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Abstract

Background: Silibinin, an herbal polyphenolic flavonolignan, has antioxidant and anticancer properties.
Objectives: This study aimed to evaluate some cellular and molecular effects of silibinin on the human ovarian cancer SKOV-3 cell
line.
Methods: For cytotoxicity investigations of silibinin, MTT assay was used at 24, 48, and 72 hours. Apoptosis and cell cycle
were studied by flow cytometry. The effect of silibinin on mRNA expression of B-cell lymphoma 2 (Bcl-2), cyclin E, and S-phase
kinase-associated protein 2 (SKP2) was determined by Quantitative reverse transcription polymerase chain reaction (QRT-PCR).
Results: Silibinin administration in lower concentrations (12.5 and 25 µg/mL) did not lead to significant (P < 0.05) changes in cell
viability and even slightly increased cell growth after 72 hours. However, silibinin in higher concentrations ( ≥ 50µg/mL) inhibited
SKOV-3 cell proliferation in a dose- and time-dependent manner. The mode of cell growth inhibition was apoptosis induction and
G2/M cell cycle arrest. Silibinin caused down-regulation of the anti-apoptotic gene, namely Bcl-2. Additionally, silibinin resulted in
down-regulation of the major genes in the cell cycle, including cyclin E and SKP2.
Conclusions: Overall, this study confirmed the ability of silibinin to suppress ovarian cancer progression through the induction of
apoptosis and inhibition of G2/M phase transition. Silibinin may be considered an efficient and safe herbal medication for ovarian
cancer.
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1. Background

Ovarian cancer is one of the most common women

cancers worldwide that leads to most deaths among

gynecologic malignancies. Although this disease’s

etiology is complex, genetic and environmental factors

contribute to this complicated scenario (1, 2). Apoptosis,

autophagy, and cell cycle are essential biological events

with adjusted regulation in normal cells, which almost

universally become disturbed in malignant and neoplastic

cells. Recently, much attention has been focused on the

prognostic role of apoptosis and cell cycle dysregulation

in the onset of ovarian cancer (3, 4). More efforts have

been directed toward investigating dietary supplements

and other phytotherapeutic agents to increase efficacy

and minimize the side effects of present chemotherapies

(5). Silibinin, a natural polyphenolic flavonolignan

isolated from milk thistle, has recently been known as a

chemopreventive compound with amazing anti-cancer

properties and fewer side effects than normal entities.

Many studies have reported the inhibition of proliferation

and cell cycle progression by silibinin in numerous

cancers (6, 7). It has also been reported that silibinin

alone can induce apoptosis and cell cycle arrest in the

paclitaxel-resistant ovarian carcinoma cell line and

sensitize these cells to paclitaxel (8-13). Silibinin is

well-tolerated by the body and has proven less toxic than

other anticancer therapeutics (7). Maleki et al. showed that

silibinin inhibited cell growth and promoted apoptosis
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and reversion of the epithelial-mesenchymal transition in

SKOV-3 and A2870 ovarian cancer cell lines (14). Another

study reported that silibinin induced G2/M cell cycle arrest

in Hela and SiHa cervical cancer cell lines via activation of

the mitochondrial fission pathway (15). The present study

aimed to clarify the effects of silibinin at various times and

concentrations on the viability of a human ovarian cancer

cell line of SKOV-3 and some of its underlying molecular

mechanisms for silibinin-mediated cell cycle arrest and

apoptosis in this cell line.

2. Objectives

Compared to similar studies, this study investigated

the following issues: For the first time, we evaluated the

silibinin effect on the cell cycle and some of its related

gene expression. Moreover, this study showed the essential

role of silibinin concentrations on its anticancer effects

because silibinin administration in lower concentrations

(12.5 µg/mL and 25 µg/mL) not only resulted in no

significant decrease in cell viability but also slightly

increased cell growth after 72 h.

