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A B S T R A C T

Lycoris radiata (L'Her.) Herb. (L. radiata) was traditionally used as a folk medicine in China for treatment of
Alzheimer's disease. However, the specific component responsible for its considerable toxicity remained unclear
thus restricting its clinical trials. Narciclasine (NCS) was isolated from L. radiata and treatment of NCS for 72 h
exhibited significant antiproliferative effects against L02, Hep G2, HT-29 and RAW264.7 cells. However, what
needs to be emphasized is that at safe working concentrations of 0.001–0.016 μM, administration of NCS for 24 h
inhibited the mRNA expression of inducible nitric oxide synthase (iNOS), interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-ɑ), interleukin-1beta (IL-1β) and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS)-in-
duced macrophages thereby suppressing production of nitric oxide (NO), IL-6, TNF-ɑ and IL-1β. NCS supple-
mentation also inhibited nuclear factor-kappa B (NF-κB) activation by suppressing NF-κB P65 phosphorylation
and nuclear translocation, IκBɑ degradation and phosphorylation, and IκKɑ/β phosphorylation. The phos-
phorylation of c-Jun N-terminal kinase (JNK) and P38, and expression of COX-2 was also attenuated by NCS.
These results suggested that NCS might exert anti-inflammatory effects through inhibiting NF-κB and mitogen-
activated protein kinase (MAPK) pathways even at very low doses.

1. Introduction

The mitogen-activated protein kinase (MAPK) and nuclear factor-
kappa B (NF-κB) signaling pathways played important roles in reg-
ulating numerous of inflammation-associated genes, cytokines, en-
zymes and chemokines. NF-κB generally exists in a heterodimeric in-
active form in the cytosol bound to distinct inhibitory IκB subunits.
Nevertheless, IκBα degradation and phosphorylation could lead to NF-
κB activation. The liberated NF-κB would translocate from the cytosol
into the nuclei, thereby leading to the inflammation progression.
Reportedly, MAPK might be an up-stream activator of NF-κB signaling
pathway (Caivano, 1998; Vanden Berghe et al., 1998). Thus, MAPK and
NF-κB were prominent targets for screening novel drugs with anti-in-
flammatory effects.

Lycoris radiata (L'Her.) Herb. (L. radiata), belonging to the
Amaryllidaceae family and Lycoris genus, was traditionally used in
China as a folk medicine. L. radiata was generally considered toxic,
however, the specific component responsible for its toxicity was still
unclear. The pharmacologically most interesting secondary metabolites
present in plants of L. radiata were alkaloids. Among various types of
alkaloids, Amaryllidaceae alkaloids were found to exert diverse

pharmacological activities including anticancer/cytotoxic, anti-in-
flammatory, antibacterial, antiretroviral and antimalarial properties
(He et al., 2015; Sener et al., 2003). For example, lycorine significantly
inhibited inducible nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2) expression in lipopolysaccharide (LPS)-induced
RAW264.7 cells (Kang et al., 2012).

Specifically, the Amaryllidaceae isocarbostyril alkaloid narciclasine
(NCS), also known as lycoricidinol was firstly discovered in Narcissus
species in 1967. Then, it became a hotspot and was intensively in-
vestigated as an anticancer compound because of its significant and
selective cytotoxic effects on cancer cells (Li et al., 2013; Pettit et al.,
2001; Van Goietsenoven et al., 2010, 2013). The National Cancer In-
stitute panel investigated the cytotoxic activity of NCS on 60 human
tumor cell lines and the mean IC50 value were determined to be
0.046 μM. Recently, a new field of indication has emerged: a growing
number of published data have justified that NCS could exert potent
anti-inflammatory effects in vivo and in vitro. For example, Mikami et al.
found that NCS showed effective prophylactic actions on the adjuvant
arthritis model in rats (Mikami et al., 1999). Lubahn et al. further de-
monstrated that the sodium narcistatin, a water-soluble cyclic phos-
phate pro-drug of NCS, dramatically reduced inflammation (Lubahn
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et al., 2012). The authors ascribed this to the inhibition of pro-in-
flammatory cytokines secretion by sodium narcistatin. Additionally,
both Yui et al. and Yamazaki et al. reported that NCS showed tumor
necrosis factor-alpha (TNF-ɑ) suppressive effects in LPS-induced
RAW264.7 cells (Yamazaki and Kawano, 2011; Yui et al., 2001).
Nevertheless, the underlying molecular mechanism by which NCS ex-
erted the anti-inflammatory effects still remained elusive.

