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ABSTRACT The present study was carried out to investigate the effect of Arcti-
genin on cell growth and the mechanism of cell death elicited by Arctigenin were 
examined in FaDu human pharyngeal carcinoma cells. To determine the apoptotic 
activity of Arctigenin in FaDu human pharyngeal carcinoma cells, cell viability 
assay, DAPI staining, caspase activation analysis, and immunoblotting were per-
formed. Arctigenin inhibited the growth of cells in a dose-dependent manner and 
induced nuclear condensation and fragmentation. Arctigenin-treated cells showed 
caspase-3/7 activation and increased apoptosis versus control cells. FasL, a death 
ligand associated with extrinsic apoptotic signaling pathways, was up-regulated 
by Arctigenin treatment. Moreover, caspase-8, a part of the extrinsic apoptotic 
pathway, was activated by Arctigenin treatments. Expressions of anti-apoptotic fac-
tors such as Bcl-2 and Bcl-xL, components of the mitochondria-dependent intrinsic 
apoptosis pathway, significantly decreased following Arctigenin treatment. The 
expressions of pro-apoptotic factors such as BAX, BAD and caspase-9, and tumor 
suppressor -53 increased by Arctigenin treatments. In addition, Arctigenin activated 
caspase-3 and poly (ADP-ribose) polymerase (PARP) induced cell death. Arctigenin 
also inhibited the proliferation of FaDu cells by the suppression of p38, NF-κB, and 
Akt signaling pathways. These results suggest that Arctigenin may inhibit cell prolif-
eration and induce apoptotic cell death in FaDu human pharyngeal carcinoma cells 
through both the mitochondria-mediated intrinsic pathway and the death receptor-
mediated extrinsic pathway.

INTRODUCTION
Head and neck cancers such as oral cancer, pharyngeal cancer, 

and laryngeal cancer are the most common cancers worldwide, 
especially in South America, Asia, and Europe [1-3]. Also, most 
of them are squamous cell carcinoma [4]. In the last 30 years, the 
survival rate of head and neck cancer has not improved signifi-
cantly despite modern medical techniques and treatments such 
as the use of anticancer drugs [3,5]. Clinical treatment for head 
and neck cancer may induce adverse effects related to functional 

changes in the ability to speak, swallow, or chew [4,6]. In addition, 
anticancer drug treatment may cause side effects such as gastro-
intestinal disorders, immune dysfunction, and bone marrow loss 
[7,8]. Therefore, there is a lot of interest in developing natural an-
ticancer drugs that can minimize side effects while maintaining 
the effects of anticancer drugs [9].

Apoptosis is a regulatory strategy for the removal of unneces-
sary and potentially harmful cells from an organism. This process 
interacts with the development of many diseases and immune 
system abnormalities [10]. This process is very important for ho-
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meostasis preservation and physical development, as well as for 
preserving homeostasis, as well as for regulating cell growth and 
proliferation [11]. Most anticancer drugs act as chemotherapeutic 
agents for cancer by inhibiting the proliferation of cancer cells by 
inducing apoptosis [12,13]. Therefore, apoptosis of cancer cells 
due to the use of these anticancer drugs has become an important 
indicator of cancer treatment outcomes [14,15]. Analysis of apop-
tosis mechanisms is very valuable and promotes understanding of 
the pathogenesis of diseases caused by non-functional apoptosis 
[10]. In cancer, apoptosis can occur either through a death recep-
tor-dependent extrinsic pathway or a mitochondrial-dependent 
intrinsic pathway induced by chemotherapy [16,17].

Over the past few decades, natural products have been used 
for many malignant diseases, such as cancer, and more and more 
studies have demonstrated the importance of phytochemicals in 
the treatment of these diseases [18].

Arctigenin was first identified in Arctium lappa L. (A. lappa L.), 
a popular medicinal herb and health supplement frequently used 
for anti-influenza treatment in Asia, especially China, Korea and 
Japan [19]. Arctigenin has a variety of therapeutic effects, includ-
ing antiviral [20], immunomodulatory [21,22] anti-inflammatory 
[23,24], and anti-tumor activity [25,26].

