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ABSTRACT
Objectives: The present study was undertaken to investigate the antidepressant potential of trans-anethole in unstressed and stressed male mice.

Methods: Swiss albino male mice were exposed to chronic unpredictable mild stress for 21 successive days. Simultaneously, trans-anethole
(12.5 mg/kg, 25 mg/kg, and 50 mg/kg) and fluoxetine (20 mg/kg) per se were administered for 21 successive days to separate groups of unstressed
and stressed mice. The effect of drugs on depressive-like behavior of mice was tested by tail suspension test (TST) and sucrose preference test.
Results: Trans-anethole (25 mg/kg) and fluoxetine significantly decreased the immobility period of unstressed and stressed mice in TST as compared
to their respective control. These drugs significantly restored the reduced sucrose preference (%) in stressed mice. Trans-anethole did not show any
significant effect on locomotor activity of mice. Antidepressant-like activity of trans-anethole (25 mg/kg) was found to be comparable to fluoxetine.
Trans-anethole and fluoxetine significantly inhibited brain monoamine oxidase-A (MAO-A) activity, decreased plasma nitrite, brain malondialdehyde,
and increased brain reduced glutathione levels and catalase activity in unstressed and stressed mice. The drugs significantly reversed stress-induced
increase in plasma corticosterone levels.

Conclusion: Trans-anethole produced significant antidepressant-like activity in unstressed and stressed mice, possibly through inhibition of brain
MAO-A activity and alleviation of oxidative stress. Reversal of stress-induced increase in plasma corticosterone levels might also be responsible for
antidepressant-like activity of trans-anethole in stressed mice.
Keywords: Antidepressant, Chronic unpredictable mild stress, Depression, Trans-anethole, Tail suspension test.
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INTRODUCTION
Depression is a chronic mental disorder that causes changes in
mood, thoughts, behavior, and physical health [1]. According to
the World Health Organization (WHO, 2017), about 4.4% of global
population suffered from depression in 2015 [2]. As per the WHO,
2018, more than 300 million people of all ages in the world suffer
from depression [3]. Depression may be caused by decrease in
neurotransmitter (norepinephrine, dopamine, and serotonin) levels in
brain [4]. Monoamine oxidase (MAO) is a key enzyme that metabolizes
these monoamines. This enzyme catalyzes the oxidative deamination of
these monoamine neurotransmitters [5], which results in cell oxidative
injury through production of hydrogen peroxide (H2O2), oxygen
radicals, and aldehydes. Therefore, inhibition of MAO may result in
protection against oxidative stress [6]. Decreased antioxidant status,
elevated oxidative, and nitrosative stress are found in patients with
major depression [7]. There are evidences showing prominent role of
nitric oxide in the pathogenesis of major depression [8]. Stressed mice
showed significantly high levels of plasma nitrite, indicating production
of nitric oxide [9]. Depression may be caused by hyperactivation of
hypothalamic–pituitary–adrenal (HPA) axis, which may be due to
oversecretion of corticotropin-releasing hormone by hypothalamus,
adrenocorticotropic hormone by pituitary, and glucocorticoid by
adrenal cortex [10,11]. Hyperactivation of HPA axis leads to decrease
in synthesis of central monoamine neurotransmitters such as
5-hydroxytryptamine and norepinephrine; and also leads to hip
pocampal neuronal damage, which results in depression [10,12].

There are different classes of antidepressant drugs employed for
the treatment of depression such as tricyclic antidepressant, MAO
inhibitors, and selective serotonin reuptake inhibitor but these drugs

have also intolerable side effects such as slow onset, low response rate,
toxic effects to organs, and drug resistance [13,14]. Approximately 50%
of depressive patients do not respond to antidepressant treatment
because of intolerable side effects [15,16]. Thus, newer and safer
antidepressants need to be explored from plants. Hypericum perforatum
has been proven to be effective antidepressant for the treatment of
mild to moderate depression in clinical studies [17]. Hence, plants and
their bioactive compounds can be explored as safer alternatives for the
treatment of depression.