In this paper, we strived to isolate and identify NCS on the basis of
column chromatography and spectroscopic methods. Furthermore, we
evaluated the cytotoxicity of NCS on human normal cell line of L02
(liver cell), human cancer cell line of HT-29 (colon carcinoma), Hep G2
(liver cancer), HeLa (cervix carcinoma), MCF-7 (breast cancer) and
murine macrophage RAW264.7 using MTT method. Additionally, LPS-
stimulated RAW264.7 cells were employed to investigate the anti-in-
flammatory effects of NCS in order to explore its underlying me-
chanism.

2. Material and methods

2.1. Plant materials

The whole aerial parts of L. radiata were purchased from Qingping
TCM market (Guangzhou, China) and authenticated by the authors. A
specimen (2015002) was deposited in South China University of
Technology, Guangzhou, China. L. radiata were carefully ground in a
cutting mill and then passed through a 50-mesh sieve to obtain fine
powders. The powders were stored in sealing bags in the desiccators for
future research.

2.2. Reagents

Dulbecco's modified Eagle's medium, fetal bovine serum and Trizol
Reagent were purchased from GIBCO (Grand Island, NY). LPS weas
purchased from Sigma-Aldrich (St. Louis, MO, USA). Silica gel 60 and
sephadex LH-20 were obtained from Beijing H&E Ltd Corporation
(Beijing, China). Mouse ELISA kits for interleukin-6 (IL-6), TNF-α and
interleukin-1β (IL-1β) for immunohistochemistry were obtained from
Cusabio Biotech CO., Ltd. (Wuhan, China). Nitric oxide assay kit, RIPA
lysis buffer and nuclear and cytoplasmic protein extraction kit were
purchased from Beyotime Biotech (Guangzhou, China). Antibodies for
GAPDH, p-c-Jun N-terminal kinase (JNK), p-P38, nuclear factor-kappa
B P65 (NF-κB P65), p-P65, IκBα, p-IκBα, p-IκKα/β, COX-2 and horse-
radish peroxidase-linked secondary antirabbit were obtained from Cell
Signaling Technology (Beverly, MA). The dilution of antibodies and
their catalog numbers were all provided in Table 1.

2.3. Extraction and isolation

The process of L. radiata extraction was demonstrated in supple-
mentary material Fig. S1. Briefly, the dried aerial and bulbs of L. radiata
(5 kg) were extracted at 100 °C by reflux with 75% ethanol for 3 h. Then
the extracted solutions were centrifuged at 4000 rpm for 10min, con-
centrated under reduced power and evaporated in the drying oven to
give the brownish residues. Then, the brownish residues were

suspended in methanol and partitioned successively with petroleum
ether, ethyl acetate, n-butanol and water to yield the petroleum ether
fraction (30.2 g), ethyl acetate fraction (49.8 g), n-butanol fraction
(40.4 g) and water fraction (45.2 g). The ethyl acetate extracts (49.8 g)
were concentrated under reduced power to yield the ethyl acetate layer
of L. radiata. The ethyl acetate fractions were subjected to column
chromatography over a silica gel column (80×1200mm, 200–300
mesh) by elution with chloroform-methanol gradients (v/v) of 100:0,
100:5, 100:8, 100:10, 100:15, 100:18, 80:20, 70:30, 50:50 and 0:100.
Every gradient was applied with 5 column volumes of chloroform-me-
thanol solutions and each column volume was 4 L. As a result, 44
fractions including fractions 1–2, fractions 3–7, fractions 8–12, frac-
tions 13–17, fractions 18–22, fractions 23–27, fractions 28–32, frac-
tions 33–37, fractions 38–42 and fractions 43–44 were collected after
eluted with chloroform/methanol (v/v) at 100:0, 100:5, 100:8, 100:10,
100:15, 100:18, 80:20, 70:30, 50:50 and 0:100, respectively. The 44
fractions were then combined according to the thin-layer chromato-
graphy analysis thus resulting in 4 fractions (Fractions 11–18, Fractions
24–32, Fractions 43–47 and Fractions 54–61). Then the 4 fractions were
further purified by repeated chromatography of ODS column (eluted
with methanol-water gradients of 30%, 60%, 80% and 90%, v/v) and
sephadex LH-20 column (eluted with methanol-water solutions of 50%,
v/v). Eventually, the pure product was collected after alcohol or acetic
acid crystallization of the eluted fractions. HPLC analysis indicated that
the purity of the product exceeded 98%. Then its structural identifica-
tion was achieved using spectroscopic techniques of 1H and 13C nuclear
magnetic resonance.

