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INTRODUCTION

Alzheimer’s disease (AD), the most common cause of de-
mentia and neurodegenerative diseases, is characterized by 
progressive memory impairment (Crapper and DeBoni, 1978). 
Risk factors associated with AD include age, genetic inheri-
tance (family history), and environmental factors.

The extracellular deposition of amyloid plaque deposits 
(Aβ), neurofibrillary tangles (NFT), and neuronal cell death are 
characteristic pathogenic features of AD (Collerton, 1986).

Cholinergic activity deficiencies have been shown to impair 
memory and cognitive function via acetylcholine (ACh) dys-
function. Acetylcholinestrase (AChE) is an enzyme that hydro-
lyzes ACh and increased AChE levels cause a lack of ACh 
(Coyle et al., 1983; Ballard, 2002).

Brain-derived neurotrophic factor (BDNF), a member of the 
neurotrophin family, regulates cell growth in the central ner-
vous system (CNS). BDNF expression plays a crucial role in 
learning and memory promotion (Bekinschtein et al., 2008).

Dianthus superbus (D. superbus, Caryophyllaceae) is a tradi - 

tional herbal medicine for the treatment of numerous condi-
tions, including urethritis, carbuncles, and carcinomas, in 
China and Korea. Previous studies reported that D. superbus 
exerted antioxidant, antimicrobial, anticarcinogenic, and anti-
inflammatory effects (Yu et al., 2007; Gou et al., 2011; Ding 
et al., 2013). Additionally, D. superbus suppressed immuno-
globulin E (IgE) production and prevented peanut-induced 
anaphylaxis (Tong et al., 2012; Reid-Adam et al., 2013). D. 
superbus also stimulated immunosuppressive effects, os-
teoblastic proliferation, and cytotoxic activity against cancer 
cells (Lopez-Exposito et al., 2011; Shin et al., 2012; Yu et al., 
2012). Studies of D. superbus revealed that the plant consists 
of dianthosaponins, dianthramide, flavonoid, coumarin, triter-
penoid, pyran-type glycoside, and cyclic peptides (Shimizu et 
al., 1982; Wang et al., 1998; Hsieh et al., 2004; Hsieh et al., 
2005; Dahiya et al., 2008; Chen et al., 2010; Luo et al., 2011). 

However, the memory-enhancing effect of D. superbus has 
not been reported. This study uses the Morris water maze 
and passive avoidance behavior tests to describe the effect of 
D. superbus on scopolamine-induced memory impairment in 
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the test mice. In addition, we investigated AChE activity and 
BDNF expression in the hippocampi of the test mice to eluci-
date the potential mechanism.

MATERIALS AND METHODS

Plant material and chemical materials
D. superbus was purchased from the Kyungdong traditional 

herbal market (Seoul, Korea) and authenticated by Dr. Young 
Bae Seo, a professor of the College of Oriental Medicine, 
Daejeon University, Korea. A voucher specimen (CJ004M) 
was deposited in the natural products laboratory of Kangwon 
National University.

Dried D. superbus plants were extracted 3 times with 80% 
methanol at room temperature by ultrasonication-assisted ex-
traction and, then the extract was evaporated.

Scopolamine and carboxymethylcellulose sodium (CMC) 
were purchased from Sigma (St Luis, MO, USA). Donepezil 
was provided by Samjin Pharmaceutical Co., Ltd. (Seoul, Ko-
rea).

We isolated (E)-methyl-4-hydroxy-4-(8a-methyl-3-oxodeca-
hydronaphthalen-4a-yl), diosmetin-7-O(2’’,6’’-di-O-α-L-rham-  
no py ranosyl)-β-D-glucopyranoside, vanillic acid, 4-hydroxy-
phenyl acetic acid, 4-methoxyphenyl acetic acid, (E)-4-me-
thoxycinnamic acid, 3-methoxy-4-hydroxyphenylethanol, and 
methyl hydroferulate from D. superbus and the purities of the 
eight standard compounds were above 98%.

Primary antibodies (β-actin and BDNF) and secondary an-
tibodies (goat-anti-rabbit IgG HRP and goat-anti-mouse IgG 
HRP) were purchased from Santa Cruz Biotechnology, Inc 
(Dallas, USA).

Animals
Male ICR mice (5 weeks old, 25-30 g) were purchased 

from Daehan Biolink. Co., Ltd. (Chunkbuk, Korea). The mice 
were housed in groups of seven per cage at 20 ± 3°C under a 
12/12-h light-dark cycle and were fed ad libitum (commercial 
pellet). All animal experimental procedures in this study were 
performed in accordance with the guidelines of Kangwon Na-
tional University IACUC (KIACUC).

