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Abstract
Dendropanax morbiferus H.Lév. has been used in traditional medicine for the treatment of skin diseases, migraine, dysmenorrhea and other maladies. Recent studies 
have reported that extract of Dendropanax morbiferus H.Lév. has an anti-tumor effect on several types of cancer cells in vitro. In this study, we investigated the 
anticancer effects and molecular mechanisms of extracts of Dendropanax morbiferus H. Lév. (DPL) in human lung carcinoma. In vitro studies were performed using 
the MTT assay, DAPI staining, flow cytometry and western blot. In vivo studies were performed on four-week-old female BALB/c nude mice using xenografts 
and oral administration, terminal deoxynucleotidyl transferase dUTP nick end labeling, immunohistochemistry, hematoxylin and eosin. The viability of A549 
lung carcinoma cells assessed by MTT assay decreased in a concentration-dependent manner from 300 μg/mL. DAPI staining revealed that DNA fragmentation 
significantly increased in a concentration-dependent manner, indicating apoptosis. Flow cytometry revealed that apoptosis was increased in a dose-dependent manner 
following treatment with DPL. Western blotting revealed that the protein levels of Bax, cleaved-poly (ADP-ribose) polymerase, and phospho-p38 increased while 
those of B-cell lymphoma 2 decreased. In addition, levels of phosphorylated ERK1/2 and p-c-Jun N-terminal kinases were significantly different from the control. We 
also investigated the in vivo effects of DPL on tumor growth. Tumor size decreased in cells treated with 500 mg/kg DPL compared with the control group in vivo. 
Apoptosis, assessed by terminal deoxynucleotidyl transferase dUTP nick end labeling, was significantly increased, and the inhibitory effect on tumors was confirmed. 
Immunohistochemistry staining showed increased expression of phospho-p38 in the 500 mg/kg-treated group. The results indicate that DPL induced apoptosis 
through the p38 mitogen-activated protein kinase signaling pathway in A549 cells.
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Introduction
The incidence of cancer and the number of deaths from cancer 

are continually increasing, and cancer is the leading cause of death in 
South Korea [1]. Lung cancer is the most prevalent cancer following 
stomach cancer, colorectal cancer, and thyroid cancer, comprising 
22.8% of total cancer deaths [2]. Lung cancer can be classified into 
small cell lung carcinoma (SCLC) and non-small cell lung carcinoma 
(NSCLC); the latter represents 85-90% of the total cases of lung cancer 
[3]. NSCLC is resistant to radiotherapy and chemotherapy, the most 
commonly used treatments, and occurs at a later stage, which makes 
surgical treatment difficult. For these reasons, the 5-year survival rate of 
NSCLC is less than 15% [4]. There are many therapies for the treatment 
of lung cancer, including surgery, radiotherapy, chemotherapy, and 
targeted therapy, but there have been no studies indicating the optimal 
therapy, suggesting the need for new strategies [5]. The study of 
natural materials is increasing as a source of future cancer treatments 
because compounds extracted from natural sources have contributed 
significantly to the development of new drugs; more than 60% of 
approved drugs are derived from natural compounds, as shown by the 
investigation of chemotherapeutic agents and their sources [6].

Dendropanax morbiferus H.Lév. is an evergreen broad-leaved 
tree in the Araliaceae family found in the Jeollanam-do coastal area 
and Jeju island. Its yellow sap is used to paint and coat the surface of 
wooden crafts. D. morbiferus extracts have been used to improve blood 
circulation, boost immunity, and treat diabetes [7]. Recent reports on 

D. morbiferus confirmed the presence of 32 substances in the tree using 
capture compound mass spectrometry, of which β-selinene is the most 
abundant, followed by capnellane-8-one, a type of sesquiterpene with 
two annuli [8]. The extract of D. morbiferus has been reported to exhibit 
anti-tumor [9], antioxidant, whitening [10,11], and anti-inflammatory 
activities [12], and it is used to treat diabetes [13]. However, there is no 
research on whether it exerts anti-tumor effects in vivo. Especially, it has 
not found to have antitumor effects in vivo in human lung carcinoma 
in vivo.