2.4. Cell culture

The human normal cell line of L02, HT-29, Hep G2, HeLa, MCF-7
and RAW264.7 were purchased from the cell bank of Shanghai of
Chinese Academy of Sciences and maintained in a 37 °C humidified
incubator containing 5% CO2. RAW264.7 cells were stimulated with
LPS (1 μg/mL) in the presence or absence of NCS (0.001–0.016 μM). In
the current experiment, NCS was dissolved in dimethyl sulfoxide
(DMSO) and the final concentration of DMSO was maintained at 0.1%
(v/v). The cells in control groups were treated with 0.1% (v/v) of
DMSO.

2.5. MTT assay for cell cytotoxicity

Cell cytotoxicity of NCS was determined using MTT method based
on the reduction of the tetrazolium salt MTT into formazan crystals
(Shen et al., 2017b). Briefly, different kinds of cells including L02, HT-
29, Hep G2, HeLa, MCF-7 and RAW264.7, were seeded in 96-well plates
at a density of 1× 104 cells/well and cultured overnight. Then the cells
were incubated with various concentrations of NCS (0.001–0.016 μM)
for 24 h or 72 h. Subsequently, MTT solution (5mg/mL) was added to
each well to make a final concentration of 0.5mg/mL and continuously
incubated for another 4 h. The absorbance at 490 nm was detected
using microplate reader and the cell viability was calculated based on
the ratio of average optical density between control cells and NCS-
treated cells.

Table 1
The dilution of antibodies and their catalog numbers.

Antibodies Dilution Catalog number Antibodies Dilution Catalog number

GAPDH (14C10) Rabbit mAb 1:1000 2118S α-Tubulin (11H10) Rabbit mAb 1:1000 2125S
SAPK/JNK Antibody 1:1000 9252S Lamin B1 (D9V6H) Rabbit mAb 1:1000 13435S
Phospho-SAPK/JNK (Thr183/Tyr185) (81E11) Rabbit mAb 1:1000 4668S IκBα (44D4) Rabbit mAb 1:1000 4812S
p38 MAPK (D13E1) XP® Rabbit mAb 1:1000 8690S Phospho-IκBα (Ser32) (14D4) Rabbit mAb 1:1000 2859S
Phospho-p38 MAPK (Thr180/Tyr182) (12F8) Rabbit mAb 1:1000 4631S Phospho-IKKα/β (Ser176/180) (16A6) Rabbit mAb 1:1000 2697S
NF-κB p65 (D14E12) XP® Rabbit mAb 1:1000 8242S Cox2 (D5H5) XP® Rabbit mAb 1:1000 12282S
PhosphoeNFeκB p65 (Ser536) (93H1) Rabbit mAb 1:1000 3033S
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2.6. Nitric oxide and cytokines assay

Nitric oxide (NO) production was indicated by the nitrite release in
the culture media as described in our laboratory (Shen et al., 2017b).
The supernatants of RAW264.7 cells were carefully collected after sti-
mulated with LPS in the presence or absence of NCS (0.001–0.016 μM)
for 24 h. Griess reagents (Beyotime Biotech, Guangzhou, China) were
then mixed with the supernatants and reacted for 10min in the dark
place at room temperature. Finally, the nitrite concentration was
measured spectrophotometrically at 550 nm using microplate reader.
The standard curve was plotted against different concentrations of so-
dium nitrite according to the manufactures’ instructions. At the same
time, representative micrographs of the macrophages were obtained by
invert microscopes in order to observe the morphology changes. Fur-
thermore, the secretion of IL-6 in the culture media, as well as TNF-ɑ
and IL-1β, was also determined using ELISA kits purchased from Cu-
sabio Biotech CO., Ltd. (Wuhan, China). Each experiment was carried
out at least three times in duplicate.

