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Centella asiatica enhances neurogenesis and protects neuronal cells

against H.O:-induced oxidative injury

Haeun Kim1’2, Jin Tae Hong1, Mi Hee Park'™®

'College of Pharmacy and Medical Research Center, Chungbuk National University, Cheongju 28160, Korea
*Korean Minjok Leadership Academy, KMLA, Hoengseong-gun 25268, Korea

Traditionally, Centella asiatica leaf extracts are used to
treat neurodegenerative diseases in India. Centella asiatica is
reportedly used to enhance memory and treat dementia, but
its promoting effect on neural stem cell differentiation has
not been studied yet. In the present study, we investigated
whether or not Centella asiatica leaf extracts act on neuronal
precursor cells and neuronal cell lines to induce neuronal
differentiation, neurite outgrowth, and neuroprotection. The
neurogenesis-promoting potential of Centella asiatica leaf
extracts was determined by differentiation assay on neural
stem cells isolated from mouse embryos and PC12 cell lines.
To understand the contribution of specific neural cell types
towards increase after Centella asiatica treatment, neural
stem cells were differentiated into various neural subtypes
and checked by Western blotting using neural cell lineage-
specific antibody markers. Neuroprotective activity of Cen-
tella asiatica was analyzed in PC12 cells exposed to 100 pM
of H>O:. Cell growth was analyzed by MTT assay while cell
death was analyzed by Western blotting detection of apop-
tosis-related proteins. Cells treated with Centella asiatica
had significantly longer primary and secondary neurites
as well as a higher number of neurites per cell compared
to control cells. Expression levels of TUBBIII, TH, NF, and
BDNF increased upon Centella asiatica treatment, suggest-
ing that Centella asiatica has a neurogenesis-promoting ef-
fect. Centella asiatica also inhibited oxidative stress-induced
neural cell damage through regulation of apoptosis- and cell
cycle-related proteins. Thus, leaf extracts of Centella asiatica
might promote neurogenesis, neuroregeneration, and neu-
roprotection in the context of neurodegenerative diseases.

Key words: Centella asiatica, neural stem cells, neurogen-
esis, PC12 cells, neuroprotective effect

Introduction

Centella asiatica, commonly known as Gotu Kola

*Corresponding author: Mi Hee Park,

and belonging to the family Mackinlayaceae, is a spe-
cies native to Asia, listed as a treatment for dementia in
the ancient Indian Ayurvedic medical text, Caraka Sus-
mita [1, 2]. Several therapeutic properties have been to
attributed to this perennial herb in the Indian system of
medicine for the treatment of several disorders, includ-
ing wound healing, insanity, eczema, ulcers, leprosy, and
for asthma [3, 4] In addition, numerous scientific reports
have documented its anxiolytic, anti-inflammatory, anti-
viral, nerve stimulatory, diuretic, adaptogenic, and anti-
stress properties [5, 6]. Centella asiatica is also used to
re-vitalize the brain and nervous system, attention span,
and concentration [7]. Preliminary studies on the effects
of Centella asiatica on the central nervous system sug-
gest that extracts of this herb are well tolerated and may
have pro-cognitive effects in humans and rodents. Cen-
tella asiatica improves memory retention in rodents [8,
9] and increases performance and behavior in mentally
retarded children [10]. Additional uses of Centella asi-
atica include promotion of a deep state of relaxation and
mental calmness during meditation practices as well as
alleviation of depression and anxiety when combined
with other herbs [11].

Several studies have provided evidence that the mecha-
nisms of action of Centella asiatica are relevant to neu-
rodegenerative disease therapeutics [12]. The neuropro-
tective effect of Centella asiatica has been demonstrated
following exposure of cultured neurons to glutamate
[13]. In addition, Centella asiatica reverses the effect
of pentylenetetrazole (PTZ), a GABA4 antagonist, and
protects against PTZ-induced convulsions and ATPase
inhibition [14, 15]. Moreover, Centella asiatica treat-
ment was shown to reduce protein carbonyl production in
brains of aged rats [16]. A recent study also demonstrated
that Centella asiatica extract has a protective effect on
amyloid pathology in PSAPP mice with Alzheimer's dis-
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ease (AD) expressing both amyloid precursor protein and
presenilin 1 mutations [10]. These data suggest that Cen-
tella asiatica may reduce neurodegenerative disease-re-
lated neuropathology. Previous studies have also shown
Centella asiatica to ameliorate cognitive impairment and
neurotoxicity in animal models, although its effect on
neural stem cell differentiation has not been studied.

