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Abstract

Several mechanisms are often associated with depression, in-
cluding the role of chronic and oxidative stress. The present study
aimed to investigate the antidepressant and anxiolytic effect of
(-)-a-bisabolol (BIS) and its possible mechanisms of action relat-
ed to alterations on products of oxidative stress, using the mod-
el of depression induced by Chronic Unpredictable Mild Stress.
The male C57BL/6 mice were treated with CUMS for 28 days to
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observe the depressive and anxiety-like behaviors at the end of the protocol. The depressive and anxious be-
havior was successfully attenuated after BIS administration, evidenced in forced swimming tests and prefer-
ence for sucrose solution results, with exciting results when compared to fluoxetine, the reference drug for de-
pression. The antioxidant profile as a mechanism indicated a significant reduction of thiobarbituric acid reac-
tive substances (TBARS) levels in the hippocampus area. In brief, the study revealed that BIS relieve depres-
sive and anxiety-like state by mitigating oxidative stress.

psychological disorders; monoterpene; chronic stress; animal model; oxidative stress

INTRODUCTION

Depression is a neuropsychiatric illness that af-
fects more than 300 people worldwide and is
considered the leading cause of disability and
a public health concern [1]. The multifactorial
cause of depression leads to chronic stress and
anxiety, modifying physiological conditions and
affecting people’s behavior socially and cogni-
tively [2, 3].

Although we have a significant group of an-
tidepressant drugs in the pharmaceutical mar-
ket, more than 30% of patients are resistant to
treatment, present considerable adverse effects,
have long latency periods for observation, and
drug withdrawal [4, 5]. Thus, the search for al-
ternative and safer substances is essential to re-
duce the impact caused by classic antidepres-
sants and depression.

In this way, chronic and unpredictable stress
(CUMS) is widely used to mimic in rodents what
happens in depressed patients. Furthermore,
this behavioral in vivo model can be applied to
search for new antidepressant drugs [3, 6].

The pathophysiology of depression is associ-
ated with enhancing proinflammatory response,
elevation of proinflammatory cytokines, ROS
production, oxidative stress, and lipid perox-
idation, which are important [7]. In this way,
natural compounds, such as those that reduce
inflammation events, lipidic peroxidation, and
oxidative stress, are exciting candidates as an-
tidepressant agents. Thus, (-)-a-bisabolol, a ses-
quiterpene alcohol from Matricaria chamomilla
L., which has described anti-inflammatory, an-
tioxidant, and neuroprotective effects[8-13], is
a noteworthy agent in CUMS model of depres-
sion.

MATERIALS AND METHODS
Animals

Male C57BL/6 mice (22-25 g, age: five weeks,
considered as young adults) were used in this
study. The animals were kept at a controlled
temperature (22 + 1°C), with a 12-hour light/
dark cycle, and received water and food ad [i-
bitum. The experiments followed current legis-
lation and with the National Institute of Health
(NIH) Guide for the Care and Use of Laborato-
ry Animals and under the consent and surveil-
lance of the Ethics Committee of the Department
of Physiology and Pharmacology of the Feder-
al University of Ceara (Protocol N°. 9361/2018).

Drugs

(-)-a-bisabolol (BIS; Sigma®, St. Louis, USA), di-
luted in 3% polysorbate (Tween 80 ®) with 0.9%
NaCl saline solution, was administered orally
by gavage for 14 consecutive days. The applied
dose of BIS (50 mg kg™) followed previous work
with other experimental models [14]. The refer-
ence drug, Fluoxetine (FLU; Sandoz®, Barleben,
Alemao), was diluted in 0.9% saline solution and
administered orally (10 mg kg™) by gavage fol-
lowing the same time protocol.

In silico ADMETox for distribution and metabolism
description

The isomeric SMILES of (-)-a-bisabolol was ex-
tracted from PubChem® for ADMETox predic-
tion. The prediction was analyzed considering
the algorithm developed by [15]. The pharmaco-
logic patterns considered each pharmacokinet-
ic phase’s predicted and reference values. The
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distribution was analyzed to evaluate the pre-
diction related to permeability of BBB and CNS,
while liver metabolism and toxicity results were
compared to fluoxetine.

Chronic Unpredictable Mild Stress (CUMS) procedure
and experimental design

The CUMS procedure considered the previously
described by He [16] with minor modifications.
Initially, the mice were housed for seven days to
adapt to their environment.