2.7. RT-qPCR analysis

Total RNA of RAW264.7 cells was extracted from the test samples
using Trizol reagents (Grand Island, NY) according to the manufac-
turer's instructions to yield highly pure RNA. RNA concentration and
purity were determined by the Nano Drop spectrophotometer (Nano
Drop Technologies, Wilmington, DE). Then 3 μg of total RNA in a total
volume of 20 μL was reverse-transcribed into cDNA and then amplified
using the DyNAmo Flash SYRB Green qPCR Kit and the cycle conditions
were set according to the published report (Shen et al., 2017c) as fol-
lows: 50 °C for 2min, 95 °C for 10min, 40 cycles of 95 °C for 30 s, 60 °C
for 30 s. The PCR primers were synthesized and purchased from Life
Technology Inc. (Rockville, MD). The primer sequences of GAPDH,
iNOS, IL-6, TNF-ɑ, IL-1β and COX-2 were shown in supplementary
material Table S2. The relative expression levels of the target genes
against that of the GAPDH were calculated using 2−ΔΔCt method. To
make the experiment reproducible, the RT-qPCR analysis strictly fol-
lowed the MIQE guideline published by Bustin et al. (2009). The non-
template controls were also conducted.

2.8. Immuno-staining for translocation of P65

Nuclear translocation of NF-κB P65 was evaluated according to the
published literature (Bender et al., 2018; Hu et al., 2012). In brief, after
treatment with NCS for 12 h, the culture media were removed and
RAW264.7 cells washed twice with PBS. Then, cells were fixed with 4%
paraformaldehyde, blocked with 5% bovine serum albumin, incubated
with the primary rabbit antieNFeκB P65 antibody and the secondary
Cy3-labeled antibody. Thereafter, the cells were stained with DAPI for
5min and observed using a laser scanning confocal microscope (Carl
Zeiss LSM 710, Germany) subsequently.

2.9. Western blot analysis

SDS–polyacrylamide gel electrophoresis (SDS-PAGE) and western
blotting were conducted according to the previous reports with minor
modifications (Shen et al., 2017b). RAW264.7 cells were harvested and
washed twice with cold PBS. Then, total proteins were extracted from
RAW264.7 cells by lysis on ice for 40min with RIPA lysis buffer (Be-
yotime Biotech, Guangzhou, China) supplemented with PMSF. Si-
multaneously, cytosolic and nuclear proteins were extracted using the
Nuclear and Cytoplasmic Protein Extraction Kit (Beyotime Biotech,
Guangzhou, China). Briefly, the cytosolic fraction of RAW264.7 cells
was prepared by centrifugation at 12,000 g for 5min after incubated
with cytoplasmic protein extraction agent A and B. The remaining
pellets were then mixed with nuclear protein extraction agent and ex-
erted with drastic vortex, thus resulting in the nuclear fraction. Protein

concentrations were detected using BCA kit to make equal protein
amount loaded onto each lane of SDS–PAGE. 40 μg protein of 25 μL
from each tested sample was carefully loaded onto each lane of 8%
SDS–polyacrylamide gels by electrophoresis and then transferred to
PVDF membranes by electroblotting. Thereafter, the PVDF membranes
were successively incubated with blocking solution, primary antibodies
and horseradish peroxidase-conjugated anti-rabbit IgG. Eventually, the
immunoreactive bands were visualized using the ECL-Plus detection
system. The relative density of p-JNK, p-P38, NF-κB P65, p-P65, IκBα,
p-IκBα, p-IκKα/β and COX-2 was normalized with GAPDH.

2.10. Statistics

Experimental data were expressed as the mean ± standard devia-
tion of at least 5 independent experiments. One-way analysis of var-
iance followed by post hoc Tukey's test was employed for multiple
comparisons. Statistical analysis was conducted using SPSS 20.0 soft-
ware. p < 0.05 was considered to be statistically significant and
p < 0.01 was considered to be statistically highly significant.

