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Abstract
Purpose: The purpose of this study was to compare the apoptotic effects of the natural milk thistle seeds as a 

tincture and the commercial silymarin drug (Legalon) on HepG2 cell line. 

Methods: The inhibitory concentration (IC50) was determined via the MTT assay for the natural milk thistle seeds 
tincture and the commercial silymarin drug. The cell cycle distribution assay was determined via flow cytometry. 
Apoptosis was confirmed by Annexin V-FITC/PI double staining and the percentages of change in the mean levels of 
P53, Bcl2, Bax, cytochrome c, and caspase 3 were evaluated via ELISA kits assay. 

Results: Milk Thistle tincture and silymarin treated HepG2 cells showed cell cycle arrest at G2M. Both substances 
showed significant apoptotic effects on HepG2 where the percentage of early apoptotic, late apoptotic, and necrotic 
cells were higher in the HepG2 cells treated with milk thistle tincture than in those treated with silymarin. The mean 
levels of P53, Bax, cytochrome c, and caspase 3 increased significantly in the milk thistle tincture treated HepG2 cells 
compared to silymarin treated ones.

Conclusion: The natural milk thistle seed tincture and the commercial silymarin drug (Legalon) induce the 
hepatocellular apoptosis by activating the mitochondrion-dependent pathway and cell cycle arrest at G2/M. Milk thistle 
seeds tincture showed a more significant apoptotic effect on HepG2 cells than the silymarin drug (Legalon) as milk 
thistle seeds contain other constituents in addition to silymarin such as taxifolin, kaempferol, apigenin, quercetin oleic, 
and palmitic acid.
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Introduction
Nature is continuously proving that it has a great wealth of natural 

molecules endowed with cytotoxic activity towards a large panel of 
tumor cells. Some of these molecules are used in chemotherapy, and 
others have shown great anti-tumor and anti-metastatic potential in 
preclinical trials. Silymarin is a flavonolignan called silybin which 
represents 1.5–3% of the fruit’s dry weight. Milk thistle seeds are seeds 
containing other flavonoids besides flavonolignans such as taxifolin, 
quercetin, dihydrokaempferol, kaempferol, apigenin, naringin, 
eriodyctiol, and chrysoeriol. In addition, they contain fixed oil (35-
55%) (linoleic acid 24-30%, oleic acid 8-12% and palmitic acid), 
tocopherol, sterols, and proteins. 

The production of silymarin from the fruits of S.marianum 
requires an initial defatting step. The absorption of silymarin by 
the gastrointestinal tract is only between 20–50% due to its poor 
water solubility. The poor water solubility and bioavailability of 
silymarin led to the development of enhanced formulations. Silipide 
(trade name Siliphos) a drug that is composed of silymarin and 
phosphatidylcholine (lecithin), is about 10 times more bioavailable 
than silymarin [1]. Complexation with phosphatidylcholine greatly 
increases the bioavailability of silymarin, probably by facilitating its 
passage across the gastrointestinal mucosa [2]. Phosphatidylcholines 
are the most abundant phospholipids in animal tissues and typically 
contain saturated fatty acids (palmitic, stearic), monounsaturated 
(oleic acid), linoleic, or arachidonic acid [3]. The chemical composition 
of milk thistle fruit besides silymarin also include fixed oil (60% linoleic 
acid; 30%, oleic acid; 9% palmitic acid) [4], Accordingly we studied 
the effect of silymarin in its commercial form (Legalon) drug and the 
effect of the natural crude extract of milk thistle seed (fruit) (Milk 
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thistle mother tincture) (hydroethanolic liquid extract) we prepared 
Milk thistle mother tincture with extraction Ratio (1: 1) homeopathic 
preparation containing the natural oils linoleic acid, oleic acid and 
palmitic acid that present naturally together with silymarin in addition 
to flavonoids, sterols, sugars and proteins that may provide stronger 
effect on hepatocellular carcinoma cell line than silymarin .

Methodology
Preparation of milk thistle mother tincture (hydroethanolic 

liquid extract): It was prepared with extraction ratio (1: 1) homeopathic 
preparation in which the seeds were separated and washed using 
cold water to be cleaned from dust. Then, they were dried at room 
temperature for five days. Next, 50 g of powdered milk thistle seeds 
were added to 50 ml ethanol (70 per cent V/V) and purified water. 
Maceration time: 3 weeks (in a dark sealed bottle & away from light).

