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Abstract

SMERAK P., SESTAKOVA H., POLIVKOVA Z., BARTA I., TUREK B., BARTOVA J., LANGOVA M., ANDEL M. (2002):
Antimutagenic effect of ellagic acid and its effect on the immune response in mice. Czech J. Food Sci., 20: 181-191.

Using the Ames bacterial mutagenicity test and an in vivo micronucleustest, weinvestigated the antigenotoxic effect of ellagic acid
on the genotoxicity of three mutagens: amino-methylimidazo-quinoline (1Q), aflatoxin B, (AFB,), and N-nitroso-N-methylurea
(MNU). Ellagic acid is a naturally occurring phenolic compound which is found in a variety of soft fruits and vegetables. The
effect of this compound on the immunosuppressive activity of mutagens was followed in vivo by the chemiluminescencetest. In
the Ames assay, ellagic acid at concentrations of 300 and 30 pg/plate demonstrably inhibits the mutagenic activity of twoindirect
mutagens: |Q and AFB,. The concentration of 300 pg/plate had the strongest effect on mutagenicity of all concentrations of 1Q
in strain TA98 of Salmonella typhimurium, whereas in strain TA100 concentration of 30 g per dish of ellagic acid was more
effective than 300 pg per plate. Also in combination with different concentrations of AFB,, ellagic acid proved to be a strong
antimutagen. In this case thelower of the two effective concentrations— 30 pg/plate —had amuch greater antimutagenic effect on
both strains tested than 300 pg/plate. In combination with the direct mutagen MNU, ellagic acid did not show any marked
antimutagenic effect at most of the concentrationstested in strain TA100. Only the highest concentrations of ellagic acid reduced
the mutagenic effect of MNU weakly and only in combination with two lower concentrations of MNU. In the micronucleus test,
three-day oral application of ellagic acid prior to the applicaton of AFB,, 1Q, or MNU, respectively, markedly reduced the
numbers of micronuclei induced by these three mutagens in polychromatophilic erythrocytes of mice. Chemiluminescence test
with mouse granulocytes proved that ellagic acid not only preventstheinhibitory effects of mutagens on free oxygen radicals and
hydrogen peroxide production, but that this production is stimulated by ellagic acid in combination with mutagens even to a
greater extent than by ellagic acid alone. From these results we can deduce that ellagic acid repairs strong immunosuppressive
effects of all mutagens applied.
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Tumors in man are largely the result of the action of
environmental factors (SURH 1999). These environmental
factorsinclude chemical carcinogensand radiation origi-
nating almost exclusively from human activities. Besides
carcinogenic substances anthropogenic in character, a
group of natural carcinogens also exists. Among those
are substances produced by microscopic fungi —moulds,
as secondary metabolites called mycotoxins.

Aflatoxin B, (AFB,) isoneof themost thoroughly stud-
ied and awell known mycotoxin with carcinogenic activ-

ity. Inthe present study, it is used as areference mutagen
which effects mutagenic activity in all prokaryotic and
eukaryotic testing systems (NIX et al. 1981; REDDY &
SHARMA 1989; BARTA et al. 1990, 1997; MCQUEEN & WAY
1991; SMERAK et al. 2001 and others) aswell asimmuno-
suppression (MICHAEL et al. 1973; CORRIER 1991).
Apart from substances contaminating foodstuffs, some
substances may be formed through harsh processing pro-
cedures. From the point of view of mutagenicity, carcino-
genicity or immunosuppressive activity, pyrolysates of
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amino acids (heterocyclic amines) of the category of ami-
no-methylimidazo-quinoline occurring in human food-
stuffsasaresult of inappropriate heat processing of meat
(LOPRIENO €t al. 1991; ADAMSON et al. 1996) are consid-
ered to bethemost serious. 2-amino-3-methylimidazo[4,5-1]
quinoline (IQ) in the isolated form has been used as an-
other reference mutagen. The third reference mutagenin
the present study isN-nitroso-N-methylurea(MNU) which
isanimportant carcinogenic N-nitroso compound; in con-
trast to I1Q and AFB, it is a directly acting carcinogen
requiring no metabolic activation. This compound is all
the more hazardous as it can be formed endogenously as
demonstrated by SANDER (1971) and by MIRVISH et al.
(1973). MNU participatesin theinduction of braintumors
and other tumors of nervetissue, kidney, the urinary blad-
der, lungs, and stomach. It also playsaroleinthe mamma-
ry tumor formation asdemonstrated in mice, aswell asin
the occurrence of thyroid gland tumors (IARC 1978).

On the other hand, certain bioactive components of
plant foodstuffs can inhibit, retard, or even reverse indi-
vidual stepsof the process of carcinogenesis. Themajority
of such substances havein addition anti-oxidative and anti-
inflammatory effects and can be applied, consequently; as
effective chemopreventive or chemoprotective agents.
While mutagenic and co-mutagenic substances may oc-
cur in foodstuffs as well as in the ambient air, antimu-
tagens can act only through their intake in foodstuffs
(HAYATSU et al. 1988).

Ellagic acid (EA), adimer of gallic acid, belongsto the
polyphenols. Itisfound mainly infruit (strawberries, rasp-
berries, grapes, black currant) as well asin various spe-
cies of nuts. It has antimutagenic and anti-carcinogenic
properties (VAN LIESHOUT et al. 1998; LOARCA-PINA et
al. 1996, 1998; SURH 1999). Through itsanti-oxidative ef-
fect (Cozzi et al. 1995) and decreasing of cytochrome
P450 activity (AHN et al. 1996), it reduces the metabolic
activation of carcinogenic substances. It also increases
the activity of glutathione-S-transferase and inhibits dam-
ageto DNA (BARCH et al. 1995). It markedly reducesthe
mutagenic activity of aflatoxin B, (LOARCA-PINA et al.
1996, 1998).

In the present paper, we studied the effect of ellagic
acid onthe mutagenicity of AFB,, 1Q, and MNU followed
by the Amestest aswell as by the micronucleustest, and
itseffect on natural immunity in micefollowed by thechemi-
luminescence test.

