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Effects of essential oil from Chamaecyparis obtusa on cytokine
genes in the hippocampus of maternal separation rats
Hae Jeong Park, Su Kang Kim, Won Sub Kang, Jong-Min Woo, and Jong Woo Kim

Abstract: We investigated the effects of an essential oil from Chamaecyparis obtusa (EOCO) on early life stress, using maternal
separation (MS) rats and a microarray method to analyze the changes in gene expressions caused by EOCO in the hippocampus
of MS rats. Rats in the MS groups were separated from their respective mothers from postnatal day (pnd) 14 to 28. Rats in the
EOCO-treated groups were exposed to EOCO for 1 or 2 h by inhalation from pnd 21 to 28. The EOCO-treated MS rats showed
decreased anxiety-related behaviors compared with the untreated MS rats in the elevated plus-maze (EPM) test. In the microarray
analysis, we found that EOCO downregulated the expressions of cytokine genes such as Ccl2, Il6, Cxcl10, Ccl19, and Il1rl in the
hippocampus of MS rats, and also confirmed that using reverse transcriptase – PCR. In particular, the expressions of Ccl2 and Il6
were predominantly decreased by EOCO in the hippocampus of MS rats. Interestingly, protein expression was also reduced by
EOCO in MS rats. These results indicate that EOCO decreases MS-induced anxiety-related behaviors, and modulates cytokines,
particularly Ccl2 and Il6, in the hippocampus of MS rats.
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Résumé : Nous avons examiné l'effet de l'huile essentielle de Chamaecyparis obtusa (HECO) sur un stress de début de vie en
utilisant la séparation maternelle (SM) chez le rat par l'analyse des changements d'expression génique induits par l'HECO dans
l'hippocampe des rats SM sur des puces à ADN. Les rats des groupes SM ont été séparés de leur mère des jours postnataux (jpn)
14 à 28. Les rats des groupes traités à l'HECO ont été exposés pendant une ou deux heures par inhalation entre les jpn 21 et 28.
Lors du test en labyrinthe en croix surélevée, les comportements anxieux étaient diminués chez les rats traités à l'HECO
comparativement aux rats SM. L'analyse des puces à ADN a révélé que l'HECO régulait à la baisse l'expression de gènes de
cytokines comme Ccl2, Il6, Cxcl10, Ccl19 et Il1rl dans l'hippocampe des rats SM, régulation confirmé par RT–PCR. Notamment,
l'expression de Ccl2 et de Il6 était diminuée de manière prédominante par l'HECO dans l'hippocampe des rats SM. Fait intéressant,
l'expression des protéines correspondantes était aussi diminuée par l'HECO chez les rats SM. Ces résultats indiquent que l'HECO
diminue les comportements anxieux induits par la SM et module l'expression des cytokines, notamment Ccl2 et IL-6, dans
l'hippocampe des rats SM. [Traduit par la Rédaction]

Mots-clés : Chamaecyparis obtusa, stress de début de vie, séparation maternelle, gène de cytokine, comportement anxieux.

Introduction
Adverse early life experiences such as social isolation and pa-

rental loss often produce impulsive aggression and antisocial per-
sonality symptoms (Agid et al. 1999; Barnow et al. 2001). Such
experiences have been associated with serious psychiatric prob-
lems, including depression and anxiety disorders (Agid et al. 1999;
Barnow et al. 2001). Maternal separation (MS) in rats during the
early postnatal period is a well-established animal model of early
life stress (Veenema et al. 2006). It has also served as a model of
psychopathology for anxiety disorders and depression (Kalinichev
et al. 2002; Pryce et al. 2005). Indeed, MS rats have been character-
ized by increased anxiety-related behaviors (Huot et al. 2001;
Kalinichev et al. 2002), and alterations of various neurobiological
parameters have been shown during brain development of MS
rats (Plotsky and Meaney 1993; Wilber et al. 2009).

Previous studies have shown stress relaxing effects from forest
bathing, or phytoncides, which are aromatic essential oils
emitted mainly by trees, of which the major ingredients are
organic compounds called terpenoids (Hong et al. 2004; Li et al.

2009, 2010). Indeed, forest bathing and exposure to phyton-
cides decreased the stress hormone levels in human urine (Li
et al. 2009; Li and Kawada 2011). In addition, phytoncides reduced
stress-induced elevation of blood pressure in stroke-prone spontane-
ously hypertensive rats (Kawakami et al. 2004). Moreover, phyton-
cides modulated neural transmission in the brain by increasing the
potentiation of GABAA receptors, which were involved in anxiolytic,
anticonvulsant, anesthetic, and sedative activities (Aoshima and
Hamamoto 1999).

