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reast cancer is the most common cancer in Thai 
women.1 The standard chemotherapeutic drugs 

have many serious adverse effects and limitations.2,3 
In an attempt to overcome the limitation, many plant-
derived compounds have been modified and 
evaluated for anti-tumor activity.4,5,6 Several test 
compounds are potent anti-cancer activity as reported 
in the literature.7,8  

A number of semi-synthetic compounds from 
natural product are developed against cancers.9 
Etoposide is a semi-synthetic anti-cancer drug which 
is derived from podophyllotoxin. Podophyllotoxin is 
the lignan podophyllin obtained from Podophyllum 
(Berberidaceae). This drug is effective against 
cancers of lung and colon.10 In Thailand, lignan 
compound is also isolated from Phyllanthus 
taxodiifolius Beille., an indigenous medicinal plant.11 
This plant is widely distributed in the central and 
northeastern parts of Thailand and has traditionally 

been used as a diuretic agent. Many lignan analogues 
are prepared to obtain more potent and more selective 
compound against cancers.  

The present study aimed to investigate the 
cytotoxic activity, and apoptosis induction of MUC-
30, a semi-synthetic analog of lignan from 
Phyllanthus taxodiifolius Beille., in human breast 
cancer cell lines (MCF-7).  
 

Materials and Methods 
 

Materials 
MUC-30, a semi-synthetic analog of lignan, was 
kindly provided by Assoc. Prof. Dr. Patoomratana 
Tuchinda (Department of Chemistry, Faculty of 
Science, Mahidol University, Bangkok, Thailand). 
The purity of MUC-30 was assessed by HPLC and 
was approximately 99 %. 

 

Cell lines  
Human breast cancer (MCF-7) cells were purchased 
from the American Type Culture Collection (ATCC). 
They were grown as monolayer in Minimum 
Essential Medium (MEM; Invitrogen, Carlsbad, CA, 
USA) with Earle’s salts and L-glutamine containing 
10% Fetal bovine serum (FBS; Thermoscientific, 
Cramlington, UK), 10 µg/ml of insulin, and 1 % 
sodium pyruvate in a humidified 5 % CO2 incubator 
at 37°C. 
 

MTT assay for cell viability  
The number of viable cells were determined by using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
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bromide (MTT; Sigma-Aldrich, St. Louis, MO, USA) 
assay.12 MCF-7 cells (1 x 104 cells/well) were seeded 
in 96-well plates, cultured for 24 h and then treated 
with various concentrations (0.01-10 µM) of MUC-
30 for 24, 48 and 72 h. In control group, cells were 
grown in media containing an equivalent amount of 
0.1% DMSO. At the end of incubation, the medium 
was removed, washed with PBS, and incubated with 
5 mg/ml of MTT containing medium for 4 h in the 
CO2 incubator at 37°C. After the incubation, the dark 
blue formazan product in the cells was dissolved with 
DMSO and the absorbance at 540 nm wavelength 
was measured by a microplate reader (FLUOstar 
OPIMA, Germany). 

  

Detection of morphological changes by DAPI 
staining 
MCF-7 cells (2 x 105 cells/ml) were grown in a 60-
mm petri dish for 24 h. After treatment with MUC-30 
(0.2 µM) for 48 h., the untreated and treated cells 
were trypsinized and washed twice with PBS 
containing Ca2+ and Mg2+ (pH 7.4). The cell 
suspensions was fixed with ice-cold methanol for 5 
min. stained with 4,6-Diamidine-2-Phenylindole 
dihydrochloride (DAPI; Roche Diagnostics GmbH, 
Mannheim, Germany) in methanol for 15 min at 
37oC. The stained cells were centrifuged at 2,710g, 
37°C for 10 min and washed with PBS. The stained 
cells were mounted on slide with 50 % glycerol. The 
specimens were observed under a fluorescence 
microscope (Nikon, ECLIPSE TE 2000-5, Japan). 
 

Cell apoptosis analysis  
MCF-7 cells (2 x 105 cells/ml) were seeded on a 60-
mm petri dish for 24 h. After treatment with MUC-30 
(0.2 µM) for 48 h., the untreated and treated cells 
were trypsinized, harvested, washed twice in ice-cold 
PBS and re-suspended in cold PBS. The cell 
suspensions was fixed by absolute ethanol at -20°C 
and centrifuged at 100xg, 4°C for 5 min. The cell 
pellets were washed with ice-cold PBS, then, stained 
with 50 µg/ml of propidium iodide solution (PI; 
Sigma-Aldrich, St. Louis, MO, USA) and 10 µg/ml 
RNase A at 37°C for 30 min. Cells were analyzed by 
BD FACSCantoTM flow cytometer (BD Biosciences, 
USA). 

 

Western blot analysis for PARP-1 
MCF-7 cells (1 x 106 cells/ml) were cultured on a 60-
mm petri dish. After 24 h, cells were treated with 0.2 
µM MUC-30 for 48 h. The treated cells were washed 
twice in ice-cold PBS and lysed with lysis buffer. The 
protein concentration was measured and subjected to 
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinyl fluoride 
(PVDF) membrane. The membrane was blocked with 
5% non-fat dried milk in 1X TBS/1 % Tween 20 at 
room temperature for 1 h and incubated with PARP-1 
antibody at 4oC overnight.PARP-1 antibody (Cell 
signaling, Beverly, MA, USA) was detected with 
horseradish  peroxidase-conjugated secondary anti- 

 
 

Figure 1  The anti-proliferative effect of MUC-30 on MCF-7 
cells. Cells were treated with various concentrations of MUC-
30 (0.01-10 µM) for 24, 48, and 72 h. Cell viability was 
determined by using MTT assay. Data represent mean ± 
SEM of three independent experiments. 
 
body and visualized by an enhanced chemilumines-
cence. 
 

