
INTRODUCTION

Microglia has multiple functions in regulating homeostasis 
of the central nervous systems (CNS). Microglia is a resident 
immunological cell in the CNS and participate in both innate 
and adaptive immune responses. Microglia cells have been 
implicated as active contributors to neuron damage in neuro-
degenerative disorders such as Alzheimer’s disease, Parkin-
son’s disease and multiple sclerosis (Block et al., 2007; Saijo 
and Glass, 2011). Recently, several studies have reported the 
involvement of apoptosis and autophagy in microglia-induced 
neurotoxicity (Chen et al., 2016; Su et al., 2016).

Apoptosis, also known as type I programmed cell death, is 
a selective physiological process that plays an important role 
in the balance between cell replication and cell death. A wide 
range of stimuli can be integrated to trigger the irreversible 
decision to die. Most cytotoxic and neurotoxic agents cause 
cell death by apoptosis (Foo et al., 2015; Liu et al., 2015b). 

The advantage of apoptosis-inducing agents is the elimina-
tion of potentially harmful cells without causing inflammation. 
Autophagy is essential for cell survival and the maintenance of 
homeostasis. There have been reports showing that autopha-
gy is involved in the degradation of unnecessary or defective 
cellular components in the lysosome (Levine and Kroemer, 
2008; Mizushima and Komatsu, 2011; Mochida et al., 2015). It 
is also reported that autophagy plays a critical role in the pro-
gression of certain human disorders, including neurodegener-
ative disease and cancer (Levine and Kroemer, 2008). Recent 
studies indicate that autophagy also functions in cell death, 
and it is called type II programmed cell death (Baehrecke, 
2005). Growing evidences suggest the inter-relationship be-
tween apoptosis and autophagy in controlling cell survival and 
cell death (Mukhtar et al., 2012; Mukhopadhyay et al., 2014). 

Betulinic acid (3-beta-hydroxy-lup-20(29)-ene-28-oic acid, 
BA) is a natural pentacyclic triterpene that can be isolated 
from various plants including white birch bark (Yogeeswari 
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and Sriram, 2005, Sami et al., 2006). BA has been reported to 
have a variety of biological and pharmacological activities: tu-
mor suppression (Periasamy et al., 2014; Zhang et al., 2016), 
anti-inflammatory effect (Kim et al., 2016), and anti-parasitic 
activity (Meira et al., 2016).

It has been reported that microglia is involved in the signal-
ing cascade that is associated with neuronal cell death in vari-
ous neurological diseases such as Alzheimer disease, Parkin-
son disease and traumatic brain injury (Block et al., 2007; Gao 
and Hong, 2008; Loane et al., 2009; Lee and Jeong, 2014; 
Stoica et al., 2014). It was reported that microglia is involved 
in apoptosis of other cells such as pheochromocytoma cells 
(Hornik et al., 2016). Some efforts were made to find a small 
molecule or an extract that modulate microglia cells thus pro-
tect microglia or other neuron cells (Lee and Jeong, 2014; Li et 
al., 2014; Wang et al., 2014; Liu et al., 2015a). In addition, elu-
cidation of microglial cell death induction mechanism caused 
by small molecules were reported (Liu et al., 2015b; Yu et al., 
2015). Hence studies in the modulation of microglia cell sur-
vival and death could be useful in formulating a strategy for 
the treatment of neurological diseases. In this study, we evalu-
ated the cell death induction effect of BA in BV-2 microglia 
cells. BV-2 cells are common microglial cells that have been 
widely used in studies of neuro-protective effect and neuro-
toxicity (Kwon et al., 2012; Hao et al., 2013; Li et al., 2014; 
Liu et al., 2015b). We report that BA inhibited cell proliferation 
and caused cell death by inducing apoptosis and inhibiting au-
tophagic flux in BV-2 cells.