3. Methods

3.1. Cell Culture

SKOV-3, a human ovarian cancer cell line, was obtained

from the National Cell Bank of Iran (Tehran, Iran). We

used RPMI-1640 (GIBCO, UK) medium (supplemented with

fetal bovine serum (20%) and penicillin/streptomycin

(1% v/v) (Gibco, Scotland) for culturing SKOV-3 cells at

37°C in 5% CO2 atmosphere under 90 - 95% humidity.

Dimethylsulfoxide (DMSO, Sigma, USA) was the silibinin

solvent.

3.2. Cell Viability Assay

The cell viability test was performed using 3-(4, 5

dimethylthiazol-2yl) 2, 5-diphenyl tetrazolium bromide

(MTT, Sigma, USA) assay (16). Harvested cells were

trypsinized using 0.25% trypsin) Sigma, USA), dyed

with trypan blue, counted on a Neubar slide, and seeded

into 96-well plates (8000 cells/well). The next day, different

concentrations of silibinin (0, 12.5, 25, 50, 75, 100, 150, and

300 µg/mL) were administered to wells for 24, 48, and 72

hours. Each dose was tested on the six wells of the 96-well

plates. Six cultured wells with DMSO incubation were

used as the negative controls in each experiment. The

amount of DMSO in all the experiments never exceeded

0.1% (v/v), and accordingly, the same amount of DMSO

was added to control culture plates. At the end of the

indicated incubation period, 10 µL of the MTT solution (5

mg/mL) was added to each well, followed by incubation

at 37°C for 3h. After removing the culture medium, the

insoluble formazan crystals, formed in living cells by the

activity of mitochondrial dehydrogenases, were revealed

by adding 100 µL of DMSO to each well. The absorbance

values were measured at 570 nm using an ELISA reader

(Awarnesse, USA). Individual samples were analyzed in

quintuplets against a background of blank wells. Relative

to the control experiment, the cell viability from three

independent experiments (mean ± SD) was presented as

the percentage of cell viability as follows:

V alue of treated cells

V alue of control cells
× 100

3-(4, 5 dimethylthiazol-2yl) 2, 5 diphenyl tetrazolium

bromide assay was carried out to investigate the cytotoxic

effect of silibinin on SKOV-3 cells and sort out its

appropriate Half maximal inhibitory concentration

(IC50) value. IC50 was determined by probit analysis

using the Pharm PCS (Pharmacologic Calculation System).

3.3. FlowCytometry Analyses: Assessment of Apoptosis andCell

Cycle

Floating cells in medium and 106 harvested attached

cells were collected after treatment with silibinin (50,

75, 100 µg/mL for 48 h) and washed twice with Phosphor

buffered saline (PBS). Then, cells were double stained

with annexin annexin V conjugated with fluorescein

isothiocyante (V-FITC) and propidium iodide (PI) by

Annexin V-FITC Apoptosis Detection Kit (Abcam, UK) and

analyzed by flow cytometry (BD Biosciences, San Jose, CA,

USA). All experiments were carried out in triplicate.

65×104 cells were seeded as described earlier to

analyze the cell cycle distribution. On the next day,

the cells were serum-starved for 24h before silibinin

administration (50, 75, and 100 µg/mL for 48h). In

short, floating cells in medium and harvested cells were

washed twice with cold PBS and then fixed with cold

70% ethanol at 4°C. After 2h, the fixed cells were stained

with 10 µL (2 µg/mL) PI (Sigma-Aldrich Chemie GmbH,

Steinheim, Germany) in the presence of 5 µL (100 µg/mL)

of Ribonuclease (Sigma-Aldrich, St. Louis, US) for 30 min at
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37°C. Finally, data obtained from a fluorescence-activated

cell sorter were analyzed using Win MDI 2.9 software

(Beckman Coulter, CA, USA).

