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Abstract
Non-small cell lung cancer (NSCLC) constitutes nearly 85% of all cases of lung cancer. Drug resistance, dose-limiting toxicity,
and metastasis in NSCLC eventually reduce the efficacy of chemotherapeutics. In this study, we have shown that the methanol-
ethyl acetate partitioned fraction from Magnolia grandiflora L. seeds (MEM) exhibit potential anti-cancer activities against
NSCLC H1975 cells in vivo and in vitro. MEM significantly inhibited the proliferation of H1975 cells in a concentration- and
time-dependent manner. Further, MEM exhibited potent anti-tumor efficacy and low toxicity in nude mice bearing H1975
tumors. Our study also showed that MEM could induce cellular apoptosis in H1975 cells by down-regulating the protein
expression levels of Akt and p-Akt-473, and by increasing the ratio of Bax/Bcl-2. Also, MEM significantly inhibited
metastasis-related cell invasion and migration of H1975 cells, which associated with the down-regulation of HIF-1α, MMP-2,
andMMP-9 protein expression levels. Thus, our data shows that MEMmay be an effective fraction ofM. grandiflora in NSCLC
treatment.
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Introduction

Lung cancer is one of the most common causes of cancer and
life ends in death (Bray et al. 2012). Non-small cell lung
cancer (NSCLC) accounts for 85% cases of lung cancer cases
and has been treated by drugs targeting receptor tyrosine ki-
nases, mainly the epidermal growth factor receptor (EGFR)
family (Jemal et al. 2011; Lynch et al. 2006). In the past
several years, EGFR-tyrosine kinase inhibitor (TKI), gefitinib
(Iressa), and erlotinib (Tarceva), have been the eutherapeutics
for patients with NSCLC (Mitsudomi et al. 2010). However,

acquired drug-resistance and side effects universally devel-
oped in many patients that responded to EGFR-TKIs
(Jackman et al. 2010; Lu et al. 2018). Therefore, research
and development efforts for discovering highly effective and
low toxicity anti-NSCLC drugs have become indispensable
for the treatment of NSCLC.

Traditional Chinese medicine (TCM) and natural med-
icine can serve as one of the most important sources for
discovering new drugs with several advantages, such as
unique biological activities, multiple targets, low toxicity,
and the ability to circumvent drug-resistance (Stone
2008). In our search for novel biologically active agents
from TCM and natural medicine, the methanol-ethyl ace-
tate partitioned fraction from Magnolia grandiflora L.
seeds (MEM) exhibited potential anti-tumor efficacy and
low toxicity in H1975 cells. As a traditional natural med-
icine, extracts of M. grandiflora L. that contain alkaloids,
flavonoids, lignans, phenolic alcohols, terpenes, and ses-
quiterpene lactones have been widely used for the treat-
ment of fever, diarrhea, abdominal diseases, and rheumat-
ic arthritis (Feltenstein et al. 2004; Li et al. 2015; Schühly
et al. 2001). However, the role of MEM in anti-cancer
mechanisms of H1975 cells remains unknown. In this
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study, we have reported the effects of MEM on prolifera-
tion, apoptosis, invasion, and migration in NSCLC; and
the preliminary mechanisms involved.

Materials and methods

General experimental procedures

RPMI-1640 and 0.25% trypsin were purchased from Hyclone
(UT, USA). Fetal bovine serum (FBS) was purchased from
Sijiqing (Hangzhou, China). 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyl-2H- tetrazolium bromide (MTT) and dimethyl
sulfoxide (DMSO) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). 17-DMAG was purchased from
Selleckchem (Houston, MO, USA). The following antibodies
were used: anti-Akt and anti-p-Akt-473 (CST, USA); anti-
Bcl-2, anti-Bax and anti-β-actin (Proteintech, USA); anti-
HIF-1α, anti-MMP-2 and anti- MMP-9 (Abcam, USA).

Plant material and extraction

M. grandiflora L. seeds were collected in October 2012 from a
farm located in Bengbu city, and the authenticity of the plant
was confirmed by Prof. Huizi Lv (School of Pharmacy,
Yanbian University). A total of 5 kg of well-dried seeds of
M. grandiflora L. were macerated in methanol (20 L) twice at
room temperature for 3 days. Then the dried methanol extract
(303 g) was dissolved with 80% methanol and successively
extracted by n-hexane, ethyl acetate and n-butyl alcohol of
same volume twice. The filtration of the extracted solutions
and evaporation under reduced pressure yielded n-hexane ex-
tract (17.7 g), ethyl acetate extract (MEM, 41.2 g), butyl alco-
hol extract (30.2 g) and water extract (206.8 g). And the ex-
tract was determined by HPLC at 254 nm (Fig. S1).

