
Contents lists available at ScienceDirect

Neurochemistry International

journal homepage: www.elsevier.com/locate/neuint

The effect of coniferaldehyde on neurite outgrowth in neuroblastoma
Neuro2a cells

Jieun Jeona, Huiyoung Kwona, Eunbi Choa, Kyung Sook Kima, Jeanho Yunb,c,
Young Choon Leea,c, Dong Hyun Kima,c,∗

a Department of Medicinal Biotechnology, College of Health Sciences, Dong-A University, Busan, 49315, Republic of Korea
bDepartment of Biochemistry, College of Medicine, Dong-A University, Busan, 49201, Republic of Korea
c Institute of Convergence Bio-Health, Dong-A University, Busan, 49315, Republic of Korea

A R T I C L E I N F O

Keywords:
Coniferaldehyde
Neurite outgrowth
ERK1/2
Learning and memory

A B S T R A C T

Neurite outgrowth is the differentiation process by which neurons establish synapses. In the dentate gyrus of the
hippocampus, new neurons are constantly produced and undergo neurite outgrowth to form synapses, and this
process is involved in cognitive ability. Therefore, if an agent could modulate neurite outgrowth, it could po-
tentially be developed as a compound for modulating cognitive ability. In this study, we examined whether
coniferaldehyde, a natural compound, regulates neurite outgrowth in Neuro2a cells. We ascertained morpho-
logical changes and measured the percentage of neurite-bearing cells and neurite lengths. Coniferaldehyde
significantly increased the percentage of neurite-bearing cells, and the length of neurites in a concentration-
dependent manner, without inducing cell death. We then have identified that, coniferaldehyde activates the
extracellular signals-regulated Kinase 1 and 2 (ERK1/2), and further noted that, U0126, an ERK1/2 inhibitor,
blocks coniferaldehyde-facilitated neurite outgrowth. Moreover, Subchronic administration of CA enhanced
learning and memory, and increased neurite length of newborn neurons in the hippocampus. These results
suggest that coniferaldehyde induces neurite outgrowth by a process possibly mediated by ERK1/2 signaling and
enhances learning and memory.

1. Introduction

Aging is accompanied by a natural decline in cognitive ability (Park,
2000), which, if ignored, can lead to dementia or certain mental ill-
nesses (Rajan et al., 2012). As the diseases progress, the rate of cogni-
tive decline accelerates further (Deary et al., 2009). In addition, in-
dividuals can suffer cognitive decline due to continual stress such as
depression, tension, and fatigue (Brunson et al., 2005). If neurons in the
brain are destroyed due to dementia or mental illness caused by cog-
nitive decline, normal brain function cannot be maintained and
memory defitits can occur (Glees and Griffith, 1952). Unlike the other
cells within the body, brain cells are not regenerated once damaged,
thus, it is particularly important to maintain healthy brain cells (Glees
and Griffith, 1952).

Neurite outgrowth is a phenomenon in which axons and dendrites
spread out from the nerve cell body, forming synapses (Wang et al.,
2011a). The hippocampal dentate gyrus is responsible for the storage
and consolidation of memories in the adult mammalian brain area. This
area is known to contain neural stem cells, suggesting that new neurons

are constantly produced (Ming and Song, 2011), that must undergo
neurite outgrowth to form synapses, to avoid elimination (Kitabatake
et al., 2007). Many studies have suggested that controlling processes
such as neurite outgrowth can lead to changes in cognitive ability, in-
cluding memory (Ming and Song, 2011; Kitabatake et al., 2007).