Apoptosis plays a role in homeostasis by maintaining cells during 
development and aging, and in tissues; it is initiated by a defensive 
mechanism following damage to the immune system caused by a 
disease or harmful substances. A variety of harmful irritations, such 
as heat, radiation, or low oxygen, can induce apoptosis at a low level 
and necrosis at a high level. Apoptosis occurs either exogenously or 
endogenously. When the caspase cascade is initiated, the DNA is 
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fragmented, the cytoskeleton and nucleoproteins are decomposed, and 
proteins are cross-linked to form an apoptotic body, which is finally 
engulfed by a phagocyte [14]. Among apoptosis-inducing mechanisms, 
the mitogen-activated protein kinase (MAPK) pathway plays an 
important role in tumor formation; activated MAPK regulates cell 
growth, differentiation, apoptosis, and proliferation. Recently, small 
molecule inhibitors targeting this pathway have been developed and 
clinical studies are ongoing [15]. 

This study demonstrated induction of apoptosis by the extract of 
D. morbiferus leaves (DPL) through the MAPK pathway in A549 cells, 
a NSCLC cell line, and examined the effect of the extract on tumor 
growth in vivo.

Material and methods
Chemicals, Drugs, and Antibodies 

The A549 lung carcinoma cells (No. 10185) used in this study were 
purchased from the Korean Cell Line Bank (Seoul, Korea). The WB-
F344 normal hepatic cells (No. JCRB0193) used in this study were 
purchased from the Japanese Collection of Research Bioresources 
Cell Bank (Osaka, Japan). RPMI-1640 was purchased from Welgene 
(Gyeongsan, Korea), and streptomycin/penicillin and fetal bovine 
serum (FBS) were purchased from Gibco BRL (Grand Island, NY, 
USA). Experimental reagents were purchased from Sigma-Aldrich 
Co. (St. Louis, MO, USA). Anti-rabbit IgG, anti-Bcl-2, anti-Bax, anti-
poly (ADP-ribose) polymerase (PARP), anti-phospho (p)-extracellular 
signal-regulated kinase (ERK) 1/2, anti-p-c-Jun N-terminal kinase 
(JNK), anti-p-p38, anti-ERK1/2, anti-JNK, anti-p38, and anti-β-actin 
were purchased from Cell Signaling Technology (Danvers, MA, USA).

Cell culture 

A549 lung carcinoma and normal WB hepatic cells were cultured 
in RPMI-1640 medium containing 5% FBS and 1% penicillin/
streptomycin at 37°C in a humidified 5% CO2 atmosphere. When 
the cells reached 80-90% confluence, they were sub-cultured, and the 
culture medium was replaced every 2-3 days.

Plant materials and extraction 

DPL were purchased from Sinbo Pharmacy (Seoul, Korea). The 
origin of D. morbiferus was Jeju Island, Korea. DPL (100 g) were 
crushed, fermented with 70% ethanol and deionized water at a ratio of 
4:6 for 10 days at room temperature, and then extracted with hot water. 
The extracted solution was filtered using Whatman No. 1 disk paper. 
The extracted liquid was vacuum-evaporated in a rotary evaporator (R-
220; BUCHI corporation, New Castle, DE, USA) to obtain the extract 
through reheating [16]. The extract was then mixed with ethanol and 
refrigerated. 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) Assay 

The MTT assay was conducted to determine whether the viability 
of A549 lung carcinoma and WB hepatic cells decreased following 
exposure to DPL. A total of 2 × 104 cells/mL was cultured on a 96-
well plate; after 24 h, the culture medium was discarded. WB cells were 
added to culture medium containing 0-1000 μg/mL DPL, while A549 
cells were added to culture medium containing 0-500 μg/mL DPL and 
cultured for 24 h. After 24 h, the culture medium containing DPL was 
removed, MTT solution (1 mg/mL) was added, and cells were cultured 
in a CO2 incubator for 1 h 30 min. The MTT solution was removed after 
1 h 30 min. To dissolve the formazan, 100 μL DMSO was added, and 

absorbance was measured at 595 nm with an ELISA reader (Bio-Rad 
Laboratories, Hercules, CA, USA).