Arctigenin is known to show anti-proliferative effects on can-
cer cells including prostate cancer, breast cancer and lung cancer 
[27,28]. However, Arctigenin effects on Head and neck cancers 
cells are not clearly established.

In this study, therefore, the effect of Arctigenin on cell growth 
and the mechanism of cell death elicited by Arctigenin were ex-
amined in FaDu human pharyngeal carcinoma cells. Our results 
showed that Arctigenin can inhibit cell viability and induce apop-
tosis in a dose‐dependent manner in FaDu human pharyngeal 
carcinoma cells.

METHODS

Reagents

Arctigenin (Fig. 1), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-
tetrazolium bromide (MTT) and 4́ ,6-diamidino-2-phenylindole 
dihydrochloride (DAPI) were purchased from Sigma-Aldrich 
Corp. (St. Louis, MO, USA). LIVE/DEAD Viability/Cytotoxicity 
kit was purchased from ThermoFisher Scientific, Inc. (Waltham, 
MA, USA). PhiPhiLux-G1D2 Caspase-3/7 Assay Kit were pur-
chased from OncoImmunin Inc. (Gaithersburg, MD, USA). Anti-
cleaved caspase-3, -8, -9, anti-Fas, anti-PARP, anti-Bcl-2, anti-Bcl-
xL, anti-Bax, anti-Bad, anti-Phospho-ERK, anti-total-ERK, anti-
phospho-p38, anti-total-p38, anti-phospho-JNK, anti-total-JNK, 
anti-phospho-NFκB, anti-total-NFκB, anti-phospho-AKT, anti-
total-AKT, anti-p53 and anti-β-actin antibodies were supplied by 
Cell Signaling Technology, Inc. (Danvers, MA, USA).

Cell line and cell cultures

L-929 murine fibroblast cell and FaDu human pharyngeal 
carcinoma cells obtained from the American Type Culture Col-
lection (ATCC, Rockville, MD, USA). The FaDu cells were grown 
in minimum essential medium (MEM; WelGene, Daegu, Korea) 
containing 10% fetal bovine serum (FBS; WelGene) at 37°C in an 
atmosphere containing 5% CO2.

Cell viability test (MTT assay)

The L-929 cells and FaDu cells were seeded at a concentration 
of 3 × 104 cells/well in 48-well plates. After 24 h growth, the cells 
were treated with Arctigenin at various concentrations for 24 h. 
The cell viability test was evaluated using the MTT assay. At least 
4 separate experiments were performed on each concentration 
combination.

Live/Dead cell assay

The L-929 cells and FaDu cells (2 × 104 cells/well) were cultured 
in an 8-well chamber slide, and allowed to attach to the bottom 
of the chamber slide overnight. Thereafter, the cells were treated 
with 0, 50 or 100 μM Arctigenin for 24 h at 37°C and stained us-
ing the Live/Dead cell viability assay kit. The cells were imaged 
using a fluorescence microscope (Eclipse TE2000; Nikon Instru-
ments, Melville, NY, USA). The Live/Dead cell viability assay kit 
uses green calcein acetoxymethyl ester (Calcein AM) to stain the 
live cells (green fluorescence) and ethidium homodimer1 to stain 
the dead cells (red fluorescence).

DAPI staining

FaDu cells (2 × 104 cells/well) were cultured in an 8-well cham-
ber slide, and allowed to attach to the bottom of the chamber slide 
overnight. After 24 h growth, the cells were treated with 0, 50 or 
100 μM Arctigenin for 24 h. DAPI staining was done according 
to the previously described method [29]. The stained cells exam-

Fig. 1. Chemical structure of Arctigenin.
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ined by fluorescent inverted microscopy (Eclipse TE2000; Nikon 
Instruments).

TUNEL assay

FaDu cells (2 × 104 cells/well) were cultured in an 8-well cham-
ber slide, and allowed to attach to the bottom of the chamber slide 
overnight. After 24 h growth, the cells were treated with 0, 50 or 
100 μM Arctigenin for 24 h. TUNEL assay was performed based 
on Manufacture’s protocol (Promega DeadEnd Colorimetric 
TUNEL System; Promega, Madison, WI, USA). The images were 
imaged using a Leica DM750 microscope (Leica Microsystems, 
Heerbrugg, Switzerland).

