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ABSTRACT 

Aflatoxin B l (AFB1) is frequently found in food and feedstuffs. It is a potent mutagenic and 
carcinogenic (e.g. hepatocellular carcinoma) mycotoxin produced by Aspergillus flavus, A. parasi
ticus and A. nomius. At the cellular level, after appropriate metabolism of AFB1 in cytochrome 
P450-dependent reactions, the resulting epoxide binds to DNA and induces point mutations. Using 
a Salmonella microsuspension assay we have examined: (1) mutagenic activity of AFB1 in the pre
sence of the S9 fraction in TA98 and TA100 tester strains, (2) antimutagenic activity of ellagic acid 
(EA), rutin (RU) and psoralen (PS) against AFB1. The result of our investigations, was that the 
TA98 strain was more sensitive than the TA100 to mutagenic action of AFB1 and antimutagenic 
action of EA, RU and PS. Among the three compounds PS showed the highest anti-AFBl activity; 
20 ng of PS inhibited the response to 10 ng of AFB1 by 90%, while the same amount of EA inhibited 
AFB1 by 82%, and RU was less potent still (only 60% inhibition). 
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INTRODUCTION 

Aflatoxin B l (AFB1) is a potent environmental carcinogen produced by the 
common molds Aspergillus flavus, A. parasiticus and A. nomius. These fungi are 
frequently found in feeds such as maize, peanuts and cotton seeds (Hsieh, 1989; 
Carillo et al., 1990; Liu and Massey, 1992). Epidemiological studies have esta
blished that it is one of important risk factors for human and animal hepatocellular 
carcinoma. AFB1 requires metabolic activation by the cytochrome P450 enzyme 
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system to produce the AFBl-8,9-epoxide which is an absolute requirement for 
AFB1 to manifest its mutagenic, carcinogenic and DNA binding action (Gurtoo 
and Dave, 1975; Campbell and Hayes, 1976; Essigmann et al., 1982). Recently, a 
low incidence of cancer has been connected with consumption of fresh fruit and 
vegetables. In addition to vitamins A, C and P-carotene (Ho, 1992; Kuo et 
al., 1992), many fruits and vegetables are also known to contain phenolic com
pounds. These naturally occurring compounds, particularly phenolic acids and poly-
hydroxylated flavonoids have been shown to possess anticarcinogenic activity 
toward a variety of chemicals (Wattenberg et al., 1970, 1980; Lesca, 1983; Stich 
and Powrie, 1984; Elangova et al., 1994). Some of these compounds inhibit carci-
nogenity in animals and humans (Stavric, 1994) and some can modulate various 
key cellular enzyme function (Ho, 1992). Among these effective polyphenols are 
ellagic acid (EA) and rutin (RU). EA is a phenolic bislactone (flavonoid) which 
has been found in vegetables and fruits such as strawberries, blackcurrents, rasber-
ries and walnuts (Lord et al., 1989; Josephy et al., 1990; Rossi et al., 1991). RU is 
a glycoside of flavonol quercetin, which is present in a wide variety of vegetables 
and fruits, especially in blueberries. A compound with similar chemical structure 
is psoralen (PS), a furocoumarin which is widespread in plants, mostly among 
members of Leguminosae, Umbelliferae and Rutaceae families (Bisagni, 1992). 
The aim of the present study was to investigate the effects of EA, RU and PS on 
the mutagenicity of AFB1 using the Salmonella liquid incubation assay - Ames 
test (Ames et al., 1975). 

MATERIAL AND METHODS 

Chemicals 

Aflatoxin B l (AFB1), ellagic acid (EA), rutin (RU), psoralen (PS) and dime
thyl sulfoxide (DMSO) were obtained from Sigma Chemicals. Stock solutions of 
AFB1, EA, RU and PS were prepared in DMSO; at a concentration of 2mg/ml in 
the case of AFB 1, and 4mg/ml for EA, RU and PS. 

Salmonella mutagenicity test 

The Ames test with further modifications (Kado et al., 1983) was used to rest 
for mutagenicity. Tester strains TA98 and TA100 were obtained from the Depart
ment of Biochemistry, Medical School, Warsaw (Poland). The S9 fraction was 
prepared from livers of rats treated with Aroclor 1254 according to the procedure 
of Ames (1975). Bacteria were grown overnight in LB medium containing ampi-
cillin (50mg/ml) to approx. 1-2 x 109 cells/ml, harvested by centrifugation and 
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resuspended in phosphate buffer pH 7.4 to a final concentration of 1-2 x 1010 cells/ml. 
0.1 ml of the bacteria was put into 12 x 75 mm sterile plastic tube. Apart from the 
bacteria, each tube contained 0.1 ml of S9 mix (8 mM MgCl; 33 mM KC1; 100 
mM sodium phosphate pH 7.4; 5 mM glucose-6-phosphate; 4 mM NADP and 40 
ml/ml of S9 fraction as well as respectively: AFB1, EA, RU or PS). Antimutators 
were added at the same time as AFB 1. During addition of all ingredients the tubes 
were kept on ice but afterwards they were incubated at 37°C in the dark with rapid 
shaking. After 90 min, a 2 ml melted top agar containing 90 nmol of histidine and 
biotin (Ames et al., 1975) was added into each tube. Combined solutions were 
poured onto minimal glucose plates and incubated at 37°C. The colonies of His+ 
mutants were counted after 48 h incubation. 

