
Eriocaulon ligulatum (VELL.) L. B. SMITH. (the pipewort
family, Eriocaulaceae), called “botão-dourado” (golden bud),
is exported to Europe, Japan and North America as an orna-
mental flower, representing an important source of income 
to the population of Minas Gerais State, Brazil. Scientific 
research on Eriocaulon is scarce and very little is known
about its chemical constituents. The flavonols quercetagetin
(8-hydroxyquercetin) and patuletin (6-methoxyquercetin)
were identified in the leaves of E. septangulare (common
pipewort), E. brownianum, E. nilagirense, E. decangulare, 
E. sexangulare, E. wightianum.1) Four flavonoids, including
(2S)-3�,4�-methylenedioxy-5,7-dimethoxyflavan and hispidulin
[7-(6-E-p-coumaroyl-b-D-glucopyranoside)], as well as toco-
pherol, have been identified in the capitulae of E. buergeri-
anum KOERN.2) Other derived flavones and glycosylated
naphthopyranones were isolated from the capitulae of Erio-
caulon.3)

Taxonomic studies to delimit the genus, about which there
is still some confusion, and the biological investigation into
the isolated molecules of Eriocaulaceae are of great impor-
tance because several molecules possess antioxidant,4) cyto-
toxic, mutagenic,5,6) and antiulcerogenic activity.7,8)

We report here the isolation of taxonomically relevant
flavonoids and a naphthopyranone dimer isolated from
methanol and dichloromethane extracts from capitulae of E.
ligulatum, respectively, and also the mutagenic activity of
methanol and dichloromethane extracts assayed using the
Ames test.

Results and Discussion
Chromatographic fractionation of the extracts of E. ligula-

tum afforded the substances presented in Figs. 1—3. When 
revealed with Natural Product/Polyethylenoglycol Reagent
(NP/PEG Reagent), compounds 1—3 showed yellow spots,
characteristic of flavonoids.9) Compounds 1—4 were deter-
mined to be 6-methoxyapigenin-7-O-b-D-glucopyranoside
(1), 6-methoxyapigenin-7-O-b-D-allopyranoside (2), 6,4�-
dimethoxyquercetin-3-O-b -D-6�[3,4,5-trihydroxy (E)-cin-

namoyl]glucopyranoside (3) and eriocauline (4). Compounds
3 and 4 were identified using spectroscopic methods (IR, UV,
HR-ESI-MS and NMR 1-D and 2-D).

Compound 3 was obtained as a pale yellow amorphous
solid. The IR spectrum presented bands at 3387 cm�1 (nO–H),
1637 cm�1 (nC�O) and 1604 cm�1 (nC�C). The UV spectra
showed absorption bands at 240 and 336 nm. The positive
HR-ESI-MS mass spectrum gave the pseudomolecular ion
[M�H]� at m/z 687.1561 corresponding to the molecular
formula C32H30O17. The adduct with sodium [M�Na]� ap-
peared at m/z 693.1434 and the adduct with potassium
[M�K]� appeared at m/z 725.2463. The 13C-NMR and
DEPT spectra of 3 showed 32 signals, 6 of which could be
assigned to a glucopyranosyl moiety (Table 1). Sixteen other
signals were similar to those of 6-methoxyquercetin.10) The
remaining 7 signals are compatible with a 3,4,5-trihydroxy-
cinnamoyl moiety.10) The 1H-NMR of 3 clearly indicated a
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Fig. 1. Compounds Isolated from E. ligulatum

