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The antimutagenic effect of ethanolic extract of propolis (EEP) and honeybee (Apis
mellifera) venom, both collected in the State of São Paulo, Brazil, was assessed by the
Salmonella/microsome assay upon direct- and indirect-acting mutagens. EEP had inhibi-
tory effect (in an ascending order) on the mutagenicity power of daunomycin (TA102),
benzo(a)pyrene (TA100), and aflatoxin B1(TA98) and the venom acted against the mu-
tagenicity of 4-nitro-o-phenylenediamine (TA98) and daunomycin (TA102). Teratogen-
esis Carcinog. Mutagen. 19:403–413, 1999.© 1999 Wiley-Liss, Inc.
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INTRODUCTION

Harmful health effects caused by mutation events involve somatic and germinal
tissues and can cause somatic diseases, teratogenic effects, and inherited disorders.
Direct evidence of the mutational origin of somatic diseases in man is limited, but
may be of great importance in arteriosclerosis, neurological disorders, and aging.
Analysis of oncogene activation has indicated that specific alteration in the DNA
and chromosomes is intimately involved with the carcinogenic process. The extent
of the influence of environmental factors at the mutation level is still unknown be-
cause tumor formation is a complex process involving a series of steps, some of
which are probably epigenetic. Moreover, experimental data on chemical mutagenic
and carcinogenic action show that mutagenic factors are extremely important in car-
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cinogenic action. These data suggest that certain types of cancer in humans may be
prevented by identifying the mutagenic agents in the environment and by preventing
exposure of individuals to such agents [1].

According to Ferguson [2], the use of antimutagenic and anticarcinogenic agents
in daily life would be the most effective procedure for prevention of cancer and
genetic diseases in humans. In fact, protection against mutations could be beneficial
at least in the initial stages of tumor development. Some natural compounds have
recently been described as inhibitors of the mutagenic effect in bacteria [3–8].

Propolis is a natural composite balsam, produced by honeybees from the gum
of various plants. Bees collect vegetal exudates and form pellets with their man-
dibles, mixing the exudates with wax and products of their salivary glands. The re-
sulting material is used to wax and strengthen the nest, to provide protection from
microorganisms, and as an embalming substance to cover the carcass of a hive in-
vader [9]. In addition, this material is widely used in popular medicine for a range of
treatments. Ethanolic extract of propolis (EEP) is a complex mixture which has been
used for medical purposes since antiquity, mainly as an anti-inflammatory and scar
healer [10]. But recently there has been considerable interest in the therapeutic prop-
erties of propolis, such as its immune-modulator and anti-infectious action [11–14].
The venom, extracted from the same bee species, is known for its anti-inflammatory
[15] and radioprotective [16–18] properties. Apis mellifera venom has been frequently
used to treat rheumatoid arthritis [15,19].

The present study was carried out in order to assess the influence of EEP and
honeybee venom on the effects of direct and indirect standard mutagens in assays
with Salmonella typhimurium (Ames test).

MATERIALS AND METHODS
Chemicals

Dimethyl sulfoxide (DMSO-CAS #67-68-5), nicotinamide adenine dinucleotide
phosphate sodium salt (NADP-CAS #11-84-16-3), D-glucose-6-phosphate disodium
salt (CAS #3671-99-6), L-histidine monohydrate (CAS #7048-02-4), D-biotin (CAS
#58-85-5) were purchased from Sigma Chemical Co. (St. Louis, MO).

Standard mutagens: benzo(a)pyrene (B(a)P-CAS #50-32-8), daunomycin (DAU-
CAS #23541-50-6), sodium azide (AZS, NaN3-CAS #26628-22-8), aflatoxin B1
(AFB1-CAS #1162-65-8), 2-aminofluorene (AAF-CAS #153-78-6), 2-anthramine (2-
AA-CAS #613-13-8), 4 nitro-o-phenylenediamine (NPD-CAS #99-56-9) were also
obtained from Sigma. In the preparation of bacterial growth media, Oxoid Nutrient
Broth No. 2 (Oxoid, UK), Difco Bacto Agar (Difco, Detroit, MI) were used. All
other reagents used for buffers and preparation of media were from Merck
(Whitehouse Station, NJ) and Sigma. The S9 fraction from Aroclor 1254 treated rats
was obtained from Molecular Toxicology, Inc. (Annapolis, MD).