RESULTS 

AFB1 caused mutagenicity of both the TA98 and TA100 strains of Salmonella 
typhimurium, with linear dose-response curves as illustrated in Figure 1. Tester 
strain TA98 was about 60% more sensitive to the mutagenic action of AFB1 than 
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Figure 1. Dose-response curves of AFB1 mutagenicity in the presence of S9 mix in TA98 (-) and 
TA100 (-n-) tester strains. Spontaneous His+ mutation level was 40110 colonies/plate and 240150 
colonies/plate for TA98 and TA100, respectively. Each data point represents the average of three 
independent experiments, the plates were prepared in duplicate 
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Figure 2. Anti-AFBl action of EA. lOng of AFB1 and different amounts of EA were added into each 
tube containing S9 mix. TA98 (-!-); TA100 (-1-). Reaction mixture containing S9 mix and EA did not 
show any mutagenic activity. Each data point represents the average of three independent experi
ments, the plates were prepared in duplicate 

strain TA100. This high mutagenic activity of AFB1 was only observed in both 
strains in the presence of an S9 mix consisting of an S9 fraction containing cyto
chrome P450 and the enzyme co-factors NADP and glucose-6-phosphate. Without 
the S9 fraction and co-factors the amount of His+ mutations did not exceed 100 colo
nies per plate at AFB1 concentration of 10 ng and the effect was not dose-dependent. 

Examine the anti-AFBl activity of EA, RU and PS, each of these compounds 
was added to the reaction mixture containing tester bacteria and the S9 mix at the 
same time as AFB1, before AFB1 was added or to the mixture which already 
contained AFB 1. In general, the best inhibitory effect was observed when AFB 1 
and the anti-mutagenic compound were added to the reaction mixture at the same 
time. In this type of experiment 10 ng of AFB1 was used to obtain approximately 
900 (in the case of TA98) and 500 (in the case of TA100) colonies of His+ mutants 
per plate. Comparison of the anti-AFBl activity of EA, RU and PS shows that 
between these three compounds PS is the most powerful; 20 ng of PS inhibited the 
mutagenicity of AFB1 by 90; at the same concentration EA inhibited AFB1 by 
82%; RU was less active and gave only 60% of AFB1 inhibition. Strain TA98 
responded better than TA100 to the anti-AFBl action of EA and PS. For instance, 
at the concentration of 20 ng EA inhibited AFB1 by 82% in strain TA98 and by 
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76% in strain TA100. At the same concentration of 20 ng PS inhibited AFB1 by 
90% in TA98 and by 82% in TA100. RU showed about the same 60% antimuta
genic activity in both tester strains. 

DISCUSSION 

Appropriate storage of feedstuffs is extremely important for animal husbandary. 
Under conditions of increased moisture and high temperature, different fungal spe
cies present in feedstuffs can find favourable conditions for growth and mycotoxin 
production. The presence of mycotoxins, among which AFB1 is the most often 
present in the feedstuffs, may not only be carcinogenic to the animals, but it may 
also lead to the contamination of milk and dairy products. This is why searching 
for naturally occuring antimutagenic substances is important. In this study we have 
examined the effect of EA, RU and PS on AFB1 mutagenicity in Salmonella tester 
strains TA98 and TA100. In general, strain TA98 was more sensitive to both AFB1 
and the antimutagens' action. We have found that PS and EA exhibit high anti
mutagenic activity and RU a moderate anti-AFBl action. Psoralens are known to 
possess photo-induced melanizing properties but we have shown, for the first time, 
a high anti-AFB 1 activity of one of them. There are several furocoumarins which 
have a similar structure but different residues. We plan to examine the anti-AFBl 
activity of some of them, especially those which are known to be strong therapeu
tic agents against skin disorders (Song and Tapley, 1979). 

The finding that the best antimutagenic effect of EA, RU and PS has been 
observed when AFB 1 and the antimutagenes are added to the reaction mixture at 
the same time leads to the conclusion that these substances possibly react directly 
with the AFB 1. The mechanism remains obscure but it has been already demon
strated that in the presence of an activation system (S9 fraction isolated from in
duced rat liver) AFB1 binds to DNA at N7 of guanine forming 8,9-dihydro-8-(N7-
guanyl)-9-hydroxy AFB1 (AFB 1-guanine) (Essigmann et al., 1982; Ball et al., 
1990; Harrison and Garner, 1991). We expect that NMR studies, which are in 
progress, may allow us to explain the interactions between AFB1, DNA and anti-
mutagens. In conclusion, supplementation of potentially AFB1 contaminated food 
and feedstuff with phenolic acids and polyhydroxylated flavonoids may be an im
portant means to reduce the risk of mutagenesis. 
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