Fig. 2. Acyl Flavonoid 3 from E. ligulatum, Showing Relevant (——)
HMBC Interactions



singlet for an OH-group at d 12.71, due to hydrogen bonding
to the C-4 carbonyl. A doublet at d 7.55 (1H, J�2.5 Hz), a
double doublet at d 7.53 (1H, J�8.0, 2.5 Hz) and a doublet at
d 6.85 (1H, J�8.0 Hz) are related to the H-2�, H-5� and H-
6�, respectively, of the B-ring of the aglycone moiety. The
singlet at d 6.49 was assigned to H-8. The signal at d 7.08
(2H, J�2.5 Hz) was attributed to H-2�/H-6� of a 3,4,5-trihy-
droxy-cinnamoyl moiety, respectively. The two doublets (1H
each, J�16.0 Hz) at d 6.33 and d 7.49 were assigned to H-a
and H-b of the 3,4,5-trihydroxy-cinnamoyl moiety with E

stereochemistry, respectively. The TOCSY-1D experiment
with irradiation at d 5.51 (1H, d, J�7.5 Hz) evidenced the
spin system of a D-glucose having a b-configuration. The two
singlets at d 3.70 (3H) and d 3.88 (3H) indicated the pres-
ence of the two OCH3 groups. The assignment of each signal
was based on HMQC and HMBC experiments (Fig. 2, Table
1). The NOESY experiment irradiated at d 6.85 (H-5�) indi-
cated that the OCH3 group at d 3.88 is linked to the C-4� po-
sition. The HMBC experiment showed correlations between
the proton at d 3.70 (OCH3) with the carbon signal at d
131.3 (C-6), between the hydrogen signal at d 3.88 (OCH3)
and the carbon signal at d 148.1 (C-4�), between the hydro-
gen signal at d 5.51 (H1�) with the carbon signal at d 132.6
(C-3), and between the hydrogen signal at d 4.14 (H6�) and
the carbonyl signal at d 165.5. This value refers to the car-
bonyl of the 3,4,5-trihydroxy-cinnamic acid.

In the HR-ESI-MS spectrum of 3, the signal correspond-
ing to the loss of the cinnamoyl derivative moiety [M�
C9H8O4�H]� was clearly observed at m/z 507.1139. Further
loss of the glucose unit produced the fragment [M�
C16H20O11�H]� at m/z 301.1436, which corresponds to the
protonated aglycone. Thus 3 was characterized as 6,4�-
dimethoxyquercetin-3-O-b-D-6�[3,4,5-trihydroxy (E)-cin-
namoyl]glucopyranoside.

Compound 4 was obtained as a yellow amorphous solid.
The IR spectra showed absorptions at 3416 cm�1 (nO–H) and
1638 cm�1 (nC�O). The HR-ESI-MS in the positive mode dis-
played a pseudomolecular ion [M�H]� at m/z 527.1342, cor-
responding to the molecular formula C30H22O9, and the
potassium adduct [M�K]� at m/z 565.2244. The structure of
4 was elucidated also using 1-D and 2-D NMR experiments
(Table 2). The 1H-NMR spectrum of 4 displayed signals of
aromatic protons at d 6.48 (2H, d, J�2.0 Hz) and d 6.08 (2H,
d, J�2.0 Hz), d 6.54 (2H, s). Also evident were singlets at d
3.79 (6H), typical of aromatic methoxyl groups. The 13C-
NMR and DEPT spectra of 4 presented 15 signals and their
chemical shifts correlated well with those of paepalantine.11)

The main differences occurred in the chemical shifts of ring
C, while the chemical shifts of rings A and B remained al-
most unchanged. Assignments of the 1H- and 13C-NMR data
of 4 were based on HMBC, HMQC, and NOESY experi-
ments (Table 2). All these data provided evidence of a
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Fig. 3. Eriocauline 4 from E. ligulatum, Showing Relevant (——) HMBC
and (----) Long-Range NOESY Interactions

Table 1. NMR Spectral Data for Compound 3 (DMSO-d6, 500, 125 MHz,
J in Hz)

Position 1H 13C HMBC

2 156.5 C-6�
3 132.6
4 177.7
5 151.4
6 131.3
7 157.4
8 6.49 (s) 97.4 C-6; C-10
9 152.2