MATERIALS AND METHODS

Materials
The following chemicals were obtained from Sigma-Aldrich, 

St. Louis, USA: Betulinic acid (BA) dimethyl sulfoxide (DMSO), 
Nondet P-40 (NP-40), phenol solution and ethidium bromide. 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide 
(MTT) was purchased from Duchefa, Haarlem, Netherland. 
Ethanol, isopropanol and isoamyl alcohol were obtained 
from Hayman Chemical Co., Witham, UK, Merck Millipore, 
Darmstadt, Germany and Junsei, Tokyo, Japan, respective-
ly. Nuclear Isolation Medium-4,6-diamidino-2-phenylindole 
dihydrochloride (NIM-DAPI) was purchased from Beckman 
Coulter, Brea, USA. Bradford protein assay dye reagent was 
purchased from Bio-Rad, Hercules, USA. Chemicals including 
NaF, ethylene diamine tetra acetic acid (EDTA) and Na3VO4 
were purchased form Sigma Aldrich, and protease Inhibitor 
was obtained from Roche diagnostics, Basel, Switzerland. 
Polyvinylidene difluoride (PVDF) membrane was purchased 
from Merck Millipore. Cell culture materials were purchased 
from Welgene, Gyeongsan, Korea and Gibco BRL, Waltham, 
USA. All other chemicals were of the highest analytical grade 
and purchased from common sources. 

Rabbit polyclonal anti-Bcl-2, rabbit polyclonal anti-cas-
pase-3, and rabbit polyclonal anti-human anti-Bax and anti-
PARP, rabbit polyclonal anti-LC3 and rabbit polyclonal anti-
p62 were purchased from Cell signaling technology, Danvers, 
USA. Mouse polyclonal anti-α-tubulin and mouse polyclonal 
anti-vinculin were obtained from Santa Cruz biotechnology, 
Oregon, USA and Sigma-Aldrich, respectively. Anti-mouse 
and anti-rabbit horseradish peroxidase (HRP)-conjugated 
secondary IgG antibodies were from Bethyl, Montgomery, 

USA. West Pico Chemiluminescent substrate solution was 
purchased from Thermo scientific, Waltham, USA. 

Cell culture BA treatment 
Mouse microglia BV-2 cells were maintained in the logarith-

mic phase of growth in Dulbecco’s modified Eagle’s medium 
(DMEM) (Welgene) supplemented with 5% fetal bovine serum 
(FBS, Gibco BRL), 2 mM L-glutamine, and antibiotics. Cul-
tures were maintained at 37°C in a humidified atmosphere of 
95% air and 5% CO2. Logarithmically growing BV-2 cells were 
used for all experiments. Betulanic acid (BA) was dissolved in 
DMSO at the concentration of 20 mM and diluted in tissue cul-
ture medium before use. For glucose starvation experiment, 
BV-2 cells were cultured in glucose free DMEM (Welgene) 
supplemented with 10% FBS (Gibco BRL), 2 mM L-glutamine, 
and antibiotics for 16 hrs.

Cytotoxicity analysis and morphology observation
Cell viability was estimated by the MTT assay. Exponen-

tially growing cells were seeded at 3×104 cells/well in a 96-well 
plate and treated with various concentrations of BA. After the 
cells were incubated for 20 hrs, 20 µl of MTT (5 mg/ml) was 
added and the cells were incubated for another 4 hrs at 37°C. 
The supernatant was discarded and 150 µl of dissolving sol-
vent (4 mM HCl and 0.1% NP-40 in isopropanol) was added. 
The plate was gently agitated until the blue formazan crystals 
were fully dissolved. The absorbance was measured at 550 
nm using a microplate reader (Wallac Victor 3-V, Perkinelmer, 
USA). The data were expressed as a mean percentage of vi-
able cells as compared to the respective control cultures. All 
experiments were performed at least in triplicate. 