3.4. Quantitative RT-PCR

Total RNA was extracted from SKOV-3 cells using the

RNX Plus™ kit (CinnaClon, Tehran, Iran), according

to the manufacturer’s instructions. The 260/280

absorbance ratios and RNA concentration measurements

were performed using Nanodrop (Thermo Scientific,

Wilmington, USA). The 260/280 OD ratio of all the samples

was recorded between 1.8 and 2.2, indicating their high

purity. The quality of the extracted RNA was determined by

formaldehyde–agarose gel electrophoresis (1.2% agarose;

Gibco/BRL). RNase-free DNase (TAKARA, Japan) treatment

of the total RNA was performed to eliminate any potential

traces of genomic DNA. Based on the supplier’s protocol,

the first-strand cDNA was synthesized from 2 µg of total

RNA from each sample using the cDNA synthesis kit

(RR037Q, Takara BIO INC). Gene expression was assessed

by QRT-PCR for the genes of interest (B-cell lymphoma 2

(Bcl-2), cyclin E, and S-phase kinase-associated protein 2

(SKP2)) on a Light Cycler (Rotor-Gene™ 6000 Real-Time PCR

System, Corbett Life Science) with RealQ PCR 2X Master Mix

(A320799 Ampliqon, Denmark). GAPDH (Glyceraldehyde

3-phosphate dehydrogenase) and ACTB (β-actin) genes

were used as housekeeping genes to normalize the

transcript amount in each sample. All primers were

purchased from Bonyakhteh Stem Cell Research Center,

Tehran, Iran. The specificity of the PCR products was

evaluated by verifying a single peak in melting curve

analysis. All real-time PCR reactions were carried out in

duplicate. The relative expression of the PCR products was

measured using the 2-∆∆Ct method. Statistical analysis of

primer efficiency was carried out by LinReg PCR Software

(Amsterdam, The Netherlands, version 2012).

3.5. Statistical Analyses

The results were expressed as mean ± SD. All

experiments were performed at least twice. Student’s

two-tailed t-test and one-way variance analysis (ANOVA)

were used to compare the data between two and more

than two groups, respectively. A P-value < 0.05 was

considered statistically significant. The data were

graphically represented using SPSS 16.

4. Results

4.1. Inhibition of Cell Growth by Silibinin in a Dose- and

Time-Dependent Manner

Different concentrations of silibinin (12.5 - 300 µg/mL)

showed different cytotoxic effects against SKOV-3 cells for

24, 48, and 72 h. Silibinin treatment led to a concentration-

and time-dependent decrease in cell viability. However, the

lower doses of silibinin (12.5 µg/mL and 25 µg/mL) showed

increased cell proliferation after 72 h. All doses in the 24

and 48 h and all doses in the 72 h, except for 12.5 µg/mL

and 25µg/mL, significantly decreased the cell viability (P

< 0.05; Figure 1). Figure 1 shows the IC50 of silibinin after

24, 48, and 72 h, which was estimated using the Pharm PCS

statistical package (Springer Verlag, USA).

4.2. Silibinin Induces Apoptotic and Cell Cycle Arrest in SKOV-3

Cells

Flow cytometry analyses revealed the induction of

enhanced apoptosis in the SKOV-3 cells treated with

silibinin in a concentration-dependent manner after 48 h

(Figures 2 and 3). These results were based on the onset

of significant (P < 0.05) accumulation of late apoptosis

(Annexin V+ and PI+: Q2 regions in Figure 2A). As shown

in Figure 4, an accumulation of SKOV-3 cells was observed

in the sub-G1 and G2/M phases after silibinin treatment.

Notably, 100µg/mL silibinin caused a significant (P = 0.017)

increase in the G2/M phase compared to the control. The

proportion of cells in the G1 and S phases was markedly

decreased in SKOV-3 cells after the administration of

silibinin.