10 104.3
1� 120.9
2� 7.55 (d, J�2.5) 116.0
3� 144.7
4� 148.1
5� 6.85 (d, J�8.0) 115.2 C-1�; C-3�
6� 7.53 (dd, J�8.0, 2.5) 121.5 C-2; C-2�
6-OCH3 3.70 (s) 59.9 C-6
4�-OCH3 3.88 (s) 56.1 C-4�
5-OH 12.71 (s)
Glucose
1� 5.51 (d, J�7.5) 100.5
2� 3.24 73.7
3� 2.64 76.3
4� 3.19 69.6
5� 2.78 74.2
6� 4.14a e 3.72b 67.4
Cinnamyl
1� 124.5 C-4�
2� 7.08 (d, J�2.5) 105.9 C-b
3� 148.5
4� 138.1
5� 148.1
6� 7.08 (d, J�2.5) 105.9 C-4�; C-2�; C-b
a 6.33 (d, J�16.0) 115.0 C-1�
b 7.49 (d, J�16.0) 145.1 C-2�; C�O
C�O 165.5

Table 2. NMR Spectral Data for Compound 4 (DMSO-d6, 500, 125 MHz,
J in Hz)

Position 1H 13C NOESY HMBC

1 174.4
3 151.0
4 6.30 (s) 105.3 C-5; C-10a; C-11
4a 133.8
5 6.54 (s) 105.9 C-4; C-6; C-9a; C-10a
5a 141.3
6 6.48 (d, J�2.0) 97.2 C-8; C-9a
7 166.2
8 6.08 (d, J�2.0) 97.3 C-6
9 162.6
9a 111.2

10 162.2
10a 97.4
11-CH3 2.13 (s) 18.5
7-OCH3 3.79 (s) 54.9 H-6; H-8 C-7
9-OH 14.2 (s) C-9a; C-8



dimeric structure for compound 4.
In the HMBC spectrum (Fig. 3, Table 2) diagnostic long-

range correlations were observed between the proton signal
at d 6.08 (H-8) and the carbon resonances at d 97.2 (C-6),
111.2 (C-9a), 162.6 (C-9), and 166.2 (C-7); the proton signal
at d 6.48 (H-6) and the carbon resonances at d 97.4 (C-8),
111.2 (C-9a), 105.9 (C-5) and 166.2 (C-7); the proton signal
at d 6.54 (H-5) and the carbon resonances at d 97.2 (C-6),
111.2 (C-9a), 97.4 (C-10a) and 141.3 (C-5a); the proton sig-
nals at d 6.30 (H-4) and the carbon resonances at d 151.0 (C-
3), 133.8 (C-4a) and 97.4 (C-10a), and the methyl singlet at d
2.13 (CH3-11) and the carbon signal at d 151.0 (C-3). A fur-
ther correlation was observed between the proton signal at 
d 3.79 (OCH3) and the carbon signal at d 166.2 (C-7). On
the basis of the above evidence, it was possible to deduce 
the presence of 5-desmethoxypaepalantine as one of the
monomeric units of the molecule. The HMBC spectrum also
shows a correlation between the signal at d 14.2 (OH-9) with
the carbon signal at d 97.4 (C-8), d 162.6 (C-9) and d 111.2
(C-9a). These correlations and the absence of the signal at d
13.2 (OH-10) suggested the occurrence of a free hydroxyl at
position 9 and 9�.12) On the basis of these findings, the link-
age between two monomeric units was deduced to be be-
tween C10/C10� and the structure of the eriocauline 4 was
established. The CD and [a]D indicate that compound 4 has
atropoisomerism.

Dimeric naphthopyranones were previously isolated from
plants pertaining to this family. Planifoline, a dimer with 
an ethereal bond between two OH groups at position 
9, was isolated from Paepalanthus planifolius,12) whereas a
dimer linked through a C–C bond was isolated from P.
bromelioides.13)

