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B Brief Communication

Ixeris dentata (Thunb) Nakai Attenuates Cognitive Impairment in
Scopolamine-induced Amnesic Mice
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The purpose of the current study is to investigate the cognition-enhancing effects of Ixeris dentata (Thunb) Nakai in

scopolamine-induced amnesic mice. Scopolamine (2 mg/kg, i.p.) was used to induce amnesia in mice. The cognitive-
enhancing activity of the IDE (10, 20 and 40 pg/mL) was studied by passive avoidance response, elevated plus maze
and Y-maze behavioral paradigm in normal and scopolamine-induced amnesic mice. Scopolamine-induced cognitive
deficits were significantly reversed by IDE (P < 0.001 at 20 mg/kg) in a dose-dependent fashion in all the behavioral
paradigms tested. IDE possesses cognitive-enhancing properties in amnesic mice due to its potent antioxidant action.
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Cognition in a broad sense means the ability of the brain
to encode, store and retrieve information (Im et al., 2006).
The hippocampus contains the neural circuitry crucial for
cognitive functions such as learning and memory, and in-
tellectual aspects of mental functioning (Asuntha et al.,
2010). Cognitive dysfunction, a major health problem in
recent times can negatively affect learning and memory skills
of individuals leading to the pathogenesis of various neuro-
degenerative disorders (Derell, 1996). Ixeris dentata var. albi-
flora Nakai, from the family Astaraceae, is a medicinal herbal
plant used traditionally in Asian countries to treat stomach
upsets, diabetes, tumors and liver diseases (Satyanarayana
et al., 2004; Ahn et al., 2006). Pharmacologically, I. dentata
has been reported to possess anti-mutagenic, anti-cancer,
hypoglycemic, hypocholesterolemic and oxidative stress
inhibiting properties (Hong et al., 2010; Kim et al., 2002;

Choi et al., 1990). However, the cognitive-enhancing effect
of I dentata in scopolamine-induced amnesic mice. In the
present study, we evaluated cognitive-enhancing effects of
1. dentata extract (IDE) in scopolamine-induced amnesic
mice models.

All chemicals used were of analytical grade including
scopolamine butyl bromide (SBB), 2 deoxy-D-ribose, thio-
barbituric acid, nitro blue tetrazolium and riboflavin were
purchased from Sigma Chemical Company, St. Louis, MO,
USA. Plant material and preparation of /. dentata extract. We
followed our previous work on use of plant material and
preparation of 1. dentata extract (Lee et al., 2016). Animals
Male C57BL/6 mice (22~25 g, 8-week-old) were obtained
from Orient Bio Co. (Seoul, Korea). They were housed in
groups of five under standard conditions with food and water

ad libitum. All experiments were performed under the guide-
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lines of Principles of Laboratory Animal Care (NIH publi-
cation No.85-23, 1985) and Dankook University Institutional
Animal Care and Use Committee.

The mice were divided into five groups (n = 15), i.e.,
vehicle, scopolamine (2 mg/kg), IDE (40 mg/kg), sopo-
lamine + IDE 10 mg/kg, sopolamine + IDE 20 mg/kg and
sopolamine + IDE 40 mg/kg. Different doses of IDE were
prepared freshly by dissolving in distilled water and admin-
istered for 15 days through oral gavage (p.o.). Scopolamine
was prepared in normal saline. On the 15th day, after 60
min of administration of doses, acquisition trail for passive
avoidance and the transfer latency for elevated plus maze
was recorded. On the next day, 60 min after administration
of IDE at various doses, amnesia was induced by admin-
istration of scopolamine (2 mg/kg, i.p.) and animals were
tested for their memory tests 30 min after scopolamine
administration. For the passive avoidance test, s step through
type passive avoidance test apparatus (GEMINI, Model
PACS-30, San Diego instruments Int., USA) was used to
evaluate the effects of extract on learning and memory as
described previously (Moon et al., 2009).

