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Abstract

Context: Chamaecyparis obtusa Sieb. & Zucc., Endlicher (Cupressaceae) forest bathing or aromatherapy has been
shown in various studies to have biological functions such as anticancer, antiallergies, antiinflammatory, and
antioxidant activity. However, no reports exist on the pharmacological or biological activities of the essential oil of C.
obtusa (EOCO) or its effects on central nervous system.

Objective: The aggregation and formation of B-amyloid peptides (AB) into fibrils are central events in the pathogenesis
of Alzheimer’s disease (AD), and overproduction and aggregation of Af into oligomers have been known to trigger
neurotoxicity. In this study, we investigated the effects of inhaled EOCO on cognitive function and neuronal apoptosis
in rats intrahippocampally injected with AB.

Materials and methods: To model AD, 4 ug of aggregated AP was injected into the hippocampus. To test the effects of
EOCO, behavioral performance in the Morris water maze was tested 4 days after injection. After behavioral testing,
brain sections were prepared for TTC staining and TUNEL assay.

Results: Inhaled EOCO protected spatial learning and memory from the impairments induced by AB, , injection.
In addition, the behavioral deficits accompanying A, ,-induced AD were attenuated by inhalation of EOCO.
Furthermore, acetylcholinesterase (AChE) activity and neuronal apoptosis were significantly inhibited in rats treated
with AB, , and EOCO compared to rats treated only with AB, ..

Discussion and conclusion: EOCO suppressed both AD-related neuronal cell apoptosis and AD-related dysfunction of
the memory system. Thus, the results of this study support EOCO as a candidate drug for the treatment of AD.

Keywords: Cognition, -amyloid, essential oil from Chamaecyparis obtuse

Introduction 2003), act as anticonvulsants (Yamada et al., 1994),

Essential oils have been used for thousands of years
in the treatment of various diseases, such as depres-
sion, pain, and cancer (Graeff, 1993; Aloisi et al., 2002;
Komiya et al., 2006). Clinical trials have demonstrated
that essential oils can improve sleep (Graham et al.,

and have other useful functions when inhaled. The
essential oil of Chamaecyparis obtusa Sieb. & Zucc.,
Endlicher (Cupressaceae) is a volatile compound with
natural antibiotic properties that protect against harm-
ful insects, animals, and microorganisms. Inhalation
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with the essential oil of C. obtusa (EOCO) is known as
C. obtusa forest bathing or C. obtusa aromatherapy.
Chemical and pharmacological studies have shown
that terpenoids, the major components of EOCO, are
the active components that exert antigastropathic, anti-
inflammatory, and antioxidant activity. These activities
of terpedoids were verified by inhibiting information
of toxic lipid peroxide, recovering antioxidant enzyme
such as superoxide dismutase (SOD) activity in other
plants in vivo (Durham et al., 1994; Choi et al., 2003;
Nam et al., 2006). Furthermore, it has been reported that
the physiological effects of phytoncides contribute to the
improvement of symptoms of various disorders, includ-
ing accelerated aging, allergies, multiple sclerosis, and
cancer (Nose et al., 2000; Oikawa et al., 2005). Recently,
it was shown that the addition of phytoncides potently
decreases stress hormone levels and increases natural
killer (NK) cell activity and neurite outgrowth (Li et al.,
2006, 2009). These results raise the possibility that EOCO
may be therapeutically useful in blocking the primary
cause of neuronal death and memory impairment asso-
ciated with neurodegenerative diseases. However, no
reports exist on the pharmacological or biological activi-
ties of EOCO or its effects on learning and memory in rat
models of amnesia and/or dementia.

Alzheimer’s disease (AD) is an age-related neuro-
degenerative disorder that is recognized as the most
common form of dementia. It is clinically associated
with cognitive impairment, loss of language and motor
skills as well as changes in behavior (Huang & Jiang,
2009). Furthermore, AD is well established to be asso-
ciated with selective lesions of neuronal circuits in the
neocortex, hippocampus, and basal forebrain cholin-
ergic system. In this progressive dementia disorder, the
accumulation of large amyloid plaques, mostly con-
sisting of AR, , and AP, _,,, has been found in the brain
at autopsy. The extent of A} accumulation correlates
with the progression of cognitive deficits and memory
impairment, which prompted the suggestion that Af
may play a significant role in memory degeneration in
AD patients (Schwarting et al., 1991; Koudinov et al.,
2009). The enzyme choline acetyltransferase (ChAT) is
necessary for acetylcholine synthesis, and ChAT levels
are significantly reduced in patients with AD (Pakaski
et al., 2008). Moreover, addition of A} has been shown
to potently suppress acetylcholine (ACh) release
induced by high potassium in the hippocampus and
cortex (Watanabe et al., 2009). Therefore, selective sup-
pression of cholinergic transmission by Af in the hip-
pocampus and cortex could be part of the mechanism
through which amyloid peptides elicit their neurode-
generative effect.

