-red Spectrophotometer 137 was used to

»+31n  the speetra., The infro-red opectra of nflatoxins

'-'g Q'I were obtnined in nujol ueing tho same equipment.
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The spectra for the aflatoxine B, and G, havo boen
:ﬁreb&;"," (Piguresa 4 and 5). Tho opootrn for

almotoxine Bo and Go are shown in figuroe 17 and 18,

haktis AR SNnen L Qa¥la rrl1 A

The fluoresceace Spectrum of €ach of the toxins -
toxin 31 palmotoxin Bo and pnlmotoxdn Go, was
‘sttained in dilute chloroform solutions using a
Perkin-Elmer fluorimeter, model 203. Readings were taken
vetween 220 na and 40O na,

aitis:

The fluorescence spectra of saflatoxin B, and the

I ?
pelactoxins Bo and Go are given in figures 19, 20, ond
€t. /) the toxins show &an excitation maximum at 365nm;
¢ 20 emiazion aiximuo of L4410nm for allatoxin B, and

.. inciasin 30 but 425na for palmotoxin Go,

Bicieer Masmetic Resonnnce Spectroogopy:

Toc ouclgar magnetic renonsnoe of tho subntnnoos
. Phtained in deutcrated chloroform with tetramethyl
a¢ an internal gtsmdard. Bpectra were obtnined

7 the Yarian Asoccintas model of nuolcor mngnutilo
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resonance equipment. This was nleo compared with
1

that of aflatoxin B,.

R8gult :

The spectra arc given in figures 22, 23, and 2!

c .
A oummary of the physical data obtained in thiz

otudy has been given in Table 6. Data obtained Trog

literature and gome which were obtaines aoring this

~ Work, on known aflatoxins have been included for

comparison,

Determination of Iodine Value cr Palmotoxins Bo and Go:

The 1odine values n? »dlmotoxina Bo and Go were

determined in chloroform by the method of Basoir (1963)

Detailo of the method have Lieen given 1in Chapter III.
The values feor ofiatoxins 8,, By, G, and G, ore alao
Riven for compariscon (Table 7).
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INVESTIGATION 3
it _

il r
AT emi‘m'ftion of the toxicity of the pnlmotoxine

- 'qh Go on 20 day old rats.

m variouwo isolateo of Aspergilius flavyg, lave
ghown to differ remarkably in their toxicity to
different species of animle (Carnaghan, Hartley and
0'Kelly, 1963). However, aflatoxin B 4 hao been recognized
1!0 the moot potent of the hitherto, isolated metabolites
The toxicity of the palmotoxins Bo and Go has been
;pagaa_aed mainly on chick embryoo and they hnve been
'!_r_xpwn to induce death, 1liver leoiono and other
norphological changee oimilar to the oflatoxino {Bassir
and Adeknnle, 1968 nnd 1969; Basoir and Adskunle, 1970b),
Ko work hao oo far been done on the poooible
4| q_bg of theoe oubotanceo to mommalo, The preoent
"i‘ > hae beon doeoigned to ehow the possible effecto
1 p_ doses of the palmotoxias Bo and Go to the
¥hich hao been onooen oo reprecentativo of thio
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methode applied for the onssesement of toxicity
ailar te those of . Chang, et al, (1963) and Rao

e é'“ng (4974). These were; loss in body weight,

action in liver size in relation to the body weight
ind chvngen in some serum enzywe activitiec,
20 4oy o0ld male rato (wistor strain) were selected
_":_a litter mntes and arranged in five groupc of five
nimls edch. The animnls were housed in cages ond cupplied
food nnd water ad-livitum,
The animale were etirved overnight prior to the
irinietration of the toxins. The rats were weighod
d three groupe ware injJeoted with three different

a
Y

concentraticnc of palmotoxin Bo or palmotoxin Go; the
1

fourth zroyup was injected with aflatoxin B1 and the laot

réryed Qs control, reoeiving only the oarrier

b animyl (31 - 371.5g-wt.) roooived oonoentrations

@otuxing Bo on'l Go oorrespondina to 1.6 ma/kg
1
) for the firat ¢roup; 3.23 mg/kg (100 ug) for
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cond group and 6.4 mg/kg (200 ug) for the
rd group, The fourth was administered with 0.5 me/k
,':'i- *} of aflatoxin B‘t while the fifth group was

M
I
-

ac ._ iotered with proylene glycol - the carrier solvent
for all the toxina. All injections were given
traperitonenlly' and at 9.00 a.m. each morning for 45

daye, The weighte of the animalse were token on

| alternatc doysc in most cases,

The animala were gacrifliced by decapitation, one
hour after the 1last injecticn. The blood from exch group
‘waa pooled in centrifuge tubes cocled to about 4% 1in
| {co-wnter mixture. Thece were centrifuged and the serum
imedintely separated from tho blood cells to avoid
any contaminntion through haemolysle, The sorum alknline
phosphatace activity and glutamic oxnlo ncotio acid

{S00T} irungaminace activity were determined ns described

0 paxs 31‘10 , for enoh group of animals, The animals

‘¥ere ploo dissected and their livers excised immedintely,

ghed and preserve¢ in formol-s2line, Sections of
ver were preparcd ueing the Ultramicrotome (Leitg
i2elar) and the oectionn stained with hoematoxylin
1
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in. e oectione were examined or histological

srations using o Leitz Wetzlar lorge rescarch
opcope ;bﬁiholux) equipped with a camera,

aulta:

A 4% 2 <
1

=

| i’lh!ka treatcd with palmotoxine Bo showed o ccnsistent

,5-" 38 of wcizht compared with the control. A plot of the
ly weight agninat the period of treatment (Fig 25)
I-~- ed that the loss in weight, wnec dose dependent for
the dosen used. Palmotoxin Go trented animnls did not
2xhibit any obaervable loss in total body weight when
campared with the control, {(Fig 26), This was nlso
irrcapective of the doses used; though lower menn

ghte were conaistently recorded for the group of
animcla edminiotered with 200 pg of palmotoxin Go,

The palnotoxin Bo and@ aflntoxin B, treated rats,
howea « reduction ia their respective liver sizes in
relstion to the total body steight (Tnble 8), The
reduction also varied with the doses of toxin injected,
‘he palmo _;tin Go treated onimnls did not show any

I ricble 1'.'_00! in totnl liver welght with respect to
:’-"';'j‘f : -'_\bﬂght except thit tho lowsot liver
r
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WTDMF PALMOTOAN g5 (oays)
mewelralion of Palmotexin To on the body
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“Tl (woroge) | (wversee) | oo [ rawe

Initial weight | Pinal Liver wt/
oi‘ rats (g) Woight {g) 'M?ht

| body wit.
e T

54""5 9809 S.O 5.1
31.8 85.0 4.8

3.5 81.0 . 3¢9

51‘05 75‘00 3.1}

31.0 8.0 ] 45
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t/total body waeight ratio, woo obt#ﬂr;eﬁd li_n. t,h,g

.

)

oup treatod with 200 ug. of prlmotoxin Go (Toble 9).

(™

o denths were recorded during tho period of
‘study. Bxamination of the livor eectiono, of the

'."‘.:._"? Bo and Go treatod rats did not rcveal

Y mcrked pathological changes when oompared with the
control. There were changes, however, in tho aflatoxin
QI !Ira1tiad r~ts ns shown in the degencration of oome of
ﬂfm cells. The cell outlines in some chees were no
longer distinct (Plite 3~, b, c, ard 4d).

Table 40, shows the serun alknlino phoophotaso
- 22tivity and serum giutamic oxalo acetic ncid activity
' 2sr doth paleotoxins Bo and polmotoxin Go treated rats.
. The 721lues for the nflatoxin B, treatsd animals hnve
Lass given ulso.
n the palmotoxin Bo treated rato, there wans o

femarkable increase in the valuee of the glutamio-

uacetic scid tronceminneo activity whon oompnred
Bits the control. Though there wao an inoronee In the
mlues °f e nlkayline phosphatace activity, thie wac

P°" ag pranounced aa Ln the onge of ths tranoominnoe,
.-'i' . i
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Plate 2¢. PHOTOMIcROGRAPH OF  LIvER I

Seciiens OF  PALmoron~ Go TREATED |
AT B’AEMATw-/Lw v« EOSIN STMANEY x@ .
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Plafe 36 pHoTomicrosRAPH BF  Liven

SECTIoMS OF AfLAToxiN & Teeate ) ll-l
RATS (\HREMATW\;L!H x EDsin STMNEQ?W) ol
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Body weight
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PALMOTOXIN Go TSRATED RIS

o7

|(Intemational

[Bntta/Litre

| Axaline
phoaphatase
| Level (Mu)

GOT Level
(Internationa
Units/litve)

1

F

A1k~ na

phiosphatase
Lsvel (Nu)

~

L | 12,54 1.0

10 pg

1-..

ko
. \-l,
B

-

ps | 190215
|

|
2k,5 » 0.5

33.0 + 3.5

toxdin| 26.0 + 2.5
1

23000 :. 1 .0

215 + 316

=1

21‘}00 _" 2.0

12.4 + 0.5

11.9 + 1.0

12,5 + 1.0

13.0 + 1.5

26.0 2 200

203.0_: 3.0
2%-0 (= 2.5
20h

1 206

206 3.0

L

Ku = pillivnite = 0,06 cmole units (Besasy, Lowry
and Brock, 1946).
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enzynes in tho palnotoxin Go treated
I'.n zst 5 1ﬂcnm.]ﬁg, for qny deductionn
*.l!i it. The values were compared doth with
the control and aflatoxin B, treated antanio.

. the dose levels studied 20-dny old rats appeared

1 ,{;";_" 3 to nflatoxin 13=1 and palmotoxin Bo toxicity,

e box n Go did not appear toxis to the mts nt the
|

!
I-“‘ JCGO .
y »
|
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IVESTIGTION 4

Comparioon of the metaboliam of aflatoxin B, ond

£31 by rat liver mierosomal-plus-soluble

*tions.

- Aflatoxin B, 1s hydroxylated by the liver of rats

nd moot other animlo either 'la vivo' or 'in vitro',

te the y-hydroxy-nflatoxin B, referred to as nflatoxin

N @Qi.zapfeﬁ , Steyn nrd Purchase, 1966). The rat nleo
converta it to the ¢-hydroxy afletoxin 131 (aflatoxin
9] (Schobort and Steyn, 1969; Steya, Pitout and

Purchnoe, 41674). It is nlao metsbolized by the cleavage

f the metiioxy group ylelding formnldehyds which ie
ther converted to oarbon dioxide in the body (Schnnk
Wogan, 4196%5; Wogon, Edwards and 8chonk, 1967;
iyeml, 1968 and Basoir gnd Emafo, 1970),

mlw: 18 known about the metabolism of aflatoxin

O A
it e lelieued, haovever, to undergo similnr
|

lve processes as aflatoxin B1 . In tho preaent
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~ INVESTIGATION 4

son of the metoboliom of oflatoxin B, ond

é'1 by rot liver microsomal-plus-soluble

ons .
~ Aflotoxin B , 18 hydroxylated by the liver of rats
aud moot other animlo either '1n wivo' or 'in vitro',

t tma L4-hydroxy-nflatoxin 81 referred to as aflatoxin

I
K, (Holzapfef), Steyn and Purchase, 1966). The rat alao

converts it to the ¢-hydroxy aflotoxin B, (oflatoxin
B,,) (Schabort and Steyn, 1969; Steyn, Pitout and
Purchnse, 1971). 1t 1o olso metobolized by the cleovage

he meihoxy group ylelding fornnldehydo which 1is
N

furthor converted to carbon dioxide in tho body (Schank
nd Wogan, 1965; Wogan, Edwnrdo ond Schonk, 1967;

| : 2.' 1968 nnd Bneoir &nd Bmfo, 1970).

guch 18 kno®n about the metabolism of oflotoxln
|

I }ol.iifa.veq, however, to undergo oimilor
| .

1
,lveo proceasco a3 oflotoxin B

g In the preocent
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1

t, the hydroxylation and demethylation of

]
- 1a 5 .
<in G, are eotablished and compared with tho

ylation and demethylotion of aflatoxin B, uoing

e N

he ro ,-\t'er-'mi‘oreeomal-plue-aoluble fractiono.

. T .
? ™ a » .-Aqn. v ¢
.S QA UIN-100RD W !