Drug administration
The mice were divided into six groups (n=7): control group, 

scopolamine group, positive control group (donepezil (1 m/kg) 
treatment), and three D. superbus extract groups (50, 100, 
and 200 mg/kg of D. superbus treatment). D. superbus extract 
and donepezil were dissolved in 0.5% CMC solution and were 
administered orally 90 min before scopolamine treatment. The 
control group received 0.5% CMC solution. Scopolamine (1 
mg/kg) was dissolved in normal saline (0.9% NaCl) and deliv-
ered subcutaneously for all groups except the controls (nor-
mal saline) prior to the commencement of a 30 min Morris 
water maze test and a passive avoidance test. The mice were 
dosed over four consecutive days before undergoing daily tri-
als in the Morris water maze test, but were dosed for only one 
day (training trial) before the passive avoidance test.

Morris water maze test
The water maze test was performed according to Morris’s 

description. The water maze is a large circular pool (90 cm 
diameter, 40 cm height) filled with water (20 ± 1°C) and white 

milk. The water maze area was divided into four equal quad-
rants, and a white escape platform (10 cm diameter, 26 cm 
height) was submerged 1 cm below the surface of the water 
in the center of one quadrant. The location of the escape plat-
form remained unchanged, and the platform and starting point 
were never in the same quadrant during the four trial days. 
All of the properties of the swimming activities of the mice in-
cluding swim time, distance, and speed were monitored and 
recorded by a Smart video camera (ver. 2.5.21) linked to a 
video-tracking system. After a mose found and reached the 
platform, the time was recorded as the escape latency. Mice 
were allowed 60 s in the water maze without the platform in 
a test trial on the first day. The mice were given four trial ses-
sions per day over four consecutive days, and the interval be-
tween each trial session was one day. If a mouse could not 
find the platform within 120 s, the trial session was stopped 
and the escape latency was recorded as 120 s. On the final 
day, the platform was removed and the mice were subjected 
to a probe trial for 60 s. The time spent in the quadrant where 
the platform was located was recorded to assess the spatial 
memories of the mice.

Passive avoidance test
The passive avoidance test was carried out using two 

equally sized compartments (17 cm×12 cm×10 cm) with an 
electrifiable grid floor and two compartments were separated 
by a guillotine door. An acquisition trial was performed on the 
first day. The mouse was initially placed in the light compart-
ment. The door between the two compartments was opened 
after 40 s. When the mouse moved into the dark compart-
ment, the door automatically closed. At the 24 h mark after 
the completion of the acquisition trial, the mouse was again 
placed in the light compartment and again the guillotine door 
was opened after 40 s. When the mouse moved into the dark 
compartment, the door automatically closed and an electric 
foot-shock (0.1 mA/10 g body weight) lasting for 2 s was de-
livered through the grid floor. After the training trial, the mouse 
was again placed in the light compartment after another 24 h 
had passed, and if the mouse did not enter the dark compart-
ment within 180 s of the door being opened, the latency was 
recorded as 180 s. latency times to dark compartment were 
measured by using Gemini Avoidance System.

AChE inhibition assay
An AChE inhibition assay was performed according to the 

method described by Ellman. The brain tissue was immedi-
ately removed from the mouse within 30 min after the behav-
ior test. The hippocampi were isolated from the brain tissues 
of the mice and rapidly homogenized with sodium phosphate 
buffer. The reaction mixture contained 33 μL of supernatant, 
470 μL of phosphate buffer (pH 8.0), 167 μL of 5,5’-dithio-bis 
(2-nitrobenzoic acid) (DTNB) (3 mM), and 280 μL of acetylcho-
line iodide (ACh) (1 mM). 

Inhibition of AChE enzyme of eight compounds isolated 
from D. superbus was measured by AChE enzyme. The reac-
tion mixture was consisting of AChE, DTNB and ACh.

AChE activity was measured at 412 nm using a spectro-
photometer.

Tissue preparation and western blot analysis
The hippocampus was promptly collected from the mouse’s 

brain within 30 min after the behavior test, and was homog-
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enized in 200 μl of an ice-cold RIPA buffer containing a prote-
ase inhibitor cocktail. The dissolved proteins were centrifuged 
at 13,000 g for 20 min, and the supernants were stored at 
-80°C. The supernant containing 40 μg of total protein was 
separated by 15% SDS-PAGE gel and transferred to a PVDF 
membrane. After blocking, the membrane was incubated with 
primary antibodies (1:2000 dilution of β-actin and 1:1000 dilu-
tion of BDNF) and secondary antibodies (goat-anti-rabbit IgG 
HRP 1:2000 for BDNF and goat-anti-mouse IgG HRP 1:2000 
for β-actin). Detection was performed using an ECL solution.

