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INTRODUCTION

ABSTRACT

Depression and anxiety disorders are the most common mental health problems and are associated with oxidative
stress. Although famous for its anxiolytic effect, the antidepressant effect of the valerian-hops combination was
not previously studied, also the relationship between the sedative effect of valerian-hops and oxidative stress
markers is unclear. The current research has two objectives: (1) to compare the antidepressant effect of valerian-
hops with escitalopram and (2) to evaluate the sedative/anxiolytic effects of valerian-hops in relation to oxidative
stress markers namely Nitric Oxide (NOx), inducible Nitric Oxide Synthase (iNOS) and Super Oxide Dismutase
(SOD). Two models were employed using BALB/c mice: A normal condition depression model in which mice
were divided into: control, valerian-hops-treated (100mg/kg), and escitalopram-treated (10mg/kg) groups one hour
before the open field test, the elevated plus-maze test, and the forced swim test and an anxiety model in which
mice were divided into: unstressed naive, control (stressed), valerian/hops (100mg/kg), and escitalopram (10
mg/kg) groups treated for three weeks; acutely restrained for 6 hours and sacrificed, serum was obtained to detect
NOXx, iNOS and SOD activity. In the depression model, valerian-hops demonstrated antidepressant activity similar
to escitalopram (p>0.05). In the anxiety model, the valerian-hops treated mice demonstrated a profound sedative
effect in all behavior paradigms (p<0.05), and normalized the anxiety-induced NOXx levels and SOD activity
(p<0.05). Under normal conditions, the valerian-hops combination exerts an antidepressant effect similar to
escitalopram while in stress/anxiety conditions it exerts profound sedative and antioxidant effects.
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monoamine deficiency theory of psychological disorders

Mental health disorders are becoming increasingly
common among all age groups (1,2) Depression and
anxiety disorders are the most common mental health
problems and are dramatically increasing worldwide (3).
The neurobiology of depression and anxiety is complex

and multifactorial. Beyond the well-established
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(4), accumulating evidence points to the role of oxidative
stress(5,6). Nitrates, a nitric oxide (NO) metabolite, are a
marker of oxidative stress and were shown to increase
during acute anxiety (7,8). Nitric oxide (NO) is produced
from L-arginine by enzymatic conversion of the enzyme
NO synthase (NOS) (9). In support of the potential role of
NO in depression, a growing body of evidence has
demonstrated that some antidepressants exert a NO-
lowering effect. For example, a study revealed that L-
arginine antagonized the effects of the classic tricyclic
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antidepressant imipramine (10). Superoxide dismutase
(SOD) is an abundant antioxidant enzyme responsible for
superoxide (O2-) species detoxification to yield hydrogen
peroxide (H20.). SOD activation occurs as a response to
an oxidative stress status (11).

The different classes of available antidepressants are
based on the monoaminergic deficiency hypothesis, i.e.
they increase the levels of the synaptic monoamines
(serotonin, dopamine, and norepinephrine); these classes
include Selective Serotonin Reuptake Inhibitors (SSRIs)
such as escitalopram. Although considered a safe option,
SSRIs have many limitations: they are effective only in
50% of cases, they could lead to weight gain or sexual
impairment, and they take up to two weeks to exert a
clinically acceptable effect (12,13). Therefore, herbs with
psychotropic effects are gaining wide attention due to their
high safety profile, minimal drug interactions, and
negligible addictive potential (14-16).

Valerian and hops are perennial plants. valerian is
originally native to Asia and Europe (17) and hops plants are
distributed throughout North America, Europe, and Asia (18).
Valerian root (Valeriana officinalis Valerianacea) is often
combined with Hops strobile (Humulus Ilupulus L.,
Cannabaceae) to enhance its sedative and anxiolytic efficacy
(19). The pharmacological effect of valerian depends on
valerenic acid, which is assumed to be a ligand for GABA and
adenosine receptors (20—24).In addition, many rodent studies
on hops have shown results in terms of sedation and
antidepressant activity as well. This has raised speculation
about the activity of hops to extract on GABA receptors (25)
In the United States, valerian is regulated by the Food and
Drug Administration (FDA) as a dietary supplement
(https://ods.od.nih.gov/factsheets/\Valerian-
HealthProfessional/).

