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Introduction 

In United States out of gynaecologic cancers, ovarian 
cancer is the leading cause of death (Chan et al., 2006). 
The lifetime risk of ovarian cancer for women with 
family history in the US is estimated 9.4% (Hartge et al., 
1994). Absence of symptoms during early stage, leads 
detection of ovarian cancer at metastatic stage (Van et 
al., 2000). Only 25% of the epithelial ovarian cancers are 
detected as Stage I of the disease (Bast, 2003). The 
currently available treatment regimens and cytoreduc-
tive surgery has increased the cure rate of cancer 
patients at Stage I to 90% (Hoskins, 1995). No doubt use 
of surgery followed by chemotherapy has increased the 
response rates (Eisenkop et al., 2003; McGuire et al., 
1995; Ozols et al., 2003) but complications associated 
with disease progression cause 75% deaths afterwards. 
Although, cisplatin is the most important antineoplastic 
agent against a wide variety of solid tumors (Previati et 

al., 2006) but the development of drug resistance hin-
ders its efficiency (Stewart et al., 2006). Thus the 
demand for novel therapeutic agents is unmet. 

Autophagy plays a vital role in response to some 

physiological processes (Terman et al., 2007) and may 

lead to type II programmed cell death (Baehrecke, 

2005). In case of many antitumor drugs activation of 

autophagy leads to inhibition of cell proliferation. It has 

been observed in rats with carcinogen-induced pan-

creatic cancer that pancreatic adenocarcinoma cells 

have lower autophagic activity during tumor progre-

ssion (Toth et al., 2002). During starvation autophagy 

acts as a mechanism of cell survival. Autophagy is 

activated as a defence mechanism in response to many 

cancer therapeutics (Wu et al., 2008). 

Vernolepin is a sesquiterpene lactone isolated from the 
dried fruits of Vernonia amygdalina (Laekeman et al., 
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Abstract 
The study demonstrates the effect of vernolepin on proliferation and apop-
tosis in ovarian cancer cell lines. The inhibition of cell growth was significant 
at 30 μM concentration after 48 hours in both OVCAR-3 and SK-OV3 cell 
lines. Phase-contrast microscopic examination revealed a decrease in number 
of vernolepin-treated cells. A number of membranous structures and vacuoles 
were visible in the cytoplasm after 24 hours. After 48 hours chromatin 
condensation and nuclear fragmentation indicating typical apoptotic changes 
were observed. Vernolepin treatment lead to 83.6% cell viability compared to 
control. However the cell viability was increased to 93.7% on after starvation 
followed by vernolepin treatment. On the other hand, 3-MA in combination 
with vernolepin decreased cell viability to 54.5%. Annexin V-FITC/PI staining 
and FACS demonstrated that in OVCAR-3 and SK-OV3 cells treatment with 
vernolepin (30 µΜ) for 48 hours caused apoptosis in 34.2% and 28.5% cells 
respectively. Thus, vernolepin-treatment in ovarian carcinoma cells leads to 
autophagy before the onset of apoptosis and protects cancer cells.  

This work is licensed under a Creative Commons Attribution 3.0 License. You are free to copy, distribute and perform the work. You must attribute the work in the 
manner specified by the author or licensor.  

Vernolepin regulates apoptosis and autophagy via microtubule 
formation in ovarian carcinoma cells                

Ju-Hong Tu1, Wei-Hua Lou1, Rong Huang2 and Ai-Min Zhao1                   
1Department of Obstetrics and Gynecology, Renji Hospital, School of Medicine, Shanghai Jiao Tong University,  
Shanghai 200127, China; 2Department of Health Care Centre, Renji Hospital, School of Medicine, Shanghai Jiao 
Tong University, Shanghai 200127, China.     

Article Info 

Received:  9 December 2014 
Accepted:  12 January 2015 
Available Online:  2 February 2015  

DOI: 10.3329/bjp.v10i1.21180 

 

 

Cite this article: 
Tu JH, Lou WH, Huang R, Zhao AM. 
Vernolepin regulates apoptosis and 
autophagy via microtubule formation 
i n ova ria n ca rc inoma  ce l l s .               
Bangladesh J Pharmacol. 2015; 10: 100
-105. 



 

1983). It shows platelet anti-aggregating properties 
(Laekeman et al., 1985) and is also an irreversible DNA 
polymerase inhibitor (Clayde, 2005) hence may 
have antitumor properties. In the present study, we 
investigated the effect of vernolepin on autophagy and 
cell death in ovarian carcinoma cells. 

