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INTRODUCTION

It has been reported that nerve growth factor
(NGF) and other neurotrophins play important roles
in growth, differentiation, and survival in neuronal
cells.1) They, therefore, are expected to have a re-
generative action in injured tissues in neurodegen-
erative diseases such as Alzheimer’s disease and
Parkinson’s disease. However, because of their in-
ability to cross the blood-brain barrier and vulner-
ability to hydrolytic enzymes, they cannot be used
as a medical treatment. Therefore, we have been
screening natural lipophilic compounds in plants tra-
ditionally used as antiamnestic or anti-inflammatory
medications as substitutes for neurotrophins.

Genipin is an iridoid compound, isolated from
Gardenia fructus, and the aglucon of geniposide. We
have previously reported that genipin markedly in-
duces neurite outgrowth through a nitric oxide (NO)-
guanosine 3′,5′-cyclic monophosphate (cGMP)-

cGMP-dependent protein kinase (PKG) pathway
followed by ERK activation in rat pheochromocy-
toma PC12h cells.2,3) This signaling pathway was
observed in the neurite outgrowth process induced
by NGF in PC12h cells.2,3) Moreover, we have sug-
gested that genipin directly binds to and activates
neuronal NO synthase (NOS) in vitro.4)

In the present study, we have examined the pos-
sibility that genipin may be a new neurotrophic fac-
tor possessing a neuroprotective effect and may in-
duce neuronal differentiation by investigating the
protective effect of genipin on cytotoxicity induced
by serum deprivation in mouse neuroblastoma
Neruro2a cells.

MATERIALS AND METHODS

Materials —–—  Genipin, transferrin, and N6, O7-
dibutyryl cAMP (dbcAMP) were purchased from
Wako Pure Chemical Industries, Ltd. (Japan). Insu-
lin and progesterone were obtained from Sigma
Chemical Co. (U.S.A.). 3-(4, 5-Dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide (MTT) was
purchased from Dojindo (Japan).
Cell Culture —–—  Neuro2a cells were grown in
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Eagle’s minimum essential medium (EMEM) con-
taining 10%(v/v) fetal bovine serum in 10% CO2/
90% humidified air at 37°C. Neuro2a cells were
plated onto 35-mm culture dishes for neurite out-
growth assay at a density of 2 × 103 cells/cm2 or
48-well culture plates for cell viability assay at a
density of 1.5 × 104 cells/cm2. After 24 hr of cul-
ture, the culture medium was replaced with serum-
free EMEM with or without 5 µg/ml transferrin/
5 µg/ml insulin/20 nM progesterone [transferrin/in-
sulin/progesterone (TIP)] to treat the cells with
agents as specified in the results.
Neurite Outgrowth Assay —–—  Neurite outgrowth
in Neuro2a cells was evaluated by measuring the
length of the longest neurite in individual cells as
previously reported.2) The neurite length of 100 cells
in 10 random fields from two sister culture dishes
was averaged to evaluate the neurite outgrowth for
each treatment.
Cell Viability Assay —–—  Cell viability of Neuro2a
cells was evaluated by measuring the activity of MTT
reduction and staining with trypan blue. For MTT
reduction activity, the cells were treated with
0.25 mg/ml MTT at 37°C for 30 min. The medium
was then removed and the reduction product, MTT-
formazan, was solubilized with dimethylsulfoxide
(DMSO). Absorption at 550 nm of each sample so-
lution was measured as MTT reduction activity of
the cells. Data are expressed in terms of the relative
activity in relation to each control group. For stain-
ing with trypan blue, the cells were exposed to
0.4%(w/v) trypan blue at room temperature for 5 min
and then examined with a microscope.
Statistical Analysis —–—  Statistically significant
differences between groups were estimated by analy-
sis of variance (ANOVA) followed by Student’s t-
test. A p < 0.05 was considered to indicate a signifi-
cant difference.

RESULTS

Genipin-Induced Neurite Outgrowth
In previous papers,2,5) we demonstrated that

genipin induced neurite outgrowth in PC12h cells.
As shown in Fig. 1, genipin (1–5 µg/ml) had signifi-
cant neuritogenic activity in a concentration-depen-
dent manner in Neuro2a cells cultured in serum-free
medium supplemented with TIP as well as PC12h
cells.

