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Background and objectives
Seeds of Silybum marianum (milk thistle), growing wild in Egypt, have been used
since ancient times in traditional medicine. This study aims at identifying chemical
and bioactivity properties of the oil of the seeds of cultivated S. marianum, obtained
by cold pressing, as well as the extracts of the leaves. The prepared extracts were
tested for their cancer chemoprevention and anti-inflammatory activities.
Materials and methods
The phytochemical constituents of cold-pressed seed oil and extracts of the leave
were determined using gas chromatography–mass spectrometry and high-
performance liquid chromatography (HPLC), respectively. The prepared extracts
were tested for their cancer chemopreventive and anti-inflammatory activities.
Results and conclusion
HPLC profiling of leaves extract indicated that gallic acid and naringenin are the
major phenolic acid and flavonoid, respectively. Additionally, HPLC analyses
indicated the presence of seven main active components of silymarin in seeds.
The total extract from leaves caused amoderate NAD(P)H-quinone oxidoreductase
1 protein induction and inducible nitric oxide synthase protein expression inhibition.
Conclusion
Cultivated S. marianum (milk thistle) by-products (oil and leaves) could have
possible applications in food and pharmaceutical industry
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Introduction
Silybum marianum (Asteraceae), commonly known as
‘milk thistle,’ is an annual or biennial plant, native to
the Mediterranean area, North Africa, the Middle
East, and in some parts of USA [1,2], growing
wildly but can also be cultivated. The plant has been
locally cultivated successfully in reclaimed lands of
Egypt for medical uses of the seeds [3]. The active
constituent of milk thistle is silymarin which is a
complex of about seven flavonolignans, including
silybin A and B, iso-silybin A and B, silydianin,
silychristin, and the flavonoid taxifolin [1]. The
seeds also contain other flavonolignans, betaine,
apigenin, silybon, proteins, fixed oil, and free fatty
acids [4] S. marianum has been known since ancient
times and recommended in traditional medicine,
mainly for treatment of liver disorders [5]. In recent
years, there has been a growing interest in the
properties of silymarin and other major metabolites
in the medical, pharmaceutical, and veterinary sciences
[1]. Silibinin is the most biologically active and exhibits
anticancer and chemopreventive properties in various
in vitro and in vivomodels of various cancers, including
Wolters Kluwer - Medknow
lung [6], colorectal [7], breast, prostate [8], and brain
cancers [9].

The oil of the seeds of the plant is useful for age-related
diseases, including neurodegenerative diseases, and
may be associated with diet as functional foods [10].
At the molecular level, the Kelch-like ECH-associated
protein 1 (Keap1)/NF-E2 p45-related factor 2 (Nrf2)
pathway orchestrates the protection against
carcinogenesis [11]. In addition, inhibition of
inflammatory pathways and targeting of cytokines
have been strongly linked to cancer prevention
[12,13] through nuclear factor-κB suppression.

The present study aims at identifying chemical and
biological activities of the oil obtained from the
cultivated plant seeds, as well as the leaves’ extract.
DOI: 10.4103/epj.epj_34_19
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The phenolics and flavonoids profiling in the extract of
the leave was done using high-performance liquid
chromatography (HPLC). Furthermore, experimental
chemoprevention and inflammation models were tested
to assess the potential of milk thistle extracts regarding
the chemopreventive marker, NAD(P)H-quinone
oxidoreductase 1 (NQO1), and the inflammatory
marker, inducible nitric oxide synthase (iNOS).
Experimental
Plant material
Fresh leaves of S. marianum were collected in January
2015, and the seeds were collected at the end of
February 2015 from Wadi Elsheh Farm, Assiut
Governorate, Egypt, and identified by Prof. Dr.
Ibrahim Ahmed ElGarf, Department of Botany,
Cairo University. Herbal specimen is kept at NRC
herbarium (voucher specimen #6411).
Chemicals and instruments
Diethyl ether, chloroform, acetonitrile, and methanol
were purchased from El-Nasr Company, Egypt.
Sulfuric, acetic, and trichloroacetic acids and
anhydrous sodium sulfate were purchased from
Sigma-Aldrich (Taufkirchen, Germany). All of them
were of analytical reagent grade. Plasticware for cell
culture and assays were purchased from Greiner Bio-
one (Frickenhausen, Germany).