 

Materials and Methods 

Reagent 

Vernolepin, acridine orange (AO), mono-
dansylcadervarine (MDC), 4,6-diamidino-2-phenylin-
dole (DAPI), 3-methyladenine (3-MA) and rabbit 
polyclonal antibody against LC3 were purchased from 
Sigma-Aldrich (St. Louis, USA). Lipofectamine 2000 
was obtained from Invitrogen (Carlsbad, CA, USA) and 
Annexin V-FITC Kit from Bender MedSystems (Vienna, 
Austria). 

Cell lines and culture 

OVCAR-3 and SK-OV3 cell lines were obtained from 
The Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences, Shanghai Institute of Cell Biology 
(Shanghai, China). The cells were maintained in 
Dulbecco’s modified Eagle medium supplemented with 
10% fetal bovine serum containing penicillin 100 units/
mL, streptomycin 100 mg/mL and 10% FBS (PAA). 

CCK-8 assay 

In 96-well plates 1 × 105 cells/well were distributed. 
The plates after incubation for 12 hours were treated 
with either DMSO or different doses of vernolepin for 
different time periods. To each well 10 μL of CCK-8 
solution (Dojindo Laboratories) was added. The plates 
were incubated for 1 hour followed by measurement of 
absorbance at 450 nm using a microplate spectro-
photometer (BIO-RAD xMark). 

DAPI staining 

In 96-well culture plates the cells treated with 
vernolepin were fixed with 4% paraformaldehyde for 
20 min at 37°C. The cells were then stained with DAPI 
for 20 min and observed under the fluorescence 
microscope (OLYMPUS IX71).  

Analysis of apoptosis and cell cycle arrest using FACS  

The OVCAR-3 and SK-OV3 cells onto 6-well plates 
were treated with DMSO or vernolepin for 24 or 48 
hours after incubation for 12 hours. The cells at a 
density of 3 x 105/mL were washed in PBS and 
suspended in binding buffer. Annexin V-FITC (5 μL) 
was added to 200 μL cell suspension, incubated for 20 
min, washed and re-suspended in 200 μL binding 
buffer. Addition of 10 μL propidium iodide [PI] (20 μg/
mL) was followed by FAC Scan analysis for apoptotic 
cell death.  Cells fixed with 75% ice-cold ethanol at -20°
C for 2 hours were stained with PI in the presence of 

RNase A (100 μg/mL) for cell cycle analysis. 

AO or MDC vital staining  

In 96-well plates, the cells treated with vernolepin were 
stained with AO (5 μg/mL) or MDC (0.05 mmol/L) for 
20 min. We used fluorescence microscope (OLYMPUS 
IX71) for examination of the stained cells. 

Western blot analysis  

Following vernolepin treatment, the cells were lysed in 
lysis buffer (150 µmol/L NaCl, 50 µmol/L Tris-HCl, 
0.5% deoxycholic acid, 1% NP-40, 0.1% SDS and pro-
tease inhibitor cocktail) on ice for 1 hour. Bicinchoninic 
acid protein assay kit (Pierce) was used for determina-
tion of protein concentration after centrifugation of 
lysates. Proteins separated on SDS-PAGE were trans-
ferred to polyvinylidenedifluoride (PVDF) membrane 
blocked with a solution containing 10 µmol/L Tris, 150 
µmol/L NaCl, 0.1% Tween 20 (TBS-T) and 5% non-fat 
dry milk for 3 hours. After incubation with primary 
antibody at 4°C for 12 hours the membrane was treated 
with secondary antibody for 2 hours.  

Statistical analysis  

We used student’s t distribution probability density 
function for calculation of P-value. The experiments 
were performed in triplicates and expressed as mean ± 
S.D. The differences were considered statistically signi-
ficant at p<0.05. 

 

Results 

Treatment of human ovarian carcinoma cell lines with 
vernolepin lead to inhibition of cell growth in a concen-
tration and time dependent manner. Among the range 
of concentrations from 10 to 100 μM tested the inhibi-
tion of cell growth was significant at 30 μM of verno-
lepin after 48 hours in both OVCAR-3 and SK-OV3 cell 
lines (Figure 1A).  

Analysis of cell cycle using PI staining and FACS 
showed an increase in the number of OVCAR-3 cells at 
G2/M phase (18.2 ± 1.9% to 39.2 ± 2.1%) on vernolepin 
treatment after 48 hours. Similar cell cycle arrest was 
also detected in SK-OV3 cells (15.0 ± 1.0% to 47.7 ± 
2.4%) at G2/M phase (Figure 1B). 

Although no change in nuclei or nuclear membrane 
was noticed on vernolepin treatment in OVCAR-3 cells 
but a number of membranous structures and vacuoles 
were visible in the cytoplasm after 24 hours. After 48 
hours chromatin condensation and nuclear fragmenta-
tion indicating typical apoptotic changes was clearly 
visible (Figure 2A).  

