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The Effects of Crinum asiaticum var. 
japonicum Baker Seeds on Neuroprotection 
and Antineuroinflammation in  
Neuronal Cell Lines

Hye-Sun Lim1, Yoonju Kim1, Yu Jin Kim1,2 ‍ ‍, Eunjin Sohn1, Joo-Hwan Kim3, and Soo-Jin Jeong1

Abstract
Crinum asiaticum var. japonicum Baker is a Korean herbal medicine that is traditionally prescribed for reducing fever and inflammation. In 
the present study, we investigated if the ethanol extract of C. asiaticum seeds (ECAS) influences the hallmarks of Alzheimer’s disease 
(AD) pathogenesis. ECAS markedly inhibited the activity of acetylcholinesterase (AChE). Concurrent treatment with hydrogen perox-
ide (H2O2) and ECAS significantly prevented the neuronal cell death by regulating phosphorylation of cyclic adenosine monophosphate 
response element-binding protein and p38 mitogen-activated protein kinase. ECAS revealed antineuroinflammatory effects by inhibit-
ing nitric oxide production and suppressing inducible nitric oxide expression in lipopolysaccharide-stimulated BV-2 microglia. 
Furthermore, the high-performance liquid chromatographic analysis determined lycorine as a standard compound of ECAS. Our data 
suggest that ECAS has inhibitory effects on AD pathogenesis such as AChE activation, neuronal damage, and neuroinflammation.
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Alzheimer’s disease (AD) is a progressive neurodegenerative 
disease that is characterized by memory and cognitive impair-
ment.1 In the US, AD affects 15% of  the population aged 
65-74, and 44% of  the population aged 75-84 years.2 In South 
Korea, the occurrence of  AD is also gradually increasing, 
affecting 1.3% of  the population aged 65%-69% and 33.9% of  
the population over the age of  85.3 Unfortunately, there is no 
currently available medication for the treatment of  AD. 
Although several acetylcholinesterase (AChE) inhibitors, such 
as tacrine, rivastigmine, galantamine, and donepezil, have been 
approved by the US Food and Drug Administration (FDA) 
since 1996,4,5 these drugs mask the symptoms of  AD, but do 
not have therapeutic efficacies, and have severe side effects.6 
Therefore, further research on therapeutic agents for AD is 
currently a major requirement.

Crinum asiaticum var. japonicum Baker (Amaryllidaceae) is a 
medicinal herbal plant found in Asian countries, including 
Korea, Japan, and China. In traditional oriental medicine, C. 
asiaticum has been prescribed for the treatment of  rheuma-
toid arthritis, fever, headache, and ulcer.7 Several recent stud-
ies have provided evidence to support the biological activities 
of  C. asiaticum, such as anti-inflammation,7,8 antiobesity,9 
antivirus,10 and antioxidation.11 The leaves and roots of  C. 
asiaticum have been used in traditional oriental medicine; they 

contain the alkaloid, lycorine, and the amino acid, tazett-
ine.12-14 However, there is no report on the efficacy of  C. 
asiaticum seeds.

Hence, in the present study, we investigated the effect of  the 
ethanol extract of  C. asiaticum seeds (ECAS) on the physiological 
changes of  AD, such as the inhibition of  AChE activity, neuropro-
tection, and antineuroinflammation using hippocampal and 
microglial cell lines. We also explored the molecular mechanisms 
responsible for the biological activity of  ECAS on the regulation 
of  AD pathogenesis. Additionally, a quantitative analysis of  the 
standard compound in ECAS was achieved using high-
performance liquid chromatography (HPLC).
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Results and Discussion
AD is a serious life-threatening disease with an increasing preva-
lence; however, no cure is currently available, and the quality of  life 
of  patients has not yet been well studied.15 Thus, it is important to 
conduct research on therapeutics for AD. Currently, most of  the 
FDA-approved AD drugs focus on a single target, AChE.16 
However, since AD progression is influenced by multiple causes, 
such as amyloid-β (Aβ) aggregation,17 neuronal cell damage,18 neu-
roinflammation19 besides AChE activation, they should be consid-
ered as targets for AD drug development.

