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Abstract: Pekinenin C is a casbane diterpenoid separated from the root of the traditional Chinese
medicine, Euphorbia pekinensis Rupr., which is used as drug for the treatment of edema, ascites, and
hydrothorax. Whereas pekinenin C exhibits severe cytotoxicity, the exact toxicity mechanism is
unclear. In this study, the effects of pekinenin C on cell inhibition, cell cycle, and cell apoptosis were
examined to explain its toxic mechanism. The proliferation of IEC-6 cells was accessed via MTT
colorimetric assay after incubated with different concentrations of pekinenin C. Pekinenin C-treated
IEC-6 cells labeled with RNase/PI and Annexin V/PI were analyzed by flow cytometric analyses
for evaluation of cell cycle distribution and cell apoptosis, respectively. The apoptosis mechanism
of pekinenin C on IEC-6 was investigated through assaying the activities of caspase-3, 8, 9 by
enzyme-linked immunosorbent assay (ELISA), protein expression of Bax, Bcl-2, apoptosis-inducing
factor (AIF), Apaf-1, Fas-associated death domain (FADD) and type 1-associated death domain
(TRADD) by Western-blot, mRNA expression of Fas receptor (FasR), Fas ligand (FasL), tumor necrosis
factor receptor (TNFR1) and NF-κB by RT-PCR. The results showed that pekinenin C has exhibited
obvious IEC-6 cells toxicity and the IC50 value was 2.1 µg¨ mL´1. Typical apoptosis characteristics
were observed under a transmission electron microscopy, and it was found that pekinenin C could
cause G0/G1 phase arrest in IEC-6 cells in a dose-dependent manner and induce apoptosis of IEC-6
cells. Additionally, pekinenin C could increase the expressions of Bax, AIF, Apaf-1, FasR, FasL,
TNFR1 and NF-κB, suppress the expression of Bcl-2, FADD and TRADD, then activate caspase-3, 8,
9 cascades, and at last result in apoptosis. These results demonstrated that pekinenin C effectively
promoted cell apoptosis, and induced IEC-6 cells apoptosis through both the mitochondrial and
death receptor pathways.

Keywords: pekinenin C; rat intestinal crypt epithelial cell line (IEC-6 cells); apoptotic mechanism;
cell viability analysis; mitochondrial pathway; death receptor pathway

1. Introduction

Euphorbia Pekinensis Radix (EPR), the roots of Euphorbia pekinensis Rupr., which belongs to the
Euphorbiaceae family with more than 2000 species, is characterized by the presence of milky latex [1].
As a toxic Chinese medicinal herb, Euphorbia pekinensis (E. pekinensis) has been used in China for
thousands of years for the treatment of edema distention and fullness, hydrothorax and ascites, etc. [2].
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However, the clinical application of E. pekinensis had some side effects because it might irritate skin,
oral and gastrointestinal mucosa.

We assume that the toxicity of E. pekinensis may be related to a lot of diterpenoids [3–7]. Recent
studies further showed that casbane diterpenoid exhibited more severe cytotoxicity than other
diterpenoids [4,6,7]. 5α-hydroxyl-1βH,2αH-casba-3Z,7E,11E-trien-18-al, named pekinenin C (PC)
was one member of casbane diterpenoid extracted from the petroleum ether fraction of E. pekinensis.
It was shown that this compound could inhibit growth of many cancer cell lines. The C-5 hydroxy
group and the double bond (∆11,12) played important roles in the structure-activity relationships [7].
PC, a casbane diterpenoid separated from EPR, has been studied that it has high hepatocyte and gastro
cytotoxicity against LO2 and GES-1 cell lines via MTT colorimetric assays [8]. However, its toxic
mechanism is not clear. Therefore, in this work, the cytotoxicity of PC was estimated on rat intestinal
crypt epithelial cell line (IEC-6 cells) and the effects of pekinenin C on cell inhibition, cell cycle, and cell
apoptosis were investigated, which made an attempt to uncover the intestinal cytotoxic mechanism
of EPR.

IEC-6 cells originated from crypt cells as judged by morphological and immunological criteria
were chosen as a model cell line. It was described by Quaroni and colleagues as a homogenous
population of epithelial-like cells with large, oval nuclei, and grows as tight colonies of polygonal,
closely opposed cells. IEC-6 cells were non-transformed and retained the undifferentiated character
of epithelial cells [9]. It was widely used in the study of intestinal epithelial cell growth [10,11],
differentiation and metabolism [10,12].

There were two classic activation mechanisms of apoptosis: the death receptors pathway (extrinsic
way) and the mitochondrial pathway (intrinsic way) [13–15]. The death receptors pathway was
mediated through the cell-surface death receptors, such as tumor necrosis factor receptor (TNFR)
and Fas, with caspase-8 acting as a key protease in this pathway [13,16]. Apoptosis induced by
TNFR was associated with tumor necrosis factor receptor type 1-associated death domain (TRADD)
recruitment while activation of Fas receptor (FasR) led to recruitment of Fas-associated death domain
(FADD). For the mitochondria-mediated apoptotic pathway, the mitochondrial membrane potential
decreases through electron leak pathway, and reactive oxygen species occurred in mitochondria, which
opened mitochondrial permeability transition pore. As a result, a large number of pro- apoptotic
proteins, including cytochrome C, apoptosis-inducing factor (AIF), apoptosis protease activating factor
1 (Apaf-1), are released from mitochondria into cytoplasm through this pore, triggering the activation
of caspase-9, and subsequently the caspase cascade, leading to apoptosis [14].

