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The genus Hibiscus thrives in a variety of climates and produces a diversity of natural compounds
with bioactive properties. We have studied the chemical composition and the in vivo antioxidant
properties of Hibiscus tiliaceus L. methanolic flower extract, as well as its mutagenic/antimutagenic
effects. Vitamin E and some stigmasterol derivatives that might confer an antioxidant effect to the
extract were present. Treatment with this extract protected several Saccharomyces cerevisiae strains
defective in antioxidant defenses against H,O, and -BOOH cytotoxicities, showing a clear antioxidant
activity. The effect is the same for all strains used, independent of the antioxidant defense disrupted,
suggesting that protection may be due to molecules that act as versatile and wide spectrum
nonenzymatic antioxidants, such as vitamins or phytosterols. The extract was not mutagenic in either
Salmonella typhimurium or S. cerevisiae and showed a significant antimutagenic action against
oxidative mutagens in S. cerevisiae.

KEYWORDS: Phytotherapics; antioxidant; Hibiscus tiliaceus L.; Saccharomyces cerevisiae ; antimu-
tagenesis; Ames

INTRODUCTION Species of the genuldibiscus have been used in several

In recent times, focus on plant research has increased all ove/@Pplications, for example, as an antidote to poisoning with
the world and a large body of evidence has been collected tochemicals and venomous mushrooms in traditional medicine
show the immense potential of medicinal plants used in @d as a source of fiber in the pulp and paper industries.
traditional systems. Various medicinal plants have been studiedMembers of the genudibiscusthrive in a variety of climates
using modern scientific approaches, and the results have reveale@"d produce a diversity of natural compounds with bioactive

the potential of medicinal plants in the area of pharmacology Properties, such as lignanamides, naphthalenes, polyphenol
(). compounds, carotenoids, tochopherols, flavonoids, anthocyanins,

There is a considerable amount of epidemiological evidence Phytosterols, and long-chain fatty este8j. Hibiscus tiliaceus
revealing an association between diets rich in fruits and L-iS & typical plant of tropical climates found in the regions of
vegetables and a decreased risk of cardiovascular disease anflangroves in significant quantitie§)( It is also known as
certain forms of cancer (2—4). It is generally assumed that ~Algodoeiro da Praia” (beach cotton) and occurs in mangroves
components of higher plants are active dietary constituents thatl" Santa Catarina state, in the south of Brazil. Their flowers
contribute to these protective effects. For instanemcopherol, are widely used in birth control in Asian and African countries
pB-carotene, and polyphenolic compounds may act as antioxidants8—10). An infusion of the dried wood was used in folk
or in other ways protect against cancers and cardiovascularmedicine to expel the placenta and to combat postparturition

diseases (5). disorders (11). An aqueous extract of wood and fresh flowers
is registered for skin diseaseB2(—15). However, its chemical
* To whom correspondence should be addressed. (J.S.) ¥85 51 composition and biological and pharmacological effects are still
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ulbranet.com.br. (A.L.L.P.R.) Tel:-55 51 3316 7605. Fax:+55 51 3316 . L.
7003. E-mail: ana.ramos@ufrgs.br. The aim of the present work was to evaluate the antioxidant

" Departamento de Biofisica, Universidade Federal do Rio Grande do gnd antimutagenic properties of. tiliaceus L. methanolic
Sul. S .
*Instituto de Quimica, Universidade Federal do Rio Grande do Sul. flower extracts (HME) in vivo and to correlate these properties
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Table 1. S. cerevisiae Strains Used in This Study

strain genotype enzymatic defense lacking source
BY4741 Mato his3A1 leu2A0 lys2A0 ura 3A0 none EUROSCARF
cat1A Like BY4741 except catl::KanMx cytosolic catalase EUROSCARF
gpx3A Like BY4741 except gpx3::KanMx glutathione peroxidase 3 EUROSCARF
gIrIA Like BY4741 except glrl::KanMx glutathione reductase EUROSCARF
yaplA Like BY4741 except yapl::KanMx yAP-1 transcription factor EUROSCARF
gshiA Like BY4741 except gsh1::KanMx gluthatione sintetase 1 EUROSCARF
SOD+ Mato his3A1 leu2AO0 trp1-289 ura3—52 none E. B. Gralla, Los Angeles
SodIA Like SOD+ except sod1::URA3 Cu~Zn superoxide dismutase E. B. Gralla, Los Angeles
S0a2A Like SOD+ except sod2::TRP1 Mn superoxide dismutase E. B. Gralla, Los Angeles
Sod1Asod2A Like SOD+ except sod1::URA3 sod2:: TRP1 all superoxide dismutases E. B. Gralla, Los Angeles
N123 Mata his1-7 none but exhibits low glutathione content J. A. P. Henriques, Porto Alegre
XV185-14c Mato. his1-7 ade2-2 arg4-17 none R. C. Von Borstel