The valerian-hops combination is commercially
available worldwide as an OTC product (26). Valerian is
considered to be relatively safe and well-tolerated, but
gastrointestinal problems (e.g. nausea, abdominal cramps)
are included as unpleasant side effects in the European
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Medicine Agency (EMA) monograph. Although
hydroalcoholic extracts of valerian root in the prescribed
dosage of 400-600 mg dry extract increase sleep latency
and quality, the elements that contribute to its efficacy are
unknown (27)

Previously published rodent studies used “anxiety-free”
models and focus on valerian alone and not on the valerian-
hops combination. For example, the mice receiving the
methanolic and ethanolic extracts of Valeriana Officinalis
demonstrated antidepressant and anxiolytic but no sedative
effects, despite treatment for 16 days (28) A similar study
reported an antidepressant effect of valerian after both an
acute dosing and two weeks of chronic dosing of Valeriana
Wallichi (29).The sedative properties of valerian, however,
are not profound. Even using a dose of 1000mg/kg did not
result in profound sedation (30).

According to our knowledge, no previous studies have
evaluated the psychotropic actions of the valerian-hops
combination versus escitalopram in a depression and in an
anxiety model in association with NOy, iINOS and SOD.

Therefore, the current research has two objectives: (1) to
compare the antidepressant effect of valerian-hops with
escitalopram and (2) to evaluate the sedative/anxiolytic
effects of valerian-hops in relation to oxidative stress
markers namely Nitric Oxide (NOXx), inducible Nitric Oxide
Synthase (iNOS) and Super Oxide Dismutase (SOD).

2. MATERIALS AND METHODS

2.1 Study animals and design

Balb/C mice were used for this study. All mice were
six to eight weeks old and of an equal ratio of males to
females. Animals were kept individually in separate cages
in order to reduce anxiety as in (5)

Temperature and humidity were controlled at 25°C,
50-60% respectively.

The research followed the international -ethical
standards for the Care and Use of Laboratory Animals. The
study protocol was approved by the Institutional Review
Board (IRB) of The American University of Madaba
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approval number A20001. All procedures were in an
accordance with the “International Guiding Principles for
Biomedical Research Involving Animals, 2012”.

The study design consisted of two models:

2.2 The normal condition depression model:

Mice were divided into three groups (n=10) as follows.
Group I: control (treated with a single dose of distilled
water); group II: valerian-hops (treated with a single dose
of 100mg/kg); and group IlI: Escitalopram (treated with a
single dose of 10mg/kg) escitalopram was supplied from
Pharma International and the dose selection was made as
in (5). After a treatment period of one hour, mice were then
subjected to behavioral tests.

2.3 The anxiety model:

Mice were divided into three groups (n=10) as follows.
Group I: naive (unstressed and untreated); group I1: control
(treated with distilled water for 3 weeks, then stressed);
and group Ill: valerian-hops (treated for 3 weeks, then
stressed). A treatment period of 3weeks was set to evaluate
the antidepressant potential, as in [14]. After 3 weeks of
treatment, groups Il and 111 were restrained for six hours,
then all mice were subjected to behavioral tests, blood was
collected and serum was obtained, as in(5,31).

2.4 Valerian-hops combination extraction and
treatments

Valerian root of (Valeriana officinalis)-hops strobile
(Humulus lupulus) aqueous extract was supplied from Roha
pharmaceuticals and was prepared as follows. The dry extract
valerian root in a relationship of drug to extract of 4-6:1, the
extraction agent was water, and dry extract of hop stabile in a
relationship of drug to extract of 3-6:1, where the extraction
agent was water. The extract contained a ratio of dry extract of
valerian root to hop strobile of 4:1. A daily dose of 100mg/kg
of valerian-hops in 0.5ml of distilled water was administered
via oral gavage as in (28) for group 11 for 3 weeks. The dose
was selected based on previous literature(32).