MATERIAL AND METHODS

The Ames test. We evaluated the antimutagenic effect
of ellagic acid on mutagensin vitro using the Ames test
(AMES 1971; AMES et al. 1975; MARON & AMES 1983;
CERNA et al. 1989). Thetest was performed according to
the standard methodology (CERNA et al. 1989). The test-
ing strains used in the present study were auxotrophic
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hisbacterial strainsof Salmonella typhimuriumTA98 and
TA100. S9 fraction of liver homogenate from laboratory
rats induced by a mixture of polychlorinated biphenyls
Delor was used for metabolic activation of indirect mu-
tagens(IQand AFB,).

Mutagenic substances were applied at the following
concentrations: 1Q at concentrations of 0.1 pg, 0.01 pg
and 0.001 pg per plate for strain TA98; at concentrations
of 10 g, 1 pg and 0.1 pg per platefor strain TA100; AFB,
at concentrations of 10 pg, 1 pg and 0.1 pg per plate for
both strains, TA98 and TA100; MNU at concentrations of
1000 pg, 100 pg and 10 pg per platefor strain TA100 only
as these concentrations had no effect on strain TA98.
Each concentration of the individual mutagens was com-
bined with four different concentrations of ellagic acid
(300, 30, 3, and 0.3 ug per plate). Each combination of a
mutagen and ellagic acid was tested in two separate ex-
perimentswith three platesin each experiment.

Effect of ellagic acid was expressed as percentage of
inhibition of mutagenic activity following the formula:

(number of revertants of mutagen — number
of revertants of mutagen with antimutagen)

x 1
number of revertants of mutagen 0

Experimental animals. All in vivo experiments (bone
marrow micronucleus test and chemiluminescence test)
were carried out on ten-week-old male Balb C mice, each
weighing 22—26 g, purchased from BIOTEST (Konérovi-
ce, Czech Republic). These animals were divided into
groups containing 7—10 mice. Both experimentswere per-
formed on the same animals.

Application of substances tested. Ellagic acid was ap-
pliedto mice 3timesin one-day intervalsat dosesof 4 g/kg
for the combinationwith AFB, or IQ, and at dosesof 2 g/kg
for the combination with MNU. The mutagens were ap-
plied in a single dose on the third day, 1-1.5 h &fter the
application of ellagic acid, AFB, at thethedoseof 1 mg/kg,
|Qat thedose of 20 mg/kg, and MNU at thedose of 20 mg/kg.
The substances tested were applied to mice per os by
gavage. In all the experiments, each respective substance
was dissolved in 7% DM SO and applied in volumes of
0.1 ml/10 g of murine body weight. Equal amounts of sol-
vent (7% DM SO) were applied to the control group. All
chemicalswere purchased from Sigma.

The mutagenic effects of the substances and their mix-
tures were evaluated in vivo using of the micronucleus
test (SCHMID 1975).

For the follow up of the effect of ellagic acid on the
immune reaction of mutagen-treated mice, the chemilumi-
nescence test (DE CHATELET et al. 1982; THOMAS et al.
1988; SESTAKOVA et al. 1997) was used.

Themicronucleustest. The micronucleustestisameth-
od used for the detection of substances with a clastoge-
nic effect, i.e. the capacity to induce the breakage of
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chromosomes. An increased frequency of micronuclei in
polychromatophilic erythrocytesin comparison with con-
trol groups indicates that the substance tested induces
chromosomal damage in nucleated erythrocytes in the
bone marrow. A total of 1000 polychromatophilic erythro-
cyteswere scored per animal by the same observer for the
evaluation of the frequencies of micronucleated polychro-
matophilic erythrocytes. Each experiment was run three
times. For the statistical analysis, Student’s t-test was
used.

The chemiluminescencetest. Theimportance of chemi-
luminescencetestsliesin the possibility of following the
influence of individual substances on the production of
freeradicals of oxygen in polymorphonuclear leucocytes.
This capability influences the potential of an increased
effect of inflammatory reactionsand phagocytosisinrela-
tion to bacterial cells but it simultaneously increases the
risk of the action of free radicals under an insufficient
anti-oxidative protection. The induction of oxygen radi-
calsisimportant in relation to the atherogenic as well as
to the oncogenic processes.

The chemiluminescence test detects the production of
free oxygen radicals, namely of hydrogen peroxideinthe
complex hydrogen peroxide — myel operoxidase — halide
cofactor. The chemiluminescence value reflects the de-
gree of phagocytosis of zymosan particlesby murinegra-
nulocytes. Four groups of mice were examined: a group
treated with mutagen, agroup treated with ellagic acid, a
group treated with mutagen and ellagic acid, and an un-
treated control group. In all the groups of experiments
performed, the reactions of granulocytic pooled cultures
from 10 or at least 7 animals, were mutually compared. The
time dependence of chemiluminescence values in each
group of mice was followed and the maximum values of
curves obtained are presented in figures.

The chemiluminescence test was performed according
to the modification of SESTAKOVA et al. (1997). Poly-
morphonuclear leucocytes were obtained from the perito-
neum of ten mice (per one test) four hours after the
application of 5 ml glycogen. After the washing proce-
dure, the final concentration of cells was adjusted to

