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Background: The embryos of Nelumbo nucifera Gaertn seeds, lianzixin, are used in China as food and traditional herbal
medicine. Principal therapeutic indications are insomnia, anxiety and pyrexia. Caffeine is a psychostimulant and
excessive use predisposes to cell damage and neurotoxicity. We aimed to investigate the potential protect effect of
Neferine and lianzixin extracts on undifferentiated caffeine-damaged phaeochromocytoma cells (PC12 cells).

Methods: A cell damage model based on undifferentiated PC12 was established with caffeine. Effect of Lianzixin
extracts (total alkaloids, alcohol extract and water extract) and neferine on caffeine-damaged PC12 cells was evaluated.
Cell viability was assessed using the methyl thiazolyl tetrazolium (MTT) assay, cellular morphology by inverted
microscope, the nucleus by Hoechst 33342 staining and cleaved poly ADP-ribose polymerase (PARP) expression by

Results: Lianzixin extracts (total alkaloids, alcohol extract and water extract) and neferine improved the viability of PC12
cells damaged by caffeine. The morphology of PC12 cells pretreated with neferine, or alcohol or water extract of
lianzixin aggregated and attached better than caffeine-damaged cells, but cells pretreated with total alkaloids of
lianzixin showed abnormal morphology. Compared with caffeine-damaged cells, cells pretreated with neferine, or
alcohol or water extract of lianzixin showed a notable increase in nucleus staining and an obvious decrease in cleaved

Conclusions: Lianzixin extracts and neferine have protective effects against caffeine-induced damage in PC12 cells,
which laid a foundation for finding a new medicine value of Lianzixin.
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Background

Caffeine is a well-known xanthine alkaloid and it is one
of the most commonly ingested psychoactive substances
in the world [1]. It is available in a variety of dietary
sources including coffee, tea, cocoa and soft drinks.
These are frequently consumed specifically for the
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stimulant effects of caffeine. Consumption of caffeine is
increasing worldwide, with abuse becoming more preva-
lent [2]. Excessive caffeine ingestion increases the likeli-
hood of adverse nervous effects, such as tachycardia,
anxiety and insomnia [3-5]. As a adenosine receptor
antagonist, caffeine exhibit therapeutic effect against
neurodegenerative diseases [6]. In addition, caffeine in-
duces release of calcium from endoplasmic reticulum,
which lead to aberrant calcium homeostasis in neurons
[7]. Higher concentrations can promote neuronal neuro-
toxicity and cell damage and it was widely used in
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several neurotoxicity models [8, 9]. Given the increasing
requirements of daily life and risk of caffeine to human
health, the prevention and treatment of caffeine-induced
neurotoxicity has become a research target.

Nelumbo nucifera Gaertn, a common perennial herb, is
widely distributed around the world especially in China,
India, Japan and Korea [10, 11]. All parts of Nelumbo
nucifera Gaertn including the rhizomes, leaves, flowers
and seeds can be eaten for their nutritional value and uti-
lized in herbal medicine [12, 13]. Lianzixin is the embryo
of the mature Nelumbo nucifera Gaertn seed. It is a trad-
itional food and herbal medicine with several nutritional
and medicinal value to be found. Principal indications of
Lianzixin include treatment of insomnia, nervous disor-
ders, pyrexia and anxiety [14—17]. Lianzixin alkaloids are
known to possess a variety of pharmacological activities
including antihypertensive, antiarrhythmic and antioxi-
dant effects [18], as well as actions against pulmonary
fibrosis, amnesia and cancer [17, 19, 20]. Liensinine, nefer-
ine and isoliensinine are the three main alkaloid compo-
nents of lianzixin that have been shown to have sedative
effects in some animal experiments, and neferine is the
most abundant alkaloid constituent among them [21].
Since high dose caffeine intake lead to anxiety and insom-
nia, we speculate that lianzixin or its extracts may possess
protective effects against caffeine-induced cellular
damage.

The PC12 cell possesses typical features of neuronal
cells and is commonly used for in vitro studies on central
nervous system diseases [22—24]. Thus, in this work, we
used lianzixin extracts (total alkaloids of lianzixin, and al-
cohol and water extracts of lianzixin) and neferine and un-
differentiated caffeine-damaged PC12 cells to identify the
effects of Lianzixin on caffeine-induced cellular injury.

