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Abstract

Caffeic acid phenethyl ester (CAPE), an active component of propolis, has many biological and pharmacological activities including

antioxidant, anti-inflammation, antiviral action, and anticancer effect. Our previous studies showed that CAPE exhibited significant

cytotoxicity in oral cancer cells. Herein we further investigated the cytotoxicity potential of CAPE and the mechanism of its action in C6

glioma cells. The data exhibited that C6 glioma cells underwent internucleosomal DNA fragmentation 24 hr after the treatment of CAPE

(50 mM). The proportion of C6 glioma cells with hypodiploid nuclei was increased to 24% at 36 hr after the exposure. Further results showed

that CAPE induced the release of cytochrome c from mitochondria into cytosol, and the activation of CPP32. CAPE application also

enhanced the expression of p53, Bax, and Bak. Finally, the potential signaling components underlying CAPE induction of apoptosis were

elucidated. We found that CAPE activated extracellular signal-regulated kinase (ERKs) and p38 mitogen-activated protein kinase (p38

MAPK) in C6 glioma cells. More importantly, p38 kinase formed a complex with p53 after the treatment of CAPE for 0.5 hr. The expression

of p53, phospho-serine 15 of p53, and Bax, and inactivate form of CPP32 was suppressed by a pretreatment of a specific p38 MAPK

inhibitor, SB203580. The resultant data suggest that p38 MAPK mediated the CAPE-induced p53-dependent apoptosis in C6 glioma cells.

# 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Caffeic acid phenethyl ester (CAPE), an active ingredient

of propolis that is widely used as a folk medicine, has a

broad spectrum of biological activities including antiox-

idant, anti-inflammatory, and antiviral properties [1–5]. It

also inhibited the development of azoxymethane-induced

aberrant crypts in the colon of rats [6], and blocked

tumorigenesis in a two-stage model of phorbol ester-pro-

moted skin cancer [7]. Furthermore, several groups reported

that CAPE was cytotoxic to tumor or virally transformed

cells [8–10], but not to normal cells. Recently, we synthe-

sized and studied the constituents of natural honey-propolis

and found that CAPE exhibited strong antitumor effects in

oral cancer cells [11]. Therefore, it is worthy to investigate

the chemopreventative or antitumorigenesis mechanisms of

CAPE in other cancer cell line.

The tumor suppressor protein p53 is a nuclear phospho-

protein that can potently regulate the growth of mammalian

cells [12]. Activation of p53 results in altered transcription

of a wide variety of genes that are involved in many aspects

of cell metabolism, cell cycle regulation and apoptosis.

Although the mechanism of p53-mediated apoptosis after

cellular stress remains unclear, current evidence showed

that p53 induces cell death by a multitude of molecular

pathways involving transactivation of target genes and

direct signaling events [13–15]. Genes transcriptionally

up-regulated by p53 that have been implicated in promoting
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apoptosis include the Bcl-2 family members Bax, Bak, and

Noxa. It is implied that Bax or Bak function is required for

the release of cytochrome c from the mitochondria to the

cytosol during apoptosis [16,17]. Cytochrome c is released

from the mitochondria in the apoptotic signaling pathways

implemented by p53 and TNF-a. This event is pivotal in

the regulation of apoptosis because cytochrome c com-

plexes with APAF-1 in the cytosol which, in turn, promotes

caspase-9 and caspase-3 (CPP32) activation. The activa-

tion of caspase cascade is required for p53-dependent

apoptosis, and results in cleavage of cellular proteins, such

as poly(ADP-ribose) polymerase (PARP), as well as DNA

fragmentation and cell death.

Intracelluar transmission of extracellular signals is

mediated by several groups of sequentially activated pro-

tein kinases, some of which (ERK, JNK, and p38 MAPK)

belong to the superfamily of mitogen-activated protein

kinases (MAPK) [18]. MAPKs play an important role in

regulating cell growth and survival, and are also involved

in both mitogenic and stress responses of cells [19]. Each

MAPK is activated through a specific phosphorylation

cascade. In general, the ERK pathway plays a major role

in regulating cell growth and differentiation, being highly

induced in response to growth factors and cytokines [20].

