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The specific aim of this stud� was to determine the capscits

() f the III �: t, E' r n 2- 1. r- 2- t 1 i :
..

· \! r t 0 b i (.I D c t i v .3 t 0 2 f 1 t::� t ox i r. B
1

�.=h? .:; tat i 0 rl v Low r \3 r· rut. o i n d ::::. t p r III i r. i:;: L ion s;. (I rl r D t 1 i \/ E' r ITI i C T" C.I :;. c.t n, l..'

r-re re rs tr on s r e v e e l ed increase in L ot s l c: ITI OI.J n L of

IT! i c r 0 S 0 III J 1 ;,:' rot 2 i n r.. C l' ;�� r ':;: III 0 f 1 i v E:.' r' t i .:; �. lJ E.' i riP r :2 -::� r I ;:: n t.

Dawle� r s t s on das 6 of �0station as C:' [I 111 F·' a r t:! d 1.:.. (\

c o n t r o I v j t en ') microsomes from da� !
Co F rCS('<:;11 1...

animals showed an enhanced capabilit� to bioactivate aflatoxin B
i

in .'.� of of

a f 1 e t o x i n t.o [INA IrS h e rl c 0 ITI paT' e d to non F' T' e g n s n t con t T' C) 1 S;. "

1

I twa s t h tj s con c Lu dedthat the T' e i s· g E' S tat i a 1"1 - S p e c i f i c act i v ..:J t. i 0 I",

of ;.$ f 1 J to x in B r''::; L ':;:. with :.1 I' E.' .:; t ��. t

her' a tic
1

aflatoxin B activ2tion present on d�� 6 of gest2tion �s

:I.
C 0 fil r' a 'f' e d to nonpregnant control rats. This her-atic

o i o c c t r v s ti o n i n d i c a t.o c the enh2-f'lced production of

enz�mes capable of activatin� aflatoxin B
i

-ii-



ACKNOWLEDGEMENTS

I wish to QX�r0SS m� �rJtitude to Dr. F: i c !'" I r v i fi for- h i r ..

suidance, 5 u P P 0 r t , and F'<3tience. Alsor 1 would like to th2nk

Eli Z 0 C) E' t (', M 0 u 1 1 f 0 T' 3 1 w a ',3 ';;:, b !:! i I', � t h e r E' t 0 h e 1 p � S·F'CC i a].

note of thanks to Ruds Z�rate who was alwass there to help mo

throlj�h the rOIj�h tiffiQS.

-iii-



II E Ii I C ;1 T ION

This p�per is dedicated to m� P3rent�7 M r. and M T' ':;;.. W ill i � III

("_. . Without the i r s U f' P 0 Y' t , love:. Dnd

u n d o r s t, J n ci ins 1 leo u 1 d i I .3 V C' n (I v I':! r ITI a (.1cit. t h i'� f;3 r y

_·v-



I 'r
. .l ..

III

TABLE OF CONTENTS

I .. Preliffiin�ru P��es

Title •••• •• o+++ •• +.�+.+.o •• + .. ++t+ ••• + •• o.

Abst rac l + + • + + + + t ,. + ,. ..

Acknowledgements.o •• I ••• .....................

Dedication. + •• 0 •••

Te b l e of t(· .. ;. o.t .

List of Tables ••••••••••

Li·:.+.. of FisUT'"I2·;:: ;. + + .. ;.;. + ( v (.;.. + •. v i i

Te::.; L

Introduction " .. ;. .. ,..;. •

Lit.::.'r·�tlJrE.\ F:fj\/ie:'w +,. + + + " ..

SF"ecific Ai ITI S ... ,. •• • t++ •• ++t+t+o}.+v

Materi�ls �nd Methods .

RE.\·;:.ul ts.••••

II i S C IJ S s i 0 f'1 ,. .. .. .. .. 0 I' .. t .. .. .. .. t ,. .. • • .. ,. ,. • .. • t .. • + .. • .. • .. .. .. .. .. • •

Con c 1 u s i 0 1"1 S ,. + ,. • + ,. + .. 0 .. • + t t + • • • • + + + + • ? •

r: e f C' r' E' n c €.1 S " ;. .. " .. ;. • .. ,. v + .. ;. .. (. .. .. ;. • (. .. ,. " .. .. .. .. I· t " t I' • .. t • .. • (.

I + + + + • + ..... +tt+

1:'1 F' P c! n rj i >� I I + .. + ;. ;. " ;. ;. .. ,. • .. + ;. • • t • .. .. ;. • I- .. .. .. (. .. • .. t • .. • • • ;... 4 :-;i

I.) i t e . + •• + V + .... + • + ... + + • + •• v

-v-

i

i :i.

,. (. J i i

iv

vi

1

/\
.,.

24

29

34

!\ "7
'j .... .'

'I""
"�I .1

:.i 1



LIST OF TABLES

TABLE PAGE

i. Amount of Microsomal Protein in Microsomes
3

2. Level of Binding of [ HJ Aflatoxin B to DNA
1

31

32

-vi-



FIGUF�E

LIST OF FIGURES

�
.L + Periods of Development for the Newborn

.. ,..
,\j .. Structures of the Four Principal Aflatoxins

4 +

1
Bioactiv�tion of Aflatoxin B

1.

-vii-

9

1 :I.

14

1 "/



INTRODUCTION

B i 0 C h C' III i cal r e l c t i v e lu r;1;:·W .:. c icon t i fie

d i s c i r-Li n e which involves the stud� of birth defects induced

exogenous substances. Fig u res fro III t. h 0! �, a T' c h 0 f It i III 1':: s F 0 fj n d a t ion

i n d i c e te that? in the United States? 200,000 o i rth o cte c t r.

and �560 'I 000 infant dcz::ths? .:. i· 0 n tan C 0 tj :;:.

abortions, s ti Ll b i rt.h c s and III .i s car r i i3 S e s 2: ref' o c (I r· d \:' d ci U o to

d e fo c ti v e d0vclo�ment (13). .::nd b i r til

25% are attributed to underisins senetic C2uses

the ot.h�r 75% result from 31) intorpl.::s of the four kn0wn

of teratosens and prenatal toxins: r a d i a t :i 0 fl ,

and environmental chemicals. Oft hi·:. 7 5 i� 0 n I ':;; 1. () ._ 2 C i� h 'J V e b f:.' 0' i I

as c r i bed to the first three causative facto T"::;· ThE-ls.E.1

clearls i ITI F· 1 i cat e t 0 x i c €:1 n v :i. j' 0 n ITI e n tal and f o o d+ b o r n o

c h e m i c e Ls s s principal in hum s n

The III a ins 0 u I' c e So 0 f h Ij III an con t act wit h F r \? n i3 t D 1 t. Ci ;.:. .L n �:. and

terato�cns h�ve becn identified as occupation�l

sure via food intake, Dnd eXPosure to chemical to�ifls emitted 2S

e n v i r o run e n t.c I The h I.J man F' 0 P I.J 1 i:;: t. ion i·:> co }:. r- 0 .::,edt c) i:;

d e n s e T'OU·::;. situation as 2000 new chemicals are s. ':J nth ( ..�; i :� ( , (� .\: T'

'::::€'(Jr' (31)" The r- r inc i ,r � 1 o uest ion s t h.3 t r· e OJ·3 i fi IJ n .:.: f"1 .::. \.J C., ;. (. d .:: r i:�' ::

-1-



1) Of the environmental chemicals to which hum�ns i;re

e �< ros e d I Whie h 3 r E' the p r i fl C i p ,;: 1 a j p rl t :. c a tJ .::.; i n �,;

prenatal deaths and birth defects, and what is
their mechanism of action?

:2 ) D I.) n J t IJ Y'all '::� _. 0 C C Ij T' i fI � III i ;.; t u T' (.I .:. () f c h (\ III i c D 1 .:_. d. C l.

5 '::H'i 12 rsis tic e l Ls t. 0 P 0 t e n t i ate 0 r a 1 t e r t. it C j' j' e rr B t. a 1
t o x icit ',J 0 f t h c, in d i v i d u -31 c h ::::' IT! i C D 1 COOI�' 0 n e rd, s· '�'

In an attempt to answer these Questions, e r·· .l () C ITI i 0 los :i. '3 t �;

ITlu·;:)t d i -:. 0 3 :":� e i rl ::-., 0 P U 1 .] t ion So \.,1 i t. h -3 h i :=:1 he.:; i·' 0 s· U t- C to

�lven environmental agent. Un for t IJ n a tel:! !I the in';:, i'.' fl �. i t i v i t. �� 0 f

the tool� of epideffiiolo�s make it difficult to -3ccur-3l21� :i. dE' r,-"

L if':;;! s· e rio u s hum a n prenat a 1 t 0 �.; i fl s and ace E�ssther' i .• :. l·:. 0 j" c h (' 0 1"1 i c

low l2vcl expo�ur2 to th2se chemicals. L. 3 o o r- a tOY' ':J a fI 1 II, ,J]. s· t. I.J d i f� ;:"

are therefor'e used to determine potenti�l human

ur-o n exposure to a chemical�

are too lengths and costls to provide proper indic�tions of p re'-"

natal t o x i C f·· 0 t E! n t. i J 1 � WholE' ani III J 1 III (I d (.I 1 .:� .:: 1 s· 0 don (! L ::', T' (J -'J i d c'

of ':;:. \';'!fj E' T'S i s· tic r' 1" 0 r- crt i c ;�. of

enviT'onmental chemicJl mixtures a-:. pT'enatal t o x i n s • Wh�:t

needed a r e short term Lo vitro asca� s�stems which

m i r.e pr0nJt�1 toxicitu, t e ra t o s e o i c i t.u? .::;: n d ITI Q C h 2 n i .; ITI of

i:�C t i on o f �. pee i fie 12 nvir 0 n ITt e n tal to>: ins and ITI i >� t IJ r' e s () I' t. CI ;.; i n �:;.. ,

ThCSG assa�s would indicJt� which chemicals rS8uire further whole

a function of dose and j n t. r i a].

s tud i c s ,

Th i s utilizes a mode 1 in \,) j t r n

ch�ract.erize the c � r:.. acit '::J o f ITIate '('. f'1 a 1 t i ':;:. s u e':. t 0 t r ;:: n '::;. f ( , rill

e n v i r o nm o n t.c l t o x i n i n t o C '._: t I] t CI ;:. i (.

-2-



fot' thc' o os e rv e d to « i c

o ff e c t. • A description of maternal metabolism durin�

ITI a 'J ;.' I' o \,. ide t f"1 e � n s w C' r s rl e C o .:::. �. 3 r ':.! t c.: G' >� :
. 1 ;:: in_::: ITI e c h �!. r lis ITI throlJsh

which chemicals exert their teratogenic effects.