Tester Strains

The strains of Salmonella typhimurium TA98, TA100, and TA102 were kindly
provided by Dr. Bruce Ames, University of California at Berkeley. Salmonella strain
TA98 detect mutagens that cause a frameshift in a G-C basepair region. The hisD3052
mutation in TA98 is in the hisD gene coding for histidinol dehydrogenase. Strain
TA100 detects mutagens that cause basepair substitution at G-C pairs. The hisG46
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mutation in TA100 is in the hisG gene coding for the first enzyme of histidine bio-
synthesis. The TA102 strain contains the ochre-TAA mutation in the hisG gene and
efficiently detects a variety of mutagens, mainly oxidant compounds [20].

Preparations of EEP and Honeybee Venom

Propolis was collected in beehives in the Araraquara region of São Paulo State,
Brazil, where the predominant crops are sugar cane, oranges, and eucalyptus. A solu-
tion was prepared by agitating 110 g of propolis in 300 ml of 70% alcohol and left to
rest for 7 days. The solution was filtered at the end of this period and 25 ml of sterile
distilled water was added to each 0.5 ml of the filtrate. The hydro-ethanolic solution
obtained was used in the assays. The venom was extracted from honeybees collected
and frozen to remove the stings with the venom sacs. The venom was squeezed out
from its sac through the sting spears using light finger pressure and collected in
graded capillary tubes. The venom was then diluted in sterile distilled water (1 µl
venom/ml water) and used in the assays.

Mutagenicity Testing

Following the methodology of direct incorporation in plates developed by Maron
and Ames [20], different concentrations of EEP (0.25, 0.5, 1, 2, and 4 µl/plate) or of
Apis venom (0.01, 0.02, 0.04, and 0.05 µl/plate) were mixed with 0.1 ml of overnight
cultures of Salmonella typhimurium tester strains, 2 ml of top agar containing histidine
and biotin, and 0.5 ml of the S9 mixture in the metabolism assays. The mixtures were
poured onto minimal glucose agar plates. The number of revertants were counted after
incubation for 2 days at 37°C. To ensure that Salmonella colonies growing on the incu-
bated Ames plates are true (his+) revertants and did not arise due to the presence of
excess histidine in the EEP or bee venom samples, 10 colonies from one duplicate
assay plate were streaked over histidine-free Ames plates with a sterile inoculating loop
and then incubated for 48 h at 37°C. Only his+ organisms grow on the plates.

Antimutagenicity and Toxicity Assays

The procedures for the antimutagenicity assays were similar to those described
for the mutagenicity assays. However, the recommended mutagenic agent for the
bacterial strain in question was also added to the tube of top agar containing the
bacteria, EEP, or bee venom, along with 0.5 ml of S9 mix for the indirect mutagens:
TA100, in experiments with AZS, 2-AA, B(a)P; TA98, with AFB1, 2-AA, B(a)P,
NPD; TA102 with AAF, B(a)P, DAU.

For the determination of surviving cells, 0.1 ml of each tested mixture diluted
to 106 was poured onto nutrient agar plates. The number of viable cells was counted
after incubation for 2 days at 37°C. According to Vargas et al. [21], the samples were
considered cytotoxic when less than 60% survival was obtained.

Among the tested mutagens, AZS and DAU were dissolved with water, whereas
AFB1, 2-AA, B(a)P, NPD, and AAF were dissolved with DMSO. Each sample was
assayed using triplicate plates and each experiment was assayed twice. The calcula-
tion of the percentage of mutagenic inhibition was carried out according to Tachino
et al. [22] where:

induced revertant/plate (with inhibitor)
inhibition (%) = 1 – × 100

induced revertant/plate (without inhibitor)
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RESULTS

Some assays were first carried out to assess the mutagenic activity of EEP and
bee venom. Table I shows the results obtained for both agents. No mutagenic activ-
ity was found in all tests made, since the per-plate his+ revertant frequencies ob-
tained in the presence of different EEP and bee venom concentrations did not differ
significantly from the negative controls in the three S. typhimurium strains.

Studies on the antimutagenic activity of EEP and bee venom for different stan-
dard mutagenic agents were then carried out in assays with S. typhimurium (Tables
II–VII). Some of the mutagenic agents used have direct action, such as AZS, NPD,
and DAU, and others are indirect mutagenic agents and were therefore used with the
S9 mixture: AFB1, 2-AA, B(a)P, and AAF.