According to the Alzheimer’s Association, many research-
ers believe that successful AD treatment will ultimately impli-
cate a “cocktail” of  medications aimed at multiple targets.20 Of  
note, herbal medicines have the properties of  multicompound 
and multitarget therapy because they are a type of  cocktail drug 
comprising several phytochemicals.21 Hence, they are attractive 
as potent anti-AD drug candidates. In fact, several groups sug-
gest the use of  herbal medicines for the treatment of  AD.22-24 
Choi et al reported on the protective effects of  white ginseng, 
which attenuates neuronal damage and neuroinflammation in 
the Aβ-injected mouse hippocampus.22 Fu et al reported on the 
anti-AD effect of  Danggui-Shaoyao-San, a traditional oriental 
herbal formula.23 Leu et al reported the therapeutic potential 
of  the traditional medicinal plants, Polygonum multiflorum and 
Sorbus commixta, for the treatment of  neurodegenerative dis-
eases such as AD.24 Hence, in the current study, we examined 
the activity of  the Korean herbal medicine, C. asiaticum seeds, 
for the treatment of  AD using an in vitro experimental model. 
Our results demonstrate that ECAS has protective effects 
against neuronal cell damage and neuroinflammation.

Aβ and AChE are central biomarkers for AD.25 In the brain 
of  AD patients, extracellular plaques of  aggregated Aβ pro-
teins are observed and contribute to neurodegeneration. Acute 
exposure to Aβ has no toxic effect, whereas long-term expo-
sure mediates cholinergic cellular toxicity.26 In this study, the 
effects of  ECAS on AChE and Aβ were measured using in 
vitro cell-free systems. As shown in Figure 1(A), 100 μg/mL of  
ECAS dramatically inhibited AChE activity by 78.3%, whereas 
berberine, a positive control as an AChE inhibitor,27 reduced 
the activity by 52.9%. By contrast, ECAS had no significant 
inhibitory effect on Aβ aggregation, whereas morin, a positive 
control of  the Aβ aggregation antagonist, inhibited it by 70.0% 
(Figure 1(B)). To confirm further the inhibition of  AChE by 
ECAS, dose-response activity on AChE inhibition was evalu-
ated. ECAS increased the inhibition of  AChE activity in a 
dose-dependent manner (Figure 1(C)).

The pathogenesis of  AD is multifaceted, and it is not 
enough to assess the effects on a single biomarker. Neuronal 
death underlies various neurodegenerative diseases, including 
AD as well as Parkinson’s and Huntington’s diseases.28 Thus, 
we additionally investigated whether the ECAS actions are 
involved in the regulation of  neuronal death using HT22 hip-
pocampal cells. Because neuron cells contain high contents of  

polyunsaturated fatty acids, have high oxygen consumption, 
and have vulnerable defense against antioxidants, they are weak 
to oxidative stress.29 We and others reported that H2O2 treat-
ment triggers oxidative stress-mediated cell death in neuron 
cells from the hippocampus.30-32

Consistently, the current study showed that cell viability was 
maintained at over 90% when treated with ≤25 µg/mL of  
ECAS and only at 83.1% when treated with 50 µg/mL in the 
cell counting kit (CCK) assay (Figure 2(A)). Nontoxic concen-
trations of  extracts were used for subsequent assays. Neuronal 
cell damage was induced by exposing HT22 cells to H2O2. Cell 
viability was significantly reduced in H2O2-treated cells com-
pared with untreated controls. Co-treatment of  cells with 
ECAS and H2O2 significantly reversed the neuronal cell death 
induced by H2O2 treatment. The neuroprotective effect of  
ECAS peaked at 12.5 µg/mL and was reduced in a dose-
dependent manner (Figure 2(B), left). Carvedilol, a neuropro-
tective agent, was used as a positive control.33 To confirm 
further the effect of  ECAS on neuroprotection, the release of  
lactose dehydrogenase (LDH) was evaluated. Consistent with 
the results of  the CCK assay, ECAS significantly prevented 
H2O2-induced LDH release (Figure 2(B), right).