Preparation of silymarin: It was prepared with concentration 140 
mg/ ml. Silymarin drug (Legalon 140 mg) was purchased from (CID)- 
Egypt under the license of MADAUS GmbH- Germany.
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The human Hepatocellular carcinoma cell line (HepG2) with a high 
metastatic potential was obtained from VACSERA – Egypt. These cells 
were cultured in RPMI1640 medium supplemented with 10% heat-
inactivated FBS at 37˚C in a humidified incubator containing 5% CO2.

MTT Assay

The assay is based on the cleavage of the yellow tetrazolium salt 
MTT into purple formazan by metabolically active cells, which can 
be photometrically quantified. The increase in the number of living 
cells increases the total metabolic activity, leading to stronger color 
formation [5]. For the assay, HepG2 cells (2×105 cells/well in 100µL of 
complete RPMI1640) were placed in each well of a 96-well-flat-bottom 
plate. The cells were allowed to adhere for 24h. Then they were treated 
with 300mg/ml amygdalin, 300mg/ml amygdalin with 20µM of zinc 
and 300mg/ml amygdalin with 800µM of zinc at which 100µL of each 
was added separately to the cells. The blank wells contained the above 
concentrations of samples in growth medium but with no cells. After 
48h of incubation, the media were replaced with 100µL of serum-free 
RPMI1640. 50µL of MTT solution (5mg/mL) was added to each well. 
After 4h of post-incubation, the medium was removed and 50µL of 
DMSO was added to each well to solubilize the formazan.

The plate was read at a wavelength of 570nm. The viability 
percentage was calculated by the formula OD of treated cells/OD of 
control cells ×100%. The data obtained were analyzed using Master 
Plex Reader Fit program to determine the half-maximal inhibitory 
concentration (IC50) for the samples.

Flow cytometric analysis of cell cycle profile

The percentages of the cells distributed in different phases of the 
cell cycle were determined with flow cytometry using Propidium 
Iodide (PI) staining [6]. Briefly, the HepG2 treated cells were harvested, 
washed with PBS, and centrifuged at 3,000 rpm for 3min. Pellets were 
fixed in 70% cold ethanol at 4°C for 1 hour. After fixation, the cells were 
washed with PBS twice and incubated with 0.5mg/mL RNase (RNase 
type I-A; Sigma) for 1 hour to avoid double-stranded RNA staining. 
Lastly, nuclear DNA staining was carried out using propidium iodide 
(50µg/mL) in PBS solution for 40min at room temperature. The DNA 
histograms reflecting cell cycle distribution were determined using BD 
FAC II Caliber flow cytometer (Becton-Dickinson, Oxford, UK). 

Annexin V-FITC/PI double staining

The induction of apoptosis by amygdalin was confirmed by 
double staining of annexin V-FITC and Propidium Iodide (PI) by 
Annexin V-FITC Apoptosis Detection Kit; Key GEN, Nanking, China 
[7]. Briefly, 5×105 of the treated HepG2 cells were resuspended in a 
binding buffer (10mM HEPES, pH 7.4, 140mM NaCl, 1mM MgCl2, 
5mM KCl, 2.5mM CaCl2), stained with 5μl of annexin V-FITC for 
10min, and then stained with 5μl of PI for another 10min. The cells 
were then analyzed with a flow cytometer (FACScan; BD Biosciences, 
Milano, Italy).

P53, Bcl2, Bax, cytochrome c, and caspase 3 ELISA kit assay

Determination of Human p53

Detection of human p53 concentration in cell culture media 
was done by ELISA kit (Cat. No.CS0070) from Sigma-Aldrich, Inc, 
p53 ELISA [8]. Briefly, according to the manufacturer's instructions, 
100μL of standards, samples and controls were added and the plate 
was covered and incubated for 2 hours at room temperature, washed 4 
times, and then allowed to dry. 100μL of anti-p53 detection antibody 
was added, covered, and incubated for 1 hour, washed 4 times, and then 

allowed to dry, 100μL of anti-Rabbit IgG-HRP working solution was 
added, covered, and incubated for 30 minutes at room temperature, 
then washed 4 times and allowed to dry, 100μL of stabilized chromogen 
was added and incubated for 30 minutes at room temperature in the 
dark, 100μL of stop solution was added and finally, reading was done 
on a spectrophotometer at 450nm.