Table II shows the results with TA100 strain. No antimutagenic effect was ob-
served with EEP in the dose range used between 0.25 and 4 µl/plate the in presence
of AZS. An increase in mutagenic activity was observed in a dose-related fashion in
the dose range between 0.25 and 1 µl/plate of EEP, which was followed by an appar-
ent decrease in mutagenic activity between 2 and 4 µl/plate of EEP in presence of 2-
AA. A decrease in mutagenic activity was observed in a somewhat dose-related fashion
between 0.5 and 4 µl/plate EEP in the presence of B(a)P.

When TA98 was used (Table III), no antimutagenic effect was observed with
EEP in presence of NPD. A decrease in mutagenic activity was observed in a dose-
related fashion of EEP in the presence of AFB1. The mutagenic inhibition rate varied
from 52% to 90%, according to the increase in EEP concentration. An increase in
mutagenic activity was observed in the dose range between 0.25 and 2 µl/plate of
EEP, with no decrease in mutagenic activity at the 4 µl/plate of EEP in the presence
of 2-AA. Probably in this concentration the antimutagenic effect observed is due to

TABLE I. Mutagenic Effect of Bee Venom and Propolis Ethanolic Extract (EEP) in Salmonella
typhimurium TA100, TA98, and TA102

Revertants his+/plate (±SD)

Dose TA100 TA98 TA102

Compound µl/plate +S9 –S9 –S9 +S9 –S9 +S9

Bee venom 0 153 ± 28 133 ± 21 34 ± 15 31 ± 5 262 ± 62 209 ± 21
0.01 149 ± 25 120 ± 18 35 ± 10 32 ± 3 266 ± 86 201 ± 2
0.02 136 ± 25 120 ± 18 32 ± 11 32 ± 10 290 ± 68 203 ± 2
0.04 96 ± 40 105 ± 20 22 ± 8 27 ± 2 274 ± 24 208 ± 1
0.05 82 ± 44 79 ± 7 24 ± 5 32 ± 6 272 ± 51 220 ± 26

EEP 0 184 ± 23 140 ± 19 36 ± 6 36 ± 1 294 ± 21 221 ± 53
0.25 180 ± 38 150 ± 21 36 ± 0 40 ± 7 320 ± 67 339 ± 106
0.5 168 ± 2 138 ± 24 34 ± 4 45 ± 1 304 ± 58 317 ± 22
1.0 182 ± 8 138 ± 17 38 ± 5 42 ± 12 323 ± 58 326 ± 15
2.0 173 ± 13 153 ± 13 36 ± 4 47 ± 2 276 ± 44 353 ± 15
4.0 196 ± 7 157 ± 30 30 ± 10 43 ± 9 298 ± 24 326 ± 31

The positive controls: TA100 → sodium azide (1.25 µg/plate) → 1,252 ± 179, 2-anthramine (20 µg/
plate) → >1500 TA98 → 4-nitro-o-phenylenediamine (5 µg/plate) → 1,034 ±
60 2-anthramine → (20 µg/plate) >1500 TA102 → Daunomycin (1.5 µg/plate)
→ 1,024 ± 63 2-aminofluorene (10 µg/plate) → 860 ± 10.

The negative controls: 0 → 0.1 ml of distilled water for the venom and 0.1 ml water + 4 µl
ethanol for EEP.
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TABLE II. Inhibition of Sodium Azide (AZS), 2-Anthramine (2-AA) and Benzo(a)pyrene (B(a)P)
Induced Mutagenesis in Salmonella typhimurium TA100, by EEP

Dose EEP I
Compound (µg/plate) (µg/plate) Rev/plate* (%)

AZS 1.25 0 1,172 ± 291 —
0.25 1,264 ± 345 0
0.5 1,276 ± 383 0
1.0 1,397 ± 340 0
2.0 1,210 ± 322 0
4.0 1,171 ± 267 0

2-AA 0.125 0 687 ± 270 —
0.25 1,376 ± 229 0
0.5 1,280 ± 136 0
1.0 1,084 ± 362 0
2.0 398 ± 35 42
4.0 272 ± 22 64

B(a) P 1.0 0 1,150 ± 57 —
0.25 1,012 ± 58 12
0.5 857 ± 351 25
1.0 473 ± 93 59
2.0 662 ± 155 43
4.0 328 ± 49 71

*Each value represents the mean ± SD of six replicate plates from two separate experiments (three
plates/experiment).
I = inhibitory effect.

toxicity. Antimutagenic effect was observed in a somewhat dose-related fashion be-
tween 0.25 and 4 µl/plate EEP in the presence of B(a)P.