3. Results

3.1. Structure identification of the compound

The pure product was obtained as a light yellowish needle-like
crystal. After the compound was developed on the silica gel plates,
purple spot and yellow stripe were presented using the ultraviolet
spectrophotometer (365 nm) and the lodine cylinder. Based on 13C
(100MHz, DMSO‑d6) and 1H (300MHz, DMSO‑d6) NMR, the molecular
formula of the compound was inferred as C14H13NO7 and its un-
saturation degree was determined as 9. Specifically, The 13C NMR
spectrum (100MHz, DMSO‑d6) showed several carbon signals as fol-
lows: 152.4 (C-2), 144.8 (C-3), 133.5 (C-4), 132.2 (C-5), 129.3(C-6),
124.8 (C-7), 105.6 (C-8), 102.1 (C-9), 95.9 (C-10), 72.4 (C-11), 69.2 (C-
12), 68.8 (C-13), 52.9 (C-14). According to the spectral data and
comparison with published literature, the compound was identified as
NCS, a Amaryllidaceae isocarbostyril alkaloid (Pettit and Melody,
2005). The chemical structure of NCS was demonstrated in supple-
mentary material Fig. S2.

3.2. Cytotoxicity of NCS

The degrees of antiproliferation against L02, RAW264.7, MCF-7,
Hep G2 and HT-29 cells after 72 treatment of NCS were investigated
using MTT assay. The cell viability was expressed as the percentage of
the cells in NCS-treated group compared with those in normal control
group. At higher concentrations, NCS exhibited significant anti-
proliferative effects against Hep G2 and HT-29 (Fig. 1A) cells with the
IC50 values of 0.08 μM and 1.373 μM, respectively. However, at lower
concentrations, NCS did not inhibit but slightly promoted HT-29 and
Hep G2 proliferation. These facts indicated that the concentration was
very important for the anti-cancer efficacy of NCS. Unfortunately,
considerable cytotoxicity of NCS on L02 (IC50= 0.09 μM) and
RAW264.7 (IC50= 0.055 μM) cells was also intuitively observed.

Simultaneously, cell populations and morphological changes of L02
(Fig. 1C), Hep G2 (Fig. 1D), HT-29 (Fig. 1E) and RAW264.7 (Fig. 1F)
cells after 72 h treatment of NCS were further illustrated. Obviously,
great morphological changes were presented in the cancer cells as the
cells lost their characteristic stretched appearance and shrinked to
round, and showed clear cytoplasmic blebbing and vacuolation (Chen
et al., 2016). Also, the cell populations decreased with the increasing
concentrations of NCS.
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3.3. Anti-inflammatory effect of NCS on RAW264.7 cells

3.3.1. Effect of NCS on LPS-induced production of NO and morphology in
RAW264.7 cells

The cytotoxicity of NCS on L02, RAW264.7, Hep G2 and HT-29 cells
at concentrations of 0.001, 0.002, 0.004, 0.008 and 0.016 μM for 24 h
was evaluated and NCS did not alter cell viability of all the four cells
(cell viability all exceeded 90%) (Fig. 1B). Therefore, 0.001–0.016 μM
was screened as safe doses for NCS in further research. As shown in
Fig. 2A, RAW264.7 cells displayed different morphological character-
istics when stimulated with tested samples for 24 h. Briefly, cells in the
control group showed round and regular shapes. However,

pseudopodium occurred and the cells became bigger and irregular in
shape when treated with LPS at 1 μg/mL. Luckily, this condition was
improved after NCS (0.004, 0.008 and 0.016 μM) was added (Fig. 2A).
Of note, NCS of the maximum concentration (0.016 μM) showed similar
morphology with the positive control dexamethasone (DXM, 50 μg/
mL). The results indicated that NCS displayed great anti-inflammatory
potential even at low concentrations. NO production was also de-
termined using Griess reagent and the data indicated that NCS at 0.004,
0.008 and 0.016 μM significantly inhibited NO accumulation in an in-
tuitive dose dependent manner (Fig. 2B). Specifically, NCS at 0.008 and
0.016 μM showed greater inhibitory effects on NO production than
DXM. In order to further explore the anti-inflammatory activity of NCS,

Fig. 1. Cell viability of L02, RAW264.7, Hep G2 and HT-29 after 72 h (A) and 24 h (B) treatment of NCS; Morphological illustrations of L02 (C), Hep G2 (D), HT-29
(E) and RAW264.7 (F) cell populations after 72 h treatment of NCS were also demonstrated. All images shown here were representative of three independent
experiments with similar results.
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ELISA, RT-qPCR and western blot analyses were performed in the fol-
lowing experiments.