The current study is the first report of the effects of
inhaled EOCO on Af-induced memory impairment
in rats. We also examined whether inhalation of EOCO
affects AB-induced cholinergic dysfunction and neuronal
apoptosis. Our findings may provide a basis for preventa-
tive treatment of AD with EOCO.

© 2012 Informa Healthcare USA, Inc.
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Materials and methods

Plant materials

C. obtuse, fresh leaves were collected from the Wood-
land, Jangheung, Jeollanamdo, South Korea in July 2010
and authenticated by Dr. Kim at Jeollanamdo Institute
of Natural Resources Research (JINR), Jangheung,
Jeollanamdo, South Korea, where an experimental sam-
ple had been deposited.

Reagents

AP, ,, was obtained from GL Biochem (Shanghai, China).
2,3,5-Triphenyl-terazoliumchloride, ACh, hydroxylam-
ine, and dithionitrobenzoic acid were purchased from
Sigma Chemical (St. Louis, MO). Donepezil was obtained
from Eisai (Tokyo, Japan). All other reagents were of ana-
lytical grade.

Gas chromatography and mass spectrometry analysis
EOCO was produced by the water-vapor distillation
method. The essential oil was analyzed by gas chro-
matography (GC)/mass spectrometry (MS). The GC
(GC-2010, Shimadzu Corporation, Japan) was equipped
with a DB-5MS column (30 m x 0.25 mm i.d., 0.25 pm film
thickness, Agilent Technology, USA) and a split injection
port (100:1). The injector and detector temperatures were
maintained at 250°C and 280°C, respectively. Helium
was used as the carrier gas at a flow rate of 1.65 mL/min.
The initial oven temperature was maintained at 50°C for
5min. The temperature was then raised to 100°C at a rate
of 10°C/min, then to 280°C at a rate of 5°C/min and finally
held at that temperature for 5min. The electron ionization
mode was used for MS (GCMS-QP 2010 Plus, Shimadzu
Corporation, Japan), and the conditions were as follows:
electron energy, 70eV; scan range, 28-550 amu; and
source temperature, 200°C. The chemical structure of
each constituent was identified by comparing mass data
with Wiley 8N Library data. The EOCO used in this study
was standardized systemically. Figure 1 shows the chro-
matogram of EOCO.

Animals

Male Sprague-Dawley rats (weight range: 220-240g)
were purchased from the Central Lab Animal Inc. (Seoul,
Korea) and housed seven per cage in a light-controlled
room (lights on from 8:00 AM to 8:00 PM) at a tempera-
ture of 22+2°C and humidity of 50+5% with food and
water available ad libitum. All experimental procedures
were conducted in accordance with guidelines relevant
to the care of experimental animals, as approved by the
Jeollanamdo Institute for Natural Resources.

Inhalation and groups

Inhalation of EOCO was performed using a vaporization
system cage (VSC), which allowed quantitation of the vol-
ume of EOCO inhaled to the rats. The VSC was made of
acrylate board (50 cm x 60 cm x50 cm) and was equipped
with an electric fan that injected oxygen and vaporized and
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Figure 1. Chromatogram of EOCO. 1) a-thujene; 2) a-pinene; 3) camphene; 4) -phellandrene; 5) 3-myrcene; 6) a-terpinene; 7) p-cymene;
8) limonene; 9) y-terpinene; 10) a-terpinolene; 11) a-terpineol; 12) bornyl ester; 13) 2-bornyl aetate; 14) a-terpinyl acetate; 15) thujopsene;
16) (+)-0-cadinene; 17) (+)-epi-bicyclosesquiphellandrene; 18) (+)-p-himachalene; 19) (+)-a-longipinene; 20) elemol; 21) a-cedrol; 22)
v-eudesmol; 23) B-eudesmol; 24) beyerene. (Compounds occupying more than 0.4% peak area are shown.)

distributed EOCO. Rats were randomly assigned into one
of four groups: the vehicle-injection plus saline-adminis-
tered group (control group), the AB-injection plus saline
administered group (AB, ,, group), the AB-injection plus
donepezil-administered group (Donepezil group), and
ApB-injection plus EOCO-inhalation group (EOCO group).
Donepezil (1.5 mg/kg bw/day) was administered intragas-
trically once daily for 7 days after injection of Af into the
hippocampus. EOCO (1 mL/cage) was inhaled in the VSC
for two consecutive hours for 30 days before injection of
Ap into the hippocampus and 7 days after injection.