HPLC analysis of D. superbus extract
The HPLC analysis of eight compounds, (E)-methyl-4- 

hydroxy-4-(8a-methyl-3-oxodecahydronaphthalen-4a-yl), 
diosmetin-7-O(2ʹʹ,6ʹʹ-di-O-α-L-rhamnopyranosyl)-β-D-
glucopyranoside, vanillic acid, 4-hydroxyphenyl acetic acid, 
4-methoxyphenyl acetic acid, (E)-4-methoxycinnamic acid, 
3-methoxy-4-hydroxyphenylethanol, and methyl hydroferulate 

was performed on Dionex system with LPG 3X00 pump, ACC-
3000 auto sampler, column oven, and DAD-3000(RS) diode 
array UV/VIS detector. Separation was conducted using a Shi-
seido C18 column (4.6 mmI.D. × 250 mm, 5 μm pore size) at 
30°C. The mobile phase consisted of 0.1% trifluoroacetic acid 
(TFA) aqueous solution (A) and acetonitrile (B). The gradient 
program was optimized as follows: 15% B at 0-10 min, 15-
25% B at 10-15 min, 25-70% B at 15-40 min, 70% B at 40-45 
min. The flow rate of mobile phase was at 1.0 ml/min and the 
injection volume was 20 μL. Compounds was detected was 
set at 205 and 280 nm of UV wavelength.

Statistical analysis
All results are expressed as mean ± SEM. The mean dis-

tance, swimming speed, and time spent in the target quadrant 
of the probe test in the Morris water maze test and the latency 
time recorded in the passive avoidance test were statistically 
analyzed by a one-way analysis of variance (ANOVA), fol-
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Fig. 1. (A) Effect of D. superbus extract on the escape latency of scopolamine-treated mice in the Morris water maze test. D. superbus ex-
tract (50, 100 and 200 mg/kg body weight, P.O) and Donepezil (1 mg/kg body weight, P.O.) are treated 90 min before memory impairment 
by scopolamine. The escape latency of each group during the training-session trials is presented. (B) Mean distance and (C) swimming 
speed for finding the platform during 4 days. d) Effect of D. superbus extract in the probe trial. The time spent in the target quadrant during 
the probe trial is presented. The data are expressed as the mean escape latency ± SD (n=7). (*p<0.05, **p<0.01, and ***p<0.001 versus 
scopolamine-treated mice). Sco: scopolamine.



301

Weon et al.   Cognitive-Enhancing Effect of D. superbus

www.biomolther.org

lowed by Tukey’s post-hoc test. The escape latency from the 
Morris water maze test was statistically analyzed by a two-way 
ANOVA followed by the Newman-Keuls post-hoc test. A value 
of p<0.05 was considered statistically significant.

RESULTS

D. superbus extract improved spatial memory against 
scopolamine-induced memory impairment in the Morris 
water maze test

To evaluate the memory-enhancive effect of D. superbus 
extract, we performed the Morris water maze test which as-
sessed spatial memory and learning. The escape latency dur-
ing the four trial days is shown in Fig. 1A. The escape latency 
continually and significantly decreased over the four trial days 
in the control group. However, the escape latency was longer 
in the scopolamine-treated group compared with the control 
group. This result revealed the effect of scopolamine-induced 
memory impairment. A two-way ANOVA was used to reveal a 
significant effect from an interaction between treatment [F (5, 

154)=9.02, p<0.001] and day [F (3, 154)=8.91, p<0.001] and 
no significant effect from an interaction between treatment and 
day [F (15, 154)=0.78, p>0.05] in the Morris water maze test. 
Scopolamine-induced memory impairment was attenuated in 
the D. superbus extract-treated group.

In the treated group on the third and fourth days, 50, 100, 
and 200 mg/kg of D. superbus extract significantly shortened 
the escape latency compared with the scopolamine-treated 
group (p<0.05). Moreover, the escape latency was also signifi-
cantly shortened for the donepezil-treated group on the fourth 
day. As shown in Fig. 1B, D. superbus extract significantly 
shortened the increased distance that the scopolamine-treat-
ed group swam to reach the platform during 4 days (p<0.05).

