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Escin reduces cell proliferation and induces apoptosis
on glioma and lung adenocarcinoma cell lines
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Abstract Aesculus hippocastanum (the horse chest-

nut) seed extract has a wide variety of biochemical and

pharmacological effects including anti-inflammatory,

antianalgesic, and antipyretic activities. The main

active compound of this plant is escin. It is known that

several medicinal herbs with anti-inflammatory prop-

erties have been found to have a role in the prevention

and treatment of cancer. In the present study, the

cytotoxic effects of escin in the C6 glioma and A549

cell lines were analyzed by MTT. Apoptotic effects of

escin on both cell lines were evaluated by Annexin V

binding capacity with flow cytometric analysis.

Structural and ultrastructural changes were also

evaluated using transmission electron microscopy.

The results indicated that escin has potent antiprolif-

erative effects against C6 glioma and A549 cells.

These effects are both dose and time dependent. Taken

together, escin possesses cell cycle arrest on G0/G1

phase and selective apoptotic activity on A549 cells as

indicated by increased Annexin V-binding capacity,

bax protein expression, caspase-3 activity and mor-

phological changes obtained from micrographs by

transmission electron microscopy.

Keywords Escin � Apoptosis � C6 Glioma � A549
cell line

Introduction

Cancer incidence has been experiencing a rise in

recent years and is still a major health problem in the

world (El Gamal and Oh 2014). Moreover, many of

the cancers are highly resistant to chemo and radio-

therapy, which induce apoptotic cell death pathways

(Heinemann 2002; Cao et al. 2013). Furthermore,

most of the chemotherapeutic agents against cancer

treatment lead to undesirable side effects (Ciftci et al.

2013; Li et al. 2013). Therefore, new agents, derived

from natural products with fewer side effects and the

capacity to reduce the high mortality rates of these

cancer patients should be investigated. According to

ethnobotanical studies, the active compounds of many

plants can be used for treatment regimens and

participate in modern medicine given their additional

therapeutic benefits (Rimmon et al. 2013). Many

antitumor agents such as taxanes, vinca alkaloids and
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anthracyclines are of natural origin and are used in

clinical oncology practice indicating a promising

future for the use of natural products from plants as

anti-tumor agents (Berkovich et al. 2012). One such

natural product is the extract of Aesculus hippocas-

tanum (the horse chestnut) seeds. This plant extract

has long been known for its antianalgesic, antihemor-

rhoid and antiedema activities. b-escin or escin, which
is the main active compound of this plant seed extract,

is a penta cyclic triterpene (Güney and Kutlu 2013)

Certainly, escin has a wide variety of biochemical and

pharmacological effects. Some studies report that

escin has an advantage, which is antagonism to 5-HT

and histamine and improved entry of ions into

channels, thus raising venous tension. Some of these

advantages make escin and its derivatives prime

candidates as potential cancer chemotherapeutic

agents (Güney and Kutlu 2013). Recent studies show

that it also has apoptotic effects in different cancer cell

lines (Zhang et al. 2011; Shen et al. 2011).

It also has anti-inflammatory, vasoconstrictor and

vasoprotective effects. It has been used for the

treatment of chronic venous insufficiency (Sirtori

2001; Pittler and Ernst 2012). It is known that several

medicinal herbs with anti-inflammatory properties

have been found to have a role in the prevention and

treatment of cancer. Therefore, we hypothesized that

escin, which is derived from A. hippocastanum seeds

and which has anti-inflammatory properties (Rengara-

jan et al. 2013) could be used as an apoptotic agent

against C6 glioma and A549 lung adenocarcinoma.

However, few reports focus on the anticancer effects

of escin (Zhou et al. 2009; Tan et al. 2010). The

mechanisms of escin have never been investigated in

C6 glioma cells. Also, the apoptotic effects on A549

cells have never been investigated before. Only one

study showed that sodium escin inhibited inducible

nitric oxide synthase expression via downregulation of

the JAK/STAT pathway in A549 cells (Ji et al. 2011).

This means that escin may be a therapeutic agent

against inflammatory-associated tumor.

At present, there is dispute over whether escin can

reduce the risk of cancer. How escin exhibits its effect

on C6 glioma and A549 cell lines and its underlying

mechanism are poorly understood. For this reason, in

the present study we aimed to evaluate the antiprolif-

erative apoptotic and cell cycle arrest effects of escin

in both C6 glioma and A549 human lung adenocar-

cinoma cell lines.

