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Three extracts of defatted seeds of Oenothera paradoxa Hudziok, aqueous extract, 60% ethanolic

extract, and 30% isopropanolic extract, differing by their total content of phenolic compounds and by

their contents of individual polyphenols, were investigated in this study. The extracts exerted

cytotoxic action on HTB-140 human skin melanoma cells. After 24 h of incubation, IC50 values of

169.7( 5.9 μg/mL, 72.4( 3.8 μg/mL, and 155.3( 6.3 μg/mL were obtained for HTB-140 cells with

the aqueous extract, 60% ethanolic extract, and 30% isopropanolic extract at the tested concentra-

tions (5-200 μg/mL), respectively, while IC50 for normal fibroblast cells NHDFs was not attained.

Moreover, for HTB-140 cells, LD50 (concentration at which 50% of cells were dead) of 89.2( 4.3 μg/mL

and 181.4 ( 6.5 μg/mL were obtained with 60% ethanolic extract and 30% isopropanolic extract,

respectively. In melanoma cells, all three extracts caused a concentration-dependent increase of

ROS production, GSH, and ATP lowering, and appearance of phosphatidylserine on the external

surface of cellular membranes where it was bound to annexin V-FITC; furthermore, apoptosis without

activation of caspase-3 took place. The most effective was 60% ethanolic extract, which had the greatest

total content of phenolic compounds and the greatest content of pentagalloyloglucose (PGG).
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INTRODUCTION

Oenothera sp. (Oenotheraceae) are native toCentral and South
America but are also cultivated in Europe for the production of
seeds. Oil from seeds of Oenothera biennis L. and Oenothera
paradoxaHudziok is the main source of γ-linolenic acid (GLA).
Evening primrose oil (EPO) is used for the treatment of atopic
eczema, premenstrual syndrome, multiple sclerosis, hypercholes-
terolemia, rheumatoid arthritis, and diabetic nephropathy (1).

In the past few years, there has been a growing interest in
evening primrose because of its polyphenolics content. It is well
known thatOenothera herba contains flavonoids, phenolic acids,
and hydrolyzable tannins (ellagitannins and gallotannins) (2, 3).
Defatted seeds are rich in hydrolyzable and condensed tannins
(procyanidins), but only gallic acid, (þ)-catechin, (-)-epicate-
chin, and a tetrameric procyanidin gallate were isolated as pure
compounds from O. biennis seeds (4-6). In our previous study,
we have additionally identified (-)-epicatechin, (-)-epicatechin
gallate, ellagic acid, caffeic acid, quercetin, penta-O-galloylo-β-
D-glucose, and procyanidin B3 (7). The quantity of polypheno-
lics in evening primrose seed extracts vary from 240 mg/g to
750 mg/g and is high when compared with that of black cur-
rant seed extracts (22-180 mg/g) and sesame seed extracts
(14-65 mg/g), and similar to that of borage seed extract
(∼410mg/g), grape seed extract (∼790mg/g), or green tea extract
(∼450 mg/g) (5, 7, 9).

A number of studies have been conducted to demonstrate
the antioxidant and iron(II) chelation activity of Oenothera
(O. biennis and O. paradoxa) defatted seed extracts (4-6, 8, 9).
A phenolic fraction purified form of defatted seeds of Oenothera
biennis promoted selective apoptosis of human and mouse bone
marrow-derived cell lines. Analyses of the fraction have revealed
that it contains gallic acid, which displayed selective cytotoxicity
against a variety of tumor cells with a higher activity than against
normal cells (10). Other studies have demonstrated that the
defatted seed extract of O. biennis could induce apoptosis in
Ehrlich ascites tumor cells, by increasing the activity of super-
oxide dismutase and intracellular peroxide levels, which resulted
in cytochrome c release. However, no activation of caspase-3 was
observed (11-13).