4′,6-diamidino-2-phenylindole (DAPI) 

DAPI staining was conducted to demonstrate whether the decrease 
in viability of A549 cells was caused by apoptosis. A549 cells were 
divided into 60 dishes with 2 × 105 cells/mL per dish and cultured for 
24 h. After 24 h, the culture medium was removed, and culture medium 
containing DPL (0, 200, and 300 μg/mL) was added followed by culture 
for another 24 h. Cells were washed twice with phosphate-buffered 
saline (PBS) and fixed in 4% paraformaldehyde solution for 15 min. 
Then, the paraformaldehyde was removed, cells were washed with 
PBS, and DAPI solution (2 mL) was added. DAPI-positive cells were 
observed at 200× magnification through an optical microscope (Zeiss 
fluorescence microscope, Carl Zeiss, Thornwood, NY, USA).

Flow cytometry 

To analyze apoptosis, A549 cells were cultured in medium 
containing DPL (0, 200, and 300 μg/mL) in a 25 cm2 flask for 24 h. 
Following 24 h of incubation, trypsin-EDTA was used to suspend the 
cells, which were then centrifuged at 1200 rpm for 5 min at 4°C. The 
resulting pellet was resuspended at 1 × 106 cells/mL with 1× annexin V 
binding buffer. Fluorescein isothiocyanate-conjugated annexin-V and 
phycoerythrin-conjugated propidium iodide were added according 
to the manufacturer’s instructions of the annexin V staining kit (BD 
Pharmingen, San Diego, CA, USA). Cells were incubated for 15 min 
and analyzed using flow cytometry.

Western blotting 

Western blotting was conducted to assess the expression of 
apoptosis-related proteins. A549 cells were cultured for 24 h in culture 
medium containing DPL (0, 200, and 300 μg/mL) in a 75 cm2 flask, 
and the cells were suspended using trypsin-EDTA and centrifuged 
at 1200 rpm for 5 min at 4°C. The resulting pellets were lysed in lysis 
buffer (Invitrogen, Carlsbad, CA, USA) and centrifuged at 13,000 rpm 
for 5 min at 4°C to obtain whole-cell lysates. The concentration of the 
extracted protein was determined using a Bradford protein assay kit 
(Bio-Rad Laboratories), and proteins were separated by 5-12% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and transferred to 
a nitrocellulose membrane. The membrane was blocked for 1 h with 
Tris-buffered saline (TBS) containing 5% non-fat dry milk and 0.1% 
Tween-20. After blocking, the membranes were incubated with anti-
Bax, anti-Bcl-2, anti-PARP, anti-ERK1/2, anti-JNK, anti-p38, anti-p-
ERK1/2, anti-p-JNK, anti-p-p38, and anti-β-actin antibodies overnight 
at 4°C with gentle shaking. After washing with TBS containing 0.1% 
Tween-20, membranes were incubated with horseradish peroxidase-
conjugated secondary antibodies for 1 h at room temperature. After 
washing, bands were visualized using enhanced chemiluminescence 
detection reagents (Pierce, Rockford, IL, USA) according to the 
manufacturer’s instructions. The density of each band was measured 
quantitatively using the ImageJ Launcher imaging program (provided 
by NCBI).