AB,_,, preparation

AB,_,, was initially dissolved in a small volume of DMSO,
and diluted to a final stock concentration of 1 pg/pL
in artificial cerebrospinal fluid (ACSF: 145mM NaCl,
2.7mM KCl, 1.2mM CaCl,, 1.0mM MgCl,) and aggre-
gated at 37°C for 5 days prior to use (Ekinci et al., 1999;
Kim et al., 2011).

AB,_,,-induced AD rat model

The rats were anesthetized with isoflurane (3%, i.a.),
and placed in a stereotaxic instrument (Harvard, USA).
An incision was made on the scalp of each rat, and the
skull was adjusted to position bregma and lambda on the
same horizontal plane. Small burr holes were drilled, and
AB,_,, (4 ug) or vehicle was injected into the hippocampi
(-3.0mm, 2.2mm, -2.8 mm) at arate of 1 uL/min with a 5
pL Hamilton syringe. The hole was then covered with den-
tal acrylic cement and the scalp was closed with sutures.
After surgery, each rat was injected with penicillin in the

hindquarter muscle (100,000 U) and individually housed
after the operation. All behavioral tests were started at
day 2 after surgery in unanesthetized freely moving rats.

Morris water maze test

The water maze test was performed according to stan-
dard methods with some modification (Morris, 1984) in a
circular pool (diameter: 180 cm, height: 75cm) filled to a
depth of 25+ 1cm. The transparent platform (24 cm) was
submerged approximately 1cm below the surface of the
water, and nonfat milk was added to the water to make it
opaque. The first day of the experiment was a swim train-
ing day during which rats swam for 60 s in the absence of
the platform. On each day following the first training day,
the rats were given four sessions, with an intertrial interval
of 5min. The starting point changed for each session, but
the location of the platform was fixed during the entire test
period. The time from being placed in the pool to reach-
ing the platform was measured. On the day after the last
training session, each rat was subjected to a probe trial (90
s) in which no platform was present. The time spent in the
target quadrant (the quadrant in which the platform had
previously been located) was taken as a measure of spatial
memory retention. All data were collected and analyzed
using Smart video tracking system (Panlab, USA).

Passive avoidance test

The rats were tested for memory retention deficits
using a passive avoidance apparatus (Iwoo Scientific
Co, Seoul, Korea). The apparatus consisted of a two-com-
partment dark/light shuttle box with a guillotine door
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separating the compartments. The dark compartment
had a stainless steel shock grid floor. During the acqui-
sition trial, each rat was placed in the light chamber.
After a 60 s habituation period, the guillotine door was
opened, and the latency for the animal to enter the dark
chamber was recorded, and termed initial latency. Rats
with an initial latency of greater than 60 s were excluded
from further experiments. Immediately after the rat
had entered the dark chamber, the guillotine door was
closed and an electric foot shock (75V, 0.2mA, 50 Hz)
was delivered through the floor grid with a stimulator
for 3 s. Five seconds later, the rat was removed from
the dark chamber and returned to its home cage. Eight
hours later, this test was repeated and the latency to
enter the dark chamber was recorded. Latency in this
test was termed retention latency.

Vertical pole test

The vertical pole test was performed as previously
described (Ogawa et al., 1985) with minor modifications.
Rats were tested for measuring grip strength and senso-
rimotor performance on a vertical pole (2 cm in diameter,
60 cm high). Animals were placed on the center of the
pole, which was fixed in vertical position. Animals with
deficits in grip strength and sensorimotor performance
fall off the pole. Rats were habituated to the task in two
trials per day for 2 days. On the testing day (third day),
three measures were taken over three trials per rat.

Rotarod test

Performance on a rotarod task (five-lane accelerating
rotarod; Jeung Do Bio & Plant, Seoul, Korea) was used
to measure motor balance and coordination. Rats were
placed on a horizontal rotating rod (diameter, 8 cm; rota-
tion speed, 20rpm) and were left on the rod for 5min or
until they fell off. Falling off the rod activated a switch
that automatically stopped a timer. Five rats separated
by large disks were tested simultaneously. On the testing
day, each rat was submitted to three trials with an inter-
trial interval of 10 min.

