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Abstract: Amber, a plant resin, exhibits an anti-stress effect and is used in traditional medicine.
Recently, it has been speculated that amber may possess an anti-depressive effect. However, there is
no evidence to support this efficacy. Thus, this study investigated the anti-depressive and oxidative-
stress-ameliorating effects of amber extract in mice subjected to restraint stress. Mice were treated
with amber extract (25 and 50 mg/kg, p.o.) and bupropion (10 mg/kg, p.o.) as positive control. Mice
were then subjected to a tail suspension test, and their immobility time, body weight before and
after stress, levels of stress-related hormones and neurotransmitters, and oxidative stress parame-
ters were assessed. Amber supplementation did not affect the body weight of mice in any of the
groups. Amber extract (25 and 50 mg/kg) demonstrated an anti-depressive effect by significantly
decreasing the immobility time and adrenocorticotropin-hormone and corticosterone-hormone levels.
Moreover, amber extract at a dose of 25 mg/kg increased the levels of dopamine and serotonin.
Additionally, superoxide dismutase, catalase, and glutathione levels increased, whereas the malondi-
aldehyde content decreased with amber supplementation. These findings confirm that amber may
possess an anti-depressive effect and hence can be a useful alternative therapy for preventing and
managing depression.

Keywords: amber; antidepressant; HPA axis; oxidative stress; stress hormones

1. Introduction

Mood is a description of an individual’s internal state, which is reflected in the external
behavior. Individuals may occasionally feel sad or anxious regarding their lives. However,
extreme and persistent feelings of sadness and anxiety may result in mood disorders,
particularly depression. Depression or depressive disorders have become a global menace,
costing economies huge sums of money and productivity [1]. This includes, though is
not limited to, feelings of guilt, irritability, lack of motivation, appetite changes, suicidal
thoughts, loss of interest, and sleep changes. These symptoms disrupt daily activities and
affect quality of life. Several factors, such as psychological and environmental events, may
contribute to the occurrence of depression. The brain plays a crucial role in the development
of depressive disorders. It regulates chemical messengers and thus can prevent or manage
the progression of depressive disorders. Furthermore, owing to its constant metabolic
activity, it is highly susceptible to oxidative damage [2]. Alterations in brain function have
been shown to cause mood disorders, such as post-traumatic stress disorder (PTSD) and
depression [2—4].

Chronic stress activates the hypothalamus-pituitary-adrenal (HPA) axis to release cor-
tisol (in mammals) or corticosteroids (in rodents); their excessive levels may be detrimental
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to the health of an individual [4]. Moreover, chronic stress increases the accumulation
of free radicals in the body. The inability of the body to scavenge these reactive species
results in lipid peroxidation, DNA damage, cell death, and eventually several diseases and
disorders, including depressive disorders. Thus, oxidative stress markers, such as malon-
dialdehyde (MDA), are crucial in determining the mental health of individuals. Several
reports have highlighted the association between depression and oxidative stress [1,5,6].
Oxidative-stress-induced lipid peroxidation products such as MDA are present in depres-
sive disorders [5].

Over the years, researchers have extensively discussed the importance of natural
products such as dietary supplements, particularly for stress management. Traditional
antidepressants, such as selective serotonin reuptake inhibitors (SSRIs) and serotonin-
norepinephrine reuptake inhibitors (SNRIs), have been shown to be effective in managing
stress and have therefore been the mainstream drugs of choice for treating depressive
disorders and other mood disorders. However, compliance with these drugs is a challenge
owing to their cost and associated side effects, such as gastrointestinal upset, sexual
dysfunction, dependency, and weight gain. Alternative therapeutic approaches, such
as the use of herbal supplements, are as effective as traditional medicines and have fewer
side effects, rapid action, and a lower cost [6]. Some well-known herbal products currently
reported as effective alternative medicines and traditionally used for stress management
include ashwagandha [7,8], Ginkgo biloba [9], and chamomile [10].

Amber, a terpenoid-containing resin from the pine tree, has been reported to pos-
sess several biological activities, such as anti-stress [11], anti-Alzheimer’s or neuroprotec-
tive [12], anti-inflammatory [13], and lipid-lowering [14] effects. It contains agathic acid,
which is known to exert an antibacterial effect [15]. However, there are no reports on its
antidepressant effect. We previously demonstrated that amber might exhibit an anti-stress
effect through the regulation of HPA hyperactivity [11]. Thus, we hypothesized that amber
possesses an antidepressant effect via the regulation of hormones in the HPA axis and
factors contributing to oxidative stress.