Mechanisms of  neuroprotection are regulated by multiple 
molecular signals such as cyclic adenosine monophosphate 
response element-binding protein (CREB) and/or mitogen-
activated protein kinase (MAPK) pathways. CREB is an essen-
tial molecule in the memory system.34 Many researchers have 
reported that inactivation of  CREB contributes to memory 
impairment and neuroprotection in vitro or in vivo models of  
AD.35-37 Our data revealed that compared with the untreated 
control, treatment with H2O2 alone suppressed phosphoryla-
tion of  CREB (Figure 2(C) and (D) left panel), which is cru-
cially involved in neuronal cell survival, memory, and synaptic 
transmission in the brain.38 p38 MAPK is another important 
factor involved in the regulation of  neurocellular protec-
tion.39,40 In a recent review paper by Lee and Kim, it is of  
interest that p38 MAPK plays a crucial role in the orchestration 
of  a variety of  events in AD progression such as neuronal cell 
death, inflammation, and synaptic dysfunction, suggesting a 
potential of  p38 MAPK signaling as a vital target for the treat-
ment of  AD.41 Furthermore, it enhanced the phosphorylation 
of  p38 MAPK, which plays an important role in neuronal 
death under oxidative stress.39 In accordance with previous 
reports, H2O2 treatment clearly enhanced the level of  phos-
pho-p38 MAPK (Figure 2(C) and (D) right panel). By contrast, 
ECAS treatment markedly suppressed the H2O2-mediated 
phosphorylation of  p38 MAPK in a dose-dependent manner 
(Figure 2(C) and (D)). Taken together, our results suggest that 
the beneficial effects of  ECAS on neuroprotection may be reg-
ulated by the CREB/p38 MAPK signaling pathways.

Neuroinflammation is closely related to the progression of  
multiple neurodegenerative diseases, including AD,42,43 and is 
characterized by microglial activation that has been observed in 
regions associated with Aβ deposition.44 Microglial activation 
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induces the production of  various biomolecules such as nitric 
oxide (NO) and proinflammatory factors. Among them, NO is 
the most potent molecule in neuroprotection45 and regulates the 
release of  proinflammatory cytokines, such as tumor necrosis 
factor-alpha (TNF-α) and interleukin-6 (IL-6) in AD.46 In our 
study, we utilized BV-2 microglia to examine the inhibitory effect 
of  ECAS on neuroinflammation (Figure 3(A)). Under different 
ranges of  nontoxic concentrations, the anti-inflammatory effects 
of  ECAS were compared by measuring the amount of  NO. As 
shown in Figure 3(B), ECAS significantly decreased lipopolysac-
charide (LPS)-stimulated NO production. At the highest non-
toxic concentrations of  ECAS, NO production was inhibited by 
29.4% compared with LPS alone (30.2%). The inhibitory activity 
of  ECAS at 50 µg/mL was similar to that of  an anti-inflammatory 
drug ibuprofen, a positive control.47 Inducible nitric oxide (iNOS) 
is a protein responsible for the production of  cellular NO.48 
Western blot analyses were performed to confirm further the role 

of  NO in the antineuroinflammation activity of  ECAS. 
Consistently, ECAS treatment clearly reduced the expression of  
iNOS at the protein level in the LPS-stimulated BV-2 microglia 
(Figure 3(C)). These results suggest that NO-related signaling is 
involved in the ECAS-induced reduction of  the inflammatory 
response in microglia. Next, we examined the effects of  ECAS 
on the production of  proinflammatory cytokines. Microglial acti-
vation by LPS significantly increased the levels of  TNF-α and 
IL-6 compared with untreated cells (Figure 3(D)). ECAS treat-
ment did not have an inhibitory effect on the LPS-mediated gen-
eration of  TNF-α and IL-6 in BV-2 cells. Overall, the 
anti-neuroinflammatory effects of  ECAS are associated with NO 
signaling but independent of  inflammatory cytokine production.