The study had six experimental groups (8 an-
imals/group): 1 — saline solution (CONTROL);
2 — saline and (-)-a-bisabolol (CONTROL+BIS);
3 — saline and fluoxetine (CONTROL+FLU); 4 -
CUMS and saline solution (CUMS); 5 - CUMS
and (-)-a-bisabolol (CUMS+BIS) and 6 — CUMS
and fluoxetine (CUMS+FLU). The protocols had
a total of 28 days, 14 days to stressor protocol
followed for 14 days with pharmacological treat-
ment.

The CONTROL, CONTROL+BIS, and
CONTROLAFLU groups were left in their cages
separately. The CUMS groups received differ-
ent stressors (intermittent cycle between lights
on and off for 18 h, presence of wet wood shav-
ings for 18 h, dark cycle for 24 h, light cycle for
24 h, restriction of the animal in a plastic tube for
2 h, exposure from mice to a rat, separated by an
iron grid for 8 minutes and foot shock for 2 sec-
onds. All stressors were applied randomly and
unpredictably in all the CUMS groups.

On the 15th day, at the end of the stressors
protocol, the pharmacological treatment was
started with (-)-a-bisabolol, fluoxetine, or saline.
Twenty-four hours (24h) after the last treatment,
were applied the behavioral tests: Open Field
Test (OFT), Forced Swimming Test (FST), Su-
crose Preference Test (SPT), Elevated Plus Maze
(EPM), and Holeboard test (HB). The tests were
carried out in three phases, and after the last be-
havioral test, the animals were euthanized. The
brain areas (prefrontal, cortex, and hippocam-
pus) were sampled to measure the reactive sub-
stances of thiobarbituric acid (TBARS), nitrite,
and reduced glutathione (GSH).
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Behavioral tests

Open Field Test (OFT)

The OFT was performed in an open acrylic field
device (transparent walls and black bottom,
30 x 30 x 15 cm) divided into nine equal quad-
rants. This test assesses the animal’s exploratory
activity for 5 minutes after a 1-minute acclima-
tization period. The crossing parameter was as-
sessed by the number of times the mice crossed
each quadrant. The test was conducted in a con-
trolled environment, with a silenced tempera-
ture and adequate lighting [17].

Forced Swimming Test (FST)

The experimental procedure consisted of plac-
ing the animals individually in acrylic cylinders
(height: 35 cm; diameter: 24 cm) containing 13.5
cm® of water for 5 min. The FST evaluates the an-
imal immobility time, considering this parame-
ter when the animal makes only the minimum
movements to keep its head out of the water,
which means depressive-like behavior [18].

Sucrose Preference Test (SPT)

The SPT was performed to evaluate the anhe-
donia-like behavior [19]. On the twenty-seventh
day of the experimental protocol, the mice were
submitted to an adaptation phase (48h). The wa-
ter bottles were replaced with 2% sucrose solu-
tion for 24 h; after that, one bottle was replaced
again for water, and the bottles were available
for another 24 h.

After adaptation, all animals were deprived of
food and water for 18 hours. After that, the an-
imals were placed in individual cages and ex-
posed to two bottles, one with 2% sucrose so-
lution and the other with water. After 3 hours,
the volume of consumption sucrose solution
and water were measured. Sucrose preference
was calculated as the amount of sucrose solution
consumed by the total fluid intake as percentual,
using the following formula (Sucrose preference
x100).

— sucrose consumption /
(water consumption + sucrose consumption)

Hole board (HB)

The hole-board test, consists of a 20 x 20 cm ap-
paratus with 16 evenly spaced holes used to
evaluate the exploratory behavior in mice. The
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parameter analyzed was the number of times the
animal placed its head in the holes (head dips)
during the 5 min period [20].

Elevated Plus Maze (EPM)

The EPM is a plus-shaped device with four arms
at right angles to each other, as described by Lis-
ter [21]. The animal was placed in the center of
the plus maze facing one of the closed arms and
observed for 5 min, according to the following
parameters: number of entries in the open and
closed arms and the time spent in each arm.
The arena was cleaned with 5% ethanol solu-
tion between each animal tested. The criterion
for visiting the arm was considered when the an-
imal decisively moved all four limbs on one arm.
The time spent in the open and closed arms and
the number of entries in each were recorded live
by two blinded experimenters. The percentage
of open entries and the time spent in the open
arms were calculated from these data.