Herein, the cytotoxicity of PC on IEC-6 cells was investigated by evaluating effects of PC on cell
inhibition and morphology, demonstrating that PC had a high cytotoxicity against IEC-6 cells. Cell cycle
and cell apoptosis treated with PC were confirmed by flow cytometry and mitochondrial ultrastructure,
which showed that PC could arrest IEC-6 cells in G0/G1 phase in a concentration-dependent manner
and result in apoptosis of IEC-6 cells. In addition, evidences indicated that PC induced apoptosis
through the mitochondrial and death receptors pathways, in which the expression level of Bax, AIF,
Apaf-1, and caspase-3, 8, 9 activity, FasR (Fas receptor), FasL (Fas ligand), NF-κB, and TNFR1 mRNA
expression level were up-regulated and that of Bcl-2, FADD and TRADD protein down-regulated.

2. Results

2.1. Effects of Pekinenin C (PC) on Cell Viability Analysis

PC (Figure 1a) is a diterpenoid separated from a traditional Chinese medicine plant EPR, also
called JingDaji (Chinese name). It was prepared by preparative liquid chromatography and the purity
had been determined by High Performance Liguid Chromatography (HPLC) to be 99% (Figure 1b,c).
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Figure 1. Structure of pekinenin C (PC) (a); the High Performance Liguid Chromatography  
(HPLC) chromatograms of PC (b) and the purity characterization of PC (c). TH is the abbreviation  
of threshold, PA is the abbreviation of purity angle and M is the abbreviation of point of  
maximum impurity. 

Cytotoxicity was assayed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) method as previously described [17]. IEC-6 cells were cultured with increasing concentrations 
of PC, which were 1.0, 2.0, 4.0, 8.0 and 16.0 μg·mL−1 after 48 h exposure (Figure 2). Cell viability 
markedly decreased and the cell inhibition remarkably increased in a concentration-dependent 
manner (p < 0.01) compared with control group. The IC50 value of PC against IEC-6 cells were about 
2.1 μg·mL−1 (approximately 6.95 μM). Therefore, in the subsequent studies, the concentrations of PC 
were set at 1.0, 2.0, 4.0 μg·mL−1 for cell apoptosis and cell cycle assay and 0.5, 1.0, 2.0 μg·mL−1 for 
caspase activity assay, and the expressions of Bax, Bcl-2, AIF, Apaf-1, FADD, TRADD FasR, FasL, 
TNFR1 and NF-κB mRNA expressions. 

 
Figure 2. Relative cell viabilities of IEC-6 cells after incubation with various concentrations of PC. 
Compared with corresponding control group, ** p < 0.01, (n = 5). 

Figure 1. Structure of pekinenin C (PC) (a); the High Performance Liguid Chromatography (HPLC)
chromatograms of PC (b) and the purity characterization of PC (c). TH is the abbreviation of threshold,
PA is the abbreviation of purity angle and M is the abbreviation of point of maximum impurity.

Cytotoxicity was assayed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
method as previously described [17]. IEC-6 cells were cultured with increasing concentrations of PC,
which were 1.0, 2.0, 4.0, 8.0 and 16.0 µg¨ mL´1 after 48 h exposure (Figure 2). Cell viability markedly
decreased and the cell inhibition remarkably increased in a concentration-dependent manner (p < 0.01)
compared with control group. The IC50 value of PC against IEC-6 cells were about 2.1 µg¨ mL´1

(approximately 6.95 µM). Therefore, in the subsequent studies, the concentrations of PC were set
at 1.0, 2.0, 4.0 µg¨ mL´1 for cell apoptosis and cell cycle assay and 0.5, 1.0, 2.0 µg¨ mL´1 for caspase
activity assay, and the expressions of Bax, Bcl-2, AIF, Apaf-1, FADD, TRADD FasR, FasL, TNFR1 and
NF-κB mRNA expressions.
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2.2. Effects of PC on Cell Cycle

Cell cycle is usually regarded as a primary factor in cell proliferation, differentiation, migration and
survival. It had been reported that G1-phase arrest could be significantly associated with apoptosis [18].
Through flow cytometry analysis, the percentage of G0/G1 phase cells increased from 56.70% to
62.24% after treatment with PC for 48 h (Figure 3), indicating PC arrested IEC-6 cells at G0/G1 phase
in a concentration-dependent manner, blocked cell cycle progression, interfered DNA synthesis, and
finally led to the apoptosis of IEC-6 cells.
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Figure 3. Cell cycle distribution of IEC-6 cells. Compared with corresponding control group, * p < 0.05,
** p < 0.01, (n = 3).

2.3. Effects of PC on Cell Apoptosis

Programmed cell-death (PCD) is death of a cell in any form, mediated by an intracellular program
and apoptosis is the process of PCD [19]. After incubating with PC for 48 h, IEC-6 cells were observed
with inverted phase contrast microscopy. Morphological changes of IEC-6 cells obviously occurred in
the PC-treated groups (1.0, 2.0, 4.0 µg¨ mL´1 for 48 h) in contrast with the control group (Figure 4). The
number of cells decreased, cell morphology changed from normal spindle to round, cell size became
shrunken, cell skeleton arranged irregular, and cells began to lose the borders with surrounding cells.
All these demonstrated that PC changed the cellular morphology and cell apoptosis appeared in
IEC-6 cells.
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Figure 5. Transmission electron microscopy images of IEC-6 cell in control group (a) and treatment 
with PC of 2.0 μg·mL−1 (b–d) for 48 h; Cell morphology became more round shaped (b); red arrow in 
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Annexin V-FITC/PI dual staining were analyzed to investigate the apoptosis effect of PC on  
IEC-6 cells in vitro. As shown in Figure 6, when the concentration changed from 1.0 to 4.0 μg·mL−1 

Figure 4. PC-induced inhibitory cell proliferation in IEC-6 cells were detected by inverted phase
contrast microscopy (ˆ200), the morphology of IEC-6 cells changed in the PC-treated groups.
(a) Control; (b) 1 µg¨ mL´1; (c) 2 µg¨ mL´1; (d) 4 µg¨ mL´1.