To date, the effects of medicinal plants on neurite outgrowth have
been extensively studied. Coniferaldehyde (CA) (4-hydroxy-3-methox-
ycinnamaldehyde), a component of Salvia plebeia, Phyllanthus emblica,
Diplomorpha canescens, Cinnamomum cebuense, and Allophylus longipes, is
a natural phenolic compound found in many foods such as pears,
walnuts, kelp, and citrus fruits (Weng and Wang, 2000; Zhang et al.,
2016). CA has been reported to have pharmacological effects, ex-
hibiting anti-oxidant, anti-radical and anti-inflammatory activities
(Akram et al., 2015; Hossen et al., 2014; Jung et al., 2009), though the
effect of CA on neurite outgrowth has not yet been studied. Therefore,
in this study, we investigated the effect of CA on neurite outgrowth in
Neuro2a cells with the potential mechanism underlying this effect and
learning and memory.
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2. Materials and methods

2.1. Material

Coniferadehyde (Fig. 1), retinoic acid (RA), LY294002, U0126, 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenylatetrazolium bromide (MTT)
and Cytotoxicity Detection KitPLUS (for LDH assay) purchased from
Sigma-Aldrich (St. Louis, MO, USA). Antibody against phospho-extra-
cellular signal-regulated kinase (pERK, Thr202/Tyr204) and HRP-con-
jugated anti-mouse IgG were purchased from Cell Signaling Technology
(Beverly, MA, USA). Antibody against ERK1, GAPDH, and HRP-con-
jugated donkey anti-rabbit IgG, and Akt inhibitor were purchased from
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). For stock

solution, coniferaldahyde dissolved in 100% EtOH (50mM). RA,
LY294002 and U0126 were dissolved in DMSO (RA, 20mM; LY294002,
50mM; U0126, 50mM). All other materials were obtained from normal
commercial sources and were of the highest grade available.

2.2. Cell culture

Mouse neuroblastoma cell line, neuero2a, was purchased from

Fig. 1. Structure of CA.

Fig. 2. CA facilitates neurite outgrowth in Neuro2a cells. Neuro2a cells were treated with 10 μM of RA (20 μM) or various concentration of CA (0.6–50 μM) for 6 h.
Morphological images of cells were observed by phase contrast microscope (magnification of 200X) (A) and then neurite-bearing cells were counted (B). Length of
neurite (C). Data are presented as the mean ± S.D. *p < 0.05, **<0.01 and ***p < 0.001 compared to control. CA, coniferaldehyde. RA, retinoic acid.

Fig. 3. CA does not affect cell viability. Cytotoxicity assessment of CA against
Neuro2a cells. The cells were treated with various concentrations (0.6–50 μM)
of CA for 6 h. (A) Cells viability was measured with MTT assay. (B) Cytotoxicity
was measured with LDH assay. Data are presented as the mean ± S.D.
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American Type Cell Collection (Manassas, VA, 20110, USA). Cells were
plated onto 100mm plastic culture dishes at 37 °C in a humidified at-
mosphere with 5% CO2. The culture medium was Minimum Essential
Medium with 1% penicillin-streptomycin and 10% fetal bovine serum
(WElGENE Co,. Daegu, Korea).

2.3. Evaluation of neurite outgrowth

Cells were seeded in 24-well plate (2×104 cells/well) and growth
for 24 h. After 24 h, the medium was removed and then the drug was
treated to different concentration (CA, 0.6, 1.2, 2.5, 5, 10, 20, 50 μM;
RA, 20 μM) for 6 h. For the blocking test, cells were treated with
LY294002 (50 μM), U0126 (50 μM) or Akt inhibitor (5 μM) for 30 min,
then treated with CA + inhibitor for 6 h further.

Neurite outgrowth of Neuro2a cells was evaluated by measuring the
neurite-bearing cell and neurite length. Measurement of the neurite-
bearing cells and length of neurites were performed with a phase
contrast microscope using application software. Random fields of
100–200 cells were photographed with a Nikon Diaphot phase contrast
microscope. At least 3 photographs were taken per experimental point
and each experiment was repeated at least three times. The number of
cells with at least one neurite longer than its cell body was counted and
expressed as a percentage of the total number of cells (neurite-bearing
cells). The neurite length of each cell was measured by image J soft-
ware. Neurites that were longer than a cell nucleus were traced and
scaled in micrometers. The average length of neurites was calculated
from 200 processes that were measured in each experimental condition.