Hence, the present study aimed to investigate the protective effects of amber extract
against depression and oxidative-stress damage using a tail suspension test [TST] in In-
stitute of Cancer Research [ICR] mice to induce psychological stress. The body weight of
mice before and after stress was determined, in addition to the measurement of the immo-
bility time of tail-suspended mice. Furthermore, the HPA axis activity, depression-related
neurotransmitters, and oxidative-stress parameters were investigated.

2. Materials and Methods
2.1. Amber Extract and Other Reagents

Amber was crushed, powdered, and extracted twice with 50% ethanol at 40 °C for
1 h. The filtrate was freeze-dried to obtain a powder. The samples were then dissolved in
ethanol to form a paste. The samples were dissolved in 100% ethanol and diluted with 5%
ethanol in water to obtain the required concentration for further experiments.

Bupropion hydrochloride was obtained from Sigma Aldrich, Co. (St. Louis, MO, USA).

2.2. Animals

Twenty-five (five-week-old) male ICR mice were obtained from Tokyo Laboratory
Animals Science Co., Ltd. (Tokyo, Japan) and housed in a temperature-controlled room.
The animals were randomly divided into five groups, with five mice per group: CT (NS)
group representing control group of non-stressed mice, CT (S) group representing control
group of stressed mice, BUP group representing positive control group of mice treated
with bupropion (10 mg/kg body weight), AMB 25 group representing mice treated with
25 mg/kg body weight of amber extract, and AMB 50 group representing mice treated
with 50 mg/kg body weight amber extract. CT (NS) and CT (S) groups received Milli-Q
water. All mice had easy access to food and water and were kept under a controlled 12-h
day-light schedule. Before treatment initiation, they were allowed to acclimatize for one
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week. Animal experiments were approved by the Animal Care and Use Committee of the
University of Tsukuba. Drug treatment was carried out as shown in Figure S1.

2.3. Sample Collection

Thirty minutes after the final TST, mice were euthanized by spinal dislocation and
immediately sacrificed, and blood samples (1.5 mL) were collected from the heart into
tubes. After 1 h, the samples were centrifuged at 3000x ¢ for 10 min at 4 °C. Serum was
collected and immediately stored at —80 °C until further analysis.

Mice brains were harvested into 5 mL tubes and immediately frozen in liquid nitrogen.
Brain samples were later stored at —80 °C until further analysis.

2.4. Tissue Homogenization and Protein Quantification

Frozen brain samples were thawed in RIPA buffer containing a phosphatase inhibitor
and homogenized on ice using Power Masher II (Nippi Inc., Tokyo, Japan). The samples
were then centrifuged at 12,000 x g at 4 °C for 20 min, and supernatants were transferred
to 1.5 mL tubes. Proteins were quantified using TaKaRa BCA Protein Assay Kit (TaKaRa,
Japan), and samples were stored at —80 °C until further use.

2.5. Tail Suspension Test (TST)

All mice except those in the CT(NS) group were subjected to TST, which was conducted
60 min after treatment. Mice were suspended by the tail attached to a hanging pin in the
cage. The test was performed for 6 min, during which mice movements or idleness were
recorded using a camera. During the final 3 min, the immobility time, the time depicting
stress resistance and during which no movements were observed in suspended mice, was
measured. This test was performed twice more, as planned, and the last TST data were
used for analysis.

2.6. Determination of the Levels of Hormones and Neurotransmitters

Corticosterone and serotonin levels in mice serum were determined using commer-
cially available ELISA kits (Cayman Chemical Company, Ann Arbor, MI, USA; Enzo Life
Sciences, Inc., Farmingdale, NY, USA, respectively), according to the manufacturers’ instruc-
tions. Whole mice brains (collected and quantified as described previously) were used to
assess dopamine (ImmuSmol, Bordeaux, France) and adrenocorticotropin hormone (ACTH)
(Elabscience, Houston, TX, USA) levels, according to the manufacturer’s instructions.

2.7. Determination of Oxidative Stress Parameters

Mice serum samples were used for the assessment of the antioxidant enzymes super-
oxide dismutase (SOD) and catalase (CAT) (Invitrogen, Thermo Fisher Scientific, Waltham,
MA, USA), according to the manufacturer’s instructions. Brain samples of mice were used
to assess the levels of the lipid peroxidation product MDA (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA) and the activities of GSH (Dojindo Laboratories, Kumamoto,
Japan) using commercial kits, according to the manufacturers’ instructions.

2.8. Statistical Analysis

All graphs and statistics were generated using GraphPad Prism software 8.0, and the
results were represented as mean =+ standard deviation (SD). Statistical analysis of data
was performed using one-way analysis of variance (ANOVA) and two-way ANOVA, as
appropriate. Statistical significance was set at p < 0.05.

