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The Nardostachys jatamansi DC (NJ) root has been used as a sedative or analgesic to treat neurologi-
cal symptoms and pain in traditional Korean medicine. Here, we investigate the potential effects of NJ on 
Alzheimer’s disease (AD) and reveal the molecular mechanism through which NJ exerts its effects. The 
neuroprotective effect of the NJ root ethanol extract against β amyloid (Aβ) toxicity was examined in vitro 
using a cell culture system and in vivo using a Drosophila AD model. The NJ extract and chlorogenic acid, a 
major component of NJ, inhibited Aβ-induced cell death in SH-SY5Y cells. Moreover, the NJ extract rescued 
the neurological phenotypes of the Aβ42-expressing flies (decreased survival and pupariation rate and a lo-
comotor defect) and suppressed Aβ42-induced cell death in the brain. We also found that NJ extract intake 
reduced glial cell number, reactive oxygen species level, extracellular-signal-regulated kinase (ERK) phos-
phorylation, and nitric oxide level in Aβ42-expressing flies, without affecting Aβ accumulation. These data 
suggest that the neuroprotective activity of NJ might be associated with its antioxidant and anti-inflammato-
ry properties, as well as its inhibitory action against ERK signaling; thus, NJ is a promising medicinal plant 
for the development of AD treatment.
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Alzheimer’s disease (AD) is a neurodegenerative disease 
that accounts for more than 60% of all cases of dementia.1) 
The primary cause of AD is largely considered to be the 
production of β-amyloid (Aβ) by the abnormal cleavage of 
the amyloid precursor protein in brain tissue.2) Aβ oligomers 
induce neuronal cell death through various cellular abnormali-
ties, including increased oxidative damage and an increased 
inflammatory response.1) As there is no effective treatment for 
AD,3) the development of more fundamental therapies for AD, 
which can inhibit neuronal cell death, remains an important 
challenge.

According to Donguibogam, which was published 400 years 
ago in Korea,4) the root of Nardostachys jatamansi DC (NJ) 
has been used as a sedative or analgesic to treat neurological 
symptoms and pain in traditional Korean medicine. Accord-
ingly, the bioactivity of NJ on neurons has been examined in 
several biomedical studies.5–7) NJ was isolated as a medicinal 
plant with acetylcholinesterase inhibitory activity in in vitro 
studies,6,7) and administration of its extract improved learning 
and memory in mice.5) NJ has also been found to have anti-
oxidant and anti-inflammatory effects. Essential oil from NJ 
has shown antimicrobial and antioxidant activities.8) An ethyl 
acetate extract derived from NJ suppresses lipopolysaccharide 
(LPS)-induced neuro-inflammatory responses in microglial 
cells.9) In addition, cardioprotective and antiarrhythmic effects 
of NJ have also been reported in a recent study.10) However, 

thus far, the in vivo effect of NJ against AD has not been well 
understood.

Based on its physiological relevance and incorporation of 
advanced genetic tools, Drosophila has been used as a ge-
netic model system for human diseases, including AD.11–13) 
The Drosophila genome carries homologs of most AD-related 
genes such as amyloid precursor protein, tau, and presenilin 
and its cofactors.14–17) Thus, various AD model flies have been 
developed, including several human Aβ42-expressing flies,18–21) 
which exhibit AD-like phenotypes such as neurodegeneration, 
increased reactive oxygen species (ROS), neuro-inflammation, 
and learning and memory defects.18–21) Using these AD model 
flies, many reagents with therapeutic potential, as well as ge-
netic modifiers, have been identified.13,22–26)

In the present study, using a Drosophila system as an in 
vivo model of AD, in addition to an in vitro mammalian cell 
culture system, we investigated the neuroprotective effect of 
NJ on Aβ toxicity. Our data indicate that NJ has neuroprotec-
tive properties against Aβ42 toxicity.

MATERIALS AND METHODS

Preparation of the NJ Extract and Administration 
to Flies  The NJ root was purchased from Dong Yang 
Pharm Co. (Seoul, Korea). The root (100 g; voucher number: 
CYWDU-KP0004) was pulverized and subjected to the ex-
traction process twice using 30% ethanol at 100°C in a reflux 
condenser for 3 h. The extract was filtered with a 50 µm filter 
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and concentrated using a lyophilizer at −60°C. The final yield 
was approximately 12.8 g of dried material. The extract was 
mixed in fly food at the indicated concentration or stored at 
−70°C until further use. A representative specimen of NJ was 
deposited at the Medicinal Herb Garden of Dongguk Univer-
sity for reference purposes on December 11, 2014.

Quantitative Analysis of Chlorogenic Acid  Chromato-
graphic separation of the analyte was performed using the 
Acquity ultra-pressure liquid chromatography (UPLC) system 
with a BEHC18 column (2.1×50 mm, 1.7 µm, Waters, Milford, 
MA, U.S.A.). An aliquot of the sample (2 µL) was injected into 
the UPLC system for analysis. The mobile phase consisted of 
0.1% formic acid in water (A) and 0.1% formic acid acetoni-
trile (B), which was delivered at a flow rate of 0.3 mL/min in 
the following programmed gradient elution: 3% (B, v/v) iso-
cratic for 10 min, 3→8% (B) in 10 min, 8→100% (B) in 15 min, 
100% (B) isocratic for 3 min, 100→3% (B) in 0.5 min, and 3% 
(B) isocratic for 1.5 min as post-run reconditioning. The col-
umn temperature was maintained at 40°C, and a wavelength 
of 325 nm was used for quantification. The stock solution of 
chlorogenic acid (CGA) and the extract was prepared by dis-
solving the reference substances in 50% methanol. For CGA 
concentrations of 25–250 µg/mL, the linear regression coef-
ficient for CGA was calculated as 1. The percentage concen-
tration of CGA in the extract was 9.04%, which indicates that 
100 g NJ root (12.8 g of dried material) contains approximately 
1.16 g CGA.