Neurochemical test

Thiobarbituric Acid Reactive Substances (TBARS)

The degree of lipid peroxidation in brain areas
was measured by determining the levels of thio-
barbituric acid reactive substances (TBARS) [22].
The protocol was performed using the brain ar-
eas after making a 10% homogenate (pH 7.4, 50
mM monobasic potassium phosphate buffer),
adding 35% perchloric acid, and then centrifu-
gation. Thiobarbituric acid was added to the su-
pernatant, kept in a water bath, and read at 535
nm. Results were expressed as micrograms per
gram (ug/g) of tissue.

Reduced Glutathione (GSH) concentrations

GSH levels were evaluated to estimate endog-
enous defenses against oxidative stress. The
method is based on the reaction of Ellman’s re-
agent (DTNB). Brain areas were diluted in 0.02
M EDTA buffer (10% w/v) and added to a 50%
trichloroacetic acid solution. The supernatant
was collected after centrifugation (3000 RCF; 15
min, (22 £ 1 °C). The samples were mixed with
0.4 M Tris-HCl buffer, pH 8.9, and 0.01 M DTNB.
The GSH was determined spectrophotometri-

cally at 412 nm, calculated based on a standard
glutathione curve, and expressed as micrograms
per gram (ug/g) of fresh tissue [23].

Determination of nitrite concentrations

The measurement of nitrite levels was per-
formed using the Griess Reagent (5% phosphor-
ic acid, 1% sulfonylamide in 5% phosphoric acid,
0.1% NEED, and distilled water). The solution
was added to the supernatant and incubated at
room temperature for 10 min [24]. The stand-
ard curve was drawn considering different con-
centrations of NaNO2 (ranging from 0.75 to
100 mM) under the same conditions. The ab-
sorbance was measured in a microplate reader
at 540 nm, and the result was expressed in na-
nomolar nitrite per gram (nM/g) of tissue.

Statistical analysis

All values were calculated in medians (range).
The Shapiro-Wilk normality test was used
to analyze the values away from an approxi-
mate Gaussian distribution. The Kruskal-Wal-
lis test assessed the difference between groups,
considering p <0.05 as a significant difference.
The Mann-Whitney test (U) was performed to
monitor this analysis, which evaluated the dif-
ference between the pairs using the Bonferroni
correction. In addition, the z score (number of
standard deviations) and the effect size (r) were
demonstrated. All the statistical analyses were
performed using SPSS 23.0 software (SPSS, Chi-
cago, Illinois, USA).

Results

In silico ADMETox predictions

The ADMETox predictions indicated a similar
pattern in Absorption parameters between the
(-)-a-bisabolol and the positive control fluox-
etine. The markable difference was observed
in the inhibitor P-glycoprotein I, not predict-
ed to (-)-a-bisabolol. Even with similar absorp-
tion profiles, the prediction indicates that dis-
tribution, metabolism, and excretion had differ-
ent profiles, as shown in Table 1. The distribu-
tion profile indicates that the (-)-a — bisabolol
could have a higher possibility to cross CNS (log
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PS — 2.541) than fluoxetine (log PS —1.329) be-
sides the similar ability of cross BBB, supporting
the hypothesis that the (-)-a-bisabolol isolated
can have other effects in neuropsychiatric disor-
ders further the inflammatory activity.

The metabolism results point to a different
route of metabolization considering the CYP450
enzymes that also can be associated with the no
predicted inhibition of P-glycoprotein I. The ex-

cretion results may indicate a faster excretion for
(-)-ae — bisabolol compared to fluoxetine, and this
result may be related to the less predicted toxic-
ity as indicated below.

The performed prediction supports the use of
(-)-a-bisabolol in vivo to evaluate its effects on
neuropsychiatric disorders such as depression
and anxiety.