ACh content and AchE activity assays

ACh content was determined according to the method of
Vincent et al. (1958). Aliquots (20 uL) of brain homogenate
and 50 pL of 1% hydroxylamine were added to a 96-well
multiplate, incubated for 15min at 25°C, and then 250 pL
FeCl, (in 0.1 N HCI, pH 1.2+0.2) was added. Absorbance
was read at 540 nm and calibrated with a blank.

AchE activity was determined by the colorimet-
ric method described by Ellman et al. (1961). DTNB
(0.01 mM, 20 pL) and 10 pL of brain homogenate (Crude
enzyme) in 0.1 mM sodium phosphate buffer (pH 8.0)
were added to a 96-well multiplate and incubated for
5min at 25°C. The reaction was then initiated by adding
10 puL of 0.1 M acetylthiocholine. The hydrolysis of acetyl-
thiocholine was monitored by the formation of yellow
2-nitro-5-sulfidobenzene-carboxylate anion as the result
of the reaction of DTNB with thiocholine (released by

© 2012 Informa Healthcare USA, Inc.
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enzymatic hydrolysis of acetylthiocholine) for 10 min, at
awavelength of 412nm.

TTC staining

At the end of behavioral evaluation, rats were sacrificed
for 2,3,5-triphenyltetrazolium chloride (TTC) staining.
Brains were quickly removed and placed in ice-cold
saline solution then sectioned at 2 mm intervals using rat
brain matrix. Slices were submerged in 2% TTC for 5 min
at 37°C in the dark then removed and placed in 4% para-
formaldehyde, pH 7.4 in 0.1 M phosphate buffer.

TUNEL staining

Rats were anesthetized and transcardially perfusion
fixed with 4% formaldehyde in 0.1 M sodium phosphate
buffer (pH 7.4). Brains were removed quickly and post-
fixed with the same fixation solution overnight at 4°C.
Postfixed brains were embedded in paraffin, and 5 pm
sections were obtained using a rotary microtome and
placed on pretreated slides. For detection of in situ DNA
fragmentation, TUNEL staining was performed using
the Cell Death Detection kit (Roche Diagnostics GmbH,
Germany) according to the manufacturer’s instructions
with minor modifications. Fixed tissues were placed
in a plastic jar containing 0.1 M citrate buffer (pH 6.0).
Slides were exposed to 750 W microwave irradiation for
1min and cooled rapidly by immediately adding double
distilled water. Next, the slides were immersed in Tris-
HCI (0.1M, pH 7.5, containing 3% BSA and 20% normal
bovine serum) for 30 min at 25°C, then rinsed three times
with PBS. TUNEL reaction mixture was then added to
the sections, and the slides were incubated for 60 min at
37°C in a humidified atmosphere in the dark. TUNEL-
positive cells in the CA1 pyramidal cell layer were then
counted under a fluorescence microscope by investiga-
tors blinded to the treatment (magnification in 40x, and
scale bar=20 um). Three slices of every rat brain were
used for counting.

Data analysis

The results are expressed as mean + S.D. and S.E. The data
were statistically evaluated using Student’s ¢-test or one-
way analysis of variance (ANOVA) followed by Duncan’s
Multiple Range test to compare significant differences
between the groups at p<0.05.

Results

Qualitative analysis of EOCO

The EOCO was composed of 45 main compounds with
significant differences in the contributions of major
monoterpenes (67.97%) and sesquiterpenes (25.97%;
Table 1). The main monoterpene constituents were
o-terpinyl acetate (16.82%), B-phellandrene (13.11%),
-myrcene (5.68%), limonene (6.49%), bornyl acetate
(7.48%), y-terpinene (4.28%), and a-terpineol (4.33%).
The main sesquiterpene and diterpene constituents were
elemol (6.22%), thujopsene (4.50%), 3-eudesmol (4.13%),
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Table 1. Chemical composition of the essential oil extracted from
Chamaecyparis obtusa.