When the TA102 strain was used (Table IV) the antimutagenic effect of EEP
was observed against the mutations induced by DAU. This effect did not seem to
depend on the EEP concentration and the inhibition rate was about 40%. There was a
very weak mutagenic inhibition from AAF for the same strain, and if EEP is associ-
ated with B(a)P, an apparent increase in the mutagenic activity was observed.

The action of the bee venom as an antimutagen was not observed in association
with AZS, 2-AA, for TA100 (Table V). Table VI shows an decrease in mutagenic
activity between 0.04 and 0.05 µl/plate of bee venom in the presence of NPD, for
TA98, but in the presence of 2-AA this effect was not observed. The bee venom had
an inhibition rate for mutagenic activity induced by DAU for the TA102 strain (Table
VII) which varied from 25–80%, according to the increase in the venom doses used
but in the presence of AAF this effect was not observed.

Toxicity assays were carried out parallel to the antimutagenic activity assays to
find if the decrease in the number of revertants was due to the toxic effect of the
drugs used. The greatest bee venom concentrations (0.05 µl/plate) when associated
with AZS or 2-AA, and 4 µl of EEP/plate associated with DAU, had a weak cyto-
toxic effect.

DISCUSSION

The mutagenic activity assays permitted us to show that neither propolis nor
bee venom induce an increase in the normal frequency of mutations in the three S.
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typhimurium strains (TA100, TA98, and TA102) with or without metabolic activa-
tion. The quantity of histidine supposed to be present in the EEP samples did not
influence the results.

These results are relevant if the great numbers of people who use EEP daily are
considered and also because this work intended to assess the antimutagenic effect of
these two natural products.

Rao et al. [23] showed that a component of propolis identified as caffeic acid
phenethyl ester (CAPE) inhibited the mutagenic activity of 3,2-dimethyl-4-
aminobiphenyl in the TA100 and TA98 S. typhimurium strains. Propolis induced a
dose-related reduction of approximately 40% and the bee venom 25–80% on the
number of reverse mutations induced by DAU in the TA102 strain.

Among the mutagens that TA102 detects are X-rays, hydrogen peroxide, phe-
nyl-hydrazine, and DAU that generate oxygen radicals which are proven mutagens
and/or carcinogens [24].

Mutations in the TA102 strain in our work were induced by DAU, which prob-
ably created reactive forms of oxygen. However, the number of these mutations was
significantly reduced in the presence of EEP and even more significantly in the pres-
ence of bee venom. It may be inferred that EEP and bee venom interfered in some
way with the action of these radicals, perhaps acting as free radical scavengers.

TABLE III. Inhibition of Aflatoxin B 1 (AFB1), 2-Anthramine (2-AA), Benzo(a)pyrene (B(a)P),
and 4-Nitro-o-phenylenediamine (NPD) Induced Mutagenesis in Salmonella typhimurium
TA98, by EEP

Dose EEP I
Compound (µg/plate) (µg/plate) Rev/plate* (%)

AFB1 0.5 0 1,178 ± 251 —
0.25 885 ± 404 52
0.5 465 ± 46 74
1.0 DNU DNU
2.0 418 ± 35 76
4.0 174 ± 35 90

2-AA 0.125 0 240 ± 53 —
0.25 469 ± 19 0
0.5 623 ± 16 0
1.0 381 ± 128 0
2.0 395 ± 32 0
4.0 44 ± 4 82

B (a) P 1.0 0 310 ± 85 —
0.25 165 ± 25 47
0.5 144 ± 9 53
1.0 118 ± 8 62
2.0 133 ± 6 57
4.0 174 ± 10 44

NPD 5.0 0 1,273 ± 288 0
0.25 957 ± 212 0
0.5 1,088 ± 133 0
1.0 1,282 ± 253 0
2.0 1,113 ± 334 0
4.0 1,077 ± 150 0

*Each value represents the mean ± SD of six replicate plates from two separate experiments (three
plates/experiment).
I = inhibitory effect; DNU = data not usable.
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TABLE IV. Inhibition of 2-Aminofluorene (AAF), Benzo(a)pyrene (B(a)P), and Daunomycin
(DAU) Induced Mutagenesis in Salmonella typhimurium TA102, by EEP