To establish quality control of  ECAS, HPLC analysis was 
conducted. We obtained good separation chromatograms for 
lycorine from ECAS using mobile phases consisting of  0.02% 
(v/v) aqueous trifluoroacetic acid (TFA) (A) and acetonitrile 

Figure 1.  Inhibitory effects of ECAS on AChE activity and Aβ aggregation (A and C). An AChE activity assay was performed using the 
modified Ellman’s colorimetric method (B). Aβ aggregation assay was performed using the SensoLyte Thioflavin T β-amyloid aggregation 
kit (AnaSpec, Fremont, CA, USA). (A) Effect of ECAS on AChE activity at 100 µg/mL. Berberine was used as a positive control. (B) 
Effect of ECAS on Aβ aggregation at 100 µg/mL. Morin was used as a positive control. (C) Effect of ECAS on AChE activity at various 
concentrations (6.25, 12.5, 25, 50, or 100 µg/mL). Berberine was used as a positive control. Each value is presented as mean ± SEM. AChE, 
acetylcholinesterase; Aβ, amyloid-β; ECAS, ethanol extract of Crinum asiaticum seeds.
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(B). The photodiode array (PDA) detector wavelength ranged 
from 190 to 400 nm, and the ultraviolet (UV) wavelength was 
recorded at 240 nm for lycorine. Under these established 
HPLC methods, the retention time of  lycorine was 8.361 min-
utes. We also determined the content of  lycorine. The linear 

relationship between the peak area (y) and concentration (x, 
μg/mL) of  the component was expressed by the regression 
equation (y = ax + b) as shown in Table  1. The calibration 
curve of  lycorine showed good linearity with a correlation 
coefficient (r2) of  1.0000 for 7 different concentration range, 

Figure 2.  Neuroprotective effects of ECAS in H2O2-damaged HT22 cells. (A) HT22 cells were treated with various concentrations of ECAS 
for 24 hours. The cytotoxicity of ECAS was measured using a CCK assay. (B-D) Cells were exposed to H2O2 in either the absence or presence 
of ECAS for 6 hours. (B) Left: cell viability was determined using a CCK assay kit. Carvedilol was used as a positive control. Right: an LDH 
release assay was performed to evaluate the toxic effect of ECAS. The results are expressed as the mean ± SEM of 3 independent experiments. 
###P < 0.001 versus vehicle control cells; **P < 0.01 or ***P < 0.001 versus H2O2-treated cells. (C) Cell lysates were prepared and subjected 
to immunoblotting using anti-phospho-CREB and p38 MAPK antibodies. β-actin was used as an internal control. (D) Bar graphs represent 
the relative changes of phospho-levels of CREB and p38 MAPK. CCK, cell counting kit; CREB, cyclic adenosine monophosphate response 
element-binding protein; ECAS, ethanol extract of Crinum asiaticum seeds; H2O2, hydrogen peroxide; LDH, lactate dehydrogenase; MAPK, 
mitogen-activated protein kinase.
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1.5625-100 µg/mL. The limit of  detection (LOD) and limit of  
quantitation (LOQ) for the lycorine were 0.138 µg/mL and 
0.420 µg/mL, respectively. The developed HPLC analytical 
method was applied to the quantitative analysis of  lycorine in 
C. asiaticum; the amount was 4.802 mg/g. Lycorine is a pyrrolo-
phenanthridine alkaloid found in many Amaryllidaceae.49 
Davey et al presented a report on the purification and analysis 
of  lycorine from 2 Crinum species by HPLC.50 Several other 
reports used lycorine as a standard compound for Zephyranthes 
grandiflora, Galanthus species, and Hymenocallis littoralis in HPLC 
analyses.51-53 Biologically, lycorine is known as a specific inhib-
itor for vitamin C synthesis.54 Additionally, lycorine has been 
recorded as having antitumor, anti-inflammation, and 

antioxidation properties.11,55,56 In our study, we observed that 
lycorine inhibited AChE activity by 30% (data not shown). 
Further investigations are required to identify the compounds 
responsible for the other peaks of  the HPLC chromatogram 
and determine the bioactive compounds of  ECAS.