Peak
Terpenes Compounds RT, min area, %
Monoterpenes o-thujene 11.039 1.07
a-pinene 11.386 2.18
camphane 12.074 0.41
p-phellandrene 12.859 13.11
B-pinene 13.172 0.31
p-myrcene 13.288 5.68
a-phellandren 14.203 0.18
o-terpinene 14.619 1.80
p-cymene 14.92 1.21
limonene 15.132 6.49
y-terpinene 16.265 4.28
4-thujanol 16.796 0.05
a-terpinolene 17.409 1.37
camphor 20.11 0.10
borneol 21.036 0.31
a-terpineol 21.298 4.33
lynalyl acetate 23.56 0.22
bornylacetate 25.174 7.48
isobornylaetate 25.311 0.57
o-terpinyl acetate 27.310 16.82
Sesquiterpenes (+)-epi- 31.578 2.04
bicyclosesquiphellandrene
p-elemene 28.970 0.06
p-cedrene 30.493 0.15
thujopsene 30.815 4.50
(+)-06-cadinene 30.970 1.67
y-muurolen 31.434 0.23
(-)-germacrene 32.208 0.20
longifolene 32.362 0.22
(+)-p-himachalene 32.99 0.80
(-)-calamenene 33.391 0.25
(+)-a-longipinene 33.903 0.88
elemol 36.417 6.22
a-cedrol 37.512 1.72
v-eudesmol 36.864 2.23
(-)-guaiol 36.992 0.11
a-cadinol 34.163 0.27
p-eudesmol 37.638 4.13
a-bisabolol 38.210 0.11
iso-longifolol 39.252 0.07
d-guaiene 39.516 0.11
Diterpenes rimuene 44.521 0.29
beyerene 45.691 3.35
kaur-15-ene 45.859 0.09
B-selinene 47.333 0.23
Sum of components occupying less than 0.05% 2.10
Total 100

and beyerene (3.35%). According to Yang et al. (2007),
the chemical composition of essential oil obtained from
the leaves of C. obtuse was mainly o-terpinyl acetate
(13.71%), sabinene (10.97%), isobornyl acetate (8.85%),
and limonene (6.89%). Only systemically standardized
samples were used to evaluate the following effects.

Effects of EOCO on AB, , -induced impairment of
memory acquisition and retention

The effects of EOCO on spatial memory were investigated
using the Morris water maze test (Figure 2). Figure 2A
shows the escape latencies for each group in trials 1-4
on day 4. The control group rapidly learned the location
of the platform, as demonstrated by short escape laten-
cies. The escape latencies decreased from the first trial
to fourth trial and the first day to the fourth day due to
normal learning. However, despite learning for 4 days,
escape latencies of the AP, , group did not decrease
(104.91 £37.04 sec) compared with controls (13.48 +5.08
s). In contrast, the escape latencies of the donepezil group
(41.75+10.40 s) and the EOCO group (44.22 +16.50 s) did
decrease over the 4 days of testing.

The results of the spatial probe trials are showed in
Figure 3. The time spent in the target quadrant (where
the platform was previously placed) was significantly
decreased in the AB, , group (21.06+6.15 s) compared
with the control group (44.90+10.73 s, ***p<0.001). In
contrast, the time spent in the target quadrant by the
donepezil group (28.55+5.90 s, *p<0.05) and the EOCO
group (29.34+5.85 s, ¥p<0.05) increased remarkably. The
effects of treatment group on the retention latencies, as
revealed in the passive avoidance test, are shown in Table
2. In the AB, ,, group, retention latencies significantly
decreased (114.32+21.28 s) compared with the control
group (268.69+10.97 s, **¥p<0.001). However, the reten-
tion latency reduction induced by A, ,, was alleviated
by donepezil (200.34 £23.01 s, *p<0.05) and EOCO treat-
ments (192+24.40 s, ¥p<0.05).

Effects of EOCO on AB, , -induced behavioral deficits
The effects of EOCO on the behavioral deficits induced
by AP were determined using the vertical pole and
rotarod tests. Grip strength and sensorimotor perfor-
mance measured by the vertical pole test were found to
be significantly decreased in the AB, , group (1.93+0.23
s) compared to the control group (6.25+0.45 s,
**%kp < 0.001). Specifically, EOCO treatment significantly
improved the time spent (5.01+0.26 s, ***p<0.001) on
the vertical pole compared to the AR, , group (1.93+0.23
s, **p<0.001, Figure 4A). In the rotarod test, the Af,
group showed a significant reduction in time spent on
the rotarod (48.08+5.74 s, **p<0.01) compared to the
control group (177.17+23.27 s, *p<0.05), and EOCO
treatment (150.01+36.46 s, *p<0.05) was found to be
effective for partial recovery of balance and coordina-
tion compared to the AP, group. No significant differ-
ences were observed in the EOCO group compared to
the donepezil group (Figure 4B).