 
Morphology observation 

Cells used in this study were constantly observed under 
an inverted phase-contrast microscope (Primo Vert, Zeiss, 
Oberkochen, Germany). Photographs were taken after BV-2 
cells were incubated with various concentrations of BA for 24 
hrs as described in the text and figure legend. 

 
DNA fragmentation analysis

Cells were grown at a density of 8×105 cells/ml and ex-
posed to BA at different concentrations as described in the text 
and figure legends. Cells were rinsed with ice-cold phosphate 
buffered saline (PBS), centrifuged and resuspended in 0.01 
vol. of TE buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0). DNA 
was purified as previously described (Hyun et al., 1997). The 
resulting purified DNA fragments were subjected to electro-
phoresis on 1.5% agarose gel. DNA bands were visualized by 
fluorescence after ethidium bromide staining, and quantified 
with a densitometer (Ultra-Lum Imaging System, San Diego, 
USA). Results shown are an example from 3 different experi-
ments.

Flow cytometry
The effects of BA on cell proliferation were evaluated by 

measuring the distribution of the cells in the different phases 
of the cell cycle by flow cytometry. Cells were treated with BA 
at various concentrations and harvested by centrifugation at 
750×g for 5 min. Cell pellets were rinsed with PBS and re-sus-
pended in the staining solution containing DAPI (NIM-DAPI, 
10 µg/ml, Beckman coulter). The cell suspensions were incu-
bated at room temperature for 10 min in the dark and analyzed 
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on a fluorescence-activated cell sorter flow cytometer (Quanta 
SC, Beckman coulter). All experiments were performed at 
least in triplicate.

Western blot analysis
BV-2 cells were treated with BA and subjected to western 

blot analysis. BV-2 cells were exposed to various concentra-
tions of BA for 24 hrs or 16 hrs to analyze apoptosis-related or 
autophagy-related proteins, respectively. Cells were lysed in 
a lysis buffer (20 mM Tris, 100 mM NaCl, 0.1% NP40, 50 mM 
NaF, 2 mM EDTA, 1 mM Na3VO4 and protease inhibitor, pH 
7.5) and protein concentrations were determined by Bradford 
assay. Lysis buffer L (1% triton X-100, 50 mM NaF in phos-
phate buffered saline) was used for the analysis of autophagy-
related proteins. The total protein (5 or 10 µg) in each lysate 
were separated by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and electro-transferred onto 
PVDF membranes. The membranes were blocked with 5% 
non-fat milk for 1 hour at room temperature and then probed 
with specific primary antibody for 16 hours at 4°C. The spe-
cific protein bands were visualized by peroxidase-conjugated 
secondary antibody and chemiluminescent substrate solution. 

RESULTS 

BA inhibited proliferation of BV-2 cells 
The chemical structure of test compound, BA is shown in 

Fig. 1. The effect of BA on cellular proliferation was evaluated 
using the MTT assay. A 24 hr exposure to BA dramatically de-
creased the proliferation of BV-2 cells in a dose-dependent 
manner (Fig. 2A). The concentration required to inhibit growth 
by 50% (IC50) was approximately 2.0 µM. Relative cell survival 
was also assessed at various times after exposure to 2.0 µM 
of BA. Prolonged exposure to BA markedly decreased the vi-
ability of these cells (data not shown). Control cells treated 
with vehicle alone showed no changes in cell proliferation or 
viability. 

Morphological changes were observed using a phase 
contrast microscope. Treatment of various concentrations of 
BA for 24 hrs in BV-2 cells resulted in reduction of live cell 
numbers and morphology changes (Fig. 2B). The morphol-
ogy change includes rounding, detachment and cell shrinking 
which are distinct morphological characteristics associated 
with apoptotic cells. 

