cta
Binchimica

Pulnnica
Short Communication

Vol. 40 No. 4/1993

QUARTERLY

A study of the genotoxic potential of flavonoids using short-term

bacterial assays*

Hanna Czeczot** and Joanna Kusztelak

Department of Biochemistry, Medical School, 02-097 Warsaw, Poland

Received 29 April, 1993

Genotoxic activities of flavonoids (quercetin, thamnetin, isorhamnetin, apigenin,
luteolin) were investigated using two short-term bacterial assays.

In the "repair test” in Salmonella typhimurium (strains TA1538 worB™ and TA1978
uvrB") the flavonoids studied did not introduce any damage into the DNA recognized

by UvrABC nuclease (correndonuclease II).

The results of the SOS-Chromotest in Escherichia coli K-12 strains PQ37 {tag+, alk*)
and PQ243 (tagA, alkA) indicated that flavonoids only weakly induced the SOS

system.

The addition of a liver activation system (59 mix) did not increase the mutagenic

effect of the flavonoids tested.

Two compounds: rhamnetin, isorhamnetin and their putative metabolites formed in
the presence of the S9 mix did not alkylate DNA at N-3 of adenine.

Flavonoids are natural compounds which are
regularly consumed by humans (about 1
g/day) in a diet containing fruit and vegetables
[1 - 3]. They were found to act as antiviral,
antibiotic, antifungal and antispasmogenic
agents, moreover they show antineoplastic ac-
tivity and a variety of other properties [4, 5]. On
the other hand, some flavonoids have been
shown, in tests in vitro to exhibit mutagenic
activity, but their carcinogenicity was not con-
firmed by feeding studies in animals [6 - 10].
In addition, there is experimental evidence
from both in vitro and in vivo tests that flavo-
noids act as natural antimutagens or antican-
cerogens [11].

The data on genotoxic properties of flavo-
noids are fragmentary. The only compound
studied so far in detail is flavonol — quercetin
[12].

In the present work the genotoxic effects of
flavonoids were reevaluated using short-term
bacterial assays.

For this purpose, we examined:
~1. The ability of flavonoids (quercetin, rham-

netin, isorhamnetin, apigenin, luteolin) to in-

troduce into DNA damages recognized by

correndonuclease I[;
~IL Induction of the SOS repair system in E. coli

K-12 by flavonoids in the SOS-Chromotest;
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IAbbreviations: DMSO, dimethylsulphoxide; MMS, methyl methanesulphonate; MNNG, N-
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~III. Alkylation of DNA at N-3 of adenine by
rhamnetin and isorhamnetin. The chemical
structure of these two compounds (Fig. 1)
suggests that they might alkylate DNA.

MATERIALS AND METHODS

Chemicals. The following chemicals were ob-
tained from the sources listed below:

MNNG! and MMS from Sigma; 4-NQO from
Fluka AG; AFB1 and ONPG from Calbiochem;
PNPP from Merck; Aroclor 1254 from Analabs
Inc.; sodium dodecyl sulphate, Bacto trypton
and Bacto yeast extract from Difco; DMSO, mi-
tomycin C and 2-aminofluoren from Serva.

Flavonoids (quercetin, rhamnetin, isorham-
netin, apigenin, luteolin) were isolated from
medicinal herbs at the Department of Pharma-
cognosy, Medical School in Warsaw. The
chemical structures of flavonoids are shown in
Fig. 1.

Ell control mutagens and flavonoids were
dissolved in DMSO.

Fresh solutions of all chemicals were pre-
pared immediately before use.

Bacterial strains. E. coli K-12 strains PQ37
sfiA:zMud(AP lac)cts, lacU169, mal", uvrA, galE,
galY, PhoC, F~, rfa, thr, leu, his, pyrD, thi,
trp::Muc®, sr1300:Tn10, rpoB and PQ243 (as
PQ37 but tagA, alkA) used in the SO5-Chromo-
test were gifts from P. Quillardet and M. Hof-
nung U.B.M.T.G. Institut Pasteur, Paris, France.

S. typhimurium strains TA1538, TA1978 used
in the repair test (in S. typhimurium) were gifts

ot Ry Ry Ry PRy
Quercetin OH o oH oH oH Flavonol
Rhomnatin OoH m‘la oH oH oH
Isorhamnetin oH oH ﬂﬂl= oH oH
Apigenin OH aH H oH H Flavons
Luteclin oH OH oH oH H

Fig. 1. Chemical structures of flavonoids.

from Prof. B.N. Ames, Biochemistry Depart-
ment, University of California, Berkeley, CA.
US.A.