In the probe test, the time spent in the target quadrant is 
shown in Fig. 1D. The control group spent a longer duration in 
the target quadrant than the scopolamine-treated group. The 
D. superbus extract-treated group spent a significantly short-
er time in the target quadrant than the scopolamine-treated 
group. Moreover, the effect of 200 mg/kg of D. superbus ex-
tract in the probe trial was similar to that of donepezil.

The mean swimming speed of the mice in the water maze 
test was not significantly different among all groups (Fig. 1C), 
suggesting that the effects of scopolamine, donepezil, and D. 
superbus extract were not due to the locomotor activity of the 
mice.

D. superbus extract attenuated scopolamine-induced 
memory impairment in the passive avoidance test

The effect of D. superbus extract on emotional learning and 
memory was evaluated in the passive avoidance test. The 
latency of the scopolamine-treated group was significantly 
shorter than that of the control group in the test trial (Fig. 2). 
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Treatment with 50, 100, and 200 mg/kg D. superbus extract 
significantly attenuated scopolamine-induced memory impair-
ment. In addition, D. superbus extract (200 mg/kg)-treated 
mice exhibited a longer latency than the donepezil-treated 
group.

There was no significant difference in the latency time be-
tween the groups during the acquisition trial of the passive 
avoidance test. However, a significant difference in latency 
time was observed in the test trial. This result indicated that 
D. superbus extract attenuated scopolamine-induced memory 
impairment without affecting the locomotor and exploratory 
activity of the mice.

D. superbus extract inhibited AChE activity in the  
hippocampus

The effect of D. superbus extract on AChE activity in the 
hippocampus was investigated. Treatment with scopolamine 
increased AChE activity compared to that of the control group, 
whereas D. superbus extract significantly inhibited AChE ac-
tivity in a dose-dependent manner (p<0.05) (Fig. 3). 

We determined effect of eight compounds isolated from D. 
superbus using a spectrophotometric method, as described 
by Ellman et al. Among 8 compounds, 4-hydroxyphenyl ace-
tic acid (IC50=2024.29 ± 0.13 μM) has exhibited AChE activity 
inhibition and other compounds not showed inhibitory effect.

D. superbus extract increased the BDNF level in the  
hippocampus

BDNF plays a critical role in neuronal plasticity for the long-
term memory of certain neurons in the CNS. As shown in Fig. 
4, we observed that the expression of BDNF was decreased 
after exposure to scopolamine. BDNF levels in the hippocam-
pus were significantly increased in D. superbus extract (200 
mg/kg)-treated mice compared with scopolamine-treated 
mice.

Identification of compounds of D. superbus extract
Eight compounds, (E)-methyl-4-hydroxy-4-(8a-methyl-3-oxo - 

de cahydronaphthalen-4a-yl), diosmetin-7-O(2’’,6’’-di-O-α-L-rha- 
mnopyranosyl)-β-D-glucopyranoside, vanillic acid, 4-hydroxy-
phenyl acetic acid, 4-methoxyphenyl acetic acid, (E)-4-me-
thoxycinnamic acid, 3-methoxy-4-hydroxyphenylethanol, and 
methyl hydroferulate were identified in the D. superbus extract 
by HPLC-DAD analysis (Fig. 5). HPLC chromatogram of com-
pounds and D. superbus extract is shown Fig. 6. The content 
of 4-hydroxyphenyl acetic acid was 84.12 ± 0.08 μg/mg which 
was higher than other compounds. On the other hand, 4-me-
thoxypheny acetic acid (1.27 ± 0.02 μg/mg) and methyl hydro-
ferulate (1.58 ± 0.09 μg/mg) were found in the lowest content 
in the D. superbus extract (Table 1).

DISCUSSION

The present study demonstrated for the first time that D. 
superbus extract ameliorated learning and memory deficits in-
duced by scopolamine in the Morris water maze and passive 
avoidance tests. Scopolamine, a nonselective and competitive 
muscarinic cholinergic receptor antagonist, blocks the cholin-
ergic signaling and impairs learning and memory including 
long-term and short-term memory (Flood and Cherkin, 1986). 
The scopolamine model was widely used in mouse-behavior 
tests that assessed cognition. 

The Morris water maze test is designed to assess spatial 
learning and memory (Morris, 1984), and has been linked to 
long-term potentiation (LTP). Spatial learning and memory 
were investigated through repeated trial tests over four days, 
and the time spent in the target quadrant in the probe test 
indicated LTP. D. superbus extract attenuated scopolamine-
induced memory impairment in the Morris water maze test. 
Administration of D. superbus extract exhibited a similar effect 
compared with that of the donepezil (positive control)-treated 
group.

