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Abstract

Purpose: To evaluate the cognition-enhancing effect of Ixeris dentata (Thunb) Nakai in a mouse model
of Parkinson's disease (PD).

Methods: MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)-induced mouse model of PD was used
to evaluate the effect of Ixeris dentata (IDE) extract on the alteration of behavioral responses using rota-
rod and passive avoidance tests. The effect of IDE on oxidative stress levels were analyzed based on
superoxide dismutase (SOD) and catalase (CAT) enzyme levels, and lipid peroxidation (LPO) in brain
tissues.

Results: MPTP (20 mg/kg, ip)-induced mice resulted in a significant (p < 0.01) behavioral deficiencies
in locomotor behavior (from 53.15 + 1.01 to 23.56 + 1.04) and cognitive functions (from 297 + 2.47 to
201.17 = 3.23 s) compared with their respective control groups. Administration of IDE (20, 40 and 80
mg/kg, po) for three weeks significantly and dose-dependently improved (p < 0.001 at 80 mg/kg)
locomotor and cognitive deficits in MPTP- treated mice. IDE treatment also significantly (p < 0.01 at 80
mg/kg) inhibited decrease in superoxide dismutase and catalase enzyme activities, and lipid peroxides
in MPTP-treated mice in brain tissues.

Conclusion: IDE exhibits good protection against MPTP-induced behavioral deficits via potential
antioxidant defense mechanisms. Therefore, IDE could potentially be developed as a therapeutic
approach for the treatment of neurodegenerative diseases.
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INTRODUCTION

Oxidative stress occurs as a result of
discrepancy of free radical generation [1]. The
brain is believed to be defenseless to oxidative
damage highly metabolic rate and relatively low

cellular regeneration ability [2]. ROS production
is regulated by NADPH oxidase and nitric oxide
synthase in the neuropathological condition in
brain. In the MPTP model of Parkinson’s disease
(PD) are major sources of ROS production and
mediates dopaminergic neuronal death in
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substantia nigra [3,4].

The neurotoxin, MPTP, causes clinical and
chemical alterations that occur in PD [5,6]. After
administration, MPTP rapidly passes through the
blood brain barrier and is altered to its active
form, 1-methyl-4-phenylpyridinium (MPP+), by a
reactive oxidizing enzyme in astrocytes [7]. The
oxidative stress occurs by MPP+ consequently
results in the peroxidation of molecules, resulting
in neuronal cell death [8,9].

Cognition in a broad sense means the ability of
the brain to encode, store and rescue information
[10]. The hippocampus contains the neural
circuitry key for cognitive functions such as
learning and memory, and intellectual features of
mental functioning [11]. Cognitive dysfunction
can negatively affect learning and memory skills
of individuals leading to the pathogenesis of
neurodegenerative disorders [12].

Ixeris dentata var. albiflora Nakai, from the family
Astaraceae, is a medicinal herbal plant used
traditionally in Asian countries to treat stomach
upsets, diabetes, tumors and liver diseases
[13,14] Pharmacologically, |. dentata has been
reported to possess anti-mutagenic, anti-cancer,
hypoglycemic, hypocholesterolemic and
oxidative stress inhibiting properties [15-17].
However, the cognitive-enhancing effect of I.
dentata in MPTP mouse models of Parkinson's
disease conditions has not been studied.

In the present study, we sought to investigate the
cognitive-enhancing effects of IDE in MPTP
mouse models of Parkinson's disease, as well as
elucidate the possible antioxidant defense of
IDE.

EXPERIMENTAL
Chemicals and reagents

All chemicals were purchased from Sigma (St
Louis, MO, USA) and were of analytical grade.
Stock solutions of all chemicals were prepared in
cell culture grade distilled water and the dilutions
prepared fresh on the day of the experiment.

Plant material and preparation of |. dentata
extract

I. dentata collected during the month of August to
September from a local herbal market, Seoul,
Republic of Korea. To obtain the I. dentata
extract, the plant material was washed to remove
debris and then air-dried for two days. The dried
roots were then pulverized into powder using an
electric blender (model 4250, Braun, Germany).
Fifty grams of the powdered roots were extracted

with three volumes of 80 % ethanol with mixing
at room temperature for 24 h. The extract was
filtered and lyophilized to obtain ethanol extract
concentrate (EtOH) of I. dentata (yield: 17.5 g).
The EtOH extract of 1. dentata root extract (10 g)
was re-suspended in distilled water:EtOH (9:1,
viv) and partitioned in turn with n-hexane,
chloroform, ethylacetate (EA) and n-butanol
solvents to obtain a final yield of 0.48, 0.10, 0.47
and 1.27 %, respectively.