For the Y-maze task Immediate working memory perfor-
mance was assessed by recording spontanecous alternation
behavior during a single session in a Y-maze. Each arm was
40 cm long, 12 cm wide and 30 cm high. The procedure
was similar as described previously (Kumar et al., 2012).
The animal was allowed to explore the maze for 10 s and
was then returned to its home cage. Memory retention was
examined 24 h after the first day trial (Kasture et al., 2007).
All data are presented as mean + SEM. Statistical analysis
was performed with SAS statistical software (SAS Institute,
Cray, NC, USA) using one-way analysis of variance, fol-
lowed by Dunnett's tests. P <0.05 was considered statistically
significant.

IDE extract attenuated the cognitive and behavioral
impairments in MPTP-induced mouse model in our group
studies (unpublished data). The enhanced cognitive and
behavioral function exhibited by IDE extract treatment was
strongly supported by the reduced brain oxidative stress in
MPTP-induced mice. In the present investigation IDE
showed significant inhibition of cognitive deficits observed

in scopolamine-induced amnesic mice. As shown in Fig. 1,
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Fig. 1. Effect of IDE on scopolamine-induced amnesia in passive
avoidance test. Memory impairment was induced by scopolamine
(2 mg/kg, ip.) 5 min before acquisition (Trial I), and retention
(Trial IT) was carried out 24 h after scopolamine treatment. [1:
Acquisition, ll: Retention. #P < 0.001 compared with control
group. NS: Not significant. *P < 0.05, **P<(.01 and ***P < 0.001
compared with scopolamine group. Data is expressed as mean *
S.EM. (n =5) using one-way ANOVA followed by Tuckey's Mul-
tiple comparison test in the Graph Pad Prism v 5.01 software.
SBB: Scopolamine butyl bromide; IDE: I. dentata aqueous extract

Transfer latency was significantly increased on the second
trial (207.4 £ 11.7 s) when compared with first trial (13.9
* 1.2 s) in control-trained group, but in scopolamine-
treated group there was no significant increase on second
trial (16.75 £ 2.91 s) when compared with first trial (17.61
t 2.9 s). IDE treated alone group (40 mg/kg) did not
influence the TLT and was similar to control group. Pre-
treatment with different doses of IDE (10, 20 and 40 mg/
kg) for 15 days increased the TLT on second trial (101.02 £
23.17 s for 10 mg/kg, 146.13 £ 15.62 s for 20 mg/kg and
175.36 £ 20.62 s for 40 mg/kg) when compared with first
trial (20.81 & 6.1 s,20.3 £ 3.5 s and 22.81 £ 1041 s),
respectively in amnesic mice.

Cognitive impairment is one of the major health problems
and a characteristic symptom of several neurodegenerative
disorders including Alzheimer's disease (AD) and Parkinson's
disease (PD) (Kim et al., 2002). Antioxidant supplements and
phytochemical components might be helpful for preserving
brain functions and forestalling neurodegeneration (Blum
et al., 2001; Kang et al., 2014). Thus, agents that scavenge
free radicals and regulate oxidative defense mechanisms may

have potential in the mitigation of cognitive dysfunction
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Fig. 2. Effect of IDE on scopolamine-induced memory deficits in
the Y-maze test. Spatial working memory was assessed using Y-
Maze. Memory impairment was induced by scopolamine treatment
(2 mg/kg, i.p.), and the test was carried out 30 min later. Total Arm
entry (A) and percentage alternation (B) was evaluated. #P < 0.001
compared with control group. NS: Not significant. *P < 0.05 and
**P < (.01 compared with scopolamine group. Data is expressed
as mean = SEM (n = 5) using one-way ANOVA followed by
Tuckey's Multiple comparison test in the Graph Pad Prism v5.01
software. SBB: Scopolamine butyl bromide; IDE: 1. dentata aqueous
extract

seen in neurodegenerative diseases. In our previous work we
presented data on the. The suppression of NF-kB activation
pathways (Lee et al., 2016). Further, the antioxidant actions
of IDE might also be involved in delivering such potent
anti-neuroinflammatory actions. Therefore, IDE can be de-
veloped as a therapeutic agent in the treatment of neuro-
degenerative disease.