Caspase-3/-7 activity assay

The activity of the apoptosis executioner caspase-3/-7 was in-
vestigated using the cell-permeable fluorogenic substrate PhiPhi-
Lux-G1D2 according to the manufacturer's instructions and was 
and cells were imaged using a fluorescence microscope (Eclipse 
TE2000; Nikon Instruments).

Immunoblotting

The FaDu cells were treated with 0, 50 and 100 μM Arctigenin 
or 12.5 μM Z-VAD-fmk, a caspase-3 inhibitor (Sigma-Aldrich 

Corp.) for 24 h. Immunoblotting was done according to the previ-
ously described method with minor modifications [30]. The Anti-
cleaved caspase-3, -8, -9, anti-Fas, anti-PARP, anti-Bcl-2, anti-Bcl-
xL, anti-Bax, anti-Bad, anti-Phospho-ERK, anti-total-ERK, anti-
phospho-p38, anti-total-p38, anti-phospho-JNK, anti-total-JNK, 
anti-phospho-NFκB, anti-total-NFκB, anti-phospho-AKT, anti-
total-AKT, anti-p53 and anti-β-actin were used as the primary 
antibody. The immunoreactive bands were visualized using the 
ECL system (Sigma-Aldrich Corp.). And were visualized using a 
MicroChemi 4.2 imager (DNR Bioimaging Systems, Jerusalem, 
Israel).

Statistical analysis

All experiments were performed at least 4 times. The results 
were presented as mean ± standard deviation (SD). The statistical 
significance was analyzed by using Student’s t-test for two groups 
and one way analysis of variance for multi-group comparisons. 
All statistical analyses were performed using SPSS version 12.0 
(SPSS Inc., Chicago, IL, USA). A p-value < 0.05 was considered 
statistically significant.

Fig. 2. Effect of Arctigenin on cell viability in FaDu pharyngeal carcinoma cells. The effect of Arctigenin on the viability of L-929 cells (A) and 
FaDu cells (B) was accessed by the MTT assay. The percentage of cell viability was calculated as a ratio of A570nms of Arctigenin treated with cells and 
untreated control cells. Each data point represents the mean ± SEM of four experiments. MTT, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
bromide. **p < 0.01 vs. control and ***p < 0.001 vs. control (the control cells measured in the absence of Arctigenin).
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RESULTS

Arctigenin has cytotoxic effects on FaDu human 
pharyngeal carcinoma cells

To verify the cytotoxic effects of Arctigenin on FaDu cells and 
L-929, the cells were treated with following various concentration 
of Arctigenin for 24 and 48 h. After incubation, the cell viability 
was assed using an MTT assy. As shown in Fig. 2A and B, the vi-
ability of L-929 murine fibroblast cells treated with 12.5, 25, 50, 
100, and 200 μM Arctigenin were 86 ± 3.51, 82 ± 2.75, 81 ± 1.85, 
74 ± 1.95, and 72 ± 1.70, respectively, compared to non-treated 
control (100 ± 2.99) for 24 h (Fig. 2A upper panel), and were 95 
± 3.12, 94 ± 3.29, 89 ± 3.48, 82 ± 3.48, and 74 ± 3.40, respectively, 
compared to non-treated control (100 ± 3.48) for 48 h (Fig. 2A 
lower panel). These data showed that Arctigenin had no signifi-
cant effect on the cell viability of L-929 except at high concentra-
tions (100 and 200 μM for 24 h, 200 μM for 48 h). In contrast, the 
viability rate of FaDu cells decreased significantly in response 
to Arctigenin in a dose-dependent manner for 24 and 48 h (Fig. 
2B). Based on these results, the IC50 value for Arctigenin in FaDu 
cells was estimated to be about 85.76 μM for 24 h, and 81.26 μM 
for 48 h. To confirm the Arctigenin-induced cell cytotoxicity in 
FaDu cells, microscopy was used to visualize the live and dead 
cells stained with calcein-AM (green fluorescence) and ethidium 
homodimer 1 (red fluorescence), respectively. As shown in Fig. 3, 
the L-929 cells incubated with following concentration Arctigenin 
for 24 h were stained green due to the cleavage of the membrane 
permeable calcein-AM by the cytosolic esterase in living cells. 
Dead cells were stained red by ethidium bromide homodimer 1 
and were observed to be a significant ratio in the FaDu human 

pharyngeal carcinoma cells that had been treated with Arctigenin 
(50, 100 μM) for 24 h. These data indicated that Arctigenin had 
cytotoxic effects specifically in FaDu human pharyngeal carci-
noma cells.