Melanoma is one of the most aggressive skin cancers, difficult
to treat, with a high metastatic potential (14). Compounds with
the phenolic structure, such as polyphenols of witch hazel
bark (15) and procyanidins of pine bark (16), may inhibit
proliferation of melanoma cells. Some of these compounds, such
as polyphenols of grapes, including resveratrol (17) and picea-
tannol (18), polyphenols of black tea, including theaflavins and
thearubigins (19), and procyanidins of apples (20), may also
induce melanoma cell apoptosis. In melanoma treatment, the
combination of survival inhibitorswith pro-apoptotic factors (21)
is most indicated. Polyphenols have been evidenced to be able to
potentiate the action of cytostatic agents, i.e., of decarbazine in
the case of (-)-epigallocatechin-3-gallate (EGCG) (22) and of
cisplatin in the case of apigenin and quercetin (23).
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The objective of this study was to investigate the pro-oxidative
and pro-apoptotic actions of the aqueous, 60% ethanolic and
30% isopropanolic extracts obtained from defatted seeds of
Oenothera paradoxa on human skin melanoma cells of the
HTB-140 line. Additionally, the main phenolic compounds, i.e.,
gallic acid, (þ)-catechin, ellagic acid, and 1,2,3,4,6-penta-O-
galloyl-β-D-glucose (PGG), were measured in the extracts.

MATERIALS AND METHODS

Chemicals. Dulbecco’s modified Eagle’s medium (DMEM) and Via-
Light PlusAssayKitwere purchased fromLonzaWalkersville Inc. (USA).
Trypsin-ethylenediaminetetraacetic acid (EDTA), penicillin, streptomy-
cin, and heat-inactivated fetal bovine serum (FBS) were purchased from
Gibco BRL, Life Technologies (USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), 20,70-dichlorodihydrofluorescein
diacetate (DCFH2-DA), the glutathione assay kit, and the caspase-3 assay
kit were purchased from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany). The cytotoxicity detection kit and Triton X-100 were pur-
chased from Roche Diagnostics GmbH (Mannheim, Germany). Calcein-
AM and propidine iodide (PI) were purchased from MoBiTec GmbH
(G

::
ottingen, Germany). The protein assay kit was purchased from Pierce

Biotechnology (Rockford, USA). Annexin V-FITC Apoptosis Detection
Kit was purchased fromBDBiosciences (USA). Phosphate buffered saline
(PBS) was purchased from Biomed (Lublin, Poland). All other materials
necessary for cellular cultures were purchased from Greiner Bio One
GmbH (Frickenhausen, Germany).

Ellagic acid and gallic acid were purchased from ChromaDex (Santa
Ana, CA), and (þ)-catechin was purchased from Carl Roth (Karlsruhe,
Germany). Pentagalloyl glucose was isolated as described previously (7).
All substances used were of >95% purity. The Folin-Ciocalteu reagent
was purchased from POCh (Gliwice, Poland). All solvents were of HPLC
grade.

Plant Material. Three freeze-dried polyphenolic extracts of defatted
seeds ofOenothera paradoxa, aqueous extract, 60% ethanolic extract, and
30% isopropanolic extract, containing ca. 47%, 75%, and 59% of
phenolic compounds, respectively, were obtained from Agropharm S.A.
(Tuszyn, Poland). The seeds were obtained from crops cultivated accord-
ing to the GACP guidelines (EMEA/HMPWP/31/99 Rev. Three of 2002).

Total Phenolic Content. The total phenolic content was determined
with the Folin-Ciocalteu reagent using gallic acid as the standard.
Accurately weighed 0.02 g of the extract was dissolved in 100 mL of
water, then 0.5 mL of the extract was mixed with 0.5 mL of the reagent,
and 10 mL of the 10% Na2CO3 solution, and then filled up with water to
50mL. Themixture was incubated in the dark for 30min. Absorbancewas
measured spectrophotometrically at 765 nm on a 160A UV-vis spectro-
photometer (Shimadzu Corp., Kyoto, Japan).

High-Performance Liquid Chromatography (HPLC) Analysis.
Phenolic compounds of the extracts were analyzed by HPLC at room
temperature on the LC-10AT equipment consisting of two high-pressure
mixing pumps and a diode array detector (SPD-M10A) (Shimadzu Corp.,
Kyoto, Japan). Separation was performed on a Luna C-18, 25� 4.6 mm,
5 μm column (Phenomenex, Torrance, CA). The eluent was (A) 2.5%
CH3COOH and (B) CH3CN þ 2.5% CH3COOH (80:20). A gradient
solvent system was used: 7-20% B (450); 20-40% B (700); 40-100% B
(750); 100%B (800). The flow rate was 1 mL/min, and the injection volume
was 20 μL. UV spectra were recorded in the range of 200-400 nm;
chromatograms were acquired at 254 nm for ellagic acid and 280 nm for
other polyphenols.