It is well documented that scopolamine induction impairs
retrieval of memory in experimental animals and such
amnesia is associated with a significant increase in oxidative

stress (El-Sherbiny et al., 2003). Therefore, scopolamine
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Fig. 3. Effect of IDE on scopolamine-induced memory impairment
in mice using the elevated plus maze test. Transfer latency in
seconds was measured in first trial second trial. []: Acquisition,
l: Retention. #P < 0.001 compared with control group. NS: Not
significant. *P <0.05 and **P < 0.01 compared with scopolamine
group. Data is expressed as mean = S.E.M. (n = 5) using one-way
ANOVA followed by Tuckey's Multiple comparison test in the
Graph Pad Prism v5.01 software. SBB: Scopolamine butyl bromide;
IDE: I dentata aqueous extract

induced amnesia could be used as a valid model to study
the role of antioxidant defense mechanisms in cognitive
dysfunctions. The data indicate a dose-dependent effect, with
40 mg/kg showing the highest activity. There was no signifi-
cant difference in TLT in the first trial among various groups.
The findings from passive avoidance test suggest that IDE
at various doses (10, 20 and 40 mg/kg) showed increase in
TLT in retention trial of passive avoidance. As shown in
Fig. 2A, there was no significant difference observed in total
arm entry of any group. However, administration of scopol-
amine (2 mg/kg, i.p) significantly (P < 0.001) decreased the
percentage alternation (25.07 £ 2.16 s) when tested 30
min after the administration in mice Fig. 2B. Pre-treatment
with IDE at indicated doses (10, 20 and 40 mg/kg, p.o.)
ameliorated the scopolamine-induced decreased percentage
alternation in mice significantly (P < 0.05 at 10 and 20 mg/
kg and P < 0.01 at 40 mg/kg). Results indicated that IDE
exhibited a dose dependent activity with 40 mg/kg exhibiting
the highest effect (48. 32 = 0.75 s). Cognitive behavior
evaluated through Y-maze test suggests an improvement in
percentage alteration behavior in IDE treated groups against
scopolamine-induced amnesia in a dose dependent manner.

The scopolamine treated group showed a significant increase
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(P <0.05) in transfer latency (TL) values in the acquisition
(141.72 £ 10.62 s) as well as the retention period (117.34
£ 7.13 s) over those of the vehicle control mice, indicating
impairment in learning and memory (Fig. 3).

Pretreatment with IDE at various doses (10, 20 and 40
mg/kg) for 15 days improved the memory in the elevated
plus maze. IDE administration dose dependently (P < 0.5,
P <0.01 and P < 0.001 at 10, 20 and 40 mg/mL respec-
tively), caused a significant reduction in the acquisition and
retention latency in scopolamine-treated group with 40 mg/
mL showing the highest effect (acquisition, 73.52 £ 4.15 s
and retention, 67.1313.91 s). The elevated plus maze test
revealed that IDE showed protective effect in TL against
scopolamine-induced amnesia dose-dependently. Moreover,
the decrease in TL during retention period indicate the
positive response of IDE in attenuating learning and memory
deficits induced by scopolamine. The major active con-
stituents of 1. dentata contained approximately 4 mg/g of
caffeic acid (3,4-dihydroxy cinamic acid) (Kim et al., 2013).
Approximately 20 types of sesquiterpene and other com-
pounds have been isolated from I dentata. It has been
reported that its main compounds are luteolin, luteolin 7-
O-glucuronide, caffeic acid, chlorogenic acid, and guaiane
sesquiterpene lactones (Cha et al., 2011). Among these main
compounds, inhibitory effects of luteolin, chlorogenic acid,
and tectroside on allergic inflammation had already been
reported. The major active components of I dentata are
phenolic constituents (Kim et al., 2013). These compounds
might act individually or in a synergistic manner in delivering

neuroprotective effect.
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