—

L) |
| '-I_. e

Pure aflatoxinaB 4 ond 0.1 obtained anep decoribed on

e 76 , were diooolved in chloroform &nd eetnbliahed

N

'

> have eingle spots by thin laycr chromtography. The
’yfr" oroform solution wao gradunlly added to o omall
:p»s- 1t ty of distilled woter and tho chloroform blowm
ff with Nitrogen. Thie procedure was adopted because
of the poor solubility of afintoxin in water especially
‘when available or a eolid. The concentration of the
‘aqueous solution was then estimated by the Spectrophotometric
sethod of Knbiney and Nesbitt (1965).
Incupations for enzymic activity were in 50 ml
n_ﬂleyar Tloske each contalning 50 u mole onlootinnmide;
I mole glucose 6-phoophnate, 0.52 p mole NADP, S8 hnuk Ning
B @ole semi corbazide hydrochloride (pH 7.6) and

l‘lll L

} )1¢ of either oflatoxin 131 or 3, ond 2 m. of

1
pluo-coluble fraction corrooponding to 0.5 g
i

k
|
1

‘\
.r‘

| AFRICA DIGITAL HEALTH REPOSITORY PROJECT




tal volume of 5ml, Flael

tvop 'Y"' incubator with ohnl
‘and at 37.0° + 0. &G Controls

.
) o

--1"

14
After precipitating the proteins with 20% zinc
te and saturated barium hydroxide and centrifuging,
bolized aflatoxins B, and 01 in the supernntant
eotimated. ond the omount used up obtained by
' -.“ 3, The formnldehyde contcnt of the supernatant
¢atimnted by the Naoh reaction. The fluorescent

abolites were also estimnted by the 'Null fluoresoenoe

inigue’., Fluoreacent metabolites were obtnined ae

seribed on page 93 ond the Ultraviolet apectra
ained in methonol (anzlytical grade), ueing the Perkin-

Ipectiopiiotometer 437UV,

values of the two metabolites of aflatoxins
on 8ilicn zel G plates ('ohromnlay' brand) are
I
n 1 sble 11a ond their Vltraviolet abaorption

wr, in Table 11b, Figure 27 is the

& qgm; of the metabolite of aflntoxin B,
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. reprosent the second metabslites roapectively
@ of the toxine B4 and G4

'kﬂ_ Solvent: 1‘9}: acetone in chloroforn v/v
\bi Sqivmt. 3. methanol 1n chlororofn v/,

TABLE 14(b)

n Peaks (n M) of aflatoxins By,
lerivatives My, My and 'GN'
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I
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[ - i oA il.- LilC ;‘ ‘-ﬂli K 1 II”. 3 r :.'I" 1.11
_ 1 ‘ 1 1 :
sl AL L 3
raviolet absorption penks, Figure 28 ic the
) i

let spectrum of the aflntoxin G, metnbolite
ot 1 ca !-e!qmﬁf'hg to 'G¥'. The two minor metabolites
re not investigated further. Reaction of the iecluted

) _»'f_. and 'GH' with acetic anhydride, ylalded a
Juct which dh@fmigmteﬂfmm the base line when applied

to thin layer plates and developed with ¢ 0% acetone in

:hria (v/v). Thio has been trken to puggest the

of bydroxy groups (Facfo, 1970). Plate ¥.shows

the aflatoxin G, metabolitee on thin lnyer plateo,

1
Wucuon of aflatoxins !41 snd 'GY' ond demethylation
{ aflatoxins B, nod G, ore given in Toble 12. The reoults

re glven ns meone of duplicate experimento with ten

.l"-_té yon f1asksS in each set and thelr standard errors
_-, represent ylelds of a one hour incubation and

114 'pg mic,xjoeome-'plua-sbluble fractions from the Bsame
'er pool., The vhlue for the totnl amount of nfirtoxin

.bolized wos slightly higher than thnt of aflatoxin

.-
lte difference was not pignificant. However, more

prod et oand formiuldehyde were formed in one¢

fintoxin B, than, AROLAXLR.Dsacthe differences
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fed as aflatoxin M, on the bage:
1 "r'"_ olet hbeo;_a"n'u'-op peaks, Figure 28 10 the |
fitraviolet spectrws of the aflatoxin G , metabolite |
I

L -
|?' l‘t*‘: A

correspondiag to 'GM', The two minor metaboliteo

ere not investigated further. Reaction of the tsolated

eflatoxin ¥, and 'GM' with acetic anhydride, yizlded a
- oot
roduct whioh diag, migrate"m'om the base line when applied

'7 thin layer plittes and developed with 40% acetone in

shloroform (v/v). Thie has been taken to suggest the

‘presence of hydroxy groups {(%mafo, 1970).Plate 4 shows

the aflutoxin 01 metabolites on thin lnyer plates.

Produotion of oflatoxina ¥, and 'Gi' and demethylation

'gﬁigthins 81 and 01 are given in Table 12. The rescults

are given as menna of dupliciate experiments with ten

incubaticn flasks in each eet and their standard errors

EY

0 repreasnt ylelds of a one hour incubation and

1% Azing microsome-plus-edluble fractions from the snme

I
*2¥Er pool, The vnlue for the total amount of aflntoxin

efbolized =8 olightly higher than that of aflatoxin

2 "I'dd.-t-‘ference wae not oignificint. However, more

product and formnldehyde were formed in one
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tabolilgm of Mhtoxim D, and G,

e

e — I'-'--....a

> age tatal )«rso con- 'R_omaldahyﬂo | :
toxin verted to fomed ]
metabolized | ¥,/"Gy" ( mp aola)

s |

| 86'.1 _t 1-9 7.87 :_ 0.40 25-0:_ 206

90.7 221 | 0.7 £0.07( 9.8+ 0.5

;-—-n S -

P 0,05 (s) | p o.ool(s)'f P 0,001 (5)
|

‘= Standari error

Not =ignificant
Significant difference
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nt. Despite the seemingl

, y
0. in metalyolized, ‘the amount of Wl
] |
products were very small in camparison, ! ‘
Il'

1

|\

flotoxin G, is probably hydroxylated nnd demethylated
y the rat liver, in n manner cimilar to of?atoxin B, .,
Aflatoxin B, 1s, however, more ean!ly demethylnted

_ ]
‘hydroxylated than oflatoxinG, .
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Om o1 DOLlmOotoX Bo

n NOAOMA2 1L =D N =00 hle Irs on:

Thile the fote of aflatoxin B ’ in blological oyotemo,

ch 28 described in the laot experiment, hno beon well
& mented (de Yongh, Vleo ond Van Pelt, 1364; Holzapfel,
Steys ond Purchoae, 1966; Masri, et al, 1967 and Wogan,
irda and Schank, 1967), the fnte of the palmotoxins
'In yitro' methods as applied

and Go 18 yet unknown,

1
ia the otudy of oflatoxin B1 , have bheen utilized to

nvestigate the blotranzformation of palmotoxins Bo and

I;I‘ r

xperimental Prgccdure:
~ Pure poimotoxins Bo or Go, woc dissolved in chloroform

and the chlcroform osolution odded to distilled water with

-otrenm of liltrogen to dlow off the chloroform from tho

The concentration of the agueouo solution wae

€lérnined from the standord curve,

. A mole of each toxin woo incubated with 50 p mole
5-phosphate; 50 4 mole nicotinamide, 50 u mole

aium shloride, 0.52 ¥ molo NADP and 25 4 mole
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v ,
e
-
. '.'.,,"r..'.'. ‘meoﬂae m;d 221 of micr )
.“_".' fraction equivalent to 0.58 liver weight,

B]
»

L 2 "‘.f volume of Sml- and using 50 ml: Erlenmeyer
By
e control tubes were also included. The firot
tub Ehih)"rmﬂnéd all the rengents but no toxin, Tube
;i'iﬁ_.frlnéﬁ the toxin and the other reagents but no
liver fractione, And tube threo contninad the reagenta
s L-'che toxins but incubated with liver fractions
deac tivated by heat. The incluaslon of tube one, vna to
"";-“u pensate for any endogenous chromogenic aubstancen
Chriatencen and Wiseing, 1972). Seven flnoke oontaining
the teot were used. The ten flaaoks were incubated in
air at 37.0 + 0.5*00 for one hour in a Gallenkamp reaction
fncubator with shaker.
;'P,poteins were precipitated by the method of Stitzel,

& 2. 1966. Supernotants obtnined after oentrifuging
1 i

r WO g for 15 minuten were extracted with chloroform,
€ ¢h] Foﬁolm extracts were concentrated and examined
& - I —

thin layer for mny fluoresoent products. Port of the

b

nt wao used for formdldehyde determinntion by

- [
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qﬂmttm of palmotoxin Bo were 1dqntrfied
10@5er These hnd lower Rf, vnlueemn the
ent &m}mund (0.22 and 0.21 recpectively) in 5%
hanol in chloroform (v/v), thus indicating their
‘ ?&‘far nature. Only one derivative of palmotoxin
0, th Rf. values of 0.2 wns isolnted, Applioation
f the Nnoh reaction to the supernninnt gave ¢ golden

yellow colour indicating the pregence of formaldehyde

ff- mixture,
Fluorescence wos 0lso observed at the point of
lftmtiqn of the samples. Thies was suspected to be
| FO:lugute ond was further excmined.

urther exawingtion of the isolates from incybation of
.-.I, motoxine Bo and Go with fhe rat liver-nlorosggal-

Rluk—soluble fraction:
ﬂ_l}c_ _mgn_jor derivatives of polmotoxins Bo and Go
‘1‘;,..‘

R 0.22 ang 0.2 respectively were exnmined further

' 'r— c,f;k\ragwi,sti'ca. Study on the seoond

pi mtﬂ,bolite woo not carried out in vicw

ouq.m't produced, thus hindering any

I.
"y
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ady, f ver, the w o

Mo hﬂﬁl‘l 13 . muhmmu
| hwmm wera voncentrated and redlssl ved
',L An dqueous solution was prepared M.
Il‘hqh Mtravislet eharsoteriotise were

a0 5 Perkin-Blser pectrophotoseisr 1 $7UV.

e
SESIeSomoe Spectra were detersinsd o ohlaroform,

N

Perx 4 flsoriscter role! 209,

B fsclates were further rescted with ncetlc

File Al the reactlon mixture run on thin layer

2 &N mevrancl in chlorofors (v/v) o0lvent

-y

. _—

B flusrercrai group 5t the base line of the

e cee walogres ¥ exteactsd ¥ith % methonol-

sdxtars, (5:2:2 v/v) nnd the extract

28 8 retary fils ewmporator, The concentmta

_._.__ --ﬁh Jogmr pistes miing n-bitanol-
w 103181 (v/¥) ns developing

b o rissrsssset saisty wan discernsd In

LD ol B¢ sad with NS, vnluen of

g rot s *ADIMAMM&J&T sere Lentad

S -
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|; ures 22 and 30 show tpe Ultraviolet spectra of

2 P Igwm Bo and Go metabolites reepecctively,

tion peaks for the Palmotoxin Bo métnbolitelin

eI were at 215nm and 265nm while that of palmotoxin

Tz at 212nm and 272nm. Figures 31 and 32 show the

l'rbﬂznce 6peotra of' the pelmotoxins Bo amd Go

tabolites respectively. BRoth showed excitation maxima

I-;.l.
St
B6tabolite was at 4L25nm.

« The emiseion maxinum wao at 410ngn for

lotoxin Bo metabolita while thnt of palmotoxin Qo

Productn of the reaction of the metsboliteo with

enhydride did not move from the base when run on

or plates using 4% methnnol in ohloroform or
-

-fr one in chloroform {v/v},

ve test for conjugates wao obtoined only for

u_ e conjugotion. Hydrolysis with & -glucuronidnse

:, o eocent oubstonces with the some Rf., value

rent compounds (palmotoxina Bo and Oo),
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How : ?éimb]:ihhed the fluoreocence characteristicoe

"‘f‘u oxino Bo and Go metabolites their relative
ties were compared with those of the panent
sompounds in chloroform solution, using the enme Perkin-

mer fluorimeter model 203,
Bxperimentnl Procedure:
- A solution of either pnlmctoxin Bo or palmotoxin

0 in chloroform wns diluted with more chloroforn

_l 41 their opticnl densitiso token at 265nm, ueing o

I lod
Unicam 3p. 500 Specirophotometer were the oome ns thooe

IL'_‘ ’m reopective metavoliteno. The fluorescence intensities
. an excitritdon of 365nm and emission of L4i1Onm for
polmotoxin Bo and 1te metabolite ond L25nm for pnlmotoxinm

=

'-':;_‘ +to metabolite were read off the sodle.
e .t:

II'n.lp;h cngeo, it was found that the metaboliten

* twlco as fluoreacent as their parent compounds,

rot liver microsomnl-pluo=solublo frection,
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'J_I':'_‘ ]l mo ”:{ 'B'QM tifo ot

= - -
" = T J
B O ADD
- ‘W .
= -

. -f‘ Tl 40 AT Ch OO

."H' It!": X {

fnifarmed polmotoxin 0o into only one new
1 .
.