Materials and methods

Materials

Roswell Park Memorial Institute Medium (RPMI),

Dulbecco’s Modified Eagle’s Medium (DMEM), escin,

fetal bovine serum (FBS), penicillin, streptomycin, 3-

(4.5-dimethyl-2-thiazolyl)-2.5-diphenyl-2 H-tetrazolium

(MTT) and dimethylsulfoxide (DMSO) were obtained

from Sigma-Aldrich (Seelze, Germany). The Annexin

V-FITC [propidium iodide (PI)] apoptosis detection kit

and caspase 3 activity kit and cell cycle detection kit

(Cycletest Plus DNA Reagent Kit) were purchased from

BD Pharmingen (Franklin Lakes, NJ, USA).

Methods

Cell culture and drug treatment

C6 rat glioma cells (ATCC, Rockville, MD, USA)

were cultured at 37 �C in a humidified atmosphere of

95 % air and 5 % CO2 in DMEM supplemented with

10 % fetal calf serum. A549 human lung adenocarci-

noma cells (ATCC, Rockville, MD, USA) were

incubated in 90 % RPMI supplemented by 10 % fetal

bovine serum. The stock solutions of escin (Sigma

Aldrich, Germany) were prepared in dimethyl sulfox-

ide (DMSO) and further dilutions were made with

fresh culture medium (the concentration of DMSO in

the final culture medium was\0.1 %, which had no

effect on the cell viability). Exponentially growing

cells were plated at 2 9 104 cells/ml into 96-well

microtiter tissue culture plates and incubated for 24 h

before the addition of the drugs (the optimum cell

number for cytotoxicity assays was determined in

preliminary experiments). All experiments were per-

formed in duplicate and obtained similar results.

MTT assay for cytotoxicity of escin

The level of cellular reduction of tetrazolium salt,

3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium

bromide (MTT) to formazan by mitochondrial succi-

nate dehydrogenase was quantified as previously

described in the literature with small modifications.

A stock solution of escin (2 mg/ml) in dimethylsul-

foxide was prepared and diluted before use. In order to

detect the cytotoxicity of escin, C6 and A549 cells

were treated with escin to give a final concentration in
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the range of 1–500 lg/ml for 24 and 48 h. At the end

of this period, MTT was added to a final concentration

of 0.5 mg/ml and the cells were incubated for a further

4 h at 37 �C. After the medium was removed and the

formazan crystals were solubilized by the addition of

200 lL DMSO to each well, the absorbance was read

at 540 nm with a microtiter plate spectrophotometer

(Bio-Tek plate reader). Each concentration was

repeated in three wells and IC50 values were defined

as the drug concentrations that reduced absorbance to

50 % of control values.

Flow cytometric analyses of apoptosis

After the cells were incubated with escin at differ-

ent concentrations (3.5, 7.0, 14.0 or 21.0 lg/ml),

phosphotydilserine externalization, which indicates

early apoptosis, was measured by Annexin V-PI (BD

Pharmingen) on a flow cytometer (BD FACSCal-

iburTM) for 24 h. Annexin V staining protocol was

applied according to the manufacturer’s instructions

(BD Pharmingen). The cells were then briefly washed

with cold PBS and suspended in a binding buffer at a

concentration of*1 9 106 cells/ml. Then, 100 lL of

this solution containing *1 9 105 cells was trans-

ferred to a 5 ml test tube. After 5 lL of Annexin-V and

PI was added, the cells were incubated for 15 min at

room temperature (RT) in the dark. Then 400 lL of

19 Binding Buffer was added to each tube and the

cells were processed for data acquisition, and analyzed

on a Becton–Dickinson FACS Aria using FACSDIVA

Version 6.1.1. Software.