In this study, we demonstrated the effect of Centella
asiatica on differentiation of cultured mouse neural stem
cells and PC12 neuroectodermal neuronal cells, as well
as its neuroprotective effect against oxidative stress.

Materials and Methods

Centella asiatica extract

Centella asiatica extract was obtained from Dong Kook
Pharmaceutical Co., Ltd. (Seoul, Korea). Centella asiat-
ica leaf (Fig. 1A) was extracted with 60~80% ethanol
at reflux extraction tank. Centella asiatica extract was
concentrated under reduced pressure to distill ethanol.
Solids were recovered by filtration, concentrated, pulver-
ized, and dried. Main bioactive compounds of Centella
asiatica are Asiatic acid, Asiaticoside, Madecassic acid
and Madecassoside as shown in Fig. 1B.

Animals and isolation of neural stem cells

Mice were housed and bred under specific pathogen-
free conditions at the Laboratory Animal Research
Center of Chungbuk National University, Korea (CB-
NUA-436-12-02). Mice were maintained in a room with a
constant temperature of 22 £ 1°C, relative humidity of 55
+ 10%, and 12-hr light/dark cycle and fed standard rodent
chow and purified tap water ad libitum. Neural stem cells

were isolated from embryonic day 18.5 (E18.5) forebrain
germinal zones from ICR mice (Daehan biolink, Korea).
Bulk cultures were established, and the medium included
DMEM/F12, 10% FBS, and 1% penicillin/streptomycin.
After 24 hr, the medium was changed with Neurobasal
medium containing 1% glutamate, N2 supplement, B27
supplement, 100 U/mL of penicillin, and 100 pg/mL of
streptomycin.

PC12 cell culture

PC12 cells were obtained from the American Type
Culture Collection (Manassas, VA, USA). RPMI1640,
penicillin, streptomycin, fetal bovine serum (FBS), horse
serum (HS), and nerve growth factor (NGF) were pur-
chased from Invitrogen (Carlsbad, CA, USA). PC12 cells
were grown in RPMI1640 with 5% FBS, 10% HS, 100
U/mL of penicillin, and 100 pg/mL of streptomycin at
37°C in 5% CO, humidified air.

Neurite outgrowth assay

To study neurite outgrowth, medium was changed to
RPMI containing 1% HS, 100 ng/mL of NGF, 100 U/mL
of penicillin, and 100 pg/mL of streptomycin. Cells were
further cultured for 5 days. Cells with at least one neurite
longer than two-body lengths were counted as neurite-
positive. At least 500 cells were counted for each group
performed in triplicate.

Cell viability

Cell viability was determined by MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Sigma,
St Louis, MO, USA) assay. MTT in PBS was added to
cells at a final concentration of 0.5 mg/mL. After 1 hr of
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Fig. 1. Image of Centella asiatica leaf (A). Centella asiatica leaf was extracted with 60~80% ethanol at reflux extraction tank as
described in Materials and methods. Main bioactive compounds isolated from Centella asiatica. Chemical names (IUPAC nomenclature)

are mentioned (B).
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incubation at 37°C, the medium was aspirated and 100 pL
of DMSO (Sigma, St Louis, MO, USA) was added to dis-
solve cells, after which absorbance was measured at 570
nm.

Western blot

Western blot analysis was carried out as described previ-
ously [17]. Membranes were immunoblotted with primary
specific mouse monoclonal antibodies for Bax, parkin,
p21, p53, cyclinD1, and B-actin (1:500 dilution, Santa
Cruz Biotechnology Inc.). Blot was then incubated with
corresponding conjugated anti-rabbit and anti-mouse im-
munoglobulin G-horseradish peroxidase (1:2000 dilution,
Santa Cruz Biotechnology Inc.). Immunoreactive proteins
were detected with an ECL Western blotting detection
system. Relative densities of protein bands were scanned
by densitometry using Mylmage (SLB, Seoul, Korea) and
quantified by Labworks 4.0 software (UVP Inc., Upland,
CA, USA).