Methods

Cell culture

PC12 cell is a phaeochromocytoma cell line obtained
from rat adrenal glands, it was obtained from Cell Bank
of the Chinese Academy of Sciences (Shanghai, China)
in the present study and the passage number of PC12
cell was 10. The cells were cultured at 37 °C in a humidi-
fied atmosphere containing 5% CO, (Sanyo, Japan). Dul-
becco’s modified eagle’s medium (DMEM) (Gibco, USA)
supplemented with 10% heat-inactivated fetal calf serum
(FCS), 100IU/mL penicillin and 100 pg/mL strepto-
mycin was the culture medium. Cell monolayers were
plated in 6- or 96-well plates (Costar). Cells were
digested with 0.25% trypsin (Sigma-Aldrich, USA) and
passaged when they reached 70-80% confluence.

Extraction and isolation
Preparation of lianzixin water extracts: The embryos of
lianzixin were purchased from Xiangtan district (Hunan,
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China). 200 g lianzixin was extracted with water in eight
times the volume of the lianzixin for 3 times. Each extrac-
tion time was 2 h. The resultant extracts were combined
and dried with hypobaric drying method to obtain 60 g of
lianzixin water extract, and the percentage yield was 30%.

Preparation of lianzixin alcohol extracts: 200 g lian-
zixin was extracted by heat-reflux with 80% alcohol in
eight times the volume of the lianzixin for 3 times. Each
extraction was 2 h duration. The resultant extracts were
combined and dried with hypobaric drying method, then
24 g lianzixin alcohol extract was obtained, and the per-
centage yield was 12%.

Preparation of lianzixin total alkaloids: lianzixin alco-
hol extracts were diluted with water and then purified
using ZTC1 + 1-1I clarifying agent (Tianjinzhentiancheng
Technology Co., Ltd., China) before elution with distilled
water (5 times column volume), 70% alcohol (10 times
column volume) and 70% alcohol containing 0.02 g/mL
NaCl (7 times column volume) in a cation exchange
resin column. Each elution part was collected separately.
The product that eluted from the alcohol with NaCl was
concentrated, dried and desalted to produce 0.3 g lian-
zixin total alkaloids, and the percentage yield was 1.88%.

Preparation of neferine: lianzixin total alkaloids were
separated using a normal silica gel column gradient
elution method. The mobile phase comprised dichloro-
methane and methanol, which was saturated with
triethylamine. There were 26 parts obtained with the
ninth part recrystallized with dichloromethane and
methanol (1:1) to obtain 20 mg neferine (Fig. 1), and the
percentage yield was 0.75%. Neferine was verified by 'H
nuclear magnetic resonance (*H-NMR) (Fig. 2) and mass
spectrum (MS) (Fig. 3) [25].

Experimental design
In the normal control group, cells were cultured in

DMEM medium with only dimethyl sulphoxide
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HsCO O
=
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N
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Fig. 1 Chemical structure of neferine )
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Fig. 2 'H nuclear magnetic resonance of neferine

(DMSO) added. In the caffeine treatment group, a
toxic concentration of 5mmol/L caffeine (Shenzhen
phystandard Biotech Co., Ltd., China) was added to
the medium ([26]. In the lianzixin pretreatment
groups, 5mmol/L caffeine was added after the cells
were pretreated with extracts of lianzixin provided by
our research group as neferine, total alkaloids of lian-
zixin, alcohol extract of lianzixin and water extract of
lianzixin for 6 h. Dose selection was based on a previ-
ous study [27].

Cell viability assay

MTT (Sigma-Aldrich, USA) assay was used to assess
PC12 cell viability and proliferation. In brief, PC12
monolayers were cultured for 24 h after inoculation at a
density of 1 x 10*mL™" in 96-well plates. The cells were
then incubated for a further 24 h with different concen-
trations of the various lianzixin extracts before addition
of MTT 5 mg/mL (20 pL) and incubation for 4 h. DMSO
200 uL. was next added and oscillated for 20 min. After
dissolution of the blue granules, the light absorbance at
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Fig. 3 Mass spectrum of neferine
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a wavelength of 490 nm was measured using a semi-
automatic microplate reader (BIO-RAD) [28]. Cell viabil-
ity was expressed as the detected absorbance.