Xenografts 

Xenografts were performed to examine whether the in vitro anti-
tumor effects also occurred in vivo. BALB/c nude mice are commonly 
used in anticancer studies involving tumor models. Four-week-old 
female BALB/c nude mice were purchased from Nara Biotec (Seoul, 
Korea). Animal experiments were performed in accordance with the 
Guidelines for the Care and Use of Animals of the Kongju National 
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University Animals Care Committee (approval no. KNU_2019-02, 
Yesan, Korea). This animal experiment was conducted according to the 
same protocol used in previously reported experiments [17,18]. The 
mice were raised under a 12 h light cycle and controlled temperature 
(23 ± 3°C) and humidity (40 ± 10%). The mice had ad libitum access 
to pelleted feed and water and were housed in isolated, ventilated 
polycarbonate cages (≤ three mice per cage). A549 cells cultured at 37°C 
with 5% CO2 were suspended using trypsin-EDTA and centrifuged 
(1200 rpm, 5 min, 4°C). The pellet was washed twice and re-suspended 
in RPMI-1640 culture medium. From 0.2 mL of culture medium, 1 × 
107 cells/mL were injected subcutaneously into both shoulders of the 
donor nude mice. Seven days after injection, A549 cells growing under 
the skin of nude mice established tumors. When the diameter was 3-4 
mm, ten mice weighing 20g were randomly each assigned to both the 
control group [DW (distilled water)] and the 500 mg/kg DPL group 
(n = 5). Treatment was administered orally five times a week for 22 
days. During the administration period, the general condition of the 
mice was examined, and the size of the tumors on both shoulders of 
the mice was measured by Vernier calipers (Mitutoyo Corporation; 
Kanagawa, Japan). The size and body weight of tumors were measured 
twice a week. The mice were sacrificed by CO2 inhalation at 22 days 
after treatment and the tumors were weighed in the laboratory. Tumor 
volume was calculated as follows: tumor volume (mm3) = 0.5 × length 
× width2. A portion of the tumor was embedded in paraffin and used 
for terminal deoxynucleotidyl transferase dUTP nick end labeling 
(TUNEL) and immunohistochemical analyses. 

TUNEL assay 
The TUNEL assay was conducted to demonstrate the induction 

of apoptosis in tumors. Apoptotic cell death was quantified using a 
Promega DeadEnd Colorimetric TUNEL system kit according to the 
manufacturer’s instructions (Promega Corp., Madison, WI, USA). 
Briefly, tumor tissues were fixed in 10% formalin overnight and 
embedded in paraffin. The blocks were then cut into 5-μm-thick slices. 
The tissue sections attached to microscopic slides were deparaffinized 
by immersion in xylene and the slides were washed with 100% ethanol. 
The samples were rehydrated by sequential immersion in a graded 
ethanol series (95, 85, 70, and 50%). The tumor sections were visualized 
using 3,3′-diaminobenzidine (DAB) solution, treated with mounting 
reagent, and observed under a microscope (BX41; Olympus Co., Tokyo, 
Japan) at 200× magnification. TUNEL-positive cells were counted to 
determine the number of cells in which apoptosis was induced.

Immunohistochemistry 

Embedded paraffin sections were sequentially dipped in xylene 
and alcohol solution to deparaffinize and then rinsed with water. 
Sections were then incubated overnight at 4°C with p-p38 antibody and 
cultured for 1 h at room temperature with peroxidase-conjugated goat 
anti-rabbit antibody. Samples were then visualized with DAB solution, 
mounted, and observed using an optical microscope (200×).

Histological Examination 

To evaluate organ toxicity induced by administration of DPL, 
livers and kidneys of mice were removed, fixed in 10% formalin, and 
embedded in paraffin. The paraffin block was cut into 5-μm-thick 
sections, stained with hematoxylin and eosin, and observed using an 
optical microscope (200×).

Statistical Analysis 
All experiments were performed three times, and the results are 

presented as the mean ± standard deviation. Differences between 

the means of the DPL and control group were evaluated by one-way 
analysis of variance and Dunnett’s t-test. Differences with *P < 0.05 and 
**P <0.01 were considered statistically significant.

Results
Administration of DPL decreased the viability of A549 cells 

The MTT assay was conducted to examine whether the viability of 
A549 lung carcinoma cells was reduced following administration of DPL. 
Before adding DPL to A549 cells, normal WB hepatic cells were treated 
with 0-1000 μg/mL DPL for 24 h and cell viability was measured. When 
0-1000 μg/mL DPL was added to WB cells, the viability rate was similar 
to that of the control group treated with 0-500 μg/mL DPL; however, 
viability decreased following treatment of DPL at concentrations of 600 
μg/mL and higher. Therefore, 0, 100, 200, 300, 400, and 500 μg/mL DPL 
were added to A549 cells; viability was measured following incubation 
for 24 h. Viability decreased following treatment with 300-500 μg/mL 
DPL in a concentration-dependent manner; further experiments were 
conducted with 0, 200, and 300 μg/mL DPL (Figure 1). Thus, DPL was 
confirmed to reduce viability of A549 lung carcinoma cells.