Determination of Bcl-2

Quantitative detection of human Bcl-2 concentration in cell culture 
media was done using ELISA kit (Cat. No. 99-0042) from Zymed® 
laboratories - Invitrogen immunodetection [9]. Briefly, 100μL of 
sample diluent was added in duplicate to all standard and blank wells. 
80μL of sample diluent was added in duplicate to the sample wells. 
20μL of each sample was added in duplicate to the designated wells. 
100μL of diluted biotin-conjugate was added to all wells, and then 
incubated for 2 hours and washed. 100μL of diluted streptavidin-HRP 
was added, then incubated for 1 hour and washed. Furthermore, 100μl 
of the mixed TMB substrate solution was added. The enzyme reaction 
was stopped by quickly pipetting 100μL of stop solution .Final reading 
was done on a spectrophomter at 450 nm 

Determination of Bax

Quantitative determination of Bax concentration in cell culture 
media was done using the ELISA kit (Cat. No. EIA-4487) from DRG 
International Inc., USA [10]. Briefly, 100μL of assay buffer, 100μL of 
standard, and 100μL of the samples were pipetted into the appropriate 
wells. The plate was incubated after sealing for 1 hour at room 
temperature on a plate shaker at ~500 rpm. The content was discarded 
and washed 4 more times. In addition, 100μL of yellow antibody was 
pipetted into each well except for the blank ones; it was incubated, 
discarded, and washed 4 more times. 100μL of the blue conjugate 
was added to each well except the blank one. The plate was incubated, 
discarded, and washed. 100μL of substrate solution was pipetted into 
each well and incubated for 30 minutes at room temperature on a plate 
shaker at ~500 rpm. Finally, 100μL of stop solution was pipetted to 
each well. The plate reader was blanked.

Determination of Mitochondrial Cytochrome C

Cytochrome c in vitro ELISA (Enzyme-Linked Immunosorbent 
Assay) kit (Cat. No. ab119521) from Abcam is designed for accurate 
quantitative measurement of human cytochrome c concentrations in 
the cell lysate [11]. Briefly, 100μL of the prepared standards, 100μL 
of samples, and 50μL of 1X biotin-conjugated antibody were added. 
The plate was covered and incubated for 2 hours at room temperature. 
Furthermore, 100μL of 1X streptavidin-HRP was added and the plate 
was covered and incubated at room temperature for 1 hour. 100μL 
of TMB substrate solution was added and the plate was incubated at 
room temperature for 10 minutes. The enzyme reaction was stopped 
by adding 100μL of stop solution. Finally, reading was done on a 
spectrophotometer at 450nm 2.4.5 Experimental Manipulations or 
Interventions

Detrmination of Human Caspase-3 (active):

Detection of the human active caspase-3 concentration in cell 
culture media was measured by the Invitrogen Caspase-3 (active) 
Human ELISA kit (Cat. No.KHO1091) [12]. Briefly, 100µl of the 
standard diluent buffer was added to the zero standard wells. 100µl of 
standards, controls, and diluted samples were added to appropriate 
wells, the plate was covered, then incubated and washed. Furthermore, 
100μl of caspase-3 (active) detection antibody solution was pipetted 
into each well except for the blank one. The plate was covered, and then 
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incubated for 1 hour at room temperature. Moreover 100µl of anti-
rabbit IgG HRP working solution was added to each well except for 
the chromogen blank one. The plate was covered then incubated for 30 
minutes and washed. 100µl of stabilized chromogen was added to each 
well, and then 100µl of stop solution was added. Final reading was done 
on a spectrophotometer at 450nm.

Results
MTT assay

The inhibitory concentrations (IC50) of milk thistle extract treated 
HepG2 cells and silymarin (Legalon) treated HepG2 cells were 165 mg/
ml and 51.47 mg/ml, respectively.

Flow cytometric analysis of cell cycle profile

There was a significant accumulation of cellular DNA arrest 
throughout G2/M phase in all treated HepG2 cells compared to 
controls (P= 0.000**).The milk thistle tincture significantly influenced 
the cell cycle arrest at G2/M more than silymarin (P= 0.000 **) as 
shown in (Figures 1( A) & Figure 1( B)).

Annexin V-FITC/PI double staining

The percentages of early apoptotic, late apoptotic, and necrotic cells 
were higher in the milk thistle tincture treated HepG2 cells (3.76%, 

3.83%, and 0.83%, respectively) than in the silymarin treated ones 
(3.28%, 2.69%, and 0.9%, respectively) (Figure 2(A) & Figure 2(B)).