2.5 Acute Immobility Stress

The acute immobility stress was employed as the
anxiety model according to (5,31) with slight
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modifications. Animals were restrained individually for 6
hours in a restraining tube, while maintaining the animals’
ventilation undisturbed. In the naive group, the mice were
kept in an animal cage with soft bedding in the same
experimental conditions. After performing the immobility
stress, mice were subjected to behavioral tests.

2.6 Behavioral tests

2.6.1 Forced swim test:

Forced Swim Test (FST) is the most commonly used
behavioral model for screening

antidepressant-like activity in rodents(33). Mice were
individually forced to swim for five minutes in an open
glass chamber (25x15%x25 c¢m3), which contained
freshwater to a height of 15 cm and was maintained at
26x1°C. Floating time was defined as the time in which
mice stop moving completely while in the water.

2.6.2 Elevated plus maze

The anxiolytic effects were screened through the
elevated plus maze as previously

described (34) with some modifications. The apparatus
was elevated 25 cm above the floor.

The maze was composed of two closed arms (30*5 *10
cm) and two open arms (30*5 cm). Mice were placed at the
center facing the closed arm and allowed to move freely for10
minutes. The frequency of Open Arm Exits (OAE) and the
Open Arm Time (OAT) spent were recorded.

2.6.3 Open field test

The locomotion and sedation were evaluated through the
standard (72*72cm) open field test as previously described
(35). In brief, mice were placed in a central square and
allowed to move freely for 5 minutes. The locomotion is
measured by the number of lines crossed and sedation is
measured by the rearing frequency. The procedure was
performed in an empty room with indirect lighting, and the
field was regularly cleaned with 70% ethyl alcohol.

2.7 Biochemical Tests

Performed only for the multiple-dose, anxiety-induced
model in order to study stress correlation with oxidative
stress.
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2.7.1 Nitric oxide measurement

The accumulation of nitrate, an indicator of the
production of NO, was determined in serum using a
colorimetric assay with a Griess reagent (36). Serum
nitrate was assayed using a Nitric Oxide Assay Kit (cat.
no. ab65328; Abcam, Cambridge, MA, USA) according to
the manufacturer’s instructions. The nitrate concentration
was obtained according to the standard curve generated
after measuring absorbance at a wavelength of 540 nm
using a Multiskan™ FC Microplate Photometer (Thermo
Fisher Scientific, Waltham, MA, USA). All samples and
standards were processed in duplicate.

2.7.2 SOD activity measurement

SOD activity was assayed using an SOD Assay kit
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; cat. no.
19160) as previously described (37) .In brief, the rate of the
reduction with O2 is linearly associated with the xanthine
oxidase activity, and is inhibited by SOD. The SOD activity,
as an inhibition activity, is quantified by measuring the
decrease in the color development at a wavelength of 440 nm.

2.7.3 INOS measurement

The serum iINOS was measured by Abcam colorimetric
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kit according to the manufacturer’s recommendations. The
iNOS concentration was obtained according to the standard
curve generated after measuring absorbance at a wavelength
of 540 nm using a Multiskan™ FC Microplate Photometer
(Thermo Fisher Scientific, Waltham, MA, USA). All
samples and standards were processed in duplicate.

2.8 Data and statistical analysis

All data obtained from the behavioral tests, NOx, SOD
and iNOS were analyzed with a one-way ANOVA and a
subsequent Tukey post hoc test, where p < 0.05 was
considered statistically significant. Quantitative data were
presented as mean values + SEM.

3. RESULTS

3.1 The normal condition depression model

3.1.1 Forced swim test

The valerian-hops group showed lower FT compared
to the control (p<0.05). Moreover, it showed a significant
reduction in the immobility episodes and a significant
increase in the floating latency time for the control group
(p<0.05), as shown in Figure 1A, 1B and 1 C.