Chamaecyparis obtusa (commonly known as Hinoki), which be-
longs to the Cupressaceae family, is a tropical tree species found
in Japan and the southern region of South Korea. Essential oils
extracted from C. obtusa and other Cupressaceae family plants
contain several types of terpenes including limonene, bornyl ace-
tate, �-terpineol, and elemol (Sullivan et al. 1994), which are the
active components that exert antigastropathic, anti-inflammatory,
and antioxidant activity. Indeed, it has been shown that essential
oils from Cupressaceae, including C. obtusa, have antibacterial,
antifungal, and anti-cancer effects (Hong et al. 2004; Li et al. 2009;
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Ho et al. 2012). In addition, a clinical study has reported that
inhalation of essential oil from C. obtusa (EOCO) decreased the
concentrations of stress hormones such as adrenaline and nor-
adrenaline in humans (Li et al. 2009). A recent study has also
reported on the action of EOCO on the central nervous system
(CNS), showing that inhalation of EOCO ameliorated the impair-
ment of cognitive function and neuronal cell death induced by
injection of �-amyloid in rats (Bae et al. 2012).

Considering the effects of forest bathing, phytoncides, and EOCO
on stress relaxation, and the activity of EOCO on CNS, we speculated
that EOCO may have therapeutic effects against psychiatric prob-
lems caused by stress. In this study, we investigated the effect of
EOCO on early life stress using the MS animal model. To detect the
activity of EOCO, anxiety-related behaviors were analyzed, and
changes in gene expressions caused by EOCO were studied in the
hippocampus of MS rats using a microarray method.

Materials and methods

Animals and maternal separation
Timed-pregnant Sprague–Dawley rats were provided on gesta-

tion day 17 from Daehan BioLink (DBL; Seoul, South Korea). The
rats were individually housed in standard rat cages, and main-
tained under a 12 h (light) – 12 h (dark) cycle at a standard temper-
ature (22 ± 3 °C) with food and water freely available.

The day of delivery was designated as postnatal day (pnd) 0. On
pnd 14, pups were randomly assigned to one of 5 groups (n = 10 per
group): (i) maternal care (MC), (ii) 2 h EOCO-treated MC, (iii) MS,
(iv) 1 h EOCO-treated MS, or (v) 2 h EOCO-treated MS. For validating
the effect of EOCO on anxiety-related behaviors in MS rats, a dif-
ferent set of pups were also assigned to one of 4 groups (n = 7 per
group) on pnd 14: (i) saline-treated MC, (ii) fluoxetine-treated MC,
(iii) saline-treated MS, or (iv) fluoxetine-treated MS (Baek et al.
2012). Pups in the MC groups were housed with their mothers
under standard conditions. MS was conducted using the method
described by Lee et al. (2001), totally separating from pups’ respec-
tive mothers from pnd 14 (Park et al. 2011; Baek et al. 2012). Those
in the MS groups were maintained individually for 14 days
(pnd 14–28) in a new cage with free access to food and water. All
animal experiments were conducted in accordance with the ani-
mal care guidelines of the National Institute for Health (NIH) and
the Korean Academy of Medical Sciences.

Drugs and treatments
EOCO produced from the stem and leaf of C. obtusa was pur-

chased from a commercial source (Yesco Service Co., Ltd., Seoul,
South Korea). EOCO was analyzed using gas chromatography –
mass spectrometry at the Korea Testing & Research Institute
(KTRI; Gunpo, South Korea). EOCO comprised �-pinene, �-pinene,
�-phellandrene, terpinyl acetate, �-3-carene, limonene, p-cimene,
camphene, �-terpinolene, and others.

EOCO treatment was administered via inhalation according to the
method from Seol et al. (2010), with modifictions. The inhalation
apparatus consisted of a square transparent Plexiglas cage (50 cm ×
60 cm × 50 cm) with a hole in the bottom. For efficient vaporization,
20 mL of warm water was poured into a Petri dish placed in the
bottom of the cage. In the EOCO-treated groups, 1 mL of EOCO was
added to the water. Rats of the EOCO-treated groups were exposed to
EOCO once a day for 1 h (1 h EOCO-treated MS group) or 2 h (2 h
EOCO-treated MC, and 2 h EOCO-treated MS groups) for 7 days
(pnd 21–28). For 7 days, the mean volume of EOCO vaporization per
day in each cage was 16 �L/cage in 1 h-EOCO exposure, and 27 �L/cage
in 2 h-EOCO exposure. Rats in the EOCO-nontreated groups (MC and
MS groups) were exposed to warm water only, as an odorless condi-
tion using the same schedule and method.

