
Cell Biol Toxicol 2006; 22: 91–99.
DOI: 10.1007/s10565-006-0033-0 C© Springer 2006

The in vitro biological activity of Lepidium meyenii extracts
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1Institute of Medical Chemistry and Biochemistry, Faculty of Medicine, Palacký University, Olomouc;
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Abstract

The biological activity of methanolic and aqueous extracts from dehydrated hypocotyls of Lepidium
meyenii (Brassicaceae, vernacular name “maca”), was studied on rat hepatocytes and human breast cancer
MCF-7 cells. The extracts did not exhibit cytotoxicity in hepatocyte primary cultures up to 10 mg/ml as
measured by the MTT viability test, and lactate dehydrogenase (LDH) and aspartate aminotransferase
(AST) leakage. Moreover, after 72 h, extracts inhibited LDH and AST leakage from the hepatocytes.
When hepatocytes were intoxicated by t-butyl hydroperoxide, neither extract prevented oxidative damage.
Both extracts showed weak antioxidant activity in the DPPH radical scavenging test with IC50 values of
3.46±0.16 and 0.71±0.10 mg/ml, for aqueous and methanolic extracts, respectively. Thus, the observed
effect on spontaneous enzyme leakage is probably mediated through mechanisms other than antioxidant
activity. Both methanolic and aqueous extracts have shown estrogenic activity comparable with that of
silymarin in MCF-7 cell line. Maca estrogenicity was exhibited in the range from 100 to 200 μg of extract
per ml. The findings in the present study show that maca does not display in vitro hepatotoxicity. In
contrast, a slight cytoprotective effect, probably not mediated by antioxidant capacity, was noted. Maca
extracts exhibited estrogenic activity comparably to the effect of silymarin in MCF-7 cells.

Abbreviations: AST, aspartate aminotransferase; DMEM, Dulbecco’s modified Eagle medium; DMSO,
dimethyl sulfoxide; DPPH, 1,1-diphenyl-2-picrylhydrazyl; GC-MS, gas chromatography – mass spec-
trometry; IC50, 50% inhibitory concentration; LDH, lactate dehydrogenase; MTT, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide; TBA, 2-thiobarbituric acid; tBH, t-butyl peroxide

Introduction

Lepidium meyenii Walp. (Brassicaceae,
vernacular name “maca”, sometimes considered
synonymous with L. peruvianum Chacón) is
a traditional crop from the Andean highlands
that became renowned for the ability of its

underground organs (hypocotyls) to improve
potency and stamina. Maca-derived products are
recommended as fertility enhancers and aphro-
disiacs for men and livestock (Popovici, 1997;
Quirós and Aliaga, 1997; Balick and Lee, 2002;
Flores et al., 2003; Valentová and Ulrichová,
2003). Many food supplements containing dried
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powdered maca hypocotyls are available on the
world market.

Maca is known to contain phytosterols
(Dini et al., 1994), alkaloids (Popovici, 1997;
Muhammad et al., 2002; Cui et al., 2003), isoth-
iocyanates (Li et al., 2001; Piacente et al., 2002),
glucosinolates (Dini et al., 2002), and macaenes
and macamides (Ganzera et al., 2002; Muhammad
et al., 2002). The biological activity of maca
hypocotyls has been studied extensively in re-
cent years. In various animal and human models,
researchers have found in particular enhanced
sexual performance and stimulation of spermato-
genesis (Gonzales et al., 2001a, 2002, 2003a,
2003b), and also nutritional, energizing, and
stress-reducing properties, and improvement of
growth rates and survival (Canales et al., 2000;
Lee et al., 2004; López-Fando et al., 2004; Lee
K.J. et al., 2005). However, although at least three
of the studies were performed on healthy volun-
teers (Gonzales et al., 2001a, 2002, 2003a), no
“safety” parameters were evaluated. The present
study was undertaken to evaluate the effects of
high doses of maca extracts on hepatocytes and
their potential estrogenic effects in human breast
cancer MCF-7 cells with the aim of elucidating a
possible mechanism of action.