4.3. Investigation of Bcl-2, Cyclin E, and SKP2 Transcriptions

Under Silibinin Treatment

We measured the expressions of Bcl-2, cyclin E, and

SKP2 to determine their possible roles in the induction

of apoptosis and cell cycle arrest after the administration

of silibinin in SKOV-3 cells. The gene expression analyses

indicated that two doses of silibinin significantly (P <

0.05) downregulated cyclin E, SKP2, and Bcl-2 (Figure 5).

5. Discussion

Silibinin can regulate various cell functions, including

growth, proliferation, invasion inhibitory effects, cell

cycle arrest, and apoptotic induction, which makes it

suitable as an anticancer agent (6, 17). Some of silibinin’s

Jentashapir J Cell Mol Biol. 2023; 14(3):e136980. 3
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Figure 1. Assessment of silibinin effects on cell proliferation by 3-(4, 5 dimethylthiazol-2yl) 2, 5 diphenyl tetrazolium bromide (MTT) assay. (A) The SKOV-3 cells were treated
with various concentrations of silibinin for 24, 48, and 72 hours, and their viability was assessed using an MTT assay. Results are presented as mean ± SD from at least three
independent experiments (P < 0.05 by one-way variance analysis). (B) IC50 values during 24-, 48-, and 72-hours incubation times were investigated by MTT assays using the
Pharm PCS (Pharmacologic Calculation System). Results are presented as mean ± SD from at least three independent experiments

anticancer molecular mechanisms (e.g., down-regulation

of Akt signaling pathway) against ovarian cancer have

been studied previously (11, 18, 19). Furthermore, silibinin

can enhance the anticancer activity of paclitaxel on

ovarian carcinoma cell lines (12). Here, we studied the

anticancer activities of silibinin against ovarian cancer

SKOV-3 cell line by focusing on its cellular effects (such as

apoptosis and cell cycle arrest). To achieve this, the effects

of silibinin on viability, apoptosis induction, and cell cycle

progression were explored in vitro. Notably, according to

our previous reports (17), silibinin in high concentrations

(from 100 to 300 µM) had no cytotoxic effect on the

viability of MCF-10A cells as a non-cancerous human breast

epithelial cell line. Therefore, silibinin can be a suitable

candidate in clinical trials. According to the results of

the present work, silibinin had dose- and time-dependent

cytotoxic effects in SKOV-3 cells. Interestingly, the optical

density of SKOV-3 cells in 12.5 µg/mL and 25 µg/mL

doses of silibinin after 72 h was slightly increased. This

increase can result from the excess of cell proliferation

4 Jentashapir J Cell Mol Biol. 2023; 14(3):e136980.
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Figure 2. Silibinin-induced apoptosis in SKOV-3 cells. Cells treated with 50, 75, and 100 µg/mL of silibinin for 48 h were studied for apoptosis with Annexin V-FITC and PI. A
scattered plot chart is drawn. Q1 region: Necrotic cells (Annexin V-/PI+), Q2 region: Late apoptotic cells (Annexin V+/PI+), Q3 region: Viable cells (Annexin V-/PI-), Q4 region:
Early apoptotic cells (Annexin V+/PI-)

or metabolic activity of cells compared to controls and

needs further experiments for confirmation. However,

the concentration mentioned above of silibinin at 24

and 48 h induced negligible changes in cell viability.

To explore the cytotoxic mechanism of silibinin in

concentrations of more than 25µg/mL, we studied the

apoptotic induction property of this compound against

SKOV-3 cells. Silibinin significantly caused dose-dependent

early apoptosis in treated SKOV-3 cells. Apoptosis is

preferable to induced cell death by anticancer drugs

because of its immune-quiescent characteristic (20). Bcl-2

is an anti-apoptotic factor overexpressed in many cancers

(21), and silibinin decreased Bcl-2 mRNA levels. Apoptosis

is revealed by discrete sub-G1 peaks on DNA content

because DNA fragmentation is one of the main features of

fractionated apoptotic cells or apoptotic bodies (22). In the

present study, increased sub-G1 distribution represented

the dose-dependent secreted apoptotic bodies from the

cells (23). The apoptotic assay in Figures 2 and 3 represents

this result, which represents dose-dependent dead cells.