Bacterial tests. A. The repair test in S. fy-
phimurium (strains TA1538 uvrB and TA1978
uvrB*) performed according to Ames ef al. [13]:
comparison of the repair-deficient and repair
competent strains for zones of growth inhibi-
tion.

B. The SOS-Chromotest was conducted under
standard conditions described by Quillardet et
al. [14] and Quillardet & Hofnung [15].

It is based on induction of the sfiA gene (be-
longing to the SOS system) by a DNA damag-
ing factor. In the PQ37 uvrA strain of E. coli K-12
the gene of f-galactosidase is linked to the pro-
motor of the sfid gene [15, 16]. Units of the
enzyme activity were calculated using a simpli-
fied version of the formula used for calculation
of international units (U) [17].

The mutagenic activity of a compound at the
given concentration C (R(C)) may be expressed
by the ratio of B-galactosidase activity to al-
kaline phosphatase activity. The SOS induction
factor I(F) for a compound at concentration C
is defined as I(F) = R(C)/R(0) in which R(0) is
the mutagenic activity measured in the ab-
sence of a compound.

C. The SOS-Chromotest adapted by Quillar-
det & Hofnung [15, 16] also was used for de-
tecting alkylation of DNA at N-3 of adenine by
two flavonoids: rhamnetin and isorhamnetin.
This method is based on the comparison of
induction of the lacZ gene fused with the pro-
motor region of sfiA gene of the E. coli strains
PQ37 and PQ243 which are proficientand defi-
cient in 3-methyladenine-DNA-glycosylase |
and 11, encoded by the tagA and alkA genes,
respectively [18].

Liver homogenate fraction (59). The liver ho-
mogenate fraction was prepared by the method
of Maron & Ames [19] using Aroclor 1254
treated Wistar male rats. Fraction S9 was stored
at —20°C and served as the source of soluble
microsomal enzymes. The average concentra-
tion of protein in the S9 fraction was 38 mg/ml
(36 - 42 mg/ml). Protein was determined ac-
cording to Lowry et al. [20].

§9 mix. The S9 mix used in the SOS-Chromo-
test was prepared according to Quillardet &
Hofnung [15].
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RESULTS AND DISCUSSION

The ability of flavonoids to introduce into
DNA lesions recognized by correndonuclease
11 was studied in the repair test in 5. typhimu-
rium. The zones of growth inhibition by flavo-
noids (quercetin, rhamnetin, isorhamnetin,
apigenin, luteolin) at 50 - 200 ug/plate for
strains TA1538 (uorB") and TA1978 (uovrB")
were formed to be practically irrespective of
the presence or the absence of metabolic activa-
tion by S9 mix (Table 1). As a positive control in
the above test we used mitomycin C in the
absence and 2-aminofluorene in the presence of
S9 fraction; with both compounds the zone of

growth inhibition was for TA1538 uvrB~ was
over twice as large as for TA1978 uvrB*. Ac-
cording to Ames ef al. [13] if a tested compound
is more toxic to an uprB~ strain than to uvrB*,
its action can be caused by covalent binding to
DNA. Thus, the results obtained suggest that
neither of the flavonoids tested introduced into
DNA any damages recognized by correndonu-
clease IL

The ability of flavonoids to induce the SOS
system was tested on the E. coli K-12 strain
PQ37 with and without metabolic activation.
Tables 2 and 3 appeared to be very low induc-
tion of the 505 system by flavonoids in the
PQ37 uvrA strain.

The ability of quercetin, rhamnetin, isorham-
netin, apigenin, luteolin to induce the SOS sys-

Table 1
The zones of growth inhibition produced by flavonoids in TA1538 (uvrB™) and TA1978 (uvrB”) strains
of S. typhimurium in the presence or absence of a metabolic activation

— Diameter of growth inhibition zone (mm + 5.D."
Compound tested TAL538 TA1978 TAL538 TA1978
ue/plate {uvrB) (uvrB) {uvrB) {uvrBy
-§9 +89°

Mitomycin C 1 36+0 2343 NT NT
2-Aminofluorene 50 NT NT l6+2 10+1
50 B+1 11+3 10+2 11+3
Quercetin 100 9+3 9+3 9+1 10+1
200 9+1 943 10+1 104
50 6+1 640 7+0 640
Rhamnetin 100 6+1 6+0 611 6+l
150 61 h+1 611 60
200 6+0 6105 720 610
50 8+3 842 10+£3 7+2
it 100 9+4 1042 842 741
150 943 10+1 810 8+1
200 10+3 10+2 8+2 5+£2
50 913 112 11+2 11+1
Apigenin 100 9+2 11+2 11+3 11+2
150 9+05 10+1 10+2 11+1
200 610 6105 B+2 11+0
50 8+05 941 9+1 6+1
Luteolin 100 10+£05 941 9+1 6+1
150 81 941 941 10+1
200 71 1042 B+1 8+1