There was only cytoplasmic vacuolization with no 
chromatin condensation in the vernolepin-treated SK-
OV3 cells for 24 hours. Autophagosomes were also 
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observed in the cytoplasm, which contained portions of 
cytosol and organelles, such as endoplasmic reticulum 
(ER) and mitochondria (Figure 2B). 

In vernolepin-treated OVCAR-3 cells red fluorescent 
spots whereas in control cells and the cells co-treated 
with 5 µmol/L 3-MA plus vernolepin green fluores-
cence was observed on AO staining. In vernolepin-
treated OVCAR-3 cells accumulation of autophage 
specific staining MDC was also observed around the 
nuclei (Figure 3). 

OVCAR-3 cells on starvation (in EBSS medium) for 4 
hours, exhibited reduction in cell viability to 66.9%. 
Similarly treatment of OVCAR-3 cells with 5 µmol/L 3-
MA decreased cell viability to 76.2% (Figure 4). Verno-
lepin treatment lead to 83.6% cell viability compared to 
control. However the cell viability was increased to 
93.7% on treatment with 2 hour starvation followed by 
48 hours vernolepin treatment. On the other hand, 3-
MA (2 µmol/L) in combination with vernolepin decrea-
sed cell viability to 54.5% (Figure 4). These results 
demonstrate that in vernolepin-treated OVCAR-3 cells 
autophagy exerts protective effect. 

The results from DAPI staining revealed typical apop-
totic changes with chromatin condensation and nuclear 
fragmentation in OVCAR-3 cells at 48 hours of verno-
lepin treatment. Annexin V-FITC/PI staining and FACS 
demonstrated that in OVCAR-3 cells treatment with 30 

μM vernolepin for 48 hours caused 34.2% of the cells to 
undergo apoptosis compared to 3.5% in control. 
Similarly treatment with 30 μM vernolepin for 48 hours 
caused 28.5% SK-OV3 cells to undergo apoptosis 
compared to 2.7% in control (Figure 5). 

 

Discussion  

The present study demonstrates that vernolepin 
treatment inhibits cell proliferation, arrests G2/M phase 
of cell cycle and induces the formation of AVOs in 
OVCAR-3 and SK-OV3 cancer cells. We also observed a 
large number of double-membrane autophagosomes 
and PAS in both OVCAR-3 and SK-OV3 ovarian cancer 
cell after vernolepin treatment. In addition, ovarian 
cancer cells on co-treatment with 3-MA and vernolepin, 
showed that 3-MA could reverse the accumulation of 
MDC and AO. All these results indicated that 3-MA 
could specifically inhibit vernolepin-induced auto-
phagy in ovarian cancer cells by inhibiting the increase 
of LC3.  

Recently, radiation (Paglin et al., 2001), ceramide 
(Daido et al., 2004), rapamycin (Takeuchi et al., 2005), 
and arsenic trioxide (Kanzawa et al., 2003) have been 
reported to act as stimulants for the autophagic process. 
The results from our study revealed that autophagy 
could play a protective role in vernolepin-treated 
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Figure 1: (A) Vernolepin inhibited the proliferation of ovarian cancer cells; (B) Cell cycle was arrested at G2/M phase by vernole-
pin. The data are presented as means ± S.D. from three independent experiments 
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Figure 2: Formation of autophagosomes was induced by vernolepin in ovarian cancer cells. OVCAR-3 (A); and SK-OV3 (B) cells 
were treated with vernolepin (30 μM) or DMSO  

A 

B 

Vernolepin                                                                 Control                                                            Vernolepin+3-MA 

Figure 3: Accumulation of AVOs induced by vernolepin treatment 



 

ovarian cancer cells. Nutrient starvation has been 
widely used to induce autophagy (Martinez-Borra and 
Lopez-Larrea, 2012). OVCAR-3 cells on co-treatment 
with starvation and vernolepin exhibited high level of 
autophagy compared to the cells treated with verno-
lepin alone. However, there was increased vernolepin-
induced cell death on treatment with 3-MA. Vernolepin 
treatment for 48 hours significantly increased apoptosis 
in OVCAR-3 and SK-OV3 cells. There was chromatin 
condensation, nuclear fragmentation and disappear-
ance of the surface microvilli in the cells undergoing 
apoptosis. 

In summary, we demonstrated that vernolepin treat-
ment could induce autophagy in ovarian cancer cells. 
Autophagy could protect cancer cells from apoptotic 
cell death by delaying the onset of apoptosis. P21 
protein plays an important role in vernolepin-induced 
autophagy and apoptosis.  
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Figure 4: Protective role of autophagy in vernolepin-treated OVCAR-3 cells  
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