Table 1. ADMETox predictions to (-)-a-bisabolol compared to fluoxetine as a model for predicting distribution and toxicity
patterns.; BBB - Blood-Brain Barrier; CNS — Central Nervous System

Model name (-)-a - bisabolol | Fluoxetine Unit/Reference value
Absorption Water solubility -4.379 -4.455 Numeric (log mol/L)
Caco? permeability 1.505 1.764 Numeric (log Papp in 10-¢ cm/s)
Intestinal absorption (human) 93.014 91.371 Numeric (% Absorbed)
Skin Permeability -1.761 -2.482 Numeric (log Kp)
P-glycoprotein | inhibitor No Yes Categorical (Yes/No)
Distribution V/Dss (human) 0.42 1.19 Numeric (log L/kg)
Fraction unbound (human) 0.321 0.037 Numeric (Fu)
BBB permeability 0.605 0.501 Numeric (log BB)
CNS permeability -2.541 -1.329 Numeric (log PS)
Metabolism CYP3A4 substrate No Yes Categorical (Yes/No)
CYP1A2 inhibitor No Yes Categorical (Yes/No)
CYP2C19 inhibitor Yes Yes Categorical (Yes/No)
CYP2D6 inhibitor No Yes Categorical (Yes/No)
Excretion Total Clearance 1.363 0.694 Numeric (log ml/min/kg)
Renal OCT2 substrate No Yes Categorical (Yes/No)
Toxicity hERG Il inhibitor No Yes Categorical (Yes/No)
Hepatotoxicity No Yes Categorical (Yes/No)
Skin Sensitisation Yes No Categorical (Yes/No)

Behavioral tests

Open field test (OFT)

Figure 1A showed no significant differences be-
tween the CONTROL, CONTROL+FLU, and
CONTROL+BIS groups (p=0.079). The same
was verified in comparisons between CUMS,
CUMSHFLU and CUMSHBIS groups (p = 0.552).
In addition, when comparing the CONTROL
and CUMS groups, it was verified that stress
also did not shift the horizontal locomotor ac-
tivity (U=28.00; z=-0.771; p=0.481; r=-0.19).
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Forced Swimming test (FST)

The evaluation of the control groups (CON-
TROL, CONTROL+BIS, and CONTROL+FLU)
presented no differences (Figure 1B). This result
shows that the pretreatment with BIS and FLU,
without the stress model, did not change the im-
mobility time (p=0.617). As expected, the CUMS
group presented a higher immobility rate com-
pared to the control group (U =2.00; z = - 3.009;
p =0.001; r =-0.75, Figure 1B).
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The immobility time between stressed groups
(CUMS, CUMSHBIS, and CUMS+FLU) was sig-
nificantly affected by the treatment with both
drugs BIS and FLU (p <0.0001). The CUMS+BIS
group reduced immobility time when com-
pared to the CUMS group (U=0.00; z=-3.243;
p<0.0001; r=-0.81). The same was verified in the
CUMSHFLU group, in which it presented a sig-
nificant reduction (U=9.00; z =-2.201; p=0.029; r=-
0.55) compared to the control group (Figure 1B).
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Preference for the sucrose solution test (PST)

In the test of preference for the sucrose solu-
tion (Figure 1C), it was found that the compari-
son between CONTROL, CONTROL+FLU, and
CONTROL+BIS groups did not have a signifi-
cant difference (p=0.065). However, a decrease
in sucrose consumption was observed in the an-
imals-CUMS stressed compared to the control
group (CONTROL) (U=8.00; z=-2.701; p=0.006;
r=-0.67).

c
125
aaa
- bb
b & 1004 bbb
S
S 75+ aa
>
2
8 504
3
bbbb g
3 25-
0_
SIS O N & PN
S & & S & @ & @
00& Q}}é\ C ggéo OOQ\\ @Q &6\

Figure 1. Screening of (-)-a-bisabolol effect in neurologic Central Nervous system after 14 days with saline solution,
(-)-a-bisabolol (BIS, 50 mg kg-1) or fluoxetine (FLU, 10 mg kg-1) treatment while were submitted CUMS for 28 days.
(A) Effect of (-)-a-bisabolol administration in open field test. (B) Effect of (-)-a-bisabolol administration in Forced Swimming
Test (FST). (C) Effect of (-)-a-bisabolol administration in sucrose consumption. Values are represented as median (range).
aap<0.01, aaap <0.001 vs CONTROL; bp <0.05, bbp <0.01, bbbp <0.001, bbbbp <0.0001 vs CUMS. Kruskal-Wallis,
followed by Mann-Whitney (pairs) and Bonferroni correction. CUMS: Unpredictable Chronic Mild Stress.