Jentashapir J Cell Mol Biol. 2023; 14(3):e136980. 5
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Figure 3. The percentage of early and late apoptosis in different groups after 48 hours. Data are statistically significant in all silibinin-treated groups (*P-value < 0.03)
compared to control and also in 75µg/mL compared to 100µg/mL silibinin-treated groups of early apoptotic. Results are presented as mean (n = 3) ± SD. *, P < 0.05

Silibinin decreased cyclin E and SKP2 mRNA levels.

Cyclin E has an important role in the progression of the G1

phase of the cell cycle (24), but we observed G2/M cell cycle

arrest and not the G1 arrest here. SKP2 is one of the proteins

in the Skp1-cullin 1-F-box (SCF) ubiquitin ligase complex,

which acts as a substrate-binding arm. SCF ubiquitin ligase

plays an important role in the progression of the G1 and S

phases of the cell cycle. Upregulation of Skp2 is observed

in numerous human cancers (25). However, alterations in

cyclin E and SKP2 expression were insufficient for inducing

the G1 arrest. One suggested reason for such contradictory

effects is that these genes may have a functional mutation

in the used cell lines, or other upstream or downstream

genetic changes in SKOV-3 cells might have led to this

outcome.

5.1. Conclusions

In summary, our findings indicated that the inhibitory

effects of silibinin were mainly associated with the

induction of apoptotic cell death and G2/M phase cell cycle

arrest in SKOV-3 cells. In SKOV-3 cells in lower doses of

silibinin, such as 50µg/mL, apoptotic death was induced.

In cancer therapy research, triggering apoptosis at lower

concentrations is favored to decrease the systemic toxicity

of anticancer drugs. Silibinin can also overcome resistance

mechanisms, reducing the effectiveness of conventional

anticancer agents, and this necessitates evaluating the

preventive and intervention strategies for silibinin in

ovarian cancer pre-clinical models. Further research for

elucidation of the underlying mechanisms of silibinin

effects in ovarian cancer (in vitro and ex vivo studies)

and for pre-clinical/clinical usage improvement (such as

chemical modification for increased water solubility of

silibinin) is warranted. Based on the evidence presented,

silibinin appears to have the potential to be an effective

chemopreventive agent for ovarian cancer.
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Jentashapir J Cell Mol Biol. 2023; 14(3):e136980. 7



Baghal Sadriforoush S et al.

Acknowledgments

We would like to express our gratitude to Dr.

Bakhshandeh for lending us her laboratory instrument to

perform certain parts of the experiment.

Footnotes

Authors’ Contribution: N. M. conceptualized the study

and drafted the manuscript, S. B. S. collected and analyzed

the data, and Z. J. contributed to the methodology and

revised the manuscript. All authors approved the final

manuscript.

Conflict of Interests: The authors declare no conflict of

interest.

Data Reproducibility: The data that support the

findings of this study are available on request from the

corresponding author. The data are not publicly available

due to privacy or ethical restrictions.

Funding/Support: The author received no specific

funding for this work.

References

1. Kurian AW, Ward KC, Howlader N, Deapen D, Hamilton AS, Mariotto

A, et al. Genetic testing and results in a population-based cohort

of breast cancer patients and ovarian cancer patients. J Clin Oncol.

2019;37(15):1305–15. [PubMed ID: 30964716]. [PubMed Central ID:

PMC6524988]. https://doi.org/10.1200/JCO.18.01854.

2. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF,

Anderson JC, et al. Colorectal cancer statistics, 2020. CA Cancer

J Clin. 2020;70(3):145–64. [PubMed ID: 32133645]. https://doi.org/10.

3322/caac.21601.