On the other hand, ERK is activated by some conditions of

stress, particularly oxidant injury, and is believed to confer

a survival advantage on cells in such circumstances. In

contrast, JNK and p38 are only weakly activated by

growth factors, but are highly activated in response to a

variety of stress signals including tumor necrosis factor,

hyperosmotic stress, and ultraviolet irradiation. Finally,

their activation is most frequently associated with induc-

tion of apoptosis [21]. Herein the present study sought to

examine the role of p53 and MAPKs signal pathway in

regulating the CAPE-induced apoptosis in C6 glioma

cells.

2. Materials and methods

2.1. Cell culture

The rat C6 glioma cell line was originally derived from

a N-nitrosomethylurea-induced rat brain tumor [22]. Cells

were cultured with minimal essential medium (Gibco)

supplemented with 10% fetal calf serum (Gibco) and anti-

biotics (100 U/mL of penicillin and 100 mg/mL of strep-

tomycin) at 378 in a humidified atmosphere of 5% CO2 and

95% air. All experiments were performed in plastic tissue

culture flasks, dish or in microplates (Nunc, Naperville,

Dennmark).

2.2. Assessment of cell viability

The cytotoxicity assay was performed according to the

MTT colorimetric assay [23]. The cells were seeded at

2 � 104 cells/mL density and incubated with CAPE at

various concentrations (0, 10, 50, 100, 200, and 400 mM)

for 24 hr. Thereafter the medium was changed and incu-

bated with MTT (0.5 mg/mL) for 4 hr. The viable cell

number is directly proportional to the production of for-

mazan, which was then solublized with isopropanol, and

measured spectrophotometrically at 563 nm.

2.3. Analysis of cellular DNA content

Flow cytometric analysis of the CAPE-treated C6

glioma cells was performed using a FACScan [23] (Becton

Dickinson Immunocytometry Systems). The cells were

washed twice with buffer solution, and the cell suspension

was centrifuged at 400 g for 5 min at room temperature.

After removed all the supernatant, trypsin buffer (250 mL)

was added to the pellet. After incubation for 10 min at

room temperature, trypsin inhibitor and RNase buffer were

added at room temperature. Prior to the analysis by the flow

cytometry, cold propidium iodide (PI) stain solution

(200 mL) was added to the mixture and incubated in the

darkness for 10 min on ice. The DNA content of the stained

nuclei was analyzed by flow cytometry. The distribution of

DNA content was expressed as G1, S, and G2/M phases.

The cells with DNA content less than G1 were distributed

in pre-G1 (hypodiploid cells) and expressed as the apop-

totic phase.

2.4. Determination of DNA fragmentation

Both detached and attached cells were harvested by

scraping and centrifugation. After washing with PBS (with

1 mM ZnCl2), the cells were resuspended in 0.5 mL lysis

buffer (0.5% Triton X-100, 20 mM EDTA, and 5 mM

Tris; pH 8.0) for 45 min. Fragmented DNA in the super-

natant fraction after centrifugation at 14,000 rpm was

extracted twice with phenol:chloroform:isoamyl alcohol

(25:24:1, v/v/v) and once with chloroform, and, then,

precipitated with ethanol and 5 M NaCl overnight at

�208. The DNA pellet was washed once with 70% ethanol

and resuspended in Tris–EDTA buffer (pH 8.0), and treated

with 100 mg/mL RNase A for 2 hr at 568. After quantitative

analysis of DNA content by spectrophotometry (260 nm),

an equal amount of DNAwas electrophoresed in horizontal

agarose gel (1.8%) performing at 1.5 V/cm for 3 hr. DNA

in gel was visualized under UV light after staining with

ethidium bromide (0.5 mg/mL).