For validating the effects of EOCO on anxiety-related behavior in
MS rats, the anti-depressant fluoxetine (5 mg/kg; Sigma–Aldrich,
St. Louis, Missouri, USA) was administered via subcutaneous injec-

tion once a day to the fluoxetine-treated MC and fluoxetine-
treated MS groups, for 7 days (pnd 21–28) (Baek et al. 2012). Saline
was also subcutaneously injected in the saline-treated MC and
saline-treated MS group rats using the same schedule.

Elevated plus-maze (EPM) test
On pnd 27, the EPM test was performed to determine anxiety-

related behavior. The plus-maze was constructed from black wood
and elevated to a height of 50 cm. It consisted of 2 open arms
(30 cm × 10 cm) and 2 enclosed arms (30 cm × 10 cm × 30 cm, with
an open roof). After being habituated to the testing room for at
least 20 min, each rat was placed in the center of a cross maze
facing an open arm. Time spent and the number of entries into
the open or closed arms were recorded during a 5 min test session.
An entry was defined as 2 forepaws placed on the arm. The per-
centage of time spent in the open arms and the percentage of
open arm entries were measured as parameters of anxiety-related
behavior.

Tissue collection
Rats from all of the groups were sacrificed on pnd 28. We dis-

sected out the hippocampus of each rat, weighed them and kept
them frozen for microarray analysis and enzyme-linked immu-
nosorbent assay (ELISA).

Gene expression microarray analysis
Gene expression was analyzed using the Agilent Rat Gene Ex-

pression 4× 44K (V3) Microarray (Agilent Technology, Palo Alto,
California, USA). Total RNA from isolated hippocampus was ex-
tracted using TRIzol reagent (Invitrogen, Carlsbad, Calif.). For ex-
tracted RNA, target cRNA probes were synthesized, and hybridized to
microarray using the Low Input QuickAmp Labeling Kit (Agilent
Technology) according to the manufacturer's instructions. Hybrid-
ized microarrays were then scanned with the Agilent DNA microar-
ray Scanner (Agilent Technology).

Data quantifications were performed using Agilent Feature
Extraction software 9.3.2.1 (Agilent Technology). The average
fluorescence intensity for each spot was calculated and the local
background was subtracted. All data normalization and selection
of fold-changed genes were performed using GeneSpringGX 7.3.1
(Agilent Technology). Genes were filtered and flag-out genes were
removed in each experiment. Intensity-dependent normalization
(Lowess) was performed, where the ratio was reduced to the resid-
ual of the Lowess fit of the intensity versus ratio curve. Averages of
normalized ratios were calculated by dividing the average of nor-
malized signal channel intensity by the average of normalized
control channel intensity.

Functional annotation of genes was performed according to the
Gene OntologyTM Consortium (http://www.geneontology.org/index.
shtml) by GeneSpringGX 7.3.1.

RT–PCR analysis
Reverse transcriptase – polymerase chain reaction (RT–PCR) was

performed to confirm the results obtained in the microarray anal-
ysis. We selected 5 cytokine genes [chemokine (C-C motif) ligand
2 (Ccl2), interleukin 6 (Il6), chemokine (C-X-C motif) ligand 10
(Cxcl10), Ccl19, interleukin 1 receptor-like 1 (Il1rl1)] that were signif-
icantly downregulated in the EOCO-treated MS group compared
with the MS group in microarray analysis. The PCR reaction was
conducted using first-strand cDNA, and each gene specific primer
at each annealing temperature (Table 1). RT–PCR products were
electrophoresed in a 1.5% agarose gel and visualized using
ethidium bromide staining.

Enzyme-linked immunosorbent assay
The hippocampus isolated from each group was homogenized

in RIPA buffer. The levels of Ccl2 and Il6 were detected in
homogenized tissues using ELISA according to the manufacturer's
protocol (R & D Systems, Minneapolis, Minnesota, USA). Capture
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antibodies for Ccl2 and Il6 (R & D Systems) were added to each well
of 96-well plates (Nunc, Roskilde, Denmark), and incubated over-
night at 4 °C. The plates were washed in PBS with 0.05% Tween
20 (Sigma–Aldrich). The plates were blocked with PBS contain-
ing 1% BSA and 0.05% NaN3. Samples and Ccl2/Il6 standards
(R & D Systems) were added to each well, and the plates were incu-
bated for 2 h at room temperature. After washing the plates, detec-
tion antibodies for Ccl2 and Il6 (R & D Systems) were added. After
washing the plates, avidin HRP (R & D Systems) was added, and the
plates were incubated for 20 min. Tetramethylbenzidine (TMB)/per-
oxidase substrate (R & D Systems) was added to each well, and the
reaction was allowed to develop in the dark for 15 min. The reaction
was stopped by adding 1 mol/L H2SO4 to each well, and the absor-
bance was read on a plate reader at 450 nm (Molecular Devices,
Toronto, Ontario, Canada).