Accurately weighed samples were dissolved in water to a concentration
of 10 mg/mL. Samples and standards were dissolved in MeOH þ 2.5%
CH3COOH (1:1). Quantitative determination was carried out using
calibration curves from standards solution in the concentration range of
5-125 μg/mL (y=61424x þ 36311; R2 = 1; Rt= 5.3) for gallic acid,

31.25-500 μg/mL (y=142121x - 35276; R2=0.999; Rt=17.9) for (þ)-
catechin, 3.125-31.25 μg/mL (y=128728x - 11878; R2= 0.996; Rt=
49.3) for ellagic acid, and 15.625-250 μg/mL (y=28845x - 51203; R2=
0.9999; Rt = 55.2) for pentagalloylglucose. The quantities of analyzed
polyphenols are presented in Table 1.

Cell Culture and Treatment. Human melanoma cells, line Hs 294T
(HTB-140), were purchased from American type Culture Collection
(Rockville, USA). Human skin fibroblast cells (NHDFs) were purchased
from Lonza Walkersville Inc. (USA). HTB-140 and NHDFs cells (from
the third to sixth passage) were seeded on 24-well plates (1.5� 104 cells per
well) or 12-well plates (3.5� 104 cells per well) and incubated for 3-4 days
in the DMEM medium with 10% FBS, penicillin and streptomycin,
in 5% CO2 and at 37 �C. Then their medium was changed to serum-free
DMEM.

Freeze-dried extracts of defatted seeds of Oenothera paradoxa were
dissolved in water and sterilized by filtration. Thus, prepared working
solutions were diluted in the cellular medium or in PBS to concentrations
of 5-200 μg/mL.

Mitochondrial Function Assessment. The function of mitochondria
of both cell types was assessed with the use ofMTT, which is converted in
live cells under the effect of mitochondrial dehydrogenase into insoluble
formazan. HTB-140 and NHDFs cultivated on 24-well plates were
incubated with the extracts for 24 and 72 h and then with the MTT
solution (MTT was dissolved in the RPMI-1640 medium, 0.5 mg/mL) for
1 or 2 h (depends on the cell line: HTB-140 orNHDFs). The converted dye
was then solubilized with the use of acidic isopropanol (0.04 M HCl in
absolute isopropanol), and absorbance was measured at 570 nm with
background subtraction at 650 nm, with the use of the 160A UV-vis
spectrophotometer (Shimadzu Corp., Kyoto, Japan). Cell viability was
calculated as a percent versus the control (cells incubated in serum-free
DMEM without extracts).

Cellular Membrane Integrity Assessment. To assess cellular mem-
brane integrity at 24 and 72 h of incubation of HTB-140 cells and NHDFs
on 24-well cells with the extracts, the activity of lactate dehydrogenase
(LDH) released from cytosol of damaged cells to the supernatant was
measured using the protocol of the cytotoxicity detection kit test described
by the manufacturer (Roche Diagnostics, Germany). Absorbance values
measured at 490 nm, using the BioTek Synergy 4 microplate reader
(BioTek Instruments Inc., USA) were translated into cytotoxicity rate,
using the following formula:

LDH release ½%� ¼ LDH of sample-LDH of control

LDH of TX100 control-LDH of control
� 100

where controls were cells in serum-free DMEM without extracts, and
TX100 controls were cells incubated in serum-free DMEM with 10%
Triton X-100 (100% LDH release).

Morphology. Changes in morphology of cells of both lines were
assessed with the use of the Eclipse TS100F (Nikon, USA) microscope
fitted with the Nikon Digital Sight DS-U2 camera, using the NIS-
Elements Nikon BR 2.30 software, in visual light and, in the case of
HTB-140 cells, also in fluorescence after their prior dyeing with calcein-
AM and propidine iodide (as per the protocol of MoBiTec, Germany).

ATP Level Measurement. Measurement of the intracellular level of
ATP was performed with the use of the luciferase enzyme, using the
protocol for the ViaLight Plus Assay Kit test described by the manufac-
turer (Lonza Walkersville Inc., USA). HTB-140 cells were incubated on
24-well plates in serum-free DMEMwith various concentrations of tested
extracts (5-200 μg/mL) for 24 h, and then the cells were rinsed with PBS,
tripsinized, and counted in the B

::
urker’s chamber. Luminescence was

measured with the use of the BioTek Synergy 4 microplate reader (BioTek
Instruments Inc., USA). The result was presented as the percentage of cells
in relation to the control (cells incubated in serum-free DMEM without
extracts).