Table 1. Effect of ellagic acid on mutagenicity of IQ — combination of EA + IQ with metabolic activation by S9 fraction of liver

homogenate

S. typhimurium strain TA98 + S9 S. typhimurium strain TA100 + S9
%’féﬁ'\g/ plate) f;lvr‘;’fgn‘t’sf SD  %inhibition ‘i‘gi(gi/ plate) “rlgfel’r‘:;;’tfs SD % inhibition
0.1+0 1222 183 10+0 1076 189
0.1+0.3 1360 98 - 10+0.3 1082 231 1
0.1+3 1223 98 - 10+3 866 295 20
0.1+30 538 209 56 10 + 30 108 17 90
0.1 + 300 343 82 72 10 + 300 155 38 86
0.01+0 583 136 1+0 578 207
0.01 +0.3 578 151 1+0.3 603 276 -
0.01 +3 562 210 4 1+3 560 299 3
0.01 +30 144 43 75 1+30 97 10 81
0.01 + 300 82 20 86 1+ 300 142 35 73
0.001 +0 126 37 0.1+0 169 43
0.001 +0.3 143 55 - 0.1+0.3 180 58 -
0.001 + 3 131 26 - 0.1 +3 152 60 10
0.001 + 30 54 10 57 0.1 +30 100 10 41
0.001 + 300 48 7 62 0.1 +300 120 26 29
Control (DMSO) 41 5 Control (DMSO) 95 5
0+0.3 40 7 0+0.3 120 20
0+3 37 5 0+3 106 7
0+ 30 33 9 0+30 102 18
0+ 300 43 7 0+ 300 135 23

SD = standard deviation
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5.75 x 10%ml in Hanks solution at pH 7.3. In each polysty-
rene tube were blended 0.4 ml Hanks solution, 0.1 ml di-
luteluminol (3.5mgluminol in2ml DMSOisdiluted 1:10
in redistilled water), 0.4 ml cell suspension, and 0.1 ml
1% zymosan as stimulant (0.1 ml Hanks solution in con-
trols). Chemiluminescence activity was measured at room
temperature at 5-min intervalsover aperiod of 90 minin
an analytical luminometer. Results are presented in maxi-
mum values (mV) of the chemiluminescence response of
polymorphonuclear leucocytesin the dependence ontime.

RESULTS

The Ames test. All the mutagens revealed a dose de-
pendent mutagenic activity inthe Amestest (Tables 1-3).
The two highest doses of ellagic acid (EA), i.e. 30 and
300 pg/plate, showed an obvious antimutagenic activity
in thistest. In strain TA98, these two concentrations re-
duced the mutagenic activity of 1Q (0.1 pg/plate) by 56
and 72%, respectively; the mutagenicity of 0.01 g | Q per
plate was decreased by 75 and 86%, respectively, the ef-

fect of the smallest dose of 1Q (0.001 pg/plate) wasinhib-
ited by 57 and 62%, respectively. In strain TA100, the two
highest concentrations of ellagic acid reduced the mu-
tagenic activity of theindividual doses of 1Q asfollows:
the effect of 10 pg/ plate by 90 and 86%, 1 pg/ plate by 81
and 73%, and that of 0.1 pg/plate by 41 and 29%. In strain
TA100, the concentration of 30 pg/plate had a greater ef-
fect on mutagenity of all concentrations of 1Q than that of
300 pg/plate; in strain TA98, the most effective concen-
tration was 300 pg/plate (Table 1).

A similar effect —ahigher efficiency of 30 pg of ellagic
acid than that of 300 pg/plate, was observed with all the
tested concentrations of AFB, in both strains (Table 2).
Themutagenicity of 10 ug AFB, wasreduced, respective-
ly, by 30 and 300 pg/plate of ellagic acid by 56 and 36% in
TA98, by 57 and 34%in TA100; theactivity of 1 yg AFB,
by 63 and 54% in TA98, and by 73 and 57% in TA100.
Mutagenicity of the lowest concentration of AFB,, i.e.
0.1 pg/plate, wasinhibited by 51 and 41% (TA98), and by
47 and 23% in TA100 in comparison with the activities of
the respective doses of the mutagen alone. The antimu-

Table 2. Effect of ellagic acid on mutagenicity of AFB, — combination of EA + AFB, with metabolic activation by S9 fraction of

liver homogenate

S. typhimurium strain TA98 + S9

S. typhimurium strain TA100 + S9

Dose (ng/plate)

IQ+EA number of SD % inhibition number of SD % inhibition
revertants revertants

10+0 1284 77 1573 74

10+ 0.3 1214 83 6 1456 154 7

10+3 1060 122 17 1343 207 15

10 + 30 568 151 56 681 59 57

10 + 300 824 147 36 1033 213 34

140 825 179 931 191

1+0.3 732 145 11 613 148 34

1+3 644 89 22 522 125 44

1430 305 107 63 255 73 73

1 +300 376 102 54 404 90 57

0.1+0 217 22 203 32

0.1+03 222 26 - 197 27 3

0.1+3 239 11 - 165 21 19

0.1+ 30 106 16 51 107 11 47

0.1+ 300 129 15 41 157 9 23

Control (DMSO) 29 4 103 6

0+0.3 31 3 105 11

0+3 33 6 101 15

0+30 31 3 88 4

0 + 300 26 5 99

SD = standard deviation
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Table 3. Effect of ellagic acid on mutagenicity of MNU —S. typhi-
murium strain TA100

Do Nl i
1000 + 0 1414 51

1000 + 0.3 1425 105 -
1000 + 3 1406 96 1
1000 + 30 1375 117 3
1000 + 300 1539 139 —
100 +0 889 223

100+ 0.3 903 189 —
100 +3 989 189 -
100 + 30 789 195 11
100 + 300 672 185 24
10+0 261 41

10+0.3 263 36 -
10+3 202 22 23
10 + 30 174 17 33
10 + 300 201 50 23
Control (DMSO) 80 6

0+0.3 91

0+3 92 9

0+30 92 20

0+ 300 94 12

tagenic effect of the two lowest concentrations of ellagic
acid (0.3 and 3 pg/plate) was not significant except for
certain concentrations of AFB, (1 pg/plate) in TA98 and
TA100.

Themutagenicity of thedirect mutagen MNU at itshigh-
est concentration of 1000 pg/plate was not influenced by
ellagic acid; only at lower concentrations (100 and 10 pg
per plate) it was reduced in the range of 11-33%. The
antimutagenic activity was generally lower than that
against indirect mutagens and wasthe most effective at the
lowest concentration of MNU, i.e. 10 pyg/plate (Table 3).