Methods

Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH, 90%),
2-thiobarbituric acid (TBA, 98%), t-butyl
hydroperoxide (tBH, 70% in water), trypan blue,
charcoal-coated dextran, Hepes, 17β-estradiol,
dimethyl sulfoxide (DMSO) for cell cultures,
Williams’ medium E, RPMI medium, bovine
serum and fetal calf serum (FCS), and additives
were purchased from Sigma-Aldrich Ltd., Czech
Republic. DMEM medium was from Gibco-
Life Technologies, Grand Island, NY, USA;
silymarin (standardized extract of the seeds of
Silybum marianum containing 44.5% silybin,

5.0% isosilybinin, 1.4% silydianin, 10.9% sily-
christin, 2.5% taxifolin) was from Favea Ltd.,
Kopr̆ivnice, Czech Republic; collagenase was
from Sevapharma, Czech Republic; and WST-1
proliferation test was from Roche-Diagnostic,
Czech Republic. Other chemicals and solvents,
all of analytical grade, were from Pliva-Lachema,
Czech Republic.

Plant material

Maca Andina Naturalfa, a dehydrated powder
from the hypocotyls, was obtained from Quim-
ica Suiza (Lima, Peru). The product is de-
clared to contain 8.0% protein, 2.0% fat, 5.0%
ash, 5.0% fiber, 60.0% carbohydrates and 1256
kJ/100 g. Our analysis revealed that the powder
contained 11.6% protein, 1.09% fat (of which
86.7% steroids), 9.08% fiber, 60.0% carbohy-
drates (23.4% sucrose, 1.55% glucose, 4.56%
oligosaccharides, and 30.4% polysaccharides),
5.0% ash and 663 kJ/100 g. Ash consisted mainly
of potassium (16.2 mg/g), sodium (260 mg/kg),
zinc (58.4 mg/kg), iron (72.3 mg/kg), copper
(5.14 mg/kg) and nickel (0.49 mg/kg). The con-
tents of arsenic, lead, cadmium and nitrates were
below the limit set for foodstuffs.

Preparation of the extracts

Dried powder of the maca hypocotyls (100 g) was
macerated with distilled water or methanol (three
times during 24 h); both extracts were dried until
constant weight was achieved. Extraction yields
of 45.0% and 26.3% respectively were obtained.

Analysis of steroids and fatty acids

Before analysis of lipid compounds, the maca
extracts (1 g) were extracted three times with
CHCl3/MeOH (1:1, 300 ml) for 24 h with stir-
ring. The resulting extract was filtered and evap-
orated to dryness (40◦C). Then 50 ml NaOH (1
mol/L) was added and the mixture was boiled
(10 min). After cooling, the mixture was acidified
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(20% HCI) to pH∼ 2 and extracted three times
with CHCl3 (10 ml). The extract was evaporated
to dryness and the methyl esters were prepared by
reaction with BF3-MeOH. The reaction product
was diluted with water and extracted three times
with hexane (1 ml). The resulting solution was ap-
plied into GC-MS. Both fatty acids and lipids were
identified under the same conditions. The samples
were separated on a gas chromatograph GC-HP
6890 (Hewlett Packard, USA), capillary JW-DB5
25 m × 0.250 mm i.d, film 0.25 μm, temperature
gradient of 15◦C/min, starting at 50◦C, final tem-
perature 300◦C; split 1:50. The flow rate of helium
was maintained constant at 1.2 ml/min. Detection
was performed on an Autospec Ultima mass spec-
trometer (Micromas, UK) magnetic scan 20–600
amu.

Animals

Male Wistar rats weighing 200–250 g were con-
ditioned in standard boxes for 15 days before the
experiments. They were fed a standard laboratory
diet, provided with water ad libitum, and kept on
a 12/12 h light–dark cycle.

Rat hepatocyte primary cultures

Rat hepatocytes were isolated by two-step col-
lagenase perfusion of rat liver (Moldeus et al.,
1978). The cell viability was determined by
measuring trypan blue exclusion. Yields of 2–
4 × 108 cells/liver with viability greater than
80% were routinely obtained. The hepatocytes
were then dispersed in sterile conditions under
Williams’ medium E supplemented with peni-
cillin, streptomycin, dexamethasone, insulin, and
glutamine and then cultivated in collagen-coated
12-well dishes in a humidified atmosphere of 5%
CO2 at 37◦C. For culture stabilization, bovine
serum (final concentration 10%) was added to the
cultivation medium for the first 4 h (Valentová
et al., 2004). The tested maca extracts (final
concentrations 1–10 000 μg/ml) were added to the

incubation medium in DMSO (maximum concen-
tration 0.5%).