Table 1. Polyphenol Content in the Tested Extracts (mg/g) ( SD

extract total polyphenols gallic acid (þ)-catechin ellagic acid pentagalloyl glucose

aqueous 468.8( 9.8 3.70( 0.13 23.43 ( 0.82 1.48( 0.02 12.05( 0.53

60% ethanolic 745.5( 8.8 2.18( 0.08 30.41( 1.48 1.15( 0.05 16.75( 0.64

30% isopropanolic 592.0( 2.1 13.03( 0.13 37.43( 0.08 0.99( 0.04 9.44( 0.07
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Reactive Oxygen Species (ROS)ProductionMeasurement.Non-
fluorescent 20,70-dichlorodihydrofluorescein diacetate (DCFH2-DA),which
easily penetrates cells undergoing conversion into strongly fluorescent
DCF in the presence of reactive oxygen species (ROS), was used for the
measurement of the intracellular ROS level. HTB-140 cells cultivated in
12-well plates in serum-free DMEM were rinsed with PBS and incubated
for 1 h in PBS with the tested extracts added at various concentrations
(5-200 μg/mL), and then rerinsed with PBS and treated with 250 μM
DCFH2-DA. Fluorescence measurement was started immediately after
DCFH2-DA was added, using the BioTek Synergy 4 microplate reader
(BioTek Instruments Inc., USA) at an excitation wavelength of 485 nm
and emission wavelength of 530 nm, with readings every 5 min.

GSH Level Measurement. The GSH level was assessed by DTNB,
using the protocol for the glutathione assay kit (Sigma-Aldrich Chemie,
Germany) test. HTB-140 cells were incubated on 24-well plates in serum-
freeDMEMwith the tested extracts at various concentrations (5-200μg/mL)
for 4 h, and then the cells were rinsed with PBS and tripsinized, where
4 wells of the culture plate constituted one sample (about 4 � 105 cells).
Protein Assay Kit was used to measure the quantity of protein, using the
manufacturer’s protocol (Pierce Biotechnology, USA). Absorbance was
measured at 412 nm, using the BioTek Synergy 4 microplate reader
(BioTek Instruments Inc., USA); the standard was GSH. The results were
expressed in relation to the quantity of protein in the sample.

Staining with Annexin V-FITC/PI. To detect apoptosis/necrosis,
HTB-140 cells were incubated on 12-well plates in serum-freeDMEMwith
the tested extracts at various concentrations (5-200 μg/mL) for 6 h. The
cells were rinsed with PBS and tripsinized. Then the protocol for the
Annexin V-FITC apoptosis detection kit test described by the manufac-
turer (BDBiosciences, USA) was followed. The samples were analyzed by
flow cytometry, using FACSCalibur and the CellQuest software (BD
Biosciences, USA). The results were presented as rates of early apoptotic
(Anþ/Pi-) and late apoptotic (Anþ/Piþ) cells.

Caspase-3 Activity Measurement. Caspase activity was measured
with the use of the caspase-3 assay kit, using the protocol described by the
manufacturer (Sigma-Aldrich Chemie, Germany). HTB-140 cells were
incubated on 24-well plates in serum-free DMEMwith the tested extracts
at various concentrations (5-200 μg/mL) for 16 h. Then the cells were
rinsed with PBS and tripsinized, where 4 wells of the culture plate
constituted one sample (about 4 � 105 cells). Absorbance was measured
at 405 nmwith the use of the BioTek Synergy 4 microplate reader (BioTek
Instruments Inc., USA); the data were translated with the use of the
standard curve of p-nitroaniline (p-NA) release. Caspase activity was
related to the number of μmols of released p-NA/min/mL.

Statistical Analysis. There were 2-4� 105 cells per each sample (cell
number was evaluated in the B

::
urker’s chamber). The data were presented

as means( SD, compared with the use of one-way analysis of variance
(ANOVA) with Tukey’s posthoc test, using the STATISTICA software
(version 8.0, StatSoft, Poland), with statistical significance determination
at two levels: p<0.05 and p<0.001.