In summary, the present study demonstrates the anti-AD 
properties of  C. asiaticum seeds by inhibiting the enzymatic 
activity of  AChE, one of  the major biomarkers of  AD. We also 
observed that C. asiaticum seeds have neuroprotective activity, 
regulating phosphorylation of  CREB and p38 MAPK against 
damaged neuronal cells by oxidative stress. Additionally, block-
ing the generation of  pro-inflammatory mediator NO 
addressed the antineuroinflammatory effects of  C. asiaticum 

Figure 3.  Inhibitory effects of ECAS on neuroinflammation in LPS-stimulated BV-2 cells. (A) BV-2 cells were treated with ECAS for 24 
hours. The cytotoxicity of ECAS was measured using a CCK assay. (B) Cells were pretreated with ECAS for 2 hours and then stimulated with 
LPS (1 μg/mL) for an additional 22 hours. The production of NO was measured in the culture medium and assessed using Griess reagent. 
Ibuprofen was used as a positive control. (C and D) BV-2 cells were pretreated with various concentrations of ECAS for 2 hours and incubated 
with LPS (1 µg/mL) for an additional 22 hours. (C) Cell lysates were prepared and subjected to Western blotting using an anti-iNOS antibody. 
Bar graphs represent the relative changes in iNOS expression. (D) Cells were pretreated with ECAS for 2 hours and then stimulated with LPS 
(1 μg/mL) for an additional 22 hours. The production of TNF-α (A) and IL-6 (B) were measured in the culture medium and assessed using 
enzyme-linked immunosorbent assay kits. The results are expressed as mean ± SEM of 3 independent experiments. ###P < 0.001 versus 
vehicle control cells; *P < 0.05 and ***P < 0.001 versus LPS-treated cells. CCK, cell counting kit; ECAS, ethanol extract of Crinum asiaticum 
seeds; IL-6, interleukin 6; iNOS, inducible nitric oxide; LPS, lipopolysaccharide; NO, nitric oxide; TNF-α, tumor necrosis factor-alpha.
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seeds in LPS-stimulated microglia. We are going to carry out in 
vivo assays to verify further the efficacy and molecular mecha-
nisms of  ECAS on the regulation of  AD pathogenesis. Overall, 
our findings propose that C. asiaticum seeds could be a useful 
anti-AD drug candidate.

Materials and Methods
Plant Material and Preparation of  ECAS
The seeds of  C. asiaticum var. japonicum Baker were collected in 
Gimnyeong-ri, Gujwa-eup, Jeju-si, Jeju-do, South Korea, in 
September 2013, and identified by Professor Joo-Hwan Kim 
(Gachon University, Seongnam, South Korea). A voucher 
specimen has been deposited at the Herbarium in the Korea 
Institute of  Oriental Medicine (Daejeon, South Korea). The 
dried seeds (30 g) were extracted 3 times with aqueous ethanol 
(300 mL) at room temperature for 7 days. The extracted solu-
tion was filtered using filter paper (5 µm) and concentrated 
using a rotary evaporator (EYELA N-1000, Rikakikai Co., 
Tokyo, Japan) under vacuum to obtain the ethanol extract (2.20 
g). The yield of  ECAS was 7.33%.

AChE Activity Assay
In vitro AChE activity was assessed according to the protocol 
based on Ellman’s colorimetric method,57 with modifications, 
using an AChE Assay Kit (Abcam, Cambridge, UK). The 
ECAS stock solution was dissolved in dimethyl sulfoxide at a 
concentration of  100 mg/mL. Assay samples were diluted with 
0.1 M sodium phosphate buffer (pH 8.0). The final concentra-
tion of  ECAS was 100 µg/mL. The AChE stock solution was 
prepared in 0.1% bovine serum albumin/water (H2O) at 25 U/
mL and dissolved in 0.1 M sodium phosphate buffer (pH 7.3, 
assay buffer), to a final concentration of  35.2 mU/mL, before 
the assay. The substrates, acetylthiocholine iodide and 5,5ʹ-
dithiobis-2-nitrobenzoic acid (DTNB), were dissolved in H2O 
and assay buffer at 10 mM, and both solutions were diluted 
20-fold in assay buffer to a final concentration of  0.5 mM. 
Briefly, 0.6 mL of  H2O and assay buffer were added in acet-
ylthiocholine iodide and DTNB to prepare 10 mM stock solu-
tions. For the assays, 0.25 mL of  each of  10 mM acetylthiocholine 
iodide and DTNB were mixed in 4.75 mL of  assay buffer to a 
final concentration of  0.5 mM and used as the reaction mix-
ture. For the enzymatic reaction in 96-well plates, 50 µL of  the 
sample solution and 50 µL of  the reaction mixture were mixed 

