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1. imtroduction

The highly potent hepatocarcinogen, aflatoxin B,
is well known for produecing biochemical alterations
in liver {1,2]. A single injection of the drag inhibils
in vivo protein synthesis within 30 min. The mechza-
nism, whereby the carcinogen affects the translational
proeess, is in fact complex. Impairment of protein
synthesis beyond 7 hr after dosing may be considered
primarily as a conseguence of ils inhibition of RINA
synthesis. However, aflajoxim’s short-term effect, evi-
denced by marked inhibiticn 2 hr after administration,
cannot be explained by a similar mechanism. Since
our earlier resuiis sngeested direct action by aflatoxin
B4 on polysomes |3}, we have sought to further eluck-
date this pomt by determining the aflatoxin By effect
in vitro and in vivp on the ahility of isolated poly-
somes 1o meorporate amino acids,

This paper reporis the i vitro effect of aflatoxin
B; and of some aflatoxin-derived metabolites on the
synthesizing activity of normal rat Jiver polyscmesin
a gell-fres system. Under these conditions, crystailine
~flatoxiz B, is compleiely inactive whereas aflatoxin-
dexived metabolites obiained by enzymic conversion
of the mycotoxin are able to inhibit transiation in
vitro. The present resulis suppori the hypothesisof a
direct effect of aflatczin Bﬁ derivatives on the func-
iional activity ©f polysomes. Moreover, they ralss the
problem of the stmstare of the active compound and
its relationship with the derivative inhibiting the trans-
lational process. -
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2. Materials and methods

Male Wistar rats {Tommentsy strain) weighing
about 300 g and fed a balanced semi-synthetic diet
were fazted 15 hr before killing by decapitation. Poly-
somes were isolated by a previonsly reporied modifi-
cation [4] of the original method published by
Blobel and Potier {5]. The polysomat standard sys-
tem incorporating amino acid owing o its endoge-
nous messenger RWNA has been previously described
[61. The determinaticn of mcorporated L-124C]len-
cine was made using paper disks {Whatman 3 M) ac-
cording 10 Mans and Novelli [7].

Microsomes were isclated from the livers of rats in-
jected ntraperitoneally with 3-methyicholanthrene
once a day for 3 consecitive days before killing {20
mefkg on the Ist day, 10 mpfke on the 2nd and 3rd
days). Livers were homogenized in @ vol of medium
R {30 mM Tris-HCl pH 7.4, 3 mM MgCl,. £.25 M sp-
cross) and centrifugel for 20 min at 15,000 rpm
{Spinco J 21, rotor JA 20). The postmitochondrial
supernatant was removed, then centrifuged for 60
min at 55,000 rpm {Spinco, rotor 50 T1), in order to
spin down the microsomes. The pellets were stored at
—350°.

The enzgymic activation of aflatoxin By was par-
formed at 37°; the incubation flask rontinely con-
tained SO0 ug of aflatoxin | 3 » 20 mng NADPH, and
microsomes squivalent to 4 g of liver in 50 mw] of me-
drum R. The flasks were sheken for 4% man, The mix-
tore was extracted 3 times with an equal volume of
chloroform. Tke combined-solble fractions were
dried with Na,80, and svaporated 1o dryness. The -
residue was dissolved in various solvents {Tris-buifer,
1,7-propane diol, acetonej. '
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Table 1
FHfect ©F aftatoxin By and aflaioxin My on i »ifro protein
svnthesis.

Hgfml Percent
Aflatoxin of assay Solvent of control
By 13 Tris-buifer 101
By 35 1.2-Propane diol io2
By 100 1,Z-Propane <ol 101
By 48 Efhancl oy
My ¥ Trispuifez 106
M, 34 Tris-bnifer 100

Inenbotion mivture contained per ml of standard assay: 0.5
minoles ATP, 0.1 umoles GTP, 3 praoles phosphoesnolpyrvate,
25 pr pyrovate kinase, 50 pmoles Tris-HC! pH 7.5, 10 pmoles
Mz (THaCDs)2, 10D pmeles KICL, 20 pmblies NaCl, .05
pmoles of each 19 *2C-amino acids, 2 ut7i L] ¥ C]leucine, 8
mg rH 5 enzyme, 4.5 Asgp unizs 12t Hiver polysomes. The in-
cabation (0.5 ml) was max 60 min 23 37°. Each experiment
‘was zompared 10 18 own control whith contained the same
amoant of /e solvent used 1o sohnBbilize aflaroxins. Resulls
are rreans of 6 experiments.

Thinlayer chromatography was carried out on sili-
<=2 g2] eoated plaies (G-HR Macherey-Nagel) vsing
chluroform—acetone {9: 1) for development.