-3-



LITERATURE REVIEW

H IJ III �: n <3 n d () 1'1 i HI J 1 E �< r- 0 sur I:! t 0 F' r Q n -3 t <3 1 T 0 >� i n ·s -3 rs d T C T' a t 0 :j en'::,

Of all the known calJses of human birth defect.s,

tho most prevent<3blc cl�ss of 2-�cntSt U ri f 0 T' t lJ n -3 t e: 1 �:;: !!

throu�h poor safets procedures? careless disrosal of ITI i.: tel' i i�: 1 s ?

and ne�lect'! humans are in constant contact with these

III o n t ion o d r- T' Cvi 0 u s 1 '3 7 t r'l e III 3 .j 0 r .::; 0 U r c os 0 f i"'11J ITI 2- n e >� P 0 S;. tJ r E! t. o

prenatal toxins and terato�ens are occupational fuod

cont3rTiin�tion7 and en \,' i l' 0 n III (� n t 2- 1 F" 0 1 IIJ tan t f., " The dis�st�rs that

III ani f e ::;. ted f Y' 0 III thesee ;.; P 0 S IJ f' e s c I E' a T' 1 ':J i ITI P 1 i C J t. (2 t. h e need

for co ;.� t E' n -:;. i \/ 0 t e s t i n a of e l I ·::.u·::;PE'cted F" r e n et c 1 L o ;.� in'::, '::i 1"1 1..1

tE' r s to s e n s ,

Chenl i c s 1 S

t e T' 3 t f) ::;; e n i c

in the t c! >:: i cit '.:;!

o e e n dOClJITIE'ntC.'ij •.

anesthesiologists show a hi�her risk of s r-o n t c r.e o oe

S ITI i t. h E' 1 1 .::; .: 1 9 7 6) r c.' F' ;:1 r t f.:' d t h ·3 t

the rat.e of spontaneous abortions is elevated two-fold,

Societ.'.:;! of Anesthesiologists found 2- 60% I n c re<.1s:,e

in exposod individuals .: 56) t ThE'::;.2 d c t r i ITI (0 n t a :I.

effects are believed to be c�lJsed bs the anesthetic �Z::Sf n it ro us

which found to be lethal to chick t'mb Y"O':3':. � i:.: 1'1 d

f t� t. 0 t 0 ;.� i c teratosenic to

Tetrachlorooth':Jlcnc, i:� solvent in d Y"'j c 1 <:"':3n in::; f IIJ i rj 7

fe t.o t o x i c c e us i n :3 c h o 112 0 s tat i c ,j a u n d ice i f'r a b r- e ,:;;: S t f c: d

ThE' HI q t. h c! r W <3 .:; (' ;< r- 0 ';)edt () c h ron i c low 1 e 1/ c! 1 ':;;. (J f t h :::.,

the chemical accumulated in her milk (5).

-4-



to lead amon� lead factor� workers resulted in a 60% �� t. :i. 1 I b i r- t h

Y'ate, and a/'O;� new b o r n 1"110 T' tal i t �::! rat e b � a :j e t h l' \? E.) v It·:. P T' i IY, a r �!

effects on the fetus include low birth wcishts? br�in d�mJje with

convulsions, and other central nervous s�stem effects (2).

ChOlTlici:;�l':::' CJn e n t:·_: T' the food ';:.Ij r" r·l';.;! in ·:,c,·...·E.· r� 1

includins the pT'ocessin� procedures, residues on �l�nt products

or in �nimals ti�sues, Jnd as food additive�+ For' t h E� m 0 -::; t r- u T' L 9

the teratosenic properties of these chemicals in hUffiJnS is nGt

u e Ll c h a ra c t.e r i z e d , The r e � T' e inc ide n c e s i i 0 W E' \i €, r whie h i 01 F' 1 i cat t:·�

c h e ITI i cal f 0 0 d con t 0 ITI ina fl t s i:�: S pre nat a 1 t 0 ;.� i f'Isan .-.:i t o r ;:: t 0 :j e f'l S • I I"l

1,... i. r»7 ..... 0 rice with

biphen�ls (PCBs), a f a ITI i 1 � 0 f c o 1)'1 P 0 U I"l d ':.�. U .�:; t.' d :: ;� j", \-: J t, C ;< t . j-"I J (! :j 12 (' S;••

of

heatins coil durins pro c e ssin s con t a ITI i 1"1 a t. edt ('1 e r :i. c c oil

uf 2000 to 3000 PPIYl (. In t.h o s e irlf0nt·:;. b o r n to

l401T1en, s til 1 b i r t h s? S row t. h ret a r d a t ion? dar k F' i S ITI e 1"1 t, <..: t ion 0 f t h e

s k i, n, ,J n d c a I', j lj n c t :l v i t i -:;. , dnd r.o o n e t c l ji:;:undicE:' Wf:!r'c:'

r e c o rded (30) +

Diethslstilbesterol (DES) wa�. to fe;tten beef .:31"1(.1

poultT'1J III iII ions of people to trace .3 0, 0 uri L .;:,. tht:

substance+ The e f f e c t s 0 f t his f 0 0 d - b 0 rnee >� r·· 0 .:, Ij r c h"' '.j e not b C \.;:' f'1

d E' t o r ITI i ned , but (3 ':;. 3 P T' o �:> c T' i r·· t. ion d r u S lj .�� e d b 'J W 0 III o n f r (I IT, 1 9 ·1· .:_', - ..

1970, DES has shown h�rmfljl effects� Herbst (1977) reported th2t

infant·::;. to DES du r i f'I:::i .::; I.J f fer I.-? d

carcinosenic and teratogenic effects.

abnormalities and cervical and va�inal ddenosis.

higher incidence of s re r m a b rl 0 r III ;:: I i I:., i t� s , t. c ,:. t. I.:' .; 7

-5-



h s r- 0 spa d i as, a r, d e F' i did '.:;! IYl s l C S -;; t. ·s (:: ,.'} ) + The 8uest.io� lhat. 2f'lSeS

from this incident is, will DES show �imi12r deleterious eff2ct.s

in those people exposed t.o low levels in co�t2ffiln2tcd

poultru products?

C a f f e i n e i s a f 0 0dad d i t i v e i rl s 0 f t d r ink '::;. , d fl.J 1 :j cc .i c c � ;::: n (!

chocol,3tC'] ,J ndoc c tj r ':;. n w t lj r a 11',J i n tea ,3 n d coffee. In 1980 tj'''lf:.'

Food and Drus Administration issued a warnins for �ro:jn2nt women

to 1. i III i t. t. hoi r- u �. C 0 f c a f f E' :i. II E.\ b C' c a IJ '::;. e S t l_rd i e':· '::;. howe d i. t to bt.,

teratosenic in rats;.• Off s;. F' r i f'I ::3 o f r ,:� t, :::. 'f' e c e i v i n s-j a neG Ij i ',I .:=; len t

(j f 1 2 - 2 4 cUP S 0 f c 0 f fee r- e r d 2 S had del a sed s I':, c let J 1 d C� V 0.\ lop "I (� 1"1 t ,

missin:j d i s i ts . T\ (I t -3 r' d c: t i 0 fl MorE','

defects, such as limb reduction and cleft palate woro oGserved at

hi3her i n two':;, t r -3 i "I ��. o f rat S ,3 n d t. h r c' e':.· t r J i I I .::. of fll i Ct:_'

( 42 ) • L e chat (1 98 0) f 0 IJ ndan inc rea s;, e i rl th e f f' C G Ij 0.\ n c '.:;! 0 fbi r t h

d e fo c t.c in w 0 III o n Will) W (.;:, T\ 2 h (:!.:;: V '.J co f fee d T' i n 1.-:, f.' r' �> (0 '.,,' �.' j'

das) (34) +

Carele-:::.·::, d i s r- os a 1 of chemicals into th� environment hJS

r (.;:, .:� tj 1 ted i 1"1 con t. a III i n c L i o n 0 f i:: i r 7

Humans are exposed to carbon monoxide from industriJl combustion,

3utoffiobile OXh3uSt7 J ndel. ;:';\ are t t [I S ITI 0 k E.' + Cz.;: Y'borl m o n o » i dE.' h,:::�::. i::

hi�her affinits for hemo�lobin than oxs�en, and re2dils diffuses

e c ro c s t.he f'l�centa� Fetal carbox'.Jhemo�lobin lev�ls C3n

IT! c: t ernall e v E.\ 1 s b \;.! 1 0 _. 1 5 �� '� E' i I d :i n g D 1" E' d u c t i 0 f'I i n f [, t ;::: 1 (,: r -t, (::; r i 0 I t,.'

t.on·:;, i on ,. '::;. I.J r \,. C, .�:� 0 f h U III .3 n ear' bon nl 0 no;:: :i. (.1 I:�' F o :i. :=.:. ::J ,. i :i, r I :::� . "

revealed iner'eased of ,::ti lli.'.'t,i. rt.h·::> t h 0.'

carbox�hcmoslobin c C) n c <.! n t r D t .i 0 n w �:: ':;; 2 0 ._ 4 (j ;,� \. :3!Jl"'.;'i'/irlj i :-1 f d r It·:,

showed si�ns of ffiental 1"etardation, seizures, 2nd spccicit.� (35).

-6-



in

._.! .:J : ..:::: l'll•. : .. :' ;.: r- l .::;: .�:. 1... i c f a c: t. (.1 T' '..;� i r i 1 ';.' :.:; J • It W j '::;. Ij i,,,;. c;.;: r l..i :..::j ill tuM i 1"1 i ili�: L -..:

�,) i'l e r t'" an 2: t:_, i'" Lt I) .i. C iJ .J C t t:' r i.:3 C 0 f'1 \! e f' t t;:. d t he i n u r:J ,} I I .i. t' 111�? I' CUI' ':;$ t. Cr

:i. t. o I' �j is n i c ,.:: 1 !'-" .; 1 fur' Iii .:. T (i y. 0 IJ:J h b i u co fl c o n t y. J t i 01'1:.' 1.:::: I' j C, �: m CIIj r. t·:;;.

u f ril t�' r I.::' U (' \::� .::;: l�: C U III tj 1 c: t. e d i f"I f ish f 1 t:' ;:;. i 1 ,. Subse8uent ?Qisonin�s C) f

::. r :.;.' j r! ,.> n t w u HI �, I i r' E.' .:. IJ 1 i, 2 i::i i n m c: n t. .:� I r: ::" L .::;: T' (.I �: t i U fi; '::;. ;. <..: c: i cit. .� � c i"1 r LI r I i L.

blindness of their offsprin� ��O)�

F' C B·:,.

JisPos21 of t�1is drou? of compounds has resultcd in cont.aminat.ion

() f 3Qu::tic environfficnts� Due to t.h o i r hi::Jh ·::.olubl 1 it·:;;!!

hi :.;i'

con c ::::, n t r <:: t :i. (.1 n .::. 'j. n In PCB':;' 1...u

in the f;;;: tt':::! L.i. ·:::'·�;·ljes·. High concentrations of F' CBs.

found i n b r 12 2: S· t. ITI i Lk c) f W U In e n who f is. i'l

nl ill -,�:.'.;;;: t (' r I nf,::flL.·:, �chl..) ro c o i \'C' 0 PCt: C D n t J ITI i fl.:: t, :::! 0 b r' c:::.:::. t

i . I�! .... e·::: I I::'} d s 0 III t:_\ n 12 u r 0 log j. cal anod eve 1 0 F" iii e n t.ali m p a i r ITI t0 n t s· (5 1 ) ;.

H Ij 111 a ,
"

'.; ;.;: I' ; . .' not I.) n ].�.:! '::.Ij s o F' t i b 1 o t [I C h C, III i C ,3 1 :" .. r o r. e t e l to>; i rl �.,

but food prodljcin� animals as well. E ;< r·· u �., IJ f' e 0 f

1 i \/ L' S:. t. 0 1.: !.-:. t.I.) :.... T' 0 n i:: t .. :: ]. -!-.. 0 ;.; i n -;:; r c· ':, Ij 1 t·s i n E' I": 0 n 0 III i c 1 (J -:;. S c:r .:. iJ !J E.' tu

::.=§ r'owth rat.es, }-"uo r dE:'veloPInent v and

r' r I.) d Ij c· t ion t of' wi t.il F' Cf;

C 0 fi t. a ITI i n D t li d f i ·.:.i·, for e >: (3 III �'" 1 c' r I::" .:; 1..1 1 t c: t..i 11'1

centr-.::l '5'::;!'stelTl d i,;;:. 0 i' d \.:' r ::. ol.. :ular

I:) (0 f (: I.: t .::; (11) v C [) n t .:� III in D t ion 0 f c.:;: ttl E' f c: :;) d wit j", �. Ll 1 '..:.: 1:1 r 0 ITl i r I.::;: t. I:;: ...:

(PBB·;;:.) ? c 0 ITt III 0 fl 1 ';;;! u s· edt·· i r 0:' f' 1::'\ t.. :;: (' d 0 n l 7 1,: 1
• .1 \i.l

i n I.:' i d (' n I:' E' iJ f �;. t. i. 1 ]. b i r' t h .:. D n d 0 /l 0 % d r 0 :�" 1 n r· r- C.i due t i CI r.

