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Background: The aim of this study was to identify the effects of Valerianae Radix et Rhizoma
water extract (VRe) originated from Valeriana fauriei Briquet on reducing psychological stress (PS)
on mice. Objective: Mice were put under PS with communication box method: Restraining mice
and forcing to see other mice underfoot shock stress. Materials and Methods: Measurements on
plasma corticosterone, noradrenaline and lipid peroxidation, and elevated plus-maze (EPM) tests
were carried out to determine the effect of VRe administration on physiological and behavioral
responses of mice. Results: VRe showed anxiolytic effects in plasma corticosterone, noradrenaline,
and EPM transfer latency levels, but it did not show any significant effects on the other indicators.
Conclusion: V. fauriei, which has been used as a natural anxiolytic drug, exerts positive effects
in the communication box induced PS in mice.
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INTRODUCTION

This study aimed at investigating the effectiveness of
Valerianae Radix et Rhizoma (VRe) originated from
Valeriana fanriei Briquet on mice under psychological
stress (PS). Itis well-recognized that exposure to a situation
perceived as threatening or excessively demanding leads
to the release of chemicals which can help cope with the
stressor.? But excessive response to a stressor may cause
elevated inflammation, and elevations in inflammatory
markers in turn implicates the development and progression
of many chronic diseases including cardiovascular disease.”!

Valeriana fanriei is a perennial herb found in North America,
Europe, and Asia, and the genus Valeriana contains
over 250 species with many more subspecies.!! 17 fauriei,
a species of Valeriana genus, which contains over 250
species with many more subspecies, rich in China and
Korea and has been used for 100s of years in folks.”! Many
of medicinal plants in Valeriana genus are widely used in
popular medicine for centuries to treat sleep disorders,
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anxiety, and epilepsy, and also can modulate anxiety and
insomnia by interacting with different neurotransmitter
systems.l) Recently, it is being studied as a medication to
enhance sleep of cancer patients receiving treatment, and
known in different names such as garden valerian, Indian
valerian, Pacific valerian, garden heliotrope, and VRe.[”

Since VRe can induce sleep when orally dosed, it is often
used as a natural sedative free of side effects. People have
been prescribed with L-tryptophan (no longer available)
and melatonin in the past, but they are now turning their
eyes on Valerian roots as a more natural and effective
sleep-inducing medication. There ate numerous natural
products from Valerian on the market, available in forms
of tea, tincture or capsule. N-hexane extracts of VRe were
thought to have more bioactive potentials in antidepressant
activity, but in Asian countties, water decoctions are mote
commonly used extracting methods in traditional and folk
medicines. Therefore, we conducted this study to evaluate
potential effects of VRe on PS in mice.

To mimic the human response to stress, we put mice
under depression by repeated exposure to stress. This
model has been used to replicate human reactions of
hypothalamic-pituitary-adrenocortical system, that is
elevated level of glucocorticoids (GCs),"" and disruptions
in sleep-wake cycle,l'"! which typically represents circadian
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rhythm. It has been suggested that chronic stress has a
close relationship to disturbances in circadian rhythms
involving physiology, endoctinology, and behavior.['*!9 It
is also reported that exposure to chronic stress induces
abnormal behavioral and physiological responses, such
as decreased food intake, hyperthermia, and elevation of
plasma GCs.I'"""®l However, little research has been done
on the long-term effects of chronic stress.

Various methods including immobilization, cold water
immersion, and predictable/unpredictable electric foot
shock (FS) were used to impose PS to mice, but the extent
of solely PS is hard to determine exactly in these cases.
Therefore, in the present study, the communication box
method developed by Takaoka, Hara, and Ogawa was used
to put mice under PS.'") The effect of VRe administration
on the stress levels using the markers above was studied.