The micronucleus test. No significant increase in the
frequency of micronuclei in the control mice treated by
DM SO was observed in comparison with intact animals.
The number of micronuclei in animalsinfluenced by ellag-
ic acid alonedid not differ from that of the control group.
Inthe groups of animal streated with individual mutagens,
astatistically significant higher number of micronuclei in
polychromatophilic erythrocytes of the bone marrow was
found in comparison with the control group.

On oral application of the combination of three doses
of ellagic acid (4 g/kg ) and asingle dose of aflatoxin B,
(1 mg/kg) the number of micronucle in polychromatophilic

erythrocytes was lower to a statistically significant de-
gree in comparison with the laboratory mice treated with
AFB, alone.

A similar effect was observed on application of the |Q
mutagen: ellagic acid in combination with the | Q mutagen
(3 x 4 g/kg + 20 mg/kg) reduced its mutagenic effect to a
statistically significant degree. Similarly the treatment of
micewith acombination of elagicacidand MNU (3 x 2g/kg
+ 20 mg/kg) led to asignificant reduction of the number of
micronuclei in comparison with the number of micronu-
clei induced by MNU alone. Theresults are presented in
Table4.

The chemiluminescence test. In all experiments, four
groups of animalswere examined: groups of animal streat-
ed with the mutagens, with ellagic acid alone, with their
combinations, and the control group.

Astotheeffect of the combination of ellagic acid (4 g/kg)
and AFB,, in the group of mice treated with AFB,, re-
duced chemiluminescence val ues (except for thefirst ex-
amination) were observed in comparison with the control
group and thetwo other groups of mice (P < 0.01). Mark-
edly elevated chemiluminescence values were found in
the group of micetreated with acombination of AFB, and
ellagic acid as compared to the control group (P < 0.01;
29" day, P < 0.05). Inthegroup of micetreated with ellagic
acid alone, aless marked increase in chemiluminescence
was observed in comparison with the control group (3 and
8 days, P < 0.01; 1% and 11™ days, P < 0.05) (Fig. 1 and
Tableb).

Table 4. Numbers of micronuclei in polychromatophilic eryth-
rocytes in the bone marrow of mice treated with a combination
of ellagic acid and the mutagens

Substance studied Number of micronuclei SD

Control (7% DMSO) 2.8 1.6
Ellagic acid (3 x 4 g/kg) 2.7 1.2
AFB, (1 mg/kg) 7.7* 22
AFB, +ellagic acid

(1 mg/kg+3 x 4 g/kg) 3.8%* 2.4
1Q (20 mg/kg) 8* 2
1Q + ellagic acid

(20 mg/kg + 3 x 4 g/kg) 4.9%%* 2
MNU (20 mg/kg) 20.6* 5.7
MNU + ellagic acid

(20 mg/kg + 3 x 2 g/kg) 13.5%* 2.7

* significantly higher number of micronuclei as compared with the
negative control (DMSO)

** significantly lower number of micronuclei as compared with muta-
gen alone

SD = standard deviation
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—&— control 7% DMSO
—& - EA3x4gkg

1000 1
(mV)
800
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- -¢ - AFB, 1 mg/kg
—— EA + AFB,

Fig. 1. Chemiluminescence test —
ellagic acid + AFB,

400 1

200 A

Days after of mutagen application

Table 5. Chemiluminescence test — values of chemilumines-
cence =+ standard deviation

Table 6. Chemiluminescence test — values of chemilumines-
cence =+ standard deviation

Day  Control' AFB? EA’ EA+AFB,* Day  Control' 1Q? EA’ EA +1Q*
I8t 500+5.0 560+7.0 580+11.0 702+9.5 Ist 450+2.5  465+50 573+7.5 86825
3rd 505+7.5 235+6.0 688+85 830x+6.0 5th 438 +2.5 320425  750+9.5 849+5.0
gth 525+55 180+50 700+6.0 806=5.0 7th 440 + 5.0 260+5.0 707+8.5 800+7.5
11t 520+5.0 93425 590+£9.0 750+7.5 12t 452+25 180+7.5 650+10.0 690+11.0
20t 505+9.0 80+2.5  525+£6.0 600x11.0 25  464+55 150+£7.0 501+9.0 524+5.0

Icontrol (7% DMSO); 2AFB] (1 mg/kg); 3ellagic acid (3 x 4g/kg);
4AFB, + ellagic acid (1 mg/kg + 3 x 4g/kg)

—&— control 7% DMSO
—A= EA3x4g/kg

1000 ~
(mV)
800 -

600 -

Icontrol (7% DMSO); 21Q (20 mg/kg); 3ellagic acid (3 x 4g/kg);
41Q + ellagic acid (20 mg/kg + 3 x 4g/kg)

-+ e --1Q 20 mg/kg
—B—EA+IQ

400 ~

200

1 5 7 12
Days after of mutagen application
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—&— control 7%DMSO
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Fig. 3. Chemiluminescence test —

800 - . .
—A- EA3x2g/kg —HB—EA + MNU ellagic acid + MNU
(mV)
600 -
400 @
e
e
e
200 - .
- *
0 T T T T T 1
1 4 11 16 18 25

Days after of mutagen application

Table 7. Chemiluminescence test — values of chemilumines-
cence + standard deviation

Day  Control' MNU? EA® EA + MNU*
Ist 590+2.5 400+50 680+5.0 740+7.0
4th 60050 350+£5.0 630+85 685+55
1t 620+50 30050 630+5.0 645+7.5
16t 598+50 240+25 618+£50 622+8.5
18t 599+25 125+9.5 582+6.0 600+5.5
25t 590+14 122455 578+55 587+5.0

lcontrol (7% DMSO), 2MNU (20 mg/kg), 3ellagic acid (3 x 2 g/kg),
4MNU + ellagic acid (20 mg/kg + 3 x 2 g/kg)

As concerns the effect of the combination of ellagic
acid (4 g/lkg) and 1Q, on treatment of micewith the strong
mutagen and carcinogen 1Q significantly reduced chemi-
luminescence values were found as compared to controls
from the fifth day of investigations. Again, markedly in-
creased chemiluminescence values were recorded in the
group treated with ellagic acid in combination with 1Q,
and even with ellagic acid alone in comparison with the
controls during 12 days from the begining of investiga-
tion (P <0.01) (Fig. 2and Table6).