(-)-a-bisabolol produced an anxiolytic-like effect in the unpredictable mild chronic stress (CUMS) model

The comparison among the group CUMS,
CUMS+HFLU, and CUMS+BIS groups showed
a significative difference (x2=11,792; df=2;
p=0.003) (Figure 1C). The group treated with
(-)-a-bisabolol (CUMS+BIS) increased the
consumption of sucrose when compared to
the group that received only saline (CUMS)
(U=3.5; z=-2.998; p=0.001; r= — 0.74), the same
was verified to the treatment with fluoxetine
(CUMSHFLU) (U=4.5; z=-2.892; p =0.002; r =-0.72).

Elevated Plus Maze test (EPM)

The CUMS, CUMSHBIS, and CUMS+FLU groups
analyzed the percentage of the open arms entries
(Figure 2A) (p=0.049) and the percentage of time
spent on the open arms (Figure 2B) (x? =15,142;

df = 2;,p = 0.001) demonstrated a significant dif-
ference between them. When comparing the
CONTROL and CUMS groups, in both parame-
ters, there was a reduction in the open arms en-
tries (U=2.0; z=-3.165; p = 0.001; r = - 0.79) and
the time spent on open arms (U=0.0; z = — 3.466;
p <0.0001; r = - 0.86) in the group subjected to
stress.

In the evaluation of the open arms entries
(%), the group treated with BIS (CUMS+BIS)
showed a significant increase in this parameter
when compared to the CUMS group (U=10.0;
z=-.319; p=0.021; r=-0.57). The Fluoxetine treat-
ment (CUMS+FLU) did not present differences
compared to CUMS group (U =17.0; z=—1.588;
p=0.130; r=-0.39).
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Figure 2. Anxiolytic-like effect of (-)-a-bisabolol after 14 days of saline solution, (-)-a-bisabolol (BIS;50mg/kg) or fluoxetine
(FLU;10mg/kg) treatment while was submitted CUMS for 28 days. The effect of (-)-a-bisabolol administration in Elevated
Plus Maze test (A) percentage number of entries. (B) The percentage time on open arms. (C) Effect of (-)-a-bisabolol
administration in Hole-board test. Values are represented as median (range) aaa p <0.001; aaaa p <0.0001 vs CONTROL;
bp <0.05; bbbp <0.001; bbbbp <0.0001 vs CUMS. Kruskal-Wallis, followed by Mann-Whitney (pairs) and Bonferroni
correction. CUMS: Unpredictable Chronic Mild Stress.

Considering the time spent on open arms (%),
the CUMSHBIS group showed an increase in time
spent on open arms when compared to the CUMS
group (U=0.0; z = - 3.363; p <0.0001; r = — 0.84).
The same was observed in CUMS + FLU group
(U=2.00; z=-3.153; p=0.001; r =-0.78).

Hole-board test (HB)

The comparison between CONTROL,
CONTROL+FLU, and CONTROL+BIS groups
demonstrated no significant difference in the
pretreatment with fluoxetine and (-)-a-bisabolol
(p=0.422). The animals submitted to stress with-
out treatment (CUMS) showed a significant re-
duction when compared to the CONTROL
group (U =2.00; z=-3.153; p=0.001; r =-0.78)
(Figure 2C).

The CUMS, CUMS+FLU and CUMS+BIS
groups showed a significative difference be-
tween them (x2 = 15,538; df = 2; p <0.0001). The
treatment with BIS (CUMSH+BIS) was able to re-
verse the evaluated parameter when compared
with CUMS (U = 0.00; z = - 3.363; p <0.0001;
r = — 0.84). The same results were found in the
comparison between CUMS+FLU and CUMS
(U=0.00; z=-3.363; p <0.0001; r = - 0.84) (Fig-
ure 2C).

Effect of (-) — a-bisabolol on TBARS levels of
the hippocampus and prefrontal cortex in CUMS
models

The comparison between CUMS and CON-
TROL groups showed significant differences in
Hippocampus (U = 2.00; z = - 3.151; p = 0.001;

= - 0.78) and prefrontal cortex (U = 2.00;
z=-2.567; p=0.009; r =-0.64) (Figure 3A and
3a).

In the hippocampus area, it was found a signif-
icant difference among CUMS, CUMS+FLU, and
CUMSHBIS groups (p <0.0001). The group treat-
ed with (-)-a-bisabolol (CUMS+BIS) significantly
reduced thiobarbituric acid reactive substances
(TBARS) levels when compared to CUMS group
(U=0.00; z=-3.361; p <0.0001; r = - 0.84). The same
was observed in CUMS+FLU group when com-
pared to the CUMS group (U = 3.00; z = - 3.046;
p=0.001; r =-0.76). In the prefrontal cortex, the
comparison between the CUMS, CUMS+FLU,
and CUMSH+BIS groups did not evidence differ-
ences (p=0.238).