S Average from 9 plates; 100 K159 per plate; NT, not tested
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tem was assayed in a concentration range not
toxic for strain tested (0 - 20 mg per sample).
4-NQO and AFB; (20 ng per sample) were used
as positive controls. The response of the SOS
system to flavonoids was much lower than to
4-NQO or AFB;, irrespective of the presence or
absence of the S9 mix.

In the SOS-Chromotest used to study the
possible alkylation of DNA at N-3 of adenine

by rhamnetin and isorhamnetin, the degree of
B-galactosidase activity was low both in the
double mutant PQ243 tagA, alkA and in the
wild type PQ37, irrespective of the presence or
absence of fraction S9 (Table 3).

On the other hand, MMS known to introduce
approximately 10% of all methylations into N-3
of adenine [21] induced a 3.5 times higher level
of P-galactosidase in PQ243 than in PQ37

Table 2
Effect of flavonoids on the SOS system induction in PQ37 strain of E. coli K-12 in the presence or
absence of metabolic activation

Flavonoid P_%:E P_::g?
| pg/sample up__ | up | g | Up | ®
Cluercetin
0.00 14+03 195+49 1102 11.0+£20 1.0
0.10 1.1+0.2 187427 08+02 1.1+£03 11.0+05 09+03
1.00 1401 189+3.1 0902 15+08 11.3+13 0903
5.00 27+089 239+23 13+03 15+ 05 104431 1.6+08 |
10.00 29103 23055 18+05 18+0.7 11729 16+0.7
20.00 28406 21331 15+07 1.9+0.6 15.0+2.0 15405
Apigenin
0.00 27+05 120+£19 78+04 £1.3+33 1.0
0.10 19+ 06 1274+1.2 0.7+03 63+04 £29+27 09+0.1
1.00 1.6+0.3 126415 0.6+0.1 71+08 565+ 4.7 1.2+0.2
5.00 1.9+0.6 10.6+14 08+02 6103 507+28 1102
10.00 43405 11408 1.7+0.6 52+09 54.2+4.1 09+03
20.00 47+02 13.0+£2.2 1.7£02 66+29 413£95 1.2+05
Luteolin
0.00 23101 162111 23+01 99+15 1.0
0.10 20405 120£15 12404 20£0.1 9.7+20 0.9+0.1
1.00 24101 145+21 1.2+0.2 18+02 B5+08 1.0+02
5.00 1.8+0.1 210413 09+02 24405 108+£2.1 1.0+£02
10.00 23+02 150+28 12+0.1 25403 119+19 0.9+0.1
20.00 34+03 140427 1703 ] 25+02 B8+1.6 1.1+0.1
Positive controls
4-NQO*
0ng | 178+57 | 137+33| 104+32 NT NT NT
AFBi ™
20 ng NT NT 58+ 0.8 437+ 16 121+ 05

UP, international units of P—galactosidase activity;

UP, international units of alkaline phosphatase activity; I{F), the SOS induction factor;

Positive controls : *without 59; **with 59

Each value is an average from 5 independent experiments £ 5.0,
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strain of E. coli K-12 (Table 3). The level of this On the basis of these results it is possible to
induction in both strains was similar. suppose that rhamnetin and isorhamnetin do
not alkylate DNA at N-3 of adenine.

Table 3
Effect of rhamnetin and isorhamnetin on the SOS system induction in PQ37 and PQ243 strains of E. coli
K-12 in the presence or absence of metabolic activation