Arctigenin induces apoptotic cell death in FaDu 
pharyngeal carcinoma cells

To investigate the mechanism underlying Arctigenin-induced 
FaDu apoptosis, DAPI staining was performed to determine 
chromatin condensation in FaDu cells following treatment with 
50 and 100 μM Arctigenin for 24 h. The number of FaDu car-
cinoma cells with condensed nuclei was significantly increased 
following Arctigenin treatment (Fig. 4A, B). To verify whether 
Arctigenin-induced FaDu cell death is mediated by apoptosis, 
caspase-3/7 activity was measured using the cell-permeable Phi-
PhiLux-G1D2. As shown in Fig. 4C, the activities of caspase-3/7 
increased in FaDu cells treated with Arctigenin. Taken together, 
these results suggest that Arctigenin induces cell death through 
apoptosis signaling pathways in FaDu human pharyngeal cells.

Arctigenin-induced cell death is mediated 
extrinsic death receptor-dependent and intrinsic 
mitochondria-dependent apoptotic pathways

To determine the cellular apoptotic pathways associated with 
Arctigenin-induced FaDu cell death, immunoblotting was per-
formed. Fas, which is an apoptotic ligand that triggers the death 
receptor-dependent extrinsic apoptotic pathway in cancer cells, 
was induced by Arctigenin in FaDu cells (Fig. 5A). As shown in 
Fig. 5A, the expression level of cleaved caspase-8, the downstream 

Fig. 3. Induction of cell death by Arctigenin. (A) L-929 cells and FaDu cell death by Arctigenin. The cells were treated with 0, 50, or 100 μM Arcti-
genin for 24 h. Arctigenin induced the death of FaDu cells in the dose-dependent manner. FaDu cells emitting green fluorescence are live cells stained 
by green calcein AM, whereas cells emitting red fluorescence are dead cells stained by ethidium homodimer-1. The arrows indicate dead cells stained 
red. Scale bar represents 100 µm. (B) Quantitative data of (A) were counted, and calculated as 100%. Each data point represents the mean ± SEM of 
four experiments. **p < 0.01 vs. control and ***p < 0.001 vs. control (the control cells measured in the absence of Arctigenin).
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target of pro-apoptotic factor Fas, increased following Arctigenin. 
These data suggest that the involvement of the extrinsic death re-
ceptor-mediated apoptosis pathway in Arctigenin-induced FaDu 
cell apoptosis.

The expression levels of Bcl-2 and Bcl-xL, anti-apoptotic factors 
associated with the intrinsic mitochondria-dependent apoptosis 

pathway, were downregulated by Arctigenin in FaDu cells, while 
those of mitochondria-dependent pro-apoptotic factors such as 
Bax and Bad were upregulated by Arctigenin in FaDu cells (Fig. 
5B). And, Arctigenin treatment increased the expression level of 
cleaved caspase-9 in FaDu cells (Fig. 5B). These data show that 
Arctigenin-induced FaDu cell death involves the intrinsic mito-

Fig. 4. Apoptotic phenomenon in FaDu pharyngeal carcinoma cells stimulated with Arctigenin. (A) Changes in nuclear morphology by Arcti-
genin. The cells were treated with 0, 50, 100 μM Arctigenin for 24 h. DAPI staining revealed that the number of FaDu cells with nuclear condensation 
was increased by Arctigenin. The arrows indicated the apoptotic cells with chromatic condensation characteristics. Scale bar represents 100 µm. (B) 
TUNEL assay revealed that the number of FaDu cells with apoptotic nuclei are stained dark brown was increased by Arctigenin. The arrows indicate 
apoptotic nuclei stained dark brown. Scale bar represents 100 µm. (C) Arctigenin induces the caspase-3/-7 activation in FaDu cells. The caspase-3/-7 
intracellular activity assay was performed using PhiPhiLux-caspase-3/-7 substrate. Images were observed by fluorescence microscopy (Eclipse TE 
2000; Nikon Instruments, Melville, NY, USA). Scale bar represents 100 µm.
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chondria-dependent apoptosis pathway.
Both cleaved caspase-8 and caspase-9, acted in the extrinsic 