Astothe effect of ellagic acid (2 g/kg) and MNU: dur-
ing 25 days of investigation, in comparison with the con-
trols, therewas amarked decrease of chemiluminescence
after the application of MNU to mice. Chemiluminescence
valuesin the group of micetreated with ellagic acid alone
differed significantly from the control group only on the
first day of investigation (P < 0.01). Inthe group of mice
treated with ellagic acid in combination with MNU, signifi-
cant differences were found in comparison with the con-
trolsonthefirst and fourth day of investigation (P < 0.01).
From the 11%" day, the results of chemiluminescencein

these groups did not differ significantly (Fig. 3 and Ta-
ble?).

DISCUSSION

There are numerous papers confirming the antimutagen-
ic effect of ellagic acid. Theinhibitory effect on mutage-
nicity induced by AFB, in the Ames test was described
by MANDAL et al. (1987), GORsKI et al. (1991), LOARCA-
PINA et al. (1996, 1998), and SONI et al. (1997). However,
FRANCIS et al. (1989) observed only asmall reduction of
AFB, mutagenicity athough the mutagenicity of N-meth-
yl-N'-nitro-N-nitrosoguanidine was reduced markedly.
Similarly, the mutagenic effect of 1Qwasmarkedly reduced
by theaction of ellagic acid (AYRTON et al. 1992). EA was
effective in inhibiting the mutagenicity of MNU in the
reaction of double-stranded DNA with MNU (DIXIT &
GOLD 1986, 1987). However, CHEN and CHUNG (2000) did
not find any antimutagenic effect of ellagic acid regarding
the direct mutagens 2-nitrofluorene, 4,4'-dinitro-2-bi-
phenylamine, 1-nitropyrene, 1,3-dinitropyrene, 2-nitro-p-
phenylenediamine, 3-nitro-o-phenylenediamine, and 4-ni-
tro-o-phenylenediamine. Similarly, ellagic acid had no
influence on the genotoxicity of 1-nitropyreneand 1,6-di-
nitropyrene (KUoO et al. 1992).

Theinduction of micronuclei and chromosomal aberra-
tions produced by the whole-body exposure to ionizing
radiation in mice was found to be significantly inhibited
by oral administration of ellagic acid at 200 pmol/kg b. w.
(THRESIAMMA et al. 1998). A 3-day exposureto ellagic
acid greatly reduced the degree of chromosome instabili-
ty in papilomavirus-transformed cells (STICH et al. 1990).

According to our results, EA similarly inhibited the
mutagenic effects of AFB,, 1Q and MNU in mice after a
three-day exposure asrevealed by asignificant reduction
of the number of micronuclei in the bone marrow in the
groups of micetreated with EA and mutagen in compari-
son with the mice treated with mutagen only.
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Ellagic acid which belongsto polyphenolic compounds
has anticarcinogenic and anti-oxidative effects (DE MEIJA
et al. 1999; MASUDA et al. 1999). Ellagic acid can con-
tribute to the prevention of carcinogenesis by a more
effective detoxication through an increased glutathi one-
S-transferase (GST) activity. Increased levels of glu-
tathione and GST activity upon the application of ellagic
acid to rodents were observed by VAN LIESHOUT et al.
(1998) and GRAEME-SHEPARD ¢t al. (2000). ANDERSON et
al. (2001) described the possibility of enhancing the anti-
teratogenic potential by polyphenolsfrom nuts, especial -
ly by ellagic acid which effectively inhibited the oxidation
of LDL.

In our experiments, ellagic acid acted as an effective
antimutagen at the two highest concentrationstested, i.e.
300 pg and 30 pg per plate, asit significantly reduced the
activity of 1Q in both strains of S typhimurium in the
Amestest. The concentration of 300 ug per plate had the
strongest effect in strain TA98 whereas in strain TA100,
30 pg per plate was more effective than 300 pg per plate.
The concentrations of 3.0 and 0.3 pg per plate proved to
beineffectivein our experiments. Also in combinationwith
AFB,, ellagic acid proved to be a strong antimutagen at
the two highest concentrations followed. In this case, the
lower of thetwo concentrations, i.e. 30 ug per plate, had a
much greater antimutagenic effect than that of 300 g per
plate. Similar results were observed with all concentra-
tions of the mutagen and in both strains. It was only in
combination with the direct mutagen MNU that ellagic
acid did not show any marked antimutagenic effects at
most of the concentrations tested in strain TA100. The
highest concentrations of ellagic acid reduced the mu-
tagenic effect of MNU weakly and only in combination
with two lower concentrations of MNU.

Our results of the Ames test that show a greater effect
of ellagic acid on the mutagenity of indirect mutagens
than on MNU are an evidence for a more pronounced
effect of ellagic acid on the activation of promutagen al-
though other mechanismsmay also play arole. MNU asa
direct mutagen was applied in relatively high concentra-
tions that manifested mutagenicity in strain TA100 only,
and the lower effect of ellagic acid on this mutagen may
betheresults of these concentrations. A somewhat great-
er effect of ellagic acid was observed at the lowest con-
centration of MNU. Onthe other hand, the effect of ellagic
acid on mutagenity of indirect mutagens does not seem
to depend on the concentration of the mutagen applied.

Aflatoxin B, as a strong mutagen and carcinogen has
also immunosuppressive effects in several animal spe-
cies. Inhibition of phagocytic activity was observed by
MICHAEL et al. (1973) in chick cells, by RICHARD and
THURSTON (1975) in rabbit macrophages, and by TUREK
et al. (1994) in murine granulocytes. Similarly, upon the
application of aminoacid pyrolysatesformed during ahigh-
temperature treatment of meat, we observed a reduced
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phagocytic activity in mice as measured by chemilumi-
nescence (TUREK et al. 1994). Heterocyclic amines are
transformed enzymatically to reactive substances and such
reactions are controlled by anti-oxidants such as polyphe-
nols, sulforafans, isothiocyanates, etc. (WEISBURGER
1999).