Effect of (-)-a-bisabolol on levels of reduced
glutathione (GSH) of the hippocampus and pre-
frontal cortex in the CUMS

The comparison between CUMS and CON-
TROL groups showed a significative differ-
ence only in hippocampus (p=0.015). The analy-
sis performed between the CUMS, CUMS + BIS,
and CUMS+FLU groups showed no significant
difference in both brain areas (Hippocampus:
p = 0.994; prefrontal cortex: p = 0.238) (Figure.
3B and 3b).
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Figure 3: Effects of (-) — a-bisabolol on GSH pathway in Hippocampus and Prefrontal Cortex after 14 days
with saline solution, (-)-a-bisabolol (BIS;50mg/kg) or fluoxetine (FLU;10mg/kg) treatment while exposed CUMS
for 28 days. (A, a) Thiobarbituric acid reactive substances (TBARS), (B, b) Measurement of reduced glutathione

(GSH) and (C, c) reduced nitrite. Values are represented as median (range). ap <0.5, aap <0.01 aaap <0.001;
vs CONTROL; bbbp <0.001 bbbbp <0.001 vs CUMS Kruskal-Wallis or Mann-Whitney (pairs). CUMS:
Unpredictable Chronic Mild Stress.

Effect of (-)-a-bisabolol on nitrite levels of the p=0.083; r=-0.43; Figure 3C) and prefrontal cortex
hippocampus and prefrontal cortex in the mod- ~ (U=21.00; z=-1.162; p=0.279; r=-0.28; Figure 3c).
el of unpredictable mild chronic stress Additionally, the comparison between CUMS,

No significative differences were found be-  CUMS+BIS, and CUMS+FLU groups showed
tween CONTROL and CUMS groups in nitrite  no differences between them (Hippocampus:
levels in the hippocampus (U =15.5; z =-1.739;  p =0.624; prefrontal cortex: p = 0.912).
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DISCUSSION

The present study showed that treatment with
(-)-a-bisabolol reversed behavior and caused
neurochemical changes in animals submitted
to the CUMS model. Additionally, it was pos-
sible to detect the effectiveness of this model
in inducing depressive-like behaviors, proving
the relationship between stress and depression
a critical relation that has been studied [25] and
can bring new study lines to prevent depres-
sion.

The hypothesis of (-)-a-bisabolol comes con-
sidering his possible protective effects as an an-
tioxidant [26] and the relation between stress
and depression [6]. Besides the experimental
approaches, studies have indicated using in sil-
ico predictions to point to the markable charac-
teristics for molecules before in vivo studies, in-
cluding ADMETox evaluation [27-30]; this kind
of prediction can guide the drug behavior pat-
tern before the tests.

The present studies compared the in silico AD-
METox characteristics of (-)-a-bisabolol and the
antidepressant drug fluoxetine, used as the pos-
itive control, to observe the expected patterns in
pharmacokinetics parameters. The results indi-
cated a similar pattern in Absorption parame-
ters between the (-)-a-bisabolol and the positive
control fluoxetine, indicating that the absorption
pathway will not be a concern in the compara-
tive experimental studies confirmed after the ex-
perimental tests. The markable differences be-
tween both compounds were observed in the in-
hibitor P-glycoprotein I not predicted to (-)-a -
bisabolol and the CYP450 enzymes metabolism
that probably point to a different route of metab-
olization between the compounds. The relation
between P-glycoprotein I inhibitors and CYP450
enzymes is usually necessary in drug design ex-
periments to minimize adverse reactions [31].
It can be the difference between the different
toxicity levels for each drug. The in silico predic-
tion for (-)-a-bisabolol indicates less toxicity than
fluoxetine. One of the most important predic-
tions is in distribution and points (-)-a-bisabolol
with a more remarkable ability to CNS sensitiza-
tion and similar ability to cross BBB than Fluoxe-
tine. The predictions bring to the studies a point
to expect protection by (-)-a-bisabolol in neuro-
logical disorders, such as those observed in vivo

after the use of the mild unpredictable chronic
stress model (CUMS).