3. Results
3.1. Amber Treatment Did Not Affect the Body Weight of Mice

The body weight of mice was measured before and after TST to determine the effects of
stress and amber supplementation. There was no significant difference in the body weight
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of mice in all groups before and after the stress test. Further, amber supplementation did
not affect the body weight of mice (Figure 1).
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Figure 1. Effect of amber treatment on the body weight of mice before and after stress. Mice were
weighed before and after every TST. Data represent mean & SD (n = 3). Statistical significance was
assessed by two-way ANOVA.

3.2. Amber Supplementation Showed Antidepressant Effect in Tail-Suspended Mice

The psychological stress test, TST, conducted on mice showed that amber (25 and
50 mg/kg)-treated mice exhibited a significant reduction in immobility time compared
to the control group, CT (S) (Figure 2). The BUP group (positive-control mice treated
with 10 mg/kg bupropion) also showed a significant reduction in immobility time, thus
indicating that amber may possess an antidepressant effect.
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Figure 2. Effect of amber treatment on immobility time of tail-suspended mice. Mice were subjected
to a tail suspension test after amber supplementation three alternating times. The immobility time of
mice during the final 3 min of the 6-min TST was determined. Data represent the average of the last
TST conducted on mice as mean £ SD (n = 3). *p < 0.05, ** p < 0.01, and ** p < 0.001 by one-way
ANOVA, compared to the CT (S) group.

3.3. Amber Positively Requlated Hormones in the HPA Axis System

Hyperactivity of the HPA axis is a prominent cause of several diseases and disorders,
including depression. In our study, TST was conducted to induce hyperactivity of the
HPA axis. As seen in Figure 3A, amber supplementation (25 and 50 mg/kg) significantly
reduced ACTH levels compared to CT (S) mice, similar to the levels in of the control non-
stressed mice, CT (NS). However, the effect of bupropion was not significant. A significant
reduction in corticosterone levels was observed in both amber (25 and 50 mg/kg)- and
bupropion-treated mice when compared to CT (S) mice. No significant reduction was
observed in the CT (NS) mice (Figure 3B). This indicates that amber treatment can decrease
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the HPA axis hyperactivity to regulate the release of stress hormones, thereby reducing the
risk of developing depression and other disorders.
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Figure 3. Effect of amber extract on the HPA axis hyperactivity. (A) ACTH and (B) corticosterone
levels were assessed by ELISA, as described in the Materials and Methods section. Each data
represents mean £ SD (n = 3). ** p < 0.01 by one-way ANOVA, compared to the CT (S) group. ns
indicates non-significant.

3.4. Amber Treatment Positively Controlled Antidepressant Hormones

Amber (25 mg/kg) and bupropion treatment significantly increased the levels of
dopamine (Figure 4A) and serotonin (Figure 4B) in mice. However, amber (50 mg/kg)
failed to significantly increase the levels of both hormones compared to CT (S) mice. CT
(NS) mice showed no significant difference in hormone levels compared to CT (S) mice.
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Figure 4. Effect of amber treatment on depression-related hormones. (A) Dopamine and (B) serotonin
levels in the brain and serum, respectively, of mice were assessed by ELISA, as described in the
Materials and Methods section. Each data represents mean & SD (n = 3). * p < 0.05, ** p < 0.01, and
#*** p < 0.0001 by one-way ANOVA, compared to the CT (S) group. ns indicates non-significant.

3.5. Amber Ameliorated Oxidative Stress in Mice

In animals treated with amber extract (25 and 50 mg/kg) and bupropion, a significant
increase in SOD (Figure 5A) and GSH activity (Figure 5C) was observed compared to CT
(S) mice. However, CT (NS) mice showed no significant difference in these parameters.
As shown in Figure 5B, mice treated with 25 mg/kg, but not 50 mg/kg, of amber extract
showed a significant increase in CAT activity, similar to the BUP and CT (NS) groups. Re-
garding lipid peroxidation, a substantial reduction in MDA levels was observed following
amber (25 and 50 mg/kg) and bupropion treatment (Figure 5D). However, MDA levels
were high in both CT (S) and CT (NS) groups.
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Figure 5. Effect of amber treatment on oxidative stress parameters. (A) SOD, (B) CAT, (C) GSH
activity, and (D) MDA levels in mice were assessed using specific kits, according to the manufacturer’s
instructions. Each data represents mean & SD (n = 3). * p < 0.05, ** p < 0.01, *** p < 0.001, and
#** p < 0.0001 by one-way ANOVA, compared to the CT (S) group. ns indicates non-significant.

4. Discussion

Depression is a complex mental condition that may be caused by environmental factors
and dysfunction in biological systems. A current study evaluated the effect of amber extract
on stress-associated depression by investigating how amber regulates hormones in the HPA
axis, monoamines associated with depression, and oxidative-stress parameters because
abnormality in their levels can lead to depression. Control of the HPA axis and certain
brain neurotransmitters have been reported to help alleviate depression [16]. Thus, it is
important to study how compounds control these stress-response systems to manage or
prevent depressive episodes. Adverse effects of traditional medications for depression
have prompted the quest for alternative treatment options.