Dose EEP I
Compound (µg/plate) (µg/plate) Rev/plate* (%)

AAF 10 0 783 ± 40 —
0.25 748 ± 85 4
0.5 614 ± 152 22
1.0 659 ± 54 16
2.0 634 ± 63 19
4.0 484 ± 23 38

B(a)P 1.0 0 597 ± 80 —
0.25 853 ± 35 0
0.5 498 ± 21 17
1.0 636 ± 83 0
2.0 550 ± 151 8
4.0 645 ± 41 0

DAU 1.5 0 907 ± 172 0
0.25 540 ± 54 40
0.5 487 ± 97 46
1.0 514 ± 40 43
2.0 486 ± 88 46
4.0 465 ± 49 49

*Each value represents the mean ± SD of six replicate plates from two separate experiments (three
plates/experiment).
I = inhibitory effect.

TABLE V. Inhibitory Effect (I) of Bee Venom on the Mutagenicity of Sodium Azide (AZS) and 2-
Anthramine (2-AA) in Salmonella typhimurium TA100

Dose Bee Venom I
Compound (µg/plate) (µl/plate) Rev/plate* (%)

AZS 2.5 0 1,339 ± 349 —
0.01 1,098 ± 179 18
0.02 1,287 ± 282 4
0.04 999 ± 135 25
0.05 1,048 ± 205 22

2-AA 0.625 0 3,880 ± 86 —
0.01 3,194 ± 246 18
0.02 3,037 ± 52 22
0.04 3,184 ± 102 18
0.05 3,250 ± 65 16

*Each value represents the mean of six replicate plates from two separate experiments (three plates/
experiment).

Scheller et al. [25] showed that propolis has a radioprotective activity in mice
exposed to 6 Gy of cobalt-60 gamma radiation and suggest that an antioxidant com-
ponent present in EEP is responsible for the radioprotective effect. The antioxidant
activity of EEP has been confirmed in other studies [26–28] which also attribute the
ability of scavenging free radicals to EEP. Krol et al. [29] suggested that the
antioxidative activity of propolis is due to its high flavonoid content, which makes
up approximately 25–30% of its dry weight. The antioxidative effect of flavonoids
has been attributed to their scavenging ability on peroxide ions, hydrogen peroxide,
oxygen active forms, and lipid peroxide radicals.
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TABLE VI. Inhibititory Effect (I) of Bee Venom on the Mutagenicity of 4-Nitro-o-
phenylenediamine (NPD) and 2-Anthramine (2-AA) in Salmonella typhimurium TA98

Dose Bee Venom I
Compound (µg/plate) (µl/plate) Rev/plate* (%)

NPD 2.5 0 1,546 ± 382 —
0.01 1,658 ± 267 0
0.02 1,600 ± 281 0
0.04 903 ± 279 42
0.05 733 ± 291 53

2-AA 0.625 0 2,810 ± 407 —
0.01 2,596 ± 251 7.6
0.02 2,506 ± 56 11
0.04 3,124 ± 124 0
0.05 2,746 ± 186 2

*Each value represents the mean of six replicate plates from two separate experiments (three plates/
experiment).

TABLE VII. Inhibitory Effect (I) of Bee Venom on the Mutagenicity of Daunomycin (DAU) and
2-Aminofluorene (AFF) in Salmonella typhimurium TA102

Dose Bee Venom I
Compound (µg/plate) (µl/plate) Rev/plate* (%)

DAU 1.5 0 779 ± 294 —
0.01 589 ± 228 25
0.02 290 ± 111 63
0.03 222 ± 27 71
0.04 165 ± 35 79
0.05 144 ± 45 82

AAF 10 0 426 ± 209 —
0.01 490 ± 169 0
0.02 649 ± 123 0
0.04 540 ± 68 0
0.05 578 ± 89 0

*Each value represents the mean of six replicate plates from two separate experiments (three plates/
experiment).

The activity of EEP as an antioxidant has also been confirmed, but other pos-
sible mechanisms are probably involved in its antimutagenic activity. Flavonoids
have been show to inhibit the biotransformation of the procarcinogen B(a)P as
measured by a decrease in aryl hydrocarbon hydroxylase activity [30,31]. In this
study, the best results in terms of antimutagenic activity on indirect-acting mu-
tagens were obtained by the use of EEP associated with B(a)P (TA100) or AFB1

(TA98). Probably both chemical inactivation and inhibition of the S9 enzymatic
activation of the mutagens could be involved. Therefore, based on our present
knowledge it is only possible to speculate on the mechanisms of the antimu-
tagenic activity of EEP.