Anethole is a diterpene aromatic compound characterized by its distinct
flavor and it is chiefly found in fennel, i.e., Foeniculum vulgare (Family:
Umbelliferae), anise, i.e., Pimpinella anisum (Family; Apiaceae), and star
anise, i.e., Illicium verum (Family: Schisandraceae) [18]. Anethole has been
reported to possess antioxidant [19], anxiolytic [20], analgesic [21], antiinflammatory [22], antidiabetic [23], gastroprotective [24], anticancer [25],
estrogenic [26], muscle relaxant [27], antifungal [28], antiviral [29],
antibacterial activities [30], and nootropic activities [31]. Anise oil has
been reported to alleviate the symptoms of mild to moderate depression in
patients suffering from irritable bowel syndrome [32]. Trans-anethole is
a major component of anise oil [33]. However, the effect of trans-anethole
on chronic unpredictable mild stress (CUMS)-induced depression has not
been reported. Therefore, the present study was designed to explore the
antidepressant potential of trans-anethole in unstressed and CUMS mice.
METHODS

Experimental animals
Swiss male albino mice (2–3 months old), weighing around 21–27 g
were purchased from Disease Free Small Animal House, Lala Lajpat
Rai University of Veterinary and Animal Sciences, Hisar, Haryana,

Dhingra and Sudha

India. Female sex hormone (estrogen) has been found to possess
antidepressant activity [34], so the female mice were excluded from
the present study, and only male mice were used. On arrival, mice were
group-housed under standard housing conditions (room temperature
24–26°C and 12/12 h light/dark cycle) separately in groups of 8 per cage
(polypropylene cage size: 29 cm×22 cm×14 cm). The animals had free
access to standard diet and water, but food was withdrawn 2 h before and
2 h after drug administration, to maximize the absorption of the drugs.
They were acclimatized for 7 days to the laboratory conditions before
the study. All experiments were conducted between 9 a.m. and 5 p.m. All
animal procedures were performed in accordance with the Committee
for the Purpose of Control and Supervision of Experiments on Animals,
Department of Animal Husbandry and Dairying, Ministry of Agriculture
and Farmers Welfare, Government of India, New Delhi, for the care and
use of laboratory animals and they were approved by the Institutional
Animals Ethics Committee in its meeting held on October 6, 2017.
Drugs and chemicals
Trans-anethole (high-performance liquid chromatography India,
Mumbai), fluoxetine (Sigma-Aldrich, St Louis, USA), N-(1- Naphthyl)
ethylenediamine dihydrochloride, p-nitroso-N,N-dimethylaniline,
5-hydroxytryptamine, thiobarbituric acid (HiMedia Laboratories
Private Limited, Mumbai), sulfanilamide, metaphosphoric acid,
potassium ferricyanide, hydrogen peroxide, trichloroacetic acid (CDH
Private Limited, New Delhi), 5,5, Dithiobis-2-(nitrobenzoic acid) (SRL
Private Limited, Mumbai), sulfosalicylic acid (Spectrochem Private
Limited, Mumbai, India), and total protein estimation (Transasia Biomedicals Ltd., Baddi [Solan], India) were employed in the present study.
Vehicle
Trans-anethole was suspended in 10% v/v solution of Tween 80 in
distilled water and administered orally. Fluoxetine was dissolved in
normal saline.

CUMS procedure
CUMS procedure was carried out according to the method, as described
earlier [35]. Mice were exposed to following stressors once a day for 3
successive weeks between 10:30 and 16:00 h. The order of stressors
was as follows:
Weeks

Day‑1

Day‑2

Day‑3

Day‑4

Day‑5

Day‑6

Day‑7

1
2
3

I
I
O

E
O
F

F
X
T1

O
T2
X

T2
E
T2

X
T1
I

T1
F
E

I—Immobilization for 2 h, E—Exposure to empty water bottles for 1 h,
F—Exposure to foreign objects for 24 h (e.g., piece of plastic), O—Overnight
illumination, T2—Tail pinch (60s), X—Tilted cage at 45 degrees for 7 h, T1—Tail
pinch (30 s)

Mice subjected to CUMS procedure were called as stressed mice.
Unstressed mice were exposed to behavioral tests, and not subjected
to CUMS procedure. Drugs were administered 60 min before CUMS
procedure in case of stressed mice.

Tail suspension test (TST)
The total duration of immobility induced by tail suspension was
measured according to the method of Steru et al. [36]. Individual mice
were acoustically and visually isolated from other animals during the
test. Mice were suspended one by one 50cm above the floor by adhesive
tape placed approximately 1cm from the tip of the tail. The time during
which the mice remained immobile were recorded in a test period of
6min. Mice were considered immobile only when they hung passively
and completely motionless.

Sucrose preference test
Sucrose preference test [37] is an important method that is mainly
used to evaluate anhedonia, which is the core symptom of depression.
The mice were trained to take a 1% w/v sucrose solution. Then, the
mice were deprived of food and water for 48 h and allowed only to
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take 1% w/v sucrose solution. After 3 days, mice were deprived of food
and water for 23 h, which was followed by 1-h baseline test, in which
individual mice were exposed to two pre-weighed bottles, one filled
with 1% w/v sucrose solution and the other with tap water. Sucrose
preference was measured according to the following formula:
Sucrose preference 

Sucrose solution intake  g 

Sucrose solution intake  g  

100

water intake  g 
The test was again performed on the 21st day to evaluate the effect of
CUMS and drug treatment.