Reagents for cell culture and in vitro models were
purchased from Lonza (Verviers, Belgium) unless
otherwise mentioned. Gas chromatography–mass
spectrometry (GC-MS) analysis was carried out by
using a TRACE GC ultra-GC (Thermo Scientific
Corp., Miami, CA, USA) coupled with a thermo MS
detector (ISQ Single Quadrupole Mass Spectrometer).
The GC-MS system was equipped with a TG-5MS
column (30mm×0.25mm intradermal, 0.25 μm film
thickness). HPLC analysis was carried out using an
Agilent 1260 series. The separation was carried out
using C18 column (4.6mm×250mm intradermal,
5 μm).
Chemical analysis
Acid value, peroxide value, and iodine value of milk
thistle seed oil were determined according to American
Oil Chemists’ Society (AOCS) [14].
Preparation fixed oil
One kilogram of S. marianum seeds was cold-pressed at
a commercial oil press in Cairo, Egypt, to obtain
200ml of plant oil. The temperature was kept below
40°C, and no chemical or heating process was used.
Fatty acid composition
Fatty acids were determined by the analytical methods
described by Nazif [15]. In brief, the fatty acids were
converted to fatty acid methyl esters before analysis.
This was performed by shaking off a solution of 0.2 g of
oil and 3ml of hexane with 0.4-ml 2N of methanolic
potassium hydroxide. The fatty acid methyl esters were
then analyzed by GC/MS. The injected volume was
0.2 μl. Helium was used as a carrier gas at a flow rate of
1.0ml/min and a split ratio of 1 : 10 using the following
temperature program: 80°C for 1min, rising at 4.0°C/
min to 300°C, and held for 1min. The injector and
detector were held at 240°C. Mass spectra were
obtained by electron ionization at 70 eV, using a
spectral range of m/z 40–450.
Silymarin extraction
The defatted seeds were extracted by soaking in ethyl
acetate for 3 days. The collected extract was filtered
through a Fisher brand QL100, 150-mm filter paper.
Thereafter, the supernatant was evaporated till dryness
under reduced pressure at 45°C, and then weighed and
stored at −18°C for HPLC analysis.
Preparation of standards
A methanolic solution of standard silymarin (0.7mg/
ml) was used to investigate the chromatographic
behavior of the flavonolignan components of silymarin.
Identification of silymarin by high-performance liquid
chromatography
S. marianum defatted seeds’ extract and standard
silymarin were injected separately, to semi-prep
HPLC for analysis using different proportions of
H2O and methanol as mobile phase. The mobile
phase used was 90 : 10 : 1 methanol : H2O : formic
acid (solvent A) and H2O (containing 0.1% formic
acid) (solvent B) at a flow rate of 0.7ml/min. Injection
volume was 5 μl. Detection was carried out by
monitoring the absorbance signals at 288 nm.
Leaves extraction
Fresh leaves of S. marianum were collected (1 kg) and
dried in shadow to obtain 600 g. The dried leaves were
ground and extracted with chloroform/methanol (1 : 1)
in a percolator at room temperature for 3 days. After
filtration, the combined extract was concentrated under
reduced pressure at 40°C to dryness using a rotary
evaporator to obtain 150 g.
Identification and quantification of phenolics and
flavonoids by high-performance liquid chromatography
HPLC chromatograms were detected using a
photodiode array ultraviolet detector at wavelength
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(280 nm) according to absorption maxima of the
analyzed compounds. The mobile phase consisted of
water (A) and 0.02% tri-flouro-acetic acid in
acetonitrile (B) with a flow rate of 1ml/min. The
column temperature was maintained at 35°C. The
injection volume was kept at 10 μl. A gradient
elution was performed by varying the proportion of
solvent B to solvent A. The mobile phase was
programmed consecutively in a linear gradient as
follows: 0min (80% A), 0–5min (80% A), 5–8min
(40% A), 8–12min (50% A), 12–14min (80% A), and
14–16min (80% A).
Cell culture
The murine hepatoma cell line Hepa-1c1c7 was
maintained as a monolayer culture in α-modified
minimum essential medium Eagle supplemented
with 10% (v/v) heat-inactivated and charcoal-
inactivated fetal bovine serum, 2mmol/l L-
glutamine, 100U/ml penicillin, and 100 μg/ml
streptomycin sulfate in humidified incubator
(Sartorius CMAT, Germany, 5% CO2/95% air). At
about 80% confluence, cells were routinely subcultured
with Trypsin EDTA solution.