., Th#5e ars probably hydroxy producta,

mmothylstion occurred when rot-liver microsomsl-

*

= “: ble ﬁ‘.ﬂeuon was incubnted with either

_9@ or pMmotoxin Go.

fluorescence intensitios cof tha metabolites of
i
xins Bo and 0o, were twice 0o much an their

. g

3t compounds,

" onide conjugites are formed shen either

e toxin Bo or palmotonin 0o wno inoubatod with rat-

-

iver Mog,pm.},-plua-ooluble fractiono.
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atlon of the co-factor reguirepenta in the

tea' metabolism of palmotoxine Bo and Go ueing
n., RAIOMA L -1 = O (O LC v Ctio 8-:.

e incubation medium used in the ’in vitro' studies
o f9r, hos been reported to be idenl for the study of
e metabolica of aflntoxin B, ond to result in paximum
et ity of the drug-metabolizing enzyzes of the rot
iver (Emafo, 1970; Baosir and Bunfo, 1970). It hoe
F €t ohown that withdrawol of eny component or its
substitutiona with other oo-factore might affect the

enzyme activity, Usipg the came mothed, o study of the
!

42

Il' ‘theee factoprs nve been investigated and compered

ence of the metaboliom of palmotoxine Bo and Go

PF 0imilar effects on aflatoxin B"i

1" Lgatn Procedure:
] i’qm‘ batchee of five 50ml. Erlenmeyer flaoks were

lrlI. ?he experiment, Into the firet botch wae added

i mole of mngneoium chloride only. The @econd botch

' '@ 2 molc of magneoium chloride and 50 u mole
Iﬁ_‘ -phoaphn te, In the tiilrd wae added 0,52 )1 mole
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1
B .

# mole glusose-6-phoophate and.

J“ — -
'y
agide but no magnesium chloride, The final d,tch

Iﬁ')e complete syotem of Baesir and Emafo (1970),

ing all the above foctors in equivelent concentrations,

——

b |

‘our of the flaeke in ench batoh was 0dded; 50 m mole

* either eflatoxin B, or palmotoxin Bo of palmotoxin Go

1
I' e liver extract, equivalent to [f0Omg liver and

y'. ) mole eemi-carbazide hydrochlorige (pH 7.6). The
fifth finok in each batoh wos uned as control and
- cant j.r;ed liver extract dbut nc toxin, One of the four
-:_'3 ks. containing toxino wus nrlao used ans control amd

, '~', incubated with liver extract deactivated by heat,

3aen flack wos 99de up to 5ml. with double distilled

reter, The naake were incubated for one hour gt

"

7 { 4 0.5°C in the Galleaknmp reaction incubator equipped

{th a staker. The amount of toxin loft after incubation

2 satioAted as before by the 'Null fluoresotnogd

= and the formnldchyde produoed petimated b

y tho

enc¢ of oo-faotoro an the 10 vitre
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1
116m of aflatoxin B, , prlaotoxins Bo and Oo I

N R - : ;- “_ .
abuloted in Table 13, Table 14 also shows the
Pfect of the co-factors on their demethylotion, There
'no metnboliem of the toxins in the medium containing

agnesium chloride only. No demethylation took plnce

[ ,
 the medium in which glucose-6-phosphiite wnn added to

ART .ma chloride. Valueo obtained for total metabolimm
this medium were rather gmall, olmoet inaignificont.
"ne introduction of NADP ond cicotinamide ia tha

resence of glucose-G-phosphrie, without maganesium
:T appeared to have triggered off the renotion to

3 rensomable extent,

: From the valuge obtained in the last batch, mngnasium

-
"

Chloride appecared to have had a tremendous activating

influence on the reactions.

i

!
b

‘, I.F . ‘ -ha M
e e

-

Biotransformation of palmotoxia Bo and pnlmotoxin Go,

W

ppeored to involve NADP dependent anzymed similar to

oae ~ » the metaboliem of nflatoxin 131 .
r:f.g\-t ym chloride activated the metaboliam of
xin 3, pnlmotoxin Bo and palmotoxin Go,
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3ed by the squival
. D i— e

i —P'_-‘—di_alj- r——— = *

*—iﬁt lﬁfjl-&Oﬁn Palnotoxin T Palmotoxdin
i & Co
= —
1
0 0 0
 chlorido 2.45 3.6 L5
35e-6= +0.9 + 0 + 1.0
=
— - —
iootinaride 90.5 26,2 25.5
g6~ + 0.5 + 13 + 4.2
l| _. : d ’
gy 8.1 5745 95
aiie: x, 189 + 2.20 L
yte
i
i G —I
\ € = Standsrd error.
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_ﬂctors. on the decothy)

) 3 - P
|.‘ AN G D ) L)X o) [

) 9

f’-ozmdldohjrde forasd by the equivalent
of 0.58 liver nfter 1 hour incubrition

(in =1)1inicromoles).

Aflatoxin B‘i Fn]motmdn Bo

Palnotoxin Go

;==-r =

w + Gluooso-6-

Ko ide phosphate

—

———

-

? + nlootinamide

o~ )

Y

o\

' e —

30080-6-phosphate

14,0 + 1.3

-
—

asiun chlorids +
tiranide + NADP
03¢-( -phosphate

%4

= Standard erroX¥.
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" ohancoo in NADP Nictinnmide'

*';'"""-=- g 'Eh_ _Qghate']' concentration on the
A on_of palmotoxin Bo gg_d mlmotLox;f_n_go:

view of the role of NADP in the nctivity of

P depecdent drug-metabolizing enzymeo (Pooner,

{tce, and Udenfriend, 1961; Niluocn and Johnoon, 1363),

)
tudy of the influence of the variation in conoentration

8 AV ¢
d

‘RADP on the deaothylntion of palmotoxins Bo and Go
.
32 carpied out. The relisbility of the formoldehyde

tigntion has ande it rendily acceptablc no an index for

b8 anseosment of metabolic activity.

erizenid) Procedure:

|
?he wther co~factors wero kopt oonotont, whilec the

|
aongentrntion wos voriod. Ilonce the medium wao

» of 50 u molo magnesium chloride, 50 p mole
g“=5-Phosphato 50 p m¢le nicotinamido 25 u mole

) = -

.|-.;-J= de hydrochloride (pi 7.6) and 500 p mole of

Verious concentrntiono of NADF reprooenting,

LI‘ ' a".'" of\l-iélc,'A Dlg'l'.Aé-l,EALTeFtEéO'SITOORY.PZO'JEcgnd g & mule

»

|
il




e RS
142 -

. T -'_ fte samples were 5eC
“ I i .
ion. 2ol’ of ruat-liver microsomal -p. """::ln 2
1as added to each in n total volume of 5m .

0l in which the liver fraction wno incubnted without

he toxin wos applied for each sample. Flasks were

yboted in air for one hour at 37.0 + 0.5°C using the

allenkomp reaction incubator with & shaker.

At the end of the one hour, reactions were stopped
by the method of Stitzel, et al., {1965) end the

;),,, dehyde content of each finek esiimnted by the

ash method,

e
Resulte:

| Variations in the concentration of HADP affected the

" mldebyde yields from palmotoxins Bo and Go. This
eff hao been represented graphically in figure R3.
FI__.- e formnldarvdo yleld rose with the ooncentration of
ADP unt!l at a concentration of nbout 0.4 p mole when
dditicn of more NARP did not appear to result in
nerensed foratldehyde yield.
slusion:
Lt agmn.tibn of 0.4 1 mole of FADP appcured

3 q:!. po ximum demethylotion of the polmotoxins at

sentration otudied and under the prevailing
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) FI
fariation in formaldehyde form~tion from =fiatoxin B,

na_Bo and Go as nction of time of inmovhiion:

211a0LO2

Bmnfo (41970) hae shown that domethylation cf aflatoxin
B, varies with the time period of incubntion with rat
liver homogenateo, The effect of periecd of incubation
of palmotoxin Bo and Go on their demethylntion hao thus
bvgen dtudied using rat liver micrcooomnl-plus-ooluble
fractions.
2frocedure:

Incubation mixture containing 50 & mole nicotinnmide,
50 p mole magneciuvn chloride, 50 x mole glucooo-6- 1
phoophates 0.52 A mole NADP, 25 M mole oemi—-carbazide
hyarochloride (gH 7.6) and 50m p mole of onch toxin =
aflotexin B, palmotoxin Bo ond palmotoxin Go, anl 2ml
ef e microoomnl-plus-gsoluble fractiono, vtoro used in
A total volume of 5ml in 50wl Erlonmoyer flaoko, Controlo
of indctivated (boiled) microsomal-pluo-soluble fraotion
aod pnother in which fresh liver fraction was addod without

tho toxins, werc employed in enoh o<oo,
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e -’&ﬁisk'a were incubated in air at ,Irf p_,’ﬁ."h_,
bt;l.‘le Gallenkamp reaction incubator with shrker.
nte samples were otopped nt 15 minute intervalc
jr'ecip_.itn'ting the proteins which were later oepardted
centrifugntion using an MSE refrigerated centrifuge,

The oupernatant from each sample was annlyeed for the

formnldehyde content as described 1in poge 99. k

Reoults:
A plot of the formnldehyde concentration aganinst

bd only been observed for aflatoxin Bﬁ . There wag,

however, a continuocus rise in the conccntrationo of
formnldehyde in the three sampleo no the incubntion

progrossed, The greateot amount of formanldenhyde wao

produced in 79 minuteo.

Conzluaion:

Demethylntion of nflatoxin B, palmotoxine Bo and Go

1
'in yitro' varied with time, with maximum productien at

ebout the 75th minute.
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time is given in figure 34. Arfter 45 minutes, demethylation



EXPERIMENT B

T e—

-

4 on the demeth lnt_ic_m ofﬁlmgtgxino

Demethylation of aflmtoxin B, 'in vitro' io reported

1
to depend both on pH and the buffer solution (Emafo, 1970).

e .
0.8 phosphate buffer; pi 7.6 has been found to bo ideal

r the demethylation of aflntoxin B, by rat liver

1
osomal-plus-soluble fraction. Since the reactionmo

le\ie.d enzyme catalysis, it is known from baoic studieo
tiot the hydrogen ion concentration (pi) of the medium in
h an enzyme ncts, influenceo the activity of the
‘enzyme renarkably. Thuo, ft io known that an enzyne

88 a pnrticular pH at which it acts best (optimol pH)

nd this varies fram enzyme to enzyme. The preocnt
“p‘ﬁrwent was designed to find the optim:l pH of
dnotoxins Bo and Go demethylatiqg enzymeo, when rat-

]
liver-oicrosomzl_plue-goluble fraction w#ns uped.

IDtric mtal Prooedurg:

40 mnle rats oelected from litter motes, were

e s e into 8 grotipE Bl tHETr~1Tvero homogenized

[ —

S R ———
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7.ty 7.5, 7.6, 7.7, and 8., The microsomal-plue-soluble

.34 potnssiub phoaphate buffers of

na Wwao obtained as usual,

~ Bach group was incubasted with 50 a mole of alther

-

almotoxin Bo or palmotoxin Go, using the somo co-foctors

:»: -ﬁ?éﬂbuﬂly described and including 25 i mole of semi- |
arbazide bydroohloride adjusted to the respective pH |
and in 0 totnl volume of Smi, The flaoko viere inoubnted

f

|

|
48 air for one hour at 37.0 + 0.5°C, uaoing the Gallenlnop :
reaction incubator with elinker, Controls were applied ,
1

. for eaoh group as in carlier experiments. Proteins were i
precipitated nnd the formnldehyde content of etch ,:

sypernatant corrcsponding to the different pH values, wos

estimnted Ly the NHosh renction,
Results .

o detectoble formnldehyde was formed from palmotoxin
G0 in vitro ot pi of 6. There was, however, o gradunl

T

2 in both cagses till n miximvm at p 7.5 and 7.6

1 regpectively was attained (Figure 35).