Statistical analysis 
Data are expressed as mean ± SEM. Student’s t-test 
are applied to compare between the control and 
treated cells. A P value < 0.05 was considered to be 
significant. 
 

Results 
 

Effect of MUC-30 on viability of MCF-7 cells 
Cytotoxicity was screened in 6 cancer cells and found 
that MCF-7 cell is the most sensitive one. Figure 1 
shows the cytotoxic effect of MCF-7 cells after 
continuing exposure to various concentrations (0.01-
10 µM) of MUC-30 for 24, 48, and 72 h. MUC-30 
induced cell death in dose and time dependent 
manners. Its IC50 dose (concentration that inhibits 50 
% of cell growth) was 0.23 ± 0.07 µM at 72 h. 
Etoposide is an anti-cancer agent used in chemo-
therapy for breast cancer. Its structure is similar to 
lignan compound. Interestingly, the anti-proliferative 
effect of MUC-30 was higher than that of etoposide.13 
 

Morphological changes of MCF-7 cells  
After treatment with 0.2 µM MUC-30 for 48 h, the 
morphology of MCF-7 cells was examined under an 
inverted phase-contrast microscope. Cell shrinkage, 
loss of cell-to-cell contact, and the apoptotic bodies 
were observed. Using a fluorescence dye, DAPI, 
MUC-30- treated cells also showed condensation and 
fragmentation of nuclei as shown in Figure 2. 
 
Induction of MCF-7 cells apoptosis 
Since MUC-30 exhibited the anti-proliferative 
activity on MCF-7 cells, the apoptosis of cells was 
determined by PI staining and flow cytometry. After 
treatment, MCF-7 with 0.2 µM MUC-30 for 48 h, the 
apoptotic cells in subG0 phase increased from 1.9 ± 
0.13 % in the vehicle-treated cells to 8.6 ± 1.06 % in 
the MUC-30-treated cells (Figure 3). This result 
indicates that MUC-30 induced apoptosis through the 
accumulation of cells in subG0 phase. 
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Figure 2   MUC-30 induced morphological changes of MCF-
7 cells. Cells were treated with 0.2 µM MUC-30 for 48 h. A, 
photograph of phase contrast microscope (400x mag-
nification). White arrows indicate cell shrinkage or apoptotic 
bodies. B, cells were stained with DAPI and observed under 
fluorescent microscopy (400x magnification). White arrows 
indicate chromatin condensation. 
 
Effect of MUC-30 on PARP-1 protein expression  
PARP-1 is a nuclear enzyme which is involved in 
DNA repair and known as the hallmark of apoptosis. 
In the untreated cells, PARP-1 was detected as the 
native enzyme (116 kDa). After treatment with 0.2 
µM MUC-30 for 48 h, PARP-1 was cleaved into 89 
kDa fragment, as shown in Figure 4. 

 
Discussion 

 

The present study demonstrated the potent anti-
proliferative action of a semi-synthetic analog of 
lignan (MUC-30) in human breast cancer (MCF-7) 
cells. The compound induced apoptosis which is 
characterized by morphological changes, an 
accumulation of cells at sub-G0 phase of cell cycle, 
and PARP-1 cleavage.  

Apoptosis is the main mechanism for anticancer 
agents. The alteration of cellular and molecular 
pathways which control the cell cycle and apoptosis 
may change the sensitivity and cause resistance to 
anticancer drugs.14 The characterization of apoptosis 
includes a loss of cell viability, DNA condensation 
and fragmentation, cell cycle arrest at subG0 phase 
and cleavage of PARP-1 proteins.15,16,17 The finding 
and development of effective new anticancer drugs 
and chemotherapeutic agents from natural resources 
are needed,8,18 MUC-30 is a semi-synthetic analog of 
lignan isolated from Phyllanthus taxodiifolius Beille 
or Krai Hang Nak. In the present study, MUC-30 
induced a loss of MCF-7 cell viability in a dose-and 
time-related manner. This compound caused a 
condensation and fragmentation of nucleus and an 
accumulation of cells in subG0 phase at 48 h, 
suggesting an induction of apoptosis. In addition, 
PARP-1, a potential target of cell death that is 
involved in DNA repair, was cleaved during 
apoptosis process. PARP-1 (116 kDa) proteins has 

 

 
Figure 3  The percentage of apoptotic cells in SubG0, G0/G1, 
S and G2/M phases in MCF-7 cells treated with 0.2 µM MUC-
30 for 48 h. Results are presented as mean ± SEM of three 
independent experiments.  *P < 0.05 significantly different 
from control (untreated cells). 
 

 
Figure 4  Effect of MUC-30 on the protein expression of 
PARP-1 in MCF-7 cells. Cells were treated with 0.2 µM 
MUC-30 for 48 h. Expression of PARP-1 was analyzed by 
western blot. 
 
been reported to be  cleaved into fragments of 85 
kDa.14 In the present study, it was evident that PARP-
1 (116 kDa) was cleaved into fragments of 89 kDa. 
All together, MUC-30 mediated the anti-proliferative 
effect in MCF-7 cells via apoptosis.  

However, the activation of the cellular 
components of apoptosis was not determined in the 
present study. Further investigations on these 
parameters are required for the understanding of 
apoptosis pathway, which may be useful for the 
development of anti-cancer agents. 
 

Conclusion 
MUC-30 is a potent anti-proliferation agent for MCF-
7 cells. Its action is mediated through apoptosis as 
revealed by morphological changes, an accumulation 
of cells at subG0 phase of cell cycle and PARP-1 
degradation. Result of the present study is important 
for further development of this compound as a new 
therapeutic agent for cancer treatment. 
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