Results from transmission electron microscope (TEM) also indicated that apoptosis took place in
the PC-treated group after 48 h, compared with the control group (Figure 5). In Figure 5a, cells shape
were round and complete and intestinal villi were arranged regularly with abundant mitochondria in
cytoplast. PC-treated cells appeared microscopic ultrastructure changes with apoptotic characteristics,
for example cell morphology became more round shaped Figure 5b, nuclear chromatin condensated
and aggregated Figure 5c, apoptotic body formed Figure 5d.
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with PC of 2.0 µg¨ mL´1 (b–d) for 48 h; Cell morphology became more round shaped (b); red arrow in
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Annexin V-FITC/PI dual staining were analyzed to investigate the apoptosis effect of PC on
IEC-6 cells in vitro. As shown in Figure 6, when the concentration changed from 1.0 to 4.0 µg¨ mL´1

after 48 h PC-treated, the proportion of total apoptotic cells significantly increased from 20.83% to
37.91%. However, the percentages of apoptotic cells compared with the control was only 10.84%. The
fluorescence intensity of FITC and PI in IEC-6 cells treated with PC at high doses of 4.0 µg¨ mL´1 was
noticeably enhanced, which revealed that high dose PC caused obvious cell apoptosis, in accordance
with the Annexin V-FITC/PI dual staining assay.
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2.4. Effects of PC on Caspase-Dependent Mitochondria Pathway

The Bcl-2 family is the main regulatory factors in the process of mitochondrial pathway apoptosis.
The family members comprise anti-apoptotic (Bcl-2, Bcl-w, Bcl-XL, and Mcl-1) and pro-apoptotic
members (Bax, Bak, Bim, Bad, Bid, Puma, and DP5) [20,21]. Some Bcl-2 family proteins can activate
caspase-9 and caspase-3 leading to the execution phase of cell apoptosis [22,23]. Moreover, Bcl-2 is
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reported to be able to suppress the AIF pathway [24]. AIF involved in inducing a caspase-independent
pathway of apoptosis. Western blot analysis showed an increase in expression of pro-apoptotic protein
Bax, AIF and Apfa-1, and a decrease in expression of anti-apoptotic protein Bcl-2 (Figure 7).
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Figure 7. The expression of Bax, Bcl-2, AIF, Apaf-1 protein detected by western-blotting after treatment
with PC for 48 h.

The interaction of apoptosis protease activating Apfa-1 and caspase-9 results in the formation
of apoptosome, which activated caspase-9, leading to caspase-3 and induction of apoptosis. To
further understand the apoptosis signaling induced by PC, the activation of caspase cascades was
assessed. After PC treatment for 48 h, which was chosen from 12, 24 and 48 h, the activation
of caspase-3, 9 was detected with enzyme-linked immunosorbent assay (ELISA) kit. The results
suggested that the activation of caspase-3, 9 in IEC-6 cells were obviously elevated by PC in a
concentration-dependent manner (Figure 8a). Results demonstrate that PC promoted IEC-6 cells
via the mitochondrial apoptosis pathway.
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2.5. Effects of PC on Death Receptor Pathway

The extrinsic death receptors pathway is another apoptosis signaling pathway. It might be
mediated through the death receptors existed on the cell surface [25]. In this apoptotic process,
apoptosis was mainly stimulated by drugs via death receptors, such as FasR, TNFR, DR3, DR4,
DR5. To investigate whether PC in induced apoptosis in IEC-6 cells via a death receptors pathway,
ELISA kit and RT-PCR were used to determine caspase-8 and FasR, FasL, TNFR and NF-κB mRNA
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expressions, respectively. We then determined TRADD and FADD if these changes in mRNA levels
were accompanied by corresponding changes in protein levels. As Figure 8b, Figure 9 and Figure S1
showed, extrinsic pathway-associated genes, cleaved caspase-8, FasR, FasL, TNFR and NF-κB mRNA
were up-regulated and FADD, TRADD were down-regulated in a concentration-dependent manner.
These results indicated that PC involved in induction of apoptosis is also mediated by the death
receptor pathway.
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3. Discussion

In order to study the apoptosis mechanism of PC, PC-treated on cell inhibition, cell cycle, and cell
apoptosis were investigated. MTT was a widely used regent to assess cell number because a yellow
tetrazole is reduced to purple formazan in living cells and dimethyl sulfoxide (DMSO) is added to
dissolve the insoluble purple formazan product into a colored solution. The absorbance of colored
solution is quantified by measuring at 490 nm, which is proportional to the total of cells [26]. MTT
assays showed PC could effectively improve cell inhibition. In addition, apoptosis was described by a
lot of characteristic cell changes, such as cell shrinkage, nuclear fragmentation, chromatin condensation,
chromosomal DNA fragmentation and the formation of apoptotic bodies [27]. In this work, the cellular
morphology alterations including cells became more round and smaller (Figure 4), compared to control
cells and characteristic features of apoptosis, including cell volume decreased, nuclear chromatin
condensated and apoptotic body formed (Figure 5), could also be observed in PC treated cells.