In;;;: d ,J i t ion? c h E' IYI i cal s c (' eat €0:' F 0 !:.. 0;' f"I t i ,_:: 1 i'" Ij i) 1 i C j"\ l' d 1 l.. i I
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II E:;:: i 1'1 c: i (J I,.' I i ;,� III C' lit :i, G fl C' d Co .::: r 1 i 0.' r T

c h \0 ITI i C 6 1 1 ',3 --

.i n o uc e o h u lila n F:rendtal t. U ,:'; i cit. s te rs to s e n i c i t'::> t h ct

1l,2: t t� rna]. ''::: n d f E.\ tal ,/ €,� III i) r �J u n i c t. i �, ':;:, IJ e �, 2: r e cap a I.) 1 e 0 f 111eta I,.! CJ 1 i c J 1 1 �:

acti"';2:tins:; e ['I \/ i ron HI Q II L a 1 2: n d f 0 0 d - b (.1 r n e ;.; t;' nob i 0 t. i C l:.' U HI r' 0 Ij n ds t.u

cllc:'miC'2:l1';;;:-- rl·�acti\)€:.' St.udies of tile interactions

of

t. h ;:;; F·' c: r €:' n teo 0'1 P 0 U ndun d e r .s-; 0 e ;:;:, b i 0 t r i3 n �;; f 0 r III a t ion and i s C 0 CI v 0.\ r ted

to ITI �:� t ;:;: b C) lit 17:' o r 0'1 (� t -i3 b I] lit e -:;. W (', i c haT' ; � r' (.:0 ':., r' C.I r j ':., i b I :, f C.I r thc.'

observed toxic effect (27).

to a developins orSanism bs a chemical Ct(:CIJ rs tj r' 0 n

:i, n ,j tj ,":3 or' deat.h of c e r t e i r. c o l Ls... The normal SOQucnco of

CO. ';:.' 11 ') t i ':;;, ':�, IJ e ? 2nd o r san d eve 1 0:::: I'll e n t, i s d a III a 9 edan d j' (,: �., Ij 1 t '�; j f'I

triO (,PhD]. OS i c<:;: I i : h C ITI i cal

(,\1 j I I b e i.J (..' }., t:':' n den t Ij :::;.. I,) n t i ffl 0} U fad fil i 1"1 i 5 t. r 2- t ion , t.he

n u ITI (.) E� r maternal healt.h, and species variat.ion ;; :3 1. ) •

There are three import.2-nt periods of development. for newborn�

f't":'r·t_,ili::Btion and implant.at.ion, the embrsonic period, t,he

fet�l period (39). (Fijur-e 1).

In one t.o das seventeen is t ii Co r' o r' i 0 d of

fert.ilization and implantation. I n j Ij r .� iE: t t h :i. :::, '::;, t ;:.: ::;:; i::" r e ':, fJ 1 t s i ri

f! ITI b r �: 0 n i c cell df�2th+ I f r e c o v e r�; fl,) 11 OI;.J·�:" J..:�.

':::. L rue t fJ T' 2 1 ci E' f' 0 r m :i. t. ':� to thc' If

-8-



Period of

d.vidrnq
zygote.

implantation.
and bi l arrun ar

e rnbr vo

Usually not

susceptible
to t cr aroqe ns

Prenatal death

FIGURE 1

---.----_ .._---_.__ ._---,..---

Schematic representation of human development and sensitive periods for produc
tion of maldevelopment. Cross-hatching represents highly sensitive periods; clear area represents
stages that are Jess sensitive to teratogens.
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i r r-e v e r e i b l e s I' e s 0 r r· t ion will no rITIe:: 11 s occur. illJ 1113 n

(oZ' III b r '::� 0 n i c r..eriod follows from d3S 18 to d0� t::" C"
._l .••J v Dur�n;j th i �::.

F··eriod, accurate and complete development of e�ch or;J0n ·::;.�!·::.t..ef(1

o c c u rc , T h €-� f �, t J 1 r· e rio d f 0 1 low s fro ITI d a �;!, 56 tot e Y' III t E �.; � .. 0 .:. u r' e

to at this sta�e can result in reduced C'\-.'ll :.;.i;::o and

numo e r i :JroHt.h and n e r v o u ; -:. '_� .:. t E' fll

i IT! r·· a i T' ITI e n t, s •

The ITI e c h i"::� n i S ITI s throu�h which c i·j e IT! i cal �:. i n du c o t, i.I? i f'

terato�enic actions remain poorl� understood. Tlle r o c e n t, findin��

th e t i3nd f e ta I /E'mb T''..:!On i c of

metabolicall� activatin� foreign compounds to chemic�ll�-rcactiv�

i n t e r-m e d i e t os :-.. 1 a '_:! .:;. r- r inc i r- 3 1 ro 1 e i fl d o L E' r· III i fl i fI :j thc'

t.e r e t o s e n i c of chemical toxins. (Fijur·c 2 ) Live T'

f?nZ'..:!1T12 S 'J -:.1.1 c h ilion 0 >� � :j e n a·:;· e·:;· ,

n i t r o r e du c te s e s v catalsze the 0>, i d J t :i 0 n f rcduction� and

h '� d r 0 1 '.J L i c ro ac t i o nc r-r o du c e the T' e .J c t i \/ C Illc.'t.;:.bo 1 i te·:�.. ,.

Factors which c�n influence this bioactivation include ·:::.uiJ:::.tr'Jte

sF"ecificit':37 metabolic products formod? and moti3bolite stabilits

( 27 ) +

�>t,udie=. have shown t.hat s o m e c h e m i cal

lTIutagens ITIIJ .;;:. t. urrd e r a o o i o o c ti vet i o n in order to d i ·;;:.r·l'::;':J their

onco�enic o I"' m 1.1 t i3 3 o n icpr 0 :-, (.! r tie .:;. (3 1 2 3 ) v B :i. o ;:;: C t i v .::, t ion :i. �::. t i··, \::

c o n v e r s i on of c:�1"1 i n c c ti v e or less active re r e ot. c o m r-o u n d

act.iV2 OT' �CtiV2 metJbolite. re o c t. i v o m :::.' -I.. �:; b 0 1 i. -1... I;;' .

fo r m e d d u r i n a th a s F" I'oces::. c o nv s l e nt.Ls tt.) c r i tical

ITI a c r 0 ITI 0 lee Ij 1 2 So 7

to be r e s s-o n s i b l e fo T' the t. o >; i c

-10-



FIGURE 2

PARENT COMPOUND

SPONTANEOUS Ir-�------��--_ PHENOL

MONO - OXYGENASE

ACTIVITY

TRANSFERASE

COVALENT INTERACTION

WITH PROTEINS

LIVER NECROSIS MUTATION?
TERATOGENESIS?

CARCINOGENESIS?

AUTO- IMMUNE RESPONSE?

Simplified scheme illustrating the possible metabolic pathways for reactive

epoxide (or arene oxide) intermediates subsequent to oxygenation of the

parent compound by the cytochrome P-450 monooxygenase system

-11-



Cellular t.issue necrosis ('(),;::C t. i IJn�;;.?

ITI e t. hom I.) ;j lob i n t\ ITI i 2, 7 ITI.] r T' ow ( 20) o t.h e i

patholosical e f' f e c ts which have re.;.ult.ed f I' () ITI

If!eta b 0 lit e s senerat.ed throush bioactivalion. From the evidence

supportins bioactivat.ion of cheIDicol c�rcinogens Dnd IDut0�cnSr it

:i.s

role in the mechanisms of chemicall�-induced

and t.er2,to��nicits (27)t

P r e v i o u s st.udies of bioactivation reactions hDve focused

almost 0xclusivol� on tho liver 3S the princi�.JI or�.Jn medi.Jting

t.he c o nv e r s i on of inact.ive or less active p�rent c 0 ITI f:· 0 U f"I d s· t.o

act i \1-';';' i ITIO reo e c t i v o s or d i r t e r-e n ti o l Lv Jet i v c:

However, with respect to the teratosenic effects of environment�l

c h e m i c a lc s hus 131·::;'0 o e e n on �! �.; t. r � h E.' r· .J t. i c

tissues as operative in chemical-mediated pren�t�l toxicitu: the

tissues of Sreatest interest in this case beins the pl�centa and

fetal Known bioactivotins recctions 2,re

(.? n Z S III o So ore n Z ';3 1"11 \:� .::;. '.J .:; t t:' ITi ·s pre �. E' n tin t h c! � e III �: tern �: 1 C! ;.; t r .J h c' � .. �: tic

tissues which produce cstotoxic and mutagenic c h o m i c i.; I

SOllie in t e T' III e d i at o s a r e s u f f i c i e fl t 1 '�� s t 0 b 1 e t o beC.3 r· r i \;? d

in the c i rc u Ls t. i o n s wi·,ere a £:. 0 the r· s a r.:- r' ear t. 0 act p r .i 1""1 C i p <:;: 1 1 ';.;, or-

e ;.: c lu s i v ::) 1 ':J -,� t t. h e sit 12 s ::1 e n E) rat. I;? d to

Rat.ionale for a Model S�steffi Design-aflato�in B

(.i f 1 i3 t. 0 x in·;:)
1

t o x i C III C' t 3 b [IIi t e ·s r· r 0 ci I.j C: e d b .�! CJ r

f 1 Q Vusan d !�,� 2 p r i:.� j ] 1 I 1<:, P 3 f" asit i C LI .:� W i"·1 i c i I .;;; r c· COrflli'll... lil

food flJf"i'Ji (62) + Til e ,] f I a t 0;< l. n "::" f 1. I"' .::. t. C·J Iii Co t c!

-12-



of the scientific communits when thes were ;::: ':., �:. i) C i. i� t c d

l,.-,,1 i t h outbreaks of poultrs poisonin� (Turke� X Discz::se) in

T h;:: '_.! occur und8r �ns conditions which will su��ort m o 1 d

�rowth on ans nz::tur.::l substr�te. C 0 f'I t. c: III ina t ion c 0 ITI ITI 0 n 1 �3 occur's

in::.: �:; ric Ij I t 1.1 f' ::: 1 c 0 m HI 0 d i t i 2 .:::. ;> .::. l..l C' h � '::;. cor' n ;' l" (\ a n Ij t .:.� � cot ton .:. C' E: d !}

',,:·0 ':::! (:,'Iii! ;;::1"1 s· � t r 0:' i;:! nuts. ? ITI i L]; ? ITI ilk f' rod u c t s· :: i:: n d III 0.\ 2 t r: I' (.t d I. let -;:. +

COI'l t,:: 111 i n �:l til) f'i be d 'j. l'" C' c t t (I l" 0 t.J S h til C :jrowth of funsi o n

d�:.:;rj,cl,jl t.u rs I F' r o du c ts ·:::t 2 I"l '�� t. i ITI e f r01l1 field to

h.::; r v :�:..:� tin:J ? t r· a r i -::. i·' 0 r t.. ? i n d i r o c tLv

t.j·"1 ro u s h in meat. or I'il ilk. d e r i v e d f r01l1 i:: f 1 a l. 0 ;:.:. i n

In ;:; t .:,: b c.\ 1 'j..::. l'li :i. n E' >� r- 0 ';::. [, d ,:;: i I 3. III .:::: 1 '::;. (5 '7 ? t.. 0 ;. ;. tl f 1 ';:: to>: i n con t � nl i n c t i 0 II

i �:;. <:; ITI {:3 ....i D (" f 0 0 d s· a f t� t. ':;:! pro i.-'·I 1 e III i 1"1 h t..I H, a r I and d 1"1 i IY! a 1 h e a 1 than d has.

stimulated public interest. in its adverse t.OXIC effect.s and means

o f c o ritro I +

OC'CU'i' in a f 1 a t 0 ;.� i rl i t �:.