PBCiUnlon: h

Optiml pH for ths 'in vitro’ demethylation of the ]
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210 (I)m Bo and Qo wao betwoen 7.5 and 7.6. ]
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SECTION 3

INVESTIGATION 6

ann g he effect @ neo_ieo JifCorano0f i1

e aetoboliem of aflatoxin Bj, palmotoxin Bo and

| s

ﬁ notoxin Qo :

Reaponse of onimila to drugs and biologically

- nctive compounls have long becn knowm to vary according
to species (Dubois, Thureh, ond Murphy, 1957; Quin,
Axelrod, ond Brodie, 1953). These varied responses are
0lso asoocioted with the metabollc pattern of the
substnnceo in the different spccies, @Quin, Axelrod aand
8rodie (4955) have demonstrated a variable oapocity of

- engyocs in the liver microoomeo from difforent specles
to Gonethylate amino pyrine. Thieo, it 18 recognized
22t enzyme preparationo from different specles vary 1in
their capacity to handle & particular substence and this
,_@ght be an index for estimating the relative octivities

% enzymes involved in such tranoformntions,

In the work reported hcre, the species differorces

‘the aetabolism 6?'0’3"&\5*’533?5%085?1PRﬁEéimotoxino Bo and Go




L a8 [

een investignted using both liver slices and
somal-plus-goluble fractions of the livers of the

spectivo animalo,

Brocrimentnl Procedure:

The procedure adopted tiare Ine been described by
Bzafo (1970) and 1s similar to the method of Quin,
Axelrod and Brodie (1958). The omount of each toxin
petabolized, the corresponding smount of major fluorescent
getobolites formed, sand the fornaldehyde formed by each
sPEeles were estimnted vusing both 1liver sliceo and
microsomal-plus-~poluble fractions leolated from the
ilvers of the reespcctive species. This hzan been regnrded
&8s indienting the ability of the respcotive opecles to
biotrannfcrn the toxins,

Incubatien with Liver Sligea:
Liver alioen equivalent to 0.5g fresh liver weight,

Were incubated with 50m . mole of each toxin in n
NsBran solution. Semi-carbazide hydrochloride (pi 7.6)
w38 added (25 p mole) during incubations for
formldehyde eatimition, in a finnl volume of 5ml,
After incubation for one hour ot 37° * 0.5%, oxcept

f the cage of thectosd nand=ddserdgowhere incubotions




"149- 1 I

at 25° - 26°C, proteins were precipitated and the
Iniﬁ‘zz unme tabolized toxin estimoted. The fluorecoent
oliteo formed during the incubation wore identified
ng the rat metaboiiteo as refsremce (Plateu ,';’», b, and
and then estimnted by the 'Null fluoresoerce technigue'
on thin layer platen,
Control flaoks were used in the following order
$. Trloek containing the mediuvm, with liver slices
but no toxin,
2. [flask oontaining the toxin in tle medium but no
liver elices, and
3. flask containing the toxin in the medium but
incubeted with 1liver slices deactivated by boiling.
Thie prcecdure was retnined for all the opecies studied,

Incuvbotien with microsome-plus-soluble fractian:

2nl of oicrosome-plus=solublc fractions from each

of the animnls wns incubated with 50 1 mole mhgnesium

chloride, 50 u mole glucose-6-phogphate, 50 u mole

Nicotimagmide, 0,52 P mole HADP and 500 » mole of each

toxin; in o totol volume of 5ml end ueing 50wl ‘Erlenmeyer
ko for the incubation. Except for the lizard and
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where “4! ations were carried out in air, at
' fi' ﬁf othors were done, aloo ir ot
42} %' for One hour. Controle wers appliad ne
e liver slices. 25 u mole pemi-cardazido
d; ¢ loride (pH 7.6) was ndded in caaso vhore formoldehydo
d to be determined.
Protcino were prccipitnted by the method of Stitzel,
et a1, (1966), Supernatants were obtained by
C —Eini'ﬁrgiug at 5,000g8 waing an N3E referigernted
ntrifuge. The supernatonto were exnmined, for
g 'opén.cgnt metabolites, on thin laver and where preeent
theoe petaobolites were necordingly eotimnted. Similarly,
Né reaidunl toxins were ectimntod ond the difference
IZ' iween this and the total recoveradle toxin in the control

expreaeed an percentnges,
1

- Forunldehyde was cetimated in the superantant. The
' duireficent metnbolite of the base line of the the thin

’q.}mpmtognmn wos exfmined gualitntively for each
. _

=N ]

] 1

he aflatoxin B, watabolized by 0.58 liver cliceo 10
.I.‘r. ’
- 1
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5. The comparntive distrd

v
ap—— | S ¥ i

=
A

28 18 shown on the hietogrnm (Fig 36). !
: .

lue of 55,6% wns recorded in sheep and the

T
a4

heot of 95.58 in toad, vgluee for the metabolism -y

s

irosomnl fractiono ore given in Table 16 and their
sompirative diotribution in figure 37. Higher v-iues

"‘ recorded here and it ranged from 75.5% to 99.8%.
Polmotoxin Bo metabolized by 0.52 liver olicee 18
in Table 17 and the comparative distribution in
figure 38, The amount metabolized by microoomal ~plus-
!_'..: ble fraction is given in Table 18 and the comporative
istribution in figure 39. In all caseo, lower valueo
ere recorded here then for aflatoxin B1 .  While
oflatoxin 13,| wos olmost totnlly metabolized in most of
‘the animalo studied, moot of the aniscio did not metnbolize
re then 602 of the pelmotoxin Bo used,
- Vaoiuee for the palmotoxin Go metnbolized are given
: 'l_eo 1% and 20 for the liver slices and miorosomnl-

_'._,—,.c ble fractlion, reopectively. Their comparative

gtribution is gﬁven in figureo 4O and L1, Here again

._: lowér, gcnerolly, than for oflatoxin 51 .

. in th, dog the valued were in enny caoee lower
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TARLE 6

Inrluence af agacies differences on the octsbolism af Aflatoxdn B1 by aicroaocmal~

pius - soluble fraction

‘Rat | Mice G;i:"" Babbit g’;if Duck | Goat | Sheep (:3311:) Lizard T| Tosd
Cock

- - — ™

25 .05 22.7 15.25 | 16.5 2.5 S.0 9.96

P B 0 = | 2| o E: » 2 0 | w®
2.6| 3.0 2.2 I 3.2 0.5 | 1.0 | 1.6 ‘_

| = 4 — - — - e 1‘

87.4] 95.5 | 95-5 97.5 98.3 | 99.0 97.5| 75.5| 86.0 99.%

%~ = E 4 2 = = at . & 2

1.é| 0.65| 1.0 0.75 1.0 0.5 3.0 3.0 2.6 L.5

1.87| 1.00 | 0.85 0.95 1.9 | &) | 2.2 1.35
! El ol & ™ 0 0 2 + + _

0.05 0.07 0.25| 0.5
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| + = Stondard error. ﬁ-uk apuenr Ag\tﬂm
pit) '\ patabority «

L

——

Rat Mice P Babbit FLER Duck | Goat | Sheop| Dog 'Li:u"d] Toad
Pig §°°§ (adult}
] | . ES LI
h
11.5 8.5 3.5 4.8 45 o} o 5.0 3. | 3.2
+2.,0 | 0.5 +0.05 | 0.1 1 +0.12 20,04 | s1.2 | +0.3| .0
L5.2 50.3 35.5 52.0 45.0 | 45.2 ] 56.0 | 50.5 | &43.4 | A45.5 | 49.5
+1.5 +2.5 +).5 2.0 | +3.0 | +2.0| +2.5 | 0.5 | =22.)3 * 25.5 | +1.0
1.0 0.3
+0.02 | +0.12 | +0.01 +0.12| +0.03 X
Lo 8 8 5 5 S




Influence of sp

=—— —

a3 ggsasel-—olus —soluble frection

ecica diffTerences on the metabolisn of Paicotoxin 30 by

I |
| I | Guinea | 5 White
| Rat i Mice Pig Rabbit | Duck | Goat | Sheep (29‘5“ Lizard hbek cock| Tocald
| — —_— —
ZOOmI 15.6 o.m | 5010 o o T }ol& 10.&- 0 5.2 O
+2.1 ';1.2 | +0.15 +0.08 | C.1 20.3
-4 —— 11—— J- L gt It
47.25 | 58.6 | 37.1 60.0 50.4 | 59.5| 67.0 | 42.9 |953.2 50.1 52.0
21.6 | 23.0 25.0 +3.5 | 21.5| 25.0 | #2.1 |+1.5 2.5 %1%




Influcnce of species differences on the petabolisp of Palagtoxin
= : b2 ldver ices

10001

N Guinea gh D Lizard Toed
Ret Mice Pig Rabbit %e Duok | Goat cep og z
||- Cock I, - 8
Formaldehyde 2.1 3.8 1.9 2.5 5.2 3.2 3-00
produced | o 0 1
during ineuba-i 5 g +0.1 +0.9 40.3 +0.35, 20,5 | 20€.315 +0.05
#don (m !nb].e) = = "3 i s
*Pm. ntage 48 .5 28,5 58.5 35.5| 38.5 | 35.3 57.1. | 49.5 33.4 | 38.6
me 'il:ed +0.6 +0.5 +0.5 | 20.5)1+1.0 | 21.3 2.6 | 0.9 21.5 | 2.0
| - -
bercent 3 1.0 .38 0.35 | o0.30
(.23 0.08 0.00| ©.00 0.4 C.3 3¢ 3




Influence of species differances on the metabolisn of Palmotoxin

TARLE 20

Jus—-s soluble fractions.

- Ant Miec Il Gu.inea Rabbit Whicte Duck Goat Sheep Dog Li:u-dg Tocad
Pig rocﬁ
g _—-rz-:.__-r— E [ HH occC = = !
Pormaldehyde | i
formed during| 00| 73 . H oF s - L 3.05 | 94 .
3incudbation P l @
- ’ m nlo-lb 30-9 "006‘ 10-3 :0.2 30026 :0.26
| :;; - - Li-
, ':‘ _quc'ent:gn 49.5| s7.5 | 30.0 | 62.0 39.1 | 40.0 39.5 | 65.9 55.0 | 39.5 2.0
.l 60 metal!q_l‘l— :}.3 -_0;1 03 H _':Ooz" :_2 05 " _42 .O H *1-5 IL’ :2 40 :2 '5 11.5 :O.S :2 .0
ged —
We '
concentration| 0.38| 1.0 0.3 0.1 0.00 | 0.00 0.5 1.2 0.L8 | 0.2 0.40
of the meta-
Eﬁd te io{n) +0. 20.35 | #0.04 | +0.C1 40.05 | 0.2 20.05| 0.1 | -0.&
I
e 1 : = h — =
: I 25 ‘ 40 8 8 5 S 5 5 5 | o
;L_':'— ——— l : L | B "I=—"‘-
= e Sevur ‘\m.sf"‘ \ %
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in thooe for palmotoxin Bo (Figure 42),

'Génorally. valuea for inouwbation with liver slicon
#ef‘e' lower than the onco in which miorooomnl-plud=-
soluble fractiono were used, This 1p belleved tc be duo

to the diffusion rate of tlp oubotances into the cell.

The formation of bydroxy produots from tho sompleo,

was obgserved to show o greater variction thnn the total

studied. The sheep nnd dog were found to be the higheot

toxin metabolized. Ths white rcck, cock and duck did Il
not exhibit any abllity to foram tho hydroxy products ’ 5
both with liver slices nnd the microsomal-plus-soluble { r
fraction. This result was consistent in all the toxins / !
|

producerse of arlntoxin ll1 . The mouoe o0loo ¥as found to
be capable of producing oflatoxin M1 in addition to

gome othe:r fluoreeccnt compounds, Tho rat, gont,

Ji200d and tond were modernte producers while the lowest
‘t_r.lluea nere recorded in mousc, gulnet pig and rabbit,

With palmotoxin Bo, the sheep, gont and guinca pig

Were pore e€fficient producers of the suspeoted hydroxy

products, The adult dog wap modercte while the rot,
3oune, rabbit, lizord, nnd tond produoc&ory oanll

unts. Ocnerolly, thy mount of these fluoreooont
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) 'é’d‘}'“ Were very smnll in comparise

omount of toxin metabolized,

Thc mouse &nd sheep, were moro efficiont in the

production of fluorescent metaboliteo from palmotaxin

Go. The gont, 1izard, dog, and toad wore medarnte

while the rabbit, the guinea pig and the rat weré poor

producers of the metabolite,

Moct of the nnimnls sppenrec to demethylsnte the

toxins., The duck, however, did not demethylatc aay

of the toxina.