MATERIALS AND METHODS

Animals

Male imprinting control region mice (20 £ 2 g) aged
5 weeks were obtained from the Dachan Biolink Co.
Ltd, Republic of Korea. The animals were housed in
64 cm X 64 cm X 40 cm polypropylene cages at 22°C £ 2°C
under a 12/12 h light-dark cycle with standard pellet diet
and water ad /ibitum for 2 or 3 weeks prior to the experiment.
The mice were randomly assigned into four groups:
Control group (CON; 7 = 8), (ES; # = 8), (PS; » = 8), and
VRe treatment group (VT; # = 8). All experiments were
performed according to the Guidance for the Care and Use
of Laboratory Animals of the National Institutes of Health.

Preparation of valerianae radix et rhizoma water
extract

Valerianae Radix et Rhizoma (300 g) was obtained from
the special herb market (Songsan Herb, Gwangju, Republic
of Korea) and identified by Dr. Gumsan Lee (College
of Korean Medicine, Wonkwang University, Korea).
Voucher specimens (201-HCG) were placed in the
Herbarium of School of Korean Medicine, Pusan National
University (Yangsan, Korea), and the material satisfies the
quality control guidelines from Korean Food and Drug
Administration. 300 g of VRe was boiled in 5,000 ml
distilled water using a Herb Extractor (Dae Woong,
Korea) at 100°C for 2 h, after which it was filtered using
Whattman filter paper No. 3. The filtrate was freeze-dried
to a powder (52.4 g), which was stored at 4°C until needed.
The powder (VRe) was dissolved in water prior to oral
administration. Mice were fed orally with the dose of
100 mg/kg/day for 5 days, and the dose was titrated with
a maximum amount within the range of biological safety
in the preliminary study.
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Measurements of total phenolic compounds and
flavonoids contained in valerianae radix et rhizoma
water extract

80 ul of VRe (10 mg/ml) was mixed with 20 pl of
50% folin-ciocalteu reagent, and 5 min add 100 pl of
2% sodium carbonate solution and incubate for 30 min
at room temperature. The absorbance of the reaction
mixture was measured at 725 nm with ultraviolet (UV)
spectrometer. All determination was performed in
triplicate. The calibration curve was prepared by preparing
tannic acid standard solutions at concentration 4-20 pl/ml
in water.

Diethylene glycol colorimetric method was conducted
for flavonoids determination. 100 pl of VRe (10 mg/ml)
was mixed with 1 ml of diethylene glycol and 100 ul of
1 N NaOH. It remained at 37°C for 1 h. The absorbance
of the reaction mixture was measured at 420 nm with
UV spectrometer. All determination was performed in
triplicate. The calibration curve was prepared by preparing
naringin standard solutions at concentration 0.4-20 pg/ml
in water. Total content (%) of flavonoids in VRe was
calculated as naringin equivalent.

Total contents (%) of phenolic compound and flavonoids
in VRe were calculated as tannic acid and naringin
equivalent (TAE and NE), respectively.

TAE=([CxV]/M) x100
NE =([CxV]/M) x100

C =The concentration of naringin established from
calibration curve mg/ml

V = Volume of extract (ml)

M = The weight of VRe (mg).

High performance thin layer chromatography
fingerprint of valerianae radix et rhizoma water extract
For quality assurance of VRe, chromatogram was obtained
by high-performance thin-layer chromatography (HPTLC)
method. Hexane, ethyl acetate and glacial acetic
acid (65:35:0.5, v/v) were the developer solvents.
VRe was loaded on the HPTLC plate beside valerenic
acid (C,H, 0O,) standard, and the HPLC fingerprint
image was detected with CAMAG HPTLC system with
Wincat32 software [Figure 1]. Valerenic acid, soluble in
ethanol, was not detected with HPTLC method in VRe
water extract.

Induction of stress
Physical and PS was induced by placing experimental
animals in a communication box that consisted of two
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different types of compartments (16 compartments,
16 cm X 16 cm each)."” The communication box was set
up with a grid floor of stainless rods (0.5 cm diameter,
1.3 cm spacing). Transparent plastic sheets were used to
divide 16 compartments |[Figure 2]. Electric shocks of
2 mA were applied for 10 s at intervals of 120 s for the
duration of 1 h. This process was continued for 5 days.
In four compartments, plastic plates were placed to avoid
the electric shock. Mice were divided into four groups:
CON, FS, PS, and VT. The VT group was orally dosed
with VRe for 5 days during the stress period whereas the
fourth group did not. It was observed that some I'S mice
jumped up and down to avoid the shock from time to
time. All mice were returned immediately after the stress
exposure.