Administration of DPL induces apoptosis in A549 cells 

To demonstrate whether DPL induces apoptosis, DPL was added 
to A549 cells at concentrations of 0, 200, and 300 μg/mL for 24 h; 
DAPI staining was used to measure morphological changes and flow 
cytometry was performed to measure apoptosis. DAPI staining revealed 
DNA fragmentation and apoptotic bodies; these effects increased 
in a concentration-dependent manner (Figure 2). Five sections were 
randomly chosen and 100 cells were selected to quantify the number of 
apoptotic cells. Following treatment with 0, 200, and 300 μg/mL DPL, 
the number the apoptotic cells increased by 2.6%, 15.0%, and 25.0%, 
respectively (Figure 2). When A549 cells were treated with 0, 200, and 
300 μg/mL DPL, the number of apoptotic cells increased by 10.8%, 
15.9%, and 22.7%, respectively (Figure 3). These results indicate that 
DPL can induce apoptosis in A549 lung carcinoma cells.

DPL regulates apoptosis-related proteins in A549 cells 

To examine the expression of apoptosis-related proteins, 0, 200, 
and 300 μg/mL DPL was added to A549 cells and western blotting 
was performed. Levels of the anti-apoptotic protein Bcl-2 decreased 
compared with the control group while levels of the pro-apoptotic 
proteins cleaved-PARP and Bax (Figure 4) increased. These results 
suggest that DPL reduced Bcl-2 and increased cleaved-PARP and Bax, 
inducing apoptosis.

DPL regulates MAPK pathway proteins in A549 cells 

Western blotting was performed to examine whether apoptosis is 
induced through the MAPK pathway. When cells were treated with 
0, 200, and 300 μg/mL DPL for 24 h, the expression of p-ERK1/2 and 
p-JNK was similar to that in the control group. On the other hand, levels 
of p-p38 increased in a concentration-dependent manner (Figure 4). 
These results imply that DPL induces apoptosis of A549 cells through 
the p38 MAPK pathway.

DPL inhibits tumor growth in an animal model 

Xenografts were performed to examine whether the in vitro anti-
tumor effects also occurred in vivo. A549 cells were transplanted in 
the subcutaneous tissue of BALB/c nude mice, and 0 and 500 mg/kg 
DPL was orally administered five times a week for 3 weeks. Effects on 
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Figure 2. Effects of DPL on apoptotic bodies of A549 cells. (A) Chromatin condensation was examined using a fluorescence microscope (200×). (B) Quantification of apoptotic cells. Scale 
bar, 10 µm. Each bar represents the mean ± SD calculated from three independent experiments. * P < 0.05, ** P < 0.01 versus control

Figure 3. Effects of DPL on apoptosis of A549 cells. (A) Apoptotic cells were measured by flow cytometry. (B) Quantification of apoptotic cells. The results are presented as the mean ± SD 
from three independent experiments performed in triplicate. * P < 0.05 versus control

Figure 1. Effects of Dendropanax morbifera leaves (DPL) on the viability of WB and A549 cells Cell viability was measured using the MTT assay. The results are presented as the mean ± 
standard deviation (SD) from three independent experiments performed in triplicate. Significance was determined by Dunnett’s t-test. * P < 0.05, ** P < 0.01 versus control

tumor growth were examined: tumor size was measured twice a week 
and tumor volume was compared to the control group, depending on 
DPL administration. Tumor growth was inhibited beginning at day 15, 
and significantly inhibited, down to 40.6%, by day 22 (Figure 5). Tumor 
weight was reduced 22.2% in the DPL-treated group relative to the 
control group (Figure 5). Body weight was similar between the DPL-
treated and control groups (Figure 5). These results indicate that DPL 
can inhibit tumor growth in vivo.