Table 1 Viability of escin

against C6 cell line

% viability was determined

relative to controls

Results are expressed as the

mean % of MTT

absorbance. IC50 values

represent means of three

independent

experiments ± SD

Significance against control

values, * p\ 0.05;

*** p\ 0.001

Concentration of escin (lg/ml) 24 h

(% viability)

48 h

(% viability)

0.98 113.1 ± 14.4 105.9 ± 4.3

1.95 109.5 ± 8.2 104.0 ± 4.4

3.9 102.2 ± 14.2 97.8 ± 0.7

7.8 98.2 ± 8.8 94.3 ± 5.2

15.6 82.2 ± 20.0* 81.7 ± 1.3*

31.25 25.4 ± 3.5*** 22.9 ± 5.6***

62.5 24.4 ± 3.6*** 11.1 ± 0.1***

125 0.8 ± 4.2*** 8.9 ± 2.0***

250 20.6 ± 2.7*** 8.9 ± 0.3***

500 15.9 ± 0.5*** 7.3 ± 0.5***

IC50 values (lg/ml) 23.0 ± 2.6 16.3 ± 5.9

Table 2 Viability of escin

against A549 cell line

Results are expressed as the

mean % of MTT

absorbance. IC50 values

represent means of three

independent

experiments ± SD

Significance against control

values, * p\ 0.05;

*** p\ 0.001

Concentration of escin (lg/ml) 24 h

(% viability)

48 h

(% viability)

0.98 111.2 ± 13.8 106.8 ± 6.6

1.95 97.8 ± 9.9 96.9 ± 7.4

3.9 92.7 ± 5.5 91.5 ± 2.7

7.8 85.7 ± 4.9* 78.4 ± 1.8*

15.6 39.2 ± 5.5*** 27.1 ± 1.8***

31.25 35.5 ± 4.9*** 25.3 ± 0.9***

62.5 32.3 ± 1.3*** 23.7 ± 1.8***

125 28.6 ± 0.5*** 20.4 ± 1.9***

250 26.8 ± 1.5*** 17.2 ± 0.9***

500 6.0 ± 2.9*** 15.6 ± 0.5***

IC50 values (lg/ml) 14.0 ± 0.8 11.3 ± 0.5
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Flow cytometric analyses of Caspase 3

After A549 cells were incubated with escin at 3.5, 7,

14 and 21 lg/ml concentrations for 24 h, Caspase 3

activity measurement protocol was applied according

to the manufacturer’s instructions (BD, Biosciences

Pharmingen). The cells were briefly washed with cold

PBS and incubated with 0.5 mL perm lyse solution for

30 minutes at room temperature in the dark. Pellets

were washed twice with 0.5 ml perm wash buffer.

Cells were resuspended in 100 ml perm wash buffer

and 10 ml Caspase 3 antibody was added for 20 min at

RT in the dark. At least 10,000 cells were counted for

each sample and the cells were analyzed by flow

cytometry (BD FACSCaliburTM) using FACS Diva

Version 6.1.1. Software.

Transmission electron microscopy (TEM)

TEM (TEM FEI Tecnai BioTWIN; Hillboro, OR,

USA) was processed for ultrastructral changes. C6

and A549 cells growing in DMEM and RPMI,

respectively, were incubated with 11.5, 23, 34.5 and

7, 14, 21 lg/ml of escin, respectively, for 24 h.

They were then fixed with 2.5 % glutaraldehyde in

0.1 M phosphate buffer (PBS) at pH 7.4 and left in

P BS overnight at ?4 �C. After being embedded in

agar and post fixation in 2 % osmium tetroxide,

cells were dehydrated in graded ethanol: 70, 90, 96

and 100 %. Then cells were embedded in EPON

812 epoxy (Sigma Aldrich, Seelze, Germany) and

sectioned on ultramicrotome (LEICA EM UC6;

Wetzlar, Germany).

Fig. 1 Flow cytometric analysis of C6 glioma cells treated with

different concentrations of escin for 24 h. a, b Control,

c 5.75 lg/ml escin treated cells, d 11.5 lg/ml escin treated

cells, e 23 lg/ml escin treated cells, f 34.5 lg/ml escin treated

cells. At least 10,000 cells were analysed per sample, quadrant

analysis was performed. Each quadrant shows the proportion

(%) of cell number.Q1 necrotic cells;Q2 late apoptotic cells;Q3

viable cells;Q4 early apoptotic cells (b–f). a shows the total cell

population analysed by flow cytometer
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Fig. 3 Morphological changes of C6 glioma cells treated with

different concentrations of escin for 24 h. a Control (scale: 2

lm); b 11.5 lg/ml escin treated cells (scale: 2 lm); c 23 lg/ml

escin treated cells (scale: 1 lm); d 23 lg/ml escin treated cells

(scale: 500 nm); N Nucleus, L Lysosome; M Mitochondria.