RESULTS

Cytotoxic Action on HTB-140 Cells and NHDFs. As shown by
the conducted MTT test, the viability of both cellular lines is
closely dependent on the type and concentration of the adminis-
tered extract. At 24 h of incubation of HTB-140 cells, IC50 values
(50% growth inhibition concentration) of 169.7 ( 5.9 μg/mL,
72.4( 3.8 μg/mL, and 155.3( 6.3 μg/mL were obtained for the
aqueous extract, 60% ethanolic extract, and 30% isopropanolic
extract at the tested concentrations (5-200 μg/mL), respectively,
while IC50 was not attained for theNHDFcells. (Figure 1) At 72 h
of incubation, IC50 for the HTB-140 cells was 69.6(5.8 μg/mL;
17.1( 2.6 μg/mL and 34.8( 4.3 μg/mL for the aqueous extract,
60% ethanolic extract, and 30% isopropanolic extract, respec-
tively, while for NHDFs, the IC50 values were significantly
higher and were 81.7( 6.9 μg/mL; 43.3( 4.8 μg/mL and 62.7(
6.4 μg/mL, respectively.

The tested extracts caused, in both cell types, an extract type-
dependent and tested concentration-dependent increase in the
release of lactate dehydrogenase (LDH) into the culture medium,
and theHTB-140 cells proved to be significantlymore sensitive to
the action of all three extracts than the NHDF cells. At 24 h of
incubation, the LD50 (concentration at which 50% of cells were
dead) values of 89.2 ( 4.3 μg/mL and 181.4 ( 6.5 μg/mL,
respectively, were obtained for 60% ethanolic extract and 30%
isopropanolic extract at the tested concentrations (5-200 μg/mL).
(Figure 2) The LD50 value was obtained neither at 24 nor at 72 h
of incubation for NHDFs cells. The greatest release of LDH by
HTB-140 cells at 24 h of incubation was observed at higher
concentrations of the tested extracts (100-200 μg/mL), while at
72 h, the significant values of LDH release were observed with
lower concentrations (25-50 μg/mL). Cytotoxicity of the tested
extracts against NHDFs was similar at both incubation times.

In both tests (MTT and LDH release), the 60% ethanolic
extract displayed a significantly more potent action than the
aqueous extract (p<0.05).

In the light microscope, significant changes in morphology
of HTB-140 cells were observed already under the influence of
25 μg/mL aqueous extract, while fibroblast morphology did not
change. All three extracts at concentrations of 50 μg/mL and
higher caused a concentration-dependent and incubation time-
dependent change in morphology of the cells of both lines. In
fluorescence, after prior staining of HTB-140 cells with calcein-
AM and propidine iodide, a progressive and strictly concentra-
tion-dependent increase in the number of PI (þ) cells was
observed. (Figure 3)

Figure 1. MTTassay results fromHTB-140 cells (A) andNHDFs (B) treatedwith the tested extracts. Cells were incubated with the indicated concentrations of
extracts for 24 h followed by the MTT assay. Data are expressed as means ( SD from four independent experiments performed in triplicate. Statistically
significant differences: *, p < 0.05; **, p < 0.001 refer to the control (untreated cells).
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Figure 2. LDH release assay fromHTB-140 cells (A) andNHDFs (B) after 24 h incubationwith the indicated concentrations of extracts. Results are presented
as means( SD from four independent experiments performed in triplicate. Statistically significant differences: *, p < 0.05; **, p < 0.001 refer to the control
(untreated cells).

Figure 3. Morphologic changes of HTB-140 cells treated with 60% ethanolic extract at a concentration of 200 μg/mL for 24 h observed in the light microscope
(100�): untreated cells (A) and cells incubated with the extract (B). In fluorescence (200�) after calcein-AM staining: untreated cells (C) and cells incubated
with the extract (D). In fluorescence (200�) after PI staining: untreated cells (E) and cells incubatedwith the extract (F). The calcein in viable cells emits green
fluorescence, while PI emits red fluorescence only in dead cells.
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Effect on ATP Level in HTB-140 Melanoma Cells. At 24 h of
incubation of HTB-140 cells with the tested extracts, the intra-
cellular ATP level was significantly lowered with concentrations
of 25-200 μg/mL for 60% ethanolic extract and 50-200 μg/mL
for the aqueous extract and 30% isopropanolic extract, attaining
the lowest value of 29.9 ( 4.8% (versus the control) for 60%
ethanolic extract at a concentration of 200 μg/mL. The aqueous
extract and 30% isopropanolic extract at a concentration of
200 μg/mL lowered the ATP level to 37.0 ( 5.8% and 32.4 (
3.0%, respectively (in relation to the control). TheATP reduction
was strictly concentration-dependent. (Figure 4)