For cytotoxicity studies, the hepatocyte mono-
layers were incubated with the test samples for
4, 24 or 48 h and cell viability was assessed by
the MTT test (Sieuwerts et al., 1995); poten-
tial damage to the hepatocytes was determined
by extracellular activity of lactate dehydrogenase
(LDH) (Bergmeyer and Bernt, 1974) and aspartate
amino-transferase (AST) (Bergmeyer and Horder,
1980).

For study of potential cytoprotective effects
against tBH-induced damage, the primary cul-
tures were intoxicated with tBH for 1.5 h (fi-
nal concentration 0.5 mmol/L after preincubation
with the maca extracts (0.5 h). The quality of the
culture was controlled using cell viability (MTT
test; Sieuwerts et al., 1995) and levels of released
LDH (Bergmeyer and Bernt, 1974) and lipoper-
oxidation products (TBARS, thiobarbituric acid-
reactive substances; Buege and Aust, 1978) in the
medium.

DPPH scavenging

Methanolic solutions (375 μl) of the tested maca
extract (12.5, 25, 50, 100, 1000, 2000, and
10000 μg/ml) were mixed with 750 μl of a
methanolic solution of (DPPH 20 mg/l). After 30
min, absorbance at 517 nm was measured and
1C50 values were obtained from the inhibition
curves (Mensor et al., 2001).

MCF-7 estrogenicity testing (E-screen)

The MCF-7, an estrogen-positive cell line derived
from human breast cancer (Soto et al., 1992), used
in this study was a gift from Z. Kovařı́k (Masaryk
Memorial Cancer Institute Brno, Czech Repub-
lic). The cells were cultivated in RPMI medium
with 5% FCS, penicillin, streptomycin, Hepes and
L-glutamine in an atmosphere of 5% CO2/95% air
at 37◦C. For the experiments, RPMI medium was
replaced by DMEM without phenol red. Steroids
were removed from FCS with 5% heat-inactivated
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FCS. Steroids were removed from the medium
by incubation with charcoal-coated dextran for 30
min at 55◦C; the chacoal particles were removed
by centrifugation at 4500 g at 4◦C for 20 min. The
stripped serum was sterile–filtered and stored at
aliquots at–20◦C.

MCF-7 cells were used in the E-screen test
according to the technique originally described
by Soto (Soto et al., 1992). Briefly, cells were
trypsinized and plated onto 96-well plates. The
cells were allowed to attach for 24 h, then test
compounds in a range of concentrations were
added in fresh medium. 17β-Estradiol dissolved
in ethanol was used as a positive control. Prolif-
erative activity was assessed by WST-1 test af-
ter 144 h of incubation. Results were expressed as
means from four culture wells; mean cell num-
bers were normalized to the steroid-free control,
(taken as 1) to correct differences in the initial
plating density.

Statistics

The data were analyzed by one-way ANOVA us-
ing the StatView Statistical Package. Differences
were considered statistically significant p < 0.05
and p < 0.01.

Results

Steroid and fatty acid analyses

Palmitic, stearic, oleic, linoleic, and linolenic
acids were identified as predominant in maca
extracts; we also found 9-oxo-nonadecanoic
acid. β-Sitosterol was found to be the main
steroid; we also determined 3,5-stigmastadiene
and 3-hydroxy-5-ergostene. 3,5-Stigmastadien-
7-one and homo-β-sitosterol were found in
methanol extract, and brassicasterol, its isomer
(precise structure not determined), and avenas-
trol were present in water extract. 3-Hydroxy-
5-ergostene was not found in water extract
(Table 1).

Table 1. Fatty acids and steroids in maca extracts (GC-MS as
methyl esters, expressed as percentage of total fatty acid or steroid
content)

Extract

Compound Methanola Waterb

Phenylhydroxyacetic 4.1 –
2-Oxononadecanoic 2.6 –
Octadecanoic 2.2 –
Nonadecanoic 21.8 –
Palmitic 36.8 44.0
Stearic 13.0 23.9
Oleic 7.2 11.6
Linoleic 3.6 8.7
Linolenic 5.4 5.8
Eicosanoic 1.3 6.0
Tetracosanoic acid 2.0 –
3,5-Stigmastadiene 1.6 3.8
3-Hydroxy-5-ergostene 19.2 –
β-Sitosterol 69.8 48.5
3,5-Stigmastadien-7-one 6.0 2.6
Homo-β-sitosterol 3.4 0.8
Brassicasterol – 16.8
Isomer of brassicasterol – 23.1
Avenasterol – 4.4

a 2.5 mg/g fatty acids and 14.9 mg/g steroids.
b 6.2 mg/g fatty acids and 9.1 mg/g steroids.