Statistical analyses
All values are the mean ± SEM. The differences among the

groups were tested by one-way analysis of variance (ANOVA) fol-
lowed by Tukey's post-hoc test, using SPSS software (release 18.0;
SPSS Inc., Chicago, Illinois, USA). In addition, the interaction be-
tween MS and EOCO or fluoxetine treatment was analyzed by
2-way ANOVA. A p-value of 0.05 was considered statistically signif-
icant.

Results

Effect of EOCO on anxiety-related behavior
An EPM test was performed to assess anxiety-related behavior.

One-way ANOVA showed significant differences in the percentage
of open arm entries (F[4,45] = 5.090, p = 0.002) and the percentage of
time spent in the open arms (F[4,45] = 8.023, p < 0.001) among the
5 groups (MC, 2 h EOCO-treated MC, MS, 1 h EOCO-treated MS, and
2 h EOCO-treated MS). As shown in Fig. 1A, the MS rats had
a significantly lower percentage of open arm entries than the
MC rats (p = 0.002, Tukey's test). In comparison, the percentage of
open arm entries in the 1 h (p = 0.015, Tukey's test) and 2 h EOCO-
treated MS rats (p = 0.009, Tukey's test) increased compared with
that in the MS rats. Additionally, the MS rats spent less time in the
open arms compared with the MC rats (p < 0.001, Tukey's test),
whereas the EOCO-treated MS rats spent more time in the open
arms than the MS rats (p = 0.007 in 1 h EOCO-treated MS group vs.
MS group and p = 0.001 in 2 h EOCO-treated MS group vs. MS
group, Tukey’s test; Fig. 1B). Moreover, 2-way ANOVA showed a
significant effect of maternal care and EOCO treatment interac-
tion (F[4,45] = 13.004, p = 0.001 for open arm entries; F[4,45] = 9.711,
p = 0.003 for open arm time), indicating that MS decreased time
spent and number of entries into the open arm, and that this
effect was alleviated by EOCO.

These results were similar for behaviors shown in rats in the
saline-treated MC, fluoxetine-treated MC, saline-treated MS, and
fluoxetin-treated MS groups. Significant differences among these

4 groups were shown on the percentage of open arm entries
(F[3,24] = 15.515, p < 0.001) and the percentage of time spent in the
open arms (F[3,24] = 6.096, p = 0.003) (one-way ANOVA). The per-
centages of open arm entries (p < 0.001, Tukey's test), and time
spent in the open arms (p = 0.015, Tukey's test) were decreased in
the saline-treated MS rats compared with the saline-treated MC
rats, whereas the percentages were significantly increased in the
fluoxetin-treated MS rats compared with the saline-treated MS
rats (p = 0.004 for open arm entries and p = 0.006 for time spent in
the open arms, Tukey's test). The significant effect of maternal
care and fluoxetine treatment interaction was also revealed (2-way
ANOVA: F[3,24] = 9.269, p = 0.006 for open arm entries; F[3,24] = 7.249,
p = 0.013 for time spent in the open arm). These results indicated that
EOCO reduced anxiety-related behavior shown in the MS rats.

Altered gene expressions by EOCO in the hippocampus of
MS rats

A microarray was performed to assess the gene expression al-
tered by EOCO in the hippocampus of MS rats. First, we investi-
gated the alteration in gene expression caused by MS. We selected
genes for which expressions were upregulated or downregulated
more than 1.5-fold by MS (1.5 ≤ fold change or 0.67 > fold change).
MS increased the expressions of 161 genes, and decreased the
expressions of 32 genes in the rat hippocampus (data not shown).

We also investigated the changes in gene expressions by EOCO
in the MS rats. The effect of EOCO was examined in the hippocam-
pus of MS rats inhaling EOCO for 2 h. The expressions of 58 genes
were upregulated more than 1.5-fold in the EOCO-treated MS
group compared with the MS group, whereas the expressions of
53 genes were downregulated more than 1.5-fold (data not shown).
Among these 111 genes, we found that EOCO particularly altered
the expressions of cytokine genes in the hippocampus of MS rats.
As shown in Table 2, EOCO reduced the expressions of 10 genes
including Ccl26, Ccl2, and Ccl20 in the hippocampus of MS rats, and
elevated the expressions of 4 genes including interferon-induced
protein 44-like (Ifi44l), and chemokine (C-C motif) receptor 8 (Ccr8).
Of these 14 genes, we focused on the expression changes in the
Ccl2, Il6, Cxcl10, Ccl19, and Il1rl1 genes. The expressions of these
genes were upregulated more than 1.5-fold by MS, whereas they
were downregulated by EOCO. The mRNA levels of Ccl2, Il6, Cxcl10,
Ccl19, and Il1rl1 were elevated 2.084-, 1.535-, 2.598-, 1.532-, and
1.508-fold, respectively, in the hippocampus of MS rats compared
with MC rats. Conversely, the mRNA levels of these genes were
decreased 0.383-, 0.408-, 0.485-, 0.487-, and 0.607-fold, respec-
tively, in the hippocampus of EOCO-treated MS rats compared
with the MS rats.