The guinea pig, lizard and toad

microeomnl fractions did not demethylonte the toxins,

though formnldebhyde wac detectable when liver slices

were used. It doco appenred thnt the metabolizing

eazymes ip these animsls my not be very stable or

| they moy exiet in so omall o guantity as to looo their

activity during preparation,

Agunlit dogo demethylante both aflatoxin 131 and

paoimotoxing Bo snd Go. In all cases, the rat and mice

: ¥ere fonnd to demethylate the toxine faster than thg

other animalo,
Por the mae amount of toxin, afla taxin B,

 demethylase activity #ne higher thon thooe of polmotoxin

I
I AFRICA DIGITAL HEALTH REPOSITORY PROJECT




in the dog. The gont
polmotoxina Bg nng go.

Bo and Go, except
‘:hﬂnte

€ry omall .,

Goncluston:

1. Opeoles differenceo in the metaboliom of nflatoxin
B

B, , Palmotoxin Bo and palmotoxin Go have been observed
2. G

omparatively, aflatoxin 81 ohowed a higher rate
of metaboliom in moot of tha spscien than either
palnotoxin Bo or palmotoxin Go,
3. Demethylation and posaible hydroxylotion of

aflatoxin B1., palmotoxin Bo and prlmotoxin Go, nppeared
fairly well dietributsed within the specien otudieq,

though to ¢ varving degree in soch case.
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I 5
Apwiyesds—of the conjugat P , i
?igﬁ; Jugation products of thg toxin in

It has earlier been mentioned that during the thin

layer chromdtography of supernatanto from incubatod liver

olices or microsomil-plus-soluble fractiono en intense

fluorescence was observed ot the point of application

of the samples. This metabolitc which did not move

from the base line during chromatography with methanol-

chloroform mixtures wng present in nll the opeoleo ond

with @11 the three toxino ntudied. This metadbolite,

cuepected to be conjugateo in view of thelir polarity
(Bunfo, 1970) wan exnmined further in an attempt to

identify 1ii.

Bneiinental Procedure:

The fluorescent opot at the origin of eaoh thin

leyer chromntogram W38 ocraped off and eluted with

wethanol: ohloroform: water (5:2:2 v/v). The elunte

W2s concentrated with the rotary film evnporntor, The

o_%mentratec wore mun on thin layer plaztes of siliea

gel 0 (8. erok, A3. Dermetadt, Odermony) nnd developed

ke
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L_ﬂ‘hh-telndl: glacial acetic acid: 11 v/v).

‘The leolntes were tested for poesible hydrolysio ne

described in the method, with O.3N hydrochloric neid.

Sulphate, mercapturic acid, omino acid nnd glucuronide

conjugation teeto were applied to the eamplec from each

toxin., Glucuronide conjugition wns further teeted by {

the modified Fiehmon and Green methed and hydrolyeie

with ﬂ-glucuronidaae (E. Merck, Dermotsdt, Oermeany).

All theee proceduree have been descrided in peges 7@-%.

Reeaults:

Two fluorescent apote were identified on thin
layer when the icoliates from eflstoxin B, were run in i'11
n-butanol-glacinl acetic ecid: water (10:1:1 v/v). The
firet vith aoa Rf, volue cf 0.023 wae present in goant,

sheep, rat, mouse and dog; wWhilo the second with Rf.

of 0.5 wae preeent in rabdbbit guinea pig, duck, white

rock cock, lizerd end toad, The later conjugate did

not give any positive rcsult for ony of the teote
applied. It wng, however, hydrolyeed by 0.3N hydrochloric
acid. The conjugete with Rf. of 0.023 did not give any

Pogitive results for mercapturic acid; omino ocid and
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‘sulphnte conjugation. It gave positive resulte with

naphthoresorcinol. On incubation with 8 -gluouronidanne

(kotodnee) for 4B houre,it yielded n subetanos which on

thin layer had an Rf. value 1in 3% methanol in chlcroform

(v/v), eimilar to the authentic aflatoxin M,

! For palmotoxino Bo nnd Go, only single {iuoreocent

epote were obeerved in eeach case. The Do isolate hnd

an Rf, value of 0.42 and that of Oo hud an Rf. value 15
of 0.32 all in Butrnol:glacinl ncetic acid: water ! l

(10:4 :¥ v/v). These subeinnces were not hydrolyzed ﬂr
by 0.3 hydrochloric acid ae fluorescence remained at I 1
the base 1ine still, when the mixture was chromatographcd \"
in 5% methano) in chloroform (v/v). Tho fluorescent
epote were aubjected to the same teots no aflatoxin

31 ecd on the bneie of their responee to the tcete,

they have been grouped into two: those animdlse whooe

icolatee gave poritive resulte for glucuronide only

¥ere grouped 0g A,while thoee animle whooe isolotes
d%d not reepopa to any of teete were grouped ge B,
Hydrolyals of group A cotipounde with p-glucuro“tdqse
o ,513. li,re, Dorastadt, Germny, and oeparntion of the

o
1
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ConjugPtion of 4flatoxin B, by DifTen

»
- "

| r_—'l" n
y - b
*.s;ntm with oo to
B 0.023 \?A?n spgglen with oon 8“?“

S

Rabbit
Guines pig

Duok

Rat Woite rook cockerol £

Dog Tond !
I z'

Mouso Liserd I

—

Atlaj.axin_ﬂ,l - Charvctierization of Conjugs ten

e

——

Tost Reagont Conjuet .te & ', Cohif te B ,
Aoid Hydrolysis| C.3 HC1 Ho hydrolysis Hydrolyzed '
(1) Tophthores-|Violet-blue Bromm colour
oA Nt oroinol spray loolour {+V°] il”)_..
U s -
Cluouronids (41) Nophthores-
\ {Pishzan & Creon (ove) (=ve)
. 1955)

k,otowo) : (+ve) zed (-v

|

i phydrin reegen{ FPink colour Pink oolour

*— gluouronidase hydrolyzed Not hydroly-
{

., “1 (=vo0) (-ve)
Dotassis Orange-pink | Orungo-Pink
o i " sodis gnet. I‘VOJ L= {"Vd]'
v | Raddish brown

resphuric otasssis 8ichro| Reddish brown
;T:: JJ:;M- f;u + S1lver | solcir {(-ve) |oolour (-ve)
L’_;T‘
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I,,._"_ _:'." !19._01‘_ P

- X0otoxin Bo by the giey

L.

]

1 - ,
;;:cﬂ; :;’-?c::ﬁjuft)ﬂo tpooios with conjugntes 1
. u
-~ e RE 0.42 (Croup 8)

Goat T

3 Guinoa pig
Sheep Duok
Rat ¥hito rook cookorol i
HOUSO Litard ]
Dog Toad
Rabbit

Pelmotoxin Bo - Cliareotsr!sstion of Conjugate

——
ConJjugata Conjugnte
Tost R
— i (Croup A) {Croup B) Iy
Acid Hydiolysis 0.31 RC1 No hydzolysis No hydrolysie ;
(1) Naphthore [Violet-bluo Bromn colour |
soroinol spray |oolour
Clucurgnido ’ (sve) (=vg) _
Naphthoresoroi-
conjugation oo Hon Violot( S:lt):ur Yellowish 8
(Pishoan & Green 2 pink
1955) -va)
ﬁ - glucuraoni -
dase Hydrolyzed No hydrolysis
(keto&nso) (*W) (we)
Ninhydrin Pink colour Pink colour
reagent (-vo) (-vo)
|~ Potaseiw Omse-}:iuk (=ve)
rhodisonste eoiour ( -ve) B rovmn
Potastite disch- | Reddlsh Brown Reddish Brown
casbty + Silver colour
1 1 GAFRIGADIGITAL HEALTH REl’osEg%ggcthfl!l ‘ “V’)
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—

Speoion with conjugate

Specios with oonjugate
s ?- 0:3“- -(-GPOUp A) n‘-. 0.3# (cmup B
. Goas Guinea pig !
Sheep Duck .
nt WMhito roek sockorel | [}
Nouso Ligard
Dog Toad
Pabdbbit
= |
. Palmotoxin Go - Choreoterization of Conjusato _
Tast Reoagent Conjugate ConJjugato =
(_Group A) (Grou_g_\ Bl_=
Sl
Acid hydrolysis O'Ni'71 No hyd:olysin Ho hydrolysis i l
I
(1) Naphthorescor-| Violet-blue Bromm colour
oinol soray colour (4ve) (-ve) r
frm— I
Glucuronido an:‘:ho:'uor einol | violet colour | Yellowish pink F
Conjugztion R (Fishoan (+ve) solour (=-vo)
iz Czeen 1955) -
| S
{8 - gluonronidsso | hydrolysod No hydrolysis
(ketodaso) (+vo) (-ve)
Axino eaid Rinhydrin reagent | Pink colour Pink colour
oon {usetion (-vo) (~ve)
- —- - s
: shodigo-| Orange-pink Orango <pink
Sul uaattnlon !Potaui:te Ao tins r-vo) oAt )
S — 4__ =
@ ddmeatd Roddish Brom | Reddish Brown
Mereaptirte | e - | oolour (va) | colour (-ve}
tion Shvr ralrate.

e

~t8) - Noggative result
+ve) - Poritive
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1

‘mixture by thin layer ohromatography Invg fluoresoent

spote with the same Rf, valueo, as the originnl

: '.'bﬂ‘lmdtoxine Bo and Go. This appears to Le in bocordnnce

with the suggeetion of the prosenoe of a hydroxyl

group 1in palmo toxine Bo and Go ne thie oould rendily

be o conjugation point. Tho results have teen tnbulated

and presented in Tables 21n, 21b, cnd 21c,

Conclusion:

g Both liver slices mnd microsomnl fractions of nll

the species form conjugation products with aflatoxin 131 ‘

pilmotoxin Bo and palmotoxin Go, though only n few of
these could be identified,

2. (Olucuronids conjugntion was oonfirmed in a numper

of specien both for aflatoxin B,, pnlmotoxin Bo and
palmotoxin Go.
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TWESTIGATION 7

Influence of phenobarbitone treatment and earbon- sonoxide

gaeration on the demethylation and hvdroxylation of palmnfoxin

Bo, palmotoxin Go and aflatoxin !:?,1 by rat liver microoomnl-

— o

T — R E—— =

lus-goluble fractiono of rat:

Several polycyclic hydrocarbeno, notably amino pyrine,
hexobarbitone, phenobarbitone nnd chlopromazine, have
been known to enhance the activity of the drug metabolizing
enzymes. The phenomencn has been widely reported (Conney,
Miller and Willer, 1956; Gillette, 1962, ond orrenius,
1965),

1he mechoniom of the {nduction ia volieved toO
involvy: an incrcose in the cysochromo PL50 content in
the hm ao vell 0B the protoin moiety nnd nloo reoulto
in the increaoed oynthu:oip of ceveral enzymo protcina
(Ernatz> and orrenivo, 19€5, Xato, et cl. 4966, ond
Regper. 4969). The getoboliom of drugc and foreign
compoundn, inzolve th ¢ carbon mnoxide ocensitive

! tq;d;wogipu:!o genera)ly. Homevor, gome ptudies have

I 1¢d also thnt cytociiono P80 {3 not reguired for
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= 169 -

azel and

the hliiet',af?o'liexu of A11 substancen (M --.‘—-

 Gillette, 1966; Gillette, 1966). It hao beon shown

Emf renctionn like microsomnl sulphoxidation of

diaminodiphenyl eulphide, N-hydroxylation of aniline

and N-othyl aniline and metabolisom of azo-=lyen could

proceed in other ways other than throvgh the oytoohrome

P4US0 pathwny. Carbon monoxide ceration, thereforo, doea

not inhibit such renctions and lnecrense in eytochrome

Pu50 levelo nrising fram the ndministration of inducers,

will not lead to increzeced microoomnl activities for

such substrates.

The present experiment waa, therofore, designed to

tesat

(n) th¢ effect of phenodarbitone on the microsomal

enzymec responoible for the 'in vitro' metoboliom

of aflatoxin 81 , cnd the palmotoxins Bo snd Qo,
a(b) the effect of carbon monoxide on the 'in witeg'

metadbolism of these compounde,

r 1l :

s4tter mtes of Tto (wigtar gtrain 100 - 1052-#¢., )

more waighed and Erragged in two groups, in such n way

thot their avcrage weights wero equil, Tho firat
o :

1
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‘m'.'." ‘IVF\S 1n‘Je‘cteﬂ with a doase of phena

nobnrbi tone oodium
- s0lt equivalent to 75me/kg body welght in o minimo]

Volume of norm&l 9aline. The oeccond group, which oerved

80 controlo received eQuivnlent dopes of the normrl

anline only. All injections Were given mtrupcriton&nlly

nnd daily for 5 days. An hour after the laet injection,
the animols were oncrificed, their livers exciped, welghed
nnd pooled together in their respoctlve groups,
Microoomol-pluc-soluble fractiona were obtained as before
for each group.