DPL induces apoptosis in A549 tumor tissue 

The anti-cancer effect of DPL on human lung carcinoma cells was 
examined using xenografts, and the induction of apoptosis in tumor 
tissue was observed using a TUNEL assay. Apoptosis was significantly 
increased in the group administered 500 mg/kg DPL compared with 
the control group (Figure 6). Thus, administration of DPL induces 
apoptosis of tumor tissue.
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Figure 4. Effects of DPL on apoptotic protein levels of A549 cells. The cells were harvested to measure the levels of apoptotic proteins (A) and MAPK protein (B) by western blotting. 
β-actin was used as a loading control

Figure 5. Effects of DPL on lung cancer tumor growth in tumor tissues. Nude mice bearing A549 cells as xenograft models were treated with DPL for 22 days, and tumor volume (A), 
weight (B) and body weight (C) were determined. Each value represents the mean ± standard error. Significance was determined by Dunnett’s t-test. * P < 0.05, ** P < 0.01 versus control
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DPL increases the expression of p-p38 in lung carcinoma 
tissues 

Immunohistochemistry was conducted to determine the effect 
of DPL on the expression of p-p38, an apoptosis-related protein, in 
xenografts of human lung carcinoma tissues. The number of p-p38-
positive cells was increased compared to the control group (Figure 
7). Thus, administration of DPL induced apoptosis by increasing 
expression of p-p38 in A549 carcinoma cells.

DPL does not cause histopathological changes in hepatic and 
kidney tissues 

To examine organ toxicity induced by administration of DPL, 
hepatic and kidney tissues of xenografted mice were stained with 
hematoxylin and eosin and observed using an optical microscope 
(Figure 8). No histopathological changes were apparent, suggesting 
DPL did not cause detectable toxicity.

Discussion
This study examined whether DPL induces apoptosis in A549 

lung carcinoma cells as well as its anti-tumor effects in vivo. Prior to 

examining its effect on the viability of A549 cells, WB hepatic cells were 
treated with DPL to examine its effects in a normal cell line. Because 
viability was shown to decrease when cells were treated with > 600 μg/
mL DPL for 24 h, cells were treated with 0-500 μg/mL in subsequent 
experiments. Further experiments revealed that the viability of A549 
cells decreased following treatment with ≥  300 μg/mL DPL in a 
concentration-dependent manner (Figure 1). According to Aceituno 
et al. [19], the viabilities of A549 lung carcinoma and HepG2 hepatic 
cells were reduced to 5 and 50 μg/mL, respectively, when silver-nano 
particles of D. morbiferus were added at concentrations of 0, 1, 5, 10, 
and 50 μg/mL for 48 h. According to Hyun et al. [9], the viability 
significantly decreased from 100 μg/mL when DPL was added to Huh-
7 liver carcinoma cells at concentrations of 0, 12.5, 25, 50, 100, and 
200 μg/well for 72 h. These findings are consistent with the results of 
this study, demonstrating the effect of DPL on the viability of various 
carcinoma cells.

As apoptosis occurs, DAPI and annexin V enter the nucleus 
through membrane permeabilization and stain the DNA, allowing 
visualization of apoptosis. Therefore, DAPI staining and flow 
cytometry were conducted to demonstrate the induction of apoptosis 

Figure 6. Effects of DPL on apoptosis in lung tumor tissues. Apoptosis was measured in tumor tissues using the TUNEL assay (A), and the number of apoptotic cells was quantified (B). 
Scale bar, 10 µm. Significance was determined by the Dunnett’s t-test. * P < 0.05 versus control

Figure 7. Effects of DPL on phospho (p)-p38 expression in lung cancer tumor tissues. Excised tumors were analyzed by immunohistochemistry with antibodies specific for p-p38. Slides 
were observed under a microscope (200×). Scale bar, 10 µm
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following treatment of A549 carcinoma cells with DPL for 24 h. DNA 
fragmentation and apoptotic bodies were observed through DAPI 
staining. Flow cytometry showed a concentration-dependent increase 
in apoptotic cells, consistent with the DAPI staining results. Lee et al. 
[20] observed concentration-dependent condensation of DAPI-stained 
chromatin following treatment of human myeloid leukemia U937 cells 
with a D. morbiferus stem extract at various concentrations for 24 h. 
Hyun et al. [9] examined apoptosis using flow cytometry and reported 
an increase in the number of apoptotic human hepatoma Huh-7 cells 
following treatment with 50 μg of yellow leaves and with 100 μg of 
green leaves of D. morbiferus for 72 h. These results indicate that the 
leaves and stem of D. morbiferus induce apoptosis and cause anti-tumor 
effects in various carcinoma cells. 