mRNA expressions of cytokine genes in the hippocampus of
EOCO-treated MS rats

To confirm the microarray findings, cytokine genes regulated
by EOCO in the hippocampus of MS rats were selected. The mRNA
expressions of Ccl2, Il6, Cxcl10, Ccl19, and Il1rl1 genes were assessed
by RT–PCR, reproducing the microarray findings. The efficiency of
the reaction was adjusted by Actb (also known as �-actin) amplifi-
cation. Significant differences among 4 groups (MC, 2 h EOCO-
treated MC, MS, and 2 h EOCO-treated MS) were observed in the
expressions of Ccl2 (F[3,8] = 16.825, p = 0.001), Il6 (F[3,8] = 19.914,
p < 0.001), Cxcl10 (F[3,8] = 6.850, p = 0.013), Ccl19 (F[3,8] = 18.294,
p = 0.001), and Il1rl1 genes (F[3,8] = 170.236, p < 0.001) (one-way ANOVA).
As shown in Fig. 2, the mRNA expressions of Ccl2 (2.55-fold), Il6
(1.86-fold), Cxcl10 (1.66-fold), Ccl19 (1.55-fold), and Il1rl1 genes (1.89-
fold) were increased in the hippocampus of MS rats compared
with the MC rats (p = 0.001 for Ccl2, p = 0.001 for Il6, p = 0.021 for
Cxcl10, p = 0.002 for Ccl19, and p < 0.001 for Il1rl1, Tukey's test),
whereas their expressions were attenuated in the hippocampus of
EOCO-treated MS rats compared with the MS rats [Ccl2, 0.50-fold
(p = 0.004); Il6, 0.54-fold (p = 0.001); Cxcl10, 0.65-fold (p = 0.038);
Ccl19, 0.65-fold (p = 0.002); Il1rl1, 0.60-fold (p < 0.001)]. The 2-factor

Table 1. Sequences of the primers used in RT–PCR analysis.

Gene Primer sequence (sense/antisense) Size (bp) Temp. (°C)

Ccl2 5=-AGGTGTCCCAAAGAAGCTGT-3= 241 61
5=-TGCTTGAGGTGGTTGTGGAA-3=

Il6 5=-TGTGCAATGGCAATTCTGAT-3= 363 58
5=-TGGTCTTGGTCCTTAGCCAC-3=

Cxcl10 5=-GCTTATTGAAAGCGGTGAGC-3= 462 62
5=-ATTTGCCATCTCACCTGGAC-3=

Ccl19 5=-CTTCAGCCTGCTGGTTCTCT-3= 429 58
5=-TGCTCACACTCACGTTCACA-3=

Il1rl1 5=-ACATCAACCGCCTAGTGGAC-3= 440 61
5=-AGGGATTTTGCAGTTTGGTG-3=

Actb 5=-TGTCACCAACTGGGACGATA-3= 392 58
5=-TCTCAGCTGTGGTGGTGAAG-3=
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interaction effect of maternal care and EOCO treatment was also
significant on the expression levels of these genes (2-way ANOVA:
F[3,8] = 14.800, p = 0.005 for Ccl2; F[3,8] = 20.441, p = 0.002 for Il6;
F[3,8] = 5.929, p = 0.041 for Cxcl10; F[3,8] = 13.541, p = 0.006 for
Ccl19; F[3,8] = 184.092, p < 0.001 for Il1rl1).

Protein levels of Ccl2 and Il6 in the hippocampus of
EOCO-treated MS rats

We measured the protein expressions of Ccl2 and Il6 using
ELISA in the rat hippocampus. One-way ANOVA revealed signifi-
cant differences in the levels of Ccl2 (F[4,13] = 14.402, p < 0.001) and
Il6 (F[4,13] = 17.859, p < 0.001) among 5 groups (MC, 2-h EOCO-
treated MC, MS, 1 h EOCO-treated MS, and 2 h EOCO-treated MS).
The level of Ccl2 was 94.6 ± 2.7 pg/mL in the hippocampus of MC
rats, and 106.3 ± 12.3 pg/mL in the hippocampus of 2 h EOCO-
treated MC rats (Fig. 3A). The level of Ccl2 was increased in the MS
rats (200.0 ± 9.4 pg/mL) compared with the MC rats (p < 0.001,
Tukey's test), whereas it was time-dependently decreased in the
hippocampus of EOCO-treated MS rats compared with the MS rats.
The level of Ccl2 was 139.9 ± 9.9 in the 1 h EOCO-treated MS rats,
and 118.7 ± 14.6 pg/mL in the 2 h EOCO-treated MS rats (p = 0.010