Chemical constituents have previously proved to be an 
important taxonomic character in Eriocaulaceae. Naphtho-
pyranones and flavonols are the major compounds of many
Paepalanthus species.14,15) These classes of secondary
metabolites are absent in species belonging to both the Syng-

onanthus and the Leiothrix genus. Leiothrix produces mainly
flavones and xanthones,16,17) while Syngonanthus afforded
only flavones.18—20) From the evolutionary point of view, 
it is considered that Leiothrix and Syngonanthus may have
originated from Paepalanthus, in a more advanced position
than Eriocaulon,21) since the substitution of flavonols with
flavones,3) is a well established condition.22)

Naphthopyranones are a relatively rare class of natural
compounds and the presence of this class of compounds in 
E. ligulatum suggests an approximation between Eriocaulon
and Paepalanthus, whereas the presence of the flavones 
align Eriocaulon in a less advanced sister group relative to
the Leiothrix/Syngonanthus clade. Our results reinforce the
cladistic analysis method based on morphological and cyto-
logical characteristics reported by Giulietti et al.23)

Short-term tests that detect genetic damage can afford 
the information needed to evaluate the carcinogenic risks of
chemicals to humans. The Ames test, recommended for 
testing the mutagenicity of chemical compounds with poten-
tial pharmacological application, was used in the present
study.24,25)

The mutagenic activity data obtained in the Salmonella/
microsome assays are shown in Table 3, in which it can be
seen that the methanol extract was mutagenic to the TA100
(�S9), TA97a (�S9, �S9) and TA102 (�S9) strains. With
respect to the strains, we can conclude that mutations of the
frame-shift type were mainly induced and were detected by
TA97a with a mutagenic index (MI) of up to 9.0, besides mu-
tations induced by substitutions of base pairs, which were de-
tected in the strains TA100 and TA102. In these strains, the
largest MIs obtained were 2.1 and 3.3 respectively.

Two naphthopyranones, paepalantine-9-O-b-D-glucopyra-
noside and paepalantine-9-O-b-D-allopyranosyl were identi-
fied in the methanol extract of the capitulae and escape 
of E. ligulatum.3) Previously, Varanda et al.26) observed 
that paepalantine-9-O-b-D-glucopyranoside isolated from
Paepalanthus bromelioides was mutagenic in TA97a. There-
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Table 3. Mutagenic Activity Expressed as the Mean and Standard Deviation of the Number of Revertants/Plate in Bacterial Strains TA98, TA100, TA97a
and TA102 Exposed to Extracts of E. ligulatum, at Various Doses, with (�S9) or without (�S9) Metabolic Activation

Treatment
Revertants/plate in Salmonella typhimurium strains

mg/plate
TA 100 TA 98 TA 97a TA 102

MeOH �S9c) �S9b) �S9a) �S9b) �S9a) �S9b) �S9d) �S9b)

0 121�5 92�8 19�5 24�4 133�19 159�10 293�17 335�20
0.6 189�7 (1.3) 154�18 (1.7)* 29�1 (1.5) 34�7 (1.4) 1052�97 (7.9)** 836�124 (5.2)** 328�14 (1.1) 746�86 (2.2)**
1.2 234�15 (1.5) 157�20 (1.7)* 31�0 (1.6) 28�5 (1.2) 1209�142 (9.0)** 844�18 (5.3)** 295�18 (1.0) 681�71 (2.0)**
2.3 231�16 (1.5) 195�51 (2.1)* 26�4 (1.4) 34�3 (1.4) 1113�103 (8.4)** 747�78 (4.7)** 311�8 (1.1) 1093�270 (3.3)*
4.6 135�15 (1.1) 171�23 (1.9)* 34�4 (1.8) 31�2 (1.3) 952�65 (7.2)** 541�50 (3.4)** 287�18 (1.0) 568�86 (1.7)*
6.9 148�3 (1.2) 116�17 (1.3) 32�10 (1.7) 30�5(1.3) 619�56 (4.7)** 759�127 (4.8)** 296�16 (1.0) 730�184 (2.2)