3.3.2. Effect of NCS on LPS-induced production of IL-6, TNF-ɑ and IL-1β
Stimulation with LPS resulted in a significant increase in the pro-

duction of IL-6, TNF-ɑ and IL-1β, as compared with the untreated
control. However, these increases were potently suppressed by co-
treatment with NCS. Briefly, NCS was a potent suppressant of IL-6 ac-
cumulation in the LPS-stimulated macrophages at 0.016 μM (Fig. 2C).
Also, TNF-ɑ production was also potently decreased in a dose-depen-
dent manner after treated with NCS at various concentrations (Fig. 2D).
Furthermore, NCS also dramatically and dose-dependently suppressed
IL-1β production (Fig. 2E).

3.3.3. Effect of NCS on LPS-induced mRNA expression of iNOS, IL-6, TNF-
ɑ, IL-1β and COX-2

In order to examine whether NCS regulated pro-inflammatory cy-
tokines and enzymes by inhibiting inflammation-associated genes, RT-
qPCR analysis was conducted. High levels of iNOS, IL-6, TNF-ɑ, IL-1β
and COX-2 mRNAs were observed in the macrophages induced with
LPS, and administration of NCS showed some certain inhibitory effects
on the expression levels of these genes (Fig. 2F–J). NCS (0.008 and
0.016 μM) treatment significantly suppressed LPS-induced increases in
mRNA expression levels of iNOS (Fig. 2F), TNF-ɑ (Fig. 2H), COX-2
(Fig. 2J) at the transcriptional step, with a nearly maximum inhibitory
effect at 0.016 μM. The elevated level of IL-6 mRNA in the LPS-induced
RAW264.7 cells was also potently reduced by NCS (0.016 μM) treat-
ment and the inhibitory activity was nearly comparable of DXM
(Fig. 2G). Unexpectedly, NCS only showed slight inhibitory effects on

Fig. 2. Representative images of RAW264.7 cells under an inverted microscope after treated with NCS (A); effects of NCS on secretion of NO (B), IL-6 (C), TNF-ɑ (D)
and IL-1β (E); effects of NCS on expression of iNOS mRNA (F), IL-6 mRNA (G), TNF-ɑ mRNA(H), IL-1β mRNA (I) and COX-2 mRNA (J). All experiments were run in
triplicate, and data showed the mean ± SD values. (*) p < 0.05 and (**) p < 0.01 compared to the LPS-treated group.
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IL-1β mRNA expression at 0.002 μM, but instead up-regulated the ex-
pression level of IL-1β mRNA at 0.004, 0.008 and 0.016 μM (Fig. 2I).
Collectively, these results indicated that NCS suppressed the secretion
of NO, IL-6, TNF-ɑ and IL-1β through inhibiting the expression of iNOS
mRNA, IL-6 mRNA, TNF-ɑ mRNA and IL-1β mRNA in LPS-stimulated
mouse macrophages.

3.3.4. Effect of NCS on LPS-induced activation of NF-κB
As illustrated in Fig. 3, the signal intensity for P65 in the nuclei in

LPS-induced cells was stronger than that in control cells, suggesting that
NF-κB was activated by administration of LPS (1 μg/mL) and the cy-
tosolic NF-κB subunit p65 significantly translocated to the nucleus.
However, this event was suppressed by NCS (0.016 μM) treatment.