Aflatoxin By was purchased from Makor Ine.
(Jerzisalem, Israel) and nniformdy labeled
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Fig. 1 Fluorodensitometri: scanning patiern of thindurer
ghrom, iography plates of aflatoxin By-derivad incraboiiies.
This 4 ser Chromatography was cazriad out 0.) stlica gel

toal o pates using chloroform—acetone (1) Tor develop-
vieni. Faioredensitometric determination wasiaade in 2 re-

1 arding uensitomerer eguipped for Mrorescence emission anea-
rrement (Photomitre Intégratens enzagistrenr Yemon,
Yyance). Ot origing F: front of solventy By: afiatoxin By:
Mj: sflatoxin My; A, B, C, D, E: wnlkrown metabalites (et
Ctex ). - :
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Tabie 2
Inhibitory activity of aflatoxin By derivatives on i1z vitro pro-
tein synithesis.

Aflatoxin By-derived

metabolites

Number of upfml of Percent
preparatitns  assay Scolvent of zontrol
Xa & 1,2-Propane diol 556

Xz B Elhanol 73

Xs 10 Ethanol 23

Xia 7.5 Tris-buifer 46

x 13 6.2 Tris-buffer A1

Es 128 Trisbuffer 7z

* The quantity of aflatoxin By-derived componnd was esti-
mated by finorodensitometric measarement using the specific
eoefficient of aflatoxin B;. Incubation conditions wers iden
tieal to those described in table 1. Each experiment was com-
pared 1o its own control which contained the same amonnt of
the solvent used 1o solmbilize affatoxin-derived compoands. Re
mulits are meanz of & to 9 determinations,

E-[140C]lencine from the Commissarizt & PEnesgie
Atomigue (Saclay, France).

3. Results and discossion

Crystaliine aflatoxin B, has no effect on amino
acid ingorporation by the polysomal stansdard system,
whaiever the solvent used io dissolve 1t before testing
{iable 1). The foregoing result is not too surprsing if
one considurs that many drogs and carcinogens re-
guire metabolic transformation to be active in ¥iro
as well as in vivo [B.9]. Along ihis line, it should be
noted that pure aflavoxin By also completely fails 1o
inthibit in virro iraunscription [10).In vitro conversion
of aflatoxin By into active derivatives by microsomal-
induced enzymes responsible for drug metabolism
ieads to several compounds: affatoxin M, and compo-
nents A, B, C, D, E(fig. 1). The aflatoxin-decived
compounds inhibit ix ¥iZro amine acid incorporation
by the polysomal standard system {table 2). The in-
hibitory capacity of so-fanmed desivatives shows sig-
nificent differences for successive preparations. The
variability may be explained as follows: the guantita-
Hive estimation, as indicated in tadle Z, Is determined
on the tota! chloroform-soluble aflatoxin derived
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Table 3
Regpiremsnls for conversion of aflatoxin By to derfvatives m-
hibiting in ¥iire amino acid incorporatien.

In vitro conversion Effect on in ¥ivo

of allaloxin B; amino acid incorporaticn
&

Coniol . 11600

Complete system 4]

Mirus aftatoxin By 103

Minus micinsomss 101

Minus NADPH . 91

Heated microsomes 11D

* The rontrol for in 9itro amino acid imcorperating was de-
serifed in table 1.
The complete system for aflatoxin B; sonversion son-
iaimed in 10 mi of medivm R: 100 pg aflatoxin B;, 4 mg
NADYH, microsomes equivalent 1o 0.8 g of fver. Incisba-
tions were ran 45 min at 37°. Incubation mixres were
extracted with chloreform 3 times. The pooled extracts
were svaporated to dryness. The residine was dissplved in
Tris-buffer. The addition of the Iatter was checked on the
sctivity of 1he polysomal signdard system incorporating
amine acids, Resnits are means of A deforminations.

*** Microsomss ressspended in medinm R wers heated at 100°

for 30 min before adding io the incnbation fiask.

fraction using arbitrarily the specific coefficient of
atlatoxin Bq. This fraction actually coniains several
compounds; the relative proportion of these com-
pounds yaries for the successive baiches depending on
Tactors such as the enzymic activity of the TMiCTOSDIMES,
eificiency of aflatoxin conversion, sensitivity of the
melecnles to light, stability of the active metabolite in
varions solvents, eic... These discrepancies will disap-
pear when the activity of the preparations can be ex-
pressed in terms of coneentration in the free active
sompenent {sze below}. Whatever the varabitity ob-
served with successive preparations, it must be pointed
out that conversion of aflatoxin B, Is strigtly depen-
dent on the presence of microsomes and NADPH (iable
3).