P
—_
& @¢
(=]
& &
¥ \d

Figure 1: Forced Swim Test Single Dose Model
(A) Effect of a single dose treatment with VV/H (100 mg/kg), ESC (10 mg/kg) on floating time.
Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). F (2, 15) = 35.82 ;
**p<0.001,****p<0.0001 compared to the control
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(B) Effect of a single dose treatment with VV/H (100 mg/kg), ESC (10 mg/kg) on immobility episodes episodes.
Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). Each bar represents the mean + SEM
(ANOVA followed by Tukey's test). F (2, 15) = 9.359; **p<0.001 compared to the control.
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(C) Effect of a single dose treatment with VV/H (100 mg/kg), ESC (10 g/kg) on the floating latency time.
Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). Each bar represents the mean +
SEM (ANOVA followed by Tukey's test) F (2, 14) = 29.92; **** p<0.001 compared to the control, V/H:
Valerian/Hops; ESC: Escitalopram; SEM, standard error of the mean.
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3.1.2 Elevated plus maze

The valerian-hops-treated group showed a significant
increase in the OAE (open arm exits) count compared to
the control (p<0.05) as seen in Figure 2.

3.1.3 Open field test

The valerian-hops-treated group showed similar
ambulation frequency (AF, measured in lines crossed) to
the control. Additionally, the valerian-hops-treated group
showed a significantly higher rearing frequency compared
to the control (p<0.05). Results are shown in Figure 3.

3.2 The anxiety model

3.2.1 Forced swim test

The antidepressant effect of valerian-hops combination
was completely absent. The control showed a significantly
higher FT compared to the naive group (p<0.05). The
valerian-hops group demonstrated a significantly higher
FT compared to both the control and the naive groups
(p<0.05) and the escitalopram-treated group showed a
significantly decreased FT compared to the control and
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naive groups (p<0.05). Regarding the number of
immobility episodes, the control group showed a
significantly higher frequency compared to the naive
group. Both the valerian-hops-treated group and the
escitalopram-treated group showed a significant reduction
in the frequency compared to the control (p<0.05). In
regards to the latency time, both the valerian-hops-treated
group and the escitalopram-treated group showed a
significant increase in LT compared to the control
(p<0.05). Results are not shown.

3.2.2 Elevated plus maze

The OAE did not increase in the valerian-hops group
compared to the control (p>0.05). However, the
escitalopram-treated group demonstrated a higher OAE
relative to the control group (p<0.05). As for open arm
time (OAT) in seconds, the valerian-hops group did not
show any increase compared to the control. Results are
shown in Figure 2A and 2B.
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Figure 2: Elevated Plus Maze
(A) Effect of 3 weeks of treatment with V/H (100 mg/kg), ESC (10 mg/kg) on OAE following immobilization stress.
Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). F (3, 31) =14.25; *p<0.05, ** p<0.0001

versus naive. OAE, open arm exists.
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Figure 2.B
40
@ 30
@ *
E *
=
E 20- T
< T
s 101 o
o
[]- T L] T
@ W& o (€]
& © N <&

(B) Effect of 3 weeks of treatment with V/H (100 mg/kg), ESC (10 mg/kg) on OAT following immobilization stress .
ANOVA followed by Tukey's test.F (3,28)=11.10; * p<0.05, ** p<0.0001 versus naive. OAT: open arm time.
V/H: Valerian/Hops; ESC: Escitalopram; SEM, standard error of the mean.

3.2.3 Open field test frequency with respect to the control (p<0.05) thus
The valerian-hops-treated group did not show any indicating profound sedation. Results are shown in Figure
increase in AF compared to the control group (p>0.05). 3Aand 3 B.

Moreover, it significantly diminished the rearing
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Figure 3: Open Field Test

(A) Effect of 3 weeks of treatment with VV/H (100 mg/kg), ESC (10 mg/kg) following immobilization stress on the
ambulation frequency.

Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). F(3,33)=57.91; **p<0.0001 versus naive.
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Figure 3.B
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(B) Effect of 3 weeks of treatment with VV/H (100 mg/kg), ESC (10 mg/kg) following immobilization stress on the
rearing frequency.

Values are expressed as the mean £ SEM (ANOVA followed by Tukey's test). F(3, 34)=69.19;**p<0.0001 versus

naive. V/H : Valerian/Hops ; ESC: Escitalopram; SEM, standard error of the mean

3.3 Biochemical tests

3.3.1 NOx & iNOS

The AIS increased NOy (p<0.05), and this increase was
significantly normalized with the valerian-hops (p<0.001);

similarly escitalopram showed a NOy lowering effect in
respect to the stressed group (p<0.001), results are shown
in Figure 4. The iNOS levels did not vary throughout the
study (data are not shown).

Figure 4
Figure 4: Nitric Oxide levels Effect of 3
2.0~ weeks of treatment with VV/H (100 mg/kg),
- ESC (10 mg/kg) following immobilization
3 1.5- stress on serum NOx levels.
E T Values are expressed as the mean £ SEM
e (ANOVA followed by Tukey's test). F(3,
S  1.01 30)=19.21;**p<0.0001 versus naive # p<0.0001
E versus control. V/H: Valerian/Hops; ESC:
@ 0.5 # Escitalopram; SEM, standard error of the mean.
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3.3.2. SOD activity
The AIS increased SOD activity (p<0.05) in the
stressed group with respect to the naive , valerian-hops

treated group showed a significant decrease in respect to
the stressed group (p<0.001); however, escitalopram did
not show any change in SOD activity. Figure 5
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Figure 5: SOD activity
The effect of 3 weeks of treatment with VV/H (100 mg/kg), ESC (10 mg/kg) following immobilization stress on
SOD activity levels.
Values are expressed as the mean + SEM (ANOVA followed by Tukey's test). F (3, 30) = 15.88;*p<0.05 versus naive

**** n<0.0001 versus control. V/H : Valerian/Hops ; ESC:

4. DISCUSSION

The current study aimed at comparing the
antidepressant effect of valerian-hops to escitalopram on
short and long terms use using different models and to
correlate the findings with NOx changes.

In the normal condition depression model, the valerian-
hops demonstrated antidepressant and anxiolytic activities
similar to escitalopram, but with no sedative effect. This
result was expected and is consistent with previous studies
that used the herb for short-term treatment(28,29). This
effect is thought to be caused by agonizing the GABAA
receptor, thus leading to a soothing/anxiolytic effect due to
valerenic acid, the main active constituent(22,23).

-132 -

Escitalopram; SEM, standard error of the mean.

The findings of the anxiety model demonstrate a
profound sedative effect with no anxiolytic or
antidepressant effect. These findings seem to contradict
previous studies showing that valerian exerts no sedative
action after five days of administration in an anxiety
model(38) or after 16 days in an anxiety-free model(28).
However, one explanation of this finding could be the
longer duration of treatment and the synergistic sedative
properties of hops(39).

The AIS resulted in a significant elevation in NOx and
SOD activity in the stressed group compared to the naive
group, and valerian-hops restored NOx to normal.

As seen, the NOx elevation under AlS and the decline
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by valerian-hops are not related to iNOS expression. NO
can be synthesized from other enzymes; hence further
investigations of the neuronal nNOS and the endothelial
eNOS (9,40) are required to clarify this finding.

While the AIS enhanced SOD activity in the stressed
mice, the SOD activity in the valerian-hops treated group
was lower. This could be explained by the direct
scavenging activity of the flavonoids and phenolic
compounds in the extract(30,41) that neutralized the
generated free radicals and therefore did not resultin SOD
activation.

The treatment of depression and anxiety is challenging
due to the inadequate and inconsistent response of many
classical antidepressants in addition to the associated lag
and adverse effects (4,42,43).

Our findings demonstrated that the herb exerts
antidepressant properties at a single dose similar to
escitalopram however this effect has vanished and has
been replaced by strong sedation in the anxiety model.
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