death receptor-mediated and intrinsic mitochondria-dependent 
apoptosis pathways in FaDu cells after Arctigenin treatment, fol-
lowing to expression of cleaved caspase-3 (Fig. 5C). These results 
suggest that Arctigenin induces FaDu cell apoptosis, which is me-
diated by death receptor-mediated extrinsic and mitochondria-
dependent intrinsic apoptosis through activation of the caspase 
cascade in FaDu pharyngeal carcinoma cells.

Apoptotic signaling pathways are mediated by the activation of 
the caspase cascade, a hallmark of apoptosis. FaDu cells were pre-
treated for 60 min with 12.5 μM Z-VAD-fmk, a pan-caspase in-
hibitor, prior to treatment with 100 μM Arctigenin. MTT assays 
were then performed to measure cell viability, and western blot-
ting was used to observe changes in the expression of caspase-3 
and PARP. As shown in Fig. 6A, 100 μM Arctigenin decreased 
the viability of FaDu cells by ~51.6% compared with that in un-
treated control cells. However, the viability of FaDu cells was par-
tially recovered (by ~78.4%) in the presence of Z-VAD-fmk and 
Arctigenin. Furthermore, the Arctigenin-induced upregulation 

of cleaved caspase-3 was decreased by Z-VAD-fmk in FaDu cells. 
Subsequently, Z-VAD-fmk significantly suppressed Arctigeninin-
duced cleavage of the pro-form of PARP in FaDu cells (Fig. 6B). 
Therefore, these data indicated that Arctigenin-induced apoptosis 
in FaDu cells was regulated by the activation of caspases.

Arctigenin-induced FaDu cell death is induced by ERK 
and p38 MAPK signaling pathways

To verify the signaling pathways involved in the Arctigenin-
induced apoptosis of FaDu carcinoma cells, we investigated the 
activation of mitogen activated protein kinase (MAPK) sub-
groups such as ERK1/2, p38 and NF-κB protein expression in 
response to Arctigenin. Arctigenin induce the phosphorylation of 
ERK1/2, p38 and NF-κB decreased in the FaDu cells treated with 
Arctigenin in a dose-dependent manner compared with non-
treated control (Fig. 7). Furthermore, the phosphorylation of Akt, 
which is closely associated with cellular signaling of cell prolifera-
tion, significantly decreased in FaDu cells treated with Artigenin, 
in a dose-dependent manner compared with non-treated control. 

Fig. 5. Arctigenin-induced FaDu pharyngeal carcinoma cell death is meditated by both intrinsic and extrinsic pathways. (A) Extrinsic death 
receptor-mediated apoptotic signaling pathway induced by Arctigenin. Arctigenin upregulated the expression level of the death receptor ligand Fas 
and subsequently activated the extrinsic death receptor-mediated apoptotic signaling pathway through the cleavage of caspase-8 in FaDu cells. (B) 
Intrinsic mitochondria-dependent apoptotic signaling pathway induced by Arctigenin. Arctigenin downregulated anti-apoptotic factors Bcl-2 and 
Bcl-xL associated with the intrinsic mitochondria-dependent apoptotic pathway and upregulated the mitochondria-dependent pro-apoptotic factors 
Bax and Bad in FaDu cells. (C) Extrinsic death receptor-mediated and intrinsic mitochondria-dependent apoptosis signaling pathways via the activa-
tion of caspase-3 and PARP induced by Arctigenin. Cleaved caspase-8 and cleaved caspase-9 induced the activation of caspase-3 and PARP in FaDu 
cells treated with Arctigenin.
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Therefore, these data indicate that Arctigenin induced suppres-
sion of proliferation is associated with the alteration of ERK1/2, 
p38 MAPK, NF-κB and PI3K/Akt cellular signaling pathways in 
FaDu pharyngeal carcinoma cells.