trp5—48 lys1-1 hom3-10

tion of the effect in living systems, we have used hydrogen 280°C. The split/splitless injector, in the split mode (1:20), was kept
peroxide (HO,) andt-butyl-hydroperoxidettBOOH) to induce at 280°C, and the interface was kept at 280. The conditions used
oxidative damage iSaccharomyces cerisiaestrains defective ~ in El+- mode were as follows: ion source temperature, ZBCelectron

in several antioxidant defenses. We have also evaluated the®nergy. 70 eV; filament current, SQ0A; and resolution, 7000 fwhm.
effects of the extract on genomic stability in bddalmonella Mutagenicity Testing by the SalmonelldMicrosome Assay.S
typhimuriumand S. cerevisiaemodels. typhimuriumTA98 and TA102 strains were kindly provided by B. M.
Ames (University of California, Berkeley, CA) and M. Blanco (Instituto
de Investigaciones Citolégicas, Valencia, Spain), respectively. Mu-
tagenicity was assayed by the preincubation procedure desctiBed (
Chemicals. All of the solvents were bidistilled and stored in dark 18) HME was dissolved in distilled water. One hundred microliters of

flasks. Anhydrous sodium sulfate was analytical grade and heated at'€St bacterial cultures (12 x 10° cells/mL) was incubated at 3T
300°C before used. bD,, t-BOOH, 4-nitroquinoline-oxide (4-NQO), with different amounts of HME in the presence or absence of S9 mix

b-biotin, aflatoxin B1, aminoacids (histidine,_-threonine, I-metionine, [0 20 min, without shaking. Subsequently, 2 mL of soft agar (0.6%
L-tryptophan, L-leucine, and.-lysine), nitrogen bases (adenine and 29ar 0.5% NaCl, 5@M histidine, and 5Q:M biotin, pH 7.4, 45°C)
uracil), I-canavanine, and dimethyl sulfoxide (DMSO) were purchased Was added to the test tube and poured immediately onto a plate of
from Sigma (St. Louis, MO). The S9 fraction, prepared with the Minimal agar (1.5% agar, VogeBonner E medium, containing 2%
polychlorinated bipheny! mixture Aroclor 1254, was purchased from 9!Uucose). Aflatoxin B (1.0ug/plate) was used as a positive control for
Moltox (Annapolis, MD), and glucose-6-phosphate and NADP were al[ strains in .the metabolic assay with S9 mix. In the absence of S9
obtained from Sigma. Oxoid nutrient broth no. 2, used in the Ames MiX, the positive control was 4-NQO (0/&g/plate) for TA98 and
test, was obtained from Oxoid USA Inc. (Maryland).Yeast extract, TA102. The plates were incubated in the dark af@7or 48 h before

bacto-peptone, and bacto-agar were obtained from Difco Laboratoriesthe revertant colonies were counted. Mutagenicity data were analyzed
(Detroit, Ml). with Salmonel software (19). A compound was considered positive

Plant Material. H. tiliaceus L. flowers were collected in the for mutagenicity only when (a) the number of revertants was at least

mangroves from Santa Catarina, Brazil, in December 1999 and January_dOUbIe the spo_ntar_1eous yield (1 2; MI = mutagenic in_dex: no. of .
2000. The plant was identified by Dr. B. Irgand (Instituto de nduced colonies in the sample/no. of spontaneous in the negative
Biociéncias, UFRGS, RS, Brazil). A dried specimen (ICN: 113936) control); (b) a significant response for analysis of variaree: 0.05)

was deposited in the herbarium of UFRGS. Flowers were dried at 40 "vas found; and (c) a reproducible positive desesponse( = 0.01)
°C, ground, and stored in dark bags to protect them from humidity and WS Present, evaluated by the Saimonel softwEg @ cytotoxic effect
light. was considered when Mt 0.6.