Rat hepatocyte primary cultures

Both aqueous and methanolic maca extracts were
tested for in vitro hepatotoxicity in rat hepatocyte
primary cultures. The cell cultures were incubated
in the presence of maca extracts (1, 10, 1000 μg/ml
and 1, 5, 10 mg/ml) for 24, 48, and 72 h. The ex-
tracts did not influence cell morphology and via-
bility (detrmined in the MTT test) at any of the
concentrations tested; at the highest concentra-
tion, used after 72 h, cell viability was still 93.3 ±
11.1% and 100.2±2.7% of the control culture for
aqueous and methanolic extracts, respectively.

During 24 and 48 h incubation, no significant
differences in the enzyme levels in the incubation
media were noted (data not shown). After 72 h of
cultivation, AST and LDH levels in the medium of
the control culture were 7.36 ± 0.57 and 7.99 ±
0.87 μkat/L, respectively. When the hepatocytes
were incubated with 10 mg/ml of maca aqueous
extract, these levels were 5.93 ± 0.65 (p < 0.05)
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Table 2. Effect of Lepidium meyenii extracts on primary cultures
of rat hepatocytes incubated for 72 h

Concentration MTT AST LDH
Extract (mg/ml) (A540 nm) (μkat/L) (μkat/L)

Control 0.925 ± 0.018 7.36 ± 0.57 7.99 ± 0.87
Water 0.1 1.075 ± 0.131 7.19 ± 0.12 6.76 ± 2.10

0.5 0.997 ± 0.112 7.61 ± 0.76 7.39 ± 1.40
1 0.979 ± 0.046 7.11 ± 1.21 7.13 ± 1.14
5 0.918 ± 0.019 5.37 ± 0.78∗ 8.92 ± 0.58
10 0.865 ± 0.117 5.93 ± 0.65∗ 8.19 ± 0.70

Methanol 0.1 0.857 ± 0.081 6.85 ± 1.45 8.08 ± 1.35
0.5 0.893 ± 0.100 6.95 ± 1.57 7.17 ± 1.31
1 0.847 ± 0.045 5.59 ± 1.23∗ 4.92 ± 1.94∗

5 0.864 ± 0.019 4.95 ± 0.49∗∗ 4.89 ± 0.91∗∗

10 0.926 ± 0.025 4.51 ± 0.62∗∗ 4.45 ± 1.52∗∗

The data are expressed as means ± SD, n = 4.
∗ Values differ from control at p < 0.05.
∗∗ Values differ from control at p < 0.01.

and 8.19 ± 0.70 μkat/L. For methanol extract, en-
zyme activities were even lower; 4.45 ± 1.52 and
4.51±0.62 μkat/L for LDH and AST, respectively
(p < 0.01, Table 2).

In a typical nontreated cell culture, the MTT
test gave A540 nm = 1.009 ± 0.030; the activity of
LDH was 4.70±0.50 μkat/L, and TBARS level in
culture medium was 0.35 ± 0.05 μmol/L (100%).
After intoxication with tBH, these values changed
to 0.193±0.010 (MTT test), 21.65±1.74 μkat/L
(LDH) and 4.44 ± 0.19 μmol/L (TBARS). After
30 min of preincubation with Lepidium meyenii
extracts, no significant protective effet of the pri-
mary cultures was noted (data not shown). The
only exception was the level of released LDH after
treatment with 1 mg/ml of the methanolic extract,
where we observed protection of 14.51%±4.37%
(to 19.28 ± 2.58 μkat1−1), which was significant
(p < 0.05).