Cell Culture and Viability Test  To investigate the 
effect of NJ extract on cell viability, a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-Aldrich, 

St. Louis, MO, U.S.A.) assay was performed with SH-SY5Y 
neuroblastoma cells (American Type Culture Collection, 
Rockville, MD, U.S.A.), as previously described.27)

Fly Strains  Glass multimer reporter-GAL4 (GMR-GAL4; 
eye driver), embryonic lethal abnormal vision-GAL4 (elav-
GAL4; pan-neuronal driver), Sevenless-GAL4 (sev-GAL4; pho-
toreceptor cells driver), UAS-epidermal growth factor receptor 
(EGFR), and UAS-33770 (UAS-Aβ42, deposited by Virtuvean) 
were obtained from the Bloomington Drosophila Stock Cen-
ter (Bloomington, IN, U.S.A.). UAS-Aβ42 was obtained from 
Dr. M. Konsolaki (Rutgers University, New Brunswick, NJ, 
U.S.A.). UAS-hemipterousCA (hepCA, the constitutively active 
form of Drosophila c-Jun N-terminal kinases kinase (JNKK)) 
is a gift from Dr. K. Matsumoto (Nagoya University, Nagoya, 
Japan). The genotypes of the flies used in this study are CTL 
(w1118), elav>Aβ42 (UAS-Aβ42/UAS-Aβ42; elav-GAL4/elav-
GAL4), GMR>33770 (GMR-GAL4, UAS-33770/GMR-GAL4, 
UAS-33770), sev>hepCA (sev-GAL4/sev-GAL4; UAS-hepCA/ 
MKRS), and GMR>EGFR (GMR-GAL4/UAS-EGFR).

Measurement of the Metabolism of CGA Following Oral 
Administration to Flies  Three to five days-old male flies 
were used to measure the metabolism of CGA consumed by 
flies. Fifty male flies per time group, at each of five times (0, 
15, 30, 60, 120 min), were starved for 24 h in a plastic vial 
with only a humidified piece of cotton wool. The flies were 
fed with 200 µg/mL NJ extract in 5% sugar for 24 h, then 
transferred to a plastic vial with only a humidified piece of 
cotton wool. After the indicated time (0–120 min), they were 
ground in 2 mL of acetone, and the quantity of CGA within 
the fly bodies was analyzed using UPLC.

Fig. 1. Isolation of Chlorogenic Acid (CGA) as a Marker Compound from the Nardostachys jatamansi (NJ) Extract
Ultra-pressure liquid chromatograms of CGA (A) and ethanol extract of NJ root (B). The percentage of CGA concentration in the NJ extract was 9.04%.
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Survival and Pupariation Assays  More than 200 em-
bryos per genotype were raised in standard fly media, with 
or without the NJ extract, at 25°C. Fifty hatched larvae were 
maintained per vial. The numbers of pupae and enclosed adult 
flies were counted every 12 h.

Locomotor Activity  A climbing assay was performed at 
25°C as previously described.28) Ten trials, with a total of 100 
male flies, were performed for each group. Climbing abilities 
(ratio of the number of flies that climbed to the top within 8 s 
against the total number of flies, expressed as a percentage) 
were recorded for each test and the mean climbing ability for 
10 repeated tests was calculated.

Measurement of Cell Death and ROS Levels  For mea-
suring cell death, acridine orange (AO) staining was per-
formed, as previously described.21) The larval brains were in-
cubated in 1.6 µM AO (Sigma-Aldrich) solution. For measuring 
the ROS levels, the eye imaginal discs were incubated with 
30 µM dihydroethidium (DHE) dye (Sigma-Aldrich) dissolved 
in Schneider’s medium. ROS levels in SH-SY5Y cells were 
measured using OxiSelect Intracellular ROS Assay Kit (Cell 
Biolabs, San Diego, CA, U.S.A.). SH-SY5Y cells were plated 
into 96-well plates (5×104 cells/well) and incubated over-
night at 37°C. Then 2′,7′-dichlorodihydrofluorescein diacetate 
(DCFH-DA)/media was added, and the cells were incubated at 
37°C for 60 min and treated with NJ or CGA, with or without 
Aβ25–35 or hydrogen peroxide (H2O2), for 24 h. The fluores-
cence intensity was measured at 480 nm excitation and 530 nm 
emission, using a fluorescence microplate reader (SpectraMax 

Gemini EM, Molecular Device; Sunnyvale, CA, U.S.A.).
Western Blot and Immunohistochemical Analyses  

Western blot and immunohistochemical analyses were per-
formed as previously described.29) Anti-Aβ42 [1 : 2000 in 
TBST (Tris-buffered saline+0.2% Tween 20), Covance], anti-
actin [1 : 2000 in TBST; Developmental Studies Hybridoma 
Bank (DSHB)], anti-extracellular-signal-regulated kinase 
(ERK) (1 : 2000 in TBST, Cell Signaling), anti-phospho-ERK 
(1 : 2000 in TBST, Cell Signaling), anti- c-Jun N-terminal 
kinase (JNK) (1 : 2000 in TBST, Cell Signaling), anti-phospho-
JNK (1 : 2000 in TBST, Cell Signaling), a horseradish peroxi-
dase-conjugated anti-rabbit immunoglobulin G (IgG) (1 : 2000 
in TBST, Cell Signaling), and a horseradish peroxidase-
conjugated anti-mouse IgG (1 : 2000 in TBST, Cell Signaling) 
antibodies were used for Western blot analysis. For immu-
nohistochemical analyses, mouse anti-Aβ42 [1 : 200 in PBST 
(phosphate-buffered saline+0.1% Triton X-100), DE2B4, Santa 
Cruz], anti-reverse polarity (α-Repo; 1 : 10 in PBST, DSHB), 
and anti-phospho-ERK (1 : 200 in PBST, Cell Signaling) anti-
bodies were used.