Cell morphology observation

PC12 cells were inoculated at a density of 6 x 10° mL™"
in 6-well plates and 2 mL culture medium was added to
each well. After 24 h, cells were divided into groups
according to the different treatments. We chose the pro-
tective concentrations of the lianzixin extracts based on
the MTT assay results. After treatment with the various
compounds for 24 h, the cells were observed and photo-
graphed by inverted microscope (Olympus, Japan).

Hoechst 33342 staining

After observation of morphology, cells were washed with
phosphate buffered saline (PBS) and then Hoechst 33342
(0.5 pg/mL) (Sigma-Aldrich) diluted with PBS was added
before incubation in the dark at room temperature for
20-30 min. After washing with PBS three times, nucleus
dyeing was observed via fluorescence microscope (Olym-

pus, Japan).

Western blotting analysis of cleaved PARP in PC12 cells
After treatment for 24 h (neferine 1.88 and 6.25 mg/mL,
alcohol extracts 3 mg/mL and water extracts 3 mg/mL),
cells in the 6-well plates were centrifuged for 3 min at
950 rpm. Precipitates were then collected, washed with
PBS and centrifuged again before discarding the PBS.
Subsequently, 30-70 uL. RIPA buffer supplemented with
protease inhibitors were added and maintained on ice
for 5 min. Cellular proteins were then scraped with a cell
scraper and the protein lysate transferred to 1.5 mL cen-
trifuge tube and maintained on ice for further 30 min.
After centrifugation at 13,200 rpm for 15 min, the pro-
teins were collected and the concentrations determined
using the Bicinchoninic acid (BCA) method.

The proteins (40 ug) were separated on 10% SDS-
PAGE gels. After electrophoresis, they were then trans-
ferred onto polyvinylidene fluoride (PVDF) membranes
and blocked with 5% nonfat dry milk in Tris-buffered
saline. Membranes were incubated with the primary
antibodies (MAB374, Cell Signaling Technology, China)
overnight at 4°C. Following this, membranes were
washed with Tris-buffered saline containing 0.05%
Tween-20 and incubated with appropriate horse radish
peroxidase-conjugated secondary antibodies (A9037,
Sigma) for 1-2h at room temperature. The film signal
was digitally scanned and then quantified using Image ]
software.

Statistical analysis
All data were expressed as the means + standard error
of the means (SEM) and analyzed using SPSS software.
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Student’s t-test was used to assess the data. P < 0.05 was
considered statistically significant.

Results

The effect of lianzixin on cell viability

As shown in Fig. 4, caffeine 5mmol/L significantly
decreased PC12 cell viability compared to the normal
control group (P<0.01). However, pretreatment with
various extracts of lianzixin such as neferine (1.88 mg/
mL, P <0.05 and 6.25 mg/mL, P < 0.01), total alkaloids of
lianzixin (1 mg/mL and 3 mg/mL, P <0.01), alcohol ex-
tracts (3 mg/mL, P <0.01) and water extracts (3 mg/mL,
P <0.01) dose-dependently inhibited the decrease in cell
viability induced by caffeine.

Effect of lianzixin on cell morphology

Based on the MTT assay results we chose protective
concentrations of the lianzixin extracts as neferine (6.25
mg/mL), total alkaloids (3 mg/mL), and alcohol and
water extracts of lianzixin (each 3 mg/mL) to perform
the morphology analysis. After treatment with the vari-
ous compounds for 24 h, the cells were observed and
photographed by inverted microscope. As shown in Fig.
5, PC12 cells in the normal control group were in an
adhesive situation with a uniform morphology (Fig. 5a).
In contrast, caffeine-treated cells had apoptosis and
more floating cells (Fig. 5b). Pretreatment with neferine,
or alcohol or water extracts of lianzixin restored the
morphology of PC12 cells (Fig. 5¢, e, and f). In contrast,
pretreatment with total alkaloids of lianzixin (3 mg/mL)
had detrimental effects on the morphology of PC12 cells
(Fig. 5d). Therefore, we elected to abandon further study
of the total alkaloids.