1

(:j c, 1" :i. 'v' 2;: t. i v e':::. 9 �flatoxin G and it.s derivatives.
1

(Fi�t..JT'e 3)

ThE.·:.e are c Lo s e l s related ctr u c tu r c Ll u but

s i an i f3.cc::ntl:.:! the i r r-o t e n c v . n .::: t t..l r' .J II',.:! o c c u r r n s

(.1 t·! r i ''Y' c: L i \/ e s o f a f 1 C:� t 0 >� i 1"1 B h ave bee f'I

1

':;;. t. /' u c t IJ T'all ':J idcn+...if.i.cd.

B
1

lhe major component of the toxin mixt.ures ':::l"Id is t.he most.

i·::. the COlli f-' 0 U n d 0 f F·' r i ITI a r ':;:! in t €:- r e';: t b (.' C' ·�1 U �., e i t

ro t e n L

L o >:: ina n d c ,3 T" C i n 0 j c n inth E.' '::;. e r i e's ,.

h a':;:· bee n r" r [) '
../ e n t 0 be.:;:: pot enth epa tot 0 �.:. i n i 1"1

1
Acute toxicits results in liver

c:i. l" rho':' i .:� i c h r' 0 n ice >� F 0 .:. U ,'c to c e rl t r.::;:I.

lD(,lljl;:::r l"Iecr'osi'�� tlile duct /' r 0 1 i f E' T' a t i 0 r:

c;: f 1.:::: to:::: 'i. n B levels of 10-100 �pm will r' 'j" 0 d tj C ::�. �. () 1 .:. 0 1"1 i 1': �.; ';::. 1 Ii
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FIGURE �

o o

Structures of the four principal aflatoxins produced by molds

-1�-



domestic animals. s.wine'l chi c k e ns � d u c I·:. s � iJ n d t IJ r I·:. e ,::;: .::.

<311 -:.:. ens i t i 'v' e tot h 2 .3 C 1J t Q t (I;'; ice f f C? c.' t .;:) 0 f o f Ls t o x i n B
1.

d os J ;j E:' S for t i'''1 i s t o ;; i n r J n S e f r' 0 ITI 0 t 3 r- r" fll i r I t h E.I d IJ c !<, 1. i n s:

to 2.2 ppm in calves (62). Accepted LD v e Lu e s for a flu t 0 >� i n B
1

a r �� in
so

(..her J n S e 0 f 0 + �j - 1 0 I{, S / k s for ru 0 s t In i ITI a 1

( 60 ) • Species sensitivits is however hi�hlu

fo r ruinbow trout (the most sensitive s·pC'c i E'S) ) LD

value it less (J n d f 0 T' the (the

:50

12(Jst.

s e n s iti v e the LD v o l u e is 60 IYI�/ks c 1:: j 0 c h C' IT: i cal

changes
50

with acute aflatoxin B toxicitu in
1

:i n c IIJ d C� i 0'1 r- iJ i r ITt �) n t 0 f r- rot 1;:0 ins ,::;:nth e sis e n d /-' ron 0 IJ n c E'din h ibit i 0 i I

a s s o c i s t.e d r o o e n ts

of DN�i and RNA polsmerases throush the red IJ C t. i 0 rl of t. c.' ITI t- 1 a t. E'�

activit':J+ S i III i 1 i3 T' E' f f o c t S i3 r C? ,3 1 .:; 0 s e e n i n h Ij 01 -3 n a rl i.:i ;;;: n i III z.; leE.' 1 I

c u l t u r e s (63) (0

Aflatoxin B has'! in addition, carcinoSenic 2ctivits in mans

:I.

1 abo r e t o rs animal species includins rodentsr birdsr und f.i. s h

One e i3 S i3 i n 9 the: 1 i v e r i·::; t h Q ;-:, r inc i F' a lor :'1 a n .J f fee t. E' d

in which the i n du c e s (.'<3 r c i no ITI iJ

chlJnsiocarcinoIDD (63). l .. aric a s t o r e t, tht:!

earliest evidence of the carcinosenic pruperties of aflatoxin B

1

Inth i..:; .:; t IJ d ':J 7 i3 h i g h 0. r inc i d (I n c e 0 f 1 i v e r llj ITI 0 r' .:; t.J a .::; r c! F' 0 T' t c' d :i. r I

r s t s fed for 30 weeks on diets containin� level of

a f 1 s t o x in con t a III ina t ion 1, r 1 r:: t.. '::"

a n a f 1 a t 0 >� i n B level 0 f 0.; 0 1:5 r- r ITI

1.
r' e S Ij 1 ted i n 1 0 0 i� t IJ ITI 0 r inc ide n c e i n T' a t s wit h i n t.. E: _. 8 0 W C C' k .. :. (t.. 1 ;, •

r e ....··ealed that of t. h (-? d ,j E·t

In ducks. fcd Dr. i3 f 1 ,J t 0 >� i n B level of 30 ;-:"!7,b of tI"l o d i o t. 7 o �, :j h L
1

of eleven s u r v i ',,'0 r s developed liver tUITIO T'�. ( 10 ) . tl t <:: d()':::,e (" ,::: I', ::� t::'

-15-



of �-20 ppb, a lo�arithmic dose-relationship between cflJtoxin B
:I.

1 e v e 1. .i. nth o d i f:! t j n d 1 i vcrt U ITI 0 r inc ide n c o W .:;, ';:. n o t. I.! d .i. (I T'':': i n o o u

trout (54) +

i c IIIeta b 0 liz e d in the li .... 12f· ITI .l >� e i)
1

function oxidcses in the Sffiooth endoplcsmic rcticuluffi �roducin� a

of the known metabolic trcnsformations of aflatoxin B LD ....' j -I- 1'1")

s n i m e I c re c Les s h o w

�
.l

the

tar ::i o to,' :j ti n .:; I.J -::;. C' F-' t i b i I i t '.3 t 0 th�'

car c i nos E.) n ice f f e c t s 0 f a f 1 a t o x inBc 0 r r e 1 ate wit h t. h t:.,

:I.

of t e r s o t, to motJbolicallu activ3tc ;:: f 1 D t 0 >� i n B tu

1

a f 1 2- t.o x 1 n B-2 , 3 - 0 ;.; i d o ..

:I.

interffiediate is lethal and mutasenic to bacteria, �nd ie believed

Th i·:;. h i s h lv e l e c t.ro r-h i 1 i c.

to to>: i c effects of aflatoxin B bind iIi::';
1

c r i t i J 1 IT! <J C r 0 III 0 1 0 C IJ 1 €! ';::. ':;. U c h ,J .:; n N (� D f I d F: t·l (:.i (6 '} ;. + Les i o r.s ,Jt thl::-:'

DNA site are h�pothesized to interfer with tranecrirtion

le3dins to carcino::ion0sis and mut3�enesi� E r' 0 >: ida t ion

i3F"pears to be the kes step in aflatoxin B bioactiv0tion
1

since

L o x i c i t� is d e r-e r.d e n t, u ro n the rate of b i 0 t r 2: r. s f o r m·J t i 01'1 •

the e F..
· 0 ;.; ide has not been isolated due t.o �:.� I' C c� t.

re3ctivitu, ITIOI'f.} e Lo c t r o rh i I r c :: f'I a I (.1 :3 lJ :.! (;0.'1:::'11

aflatoxin B -2?3-dichloride,
:I.

I.J S o inc h �:! III i c a 1. � s .:. is -·3 .::; 2: n d b i 0 1 0 �l; 1. C .3 1 's ':;:! s· t E' nl :. (t.. 3 ) ,.

�:.:::nt.hes i zed, Jnd is e v c i Lc b I.e for

Studies. have also shown aflatoxin B m u t e s e n i c • I 1.,

induced
:l.

III IJ tat ion S 0 f 4 .- �� :3 f 0 I d .J b o './ E' t 1'''1 E' -:;. i" 0 f'I t, ;:;: r. e 0 IJ .:, 1 e \'::: ] i.: i

t J' ansf 0 r ITI ins [INA of In

UJelaoosL:;:''::: t fl r, a f 1 a t 0 ;.� i n B induced recessive frll..l t. ;::: t. .i. '.:.11 I'.::.

t
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FIGURE . .1

THE D1 HYDRODJ OL ( A O1ARACTER I STl C HYDROLYS I S PRODUCT OF EPOX I DES )
HAS BEEN FOUND AS A PRODLX:T OF 1"11 CROSO'''V\L OX IDAT 1 Q\J

�r.&
COVALENT
ADDUCTS
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OH

�O�
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o
"

OCH3

I
v
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at dose of 0.01-0.5 ��!ml e f l ct.o i. i n rJ i.; ITI i3 sed

1

c h r 0 m i) '::;. 0 0"1 'Z: .:. n1" lUffiphocstcs pr�pared from tho blood of

dono "('.:;; c hish rate of structure1 chromosome ebcrrations?

·::;.t..lci··1 (.) r C' .J k s .:: fldin t, e r c h .:: r, ::; 0 .:. w e r e o o c c r ....l�:d Studie�;

i n d i cat E.\ i3 cor' T' e 1 ;;:: t. i 0 f' bet.wee n b act e r i i;; 1 ITi U t -3 sen i cit. S i:j n d i.J.J �

ca r c i nOSf2rJ i c i t':J In the Sal fU 0 n p'! 1 a / m i c r o .:. 0 IT! (:1 �:.�3St.t�lh 'I

a f 1 d L D >� i n F.: is potentls mut.aSenic, a f"' d in � e >� r e r :i. ITI en';.. :::. wit. h

:I.

Ij i f f e T' E' f"J t h a v (-;! ':;;. h 0 �..J n c: f 1 a t. a �< i n B to t. ht:�

1
F u r' the r ITI 0 r 0 7 i t h :: .� bee n

�::. hownth a t. IT, i c r 0 ':E. [) III a 1 act i ...... c: t i a r, i c nee t:' ;;� .::. a r ':::! for c: f 1 a t. 0 ;.� i n Ii t o

1

c:, :::. 1"2 r t :i. ts m U t. a �{ E.\ f"' i c e f f I;: C L �::. (-4 (1 ) •

a s 2: i:,otent t e r a t o s e n �..Jhich c s u s e s fetal deat.h

1
d n (.i .::: b nOT' III a lit i e S�. a t a r a T' t s r:-' e Y' III ill i 0 rl t;. ; � r;.. 0 '::;. u re 1 c 'v' c J. • t;t. d o c e

level'::;' of 5 )J:j /;j production and

Ijec re es e d het c h s b iIi t..�.� of fortile eSss were observed in hens

U r- 0 fl n ::: c J' 0 r- -:� .. :� ?

o b -::. t·:, r v edin tho hen s .; F' T' t;. �{ nan t f e IIIale

with tll::.�/k3 of of s c c ts t i o n r' r 0 due e d

1

u f f .;::, r- r i n:3 t.-J i L h :J T' [I S s 2: b n [I T' fI'I a lit. i e s [I f a e f"I c '2 Phal ':J? dis 0 r :� D n i z , : t i [I n

D f tho c r i3 n i .:: 1 2 n d () f t. h E� n Q IJ l' J 1 t IJ b C' , ectopia cordis, formation

o f '��. Ct f' t t. lj III 0 T' ;;:. [I f' the h E.\ ad? haT'eli p ':;:'? i::: n d fj III b i ]. i e -3 1 her" rt i a':;) (1 4 ;. +

Tu:::ic 1 C:::'·:::.ions· of ;;:.ubcl..ltaneou;;:. edertJ3 ?

