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Antimutagenic activity of COg reextract of the cultivated sage
containing terpenoid fraction, detected in I, colf-repair proficient strain,
was tested using S. fyphimuriun/microsome assay (Ames test). There was
no effect on spontancous and UV-induced mutations in TA98 strain. The
reduction of UV-induced mutation frequency was observed when tested
with TAI00 strain with metabolic activation. Possible reasons for the
descrepancy between results obtained with E. coli and S. typhirmurium test
systems are discussed.
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INTRODUCTION

Evaluation of different biological activities of extracts of various plants is directed
to several principles: antimicrobial activities, antimutagenic/anticarcinogenic activities
(Kuroda etal, 1990) and the direct effect on some specific tissues. The present data
on mechanisms of inhibitors of mutagenesis/carcinogenesis, although still fragmentary,

“provides an extremely useful scientific premise for the primary prevention of mutation-
related diseases.

According to Kada et al, (1982, 1986) antimutagenic and anticarcinogenic
clfect can be achieved by means of three mechanisms: (i) by increasing the fidelity of
DNA replication, (i) by favoring error-free repair of DNA damage, (iii) by inhibdting
error-prone repair systems. For some antimutagenic agents mechanisms of mutagene-
sis inhibition are known: cobaltous chloride increases the fidelity of DNA replication
and enhances recombination repair, sodium arsenite inhibits the umu(’ gene expres-
sion and enhances error-free repairinbacteria(Nunoshiba & Nishioka, 1987).
The antimutagenicity of cinnamaldehyde, coumarin, umbelliferone, vanillin and tannic
acid is ascribed to promotion of error-free DNA damage repair (Kada et al., 1986;
Shimol etal, 1985). There is also considerable evidence for antimutagenic effect of
many naturally-occurring compounds in bacterial (Kuroda & Inoue, 1988;
Kuroda, 1990) and mammalian testsystems (Bo o tman etal, 1988), although the
underlying mechanisms are still obscure.

The bacterial short-term tests, .routinely used to detect environmental mu-
tagenes, are recomended for identifying antimutagens. In addition to their rapidity and
low costs they provide considerable information about cellular and molecular mecha-
nisms of mutagenesis and antimutagenesis. Combined with activation systems, they can
even provide information about the kind of metabolic activation or detoxification that
the agent may undergo in vivo.

In this work we tested antimutagenic effect of COz reextract of cultivated sage
(Salvia officinalis 1..) containing terpenoids in the Salmonella typhimurivm mmutageni-
city test (Ames test). This test is recomended by OECD (Organization for Economic
Co-operation and Development, 1986) and is widely used in environmental mutageni-
city testing.

MATERIAL AND METHODS

Strains. Salmonella typhimurium strains were TA98 (hisD3052rfutuvr3
/pKM101) and TAL00 (hisG46 rfa AuvrB/pKM101) (Ames etal, 1975).

S. typhimurium mutagenicity assay medium was 1.5% Difco bacto agar and 2%
D-glucose in Vogel-Bonner mediumE (Maron & Ames, 1983). Top agar contain-
ing Difco bacto agar (6 mg/ml) and NaCl (5§ mg/ml) was supplemented with 0.05 mM
biotine and 0.05 mM histidine.

S9 mix. S9 faction was isolated from the liver of Albino Wister male rats (170-180
g) induced with pheno-barbital/B-naphtho flavone (Garner et al, 1972). §9 mix
contained 4% (v/v) 89 fraction, 33 mM KC1, 8 mM MgClz, 5 mM glacose-6-phosphate
and 4 mM NADP in 0.1 M phosphate buffer pH 7.4.

S. typhirnurum assay. The overnight culture of S. typhimurim strain was washed
by centrifugation and resuspendend in 0.01 M MgSO; giving a similar titer. UV-irra-
diation conditions were the same as described previously (S imi ¢ etal., 1985). Samples
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(0.1 ml) of UV-irradiated cells were added in 2 ml of molten top agar with or wihtout
59 mix (0.5 ml), mixed and poured onto minimal ghicose agar plates with or without
sage exstract. After incubation at 37°C for 48 h the number of His” revertants was
determined and the presence of the background lawn on all plates was confirmed.

Preparation of sage extract. Salvia officinaliy 1. cultivated in Backi Petrovac
(Vojvodina), collected during the flowering period 1992. was dried, ground and sub-
jected to extraction and COz reextraction as described previously (D armati et al,
1993). The COz exiract was dissolved in ethanol just before use and diluted with
distilled water.