3. Zervantonakis IK, Iavarone C, Chen HY, Selfors LM, Palakurthi S,

Liu JF, et al. Systems analysis of apoptotic priming in ovarian

cancer identifies vulnerabilities and predictors of drug response.Nat

Commun. 2017;8(1):365. [PubMed ID: 28848242]. [PubMed Central ID:

PMC5573720]. https://doi.org/10.1038/s41467-017-00263-7.

4. Liu J, Liu X, Ma W, Kou W, Li C, Zhao J. Anticancer activity of

cucurbitacin-A in ovarian cancer cell line SKOV3 involves cell cycle

arrest, apoptosis and inhibition of mTOR/PI3K/Akt signaling pathway.

J BUON. 2018;23(1):124–8. [PubMed ID: 29552771].

5. Xia T, Li J, Ren X, Liu C, Sun C. Research progress of phenolic

compounds regulating IL-6 to exert antitumor effects. Phytother Res.

2021;35(12):6720–34. [PubMed ID: 34427003]. https://doi.org/10.1002/

ptr.7258.

6. Jahanafrooz Z, Motamed N, Rinner B, Mokhtarzadeh A, Baradaran

B. Silibinin to improve cancer therapeutic, as an apoptotic inducer,

autophagy modulator, cell cycle inhibitor, and microRNAs regulator.

Life Sci. 2018;213:236–47. [PubMed ID: 30308184]. https://doi.org/10.

1016/j.lfs.2018.10.009.

7. Soleimani V, Delghandi PS, Moallem SA, Karimi G. Safety and

toxicity of silymarin, the major constituent of milk thistle

extract: An updated review. Phytother Res. 2019;33(6):1627–38.

[PubMed ID: 31069872]. https://doi.org/10.1002/ptr.6361.

8. Zhang X, Liu J, Zhang P, Dai L, Wu Z, Wang L, et al. Silibinin

induces G1 arrest, apoptosis and JNK/SAPK upregulation in SW1990

human pancreatic cancer cells. Oncol Lett. 2018;15(6):9868–76.

[PubMed ID: 29805688]. [PubMed Central ID: PMC5958732].

https://doi.org/10.3892/ol.2018.8541.

9. Mashhadi Akbar Boojar M, Mashhadi Akbar Boojar M, Golmohammad

S. Overview of Silibinin anti-tumor effects. J Herbal Med.

2020;23:100375.

10. Jahanafrooz Z, Motameh N, Bakhshandeh B. Comparative evaluation

of silibinin effects on cell cycling and apoptosis in human

breast cancer MCF-7 and T47D cell lines. Asian Pac J Cancer Prev.

2016;17(5):2661–5. [PubMed ID: 27268647].

11. Elyasi S. Silybum marianum, antioxidant activity, and cancer

patients. Cancer Academic. 2021:483–93. https://doi.org/10.1016/B978-

0-12-819547-5.00043-2.

12. Pashaei-Asl F, Pashaei-Asl R, Khodadadi K, Akbarzadeh A, Ebrahimie

E, Pashaiasl M. Enhancement of anticancer activity by silibinin and

paclitaxel combination on the ovarian cancer. Artif Cells Nanomed

Biotechnol. 2018;46(7):1483–7. [PubMed ID: 28884602]. https://doi.org/

10.1080/21691401.2017.1374281.

13. Tiwari P, Kumar A, Balakrishnan S, Kushwaha HS, Mishra KP.

Silibinin-induced apoptosis in MCF7 and T47D human breast

carcinoma cells involves caspase-8 activation and mitochondrial

pathway. Cancer Invest. 2011;29(1):12–20. [PubMed ID: 21166494].

https://doi.org/10.3109/07357907.2010.535053.

14. Maleki N, Yavari N, Ebrahimi M, Faisal Faiz A, Khosh Ravesh R, Sharbati

A, et al. Silibinin exerts anti-cancer activity on human ovarian cancer

cells by increasing apoptosis and inhibiting epithelial-mesenchymal

transition (EMT). Gene. 2022;823:146275. [PubMed ID: 35189245].

https://doi.org/10.1016/j.gene.2022.146275.