DCM �S9 �S9 �S9 �S9 �S9 �S9 �S9 �S9

0 173�29 92�8 19�5 24�4 159�24 159�10 252�12 335�20
0.7 177�12 (1.0) 111�9 (1.2) 28�2 (1.5) 29�3 (1.2) 162�9 (1.0) 190�22 (1.2) 231�15 (0.9) 395�45 (1.2)
1.4 178�13 (1.0) 111�14 (1.2) 26�6 (1.4) 24�7 (1.0) 135�30 (0.9) 186�32 ( 1.2) 221�25 (0.9) 395�9 (1.2)
2.9 190�12 (1.1) 145�21 (1.6) 32�4 (1.7) 19�3 (0.8) 147�9 (0.9) 143�3 (0.9) 211�12 (0.8) 343�14 (1.0)
5.8 179�21 (1.0) 114�8 (1.2) 46�6 (2.4)* 22�6 (0.9) 153�12 (1.0) 166�27 (1.0) 246�10 (1.0) 365�5 (1.1)
8.7 120�15 (0.7) 120�20 (1.3) 46�14 (2.4)* 17�2 (0.7) 156�13 (1.0) 143�13 (0.9) 272�16 (1.1) 333�13 (1.0)

Control� 955�92 2174�348 726�99 480�43 975�46 2189�171 1650�25 3364�437

MeOH: methanol extract; DCM: dichloromethane extract; 0�negative control (DMSO, 100 m l/plate). Control �: Positive control: a) NPD (4-nitro-O-phenylenediamine,
10.0 mg/plate); b) 2-anthramine (1.25 mg/plate); c) sodium azide (1.25 mg/plate); d) mitomycin (0.5 mg/plate). ∗ p�0.05 (ANOVA), ∗∗ p�0.01 (ANOVA). The values in
parenthesis�mutagenic index.



fore, this naphthopyranone might have contributed to the 
mutagenic effect observed in the methanol extract of E. ligu-
latum.

In addition to this, in the methanol extract, there was a
prevalence of flavonoids. Flavonoids are known for their 
beneficial activities with respect to the human health,27,28)

but several studies have demonstrated that these compounds
possess genotoxic activity.29—31)

The dichloromethane extract only presented mutagenic 
activity in TA98 (�S9) with a maximum MI value of 2.4. In
this extract, there is a prevalence of the naphthopyranone.
Therefore the increase in revertants provoked by the
dichloromethane extract could be due to the presence of erio-
cauline. Experiments will be carried out to confirm the muta-
genic activity of that substance.

Experimental
General Experimental Procedure Structural identification of the com-

pounds using NMR spectra in DMSO-d6 (compounds 1—4) were obtained
using a Varian INOVA 500 operating at 500 MHz for 1H-NMR and 125 MHz
for 13C-NMR using 1-D and 2-D experiments (inverse detection 1H–13C
HSQC and HMBC). For compounds 1—4, samples were dissolved in
methanol and injected directly into the mass spectrometer through a Rheo-
dyne injector. Acetonitrile was used as the solvent and nitrogen gas was used
as the drying gas and for the nebulization. HR-ESI-MS of 3—4 was per-
formed using an ultrOTOF-Q ESI-TOF Mass Spectrometer Bruker Daltonics
(Billerica, MA, U.S.A.) instrument. The melting point was measured on a
digital MQ APF-301 (Microquímica, Brazil) apparatus. UV spectra were
recorded on a HACH UV–Vis DR/4000 spectrophotometer. IR spectra were
obtained using a Shimadzu FT-IR 8300 spectrophotometer. Optical rotation:
Jasco-P-1020 polarimeter (27 °C). Circular dichroism spectra were recorded
on a JASCO CD-2095 Plus Chiral Detector.

TLC was performed on 200 mm silica gel (Sorbent Technologies) and vi-
sualized using UV light (254, 365 nm).