Caffeic and chlorogenic acids are polyphenols which inhibit the mutagenic ac-
tivity in AFB1 and B(a)P by different mechanisms. In the case of B(a)P, the inhibi-
tory effect is assumed to be due to the links in the acids with the active metabolite of
B(a)P [32], while the phenol compounds do not covalently react with AFB1 or its
metabolite, but probably inhibit inactivating enzymes [33].
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Another provocative study on flavonoids has demonstrated that they are ex-
cellent and rapid substrates for catechol 0-methyltransferase. Quercetin is a com-
mon dietary flavonoid that is present in EEP. It is often mutagenic in various in
vitro assays but is apparently not in chronically quercetin-fed mice, as it is rapidly
detoxified by methylation. It is a better substrate than catecholamines and
catecholestrogens [34]. Kaempferol, a related flavonoid which is not a catechol,
does not cause mutations in Ames assays unless metabolically activated by S9,
perhaps by hydroxylation to a catechol. These findings can certainly help rational-
ize the very tangled literature on quercetin and other flavonoids as mutagenic/anti-
mutagenic agents [35].

In this study, besides the antimutagenic effect we observed that in some experi-
ments EEP increased mutagenic activity when associated with mutagenic agents.

The chemical composition of propolis is very complex, with more than 160
components, mainly phenolics compounds. The phenolics compounds belong to three
main groups: flavonoids aglicones, phenolics acids and their esters, and their relative
concentrations depend on the origin of the samples [36,37].

Park et al. [38] studied the composition of propolis collected in Brazil, specifi-
cally in São Paulo State, in a region relatively close to where the propolis used in the
present study was collected. A high flavonoid total was detected (40.8 mg/g propo-
lis) and some were identified, such as galangin (9%), chrysin (3.8%), and quercetin
(2%). Moreira [39] analyzed vitamin and amino acid concentrations in propolis
samples commercialized in São Paulo. Histidine is among several amino acids de-
tected and vitamins B1 and B2 but not vitamin C were also detected.

The chemical composition of A. mellifera venom has been investigated by sev-
eral authors [40,41] but little is known about the mechanism responsible for its ra-
dioprotective activity. It inhibited DAU and NPD mutagenic activity.

Assays using AFB1 and B(a)P were only carried out with EEP and not with bee
venom, as propolis is a more widely used product.

The best mutagenic inhibition rates were obtained with EEP and AFB1 (TA98),
bee venom and DAU (TA102), and EEP and B(a)P (TA100), respectively, 90%, 80%,
and 70%. Gasiorowski et al. [42], using todralazine, obtained a reduction in the mu-
tagenic activity of some standard mutagens with direct and indirect action in the
Ames test. Reduction exceeded 80% in some cases.

Ruan et al. [43] found that several natural foods caused different antimutagenic
activity in TA100 and TA98 S. typhimurium strains exposed to AFB1 and other myc-
otoxins. The inhibition rate varied from 37–87%.

Mejía et al. [44] studied the antimutagenic activity of lutein, a pigment for poultry
use (oleoresin) and a pigment for human use (xantrophyll plus) against the mutagenic
action induced by 1-nitropyrene, and obtained an inhibition percentage of 72%, 92%,
and 66.2%, respectively.

Therefore, the mutagenic inhibition rates obtained in the present study are sig-
nificant when compared with the values shown by other antimutagenic agents. The
results obtained with the use of EEP and bee venom encourage investigation to clarify
the action mechanisms.

ACKNOWLEDGMENT

We thank Prof. Raposo M.R.T. (Federal University of Recife) for suggestions.



412 Varanda et al.

REFERENCES

1. Ramel C, Alekperov UK, Ames BN, Kada T, Wattenberg LW. Inhibitors of mutagenesis and their
relevance to carcinogenesis. Mutat Res 1986;168:47–65.

2. Ferguson LR. Antimutagens as cancer chemopreventive agents in the diet. Mutat Res 1994;
307:395–410.

3. Kada T, Inoue T, Ohta T Shirasu Y. Antimutagens and their modes of actions. In: Shankel DM et
al., editors. New York: Plenum; 1986. p 181–196.