Preparation of Methanol Extracts. Fifteen grams of dried and Assays withS. cerevisiae.The relevant genotypes & cerevisiae
ground flowers was continuously extracted for 48 h with methanol in Strains used in this work are given Table 1. Media, solutions, and
a Soxhlet apparatus. The extract was filtered and concentrated in a rotanyouffers were prepared as previously descritik) (Complete medium
evaporator at 3840 °C to obtain a semisolid material. The viscous YPD containing 0.5% yeast extract, 2% bacto-peptone, and 2% glucose
residue thus obtained was kept in a vacuum desiccator over phosphorugvas used for routine growth of yeast cells. For plates, the medium was
pentoxide for 24 h to obtain a completely dry solid mass. This mass Solidified with 2% bacto-agar. The minimal medium (MM) contained
was denominated HME. 0.67% yeast nitrogen base without amino acids and 2% glucose, and

Chemical Characterization of the Extract. Because of its complex 2% bacto-agar was supplemented with the appropriate amino acids.
nature, the extract was submitted to the following PLC (preparative 1he synthetic complete medium (SC) was MM supplemented with 2
liquid chromatographic) fractionation on silica: Two grams of silica M9 of adenine, 2 mg of arginine, 5 mg of lysine, 1 mg of histidine, 2
was slurry packed in a glass column (20 sml cm) with n-hexane. mg of leucine, 2 mg of methionine, 2 mg of uracil, 2 mg of tryptophan,
Twenty milliliters of hexane, hexane/benzene (1:1), dichloromethane, @1d 24 mg of threonine per 100 mL MM. For mutagenesis in the strain
ethyl acetate, and methanol was used to elute 500 mg of the extractXV-185-14c, the omission media lacking lysine (SC-lys), histidine (SC-
from the column. The first three fractions were obtained only to clean Nis), or homoserine (SC-hom) were used. For determination of forward
up the extract, and they are composed mainly of hydrocarbbis ( mutation frequ_ency mc_;luced by.8, or t-BOOH, in strain N12_3, cell§ _
The last two fractions were concentrated under nitrogen to 1 mL and treated with this chemical were plated onto SC plates lacking arginine
analyzed. Analyses were performed using an QP5050A gas chromato-2nd supplemented with 6@y/mL canavanine.
graph coupled to a GCT mass spectrometer (Shimadzu Co., Japan). Stationary phase cultures were obtained by the inoculation of an
Adequate separation of the analytes was achieved using an OV-5isolated colony in liquid YPD. After 48 h at 380C with aeration by
(polymethylsiloxane with 5% phenyl groups) fused open tubular column shaking, the cultures containee-2 x 10 cells/mL. Exponential phase
(30 m x 0.25 mmx 0.25um). Helium was used as the carrier gas cultures were obtained by inoculation 0651 cells/mL of the same
with a linear velocity of 1.0 mL/min. Sample aliquots ofi2 were YPD culture in stationary phase into 5 mL of fresh YPD medium. After
injected. The oven temperature program was as follows: initial 18 h of incubation, at 30C, with aeration by shaking, the cultures
temperature, 50C for 2 min; 50-280°C at 3 °C/min, and 30 min at contained 1—2x 10’ cells/mL with 20—30% budding cells (20).

MATERIALS AND METHODS
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Table 2. Identification of Compounds in TIC and Respective Retention
(a) ethyl acetate fraction Time (T)
compounds T
- 15 1. vitamin E 63.033
2. ergostatrienol 66.158
8 1 3. fucosterol 66.585
5 4. ergostenol 67.009
2 g |13 17 5. stigmastadienol (isomer 1) 68.149
1 /2\/%\. f(LE I‘ )I,W " 15 ﬁw 6. androstanone-acetyloxyl 69.008
AR /\ 7. stigmastenol 70.799
S - ‘ VL ~ Vi 8. stigmastadienol (isomer 2) 71.349
&0 70 ratention time (miniles) 9. fucostenone 72.250
10. stigmastenone (isomer 1) 72.458
{b) methanol fraction 11. stigmastadienone (isomer 1) 73.067
12. stigmastadienol acetate 73.358
15 13. stigmastadienone (isomer 2) 73.826
7 14. hydroxy ergostenone 74.958
15. ergostenedione 75.875
B 16. stigmastenone (isomer 2) 77.069
‘3 . 17. ergostadienone 77.597
5 s q h 17 18. sigmastadienone (isomer 3) 78.175
3 1012 15 19. stigmasterol 79.95
it j\ JMU 14 18 1g
et Z }‘\-\.—J b k u"‘wk
Me B e
€0 7 retention Yime (minutes) y I l Me Et
. ™ 2
Figure 1. TIC of the fraction of the methanol extract of H. tiliaceus L. CHCHZC%CHC\H\MP Me
flowers: (a) ethyl acetate fraction and (b) methanol fraction. e - CHCHCHCHCHME,
Antioxidant Assays in S. cerevisiae.Yeast cells were grown Stigmasts-3n-3ol
overnight in YPD medium at 28C in an orbital shaker to the stationary =, [-sitosteral |
growth phase. A suspension containing 11 cells/mL was shaken
for 3 h at 30°C with several concentrations of HME in phosphate © Stigmast-3,6-dione
buffer (PB, 0.067 M, pH 7.0). Cells were then harvested by centrifuga- Me Et M
tion and washed twice with PB. The cell density was determined using | | 4