DISCUSSION
In the present study, the results suggested that Arctigenin-

induced FaDu pharyngeal carcinoma cell death is mediated 
by caspases cascade via death receptor-mediated extrinsic and 
mitochondria-dependent intrinsic apoptosis pathways. Further-
more, Arctigenin-induced FaDu pharyngeal carcinoma cell death 
is involved in the alteration of ERK1/2, p38 MAPK, NF-κB, and 
PI3K/Akt cellular signaling pathways.

Over the past few decades, natural products have been used 
for many malignant diseases, such as cancer, and more and more 
studies have demonstrated the importance of phytochemicals 
in the treatment of these diseases. Although combination che-
motherapy is currently being considered as the primary clinical 
treatment for various cancer cases, this approach is limited by 
clinical side effects such as high toxicity and drug resistance [31]. 
Therefore, in an attempt to develop chemotherapeutic agents with 
fewer side effects, the anticancer activity and cellular mechanisms 
of natural compounds isolated from medicinal plants used in 
orthodox traditional medicine are being investigated for various 
cancer types [32]. So, we investigated whether Arctigenin induces 
apoptosis in FaDu pharyngeal carcinoma cells and elucidated the 
cellular mechanism underlying its activity in the present study.

Candidate chemotherapeutic compounds should induce 
highly specific cancer cell death as well as have low cytotoxicity 
in normal cells. L-929 is an adherent type of mouse fibroblast 
cell line was known as an alternate test system for toxicity assess-
ment [33]. In our cell viability (Fig. 2) and Live/Dead cell assay 
(Fig. 3), Arctigenin did not show significant toxicity in L-929 an 
adherent type of mouse fibroblast cell line. However, the cell vi-
ability of FaDu pharyngeal carcinoma cells gradually decreased 
by Arctigenin in a dose-dependent manner. Treatment with 50 
and 100 μM Arctigenin decreased FaDu cell viability by 60% and 
40%, respectively, compared to the non-treated control. The IC50 
value of Arctigenin in FaDu cells was estimated at approximately 

Fig. 6. Arctigenin-induced apoptosis in FaDu cells was mediated by caspase. (A) Z-VAD-fmk, a pan-caspase inhibitor, reversed Arctigenin induced 
cell death in FaDu cells. (B) Activation of caspase-3 and PARP in FaDu cells treated with Arctigenin was inhibited in the presence of Z-VAD-fmk. Each 
data point represents the mean ± SEM of four experiments (**p < 0.01).

A B

Fig. 7. Arctigenin reduced the phosphorylation of proteins in the 
MAPKs, NF-κκB, and AKT pathways in FaDu pharyngeal cells. FaDu 
cells were treated with 0, 50, and 100 μM Arctigenin for 24 h. Thereafter, 
immunoblotting using specific antibodies against extracellular signal-
regulated kinase 1/2 (ERK1/2), p38, NFκB, and AKT was performed to 
verify potential cellular signaling pathways associated with Arctigenin-
induced apoptosis.
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85 μM, a lower IC50 value than the 200 μM IC50 reported for the 
glioma U87MG cell lines [34]. However, IC50 values of Arctigenin 
was estimated at various dose ranges in other cancer cells. For 
example, Yang et al. [35], reported that IC50 values of Arctigenin 
were estimated approximately 67.8 μM bladder cancer cell T24. 
Therefore, these show that IC50 value of Arctigenin can be depend 
on the cell specificity.

To confirm that Arctigenin had pharyngeal cancer cell-specific 
cytotoxic effects, we performed a cell survival assay (Fig. 3). In 
the L-929 cells stimulated with 100 μM Arctigenin for 24 h, al-
most all of cells were stained green by the membrane-permeable 
calcein green AM, which is cleaved by esterase in living cells to 
produce cytoplasmic green fluorescence. In contrast, 50 and 100 
μM Arctigenin decreased the total number of FaDu pharyngeal 
carcinoma cells and increased the number of cells stained red by 
ethidium homodimer-1, a marker of membrane-impermeable cell 
death. Taken together, these dates indicate that Arctigenin inhib-
its cancer cell-specific cytotoxicity and has fewer side effects as a 
potential chemotherapeutic agent.