Effects of EOCO on AchE activity and ACh content in
AB,_,-injected rats

AD is accompanied by synaptic dysfunction in the cho-
linergic system. The increased AchE activity and a signifi-
cant loss of ACh correlate with cognitive impairments.
We measured AchE activities using Ellman’s method with

Pharmaceutical Biology
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Figure 2. Effects of EOCO on A, , -induced impairments of memory acquisition and retention in the Morris water maze test. Before
receiving intrahippocampally injection of either ACSF or AB, , (4 uL), the rats inhaled EOCO (1 mL/cage) in a VSC for 30 days. Donepezil
(1mg/kg b.w./day) served as a positive control. The rats were given four trials each day for 4 consecutive days. (A) The effects of EOCO on
the memory of rats impaired by injection of AR, , in the fourth day of the Morris water maze test. (B) The effects of EOCO on the memory
of rats impaired by injection of AB, , in the first trial and fourth trials of the Morris water maze test over 4 days. The values shown are the
mean latency = S.D (n=7); ¥p<0.05, **p<0.01, ***p < 0.001, significantly different from the Af, , -treated group. Statistical significance was
tested with the unpaired Student’s -test.
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Figure 3. Effects of EOCO on Ap, , -induced impairments of memory acquisition and retention in probe trials. (A) Effects of EOCO on
probe trial sessions of the Morris water maze test. The time in the figure represents the cumulative time in the target quadrant of the pool
in the 90 s probe trial. (B) Swimming pattern on probe trial sessions of the Morris water maze test. The values shown are the mean latency
+8.D (n=7); *p<0.05, **p<0.01, ***p<0.001, significantly different from A}, -treated group. Statistical significance was tested with the
unpaired Student’s -test.
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some modification. We found that AchE activity was sig- umole/mg protein, **p<0.001, Figures 5A, B) in the
nificantly elevated (0.46 + 0.05 U/mg protein, ***p<0.001) AR, _,, group. However, after treatment with donepezil
and ACh content was decreased markedly (18.54+1.17 or EOCO, AchE activity was significantly decreased and
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Table 2. Effects of EOCO on Af

1-40

-induced impairment of memory acquisition and memory retention in the passive avoidance test.

Group Control

EOCO

AB, . Donepezil

Retention latencies (s) 268.69 +10.97%**

114.32+21.28 200.34+23.01% 192.89+24.41%

Data represent the mean * S.E (n="7) Values with different letters in a column are significantly different by ANOVA test (p<0.05).

*p<0.05, significantly different from A3
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Figure 4. Effects of EOCO on Af, , -induced behavioral deficits.
(A) Effects of EOCO on AP, -induced sensorimotor deficits in
the vertical pole test. (B) Effects of EOCO on A}, , -induced motor

1-40
coordination and balance deficits in the rotarod test. The values

shown are the mean latency + S.E. (n=7); *p<0.05, *p<0.01,
*#%p<0.001, significantly different from A, , -treated group.
Statistical significance was tested with the unpaired Student’s
t-test.

ACh content was significantly increased compared with
the AB,_,, group. In addition, the EOCO group had less of
areduction in AchE activity than the donepezil group.

Effects of EOCO on A
degeneration

Following behavioral evaluations, rats were sacrificed
for TTC staining. Figure 6A shows representative TTC
staining for each group. Normal brain tissue appeared
uniformly red in the control group, while degenerating
regions appeared white in the AB, , group. In addition,
among animals treated with AB , , the volume of degen-
erating regions was significantly less in EOCO group than
in AB, ,, group. However, no significant difference was
observed in the volume of degenerating regions between
donepezil group and AR, group. Brain sections were
also subjected to TUNEL staining. As shown in Figure 6B,
no immunofluorescence was observed in hippocampal
neurons of the control group. However, in both AB,
(129.01 £22.65 cells) and donepezil group (114.33 £20.98
cells), most of the hippocampal neurons were positive

1_so-induced hippocampal

group, *¥p<0.01,¥p<0.001.
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Figure 5. Effects of EOCO on AchE activity (A) and ACh content
(B) in AB,_,-injured rats. Results are expressed as the means
S.D. (n=7); ¥p<0.05, **p<0.01, **¥p<0.001, significantly different
from only AP, , -treated group. Statistical significance was tested
with the unpaired Student’s ¢-test.

for TUNEL staining. Finally, a small number of TUNEL-
positive cells were observed in EOCO group (42.33+7.37
cells, *p<0.01).