Data analysis

Data were analyzed using GraphPad Prism 4 ver. 4.03
software (GraphPad Software, La Jolla, CA). Data are
presented as the mean + S.D. Differences in data were as-
sessed by one-way analysis of variance (ANOVA). When
the P value in the ANOVA test indicated statistical signifi-
cance, differences were assessed by Dunnett’s test. A val-
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ue of P<0.05 was considered to be statistically significant.

Results

Centella asiatica induces differentiation of neural
stem cells

To study the effect of Centella asiatica on differentia-
tion of neural stem cells, we cultured primary neural stem
cells isolated from the cortex of E18.5 mouse embryos.
Neural stem cells (NSCs) were allowed to differentiate
in the presence of Centella asiatica for 5 days. Increased
neurite outgrowth was observed in cells treated with
Centella asiatica as compared to the control (Fig. 2A).
We quantitatively analyzed neurites of neural stem cells
(Fig. 2B). Cells treated with Centella asiatica showed
significantly longer primary and secondary neurites as
well as a greater number of neurites per cell as com-
pared to the control. Thus, Centella asiatica promoted
neurite outgrowth, indicative of differentiation, as well
as branching of foetal NSCs.

Effect of Centella asiatica on differentiation of nor-
adrenergic pheochromocytoma PC12 cells

PC12 cells have previously been used as an instructive
model for studying the underlying mechanisms of neu-
ronal differentiation in response to NGF [18]. To deter-
mine whether or not Centella asiatica has a similar effect
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Fig. 2. Effect of Centella asiatica on differentiation of neural stem cells. (A) Neural stem cells were isolated from embryonic day 18.5
forebrain germinal zones from ICR mice. After 24 hr of culture, Centella asiatica (0, 0.1, 0.5, 1 ug/mL) was treated with N2 and B27-
containing differentiation media as described in Materials and methods. Cells were further cultured for 5 days. (B) Number of neurites
longer than two body lengths was counted. Data are shown as the mean + S.D. Statistical analysis was performed by one-way ANOVA.
Asterisks indicate significant difference compared with the control (*P<0.05).
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in non-stem cells, PC12 cells were differentiated for 5
days with Centella asiatica following stimulation with
NGF (100 ng/mL). We showed that neurite outgrowth
and branching of PC12 cells were stimulated by NGF
treatment, and this effect was enhanced by Centella asi-
atica (Fig. 3A). For quantified data, average number of
neurites per cell was much higher in Centella asiatica-
treated cells as compared to control cells (Fig. 3B). Thus,
Centella asiatica promoted neurite outgrowth both in
PC12 cells as well as neural stem cells.

Centella asiatica induces neural cell lineage-related
proteins

To understand the contribution of Centella asiatica to-
wards specific neural cell types, neural stem cells were
differentiated into various neural subtypes, followed by
Western blotting with lineage-specific antibody markers
(Fig. 4A). Expression of tubulin-III (TUBBIII), which
is a neuronal cell marker [19], as well as tyrosine hy-
droxylase (TH), which is a dopaminergic neuronal cell
marker protein [20], was elevated by Centella asiatica
treatment. Moreover, expression of neurofilament (NF),
which is a major component of the neuronal cytoskeleton
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that functions primarily to provide structural support for
the axon and regulate axon diameter in neurons [21], was
elevated by treatment with Centella asiatica. Expres-
sion of glial fibrillary acidic protein (GFAP), which is
an astrocyte specific marker [22], was also elevated by
treatment of Centella asiatica. Moreover, we measured
expression of brain-derived neurotrophic factor (BDNF),
which acts on certain neurons of the central and periph-
eral nervous systems, helps support survival of existing
neurons, and encourages growth and differentiation of
new neurons and synapses [23]. In the brain, BDNF is
vital to learning, long-term memory, and higher thinking
[24]. Expression of BDNF was also enhanced by Cen-
tella asiatica. In PC12 cells, expression of TUBBIII, TH,
NF, and BDNF was elevated by Centella asiatica (Fig.
4B), which is similar to the pattern in neural stem cells.
From these results, Centella asiatica has a promoting ef-
fect on neurogenesis.