Transfer latency in elevated plus-maze test

To investigate the effect of VRe on mice behavior, all
eight mice in each group (CON, FS, PS, and VT) were
placed on an elevated plus-maze (EPM) after 5 days
of treatment.”” To explain the above EPM briefly, the
maze consisted of two open arms (50 cm X 10 cm), two
closed arms (50 cm X 10 cm X 15 c¢m), and a central
square (10 cm X 10 cm), all placed 50 cm above the floor
in a dimly lit room [Figure 3]. Every mouse was initially
placed in the open arm facing the square and the time
spent in open arm (transfer latency, [TL]), and frequency
of entrance was measured for 300 s.

Measurements

After the termination of the stress sessions, the mice were
deprived of food for 24 h and were euthanized under ether
anesthesia. We measured serum level of corticosterone,
alanine aminotransferase (ALT), noradrenaline secretion
in the dorsal cortex of the brain, and lipid peroxidation
level.

Figure 1: High-performance thin layer chromatography (HPTLC)
images of the fingerprint of Valerianae Radix et Rhizoma water
extract (VRe). VRe was loaded and developed in HPTLC plate, then
detected with an ultraviolet or ((a) 254 nm; (b) 366 nm; (c) white light
after p-anisaldehyde sprayed) valerenic acid standard. Images were
obtained with Camag Visualizer (Camag, Swiss)
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Plasma corticosterone assay

Plasma was separated by centrifugation of whole blood
at 1500 Xg for 10 min at 4°C. The ImmuChem '*I
Corticosterone RIA kit (ICN Biomedicals, Costa Mesa,
CA) for laboratory mice and rats was used to measure
the plasma corticosterone level. The samples were diluted
with steroid diluent, incubated with '*I-corticosterone and
corticosterone antiserum at room temperature for 2 h.
After the addition of precipitation solution, the samples
wete centrifuged 1000 Xgand 4°C for 15 min. Radioactivity
of remaining pellet was measured with Gamma-counter
GC-20. The level of corticosterone in plasma was obtained
in ng/ml using standard solutions.

Serum level of alanine aminotransferase assay

This was determined spectrophotometrically using the
direct reading assay kits (Asan Pharmaceutical Co. Republic
of Korea).

Noradrenaline level of brain tissues assay

The whole brain was immediately removed and then
washed wash cold saline. Homogenizator in cold
potassium phosphate buffer (50 mM; pH 7.4) was used to
homogenize the dorsal cortex area of the washed brain.
The noradrenaline level was measured by ion pairing reverse
phase high-pressure liquid chromatography (HPLC) with
electrochemical detection method.?*4

Serum lipid peroxidation assay

Lipid peroxidation in hepatic tissue and serum was obtained
by level of malondialdehyde (MDA) using the method of
Uchiyama and Mihara.?! to explain the above method
briefly, 0.5 ml of homogenized sample in ice-cold 1.15%
KCI (5 wt%/vol.) was added to 3 ml of 1% phosphoric acid

A=64 cm

bk /B=16cm

v

Figure 2: Scheme of the communication box. Foot shock mice were
placed individually in the eight shaded areas (foot shock compartments).
Psychological mice were placed in the eight solid areas the (nonfoot
shock compartment). Foot shocks were delivered in shaded areas
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and 1 ml of 0.6% thiobarbituric acid. After denaturation
in boiling water bath for 45 min, 4 ml of n-butanol was
added, and the mixture centrifuged at 200 Xg for 20 min.
The absorbance of upper organic layer was obtained
using diode array spectrophotometer (A =535, 520 nm).
Results were expressed in pmol/mg protein using freshly
prepared MDA tetrahylacetal standard solutions. Protein
was measured using the method developed by Bradford.