The EA fraction of |. dentata (IDE) extract with
strong antioxidant property in our preliminary
evaluation was used for further studies. The IDE
extract was dissolved in sterile distilled water,
filtered through 0.22 uym syringe filters and stored
at -20 °C [18]

Male C57BL/6 mice (22 — 25 g, 8-weeks-old)
were obtained from Orient Bio Co. (Seoul,
Korea). They were housed in groups of five
under standard conditions of 22 + 2 °C, 55 %
relative humidity, and 12/12 h light/dark cycle
with food and water ad libitum. All animal
experiments carried out according to the
guidelines of Principles of Laboratory Animal
Care [20] and were approved by Dankook
University Institutional Animal Care and Use
Committee (no. DKU-16-028).

Experimental design

The mice were separated into five groups (n =
15), i.e., vehicle, MPTP (1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine, 20 mg/kg), MPTP +
IDE 20 mg/kg, MPTP + IDE 40 mg/kg and MPTP
+ IDE 80 mg/kg. MPTP 20 mg/kg (i.p.) was
administered along with probenecid 200 mg/kg
(i.p.) for five successive days to induce chronic
Parkinsonian symptoms in mice as described
previously [20]. Different doses of IDE (20, 40
and 80 mg/kg) were prepared freshly in distilled
water and administered on day 1 (1 h prior to
MPTP administration) and continued up to 21
days through oral gavage (p.o.).

Locomotor behavioral paradigm was evaluated
during the course of MPTP administration (Day
7) and also at the last phase of the study (Day
20). Cognitive paradigm using passive avoidance
examination was evaluated on day 20
(acquisition) and day 21 (retention). The protocol
for perfusion and tissue processing was
performed as described previously [20]. All the
brain tissues were rinsed in ice-cold isotonic
saline, homogenized with 1 mL of ice-cold 0.1 M
PBS (pH 7.4) and centrifugation at 4000 rpm for
10 min. Aliquots of homogenates were used for
estimation of superoxide dismutase (SOD),
catalase (CAT) and lipid peroxide (LPO) levels.
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Rotarod test

In rotarod test (ROTA-ROD, Varese, ltaly), the
beam revolves around its longitudinal axis and
the animal walks or runs forward in synchrony.
After adaptation for 5 min, the mice were placed
on a horizontal plastic rod rotating at a speed of
10 rpm for 10 min. The period (s) that each
experimental mouse was able to maintain its
balance walking on the top of the rod was
measured.

Passive avoidance test

A 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 [21]. The shuttle box is
divided into two chambers of same size (23.5 cm
x 15.5 cm x 15.5 cm) separated by a guillotine
door. Mice were placed initially in the light
chamber with the door open. They displayed
exploratory behavior, and then entered the dark
chamber. Upon entering the dark compartment,
the door closed automatically. Training was
continued until the mouse entered the dark
chamber within 20 s (training trial). Twenty four
hours after the training trial, the mouse was
placed in the illuminated chamber. When the
mice entered the dark chamber, electric foot
shock (1 mA) was delivered for 3 s through the
grid floor and the door was closed automatically
(acquisition trial). The mouse was again placed
in the dark chamber, 24 h after the acquisition
trial and the latency time to enter the dark
chamber was measured for 300 s for the
retention trial. If the mice did not enter the dark
chamber within the cutoff time (300 s), it was
assigned a latency value of 300 s.

SOD assay

The ability to scavenge the superoxide radicals in
the brain homogenate generated by auto-
oxidation of pyrogallol in alkaline medium was
calculated. Each 3 mL reaction mixture contained
2.8 mL of potassium phosphate buffer (0.1 M, pH
7.4), 0.1 mL tissue homogenate and 0.1 mL
pyrogallol solution (2.6 mM in 10 mM HCI).
Increase in the absorbance at 325 nm was
recorded by spectrophotometer for a period of 5
min at 30 s interval (UV-1601, Shimadzu).

CAT assay

CAT activity was assessed by the method
described previously [16]. Briefly, catalase

activity is measured by the decomposition of
hydrogen peroxide (H,O,;) or by liberation of
oxygen (O,). The decrease in the absorbance by
H,0O, as a function of time is used to follow the
catalase-peroxide reaction. Reaction solution
was 2.9 mL of 10 mM H,O, in 50 yM potassium
phosphate buffer (pH 7) and 0.1 mL of tissue
homogenate. Decrease in the absorbance at 240
nm was recorded by spectrophotometer for 3 min
(UV-1601, Shimadzu). The results were
calculated as units of CAT activity per mg of
protein.