and preincubated for 10 minutes at room temperature. AChE 
solution (10 μL) was then added to the initial mixture to start 
the reaction, which was performed for 1 hour at room tem-
perature. The absorbance was measured at 412 nm using an 
Epoch microplate spectrophotometer (Bio-Tek Instruments, 
Winooski, VT, USA). The inhibition of  the activity of  AChE 
was calculated by comparing the rate of  reaction of  the sample 
with that of  the blank. All experiments were performed in trip-
licate, and the percentage of  inhibition against the AChE activ-
ity was calculated according to the following equation:

	﻿‍
AChE activity inhibition (%) =

(
1− S−S′

C−C′

)
× 100

‍�

S: samples (sample solution, assay buffer with DTNB, sub-
strate, and enzyme);

Sʹ: samples (sample solution, assay buffer with DTNB and 
substrate, without enzyme);

C: control (0.1 M sodium phosphate buffer (pH 8.0), assay 
buffer with DTNB, substrate, and enzyme); and

Cʹ: control (0.1 M sodium phosphate buffer (pH 8.0), assay 
buffer with DTNB and substrate, without enzyme).

Aβ Aggregation Assay
Aβ (1-42) aggregation was measured using the SensoLyte 
Thioflavin T β-Amyloid aggregation kit (AnaSpec, Fremont, 
CA, USA), according to the manufacturer’s instructions. The 
assay is based on the property of  the Thioflavin T dye, the 
fluorescence of  which increases when it is bound to aggregates 
of  Aβ (1-42) peptides. Briefly, Thioflavin T was dissolved in 
assay buffer (50 mM Tris/150 mM sodium chloride [NaCl; pH 
= 7.2], 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid/150 mM NaCl [pH = 7.2], 10 mM phosphate/150 mM 
NaCl) and used at a concentration of  100 µM. Samples were 
dissolved in assay buffer and used at a final concentration of  
100 µg/mL. To measure the inhibition of  Aβ (1-42) aggrega-
tion in 96-well black microplates, 5 µL of  the sample and 85 µL 
of  Aβ (1-42) were mixed, followed by the addition of  10 µL of  
Thioflavin T. Fluorescence of  Thioflavin T was measured at 
intervals of  20 minutes for 2 hours, with an excitation wave-
length (λex) of  440 nm and an emission wavelength (λem) of  
485 nm using a SpectraMax i3 Multi-Mode Detection Platform 
(Molecular Devices, Sunnyvale, CA, USA). This gave 7 read-
ings for each well sample. All fluorescence readings are 
expressed in relative fluorescence units. Experiments were 

Table 1.  Linear Range, Regression Equation, Correlation Coefficient LOD, LOQ, and Content for Lycorine in Ethanol Extract of Crinum 
asiaticum Seeds.

Compound
Linear range

(μg/mL)

Regression equation
(y = ax + b) Correlation coefficient 

(r2)
LOD

(μg/mL)
LOQ

(μg/mL) ContentSlope (a) Intercept (b)

Lycorine 1.5625‐100 4890 1113.5 1.0000 0.138 0.420 4.802 ± 0.025

y = ax + b, y means peak area and x means concentration (μg/mL).
LOD (limit of  detection): 3.3 × (SD of  the response/slope of  the calibration curve).
LOQ (limit of  quantitation): 10 × (SD of  the response/slope of  the calibration curve).
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performed in triplicate and averaged, and the percentage of  
inhibition of  Aβ aggregation was calculated according to the 
following equation:

	﻿‍

Aβ aggregation inhibition
(
%
)