and p = 0.001, respectively, by comparison with the MS group,
Tukey’s test). As shown in Fig. 3B, the level of Il6 was also in-
creased in the hippocampus of MS rats (471.0 ± 39.8 pg/mL) com-
pared with the MC rats (168.2 ± 1.9 pg/mL; p < 0.001, Tukey's test).
In comparison, it was attenuated in the hippocampus of rats in
both the 1 h (311.8 ± 36.5 pg/mL) and 2 h EOCO-treated MS groups
(304.3 ± 18.8 pg/mL) compared with the MS rats (p = 0.009 and
p = 0.007, respectively, Tukey's test). Two-way ANOVA also showed a
significant effect of maternal care and EOCO treatment interaction
(F[4,13] = 16.771, p = 0.001 for Ccl2; F[4,13] = 8.525, p = 0.012 for Il6),
indicating that MS increased levels of Ccl2 and Il6, and that these
effects were alleviated by EOCO.

Discussion
In this study, EOCO reduced anxiety-related behaviors shown in

MS rats, and decreased the mRNA expressions of cytokine genes
such as Ccl2, Il6, Cxcl10, Ccl19, and Il1rl1, and the protein levels of
Ccl2 and Il6 in the hippocampus of MS rats.

Previous studies have shown that MS increases anxiety-related
behaviors, reducing the frequency of open arm entries and the

Fig. 1. Effect of essential oil from Chamaecyparis obtusa (EOCO) on the anxiety-related behavior of maternal separation (MS) rats using the
elevated plus-maze (EPM) test. Total open and closed arm entries in the EPM during a 5 min test were measured. Anxiety-related behavior is
indicated by the percentage of time spent in the open arms (A) and the percentage of open arm entries (B). The EPM test was performed in
maternal care (MC) and MS rats treated with or without EOCO for 1 h or 2 h (�), and was also used to validate the effect of EOCO in MC and
MS rats treated with saline or fluoxetine (□). Data are the mean ± SEM. EOCO treated rats: *, p < 0.05 for the MS group compared with the the
MC group; †, p < 0.05 for the EOCO-treated MS group compared with the MS group. Fluoxetine-treated rats: ‡, p < 0.05 for the saline-treated
MS group compared with the saline-treated MC group; §, p < 0.05 for the fluoxetine-treated MS group compared with the saline-treated MS
group; one-way ANOVA followed by Tukey's post-hoc test.

Table 2. Cytokine genes changed by essential oil of Chamaecyparis obtusa in the hippocampus of maternal separation
rats.

Fold change

Gene Location Accession Description MS/MC MS+EOCO/MS

Ccl26 12q12 NM_001109488 Chemokine (C-C motif) ligand 26 1.089 0.287
Ccl2 10q26 NM_031530 Chemokine (C-C motif) ligand 2 2.084 0.383
Ccl20 9q34 NM_019233 Chemokine (C-C motif) ligand 20 0.564 0.396
Il6 4q11 NM_012589 Interleukin 6 1.535 0.408
Cxcl10 14p22 NM_139089 Chemokine (C-X-C motif) ligand 10 2.598 0.485
Ccl19 5q22 NM_001108661 Chemokine (C-C motif) ligand 19 1.532 0.487
Ccr1 8q32 NM_020542 Chemokine (C-C motif) receptor 1 0.460 0.569
Cxcl3 14p22 NM_138522 Chemokine (C-X-C motif) ligand 3 0.410 0.594
Il1rl1 9q21 NM_001127689 Interleukin 1 receptor-like 1 1.508 0.607
Cxcr6 8q32 NM_001102587 Chemokine (C-X-C motif) receptor 6 0.705 0.633
Csf3 10q31 NM_017104 Colony stimulating factor 3 1.206 1.582
Tgfbrap1 9q22 NM_001106907 Transforming growth factor, beta

receptor associated protein 1
1.729 1.984

Ccr8 8q32 ENSRNOT00000029766 Chemokine (C-C motif) receptor 8 1.239 2.858
Ifi44l 2q45 XM_227820 Interferon-induced protein 44-like 2.780 4.115