20 mp mole of each toxin wa3 incubated with 2ml of
the 1iver rraction oangd 50 A moie mgnesium chloride,
50 2 mole nicotinwmide, 50 n mole glucose-6-phosphute,
0,52 a mole MADP and 25 1 mole semi-cnrbozide
Rydprochloride (pi 7.6) in n totnl volume of 5ml and in
500! Prlenmeyer fleoks.

Por each toxin, the flneke were dietrivuted into
three groupn of four.. T; flaske in each group were
‘_.‘fe,ﬁ,l ne controlec - one contiining liver extracto put

no toxin and the other containing deactivated liver

ﬁl}_f;gt! ond the toxin in addition to the oo-fnctoro.

Too firct group of florks contalaoed liver cxtrocto
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from rato pre-trected witp Phenobart
in oir,

tone and 1incubated

The cecond group, contanined liver extraoto from

pre-treated rats ond incubated in an atmoophere of
carbon-monoxide {Chriotenoon and %isoing, 1372).
The last group contained liver extracto from the
control rato, and these were incubated in air.
Incubations were for one hour at 37.0 + 0.5%.
Supernitants were obtained at the end of incubation
by precipitating the proteina and contrifuging the

extracts. The metoboiiteo,aflatoxin MU,, Bo(m) or Go(m)

f'
in the renction mixtures were ectimoted. Demethylnoe
activity wns nioo determined by the amount of formaldehyde

®oduced during tho renct ion.

_Beoulgo:

The resulto are given in Toble 22, Aflatoxin u1

tcrmed in phenobarbitone trentod rnts was about twice

‘the nmount in the control. The formnldehyile eas about

1.5 times greoter thar the control.
The de_@thylation in polmotoxins Bo and Go woa

8

baut twice the amount in the control, while tne
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....0- o

omaa
24 ﬂ‘ 'l:.: U

) Sy S = actiove

Peraontage of Pluoresoent Motabolitos (44, do(w), Go(m) formcd

r | ol o S
Xnoubation with T'kivar fraction Hormal rute
foxin | ™% Pretroated | from pretreated liver {reotions
with phonobarbi- | rata under osrbow under air
———-—m&l - m— s aong&g@ . S NP
My b + 0.2 0,00 1.6 + 0.1
Bo(m) 1.95 + 043 0.00 0.60 + 0.05
ﬂﬂ(ll) 1.1 f 0.% 0.@ o“ '* 0002

O And i e B Aus

= Allato Jcinlll co(‘)"_ Letabolite of Palpotoxin Go
Bl(n) = getabolile of Pelaotoxdn Bo

TABIE 22(b)
Quantity of Foruaidehyde formed (o pumole)

Liver fractions Liver fraotions Liver f motions | X
 ooc frop preirestod froa protroated from normal rata
raty incudated rats inoubatod incubated in
iy air in Carbonmonoxtide a2ir
e ean e i ar wa v Al = e ob oo - = -o
ll )8.1p ¢ 2.0 0.@ 211-15 _-i'_ 1-5
40,8 + 3.0 0,00 13.91 4+ 1.0
21.1 « 0.9 0.00 9.8 + 0.5
4 UGENSUBS - ——

s ostardard mnr#n 5 c\s\wwnq\\.v{

+
-
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leﬁti'on producta

Were about three timog thao volue
| obtnined for the control,

Thore wno neither demathylation
nor hydroxylation in the cnrvon monoxide nerated flaskn,

ﬁ onclusion:

1. Phenodarbitone trentment of ratn cnhanced the
hydroxylation end demethylation of aflntoxin 131 '
Palmotoxins Bo and Go.

2. Carbon-monoxide inhibited the hydroxylation and
demethylation of pnlmoxin Bo,palmotoxin Go and aflatoxin

B—1 L4
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CHAPTER V

DISCUIITON

Production of toxinn in palm anp amd yenot oxiract

AYcroso modia:

Yeact cxtrnet oucrooc modium hao beon found to

support better growth of Asperyilluc flavud and more toxin
production timn tho pola oop medium (Figo 12, {13 cnd 14), ;
A cimilar trend hao been obcorved by Lmnfo (1970) using |

the yenct-cxtract-suoroce mediun, the Cznpokn dox

gediur and the saruitc gsucroac gcdiug., Thoro socws to

be, thereforc, n rolationchip botwoon the cromth of the

nnd the ettendant toxdn production in vicw of the
pportcd better ovth of funguo,

dunmuo

fcot tipt tho mcdin that ou

11%0 gave better yicld of toxinas, Homever, oincc tho
L Lo

¢ toxin 1o dcpendent, to o largo meacdo, On

production o
n oourccs, (de Iongh, Vleo nnd

thc cnrbon and nitrogc

do Yogcl, 1965; Katoleo ond /id¥d, 1965, Daviz, Dicnor ond
% y ?

Raridre, 1966), tho dieparity in thz
| o the 4iffcrorcoo in cucroso or

onoc of the prim

co iht be due t
Ipan.i
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|
oarbshydrate content of the media, Baooir (1962),

faparuil (1966) ana Ldclkunle (1969) mave ohown that the

pala cap gentaino only 2% ouorooc.

The toxin concontration of 3m/100m1 of wrodium
obtained with the yoaot cxtract oubrooe madium {3 olooo ,
to tho valuo obtninod by Uwaifo (1971) but diffura
fron the wvalue reportcd by Baafc (15970). However, |

arabrecht, ot 21, (1943); de vogel, ct ol, (1965) nd |r
Xulik and Holandiuy (1967) ave shown that repeate)

trancfcro of 1, flawus otrains on nutriont media uounlly !’ 'i
led to cither n Jducreaco in or a total losc of afintoxin '}
Produwcing gbiliiy, Thic wirht oxplein the diop rity

in y14132 ottnined froa the came otreln of funmw on tho

same mcd!luom,
“ho pH of thc mcdium wan lowecot nt tho poriod of

maxioun toxin production in both the pelm prp ad tie
yeaet extraet oucrase medie (Fig 13), Thif h's also
b(.u:;'t @ erved by Davig, Dicnor cmd Tloridee (1966) ang
m?‘__t; (1970) u..in" only the ycnpt-cxtract suerisc mediun.,
.ma deercaoc in pil eiit Yo duo to some noids relonsed

; *.'_x'vl the goe miary mctaboliom of tho funrl (Buntloy
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Plynieal charpcteristion <£_Philmoboxins Do an) Go:

Table 6 oummarizen most of thu mpoctrnl Jrtn

obteined in thin work. penorte from lltoreture nvo '
been included for compnriscn,

The Ultraviolet cpcotra of palmoctoxim Bo and Go ’
(Pizurco 6 and 7) show a strons nbgorpiion nenr 2000w
anl Qo wookor one 2t A highar wavelongth. This cnd
ghoorption coulld bu duc % n ~ € * {ranoltion arising | .
froo the precunce of oxyscn in the molcculu olnce

elcmentnl 'nalycio hnas ahsvm that the compounlo contain .

byiropen, onrzon and oxyren only (Baceir amd Zdekunlo,

1968). Dyer (4965) md Dyke. gt nl, (1971) have attrituted
this typc of aboorption to » carbonyl ehrenophorc. Thia

is Also supp3rtad by the ovoctral shirt ovacrved in water
an! pethenol (Flao 15 and {6). Dyer, (1965) hon ohomn

tnt pol-r oolvento genernlly ghift the n - &% banas to
Chorter w~ve lcngths md tint ablerptions involving
ucm_-?m.gnf_'_ elecetron’ of tlht n - 5’51* n -'U'“ type arg
Seacitive to the polrrity of the oolvent in which the

gpsctrun io dcteraincd. Thio bathochrozic shift obsorved

A the aquogus gelutions relntive to thw ponk in mothanpl
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- 177 -

3 £21oo Jhown to chawracterize F - W‘* tranoitionn found

In o wasaturated Chromophores, The existcnco of

oimilar apcetral pattorn in nflntoxino B , nnd 0, ol

tixc con~istencce with waich thc nunorption peak araund

2650:*: anpearS in nll th. oompoundo, ocom to give

gupport to thio opeculntion anl point (o the poooible

¢xictonec of a common chromophorc raoponcivlc for thin

aboorption in all th: compoundo,

The infra-rcd nbaorption peak of pnlmotoxinso Bo

nal Ga (Fiss 17 and 15&) oround 4750 ctn"1 confirm tbo

prascncc of n carronyl rroup. This aloorption pork In

addition to weiker onco cround 1630 cm-1, 1595 co™ ana

1545 cm"' “ihich nrc nloo procent in tho aflntaxing

G'_?,‘:;};lc €) ravo bacn attributcd to the strctchine

vibation oyotom of coumnrin moloty and kctone cnrbonyl

gvsupo erigin~ fram nn 04-‘@ unonturated lactono

function, (4020, €t 2l. 1963 oml 1965; Hartlcy, Noobitt

anl 0'Kelly, 1963). The nboerce of peako nround 3,7 -

4.0 p (2700 - 2500 cu"‘) due to tondcd 0 - i otretehin-

of n e rnaX/1ic ncid 1o cunrectivo of tho aboenco of ~

roxylic nel! in thu nolecule., Dyer (1965) han  ohown

=/ #_ﬂﬂ# 15 n diamoctie fedturce of the oarboxylie acid

=¥ L
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ctionnl group.

The pealo at 3400 on™' Ln palmotoxin Bo and 3450 ex™

in paluctoxin Go cenfirm thy presencu of treo hytroxyl

sooupy and this 15 1n sceerdnnoo with the inerorccd

pelirity of thc scubstancoc oe oboorvod on tiitn laycr plnteo.

Not much wna reveclod 1in the nueloar magnetic II'{
rcoonince Iue probadbly te the ocunll guantity of tho l |
oubotance nvailablo and poor rccoliution of the penks, | |
However, chenicol chifts dcclphered Trom palmotoxin Bo J “
nee ot d = 1.25; 2.05: 2.6: 3.7 anl 4.5; palmotoxin ’ ,

F-

Go fove peaks st d= 1.25; 2.03; 2.6; 3.65 nmd 3.85.
The poakn at Q@ = 36;.? an! 4.5 for polmotoxin Bo nni
@ = 3,65 an7 3,85.nrc not dictinct but thore o n ,'

definite indicntion t1 the prasoico of thenc p:1ko,

Aflztexin B,, houovor, pavo petks at 4 = 4,25, 2.61,

3.4 am 6.5 (Umaife, 1971),
The proninemo of tho peoktd ot 41.25 in prlgotexino

E}a 2n. 6o pcy inddicnts tho procunce of nn alkyl ch™in

spoupine, Thcre {z, however, 0 recemblrue ¢ of tho

cheaicnl chiftc herc with tho ¥
smence of the afln tuxdn B, nronntic oliomlonl otirt et

ze of nfintoxin B Tho

5 {n palowtoxing Bo cntl Go niht bo duo tu %o replrcomont
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of the sindle freo aromatic hydrogon by another group timo:
)
u"*\r
[

| lr h

~ |
R - Cubstituont graip, '-

Morcover, fluoreocemc¢e in tha afintaxing hag voen
ntiributed to thc preczomcc of the coumarin rine aystca, |
The oimilarity in the fluorcscence gpecira of ths |

palmotoxing with the afintaxine (Toble 6) indicates a

probable prooa~ ¢ of thio oystem in tho palmotoxino -dgo, ]

Though therae 10 nd otraight forward correl: tion hctwcen )
1962), tiw l ..

styue turo nnd fluorcscanco (Udonfriond,

| - t appear coincidontnl.
atpilirity in this ondc deca not app |

(Tanlo 7) obtainol in thio rtudy

The lodina vhluco

fadic~to thc possible precoenco of uncaturated (roupings

alpeady noted in the Ultr.violct opectra of the cumpoundo.
o .