Measurement of Nitric Oxide Levels  At 72 h post-eclo-
sion, 15 heads of male adult flies were prepared in homog-
enization buffer (0.1 M phosphate buffer at pH 7.4, 25 mM KCl) 
on ice. The samples were homogenized and centrifuged at 
10000×g for 10 min at 4°C. The supernatants were mixed in a 
1 : 1 ratio with Greiss reagent (Sigma-Aldrich), then incubated 
for 15 min at 25°C. Nitrite levels were measured spectrophoto-
metrically, at 550 nm.

Fig. 2. Effects of Nardostachys jatamansi (NJ) Extract on Aβ Cytotoxicity and Reactive Oxygen Species (ROS) Production in SH-SY5Y Cells
Effects of the NJ extract (A, B, C) or CGA (C, D, E) on the viability and ROS levels of SH-SY5Y cells with (B, C, E) or without (A, D) Aβ25–35 or H2O2 treatment. All 

data are expressed as means±standard error (S.E.) (*** p<0.001, ** p<0.01, * p<0.05 vs. 30% ethanol or Aβ 25 µM; ## p<0.01 vs. H2O2 100 µM; Student’s t-test; n=3). -, 
30% ethanol; CGA, chlorogenic acid (C, 10 µM); D, 5 µM donepezil; DCF, 2′,7′-dichlorofluorescein; K, 10 µg/mL KSOP1009; NJ, Nardostachys jatamansi (C, 200 µg/mL); 
NS, not significant; ROS, reactive oxygen species.
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Statistics  Data in the studies was quantitatively analyzed 
for statistical significance using a Student’s t-test (two-tailed) 
for comparisons of two groups. GraphPad Prism, Version 5.0 
(GraphPad Software, San Diego, CA, U.S.A.), software was 
used; p values of <0.05 were considered to be significant. 
MultiGauge version 3.1 (FUJIFILM, Tokyo, Japan) was used 
to assess Western blotting data.

RESULTS

NJ Extract and CGA Protect SH-SY5Y Cells from Aβ 
Cytotoxicity  We verified the plant used in this study as NJ 
by identifying CGA, a marker of NJ,30) on chromatographic 
separation of the ethanol extract (Fig. 1). We then investigated 
the toxicity of the NJ extract by measuring the viability of 
SH-SY5Y cells treated with the extract. The NJ extract did 
not affect cell viability at any concentration up to 100 µg/mL 
(Fig. 2A).

To investigate the potential neuroprotective functions of 
NJ in AD, we examined the effect of the NJ extract on Aβ-
induced cell death and ROS production. As shown in Fig. 2B, 
treatment with the extract at low levels suppressed cell death, 
with maximal effect at 50 µg/mL, similar to treatment with 
the positive controls donepezil and KSOP1009.31) Moreover, 
NJ extract suppressed the elevated ROS levels in H2O2 or Aβ-
treated cells (Fig. 2C). Similarly, CGA, a major component of 
NJ, did not show cellular toxicity (Fig. 2D) and inhibited the 

Aβ-induced cell death (Fig. 2E). These results suggest that NJ 
and CGA have a protective effect against Aβ neurotoxicity.

Neurological Phenotypes of AD Model Flies Are Amelio-
rated by NJ Extract Intake  To determine the neuroprotec-
tive function of NJ in vivo, we tested the effect of NJ extract 
intake on the development of AD model flies expressing 
human Aβ42. First, we measured the metabolism of CGA in 
fly bodies using UPLC, following feeding of NJ to the flies. 
As shown in Fig. 3A, CGA remained in the fly body for ap-
proximately 2 h and was gradually degraded. The NJ extract 
significantly increased the survival rate of Aβ42-expressing 
flies (Fig. 3B). The delayed pupariation time and reduced pu-
pariation rate of the AD model flies were also rescued upon 
NJ intake (Fig. 3C). Furthermore, NJ intake rescued the loco-
motor impairment in AD model flies (Fig. 3D).

Neuronal Cell Death and ROS Levels in AD Model 
Flies Are Reduced by NJ Extract Intake  We also found 
that NJ intake reduced the death of neurons in larval brains 
expressing Aβ42 (Figs. 4A, B), which suggests that the ben-
eficial effects of NJ on Aβ42 flies are due to reduction of 
Aβ42-induced cell death. Because an increase in ROS caused 
by Aβ42 is one of the major pathogenic mechanisms of AD,1) 
we examined whether the NJ extract reduced the increased 
ROS level in Aβ42-expressing eye imaginal discs. As shown 
in Figs. 4C and D, the ROS levels were decreased in the eye 
discs of Drosophila larva following NJ intake.