Measurement of locomotor activity
Horizontal locomotor activities of control and test mice were recorded
for 5 min [38] using photoactometer (INCO, Ambala, India).
Experimental protocol
The animals were divided into the following 20 groups, each group
having eight mice.

Groups for TST and locomotor activity
• Groups 1–5: Tween 80 (10% v/v), trans-anethole (12.5, 25,
and 50 mg/kg), and fluoxetine (20 mg/kg), respectively, were
administered p.o. to mice for 21 consecutive days. The mice were
subjected to TST 60 min after administration of vehicle or drug on
22nd day, and then after 30 min, the mice were tested for locomotor
activity.
• Groups 6–10: Tween 80 (10% v/v), trans-anethole (12.5, 25,
and 50 mg/kg), and fluoxetine (20 mg/kg), respectively, were
administered p.o. 30 min before exposure of stressor to mice for
21 consecutive days. The mice were subjected to TST 60 min after
administration of vehicle or drug on the 22nd day, which was followed
30 min later by testing mice for locomotor activity.
Groups for sucrose preference test
• Groups 11–20: Separate mice were used for this test, but the details
of vehicle/drug treatments are the same as mentioned under
Groups 1–10.
Biochemical estimations
Collection of blood samples and separation of plasma

After TST and locomotor testing of mice of Groups 1–10 on 22nd day,
these mice were sacrificed on 23rd day by cervical dislocation, and blood
sample (1.0–1.3 ml) was withdrawn from carotid artery. Plasma was
separated using a refrigerated centrifuge (Remi, Mumbai, India) at
2500 rpm for 10 min and this was used for the estimation of nitrite and
corticosterone.
Estimation of plasma nitrite levels

Plasma nitrite was measured using the method of Green et al.,
1982 [39]. A mixture of 1% w/v sulfanilamide in 5% aqueous
solution of m-phosphoric acid (1 part) and 0.1% w/v N-(1-Naphthyl)
ethylenediamine dihydrochloride (1 part) were prepared and kept at 0°C
for 60 min. 0.5 ml plasma was mixed with 0.5 ml of the above mixture and
kept in the dark for 10 min at room temperature. The absorbance was
read at 546 nm using ultraviolet (UV)-visible spectrophotometer (Varian
Cary 5000 UV-VIS-NIR Spectrophotometer, the Netherland CHRIST).
Estimation of plasma corticosterone levels

The quantitative estimation of corticosterone levels in the blood
plasma was performed by the method of Bartos and Pesez, 1979 [40].
To 1.0 ml of sample in ethanol, 0.50 ml of 0.10% solution of p-nitroso-N,
N-dimethylaniline in ethanol was added, and the tubes were immersed
in ice water for 5 min, and then 0.50 ml of 0.10 N sodium hydroxide was
added. The tubes were plugged with cotton-wool and were let to stand
at 0°C for 5 h, protected against light. To the above solution, 2.0 ml of
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Biochemical estimations in brain homogenate
After withdrawing blood samples on 23rd day, the brain of mice was
isolated. The collected brain samples were washed with cold 0.25 M
sucrose – 0.1 M Tris-0.02 M ethylenediamine tetra-acetic acid buffer
(pH 7.4) and weighed. The buffer washed brain sample was homogenized
in 9 volumes of cold 0.25 M sucrose – 0.1 M Tris-0.02 M ethylenediamine
tetra-acetic acid buffer pH 7.4 buffer and centrifuged twice at 2500 rpm
for 10 min at 4°C in a cooling centrifuge (Remi Instruments, Mumbai,
India). The pellet was discarded. The supernatant was then centrifuged
at 12,000 rpm for 20 min at 4°C in a cooling centrifuge. This centrifuged
supernatant was separated into two parts:
• Part I: The precipitates (mitochondrial fraction) were used for the
estimation of MAO-A activity
• Part II: The remaining supernatant was used to assay lipid
peroxidation, glutathione (GSH), and catalase levels.
Measurement of MAO-A activity
MAO-A activity was assessed spectrophotometrically (Schurr and Livne,
1976; Charles and McEwan, 1977) [41,42]. The mitochondrial fraction
of the brain was washed twice with about 100 ml of sucrose-tris-EDTA
buffer and suspended in 9 volumes of cold sodium phosphate buffer
(10 mM, pH 7.4, containing 320 mM sucrose) and mixed well at 4°C for
20 min. Then, mixture was centrifuged at 15000 rpm for 30 min at 0°C,
and the pellets were re-suspended in cold sodium phosphate buffer.
Then, 2.75 ml sodium phosphate buffer (100 mM, pH 7.4) and 100 µl
of 4 mM 5-hydroxytryptamine were mixed in a quartz cuvette which
was placed in UV-visible spectrophotometer (Varian Cary 5000 UVVIS-NIR Spectrophotometer, the Netherland CHRIST). This is followed
by the addition of 150 µl solution of mitochondrial fraction to initiate
the enzymatic reaction, and the change in absorbance was recorded at
wavelength of 280 nm for 5 min against the blank containing sodium
phosphate buffer and 5-HT.
Estimation of protein concentration
Total protein concentration was estimated in the brain homogenate
using a total protein kit (Erba, Transasia, Baddi (Solan, H.P.), using
semi-automatic auto-analyzer (Chem5 plus-V2 Semi-Automatic Auto
Analyzer; Erba Mannheim, Germany). Total protein concentration was
estimated by Biuret method at 546 nm wavelength. The procedure
followed was as same as mentioned in the pamphlet supplied along
with the kit [43].