T gsdue0 arc ~ littlo niier thon thoss of the four

. This oicght indicntc thot
Iilﬂ.qtozina citeq in TVlc 7

ne cnapsunds Aro BT -
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Nevertheleso, the valucs appear  %oo low to arico fron n

otraifht clnin unonturttel fatty nodd. This viow 16 in

c=rocment with the dioparity in louine v~luwa obtn dncd

by MeClern and Thomiz (1924), bvetiewn omie cvelic

cogpounds <n! nomo otroicht cinin compounds tpo. Por

inctance, fluorcno fix) phonnnthrene hnve ioldino valuoa

of 5.7 - 6.2 ant 10.8 - 11.5, rocpcctively, no compercd

with thc vnluco the nuthoro obtainged for erotonnldcbydo

and citral - 334.2 and 268, - 281 .0 rcencetively. v

Mo :
CH,.CH = CH.CHO |
i :
'\.,:JH____ .\\::;i CI‘-.‘LtOl'L".l :Ch\vdc
Fluorene

tThe gpporent ingolupdlity of the pnlmotoxino in
Glothyl other dnca not appenr to bo in koopine: with a
1>ne cinin M tty ncid property.

po %0 bo a striking sinilarity betwoen

There appeén

the nflntoxins and the palmotoxins, It ic poocible thnt

the palmotoxins nre 4 medificd furm of the nflrtuxdn

oup  of Gempounts, thourth the cxtent of the modificrtion
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oannot be opeelified, L |

I BT —
Sexledty oL palmtoxino Bo And Oc to 30-dny obl r.to:

Palmotoxin Bo hno been foun) to induoo looooo in

o |
|| Body weirht anl 2 reduc tion in 2iver oiz0 in wlatien to

~ tho boly weight (Table 8). Chang, ct 21, (1963) hno
lomonatrntcd nlso that nflatoxin 132 injuce ) eveh nbnormnlitics
in the whitc pewkins-~lucklin-m. DPalnoisxin Go 41} not
exhiirit oipilar potency at the looe lcvele otulicd.
Increnaa in thc levels of sorun-glutneic oxnlercetic acid

tranacoinace ' ~2lknline phesnhntase wao Also oboerved in

p*lootoxin Bo trented@ rats (Tble 10). Alteritiono in

the netivitieo of thuce en@ymec nre kmowa t. indicato onnot
of ncerz0io of hepitic cells il nyocarlinl inf~retion
(Beaﬂew, Lewry ant Brock (1946), Lalue, Vrasblewskl an?
Ewragn (4954%) and Reitmen mn! Prenkel (1957). It doco
Appe ¢, thercfare, tt pnluotoxin Do midit bo
cricinorenic to the riat in 7 cimllnr manor 2 nflatoxin
4i» Mao on! Ghering (4871) h~vc obsorve! olmfl~r incrgacgs

in dut.aic ox'lo acctle tranoneintoe; lutamic-pyruvie

£
trangs {nnse, alilin: phospntase ~n- lsacltric
| Pgu¥ar renziosec in the serun @f sflataxin Py poiconcd
#ﬂccys It 1% I;.mx-t,mom; t» nate thit onzyme activity
| Sk
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Clues obtnined with 5¢ R of palmotoxin Bo wore in the

geoc rongu fo vith 15 g of Aflntoxin D, Thin Trobnbly

inAfgrten a differonce in toxicity with roforcm¢ w tho

mt an! Joco not soom to bo in linc with cardicr findinen

o Bacoir and Xlokunle (1969}, In thio work, it heoc buon 1

estebliohc® that cven at n focance of (.6 1g/}u_‘ botly weicht, |
no death: worc recorde, Dormcc (§967) I riven the

IDg, of aflatoxin B, in & 21-day cld melo rat oo 5,5 m/lg

1
boly weicht, It dooo apponr, thercfore, tint tho LD5O

of palmotoxino Bo ~n' Ge woul! bo higher than 6.6 np/kg
boly weight. Hence the toxin may not he of comparable
toxicity as ~fl~toxin D, in thc r~t,

1
P:lnotoxin Go did not apponr toxic to tho 20-1zy old

at. Scmn jlutcmic oxnloncctic ncld trnnonminnoo an?
sik-2in: phoophntnoo lovoles wero bhasictlly unrnltorod,

Til. finling 1o in keesiny with ecrlier reporto of

Bassir an) +’ckunla (4969 an® 1970b), It my bo th~t the
hy;:pgml;ztion of this eompound redwes 1t taxicity,

Dutton ' Hputneste (3966) brve foun) that some hylraxylate!

N fjlf-.'t‘;.}mnt”u of ssnpedillng £1aves, nothly, aflntoxdne

I,EI , Tt 0, exhibitul 1ittle or no toxic probertico,
I
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Histologicnl eximination o the livep o¢llo <11

&
not rcvenl any morpholotrionl ohanfer betweoun normitl nd

the nalmotoxing Do anl Go tronty” rito., Thoru wio n

norerl lobular patterngeoopt rfor occnoionnl 31i-lefinc.

cells which ohoved oigns of poriphornl nocroaia, The

Aflatoxin B, troated collo showod n rroator cirn of

1
Jannge than the othor liver oclls., Butlor (1964); Brrneo

ani Butlor (1964) hrve demonstrated that the onmet of

¢areinogonesis in the rat nris ing (rom afls toxin polsonins l
1o slow. It appe~rs, incrofore, thnt doopito the incrosao ’jl-

in the cngyriv levelo chiracterictics of liver anl heart A

dioeasco, 1 time 1ag is require! before tiu cffects arc 1

cnnifest on the genersl norrholory of the eello,

Het>boliom of nflatoxinsd

|
an? 01 by tho rat liver '1 |

v, L

nicracoanl pjug soluble fraction: |
The results obt2inc ) in this work in'icato tint

the Aifrorac:c in the llonppeiranco of “flatoxins 31 nnit
G from the incubation molin, 41 not nppear oimmificant,
1

Ncverthelcog, 2 hipgher walug wno ohinine' for aflatoxin

6, tmn aflatortn B, (7n¥lo 12). Tho oaimilarity in

. aqutl uptnko of tho toxino vy tho

. o8 misnt he tue b
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n an’ Crwpiall, 1968).
Howtver, the hydroxylation domothyl/itlen of tho

rer tisowa (Portunn, DPlowm;

toxin® cirfer oubatantinlly, .Lflatoxin I\1 YQ mora '
ror?ily hylroxyl~ted and donothylited th.n arl toxin 01 a |
Nllcroft, et 21, (4966), hao nloo oboorvo' r cimil~r B
pettern ‘An vive' in the shoop.3ince tiv IDg, of

' aflntaxino 111 nnl M? , 1nve beon fount to be in the a~meo | ! J
orler - 42 pTand 16.6 pg respectively, rar Jny-ol) \
duekdinpe (Holzapfel, 3teyn ~nl Purchuuc, 1966), it
woul-l apriear that n himer rate of setadoling, noy nt
12n* to rentor loso in ~etivity, The met~bolites, i

therofere, apper t» bo iaplicrte? in the sencrnl petoncy He

of the compoun’a, This viow hno ¥ecn share! nleo Ly ‘.
Portmn, Tlowm.n an} Campbell (1968); Joknbort anl 9tem
{1965}, an1 P~tterson (1970).

Deoideo, 8chnental (1970) bal proposc! the poenidbility
3 an 'nctivate? opecisi' - the cooxiles of aflntoxing,
1*°1n,1 the proxiesl careianpzona.  Thuo it woull appear
that the nccumuluation of the hyiroxy prolc to oiiht
e em on tho rate of formatlon of the opoxi °7s BUOUNLNT

the epoxitcs are intcemoMntun in the fanttion of
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the hyiroXy aflntoxino in the medin. Daulel nn! Daudul

(1966) have aloo itaposol the opoxilos pathway for the

Hmn"tﬂ)n of hy'lroxy urivotiven of moot earcino~enice
hyrocarbons: .
If thce apnxiicn wore intorme-2intec in thoe form-tion

of the hyiroxy derivativeo of nflntoxina D

N’ 1
' oan‘, nn

Schoenttils thoory for «flatoxins D, anl G, cnrcinogoncoio

4
R31¢a, the valuco of ~flatexins :'1 an! 'GH' viould he A
perouro of the epoxideco formed ~t a pirticulnr time and
thus could form 2 clue to their Mfferenceo in carcinogcnic
I offects, |
Pinally, tp sukhctitution of the tecrminnl 1ac tone |

for the pentonone ring in niflatoxin 1

rins in Aflitcxin G1
D,, apprarn  to have hat d romarkable offoct on the enzymic
renciivity of the toxins., Thic fenturo hnae aloo hoeen .

pe—0CE nn a contributory.to the Sifferemsco in toxicity

(Garnachnn, Hartlcy nnd 0'Kelly (1963).
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oxide formation might proceed th

> , =

!'""\_ SN 3
e Ay
T e S i, | IL’,
N Sl e
Vs G- 4 o~ _:,.J\
&5 S

aflatoxin 61 aflatoxin G

1
epoxide.

Metabolism of palmotoxins 8o and Go:

The metzbolisp of palmotoxins 8o and Go appeir to

follew: a pattern sinilar to the aflatoxins and invoiving

hydroxylation and denethylation. In the rat, two

fluorescent meti:bolites are discexnible after the

incubation cf either aflatoxin 81 and palnotoxin Go.
E 8oth the 7L, values pnd their reactivity tend to in“icale
th=t these nctibolites are porxe polax thin the prrent
coupounds and probably contzin hydroxyl groups,

The trends in spectral shifts are similar. Palnotoxin
20 petebolite showed a shift in the Ultroviolct spectrun
from 203nn in the origin:l coupound to 215nn; the p:lnotoxin
Go mctabolite al.;.o showed 2 shift fron 204nn in the original

conpc nd to 212an. Transform~tion of aflztoxin 81 to Ml

.i..' . 'cg.uqed a2 shirt fron 223na to 226nn. #4nd 1n the
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transfornation of Gl to QM -

» @ shift fron 218an to

-‘I

] increase in polarity of the metabolites (Dyer, 1965) and
tends to support the view that the fluorescent netzbolites
of p.'lootoxins Bo 2n‘l Go might be their hydroxy derivatives,
The sinilarity in the fluorezcenceo propertics of the
palnotoxins 8o and Go, (Figures 20 anl 21) 2n¢ their
netibolites (Figures 31 &and 32) could indicate that the
fluorescing chronophore remained intact 211 through the
biotransform-tion, |

In previous rcports on co-foctors involved in the
netabolisn of compounds, wicrosom:l preparati®ns have becn

shown to require both the soluble fraction and an extrencouc

Supply  of NADPH for the restoration of activity

(Axelrod, 1955 and 1956). Emzfo (1970) has denmonstrated
that r&t liver nicrosomal-plus-gsoluble fractions, required
the inclusion of a rcduced pyridine nucleotide gencr’ting
systen for th, restoration of the “ctivity Hf the oflestoxin

dencthylating and hydroxylating cnzync. Our prcsent
results ('rable 14) confirm this and show also that the

netabolisn of pzlnotoxins Bo and Goy requires a sipilar

systep. 7this systan, dogs not appear to require an

‘addition of qlucoseué-phwphate dchydrogenase, contrery
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4 B

o the indication of

{1968) .

Portman, Plownan

Sl

the concentrotion of tW:DP in tho N2DPH gencrating

JRESES Eppedstd to bo o limiting factor in the manifestation !

of the enzyne

aCtivity, for & fixed quantity of substrate

and 9lucose~6-phogphata,

The dencthylation of pslmetoxins

39 ond Go showed an incresse with an increzse in NDP '

concentration up to a paximun of 0.4 u nelo (Fig 33),whon
there was no more incrcase &ue to the concentrstion of

the co-factor. Orronius (1965} h:s alsc rccorded sinmiler

increnscs in the 'in vitro' motabolism of amino pyxine |

due to increaso in NLDF concentr-tion, Optinal pH faund 111

for the nctibolism of palmatoxins 8o and Ge (Fig  35)

were within the cange of vilues describod for the
netcbolism of afiatoxin B, in the same systen (EBmcfo,

1970).