Measurement of catalase activity

The catalase activity was determined by measuring the
decomposition of H O, according to the method of
Aebi.” 'To explain the above method briefly, mouse serum
was added in potassium phosphate buffer containing
10 mM potassium phosphate, 10 mM MgCl, (pH 7.4
at 30°C). Mixture was then centrifuged at 3,000 Xg for
20 min at 4°C and the supernatant obtained was used
for assaying the catalase activity. H,O, (final 10 mM)
was added to potassium phosphate buffer containing a
serum mixture equivalent to 100 g/ml of protein, and
time-dependent decrease in absorbance at 240 nm was
measured.

Measurement of Cu/Zn superoxide-dismutase activity
Cu/Zn superoxide dismutase activity in serum was
determined using the xanthine/xanthine oxidase and
cytochrome-c reduction assay.”® Serum was added to
assay mixture containing 200 mM potassium phosphate
buffer (pH 7.4), 200 mM KCI, 0.5 mM xanthine, 0.126 U
xanthine oxidase, and 0.1 mM cytochrome c. the assay
was carried out in the presence of 1.5 mM KCN. The
changes of optical density at 550 nm were monitored at
room temperature.

Figure 3: A bird’s eye view of plus-maze. Solid area consisted of two
opposite open arms, and shaded area crossed with two enclosed
arms with 40 cm high walls. The arms were connected with a central
square (10 cm x 10 cm) to give the apparatus a plus sign appearance
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Measurement of glutathione peroxidase activity
Glutathione peroxidase activity in mouse serum was
measured according to the method of Lawrence and
Burk.”" To explain the above method briefly, serum was
added to assay mixture containing 100 mM potassium
phosphate buffer (pH 7.0), 10 mM NaN,, 10 mM GSH,
1.5 mM NADPH, 36 mU of glutathione reductase, and
5 mM H,O,. The optical density changes at 340 nm were
monitored at room temperature.

Data analysis

The data are expressed as the mean t+ standard error.
One-way Analysis of variance with least significant
difference post-hoc test was used to evaluate differences
between groups P < 0.05 were regarded as statistically
significant.

RESULTS

Contents of total phenolic compounds and flavonoids
contained in valerianae radix et rhizoma water extract
Folin—ciocalteu method for total phenolic compounds clears
that VRe contain small amount of phenolic compound, that
is, 0.3%, and diethylene glycol colorimetric method shows
0.1% amount of flavonoids in VRe [Table 1].

Effects of valerianae radix et rhizoma water extract
treatment in the plasma corticosterone

Stress exposure increases plasma corticosterone
level and VRe administration significantly reduced
plasma corticosterone level in psychologically stressed
mice [Figure 4].” FS stressed mice had higher plasma
corticosterone concentration than psychologically

700+
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0

T T

FS CON PS VT
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Figure 4: Effect of Valerianae Radix et Rhizoma extract (VRe) on
corticosterone level of imprinting control region-mice for 5 days. Normal,
normal group. Foot shock stress group. Control group, normal group;
psychological stress group (PS); VRe treatment, PS group, and were
administered VRe containing 100 mg/kg/day. *significantly different
when compared (P < 0.05)
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stressed ones. Numerical figures are 642 £ 17 ng/ml,
162 + 14 ng/ml, 411 £ 21 ng/ml and 279 + 31 ng/ml for
ES, CON, PS, and VT, respectively.

Effects on serum level of alanine aminotransferase
Alanine aminotransferase is found primarily in the liver
and kidneys, with small amounts in heart and skeletal
muscles, and is considered as one of the most useful and
sensitive indicators of liver damage.”*"! VRe administration
showed no significant reduction of ALT level [Figure 5].
Physical stress had a positive effect on ALT level. Values are
431+ 2.4 Karmen/ml, 12.7 £ 1.8 Karmen/ml, 32.1 = 4.7
Karmen/ml and 22.7 £ 3.4 Karmen/ml for FS, CON, PS,
and VT, respectively.