r’a
a Neubauer counting chamber, and the sensitivity 40,t6r t-BOOH Me CHCHCH,CHCH

was estimated by the spot test. In this case, after treatmentud 10 e e Me
drop of each decimal dilution (261C° cells/mL) was spotted onto Me |
SC plates containing the oxidant agents. After incubation for 2 days at Stigmast-4-en-3-ane OH| CHCH=CHCHCHME,

30 °C, each resistant drop received one point in the survival score, [8 - 4-sitosterol-3-ong]

according to Lewinska et al2p). Data represent the average of at least e
three independent experiments. ~
Detection of HME-Induced Reverse and Frame Shift Mutation y Me Me y
e

in S. cerevisiae Mutagenesis was measured $h cerevisiaestrain

XV185-14c. A suspension of 2 1 cells/mL in either exponential

or stationary phase was incubated for 18 h at°@80with various Me
concentrations of extract. Cell survival was determined on S€5(3

days, 30°C) and mutation induction (LYS, HIS, or HOM revertants)

CH| CHCHCHCHC=CH,
Stigmasta-4,22-dien-3-ane

on the appropriate omission media—(¥0 days, 30°C). The allele o

his1—7 is a nonsuppressible missense allele, and reversions result from

mutation at the locus itselR@), whereadysl—1is a suppressible ochre OH

nonsense mutant allel®4), which can be reverted either by locus- ~ F8usk-23-8ne-3.5-ciene, 3,12-difydroxy

specific or by a forward mutation in a suppressor ge2te 26). True Figure 2. Some structures of identified compounds in the H. tiliaceus L.
reversions and forward (suppressor) mutations alysfe-1 locus were extract.

differentiated according to r&f7, indicating that the reduced adenine

content of the medium SC-lys shows locus reversions as red andThe cell concentration and percentage of budding cells in each culture
suppressor mutations as white colonies. It is believed ltbat3—10 were determined by microscope counts using a Neubauer chamber.
contains a frameshift mutation due to its response to a range of after treatment, appropriate dilutions of cells were plated onto SC plates
diagnostic mutagens26). Assays were repeated at least four times, o determine cell survival and 100 aliquots of cell suspension (2
and plating was in triplicate for each dose. Data from mutagenesis, 1 cells/mL) were plated onto SC media supplemented with§0

recombinogenesis, and survival assayS.ierevisiae were expressed | canavanine and incubated for-8 days at 30C. Data represent
as means and standard deviations and were statistically analyzed usinghe average of at least three experiments.

Student's-test. Differences were considered significant wRen 0.05
(28).
Detection of Potential Antimutagenic Activity of HME in RESULTS