Subsequently, to elucidate the mechanism by which Arctigenin 
induces FaDu pharyngeal carcinoma cell death, DAPI staining 
was performed to investigate alterations in chromatin condensa-
tion (Fig. 4A). The number of FaDu pharyngeal carcinoma cells 
with condensed chromatin gradually increased in response to 
Arctigenin in a dose-dependent manner. Chromatin condensa-
tion is a hallmark of apoptosis [36]. Therefore, these results sug-
gested that Arctigenin induced the apoptosis of FaDu pharyngeal 
carcinoma cells. Activation of caspases is a key function of apop-
totic signaling pathways [37]. Therefore, to confirm that Arcti-
genin-induced apoptosis is mediated by caspase activation, we ex-
amined a caspase-3/-7 activation assay in FaDu cells treated with 
Arctigenin by using PhiPhiLux, a fluorogenic caspase substrate 
(Fig. 4B). As shown in Fig. 4B, the expression of caspase-3/-7 acti-
vation was higher in FaDu cells treated with 50 μM and 100 μM 
Arctigenin than in non-treated control cells.

Apoptosis is mainly regulated by two general pathways: in-
trinsic (mitochondrial) pathway and/or extrinsic (death receptor) 
pathway [26]. Fas, an important regulator of apoptosis, binds to 
the receptor FasR across the surface of the target cell, and then 
initiates the death receptor-mediated extrinsic apoptotic pathway 
through activation of caspase-8, -3 and PARP [38]. In the intrin-
sic pathway, mitochondrial outer membrane permeabilization is 
initiated by signals originating internally [39]. Anti-apoptotic mi-
tochondrial proteins such as Bcl-2 and Bcl-xL, pro-apoptotic pro-
teins such as Bax and Bad are important regulators of cytochrome 
c release in mitochondria [40,41]. Han et al. [42], reported that 
Arctigenin activates apoptosis though the mitochondrial pathway, 
which participates in the initiation of caspase-3 and caspase-9 fol-
lowed by the cleavage of poly-ADP-ribose polymerase (PARP). In 
addition, Bcl-2 and Bcl-xl levels were decreased and Bax increased 
in Arctigenin-treated (5, 50 μM) colorectal cancer CT26 cells. 
Similarly, in our study, Arctigenin treatment increased the levels 

of Bax and Bad protein expressions, but decreased the levels of 
Bcl-2 and Bcl-xl protein expressions in FaDu pharyngeal carci-
noma cells (Fig. 5B). Changes in the levels of these anti- and pro-
apoptotic factors associated with the mitochondria-dependent 
intrinsic pathway subsequently induced the activation cascade of 
caspase-9, caspase-3 and PARP in FaDu cells treated with Arcti-
genin (Figs. 5, 6). These results indicate that Arctigenin induces 
apoptosis in FaDu pharyngeal carcinoma cells involving the 
death receptor- and mitochondrial-signal transduction pathways.

The p38-MAPK signaling pathway is involved in a variety of 
cellular responses, and the outcomes of cellular responses are di-
verse and complex. The involvement of p38-MAPK in apoptosis is 
also variable [43]. It is known that p38-MAPK signaling promotes 
apoptosis [44]. To verify the signaling pathways involved in the 
Arctigenin-induced apoptosis of FaDu carcinoma cells, we inves-
tigated the activation of mitogen activated protein kinase (MAPK) 
subgroups such as ERK1/2, p38 and NF-κB protein expression in 
response to Arctigenin. Arctigenin induce the phosphorylation 
of ERK1/2, p38 and NF-κB decreased in the FaDu cells treated 
with Arctigenin in a dose-dependent manner compared with 
non-treated control (Fig. 7). Therefore, these data indicate that 
Arctigenin induced suppression of proliferation is associated with 
the alteration of ERK1/2, p38 MAPK, NF-κB and PI3K/Akt cel-
lular signaling pathways in FaDu pharyngeal carcinoma cells. 
In the present study, we demonstrated that Arctigenin-induced 
cell death in FaDu pharyngeal carcinoma cells depended on the 
activation of caspases involved in both intrinsic and extrinsic 
apoptotic pathways. Furthermore, Arctigenin induce apoptosis 
via the p38 MAPK pathway in FaDu pharyngeal carcinoma cell. 
Taken together, these findings suggest that Arctigenin a potential 
chemotherapeutic compounds can be used for the management 
of pharyngeal carcinoma.
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