Effects on noradrenaline level of brain tissues
Noradrenaline is a neurotransmitter that affects the
part of the central nervous system, such as amygdala,?!!
and it is known that noradrenaline level in the dorsal
cortex of brain decrease with increasing magnitude of
stress.” VRe administration showed a significant increase
in noradrenaline level [Figure 6]. Physically stressed mice
had low noradrenaline level. Values are 72.3 + 8.7 ug/g
brain, 182.6 *+ 8.4 ug/g brain, 141.2 + 14.6 ug/g brain
and 167.1 + 11.7 pug/g brain for FS, CON, PS, and VT,
respectively.

Effects on serum lipid peroxidation

As one of highly reactive species, free radicals have been
implicated in the pathogenesis of many diseases, and can
initiate lipid peroxidation leading to cell death, and MDA
is formed as an end product of lipid peroxidation.P*
VRe administration showed no significant changes in lipid
peroxidation [Figure 7]. Values are 4.1 * 0.5, 3.4 £ 0.7,
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Figure 5: Effect of Valerianae Radix et Rhizoma water extract (VRe)
on serum alanine aminotransferase level of imprinting control region-
mice for 5 days. Foot shock stress group. Control group, normal group;
psychological stress group (PS); VRe treatment, PS group, and were
administered VRe containing 100 mg/kg/day. *significantly different
when compared (P < 0.05)
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3.7+ 0.4, and 3.5 = 0.4 pmole/mg protein for FS, CON,
PS, and VT, respectively.

Effects of valerianae radix et rhizoma water extract on
serum level of antioxidant enzyme activities

The effect of VRe might result from a direct interaction
with reactive oxygen species (ROS) or an indirect action on
innate antioxidant enzymes. To elucidate the mechanism, the
effects of VRe on serum activities of antioxidant enzymes
were determined. As summarized in Table 2, VRe did not
affect the activities of superoxide dismutase, catalase, and
glutathione peroxidase. This result suggests that VRe might
exert its effect by acting itself as a direct scavenger of ROS.

Table 1: Total phenolic compounds and
flavonoids contents in VRe

Contents in 10 mg/ml
VRe solution (ug)

Percentage of
contents in VRe

Total phenolic 31.1 0.3
compounds
Total flavonoids 10.0 0.1

VRe: Valerianae Radix et Rhizoma water extract

Table 2: Effects of VRe (1 mg/ml) on activities of
the antioxidant enzymes in the serum of mice

Cu-Zn SOD Catalase Reduced glutathione
(U/g protein) (k/g protein) (mg/g protein)
FS 15743+2417 20.7+£3.5 0.7+0.2
Normal 112471728 6.2+0.4 1.720.3
Control ~ 13542+2717 17.6+£2.4* 0.8+0.2*
VRe 127951305 15.3+3.4 0.9+0.2

MeanzSE of 5 determinations. *Statistically significant when compared with control
(P<0.05). VRe: Valerianae Radix et Rhizoma water extract; SE: Standard of error;
FS: Foot-shocked
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Figure 6: Effect of Valerianae Radix et Rhizoma water extract (VRe)
on noradrenaline level in brain dorsal cortex area of imprinting control
region-mice for 5 days. Foot shock stress group. Control group, normal
group; psychological stress group (PS); VRe treatment, PS group,
and were administered VRe containing 100 mg/kg/day. *significantly
different when compared (P < 0.05)
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Effects of valerianae radix et rhizoma water extract
treatment in the elevated plus-maze

Valerianae Radix et Rhizoma water extract administration
showed an anxiolytic-like effect at 100 mg/kg. Vehicle
treated CON avoided spending time in open arms, whereas
VRe dosed group spent significantly more prolonged time
in open arms [Figure 8]. Although the group treated with
VRe entered the open arm more frequently, no statistically
significant changes were observed [Figure 9].