The Increased Inflammatory Responses in AD Model 

Fig. 3. Effects of Nardostachys jatamansi (NJ) Extract on Neurological Phenotypes in a Drosophila Model of Alzheimer’s Disease
(A) Ultra-pressure liquid chromatograms of the extracts of flies sacrificed at the indicated times after feeding with NJ extract for 24 h. Chlorogenic acid (CGA) was 

traced to show its metabolism in the fly body. The relative level of CGA at each time point was acquired by comparison with the CGA level at 0 min after oral adminis-
tration. The arrows indicate peaks corresponding to CGA. (B–D) Effects of NJ intake on survival rate (B), pupariation time (C), and decreased locomotor activity (D) of 
Aβ42-expressing flies. All data in the graphs are expressed as means±S.E. (*** p<0.001, ** p<0.01, * p<0.05 vs. elav>Aβ42; Student’s t-test; A and B, n≥200; C, n≥50; 
D, n=100). -, 30% ethanol; AEL, after egg laying; AOA, after oral administration; CGA, chlorogenic acid; CTL, control; D, 5 µM donepezil; K, 10 µg/mL KSOP1009; NJ, 
Nardostachys jatamansi (C, D, 200 µg/mL); NS, not significant.
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Flies Are Reduced by NJ Extract Intake  The overactiva-
tion of glial cells and the resulting increase in inflamma-
tory responses are other important mechanisms in the AD 
pathogenesis32); NJ and CGA have an inhibitory effect on neu-
ro-inflammation.9,33) Therefore, we investigated the effect of 
NJ intake on the hyperproliferation of glial cells in the larval 
brains of AD model flies. Interestingly, NJ intake restored the 
number of glial cells to control levels (Figs. 5A, B). Moreover, 
we found that NJ extract reduced the heightened nitric oxide 
levels in the heads of adult AD model flies (Fig. 5C). These 
results suggest that the anti-inflammatory effects of NJ might 
contribute to its beneficial effects against Aβ42 neurotoxicity.

NJ Extract Does Not Affect Aβ42 Accumulation or 
c-Jun N-Terminal Kinase Phosphorylation but Reduces 
Phosphorylation of Extracellular-Signal-Regulated Kinase 
in AD Model Flies  We also tested whether NJ extract affect 
the level of Aβ42 or AD-associated signaling pathways. In 
contrast to ROS level or glial cells proliferation, the NJ extract 
did not change the level of Aβ42 (Figs. 6A, B). Moreover, NJ 
extract intake did not affect JNK phosphorylation following 
overexpression of a constitutively active form of JNK kinase 
in Drosophila eyes. However, interestingly, it reduced the 
phosphorylation of ERK in EGFR-expressing fly eyes (Fig. 
6C). Moreover, the phosphorylation of ERK caused by Aβ42 
overexpression in Drosophila brains was decreased by NJ 
extract intake (Figs. 6D, E). These results suggest that the in-
hibitory properties of NJ extract on ERK signaling might play 
a role in its neuroprotective effects against Aβ cytotoxicity.

DISCUSSION

Here, we demonstrate the neuroprotective function of the NJ 
extract against Aβ cytotoxicity not only in vitro using human 

cell lines but also in vivo following oral administration to AD 
model flies. NJ has been used in traditional Korean medicine 
to treat neurological symptoms, and the NJ extract has been 
previously associated with neuronal health.5,34) However, the 

Fig. 4. Effect of Nardostachys jatamansi Extract on Neuronal Cell Death and Reactive Oxygen Species (ROS) Generation in a Drosophila Model of 
Alzheimer’s Disease

(A) Dead cells stained by acridine orange (AO). (B) The graph shows the relative number of AO-positive cells per brain. (C) ROS detected using dihydroethidium (DHE) 
staining in the Aβ42-expressing eye imaginal discs of GMR>33770 larva. (D) The graph shows the relative number of DHE-positive signals. All data in the graphs are 
expressed as means±S.E. (*** p<0.001, ** p<0.01, * p<0.05 vs. elav>Aβ42 or 30% ethanol; Student’s t-test; B and D, n≥10). -, 30% ethanol; CTL, control; D, 5 µM done-
pezil; K, 10 µg/mL KSOP1009; NJ, 200 µg/mL Nardostachys jatamansi.

Fig. 5. Effects of Nardostachys jatamansi Extract on Inflammatory 
Response in a Drosophila Model of Alzheimer’s Disease

(A) Representative confocal images of immunostained larval brains with anti-
Repo antibody, which shows glial cells. (B) The graph shows the relative number of 
Repo-positive cells. The number of Repo-positive cells were counted as previously 
described.29) (C) Comparison of nitric oxide (NO) levels in the adult fly heads. 
All data in the graph are expressed as means±S.E. (*** p<0.001, ** p<0.01 vs. 
elav>Aβ42; Student’s t-test; B, n≥10; C, n=15). -, 30% ethanol; CTL, control; NJ, 
200 µg/mL Nardostachys jatamansi.
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protective effect of NJ against Aβ42 neurotoxicity is not well 
known. Moreover, thus far, most of the studies regarding its 
potential bioactivities associated with AD have been conduct-
ed in in vitro systems.6,7,9) Given the fact that orally adminis-
tered drugs must undergo a complicated process in which they 
must enter the bloodstream through the digestive tract and 
pass through the blood–brain barrier without loss of efficacy 
to show efficacy in the brain,35) it is hard to determine wheth-
er NJ has a therapeutic effect on brain diseases when only in 
vitro experiments are used. In the present study, we, for the 
first time to our knowledge, demonstrate the neuroprotective 
effect of NJ on the toxicity of Aβ42 in vivo, as well as in vitro. 
NJ and CGA, a major component of NJ, decreased neuronal 
cell death in both mammalian cell culture and Drosophila AD 
models. Moreover, we found that oral administration of NJ ex-
tract reduced ROS levels and glial cell numbers in Drosophila 
AD models. As neuronal cell death is closely associated with 
increased ROS and neuro-inflammation in AD, NJ may reduce 
the Aβ42-induced cell death through its antioxidant and anti-
inflammatory activities, as well as its inhibitory action against 
ERK signaling. Taken together, our data indicate that the NJ 
extract can protect neurons from Aβ toxicity in vivo, when 
administrated orally, by reaching the brain without losing its 

neuroprotective efficacy.
The beneficial effects of NJ on Aβ cytotoxicity are believed 