=
(
1− fluorescence of Aβ − treated sample

fluorescence of untreated sample

)
× 100

‍�

Cell Lines and Culture
BV-2 and HT22 cells were maintained in Dulbecco’s Modified 
Eagle’s medium (Hyclone/Thermo, Rockford, IL, USA) sup-
plemented with 10% fetal bovine serum (Hyclone/Thermo, 
Rockford, IL, USA) and penicillin/streptomycin in 5% carbon 
dioxide at 37 °C. BV-2 cells were pretreated with ECAS for 2 
hours and treated with LPS (1 µg/mL, Sigma-Aldrich, St. 
Louis, MO, USA) for an additional 22 hours. HT22 cells were 
co-treated with ECAS and H2O2 (500 µM, Sigma-Aldrich, St. 
Louis, MO, USA) for 6 hours.

Cell Viability Test
The cytotoxic effects of  ECAS against either HT22 or BV-2 
cells were evaluated using the CCK-8 assay. BV-2 and HT22 
cells were plated on 96-well microplates at a density of  3 × 
104/well and 5 × 103/well, respectively. Cells were treated with 
various concentrations of  ECAS for 24 hours. CCK-8 solution 
(Dojindo, Kumamoto, Japan) was added, and the cells were 
incubated for 4 hours. The absorbance was read at 450 nm on 
an Epoch Microplate Spectrophotometer (BioTek Instruments, 
Inc., Winooski, VT, USA). The cell viability was calculated 
using the following equation:

	﻿‍ Cell viability
(
%
)
= Mean OD in ECAS−treated cells

Mean OD in untreated cells × 100‍�

LDH Assay
To determine the cytotoxic effect of  ECAS, LDH release from 
H2O2-damaged HT22 cells was measured using the CytoTox 
96 Nonradioactive Cytotoxicity Assay kit (Promega, Madison, 
WI, USA). Cells were lysed to induce maximal LDH release, 
and supernatants were collected to measure experimental LDH 
release. Cell lysates or supernatants were reacted with a sub-
strate mixture at room temperature for 30 minutes in the dark. 
After adding stop solution, the absorbance at 490 nm was mea-
sured on an Epoch Microplate Spectrophotometer (BioTek 
Instruments, Inc., Winooski, VT, USA). The cytotoxicity of  
ECAS was calculated using the following formula:

	﻿‍ Cytotoxicity
(
%
)
= Experimental LDH release

Maximum LDH release × 100‍�

Western Blotting
HT22 and BV-2 cells were treated with various concentrations 
of  ECAS. Cell lysates were prepared using CelLytic MT Cell 
Lysis Reagent (Sigma-Aldrich, St. Louis, MO, USA) containing 

a protease inhibitor cocktail (GenDEPOT, Barker, TX, USA). 
The protein concentration was determined using Bradford 
reagent (Sigma-Aldrich, St. Louis, MO, USA). Equal amounts 
of  cell extract were resolved by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis using 4%-20% Mini-
PROTEAN TGX Precast gels and transferred to polyvinylidene 
fluoride membranes. The membranes were incubated with a 
blocking solution (5% skim milk in Tris-buffered saline con-
taining Tween 20 [TBST]), followed by overnight incubation at 
4 °C with the appropriate primary antibodies: phospho-CREB, 
phospho-p38 MAPK, iNOS (Cell Signaling Technology, 
Beverly, MA, USA), and β-actin (Santa Cruz Biotechnology, 
Dallas, TX, USA). The membranes were washed 3 times with 
TBST and then incubated with a horseradish peroxidase-
conjugated secondary antibody (Jackson Immuno Research, 
West Grove, PA, USA) for 1 hour at room temperature. The 
membranes were again washed 3 times with TBST and then 
developed using an enhanced chemiluminescence kit (Thermo 
Scientific, Rockford, IL, USA). The images were captured 
using an ImageQuant LAS 4000 mini Luminescent Image 
Analyzer (GE Health Care Bio-Sciences, Piscataway, NJ, USA).