Lipid peroxidase assay

The lipid peroxidase (LPO) content in the brain
homogenate = was  determined by the
spectrophotometric  method as  described
previously [19]. Tissue homogenate (0.2 mL) was
added to a mixture of 0.2 mL of 8.1 % SDS, 1.5
mL of 20 % acetic acid solution (pH 3.5) , and 1.5
mL of 0.8 % aqueous solution of thiobarbituric
acid (TBA). The final mixture volume was
adjusted to 4.0 mL with distilled water, and then
heated at 95 °C for 60 min in a water bath. After
cooling, 1 mL of distilled water and 5.0 mL of the
mixture of n-butanol and pyridine (15:1, v/v) were
added to the final reaction mixture and shaken
vigorously. After centrifugation at 4000 rpm for
10 min, the absorbance of the organic layer was
measured  spectrophotometrically  (UV-1601,
Shimadzu) at 532 nm. LPO was calculated for
nanomoles of malondialdehyde (MDA) per mg of
protein.

Statistical analysis

All data are expressed as mean * SEM.
Statistical significance (p < 0.05 for all analyses)
was assessed by ANOVA using Instat 3.05
(GraphPad, San Diego, CA), followed by
Student—Newman—Keuls analysis.

RESULTS

Effects of IDE extract on MPTP-induced
locomotor impairment in mice

As shown in Figure 1, MPTP significantly (p <
0.01) impaired locomotor activity on day 7 (9.85
+ 1.35) and day 21 (23.56 £ 1.04). Administration
of IDE extract at various doses (20, 40 and 80
mg/kg) did not influence the MPTP-induced
locomotor deficits on day 7. However, on day 21
IDE extract (20, 40 and 80 mg/kg) significantly
attenuated the decreased locomotor activity in a
dose-dependent manner (33.32 £ 0.91; p < 0.05,
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Figure 1: Effect of IDE extract on MPTP- treated locomotor impairment in mice. Rotarod performance in different
experimental groups on day 7 and day 21 was shown; #p < 0.001 compared with their respective untreated
groups. NS: Not significant; *p < 0.05 and ***p < 0.001 compared with MPTP-induced group. Data expressed as
mean = SEM (n = 5); MPTP: 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine; IDE: Ixeris dentata extract

35.26 £ 1.51; p< 0.05 and 44.23 + 1.09; p < 0.01
at 20, 40 and 80 mg/kg, respectively).
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Figure 2: Effects of IDE extract on the MPTP- treated
cognitive impairment in mice. Latency times (s) in
acquisition (trial 1) was carried on day 21 and
retention (Trial 2) was carried 24 h after trial 1 (Day
21). o: Acquisition, m: Retention. #p < 0.001 compared
with untreated group. NS: Not significant. *p < 0.05
and **p < 0.01 compared with MPTP-induced group.
Data are expressed as mean + SEM (n = 5); MPTP: 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine; IDE: Ixeris
dentata extract

As shown in Figure 2, no significant differences
were observed in latency time in any group in the
absence of the aversive foot-shock stimulus
(acquisition trial). The latency time was
significantly increased in retention trial (297 +
2.47 s) compared to acquisition trial (17.37 £
1.86 s) in control trained group. In addition, the
latency to enter the dark compartment was
significantly decreased 24 h after foot shock in
MPTP-induced mice compared with control mice

(control mice: 297.5 £ 2.47 s; MPTP-induced
mice: 201.217+3.23 s, p < 0.001 vs. control
mice). However, IDE extract treatment at the
indicated doses (20, 40 and 80 mg/kg)
significantly attenuated the decreased latency
time (230.54 £ 6.52 s; p < 0.05, 238.84 + 7.78 s;
p <0.05 and 258.15 + 7.42 s; p < 0.01) at 20, 40
and 80 mg/kg, respectively.

Effect of IDE extract on antioxidant enzymes
in brain tissue of MPTP-treated mice

As shown in Figure 3, significant decrease in the
activities of SOD and CAT was observed in
MPTP-treated group (p < 0.001) when compared
with their respective control groups (A and B).
Furthermore, LPO levels were significantly (p <
0.001) increased in MPTP-induced group (C).
However, IDE treated groups (20, 40 and 80
mg/kg) dose dependently attenuated these
changes. Although 20 mg/kg dose of IDE did not
show significant effect in altering the SOD and
LPO activity, the effects were dose-dependent.
The highest effect was observed at 80 mg/kg
dose (p < 0.01).