to arise from the function of several components of NJ. In-
deed, we have confirmed in this study that CGA is a major 
component of NJ and can inhibit the cytotoxicity of Aβ. Simi-
larly, several previous studies have reported that CGA plays a 
protective role in various situations associated with AD.36–39) 
CGA protects neurons against Aβ and glutamate neurotoxici-
ties and scopolamine-induced amnesia.36,37,39) These beneficial 
effects have been suggested to arise from various properties of 
CGA, such as antioxidant, anti-acetylcholinesterase, and anti-
apoptotic activities.36,37,39) Another NJ-containing component, 
nardosinone, is also known to exhibit activities associated 
with neuronal functions.40,41) Nardosinone acts as an enhancer 
of nerve growth factor during neurite outgrowth from PC12D 
cells,40) and improves the proliferation, migration, and selec-
tive differentiation of mouse embryonic neural stem cells.41) 
Moreover, several compounds, including nardosinone, that 
are isolated from NJ exhibit inhibitory activity against LPS-
induced nitric oxide production in macrophage cells.42) Given 
the wide variety and complexity of the onset and pathogenesis 
of AD, the inhibition of Aβ42 neurotoxicity of NJ, found in 
the current study, is likely a result of the combined action of 

Fig. 6. Effects of Nardostachys jatamansi (NJ) Extract on Aβ42 Accumulation and Signal Transduction Pathways in a Drosophila Model of Alz-
heimer’s Disease

(A, B) Aβ42 levels in the eye imaginal discs (A) and heads (B) of GMR>33770 flies fed with (NJ) or without (−) 200 µg/mL NJ extract. (A) Images of the eye imaginal 
discs immunostained with the anti-Aβ42 antibody. (B) Western blot analysis showing Aβ42 protein levels in the heads of GMR>33770 flies. Actin was used as a load-
ing control. (C) Western blot analyses showing the effects of the NJ extract intake on phosphorylation of ERK and JNK in the heads of flies overexpressing EGFR and 
hepCA, a constitutively active form of JNK kinase, respectively. (D) Western blot analysis showing phosphorylation level of ERK in the heads of elav-GAL4/+ (CTL) and 
elav>Aβ42 flies fed with (NJ) or without (−) 200 µg/mL NJ extract. (E) Representative confocal images of anti-p-ERK antibody-immunostained adult brains of elav-
GAL4/+ (CTL) and elav>Aβ42 flies fed with (NJ) or without (−) 200 µg/mL NJ extract. Magnified view of the central region of each adult brain (dotted rectangle) is pre-
sented on the bottom panel. All data in the graphs are expressed as mean±S.E. (*** p<0.001, ** p<0.01 vs. 30% ethanol or elav>Aβ42, Student’s t-test; B, n=3; C, n=10; 
D, n=6). -, 30% ethanol; CTL, control; NJ, 200 µg/mL Nardostachys jatamansi; NS, not significant.
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various constituents, including CGA and nardosinone. There-
fore, in future studies, it will be necessary to isolate CGA and 
nardosinone from the other effective components of NJ, as 
well as to study the use of NJ in combination with currently 
used AD therapies.

In conclusion, we found in this study that the NJ extract 
exhibits a neuroprotective effect against Aβ42 neurotoxicity 
in vivo and in vitro. This neuroprotective activity might be as-
sociated with its antioxidant and anti-inflammatory properties, 
as well as its inhibitory action against ERK signaling. There-
fore, we propose that NJ may be a promising medicinal plant 
for further development of AD therapies.

Acknowledgments This work was supported by the 
Basic Science Research Program through the National 
Research Foundation of Korea (NRF) funded by the Min-
istry of Education [2017R1A2B4004241 (K.S.C.) and 
2016R1D1A1B03932530 (B.S.K.)].

Conflict of Interest The authors declare no conflicts of 
interest.

REFERENCES

 1) Mattson MP. Pathways towards and away from Alzheimer’s disease. 
Nature, 430, 631–639 (2004).

 2) Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease: 
progress and problems on the road to therapeutics. Science, 297, 
353–356 (2002).

 3) Farlow MR, Cummings JL. Effective pharmacologic management 
of Alzheimer’s disease. Am. J. Med., 120, 388–397 (2007).

 4) Song BK, Won JH, Kim S. Historical medical value of Donguibo-
gam. J. Pharmacopuncture, 19, 16–20 (2016).

 5) Joshi H, Parle M. Nardostachys jatamansi improves learning and 
memory in mice. J. Med. Food, 9, 113–118 (2006).

 6) Mukherjee PK, Kumar V, Houghton PJ. Screening of Indian me-
dicinal plants for acetylcholinesterase inhibitory activity. Phytother. 
Res., 21, 1142–1145 (2007).

 7) Mathew M, Subramanian S. In vitro screening for anti-cholinester-
ase and antioxidant activity of methanolic extracts of ayurvedic me-
dicinal plants used for cognitive disorders. PLOS ONE, 9, e86804 
(2014).

 8) Wang J, Zhao J, Liu H, Zhou L, Liu Z, Wang J, Han J, Yu Z, Yang 
F. Chemical analysis and biological activity of the essential oils of 
two valerianaceous species from China: Nardostachys chinensis and 
Valeriana officinalis. Molecules, 15, 6411–6422 (2010).

 9) Park SY, Kim YH, Park G. Anti-neuro-inflammatory effects of 
Nardostachys chinensis in lipopolysaccharide- and lipoteichoic acid-
stimulated microglial cells. Chin. J. Nat. Med., 14, 343–353 (2016).

10) Li M, Xu X, Yang X, Kwong JSW, Shang H. The cardioprotective 
and antiarrhythmic effects of Nardostachys chinensis in animal and 
cell experiments. BMC Complement. Altern. Med., 17, 398 (2017).