Centella asiatica inhibits oxidative stress-induced
neural cell damage through regulation of apopto-
sis- and cell cycle-related proteins

Neuroprotective activity of Centella asiatica was fur-
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Fig. 3. Effect of Centella asiatica on differentiation of PC12 cells. (A) PC12 cells were seeded (5 % 10° cells) on a poly-L-lysine-coated
96-well plate. After 24 hr, Centella asiatica (0, 0.1, 0.5, 1 pg/mL) was treated with NGF (100 ng/mL)-containing differentiation media
or differentiation media alone as described in Materials and methods. Cells were further cultured for 5 days. (B) Cells with at least
one neurite longer than two body lengths were counted as neurite-positive. At least 500 cells were counted for each group performed
in triplicate. Data are shown as the mean + S.D. Statistical analysis was performed by one-way ANOVA. Asterisks indicate significant

difference compared with control (*P<0.05).
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ther tested in cultures of noradrenergic pheochromocyto- for 8 hr, followed by treatment with Centella asiatica for
ma PC12 cells challenged by exposure to 100 uM of H,O, 24 hr. Cell growth was quantitatively analyzed by MTT
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Fig. 4. Effect of Centella asiatica on expression of marker proteins related with neural cell lineage. (A) Neural stem cells were isolated
from embryonic day 18.5 forebrain germinal zones from ICR mice. After 24 hr of culture, Centella asiatica (0, 0.1, 0.5, 1 ng/mL) was
treated with N2 and B27-containing differentiation media as described in Materials and methods. Cells were further cultured for 5 days.
Equal amounts of total proteins (20 pg/lane) were subjected to 10% or 15% SDS-PAGE. Expression levels of NF, TUBBIII, TH, GFAP,
BDNF, and B-actin were detected by Western blotting using specific antibodies. (B) PC12 cells were seeded on a poly-L-lysine coated
plate. After 24 hr, Centella asiatica (0, 0.1, 0.5, 1 ug/mL) was treated to cells, which were further cultured for 5 days. Equal amounts
of total proteins (20 pg/lane) were subjected to 10% or 15% SDS-PAGE. Expression levels of NF, TUBBIII, TH, BDNF, and f-actin
were detected by Western blotting using specific antibodies. f-actin proteins were used as internal controls. Each band is representative
of three experiments.
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Fig. 5. Centella asiatica prevents PC12 cells from oxidative stress-induced cell death. PC12 cells were pre-treated with Centella
asiatica (0, 0.1, 0.5, 1 ng/mL) for 24 hr and then treated with 100 uM H,O, for another 8 hr. (A) Cell viability was determined by MTT
assay as described in Materials and methods. Values shown are the mean + S.D. of five independent measurements. Asterisks indicate
significant differences compared with the control (* P<0.05), and compared with the H,O»-treated group (#P<0.05). (B) Equal amounts
of total proteins (20 pg/lane) were subjected to 10% or 15% SDS-PAGE. Expression levels of Bax, p53, p21, cyclin D1, and B-actin
were detected by Western blotting using specific antibodies. f-actin proteins were used as internal controls. Each band is representative
of three experiments.
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assay, whereas cell death was analyzed by Western blot-
ting according to apoptosis-related proteins such as p53
and bax as well as cell cycle-related proteins such as p21
and cyclin D1. Centella asiatica significantly reduced
H,0,-induced cell death. Expression of apoptosis-related
proteins such as p53 and bax as well as cell cycle inhibi-
tory protein p21 was up-regulated by H,O, treatment but
inhibited by Centella asiatica. Moreover, expression of
cell cycle-related protein cyclin D1 was highly expressed
in PCI12 cells but inhibited by H,O, treatment. On the
other hand, expression pattern of cyclin D1 was reversed
after treatment with Centella asiatica. From these re-
sults, we suggest that Centella asiatica inhibits oxidative
stress-induced neural cell damage through regulation of
apoptosis- and cell cycle-related proteins.

Discussion

Here, we investigated Centella asiatica leaf extracts as
potent inducers of neurogenesis, neuronal differentiation,
and neurite outgrowth.