White arrows show lysosomes. Red arrows show DNA

condensation. Green arrow shows mitochondrial damage. Blue

arrow shows damage of membranes. c, d show cellular

morphological changes in same cells (DNA condensation was

observed and mitochondria and membranes of organels were

damaged on 23 lg/ml escin treated C6 glioma cells)

Fig. 2 Flow cytometric analysis of A549 human lung adeno-

carcinoma cells treated with different concentrations of escin for

24 h. a, b Control, c 3.5 lg/ml escin treated cells, d 7 lg/ml

escin treated cells, e 14 lg/ml escin treated cells, f 21 lg/ml

escin treated cells. At least 10,000 cells were analysed per

sample, quadrant analysis was performed. Each quadrant shows

the proportion (%) of cell number. Q1 necrotic cells; Q2 late

apoptotic cells; Q3 viable cells; Q4 early apoptotic cells (b–f). a
shows the total cell population analysed by flow cytometer
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Cell cycle analysis

After A549 cells were incubated with escin at 3.5, 7,

14 and 21 lg/ml concentrations for 24 h cell cycle

analyses measurement protocol was applied according

to the manufacturer’s instructions (BD, Biosciences).

Then the cells were briefly suspended in the citrate

buffer. The cells were then centrifuged at 400 g for

5 min at RT. The supernatant was decanted and 250 ll
of solution Awas added to the pellet and kept at RT for

10 min. Then, 200 ll of solution B was added, gently

mixed and kept at RT for 10 min. Then 200 ll of
solution C was added. After being gently mixed, it was

kept in the dark at 4 �C for 10 min and then analyzed

on a flow cytometer using BD Bioscience’s MODFID

software.

Immunohistochemical analysis of bax

A549 cells which were incubated with escin (14 and

21 lg/ml) for 24 h, were fixed in 3.7 % formaldehyde

solution for 30 min. Then cells were collected in tubes

and centrifuged at 1200 rpm for 5 min. Cells were

carried to slides. Slides were incubated in methanol

for 10 min at -20 �C. Then heat-induced antigen

Fig. 4 Morphological changes of A549 human lung adenocar-

cinoma cells treated with different concentrations of escin for 24

h. a Control (scale: 2 lm); b 7 lg/ml escin treated cells (scale: 2

lm); c 14 lg/ml escin treated cells (scale: 5 lm); d 14 lg/ml

escin treated cells (scale: 2 lm);NNucleus. Yellow arrows show

vacuoles in cells. Blue arrow shows damage of membranes. Red

arrows show DNA condensation. c, d show cellular morpho-

logical changes in same cells (The shape of the treated cells

became round, the cellular organization was disrupted, cell

shrinkage and DNA condensation were observed and mem-

branes of organels were sharply damaged)

Table 3 Percentages of typical quadrant analyses of Annexin

VFITC/propidium iodide flow cytometry of C6 cells treated

with different concentrations of escin

Groups % Early

apoptotic cells

% Late

apoptotic

cells

%

Viable

cells

Control

(untreated)

0.3 2.8 93.1

5.75 lg/ml escin

treated cells

0.1 1.6 78.8

11.5 lg/ml escin

treated cells

0.0 2.7 75.2

23 lg/ml escin

treated cells

0.8 10.5 64.2

34.5 lg/ml escin

treated cells

0.1 7.4 26.0

Table 4 Percentages of typical quadrant analyses of Annexin

V FITC/propidium iodide flow cytometry of A549 cells treated

with different concentrations of escin

Groups % Early

apoptotic

cells

% Late

apoptotic

cells

%

Viable

cells

Control

(untreated)

0.1 0.5 96.3

3.5 lg/ml escin

treated cells

1.6 2.4 89.3

7 lg/ml escin

treated cells

6.0 4.6 83.0

14 lg/ml escin

treated cells

26.2 7.1 65.6

21 lg/ml escin

treated cells

31.6 32.2 32.7
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retrieval was carried out. The antigen retrieval buffer

(10 mM sodium citrate pH 0.6) was boiled and

powered off, and put on the slides. After retrieving the

heat-induced antigen, the slides were allowed to cool

and then rinsed in distilled water. Endogenous

peroxidase was inhibited by incubating the slides with

3 % hydrogen peroxidase for 5 min at room tem-

perature. Specific epitope binding was then blocked by

incubation for 40 min with 20 % goat serum (ab-7481;