Cell cycle is the series of events that involve G0 phase, G1 phase, S phase, G2 phase, and M
phase [28]. In G0 phase, the cells are both quiescent and senescent, and have stopped dividing. Cells
size increases in G1 phase and DNA replication occurs during S phase. The cells will continue to grow
in G2 phase, then cell growth stops at the M phase and cellular energy is focused on dividing into
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two daughter cells [29]. In current study, the result indicated that PC could induce G0/G1 cell cycle
arrest in a concentration-dependent manner. This conclusion was also consistent with flow cytometry
analysis on cell apoptosis, which the percentage of total apoptotic cells revealed that PC notably
promoted cell apoptosis of IEC-6 treated with PC for 48 h in a concentration-dependent manner.

Apoptosis can be initiated through two distinct signaling pathways [30,31]. The extrinsic
pathway of apoptosis was referred to cell death induced by external factors such as FasL, TNF-α,
and TNF-related apoptosis-inducing ligand (TRAIL) that activate caspase-8, which in turn activate
downstream effector caspases such as caspase-3 [32,33]. The intrinsic apoptotic pathway was
characterized by permeabilization of the mitochondria via Bcl-2 family proteins and activation of the
caspase family [34], which included caspase-3, and caspase-9, etc. As shown in Figure 8, PC could
effectively elevated the activation of caspase-3, 8, 9, which was likely to demonstrate that PC-induced
apoptosis between death receptors and mitochondrial-associated pathways.

Bcl-2 family of proteins is known as an important gatekeeper to the apoptotic pathway. As an
anti-apoptotic member of Bcl-2 family, Bcl-2 was found primarily in the mitochondrial membrane,
the nuclear membrane and the endoplasmic reticulum, and apoptotic resistance was significantly
higher than in other sites [35]. As a pro-apoptotic member of Bcl-2 family, Bax existed in the
cytoplasm as a monomer. Once stimulated by related apoptotic signals, Bax was transferred into
the membrane of mitochondria, released from mitochondria into cytosol, and subsequently induced
apoptosis [36]. In this work, treatment of IEC-6 cells with PC increased expression levels of Bax, Apaf-1
and AIF while Bcl-2 was decreased. Hence, from these results we might conclude activation of a
mitochondrial-dependent pathway (Figure 7).

The death receptor pathway is mediated through the death-domain-containing receptors such as
TNFR, FasR, death receptor 3 (DR3), death receptor 4 (DR4), death receptor 5 (DR5) [37]. Fas/FasL is
the most representative pathway of apoptosis mediated by death receptors. Fas and TNFR1 belonged
to type I transmembrane protein [38,39], and FasL (natural Fas ligand) was a type II transmembrane
protein. As an integral membrane protein, TNFR1 can activate caspase-8. TNF-α signaling can
stimulate the generation of an apoptotic signal via FADD-mediated activation of caspase-8, whereas
TRADD activation can lead to activation of NF-κB and trigger downstream events that result in
increased gene expression leading to an anti-apoptotic response [40]. Then the other members of the
caspases family, such as caspase-3 were activated and ultimately apoptosis occurred within several
hours [41]. NF-κB is a key protein complex in controlling transcription of DNA and regulating the
immune response to infection [42]. The present study showed that FasR, FasL, TNFR and NF-κB
mRNA levels could be enhanced by the treatment of PC, which provided further evidence that PC
might act on death receptors pathway to induce apoptosis of IEC-6 cells.

4. Experimental Section

4.1. Plant Materials and the Preparation of PC

The roots of Euphorbia Pekinensis Rupr. were purchased from the Bozhou medicine market
(Bozhou, China), and identified by Professor Wei Yue (Nanjing University of Chinese Medicine,
Nanjing, China). PC was separated from the EtOAc fractions of Euphorbia Pekinensis Rupr. as reported
previously [7]. PC was dissolved in DMSO at a concentration of 12.5 mg¨ mL´1 and the stock solution
was then diluted with Dulbecco’s modified Eagle’s medium (DMEM) medium prior to use to obtain
the indicated concentration.

4.2. Chemicals and Regents

DMEM and fetal bovine serum (FBS) were purchased from Gibco (Grand Island, NY, USA).
MTT, DMSO and phosphate-buffered saline (PBS) were purchased from Beijing Solarbio science and
technology Co., Ltd. (Beijing, China). Annexin V-FITC/PI apoptosis detection kit was purchased
from Beyotime Biotechnology Co., Ltd. (Nantong, China). Caspase-3, 8, 9 Elisa kits were purchased
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from Nanjing Jin Yibai Biological Technology Co., Ltd. (Nanjing, China). Total protein extraction kit,
Bradford protein assay kit and all antibodies were purchased from Nanjing Saiyan Bioengineering
Institute (Nanjing, China).

4.3. Cell Culture

The rat intestinal crypt epithelial cell line (IEC-6 cells) which was purchased from the American
Type Culture Collection (ATCC, Rockefeller, MD, USA), was cultured in DMEM containing 10% (v/v)
FBS and 1% bovine insulin, 100 unit¨ mL´1 of penicillin and streptomycin at 37 ˝C in a humidified 5%
CO2 incubator.

4.4. Cytotoxicity Assay

Cytotoxicity was assayed by the MTT assay as previously reported [16]. In brief, cells were diluted
in serum-free DMEM medium and seeded in 96-well plates (1.0 ˆ 104 cells¨ well´1), then incubated at
37 ˝C for 24 h in a humidified atmosphere of 5% CO2 with 100 µL.