11) Muqit MM, Feany MB. Modelling neurodegenerative diseases in 
Drosophila: a fruitful approach? Nat. Rev. Neurosci., 3, 237–243 
(2002).

12) Iijima K, Iijima-Ando K. Drosophila models of Alzheimer’s amyloi-
dosis: the challenge of dissecting the complex mechanisms of toxic-
ity of amyloid-β 42. J. Alzheimer’s Dis., 15, 523–540 (2008).

13) Lee S, Bang SM, Lee JW, Cho KS. Evaluation of traditional 
medicines for neurodegenerative diseases using Drosophila models. 
Evid. Based Complement. Alternat. Med., 2014, 967462 (2014).

14) Luo L, Martin-Morris LE, White K. Identification, secretion, and 
neural expression of APPL, a Drosophila protein similar to human 
amyloid protein precursor. J. Neurosci., 10, 3849–3861 (1990).

15) Struhl G, Greenwald I. Presenilin is required for activity and nucle-
ar access of Notch in Drosophila. Nature, 398, 522–525 (1999).

16) Wittmann CW, Wszolek MF, Shulman JM, Salvaterra PM, Lewis J, 
Hutton M, Feany MB. Tauopathy in Drosophila: neurodegeneration 
without neurofibrillary tangles. Science, 293, 711–714 (2001).

17) Takasugi N, Tomita T, Hayashi I, Tsuruoka M, Niimura M, Taka-
hashi Y, Thinakaran G, Iwatsubo T. The role of presenilin cofactors 
in the γ-secretase complex. Nature, 422, 438–441 (2003).

18) Finelli A, Kelkar A, Song H-J, Yang H, Konsolaki M. A model for 
studying Alzheimer’s Aβ42-induced toxicity in Drosophila melano-
gaster. Mol. Cell. Neurosci., 26, 365–375 (2004).

19) Iijima K, Chiang H-C, Hearn SA, Hakker I, Gatt A, Shenton C, 
Granger L, Leung A, Iijima-Ando K, Zhong Y. Aβ42 mutants with 
different aggregation profiles induce distinct pathologies in Dro-
sophila. PLoS ONE, 3, e1703 (2008).

20) Casas-Tinto S, Zhang Y, Sanchez-Garcia J, Gomez-Velazquez M, 
Rincon-Limas DE, Fernandez-Funez P. The ER stress factor XBP1s 
prevents amyloid-β neurotoxicity. Hum. Mol. Genet., 20, 2144–2160 
(2011).

21) Jeon Y, Lee S, Shin M, Lee JH, Suh YS, Hwang S, Yun HS, Cho 
KS. Phenotypic differences between Drosophila Alzheimer’s dis-
ease models expressing human Aβ42 in the developing eye and 
brain. Anim. Cells Syst., 21, 160–168 (2017).

22) Shulman JM, Feany MB. Genetic modifiers of tauopathy in Dro-
sophila. Genetics, 165, 1233–1242 (2003).

23) Liu QF, Lee JH, Kim Y-M, Lee S, Hong YK, Hwang S, Oh Y, Lee 
K, Yun HS, Lee I-S, Jeon S, Chin YW, Koo BS, Cho KS. In vivo 
screening of traditional medicinal plants for neuroprotective activity 
against Aβ42 cytotoxicity by using Drosophila models of Alzhei-
mer’s disease. Biol. Pharm. Bull., 38, 1891–1901 (2015).

24) Wang X, Perumalsamy H, Kwon HW, Na YE, Ahn YJ. Na Y-E, 
Ahn Y-J. Effects and possible mechanisms of action of acacetin 
on the behavior and eye morphology of Drosophila models of Alz-
heimer’s disease. Sci. Rep., 5, 16127 (2015).

25) Hannan SB, Dräger NM, Rasse TM, Voigt A, Jahn TR. Cellular and 
molecular modifier pathways in tauopathies: the big picture from 
screening invertebrate models. J. Neurochem., 137, 12–25 (2016).

26) Belfiori-Carrasco LF, Marcora MS, Bocai NI, Ceriani MF, Morelli 
L, Castaño EM. A novel genetic screen identifies modifiers of age-
dependent amyloid β toxicity in the Drosophila brain. Front. Aging. 
Neurosci., 9, 61 (2017).

27) Liu QF, Jeong H, Lee JH, Hong YK, Oh Y, Kim Y-M, Suh YS, 
Bang S, Yun HS, Lee K, Cho SM, Lee SB, Jeon S, Chin YW, Koo 
BS, Cho KS. Coriandrum sativum suppresses Aβ42-induced ROS 
increases, glial cell proliferation, and ERK activation. Am. J. Chin. 
Med., 44, 1325–1347 (2016).

28) Lee S, Bang SM, Hong YK, Lee JH, Jeong H, Park SH, Liu QF, 
Lee I-S, Cho KS. The calcineurin inhibitor Sarah (Nebula) exac-
erbates Aβ42 phenotypes in a Drosophila model of Alzheimer’s 
disease. Dis. Model. Mech., 9, 295–306 (2016).

29) Bang SM, Lee S, Jeong H, Hong YK, Lee JH, Hwang S, Suh YS, 
Lee K, Cho KS. Effects of sarah/nebula knockdown on Aβ42-
induced phenotypes during Drosophila development. Genes 
Genom., 38, 479–487 (2016).

30) Paek JH, Lim SS. Preparative isolation of aldose reductase inhibi-
tory compounds from Nardostachys chinensis by elution–extrusion 
counter-current chromatography. Arch. Pharm. Res., 37, 1271–1279 
(2014).