Cell viability assay

The human lung cancer H1975 cells were purchased from
Shanghai Cell Bank (China). The cells were maintained in
RPMI-1640 with 15% fetal bovine serum (Sijiqing, China)
and 1% penicillin/ streptomycin (Gibco, USA) at 37 °C.
H1975 cells were seeded in 96-well plate at a density of
8000 cells/ well and were grown overnight, and then treated
with various concentrations of extracted samples. The cell
viability was evaluated by standard MTT assay procedures.
17-DMAG was used as a positive control.

Colony formation assay

H1975 cells were cultured in 6-well plate at a concentration of
1 × 104 cells/ well overnight. When the cells formed colonies,
the medium was replaced with fresh medium containing

MEM at low concentrations (2.5, 5, and 10 µg/ml), and the
cells were cultured for 96 h. After treatment, cells were
washed with PBS, fixed with 4% paraformaldehyde, stained
with 2% crystal violet, washed with distilled water, and dried
at room temperature, before being quantitatively analyzed.

In vivo anti-tumor experiments

H1975 cells (4 × 106 cells per mouse) were injected subcuta-
neously into nude mice (5–6 weeks old, purchased from Slac
Laboratory, Shanghai, China) to induce tumor formation.
When tumor volume reached 50–80mm3, mice were random-
ly grouped into vehicle control, MEM, and 17-DMAG groups
(3mice per group). Next, 0.2 ml of physiological saline,MEM
(100 mg/kg), and 17-DMAG (10 mg/kg) were intraperitone-
ally injected every 3 days; tumor volume and body weights
were monitored following injection. After treatment for 24
days, the mice were sacrificed and tumor weight, glutamate
oxaloacetate transaminase (GOT) and glutamate pyruvate
transaminase (GPT) levels in the serum were measured. In
addition, the tumor, liver, kidney and lung were removed
and stored in 4% formalin solution, and then the hematoxylin
and eosin (H&E) staining was used for analysis. 17-DMAG
was used as a positive control.

Flow cytometry with Annexin V/ PI staining

H1975 cells were seeded in 6-well plate at a density of 3 × 105

cells/well overnight. After cells adhered to the wells, various
concentrations of MEM (15, 30, and 60 µg/ml) were added to
the cells for 24 h. Cells were harvested, washed with PBS, and
centrifuged. To further detect apoptosis, flow cytometry with
Annexin V/PI dual staining of the cells was conducted accord-
ing to the manufacturer’s instructions.

Western blotting

H1975 cells were seeded in 6-well plates at a density of
3 × 105 cells/well and were cultured following treatment
with various concentrations of MEM for 24 h. The cells
were harvested, homogenized in RIPA lysis buffer at 4
°C; and bicinchoninic acid (BCA) assay kit was used to
determine protein concentrations. Equal amounts of pro-
teins were separated by SDS-PAGE and transferred to
PVDF membranes. The membranes were blocked with
5% skim milk in TBST containing 0.1% Tween-20 and
were incubated with primary antibodies for overnight at
4 °C followed by incubation with corresponding second-
ary antibodies. The protein bands were imaged with gel
imaging equipment (Bio-Rad, USA).
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Cell invasion assay

Cell invasion assay was performed using a transwell chamber
equipped with 8.0 µm pore membrane inserts (Corning, NY)
that were coated with 50 µl of matrigel (BD, USA); the
traswell chamber was incubated with serum-free media for
1 h at 37 °C. The H1975 cells were seeded in 24-well plates
at a density of 1 × 105 cells/ well and were cultured following
treatment with various concentrations of MEM for 48 h. The
bottom chamber of the transwell was filled with 800 µl of
RPMI-1640 supplemented with 15% FBS, and incubated for
48 h. After incubation, the cells were incubated with 4% para-
formaldehyde for 15 min and stained with 0.1% crystal violet
for 15 min. Once air dried, the stained cells were enumerated
under a light microscope at 200 ×magnification. The number
of invasive cells were counted and analyzed to determine sta-
tistically significant differences.

