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Background: Physcion is an anthraquinone from rhubarb (rhizomes of Rheum tanguticum) and has been reported to have 
anti-inflammatory, hepatoprotective, antifungal, and anti-cancer activities. However, the growth inhibitory activity against human cancer 
cells and the underlying molecular mechanisms have been poorly determined. This study was designed to investigate the anti-proliferative 
activity of physcion by induction of cell cycle arrest and apoptosis in human MDA-MB-231 triple negative breast cancer cell line.
Methods: MDA-MB-231 cells were treated with physcion, and the anti-proliferative activity was evaluated by the sulforhodamine B assay. 
The mechanisms of action for the growth inhibitory activity of physcion were evaluated by flow cytometry for cell cycle distribution, 
and by Western blot for the assessment of potential target proteins.
Results: Physcion showed a significant anti-proliferative activity against MDA-MB-231 human breast cancer cells. Flow cytometric analysis 
indicated that physcion markedly induced the accumulation of cells in the G0/G1 phase and the increase of cell population in the sub-G1 
phase. The G0/G1 cell cycle arrest by physcion was associated with the down-regulation of Cyclin D1, Cyclin A, CDK4, CDK2, c-Myc 
and phosphorylated Rb protein expressions. The increase of sub-G1 peak by physcion was closely correlated with the induction of apoptosis, 
which was confirmed by the induction of cleaved poly-(adenosine diphosphate ribose) polymerase, activation of Caspases, and suppression 
of Bid and Bcl-2 expression.
Conclusions: The induction of G0/G1 cell cycle arrest and apoptosis might be one of the plausible mechanisms of actions for the 
anti-proliferative activity of physcion in human breast cancer cells. 
(J Cancer Prev 2014;19:273-278)
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INTRODUCTION

Breast cancer is the second leading cause of cancer-related 

mortality in women worldwide.1,2 Five-year survival rate for 

breast cancer has increased over the last decade. The current 

clinical treatments for breast cancer include surgery, radiation, 

hormonal therapy and/or chemotherapy.3 However, a poor 

response to chemotherapy remains a major clinical obstacle to 

the successful treatment for breast cancer. Therefore, there is still 

a great need for developing effective therapeutic agents for breast 

cancer chemotherapy. Natural products are considered to be 

important sources in the development of potential chemo-

therapeutic agents against breast cancer cells.

Rhubarb is the rhizomes of Rheum species including Rheum 
tanguticum Maxim., R. officinale Baill., R. palmatum L., R. undu-
latum L., and R. coreanum Nakai (Polygonaceae), which is widely 

distributed in China, Korea and Japan.4 It has been used as a 

traditional medicine to exhibit anti-cancer, anti-oxidant, anti- 

inflammatory, anti-bacterial, and anti-allergy activities.5,6 Rhubarb 

contains anthraquinones, dianthrones, glycosides, and tannins. 

The main active compounds of rhubarb are thought to be 

anthraquinone derivatives, which include emodin, chrysophanol, 
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aloe-emodin, rhein, and physcion.5 Among them, physcion is 

found in the R. tanguticum, R. emodii, and fungus Microsporum 
sp.,7-9 and has been demonstrated to have anti-inflammatory, 

hepatoprotective, and anti-fungal activities.8,10-13 It was also 

reported that physcion inhibited the growth of various human 

cancer cell lines, including HeLa (cervical cancer cells), A549 (lung 

cancer cells), HL-60 (leukemia cells), and SW680 (colon cancer 

cells).12 However, the anti-proliferative activity of physcion in 

human breast cancer cells and its underlying molecular 

mechanisms still remain to be elucidated yet.

In the present study, we investigated the anti-proliferative 

activities of physcion isolated from rhubarb (rhizomes of R. 
tanguticum) against MDA-MB-231 human breast cancer cells and 

explored its molecular mechanism of actions.

MATERIALS AND METHODS
1. Chemicals

Trichloroacetic acid (TCA), sulforhodamine B (SRB), bovine 

serum albumin, propidium iodide (PI), ribonuclease A (RNase A), 

dimethyl sulfoxide, and anti-β-actin antibody were purchased 

from Sigma (St. Louis, MO, USA). Dulbecco’s Modified Eagle’s 

Medium (DMEM), RPMI1640 medium, fetal bovine serum 

(FBS), trypsin-ethylenediaminetetraacetic acid, and antibiotics- 

antimycotics solution were purchased from GIBCO-BRL (Grand 

Island, NY, USA). Antibodies against CDK2, CDK4, Cyclin A, PCNA, 

p21, c-Myc, Bcl-2, and all secondary antibodies were purchased 

from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies 

against Caspase-3, Caspase-8, Caspase-9, phospho-Rb (Ser807/811), 

Rb, and Poly adenosine diphosphate ribose polymerase (PARP) 

were obtained from Cell Signaling (Danvers, MA, USA). 