Serum Deprivation-Induced Cytotoxicity
In general, culture conditions without serum are

insufficient for the long-term survival of most neu-
ronal cells. However, it is difficult to use medium
with serum for the evaluation of cell survival be-
cause of the proliferation of Neuro2a cells. It has
been reported that TIP results in lower proliferation
in PC12h cells in serum-free medium and no changes
in cell properties.6) We evaluated cell proliferation
by MTT reduction activity of Neuro2a cells cultured
in several conditions. The medium with serum in-
duced proliferation in a time–dependent manner,
while the serum-free medium with TIP suppressed
it at 48 hr of incubation (Fig. 2A). We tested the in-
duction of cytotoxicity in Neuro2a cells cultured in
the serum-free medium without TIP and found a sig-
nificant reduction in MTT activity compared with
the medium with TIP (Fig. 2A). To determine
whether this reduced activity is due to cytotoxicity,
we performed trypan blue staining. After a 48-hr
culture in the serum-free medium with or without
TIP, the number of stained cells was clearly increased
in the medium without TIP (Fig. 2B). Thus, we de-
cided that this serum-free medium without TIP is
appropriate for cell cultures with which to examine
whether genipin can protect against serum depriva-
tion-induced cytotoxicity.

Protective Effect of Genipin on Cytotoxicity In-
duced by Serum-Free Medium without TIP

We tested the effect of genipin alone on cell sur-
vival by measuring MTT reduction activity. Genipin

Fig. 1. Genipin-Induced Neurite Outgrowth in Neuro2a Cells
Neuro2a cells were cultured for 24 hr and then treated with genipin

in serum-free medium with TIP for 48 hr. Then, the neurite length was
measured as described in MATERIALS AND METHODS and
microphotographs were taken (scale bar = 100 µm). Each value is
expressed as the mean ± SEM (n = 100). *p < 0.01 vs. 0 µg/ml.
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had no effect on MTT reduction activity at concen-
trations of 0.1–2 µg/ml in Neuro2a cells cultured in
serum-free medium with TIP for 48 hr (Fig. 3A).
Although 5 µg/ml genipin significantly reduced the
activity (Fig. 3A), it did not increase the number of
trypan blue-stained cells (Fig. 3B). Thus, we con-
cluded that the reduced activity was not due to cyto-
toxicity induced by genipin but rather was due to
differentiation as supported by Fig. 1. Next, we in-
vestigated the effect of genipin on cytotoxicity in
Neuro2a cells cultured in serum-free medium with-
out TIP using the MTT reduction assay. As shown

in Fig. 4A, genipin significantly protected against
cytotoxicity in a concentration-dependent manner.
This was consistent with the morphological evalua-
tion as shown in Fig. 4B.

Neurotrophic Effects of cAMP
It has been reported that cAMP induces neurite

outgrowth and neuronal differentiation in Neuro2a
cells.7) As a positive control, we investigated the
neurotrophic effects, namely neurite outgrowth and
cell survival, of cAMP using a membrane-perme-
able cAMP analog, dbcAMP, in Neuro2a cells. Cells

Fig. 2. Cytotoxicity Induced by Serum-Free Medium without TIP in Neuro2a Cells
Neuro2a cells were cultured for 24 hr and then incubated in serum-containing medium (+Serum), serum-free medium with TIP (–Serum/+TIP), or

serum-free medium without TIP (–Serum/–TIP) over 48 hr. (A) Time course of MTT reduction. Each value is expressed as the mean ± SEM (n = 3).
*p < 0.01 vs. –Serum/+TIP at 48 hr. (B) Trypan blue staining at 48 hr (scale bar = 100 µm).

Fig. 3. Effect of Genipin on Cell Survival in Neuro2a Cells
Neuro2a cells were cultured for 24 hr and then treated with genipin in serum-free medium with TIP for 48 hr. (A) Concentration-dependency of MTT

reduction. Each value is expressed as the mean ± SEM (n = 6). *p < 0.01 vs. 0 µg/ml. (B) Trypan blue staining (scale bar = 100 µm).
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Fig. 5. Neurotrophic Effects of dbcAMP in Neuro2a Cells
Neuro2a cells were cultured for 24 hr and then treated with dbcAMP

for 48 hr as indicated. (A) Dibutyryl cAMP-induced neurite outgrowth.
Dibutyryl cAMP was added to serum-free medium with TIP. Neurite
length was measured as described in MATERIALS AND METHODS.
Each value is expressed as the mean ± SEM (n = 100). *p < 0.01 vs.
0 µM. (B) Protective effect of genipin on cytotoxicity induced by serum-
free medium without TIP. The effect was assessed by MTT reduction
assay. Each value is expressed as the mean ± SEM (n = 8). *p < 0.01 vs.
+TIP/0 µM dbcAMP and #p < 0.01 vs. –TIP/0 µM dbcAMP.