Cell migration assay

Themigration assay was performed using a transwell chamber
equipped with 8.0 µm pore membrane inserts without
matrigel. The cells were seeded in 24-well plates at a density
of 5 × 104 per well and were cultured following treatment with
various concentrations of MEM for 24 h. The cell migration
assay was carried out as mentioned above.

Statistical analysis

All experiments were repeated at least three times and the data
are presented as the mean ± SD. SPSS v.16.0 software (SPSS
Inc., Chicago, IL, USA) was used for data analysis. Statistical
comparisons between groups were carried out using one-way
ANOVA followed by Student’s t-test. *P < 0.05 or **P < 0.01
indicates statistical significance.

Results

MEM exhibits anti-proliferative activities in human
non-small cell lung cancer H1975 cells

The methanol extract of M. grandiflora L. seeds was
partitioned successively using n-hexane, ethyl acetate, and
butyl alcohol; and was then analyzed using HPLC at 254 nm
(Fig. S1). To understand the anti-cancer activity of different
extracts ofM. grandiflora in vitro, MTT assay was conducted
to determine the cell viability of NSCLC H1975 cells. As
shown in Table 1, the preliminary screening revealed that
MEM exhibited the best inhibitory activity on the cell viability
of H1975 cells. MEM significantly inhibited the viability of
H1975 cells in concentration- and time- dependent manner
(Fig. 1a). Meanwhile, the colony-formation assay also

displayed the anti-proliferative activity of MEM at low con-
centrations (Fig. 1b and c).

Anti-tumor efficacy of MEM in H1975 cell xenografts
in nude mice

We further investigated the anti-tumor efficacy of MEM
in vivo in nude mice bearing H1975 tumors. The tumor-
bearing mice were intraperitoneally injected with vehicle,
MEM, and 17-DMAG for 24 days. We observed that MEM
significantly suppressed tumor growth and reduced the tumor
volume to an average of 358.9 mm3 as compared with 1201.5
mm3 in control untreated mice (Fig. 2a and b). Consistent with
the tumor volume data, the mice treated with MEM also
showed decreased tumor weights by approximately 53.8%
(Fig. 2c). However, the body weight increased after treatment
with MEM as compared to the control group (Fig. 2d). Next,
we examined the levels of GOT and GPT used as biomarkers
for the evaluation of hepatotoxicity. As shown in Fig. 2e,
MEM treated group had nearly no effect on the GOT and
GPT levels as compared with the control group.
Hematoxylin and eosin (H&E) staining demonstrated that
the liver, kidney and lung had no obvious damage due to
treatment with MEM (Fig. 2f). These results suggested that
MEM presented potential anti-tumor efficacy and low hepa-
totoxicity for NSCLC treatment in vivo.

MEM induces apoptosis in human non-small cell lung
cancer H1975 cells

Next, we investigated if the effect of MEM on H1975 cell
death involved apoptosis by utilizing flow cytometry. As
shown in Fig. 3a, the rate of apoptosis in the control cells
was 7%, while the rate of apoptosis was 13.1%, 20.7%, and
41.8% for the cell treated with 15, 30, and 60 µg/ml of MEM,

Table 1 IC50 values of different extract from M. grandiflora in human
non-small cell lung cancer H1975 cells for 24, 48 and 72 h (n = 3)

IC50

24 h 48 h 72 h

Methanol extract (µg/ml) 45.63 ± 1.21 41.05 ± 2.23 38.53 ± 0.95

n-Hexane extract (µg/ml) 55.08 ± 2.49 52.86 ± 3.02 51.05 ± 1.93

Ethyl acetate extract (µg/ml) 29.70 ± 1.02 27.32 ± 2.11 23.94 ± 0.31

Butyl alcohol extract (µg/ml) > 200 > 200 > 200

Water extract (µg/ml) > 200 > 200 > 200

17-DMAG # (µM) 10.22 ± 0.74 0.18 ± 0.03 0.16 ± 0.03

# 17-DMAGwas positive control. IC50 was 50% inhibitory concentration
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respectively. In addition, western blotting analysis demon-
strated that MEM gradually down-regulated Akt and p-Akt-
473 protein expression levels and increased the Bax/Bcl-2
ratio in a concentration- dependent manner (Fig. 3b).