Induction of apoptosis by BA treatment 
To determine whether BA-meditated inhibition of growth 

and proliferation were associated with apoptosis, the BA-
induced chromosomal DNA degradation and appearance of 

DNA fragmentation in BV-2 cells were examined. As shown 
in Fig. 3, cells treated with BA showed significant degradation 
of chromosomal DNA and appearance of DNA fragmentation. 
When we measured the chromosomal DNA content after 24 hr 
of various concentrations of BA treatment, approximately 8% 
and 26% of chromosomal DNA were degraded at 2 µM and 6 
µM of BA treatment, respectively (Fig. 3B). 

The induction of apoptotic bodies in BA-treated BV-2 cells 
was further analyzed by flow-cytometric determination of 
DNA content (Fig. 4). Histograms of DNA content obtained 
from DAPI-stained BV-2 cells showed that the percentage of 
cells with reduced DNA content progressively increased as 
the treatment dose increased. Apoptosis was negligible up to 
4 µM of BA treatment. However, the percentage of apoptotic 

Fig. 1. Structure of betulinic acid (BA).
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Fig. 2. Antiproliferative effect of BA in BV-2 cells. (A) Cells were 
incubated with indicated concentrations of BA for 24 hrs and cell 
survival was measured by the MTT assay. (B) Morphological 
changes in BV-2 cells in response to BA treatment. Cells were 
incubated with indicated concentrations of BA for 24 hrs. Cell mor-
phology was observed under a phase-contrast microscope (×200 
magnification) after BA treatment. 
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Fig. 4. Apoptotic bodies were induced by BA treatment. (A) BV-2 cells were treated with various concentrations BA for 24 hrs. Cells were 
stained with DAPI and analyzed by flow cytometry. (B) Relative number of sub-G1 apoptotic cells in BA-treated cells was plotted. 

Fig. 3. Induction of chromosomal DNA degradation in BA-treated BV-2 cells. (A) Cells were treated with BA at indicated concentrations for 
24 hrs and harvested. Chromosomal DNA was extracted and subjected to electrophoresis on 1.5% agarose gels followed by ethidium bro-
mide staining. (B) Density of each bands were measured and plotted as relative content to the control. 
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cells (cells in sub-G1) increased to 3.7 and 7.1% at 10 and 
15 µM of BA treatment, respectively. The profile for the BA-
induced increase in cells with hypodiploid DNA content close-
ly correlated with the results obtained with the chromosomal 
DNA degradation. In parallel to the increase in the number of 
cells with sub-G1 hypodiploid DNA content, there was a de-
crease in the number of cells with diploid DNA content. 

Effect of BA treatment on Bcl-2 level and caspase-3  
activation 

In order to investigate the mechanism by which BA induc-
es apoptosis, we examined the expression levels of various 
apoptosis-related proteins. BV-2 cells were cultured in media 
containing 0-6 µM of BA for 24 hrs. Total proteins were iso-
lated and Bax, caspase-3, and PARP [poly(ADP-ribosyl)poly-
merase] immunoreactivity levels were measured by western 
blotting. As shown in Fig. 5, western blot analysis revealed 
that BA treatment decreased the levels of Bcl-2 protein, an 
important regulator of apoptotic signaling pathways (Reed, 
1998). No significant change in the level of pro-apoptotic pro-
tein, Bax was observed. We also found that BA induced the 
proteolytic processing of caspase-3 in dose-dependent man-
ner. Activation of caspase-3 led to the cleavage of a number 
of proteins, one of which is poly (ADP-ribose) polymerase 
(PARP). Although PARP is not essential for cell death, the 
cleavage of PARP is another hallmark of apoptosis. BA treat-
ment also induced a dose-dependent proteolytic cleavage of 
PARP, with concomitant accumulation of the 89 kDa form and 
the disappearance of the full-size 116 kDa molecule (Fig. 5). 
Taken together, these findings suggest that BA induced apop-
tosis through the down-regulation of Bcl-2 and the activation 
of caspase-3.