Antibodies against cyclin D, cyclin E, and PARP were purchased 

from BD Biosciences (San Diego, CA, USA).

2. Cell culture

Breast cancer cell line (MDA-MB-231) was provided by the 

Korean Cell Line Bank (Seoul, Korea). The cells were cultured in 

DMEM medium supplemented with 10% heat-inactivated FBS 

and antibiotics-antimycotics (PSF; 100 units/mL penicillin G 

sodium, 100 μg/mL streptomycin, and 250 ng/mL amphotericin 

B). The cells were incubated at 37oC and 5% CO2 in a humidified 

atmosphere.

3. Cell proliferation assay

Cells (5 × 104 cells/mL) were treated with various concentra-

tions of compounds (total volume of 200 μL/well) in 96-well 

culture plates for 72 hours. After treatment, cells were fixed with 

10% TCA solution, and cell viability was determined with a SRB 

assay.14 Results were expressed as percentages relative to 

solvent-treated control incubations, and IC50 values were 

calculated using non-linear regression analysis (percent survival 

versus concentration).

4. Cell cycle analysis

MDA-MB-231 cells were plated at a density of 1 × 106 cells per 

100 mm culture dish and incubated for 24 hours. Fresh media 

containing various concentrations of test sample were added to 

culture dishes. Following a 24 hours incubation, the cells were 

harvested and fixed with 70% ethanol overnight at 4oC. Fixed cells 

were washed with phosphate buffered saline (PBS) and incubated 

with a staining solution containing RNase A (50 μg/mL) and PI (50 

μg/mL) in PBS for 30 minutes at room temperature. The cellular 

DNA content was analyzed with a FACS Calibur flow cytometer 

(BD Biosciences). Approximately 10,000 cells were used for each 

analysis, and the distribution of cells in each phase of the cell 

cycle was displayed as histograms.

5. Western blot analysis

MDA-MB-231 cells were treated with various concentrations of 

physcion for 24 hours. After incubation, the cells were lysed and 

protein concentrations were determined by BCA method.14 Each 

protein (40 μg) was subjected to sodium dodecylsulfate- 

polyacrylamide gel electrophoresis. Proteins were transferred 

onto polyvinylidene fluoride membranes by electroblotting, and 

membranes were treated for 1 hour with blocking buffer (5% 

non-fat dry milk in phosphate-buffered saline-0.1% Tween 20 

[PBST]). Membranes were then incubated with indicated 

antibodies (mouse anti-β-actin, diluted 1：2,000; other antibodies, 

diluted 1：1,000 in PBST) overnight at 4oC, washed three times 

for 5 minutes with PBST. After washing, membranes were 

incubated with horseradish peroxidas (HRP)-conjugated anti- 

mouse immunoglobulin G diluted 1：2,000 in PBST for 2 hours at 

room temperature, washed three times for 5 minutes with PBST, 

and visualized by HRP-chemiluminescent detection kit (Lab 

Frontier, Seoul, Korea) using LAS-3000 Imager (Fuji Film Corp., 

Tokyo, Japan).

6. Statistical analysis

Results were obtained from more than three independent 

experiments. Data were expressed as the mean ± standard 

deviation for the indicated number of independently performed 

experiments and analyzed by Student’s t-test (SigmaStat 3.1; 
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Figure 1. Chemical structure of physcion.

Figure 3. Morphological changes mediated by physcion in 
MDA-MB-231 cells. Cells were treated with various concentrations 
of physcion for 24 hours. Cells were photographed by inverted mi-
croscopy (×100).

Figure 2. Effect of physcion on the proliferation of human breast 
cancer MDA-MB-231 cells. MDA-MB-231 cells were plated at 10,000 
cells in 96-well plate in RPMI supplemented with 10% fetal bovine 
serum, and incubated with the test compound as the indicated con-
centrations for 72 hours. Anti-proliferative activity was determined 
using the sulforhodamine B assay. The values (% of control) are cal-
culated by the mean absorbance of samples/absorbance of ve-
hicle-treated control. Data are represented as the mean ± standard 
deviation (n = 3).