Abcam, Cambridge, U.K). Slides were washed with

phosphate buffer solution (PBS, pH 7.4) for three

times. Then, slides were incubated at 4 �C for 1 h with

dilutions of primary antibodies against Bax (Abcam,

CatNo ab-7977) (dilution 1:200). An isotype control

was also employed to identify non-specific binding

Table 5 Percentages of quadrant analyses of active caspase-

3phycoerythrin staining by flow cytometry of A549 cells

treated with different concentrations of escin

Groups Caspase 3 activity

negative (-) cells

%

Caspase 3 activity

positive (?) cells

%

Control(untreated) 98.7 1.0

3.5 lg/ml escin

treated cells

97.4 2.6

7 lg/ml escin

treated cells

91.6 8.4

14 lg/ml escin

treated cells

89.5 10.3

21 lg/ml escin

treated cells

86.4 13.0

Fig. 5 Flow cytometric analysis of caspase-3 activity of A549

human lung carcinoma cells treated with different concentra-

tions of escin for 24 h. a, b Control, c 3.5 lg/ml escin treated

cells, d 7 lg/ml escin treated cells, e 14 lg/ml escin treated

cells, f 21 lg/ml escin treated cells. At least 10,000 cells were

analysed per sample, quadrant analysis was performed (b-f). a
shows the total cell population analysed by flow cytometer
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from the HRP polmer secondary antibody (ab-2891,

Abcam). Slides were washed with (PBS, pH 7,4) for

three times. The samples were subsequently incubated

with the secondary antibodies for 30 min. Slides were

then visualized using chromogen (AEC) for 5 min and

counterstained with hematoxylin for 1 min. The

sections were washed in PBS, dried, mounted in

aqueous mounting medium and observed at 4009

magnification. Brown particles were considered as

positive area; protein expressions in different groups

were evaluated.

Statistical analyses

Statistical analyses were evaluated using Statistical

Package for Social Science (SPSS) for Windows 15.0.

Data were expressed as Mean ± SD. Comparisons

were performed by one way ANOVA test for normally

distributed continuous variables and Tukey test was

used for post hoc analyses of group differences.

p\ 0.05 was considered as statistically significant.

The apoptotic re sults (Annexin V-FITC and

Caspase 3) were evaluated by flow cytometer using

FACS Diva Version 6.1.1. Software, and the apoptotic

cells were determined as the percentage of cells. Cell

cycle analyses were evaluated by flow cytometer using

BD Bioscience’s MODFID software.

Results and discussion

In the present study, the cytotoxic and apoptotic

effects of escin were investigated in C6 glioma and

A549 lung adenocarcinoma cells using in vitro MTT,

Annexin V–FITC, Caspase-3, bax protein expression

and transmission electron microscopy (TEM) test

systems. We examined the effects of different con-

centrations of escin on the viability of C6 glioma and

A549 cell lines for 24 and 48 h by the MTT method

(Tables 1, 2). Escin inhibited C6 and A549 cell

viabilities in a dose and time dependent manner.

(Tables 1, 2). IC 50 values were determined in C6 cells

as 23 and 16.3 lg/ml for 24 and 48 h, respectively

(Table 1). Also, IC50 values were determined in A549

cells as 14 and 11.3 lg/ml for 24 and 48 h, respec-

tively. The viability of cells was decreased when the

dose of escin was increased (Fig. 1).

In this study it was shown that A549 cells were more

sensitive to escin than C6 glioma cells and underwent

rapid apoptosis on treatment with escin, as indicated by

increased Annexin V-binding capacity with flow

cytometric analysis. When A549 cells were incubated

with different concentrations of escin (3.5, 7, 14,

21 lg/ml), early apoptotic cell percentages were

determined as 1.6, 6.0, 26.2 and 31.6 (Fig. 2; Table 4).

Furthermore, late apoptotic cell percentages were

determined as 2.4, 4.6, 7.1 and 32.2 on the incubations

with different concentrations of escin (Fig. 2; Table 4).