Hoechst 33342 staining

The quantity of cells decreased significantly with caffeine
(Fig. 6b) compared to the control group (Fig. 6a). This
was not reversed by low-dose neferine (1.88 mg/mlL)
(Fig. 6¢). However, cell numbers in the groups pre-
treated high dose neferine (6.25 mg/mL) and with alco-
hol or water extracts of lianzixin (3 mg/mL each) were
markedly higher than in the caffeine treatment group
(Fig. 6d, e and f).

The expression of cleaved PARP in PC12 cells

Treatment with 5 mmol/L caffeine for 24 h significantly
increased the expression of cleaved PARP in cells. How-
ever, pretreatment with extracts of lianzixin such as
neferine (1.88 and 6.25 mg/mL), alcohol extracts (3 mg/
mL) and water extracts (3 mg/mL) of lianzixin signifi-
cantly decreased expression of cleaved PARP induced by
caffeine (Fig. 7 and Fig. 8). Furthermore, neferine exerted
a more pronounced effect than that of the alcohol or
water extracts.
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Fig. 4 Protective effect of lianzixin extracts on the viability of caffeine treated PC12 cells. Caffeine significantly decreased cell viability compared
to the normal control group. Neferine 1.88 and 6.25 mg/mlL, total alkaloids 1 and 3 mg/mL, alcohol extract 3 mg/mL, and water extract 3 mg/mL
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versus caffeine treatment group; ## P < 0.01 lianzixin extracts or neferine versus caffeine treatment group
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Discussion

Caffeine is a well-known psychostimulant with several
pharmacological activities potentially impacting on basic
processes such as sleep, arousal, cognition, learning and
memory. Excessive caffeine ingestion increases the likeli-
hood of adverse nervous effects, such as tachycardia,
anxiety and insomnia [3-5]. High concentrations of caf-
feine induce neurotoxicity and cell apoptosis in several
cell lines such as human osteoblasts, SH-SY5Y neuro-
blastoma cell line, cell culture from auditory cortex of

rats and cerebellar granular cell culture of rat pups [8, 9,
29, 30]. As a result of these effects, it was widely used in
several cytotoxicity models. The toxic concentrations in
the above-mentioned cell line vary from about 1 mmol/L
to 10 mmol/L. Lianzixin is widely used in Traditional
Chinese Medicine for the treatment of high fever with
associated restlessness, insomnia, nervous disorders and
anxiety. PC12 cell contains many membrane-bound and
cytosolic molecules associated with neurons [24] and are
widely used for in vitro studies on central nervous

water extracts (3 mg/mL) treatment group

Fig. 5 Protective effect of lianzixin extracts on the change in PC12 morphology induced by caffeine. a normal control group b caffeine treatment
group ¢ neferine (6.25 mg/mL) treatment group d total alkaloids (3 mg/mL) treatment group e alcohol extracts (3 mg/mL) treatment group f
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water extracts (3 mg/mL) treatment group

Fig. 6 Protective effect of lianzixin extracts on PC12 cells in Hoechst 33342 staining assay. a normal control group b caffeine treatment ¢ Low-
dose neferine (1.88 mg/mL) treatment group d high dose neferine (6.25 mg/mL) treatment group e alcohol extracts (3 mg/mL) treatment group f

system diseases [23, 24, 31, 32]. Events proved that high
concentrations of caffeine destructed intracellular cal-
cium homeostasis of PC12 cells, which will lead to cell
death [7]. However, to the best of our knowledge, few
researches in English have used PC12 damage model in-
duced by caffeine, except a study in Chinese on effect of
tanshinone on caffeine-induced PC12 cell injury that
proved 10 mmol/L caffeine induced obvious cell injury
[33]. Thus, to validate the speculation that neferine and
lianzixin extracts may have protective effect on caffeine-
induced cellular damage, as well as to ensure the toxic
effects of caffeine on PC12 cells, the toxic caffeine con-
centration of 5 mmol/L and the PC12 cells were applied.
Expectedly, results showed that 5mmol/L caffeine in-
duced obvious cell damage in PC12 cells, which laid a
foundation for the use of the cell damage model estab-
lished by PC12 and caffeine.