Estimation of lipid peroxidation
Lipid peroxidation was estimated spectrophotometrically in brain
tissue by quantifying thiobarbituric acid reactive substance (TBARS)
by the method of Wills, 1965 [44]. Briefly, for the estimation of TBARS,
0.5 ml of the supernatant of tissue homogenate and 0.5 ml of TrisHCl were incubated at 37°C for 2 h. After incubation, 1 ml of 10%
trichloroacetic acid was added. Then, the solution was centrifuged for
10 min at 1000 rpm. 1 ml of supernatant was taken out and mixed with
freshly prepared 1 ml of 0.67% thiobarbituric acid solution. The tubes
were kept in boiling water for 10 min. After cooling, 1 ml of doubledistilled water was added. Absorbance was measured at 532 nm
using UV-visible spectrophotometer (Varian Cary 5000 UV-VIS-NIR
Spectrophotometer, the Netherland CHRIST). Thiobarbituric acidreactive substances were quantified using an extinction coefficient
of 1.56×105/M/cm and expressed as nanomole of malondialdehyde
(MDA) per milligram protein. Brain MDA content was expressed as
nanomole of MDA per milligram of protein.
Estimation of reduced GSH
Reduced GSH was assayed by the method of Jollow et al., 1974 [45].
Briefly, 1.0 ml of the supernatant of tissue homogenate was precipitated

with 1.0 ml of sulfosalicylic acid (4%). Then, the mixture was kept at
4°C for minimum 1 h. Then, centrifuged the solution at 1200 rpm for
15 min at 4°C. After that, 0.1 ml supernatant was taken out and mixed
with 2.7 ml phosphate buffer (0.1M, pH 7.4), and 0.2 ml 5,5, dithiobis(2-nitrobenzoic acid) (Ellman’s reagent, 0.1 mM, pH 8.0) in a total
volume of 3.0 ml. The yellow color developed was read immediately
at 412 nm using UV-visible spectrophotometer (Varian Cary 5000 UVVIS-NIR Spectrophotometer, the Netherland CHRIST). GSH levels were
calculated using the molar extinction coefficient of 1.36×104/M/cm
and expressed as micromole per milligram protein.
Estimation of catalase activity
Catalase activity was assayed by the method of Claiborne, 1985 [46].
Briefly, the assay mixture consisted of 1.95 ml phosphate buffer
(0.05 M, pH 7.0), 1.0 ml hydrogen peroxide (0.019 M), and 0.05 ml
postmitochondrial supernatant (10%) in a final volume of 3.0 ml.
Changes in absorbance were recorded at 240 nm using a UV-visible
spectrophotometer (Varian Cary 5000 UV-VIS-NIR Spectrophotometer,
the Netherland CHRIST). Catalase activity was calculated using the
millimolar extinction coefficient of H2O2 (0.07 mM) and expressed as
micromoles of H2O2 decomposed per minute per milligram protein.
Statistical analysis
All the results were expressed as mean±standard error of mean (S.E.M).
Data were analyzed by one-way analysis of variance followed by TukeyKramer multiple comparison test using GraphPad Instant statistical
software.
RESULTS

Effect of trans-anethole and fluoxetine on immobility periods of
mice in TST
CUMS significantly increased the immobility period of mice
as compared to vehicle-treated unstressed mice. Fluoxetine
(20 mg/kg p.o.) administered for 3 successive weeks significantly
(p<0.001) decreased the immobility period of unstressed mice and
stressed mice as compared to their respective controls. Lowest dose
(12.5 mg/kg p.o.) of trans-anethole administered for 3 successive
weeks to unstressed mice and stressed mice did not show any
significant effect on immobility period. However, the higher doses
(25 mg/kg and 50 mg/kg p.o.) of trans-anethole administered for 3
successive weeks significantly decreased (p<0.001) the immobility
period of stressed mice as compared to its vehicle-treated control.
Only the middle dose (25 mg/kg p.o.) of trans-anethole significantly
(p<0.001) decreased the immobility period of unstressed mice as
compared to its vehicle-treated control (Fig. 1).