Murine macrophage RAW 264.7 cells (ATCC)
were maintained in complete Dulbecco’s modified
Eagle’s medium supplemented with 10% FBS,
penicillin (100U/ml), streptomycin sulfate
(100 μg/ml), and 4mM L-glutamine in a
humidified 5% CO2 atmosphere. For subculture
and treatments, cells were scrapped off the flasks
using sterile scrappers.
Assessment of the induction of NAD(P)H-quinone
oxidoreductase 1 in Hepa-1C1C7 cells
The induction of NQO1 in Hepa-1C1C7 cells was
assessed. In brief, cells (3×105 cells/ml) were seeded
onto 6-well plates and left overnight to adhere and
form semiconfluent monolayers. Monolayers were
treated with either vehicle control (final
concentration 0.1% v/v DMSO) or plant extracts
(final concentrations of 50 and 100 μg/ml) for
additional 24 h [16]. In parallel, sulforaphane was
used as positive control for NQO1 induction.
Monolayers were washed with ice-cold Dulbecco’s
PBS (2ml/well). Cells were then scrapped in ice-
cold homogenization buffer (25mM Tris-Cl, pH
7.4, 250mmol/l sucrose and 5 μmol/l FAD). Cell
suspensions were then sonicated on ice for 5 s (20%
amplitude). Sonicates were then centrifuged (15 000×g
for 10min) and the supernatants (cytosolic fractions)
were aliquoted and stored at −80°C freezer until tested
for protein expression.
Western blot analysis
NAD(P)H-quinone oxidoreductase 1

Hepa-1C1C7 cells were cultured and treated as
mentioned before. NQO1 protein expression was
assessed in cell sonicates by Western blotting as
previously described with some modifications [16].
Samples included vehicle control, positive controls
(sulforaphane), and test samples (30 μg total
proteins/lane). Samples were resolved under
denaturing conditions by electrophoresis (SDS-
PAGE) on 12.5% acrylamide/bisacrylamide gel
(200V for 1 h). Resolved proteins were then
transferred to nitrocellulose membrane at 100V for
60min. Membranes were blocked in 5% nonfat milk in
tris-buffered saline with 0.1% Tween 20 (TBST) for
1 h at 25°C and then probed overnight (4°C) with
primary antibodies against NQO1 and β-actin
(Abcam, Cambridge, UK). After three washes in
TBST (10min each), membranes were probed with
1 : 10 000 dilutions of appropriate secondary antibodies
(Abcam) for 1 h at 25°C, washed three times in TBST,
and then developed using enzyme chemiluminescence
(ECL, Novex; Invitrogen, San Diego, CA, USA), and
bands were detected using CCD camera (UVP,
Cambridge, UK).
Inhibition of inducible nitric oxide synthase induced by
lipopolysaccharide