Influcnce of species variation on the metabolism of

eflatoxin B, , palootoxins Bo ~sid Go:

e

s#flatoxin B, appcars gencrally well tet-bolized in

211 ehe species studied (Teble 15 and Figure 36). It is,

Rowever, nat certain whether the values obtained represcnt
’ ~'

'I" itk LT Cummm—S  Smm—
- the liver tissucs., The contrel tube
inc hation nediues by
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with inactivtvod-livan

was included compensate
swever, . it . v, 1 - :
’ 5ti1l his the defect thot denatur~tion

due to heat Dight also deustroy tho binding sites :nd

 this. H

thus Rty not coxhibit conparcble binding ability as the
fresh tissues, However, the figures for total oatabolisn
given in Table 15, 2rc tziien to represent the sua tot.l
of all th: processes taking place and Jeading to the
reidvdl of the original substance fror: the anediun,
Pitterson (1970) working with 9 avian and meanzlian
sjccics hos also deonmonstr~ted thoet aflatoxin 3, was

1.
alnost completely netabolized by the species used. Our

i

rosults agree with this and those of snmafo {19790).
Thc shecp liver slices showed the bininum ability

t2 nectabolise oflatoxin 3 while the toad with & racorded |

1?
value of 95, 5% was most active in this respect. &
sdnilar tronu was obtained with the micressomrl-plus-
SoiubLle fractions. The rat, liz®rd, dog, and guinea

pig liver slices actabolized between 80 -~ 905 of
&flctoxin By, while the ncuse, rabbit, white rack cock,
duck, goat and toad pctabslized well over 905 of the
substance. The r:it, sheep ~nd dog liver nicros==al-plus-
soluble fractions did not ot ~bulize afloatoxin B, s

woll as liver fractions frog otlkr SPFecics. However,
- -
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there was & general increase over the vilues obtained

with the liver slices,

The totzl palmotoxins 36 and Go metabolized were

fax less than that of afl:toxin 51 under the some

conditions. Except in the cases of the sheep, goat, ”
rabbit and mouse, only about 50% of palmotoxin Bs were
.tobolized (Figs 17 and i8). The lowest valuc was l+.
Tecorded with the guinga pig while the highest value

was obtained in the sheep. Palnotoxin Go showed » .
sinilar patter@ywith the highest velue in the sheep |'
(Figs 19 and 20). It is rcooarkable that the sheep thet
was the poorcst in aflatoxin B, netabolisn showed the |
greatestoctivity for pslmotoxins 85 and Go octabolisa,

TheWo appears to be no roascnable oxplanation for this

excopt a possibility thet the largely toxic oflatoxin

T ] e

B. might be inhibiting its oun metabolisn in the sheep
1

while the less toxic palmotoxins may not poissess this ‘

characteristice Such reversels hove also been noted k-

d goat but
in the toad, duck, ccck, 2n _
in thesc ca;es, the reverse was the casc. Thosg

animals that petabolized aflataxin B1 very well showed

poor cctivity for palrotoxin GO netaobolisn. There is
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a p2ssibility that the WZynes invel v

for the metoboliso

of theso compounds might nat be the

sare an2 since the

Structurcs of the conpauncis

~re different, the enzyacs

night be octing at diffuront gites ~n¢ thoeir distribution

nay very from spcciesto spccieS.  This sungestion appesrs |

to be in linc with thco postul-te of Pasner, (dtoun and

Udenfricn™ (1961) th~t o fanily of hyeroxylases are

availedble in the liver ricrosoncs.

Generelly, the metabelisn of palp-toxins Bo cnd Go,

appears t- involve a hydroxyletion and > demethyl:stion

process similor to that of cflztoxin B,. The cnzymc i

systens responsiblc {or these tronsfornntions are
W Or -dopcndent and require miognesiun chloride for
activation. These cnzynmes appear widely dictributed in ,

) the specics studicd. However, aflotoxin 81 is nuch !

ore »apidly netadbolized than the palnet-xins 8% a2nd Go
\F19  43). The differcnces night be Sue to differenccs L
in polerity nrising frou structural nodific®tions. L

Gaudette ruy! 3rocdic {195%9) have propssed a nodel that

2he nicrosamc} enzynos WCIC protected by a lipoidnl

1.yer which c:n only b: penttr=tec by lipia wolublg

| Bat,rizls. tenahon (1961) working with six oryl - alkyl
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|
_ ¢ ‘m-ines) M‘n ShOWn that +hiira - 3 4 o

- corzelrtion Dotween 1ipin salubi: |~ tion

- of thc substances. Thys

-1. were

less demethylated 'in vitrs! anC i vivo', Our presont

results with aflatoxin 81 an. pilmotoxins 30 and Gu

appaar to ¢ .nforuy to this genor:l pottern,

In 211 thc substinces studied, despitz the high

vxlues of tot:al substances mctabolized, only very sarll

quintities of the fluorcscent deyfiwotives were formeg,

+ is eithcr thit nost other pracesscs oper-ting in the

species yicld non-flusresconi astab-lites or that the —I'
fluorescent metabolites can be further decomposed to 'h

g
yicld nen-fluprescent products (Canfo, 1970 and

Patterson, 1970)., /. great specics voriction has been
’ found in thg furne-tion of these fluorescent pro<iucts,

Crecven, Parke and Willians (1965) have ebserved specics I

diffo;cx:c;s also in the hydroxylation ©f counmarin by

liver microsonmces.
The white rock cock cn' duck appaeared not to fom

any flucroscent dorivatives froo any of the throc

| conpounds we h:-ve studicd. This might imply either 2

gencral sbscnce of the hydroxylaso onzyne ©r a subdusd

rctivity It pight al9e be thet hyidroxy products fram
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hese speesies decenpase spontana

1
‘SubstancE.  INL sheep showed the

4
w) |

- L

p & \ —-H )1 _."‘ ':l'

F T .‘ g
foxs the various derivatives, nilar obsarvation have

DS repertesd for oflztciedin 3, by #lleroft, et 1. (1566) |

and Emafc (1970). Tha nouse pProduces =flatoxin Ml in ’

adiition to a yollewish g9recn fluorcscent metabalitoe. .

This observatien has olso de:n reported by Prrinman,

Plowmnn and Campbell {1968) ant Steyn, Pitout ond

puichasce (1971). However, this dffers frxom thc findings ]_
+

of Bassir and' Emafo (1970) ond Patterson and fllcxr-ft

(1970). | !

Damcthylation appocared to constitute a major |
pathway in the nctaboliso of th = compounds in the 1}, |
nousc an® dog. fprreciable demcthylation of 2flatoxin ;_

Bl also cccusred in tho white rock cock an! in the

rabbit. The cbscnce of ~ny detcctoble ferrcldehyde in

the duclk might be duo to the abscnce of the demethylase

enzyne or to recduccd activity or t> the presence of

inhibitors ¢f the enzymae in the system. Howcver, theso

{1lustrate specios difforences {n the zctivity or tho

e thylating enzynws. In the guinex pig, ldzard and

tog”. evicenca of comcthylation Was obtsined only with
o2, ic a

tho liver Slices but not With
this might be due to the instability

the nicrosne-plus-

solubly froctions.
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t ¢nzynces, It cauld 21so ha thase 4
" e bl e ol |
Systenis required a difforent co-f:,

see inhibitors might be notine ia

prepaxatlon. HOWCVRr, this trand wns observed with tho

three compounds =nd has also been reported by @nafo (1970)

with rcspect to aflatoxin Bl’

fLlatoxin 91 is meorc toxic then the palmotoxins l

aspecially in the rat. 1t is also more rcoadily
transformed in most specics of animals than tho palmotoxine. .
A similaxr situation, operative in the aflatoxins |
(prge 1‘31.*. ) coulet also be playving » leading role in
determining the tctal potoncy of thesc substonces, |

A1l the animels used in this study appeared to |
¢onjugate aflatoxin B, and the pclmotoxins B2 and Go [i
(Tables 21a, b, and ¢). Only the g9lucuronide conjugatce
has been identified in most of the spcecies. The

inability to detect the pa2rticulor conjugates in other

species might be duc to tho small quantitias formed and

‘o the sensitivity of the reactions employed in the
identificction,

atid of a in
Hydroxylation and demcthylation of aflatox ;

arz} pelmotoxins Bo and Go, by the rat liver microsomal-
I

plus-solublo fractions of the rat are enhanced by
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rhenobarbitone pretreatment of the rots. (Table 22a

an¢ b). 5chabort and Steyn (1969) have reported the

induction of aflatoxin 4-hydroxylase in the r~t arising

from phenobarbitence treatoent, Our present £indings '..
r—

are in line with this repforxt. Similar increases xecorded

for both the hydroxylation anc the demethyletion of ‘
palnotoxins Bo and GO might :zlso show the induction of |
the hydroxylases and deacthylases reosponsible for this
transformation. Since carben moncxide inhibitcd the

1
palmotoxins Be and Go, it does appe2r that the metabolise

|
|
i
hydroxyletion and domothylztion of ~flatoxin B, and rl

¢f these compounds night b2 rrocceding through & carbon

nonoxide sensitive pathway almost exclusively,
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The producting of toxins by tspergillus flavus in

the yeast Cxtract-sucrogse an- 21 sal) medium has been l

compared. The yeast extract-sucrose medium hios been

found to be superior to the paim sap nedium both in

supporting th¢ growth of !.spergillus flavwus ~nd in the

attendant production of the toxins. ; time course »f
the production of toxins has revecied naxipbum procduction ]
on the 6th and 5th days respoctively for the yeast extroci :
sucrose medium and the palmsap medium.

Investigation into the physical characteristic of )

palmotoxins Bo and G» revecled & striking similarity L

between the afistcxins and the palmotoxins (Fig 7). It

iS thus felit thzt they could be structurally related. H
Toxicity of palnotoxins 8o and G to rats heve |

been investigated and compiired with aflatexin 31 - indured

toxic effeccts. Both substances did not cxhibit comparaLle

toxic offects with aflatoxin 81. Palmotoxin Bo was, !

however, found to be more toxic thon palmotoxin Go in

the rat.

f. compzrison of the 'in vitro' metabolism of

aflatoxin$ B1 and Gy, revealed that aflatoxin 81 Was

nore easily hydroxylated an¢ detcthylated by rat-liver
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micrcsomal fractions, 1

v. il &y

-

| : |
to thcse used in Aflatoxin 8 udies. h
1 T,

ve shown that

the palaotoxins 8o =nd Go could possibly be further

hydroxylzted. Optima)l PH,co-factoxr requirement and the

time courSe of the demethylation, have also been found

to be identiccl in the Detabolism of both afl~tcvin B

1

and the palmotoxins Bo and Go.

Species differences have been observed in the ' in

vitro! metabolism of aflatoxin B, and palmotoxins Bo

and Go. The tat was shown to produce two fluorescent i
Prodiucts suspected to be hvdroxy derivatives, from ezch |
of palmotoxin Bo and aflatoxin B1 while only one such
derivative was observed frog palmotoxin Go. !n
The mouse was found to produce &flatoxin M, in k
addition to o yellowish green fluorcscent metabolite
from aflatoxin Bj. Both the ¢uck and white rock cock, |
did not demonstrate any cbility tc hydroxylate any cof ]
|
I

thc toxins. The other specios hydroxylated the toxins

to varying cxtents with the sheep showing more

hydroxylating activity than the rest.

Species differences hove also been observed in the

demethylation of the toxins. Th~2 duck did not exhibit

any denzthylase activity in any of the substances. The

goat did not demethylate palmotoxin Bo or palmotoxin Go
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eith®r. The 1lizard, toad and guinea pig liver slices

only showed demethylaso activity while their cell-

free fractions did not. Vaorying degrees of deuesthylation

were shown by the other species. In 211 the species,
afla toxin B1 was suuch more rapidly tri:ns{ormed, than
palmotoxin Bo or palootoxin Go.
Both the: hydroxylation 2nd dezethylation of tha

three toxins were subject o phenobarbitone induction

and could be inhibited by carbon monoxide.
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Evidence has been out forwarg to iﬂdiba;;‘a

'abggfblb structural similarity between the aflatoxin:
‘and the palnotoxins.

2. 20-day old rats have been shown to respond 2ere to

palmotoxin Bo toxicity than to palmotoxin Gu toxicity. t
?hc biochemic:sd changes were similar to those induced by

aflatoxin B,. Aflatoxin B, was, however, more toxic to

the rot than either palmotoxins Bo or Go, |
3. It has been esteblished that aflatoxins B, and G1 ~
can be hydroxylated and demethylsted by the rat liver :
nicrosomal-fractions, {flatoxin B1 was, howecver, nuch

nore rapidly hvdroxylatsld and demcthylated than

aflatoxin Gl' |
4. Thaxe is evidence thnt polmotoxins Bo ani Go oty ‘
be hydrzoxylated ond demecthylated. Optinmal conditions |

for these rceactions have been shown to be similar to J

those of aflatoxin B, .

5. The following species differences havae been shown

to exist in the metizbolism of aflztoxin B, and the

- palmotoxins, Bo ond Go: -

1
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(2) The duck neither denethylates ner hydroxylodezs

any of the threc toxins.
(b} The white rock cock does not appear to

hydroxylate &ny of the toxins.

: (c) The mouse produces aflatoxin M, in addition to
| ~ yclleowish green fluorescent met:ibolite.
(d) The goat did not secm to be capable of
demt thylating galnotoxins B< and Go.
6. Evidence is presented to the effect that
hydroxylaticn of oflitoxin S1 and pzlmotoxins Bo
2nd Go in the rat arc phenobarbitone incucibie and

respond to carbon monoxide inhibition.
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