To further validated our results, western blot analysis was con-
ducted. As shown in Fig. 4A-1, 1 μg/mL of LPS treatment resulted in
more than 4-fold increase in phosphorylation of P65, and this increase
was significantly inhibited by the addition of NCS at 0.008 and
0.016 μM. Furthermore, the nuclear translocation of NF-κB P65, phos-
phorylation and proteolytic degradation of IκBɑ, and the phosphor-
ylation of IκKɑ/β, were all evaluated. As known, the P65 subunit was
mostly present in the cytosol in un-treated normal cells. However, after
administrated with LPS, the P65 subunit level in cytosol (Fig. 4B-1 and
B-2) was dramatically down-regulated, and that in nuclear (Fig. 4C-1
and C-2) was significantly up-regulated in RAW264.7 cells. Luckily,
these events were attenuated by the administration of NCS. The results
suggested that NCS could inhibit the translocation of NF-κB subunit P65
from cytoplasm to nucleus. The conclusion was further confirmed by its
suppressive effects on IκBɑ degradation and IκKɑ/β phosphorylation.
Briefly, NCS dramatically decreased IκBɑ degradation (Fig. 4D-1 and D-
2) and phosphorylation (Fig. 4E-1 and E-2), as well as the phosphor-
ylation of IκKɑ/β (Fig. 4F-1 and F-2). Specifically, at 0.004 and
0.016 μM, NCS exhibited greater efficacy than that at 0.008 μM, sug-
gesting that NCS did not inhibit IκBɑ degradation in a strict dose-de-
pendent manner. Collectively, all these data indicated that NCS might
inhibit inflammation-associated genes via regulation of the IκK-

dependent canonical pathway of NF-κB activation.

3.3.5. Effect of NCS on LPS-induced phosphorylation of MAPKs
As shown in Fig. 5A, LPS treatment resulted in about a 2-fold in-

crease in JNK phosphorylation, compared with normal control cells.
Nevertheless, LPS-induced phosphorylation of JNK was significantly
attenuated to 0.6036 and 0.6671 when LPS-induced macrophages were
treated with NCS at concentrations of 0.004 and 0.016 μM, respectively.
NCS supplementation (0.008 and 0.016 μM) also significantly blocked
phosphorylation of P38 (Fig. 5B-1 and B-2).

3.3.6. Effect of NCS on LPS-induced activation of COX-2
As shown in Fig. 5C–-1 and C-2, NCS significantly inhibited COX-2

protein expression at 0.008 and 0.016 μM in a dose-dependent manner,
consistent with its suppressive effect on COX-2 mRNA expression
(Fig. 3I). In support, Liu et al. also extracted four new Amaryllidaceae
alkaloids from L. radiata and found that (+)-1-hydroxy-ungeremine
and (+)-N-methoxylcarbonyl-2-demethyl-isocorydione displayed anti-
inflammation potential by selectively inhibiting COX-2 (Liu et al.,
2015).

4. Discussion

Natural products have attracted intensive attention on discovering
novel drugs for various human diseases (Jiang et al., 2007; Shen et al.,
2017a). Especially, half of drugs with anti-tumor effects were natural
origin (Altmann and Gertsch, 2007; Mann, 2002). Specifically, the
promising activity of NCS has stimulated much effort toward its isola-
tion and chemical characterization. NCS was firstly isolated from the
bulbs of Narcissus species in 1967 (Ceriotti, 1967). Since then, NCS has
been frequently reported to be isolated from the bulbs of Narcissus
species (Weniger et al., 1995). In our current study, the content of NCS
from L. radiata was 8.2 mg/kg, much higher than that of 4.16mg/kg
reported by Okamoto et al. (1968).

The most widely spread knowledge of NCS was its tremendous anti-

Fig. 3. Analysis of nuclear translocation of NF-κB determined by immunofluorescence analysis with laser scanning confocal microscope.
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cancer potential. Previous study in vitro frequently focused on the cy-
totoxicity of NCS on fibroblasts (IC50: 7.5 μM) and cancer cells (IC50:
30 nM), indicated that NCS was very sensitive to cancer cells and only
higher concentrations of NCS could affect the viability of fibroblasts
(Dumont et al., 2007). However, in vivo researches indicated that NCS
only showed modest anti-tumor effects in mice with considerable
toxicity (Van Goietsenoven et al., 2013). Thus, NCS has not been tested
in human clinical trials up to now. The antiproliferation assay in this
study revealed that NCS treatment for 72 h exhibited dose-dependently
inhibitory effects against L02, RAW264.7, HT-29 and Hep G2 cells. The

morphological changes further confirmed our results. The inhibitory
effects on L02 and macrophages indicated that NCS might have sig-
nificant side effects and therefore its application in clinical trials for
cancer diseases must be prudent and further study was urgently needed.