NO Assay
BV-2 cells were pretreated with various concentrations of  
ECAS for 2 hours and stimulated with LPS (1 µg/mL) for an 
additional 22 hours. The NO synthesis was analyzed by deter-
mining the accumulation of  nitrite (NO2

−) in the culture 
supernatant using the Griess Reagent System (Promega, 
Madison, WI, USA). Equal volumes of  supernatant and sulfa-
nilamide solution were mixed and incubated for 10 minutes at 
room temperature and then added to naphthylethylenediamine 
dihydrochloride solution for an additional 5 minutes. The 
absorbance was measured at 540 nm using an Epoch Microplate 
Spectrophotometer. The nitrite concentration was determined 
from a standard curve generated with sodium nitrite (NaNO2).

Measurement of  TNF-α and IL-6 Production
BV-2 cells were treated with various concentrations of  ECAS 
for 2 hours and stimulated with LPS for 22 hours. An enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems; 
Minneapolis, MN, USA) was used for the measurement of  
TNF-α and IL-6 according to the manufacturers’ protocols. 
Briefly, the supernatant of  the cell culture was collected and 
added to each well of  the ELISA plates with the appropriate 
antibodies. Optical density was measured at 450 nm, and the 
concentrations of  TNF-α and IL-6 were calculated by creating 
a standard curve.

Chemicals and Reagents
Lycorine, purchased from Biopurify Phytochemicals Ltd. 
(Chengdu, China), had a purity of  ≥98.0% by HPLC analysis. 
HPLC-grade solvents, acetonitrile, and water were purchased 
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from J.T. Baker Chemical Co. (Phillipsburg, NJ, USA), and ana-
lytical grade reagent TFA was purchased from Sigma-Aldrich 
(St. Louis, MO, USA).

Chromatographic Conditions
The quantitative analysis was performed using a Waters 
Alliance e2695 HPLC system (Waters Corp., Milford, MA, 
USA) equipped with a pump, degasser, column oven, auto 
sample injector, and PDA detector (Waters Corp., #2998). The 
data were acquired and processed using Empower software 
(version 3; Waters Corp). The chromatographic separation for 
the standard component was performed at room temperature 
using a Luna C18 analytical column (250 × 4.6 mm, 5 µm, 
Phenomenex, Torrance, CA, USA). The gradient elution sys-
tem with 2 mobile phase consisting of  0.02% (v/v) aqueous 
TFA (A) and acetonitrile (B) was as follows: 0%-20% B for 
0-10 minutes, 20%-100% B for 10-11 minutes, and 100% B for 
11-18 minutes. The flow rate of  1.0 mL/min and the volume 
injection of  10 µL were constant in all cases. The UV wave-
length for detecting lycorine was 240 nm.

Preparation of  Standard and Sample Solutions
Lycorine, weighed accurately, was dissolved in methanol at 1.0 
mg/mL and stored below 4 °C. This stock solution was diluted 
with methanol to yield a series of  standard solutions with dif-
ferent concentrations for quantitative analysis.

The dried seeds of  C. asiaticum (30 g) were extracted 3 times 
with aqueous ethanol (300 mL) at room temperature for 7 days. 
The extracted solution was filtered through a filter paper (5 
µm) and concentrated using a rotary evaporator (EYELA 
N-1000, Rikakikai Co., Tokyo, Japan) under vacuum to give the 
ethanol extract (2.20 g). The yield of  ECAS was 7.33%. The 
ECAS was weighed accurately and dissolved in methanol at a 
concentration of  10 mg/mL. The sample solution was filtered 
through a syringe filter (0.45 µm) before HPLC analysis.

Calibration Curve, LOD, and LOQ
The calibration curve of  the component was obtained by 
assessment of  the peak areas from the standard solutions at 7 
different concentrations. The tested concentration range was 
1.5625-100 µg/mL for lycorine. The LOD and LOQ for the 
component were calculated using the slope of  the calibration 
curve and the SD of  the intercept as follows:

LOD = 3.3 × (SD of  the response/slope of  the calibration 
curve); and

LOQ = 10 × (SD of  the response/slope of  the calibration 
curve).

Statistical Analysis
The data are expressed as the mean ± SEM. Data were ana-
lyzed using a one-way analysis of  variance and Dunnett’s 
multiple comparisons test. P < 0.05 was considered 
significant.
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