TST is a behavioral experiment conducted on mice to investigate the antidepressant
potential of compounds [17]. Several compounds under investigation have shown a
reduction in the immobility time of tail-suspended mice [16,18], including bupropion, a
commercial antidepressant drug. Consistently, a reduced immobility time in TST observed
in this study indicates that amber possesses an antidepressant effect.

Generally, long-term exposure to stress leads to hyperactivity of the HPA axis, which
is the main cause of several health disorders, including depression. An increase in ACTH
levels in the HPA axis increases the release of corticosterone into the bloodstream. As
the body attempts to adapt to these changes, several normal physiological balances are
disrupted, thereby affecting health [19]. In this study, one of the restraint stress tests, TST,
elevated the levels of ACTH and corticosterone, and this effect was attenuated by amber
treatment, thus suggesting that amber can regulate HPA axis hyperactivity to regulate the
increased secretion of ACTH and glucocorticoids. This antidepressant activity of amber
may involve modulating hormones in the HPA axis. Similarly, adult mice supplemented
with green-tea polyphenols showed a reduced secretion of both ACTH and corticosterone
when subjected to the forced swimming test, another type of restraint stress test [18].
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The monoamines dopamine and serotonin have long been reported to be associated
with depression and depressive episodes [19]. It is known that the depletion of these happy
hormones causes loss of motivation, reduced interest, mood changes, etc. In our study,
amber increased dopamine and serotonin levels, thus counteracting the stress-induced
depletion of these hormones. An increase in the levels of these neurotransmitters can
switch negative emotions into positive feelings and alleviate depression. Several studies
have reported that increasing the levels of these monoamines plays a vital role in the
management of depression and other related disorders [20,21]. In 2003, Vaswani et al.
reported that increasing serotonin levels or activity by inhibiting its reuptake is helpful in
reducing depression, which is the underlying mechanism of the antidepressant action of
SSRIs, the first-line therapeutic approach for managing depression [22]. This implies that
amber can be considered a potent antidepressant in the future.

In the brain, hyperactivity of the HPA axis due to chronic stress leads to oxidative
stress caused by ROS accumulation. This is largely due to high levels of glucocorticoids
(cortisol or corticosterone) circulating in the blood. Persistent oxidative stress can contribute
to depression [19]. In this study, amber positively controlled oxidative-stress parameters.
Stress caused the depletion of SOD and CAT in CT (S) mice (Figure 3A,B); however, the
activity of these antioxidant enzymes was greatly enhanced by amber supplementation,
thus improving free-radical scavenging. During the scavenging of free radicals, SOD first
converts free radicals, such as superoxide ions (O"), into hydrogen peroxide (H,O,), which
is then decomposed into water by CAT and GSH through different pathways [23]. Thus,
increased GSH levels after amber treatment also played an important role in reducing
oxidative stress. When mice were subjected to psychological stress through TST, an in-
creased accumulation of the lipid-peroxidation product MDA was observed because of
oxidative damage, which was significantly reduced by amber supplementation. These
findings confirmed the antioxidant effect of amber observed in our previous study on
Caenorhabditis elegans, in which amber treatment significantly protected worms from HyO,-
induced oxidative stress and increased the expression of the antioxidant genes sod-3, gst-4,
and ctl-1 [11].

Interestingly, mice supplemented with 25 mg/kg of amber extract performed better
in this study than those supplemented with 50 mg/kg amber. Although the exact reason
for this could not be explored, both doses (25 and 50 mg/kg) were considered safe for
animals, based on a previous experiment conducted in our laboratory (unpublished data).
No physical or extreme behavioral changes were observed in mice treated with 50 mg/kg
amber to depict signs of rejection or toxicity. Thus, we conclude that amber at a dose of 25
mg/kg is more effective than at 50 mg/kg.

Taken together, the study findings have shown that amber can prevent or control stress-
induced depression by positively regulating the HPA axis system and reducing the levels of
key stress hormones, such as ACTH and corticosterone. Additionally, amber treatment led
to enhanced levels of anti-depressive neurotransmitters (dopamine and serotonin) along
with the regulation of oxidative stress markers, including SOD, CAT, GSH, and MDA. The
findings suggest that amber is a safe dietary supplement or alternative therapy for the
management of stress and stress-induced depression. Further studies should be performed
on human subjects to determine a more effective and safer dose of amber and reveal the
exact active ingredient(s) responsible for its antidepressant effect.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /nutraceuticals3020017/s1, Figure S1: Experimental design.
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