2.4. Cell viability and cytotoxicity

2.4.1. Cell viability by MTT assay
Cells were seeded in 24-well plate (2× 104 cells/well) and in-

cubated for 24 h. The drug (0.6–50 μM) was treated to the cells for 6 h.
After removing the medium containing CA, MTT mixture (0.5 μg/mL)
was treated and incubated for 30min. And then, MTT reagent was re-
moved and dimethyl sulfoxide was treated. Absorbance was measured
at 540 nm with ELISA plate reader (Bio-rad, Hercules, CA, USA).

2.4.2. Cytotoxicity by LDH assay
Cells were seeded in 24-well plate (2× 104 cells/well) and in-

cubated for 24 h. Drug (0.6–50 μM) was treated to the cells for 6 h. After
collecting the drug added medium, centrifuged at 1000 rpm for 1min to
collect the supernatant. The collected supernatant was mixed with
Cytotoxicity Detection KitPLUS A and B (LDH). A and B reagent mixed at
a ratio of 45 : 1, and then allowed to react in a shading box for 20min.
Absorbance was measured at 490 nm with ELISA plate reader (Bio-rad,
Hercules, CA, USA).

2.5. Protein extraction and western blot assay

Cells were seeded in 12-well plate (5× 104 cells/well) and in-
cubated for 24 h. The drug (50 μM) was treated to the cells for 6 h. The
cells were washed with PBS and scraped off on the ice. Cells were lysed
using M-PER buffer (Thermo, Rockford, IL, U.S.A) with protease and
phosphatase inhibitor cocktails (Thermo). Proteins from the lysates
were quantified using a BCA protein assay kit according to the manu-
facturer's instructions. Proteins (20 μg) were subjection to SDS-poly-
acrylamide electrophoresis and transferred to nitrocellulose mem-
branes. The membranes were incubated overnight with the primary
antibodies. Reactive bands were visualized by detecting chemilumi-
nescence. Each signal was quantified by image analysis software
(ImageJ; National Institute of Mental Healthy, Bethesda, MD, U.S.A.)

2.6. Animals

CD-1 mice (male, 6 weeks old) were obtained from Daehan Biolink
(Choongbook, Korea). Mice were deposited in the designated animal
care room. Temperature of the room was 23 ± 2 °C. Light cycle was
maintained with 12 h interval. Humidity was 50 ± 10%. Food and
water were supplied ad libitum. Mice were housed in animal room for 1
week of acclimation. All animal experiments were approved by IACUC
of Dong-A University, Korea (DIACUC-approved-17-20).

2.7. Passive avoidance test

Passive avoidance test is an experiment that evaluates learning and
memory using the habits of mouse that likes dark place. It was con-
ducted for 2 days and consists of the training trial and test trial. In the
training trial, mouse was positioned in acrylic box divided into dark and
illuminating room and adapted for 10 s 10 s later, the door connected to
the dark room opened. When the mouse enters the dark room, the door
was closed and electric shock (0.5 mA, 3 s) was delivered. After 24 h,
mouse was re-positioned in the illuminating room and the door opened
10 s later. The latency time was measured by 300 s. To remove the odor
cues, box was cleaned with 70% ethanol. Mouse was administrated CPT
(1, 3, 10mg/kg, p.o) dissolved in 10% tween 80 (p.o) 1 h before the
training trial. Sensitivity to electrical shock was measured. The criteria
for evaluation were screams, jumps and runs, with a maximum of three
points each.