15. You Y, He Q, Lu H, Zhou X, Chen L, Liu H, et al. Silibinin

induces G2/M Cell cycle arrest by activating drp1-dependent

mitochondrial fission in cervical cancer. Front Pharmacol. 2020;11:271.

[PubMed ID: 32226384]. [PubMed Central ID: PMC7080994].

https://doi.org/10.3389/fphar.2020.00271.

16. Kamiloglu S, Sari G, Ozdal T, Capanoglu E. Guidelines for cell viability

assays. Food Front. 2020;1(3):332–49. https://doi.org/10.1002/fft2.44.

17. Jahanafrooz Z, Motamed N, Bakhshandeh B. Effects of miR-21

downregulation and silibinin treatment in breast cancer cell lines.

Cytotechnology. 2017;69(4):667–80. [PubMed ID: 28321778]. [PubMed

Central ID: PMC5507846]. https://doi.org/10.1007/s10616-017-0076-5.

18. Zhou L, Liu J, Meng W, Zhang H, Chen B. Evaluation of

silibinin-loaded microbubbles combined with ultrasound in

ovarian cancer cells: Cytotoxicity and mechanisms. Anticancer

Agents Med Chem. 2022;22(7):1320–7. [PubMed ID: 34102993].

https://doi.org/10.2174/1871520621666210608101649.

19. Fan L, Ma Y, Liu Y, Zheng D, Huang G. Silymarin induces cell cycle arrest

and apoptosis in ovarian cancer cells. Eur J Pharmacol. 2014;743:79–88.

[PubMed ID: 25242120]. https://doi.org/10.1016/j.ejphar.2014.09.019.

20. D’Arcy MS. Cell death: a review of the major forms of apoptosis,

necrosis and autophagy. Cell Biol Int. 2019;43(6):582–92.

[PubMed ID: 30958602]. https://doi.org/10.1002/cbin.11137.

21. Warren CFA, Wong-Brown MW, Bowden NA. BCL-2 family

isoforms in apoptosis and cancer. Cell Death Dis. 2019;10(3):177.

[PubMed ID: 30792387]. [PubMed Central ID: PMC6384907].

https://doi.org/10.1038/s41419-019-1407-6.

8 Jentashapir J Cell Mol Biol. 2023; 14(3):e136980.

http://www.ncbi.nlm.nih.gov/pubmed/30964716
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6524988
https://doi.org/10.1200/JCO.18.01854
http://www.ncbi.nlm.nih.gov/pubmed/32133645
https://doi.org/10.3322/caac.21601
https://doi.org/10.3322/caac.21601
http://www.ncbi.nlm.nih.gov/pubmed/28848242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5573720
https://doi.org/10.1038/s41467-017-00263-7
http://www.ncbi.nlm.nih.gov/pubmed/29552771
http://www.ncbi.nlm.nih.gov/pubmed/34427003
https://doi.org/10.1002/ptr.7258
https://doi.org/10.1002/ptr.7258
http://www.ncbi.nlm.nih.gov/pubmed/30308184
https://doi.org/10.1016/j.lfs.2018.10.009
https://doi.org/10.1016/j.lfs.2018.10.009
http://www.ncbi.nlm.nih.gov/pubmed/31069872
https://doi.org/10.1002/ptr.6361
http://www.ncbi.nlm.nih.gov/pubmed/29805688
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5958732
https://doi.org/10.3892/ol.2018.8541
http://www.ncbi.nlm.nih.gov/pubmed/27268647
https://doi.org/10.1016/B978-0-12-819547-5.00043-2
https://doi.org/10.1016/B978-0-12-819547-5.00043-2
http://www.ncbi.nlm.nih.gov/pubmed/28884602
https://doi.org/10.1080/21691401.2017.1374281
https://doi.org/10.1080/21691401.2017.1374281
http://www.ncbi.nlm.nih.gov/pubmed/21166494
https://doi.org/10.3109/07357907.2010.535053
http://www.ncbi.nlm.nih.gov/pubmed/35189245
https://doi.org/10.1016/j.gene.2022.146275
http://www.ncbi.nlm.nih.gov/pubmed/32226384
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7080994
https://doi.org/10.3389/fphar.2020.00271
https://doi.org/10.1002/fft2.44
http://www.ncbi.nlm.nih.gov/pubmed/28321778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5507846
https://doi.org/10.1007/s10616-017-0076-5
http://www.ncbi.nlm.nih.gov/pubmed/34102993
https://doi.org/10.2174/1871520621666210608101649
http://www.ncbi.nlm.nih.gov/pubmed/25242120
https://doi.org/10.1016/j.ejphar.2014.09.019
http://www.ncbi.nlm.nih.gov/pubmed/30958602
https://doi.org/10.1002/cbin.11137
http://www.ncbi.nlm.nih.gov/pubmed/30792387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6384907
https://doi.org/10.1038/s41419-019-1407-6