Every solution was added into 96-well plates with 100 µL per well. After 24 h, the growth
medium was replaced with different concentration of PC (the final concentrations of 1.0, 2.0, 4.0, 8.0,
16.0 µg¨ mL´1) and the cells were incubated at 37 ˝C for 48 h in an incubator. Then, the treated cells
were incubated with 20 µL per well of MTT (5.0 mg¨ mL´1) for a successive 4 h. The MTT-formazan
product dissolved in 150 µL DMSO and the absorbance at 490 nm value of each well was measured
by a Microplate Reader (Olympus, Tokyo, Japan). All the doses were tested at least five times.
The inhibition rate of cell proliferation was calculated as: cell inhibition (%) = (1 ´ sample solution
absorbance value/control absorbance value) ˆ 100%.

4.5. Cell Cycle Analysis

Cells were seeded in 6-well plates (1.6 ˆ 105cells¨ well´1) and incubated at 37 ˝C for 24 h in
a humidified atmosphere of 5% CO2. The growth medium was replaced with PC at doses of 1.0,
2.0, 4.0 µg¨ mL´1. After incubated for 48 h, cells were collected and placed in the centrifuge tube at
1500 rpm for 5 min and fixed in cooled 70% ethanol overnight at 4 ˝C. Cells were washed twice with
PBS and stained with PI/RNase staining solution (Sigma, St. Louis, MO, USA) which kept in dark
place for 30 min and analyzed by flow cytometer (FACSCalibur, BD Instruments Inc., Franklin Lakes,
NJ, USA). Each experiment was performed triplicate.

4.6. Cell Morphological Detection and Transmission Electron Microscopy (TEM)

Cell pretreatment methods were the same with cell cycle analysis. After incubated for 48 h, cells
were observed with phase contrast microscope (Olympus, Tokyo, Japan).

Cells were seeded in cell bottle at a density of 1.0 ˆ 105 cells¨ mL´1 in 5 mL medium solution and
incubated at 37 ˝C for 24 h in a humidified atmosphere of 5% CO2. After being exposed to 2.0 µg¨ mL´1

PC for 48 h, fixed at room temperature in 2.5% glutaraldehyde buttered with 1% osmic acid for 1 h.
The cells were then dehydrated with acetone and embedded in a mixture of Epon-812 araldite. The
ultrathin sections were prepared with a microtome (Leica, Nussloch, Germany) and mounted on copper
grids. The samples were detected in a transmission electron microscope (JEOL Ltd., Tokyo, Japan).

4.7. Western Blot Analysis

After the treatment of IEC-6 cells, protein samples were separated using 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis and transferred onto nitrocellulose membranes. After
membranes were blocked in 5% BSA for 2 h, immunoblotting was conducted by incubating with the
primary antibodies overnight at 4 ˝C. In this study, β-Actin (13E5) Rabbit mAb (42 kDa) antibodies
and TRADD antibody were purchased from Cell Signaling (Boston, MA, USA), Anti-FADD antibody
(ab24533) were purchased by ABCAM (Shanghai, China). After incubation with goat anti rabbit
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IgG-HRP (SN134, Nanjing Sunshine Biotechnology Co., Ltd., Nanjing, China) secondary antibodies
for 2 h at room temperature, immunoreactive bands were visualized and analyzed using a chemical
luminescence (ECL) substrate (Millipore, Darmstadt, Germany) and automatic chemical luminescence
(ECL)/fluorescence image analysis system named Gel Image System (Tanon Science & Technology Co.,
Ltd., Shanghai, China).

4.8. Caspase-3, 8, 9 Activation Assay

The pretreatment of cells were the same with cell cycle analysis, then were treated with PC at
various concentration of 0.5, 1.0, 2.0 µg¨ mL´1. After 48 h, cells and the supernatants were obtained for
measurement of caspase-3, 8, 9 activation according to the manufacturer’s instructions. The activation
of caspase-3, 8, 9 were measured spectrophotometrically at a wavelength of 450 nm within 15 min.
The concentration of caspase-3, 8, 9 was then determined by comparing the optical density (OD) of
PC-treated to the standard curve.

4.9. RNA Isolation and Real Time Quantitative PCR

Total RNA was isolated from treated IEC-6 cells using Trizol reagent (Sigma, St. Louis, MO, USA)
following the protocol provided by the manufacturer. Glyceraldehyde phosphate dehydrogenase
(GAPDH) was used as the invariant control. After the treatment, cells were washed twice with ice-cold
PBS and then were used for the fluorescence real-time PCR detection (Nanjing Saiyan Bioengineering
Institute, Nanjing, China). The relative expression of RNA was calculated using 2´∆∆Ct method [43].

4.10. Statistical Analysis

The data were analyzed with software SPSS 15.0 (SPSS Inc., Chicago, IL, USA, 2008) and presented
as mean values ˘ SD. The results were analyzed using one-way analysis of variance (ANOVA) and an
unpaired student t-test. Statistical significance was indicated as values of p < 0.05.

5. Conclusions

In conclusion, the current study highlighted the apoptotic mechanism of PC in IEC-6 cells. PC
exerted serious intestinal cell toxicity by inducing apoptosis and cell cycle arrest. The data indicated
the key role of Bcl-2/Bax in mitochondrial mediated apoptosis by activating caspase-3. PC induced
caspase-dependent apoptosis, which is connected with caspase-9 and other members of the Bcl-2
family. Together with the death receptors pathway, FADD and TRADD protein levels were consistent
with mRNA expression. All these results support the apoptotic mechanism of PC can be activated
both the death receptors pathway and the mitochondrial-dependent pathway.

Supplementary Materials: Supplementary materials can be found at http://www.mdpi.com/1422-0067/17/
6/850/s1.