ITI .::,t () C J r' d i i:;: 1 we I'C 3lso secn in the f ::; t Ij -:. I:! '::;. ., Gr·owt.h

of 20-30�'� on 1 1 of

H�p.::tic .::nd renal n�crosi� wefO S0�n in th2

E f"I e e p h c� I':::!? 0 F i2 n e ';;.�eli d·;;? 2 f"lr",) j'" i' 1..1 t. r u '::·10 n

o f i.:.. h (' i n t c:> -:. tin c' were .� r::> CI n i n f 0 t Ij S 0 S 0 f I' r' 0 :j n :: n t ITi i \: :::. do'::' e d wit ( I
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aflatoxin B on das 8 �nd 9 of
1

sublethal dose of 3 mg/kg on das 6 of gestation resulted in

of

1 OO;·�

mortalit� in pregnant Spra�ue-D3wle� rats (26) �

The mechanism of action of aflatoAin B durin� prc�nancs is

:1.

not !.r:. 1'1 0 W n .. Howe 'v' e r 'I -::;. inc co the c .J r c i n 0 s e n i c .3 n d IIIU t a S E\ r I i c �, f f (., C t so.

of e f La to x i n B
1

c e n te r a r o un d bioactivation to t. r J n s. f J' 0 ITI

B
1

and damage critical cellular macromolecules,

a f I a t 0 �.; i n to reactiYe intermediat.es which eov�lentlu adduct

it i-::;. reasonable to

h';:;p()thE'siz.c b i 0act 1. V J t, i I) n b '.:J f e t .3 1 and

F·' I ass major role in aflatoxin B induced t co f' G:; t 0 :j e 1"1 i cit s and

prenatal toxicits+

�Jh i Le aflatoxin contamination of the hU1l1 an food �:.I.l r-r- I':::!

F"resents 3 major problem to hUffiJn health, 1 i vest o c k .;:, n i III .;:: I .. a r t�

Bt ITIU C h g rea t e T' r i s k for e >; F' 0 s u ret 0 a f I a to>; i n �., c;ue t. (.I the

fe e d i n s of old') low aualit�37 and feed, Sho T' t t e I" 01

ingestion of low levels of aflatoxins result in suppressed �I'owth

rat e5, lower c s r cas s Q IJ a lit:::, and red U C E' d III ilk and e sSP T' 0 due t ion

in an i ilia I s This low J. E···.... e 1

r e s u Lt c i n I a rsee c 0 no ITI iell) s �:;est 0 F'roducers7 e n d i n t rod lj C (-? �::.

af I s t o x i n residues into animal products (milk,

which creat�s an important human food safetu problcm.

Hum e n s are seldom exposed to larse amounts of (;; f 1 � t 0 �< i f'J •

T h o i. r e >; P 0 .� I J r o 'i. s P l' i ITI a r i 1 � 1 0 n � ._ t c r ITI �: n d low lev Q 1 E' S P C' c i .::;. I 1. ';J i r I

e r e e s where aflatoxin contamination of foodstuffs is frcGl.Jent.

In u f 1 a t, 0 ;.� inc 0 n t. �: III ina t. i. !) n i..:. ilia re

COITIITIon due to tile li::;ck of knowledse in fuod

t.e c hn i Gl.Je�. ') .Jnd r- r o r-o Y" f o o d �" l" (.. C E' d IJ r E: ',,; ,.
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Studies show a positive relationship between aflatoxin in�estion

dnd liver cancer incidence (63)� Aflatoxin �n�lssis of p e <J n Ij t �:;

collected in variou� IOCJlitios in SWDziland revealed 2. hi;j h E' l'

liver cancer d i s e es e risk in those with h i e h e ct

f r E' G! IJ o n c '.!. 0 f J f 1 <3 t 0 �-: inc 0 n t a III i n J t ion (2 8 ) + I n U � and a? .�, :: ITI i-' 1 c .::> G f

III a ....io l' o i e t ingredient.s from home graneries were

fo T' 2. f 1 a to>: inc 0 n t. 2. ITI ina t ion ,. Whon the f T'C'ClUC'f'lC';j of

(3 f lata>: i n can t. a III ina t ion eOITIFc: red res i o r, D 1 1 ':.1 wit.h

d i s t r i b u t i o n of Li v o r c e n c e r i n c i d o n c o ,

the disease was recorded in resions where 2fl�toxin COllt31llination

wa·:· also Althou;jh� t h e r e is no

identifsins aflatoxin as a major cause of human liver c a r c i r.o m e s

there is stronS circumstantial evidence linkin� the two todeti,er,

s u c h 25!

1 ) the /-' T' 0 veri C i£ r c i n 0 £ e n i cit S 0 f a f 1 a to>; i f'I B 1

in IJborator� animJls�

2) widespread detection of aflatoxins in the hum�n

f 0 0 d s IJ F' F' 1 '::) ;,

3) epidemiological evidence assGeiatins 2fl;::toxin
f? >� P 0 sur ;�.J wit h inc T' e a -;:;. edin c i (.I E' n c: C! 0 f p r i fTla r ':�

liver cancer in humans.

The risk e ss e s s m e n t, of hum e n s Ij �:. e r:.. t.. i b i I i t OJ to lhe

carcin03enicr UIIJ t a ;j e n i c 'J .3 n d t e T' 3 t 0 sen icE' f f o c t s 0 f .J f 1 a to>: i r I 1 .:::.

vers difficult s i nee d a t a ITIIJ s· t be e �< t. r' c: r·· 0 1 ate d f r o rn <:: n i HI c:: 1

Tho 13ck of i n for' m a t ion to E.,·:,t.::>bl i·:;;.h

r e s u 1 at i on guidelines and tolerance levels f("lI"

eon t r 0 1 I.) f ·3 f 1 a t 0 >� i 1"1 con t. i3 ITI i n J t ion a d iff IJ c !J 1 t .J n d C 0 ffl F' 1 [' ,:;

The b est. w a 'd toe 0 n t r 0 1 a f 1 a t o x inc 0 n t ,::: IT! i f'1 a t ion .i '::' i . .1 ':.; F' [. (.:: '.,J I=-' fl t.. .i ('I :.:.:;

mold 31'OWth. This the p r 0 F' e r clf f Ci Ci :.i

-20-



�; c i I'.: n c c! t c' c h n CI 1 0 :'.:; 'd a f"' ci t h o i.:i e v t� lop m e r. t [I f S 0 0 d

F' f' 0 c e d Ij r e -;:. to r e m o v e cor, t a ITI ina ted r.:' T' 0 d tj c tc

-21-
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3F'ECIFIC (.HiVi�;

ThE' specific aim of this �hesis proJoct is to c h c rc c to r i :.::(.:.:.

the c e s- a c itv of m�ternal tissues to IYI etc: b 0 1 i s: e e n 'j i r \ , n ITI e l"I tal

to>: i n-:::· u -:. i n �� .: f I a t () ::-: .l n B a"; t h t,! ITI (:I (j.;:: 1 t 0 >� in.:: rl d the r D t .:: ':, the!

model animal species.
:I.

A f I i3 t o :::: i n B has been chosen as the lTIodel
1

e n ..../ i r o n fll E' n t ,�;: 1 c h E' fII i c ;:?, lin t. h 2 s t u d ':::: b e c 3 Ij s· E' i.

:I. :. i tis;. a k n a �;I f"I pot e n t. F" r e nat a 1 to>: i n / t e: r a to' 0 :3 E' f"I

i n l c b 0 r ':;: t 0 f" '=� ,::;: n i III .: i 1 s ;.

2) the metabolic routes of aflatoxin Bl as 2-

carcinojcn .::re well chJf"'::cterized.

3) the aflatoxins have been causall':::! related to
inc T' :::.' a �;. I:din c id e nee ',� c; f r- r E' n �:: t.. a 1 m 0 r' tal it' .:! i r I

h Ij ITI an F" a P Ij 1 2: t, ion s 1<. now n toe ;':: h i bit hi j h r � t 0.' ':;.

o f 1 i 'v' ::' J" C·J n c ,,::, r' c! 1..1 e -t-, () e lev 3 t ':::'dIe \/ '=-' I ':::, C) f
aflatoxin B in the diet.

1

The presnant rat was chosen as the model animal species

it bE",::,n to be s�nsitive to the: t.o >� i C of'

a f 1 ,:: t 0 >� i n B on das 6 of gestation.

1
Bsus ins a ffI 0del i.o v j t f' n IIIeta b 0 1 i c act i 'Vi a t ion -:::' ':::! �; t (7.1 ITI a fI d

DNA binding the capacits of the to

m e t e b o 1 i ZC' 1 : nvir' 0 n men t. ,:� I t.o x :i.", .J =c i.n t. i I!

jestation can be measured. I� co III F' a r' i so f'I bet. w e 0.1 n P (. e 9 1"1 D n t r i'� t ';::, ',) i"1

d a ':J /:; o f :3 I::,? ' � tat. ion and no,', rre 8 n 3 n t c o n t T" 0 1 r a t S� w ill d e L .;:! r HI :i, r! E' i �.,

t h c 1 i V E' T' i S ITI 0 rea c t i '
. ../ e i n 111eta b 0 1 i '5 III d uri f'I 2. p r (;\ :3 r. an C':;:: � i3 n d t h u ';:,

r'ende r'� t.h (� mothf-:!r more suseptible to the t 0 >� i c: effect'::;, Df

a f 1 a to>� i n B <Fisur-e c· ,

":'1 )

:I.
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AFLfI TOX I n n 1 AS A CARC j r:OG[N : AFLATOXlti 01 AS A TERATOGUI:
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I
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I
I
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I
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I
�
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l..(\

I
I

�
I

�

S
o
H
�
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I
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(\J
I

�

1
1
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1
1
1
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MATERIALS AND METHODS

�'J .:::: .:. r: Ij r c' h :: ':;:. f!:.\ () f f' o fil the S i :3 ITI a C h C ITI i c <:':]. C (.1 ITI f' ;::: n ':3 ,

::::. t.. ; LUI_! i,;::.

1 :.3

D n d [ H J -3 f 1 a: t, 0 >� i f'1 f; W ·3 s 0 b L a 1 ned fro III ('1 Dr'·::;: 'v' (! k

(,f'! i ITi a 1 .�;,

The 2nimals were d i v i d e o

::.� r Ct t.J �" .:. .;.

Th i ';::. �roup was then subdivided into throe cc c t i o ns

co mr- 0 ':;,�: 1:1 of t.wo J n i, IT, .:;: I .:; c' .:: c h ,. ':; i >�

chosen for breedins, and e�ch one W2S ffi2ted with

�':i ':;, Ij C C t: .:; .:� f u 1 III D t. i II ::; W j ':. d e t e r ITI i iI C' d b ',3 t. h co ;., T" c: ':; C' n C E.' I] f 2

v2�inal plus durins mornin� examinations. The control �roup was

com�"o':;CCI of T h::! 1.:: ':; t ::; r 0 IJ C'.