DPPH scavenging

Both Lepidium meyenii extracts tested in this study
had a limited solubility in methanol and at the con-
centrations of 1 mg/ml and higher we observed
precipitation of the extracts in the reaction sys-
tem. This was probably due to the high content
of saccharides in the extract; pure sucrose rep-
resented about 50% of dry weight precipitated

from the methanolic extract after one month at
room temperature. However, both extracts were
able to reduce the DPPH radical with IC50 val-
ues of 3.46 ± 0.16 and 0.71 ± 0.10 mg/ml for the
aqueous and methanolic extracts, respectively.

MCF-7 (E-screen)

The addition of maca extracts had no deleterious
effect on the growth of MCF-7 cells, as in the
case of silymarin. Cell proliferation was stimu-
lated by both maca extracts and silymarin in con-
centrations ranging from 0.1 to 100 μg/ml and
from 0.1 to 200 μg/ml, respectively. The effect of
maca methanolic extract (Figure 1) was expressed
as multiples of control values. The effect of the
aqueous extract was similar (data not shown).
For comparison, graphic expression of stimula-
tion of MCF-7 cells by 17β-estradiol is shown in
(Figure 2), where the horizontal axis represents in
log molar units. Maximal stimulation of MCF-7
by 17β-estradiol occured at concentrations rang-
ing from 10−10 to 10−12 mol/L. Maca extract es-
trogenicity was exhibited in the range from 100 to
200 μg/ml.

Discussion

Lepidium meyenii (maca) has become very popu-
lar in recent years for use in various dietary supple-
ments. Maca is often called Peruvian or Andean
ginseng; it is also recommended as an adaptogen,
an imunostimulant, an anabolic, in menopause and
for influence on hormonal balance (Quirós and
Aliaga, 1997). Chacón de Popovici recommends
maca for treating malabsorption syndrome and
protein deficiency disease, during chemotherapy
for leukemia, in AIDS treatment, and for alco-
holism and menopausal anemia (Popovici, 1997).
Others report its use to treat chronic polyarthritis,
during allergy attacks, and as a laxative (Aliaga
and Aliaga, 1998). Reliable pharmacological
confirmation of all cited effects has been lack-
ing until very recently, but a number of studies
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Figure 1. Effect of maca methanolic extract (�) and silymarin (�) on MCF-7 cell proliferation (E-screen). The cells in 96-well plates were
allowed to attach for 24 h, and then a range of concentrations of tested compounds were added in fresh medium. Proliferative activity was
assessed by WST-1 test after 144 h of incubation. Results are expressed as means from four culture wells; mean cell numbers were normalized
to the steroid-free control, taken as 1. ∗ p. < 0.05 vs. control; ∗∗ p < 0.01 vs. control; p < 0.05; p < 0.01 vs. silymarin.

Figure 2. Effect of 17β-estradiol on MCF-7 cell proliferation (E-screen). The cells in 96-well plates were allowed to attach for 24 h, and then a
range of concentrations of 17β-estradiol were added in fresh medium. Proliferative activity was assessed by WST-1 test after 144 h of incubation.
Results are expressed as means from four culture wells; mean cell numbers were normalized to the steroid-free control, taken as 1.

confirming some of the repeated activities have
appeared in the last few years. Maca extracts in-
creased the number of complete intromissions and
sperm-positive females in normal animals and
decreased the latent period of erection in rats
with erectile dysfunction (Zheng et al., 2000). It
also induct an increase in testis size and stimula-
tion of spermatogenesis in rats and mice (Cicero
et al., 2001; Gonzales et al., 200lb; Cicero et al.,
2002). Maca reduced spermatogenic damage in

mice and prostate size in rats (Bustos-Obregon
et al., 2005; Gonzales et al., 2005), restored
homeostasis impaired by restraint stress in mice
(López-Fanso et al., 2004), and improved growth
rate and survival in rainbow trout (Lee K. J.
et al., 2004, 2005). In adult men, increases in
sexual desire, sperm volume, total sperm count,
and sperm motility were observed, but serum
biochemical parameters—except for reproductive
hormones—were not evaluated (Gonzales et al.,
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2001a, 2002, 2003a). The only study to evaluate
the safety of maca in high doses was performed by
measuring the weight of different organs in adult
rats, where no toxicity was noted (Chung et al,
2005).