Effect on ROS Production in HTB-140 Melanoma Cells. The
reduction in quantity of ATP synthesized in the cell could be
associated with damage to the respiratory chain and overproduc-
tion of free radicals. To check the quantities of ROS produced in
HTB-140 cells after their incubation for 1 h with the tested
extracts, DCF fluorescence was measured. Throughout 2 h of
result reading, a progressive concentration-dependent increase in
ROS production was obtained, expressed as an increase in DCF
fluorescence. (Figure 5) At 2 h afterDCFH2-DAwas added to the
cells, 60% ethanolic extract and 30% isopropanolic extract at all
the tested concentrations and the aqueous extract at 25-200μg/mL

caused a statistically significant increase in ROS production,
which was about 3.6- 3.1-, and 3.0-fold, respectively (in relation
to the control) for the 200 μg/mL concentration.

Effect on the GSH Level in HTB-140 Melanoma Cells. Over-
production of free radicals may cause GSH level lowering in
HTB-140 cells. To verify this hypothesis, after 4 h of cell
incubation in serum-free DMEM with the tested extracts (5-
200 μg/mL), the intracellular GSH level was measured with the
use of DTNB. Sixty percent ethanolic extract at 25-200 μg/mL
significantly lowered theGSH level, which attained about 14%of
the control value for 200 μg/mL. The aqueous extract and the
30% isopropanolic extract at 50-200 μg/mL significantly reduced
the GSH level, and at 200 μg/mL, this level attained approxi-
mately 22% and 19% of the control value (Figure 6).

Increase in the Number of Cells in Early (Anþ/Pi-) and Late

(Anþ/Piþ) Apoptosis.Reduction in GSH (24) and ATP (25) levels
makes the cells enter the pathway of apoptotic death. To check
the effect of the tested extracts on the quantity ofHTB-140 cells in
apoptosis at 6 h of incubation, cell stainingwith annexinV labeled
with FITC and propidine iodide was performed (Figure 7). Sixty
percent ethanolic extract as well as the aqueous and 30% isopro-
panolic extracts increased in a concentration-dependent fashion
the number of cells in early and late apoptosis, while the number
of early apoptotic cells was always higher than that of late
apoptotic cells. The total quantity of cells stained with annexin
(Anþ) was 75%, 86%, and 77% for the aqueous extract, 60%
ethanolic extract, and 30% isopropanolic extract at 200 μg/mL,
respectively.

Effect on Activity of Caspase-3 in HTB-140 Melanoma Cells.

Appearance of phosphatidylserine on the external surface of
cellular membranes where it was bound to annexin V, giving an
increased number of annexin-positive (Anþ) cells, is a sign that
the cells entered apoptosis. To assess the mechanism of further
changes, caspase-3 activity was tested with Ac-DEVD-pNA as a
substrate. Despite the 16 h period of incubation of HTB-140 cells
with the tested extracts, no significant differences were observed
between the control (cells incubated in serum-free DMEM,
without extracts) and the tested samples.

DISCUSSION

In this study, cytotoxic action of standardized extracts of
defatted seeds of Oenothera paradoxa against HTB-140 melano-
ma cells was evidenced on the basis of IC50 for all extracts and
LD50 for the 60% ethanolic extract and 30% isopropanolic

Figure 4. Changes in ATP levels of HTB-140 cells after 24 h treatment
with the tested extracts. Data are presented as the means(SD from three
independent experiments performed in triplicate. Statistically significant
differences: *, p < 0.05; **, p < 0.001 refer to the control (untreated cells).

Figure 5. ROS formation in HTB-140 cells treated with 60% ethanolic
extract. Results are presented as means of four independent experiments
performed in triplicate. Level of significance after 120 min reading for
each concentration was p < 0.001 as compared to that of the control
(untreated cells).

Figure 6. Changes in GSH levels of HTB-140 cells after 4 h treatment with
the tested extracts. Data are expressed as means ( SD from two
independent experiments performed in triplicate. Statistically significant
differences: *, p < 0.05; **, p < 0.001 refer to the control (untreated cells).