There are three major bisbenzylisoquinoline alkaloid
constituents in the total alkaloids of lianzixin: liensinine,

isoliensinine and neferine, all of which have similar
chemical structure [34]. Animal studies showed that all
three compounds decreased locomotor activity in mice
and possessed sedative effects [21]. However, an unex-
pected finding in our study was that the total alkaloids
of lianzixin did not confer protection for PC12 cells in
the cell morphology, possible explanation includes the
concentration of total alkaloid used in our study was not
proper. At present, studies on the total alkaloids of lian-
zixin remains insufficient. To the best of our knowledge,
there was only one in vitro study that have focused on
the protective effect of the total alkaloids on injured cells
[35], but few studies have assessed the effective or the
toxic concentration for PC12 cells. So further study on
different concentration levels is needed. Interestingly,
neferine did show apparent protective effect on PC12
cells in the MTT assay and in the Hoechst 33342 stain-
ing assay as it exerted greater apparent protective effects
than alcohol and water extracts. These findings were

-
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Fig. 7 Effect of lianzixin extracts on expression of cleaved PARP in PC12 cells. Caffeine significantly increased the expression of cleaved PARP in
PC12 cells. All compounds decreased the expression of cleaved PARP, as compared to caffeine treatment group
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Fig. 8 Quantitative data of the expression of cleaved PARP in PC12 cells. **P < 0.01 caffeine versus normal control group; ## P < 0.01 lianzixin

consistent with earlier animal work on neferine, where
neferine was shown to have significant sedative effect in
mice [36]. In addition, the alkaloid constituents of lian-
zixin were shown in previous research to exert cytopro-
tective effects against oxidative stress in tert-butyl
hydroperoxide injured cells [35]. Besides, it was also
demonstrated to attenuates toxicity of mutant hunting-
tin in PC12 cells [37], which is similar to the observa-
tions in our present study. We are the first to
demonstrate that neferine and lianzixin extracts have
protective effects on caffeine-damaged PC12 cells. This
was apparent as increased cell viability, decreased apop-
tosis, increased cell numbers, and reduced cleaved PARP
expression. The results made a foundation for a further
study on the protective effect of lianzixin on caffeine-
induced neurotoxicity.

Earlier studies have shown that cytosolic calcium
homeostasis plays a critical role in keeping normal
physiological conditions within nerve cells [38]. It is a
complex process affected by factors such as endoplasmic
reticulum calcium release and extracellular calcium in-
flux [39]. As an important organelle in eukaryotic cells,
the endoplasmic reticulum is a primary source of intra-
cellular calcium and contributes to its regulation [40].
The ryanodine receptor is one of the most important
calcium release channels of the neuronal endoplasmic
reticulum and it is sensitive to caffeine [41]. After treat-
ment with caffeine, calcium releases into cytoplasm with
excessive release leading to an imbalance in calcium
homeostasis with subsequent nerve cell injury and apop-
tosis [42]. For lianzixin extracts and neferine, several

studies have described the influence on the Ca2+ trans-
port of cells. In one review article, authors summarized
that the antiarrhythmic effect of neferine was mainly re-
lated to inhibition of Ca2+ [43]. Another 2007 study on
the relaxation mechanisms of neferine on the rabbit cor-
pus cavernosum tissue showed that neferine inhibit
extracellular Ca2+ influx and inhibit release of intracel-
lular stored Ca2+ [44]. In our study, it was obvious that
caffeine exerted an apparent toxic effect on PC12 cells,
and that neferine, alcohol extracts and water extracts
conferred protection against this. Therefore, we specu-
lated that the underlying mechanism for the neuropro-
tective effect may relate to regulation of calcium
homeostasis. Further investigations will be required.
Aside from neferine, we have not yet determined with
accuracy the ingredients in lianzixin extracts that con-
tribute to the protective effect, and the underlying mech-
anisms for the effect remain to be investigated.

Conclusions

In summary, we demonstrated that caffeine induced in-
jury in PC12 cells, neferine and extracts of lianzixin in-
cluding alcohol extracts and water extracts have
protective effects on caffeine-injured PC12 cells.
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"H-NMR: "H nuclear magnetic resonance; BCA: Bicinchoninic acid;

DMEM: Dulbecco’s modified eagle’s medium; DMSO: Dimethy! sulphoxide;
FCS: Fetal calf serum; MS: Mass spectrum; MTT: Methy! thiazolyl tetrazolium;
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SEM: Standard error of the means



Chen et al. BMC Complementary Medicine and Therapies

Acknowledgements
Not applicable.