Discussion

The findings from this study clearly show that inhaled
EOCO suppresses the impairments in spatial working
memory induced by intrahippocampal injection of AR, _, .
Using the AP hippocampal injection model, we further
demonstrated that hippocampal neuronal cell apoptosis
was induced by injection of AB, , , and EOCO treatment
antagonized Af-mediated neuronal apoptosis in vivo.
We compared learning and memory using the Morris
water maze in non-Af, , -injected rats and found no sig-
nificantimprovementinperformance over4 daysbetween
an EOCO inhalation and a control group. However, on
the first trial on the first day of the Morris water maze test
and probe test, escape latencies for the EOCO inhalation
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Figure 6. Effects of EOCO on A, , -induced neuronal degeneration and DNA strand breakage. (A) Effects of EOCO on A, , -induced
neuronal degeneration assessed by TTC staining. Representative brain sections (2 mm thick) from EOCO-treated rats stained with 2% TTC
showing neuronal degeneration. Red colored regions in the TTC-stained sections indicate nondegenerated regions and pale colored regions
indicate degeneration. (B) Effects of EOCO on AP, , -induced neuronal apoptosis assessed by TUNEL assay. Detection of hippocampal
apoptotic cells was carried out using the TUNEL method. TUNEL-positive pyramidal neurons undergoing apoptosis were observed in the
hippocampus (fluorescence). (C) Representative quantification of the number of TUNEL-positive cells. Results are expressed as the means

+S.E. (n=7); *p<0.05, *p<0.01, ***p<0.001, significantly different from A

unpaired Student’s ¢-test.

group were significantly decreased compared to escape
latencies of the nontreated control group (data not
shown). These results confirm the potential of EOCO as
a neuroprotective agent against AB, , -induced impair-
ments of learning and memory acquisition.

AB,_,, injection into the hippocampus resulted in
memory loss with AD-like features in rats. At the onset of
AD pathogenesis, the fibrillogenesis of Af and the forma-
tion of insoluble amyloid plaques cause synaptic failure
and clinical memory loss along with other cognitive
deficiencies (Koudinov et al., 2009). However, the new-
est versions of the amyloid theory posit that the major
culprit is soluble AP oligomers rather than A fibrils. It
is known that soluble AP oligomers can disrupt synaptic
memory mechanisms at extremely low concentrations
via stress-activated kinases and oxidative/nitrosative
stress mediators (Rowan et al., 2007). For these reasons,
we used mixed-Af, , with soluble oligomeric and fibril-
lar AR, in this study.

1-40
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Lo-treated group. Statistical significance was tested with the

In the Morris water maze test, the EOCO-treated
group exhibited significantly shorter escape latencies on
the first trials of each day than the AB , -treated group
for all 4 days; this finding suggests that EOCO improves
long-term memory impaired by AP. Furthermore, short-
term memory improvements were revealed by the sig-
nificant differences in escape latencies between the first
and second trial on day 1 in the EOCO-treated group. The
EOCO-treated group also showed significant recovery
of spatial memory retention abilities in the probe trial.
Similar results were obtained in the passive avoidance
test; EOCO treatment increased the retention latencies
compared to the group that only received Af, , treat-
ment. The results of these two behavioral tests show that
EOCO protects spatial learning and memory function
from AP, , -induced impairments.

The behavioral effects of AP reflect the degree of neu-
ronal dysfunction (Schwating et al., 1991). AD is accom-
panied by behavioral deficits. Similarly, after AP

1-40
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injection, several behavioral deficits became apparent,
including deficits of balance and coordination and sen-
sorimotor performance. The rotarod test is widely used
to assess motor coordination, and this task has provided
arich source of information about the qualitative aspects
of walking (Whishaw et al., 2008). Compared to the
control group, motor coordination was decreased only
in the AB, , -treated group, indicating EOCO provided
significant protection against AB-induced motor impair-
ments. On the vertical pole test, the AB, , -treated group
fell off the pole after a shorter latency than the control
group. However, treatment with EOCO significantly
increased the time spent on the vertical pole compared
to the AB, , -treated group. These results confirm that the
behavioral deficits of the AB, , -induced rat model of AD
are attenuated by inhalation of EOCO.

Autopsy of AD patients has demonstrated a specific
deficiency in ACh content and an excess of AchE (Davies
et al., 1976). Cholinergic transmission is terminated by
ACh hydrolysis via AchE (Ballard et al., 2005); thus, AchE
activity and ACh content are inversely related. In AD,
AchE is usually decreased, not increased, as cholinergic
neurons degenerate. However, increases in AchE have
been observed in AD, although presumably the increase
preceded neuronal degeneration (Kar et al., 2004). In
this study, EOCO significantly inhibited AchE activity
and increased ACh levels in the brain compared to the
group treated only with AB, , . Although we did not mea-
sure the levels of essential oil components in the blood
of our animals, our findings demonstrate that inhalation
of the fragrance apparently affected the nervous system,
suggesting that some active components affected the A}
signaling pathways in the CNS. These results are interest-
ing and warrant further investigation.