High Speed Countercurrent Chromatography (HSCCC). Gradient
Elutions The n-butanol fraction was fractionated on an HSCCC apparatus
(P.C.Inc.) in four gradients (reverse phase) composed of (A) ethyl acetate–n-
butanol–water (140 : 2 : 80, v/v/v), (B) ethyl acetate–n-butanol–water (140 :
4 : 80, v/v/v), (C) ethyl acetate–n-butanol–water (140 : 6 : 80, v/v/v) and (D)
ethyl acetate–n-butanol–water (140 : 8 : 80, v/v/v), using (H→T), triple coil,
1.6	130 mm (large coil), flow 1.0 ml min�1. The lower aqueous phase was
used as the stationary phase. The retention of the stationary phase for this
solvent system was 87.7% at 850 rpm.

Analyses of the Compounds by TLC Aliquots of the n-butanol frac-
tion were refractionated and the collected fractions (90 fractions) were ana-
lyzed on silica gel TLC with a mobile phase of chloroform–methanol–water
(43 : 37 : 20, organic phase, v/v/v). The spots on the TLC plates were ob-
served under a UV lamp (254, 365 nm), and then developed with NP/PEG
Reagent.9)

Biological Material Capitulae of Eriocaulon ligulatum (VELL.) L. B.
SMITH were collected in May of 1999, at Diamantina, Minas Gerais State,
Brazil and authenticated by Professor Dr. Paulo Takeo Sano from the Insti-
tuto de Biociências (IB) of Universidade de São Paulo (USP), (the Institute
of Biosciences of the University of Sao Paulo) São Paulo. A voucher speci-
men (SANO n° 2978) was deposited at the Herbarium of the IB-USP.

Extraction and Isolation Capitulae of E. ligulatum (300 g) were sepa-
rated, powdered and successively macerated at room temperature with n-
hexane (2 l), methylene chloride (2 l) and methanol (2 l), being left for one
week in each solvent. The solvents were evaporated under reduced pressure
to yield gummy extracts. The yields for the hexane, the dichloromethane and
the methanolic extracts from the dried powders of E. ligulatum capitulae
were 0.93%, 1.45% and 3.55% respectively.

The methanolic extract (4.0 g) was partitioned three times with a mixture
of ethyl acetate–water (1 : 1, v/v). The ethyl acetate fraction was evaporated
at 35 °C under reduced pressure affording an ethyl acetate fraction of 1.25 g.
From the aqueous phase, 2.75 g was obtained.

The aqueous phase (2.75 g) was partitioned with a mixture of n-bu-
tanol–water (1 : 1, v/v, repeated 3 times), affording 1.15 g of extract in the re-
sultant n-butanol phase and 1.30 g in the resultant aqueous phase. The n-bu-
tanol fraction (450 mg) was subjected to HSCCC. Portions of 5 ml were col-
lected, monitored by TLC [silica gel plates eluted with CHCl3–MeOH–H2O

(43 : 37 : 20, organic phase, v/v/v)] and developed with anisaldehyde/H2SO4

solution and NP/PEG Reagent.9) From the HSCCC experiment, we were able
to isolate flavonoids (1—3) which exhibited an increase in the mobile phase.

Fractions 40—49 (7 mg total) afforded 6-methoxyapigenin-7-O-b-D-glu-
copyranoside 1. Fractions 54—60 (20 mg total) afforded methoxyapigenin-
7-O-b-D-allopyranoside 2. Fractions 67—73 (14 mg total) afforded 6,4�-
dimethoxyquercetin-3-O-b-D-6�[3,4,5-trihydroxy (E)-cinnamoyl]glucopyra-
noside 3. Compounds 1 and 2 were identified by their NMR spectra and by
comparison with previous data reported in the literature.3) Compound 3 was
identified by its 1-D and 2-D NMR spectra IR, UV and HR-ESI-MS. The
dichloromethane extracts (2.0 g) were fractioned using column chromatogra-
phy on silica gel eluted with several gradient mixtures of hexane–ethyl ac-
etate. Fractions 51—55 (20 mg total) afforded the eriocauline 4 that was
identified by 1-D and 2-D NMR spectra IV, UV and HR-ESI-MS.