P53, Bcl2, Bax, cytochrome c, and caspase 3 ELISA kit assay

Statistical analysis using one-way ANOVA revealed a highly 
significant increase in the mean levels of P53, cytochrome c, Bax, and 
caspase-3 in the treated HepG2 cells compared to their mean levels in 
the untreated HepG2 cells (controls) (P= 0.000**). However, there was 
a concomitant decrease in the mean level of Bcl2 in all treated HepG2 
cells compared to the untreated ones (P =0.000**).

The percentages of change in the mean levels of P53, Bax, 
cytochrome c, and caspase 3 increased significantly in the milk thistle 
tincture treated HepG2 cells compared to those in the silymarin treated 
cells by 18.57%, 6.60 %, and 22.53%, respectively (Figure 3).

Discussion
In the present work, we studied the apoptotic effects of the natural 

milk thistle seeds as a tincture and the commercial silymarin drug 
(Legalon) on HepG2 cell line. The inhibitory concentration (IC50) 
was determined via the MTT assay for the natural milk thistle seeds 
tincture and the commercial silymarin drug. The cell cycle distribution 
assay was determined via flow cytometry. Apoptosis was confirmed by 
Annexin V -FITC/PI double staining and the percentages of change 
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 Figure 1A: DNA Histogram represents the flow cytometric analysis that was performed for the cell-cycle, the DNA content was evaluated with propidium iodide (PI) staining 
and fluorescence measured &analyzed. (A)-Silymarin treated HepG2 (B) -Milk Thistle tincture treated hepG2 (C) the untreated HepG2 (Control).
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Figure 1B: Cell cycle distribution of treated HepG2 with Silymarin (Legalon) and Milk thistle tincture & the untreated hepG2 (Control) with the percentage of arrested cells 
at different cell phases.
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in the mean levels of P53, Bcl2, Bax, cytochrome c, and caspase 3 were 
evaluated via ELISA. 

The distribution of DNA in the cell cycle was studied by flow 
cytometer. There was a significant accumulation of cellular DNA arrest 
throughout the G2/M phase in the natural milk thistle Tincture and 
the commercial silymarin drug (Legalon) treated HepG2 cell line with 

a significant pre-G1 phase apoptotic incidence. Silymarin inhibits cell 
cycle progression by induction of cyclin-dependent kinase inhibitors 
such as p21 and p27 and enhancement of apoptotic signals through 
regulation of the Akt or p38/JNK mitogen-activated protein kinase 
(MAPK) signaling pathway [13]. Moreover, silymarin can modulate 
the Chk2-Cdc25C-Cdc2/ cyclin B1 pathway for G2-M arrest [14]. On 

   
              (C)                    (B)                             (A) 

 
Figure 2A: (A) Dot plot for analysis of apoptosis using flow cytometry in HepG2 treated cells and untreated HepG2 (Control).The percentage of apoptotic cells determined 
by the number of Annexin V/propidium iodide-positive cells is shown in the scattered plot of  Y-axis represents the PI-labeled population, whereas the X-axis represents 
the FITC-labeled Annexin V positive cells. The lower left portion of the fluorocytogram (An_, PI_) shows normal cells, whereas the lower right portion of the fluorocytogram 
(An+, PI_) shows early apoptotic cells. The upper right portion of the fluorocytogram (An+, PI+) shows late apoptotic cells A) - Silymarin treated HepG2 (B) - Milk Thistle 
tincture treated hepG2 (C) the untreated HepG2 (Control).
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Figure 2B: The percentage of early, late, total Apoptosis  and necrosis for Silymarin (Legalon) and Milk Thistle Tincture treated HepG2 cells &  the un treated HepG2 
(control) respectively using Annexin V- FIT.
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Figure 3: The percentage of change in the mean of P53, cytochrome c, Bax, Bcl2 and caspase 3 from Silymarin (Legalon) to Milk Thistle Tincture treated HepG2.
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the other hand, Milk thistle seeds in addition to Silymarin it contains 
Taxifolin, kaempferol Palmitic acid and Apigenin. Taxifolin (TAX) 
can induce cell growth arrest, variation in molecules controlling 
cell cycle operative in the G2 phase of the cell cycle and apoptosis 
in a concentration dependent approach [15]. Also, a milk thistle 
seed contains Apigenin that led to cell cycle arrest at G2M phase via 
augmenting levels of ROS, reducing glutathione, and inducing TNF-R 
and TRAIL-R [16]. Moreover, Kaempferol can induce G2/M cell 
cycle arrest via the Chk2/Cdc25C/Cdc2 pathway and Chk2/p21/Cdc2 
pathway [17]. Furthermore, Palmitic acid induces G2/M arrest [18].