The use of CUMS model was pointed out as
an inducer of depressive-like behavior, consid-
ering that it presents criteria of reliability, effi-
cacy, and mimics that occur in humans and an-
imals. In this context, the animals were initially
exposed exclusively to CUMS to observe their
pattern of behavior and later submitted to the
tests such as swimming on what showed depres-
sive-like conduct indicated by the increase in im-
mobility time. The motionless behavior ratifies
the exposition of the animals to CUMS as an ef-
fective model to induce a depressive-like state.

Studies indicate that CUMS, besides causing
behavioral and biochemical changes considered
like those reported in patients with depression
[26], also activates the hypothalamic-adrenal pi-
tuitary axis (HPA), causing a depressive pheno-
type. It is a substantial point that (-)-a-bisabolol
had an absence of psychostimulant, sedative, or
muscle relaxant effects, confirmed by the non-
alteration of locomotor activity evaluated in the
open field test (OFT). The OFT test is routine-
ly used to evaluate locomotor and exploratory
behavior in rodents [32]. The results observed
in the OFT test show the relation drugs such as
antidepressants and anxiolytics currently used
in the clinic with psychomotor effects that can
cause sedation or significant motor changes, lim-
iting patient activities such as driving a vehicle
or operating machinery [33]. Previous in vivo
studies [25] using (-)-a-bisabolol also did not ob-
serve a relaxing effect in the Alzheimer model.

Classical test such as forced swimming (FST)
is used to search for new drugs with antidepres-
sant potential and are based on behavior obser-
vation after subjecting the animals to a situation
with no possibility of escape. After a period of
agitation, they tend to remain immobile, and this
immobility and the decrease in active behavior
are indicative of depressive-like symptoms in
animals. In addition, antidepressants used in
the clinic effectively reduce immobility time in
these tests [34, 35].

The potential antidepressant effect of
(-)-a-bisabolol in this study could be indicated
by the decrease in immobility time observed in
treated animals when exposed to FST. The rever-
sion of the increased immobility time observed
in CUMS-induced animals could be a sound in-
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dicative of potential use in depression. Further-
more, it is essential to mention that some studies
investigating other terpenoids, such as thymol,
geraniol, and bilobalide, also observed a reduc-
tion in immobility time parameter in the same
model, indicating antidepressant effects for the
sesquiterpene alcohols such as (-)-a-bisabolol
[1,36,37].

Among the symptoms presented in depres-
sion, one of the most evident is anhedonia, char-
acterized by the loss of pleasure or interest in
performing daily activities. This symptom is
part of the diagnostic criteria for major depres-
sive disorder (MDD), according to the Diagnos-
tic and Statistical Manual of Mental Disorders-
DSM V, and indicates a process of reward de-
valuation [32]. Anhedonia-like symptoms have
been observed in animals that, after prolonged
exposure to a series of unpredictable stressors,
showed an impaired reward state. [3].

In this context, the animals submitted to
CUMS in the present study showed an anhedo-
nia-like effect evidenced by the decrease in con-
sumption and preference for sucrose solution,
and the previous treatment with (-)-a-bisabolol
also reversed this effect induced by CUMS. It is
important to emphasize that, according to sev-
eral studies, not all clinically available antide-
pressants and anxiolytics are capable of revers-
ing this symptom of anhedonia [38-41], thus em-
phasizing the vital relevance of (-)-a-bisabolol in
the behavior tests performed and highlighting
its crucial pharmacological potential.

Anxiety is another disorder frequently associ-
ated with depression, and the use of antidepres-
sants to treat it is expected, including the use as
“drugs of first choice” [42]. In animals, chron-
ic exposure to physical stress is associated with
anxiety-like behaviors, which can be assessed
by using behavioral tests such as elevated plus
maze (EPM) and hole board (HB) [36,43]. Both
are classical tests based on the repulsion shown
by animals when exposed to high and open plac-
es or to explore new environments. The degree
of anxiety is measured by the animal’s capability
of exploring the apparatus. How much more sig-
nificant is the exploration, the lower is the lev-
el of anxiety [44]. In this context, (-)-a-bisabolol
also indicated an anxiolytic-like effect through
reversion of the anxiogenic-like effect induced
in animals previously submitted to CUMS, eval-

uated in the EPM and HB tests. Previous results
demonstrating possible anxiolytic activity of
(-)-a-bisabolol suggested that the mechanism
likely involves GABAergic transmission [45].