2.5. Release of cytochrome c

The basic methodology for the preparation of mito-

chondria and cytosol fractions was described as Tang

et al. [24]. Cells (3 � 106) were harvested and washed

with ice-cold PBS at the end of treatment. The cell pellet was

resuspended in 500 mL of buffer A (20 mM HEPES-KOH,

pH 7.5, 10 mM KCl, 1.5 mM MgCl2, 1 mM sodium EDTA,
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1 mM leupeptin, 1 mg/mL pepstatin A, and 1 mg/mL chy-

mostatin), and homogenized in the same buffer with a

Pyrex glass homogenizer using a type B pestle (40 strokes).

The homogenate was then centrifuged at 1000 g for 10 min

at 48. The resulting supernatant was subjected to another

centrifugation at 10,000 g for 20 min at 48. The supernatant

was further centrifuged at 100,000 g (48 for 1 hr) to gen-

erate cytosol. The protein concentration was determined by

a Bio-Rad protein assay kit, and 25 mg of each fraction was

loaded onto a 15% SDS–PAGE. Proteins were then blotted

onto NC membrane (Sartorious), and the membranes were

reacted with the primary antibodies (anti-cytochrome c

from Transduction Laboratories; anti-b-actin from Sigma

as internal control). The secondary antibody was a perox-

idase-conjugated goat anti-mouse antibody. After binding,

the bands were revealed by enhanced chemiluminescence

using the ECL commercial kit.

2.6. Preparation of total cell extracts and

immunoblots analysis

Cells were plated onto 15 cm2 dishes at a density of

2 � 105 cells/mL with or without CAPE (50 mM, 0–8 hr)

and harvested. To prepare the whole-cell extract, cells were

washed with PBS plus zinc ion (1 mM) and suspended in a

lysis buffer (50 mM Tris, 5 mM EDTA, 150 mM NaCl, 1%

NP40,0.5% deoxycholic acid, 1 mM sodiumorthovanadate,

81 mg/mL aprotinine, 170 mg/mL leupeptin, 100 mg/mL

PMSF; pH 7.5). After mixing for 30 min at 48, the mixtures

were centrifuged (10,000 g) for 10 min, and the super-

natants were collected as the whole-cell extracts. The

protein content was determined with Bio-Rad protein assay

reagent using bovine serum albumin as a standard. The

ECL western blotting was performed as follows. An equal

protein content of total cell lysates from control and CAPE-

treated samples was resolved on 10–12% SDS–PAGE gels

along with prestained protein molecular weight standard

(Bio-Rad). Proteins were then blotted onto NC membranes

(Sartorious), and reacted with the primary antibodies

(anti-CPP32, anti PARP, and anti-p53 from Transduction

Laboratories; anti-Bcl-2, anti-Bax, anti-Bcl-Xs, anti-Bak,

and anti-phospho-serine 15-p53 from New England Bio-

labs; anti-ERKs, anti-JNKs, anti-p38 MAPK, anti-phospho-

serine, anti-phospho-ERKs (Thr183/Tyr185), anti-phospho-

JNKs (Thr183/Tyr185), and anti-phospho-p38 (Thr180/Tyr182)

from Promega Inc.; anti-b-actin from Sigma as internal

control). The secondary antibody was a peroxidase-con-

jugated goat anti-mouse antibody. After binding, the bands

were revealed by enhanced chemiluminescence using the

ECL commercial kit.

2.7. In vitro caspase assay

The activity of CPP32/caspase-3 was determined in cell

extracts using a colorimetric protease assay kit (Chemicon

International Inc.). Cells were collected and protein

concentration of cell lysates was determined. 100 mg of

protein was incubated with reaction buffer containing 5 mL

of peptide substrate (DEVD-pNA) for 2 hr at 378. The

cleavage of colorimetric peptide substrate was monitored

by pNA (p-nitroanilide) liberation using a micotiter plate

reader at 405 nm. The activity was expressed as fold

change of OD value over 0 hr.