OX|dat!ve Mutagen_es_ls |nS.cere/|S|ae_ Strain N123 was used forth!s Chemical Analysis of HME. Figure 1 shows the total ion
analysis because it is very responsive tgOkHinduced mutagenesis

since it shows a low glutathione conte@8). Yeast cells were cultured chromatogram (TIC) for the ethy! aqetate_ _and_ methanol fractions
overnight in YPD medium at 30C in an orbital shaker until the cell ~ Of the HME, andTable 2shows the identification of numbered
Suspension reached a density of2l x 10® cells/mL. Cells were peakSF|gure 2 ShOWS the structure Of some Of the |dent|f|ed
harvested and washed twice by centrifugation with PB and submitted cOmpounds. The main compounds identified were stigmasterol
to H,O, or t-BOOH and HME at 28C for 2 h in thedark with shaking. derivatives with very similar structures.
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Table 3. Protective Effect of HME in Yeast Strains Against H,0, Table 4. Protective Effect of HME in Yeast Strains against BOOH
Toxicity? Toxicity2
treatment treatment
H,0, (mM) PBS 0.1% HME 0.25% HME 0.5% HME +-BOOH (mM) PBS 0.1% HME 0.25% HME 0.5% HME
BY4741 BY4741
1 +++ +++ +++ +++ 0.5 +++ +++ +++ +++
2 ++ ++ +++ +++ 1 ++ +++ +++ +++
catlA catlA
0.25 ++ ++ ++ ++ 0.15 + + ++ ++
0.5 + ++ ++ ++ 0.30 + ++ +++ +++
gpx3A gpx3A
15 + +++ +++ +++ 0.4 + +++ +++ +++
2 + +++ +++ +++ 0.8 - ++ +++ +++
gIrIA glrIA
15 + +++ +++ +++ 0.5 + ++ +++ +++
2 + +++ +++ +++ 1.0 - + ++ +++
gshiA gshiA
1 ++ +++ +++ +++ 0.5 - - ++ +++
15 - ++ +++ +++ 1.0 - + +++ +++
yapIA yapIA
0.05 ++ ++ ++ ++ 0.025 + + + +
0.1 + + + + 0.05 + + + +
0.2 - - - - 0.075 - - - -
0.3 - - - - 0.1 - - - -
SOD+ SOD+
0.75 +++ +++ +++ +++ 0.25 +++ +++ +++ +++
1.0 +++ +++ +++ +++ 05 ++ +++ +++ +++
15 ++ ++ ++ +++ 0.75 ++ ++ ++ +++
2.0 + ++ ++ +++ 1.0 + + ++ ++
sodIA sodIA
0.75 + +++ +++ +++ 0.25 +++ +++ +++ +++
1.0 - ++ +++ +++ 05 ++ +++ +++ +++
15 - ++ +++ +++ 0.75 + +++ +++ +++
2.0 - ++ ++ +++ 1.0 - + ++ +++
S0d2A S0d2A
0.75 ++ ++ ++ ++ 0.25 ++ ++ ++ ++
1.0 - - + + 0.50 + + + +
15 - + ++ ++ 0.75 - + ++ ++
2.0 - + + ++ 1.0 - + + ++
Sod1A sod2A S0dIA sod2A
0.75 ++ ++ ++ ++ 0.25 ++ +++ +++ +++
1.0 + +++ +++ +++ 0.50 + ++ +++ +++
15 - + ++ +++ 0.75 - ++ ++ +++
2.0 - + ++ +++ 1.0 - ++ ++ +++
aKey: +++, growth not inhibited; ++, partial inhibition; +, strong inhibition; @Key: +++, growth not inhibited; ++, partial inhibition; +, strong inhibition;
and —, complete inhibition of growth. and —, complete inhibition of growth.

In Vivo Antioxidant Assays. Tables 3and4 clearly show
that incubation of the strains with HME results in an increase
of the survival after HO, andt-BOOH treatment, respectively,
for strains of S. cerevisiaedefective in antioxidant defense,
except for the strain defective in Yapl transcription factor. This
increase of survival score does not occur in a dose-related Pharmacological investigations of the geriibiscushave
manner and is identical for all strains used, independent of the demonstrated interesting biological activitigsibiscus sab-
type of enzymatic defense lacking. darifa, a traditional chinese rose tea, is used against hyperten-