Baghal Sadriforoush S et al.

22. Jafri A, Siddiqui S, Rais J, Ahmad MS, Kumar S, Jafar T, et al. Induction

of apoptosis by piperine in human cervical adenocarcinoma via

ROS mediated mitochondrial pathway and caspase-3 activation.

EXCLI J. 2019;18:154–64. [PubMed ID: 31217779]. [PubMed Central ID:

PMC6558508]. https://doi.org/10.17179/excli2018-1928.

23. Yang X, Guo F, Peng Q, Liu Y, Yang B. Suppression of in vitro

and in vivo human ovarian cancer growth by isoacteoside is

mediated via sub-G1 cell cycle arrest, ROS generation, and modulation

of AKT/PI3K/m-TOR signalling pathway. J BUON. 2019;24(1):285–90.

[PubMed ID: 30941982].

24. Martinez-Alonso D, Malumbres M. Mammalian cell cycle cyclins.

Semin Cell Dev Biol. 2020;107:28–35. [PubMed ID: 32334991]. https://doi.

org/10.1016/j.semcdb.2020.03.009.

25. Cai Z, Moten A, Peng D, Hsu CC, Pan BS, Manne R, et al. The

Skp2 pathway: A critical target for cancer therapy. Semin Cancer

Biol. 2020;67(Pt 2):16–33. [PubMed ID: 32014608]. [PubMed Central ID:

PMC9201937]. https://doi.org/10.1016/j.semcancer.2020.01.013.

Jentashapir J Cell Mol Biol. 2023; 14(3):e136980. 9

http://www.ncbi.nlm.nih.gov/pubmed/31217779
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6558508
https://doi.org/10.17179/excli2018-1928
http://www.ncbi.nlm.nih.gov/pubmed/30941982
http://www.ncbi.nlm.nih.gov/pubmed/32334991
https://doi.org/10.1016/j.semcdb.2020.03.009
https://doi.org/10.1016/j.semcdb.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/32014608
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9201937
https://doi.org/10.1016/j.semcancer.2020.01.013

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Cell Culture
	3.2. Cell Viability Assay
	3.3. Flow Cytometry Analyses: Assessment of Apoptosis and Cell Cycle
	3.4. Quantitative RT-PCR
	3.5. Statistical Analyses

	4. Results
	4.1. Inhibition of Cell Growth by Silibinin in a Dose- and Time-Dependent Manner
	Figure 1

	4.2. Silibinin Induces Apoptotic and Cell Cycle Arrest in SKOV-3 Cells
	Figure 2
	Figure 3
	Figure 4

	4.3. Investigation of Bcl-2, Cyclin E, and SKP2 Transcriptions Under Silibinin Treatment
	Figure 5


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References