Centella asiatica contains large amounts of pentacyclic
triterpenoids, including asiaticoside, brahmoside, asiatic
acid, and brahmic acid also known as madecassic acid, as
well as centellose, centelloside, and madecassoside [25].
Several studies have demonstrated that triterpenoids reg-
ulate neurogenesis. For example, oleanolic acid, which is
a pentacyclic triterpenoid, is abundantly present in a vari-
ety of plants and medicinal herbs such as Olea europaea,
Viscum album L., and Ligustrum Ilucidum and induces
differentiation of NSCs to neurons via a Nkx-2.5-depen-
dent mechanism [26]. Suh’s group also showed that the
new synthetic oleanane triterpenoid 2-cyano-3,12-di-
oxoolean-1,9-dien-28-oic acid (CDDO) enhances neuro-
nal differentiation of rat PC12 pheochromocytoma cells
induced by nerve growth factor [27]. Another group sug-
gested that triterpenoids from Panax notoginseng could
enhance neurite outgrowth of NGF-mediated PC12 cells
[28]. Ginsenosides, which are component of ginseng and
a special type of triterpenoid saponins, have effects on
neuronal differentiation of mouse embryonic stem cells
through a GR-dependent signaling pathway [29]. From
these studies, triterpenoids could have effects on neuro-
genesis. We hypothesize that Centella asiatica, which
contains large amounts of pentacyclic triterpenoids, may
promote neurogenesis. Similar to other studies, in our
study, Centella asiatica promoted differentiation of neu-
ral stem cells as well as neurite outgrowth in PC12 cells.

Based on previously reported investigations on triterpe-
noid-containing compounds, further neuroprotective ac-
tivities are needed. Recent data suggested that the novel
triterpenoid CDDO-Im (2-cyano-3,12 dioxooleana-1,9
dien-28-oyl imidazoline) protects neurons against isch-
emic injury through up-regulation of heme oxygenase-1

[30] . Moreover, the synthetic triterpenod CDDO-Me
limits production and secretion of neurotoxic pro-in-
flammatory cytokines, attenuates intracellular ROS ac-
cumulation, and confers neuroprotection in vivo [31].
Acetyl-11-B-boswellic acid (AKBA), which is an active
triterpenoid from Boswellia serrata extract, has protec-
tive effects in neuronal cells against cerebral ischemic
injury via the Nrf2/heme oxygenase-1-dependent path-
way [32]. The neuroprotective properties of pentacyclic
triterpenoids have attracted increased attention recently.
Oleanolic acid also has protective effects against cerebral
ischemic damage and H,O,-induced injury in vitro [26].
Recently, ursolic acid, a naturally occurring pentacyclic
triterpenoid, was shown to promote neuroprotection after
cerebral ischemia in mice by activating the Nrf2 path-
way [33]. Another study revealed that AKBA may have a
stronger antioxidant effect than ursolic acid in mice [32].
Similar to other studies, Centella asiatica also protected
neuronal cells from oxidative stress. Neuroprotective ac-
tivity of Centella asiatica was also observed in norad-
renergic pheochromocytoma PC12 cell. Finally, Centella
asiatica inhibited oxidative stress-induced neural cell
damage through regulation of apoptosis- and cell cycle-
related proteins.

During central nervous system development, neuronal
stem cells proliferate and then differentiate into neuron
and glial cells [34]. In this study, we measured expression
of neural cell lineage markers to demonstrate whether
or not Centella asiatica promotes neuronal differentia-
tion of neural stem cells. Expression of the neuronal cell
marker TUBBIII, the dopaminergic neuronal cell marker
protein, TH, and the astrocyte-specific marker GFAP
increased upon Centella asiatica treatment. Moreover,
expression of NF, a major component of the neuronal cy-
toskeleton that functions primarily to provide structural
support for axons and regulate axon diameter in neurons,
also increased after Centella asiatica treatment. Nervous
system function depends on the complex architecture of
neuronal networks, which arise from the morphological
intricacy that neurons acquire during the course of differ-
entiation [35]. This process of differentiation is regulated
by a variety of signaling mechanisms, including growth
factors, cytokines, transcription factors, and soluble as
well as membrane-bound receptors [36]. Accordingly,
we measured expression of BDNF since it acts on certain
neurons in the central and peripheral nervous systems,
supports survival of existing neurons, and encourages
growth and differentiation of new neurons and synapses
[18]. Expression of BDNF was also enhanced by Centel-
la asiatica treatment. From these results, we suggest that
Centella asiatica has a promoting effect on neurogenesis.

In conclusion, extract of Centella asiatica leaves induc-
es differentiation of neural precursor cells (NPCs) into
neuronal cells, and this may be the mechanism underly-
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ing the neuroprotective effect of Centella asiatica.
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