There were published reports involving with the compound re-
sponsible for the anti-cancer activity of L. radiata. For example, Chen
et al. screened out hippeastrine from L. radiata by combining affinity
ultrafiltration with topoisomerase I as a target enzyme, and they found
that hippeastrine might be the specific alkaloid which was responsible
for the anti-cancer activity of crude Amaryllidaceae alkaloids isolated

Fig. 4. Effects of NCS on phosphorylation of NF-κB P65 (A-1 and A-2), translocation of cytoplasmic NF-κB P65 (B-1 and B-2) and nuclear NF-κB P65 (C-1 and C-2),
degradation (D-1 and D-2) and phosphorylation (E-1 and E-2) of cytoplasmic IκBɑ, phosphorylation of cytoplasmic p-IκKɑ/β (F-1 and F-2). α-Tubulin and Lamin
B1were used as markers for cytoplasmic and nuclear proteins, respectively. All experiments were run in triplicate, and data showed the mean ± SD values. (*)
p < 0.05 and (**) p < 0.01 compared to the LPS-treated group.

Fig. 5. Effects of NCS on phosphorylation of JNK (A-1 and A-2), phosphorylation of P38 (B-1 and B-2) and expression of COX-2 (C-1 and C-2). All experiments were
run in triplicate, and data showed the mean ± SD values. (*) p < 0.05 and (**) p < 0.01 compared to the LPS-treated group.
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from L. radiata (Chen et al., 2016). They demonstrated that hippeastrine
exhibited marked antiproliferative properties against Hep G2 cells
(IC50: 11.85 ± 0.20 μg/mL) and HT-29 (IC50: 3.98 ± 0.29 μg/mL)
cells. Of note, the IC50 values of NCS on Hep G2 and HT-29 cells were
much lower that of hippeastrine, indicating that NCS might also be a
specific alkaloid responsible for the cytotoxicity of L. radiata. Further
study is still on-going in our laboratory.

Many products have been found to exert inhibitory effects on pro-
inflammatory cytokines via MAPK and NF-κB signaling pathways (Bi
et al., 2016; Cheng et al., 2008; Ko et al., 2016; Seong et al., 2016).
Published reports proved that MAPK phosphorylation could induce NF-
κB activation (Guha and Mackman, 2001; Nakano et al., 1998). Seong
et al. reported that methanol extracts from Gnaphalium affine exerted
anti-inflammatory effects through suppressing MAPK and NF-κB sig-
naling pathways in LPS-induced RAW264.7 cells (Seong et al., 2016).
Also, alternaramide, isolated from the extract of the marine-derived
fungus Alternaria sp. SF-5016, also significantly inhibited JNK and P38
phosphorylation in LPS-induced RAW264.7 and BV2 cells (Liao et al.,
2016).

It was reported that IL-6, TNF-ɑ and IL-1β genes were closely de-
pendent on the activation of NF-κB pathway (Arend and Dayer, 1995;
Koch, 2005). The secretion of TNF-ɑ and IL-1β could inhibit the mRNA
expression of iNOS at the transcriptional level, thus down-regulating
NO production (Lee et al., 2008). Our data strongly demonstrated that
NCS probably exerted anti-inflammatory effects through inhibiting ac-
tivation of NF-κB and phosphorylation of MAPK, thereby suppressing
the production of NO, IL-6, TNF-ɑ and IL-1β. Consistent with our ex-
perimental data, published reports also demonstrated that NCS could
suppress TNF-ɑ secretion in LPS-stimulated RAW264.7 cells (Yamazaki
and Kawano, 2011; Yui et al., 2001).

Taken together, these results suggested that NCS might be a very
promising anti-inflammatory candidate for the therapy of inflamma-
tion-associated diseases at even very low concentrations. Future study
should focus on the possible antiproliferative and anti-inflammatory
molecular mechanisms induced by NCS, and this is going on in our
laboratory.
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