Western blotting was also employed to analyze the
relative protein expression of the pro-inflammatory
marker iNOS based on Yang et al. [17] with some
modifications. Overnight culture of RAW 264.7 (6-
well plates, initially seeded as 1.5×106 cells/well) was
treated with either 0.1% v/v DMSO [negative control
lipopolysaccharide (LPS−)] or milk thistle extracts
(final concentrations of 50 or 100 μg/ml) in the
presence of 100 ng/ml LPS+ (Sigma-Aldrich).
Indomethacin was used as iNOS positive control
inhibitor (final concentration of 250 μmol/l).
Following 24 h of exposure, cells were washed using
ice-cold Dulbecco’s PBS and scrapped in RIPA lysis
buffer. After incubation for 20min on ice, cell lysates
were centrifuged at 15 000×g for 10min at 4°C, and
protein concentration was determined on a Thermo
nanodrop spectrophotometer. Proteins in cell lysates
were resolved on 10% PAGE gel (Bio-Rad Tetra Cell)
and transferred onto nitrocellulose membrane. The
membrane was blocked using 5% skim milk for 1 h
at room temperature, followed by an overnight
incubation at 4°C with 1 : 1000 dilution of iNOS
primary antibody (Merck, Cambridge, Massachusetts,
USA). Following four washes, the membranes were
incubated with 1 : 10 000 dilution of horseradish
peroxidase-conjugated secondary antibody (Abcam)
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for 1 h at room temperature. Membrane proteins were
detected using ECL (Novex; Invitrogen, USA), and
bands were detected using CCD camera (UVP).
Table 1 Physicochemical characteristics of cold-pressed
Silybum marianum seed oil

Characterization Oil extract by cold press

Acid value (mg KOH/g oil) 4.49
Results and discussion
Chemical analysis of seed oils
The physicochemical properties of seed oil of S.
marianum cultivated in Egypt were determined in
Table 1. The iodine value (107.1) was comparable to
that found by Meddeb et al. [18]. Acid and peroxide
values of the oil obtained from seeds of S. marianum
were very low [19], indicating that the seeds oil of S.
marianum are convenient for edible purposes [20,21].
Peroxide value (meq O2/kg oil) 5.70

Iodine value (g I2/100 g oil) 107.1

Table 2 Fatty acid composition (%) of oil extracted from milk
thistle seeds cultivated in Egypt

Compound name Area (%)

C10:0 Nonanoic acid, 9-oxo-, methyl ester 0.51

C16:1 Methyl palmitelaidate 0.91

C16:0 Palmitic acid 12.90

C 18:2 Linoleic acid 30.27

C 18:1 Oleic acid 28.93

C 18:0 Stearic acid 8.76

C 20:1 Cis-11-Eicosenoic acid 2.58

C 20:0 Arachidic acid 5.62

C 22:0 Behenic acid 6.73

C 24:0 Lignoceric acid 1.16

SFA 36.57

MUFA 31.51

PUFA 30.27

MUFA, monounsaturated; PUFA, polyunsaturated; SFA, saturated.
Analysis of fatty acid methyl esters by gas
chromatography–mass spectrometry
Fatty acid composition of S. marianum seed oil is
illustrated in Table 2, and GC/MS chromatograms
are presented in Fig. 1. Ten fatty acids were detected,
among which three were unsaturated. Linoleic and
oleic acids were the most abundant and accounted
for 30.27 and 28.93%, respectively.

The monounsaturated fatty acid content was higher
than that of soybean oil (22%), corn oil (26.5%) [22],
and sunflower (28.3%) [23]. The total saturated fatty
acid of S. marianum oil was 36.57%, which rendered it
strongly resistant to oxidative rancidity. Among the
saturated fatty acids of the oil, palmitic and stearic acids
were the highest, representing 12.90 and 8.76%,
respectively. Behenic acid (6.73%) and arachidic acid
(5.62%) were also detected. As the oil shows some
Figure 1

Gas chromatogram of Silybum marianum oil obtained by cold pressing.
similarity with some traditional edible oils, it could be
used as a new potential source of edible oils, which
could help to decrease the gap between local oil
production and consumption. The obtained data
suggested that cold-pressed seed oil could be
considered as a rich valuable source for multipurpose
products or by-products for cosmetic and
pharmaceutical utilization.



Figure 2

HPLC chromatogram of standard silymarin. HPLC, high-performance liquid chromatography.