Acknowledgments: This work was supported by the National Natural Science Foundation of China for Youths
(81503250), Jiangsu Province Administration of traditional Chinese medicine science and technology project
(LZ13021), the Priority Academic Program Development of Jiangsu Higher Education Institutions (ysxk-2014),
Natural Science Research Program of Jiangsu Province University (15KJB360009) and Jiangsu Province Ordinary
University graduate student innovation project (2010_467). In addition, this work was completed in Level-3
Laboratory for Chinese Medicine Chemistry of State Administration of Traditional Chinese Medicine.

Author Contributions: Yudan Cao and Fangfang Cheng carried out and designed the experiments; Yudan Cao
analyzed the data and drafted the paper; Weifeng Yao provided assistance in principles of pharmacology;
Kaicheng Zhang provided PC kansenone for the reasearch and Beihua Bao participated in cell culture; Li Zhang
and Anwei Ding revised the manuscript; All authors have read and approved the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Mol. Sci. 2016, 17, 850 12 of 13

References

1. Jassbi, A.R. Chemistry and biological activity of secondary metabolites in Euphorbia from Iran. Phytochemistry
2006, 67, 1977–1984. [CrossRef] [PubMed]

2. Chinese Pharmacopoeia Commission. Pharmacopoeia of the People’s Republic of China, 10th ed.; China Medical
Science and Technology Press: Beijing, China, 2015; Volume 1, p. 225.

3. Kong, L.Y.; Li, Y.; Wu, X.L.; Min, Z.D. Cytotoxic diterpenoids from Euphorbia pekinensis. Planta Med. 2002, 68,
249–252. [CrossRef] [PubMed]

4. Liang, Q.L.; Dai, C.C.; Jiang, J.H.; Tang, Y.P.; Duan, J.A. A new cytotoxic casbane diterpene from Euphorbia
pekinensis. Fitoterapia 2009, 80, 514–516. [CrossRef] [PubMed]

5. Hou, P.Y.; Zeng, Y.; Ma, B.J.; Bi, K.S.; Chen, X.H. A new cytotoxic casbane diterpene from Euphorbia pekinensis.
Fitoterapia 2013, 90, 10–13. [CrossRef] [PubMed]

6. Shao, F.G.; Bu, R.; Zhang, C.; Chen, C.J.; Huang, J.; Wang, J.H. Two new casbane diterpenoids from the roots
of Euphorbia pekinensis. J. Asian Nat. Prod. Res. 2011, 13, 805–810. [CrossRef] [PubMed]

7. Tao, W.W.; Duan, J.A.; Tang, Y.P.; Yang, N.Y.; Li, J.P.; Qian, Y.F. Casbane diterpenoids from the roots of
Euphorbia pekinensis. Phytochemistry 2013, 94, 249–253. [CrossRef] [PubMed]

8. Chen, H.Y.; Tao, W.W.; Cao, Y.D.; Chen, P.D.; Ding, A.W. Chemical constituents of Euphorbia pekinensis Rupr.
Chin. Tradit. Pat. Med. 2013, 35, 745–748. (In Chinese)

9. Quaroni, A.; Wands, J.; Trelstad, R.L.; Isselbacher, K.J. Epthelioid cell cultures from rat small intestine
characterization by morphologic and immunologic criteria. J. Cell Biol. 1979, 80, 248–265. [CrossRef]
[PubMed]

10. He, Y.; Chu, S.H.; Walker, W.A. Nucleotide supplements alter proliferation and differentiation of cultured
human (CACO-2) and rat (IEC-6) intestinal epithelial cells. J. Nutr. 1993, 123, 1017–1027. [PubMed]

11. Suemori, S.; Ciacci, C.; Podolsky, D.K. Regulation of transforming growth factor expression in rat intestinal
epithelial cell lines. J. Clin. Investig. 1991, 87, 2216–2221. [CrossRef] [PubMed]

12. Carroll, K.M.; Wong, T.T.; Drabik, D.L.; Chang, E.B. Differentiation of rat small intestinal epithelial cells by
extracellular matrix. Am. J. Physiol. 1988, 254, G355–G360. [PubMed]

13. Green, D.R. Apoptotic pathways: The roads to run. Cell 1998, 94, 695–698. [CrossRef]
14. Green, D.R.; Reed, J.C. Mitochondria and apoptosis. Science 1998, 281, 1308–1312.
15. Matthews, G.M.; Newbold, A.; Johnstone, R.W. Intrinsic and extrinsic apoptotic pathway signaling as

determinants of histone deacetylase inhibitor antitumor activity. Adv. Cancer Res. 2012, 116, 165–197.
[PubMed]

16. Cohen, G.M. Caspases: The executioners of apoptosis. Biochem. J. 1997, 326, 1–16. [CrossRef] [PubMed]
17. Yarim, M.; Koksal, M.; Durmaz, I.; Atalay, R. Cancer cell cytotoxicities of 1-(4-substituted -benzoyl)-4-

(4-chlorobenzhydryl) piperazine derivatives. Int. J. Mol. Sci. 2012, 13, 8071–8085. [CrossRef] [PubMed]
18. Kim, D.Y.; Kang, S.H.; Ghil, S.H. Cirsium japonicum extract induces apoptosis and anti- proliferation in

human breast cancer cell line MCF-7. Mol. Med. Rep. 2010, 3, 427–432. [PubMed]
19. Engelberg, K.H.; Amitai, S.; Kolodkin, G.I.; Hazan, R. Bacterial programmed cell death and multicellular

behavior in bacteria. PLoS Genet. 2006, 2. [CrossRef] [PubMed]
20. Graham, S.H.; Chen, J.; Clark, R.S. Bcl-2 family gene products in cerebral ischemia and traumatic brain injury.