We further tested apoptotic cell death in the HepG2 treated 
cells by staining phosphatidylserine with annexin V conjugated with 
fluorescein isothiocyanate (FITC) and DNA with propidium iodide 
(PI). There were significantly elevated percentages of early apoptotic, 
late apoptotic, and necrotic cells in the group of HepG2 cells treated with 
the natural milk thistle Tincture and the commercial silymarin drug 
(Legalon) in comparison with the control group (P<0.05). Moreover, 
the percentages of early apoptotic, late apoptotic, and necrotic cells 
were higher in the group of cells treated with the natural milk thistle 
Tincture than those in the group treated with the commercial silymarin 
drug (Legalon). 

In our study, the statistical analysis revealed a highly significant 
increase in the mean level of p53 in the HepG2 cells treated with 
the natural milk thistle Tincture and the commercial silymarin drug 
(Legalon)compared to the control group (P<0.001). The basal level 
of p53 and the level of phosphorylation of p53 were increased after 
silymarin treatment which suggested that the induction of apoptosis by 
silymarin is mediated via p53 protein expression .Also phosphorylation 
of p53 increases its half-life and thus increases its accumulation and 
functional activation of p53 in response to DNA damage [19]. By P53 
activation APAF-1 will be activated, APAF-1 binds to cytochrome 
c and procaspase-9 in the presence of ATP to form the apoptosome 
(Multiprotein complex) this results in activation of procaspase-9 
through autocatalytic cleavage, initiating a cascade of downstream 
effector caspases, especially caspase-3 which cleave several cell proteins 
and eventually leading to apoptosis [20].

On the other hand, Our study showed a highly significant increase 
in the mean level of p53 in Milk Thistle seed Tincture treated HepG2 
cells compared to the mean level of p53 in Silymarin treated HepG2 
cells with percentage of increase by 18.57% that could be explained 
by presence of Oleic acid and kaempferol in addition to silymarin in 
the milk thistle seeds. Oleic acid provides valuable anticancer effects 
in vitro and in vivo through induction of cell death via autophagy 
and apoptosis [21]. Milk Thistle seeds also contains kaempferol that 
can induce DNA fragmentation and upregulation of p53 expression 
and phosphorylation leading to disrupting cell proliferative signaling, 
hence apoptosis [16].

In our study, the statistical analysis revealed a highly significant 
increase in the mean level of Cytochrome C in the HepG2 cells treated 
with the natural milk thistle Tincture and the commercial silymarin 
drug (Legalon)compared to the control group (P<0.001). Silymarin 
treatment can significantly decrease the mitochondrial membrane 
potential of HepG2 cells leading to opening of mitochondrial 
permeability transition pores and accordingly, release of cytochrome c 
from the intermembrane space into the cytosol [22]. In harmony with 
this result, a previous study demonstrated that, silymarin treatment 
resulted in a dose-dependent increase in cytochrome c release from 
mitochondria [19]. 

On the other hand our study showed a highly significant increase in 

the mean level of Cytochrome C in Milk Thistle seed Tincture treated 
HepG2 cells Compared to the mean level of Cytochrome c in Silymarin 
(Legalon) treated HepG2 cells with percentage of increase by 11% 
that could be explained by that Milk Thistle seeds contains Apigenin, 
linoleic acid in addition to presence of Silymarin. Apigenin shows 
anticancer effect by hyperacetylation of H3 on the p21/waf1 promoter 
[4] Correspondingly, Bax overexpression as well as the release of 
cytochrome c [16]. Furthermore Milk thistle seeds contain linoleic acid 
that promotes cell apoptosis through the release of cytochrome C [23].

Regarding the Bcl2 family (the regulators of apoptosis Bax & Bcl-
2), p53 is a positive transcriptional activator for Bax and a negative 
transcriptional activator for Bcl-2. Also Bcl-2 can prolong cell survival 
by suppressing apoptosis, and Bax can enhance apoptosis. Bcl-2 can 
block mitochondrial permeability transition pores opening, thereby 
preventing release of caspase activators from mitochondria [22].