Immobility Period (sec)

buffer for pH 9.8, 5.0 ml of 0.10 % solution of phenol in ethanol, and
0.50 ml of 1.0 % aqueous solution of potassium ferricyanide were added.
The tubes were kept in a water bath at 20±2°C for 10 min. The solution
was read at 650 nm using UV-visible spectrophotometer (Varian Cary
5000 UV-VIS-NIR Spectrophotometer, the Netherland CHRIST).
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a
b
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a

a

b

c
Unstressed
CUMS

Control

Fluoxetine Anethole
Anethole Anethole
(20 mg/kg) (12.5 mg/kg) (25 mg/kg) (50 mg/kg)
TREATMENTS

Fig. 1: Effect of trans-anethole and fluoxetine on immobility
periods of mice in tail suspension test. n=8 in each group. Values
are expressed as mean±standard error of mean. Data were
analyzed by one-way analysis of variance followed by Tukey’s
post hoc test. F (9,70)=34.83; p<0.05, a=p<0.001 as compared
to vehicle-treated unstressed mice. b=p<0.001 as compared to
vehicle-treated stressed mice
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Table 1: Effect of trans‑anethole and fluoxetine on sucrose preference (%)
S. No.

Treatment for 3 successive weeks

Dose (kg−1)

Sucrose preference (%)‑baseline test

Sucrose preference (%)‑after 21 days

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Control
Control+CUMS
Fluoxetine (U)
Trans‑anethole (U)
Trans‑anethole (U)
Trans‑anethole (U)
Fluoxetine+CUMS
Trans‑anethole+CUMS
Trans‑anethole+CUMS
Trans‑anethole+CUMS

10 ml
10 ml
20 mg
12.5mg
25 mg
50 mg
20 mg
12.5 mg
25 mg
50 mg

61.13±0.3070
60.89±0.4616
61.76±0.6168
61.53±0.5137
61.08±0.4666
61.42±0.5067
61.45±0.3833
61.41±0.4777
60.47±0.4779
61.62±0.4372

37.89±3.193
7.19±0.6487a
47.34±5.334
36.81±1.135
37.99±0.8117
35.51±0.8330
55.23±4.293d
22.58±1.962b
52.52±4.255d
24.61±1.296c

Effect of trans-anethole and fluoxetine on sucrose preference
Exposure of mice to unpredictable mild stress for 21 successive days
significantly (p<0.001) decreased sucrose preference (%) as compared
to vehicle-treated unstressed mice. There was no significant difference
in sucrose preference (%) among all the groups in the baseline test.
Trans-anethole (12.5 mg/kg, 25 mg/kg, and 50 mg/kg) and fluoxetine
(20 mg/kg) per se administered for 21 successive days did not show any
significant effect on sucrose preference in unstressed mice. However,
trans-anethole (12.5 mg/kg, 25 mg/kg, and 50 mg/kg) and fluoxetine
(20 mg/kg) per se significantly restored the reduced sucrose preference
(%) in stressed mice as compared to their vehicle-treated control
(Table 1).

No. of Locomotor counts

n=8 each group, U: Unstressed mice; CUMS: Chronic unpredictable mild stress. Values are expressed as mean±standard error of mean. The data were analyzed by
one‑way analysis of variance followed by Tukey–Kramer multiple comparison test. For sucrose preference (%)–baseline test; F (9, 70) = 25.35; p>0.05. For sucrose
preference (%)–after 21 days; F (9, 70) =21.04; p<0.05. a=p<0.001, as compared to vehicle‑treated unstressed mice. b, c, d=p<0.05, p<0.01, p<0.001, respectively, as
compared to vehicle‑treated stressed mice

Effect of trans-anethole and fluoxetine on plasma corticosterone
levels
CUMS significantly (p<0.001) increased plasma corticosterone levels of
mice as compared to vehicle-treated unstressed mice. Trans-anethole
(25 mg/kg and 50 mg/kg) and fluoxetine (p<0.001) administered
for 21 successive days significantly (p<0.001, p<0.01, and p<0.001,
respectively) decreased plasma corticosterone levels in stressed
mice as compared to their vehicle-treated control, but lowest dose
(12.5 mg/kg) of trans-anethole did not significantly decrease plasma
corticosterone levels in stressed mice. Trans-anethole (12.5 mg/kg,
25 mg/kg, and 50 mg/kg) and fluoxetine (20 mg/kg) administered for
21 successive days did not significantly decrease plasma corticosterone
levels of unstressed mice as compared to their vehicle-treated control
(Fig. 4).