Authors’ contributions

Conceptualization: SL and JJC; Methodology: SL, JJC and MMT; Software: YPJ;
Formal Analysis: YPJ and MHL; Investigation: JJC, MMT and MHL; Resources:
SL; Data Curation: JJC; Writing-Original Draft Preparation: JJC, MMT and BL;
Writing-Review & Editing: All authors; Supervision: SL; Project Administration:
SL; Funding Acquisition: SL. The authors read and approved the final
manuscript.

Funding
This work was funded by the National Nature Sciences Foundation of China
(NNSFC) (No. 81703384).

Availability of data and materials
The data and materials supporting this study are available with the
corresponding author upon request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 February 2019 Accepted: 27 February 2020
Published online: 06 March 2020

References

1. Fredholm BB, Battig K, Holmen J, Nehlig A, Zvartau EE. Actions of caffeine in
the brain with special reference to factors that contribute to its widespread
use. Pharmacol Rev. 1999,51:83-133.

2. Cappelletti S, Piacentino D, Sani G, Aromatario M. Caffeine: cognitive and
physical performance enhancer or psychoactive drug? Curr
Neuropharmacol. 2015;13:71-88.

3. Watson EJ, Coates AM, Kohler M, Banks S. Caffeine consumption and sleep
quality in Australian adults. Nutrients. 2016;3.

4. O'Neill CE, Newsom RJ, Stafford J, Scott T, Archuleta S, Levis SC, et al.
Adolescent caffeine consumption increases adulthood anxiety-related
behavior and modifies neuroendocrine signaling.
Psychoneuroendocrinology. 2016;67:40-50.

5. Childs E, Hohoff C, Deckert J, Xu K, Badner J, de Wit H. Association between
ADORA2A and DRD2 polymorphisms and caffeine-induced anxiety.
Neuropsychopharmacol. 2008;33:2791-800.

6.  Rivera-Oliver M, Diaz-Rios M. Using caffeine and other adenosine receptor
antagonists and agonists as therapeutic tools against neurodegenerative
diseases: a review. Life Sci. 2014;,101:1-9.

7. SantoDomingo J, Fonteriz RI, Lobaton CD, Montero M, Moreno A, Alvarez J.
Ca2+ dynamics in the secretory vesicles of neurosecretory PC12 and INS1
cells. Cell Mol Neurobiol. 2010;30:1267-74.

8. Gepdiremen A, Sonmez S, Ikbal M, Duzenli S, Tuna S. Response to
nimodipine in caffeine-induced neurotoxicity in cerebellar granular cell
culture of rat pups. Pharmacol Res. 1998;38:239-42.

9. Ucuncu H, Bakuridze K, Duzenli S, Halici Z, Buyukokuroglu ME, Gepdiremen
A. Reactive blue prevented caffeine-induced neurotoxicity by an
independent mechanism from intracellular calcium currents in cell culture
from auditory cortex of rats. Int J Neurosci. 2005;115:245-53.

10.  Karki R, Jung MA, Kim KJ, Kim DW. Inhibitory Effect of Nelumbo nucifera
(Gaertn.) on the Development of Atopic Dermatitis-Like Skin Lesions in NC/
Nga Mice. Evid Based Complement Alternat Med. 2012:153568.

11. Karki R, Jeon ER, Kim DW. Nelumbo nucifera leaf extract inhibits neointimal
hyperplasia through modulation of smooth muscle cell proliferation and
migration. Nutrition. 2013;29:268-75.

12. ChenY, Fan G, Wu H, Wu Y, Mitchell A. Separation, identification and rapid
determination of liensine, isoliensinine and neferine from embryo of the
seed of Nelumbo nucifera Gaertn. By liquid chromatography coupled to
diode array detector and tandem mass spectrometry. J Pharm Biomed Anal.
2007;43:99-104.