31) Hong YK, Lee S, Park SH, Lee JH, Han SY, Kim ST, Kim Y-K, 
Jeon S, Koo B-S, Cho KS. Inhibition of JNK/dFOXO pathway and 
caspases rescues neurological impairments in Drosophila Alzheimer’s 
disease model. Biochem. Biophys. Res. Commun., 419, 49–53 (2012).

32) Yuan J, Yankner BA. Apoptosis in the nervous system. Nature, 407, 
802–809 (2000).

33) Guo YJ, Luo T, Wu F, Mei YW, Peng J, Liu H, Li HR, Zhang SL, 
Dong JH, Fang Y, Zhao L. Involvement of TLR2 and TLR9 in the 

http://dx.doi.org/10.1038/nature02621
http://dx.doi.org/10.1038/nature02621
http://dx.doi.org/10.1126/science.1072994
http://dx.doi.org/10.1126/science.1072994
http://dx.doi.org/10.1126/science.1072994
http://dx.doi.org/10.1016/j.amjmed.2006.08.036
http://dx.doi.org/10.1016/j.amjmed.2006.08.036
http://dx.doi.org/10.3831/KPI.2016.19.002
http://dx.doi.org/10.3831/KPI.2016.19.002
http://dx.doi.org/10.1089/jmf.2006.9.113
http://dx.doi.org/10.1089/jmf.2006.9.113
http://dx.doi.org/10.1002/ptr.2224
http://dx.doi.org/10.1002/ptr.2224
http://dx.doi.org/10.1002/ptr.2224
http://dx.doi.org/10.1371/journal.pone.0086804
http://dx.doi.org/10.1371/journal.pone.0086804
http://dx.doi.org/10.1371/journal.pone.0086804
http://dx.doi.org/10.1371/journal.pone.0086804
http://dx.doi.org/10.3390/molecules15096411
http://dx.doi.org/10.3390/molecules15096411
http://dx.doi.org/10.3390/molecules15096411
http://dx.doi.org/10.3390/molecules15096411
http://dx.doi.org/10.1186/s12906-017-1910-1
http://dx.doi.org/10.1186/s12906-017-1910-1
http://dx.doi.org/10.1186/s12906-017-1910-1
http://dx.doi.org/10.1038/nrn751
http://dx.doi.org/10.1038/nrn751
http://dx.doi.org/10.1038/nrn751
http://dx.doi.org/10.3233/JAD-2008-15402
http://dx.doi.org/10.3233/JAD-2008-15402
http://dx.doi.org/10.3233/JAD-2008-15402
http://dx.doi.org/10.1155/2014/967462
http://dx.doi.org/10.1155/2014/967462
http://dx.doi.org/10.1155/2014/967462
http://dx.doi.org/10.1038/19091
http://dx.doi.org/10.1038/19091
http://dx.doi.org/10.1126/science.1062382
http://dx.doi.org/10.1126/science.1062382
http://dx.doi.org/10.1126/science.1062382
http://dx.doi.org/10.1038/nature01506
http://dx.doi.org/10.1038/nature01506
http://dx.doi.org/10.1038/nature01506
http://dx.doi.org/10.1016/j.mcn.2004.03.001
http://dx.doi.org/10.1016/j.mcn.2004.03.001
http://dx.doi.org/10.1016/j.mcn.2004.03.001
http://dx.doi.org/10.1371/journal.pone.0001703
http://dx.doi.org/10.1371/journal.pone.0001703
http://dx.doi.org/10.1371/journal.pone.0001703
http://dx.doi.org/10.1371/journal.pone.0001703
http://dx.doi.org/10.1093/hmg/ddr100
http://dx.doi.org/10.1093/hmg/ddr100
http://dx.doi.org/10.1093/hmg/ddr100
http://dx.doi.org/10.1093/hmg/ddr100
http://dx.doi.org/10.1080/19768354.2017.1313777
http://dx.doi.org/10.1080/19768354.2017.1313777
http://dx.doi.org/10.1080/19768354.2017.1313777
http://dx.doi.org/10.1080/19768354.2017.1313777
http://dx.doi.org/10.1248/bpb.b15-00459
http://dx.doi.org/10.1248/bpb.b15-00459
http://dx.doi.org/10.1248/bpb.b15-00459
http://dx.doi.org/10.1248/bpb.b15-00459
http://dx.doi.org/10.1248/bpb.b15-00459
http://dx.doi.org/10.1038/srep16127
http://dx.doi.org/10.1038/srep16127
http://dx.doi.org/10.1038/srep16127
http://dx.doi.org/10.1038/srep16127
http://dx.doi.org/10.1111/jnc.13532
http://dx.doi.org/10.1111/jnc.13532
http://dx.doi.org/10.1111/jnc.13532
http://dx.doi.org/10.1142/S0192415X16500749
http://dx.doi.org/10.1142/S0192415X16500749
http://dx.doi.org/10.1142/S0192415X16500749
http://dx.doi.org/10.1142/S0192415X16500749
http://dx.doi.org/10.1142/S0192415X16500749
http://dx.doi.org/10.1242/dmm.018069
http://dx.doi.org/10.1242/dmm.018069
http://dx.doi.org/10.1242/dmm.018069
http://dx.doi.org/10.1242/dmm.018069
http://dx.doi.org/10.1007/s13258-016-0407-5
http://dx.doi.org/10.1007/s13258-016-0407-5
http://dx.doi.org/10.1007/s13258-016-0407-5
http://dx.doi.org/10.1007/s13258-016-0407-5
http://dx.doi.org/10.1007/s12272-014-0328-2
http://dx.doi.org/10.1007/s12272-014-0328-2
http://dx.doi.org/10.1007/s12272-014-0328-2
http://dx.doi.org/10.1007/s12272-014-0328-2
http://dx.doi.org/10.1016/j.bbrc.2012.01.122
http://dx.doi.org/10.1016/j.bbrc.2012.01.122
http://dx.doi.org/10.1016/j.bbrc.2012.01.122
http://dx.doi.org/10.1016/j.bbrc.2012.01.122
http://dx.doi.org/10.1038/35037739
http://dx.doi.org/10.1038/35037739
http://dx.doi.org/10.1016/j.lfs.2015.01.036
http://dx.doi.org/10.1016/j.lfs.2015.01.036


Vol. 41, No. 4 (2018)� 477Biol. Pharm. Bull.

anti-inflammatory effects of chlorogenic acid in HSV-1-infected 
microglia. Life Sci., 127, 12–18 (2015).