Effect of BA treatment on autophagic flux 
To further confirm the cell death mechanism mediated 

by BA in BV-2 cells, changes in the expression levels of the 
protein in autophagy induction pathways were investigated. 
In order to examine the autophagic flux, the conversion of 
microtubule-associated protein light chain 3 (LC3)-I to phos-
phatudylethanolamine (PE) conjugate form (LC3-II), and p62 
expression were observed. 

BA treatment increases in the conversion of LC3-1 to LC3-
II in dose-dependent manner within BV-2 cells (Fig. 6). On 
the other hand, the expression level of p62 was increased, 
suggesting that p62 was not degraded but accumulated (Fig. 
6). As a positive control, cells were starved with glucose and 
the changes in the level of p62 and the conversion of LC3-I 
to LC3-II form were monitored (Fig. 6B). Under the glucose 
starvation condition the level of p62 was decreased and the 
the level of LC3-II was increased which are the well-known 
characteristic of autophagy induction (Kim et al., 2013). These 
results indicate that BA treatment induced the accumulation 
of LC3-II, which represents the increase in the number of au-
tophagosome. However, there was no concomitant degrada-
tion of p62 was not occurred. Rather, p62 accumulation was 
observed. These data suggested that BA treatment inhibited 
the autophagic flux in BV-2 cells.

DISCUSSION

The importance of natural products in drug discovery have 
been emphasized (Rosén et al., 2009; Hong, 2011). Natural 
products have been good source for new drug development 
and discovery in various diseases (Butler, 2008). Natural 
products and their molecular framework also have been used 
in medicinal chemistry for drug design for the discovery of 
new drugs (Rodrigues et al., 2016). Recently, many attempts 
have been made to find a new therapeutics of neurological 
diseases (Butler, 2008; Choi et al., 2011; Gu et al., 2014). BA 
is a natural product that can be found in many medicinal plants 
and contains many favorable biological activities (Periasamy 
et al., 2014). 

In this study we evaluated the cell death inducing effect in 
microglial BV-2 cells. BA showed cell proliferation inhibition 
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Fig. 5. Changes in the expression of apoptosis-related proteins 
in response to BA treatment. BV-2 cells were treated with various 
concentrations of BA for24 hrs. Cell extracts were subjected to 
western blotting to determine immunoreactivity levels of Bcl-2, Bax, 
caspase-3, and PARP. Representative western blots are shown. 
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Fig. 6. Change in the expression of autophagy-related protein in 
response to BA treatment. (A) BV-2 cells were treated with various 
concentrations of BA for 16 hrs in a complete medium. (B) BV-2 
cells were cultured either in a complete medium or in a glucose-
free medium. Cell extracts were subjected to western blotting to 
determine immunoreactivity levels of p62 and LC3. Representative 
western blots are shown.
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effect with IC50 of 2 µM. The alterations in cell morphology, the 
fragmentation of chromosomal DNA, and the appearance of 
sub-G1 hypodiploid cells in flow cytometry analysis all indicate 
that BA induced apoptosis in BV-2 cells. To further analyze 
the molecular mechanism by which BA causes cell death, we 
evaluated the level of proteins in apoptosis pathway. 

Apoptosis is morphologically characterized by cellular 
shrinkage, chromatin condensation, and nuclear fragmenta-
tion. During apoptosis, double strand cleavage occurs at the 
linker regions between nucleosomes to produce DNA frag-
ments which develop characteristic DNA ladder pattern on 
agarose gels (Wyllie, 1980; Arends et al., 1990). The appear-
ance of chromosomal DNA fragmentation pattern seems dif-
ferent in various cell types. In our data the pattern of chro-
mosomal DNA fragmentation in BV-2 cells was rather smeary 
degraded bands than discrete DNA ladder bands. Similar ob-
servations were made with dehydroepiandrosterone-treated 
BV-2 cells and primary neuronal cells (Vogel et al., 1997; Yang 
et al., 2000).