DISCUSSION

The purpose of this study was to use the MPTP-
induced mouse model to evaluate the effect of
IDE on PD as well as examine its effect on the
central neuropathological features of Parkinson’s
diseases. PD is a progressive neuronal cell
death of dopaminergic neurons in substantia
nigra and depletion of dopamine in the striatum,
the site into which their nerve terminals project
[19,20].
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Figure 3: Effect of IDE extract on anti-oxidant enzyme levels in MPTP- treated mice. The antioxidant enzymes
levels in different experimental groups were shown. A: Superoxide dismutase (SOD), B: catalase (CAT) and C:
Lipid peroxides (LPO); #p < 0.001 compared with untreated group. *p < 0.05, *p < 0.01 and ***p <
0.001compared with MPTP-induced group. Data expressed as mean = SEM (n = 5); MPTP: 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine; IDE: Ixeris dentata extract
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In the present study. IDE extract perhaps
attenuated the cognitive and behavioral
impairments in MPTP mouse models of
Parkinson's disease. The enhanced cognitive
and behavioral function exhibited by IDE extract
treatment was strongly supported by reduced
brain oxidative stress in MPTP-treated mice.

Rotarod test is widely used to confirm motor
deficit in PD models [20] and our result also
revealed motor deficit in MPTP-induced mice
group. Locomotor dysfunction including tremors,
rigidity and bradykinesia are a variety of clinical
symptoms of neurodegenerative diseases [23].
Behavioral effects are intertwined with the
degree of neuronal dysfunction, and its
assessment is a more powerful endpoint in
identifying neuroprotection. Locomotor data
indicate that a low dose of MPTP (at least 20
mg/kg) can regulate locomotor ability down to the
18 % of control.

The results from behavioral assessment based
on rota rod test suggest that long term treatment
of IDE extract improved muscular activity and
locomotion. It is well known that MPTP-induction
in non-human primates and mice develop
cognitive deficits [24,25]. Therefore, testing the
behavioral function provides a sensitive
evaluation of the IDE’'s ability to provide
neuroprotection of brain [26].

Treatment with IDE ameliorated decreases in
retention latency time in the passive avoidance
test in MPTP-treated mice given IDE. MPTP-
treated mice significantly altered the cognitive
performance with reduced performance in
passive avoidance test. Mice administered 80
mg/kg IDE extract showed a considerable
improvement compared with lower doses (20 and
40 mg/kg).

Oxidative stress in MPTP-treated mice was
measured by determining the activity of SOD and
CAT, and LPO levels in mouse brain tissue. IDE
extract treatment improved the MPTP-induced
reduction in the activities of antioxidant enzymes
and resulted in reduced levels of oxidative stress.
IDE extract effectively ameliorated antioxidant
enzyme activities in MPTP treated animals
especially at the dose of 80 mg/kg. The anti-
oxidant effects observed in this study are in
concord with our previous work which found that
IDE has the ability to scavenge free radicals [28]

In PD, the astrocytes are in their activated states
in substantia nigra. MPTP administration in mice
also leads to the activation of astrocytes in SN
similar to PD [29,30].

The major active constituent of IDE is
approximately 4 mg per g of caffeic acid [31,32].
Approximately 20 different types of
sesquiterpene and polyphenol compounds have
been isolated from IDE. It has been reported that
its key compounds are luteolin, luteolin 7-O-
glucuronide, caffeic acid, chlorogenic acid, and
guaiane sesquiterpene lactones [33]. Among
these main compounds, the inhibitory effects of
tectroside, luteolin, quercitrin, and chlorogenic
acidon allergic inflammation had already been
reported [34,35]. The most important active
components of IDE are phenolic constituents
[36]. These compounds might act individually or
in a synergistic mode in their neuroprotective
effect in brain cell.

A variety of antioxidant supplements and
phytochemical components might be helpful for
preserving brain functions and prevention of
neurodegenerative diseases [8]. Thus, IDE
agents that scavenge free radicals and regulate
oxidative defense mechanisms may have
potentials in the alleviation of cognitive
dysfunction seen in PD or other
neurodegenerative diseases. In our previous
work we presented data on the suppression of
NF-kB activation pathways by IDE [19]. Further,
the antioxidant actions of IDE might also be
involved in affecting such potent anti-
neuroinflammatory actions. Therefore, IDE can
potentially be developed on a commercial level
as a therapeutic raw material for the treatment of
PD or other neurodegenerative diseases.

CONCLUSION

The findings of this study show that IDE exerts
protective effects on the habit learning memory
and spatial memory deficits in an MPTP-treated
mice. Further, MPTP-induced alteration in
antioxidative enzyme levels is reversed in mouse
brain tissue treated with IDE. Regulation of
antioxidant defense mechanisms by IDE is
perhaps responsible for its neuroprotective effect
in MPTP-treated mice. Further studies on a
major active constituent of IDE and how it works
in microglia cell may provide an insight into its
molecular mechanism.
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