Fig. 4. Protective Effect of Genipin on Cytotoxicity Induced
by Serum-Free Medium without TIP in Neuro2a Cells

Neuro2a cells were cultured for 24 hr and then treated with genipin
for 48 hr as indicated. (A) MTT reduction activity. Each value is
expressed as the mean ± SEM (n = 5). *p < 0.01 vs. +TIP/0 µg/ml genipin
and #p < 0.05, ##p < 0.01 vs. –TIP/0 µg/ml genipin. (B) Morphological
changes (scale bar = 100 µm).

treated with dbcAMP (1–200 µM) for 48 hr signifi-
cantly extended neurites in a concentration-depen-
dent manner (Fig. 5A). Treatment with 500 µM or
greater concentrations made the cells float (data not
shown). The cytotoxicity observed in serum-free
medium without TIP for 48 hr was effectively
blocked by dbcAMP in a concentration-dependent
manner (Fig. 5B).

DISCUSSION

In the present study, genipin was found to exert
not only a neuritogenic action but also a neuropro-
tective effect on serum deprivation-induced cell
death in Neuro2a cells.

We have previously reported that genipin induces

neurite outgrowth via the NO-cGMP-PKG pathway
followed by ERK activation in PC12h cells2,3) and
that neuronal NOS would be a target molecule of
genipin in vitro.4) It is well known that PC12 and its
subclonal cell lines such as PC12h show significant
neurite outgrowth in response to NGF which binds
to its receptor, TrkA.1) To confirm the universality
of the neuritogenic action of genipin, we used
Neuro2a cells, which are another neuronal cell line.
Neuro2a cells are NGF-insensitive and responsive
to cAMP, retinoic acid, and gangiosides.8) Genipin
significantly induced neurite outgrowth in Neuro2a
cells as well as PC12h cells. The mechanism of this
action in Neuro2a cells is not yet understood. How-
ever, it is conceivable that genipin activates neuronal
NOS as observed in PC12h cells based on the fact
that Neuro2a cells possess neuronal NOS protein
(unpublished data). For the present, it seems certain
that the genipin-induced neurite outgrowth is not lim-
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ited to only PC12h cells.
The serum-deprived cell is often used as a model

of neurodegenerative, pathological cell death. In the
present study, we investigated the neuroprotective
effect of genipin on neuronal cell death using this
model to ascertain whether genipin can act as a neu-
rotrophic factor possessing neuronal differentiation
and neuroprotection activities. Genipin significantly
prevented serum and TIP deprivation-induced cell
death in Neuro2a cells, which was similar to the ef-
fect of dbcAMP, an established neurotrophic effec-
tor in the cells. It has been reported that serum dep-
rivation induces apoptosis in several cell types.9,10)

On the other hand, Yamamoto et al. have reported
that genipin suppresses Fas-induced apoptosis in
primary cultured mouse hepatocytes.11) They indi-
cated that genipin blocked the activation of caspase
3 and a reduction in mitochondrial membrane po-
tential, which are apoptosis markers.11) Therefore, it
is possible that the neuroprotective effect of genipin
seen in our experiments was based on the inhibition
of these markers.

It has been suggested that NO and cGMP, a
downstream component of NO production, play
important roles in neuronal survival. For example,
several groups have reported that NO protected neu-
ronal cells from serum deprivation-induced cell
death through cGMP production.12,13) Taking into
consideration the results of our previous reports that
genipin directly activates neuronal NOS and pro-
duces cGMP in PC12h cells,3,4) NO and cGMP pro-
duced by genipin might act as intermediators to pro-
tect Neuro2a cells against serum deprivation.

We have previously found that genipin prevents
β-amyloid peptide-induced neurotoxicity in primary
cultured rat hippocampal neurons.14) It has been sug-
gested that one of the common mechanisms between
serum deprivation- and β-amyloid peptide-induced
cytotoxicity is the induction of oxidative stress.15,16)

Thus, genipin may suppress the cytotoxicity involved
in oxidative stress.

In summary, this paper suggests that genipin acts
as a new neurotrophic factor-like compound with
both neuritogenic and neuroprotective effects in
Neuro2a cells. Therefore, genipin has the potential
to serve as a lead compound for the treatment of
neurodegenerative diseases such as Alzheimer’s dis-
ease. Further studies are now underway to clarify
the mechanisms of these effects of genipin.
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