;.:- U .�� i t i \/0.' CO 1"1 t r 0 1 �::: r 0 U F (I f f i v e non p r E,i S nan t f E.'I)'Iale s· w i1 0 (oJ (: r o ::.� 1 V f:_' n

0.1% phenobarbital water ad liiuw for eijht dass. (F'henobarbi te l

was uscG as 3 liver cnz�mC' inducer�)

I ';::, 0 1 a t. i 0 '''I 0 f L. i '.; e f" IVI i c r 0 ';:, 0 111 ti S

!... i ·
v·E.' r microsomes were prepared from each srour .. r. 1 ITi -3 1 '.:;,

dC:CtJ r·d i I"I:'J to th,.:' :" rocedu res of F:OE:bIJck o t . For :·.::::ci·;

::.:; r 0 U F' r were perfused with ITI .J. C r o c 0 ITI ;;;: 1

-24-



media (H Buffer) and wei�hed+ T i') E' 1 i V E' r t i s S Ij f:� W i3 �::. t· 11 e n III :i. nee d

with -::·c i s s o rs \.,1 i th H

Buffer at. a volume of 5 ml H Buffer/�m of 1 i 'v'e r t .i. ';::. '::;. u C� t The

hOlTlo:Joni3to W;�:·:;;· c ..:,' .-1 t r i f Ij � (.�din a ;" T' E' F' 2- f' 2- t. 0 r '..:� c: E' n t r i f u :.:..; :::' for 1 �".i

minut.es, a t 8 8 0 0 T' P ITI t 0 F'),,' i r C i r-all ':;.: r c III 0 V C n u c 1 c i +

n o n Li rr id '::.Ij }"';? T' n 2- t.�: fI t r fJ fil 0 \! C' d C: �. r. t j' i f u £-; L' d i r.

Ijlt.r�centrifu�e for 1 hour, 4 C, and 37r500 r�ffi in c TJ 60 Rotor

to f 0 T' ITI the IfI i C f' 0 S 0 ITI �.� 1 (� n ZUlli e i"ell 2 t + The 01 ]. C T' (I .:;, 0 I'll a 1 ::-.. o Ll et. s

vJe re s ub se e u e n tLu removed and homo�enized in 2 mJ H B u f f e J" / s-� fli

livC'r' Tho f' i n» 1

IT! i riu t.oc to ::� 11 0\.,( �: fl d -:;. '1.:.. 0 r c' d

f c.t J' :.30

procedure fo r the liver microsome pre p c: rat. i 0 f'J .i �:. dc·tdilcd

A p pen d :i. }� I.

Lowr� Protein Analssis

In o r d e r t.o de t e I' ITI i n E\ t. h e 111 S 0 f P r' 0 t c i n r.. 1" E' ..
' (., n t.

of 2- L. 0 W r ':3 F' T' 0 tGirl

accordins to the procedure of Lo u rs e t . a1.

C I.J T' �/ C' W -> r:
...., -, f' Lrs t. c ons t rue t o d IJ .::; in;:; inc f' C 0 '5 i n s V 0 ],U 1I1�! .:; of

b o v i n e albumin zt a concentration of 1 IT.;j / ITI 1 , and

decreasins volumes of water to form a 1.0 ml solution. In .;;:: s;';::"arl

of fifteC'n ITI i nut. e '::;. 7 solutions. for- fI! ti"lt.·:

colormetric reaction were added, e n d ab s o r b e nc e Wi]�.· {'Ci:·:tj Dt (�.OO

nIT! t ( '1 G S t. and �:: r' d c tj r' V E' \,,) Z:: ':, .:. Ij i::t .::. c, c! Ij 'Z.' n '1..- 1 ';:.�

plotted c:s absorbance versus m� of protein.

III i c T' 0 S 0 ITI e -;:;. , o (0 0 1 ITI 1 ':�. -3 IT.;.-.. I.;::> w a .:; addedt. 0 0 T 9 9 as 1 I ) f .!
..

fa T'ITJ 1 + 0 III 1 IT! i ;.; t. Ij r' e + ThE.' s.o l u ti o n s WE'rE' c:dd\�",j i r.
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manner as for the standard curve,

n III � T h c: III :j 0 f r' rot. c: i n for' ;:. ,�� c h :3 r 0 I.J P (,I f ITI :i. c r' 0 -::;. CJ I'll ':! .:;:. W :3 .:;. c.! b t .::: i r; (::' (i

bs extrapolation from the st0ndard curve. Aprendix II �ivcs

ij 1:0 t. � i 1 t::O d d e -:. C T' i. F' t. i o n () f L h e L. o W r- I,..:! F' r' 0 t o inA n :: 1 'd .:::. i :�:. :', r- o c c d u r· I:�' •

DNA Bindin� Assas

InC) r' d o r to de L e rill i II c: t, iOO) e 1 e v o l (:I fbi ndin ::-:; c; f [ H ] �:: f I �.: ;, (.1 >� :l II

a DNA bindin� ass as as described b� Essi�m0nn ct. ,
.:.:.t'i

:I.

( 1 t. ) was done for e�ch �rOUPt ITII

inc IJ b ;3 t. ion HI i >� '7 com F·' 0 ":::. 0 d 0 f (I i' 0 3 M T T' :i. s· - H C 1 B 1j f 'f co f' (f' H 7.:;), 0 ,. 1 11

120 mM Glucose-6-Phosphate, 5 mM NADP, Glucosc-6-Phospi12te

Dehsd r-o s e n e s e s

3
[ HJ

c 0 1 f t h � ITJlJ 5· 1:1 N tl , ITI i c 'r o ,:::. 0 iTl a]. e n z ':_! ITI C f i' �3 C t :l 0 I ,� a 1'1 d

a f 1 a t o x i n B
1

d i s s o l v e d s· u 1 f 0 ::< ide "

inc ubat ion ffI i ;.; was· inc ubat e d for- 3 0 111 i nut E' .::;. .L n .;�. s i I D k . .l n ::-; W .:.: t. �. I'

o

bath at 37 C, and the n c E.\ n t, r i f use d f () T' ::. 0 m i nut C .: � C �

39,000 r' r-m in 3 T:l 6 O T' 0 t. 0 r t:) r c: III (I 'v' e Tht::

s ur- e rna te r.t, was· r e m o v e d end incubated with 5 M N;::Cl,

and phenol-CHCl -isoamsl alcohol for 30 minutes

o

in a shakin� water bath at 37 c.

D

The re c u 1 t. i n:j ('lYIul·:.ion v.J;:;:'��

centrifused f 0 T' 1 5 ITI i nut e s ., and 1 5 '! 0 0 () C' r- IIi �

and n N ;"" \<..1 3 "::,. r·· T'�' C i pit. 3 t. co d f r 0 m t h i .�> r· h Q �. c� \.0..1 i L 1 ;

freezer cold ethanol. Precipit.ant DNA was SPooled onto ;:;:

I'od� and
D

d r I e d at. �-?O L�'• + 'j. h e p T' 0 C f:: (.) l.J r �? for-

a s -:;. i3 '.J i -:. des C J" i b :' � d com p 1 :2 t I� 1 ':3 inA p r- end i >� I I I y

-26-



:!: ';�. o 1 <;;: t i () n 0 f F' u r 12 Ii I',! (\ F a c.' t ion

the DNA heG been collected from the DNA bindin� esses,

,-' Me·;;:. :3 [I and 6 M CsCI was prcpercd for ceci""!
2 4

f (J 1 '�! iJ 1 1 0 III C r

L tj b (: .:.. i c .::: F' r E' d \.oJ i t h III i r.o r c I 0 i l, G n deE.' n t r i f' IJ ::; o d f (I r 1 0 -. 1:: h [I !j r ';:. !J

C 1 The Dr..�(:� c c n th('rt

c'c111 :::c·t_.c(i u·:. :i. n::-j f ro c t i o r.c t.o r dc'::- i ::;ncd tu

nl 0 I"! i !:.. 0 r thE' Th i '�;.

F' r- 0 C E' d tj r:::; 7 howevcr7 did not work due to some unknown technical

II';:. t. h E� D N Pi 1,.) a':· r- IJ r i f i 12 d b ':_! d i j 12 S tin ::; awc..:';::!

r"'rotE:ill cor j t -, $ IYI i I I ant .::. 3 n d F: N �:I wit. h r- rot c .::; 'C;. C

onth :::: F' :.l r i f i Ci d II U (1 .:; a a, ;" 1 E' tOG IJ 2 n tit �: t E' t h co ·3 m [I u n t 0 f

A smell amount of the DNA was dissolvcd in 2�O

1 N perchloric acid. Two ml of 4% diphenslamine in

·3C i d and Otl ml of aQueous actaldehsde (1.6 mj!ml)

Fi f t €oi r :. t i:;: ndin :j c t r- 0 0 itl t o IT, i' o r �: t I.J j" E

the optical densits difference at 595-700 nm was re2d

·3 1 t·! ;. :::, r L' (", 1 [I r i c a c i db], ;3 n k. � re c u I t·:.. 7 the

,:: ni 0 Ij f'I t 0 f Ii N {\ in "1.:.. he';;;, a ITI Fo·l E.' Wi:: ';::. dE' t. e r ITI i ned.

C! u .:::: n tit. �:;. t i \i :::! D ::, t f\ r' HI i n (3 t, :i. 0 n '::;.

o r d c,' r l.. 0 fIt C, �j '::;. u r o t h f:! 1 E' ..,... c, 1 0 fbi n din ::-� 0 f [ H J ':::. fLe t. CI.::. i 1'1

t. j''', i=.' ';::. r 12 C i f i c' .:;: C t.. i '/ j, L ';;;! 0 f t. h i2 a f 1 ;;;: t 0 .:.:: i ri do'::;. Co ;::: 1", I)

dl'l'IGUn t. o f r 3 d i (1 act. i 1
.•/ i t. s prE:' '::;. e f'I t .i. nth !2 Ii N (-i .�; .:: IT! ;::., 1 (2 W oJ ':�. d I::' t I'::' r- Hill": I::" lj
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usin:j:� Li o u id �.cint:i.ll.�tj_on c o un t o r , �I r- r- :::_; n d i �< I I
..) C 0 r, t -::;: i r I -:� t.hl·:·:·

r' r o c e du r e s c::nd eGuations necessars to make tli('" ( ; t. jan t .i. tc t. :i. V (-?

d e t €, r' ITI i ,'1 a t :i. 0 n s •
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1 rns rro t.o i n F'Oi' :jr-am of Li v c r t i ';::.'::;.t.J t::

o o t e i n e d for each group from the Lowrs protein

Inth e ITI i c r- 0 -:;. 0 III Q pro r.. ::� T' ;::: t i o n s, o f the F: r' E! s; n i3 n t. ;:;: r. i rtl D l c [I n d D '.J ,6 0 f

s e s tsti o n , the ave r a S e 0 b t a i ned fro ITI t h t·.� t h r e E_i :::.:; T' 0 U i�' �. Ii.) <::: s E:; 7 0'1 ::.�

l:" rot e i n / s r a ITI of liver L i c s u e , The con t r 0 1 :3 r C) u {. ITI i C T' o s· 0 ITI C! ':3 h 3 d

protein/�r2m of liver, .::;: n d t. hi::" ;-r 0 .:. i t. i './ €_I

(f':'henoba r o ita 1 III i c r (J so IYI e s had -., I
/ • L) r- t: i) t e i rl./ � r ;::: 111 of

1 i �/ \�� r t i .:; .:; t..l e + The: r- 0 s i t. i './ i7! C IJ n t r 0 I s r- 0 tj r .:. h 0 \-.J c:.' d a ·'i (j ��

in the F: rote i n,/�� re m of liver as comp0red t.. he

a n :i. fYI �:� I � � 7 z:: n d l. h (-! ;'.:. r o 3 n �:� II t. ani ITI 3 1 s -:;. how :2 ci a n e v c.' fi :j r :2 ::: L ;;:.' r inc 1"::: 03 ';:. E'

i n III i C T' 0 s o malp rot e i n w hen C 0 ITI F a f' E' d t. [1 t. h e con t r 0 I ;j I' 0 U r: +

The Lo v o l of bi.ndins of [ HJ ·3 f 1 D t. 0 ::< :i. r. B t. i) n N f1 a '::�
..
. 1.

s.hoi--Jf'I in T i:::b ]. e '":'
.... ,.d e+.. e 1"0'1 i nod b ':J 1. i o IJ ids c i 1'1 +.. :i. I I ,� t ion C 0 u n tin :::.� :i.-::;.