Effect of trans-anethole and fluoxetine on brain MAO-A activity
CUMS significantly (p<0.001) increased brain MAO-A activity as
compared to vehicle-treated unstressed mice. Trans-anethole (25 mg/kg)

200
150
Unstressed

100

CUMS
50
0

Anethole
Control Fluoxetine Anethole Anethole
(20 mg/kg) (12.5 mg/kg) (25 mg/kg) (50 mg/kg)
Treatments

Effect of trans-anethole and fluoxetine on locomotor activity
Various treatments did not affect spontaneous locomotor activity
scores of unstressed and stressed mice as compared to their respective
vehicle-treated controls (Fig. 2).

Fig. 2: Effect of trans-anethole and fluoxetine on locomotor
activity. n=8 in each group. Values are expressed as
mean±standard error of mean. Data were analyzed by oneway analysis of variance followed by Tukey’s post hoc test.
F (9, 70)=2.161; p>0.05

Plasma Nitrite Level (µg/ml)

Effect of trans-anethole and fluoxetine on plasma nitrite levels
Plasma nitrite levels were significantly (p<0.001) increased in mice
subjected to CUMS. Fluoxetine (20 mg/kg p.o.) administered for 21
successive days significantly (p<0.001) decreased plasma nitrite
levels in both unstressed mice and stressed mice as compared to their
respective controls. The lowest dose (12.5 mg/kg) of trans-anethole
administered for 3 successive weeks did not show any significant effect
on plasma nitrite levels of unstressed and stressed mice. However,
higher doses (25 mg/kg and 50 mg/kg) of trans-anethole administered
for 21 successive days significantly (p<0.001 and p<0.01) decreased
plasma nitrite levels in stressed mice as compared to vehicle-treated
stressed mice. On the other hand, only the middle dose (25 mg/kg) of
trans-anethole significantly (p<0.01) decreased plasma nitrite levels in
unstressed mice as compared to its vehicle-treated control (Fig. 3).

250

35

b

30

c

25
20

a d

b d

15

Unstressed

10

CUMS

5
0

Control

Fluoxetine Anethole
Anethole Anethole
(20 mg/kg) (12.5 mg/kg) (25 mg/kg) (50 mg/kg)
TREATMENTS

Fig. 3: Effect of trans-anethole and fluoxetine on plasma nitrite
levels. n=8 in each group. Values are expressed as mean±standard
error of mean. Data were analyzed by one-way analysis of
variance followed by Tukey’s post hoc test. F (9,70)=36.45;
p<0.05. a, b=p<0.01, p<0.001, respectively, as compared
to vehicle-treated unstressed mice. c, d=p<0.01, p<0.001,
respectively, as compared to vehicle-treated stressed mice
and fluoxetine (20 mg/kg) administered per se for 21 successive days
significantly (p<0.001) reduced brain MAO-A activity of unstressed
mice as compared to their respective control. However, the other doses
(12.5 mg/kg and 50 mg/kg) of trans-anethole did not significantly
decrease MAO-A activity in unstressed mice. Trans-anethole (12.5, 25,
and 50 mg/kg) and fluoxetine (20 mg/kg) administered per se for 21
successive days significantly (p<0.05; p<0.001; p<0.001; and p<0.001,
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Effect of trans-anethole and fluoxetine on brain malondialdehyde
levels
Malondialdehyde levels were increased significantly (p<0.001) in
mice subjected to CUMS as compared to vehicle-treated unstressed
mice. Trans-anethole (12.5 mg/kg and 50 mg/kg) administered for 3
successive weeks did not show any significant effect on malondialdehyde
levels of unstressed mice. However, the middle dose (25 mg/kg) of
trans-anethole and fluoxetine (20 mg/kg) administered per se for
3 successive weeks significantly (p<0.01 and p<0.05, respectively)
decreased malondialdehyde levels in unstressed mice as compared
to vehicle-treated unstressed mice. Trans-anethole (12.5 mg/kg,
25 mg/kg, and 50 mg/kg) and fluoxetine (20 mg/kg) administered per
se for 3 successive weeks significantly (p<0.01, p<0.001, p<0.01, and
p<0.001, respectively) decreased malondialdehyde levels in stressed
mice as compared to their respective vehicle-treated control (Fig. 6).
Effect of trans-anethole and fluoxetine on brain reduced GSH levels
Reduced GSH levels were significantly (p<0.001) decreased in
stressed mice as compared to vehicle-treated unstressed mice. Transanethole (25 mg/kg and 50 mg/kg) and fluoxetine (15 mg/kg) per se
administered for 21 successive days significantly (p<0.001) increased
brain reduced GSH levels in stressed mice as compared to their vehicletreated control. However, fluoxetine (20 mg/kg) and only the middle
Corcosterone Level (µg/ml)