Systat Software Inc. San Jose, CA, USA). Differences with the 

P-value less than 0.05 was considered statistically significant.

RESULTS
1. Anti-proliferative effects of physcion on MDA-MB- 

231 human breast cancer cells

The anti-proliferative effect of physcion (Fig. 1) was 

determined in MDA-MB-231 human breast cancer cells by a 

colorimetric SRB protein dye staining method. As a result, the 

proliferation of MDA-MB-231 cells exposed to physcion was 

inhibited in a dose-dependent manner, with an IC50 value 45.4 

μM at 72 hours incubation (Fig. 2). In addition, morphological 

changes were observed using a phase-contrast microscope. As 

shown in Figure 3, the cells treated with various concentrations 

(35, 70, and 140 μM) of physcion for 24 hours exhibited distinct 

cell shrinkage and rounded shapes in a concentration-dependent 

manner compared to control cells.

2. Changes of cell cycle distribution by physcion

To determine the mechanism of action of anti-proliferative 

activity of physcion, the cell cycle distribution was evaluated by 

flow cytometric analysis. MDA-MB-231 cells were treated with the 

indicated concentrations of physcion for 24 hours, and the 

distribution of cells in various compartments of the cell cycle was 

analyzed by flow cytometry. As shown in Figure 4, the percentage 

of cells in the G0/G1 phase was markedly increased by physcion in 

a concentration-dependent manner. There was also a significant 

increase in the sub-G1 phase population in the highest 

concentration of physcion-treated cells. 

3. Effects of physcion on the expression of cell cycle 
regulatory proteins

To further elucidate whether cell cycle arrest was related to the 

regulation of cell cycle checkpoint proteins, the expression of 

G0/G1 cell cycle regulatory proteins was determined by Western 

blot analysis. As shown in Figure 5A, treatment with physcion 

exhibited the down-regulation of the protein levels including 

Cyclin D, Cyclin A, Cyclin E, CDK2, CDK4, and PCNA in 

MDA-MB-231 cells. In addition, cyclin dependent kinase inhibitor 

p21 was increased and c-Myc, a specific protein that regulates cell 
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Figure 4. Effect of physcion on the cell cycle progression in the MDA-MB-231 cells. Cells were treated with vehicle or various concentration
of physcion (35, 70, and 140 μM) for 24 hours. The cell cycle distribution was analyzed by flow cytometry as described in MATERIALS AND 
METHODS.

Figure 5. Effect of physcion on the expression of cell cycle regulatory proteins (A) and apoptosis related proteins (B) in the MDA-MB-231
cells. Cells were treated with the indicated concentrations of physcion for 24 hours. The expression level of proteins was analyzed by 
Western blot.

cycle progression and cell proliferation, was suppressed by 

physcion. The active Cyclin-CDK complexes in G0/G1 phase 

mediate the inactivation of tumor suppressor protein Rb via 

phosphorylation at serine residues.15 Thus, we examined the 

regulation of Rb phosphrylation by physcion. As a result, both of 

total and phosphorylation of Rb were suppressed by treatment of 

physcion. Therefore, physcion-medicated G0/G1 cell cycle arrest 

was associated with the decrease of expression of the 

corresponding cyclins and CDKs in MDA-MB-231 cells.
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4. Effects of physcion on the expression of apoptosis- 
related proteins

In order to determine whether the anti-proliferative effect of 

physcion is related to the induction of apoptosis, MDA-MB-231 

cells were exposed to physcion and the regulation of apoptosis- 

related proteins was evaluated by Western blot analysis. As 

shown in Figure 5B, physcion treatment significantly increased 

the expression of cleaved Caspases (-3, -8, -9) and cleaved-PARP. 

On the other hand, the expression of Bcl-2 and Bid was down- 

regulated. These results suggest that the increased protein 

expressions of cleaved PARP and cleaved Caspases (-3, -8, and -9), 

and decreased protein expressions of Bcl-2 and Bid by physcion 

were contributed to the induction of apoptosis in breast cancer cells.