2.8. Immunoprecipitation assay

The effect of CAPE on the interaction of ERKs or p38

MAPK with p53 as well as serine phosphorylaiton of p53

was analyzed by immunoprecipitation assay. Briefly, C6

glioma cells were exposed to 50 mM of CAPE for 0–12 hr

and then lysed with lysis buffer. The lysates were immu-

noprecipitated using monoclonal anti-p53 and protein

A/G-agarose. The eluates from beads were analyzed by

immunoblotting using specific antibodies against phos-

phorylated p38 MAPK or phosphorylated ERKs or phos-

phorylated serine.

2.9. Determination of the effects of MAPKs inhibitors

C6 glioma cells were pretreated with 50 mM of MEK

inhibitor, PD98059, or 5 mM SB203580 for 1 hr, followed

by treatment with 50 mM of CAPE for 12 hr. The cell

extracts were analyzed by immunoblotting using specific

antibodies against p53, phospho-serine 15-p53, Bax, or

CPP32 as previously described.

2.10. Statistical analysis

Data were reported as mean � SD of three independent

experiments and evaluated by one-way ANOVA. Signifi-

cant differences were established at P < 0:05.

Fig. 1. Effect of CAPE on the cell viability of C6 glioma cells. C6 glioma

cells were treated with either 0.2% DMSO (as control) or CAPE (10–

400 mM) for 24 hr. The proportion of surviving cells was measured by the

MTT assay as described in Section 2. The experiments were performed in

triplicate. Data were presented as means � SD of three independent

experiments. �P < 0:05, when compared with control group.
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3. Results

3.1. Cytotoxicity of CAPE to C6 glioma cells

For most anticancer agents, cytotoxicity is measured by

a standard MTT assay following a brief drug exposure.

Figure 1 illustrates the results of MTT assays performed

with the logarithmically growing C6 glioma cells treated

with various concentrations of CAPE for 24 hr. The result-

ing survival curve shows that CAPE had a dose-dependent

effect on the cytotoxicity of cells. The addition of 50 mM of

CAPE reduced the viability to 42% of control that near

IC50, therefore, we use the concentration (50 mM) in the

following investigation.

3.2. CAPE-induced apoptotic death

The DNA histogram of PI-stained cells in Fig. 2A

resulted that the cells treated with 50 mM of CAPE for

24 and 36 hr had increased proportion with hypodiploid

DNA, as indication of apoptosis. Within 36 hr the addition

of CAPE caused an increase in the sub-G1 by 24%. In

addition, the exposure of 50 mM CAPE for 24–36 hr also

induced internucleosomal DNA fragmentation in C6

Fig. 2. CAPE induced apoptosis in C6 glioma cells. (A) Flow cytometric analysis of CAPE-treated C6 glioma cells. Cells were treated with 50 mM CAPE for

0–36 hr, stained with PI, and analyzed by flow cytometry to quantitate cells with a subdiploid DNA content. (B) Agarose gel electrophoresis of DNA from

CAPE-treated C6 glioma cells. Cells were treated with 50 mM of CAPE for 0–36 hr, and assessed for DNA fragmentation assay as described in Section 2.
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glioma cells as illustrated in Fig. 2B showing the char-

acteristic ladder of oligonucleosomal DNA fragments.

3.3. Effect of CAPE on cytochrome c, CPP32, and PARP

Since cytochrome c is reported to be involved in the

activation of the caspases that execute apoptosis, we first

examined the level of cytochrome c in the cytosol by

western blot analysis. This protein was detectable in the

cytosol 3 hr after the treatment of CAPE (Fig. 3A).