4. Abdelali H, Cassand P, Soussotte V. Antimutagenicity of components of dairy products. Mutat Res
1995;331:133–141.

5. Edenharder R, Speth C, Decker M, Kolodziej H, Kayser O, Platt KL. Inhibition of mutagenesis of
2-amino-3-methylimidazol[4,5-f] quinoline (IQ) by coumarins and furanocoumarins, chromanones
and furanochromanones. Mutat Res 1995;345:57–71.

6. Yoshikawa K, Inagaki K, Terashita T, Shishiyama J, Kuo S, Shankel DM. Antimutagenic activity
of extracts from Japanese eggplant. Mutat Res 1996;371:65–71.

7. Uenobe FS, Nakamura S, Miyazawa M. Antimutagenic effect of resveratrol against Trp-P-1. Mutat
Res 1997;373:197–200.

8. Edenhader E, Tang X. Inhibition of the mutagenicity of 2-nitrofluorene, 3-nitrofluoranthene and 1-
nitropyrene by flavonoids, coumarins, quinones and other phenolic compounds. Food Chem Toxicol
1997;35:357–372.

9. Ghisalberti EL. Propolis. A review. Bee World 1979;60:59–84.
10. Filho OM, Carvalho AC. Application of propolis to dental sockets and skin wounds. J Nihon Univ

School Dent; 1990;32:4–13.
11. Ivanovska ND, Dimov VB, Pavlova S, Bankova VS, Popov SS. Immunomodulatory action of

propolis. V. Anticomplementary activity of a water-soluble derivative. J Ethnopharmacol 1995;
47:135–143.

12. Ivanovska ND, Dimov VB, Bankova VS, Popov SS. Immunomodulatory action of propolis. VI.
Influence of a water soluble derivative on complement activity in vivo. J Ethnopharmacol
1995;47:145–147.

13. Grange JM, Davey RW. Antibacterial properties of propolis (bee glue). J R Soc Med 1990;
83:159–160.

14. Dobrowolski JW, Vohora SB, Sharma K, Shah SA, Naqui SA, Dandiya PC. Antibacterial, antifun-
gal, antiamoebic, anti-inflammatory and antipyretic studies on propolis bee products. J Ethno-
pharmacol 1991;35:77–82.

15. Billingham MEJ, Morley J, Manson JM, Shipolini RA, Vernon CA. An anti-inflammatory peptide
from bee venom. Nature 1973;245:163.

16. Shipman WH, Cole LJ. Increased radiation resistance of mice infected with bee venom one day
prior to exposure. Nature 1967;215:311–312.

17. Varanda EA, Takahashi CS, Soares AEE, Barreto SAJ. Effect of Apis mellifera bee venom and
gamma radiation on bone marrow cells of Wistar rats treated in vivo. Rev Bras Genet 1992;
15:807–819.

18. Varanda EA, Takahashi CS. Effect of pretreatment with venom of Apis mellifera bees on the yield
of gamma-ray induced chromosome aberrations in human blood lymphocytes. Rev Bras Genet
1993;16:551–559.

19. Couch TL, Benton AW. The effect of the venom of the honey bee, Apis mellifera L., on the adreno-
cortical response of the adult male rate. Toxicon 1972;10:55–62.

20. Maron DM, Ames BN. Revised methods for the Salmonella mutagenicity test. Mutat Res
1983;113:173–215.

21. Vargas VMF, Motta VEP, Henriques JAP. Mutagenic activity detected by the Ames test in river
water under the influence of petrochemical industries. Mutat Res 1993;319:31–45.

22. Tachino N, Guo D, Daswood WM, Yamane S, Larsen R, Dashwood R. Mechanisms of the in
vitro antimutagenic action of chlorophyllin against benzo(a) pyrene: studies of enzyme inhibi-
tion, molecular complex formation and degration of the ultimate carcinogen. Mutat Res 1994;
308:191–203.

23. Rao CV, Desai D, Kaul BP, Amim S, Reddy BS. Effect of caffeic acid esters on carcinogen-
induced mutagenicity and human colon adenocarcinoma cell growth. Chem Biol Interact 1992;
84:277–290.



Antimutagenicity of Propolis and Bee Venom 413

24. Levin DE, Hollstein M, Christman MF, Schwiers EA, Ames BN. A new Salmonella tester strain
(TA102) with A-T base pairs at the site of mutation detects oxidative mutagens. Proc Natl Acad Sci
USA 1982;79:7445–7449.