Flavonols P37 (wild type) PQ243 (tagA, alkA)
| pgfsample up | up I(F) L | up I I(F)
Rhamnetin
0.00 1.1+ 01 192+ 1.2 1.0 14+ 03 248+ 14 1.0
0.10 16+ 0.2 170+ 53 1.0+ 0.1 16+ 0.2 3ot 6d 09+ 0.1
1.00 21+ 03 156+ 3.2 1.1+ 04 19+ 02 M7+ 43 1.0+ 0.2
5.00 24+ 05 160+ 4.7 1.6+ 0.6 1.7+ 03 267+ 43 1.5+ 04
10.00 23+ 0.8 15.7 + 6.2 18+ 0.7 24+ 08 263+ 45 19+ 05
20.00 16+ 07| 156+ 53 18+ 07|  28+02| 266+65 1.8+ 09
Rhamnetin + 59
0.00 22+ 04| 150+ 09 1.0 18+ 04| 227+ 29 1.0
0.10 18+ 03 189+ 3.0 D&+ 04 15+ 0.2 253+ 4.1 06+ 0.2
1.00 16+ 04 200+ 1.8 08+ 0.1 18+ 04 238+ 63 0.7+ 0.1
5.00 18+ 06 173+ 5.1 1.0+ 0.2 19+ 0.2 185+ 5.3 08+ 04
10.00 19+ 05 185+ 5.0 1.2+ 04 24+ 04 220+ 44 09+ 0.4
20,00 20+ 0.6 173+ 6.0 13+ 02 19+ 0.8 220+ 3.1 09+ 0.2
Isorhamnetin
0.0 1.1+ 0.1 195+ 2.7 1.0 1.5+ 0.2 214+ 32 1.0
0.10 14+ 04 209+ 3.0 08+ 01 1.2+ 0.1 323+ 45 08+ 03
1.00 14+ 02 194+ 6.1 09+ 0.2 1.3+ 06 328+ 86 08+ 03
5.00 19+ 08 163+ 3.1 1.7+ 0.1 1.6+ 0.7 271+ 24 1.1+ 0.2
10.00 21+ 05 160+ 18 1.5+ 0.2 16+ 03 258+ 58 1.1+ 0.2
20.00 1.7+ 04 163+ 1.2 18+ 03 16+ 04 273+ 38 1.1+ 04
Isorhamnetin + 59
0.00 1.1+ 01 11.2+ 06 1.0 20+ 03 241+ 21 1.0
0.10 24+ 03 150+ 2.0 1.0+ 0.2 18+ 03 181+ 55 09+ 05
1.00 26+ 02| 147+ 30| 12+ 01 18+ 02| 177+ 41 09+ 02
5.00 22+ 04 175+ 1.8 16+ 0.2 26+ 0.6 190+ 6.1 08+ 02
10.00 23+ 04 160+ 2.1 14+ 03 31+ 0.7 208+ 1.2 09+ 04
20.00 19+ 0.3 158+ 14 14+ 04 31+ 05 208+ 3.2 1.1+ 0.1
MMS
20nM__ | 20+ 05 70+ 1.1
4-NQO*
20ng | 160+ 5700 236+ 66| 109+ 53| 187: 53| 210+ 45| 105+ 22
AFB;**
20ng | 136+ 61| 109+ 32| 153 66| 125+ 26| 199+ 33| 854+ 08

Abbreviations as in Table 2,
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The flavonoids studied are able to induce the
SOS system both in the presence and absence
of metabolic activation. However, in the SO5-
Chromotest, we have observed a weak re-
sponse to both flavonoids either with or with-
out metabolic activation in E. coli K-12 strain
PQ37. Moreover, metabolic activation by S9
mix decreased the SOS response with all flavo-
noids tested (Tables 2, 3). In our experiments
the metabolic activation increased also the tox-
icity of the compounds tested.

The maximum values obtained for the SOS
induction factor with metabolic activation
were 1.8 and 1.3 for quercetin and rhamnetin,
respectively and 1.8 without activation for
either compounds in the E. coli strain PQ37
(Tables 2, 3).

The decrease of quercetin genotoxicity by 59
activation in the induction of SOS system is
well known [22]. Liver enzymes are to enhance
the mutagenicity of quercetin in the Ames test
[23, 24] and lower its genotoxicity in other as-
says [25].

Reuftet al. [26] suggested that quercetin might
cause DN A damage via more than one mechan-
ism and not only by metabolic activation. Me-
tabolic activation of flavonoids by mammalian
enzymatic systems can occur via pathways
which are not well understood.

Our results, i.e. the lack of DNA alkylation at
N-3 of adenine and lack of damages recog-
nised by correndonuclease II, suggest that fla-
vonoids and/or their putative metabolites do
not bind covalently to DNA.

It is possible, that the mutagenic activity of
flavonoids could be caused by other interac-
tions with replicative apparatus as suggested
by Reuff [26].

Investigations on genotoxicity of flavonoids
could help to gain knowledge on the precise
nature of lesions in DNA induced by muta-
gens/carcinogens such as flavonoids and get
more insight into the underlying mutational
mechanism.
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