The results from the present study provide possible
mechanisms of EOCO in protecting neuronal cell death,
especially AB-mediated death. First, EOCO’s action on
the modulation of oxidative stress will diminish exces-
sive activation of AB-metal ion complexes which were
excessively released from injury to the CNS: accord-
ing to this theory, AP and copper/zinc ions form an
AB-metal ion complex, which produces reactive oxy-
gen species (ROS), such as 0,7, H,0, and OH (Curtain
et al., 2001; Barnham et al., 2004; Valko et al., 2005).
Second, EOCO’s antagonistic effects of Ca* channels
and N-methyl-D-aspartate receptors (NMDAr) will
potentiate its neuroprotective action by regulating Ca**
homeostasis: this theory posits that the collapse of Ca*
homeostasis directly or indirectly induces neuronal
apoptosis (Issacs et al., 2006; Kelly & Ferreira 2006;
Arispe et al., 2007; Yoshiike et al., 2007). There are
several widely known hypotheses regarding how Ca?*
homeostasisislost, and they involve Ca* influx through
voltage dependent Ca?* channels (VDCCs), NMDAr and
calcium channels formed directly by Af3. Third, EOCQO'’s
action on the hyperphosphorylation of tau protein: this
theory posits that the loss of Ca* homeostasis induces
hyperphosphorylation of tau, which causes tau to lose

the capability to bind microtubules and subsequently
induces neuronal apoptosis (Yamamoto et al., 2002;
Igbal et al., 2005; Mattson, 2007).

In all likelihood, the causes of neuronal loss are
not independent events. Whatever the mechanisms of
neuronal loss are, TTC staining and the TUNEL assay
demonstrated that the volume of degenerated regions
and the number of TUNEL-positive cells in the EOCO-
treated group decreased compared to A, _, -treated
group. However, there was no change in these mea-
sures for the donepezil-treated group compared to
the AP, -treated group. Donepezil has been reported
as a promising palliative therapeutic agent for AD on
the basis of its superior AchE inhibition and memory
enhancement potency (Pang et al., 1996; Wang et al.,
1999; Liu et al., 2000). Although it has been shown
that donepezil reverses memory deficits mainly via
the inhibition on AchE, its exact multiple neuropro-
tective mechanisms remain elusive. Several studies
have shown that donepezil did not show any protec-
tive effect against apoptosis by Af}, NMDA or stauro-
sporine (Zhang et al., 2002; Li et al., 2005; Fu et al.,
2006). Therefore, EOCO'’s role of anti-apoptosis might
be more beneficial than those that only inhibit AchE to
treat AD and in particular to prevent the pathogenesis
of AD and other related neurodegenerative disorders.
We are currently investigating the effects of EOCO on
NMDAr- and neuronal Ca?* channels-mediated change
of intracellular Ca* level and neuronal cell death,
which are more relevant conditions of the delayed
form of AP injury.

Although further experiments will be needed to
uncover the detailed mechanisms of EOCO’s action on
AB-induced memory impairment in rats, our data clearly
demonstrate that inhaled EOCO suppresses impairment
of spatial working memory and neuronal cell apopto-
sis induced by intrahippocampal injection of Af, .
Therefore, for the first time, our findings provide in vivo
evidence that EOCO offers protection against AD-related
neuronal cell apoptosis and memory dysfunction and
may be a useful therapeutic choice for the treatment of
neurodegenerative disorders.

Conclusions

In the present study, we investigated the neuroprotective
effects of EOCO against AP, , -induced neuronal toxicity
in rats. We found that EOCO ameliorated the deficits in
spatial learning and memory function induced by AB , .
In addition, we confirmed that the behavioral deficits
associated with AD-like symptoms are attenuated by
inhalation of EOCO. Furthermore, EOCO significantly
inhibited AchE activity and neuronal apoptosis compared
to the AP, , -treated group. Taken together, the results of
this study suggest that EOCO has neuroprotective effects
against A, , -induced neuronal toxicity. Therefore,
EOCO could be a useful neuroprotectant against Af3
induced neuronal damage.

1-40~
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