J. Neurotrauma 2000, 17, 831–841. [CrossRef] [PubMed]
21. Oltvai, Z.N.; Milliman, C.L.; Korsmeyer, S.J. Bcl-2 heterodimerizes in vivo with a conserved homolog, Bax,

that accelerates programmed cell death. Cell 1993, 74, 609–619. [CrossRef]
22. Czabotar, P.E.; Lessene, G.; Strasser, A.; Adams, J.M. Control of apoptosis by the BCL-2 protein family:

Implications for physiology and therapy. Nat. Rev. Mol. Cell Biol. 2014, 15, 49–63. [CrossRef] [PubMed]
23. Calandria, C.; Irurzun, A.; Barco, A.; Carrasco, L. Individual expression of poliovirus 2Apro and 3Cpro

induces activation of caspase-3 and PARP cleavage in Hela cells. Virus Res. 2004, 104, 39–49. [CrossRef]
[PubMed]

24. Li, S.; Yu, W.; Hu, G.F. Angiogenin inhibits nuclear translocation of apoptosis inducing factor in a
Bcl-2-dependent manner. J. Cell. Physiol. 2012, 227, 1639–1644. [CrossRef] [PubMed]

25. Medema, J.P.; Scaffidi, C.; Kischkel, F.C.; Shevchenko, A.; Mann, M.; Krammer, P.H.; Peter, M.E. FLICE
is activated by association with the CD95 death-inducing signaling complex (DISC). EMBO J. 1997, 16,
2794–2804. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.phytochem.2006.06.030
http://www.ncbi.nlm.nih.gov/pubmed/16889806
http://dx.doi.org/10.1055/s-2002-23132
http://www.ncbi.nlm.nih.gov/pubmed/11914963
http://dx.doi.org/10.1016/j.fitote.2009.06.014
http://www.ncbi.nlm.nih.gov/pubmed/19560525
http://dx.doi.org/10.1016/j.fitote.2013.07.004
http://www.ncbi.nlm.nih.gov/pubmed/23850541
http://dx.doi.org/10.1080/10286020.2011.596828
http://www.ncbi.nlm.nih.gov/pubmed/21830884
http://dx.doi.org/10.1016/j.phytochem.2013.06.009
http://www.ncbi.nlm.nih.gov/pubmed/23849544
http://dx.doi.org/10.1083/jcb.80.2.248
http://www.ncbi.nlm.nih.gov/pubmed/88453
http://www.ncbi.nlm.nih.gov/pubmed/8505661
http://dx.doi.org/10.1172/JCI115256
http://www.ncbi.nlm.nih.gov/pubmed/2040702
http://www.ncbi.nlm.nih.gov/pubmed/3348402
http://dx.doi.org/10.1016/S0092-8674(00)81728-6
http://www.ncbi.nlm.nih.gov/pubmed/23088871
http://dx.doi.org/10.1042/bj3260001
http://www.ncbi.nlm.nih.gov/pubmed/9337844
http://dx.doi.org/10.3390/ijms13078071
http://www.ncbi.nlm.nih.gov/pubmed/22942690
http://www.ncbi.nlm.nih.gov/pubmed/21472257
http://dx.doi.org/10.1371/journal.pgen.0020135
http://www.ncbi.nlm.nih.gov/pubmed/17069462
http://dx.doi.org/10.1089/neu.2000.17.831
http://www.ncbi.nlm.nih.gov/pubmed/11063051
http://dx.doi.org/10.1016/0092-8674(93)90509-O
http://dx.doi.org/10.1038/nrm3722
http://www.ncbi.nlm.nih.gov/pubmed/24355989
http://dx.doi.org/10.1016/j.virusres.2004.02.042
http://www.ncbi.nlm.nih.gov/pubmed/15177891
http://dx.doi.org/10.1002/jcp.22881
http://www.ncbi.nlm.nih.gov/pubmed/21678416
http://dx.doi.org/10.1093/emboj/16.10.2794
http://www.ncbi.nlm.nih.gov/pubmed/9184224


Int. J. Mol. Sci. 2016, 17, 850 13 of 13

26. Zhang, Y.X.; Yang, Z.H.; Li, R.J.; Geng, H.; Dong, C. Investigation of fine chalk dust particles’ chemical
compositions and toxicities on alveolar macrophages in vitro. Chemosphere 2015, 120, 500–506. [CrossRef]
[PubMed]

27. Borner, C. The Bcl-2 protein family: Sensors and checkpoints for life-or-death decisions. Mol. Immunol. 2003,
39, 615–647. [CrossRef]

28. Elledge, S.J. Cell cycle checkpoints: Preventing an identity crisis. Science 1996, 274, 1664–1672. [CrossRef]
[PubMed]

29. Wang, J.D.; Levin, P.A. Opinion metabolism, cell growth and the bacterial cell cycle. Nat. Rev. Microbiol. 2009,
7, 822–827. [CrossRef] [PubMed]

30. Spencer, S.L.; Sorger, P.K. Measuring and modeling apoptosis in single cells. Cell 2011, 144, 926–939.
[CrossRef] [PubMed]

31. Wang, X. The expanding role of mitochondria in apoptosis. Genes Dev. 2001, 15, 2922–2933. [PubMed]
32. Ravindran, J.; Prasad, S.; Aggarwal, B.B. Curcumin and cancer cells: How many ways can curry kill tumor

cells selectively. AAPS J. 2009, 11, 495–510. [CrossRef] [PubMed]
33. Stennicke, H.R.; Jurgensmeier, J.M.; Shin, H.; Deveraux, Q.; Wolf, B.B.; Yang, X.; Zhou, Q.; Ellerby, H.M.;