DISCUSSION

Natural products have been evaluated as important source for 

developing the anti-cancer agents. Many plant-derived compounds 

have been shown to have potent anti-cancer activities and 

considered to be cancer therapeutic agents. As part of our 

on-going study on the identification of the potential anti-cancer 

agents from natural products, this study was designed to examine 

the anti-proliferative effects of physcion, an anthraquinone 

isolated from rhubarb (rhizome of R. tanguticum) and we further 

investigated the mechanisms of action in MDA-MB-231 human 

breast cancer cells. 

　The present study revealed that physcion inhibited the 

proliferation of MDA-MB-231 cells in a dose-dependent manner 

(Fig. 2). Based on the potential anti-proliferative activity of 

physcion, we further investigated the mechanisms of action 

related to cell cycle arrest and apoptosis. In physcion-treated cells, 

cell population in the S phase was decreased, whereas cell 

population in the G0/G1 phase was increased when compared 

with that of untreated cells. These data implied that physcion 

induced cell cycle progress in the G0/G1 phase arrest. A recent 

study reported that physcion 8-O-β-glucopyranoside exhibited an 

anti-proliferative activity of the A549 human lung cancer cells, 

and it was also associated with the G2/M phase cell cycle arrest 

and apoptosis.16 The different effects of physcion and physcion 

8-O-β-glucopyranoside on the cell cycle progression might be in 

part related to the difference of chemical structures and cancer 

cell types.

The induction of G0/G1 phase cell cycle arrest by physcion was 

further confirmed by the analysis of expression of the cell cycle 

regulatory proteins. The progression of cell cycle involves the 

sequential activation of CDKs, whose association with corres-

ponding regulatory cyclins is necessary for their activations.17 In 

particularly, cyclin D/CDK4 complex play an important role in the 

regulation of the G0/G1 phase, and cylicn E/CDK2 and cyclin 

A/CDK2 complexes are associated with the G1/S and initiation of 

S phase, respectively.18,19 Therefore, the suppression of cyclin D, 

cyclin E, cyclin A, CDK2, and CDK4 by physcion was involved in 

the G0/G1 and G1/S phase cell cycle arrest. The CDK inhibitor p21 

can negatively regulate cell cycle progression by inhibiting the 

kinase activities of CDKs/cyclin complexes.20 In addition, cyclin- 

CDK complexes inactivated tumor suppressor Rb by phospho-

rylating Rb at serine site.15 As shown in Figure 5A, physcion 

induced the expression of p21 and suppression of pRb, 

suggesting the involvement of G0/G1 phase cell cycle arrest by 

physcion in MDA-MB-231 cells.

Apoptosis is one of the main types of programmed cell death, 

and many anti-cancer agents induce apoptosis to achieve 

therapeutic efficacy.21,22 There was a significant increase in the 

sub-G1 phase population in physcion (140 μM) treated cells (Fig. 

5B). Therefore, the mechanistic activity of physcion was further 

analyzed by the expression of apoptosis-associated proteins. 

Apoptotic cell death involved two main molecular signaling 

pathways, the death-receptor extrinsic pathway and the 

mitochondrial intrinsic pathway.23 Caspase-8 and Bid are 

involved in the execution of apoptosis through the extrinsic 

pathway.23 On the other hand, caspase-9 is known to be involved 

in the activation of the intrinsic apoptosis pathway.24 Bcl-2 is 

traditionally known as a member of the BCL family and induces 

changes in the mitochondrial potential upon apoptotic stimuli, 

and this eventually leads to the activation of another pro- 

apoptotic proteins.25,26 As shown in Figure 5B, physcion induced 

an activation of Caspase-8 and Bid, which are critical in the 

extrinsic pathway, and also led to the down-regulation of Bcl-2 

and activation of Caspase-9, which are essential in the intrinsic 

pathway. In addition, the two pathways converge at the point of 

Caspase-3 activation, and following the activation of Caspase-3, 

PARP is cleaved. The present results demonstrated that physcion 

increased the apoptotic cells and activation of Caspase-3, -8, -9, 

and PARP. Previous study in human cervical cancer cells showed 

that physcion inhibited the levels of Bcl-2 and activated the 

Caspase-3 pathway,9 suggesting that our findings are well 

correlated with the previous report.

In conclusion, the present study demonstrated that anti- 

proliferative activity of physcion is mediated by inducing G0/G1 

phase arrest and apoptosis in MDA-MB-231 human breast cancer 

cells. These findings suggest that physcion might be a potential 
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lead candidate for developing cancer chemotherapeutic agents 

from rhubarb (rhizome of R. tanguticum).
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