Note: Bold characters indicate the fold-change of cytokine genes upregulated (with decreasing in the MS rats compared to the MC
rats) or downregulated (with increasing in the MS rats compared to the MC rats) in the 2 h EOCO-treated MS rats compared to the MS
rats. MC, maternal care; MS, maternal separation; EOCO, essential oil of Chamaecyparis obtuse.
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amount of time spent in the open arms in the EPM test by various
MS protocols including the MS protocol used in our study (Huot
et al. 2001; Kalinichev et al. 2002; Park et al. 2011). Similar results
were also observed in our MS rats. In contrast, the EOCO-treated
MS rats showed less avoidance of the aversive open arms than the
MS rats. For validating the effect of EOCO on anxiety-related be-
haviors in MS rats, we treated MS rats with fluoxetine. Fluoxetine,
a serotonin selective reuptake inhibitor (SSRI), is a well-known
antidepressant, and has been commonly used to treat mood and
anxiety disorders. Previous studies have reported that treating MS
rats (5 or 10 mg/kg) for 7 days (during pnd 2–9, 9–16, or 14–21) with
fluoxetine alleviated depression-like behavior and the decrease in
cell proliferation in the hippocampal dentate gyrus, as shown in
MS rats (Lee et al. 2001; Freund et al. 2013). Baek et al. (2012) also
showed that fluoxetine treatment (5 mg/kg) during pnd 21–30
protected MS rats from increased depression-like behavior. In our
study, we treated MC and MS rats (pnd 21–28) with fluoxeine for
7 days, and then performed the EPM test. The frequency of open
arm entries and the amount of time spent in open arms were
increased in the fluoxetine-treated MS rats compared with the

saline-treated MS rats, similar to the EOCO-treated MS rats. These
results indicated that EOCO was similar to fluoxetine in decreas-
ing anxiety-related behaviors in the MS rats, and thus, EOCO ef-
fectively alleviated the early life stress.

In our microarray analysis, EOCO upregulated or downregu-
lated the expressions of 111 genes in the hippocampus of MS rats
by more than 1.5-fold. When we performed the KEGG pathway
analysis (http://www.genome.jp/kegg/pathway.html) to elucidate
the biological functions of these genes, we found that these genes
belonged to the following KEGG pathways (top 3 KEGG pathways
in order of importance): cytokin–cytokine receptor interaction,
chemokine signaling pathway, and herpes simplex infection. Of
the 111 genes, a total of 14 genes belonged to the cytokin–cytokine
receptor interaction (11 genes) and (or) chemokine signaling path-
way (9 genes). Thus, we expected EOCO to affect cytokine genes in
the hippocampus of MS rats. Indeed, we found that EOCO de-
creased the expressions of 10 cytokine genes, and increased the
expressions of 4 cytokine genes in the hippocampus of MS rats. In
particular, we found that the expressions of Ccl2, Il6, Cxcl10, Ccl19,
and Il1rl1 genes were upregulated in the MS group, and were signifi-
cantly downregulated in the EOCO-treated MS group. The expression
changes of these genes were also confirmed using RT–PCR.

Several studies have reported gene expression changes in
the brains of MS rats or mice, using the microarray method.
Benekareddy et al. (2010) reported that cellular developmental
and neuronal plasticity-related genes such as neuroligin 1 (Nlgn1),
glutamate receptor gene [glutamate receptor, ionotropic, N-methyl
D-aspartate 2D (Grin2d)], and calcineurin genes [protein phospha-
tase 3 regulatory subunit B beta (Ppp3r2), Ppp3 catalytic subunit
alpha isozyme (Ppp3ca)] were upregulated in the prefrontal cortex
of MS Sprague–Dawley rats (pnd 2–14) separated from their
mothers daily for 3 h. van Heerden et al. (2009) reported
changes in the expression of genes involved in the glutamater-
gic and GABAergic systems in the prefrontal cortex and hip-
pocampus of MS C57BL/6 mice (pnd 1–14) separated from their
mothers daily for 3 h, providing evidence for the hypergluta-
matergic state caused by MS. In the hippocampus of our MS
rats, we also found that the expressions of glutamate receptor
gene [glutamate receptor, ionotropic, AMPA 1 (Gria1), 1.650-fold]
and calcineurin gene (Ppp3r2, 2.404-fold) were increased (data
not shown). In addition, those studies showed changes in the
cytokine genes. Expression of tumor necrosis factor receptor
superfamily member 1b (Tnfrsf1b) was upregulated in the pre-
frontal cortex (Benekareddy et al. 2010), whereas expression of
Tnfrfs19 was downregulated in the hippocampus (van Heerden
et al. 2009). Dimatelis et al. (2012) reported downregulation of
cytokine genes in the whole brains of MS Wistar rats (pnd 2–14)
separated from their mother daily for 3 h; they also showed de-
creased expressions of pro-inflammatory cytokines (Il1b and Il5ra),
anti-inflammatory cytokine (Il10), and chemokines (Ccl7 and Ccr4).
In contrast, in our study, we found increases in 11 cytokine genes,
including pro-inflammatory cytokines (Il6, Il6ra and Ifng), chemo-
kines (Ccl2, Cxcl10 and Ccl19), and Tnfsf10 in the hippocampus of MS
rats (see also supplementary data, Table S11). Increased pro-
inflammatory cytokine levels have been also shown in the plasma
and brains of patients with depression as well as in MS animal
models. Indeed, elevations in levels of CCL2, CCL3, IL1B, IL6, and
TNF have been shown in the plasma of depressed patients (Simon
et al. 2008; Janssen et al. 2010). In addition, increased expressions
of cyclooxygenase 2 (Cox2) and Il1B have been shown in the pre-
frontal cortex of MS Sprague–Dawley rats (pnd 2–20) separated
from their mothers daily for 4 h (Brenhouse and Andersen 2011),
and in the hippocampus of MS piglets (pnd 3–11) separated from