The foregoing resvits clealy demonstrate that aflp-
toxin B;-dezived membolites 'nhibii the incorporation
of amino acids by normal polvsomes, whereas aflatox-
in By is completely inactive. These findings support
the hypothesis of a direct and specific action of the
drug on protein biosynthesis apart from its effect via
the impairment of the transcriptional process. Thus,
they may account for the early and sirong inhibition
observed in vive {3]. Further experiments will attempt
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Table 4
Inhibitory activity of aflaloxin B, derivatives on In #970 pro-
tein symnthesis as a function of e solvent used.

Aftatoxin Bm- >
derved membolites
Number mgfmi Porcent
of prep- of - of
aratioms assay Sabvent eortral
Xea 5.6 1,2-Propane diol 42
Xza 5.2 Acetong 191
Xsh 8.4 1,2-Propane dicl 38
X 16.4 Agstone 8B
Es 8.2 AcElone o7
Eq 6.9 Ethano! 102
Ea 13.6 Dimethyl sulfoxyde &7
Ex» 10.8 1,2-Propane dicl 101
Es 126 Tris-buffer 72

The polysomal standard s stem fior amine acid incorporation

was gescribed in table 1. Each experiment was comparead to

its own comtzol which contained the same amount of the spl-

vent ased io solubiize afletoxin derivatives. Resulls are means

of & degerminations.

¥ The amonnt of an alatncin-derived commound was esti-
maied by inorcdensiiomeizric measarement vang ihe specil-
ic eoeflicient of aflatoxin By.

to detenmine the siep of the translational process
which is affected by the eactive msiabolite.

The present resulis, however, raize several ques-
tions. Firsi, it would b2 of interest to know the strue-
ture of the true active rretabolite. As of now, ws
know only what it iz not. During i vitre convarsion
of aflatoxin By, the Tormation of 4-hydroxylated der-
ivative {i.e. aflatoxin 3¥; ) predominates; this melscule
has no action on in ¥ivo amino acid ncorporation
{1able 13. Fluorodensitometric scanning of thic-iayer
chromatograyhy plates reveals, in addition t0 residual
aflatoxin By and aflatoxin M4, few minor spois of wn-

knovn compounds {A to E in fig. 17. The identifica-

tion of the ultimate active compound will 2llew s 1o
deiermine the absolute concentration of fhe prapara-
tions and 1o rednce the differences in the activity of
sugcessive batches as extpressed in table 2. Some pre-
liminary resulis have bzen obtained conceming ths
molecniar stmcture of the aciive derivative(s). Frac-
tionation of the 1otal chloroiv-rm-soluble extract on
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a silica 2zel columin in a chloroform-—ethanol sysiem
(98.5:1.5) shows that the active commponent is eluted
tardily , which indicates an increass in the hydrophilic
affinity of the molecule. Moreover, the exient of invifro
protein synthesis inhibition depends on the solvent
used to solubilize the residue obtared after chioro-
form evaporaiion {see Materials and methods). The
aflatoxin derivatives soluble in Tris-bufier are more
potent inhibitors than those extracted by acetone or
gthanc] {table 4). These results supgest that the aclive
compeunds are 1more polar than allatoxin By . A simi-
lar con¢lusion may be deduced frem Garner’s paper
concerring the toxieity of aflatoxin B, derivatives on
S typXimurium TA 1530 [11]. Obtention of the ulti-
mate 12active form of drps and carcinogens frequent-
Iv requires a hydrosylation reastion of fhe initial com
pound [, 9] ; sometimes an intermediate step in-
volves synthesis of epoxides which are very highly re-
aceive molecules [12]. Thus, activation of aflatoxin
B; may be thought to proceed through a similar
mechanism.

A sezond guestion concerns the extent to which
the afiatoxin metabolites that inhibit the in yirro
translaiional progess, coincide with those impairing i
vive protein synthesis, There is as yet no answer to
this question, owing to the difficulty of detecting this
produci in iznlated polysomes. Howeyer, experiments
in progress in our laboratory may soon provide infor-
maticn on this problem.

Ané finally, is the derivative that irhibits in vitro
translation identical 1o that which blocksin visro tran-
scripiion {13]). Preliminary results obtained by com-
paring the inhibitory activity of different baiches of
aflatoxin-derived metabaolites are nol as yet conchisive
(results to be published). Further sxpariments with
purified preparations are nesded to solve this problem.

The results clearly demonstrate the inhibitory ac-
tion of aflatoxin By derivatives iz vitro on polysomal
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systems. Furthermore, we have evidence dem: nstrat-
ing in vivp defects in translational activity of poly-
somal after aflatoxin By dosing {unpublished reporis).
Both findings support the hypothesis of a direct ac-
tion of aflaioxin metabolite(s) on polysomes. Further
experimentis are now in progress to determine the
strncture of the active compound and to define the
site which is impaired in the translational machinery.
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