Because a slight but significant increase in
plasma AST level was registred in our pilot
clinical study with 0.6 g of maca powder per day
(unpublished results), the effect of maca extracts
on rat hepatocyte primary cultures was evaluated.
Not only were no cytotoxic effects observed up to
10 mg/ml, the extract inhibited leakage of LDH
and AST from the cells at the highest doses. This
observation led us to test the hypothesis that maca
extracts have cytoprotective effects against dam-
age to hepatocytes; t-butyl hydroperoxide was
used as a model toxin. In our hands, no protective
effect was noted and quite low antioixidant ac-
tivity was measured in the DPPH scavenging test
(IC50 values 3.46 ± 0.16 and 0.71 ± 0.10 mg/ml,
for the aqueous and methanol extracts, respec-
tively). This finding is in contrast with the IC50

value of 0.61 mg/ml found for maca aqueous by
Sandoval et al.(2002). The difference is probably
due to different methods of preparation; while we
chose maceration at room temperature, Sandoval
used warm water. DPPH scavenging activity was
also observed using a Soxhlet methanolic maca
extract with IC50 between 100 and 500 μg/ml (Lee
K. J. et al., 2005). In comparison with other plant
extracts tested in our laboratory, the values found
for silymarin (Psotová et al., 2002), Prunella
vulgaris (Psotová et al., 2003) and Smallanthus
sonchifolius (Valentová et al., 2003) aerial part
ethyl acetate extracts were 93.3 ± 2.5 μmol/L (as
silybin), 0.90 ± 0.07 and 16.14 ± 3.38 μg/ml,
respectively. Although no protective effect was
noted, our experiments provide evidence that
Lepidium meyenii extracts, even at very high con-
centration, do not display in vitro hepatotoxicity.
The observed protection against spontaneous
enzyme leakage is probably mediated through
other than antioxidant mechanisms.

The estrogen-positive cell line MCF-7 is a suit-
able cell model for study of estrogenic effects. For

example, Panax quinquefolius (Duda et al., 1999),
Cimicifuga racemosa (Liu et al., 2001), Pueraria
mirifica (Lee Y. S. et al., 2002), food additives
(Okubo and Kano, 2003), genistein (Almstrup
et al., 2002; Chen et al., 2003), and phytosterols
(Baker et al., 1999), have been studied in this
model. Maca extracts exhibited estrogenicity in
the range 100–200 μg/ml. The addition of sily-
marin, known to act as a partial estrogen receptor
β-agonist (Seidlova-Wuttke et al., 2003; Plı́s̆ková
et al., 2005), also led to stimulation of MCF-
7 cells proliferation at a similar level to maca
extracts (p < 0.05; Figure 1). The maximum
stimulation was one order of magnitude higher.
However, the overall stimulation of MCF-7 cells
by maca extracts was rather low in comparison
with the effects of genistein and resveratrol (our
unpublished data) or 17β-estradiol (Figure 2).
Neither the maca extracts nor silymarin had
activity comparable with that of 17β-estradiol
(p < 0.1).

This activity supports the hypothesis (Gonzales
et al., 2001a, 2002, 2003a) that maca contains
bioactive compounds, probably steroids, the con-
centration of which in hypocotyls is important.
The estrogenicity of β-sitosterol has been de-
scribed previously in T-47D cells but it was in-
active in MCF-7 (Rosenblum et al., 1993); only
weak activity was noted in ovariectomized rats
(Mellanen et al., 1996) and no activity was found
after postnatal hypophysectomy (Cummings and
Laws, 2000). An estrogenic effect of β-sitosterol
has been reported in several fish species and it
has been suggested that phytosterols could be re-
sponsible for maca’s effect on growth and survival
of rainbow trout (Lee K.J. et al., 2004, 2005). In
view of recent studies concerning the role of es-
trogen and phytoestrogen in both male and female
reproduction (Simpson et al., 2000; O’Donnell
et al., 2001; Robertson et al., 2002; Aquila et al.,
2004; Tsai et al., 2005), the estrogenic activity of
maca must be taken into consideration for evalu-
ation of the in vivo activity of maca on fertility,
potency, and growth rate as reported in the litera-
ture and in traditional medicine.
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In conclusion, the present findings show that
maca does not display in vitro hepatotoxicity. In
contrast, a slight cytoprotective effect, probably
not mediated by antioxidant capacity, was noted.
The extracts exhibited estrogenic activity compa-
rable with that of silymarin MCF-7 cells.
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activity of extracts from the leaves of Smallanthus sonchifolius.
Eur J Nutr. 2003;42:61–6.
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