DISCUSSION

The primary properties of Valerian (a common name
of . fauriei) are anodyne, antispasmodic, antibacterial,
astringent, anxiolytic, carminative, hypnotic, muscle
relaxant, nervine, and most importantly, sedative.’”*
It is known that its constituents include valepotriates,
alkaloids (chatinine, valerine), valeric acid, essential
oils (acetic acid, borneol, pinene, camphene), caffeic acid,
beta-sitosterol, tannin, manganese, calcium, choline, and

B vitamins.[**)

Most of current usage of Valerian work by disrupting
natural sleep rhythms—it excites the cerebro-spinal
system. But in case of high dosage, it may cause
headache, giddiness, restlessness, mental excitement,
visual illusions, agitation, spasmodic movements, and
frequently nausea.”**! In medicinal doses, it can act as
a stimulant tonic, calmative and antispasmodic, and has
been prescribed for chorea and hysteria, and in selected
cases it relieves pain and irritability and favors rest and
sleep.P**% For such reasons, it is useful for hemicranias
and nervous headache.
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Figure 7: Effect of Valerianae Radix et Rhizoma water extract (VRe)
on lipid peroxidation in the serum of imprinting control region-mice
for 5 days. Foot shock stress group. Control group, normal group;
psychological stress group (PS); VRe treatment, PS group, and were
administered VRe containing 100 mg/kg/day
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Effect of VRe on circadian rhythm is observed
in corticosterone level in blood plasma, and VRe
administration significantly reduced corticosterone level in
the tested mice [Figure 4]. High figures of corticosterone
could be induced during the dark for nocturnal animals,
and stress exposure increases plasma corticosterone level
and also disrupts the observed circadian rhythm.”*) VRe
administration did not show any significant decrease on
serum ALT level [Figure 5].

Noradrenaline affects part of the central nervous
system and increasing magnitude of stress decrease with
noradrenaline level in the dorsal cortex of the brain.P!?2
In this study, noradrenaline levels in mice were measured
in discrete brain regions after the stress exposure, and
VRe administration showed a significant decrease in the
noradrenaline level [Figure 6].

Lipid peroxidation occurs by free radical mechanism,
which can also involve macromolecules such as DNA and
proteins, and free radicals can lead to pathogenesis
of organs."% It was observed that VRe showed no
significant changes in lipid peroxidation in the serum and
brain [Figure 7]. To elucidate the effect of VRe against
ROS generation, serum levels of antioxidant enzymes were
determined. Psychological stress elevated serum level of
catalase, and glutathione peroxidase, but VRe did not affect
the serum activities of antioxidant enzymes [Table 2].

The EPM test is used to measure the effectiveness of
anxiolytic drugs on mice.*l Inexperienced mice will
normally prefer to spend more time in closed arms and

1604 *
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Figure 8: Effects of Valerianae Radix et Rhizoma water extract (VRe)
on the psychological stress (PS) on the time spent in open arms of
the elevated plus-maze test in mouse. Values represent mean +
standard error of eight mice per group. Foot shock stress group. Control
group, normal group; PS group; VRe treatment, PS group, and were
administered VRe containing 100 mg/kg/day. *significantly different
when compared (P < 0.05)
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Figure 9: Effects of Valerianae Radix et Rhizoma water extract (VRe)
on the psychological stress (PS) on the number of arm entries into
the closed arms of the elevated plus-maze test in mouse. Values
represent mean + standard error of eight mice per group. Foot shock
stress group. Control group, normal group; psychological stress group
(PS); VRe treatment, PS group, and were administered VRe containing
100 mg/kg/day

less time in open arms. The frequency of excursions
from closed arms and the relative time spent in open
arms (Transfer latency [TL]) can be used as a degree of
anxiety in mice. VRe administration showed a significant
increase in TL, but no significant effect was observed for
the transfer frequency [Figures 8 and 9].

CONCLUSIONS

The present study suggests that exposure to PS results
in physiological and behavioral changes in animals. An
herbal plant, I fauriei, which has been used as a natural
anxiolytic drug, was used as a candidate to reduce PS
in mice. It was determined that the water extract of
V. fauriei shows positive effects in some mice stress
indicators such as plasma corticosterone, noradrenaline,
and EPM TL.
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