35
30

a
b

c

25

c

20
15

Unstressed

10

CUMS

dose (25 mg/kg) of trans-anethole significantly (p<0.001) increased
brain reduced GSH levels in unstressed mice as compared to their
vehicle-treated control (Fig. 7).

Effect of trans-anethole and fluoxetine on brain catalase activity
Brain catalase activity was significantly (p<0.001) decreased in stressed
mice as compared to vehicle-treated unstressed mice. Trans-anethole
(25 mg/kg and 50 mg/kg) and fluoxetine (20 mg/kg) administered
per se for 3 successive weeks significantly (p<0.001, p<0.01, and p<0.001,
respectively) increased catalase activity of unstressed mice as compared to
vehicle-treated unstressed mice. Trans-anethole (12.5 mg/kg, 25 mg/kg,
and 50 mg/kg) and fluoxetine (20 mg/kg) administered per se for 3
successive weeks significantly (p<0.01, p<0.001, p<0.01, and p<0.001,
respectively) increased catalase activity in stressed mice as compared to
their respective vehicle-treated control (Fig. 8).
DISCUSSION

The present study investigated the effect of trans-anethole (12.5, 25,
and 50 mg/kg, p.o) on depression-like behavior in unstressed mice
and stressed mice. Unpredictable mild stress for 21 successive days
triggers depression-like behavior in mice, and it is recognized as the
most appropriate animal model of depressive behavior observed in
MDA Levels (nmoles/mg protein)

respectively) reduced brain MAO-A activity in stressed mice as compared
to their respective vehicle-treated control (Fig. 5).
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Fig. 4: Effect of trans-anethole and fluoxetine on plasma
corticosterone levels. n=8 in each group. Values are expressed
as mean±standard error of mean. Data were analyzed by
one-way analysis of variance followed by Tukey’s post hoc test.
F (9, 70)=22.87; p<0.05. a=p<0.001 as compared to vehicletreated unstressed mice. b, c=p<0.01, p<0.001, respectively, as
compared to vehicle-treated stressed mice
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Fig. 6: Effect of trans-anethole and fluoxetine on brain
malondialdehyde levels. n=8 in each group. Values are expressed
as mean±standard error of mean. Data were analyzed by
one-way analysis of variance followed by Tukey’s post hoc test.
F (9,70)=68.08; p<0.05. a, b and c=p<0.05, p<0.01, p<0.001,
respectively, as compared to vehicle-treated unstressed mice.
d, e=p<0.01, p<0.001, respectively, as compared to vehicle-treated
stressed mice
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Fig. 5: Effect of trans-anethole and fluoxetine on brain MAO-A
activity. n=8 in each group. Values are expressed as mean±standard
error of mean. Data were analyzed by one-way analysis of variance
followed by Tukey’s post hoc test. F (9,70)=97.046; p<0.05. a,
b=p<0.01, p<0.001, respectively, as compared to vehicle-treated
unstressed mice. c, d=p<0.05, p<0.001, respectively, as compared to
vehicle-treated stressed mice
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Fig. 7: Effect of trans-anethole and fluoxetine on brain reduced
glutathione levels. n=8 in each group. Values are expressed as
mean±standard error of mean. Data were analyzed by one-way
analysis of variance followed by Tukey’s post hoc test. F (9,70)=55.6;
p<0.05. a=p<0.001 as compared to vehicle-treated unstressed mice.
b=p<0.001 as compared to vehicle-treated stressed mice
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Fig. 8: Effect of trans-anethole and fluoxetine on brain
catalase activity. n=8 in each group. Values are expressed as
mean±standard error of mean. Data were analyzed by oneway analysis of variance followed by Tukey’s post hoc test.
F (9,70)=120.27; p<0.05. a, b=p<0.01, p<0.001, respectively,
as compared to vehicle-treated unstressed mice. c, d= p<0.01,
p<0.001, respectively, as compared to vehicle-treated
stressed mice
humans after long-term exposure to various stressors [47,48]. TST [36]
and sucrose preference test [37] were used in the present study for
evaluating the effect of drugs on depression-like behavior in mice. In
the current study, CUMS significantly increased immobility periods
of mice in TST, indicating induction of depression-like behavior.
Immobility time in TST indicates hopeless behavior, which is notable
symptom of depression [36]. On administration of trans-anethole
(25 mg/kg and 50 mg/kg) and fluoxetine (20 mg/kg) per se for 21
successive days, there was significant decrease in immobility periods
of stressed mice, indicating their antidepressant effect. However, in
unstressed mice, fluoxetine, and only the middle dose (25 mg/kg)
of trans-anethole produced significant antidepressant-like activity.
Fluoxetine was used as a standard drug to validate the employed animal
models of depression. There was no significant effect of trans-anethole
and fluoxetine on locomotor activity of unstressed and stressed mice as
compared to their respective controls, indicating that the drugs did not
show any central nervous system stimulant activity.