1Supplementary data for this article are available with the article through the journal Web site at http://www.nrcresearchpress.com/doi/suppl/10.1139/
cjpp-2013-0224).

Fig. 2. Expression changes in cytokine genes caused by essential oil
from Chamaecyparis obtusa (EOCO) in the hippocampus of maternal
separation (MS) rats. (A) To confirm microarray results, the mRNA
expressions of 5 cytokine genes, Ccl2, Il6, Cxcl10, Ccl19, and Il1rl1 were
analyzed using RT–PCR with total RNA from the hippocampus of the
maternal care (MC), EOCO-treated MC, MS, and EOCO-treated MS
rats. (B) For quantification of the RT–PCR results, the expression
level of each gene was measured as optical density. Actb was
amplified as an internal control. Results are the mean ± SEM.
Experiments were repeated 3 times using the same samples;
*, p < 0.05 for the MS group compared with the MC group; †, p < 0.05
for the EOCO-treated MS group compared with the MS group;
one-way ANOVA followed by Tukey's post-hoc test.
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their mothers daily for 2 h (Kanitz et al. 2004), respectively. Al-
though not all data are consistent regarding the response of in-
flammatory cytokines to MS, this may be due to methodological
factors (species type, MS protocol, brain region of cytokine deter-
mination), these findings suggests that MS may induce cytokine
abnormality in the brain.

Interestingly, among 11 cytokine genes elevated by MS, EOCO
reduced the expressions of 5 genes. In particular, we focused on
the expressions of Ccl2 and Il6, which were markedly decreased by
EOCO in the MS rats. Thus, we examined whether EOCO also
affected the protein levels of Ccl2 and Il6 in the rat hippocampus.
The MS rats had increased levels of Ccl2 and Il6 compared with the
MC rats, whereas the levels of Ccl2 and Il6 were decreased in the
hippocampus of EOCO-treated MS rats compared to MS rats.

IL6 is one of the most widely studied cytokines in patients with
depression. In addition to the elevation of this cytokine in depressed
patients, IL6 concentration relates to the severity of depression
(Prather et al. 2009; Hannestad et al. 2011), and a reduction in its
concentration occurs in response to antidepressants (Basterzi
et al. 2005). Moreover, an elevation of Il6 was found in the brains
of MS Sprague–Dawley rats (pnd 2–14) separated from their moth-
ers daily for 3 h (Desbonnet et al. 2010). Previous studies have also
reported an increase of CCL2 in the plasma of patients with de-
pression (Sutcigil et al. 2007; Piletz et al. 2009), and its reduction
with antidepressant treatment (Sutcigil et al. 2007). In addition, a
genetic association between CCL2 and depression has been dem-
onstrated (Altamura et al. 2010).

Although there have not yet been any reports to date showing
that EOCO can modulate cytokines in MS animals or depressed
patients, several studies have shown that EOCO affects cytokine
modulation. Joo et al. (2010) reported that EOCO decreased mRNA
expressions of Il2, Infg, and Il5 in concanavalin A-activated mouse
splenocytes. Shih et al. (2012) reported that a constituent of EOCO,
�-thujaplicin, reduced Il6, Tnf, Cox2, and NF-�B protein expres-
sions in lipopolysaccharide-stimulated macrophage cells (RAW
264.7). Thus, these reports and our results indicate that EOCO
alleviates MS-induced cytokine abnormalities, and in particular
Ccl2 and Il6, in the rat hippocampus.

In conclusion, EOCO protected against MS-induced anxiety-
related behaviors and cytokine abnormalities. These results sug-
gest that EOCO may be useful as a therapy for early life stress.
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