These results show that increasing concentrations of

escin on A549 cells induced apoptosis, which involves

DNA condensation, fragmentation and mitochondrial

changes (Dietze et al. 2001). These results were

consistent with TEM micrographs. At increasing

concentrations of escin, the shape of the treated cells

became rounded, the cellular organization was dis-

rupted, cell shrinkage, DNA condensation were ob-

served and membranes of organels were sharply

damaged for both 14 and 21 lg/ml escin treated cells,

indicating morphological changes of apoptosis

(Fig. 4c, d). The large vacuoles in the cytoplasm

containing degraded cellular material were increased

and membranes were slightly damaged in the incuba-

tions with 7 lg/ml concentration of escin (Figs. 3, 4b).

On the other hand, C6 cells were incubated with

different concentrations of escin for flow cytometric

analyses. An escin concentration of 23 lg/ml (IC50)

caused 10.5 % apoptotic cells. When the concentra-

tion was increased to 34.5 lg/ml, apoptotic cell

percentage decreased (7.4 %) (Fig. 1; Table 3). These

results were consistent with TEM micrographs shown

in Fig. 3d. Furthermore, DNA condensation was

observed and mitochondria and membranes of or-

ganels were damaged on 23 lg/ml escin treated C6

glioma cells indicating morphological changes due to

apoptosis (Fig. 3c). The lysosomes of cells were

increased and morphology was slightly changed on

incubation with at a concentration of escin of 11.5 lg/
ml (Fig 3b).

Different previous studies with different cell lines

have obtained results supporting our findings. Güney

bFig. 6 Cell cycle distribution of A549 cells treated with

different concentration of escin for 24 h. a, b Control

c 3.5 lg/ml escin treated cells, d 7 lg/ml escin treated cells,

e 14 lg/ml escin treated cells, f 21 lg/ml escin treated cells. At

least 10,000 cells were analysed per sample. a shows the cell

population analysed by flow cytometer. Blue color shows debris,

green color shows aggregates and red color shows cells in

G1,G2 phases
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and Kutlu (2013) reported that escin inhibited growth

of H-Ras 5RP7 cell line, induced apoptosis and

caspase-3 dependent activity. Also, TEMmicrographs

confirmed that escin damaged these cells and induced

apoptosis. These results were obtained in a dose and

time-dependent manner as seen in our study (Güney

and Kutlu 2013). Different cancer cell lines exhibit

differential sensitivity to escin, suggesting that the

escin effects vary based on the cell type. Shen et al.

(2011) indicated that escin induced apoptosis of

human cholangiocarcinoma cell lines through mito-

chondrial caspase-dependent pathway. In that study

different methods and flow cytometry were used and

apoptotic results were obtained similar to ours. In

addition to inhibition of cell growth and inducing

apoptosis, many mechanisms have been proposed to

explain the antitumoral effect of escin, including its

anti-inflammatory and antioxidant activities (Ji et al.

2011; Wang et al. 2001). In some in vitro studies escin

showed anti-apoptotic effects (Dietze et al. 2001).

Wang et al. (2001) showed that escin can protect from

lung injury induced by intestinal ischemia/reperfusion

(I/R). In this study escin inhibited lipid peroxidation,

upregulated Bcl-2 gene protein expression, and im-

proved the ratio of Bcl-2/Bax to inhibit lung apoptosis.

Hu et al. (2001) obtained results similar to Wang et al.

(2001). They showed that beta-escin inhibited cas-

pase-3 activation and the release of cytochrome c

increased the expression of Bcl-2 after cerebral I/R in

rats. Also, escin has shown synergistic effects with 5-

fluorouracil in human hepatocellular carcinoma

SMMC-7721 cells (Ming et al. 2011). Escin is

described as an efficient apoptotic agent in various

cell lines. However, its mechanism varies depending

on cell lines. In addition to these data concentration of

escin used for inducing apoptosis varies in different

studies. Güney and Kutlu (2013) showed that escin

caused growth inhibition of 5RP7 cells with a half

maximal inhibitory concentration (IC50) value of

35.95 ± 0.35 lM. In our study, IC50 value was

determined as 23 lg/ml for C6 glioma (Table 1) and

Fig. 7 Bax protein expression of A549 human lung adenocar-

cinoma cells treated with different concentrations of escin for 24

h (immunohistochemical analysis). a Control, b 14 lg/ml escin

treated cells, c 21 lg/ml escin treated cells, d 19 lg/ml cisplatin

treated cells. Blue color shows nucleus and brown particles

show positive area for bax protein

Table 6 Cell cycle distribution of A549 cells treated with

different concentration of escin

Groups G0/G1(%) S(%) G2/M(%)

Control(untreated) 54.84 45.16 0.0

3.5 lg/ml escin treated cells 58.0 39.18 2.68

7 lg/ml escin treated cells 62.2 35.18 2.60

14 lg/ml escin treated cells 78.6 13.39 8.0

21 lg/ml escin treated cells 86.6 12.2 1.19
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14 lg/ml for A549 cell lines (Table 2). According to

these results A549 cells were more sensitive for escin

than C6 glioma cells (Table 4).