(2020) 20:76

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 8 of 9

Sharma BR, Gautam LN, Adhikari D, Karki R. A comprehensive review on
chemical profiling of Nelumbo Nucifera: potential for drug development.
Phytother Res. 2017;31:3-26.

Mukherjee PK, Mukherjee D, Maji AK, Rai S, Heinrich M. The sacred lotus
(Nelumbo nucifera) - phytochemical and therapeutic profile. J Pharm
Pharmacol. 2009,61:407-22.

Paudel KR, Panth N. Phytochemical profile and biological activity of
Nelumbo nucifera. Evid Based Complement Alternat Med. 2015;2015:
789124.

Mukherjee PK, Saha K, Balasubramanian R, Pal M, Saha BP. Studies on
psychopharmacological effects of Nelumbo nucifera Gaertn. Rhizome
extract. J Ethnopharmacol. 1996,54:63-7.

Deng G, Zeng S, Ma J, Zhang Y, Qu Y, Han Y, et al. The anti-tumor activities
of Neferine on cell invasion and oxaliplatin sensitivity regulated by EMT via
snail signaling in hepatocellular carcinoma. Sci Rep. 2017;7:41616.

Peng ZY, Zhang SD, Liu S, He BM. Protective effect of neferine on
endothelial cell nitric oxide production induced by lysophosphatidylcholine:
the role of the DDAH-ADMA pathway. Can J Physiol Pharmacol. 2011;89:
289-94.

Zhao L, Wang X, Chang Q, Xu J, Huang Y, Guo Q, et al. Neferine, a
bisbenzylisoquinline alkaloid attenuates bleomycin-induced pulmonary
fibrosis. Eur J Pharmacol. 2010,627:304-12.

Jung HA, Jin SE, Choi RJ, Kim DH, Kim YS, Ryu JH, et al. Anti-amnesic activity
of neferine with antioxidant and anti-inflammatory capacities, as well as
inhibition of ChEs and BACET. Life Sci. 2010,87:420-30.

Nishimura K, Horii S, Tanahashi T, Sugimoto Y, Yamada J. Synthesis and
pharmacological activity of alkaloids from embryo of lotus, Nelumbo
nucifera. Chem Pharm Bull (Tokyo). 2013;61:59-68.

Marongiu ME, Piccardi MP, Bernardi F, Corsini GU, Del ZM. Evaluation of the
toxicity of the dopaminergic neurotoxins MPTP and MPP+ in PC12
pheochromocytoma cells: binding and biological studies. Neurosci Lett.
1988;94:349-54.

Wei H, Gao Z, Zheng L, Zhang C, Liu Z, Yang Y, et al. Protective effects of
Fucoidan on Abeta25-35 and d-gal-induced neurotoxicity in PC12 cells and
d-gal-induced cognitive dysfunction in mice. Mar Drugs. 2017;15..
Muthaiyah B, Essa MM, Chauhan V, Chauhan A. Protective effects of walnut
extract against amyloid beta peptide-induced cell death and oxidative
stress in PC12 cells. Neurochem Res. 2011;36:2096-103.

Yang J, Zhou K. NMR spectroscopic analysis of neferine and isoliensinine.
Magn Reson Chem. 2004;42:994-7.

Bavari M, Tabandeh MR, Najafzadeh VH, Bahramzadeh S. Neuroprotective,
antiapoptotic and antioxidant effects of |-carnitine against caffeine-induced
neurotoxicity in SH-SY5Y neuroblastoma cell line. Drug Chem Toxicol. 2016;
39:157-66.

Zheng L, Cao Y, Liu S, Peng Z, Zhang S. Neferine inhibits angiotensin
ll-induced rat aortic smooth muscle cell proliferation predominantly by
downregulating fractalkine gene expression. Exp Ther Med.
2014;8:1545-50.

Liu'Y, Zeng C, Bao N, Zhao J, Hu Y, Li C, et al. Effect of rab23 on the
proliferation and apoptosis in breast cancer. Oncol Rep. 2015;34:1835-44.
Lu PZ, Lai CY, Chan WH. Caffeine induces cell death via activation of
apoptotic signal and inactivation of survival signal in human osteoblasts. Int
J Mol Sci. 2008,9:698-718.