In the present paper, we followed the reaction of mice
treated with ellagicacidand AFB,, 1Q, and MNU asmea-
sured by the chemiluminescence test which reflects the
degree of phagocytosis by murine granulocytes. Upon
the application of three different mutagens, we found, in
agreement with findingsin theliterature, amarked inhibi-
tion of oxygen radical formation, namely of the complex:
hydrogen peroxide — myel operoxidase — halide factor in
the case of AFB, and 1Q, except for thefirst day of inves-
tigation, i.e. 24 h after the application of mutagen. In the
experiment with ellagic acid in combination with AFB,,
ellagic acid alone at the dose of 4 g/kg stimulated chemi-
luminescence values most markedly on thethird and eighth
day of the experiment. Thisresult isin agreement with the
finding of the stimulation of the production of the super-
oxideradical by ellagic acid in murine peritoneal macroph-
ages (KAUL & KHANJUDA 1999). Ellagic acid applied
together with AFB, stimulated chemiluminescence to a
greater degreethan dlagic acid done, namely upto 1.6 times
in comparison with controls. Similar resultswererecorded
upon thetreatment of micewith ellagicacid and 1Q. Ellag-
ic acid stimulated chemiluminescence most markedly in
combination with 1Q up to the 12" day of investigation
(up to 1.9 times compared to controls). Different results
were obtained upon the application of ellagic acid (2 g/kg)
in combination with MNU. Ellagic acid alone stimulated
the reaction of murine granulocytes on the 1% day only,
and ellagic acid in combination with MNU on the 1% and
4™ day of investigation in this case.

From the results obtained it follows that ellagic acid
effectively prevented the negative effects of mutagensin
one of the phases of phagocytosis as measured by chemi-
luminescence. At thedose of 4 g/kg, ellagic acid in combi-
nation with mutagens stimulated the reaction of murine
granulocytes more than ellagic acid alone. It is possible
to presumethat ellagic acid at the dose of 4 g/kg reactsin
the presence of strong mutagens and carcinogens by an
excessiveincrease of theformation of the complex hydro-
gen peroxide — myel operoxidase — halide factor which is
responsible for the lethal reaction in phagocytes. At the
doseof 2 g/kg, ellagic acid aloneaswell asin combination
with MNU had a predominantly immunomodul atory ef-
fect.

We may suppose that ellagic acid has protective ef-
fects as an antimutagenic and anticarcinogenic factor
found in plant foods that can be used as a potent cancer
chemopreventive agent in the diet, this possibly being
caused, among others, by a favourable influence on im-
mune processes.



Czech J. Food Sci.

\ol. 20, No. 5: 181-191

Acknowledgements: Theauthorsthank Mrs. J. BITTNE-
ROVA and . VESELA for skillful technical assistance.

References

ADAMSON R.H., THORGEIRSSON U.P., SUGIMURA T. (1996):
Extrapolation of heterocyclic amine carcinogenesis data from
rodents and nonhuman primates to humans. Arch. Toxicol.,
Suppl., 18: 303-318.

AHN D., PUTT D., KRESTY L., STONER G.D., FROMM D.,
HOLLENBERG P.F. (1996): The eftects of dietary ellagic acid
on rat hepatic and esophageal mucosal cytochromes P450
and phase II enzymes. Carcinogenesis, 17: 821.

AMES B.N. (1971): The detection of chemical mutagens with
enteric bacteria. In: HOLLAENDER A. (ed.): Chemical Mu-
tagens. Principle and Methods for their Detection. Plenum,
New York, 1: 267-282.

AMES B.N., KAMMEN H.O., YAMASAKI E. (1975): Methods
for detecting carcinogens and mutagens with Sa/monella/mam-
malian-microsome mutagenicity test. Mutat. Res., 31: 347-364.

ANDERSON K.J., TEUBER S.S., GOBEILLE A., CREMIN P,,
WATERHOUSE A.L., STEINBERG F.M. (2001): Walnut
polyphenolics inhibit in vitro human plasma and LDL oxida-
tion. J. Nutr., 131: 2837-2842.

AYRTON A.D., LEWIS D.F.V.,, WALKER R., [OANNIDES C.
(1992): Antimutagenicity of ellagic acid towards the food
mutagen [Q: investigation into possible mechanisms of ac-
tion. Food Chem. Toxicol., 30: 289-295.

BARCH D.H., RUNDHAUGEN L.M., PILLAY N.S. (1995): El-
lagic acid induce transcription of the rat glutathione S-trans-
ferase-Ya gene. Carcinogenesis, 16: 665—668.

BARTA 1., ADAMKOVA M., PETR T., BARTOVA J. (1990): Dose
and time dependence of chromosomal aberration yields of
bone marrow cells in male Chinese hamsters after a single i.p.
injection of aflatoxin B . Mutat. Res., 244: 189-195.

BARTA L., SMERAK P., SEDMIKOVA M., TUREK B., KOVACOVA
E., BARTOVA J. (1997): Mutagenni vliv vybranych myko-
toxint. Czech J. Food Sci., 16: 103—-109.

CHEN S.C., CHUNG K.T. (2000): Mutagenicity and antimuta-
genicity studies of tannic acid and its related compounds.
Food Chem. Toxicol., 38: 1-5.

CORRIER D.E. (1991): Mycotoxicosis: Mechanisms of immu-
nosupression. Vet. Immunol. Immunop., 30: 73-87.

Cozzl R., RICORDY R., BARTOLINI F., RAMADORI L.,
PERTICONE P., DE SALVIA R. (1995): Taurine and ellagic acid:
two differently-acting natural antioxidants. Environ. Mol.
Mutagen., 26: 248-254.