Considering the positive behavioral results of
an antidepressant potential of (-)-a-bisabolol, the
investigation followed to evaluate neurochemi-
cal parameters related to depression. Therefore,
we investigated the effects of CUMS and bisab-
olol on the lipid peroxidation process (TBARS),
in addition to nitrite and GSH levels, which are
essential parameters of oxidative stress, in criti-
cal brain areas related to depression such as the
hippocampus and the prefrontal cortex.

There is evidence that oxidative stress is re-
sponsible for an increase in the number of neu-
ropsychiatric diseases due to the deleterious ef-
fects caused by excess free radicals. Depression
is, in fact, one of the causal factors in the devel-
opment of these neurobehavioral disorders. It is
well known that the brain is the main target or-
gan of oxidative stress due to its high content of
polyunsaturated fatty acids and iron. It is sus-
ceptible to the formation of free radicals and the
increase in the lipid peroxidation process, which
manifests itself, for example, by the formation of
thiobarbituric acid reactive substances (TBARS)
[45,46].

The treatment with (-)-a-bisabolol reversed
the increase in TBARS levels in the hippocam-
pus of animals submitted to CUMS, indicating
the potential antioxidant effect that may be relat-
ed to antidepressant and anxiolytic-like effects
observed in the behavior in vivo evaluation. Sug-
gesting that this substance could act as a pro-
tector of oxidative damage caused by reactive
oxygen species (ROS). The reduction in TBARS
levels in the hippocampus, provided by treat-
ment with (-)-a-bisabolol, could be the mech-
anism of the reversing depression induced by
(-)-a-bisabolol treatment and this finding could
be helpful in further evaluations to prove the
potential of this class to treat neuropsychiatric
disorders. Interestingly, clinical data show that
high levels of substances, such as malondialde-
hyde, a marker of oxidative stress, were previ-
ously found in some studies with depressive pa-
tients [47,48].

The reduction in GSH levels in the hippocam-
pus of animals exposed to CUMS confirms a del-
eterious effect on this brain region, which, how-
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ever, was not reversed by pretreatment with
(-)-a-bisabolol. This detrimental action on the
hippocampus after exposure to the CUMS mod-
el may involve microglial activation, a feature
intrinsically related to depression [49], and the
variability of GSH between the animals in all the
groups. The inability to change nitrite levels by
(-)-a-bisabolol also were observed in any of the
brain areas studied. The level of nitrite observed
was low, which could impact the differences ob-
served between the groups. Despite that, there is
evidence of low nitrite levels in stressed gastric
tissue of animals submitted to the administra-
tion of absolute ethanol [12]. The lipophilic pro-
file and high capability of sensibilization of CSN
predicted in silico point the antioxidation ability
of (-)-a-bisabolol probably related more direct-
ly to the reversion of lipid oxidation.

The findings suggest that (-)-a-bisabolol, at
a dose of 50mg/kg, has a potential antidepres-
sant and anxiolytic-like effect in animals submit-
ted to the CUMS model, effects that may be re-
lated to a possible antioxidant action, more spe-
cifically to its ability to reduce TBARS levels in
the hippocampus. Knowledge of the connection
between oxidative stress and depression is un-
doubtedly a step forward to a better comprehen-
sion of the pathophysiology of depression.

CONCLUSION

This study points to a connection between oxi-
dative stress and depression. In this sense, it ev-
idences (-)-a-bisabolol as a promising alterna-
tive treatment for neuropsychiatric disorders af-
ter relieving depressant and anxiolytic behavior
in mice. The findings indicated that the admin-
istration of (-)-a-bisabolol had antidepressant
and anxiolytic effects in the chronic unpredicta-
ble mild stress (CUMS) model that were associ-
ated with an antioxidant effect reducing the lev-
els of thiobarbituric acid reactive substances in
the hippocampus of stressed animals. Howev-
er, further studies are needed to explore deeper
into the mechanism of action BIS related to the
founded effects.
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Abbreviation list

BBB - Blood Brain Barrier

BIS - (-)-a-bisabolol

CNS - Central Nervous system

CUMS - Chronic Unpredictable Mild Stress
EPM - Elevated Plus Maze

FLU - Fluoxetine

FST - Forced Swimming Test

GSH - reduced glutathione

HB - Holeboard

MDD - Major depressive disorder

OFT - Open Field Test

PFC - Prefrontal cortex

ROS - Reactive oxygen species

SPT - Sucrose Preference Test

TBARS - thiobarbituric acid reactive substances
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