Ellerby, L.M.; Bredesen, D.; et al. Pro-caspase-3 is a major physiologic target of caspase-8. J. Biol. Chem. 1998,
273, 27084–27090. [CrossRef] [PubMed]

34. Zhai, D.Y.; Jin, C.F.; Huang, Z.W.; Satterthwait, A.C.; Reed, J.C. Differential regulation of Bax and Bak
by anti-apoptotic Bcl-2 family proteins Bcl-B and Mcl-1. J. Biol. Chem. 2008, 283, 9580–9586. [CrossRef]
[PubMed]

35. Armstrong, J.S. Mitochondrial membrane permeabilization: The sine qua non for cell death. Bioessays 2006,
28, 253–260. [CrossRef] [PubMed]

36. Zhang, D.; Armstrong, J.S. Bax and the mitochondrial permeability transition cooperate in the release of
cytochrome c during endoplasmic reticulum-stress-induced apoptosis. Cell Death Differ. 2007, 14, 703–715.
[CrossRef] [PubMed]

37. Consuelo, G.; Faustin, M. Lipid rafts and raft-mediated supramolecular entities in the regulation of CD95
death receptor apoptotic signaling. Apoptosis 2015, 20, 584–606.

38. Kischkel, F.C.; Hellbardt, S.; Behrmann, I.; Germer, M.; Pawlita, M.; Krammer, P.H.; Peter, M.E.
Cytotoxity-dependent APO-1(Fas/CD95)-assiociated proteins from a death-inducing signaling complex
(DISC) with the receptor. EMBO J. 1995, 14, 5579–5588. [PubMed]

39. De Giorgi, V.; Salvini, C.; Chiarugi, A. In vivo characterization of the in flammatory in filtrate and apoptotic
status in iniqumiod-treated basal cell carcinoma. Int. J. Dermatol. 2009, 48, 312–321. [CrossRef] [PubMed]

40. Chiewchengchol, D.; Wright, H.L.; Thomas, H.B.; Lam, C.W.; Roberts, K.J.; Hirankarn, N.; Beresford, M.W.;
Moots, R.J.; Edwards, S.W. Differential changes in gene expression in human neutrophils following TNF-α
stimulation: Up-regulation of anti-apoptotic proteins and down-regulation of proteins involved in death
receptor signaling. Immun. Inflamm. Dis. 2016, 4, 35–44. [CrossRef] [PubMed]

41. Zakeri, Z.; Lockshin, R.A. Cell death: History and future. Adv. Exp. Med. Biol. 2008, 615, 1–11. [PubMed]
42. Xiong, T.; Dong, W.B.; Fu, H.; Li, Q.P.; Deng, C.L.; Lei, X.P.; Guo, L. Involvement of the nuclear factor-κB

pathway in the adhesion of neutrophils to renal tubular cells after injury induced by neonatal postasphyxial
serum. Mol. Cell. Biochem. 2014, 388, 85–94. [CrossRef] [PubMed]

43. Livak, K.J.; Schmittgen, T.D. Analysis of relative gene expression data using real-time quantitative PCR and
the 2´∆∆Ct method. Methods 2001, 25, 402–408. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.chemosphere.2014.09.009
http://www.ncbi.nlm.nih.gov/pubmed/25278178
http://dx.doi.org/10.1016/S0161-5890(02)00252-3
http://dx.doi.org/10.1126/science.274.5293.1664
http://www.ncbi.nlm.nih.gov/pubmed/8939848
http://dx.doi.org/10.1038/nrmicro2202
http://www.ncbi.nlm.nih.gov/pubmed/19806155
http://dx.doi.org/10.1016/j.cell.2011.03.002
http://www.ncbi.nlm.nih.gov/pubmed/21414484
http://www.ncbi.nlm.nih.gov/pubmed/11711427
http://dx.doi.org/10.1208/s12248-009-9128-x
http://www.ncbi.nlm.nih.gov/pubmed/19590964
http://dx.doi.org/10.1074/jbc.273.42.27084
http://www.ncbi.nlm.nih.gov/pubmed/9765224
http://dx.doi.org/10.1074/jbc.M708426200
http://www.ncbi.nlm.nih.gov/pubmed/18178565
http://dx.doi.org/10.1002/bies.20370
http://www.ncbi.nlm.nih.gov/pubmed/16479581
http://dx.doi.org/10.1038/sj.cdd.4402072
http://www.ncbi.nlm.nih.gov/pubmed/17170750
http://www.ncbi.nlm.nih.gov/pubmed/8521815
http://dx.doi.org/10.1111/j.1365-4632.2009.03916.x
http://www.ncbi.nlm.nih.gov/pubmed/19261026
http://dx.doi.org/10.1002/iid3.90
http://www.ncbi.nlm.nih.gov/pubmed/27042300
http://www.ncbi.nlm.nih.gov/pubmed/18437888
http://dx.doi.org/10.1007/s11010-013-1901-6
http://www.ncbi.nlm.nih.gov/pubmed/24276753
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction
	Results
	Effects of Pekinenin C (PC) on Cell Viability Analysis
	Effects of PC on Cell Cycle
	Effects of PC on Cell Apoptosis
	Effects of PC on Caspase-Dependent Mitochondria Pathway
	Effects of PC on Death Receptor Pathway

	Discussion
	Experimental Section
	Plant Materials and the Preparation of PC
	Chemicals and Regents
	Cell Culture
	Cytotoxicity Assay
	Cell Cycle Analysis
	Cell Morphological Detection and Transmission Electron Microscopy (TEM)
	Western Blot Analysis
	Caspase-3, 8, 9 Activation Assay
	RNA Isolation and Real Time Quantitative PCR
	Statistical Analysis

	Conclusions