Figure 3

HPLC chromatogram of cultivated sample of Silybum marianum seed extract. HPLC, high-performance liquid chromatography.
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Identification of silymarin components in seeds
HPLC profiles of standard silymarin and defatted S.
marianum seeds extract are presented in Figs 2 and 3,
respectively. HPLC analysis showed the presence of
seven main active constituents including taxifolin,
silydianin, silychristin, diastereomers of silybin
(silybin A and B), and diastereomers of iso-silybin
(iso-silybin A and B) (Table 3).

Identification and quantification of phenolic and
flavonoid components in plant leaves

The HPLC chromatogram is presented in Fig. 4, and
the amounts of identified phenolic compounds are
listed in Table 4. The most abundant phenolic acid
was gallic acid (0.838mg/g), which attracts the interest
Table 3 Composition of silymarin standard and cultivated
seed extract

Peak no Silymarin compounds Standard Sample

RT RT Area %

1 Taxifolin 12.923 13.914 1.93

2 Silychristin 15.307 16.076 13.087

3 Silydianin 16.511 17.665 1.28

4 Silybin A 24.927 24.811 30.09

5 Silybin B 27.028 26.708 42.20

6 Iso-Silybin A 33.512 32.426 7.47

7 Iso-Silybin B 35.803 34.502 1.99

Retention time (min).

Figure 4

HPLC chromatogram of the chloroform : methanol (1 : 1) extract of leaves
phy.
mainly for its wide range of pharmacological activities
[24–29]. Additionally, naringenin as a major flavonoid
(0.955mg/g) was detected, along with coumaric acid
(0.086mg/g), ferulic acid (0.084mg/g), caffeic acid
(0.082mg/g), and quercetin (0.038mg/g).
Induction of the chemopreventive marker NAD(P)H-
quinone oxidoreductase 1
The induction of the cytoprotective protein NQO1 by
phytochemicals has been a subject of interest to
many investigators as a biomarker for cancer
chemoprevention. The NQO1 protein is
upregulated in response to phytochemical inducers
through the Keap1/Nrf2 cellular pathway [11,30].
Table 4 Determination of polyphenols in the chloroform :
methanol (1 : 1) extract of leaves of Silybum marianum by
using high-performance liquid chromatography method

Polyphenols Area Concentration (mg/g) %

Gallic acid 213.91 0.838 0.0838

Caffeic acid 42.93 0.082 0.0082

Syringic acid 91.58 0.224 0.0224

Rutin 0.00 0.00 0

Coumaric acid 67.28 0.086 0.0086

Vanillin 63.44 0.110 0.011

Ferulic acid 60.80 0.084 0.0084

Naringenin 364.65 0.955 0.0955

Quercetin 7.52 0.038 0.0038

Cinnamic acid 72.11 0.042 0.0042

of Silybum marianum. HPLC, high-performance liquid chromatogra-



Figure 5

(a) Assessment of the cancer chemopreventive potential by Western blot analysis of the NQO1 protein expression. (b) Assessment of the anti-
inflammatory potential by Western blot analysis of iNOS inhibition in RAW 264.7 macrophages. iNOS, inducible nitric oxide synthase; NQO1,
NAD(P)H-quinone oxidoreductase 1.
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In the present study, we employed western blotting to
assess the chemopreventive potential of milk thistle
leave extract, the oil fraction, and silymarin as
inducers of the protein expression of NQO1
protein. As presented in Fig. 5, the total extract
from leaves caused a moderate NQO1 protein
induction of 60% compared with the vehicle
control. However, the induction shown was at
100 μg/ml without apparent induction at 50 μg/ml.
In a previous study [31] 2,3-dehydrosilydianin, an
oxidized derivative from the flavonolignan silydianin
isolated from milk thistle, induced the NQO1
mRNA level via Nrf2 activation in Hepa-1C1C7
cells. To the best of our knowledge, we report here
NQO1 induction in milk thistle leaves for the first
time.
Inhibition of lipopolysaccharide-induced inducible
nitric oxide synthase protein expression in RAW 264.7
macrophages