It was reported in picomoles aflatoxin B of DNt; 'I

1

represents the 3v�rZ::�2 computed from multiple trials� Th;:' level

of binding in the pregnant animals at das 6 of scstction WJS 6750

P ITI 0 1 �! -:.> �: f 1 �3 t. 0 �.� i n B / III 3 D N tt t

:l.

The cont.rol group showed � 12v�1 of

bindins of 3100 pmoles aflatoxin B ImS DNA,

:I.

1 c ·

...'1,::. 1 of

bindin� for t h e po":; i t i vee () n t r- i) 1 3 r' 0 U P ( P h 0 n 0 (.i �:: rbit. ,:-;, I i n d u c c d )

6000 aflatoxin B /mS DNA.

1

in the level of bindin� in the positive CtJntrCtl

Pffloles Th�\r-e t. t..} 0-' fold

increase

tot h�' �: 0 n t I' 01 3 r 0 u r.. y Inth c' �.. T' '0 :j n �: 1 I t c:: r I i ITI i:.: 1 ':;. i

fold increase in the level of bindins was report.ed when
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t.o thr-::· e o n tro l group;. TilC' F,·o·::.j.ti··lE· control SrOI.JF· {;�Iid

an i ITI';; 1 s showed a sisnificant a n c r e e s e in t h e Le v e l of b i n d i n c o f

s f La to x i n B to DNA .1.1'1 c omr-a r i e o n (,0 the c o nt r u I s ,"ouP.

1

-30-



TABLE 1

GROUP MG PROTEIN/GM LIVER

P r C' 3 n ,3 n tAn i III ,3 1 �:;

Control

F'o�. i t i v::! COl'lt r o 1 ..., ,

/ • C)
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LEVEL OF BINDING OF [ HJ AFLATOXIN B TO DNA

1

GF�OUF' pMOLES AFB lruj DNA
1

F' r (' :3 n � n t {i n i iii a 1 s 6750 i�j50

Control :5 1 (1 0 + ..� ,1 0

F' 0sit l �l (1 C o n t. r 0 1 6000 +6:20
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DI�;CUSSION

F T' 0 III t h (., L 0 \..1 T"3 r- 1'1) t C! i n d c: t. E! r' ill i n B t.. i \:1 n :.:. ? it. i c e v i d o n t t I-I.;�: L

t.here is an increase in t.he mg microsomal prot.ein/gr�m of J. .i. \/e r

i '.' 0 .:� :i. t, i \/ 0.' I.: ,) n t r 0 1. j r 0 Ij r- induced)

c 0 ITI r' a T' e d to the control group. a n c r e e s e if'! 11'1 i era s o m a 1

rr o t.e i n is characteristic of r- hen 0 b -3 r'bit ,:;: 1 ITIeta o 0 1 i �:. IT, .. t·] j'l e n

r-h en oo: r b i te 1 i �i- t . > k f.! n i ", tot h o b 0 (i ';3 ? it. is metaboliz0d within

the liver and is specific for the increased production (.1 j-' the

c s t 0 C h r 0 111 �.� F'-450 T. t. ·::;tiIYlul{}tc·:� t.hE· 1 i 'v' 2 r cclI t.u

accplerate the rate of and l..Jh:i c h

res u 1 ts i.n i n c r o a c o d r.- T' 0 i'.. 0 i n r' r 0 d U (: t ion {. I t, a F' F' t· c: r .� th;:;: t. d

�� i ITI i 1 a r of ITII? C h c: n i S ITI e:·; i s t s in

Thr-otj�h somo tspe of unknuwIl stimul�tion, th2 liver c011� produce

III 0 r o rei i c r' 0 ':;:. 0 ITI c: 1 protein/gram of liver tissue in r J
\ E' S f'I D r. t

an i I'll a 1 •

The two-fold increase in the level of bindinj of ·3 f 1 a t 0 .:-; 1 n

B to seen in the positive control

1.

induced) a�ain correlates wit.h phenobarbital metabolism�

the re a r o ITIO r e III i c r- 0 �. 0 III {} 1 I:� "I Z �3 I'll e �� i nth Co rh o n ob e r-b ita 1

aniruDls, more aflatoxin B i s· act i v � ted c: n d till".:' (' e i S m i) r- eLI .i 1"1 () .i. 1", :=:;

1
of the reactive metabolites to DNA. Th i s s s m e tsr-e of HI�jchan:i.�.j'(1

(o? >� is t·� In tho r"r'esnant 6 of Me! rl::"

bio�ctivat.ion and Lr.c r e e s e d l e v e l s of o i n d i n a of e fLc t o i.i n ):: to

1
II N �', r' 0 �. 1.1 ltd U 2 t \) I drs ;.,) r d Ifl 0 l..I n t.. ::� 0 f HI i c r- 0 .:. 0 III D 1. E' n z ':::� m o ;::.

to metabolize the toxin.
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CONCLUSIONS

i. n m i c r [I �. 0 m ... ; 1 F·' r 0 l 0 i n 1 e 'v' C' 1 -::. D n cj

o fbi ndin S 0 f (3 f 1 c t 0 ;< i n B

1

t h c s e':;:. t. .:;: t i o n cj co F' e n cj e n t t. 0 >� i c 'i t '3 0 f a f I a t t);'; i n E: F' res n.3 1"1 L

rs t CCi r r e 1 e t e s with tile
i

increased production of ITI :i. C r' 0 �;:. C1 HI a 1

r- ro t.e i n 1. i v r: r t i S-:,UE: ""Ii, i ch r es u l t·::.� in

bioactivation and increased levels of bindins to DNA. Thus, it

i S E' v i d (: n t that i:) i 0 ;3 C t i v .:;: t 1 0 n r·)..3 �'.:� ':;. a III 2- ....i 0 T' r ole inth c! :j e .::> t .J t ion

to �.� i cit � F r o mdependent of aflatoxin B in tile presnant

1.

further investigations into felal motJboli�m Jnd ffiat0rnalhe r'(:"}

at other specific times in sestation w i 11 d i Ij

und e r e t.c n d i n s th.]t o i o o c t i v a ti o n in th(·.�

teratosenic properties of aflatoxin B and other chemical toxins.

:l.
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Cancer Rese2rch, 27: 2370-2376r 1967.

N 2- t. I.! T' i1 I 1. ';3 I] c CUT' i n :J :i.n Food,;:;, (.

Pro ::.� r + E >� F'. T !J HI 0 r' F: l?'5 +!' 1 1: 1 3 ..1 _. 1 t, 2!' :I. ,-:;. r... 9 •

G�N� The· I r.du c t i on of Liver C :':,' J l

C h e ITI i C 3 1 S .. IN: 'j • .',;'.\f' � Cancer.

Lin.:::.;::.. ll !' W.:::: r'w i e:k? G.F'. ;! I:,' rj ��. \' )

Elsevier/North-Holland Biomedical ProSSr 122-152, 1976.

G t N ' r ') Es'::' :i. 3m;::nn, C ro'. s 'J H IJ ':;. t:r ':3.7 "..1 r ,. :!

M .;::: c r I) ITI 0 ]. E' c u l i3 f' Bin d 1 n:;:�

o f tl f I 2- t 0 ;.� :i. n B ..-:-� n d S t e r- i ::� Il't 2- t. 0 C '�:� s:· t. :i. r 1 ;. F� I,,: 1. ..�.: t. ion or:. ('I i F' ':�,

of
:I.

Adduct Pat.t.ern·:;, of C3rcif'losE·ne';::.i'�> an,j

IN: tJaiuI'all;: Occllrjnq CQ;ccjno'::{enpsj;::, c n d t1of':iuL;t.L!.r::.

E + C + ? M i 11 (-, I' r

Hirono, I + 'I Sus i III u r 2 9 T • , i:: f'I d T;::: k ;:;: ';;.{ a ITI D :.

B a 1 t i fi, 0 T' (:� ! UniV2T'sits P�rk Press? 19-33, lq..,q, .. .. .. r

Wons, j + j + '1 M u t c: s e f'I i c: :i t. ':;) Cl f t1 f 1 z:: t 0 ,:< i 1"1 ��,

F'roc+ Natl. �IC2d+ Sci. U�)�l' 73: 22'H� 19?t.y
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ThE' f' c Ll o u Lrut r-ro c od u ro

t,he preparation of rat liver microsomes in order to i�,o18te t.he

livor enzsmcs involved in motabolism.

Eolutions! fwl i c I' 0 ::' (I IT! a 1 H (I IT! 0 :3 e f' i z i n �,� M e (j i a (H B u f fer )

o v 2 5 t'l S u c r (I sec: n d �5 0 fil j"j T r i '::;, B u f f E' I" -:;: t r- H --, I::·
/ -> ....1

1� Sacrifice the animal.

[I F' :2nab d 0 ITI i n �.:: 1 C i:;: \j i t '::;! (,

Perfuse liver with 10 m1 of cold H Buffer.

Wei�h liver tissue.

Li v e r t.o cold H Ru f f e r- <::-1:.. a c o n c ent rati o n of �::; m I H

B lj f f o r / j ITI I :i. \/ (: l' ;.

Mince liver with scissors into small fine picces. H n If I 0 S (.1 f'I i z e

l4 i t. h 1. 0 ';::. t r 0 1.-:. C! :.:. i n ;:� I 0 I.) �:; C� do 1.1 n c c' 40 111]. h IJ filO !�; (,! n :i. 2: 0 r

,4 • C e n t r i f USE' h 0 1110 sen ate ina B e c k 111 a n F' r 0." r' a r a t i :

...
' e C c-:' n t r' i f t_j ;j Co ;; 1 ::5

D

minutes; 8800 J' P m , -4 R e IT! 0 '
. ./ e the ';::. lj r.. c' r n {::: t ';:: n t I,�i.i. t. j",

pipct C ':::: T' E' f 1.1 1 n o t L o t i:� k E' a n ';3 0 f [, h ::.' :.:' o I i d l' C I 1 :.: t. (:,tIl

b o t t o m or lipid 1 3\:.e T' on th e t.o r- +

supernatant in a Beckman Ultracentrifuse (1 hour; 37,500 rpm;

o

4 C
A

, , Ti 60 F:otor).