Mutagenicity/Antimutagenicity of HME. As can be seen  sion, inflammation, liver disorders, and mutagenicB@{33).
in Table 5, mutagenicity was not found in TA98 (detects Studies have shown thatlibiscus rosa sinensipossesses
frameshift mutation in the DNA target -C-G-C-G-C-G-C-G-), anticomplementary, antidiarrheic, antiphlogistic, antispermato-
for HME either in the absence or in the presence of metabolic genic, androgenic, antitumor, antidiabetic, and anticonvulsant
activation. Negative results for mutagenicity were also observed activities (34—39). Furthermore, the dried flower ldibiscus
in TA102, which detects oxidative agents, alkylating mutagens, syriacus, widely distributed over East Asia, is used as an
and reactive oxygen species. HME did not induce mutagenicity antipyretic and anthelmintic (40).
in S. cereisiae (Table 6). The frequency of point (HISt, In this work, a methanolic extract &f. tiliaceusflowers was
LYS1+) and frameshift (HOM3) mutations during treatment  studied to determine its in vivo antioxidant activity. The possible
is not significant. InTable 7, it can be seen that HME treatment antioxidant effect of HME may be explained by the presence
increases the survival of strain N123 duringd4 or t-BOOH of vitamin E and several derivatives of stigmasterol, which were
treatment and simultaneously reduces, in a dose-dependentdentified in the samples. Vitamin E is a well-studied molecule

manner, the forward mutagenesis induced in yeast, as measured
by the number of canavanine resistant colonies.

DISCUSSION
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Table 5. Induction of His+ Revertants in S. typhimurium TA98 and TA102 Strains Treated with Methanolic Extract of H. tiliaceus L. Flowers with

(+S9) and without (—S9) Metabolic Activation

strains of S. typhimurium

TA98 (-S9) TA98 (+S9) TA102 (-S9) TA102 (+S9)
dose (ug/plate) reviplate? Mia rev/plate MI rev/plate MI rev/plate MI
NCe 4133+7.77 1.00 43.33 +5.86 1.00 214.00 +11.14 1.00 216.00 + 10.58 1.00
100 36.33£6.35 0.88 52.00 +£5.29 1.20 210.67 £12.22 0.98 218.67 +40.46 1.01
200 43.00 +6.08 1.04 41.00 = 7.00 0.95 197.33 +32.08 0.92 224.67 +48.43 1.04
500 36.00 + 15.72 0.87 50.00 + 6.00 1.15 180.67 + 16.04 0.84 217.33 £ 44.06 1.01
1000 45.67 +8.62 111 51.50 +9.19 1.18 202.67 +42.39 0.95 197.33+8.33 0.91
2000 41.67+12.10 1.01 46.33 £5.69 1.06 229.33+28.10 1.07 204.00 +24.33 0.94

aMutagenic index = no. of His+-induced in the sample/no. of spontaneous His+ in the negative control (zero). ® Number of His+/plate, mean values at least of two
experiments = SD in triplicate. ¢ Negative control: sterile distilled water. Positive control: TA98 (—S9), 4-NQO (0.5 ug/plate), 517 + 105.53; (+S9) aflatoxin B1 (10 g/
plate), 1031 + 139.00; TA102 (=S9), 4-NQO (0.5 ug/plate), 346 + 45.2; (+S9) aflatoxin B1 (10 uglplate), 972 + 133.7.

Table 6. Induction of Point Mutation for (his1—7), Ochre Allele
(lys1-1), and Frameshift Mutations (hom3-10) in the Haploid
XV185-14c Strain of S. cerevisiae after Treatment with the Methanolic
Extract of H. tiliaceus L. Flowers in the Stationary Phase of Growth

survival His1/107 Lys1/107 Hom3/10”

dose (%) survivors? survivors? survivors?

0 100 745+2.19 1.95+0.63 6.50 2,40
0.1% 106.5 3.55+2.19 1.75+0.63 8.45+0.63
0.5% 97.10 6.85+0.49 230+£1.13 7.55 £ 2.47
0.5 ug/mL 4-NQO°¢ 62.06 93.0+7.62* 289+7.35 13.0x£1.60*

2L ocus-specific revertants. © Locus nonspecific revertants (forward mutation).
¢ Positive control. Mean and standard deviation per three experiments independents
in triplicate; *data significant in relation to negative control group (solvent) at P <
0.001/two-tailed Students’ t-test.

Table 7. Effect of Methanolic Extract of H. tiliaceus L. Flowers on
H,0,— and +-BOOH Cytotoxicity and -Induced Forward Mutation in
N123 Yeast Strain?