CERNA M., DOBIAS L., HAJEK V. (1989): Amesova metoda.
V. Metody biologického monitorovani genotoxickych u€inkt
faktord prostiedi — Standardné metodika. Acta Hyg. Epi-
demiol. Microbial. (Ptiloha)., 20: 33-56.

DE CHATELET L.R., LONG G.D., SHIRLEY P.S., BASS D.A.,
THOMAS M.L., HENDERSON T.W., COHEN M.S. (1982):
Mechanism of the luminol-dependent chemiluminiscence of
human neutrophils. J. Immunol., 129: 1589-1593.

DE MEIJIA E.G., CASTANO-TOSTADO E., LOARCA-PINA G.
(1999): Antimutagenic effect of natural phenolic compounds
in beans. Mutat. Res., 441: 1-9.

DIXIT R., GOLD B. (1986): Inhibition of N-methyl-N-nitro-
sourea-induced mutagenicity and DNA methylation by el-
lagic acid. Proc. Natl. Acad. Sci. USA, 83: 8039-8043.

DIXIT R., GOLD B. (1987): Mechanism of Inhibition of N-me-
thyl-N-nitrosourea — Induced Mutagenicity and DNA Bind-
ing by Ellagic Acid. IARC Sci. Publ., 84: 197-199.

FRANCIS A.R., SHETTY T.K., BHATTACHARYA R.K. (1989):
Modification of the mutagenicity of aflatoxin B, and N-me-
thyl-N'-nitro-N-nitrosoquanidine by certain phenolic com-
pounds. Cancer Lett., 45: 177-182.

GORSKI T., GORSKA E., ODLANICKI J., SIKORA M. (1991):
Inhibitory Effect of Ellagic Acid on Genotoxicity Induced by
Aflatoxin B, and G,. IARC Sci. Pub., 105: 550-551.

GRAEME-SHEPHERD A., MANSON M.M., BALL H.W.L.,
MCLELLAN L.I. (2000): Regulation of rat glutamate-cysteine
ligase (<gamma>-glutamylcysteine synthetase) subunits by
chemopreventive agents and in aflatoxin B, — induced pre-
neoplasia. Carcinogenesis, 21: 1827-1834.

HAYATSU H., ARIMOTO S., NEGISHI T. (1988): Dietary inhibi-
tors of mutagenesis and carcinogenesis. Mutat. Res., 202:
429-446.

IARC (1978): Monographs on the Evaluation of Carcinogenic
Risk of Chemicals to Man: N-nitroso-N-methylurea. ISSN
17227-55.

KAUL A., KHANDUJA K.L. (1999): Plant polyphenols inhib-it
benzoyl peroxide-induced superoxide anion radical produc-
tion and diacylglyceride formation in murine peritoneal mac-
rophages. Nutr. Cancer., 35: 207-211.

KuoM.L., LEEK.C., LIN J.K. (1992): Genotoxicities of nitro-
pyrenes and their modulation by apigenin, tannic acid, el-
lagic acid and indole-3-carbinol in the Salmonella and CHO
systems. Mutat. Res., 270: 87-95.

LOARCA-PINA G., KUZMICKY P.A., DE MEJIA E.G., KADO
N.Y., HSIEH D.P.H. (1996): Antimutagenicity of ellagic acid
against aflatoxin B, in the Salmonella microsuspension assay.
Mutat. Res., 360: 15-21.

LOARCA-PINA G., KUZMICKY P.A., DE MEJIA E.G., KADO
N.Y. (1998): Inhibitory effects of ellagic acid on the direct-
acting mutagenicity of aflatoxin B, in the Salmonella micro-
suspension assay. Mutat. Res., 398: 183-187.

LOPRIENO N., BONCRISTIANI G., LOPRIENO G. (1991): An
experimental approach to identifying the genotoxic risk by
cooked meet mutagens. Adv. Exp. Med. Biol., 289: 115-131.

MANDAL S., AHUJA A., SHIVAPURKAR N.M., CHENG S.J.,
GROOPMAN J.D., STONER G.D. (1987): Inhibition of afla-
toxin B, mutagenesis in Salmonella typhimurium and DNA
damage in cultured rat and human tracheobronchial tissues
by ellagic acid. Carcinogenesis, 8: 1651-1656.

MARON D.M., AMES B.N. (1983): Revised methods for the
Salmonella mutagenicity test. Mutat. Res., 113: 173-215.
MASUDA T., YONEMORI S., OYAMA Y., TAKEDA Y., TANAKA

T., ANDOH T., SHINOHARA A., NAKATA M. (1999): Evalution

189



\Vol. 20, No. 5: 181-191

Czech J. Food <ci.

of the antioxidant activity of enviromental plants: activity of
the leaf extracts from seashore plants. J. Agr. Food Chem.,
47:1749-1754.

MCQUEEN C.A., WAY B.M. (1991): Sex and strain differences
in the hepatocyte primary culture/DNA repair test. Environ.
Mol. Mutagen, 18: 107-112.

MICHAEL G.Y., THAXTON P., HAMILTON P.B. (1973): Impair-
ment of the reticuloendothelial system of chickens during
aflatoxicosis. Poult. Sci., 52: 1206.

MIRVISH S.S., CARDESA A., WALLCAVE L., SHUBIK P. (1973):
Effect of sodium ascorbate on lung adenoma induction by
amines plus nitrite. Proc. Am. Assoc. Cancer Res., 14: 102.

NIx C.E., BREWEN B., EPLER J.L. (1981): Microsomal activa-
tion of selected polycylic aromatic hydrocarbons and aro-
matic amines in Drosophila melanogaster. Mutat. Res., 88:
291-299.

REDDY R.V., SHARMA R.P. (1989): Effect of aflatoxin B, on
murine lymphocytic functions. Toxicology, 54: 31-44.

RICHARD J.L., THURSTON J.R. (1975): Effect of aflatoxin on
phagocytosis of Aspergillus fumigatus spores by rabbit al-
veolar macrophages. Appl. Microbiol., 30: 44.