6,4�-Dimethoxyquercetin-3-O-b -D-6�[3,4,5-trihydroxy (E)-Cinnamoyl]-
glucopyranoside (3): Yellow amorphous solid (mp 195.0—196.5 °C). [a]D

�47° (c�0.2, CH3OH, 23 °C). CD (0.1, CH3OH): [q]217 �1250, [q]229

�27500, [q]246 �33750, [q]264 �1200, [q]270 �13750. UV lmax (MeOH)
nm (log e): 217 (6.05), 240 (6.10), 276 (6.16), 336 (6.24). IR (KBr) cm�1:
3387, 1637. Positive HR-ESI-MS m/z: 687.1561 [M�H]�, 693.1434
[M�Na]�, 725.2463 [M�K]�, 301.1436 [M�C16H20O11�H]�, 507.1139
[M�C9H8O4�H]�. Anal. Calcd for C32H30O17: C, 55.98; H, 4.40, Found: C,
55.98; H, 4.40. For 1H- and 13C-NMR analyses see Table 1.

Eriocauline (4): Yellow amorphous solid (mp 152.5—153.7 °C). [a]D

�16,5° (c�0.2, CH3OH, 23 °C). CD (0.1, CH3OH): [q]219 �8750, [q]253

�3750, [q]265 �18750, [q]274 �15000, [q]281 �18700. UV lmax (MeOH)
nm (log e): 240 (6.10), 272.5 (6.15), 401 (6.32). IR (KBr) cm�1: 3416, 1638.
Positive HR-ESI-MS m/z: 527.1342 [M�H]�, 565.2244 [M�K]�, 294.0506
[C15H11O5�Na]�, 309.1509 (M�C15H11O4�K)�. Anal. Calcd for C30H22O9:
C, 68.44; H, 4.21, Found: C, 68.43; H, 4.20. For 1H- and 13C-NMR analyses
see Table 2.

Salmonella Mutagenicity Assay. Chemicals Dimethylsulfoxide (DMSO),
nicotinamide adenine dinucleotide phosphate sodium salt (NADP), D-glu-
cose-6-phospate disodium salt, L-histidine monohydrate, and D-biotin were
purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.).

Standard Mutagens: Sodium azide (AZ, NaN3), 2-anthramine (2-AA),
mitomycin (MC), and 4-nitro-O-phenylenediamine (NPD) were also ob-
tained from Sigma. Oxoid Nutrient Broth N° 2 (Oxoid, England) and Difco
Bacto Agar (Difco, U.S.A.) were used for the preparation of bacterial growth
media. All other reagents used to prepare buffers and media were from
Merck (Whitehouse Station, NJ, U.S.A.) and Sigma.

Experimental Procedure The Salmonella mutagenicity assay was per-
formed with S. typhimurium strains TA100, TA98, TA97a and TA102, pre-
incubated for 20—30 min with the test substance, with and without meta-
bolic activation.32) The S9-mix was freshly prepared before each test using
an Aroclor-1254-induced rat liver fraction purchased (lyophilized) from
Moltox (Molecular Toxicology Inc.). S. typhimurium strains were kindly
provided by Dr. B. Ames, University of California, (Berkeley, CA, U.S.A.).

The selected concentrations of the extracts and the experimental proce-
dure were performed in accordance with our previous studies.5,26,29,33) The
standard mutagens used as positive controls in experiments without S9-mix
were 4-nitro-O-phenylenediamine (10 mg/plate) for TA98 and TA97a,
sodium azide (1.25 mg/plate) for TA100 and mitomycin (0.5 mg/plate) for
TA102. In tests with metabolic activation, 2-anthramine (0.125 mg/plate)
was used for all strains. DMSO (100 m l/plate) served as the negative (sol-
vent) control.

The statistical analysis was performed with the Salanal computer pro-
gram, adopting the Bernstein model.34) The mutagenic index (MI), defined
as the average number of revertants per plate divided by the average number
of revertants per plate in the negative (solvent), was calculated for each
dose. A sample was considered positive when the mutagenic index was
equal to or greater than 2 for at least one of the tested doses and also if it had
a reproducible dose-response curve.34)
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