Effect of MEM on the invasion and migration
of human non-small cell lung cancer H1975 cells

Finally, we examined the invasive ability of H1975 cells treat-
ed with MEM using the transwell assay. Our results showed
that MEM significantly suppressed the invasion of H1975
cells in a concentration- dependent manner and the number
of invading cells was decreased (Fig. 4a and c). Meanwhile,
the effect of MEM on cell migration was evaluated by the
transwell assay. MEM exhibited a concentration- dependent
inhibition of H1975 cells migration and the number of migrat-
ing cells was gradually reduced (Fig. 4b and d). In order to
reveal the mechanism of howMEM suppressed migration and
invasion of H1975 cells, the levels of associated proteins in
migration and invasion of H1975 cells was further estimated
byWestern blotting. The results indicated that HIF-1α, MMP-

2, and MMP-9 proteins were gradually down-regulated with
increasing concentrations of MEM in H1975 cells (Fig. 4e).

Discussion

Medicinal plants have increasingly become an attractive
source of novel therapeutic agents that may play an essential
role in treating cancer. Several studies have been reported on
the anti-tumor effects of M. grandiflora in different human
cancer cell lines (Li et al. 2015; Marin and Mansilla 2010;
Mohamed et al. 2010; Farag and Al-Mahdy 2013).
However, the anti-tumor activities and mechanism of
M. grandiflora seeds on H1975 cell line are unknown. In this
study, we found that MEM exhibited potential anti-tumor ef-
fects on H1975 cells in vivo and in vitro, including inhibiting
cell viability, inducing apoptosis, and suppressing invasion
and migration. Furthermore, previous studies have indicated
that active ingredients from TCM can enhance the therapeutic
efficacy and decrease the adverse effects in the treatment of
lung cancer, which is of significance in improving the quality

Fig. 1 Anti-proliferative activities of MEM in H1975 cells. a Effect of
MEM on H1975 cell viability for 24, 48 and 72 h byMTTassays (n = 3).
b Effect of MEM on H1975 cells by colony-formation for 96 h. c

Quantification of colony forming capability of H1975 cells inhibited by
MEM (n = 3). *P<0.05 and ** P<0.01 compared with the control
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of life and for increasing the survival time for patients with
NSCLC (Xu et al. 2019; Wu et al. 2015).

In this study, systematic solvent partition and MTT assays
were used for screening the effective fraction of M. grandiflora

Fig. 2 MEM exhibited anti-tumor efficacy in H1975 cell xenograft in
nude mice. a Representative images from vehicle, MEM (100 mg/kg)
and 17-DMAG (10 mg/kg) treatment group on H1975 cell xenograft in
nude mice at the end of the experiment (n = 3). b Tumor volumes of nude
mice were estimated. c The solid tumor were removed and weighed at 24
days after inoculation. d Body weights of mice were measured every 3

days. e In vivo hepatotoxicity evaluation of MEM by GOT and GPT
levels of blood serum samples, as described in the “Materials and
methods” section. f H&E staining (original magnification 200×) of the
tumor, liver, kidney and lung from the mice after vehicle, MEM and 17-
DMAG treatment. ** P<0.01 compared with the control
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seeds. Interestingly,MEM fraction is different from the previous-
ly reported active compounds from M. grandiflora, such as
bishonokiol A, honikiol, and magnolol (Fig. S1). Generally, the
effective fractions of natural medicines have the advantages of
having multiple targets, synergistic effects, and low toxicity
(Chao et al. 2017). Thus, our research may provide a basis for
the screening and discovery of new active compounds and effec-
tive fractions fromM. grandiflora.

The efficacy of drug depends not only on the binding efficien-
cy with its target, but is also closely related to the overall effect of
drugs in vivo, including absorption, distribution, metabolism and
excretion (ADME) (Carrara et al. 2017). In vitro experiments
showed that MEM had strong anti-proliferative activities against
H1975 cell line. The model of nude mice bearing H1975 cells
was used to evaluate the anti-tumor effect and hepatotoxicity in
order to explore the possibility of clinical application of MEM.
Fortunately, the anti-NSCLC activity of MEM in vitro was con-
sistent with the effect in vivo, exhibiting the potential as an effec-
tive candidate agent in the treatment of NSCLC.