CAN1 mutants/

survival (%) 107 survivors
negative control 100 10.13+4.79
4 mM H,0, 45.60 + 0.26 377.45 £ 41.68
4 mM H,0; plus 0.1% HME 40.20 £ 0.07** 371.49 + 4453
4 mM H,0; plus 0.25% HME 61.67 £ 7.70** 256.6 £ 38.20**
4 mM H,0; plus 0.5% HME 68.12 + 4.91** 45,5 + 27.60%**
1.5 mM -BOOH 36.49+ 128 154.12 +33.30
1.5 mM £BOOH plus 0.1% HME 61.25+0.15 126.11 + 22.04
1.5 mM £BOOH plus 0.25% HME 68.44 + 2.22* 101.0 £ 2.10**
1.5 mM BOOH plus 0.5% HME 72.2 +£5.12*% 84.13 £ 17.10%**

@Mean and standard deviation per three experiment independents in triplicate.
Data significant in relation to positive control (H,0, or -BOOH) and the mutagenic
agent plus HME treatment at *P < 0.05; **P < 0.01; and ***P < 0.001 two-tailed
Students’ ttest.

that acts as an effective lipophilic antioxidant and potent radical .
scavenger, stabilizing cell membranes and reducing free radical-
induced DNA damaged(l). Phytosterols such as stigmasterol,

stigmastadienol, and stigmastadienone, present in this extract,
are recognized as antioxidants (42) and have a potential role in
the chemoprevention of DNA damage in human cells induce

by oxidative radicals (41).

the differential sensitivity of each strain, which is dependent
on their genetic background, and also exerts an influence on
the response to HME treatment and on the disrupted gefe (

Treatment with HME protecte8. cerevisiaestrains against
oxidative cytotoxicity, showing a clear antioxidant action. This
protective property, shown by the increase in survival, is the
same for all strains, independent of the antioxidant defense
disrupted. Therefore, we suggest that this protection is due to
molecules present in HME that act as versatile and wide
spectrum nonenzymatic antioxidants, such as vitamins or
phytosterols. However, HME treatment does not increase the
survival of strainyaplAafter HO, andt-BOOH exposure. The
transcription factor Yaplp is very important for activation of
antioxidant enzyme gene expression during oxidative stress;
hence, only potent antioxidants will be able to protect this strain
in this model (43). Therefore, we cannot exclude the possibility
that the antioxidant protective effects observed in the other
strains are not due to an adaptative response of these cells.

SomeHibiscusspp. have been shown to elicit antioxidant
properties in both in vitro and in vivo systemklibiscus
sabdariffaextracts inhibit low-density lipoprotein oxidation in
vitro, decreases serum lipids in cholesterol- and high fructose-
fed rats, and efficiently protects agait8 OOH-induced hepatic
toxicity and in rats and in cultures of rat hepatocytes, indicating
antioxidant activity (31,45—47). A coumarino-lignan and
cleomiscosin C, isolated from the root barkHibiscus syriacus
showed lipid peroxidation inhibitory activity comparable to
vitamin E in an in vitro model using rat microsome liver fraction
(40). In our in vivo model, we were able to show that HME
also has antioxidant activity.

HME was not mutagenic in eithe®. typhimuriumor S.
cerevisiae, differing fromH. sabdariffaLinn ethanolic extract
(32). HME strongly inhibited the mutagenic action of®3 or
t-BOOH in S. cereisiag, mainly by an increase in cell survival,
in spite of its weak antioxidant effect. Similarlyl, rosa sinensis
extract inhibitedt-BOOH-induced genotoxicity in rat primary
hepatocytes culture but not rat hepatic cytotoxicty nor lipid
peroxidation, suggesting that these might represent different

g biological mechanisms (48).

Recently, protocatechoic acid, a polyphenolic compound from

In order to evaluate the protective effect in vivo, we used H. sabdariffg was shown to be an efficacious agent in inhibiting

severalS. cerevisiaestrains defective in antioxidant defenses,

the carcinogenic action of various chemicals in different tissues

such as superoxide dismutases; glutathione peroxidase; catalasé31, 32). The metabolite 9,90-O-feruloyl-secoisolaricinresinol,
glutathione redutase; transcription factor Yaplp, which activatesisolated fromHibiscus taiwanensjsshowed strong cytotoxic
antioxidant defense gene expression during oxidative stress; andictivity against human lung carcinoma (A549) and breast

a strain blocked in glutathione biosynthesi8). The BO;, or

carcinoma (MCF-7) cell lines (49). Here, we show that HME

t-BOOH concentration used in these assays was appropriate folpossesses antimutagenic activity that can be independent of its
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antioxidant effect, and future work will be necessary to identify
the main substances responsible for these effects.
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