Treatment of RAW 264.7 macrophages with LPS in
the presence or absence of milk thistle samples and
subsequent Western blotting analysis revealed the
potency of silymarin to completely inhibit the LPS-
induced iNOS protein expression at both tested
concentrations (Fig. 5a). In addition, milk thistle
leaves caused 41.5 and 48.5% inhibition of LPS-
induced iNOS protein expression compared with the
LPS+ only-treated cells as revealed with densitometric
analysis of bands in Fig. 5b. Our results are in
agreements with previous studies that showed the
potency of silymarin to inhibit iNOS expression
[32,33]. However, this is the first report of the
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potential of milk thistle leave constituents as anti-
inflammatory agents.
Conflicts of interest
There are no conflicts of interest.
References
1 Abenavoli L, Capasso R, Milic N, Capasso F. Milk thistle in liver diseases:

past, present, future. Phytother Res 2010; 10:1423–1432.

2 Bijak M. Silybin, a major bioactive component of milk thistle (Silybum
marianum L. Gaernt.) chemistry, bioavailability, and metabolism.
Molecules 2017; 22:1942.

3 Omer E, Ahmed S, Ezz-El-Din A, Fayed T. Seed yield ofSilybummarianum
L. as affected by row spacing and fertilization in new reclaimed lands of
Egypt. Egypt J Horticult 1998; 25:281–293.

4 Bahmani M, Shirzad H, Rafieian M, Rafieian K. Silybummarianum: beyond
hepatoprotection. Evid-Based Complementary Altern Med 2015;
20:292–301.

5 Khan I, Khattak HU, Ullah I, Bangash FK. Study of the physicochemical
properties of Silybum marianum seed oil. J Chem Soc Pak 2007;
29:545–548.

6 Deep G, Agarwal R. Antimetastatic efficacy of silibinin: molecular
mechanisms and therapeutic potential against cancer. Cancer
Metastasis Rev 2010; 29:447–463.

7 Deep G, Gangar SC, Rajamanickam S, Raina K, Gu M, Agarwal C, et al.
Angiopreventive efficacy of pure flavonolignans from milk thistle extract
against prostate cancer: targeting VEGF-VEGFR signaling. PLoS One
2012; 7:e34630.

8 Dizaji MZ, Malehmir M, Ghavamzadeh A, Alimoghaddam K, Ghaffari SH.
Synergistic effects of arsenic trioxide and silibinin on apoptosis and
invasion in human glioblastoma U87MG cell line. Neurochem Res 2012;
37:370–380.

9 Raina K, Agarwal C, Agarwal R. Effect of silibinin in human colorectal
cancer cells: targeting the activation of NF-κB signaling. Mol Carcinog
2013; 52:195–206.

10 Meddeb W, Rezig L, Zarrouk A, Nury T, Vejux A, Prost M, et al.
Cytoprotective activities of milk thistle seed oil used in traditional
tunisian medicine on 7-ketocholesterol and 24s-hydroxycholesterol-
induced toxicity on 158Nmurine oligodendrocytes. Antioxidants 2018; 7:95.

11 Cuendet M, Oteham CP, Moon RC, Pezzuto JM. Quinone reductase
induction as a biomarker for cancer chemoprevention. J Nat Prod 2006;
69:460–463.

12 Rothwell PM, Fowkes FGR, Belch JF, Ogawa H, Warlow CP, Meade
TW. Effect of daily aspirin on long-term risk of death due to cancer:
analysis of individual patient data from randomised trials. Lancet 2011;
377:31–41.

13 Todoric J, Antonucci L, Karin M. Targeting inflammation in cancer
prevention and therapy. Cancer Prev Res 2016; 9:895–905.

14 AOCS DF. Official methods and recommended practices of the American
Oil Chemists’ Society. AOCS 1998; 5:2–93.

15 Nazif NM. Phytoconstituents of Zizyphus spina-christi L. fruits and their
antimicrobial activity. Food Chem 2002; 76:77–81.
16 Hamed AR, Hegazy MEF, Higgins M, Mohamed TA, Abdel-Azim NS, Pare
PW, Dinkova-Kostova AT. Potency of extracts from selected Egyptian
plants as inducers of the NRF2-dependent chemopreventive enzyme N
QO1. J Nat Med 2016; 70:683–688.