In our study, the statistical analysis revealed a highly significant 
increase in the mean level of Bax and a significant decrease in the mean 
of Bcl2 in the HepG2 cells treated with the natural milk thistle Tincture 
and the commercial silymarin drug (Legalon) compared to the control 
group. Silymarin activates the p53 pathway leading to downregulation 
of Bcl-2 and up-regulation of Bax [22]. In harmony with this result, 
a previous study demonstrated that silymarin treatment significantly 
induced apoptosis by increasing Bax and decreasing Bcl-2 protein 
expression [24]. On the other hand, there was a highly significant 
increase in the mean level of Bax in Milk Thistle seed tincture treated 
HepG2 cell line Compared to the mean of Bax level in Silymarin 
(Legalon) treated HepG2 cell line. With percentage of increase by 
6.60%. Moreover, there was a highly significant decrease in the mean 
level of Bcl2 in Milk Thistle seed tincture treated HepG2 cell line 
Compared to the mean of Bcl2 level in Silymarin (Legalon )treated 
HepG2 cell line with percentage of change by 18.66%.

That could be explained by the presence of Quercetin, Taxifolin, 
Tocopherol and Silymarin in the Milk Thistle seeds. Quercetin 
downregulates Bcl2, upregulates BAX, P53, release of Cytochrome C as 
well as cleavage of Caspase 3 and Caspase 9 that provide involvement 
of intrinsic mitochondrial pathway [25]. Quercetin also increases 
Bax translocation from the cytosol to the mitochondrial membrane, 
an event that promotes apoptotic death [26]. Taxifolin significantly 
enhance the expression of Bax which was concomitant with decline in 
the expression of Bcl-2 [27]. Moreover, a Milk Thistle seed contains 
Tocopherol that enhances Bax mitochondrial relocalization in cancer 
cells [28]. Furthermore, tocopherol induces apoptosis by also binding 
to the BH3 domain of antiapoptotic proteins Bcl-2 and thereby 
blocking its activity [29].

In our study, the statistical analysis revealed a highly significant 
increase in the mean level of Caspase-3 in the HepG2 cells treated with 
the natural milk thistle Tincture and the commercial silymarin drug 
(Legalon)compared to the control group (P<0.001). The treatment 
with silymarin inducing expression of APAF-1 that interacts with the 
released cytochrome c-forming apoptosome that activates the caspase-3 
in the hepatocellular carcinoma cells. Moreover, the significant increase 
in P53 may induce apoptosis by activating many pro-apoptotic genes, 
which ultimately activate APAF-1 [22].

On the other hand, our study showed a highly significant increase 
in the mean level of Caspase-3 in Milk Thistle seed Tincture treated 
HepG2 cells Compared to the mean level of Caspase-3 in Silymarin 
(Legalon) treated HepG2 cells with percentage of increase by 22.53%.

That could be explained by the presence of palmitic acid, linoleic 
acid, kaempferol, taxifolin and Quercetin in addition to silymarin 



Citation: Nasraldin KM, Desouky MAE, Fahmi AA (2022) Comparison between the Apoptotic Effect of Natural Milk Thistle Tincture and Legalon on 
Hepatocellular Carcinoma Cell Line (Hepg2): an In Vitro Study. J Biochem Cell Biol, 5: 166.

Page 6 of 6

Volume 5 • Issue 6 • 1000166J Biochem Cell Biol, an open access journal

in the Milk Thistle. A Milk thistle seeds contain palmitic acid and 
linoleic acid which increase the activity of caspase-3 which is a key 
component of the pro-apoptotic machinery of cells [30&31]. Also, 
Milk thistle extract contains kaempferol which triggers expression of 
cleaved caspase-3 .kaempferol induces apoptosis in HepG2 cells in a 
dose-dependent manner [32]. Milk thistle extract contains taxifolin 
that significantly enhance the expression of Bax and cleaved caspase-3 
which was concomitant with decline in the expression of Bcl-2 [27]. 
Milk thistle extract contains Quercetin that activates caspase-3 and 
caspase-9 and releases cytochrome c [26].

So, the milk thistle extract and pure silymarin may induce 
hepatocellular apoptosis by activating the mitochondrion-dependent 
pathway. Milk thistle extracts showed higher apoptosis effect on 
HepG2 than Silymarin drug.
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