RESULTS AND DISCUSSION

In our previous work (Vukovié-Gacié & Simié, 1993) we designed
Escherichic coli K12 assay-system for detection of bioantimutagens, factors whick
reduce the apparent spontaneous and induced mutation frequency by interfering with
cellular processes of mutation fixation (Kad a etal., 1985; Kuroda, 1990). The set
of tester strains consists of a) SY252 repair proficient strain for detection of induced
reversions, b) isogenic mutator strains deficient in methyl-directed mismatch repair
(muetH, mutl, mutS and wvrD3) for detection of spontancous mutations, ¢} isogenic
repair proficient strain carrying sfid.-lacZ fusion for measuring the level of SOS
induction (induction of mutagenic SOS repair). The inhibition of spontancous and
LIV-induced mutagenesis was studied by reversion of argE3 ochre mutation which can
occur by base substitution, mostly at A:Tsites (Todd et al., 1979).

To exclude desmutagens, factors which act directly on mutagens or their precur-
sors and inactivate them (K a d a etal., 1982), we used UV-irradiation as muiagen. The
assay-system was validated using model bioantimutagens, cobaltous chloride and
tannic acid. ,

With a set of newly constructed E. coli strains we have carried out a comparative
screening for natural antimutagens from various medicinal plants. The refractory
antimutagenic capacity was obtained with nontoxic concentrations of 9 extracts (St.
John’s wort, thyme, aloe, camomile, nettle, mint, lime-tree, sage and X-tea), depending
on the bacterial strain used and the concentration of the extact applied (Vukovié-
Gaci¢ &Simié, 1993) illustrating the complex situation which is expected for the
whole extract.

Furhter study was performed with CO; reextracts of cultivated and wild sage
containing terpenoids. Among three extracts tested only extract of cultivaied sage,
prepared without steam distillation prior to ethanolic extraction, suppressed UV-in-
duced mutagenesis in £ coli repair proficient strain (Simié et al, 1994).

To test the sage extract with antimutagenic activity in £ coli we used S. 1yv-
phimurium tester sirains which detect frameshift mutations (TA98) or base substitu-
tions mostly at G:Csites (TAI0) (Maron & Ames, 1983). The experiments were
carried out with or without addition of microsomal fraction of rat liver (S9). The
presence of metabolic activation enzymes in the test system enables transformation of
extract compounds and mimics the situation in mammalia.
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Tab. 1. - Effect of sage extract on spontaneous and UV-induced mutations in TA98

strain
Sage extract His™* revertants/plate
(ng/plate) -S9 +59
UV +UV %1 -UV  +UV el
0 41 213 26 307
50 30 227 -6 34 233 12
75 28 231 -17 36 303 2
100 36 232 -8 38 307 0
150 40 241 -13 34 275 11
200 64 222 4 29 291 5

UV dose was 6 J/m?.

The numbers represent the average of duplicate plates.
%l = 1 - (Nt/Nc) x 100

Nt ~number of mutants/plate with sage extract;

Nc - number of mutants/plate without extract.

The effect of sage extract on spontaneous and UV-induced His" revertant
colonies in TA98 strain is shown in Tab. 1. The extract is without significant effect on
spontaneous and UV-induced -frameshift mutations, neither with S9 fraction nor
without. '

Tab. 2. - Effect of sage extract on spontaneous and UV-induced mutations in TA100

strain
Sage extract His™ revertants/plate

(ng/plate) -S9 +S9

-Uv +UV % 1 -Uv +UV = %l
0 172 1636 126 2312

50 134 1744 -7 126 1530 34
75 181 1644 0 133 1684 27
100 171 1560 5 131 1563 34
150 142 1388 15 131 1455 37

200 124 1510 8 132 1320 43

UV dose was 6 J/m”.
The numbers represent the average of duplicate plates.
%1 was calculated as in Table 1.

Moreover, in TA100 strain, detecting base substitution as SY252 stain, UV-in-
duced mutations were not reduced in the absence of S9 fraction (Tab. 2). This result
may be due to lack of excision repair in S. typhimurium strains which would prevent
detection of antimutagenic agents enhancing excision repair. Further study wigh repair
proficient S. typhimurium strains could validate this hypothesis.
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Interestingly, in TA100 strains UV-induced mutations were reduced about 40%
when extact was exposed to metabolic activation (Tab. 2). It is already established that
this sage extract contains a variety of terpenoids (Darmati et al, 1993) and it is
possible that in S. typhimurium TA100 strain we detect different compounds which
require metabolic transformation for antimutagenic activity. The study with purified
terpenoids is under the way.
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U divljem soju E. coli otkrivena je antimutagena aktivnost CO2 reckstrakta
kultivisane Zalfije koji sadrZi frakciju terpenoida. U ovom radu za detekciju antimu-
tagene aktivnosti C(); reekstrakta Zalfije koriscen je S. typhimuritum/mikrozom test
(Ames-ov test). U soju TA9R nije utvrden efekat na spontanu i UV-indukovanu
mutagenezu, a u TA100 soju utvrdeno je smanjenje frekvence UV-indukovanih mu-
tacija u prisustva mikrozomalne frakcije Celija jetre pacova. Navedeni su i diskutovani
mogudi razlozi koji su doveli do razlititih odgovora u . coli i 8. typhimurium test
sistemima.