2.8. Tissue preparation and immunohistochemistry

Anesthetized mice (Zoletil 50®, 10mg/kg, i.m.) were perfused
transcardially with 100mM phosphate buffer (PB, pH 7.4). After

Fig. 4. ERK signaling is required for CA-facilitated neurite outgrowth. CA was
treated with 50 μM in Neuro2a cells in a time-dependent and then protein
extracts were prepared for western blot analysis. (A) Western blot analysis was
performed in time-dependent with phospho-ERK, ERK, phosphor-Akt, Akt,
phosphor-JNK and JNK antibodies. (B) Quantitative analysis of western blot of
phosphor-ERK and ERK. (B) Quantitative analysis of western blot of phosphor-
Akt and Akt. (B) Quantitative analysis of western blot of phosphor-JNK and
JNK. Data are presented as the mean ± S.D. *p < 0.05 compared to each
control.
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perfusion, the mouse was fixed with ice-cold 4% paraformaldehyde
through transcardial perfusion. Brains were isolated and incubated in
4% PFA (in 50mM, pH 7.4, PB) overnight for postfixation. The brains
were incubated in a 30% sucrose (in 50mM phosphate-buffered saline,
PBS) solution at 4 °C before sectioning. Coronal brain slices (30 μm)
were made on a cryostat and these were stored in a solution (30%
glycerin, 30% ethyleneglycol and 40% DW) at 4 °C. Primary antibodies

including goat anti-DCX antibody (1:500, Abcam) was mixed with 0.3%
Triton X-100 and 1.5% normal serum. Free-floating sections were in-
cubated for 24 h with the primary antibody solution. After washing, the
sections were treated with biotinylated secondary antibody (1:1000) for
90min, then avidin–biotin–peroxidase complex (1:100) for 1 h. After
washing, the sections were then treated with 0.02% 3, 3′-diamino-
benzidine and 0.01% H2O2 for approximately 3min. The sections were

Fig. 5. NGF and ERK signaling is required for CA-facilitated neurite outgrowth. PI3K, ERK1/2 or TrkA inhibitor was used to investigate which signaling pathway is
caused by neurite outgrowth. Cells were treated with inhibitor for 6 h, and then cells were treated with CA + inhibitor for further 6 h. Data are presented as the
mean ± S.D. *p < 0.05 compared to each control.

Fig. 6. The effect of CA on learning and memory in
passive avoidance test. Mice were administered
with CA (1, 3, or 10 mg/kg, p.o.) once a day for 6
days. Acquisition trial (AT) was performed on the
sixth day and retention trial (RT) was done on the
next da. CA was administered to mice at 1 h before
AT. Step through latency in AT (A) and RT (B) were
represented. Footshock sensitivity was measured in
acquisition trial (C). Data represent as mean ± S.D.
*P < 0.05 vs. control.
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mounted on gelatin-coated slides, dehydrated with ascending alcohol
series, and cleared with xylene. The number of DCX-immunoreactive
cells and the neurite length in the dentate gyrus (DG) of hippocampus
were estimated by measuring at 200×magnification using an AnalySIS
LS Research (Soft Imaging System Ltd., Münster, Germany). Cells
(hilus) were quantified in 5 sections (every tenth section from
−1.50mm posterior to the bregma). The average number of im-
munopositive cells per section was normalized for the entire hilus by
multiplying this average by the number of 30 μm sections used (50
sections) corresponding to the entire hilus.

2.9. Statistics

All statistical analyses and graphs were performed using GraphPad
Prism version 5.0 (GraphPad, San Diego, CA). For the multiple com-
parisons, one-way analysis of variance (ANOVA), followed by Tukey's
test statistical differences between groups (P < 0.05) was used. T-test
was used for single comparison.

3. Results

3.1. Coniferaldehyde facilitates neurite outgrowth in Neuro2a cells

To investigate whether CA (Fig. 1) induces neurite outgrowth in
Neuro2a cells, morphological changes were analyzed after CA
(0.6–50 μM) treatment. Cells in the control group showed few neurites,
but elongated neurite formations were observed in all groups treated
with CA (Fig. 2A). CA increased the percentage of neurite-bearing cells
in a concentration-dependent manner to a level similar to that of RA-
treated cells (F8,18= 30.47, P < 0.05, n= 3/group, Fig. 2B). Neurite
length was also significantly increased by CA (50 μM), again to a level
similar to that of RA-treated cells (F8,18= 4.71, P < 0.05, n= 3/
group, Fig. 2C). Thus, this concentration (50 μM) of CA was used in
subsequent experiments. These results suggest that CA induces neurite
outgrowth in Neuro2a cells.