Because CPP32/caspase-3 (like) protease plays an essen-

tial role in executing apoptosis, we then examined its

activity in C6 glioma cells cultured with the addition of

CAPE for 0–48 hr. As shown in Fig. 3B, CAPE induced

CPP32/caspase-3 (like) protease activity gradually from 3

to 48 hr. CPP32 is synthesized as a proenzyme, and is

proteolytically cleaved into active heterodimers, when the

cell undergoes apoptosis [25]. The results showed that

cellular CPP32 was activated in response to CAPE treat-

ment as assessed by the decline in the 32 kDa band from 3

to 36 hr after treatment (Fig. 3C). One of the substrates of

CPP32 during apoptosis is PARP [26], an enzyme that

appears to be involved in DNA repair, genome surveil-

lance, and integrity, resulted from environmental stress.

The proteolytic cleavage of PARP was used as an indicator

of CPP32 activation. It is obvious that PARP was cleaved

12 hr after CAPE treatment (Fig. 3C).

3.4. Effect of CAPE on Bcl-2 family

Bcl-2 family proteins play a pivotal role in controlling

cell life and death, with some members, such as Bcl-2 and

Bcl-XL inhibiting apoptosis and others such as Bax, Bak,

and Bcl-Xs, inducing cell death [27]. Therefore, we exam-

ined the cellular levels of Bcl-2 family proteins after the

treatment of CAPE. Bax and Bak protein were increased

after a 3-hr treatment, and Bcl-Xs level was also elevated

after 12 hr (Fig. 4). On the other hand, Bcl-2 protein was

obviously decreased after a 36-hr treatment (Fig. 4).

3.5. Effect of CAPE on the expression and serine

phosphorylation of p53

Because there are p53-binding sites in the promoter

of bax gene, we further studied the role of p53 in the

CAPE-induced apoptosis. The regulation of p53 activity is

through multiple mechanisms, one of which is phosphor-

ylation. [28]. Therefore, we evaluated the effect of CAPE

by determining the expression and serine phosphorylation

of p53. The p53 protein level was augmented at 3 hr after

treatment with CAPE (Fig. 5, upper panel), and the phos-

phorylation of p53 at serine was also induced by CAPE

started from 0.5 hr after treatment (Fig. 5).

Fig. 3. Effect of CAPE on cytochrome c, CPP32, and PARP. (A) CAPE-

induced translocation of cytochrome c. Equal amounts of protein from

cytosolic fraction of C6 glioma cells which has been treated with 50 mM of

CAPE for 0–48 hr were separated by a 15% SDS–PAGE, and, subsequently,

immunoblotted with antibodies against cytochrome c and anti-b-actin. (B)

Activation of caspase-3 (like) protease/CPP32 by CAPE. Cells were treated

with 50 mM of CAPE for 0–48 hr, and determined photometrically (400 nm)

by a colorimetric protease assay kit. Activity was expressed as fold change

of OD value over 0 hr. The results were presented as means � SD of three

independent experiments. �P < 0:05, ��P < 0:01, when compared with

DMSO. (C) Effect of CAPE on CPP32 and PARP. Equal protein of total

cell lysates for C6 glioma cells treated with 50 mM CAPE for the indicated

times were analyzed by 12% SDS–PAGE, for CPP32 or 10% for PARP,

and, subsequently, immunoblotted with antibody against CPP32, PARP, or

b-actin which served as internal control.

Fig. 4. Effect of CAPE on Bcl-2 family. Total cell lysates of C6 glioma

cells treated with 50 mM of CAPE for indicated time were analyzed by

12% SDS–PAGE, and, subsequently, immunoblotted with antisera against

Bcl-2, Bax, Bcl-Xs, Bak, and b-actin which served as an internal control.
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3.6. Activation MAPKs by CAPE

Because p53 is phosphorylated by various protein

kinases, we next monitored the activation of three members

of the MAPK family, p38 MAPK, JNK, and ERK, using the

antibodies against the activated phosphorylated forms of

the three kinases. As shown in Fig. 6A, we found that

exposure to CAPE induced the phosphorylation of p38

MAPK and ERK but not JNK. We then tested the associa-

tion of the activated p38 MAPK and ERKs with p53. It

turned out that p38 MAPK was associated with p53 in the

cells treated with CAPE from 0.5 to 12 hr after adminis-

tration (Fig. 6B). On the other hand, ERKs appeared to be

weakly interacted with p53.