34) Salim S, Ahmad M, Zafar KS, Ahmad AS, Islam F. Protective 
effect of Nardostachys jatamansi in rat cerebral ischemia. Pharma-
col. Biochem. Behav., 74, 481–486 (2003).

35) Pandey UB, Nichols CD. Human disease models in Drosophila 
melanogaster and the role of the fly in therapeutic drug discovery. 
Pharmacol. Rev., 63, 411–436 (2011).

36) Kwon SH, Lee HK, Kim JA, Hong SI, Kim HC, Jo TH, Park YI, 
Lee CK, Kim YB, Lee SY, Jang CG. Neuroprotective effects of 
chlorogenic acid on scopolamine-induced amnesia via anti-acetyl-
cholinesterase and anti-oxidative activities in mice. Eur. J. Pharma-
col., 649, 210–217 (2010).

37) Lee CW, Won TJ, Kim HR, Lee DH, Hwang KW, Park SY. Protec-
tive effect of chlorogenic acid against Aβ-induced neurotoxicity. 
Biomol. Ther., 19, 181–186 (2011).

38) Oboh G, Agunloye OM, Akinyemi AJ, Ademiluyi AO, Adefegha 
SA. Comparative study on the inhibitory effect of caffeic and chlo-

rogenic acids on key enzymes linked to Alzheimer’s disease and 
some pro-oxidant induced oxidative stress in rats’ brain-in vitro. 
Neurochem. Res., 38, 413–419 (2013).

39) Mikami Y, Yamazawa T. Chlorogenic acid, a polyphenol in coffee, 
protects neurons against glutamate neurotoxicity. Life Sci., 139, 
69–74 (2015).

40) Li P, Matsunaga K, Yamakuni T, Ohizumi Y. Nardosinone, the first 
enhancer of neurite outgrowth-promoting activity of staurosporine 
and dibutyryl cyclic AMP in PC12D cells. Brain Res. Dev. Brain 
Res., 145, 177–183 (2003).

41) Li ZH, Li W, Shi JL, Tang MK. Nardosinone improves the prolif-
eration, migration and selective differentiation of mouse embryonic 
neural stem cells. PLOS ONE, 9, e91260 (2014).

42) Hwang JS, Lee SA, Hong SS, Han XH, Lee C, Lee D, Lee CK, 
Hong JT, Kim Y, Lee MK, Hwang BY. Inhibitory constituents of 
Nardostachys chinensis on nitric oxide production in RAW264.7 
macrophages. Bioorg. Med. Chem. Lett., 22, 706–708 (2012).

http://dx.doi.org/10.1016/j.lfs.2015.01.036
http://dx.doi.org/10.1016/j.lfs.2015.01.036
http://dx.doi.org/10.1016/S0091-3057(02)01030-4
http://dx.doi.org/10.1016/S0091-3057(02)01030-4
http://dx.doi.org/10.1016/S0091-3057(02)01030-4
http://dx.doi.org/10.1124/pr.110.003293
http://dx.doi.org/10.1124/pr.110.003293
http://dx.doi.org/10.1124/pr.110.003293
http://dx.doi.org/10.1016/j.ejphar.2010.09.001
http://dx.doi.org/10.1016/j.ejphar.2010.09.001
http://dx.doi.org/10.1016/j.ejphar.2010.09.001
http://dx.doi.org/10.1016/j.ejphar.2010.09.001
http://dx.doi.org/10.1016/j.ejphar.2010.09.001
http://dx.doi.org/10.4062/biomolther.2011.19.2.181
http://dx.doi.org/10.4062/biomolther.2011.19.2.181
http://dx.doi.org/10.4062/biomolther.2011.19.2.181
http://dx.doi.org/10.1007/s11064-012-0935-6
http://dx.doi.org/10.1007/s11064-012-0935-6
http://dx.doi.org/10.1007/s11064-012-0935-6
http://dx.doi.org/10.1007/s11064-012-0935-6
http://dx.doi.org/10.1007/s11064-012-0935-6
http://dx.doi.org/10.1016/j.lfs.2015.08.005
http://dx.doi.org/10.1016/j.lfs.2015.08.005
http://dx.doi.org/10.1016/j.lfs.2015.08.005
http://dx.doi.org/10.1016/S0165-3806(03)00239-6
http://dx.doi.org/10.1016/S0165-3806(03)00239-6
http://dx.doi.org/10.1016/S0165-3806(03)00239-6
http://dx.doi.org/10.1016/S0165-3806(03)00239-6
http://dx.doi.org/10.1371/journal.pone.0091260
http://dx.doi.org/10.1371/journal.pone.0091260
http://dx.doi.org/10.1371/journal.pone.0091260
http://dx.doi.org/10.1016/j.bmcl.2011.10.043
http://dx.doi.org/10.1016/j.bmcl.2011.10.043
http://dx.doi.org/10.1016/j.bmcl.2011.10.043
http://dx.doi.org/10.1016/j.bmcl.2011.10.043