SANDER J. (1971): Investigations of the formation of carcino-
genic nitroso compounds in the stomach of experimental ani-
mals and its significance for man. Arzneimittel-Forsch., 21:
1703-1707.

SCHMID W. (1975): The Micronucleus test. Mutat. Res., 31:
9-15.

SONI K.B., LAHIRI M., CHACKRADEO P., BHIDE S.V., KUTTAN
R. (1997): Protective effect of food aditives on aflatoxin-
induced mutagenicity and hepatocarcinogenity. Cancer Lett.,
115: 129-133.

STICH H.F., TSANG S.S., PALCIC B. (1990): The effect of
retinoids, carotenoids and phenolics on chromosomal insta-

Souhrn

bility of bovine papilomavirus DNA carrying cells. Mutat.
Res., 241: 387-393.

SURH Y.J. (1999): Molecular mechanisms of chemopreventive
effects of selected dietary and medicinal phenolic substances.
Mutat. Res., 428: 305-327.

SESTAKOVA H., TUREK B., SMERAK P., SEDMIKOVA M.
(1997): Sledovani chemiluminiscen¢ni reakce u mysi po
ovlivnéni rostlinnymi latkami a vitaminy. Potrav. Védy, 15:
437-450.

SMERAK P., BARTA I., POLIVKOVA Z., BARTOVA J., SEDMIKOVA
M. (2001): Mutagenic effects of selected trichothecene my-
cotoxins and their combinations with aflatoxin B,. Czech J.
Food Sci., 19: 90-96.

THOMAS E.L., LEHRER R.I., REST R.F. (1988): Human neutro-
phil antimicrobial activity. Rev. Infect. Dis., 10 (Suppl. 2):
450-456.

THRESIAMMA K.C., GEORGE J., KUTTAN R. (1998): Protec-
tive effect of curcumin, ellagic acid and bixin on radiation
induced genotoxicity. J. Exp. Clin. Canc. Res., 17: 431-434.

TUREK B., BARTA I, PETR T., SESTAKOVA H. (1994): Sledo-
vani rizika poruch zdravotniho stavu z nutriéné toxikolo-
gického hlediska. [Zavéredna zprava projektu IGA MZ CR.]
Praha.

VAN LIESHOUT E.M.M., BEDAF M.M.G., PIETER M., EKKEL
C., NUHOFF W.A., PETERS W.H.M. (1998): Effect of di-
etary anticarcinogens on rat gastrointestinal glutathione
S-transferase theta 1-1 levels. Carcinogenesis, 19: 2055-2057.

WEISBURGER J.H. (1999): Antimutagens, anticarcinogens, and
effective worldwide cancer prevention. J. Environ. Pathol.
Toxicol. Oncol., 18: 85-93.

Received for publication July 30, 2002

Accepted after corrections November 7, 2002

SMERAK P., SESTAKOVA H., POLIVKOVA Z., BARTA I., TUREK B., BARTOVA J., LANGOVA M., ANDEL M. (2002): Utinky
kyseliny elagové na mutagenitu a na imunitni reakci u mysi. Czech J. Food Sci., 20: 181-191.

Pomoci Amesova testu a in vivo mikronukleus testu jsme sledovali antigenotoxicky efekt kyseliny elagové (EA) na genotoxicitu
tfi mutagenti: amino-methylimidazo-chinolinu (IQ), aflatoxinu B, (AFB,) a N-nitroso-N-methylurey (MNU). Kyselina elagova je
fenolova sloucenina, pfirozen¢ se vyskytujici v riznych druzich ovoce a zeleniny. Jeji efekt na imunosupresivni aktivitu mutagent
jsme rovnéz sledovali in vivo chemiluminescen¢nim testem. V Amesové testu kyselina elagova v koncentracich 300 a 30 pg na
misku prokazateln€ inhibovala mutagenni aktivitu dvou nepfimych mutagenti IQ a AFB,. Koncentrace 300 pg na misku méla
nejsilngjsi efekt na mutagenitu v§ech koncentraci 1Q v testech na kmeni TA98 Salmonella typhimurium, zatimco na kmeni TA100
byla koncentrace 30 mg na misku efektivnéjs$i nez koncentrace 300 pg na misku. Také v kombinaci s riznymi koncentracemi AFB,
se kyselina elagova chovala jako silny antimutagen. V tomto ptipad¢ v§ak niz$i ze dvou u¢innych koncentraci — 30 pug na misku
méla mnohem vétsi antimutagenni efekt nez koncentrace 300 pg na misku na obou kmenech. V kombinaci s pfimym mutagenem
MNU nevykazovala kyselina elagova vyznamny antimutagenni efekt ve vétSiné koncentraci testovanych na kmeni TA100.
Jenom nejvyssi koncentrace kyseliny elagové redukovala mutagenitu MNU slabg, a to pouze v kombinaci se dvéma niz$imi
koncentracemi MNU. V mikronukleus testu, tfidenni p.o. aplikace kyseliny elagové predchazejici aplikaci AFB, 1Q nebo MNU
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vyznamné redukovala poéty mikrojader indukované samotnymi mutageny v polychromatofilnich erytrocytech mysi.
Chemiluminescencni test na mysich granulocytech prokézal, ze kyselina elagova nejen zabranuje inhibi¢nimu ti¢inku mutagent na
tvorbu volnych kyslikovych radikald a peroxidu vodiku, ale jejich tvorbu v kombinaci s mutageny stimuluje dokonce ve vys$§im
rozsahu, nez je stimulace samotnou kyselinou elagovou. Z téchto vysledkd vyvozujeme, ze kyselina elagova siln¢ reparuje imu-
nosupresivni efekt testovanych mutagenti.

Kli¢ova slova: kyselina elagova; amino-methylimidazo-chinolin; aflatoxin B,; N-nitroso-N-methylurea; antimutagenni aktivita;
chemiluminescence
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