The passive avoidance test is a fear-motivated avoidance 
test to evaluate long-term memory, or reference memory 
(O’Keefe and Nadel, 1978). The test is employed to describe 
the way in which the animal learns to avoid an aversive stimu-
lus (electronic foot-shock). In the passive avoidance test, the 
treatment of D. superbus extract ameliorated the scopolamine-
induced memory deficit and may be associated with long-term 
memory improvement.

ACh is an important neurotransmitter for learning and mem-
ory. In the CNS, decreasing ACh levels were responsible for 
memory deficits in neurodegenerative diseases; thus, a high 
level of AChE reduced ACh levels, as observed in the brains 
of AD patients (Lewis and Shute, 1964; Blokland, 1995). Re-
cently, AD treatment focused on the inhibition of AChE activ-
ity. AChE inhibitors, including donepezil, galantamine, and 
tacrine, can attenuate memory impairment by inhibiting the 
destruction of ACh (McGleenon et al., 1999; Ballard, 2002).

Scopolamine causes memory dysfunction in brain tissue 
by increasing AChE activity, so we therefore investigated the 
AChE-inhibitory effect of D. superbus extract. In the AChE ac-
tivity assay, D. superbus extract inhibited AChE activity in the 
hippocampus in a dose-dependent manner.

These results indicated that D. superbus extract amelio-
rated the scopolamine-induced memory deficit by increasing 
cholinergic activity through the inhibition of AChE activity.

By activating neurotrophin, the BDNF plays an essential 
role in memory processes and contributes to LTP formation 
at the hippocampal and cortical synapse (Panja and Bram-
ham, 2014). The brain of a patient with AD shows down-reg-

Table 1. Retention time and contents of 8 compounds in D. superbus. (E)-Methyl-4-hydroxy-4-(8a-methyl-3-oxodecahydronaphthalen-4a-yl)but-2-enoate 
(1), chrysoeriol-5-methylether-7-O(2’’,6’’-di-O-α-L-rhamnopyranosyl)-β-D-glucopyranoside (2), vanillic acid (3), 4-hydroxy-phenyl acetic acid (4), 4-me-
thoxyphenyl acetic acid (5), (E)-4-methoxycinnamic acid (6), 3-methoxy-4-hydroxyphenylethanol (7), and methyl hydroferulate (8).

Compounds

1 2 3 4 5 6 7 8

Retention time (S) 5.830 14.750 8.713 12.767 19.967 11.600 22.413 23.530
Content (μg/mg) 14.17 ± 0.76 7.69 ± 0.00 5.32 ± 0.04 84.12 ± 0.08 1.27 ± 0.02 3.51 ± 0.54 0.81 ± 0.00 1.58 ± 0.09
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ulation of BDNF gene expression. BDNF expression can be 
increased by neuronal activity and regulates various forms of 
synaptic plasticity (Bramham and Messaoudi, 2005). 

We investigated the effect of D. superbus extract on BDNF 
expression in scopolamine-treated mice using a western blot 
analysis. Scopolamine decreased BDNF expression in mice. 
We confirmed that D. superbus extract reversed the scopol-
amine-induced reduction of BDNF expression in the hippo-
campi of the mice. These results indicated that the cognitive-
enhancing effect of D. superbus extract in the behavioral tests 
was correlated with activation of the BDNF.

We analyzed eight compounds, (E)-methyl-4-hydroxy-4-(8a-
methyl-3-oxodecahydronaphthalen-4a-yl), diosmetin-7-O(2’’,  
6’’-di-O-α-L-rhamnopyranosyl)-β-D-glucopyranoside, vanillic acid,  
4-hydroxyphenyl acetic acid, 4-methoxyphenyl acetic acid, 
(E)-4-methoxycinnamic acid, 3-methoxy-4-hydroxyphenyleth-
anol, and methyl hydroferulate from D. superbus to confirm 
bioactivity compounds of D. superbus extract. 4-hydroxyphe-
nyl acetic acid content was high in the D. superbus extract 
compared with other compounds. We determined effect of 
4-hydroxyphenyl acetic acid on AChE activity. 4-hydroxyphe-
nyl acetic acid may have contributed to AChE activity inhibition 
of D. superbus.

In conclusion, we found that D. superbus extract ameliorat-
ed scopolamine-induced memory deficits in mice in the Morris 
water maze and passive avoidance tests. D. superbus extract 
also inhibited AChE activity and improved BDNF expression. 
The present study suggests that D. superbus extract may 
be a potential therapeutic agent in preventive AD treatment; 
however, further study should be conducted to understand the 
mechanism of the cognitive-enhancing effect of D. superbus 
extract.
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