In the present study, western blotting was performed to assess the 
levels of apoptosis-related proteins in DPL-treated A549 cells. Levels of 
the anti-apoptotic protein Bcl-2 were decreased compared to the control 
group, while levels of the pro-apoptotic proteins Bax and cleaved PARP 
were increased. Im et al. [16] treated breast carcinoma MCF-7 and 
MDA-MB-231 cells with 0, 100, 150, and 300 μg/mL of D. morbiferus 
stem extract for 24 h and examined apoptosis-related proteins. They 
observed that the expression of Bcl-2 and Bcl-xL was significantly 
decreased in MCF-7 cells following treatment with 300 μg/mL while 
the expression of Bad and Bax was significantly increased. In MDA-
MB-231 cells, the expression of Bcl-xL was significantly decreased 
following treatment with 300 μg/mL, and the expression of Bax was 
significantly increased. Those authors observed that D. morbiferus leaf 
and stem extracts regulated Bax, Bcl-2, and PARP. This suggests that 
DPL induces apoptosis at the protein level.

When A549 cells were treated with DPL, expression levels of 
p-ERK1/2 and p-JNK were similar to the level in the control group and 

p-p38 increased in a concentration-dependent manner. Lee et al. [20] 
treated human myeloid leukemia U937 cells with D. morbiferus stem 
extract for specific time periods (0, 0.5, 1, 2, 4, 6, 12, and 24 h) and 
examined MAPK pathway-related proteins by western blotting. They 
observed that p-ERK, p-JNK, and p-p38 protein levels were increased 
at 0.5-6 h. The present study observed a concentration-dependent 
increase in p-p38 when A549 cells were treated with DPL for 24 h, 
whereas Lee et al. [20] observed an increase in p-p38 over 0.5-6 h 
followed by a decrease at 24 h. These findings suggest that apoptosis 
was induced through the p38 MAPK pathway, because p-p38 increased 
in a concentration- and time-dependent manner in A549 cells when 
DPL was administered.

DPL was orally administered in mice to examine whether the in 
vivo anti-tumor effects were as significant as the effects in vitro. Tumor 
volume was inhibited beginning at day 15 after DPL administration and 
was significantly inhibited at day 22. Tumor weight decreased by 22.2% 
in the DPL-administered group relative to the control group. Apoptosis 
was examined in A549 tumor tissue using the TUNEL assay; the 
results showed that the number of TUNEL-positive cells was increased 
compared with the control group. The number of p38-positive cells, 
a protein involved in the MAPK signaling pathway, was increased in 
tumor tissue compared with the control group. 

In summary, this study showed the induction of apoptosis in A549 
lung carcinoma cells by DPL both in vitro and in vivo through the 
p-p38 MAPK pathway. Through these anti-cancer effects, DPL may be 
a potential natural material for lung cancer treatment.

Conclusion
This study demonstrated the induction of apoptosis by the extract 

of D. morbifera leaves (DPL) through the MAPK pathway in A549 cells, 

Figure 8. Mice received an injection of A549 cells. Livers and kidneys were then excised and evaluated by hematoxylin and eosin staining (200×). Scale bar, 10 µm. DPL had no detectable 
toxic effects on the nude mice
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a NSCLC cell line, and examined the effect of the extract on tumor 
growth in vivo. In conclusion, DPL decreased the viability of A549 cells 
and induced apoptosis by regulating p38 MAPK pathway in vitro. By 
examining in vivo tumor growth following administration of DPL, we 
showed that DPL significantly reduced tumor volume and increased 
apoptosis. DPL shows potential as a drug for lung cancer. 
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