3.7. Involvement of p38 MAPK in CAPE-induced

activation of p53 and CPP32

To further test the role of p38 MAPK and ERK in p53

phosphorylation and CPP32 activation induced by CAPE,

the inhibitors of MAPKs were used to block the enzymes in

C6 glioma cells followed by CAPE treatment for 20 hr. As

shown in Fig. 7, p38 MAPK inhibitor (5 mM), SB203580,

inhibited the expression of p53, phospho-p53 (serine 15),

Fig. 5. Effect of CAPE on the expression and serine phosphorylation of

p53. Total cell lysates of C6 glioma cells treated with 50 mM of CAPE for

indicated time were analyzed by 10% SDS–PAGE, and, subsequently,

immunoblotted with antisera against p53. In addition, lysates were

immunoprecipitated using monoclonal antibody against p53 and phos-

phorylation at serine was detected as described in Section 2.

Fig. 6. Activation MAPKs by CAPE in C6 glioma cells. (A) Total cell

lysates of C6 glioma cells treated with 50 mM of CAPE for indicated

time were extracted, and the phosphorylated and total proteins of ERKs,

p38 MAPK, and JNKs were immunodetected as described previously.

(B) Association of p53 with p38 MAPK and ERKs. Total cell lysates were

immunoprecipitated using monoclonal antibody against p53. The p53

immunoprecipitates were immunodetected with antibodies against phos-

pho-p38 MAPK and phospho-ERKs.

Fig. 7. Involvement of p38 MAPK in CAPE-induced activation of p53 and

CPP32. (A) Inhibition of p53 accumulation and phosphorylation and Bax

expression by p38 MAPK inhibitor, SB203580 and MEK inhibitor,

PD98059. C6 glioma cells were preteated with or without 5 mM of

SB203580 or 50 mM of PD98059 for 1 hr, followed by the treatment

of 50 mM CAPE for 12 hr. Total cell lysates were analyzed by 10%

SDS–PAGE and subsequently immunoblotted with antisera against p53,

phospho-serine 15 p53, Bax, phospho-p38 MAPK, phospho-ERKs, and

b-actin, which served as an internal control. (B) Inhibition of CPP32

activation by p38 MAPK inhibitor, SB203580 and MEK inhibitor,

PD98059. C6 glioma cells were preteated with or without 5 mM of

SB203580 or 50 mM of PD98059 for 1 hr, followed by the treatment of

50 mM CAPE for 12 hr and 20 hr. Total cell lysated were then analyzed by

12% SDS–PAGE with subsequent immunoblotting with antisera against

p32 and b-actin which served as an internal control.
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Bax (Fig. 7A) and the activation of CPP32 induced by

CAPE, but abrogated only partially p38 MAPK phosphor-

ylation. However, the inhibitor of MEK1, PD98059, abro-

gated almost totally the phosphorylation of ERK1/2

induced by CAPE, but inhibited only partially the expres-

sion of p53, phospho-p53 (serine 15), Bax (Fig. 7A) and the

activation of CPP32. These results indicated that p38

MAPK involved in the CAPE-induced p53-dependent

apoptosis.

3.8. Effect of SB203580 in CAPE-induced apoptosis of

C6 glioma cells

To investigation the relation of CAPE-induced apoptosis

and p38 MAPK, we pretreated cells with or without

p38 MAPK inhibitor (5 mM), SB203580, then added

CAPE and assessed for the DNA fragmentation assay by

agarose gel electrophoresis. It showed that SB203580

blocked the CAPE-induced apoptosis of C6 glioma cells

(Fig. 8).