Discard the supernatant. lv i p e 0 f f e x C E.' ':�, �=, f] 1..1 :i 1.1 ('I n t i'j c i rl :� . .i, d t-:.

of tube with a kimwiP0. S C T" a r- e t h (! f'il i c: T' (.I .:. (:r m , .: I

into a 15 m1 dounce homogenizer. A (j d H B I.J f fer ,;::::. 1 III J if :::)

oft 0 t. a 1 I j_ \1crt i '::' s, 1.1 :::! , H l'j m 0 :::� C, fi j, 2. E.l �I i til 1. () ':.:. t. I' () !'" C'::'· .:.
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6 + Let � � e con d h 0 III , J :J t, nat c, .:; i t. (j r. i c 2 for 3 O III i n Ij L" 1 ':;:. I.. 0 I o t

e s· C D (--' e • [I i s· pen s;. e i n t 0 vic: 1 s;. ::.:. r- e r' i ns e d f.,J i t, h H f: IJ f f (� r v

D

i n 1 III 1. 3 1 i 0 U 0 t ::. ,� t, - '.7 0 C u n til f '_I r the r IJ .:; (-;1 .;.
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{I F' F' E N II I X I I

Lowr'=� f (j r F' 1" 0 :, L:' i n (-l n .:;: 1 't .::; :i..:. : The r' r 0 c: t.: I
.. i Ij r \'.:.'

d e s c r-i b es t.he o f th�? amount. of r- i' (J t. e i n in

III i c r- 0 .:. 0 ITI c.' S •

�::olljtions : Solution I� 2 x Na CO in t
•.) � 1 �i NaOH

.",

..::. ....'

�3c)1IJtion f: 0 r..� -1" cusa ;<
r.:- H 0 In 1 -( E; 0diu fil Ci t.r2.te.p ,\_, i. ....1 In

Solution C 49 1Tl1 Solution A to 1 ml Solution f:

f 1"' i:! ':;. h for Co a c h .] n '5 1 ':J .• i:. "j 1-' -:::. t. prior'

to us e .

Solution [I 1 F' a r' t F 0 1 inC i 0 C i.�: 1 t. f� i:: U ret: S c' n t t ("I 1 r' i� r t I,..J .:: t e r

f (". ;;:� .:; h for' o {.:: I.:' h D rid I '.:! -::. :i. �:. .j 1.1 ':. L r-- r' i 0 t

to u';�e v

1 <) ITI ;j b 0 'I i n E_i i:: 1 b 1..1 III i n t. C) 1 IT! 1 �..) i.: t (:� r �. ti I prl

i.:i i I U \:. E' 1 t 1. 0 f i] r \::: :to m :.:;./ III]. '.:. (J Lu t .. i. 0 n •

Procedure for Standard Curve:

1 + P lac e inc r' e asin s con c e n t r i:: t ion 0 f thE' f.:� t. and ;:;: i' d .1 I It\-"1 ': .. ttl. I b e S.. )

I) • 0 :-j III 1 'J (1 � 10m I ? 0 ,. 1 5 ITI]. / 0 ,. :2 0 ITI I 7 0 ,. 2 5 III 1 ? 0 .. 3 0 m I ? 0 v :; 5 ill I

2. f:rins each tube to 1.0 ITll volume with W2.ter.

(i + C; '5 ITI 1 , 0 0; 9 0 ITI 1 , 0 + 8 5 ITI 1 , 0 v 8 0 ITI 1 , 0 + ?�; ITI). , i) v ? 0 IT! 1 r 0 ? t, :.; ITI 1 � ,:;;. n (.1 0 ,. (, (0 III 1 •

"I
._. + T i III e 0 t ?I d d �5. () IT!). 0 f Soluti 0net 0 0 a� c h t. fJ b .: +

10 minutes from Time 0 for Cu to comrlex.

l�a it min ute s fro ITI T i lYle 0 and r e .:Jdab .:::. 0 r b D n c C ,3 t. t:. () \) n ITI •

6 + Plot f::'b-:;.o rb e n c o 'v··�;· .. M ;j :.... rot e i 1'1 0 n '::,: ::; r i:;: ; 'r h ,-

linear relationship)
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Procedure for Microsomes:

Brin� each tube to 1.0 ml volume with w2ter.

:1 • IllS i:" rot e i n for the HI i c r o :;:. 0 ITI e fro ITI t. h \
.

CUj"·\lE'.

Quantitative Determination:

IT,S r-ro t.e i n m l elf H Ru f f e r- filS rro t.e i u
)( ._.

0 + 01 1111 ted.. i::: 1 �j III ]. i v e r :3 IT, 1 i \./ e"i'
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DNA Bindin� Assa�:

�.Lil._.:c_o s ':;3 ':;:. t e ITI use d t 0 i -:=. 0 1 ate C D 1 f t. h :;;! ITlIJ '3 II N ('1 W h :i. c h w a':;:. IJ ',iedt u

dot c: rill i. 1'1 e 1", it Q 1 !:: 'v' E' 1 0 fbi ndin :.� 0 f [ H J 0 f 1 :: t 0 ::d n B t iJ D N (I .,.

J

Sol ! J t i 0 j'l ':;. ! '·.)olUIliE.'·:::. �

0.05 M Tf'ic-HCl ···.t I::'
/ ...... J I.)ariable

Oy1 M MgCl o • 7:.i III I

120 ruM Glucos.e-6-PO 1.05 1111

�i ITI M N t"1 [I P 4.00 Illl

Glucosc-6-PO Deiludru�en3se o • '20 m l
4

Calf Thslllus DNA (Tsre I) v e r-i e o Le

h i c· f' 0 S 0 111 t: P r s: r·· Z3 r ,'3 ;., ion l) C� r' :i. i�� b 1 f::

( a r r: r 0 �< .. 1 C;.
...1 ITI3 F"rotein/ml)

[ HJ aflatoxin B in DMSO
1

o t 75 m l

Tot d I l.) CJ Lu ITI f_' :2 5 � (j 0 m 1

P I" 0 C e d IJ r E' ::

:l • Mea s u reT r' i s ._ H C 1 B !J f f E' r ') M 3 C 1 ') and G lu c o c e - 6 - F' [I :i. 1'1 t 0 a 1�; 0

4

ml icc-cold Erlenmeuer fl2sk previouslu rinsed with bufferv

2.. Just prior to incubation, 8dd tile Glucose-6-PO Deilsdrojcnase

o

3 .. F' r E' inc IJ iJ < � t '2 t. h ;.:: f 1 J : � k :�� t 3 7 C for 5 III i n IJ t ':: .::. i n (::: II u b rio f f

':;. h a k e r (A F'pro}; y 1 0 0 0 :;:. C ill a t i 0 f'I s ./ ITt i n �;I t 0 sen e I' ;:: t e ij N tl D F' H ..

4 .. A ci d thE' D N fl D n d III i c T' 0 -:;. 0 ITII::! P r CI F' �: r .J t :i. 0 n :'::. :;: f L 'Z.: T' L!
"1
.....

o ·r

a n c u o et i o n + Add tile [ HJ aflatoxin B .i rl D l"l S D 1 mi f'l u t.. t.::· .l.. t. :�,
.

i
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r 1 (3':'!":. in i co (. t r i::: r I '':;. f �::, r :i. r It. (.;

centrifu�e tubes? and cetrifuSe for 30 minutesr 39rOOO r�m,

o

4 C? Ti 60 Rotor.

t) it T r <3nsf e r t.. h e supern <3 tan t. i n tot h E' \:I r i :;:; i n <:: 1 c 1 c' \:� n c (::I f 1 .;:: .:. k Q f' d

add 1 itb fill 5 M NeC)' and �5yO m l �i;� N.a d o d e cs I c u l re t.e (SDS).

o

7 .. Fd-' t.o I' a 1 Iii i n IJ t. p C :i. n t.h 2 DubnClff

add 32vO ml of phenol-CHCl -isoamsl �lcohol�
"J
'.J

S tor' f' t:' r- 2- rld

·::;.hake f1.d�.k�

f l �: .:. k for 30 III i nut e -:. �: t C :i. rl ti iE: Dubnoff'

9 it T r c� n ';;_, fer tit E' E'ITI U 1 -:;:. ion toe e rl t r i f Ijset IJ b e s .;:: n d c (?t n t.. r i f t.J ::.1 C' f \:1 r

o

15 minutes� 13,000 rpm, 4 C.

:l 0 + F: e HI [I '
../ e t h E.i a c·� Ij e 0 Ij s e r- i p h <3 sew i t h a F' i P ';:.:0 tan d p 1 ;:;: c e i n �::; n I c o _.

after add ins 1 0 () HI 1 0 f f r e €� z E:.' r ._. co}. dab s 0 1 ute o t. hi::: no] t 0 t.h€-:

s o Lu ti o n •

11. Store the DNA ovorni�ht in ethanol at -70 L.
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'::1 F' F' E N It I X I I
. .)

Th e s e r-ro c e du r ec and eQuations explain how th� 10v01 of bindin�
.

'or
,.J

of [ HJ aflatoxin B to DNA w�s determined.
:l

1. Amount of Radio2ctivits in a DNA Sample:

F' ro c e du re !

a) Place a 0.10 ml sample of DNA into a scintil13tion vj�l.

b ) j:�l d d 1 v 0 ITI 1 0 f vJ ate r ;;:: n d 1 2 ITI 1 0 f sci n til 1 ,J t i (.I I Ii'] I.J i d ..

c ) i"'i i >� t h Q r 0 u:::;; h I '.3 2- n c.) �� 11 0 w t I] -:-, t,:: n d 0 V::'I r- n i :.� (i L t

d ) P lac E' i f"I ali 0 Ij ids. c i n til 1 a t ion c 0 u n t I-? r +

EGuations!

3) average count in cpm-back�round

C 0 u lit '3 i n dr" 1"11

efficiencs of machine (0.38)

count in dpITI )JC i )-lei ).J C i

o .. 10 m l

�; p c:.' c i f i C ('I C t i v i ts 0 f [ H 1 2- f 1 .J t 0 .:< i n B
1

F'r·ocE·dure!
".�'
....

a) PIa c ("! ;:: 0 + 0 1 III I ':> .::-� III ;'r 1 (! 0 f [ H J 2- f 1 :: to ::< i n H into 10nl1

:I.

V 0 I U III 2 t r' i c f 1 <3 ":; k d i lu t t:' d wit h III e tho n o 1 •

b) Monitor absorbance of this s2mplc at n ITI ..

c) Take a 0.10 ml sample from stop 0 Drt(i d:i IIJ tc w:i th

IT, e ·t h 2- I', () lin 2- 1 0 III J. V 0 IIJ ITI C' t r i c f 1 ;:.: ':;. k \.

-49-



d) F'lz;ce c;. 1111 aliGuot of ti', i,;::. in

sci. ,', t.. i 1 I -3 t ion \./ i ;J I wit h 1 2 fit]. 0 f sci n t i I I ;:? t :i. (.I n f lu i d +

Allow to stand overni�ht and then place ill Li o u i d

scintill�tion counter.

Absorbance dilution factor = 10

Scintil13tion dilution factor = 10,000

a) Avera�e count in cpm-background

C 0 u n tin d F' nl

Efficiencs of machine (0.425)
····1 C'

b) (Count in dpm)(10,OOO)(21?100)(4.5xl0 ).JC i

(Average Absorb�nce at 362 nm)(10) )J ITI 0 1 o ,�\ F B

1

�, ..

3

It ::� t e T' ITI :i. '·1 .:s t ion o f L o 'v' 12 1 0 fBi n d j_ n S 0 f [ H ] D f I a t i) ;.; 1 n B
:I.

E8u.::;:tion·; !

d ) }lCi lTil
'.,/
.. '"

llil DN{i IT, ;j DNA

JJC i

}JC i Jj ITI 0 I E' A F B 1

C' .:

)J ._
. .L ",J DNt-l
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