Article J. Agric. Food Chem., Vol. 57, No. 18, 2009 8287

extract already at 24 h of incubation. At the same time, only a
minimum effect on viability of physiologically normal cells was
found. The potency of the antiproliferative action of extracts of
defatted seeds of Oenothera paradoxa on HTB-140 cells was
as follows: aqueous extract<30% isopropanolic extract<60%
ethanolic extract, which may be related to their total contents
of phenolic compounds as well as to the differences in content
of individual polyphenols. A significant amount of (þ)-catechin
was detected in all three extracts, but it had only a weak pro-
oxidative action (26, 27). Potent pro-oxidative properties indu-
cing apoptosis of cancer cells are displayed by gallic acid (28),
the greatest quantity of which was found in 30% isopropa-
nolic extract, and pentagalloyloglucose (PGG) (29), the greatest
quantity of which was found in the most effective 60% etha-
nolic extract. The most potent action of this extract may be
caused by its greatest total content of phenolic compounds and by
more potent pro-oxidative properties and higher cytotoxicity
against cancer cells displayed by PGG as compared to gallic
acid (30).

Many plant substances with proven antioxidant action also
display pro-oxidative action on cancer cells, inducing their
apoptosis (31,32). This study has shown that extracts of defatted
seeds of Oenothera paradoxa cause an increase in ROS produc-
tion in human skinmelanoma cells. ROS are constantly produced
in mitochondria, in the respiratory chain, from where these
molecules are released mainly into the mitochondrial matrix,
and the main target of their action are mitochondrial DNA
(mtDNA) and membrane proteins as well as unsaturated fatty
acid building membrane lipids. The effect of changes in mtDNA
is impairment of synthesis of the respiratory chain proteins
coded by it, which interferes with the chain function and leads
to the generation of additional quantities of reactive oxygen
species, consequentially causing cell death (33, 34). Therefore,
the oxidoreduction potential of cells remains under strict
control of antioxidant enzymes and low-weight molecules
such as reduced glutathione (GSH), the level of which (the
GSH/GSSG ratio) is an index of ROS production in mitochon-
dria (35, 36). In this study, a significant reduction of the
intracellular GSH level in human skin melanoma cells under
the influence of the tested extracts was shown. A significant
reduction of the GSH level in the presence of a large amount of
ROSmay cause, already after a few hours of stimulus occurrence,
inactivation of mitochondrial complexes I-IV (37, 38) and

reduced ATP synthesis, which was evidenced in our studies.
Chronic oxidative stress may cause breaking of the internal
mitochondrial membrane and release of the content of the
mitochondrial intermembrane space into the cytosol (39). Cyto-
chrome c translocation from the mitochondrion to cytosol causes
the formation of an apoptosome. The consequence of apopto-
some formation is the activation of effector caspases-3, -6, and
-7 (40). However, no caspase-3 activity was found in our study,
despite evidence by cytometric analysis that melanoma cells
entered the pathway of apoptotic death. The lack of caspase-3
activity might be connected with the reduced expression of
the Apaf-1 effector protein in melanoma cells, which precludes
the formation of the apoptosome (41, 42). Therefore, for com-
parison, the action of the tested extracts on caspase-3 activity in
HepG2 hepatic cancer cells was examined, with the same result
(data not shown). It is possible that AIF, whose translocation
from the mitochondrion to the nucleus initiates degradation
of nuclear structure by a noncaspase-dependent route (43), is
responsible for the apoptosis of melanoma cells caused by
extracts of defatted seeds of Oenothera paradoxa. Studies on
defatted seeds of Oenothera biennis evening primrose evidenced
that ethanolic extract increased the production of oxygen free
radicals in Ehrlich ascites tumor cells (11), causing apoptosis
through AIF translocation from the mitochondrion to the
nucleus (12). A similar mechanism may exist in the case of
extracts obtained from Oenothera paradoxa. Changes typical
for apoptosis take place in the cells, and phosphatidylserine,
whose presence was detected by the cytometric method with the
use of annexin V labeled with FITC, appears on the external
surface of cellular membranes (44).

In conclusion, extracts of defatted seeds ofOenothera paradoxa
exert a cytotoxic action against HTB-140 human skin melanoma
cells. They disturb the oxidoreductive balance of melanoma cells
through an increase of ROS production and related lowering of
the GSH level. GSH lowering results most probably in damaging
of the respiratory chain and a reduction in production of
mitochondrial ATP, and this makes the cells enter the pathway
of apoptotic death, while the apoptotic pathway is not associated
with activation of caspase-3. The 60%ethanolic extract proved to
be the most effective; at the same time, it contained the greatest
total amount of phenolic compounds and the greatest quantity of
pentagalloyloglucose.
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