4. Discussion

Many chemopreventive agents act through the induction

apoptosis as a mechanism of antitumorigenesis. Therefore,

induction of apoptosis by chemopreventive agents may

be an effective strategy in antitumorigenesis. CAPE is a

potent antioxidant and anti-inflammatory agent [1–4] as

well as an apoptosis-inducing agent [8–10]. It has been

suggested that apoptosis induced by CAPE is associated

with mitochondria dysfunction, GSH depletion, and

selective scavenging of hydrogen peroxide in human

leukemia HL-60 cells. However, the precise mechanisms

of its antitumorigenic activities remain largely unknown.

The evidence from our study showed that CAPE treatment

leaded to apoptosis preceded by activation of CPP32 in C6

glioma cells, and that tumor suppressor protein p53 is

involved in the action. Although the mechanisms of p53-

mediated apoptosis after cellular stress remain poorly

understood, recent study on the mutation of p53 at serine

15 that impaired the apoptotic activity of p53 suggests a

pivotal role for the phosphorylation at this site in the p53

activation and induction of apoptosis [29]. Further evi-

dence indicated that this phosphorylation of p53 played a

critical role in its stabilization, up-regulation, and func-

tional activation [30]. In the present study, CAPE increased

the phosphorylation of p53 and the expression of p53 and

Bax, which can form heterodimers with Bcl-2 in mito-

chondria membrane and accelerates apoptosis. Miyashita

and Reed found p53-binding sites in the promoter upstream

of the bax gene [17]. Therefore, these data demonstrated

that CAPE activated p53 to promote apoptotic activity in

C6 glioma cells.

The phosphorylation of p53 is known to be mediated by

multitude of protein kinases, including DNA-dependent

protein kinase (DNA-PK), ATM, ATR, JNKs, ERKs, and

p38 MAPK [31–34]. Herein CAPE treatment activated the

MAPK cascade including ERKs and p38 MAPK. In addi-

tion, p38 MAPK was coimmunoprecipitated with p53 from

the CAPE-treated C6 glioma cells, an observation consis-

tent with previous report of direct interaction between p53

and p38 MAPK [35]. Finally, recent reports demonstrated

that p38 MAPK phosphorylated p53 at serine 15 in

response to UV irradiation and resververatrol treatment

[36,37]. According to our study, pretreatment with a p38

MAPK specific inhibitor, SB203580 but not PD98059,

significantly inhibited the phosphorylation of p53 at serine

15. However, other MAPK-mediated phosphorylation site

of p53 that might be activated by CAPE and the effect of

CAPE-activated ERKs in C6 glioma cells need further

investigation.

Recently, it is reported that MAPK were differentially

activated by dietary antioxidant compounds such as green

tea polyphenols and involved in the transcriptional activa-

tion of antioxidant response element (ARE)-mediated

reporter gene [38]. It is proposed that, at low concentration,

these compounds activate MAPK pathway leading to

activation ARE with subsequent induction of phase II

enzymes thereby enhancing cell survival. At higher con-

centrations, these agents activate the caspase pathway

leading to apoptosis in normal cells. CAPE is a phenolic

antioxidant that showed stimulation human ARE-mediated

expression of the NAD(P)H: quinone oxidoreductase gene

[39]. Therefore, CAPE might activate MAPKs pathway.

From our study, it showed that CAPE activated p38 MAPK

and that involved in the induction of apoptosis of C6

glioma cells. However, the effect of CAPE-activated ERKs

in C6 glioma cells need further study.

Fig. 8. Effects of the p38 kinase inhibitor in the CAPE-induced cell death.

C6 glioma cells were pretreated with 5 mM SB203580 (or with solvent

DMSO) for 1 hr, followed by the treatment of 50 mM CAPE for 24 hr. The

cells were then assessed for DNA fragmentation assay as described in the

text.
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In conclusion, this study suggests that tumor suppressor

protein p53 and p38 MAPK play a prominent role in the

CAPE-induced apoptotic cell death that might contribute

to the antitumor effects of CAPE.
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