17 Yang EJ, Yim EY, Song G, Kim GO, Hyun CG. Inhibiton of nitric oxide
production in lipopolysaccharide-activated RAW 264.7 macrophages by
Jeju plant extracts. InterdiscipToxicol 2009; 2:245–249.

18 MeddebW, Rezig L, Abderrabba M, Lizard G, Mejri M. Tunisian milk thistle:
an investigation of the chemical composition and the characterization of its
cold-pressed seed oils. Int J Mo Sci 2017; 18:2582.

19 Eromosele I, Eromosele C, Innazo P, Njerim P. Studies on some seeds and
seed oils. Biores Technol 1998; 64:245–247.

20 Commission CA. Recommended internal standards edible fats and oils.
Italy, Rome: FAO/WHO; 1982.

21 Nyam K, Tan C, Lai O, Long K, Man YC. Physicochemical properties and
bioactive compounds of selected seed oils. LWT Food Sci Technol 2009;
42:1396–1403.

22 Baylin A, Siles X, Donovan-Palmer A, Fernandez X, Campos H. Fatty acid
composition of Costa Rican foods including trans fatty acid content. J Food
Composit Anal 2007; 20:182–192.

23 Orsavova J, Misurcova L, Ambrozova J, Vicha R, Mlcek J. Fatty acids
composition of vegetable oils and its contribution to dietary energy intake
and dependence of cardiovascular mortality on dietary intake of fatty acids.
Int J Mol Sci 2015; 16:12871–12890.

24 Kim YJ. Antimelanogenic and antioxidant properties of gallic acid. Biol
Pharmac Bull 2007; 30:1052–1055.

25 Chia YC, Rajbanshi R, Calhoun C, Chiu RH. Anti-neoplastic effects of gallic
acid, a major component of Toona sinensis leaf extract, on oral squamous
carcinoma cells. Molecules 2010; 15:8377–8389.

26 Liang CZ, Zhang X, Li H, Tao YQ, Tao LJ, Yang ZR, et al. Gallic acid
induces the apoptosis of human osteosarcoma cells in vitro and in vivo via
the regulation of mitogen-activated protein kinase pathways. Cancer
Biother Radiopharma 2012; 27:701–710.

27 Taoufik F, Zine S, El Hadek M, Idrissi Hassani L, Gharby S, Harhar H,
Matthäus B. Oil content and main constituents of cactus seed oils Opuntia
Ficus Indica of different origin in Morocco. Mediterr J Nutrit Metab 2015;
8:85–92.

28 Jayamani J, Shanmugam G. Gallic acid, one of the components in many
plant tissues, is a potential inhibitor for insulin amyloid fibril formation. Eur J
Med Chem 2014; 85:352–358.

29 Liu Y, Pukala TL, Musgrave IF, Williams DM, Dehle FC, Carver JA. Gallic
acid is the major component of grape seed extract that inhibits amyloid fibril
formation. Bioorg Med Chem Lett 2013; 23:6336–6340.

30 Baird L, Dinkova-Kostova AT. The cytoprotective role of the Keap1-Nrf2
pathway. Arch Toxicol 2011; 85:241–272.

31 Roubalová L, Dinkova-Kostova AT, Biedermann D, Křen V, Ulrichová J,
Vrba J. Flavonolignan 2,3-dehydrosilydianin activates Nrf2 and upregulates
NAD(P)H: quinone oxidoreductase 1 in Hepa1c1c7 cells. Fitoterapia 2017;
119:115–120.

32 Kang JS, Jeon YJ, Park SK, Yang KH, Kim HM. Protection against
lipopolysaccharide-induced sepsis and inhibition of interleukin-1β and
prostaglandin E2 synthesis by silymarin. Biochem Pharmacol 2004;
671:175–181.

33 Chen CL, Chen JT, Liang CM, Tai MC, Lu DW, Chen YH. Silibinin treatment
prevents endotoxin-induced uveitis in rats in vivo and in vitro. PLoS One
2017; 12:e0174971.