25. Scheller S, Gazda G, Krol W, Czuba Z, Zajusz A, Gabrys J, Shani J. The ability of ethanolic
extract of propolis (EEP) to protect mice against gamma irradiation. Z Naturforsch 1989;
44c:1049–1052.

26. Pascual C, Gonzalez R, Torricella RG. Scavenging action of propolis extract against oxygen radi-
cals. J Ethnopharmacol 1994;41:9–13.

27. Scheller S, Wilczok T, Imielski S, Krol W, Gabrys J, Shani J. Free radical scavenging by ethanol
extract of propolis. Int J Rad Biol 1990;57:461–465.

28. Volpert R, Elstner EF. Biochemical activities of propolis extracts. I. Standardization and antioxidative
properties of ethanolic and aqueous derivatives. Zeits Naturfors C 1993;48:851–857.

29. Krol W, Czuba Z, Scheller S, Gabrys J, Grabiec S, Shani J. Anti-oxidant property of ethanolic
extract of propolis (EEP) as evaluated by inhibiting the chemiluminescence oxidation of luminol.
Biochem Int 1990;21:593–597.

30. Chae JH, Marcus CB, Ho DK, Cassady JM, Baird WM. Effects of synthetic and naturally occuring
flavonoids on benzo[a]pyrene biotransformation by hepatic microsomes prepared from rats treated
with cytochrome P-450 inducers. Cancer Lett 1991;60:15–24.

31. Kansanen L, Mykkanen H, Torronen R. Flavonoids and extracts of strawberry and black currant
are inhibitors of the carcinogen-activating enzyme CYP1A1 in vitro. In: Kumpulainen JT, Solonen
JT, editors. Natural antioxidants and food quality in atherosclerosis and cancer prevention. Cam-
bridge UK: Royal Society of Chemistry; 1996. p 386–388.

32. Wood AW, Huang MT, Chang RL, Newmark HL, Lehr RE, Yagi H, Sayer JM, Jerina DM, Conney
AH. Inhibition of the mutagenicity of bay diol epoxides of polycyclic aromatic hydrocarbons by
naturally occurring plant phenols. Exceptional activity of ellagic acid. Proc Natl Acad Sci USA
1982;79:5513–5517.

33. San RHC, Chan RIM. Inhibitory effect of phenolic compounds on aflatoxin B1 metabolism and
induced mutagenesis. Mutat Res 1987;177:229–239.

34. Zhu BT, Ezell EL, Liehr JG. Catechol-O-methyl-transferase-catalyzed rapid O-methylation of mu-
tagenic flavonoids: metabolic inactivation as a possible reason for their lack of carcinogenicity in
vivo. J Biol Chem 1994;269:292–299.

35. Mitscher LA, Telikepalli H, McGhee E, Shankel DM. Natural antimutagenic agents. Mutat Res
1996;350:143–152.

36. Walker P, Crane E. Constituents of propolis. Apidologie 1987;18:327–334.
37. Bankova VS, Popov SS, Marekov NL. High performance liquid chromatographic analysis of fla-

vonoids from propolis. J Chrom 1982;242:135–144.
38. Park YK, Koo MH, Sato HH, Contado JL. Survey of some components of propolis which were

collected by Apis mellifera in Brazil. Arq Biol Tecnol 1995;38:1253–1259.
39. Moreira TF. Composição química do própolis: vitaminas e aminoácidos. Rev Bras Farmacogn

1986;1:12–19.
40. Dotimas EM, Hider RC. Honeybee venom. Bee World 1987;68:51–70.
41. Habermann E. Bee and wasp venoms. Science 1972;177:314.
42. Gasiorowski K, Szyba K, Urban J. Todralazine influence upon the mutagenicity of some direct-

and indirect acting mutagens. Mutat Res 1994;324:133–137.
43. Ruan CC, Liang Y, Liu JL, TU WS, Liv ZH. Antimutagenic effect of eight natural foods on moldy

foods in a high liver cancer incidence area. Mutat Res 1992;279:35–40.
44. Mejía EG, Loarca-Pinã G, Ramos-Gómez M. Antimutagenicity of xanthophylls present in Aztec

marigold (Tagetes erecta) against 1-nitropyrene. Mutat Res 1997;279:35–40.


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