In our study, it was observed that caspase-3 was activated 
and the caspase substrate PARP was proteolytically cleaved 
to low molecular weight fragments in BA-treated BV-2 cells. 
In addition to caspase-3 activation, the level of Bcl-2, an anti-
apoptotic protein, was decreased while the level of Bax, a pro-
apoptotic protein, remained constant upon treatment of BA, 
resulting in a decrease in the ratio of Bcl-2/Bax, one of the 
major events that regulate apoptosis (Oltvai and Korsmeyer, 
1994). Similar observation was reported that BA or BA deriv-
ative-treated human cancer cells in the induction of decrease 
in the level of Bcl-2 and PARP cleavage by caspase activation 
(Li et al., 2010; Khan et al., 2016). It was obvious that BA 
caused cell-death through the induction of apoptosis. How-
ever, the extend of cell death caused by apoptosis alone could 
not explain the cell death data observed with MTT. Therefore, 
we tried to find other cell death inducing mechanism that is 
involved in BA-induced BV-2 cell death.

Autophagy is the major lysosomal intracellular degradation 
system that involves the delivery of cytoplasmic cargo to the 
lysosome. Autophagy is essential in survival, differentiation, 
development and homeostasis (Levine and Kroemer, 2008; 
Mizushima and Komatsu, 2011). Autophagy can be activated 
in response to various cellular and environmental stress condi-
tions to promote cell survival or cell death (Baehrecke, 2005). 
One of the best characterized proteins in autophagy pathway 
is p62 (also known as sequestome 1/SQSTM1) which is unbiq-
uitously expressed. p62 interacts with LC3 and subsequently, 
it is incorporated into the autophagosome and degraded in au-
tophagy pathway (Mizushima and Komatsu, 2011). During au-
tophagy process, a cytosolic form of LC3 (LC3-I) is conjugated 
to PE to form LC-3-PE conjugate (LC3-II). The conversion of 
LC3-I to LC3-II is used as autophagosome marker for autoph-
agy monitoring (Mizushima and Yoshimori, 2007; Tanida et al., 
2008; McLeland et al., 2011). It is suggested that comparison 
of the amount of LC3-II between samples is more important 
than the comparison of the LC3-1/LC3-II ratio (Mizushima and 
Yoshimori, 2007). Autophagosome accumulation may indicate 
the induction of autophagy and, at the same time, may repre-
sent the increased generation of autophagosome, and a block 
in autophagosome maturation and the completion of autopha-
gy pathway (Mizushima et al., 2010). If there is an autophagy 
induction, the increase in the conversion of LC3-I to LC3-II 
and the decrease in p62 are expected. It is known that p62 is 

selectively incorporated into autophagosome through binding 
to LC3 and degraded by autophagy (Mizushima and Komatsu, 
2011). It is also reported that the accumulation of LC3-II form 
does not always indicate the induction of autophagy. It may be 
accumulated by blocking of the downstream steps (Mizushima 
et al., 2010).Our data showed the accumulation of p62 and 
the increase in LC3-II upon BA-treatment. However, under 
the glucose starvation condition, that is known to induce au-
tophagy (Kim et al., 2013), the level of p62 decreased and the 
level of LC3-II was increased. These data indicate that the 
accumulation of autophagosome without fusion with lysosome 
and subsequent degradation of p62, hence suggesting the in-
hibition of autophagy flux. It seemed that the inhibition of au-
tophagic flux contributed to cell death in BA-treated BV-2 cells. 

In conclusion, we demonstrated that BA caused cell death 
in microglia BV-2 cells by inducing apoptosis and inhibiting 
autophagic flux. BA-treatment inhibited cell proliferation and, 
induced chromosomal DNA fragmentation and appearance of 
sub-G1 hypodiploid cells. Induction of apoptosis was through 
the decrease in anti-apoptotic Bcl-2 and the activation of cas-
pase-3. Autophagic flux inhibition was shown through the ac-
cumulation of p62 and increase in the conversion of LC3-I to 
LC3-II.
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