In the present study, the flow cytometric results showed
that the percentage of apoptotic cells was significantly in-
creased after MEM treatment. Hence, the possible molecular
mechanism underlying MEM-induced apoptosis of human
H1975 cells requires further research. The activation of apo-
ptotic pathway serves an important role in tumor develop-
ment. Studies have shown that the development and progres-
sion of NSCLC are closely associated with the disorders of the
PI3K/Akt signaling pathway (Schuurbiers et al. 2009). The
PI3K/Akt signaling pathway is an important signal transduc-
tion pathway which has been reported to play a critical role in
apoptosis (Guo et al. 2015).

In the current study, the association between MEM and the
PI3K/Akt pathway was investigated in order to elucidate the
apoptotic mechanism. The serine/threonine kinase Akt, also
known as protein kinase B, is a major signal transducer of the
PI3K/Akt pathway in all cells. A variety of growth factors and
signaling proteins can activate Akt by the phosphorylation of
Akt at Ser473 and Thr308, phosphorylated Akt plays a pivotal

Fig. 3 MEM induced apoptosis in H1975 cells. a Flow cytometry with
Annexin V/PI staining was used to measure apoptosis in H1975 cells
exposed to various concentration of MEM. b The detection of MEM

induced regulation of apoptosis-related proteins (Bcl-2, Bax, Akt and p-
Akt-473) by western blotting. Results presented are three independent
experiments
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role in the proliferation and apoptosis of tumor cells by regu-
lating its downstream effectors (Manning and Toker 2017;
Kumar et al. 2018). Accordingly, phosphorylated Akt is
overexpressed in a multitude of human cancers (Hers et al.
2011). The previous studies showed that activated Akt not only
can phosphorylate pro-apoptotic proteins in the Bcl-2 family
and activate the release of downstream anti-apoptotic protein
Bcl-2 to inhibit cell apoptosis, but also directly phosphorylate
pro-apoptotic protein Bax to block its pro-apoptotic effect

(Manning and Cantley 2007; Yamaguchi and Wang 2001;
Zhou et al. 2000). Our findings indicated thatMEMmay induce
apoptosis by suppressing PI3K/Akt signaling pathway.

Lung cancer is one of the most lethal cancers, which pre-
sents metastases to other vital organs (Mehlen and Puisieux
2006). Several studies suggested that PI3K/Akt signaling
pathway may play a crucial role in proliferation and invasive-
ness in many types of cancer including lung cancer (Kar et al.
2012; Xie et al. 2017). It has previously been shown that the

Fig. 4 MEM suppressed the invasion and migration of H1975 cells. a
The H1975 cells were subjected to the treatment with various
concentration of MEM for 48 h, and cell invasion was determined by
transwell matrigel assay (original magnification 200×). b The H1975
cells were treated with various concentration of MEM for 24 h, and the
ability of cell migration was detected by transwell assay (original

magnification 200×). c Quantification of invasion of H1975 cells
suppressed by MEM (n = 3). d Quantification of migration of H1975
cells suppressed by MEM (n = 3). e The detection of MEM decreased
HIF-1α, MMP-2 and MMP-9 proteins by western blotting. *P<0.05 and
** P<0.01 compared with the control. Data presented are means ± SD of
three independent experiments
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PI3K/Akt pathway promotes cell invasion and metastasis by
increasing the expression of HIF-1α. Importantly, HIF-1α has
been reported to be overexpressed in NSCLC (Zhou et al.
2017). Moreover, overexpression of MMP-2 and MMP-9 in-
dicate that HIF-1α triggers the activation ofMMPs to promote
lung cancer metastasis (Baek et al. 2017; Chang et al. 2017). It
has been reported that inhibition of PI3K/Akt signaling sig-
nificantly reduced the MMP-2 andMMP-9 protein expression
levels to suppress cell migration (Cheng et al. 2017). In this
study, we found that MEM markedly reduced the expression
of HIF-1α, MMP-2, and MMP-9; thereby indicating that the
inhibition of H1975 cells invasion and migration by MEM
may be related to the inhibition of PI3K/Akt signaling path-
way, which in turn lowered HIF-1α, MMP-2, and MMP-9
expression.

In summary, we have demonstrated that anti-tumor effects
of MEM on H1975 cells are mediated by PI3K/Akt signaling
pathway and its downstream targets, including Bcl-2, HIF-1α,
and MMPs. These findings suggest that MEM may be a po-
tential anti-cancer agent for treatment of NSCLC.
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