3.2. Coniferaldehyde does not affect cell viability

Neuro2a cells were treated with CA (0.6–50 μM) to identify any
cytotoxic effects. Cell viability was investigated using MTT and LDH

assays. CA did not induce cell death in the MTT assay (F7,40= 1.85,
P > 0.05, n= 6/group, Fig. 3A) or LDH assay (F7,16= 0.32, P > 0.05,
n=3/group, Fig. 3B). These results suggest that CA does not exhibit
cytotoxicity to Neuro2a cells.

3.3. ERK signaling is required for coniferaldehyde-facilitated neurite
outgrowth

To investigate its mechanism of action, the effects of CA on ERK, Akt
and JNK were examined. Phospho-ERK expression was found to be
increased at 1 h (10min, t4= 0.77, P > 0.05; 30min, t4= 1.22,
P > 0.05; 1 h, t4= 3.56, P < 0.05; 6 h, t4= 0.05, P > 0.05, n=3/
group, Fig. 4A, B). However, CA did not alter the phosphorylation of
Akt or JNK (Fig. 4C and D).

To confirm the role of ERK in CA-facilitated neurite outgrowth, an
off-target PI3K inhibitor (LY294002, an off target), ERK1/2 inhibitor
(U0126) and TrkA inhibitor (Akti) were used. Although LY294002
(50 μM) reduced CA-facilitated neurite outgrowth, redisual outgrowth
was observed (vehicle, Fig. 5). U0126 (50 μM) or Akt inhibitor (5 μM),
however, completely blocked CA-facilitated neurite outgrowth (neurite-
bearing cells: vehicle, t4= 18.91, P < 0.05; LY294001, t4= 4.08,
P < 0.05; U0126, t4= 1.52, P > 0.05, n=3/group, Fig. 5B; TrkAi,
t4= 1.37, P > 0.05, n=3/group, Fig. 5D; neurite length: vehicle,
t4= 6.92, P < 0.05; LY294001, t4= 8.40, P < 0.05; U0126,
t4= 1.95, P > 0.05, n= 3/group, Fig. 5C; TrkAi, t4= 1.86, P > 0.05,
n=3/group, Fig. 5E). These results suggest that CA facilitates neurite
outgrowth through activation of TrkA ERK signaling.

3.4. Coniferaldehyde enhances learning and memory

To test whether CA can cross blood brain barrier and regulate brain
function, we first examined the effect of CA on learning and memory
using passive avoidance test. In the training trial, CA did not alter step-
through latency (F3,36= 2.205, P > 0.05, n=10/group, Fig. 6A) and
responses to foot shock (F3,36= 0.500, P > 0.05, n=10/group,
Fig. 6C), suggesting that CA do not affect sensory functions. In the test
trial, CA significantly increased step-through latency (F3,36= 3.553,
P < 0.05, n=10/group, Fig. 6B).

3.5. Coniferaldehyde increases neurite length of newborn neurons in the
hippocampus

To test whether CA can cross blood brain barrier and regulate
neurite outgrowth, we analyzed the effect of CA on neurite length of
newborn neurons (Fig. 7). DCX-positive newborn neurons were ob-
served in hilus of dentate gyrus region of the hippocampus (Fig. 7A).
Although CA treatment for 7 days did not alter the number of DCX-
positive cells, CA significantly increased the length of neurite of DCX-
positive cells (number, t8= 0.371, P > 0.05, n= 5/group, Fig. 7B;
length, t8= 6.729, P < 0.05, n=5/group, Fig. 7C).

4. Discussion

In this study, we found that CA promoted neurite outgrowth in a
concentration-dependent manner and did not exhibit cytotoxicity at its
highest concentration. CA-facilitated neurite outgrowth was blocked by
an ERK inhibitor, and ERK activation was significantly increased by CA.
Subchronic administration of CA enhanced learning and memory, and
increased neurite length of newborn neurons in the hippocampus.
These results suggest that CA promotes neurite outgrowth through the
ERK signaling and enhances learning and memory.