Furthermore, we studied the caspase-3 activity,

immunohistochemical bax protein expression by his-

tochemistry and cell cycle analyses of escin on A549

cells to enlighten action on apoptosis. Escin induced

caspase-3 activity in a dose-dependent manner on

A549 cells (Table 5; Fig 5). Caspases, which are

activated to trigger apoptosis, affect cell cycle regula-

tion and signaling pathways together with the mor-

phological manifestations of apoptosis, such as DNA

condensation and fragmentation, and membrane bleb-

bing (Mancini et al. 1998). Caspase-3 activation was

observed by escin on different cell lines (Güney and

Kutlu 2013; Shen et al. 2011). Shen et al. 2011 showed

that the apoptotic effect of escin was associated with

the collapse of the mitochondrial membrane potential

and activation of caspase-3 in cholangiocarcinoma

cells. Zhang et al. (2011) showed that escin activated

caspase-3 in a selective manner in human acute

leukemia Jurkat T cells. In our study, both 14 and 21

lg/ml concentrations of escin also induced bax protein

expression of A549 cells compared to control cells.

Cisplatin was used as positive control. In our previous

study, the IC50 value for cisplatin was determined as

19 lg/ml (Yurttaş et al. 2013). This result showed that

escin used the mitochondrial pathway for inducing

apoptotic cell death (Figs. 6, 7a, b, c).

The progression of cell proliferation encounters

three major checkpoints including G1/S, S and G2/M

(Ming et al. 2011). Escin has been shown to induce

arrest of the cell cycle in cancer cell lines. Ming et al.

(2011) showed that 21.6 lg/ml of escin caused a

4.9 % increase at G0/G1 cell cycle arrest in human

hepatocellular carcinoma cells compared to controls.

However, we observed more elevated G0/G1 cell

cycle arrest (31.76 %) in A549 cells compared to the

controls at a concentration of 21 lg/ml (Table 6;

Fig. 6). Furthermore, G0/G1 cell cycle arrest was dose

dependent (3.16, 7.36 and 23.76 % for 3.5, 7,

14 lg/ml of escin, respectively) (Table 6; Fig 6). S

hen et al. (2011) showed that escin caused an arrest in

the G2/M phase in two cholangiocarcinoma cells

(QBC939, and Sk-ChA-1). These apparent discrepan-

cies may result from differences in cell lines. This

result suggests that the inhibitor effect of escin on

proliferation was related to a cell cycle regulation

effect and that escin may induce apoptosis of A549

cells in the G0/G1 phase of the cell cycle (Takahaski

et al. 2014). Since apoptosis is almost always found in

proliferating cells, molecules acting on cells in the late

G1 phase are also required for apoptosis induction.

The correlation between cell cycle and apoptosis was

shown by Kim et al. (2001). They showed that

caspase-3 cleaves RB, p21 and p27 via induction of

cell cycle arrest in cells by tumor growth factor (TGF)-

b1 administration and caspase-3 activation by TGF-b1
may initiate the conversion of cell-cycle arrest to

apoptosis (Alenzi 2004).

In conclusion, escin has potent antiproliferative

effects against C6 glioma and A549 cells. These

effects are dose and time dependent. Also, escin

caused apoptotic effects which were more intensely

observed in A549 cells compared to C6 glioma. The

most likely mechanisms of action are the arrest of cell

cycle and the induction of apoptosis by caspase-3

activation and bax protein expression on A549 cells.

This study suggests that escin may be a suitable

candidate for tumor treatment. Although escin induces

apoptosis of A549 cells by mitochondrial death

signaling pathway, additional experiments are neces-

sary to explain any additional mechanisms of action

for escin on C6 cell lines.
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