Jang MH, Shin MC, Cho YW, Baik HH, Kim SS, Hwang EG, et al. 1,2-bis (2-
aminophenoxy) ethane-N, N, N' N'-tetraacetic acid (BAPTA-AM) inhibits
caffeine-induced apoptosis in human neuroblastoma cells. Neurosci Lett.
2004;358:189-92.

Shanmuganathan B, Suryanarayanan V, Sathya S, Narenkumar M, Singh SK,
Ruckmani K, et al. Anti-amyloidogenic and anti-apoptotic effect of alpha-
bisabolol against Abeta induced neurotoxicity in PC12 cells. Eur J Med
Chem. 2018;143:1196-207.

Li L, Sun HY, Liu W, Zhao HY, Shao ML. Silymarin protects against
acrylamide-induced neurotoxicity via Nrf2 signalling in PC12 cells. Food
Chem Toxicol. 2017;102:93-101.

He LN, Yang J, Jiang Y, Wang J, Liu C, He SB. Protective effect of tanshinone
on injured cultured PC12 cells in vitro. Zhongguo Zhong Yao Za Zhi. 2001;
26:413-6.

Liu S, Wang B, Li XZ, Qi LF, Liang YZ. Preparative separation and purification
of liensinine, isoliensinine and neferine from seed embryo of Nelumbo
nucifera GAERTN using high-speed counter-current chromatography. J Sep
Sci. 2009;32:2476-81.



Chen et al. BMC Complementary Medicine and Therapies

35.

36.

37.

38.
39.

40.

42.

43.

44,

(2020) 20:76

Xie Y, Zhang Y, Zhang LT, Zeng SX, Guo ZB, Zheng BD. Protective effects of
alkaloid compounds from Nelumbinis Plumula on tert-butyl hydroperoxide-
induced oxidative stress. Molecules. 2013;18:10285-300.

Sugimoto Y, Furutani S, Itoh A, Tanahashi T, Nakajima H, Oshiro H, et al.
Effects of extracts and neferine from the embryo of Nelumbo nucifera seeds
on the central nervous system. Phytomedicine. 2008;15:1117-24.

Wong VK, Wu AG, Wang JR, Liu L, Law BY. Neferine attenuates the protein
level and toxicity of mutant huntingtin in PC-12 cells via induction of
autophagy. Molecules. 2015;20:3496-514.

He W, Hu Z. The role of the Golgi-resident SPCA Ca(2)(+)/Mn(2)(+) pump in
jonic homeostasis and neural function. Neurochem Res. 2012,37:455-68.
Brini M, Cali T, Ottolini D, Carafoli E. Intracellular calcium homeostasis and
signaling. Met lons Life Sci. 2013;12:119-68.

Gan PP, Zhou YY, Zhong MZ, Peng Y, Li L, Li JH. Endoplasmic reticulum
stress promotes autophagy and apoptosis and reduces chemotherapy
resistance in mutant p53 lung Cancer cells. Cell Physiol Biochem. 2017;44:
133-51.

Verkhratsky A, Shmigol A, Kirischuk S, Pronchuk N, Kostyuk P. Age-
dependent changes in calcium currents and calcium homeostasis in
mammalian neurons. Ann N Y Acad Sci. 1994;747:365-81.

Young KW, Pinon LG, Bampton ET, Nicotera P. Different pathways lead to
mitochondrial fragmentation during apoptotic and excitotoxic cell death in
primary neurons. J Biochem Mol Toxicol. 2010;24:335-41.

Qian JQ. Cardiovascular pharmacological effects of bisbenzylisoquinoline
alkaloid derivatives. Acta Pharmacol Sin. 2002;23:1086-92.

Chen J, Qi J, Chen F, Liu JH, Wang T, Yang J, et al. Relaxation mechanisms
of neferine on the rabbit corpus cavernosum tissue in vitro. Asian J Androl.
2007;9:795-800.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell culture
	Extraction and isolation
	Experimental design
	Cell viability assay
	Cell morphology observation
	Hoechst 33342 staining
	Western blotting analysis of cleaved PARP in PC12 cells
	Statistical analysis

	Results
	The effect of lianzixin on cell viability
	Effect of lianzixin on cell morphology
	Hoechst 33342 staining
	The expression of cleaved PARP in PC12 cells

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