Neurite outgrowth is a phenomenon in which axons and dendrites
spread out from the cell body, and is essential for the development of
the nervous system (Read and Gorman, 2009; Min et al., 2006). Neurite
outgrowth plays an important role in determining the connectivity of
neural networks (Read and Gorman, 2009) and promoting axonal

Fig. 7. CA increased neurite length of newborn neurons in the hippocampus.
Mouse hippocampus was immediately isolated after retention trial. The DCX-
positive cells in the hippocampus was identified (A). (B) The number of DCX-
positive cells in the hippocampus. (C) Length of neurite of DCX-positive cells in
the hippocampus. Data represent as mean ± S.D. *P < 0.05 vs. control.
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regeneration after nerve injury or neurodegenerative diseases (Read
and Gorman, 2009; Min et al., 2006; Tang, 2001; Papadopoulos et al.,
2009; Schiwy et al., 2009). In general, neurological diseases are caused
by the death or damage of nerve cells (Martin, 2001), and thus can be
treated by promoting nerve cell production or regeneration (Martin,
2001). It is known that proteins such as neurotrophic factors, cytokines,
and transcription factors promote the production of nerve cells
(Goldshmit et al., 2004). Nerve growth factor (NGF) has been shown to
induce neurite outgrowth in various neurons, namely Neuro2a and
PC12 cells (Levi-Montalcini and Angeletti, 1968; Drubin et al., 1985;
Wang et al., 2011b). Natural compounds have also been shown to ac-
tivate neurite outgrowth by promoting the production of nerve cells
(Tohda et al., 2005; More et al., 2012). This neurite outgrowth is
regulated by a variety of signaling pathways such as Akt, PI3K, ERK and
JNK (Chijiwa et al., 1990; Park et al., 2017; Kaplan and Miller, 2000).
In the present study, we found that CA activated ERK and not Akt or
JNK signaling. This was also confirmed when an ERK inhibitor, U0126,
completely blocked CA-induced neurite outgrowth. Interestingly, al-
though CA failed to regulate Akt, the Akt inhibitor, LY294002, sig-
nificantly suppressed CA-induced neurite outgrowth. This could be due
to the presence of an unidentified target of LY294001, other than Akt.
Alternatively, downstream elements of the Akt and ERK signaling
pathways may overlap, and both may involve the transcription factor
cAMP response elements-binding protein (CREB), a transcript factor
(Liu et al., 2015; Ditlevsen et al., 2008). ERK signaling is a well-known
neuronal survival pathway, and its activation mediates neural differ-
entiation, and protects neurons from drug-induced damage (Boulton
et al., 1991). Neurite outgrowth is also known to be mediated by the
activation of the ERK signaling by NGF stimulation (Boulton et al.,
1991). ERK activates CREB, which then stimulates the transcription of
various proteins required for neurite outgrowth (Liu et al., 2015; Won
et al., 2015). CA, a natural phenolic compound, thus activates the ERK
signaling similar to NGF and induces neurite outgrowth.

In the present study, CA enhanced passive avoidance memory and
neurite outgrowth of newborn neurons in the hippocampus. These re-
sults are compatible with the data from in vitro study. However, we are
not sure that CA, itself, can penetrate blood brain barrier (BBB).
Because many previous reports suggested CNS effects of penylpropa-
noids (Yoon et al., 2007; Kwon et al., 2014), we may guess that CA
could cross BBB. However, we cannot rule out the possibility that me-
tabolite of CA, which can be generated by liver metabolism, penetrates
BBB and exert neurite outgrowth effect.

In summary, treatment with CA significantly induced the neurite
outgrowth in Neuro2a cells through the ERK signaling pathway. This
suggests that CA could potentially be developed as a new natural drug
to promote neuronal differentiation.
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