The sucrose preference test is another model that measures anhedonialike behavior in mice. Anhedonia is loss of interest or pleasure and is
the main symptom of human major depression. Mice subjected to CUMS
showed a decrease in sucrose preference as compared to unstressed
mice. Fluoxetine (20 mg/kg) and trans-anethole administered for 3
successive weeks significantly restored the reduced sucrose preference
in stressed mice, which further supported their antidepressant-like
effect in mice subjected to CUMS. Restoration of reduced sucrose
preference by fluoxetine is also supported by the literature [49].

Stress-induced depression is closely linked with disorders of the
neuroendocrine system, mainly involved in the dysfunction of
HPA-axis [50]. Stress-induced activation of HPA-axis leads to increase
in plasma corticosterone levels in rodents. Antidepressant treatment
relieves HPA-axis hyperactivity and decreases plasma cortisol levels [51].
In the present study, CUMS significantly increased plasma corticosterone
levels, which is also supported by earlier studies [49] Trans-anethole
(25 mg/kg and 50 mg/kg) reduced CUMS-induced hyperactivity of
HPA-axis in mice, as indicated by significant reduction of plasma
corticosterone levels in stressed mice. There was no significant effect
on plasma corticosterone levels in unstressed mice, which indicates that
only in stressful conditions, hyperactivation of HPA-axis is observed.
CUMS induces the excessive production of oxygen free radicals and an
imbalance of antioxidant capacity, which leads to major depression [52].
When excessive free radicals accumulate internally beyond an organism’s
antioxidant capacity, oxidative stress can severely damage all cells [53].
Oxidative stress results in lipid peroxidation. Malondialdehyde is an end
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product of lipid peroxidation and considered as an index of free radical
generation [54]. Stressful situations in rats have also been reported to
significantly increase plasma nitrite levels [55]. Biological antioxidants
which include antioxidative enzymes such as catalase and nonenzymatic
antioxidants such as GSH can eliminate the excessive production of free
radicals and activated oxygen molecules [56]. In the present study, CUMS
resulted in increase in brain lipid peroxidation and plasma nitrite levels;
and decrease in reduced GSH and catalase activity. This is also supported
by earlier studies [57]. Trans-anethole (25 mg/kg and 50 mg/kg, p.o)
administered for 3 successive weeks significantly reversed CUMSinduced oxidative stress parameters, while only one dose (25 mg/kg)
of trans-anethole significantly reversed oxidative stress parameters in
unstressed mice. This is also supported by an earlier study, where transanethole showed antioxidant activity [19].

CUMS significantly increased brain MAO-A activity. This finding is also
supported by earlier studies [58]. Chronic treatment with trans-anethole
(12.5, 25, and 50 mg/kg, p.o) and fluoxetine per se significantly decreased
brain MAO-A activity in stressed mice. Thus, antidepressant-like activity of
trans-anethole in mice subjected to CUMS might also be due to inhibition
of brain MAO-A activity and subsequent increase in brain monoamine
levels. However, in unstressed mice, only one middle dose (25 mg/kg)
of trans-anethole and fluoxetine significantly decreased brain MAO-A
activity. Thus, antidepressant-like activity of trans-anethole in unstressed
mice might also be due to inhibition of brain MAO-A activity. Inhibition
of brain MAO-A activity by fluoxetine is also supported by literature [59].
CONCLUSION

Trans-anethole produced significant antidepressant-like activity
in unstressed and stressed mice possibly through inhibition of
brain MAO-A activity and alleviation of oxidative stress. In addition,
antidepressant activity of trans-anethole in stressed mice might be
through decrease in plasma corticosterone levels. Thus, trans-anethole
may be explored further for the management of mental depression.
CONFLICTS OF INTEREST
None.

REFERENCES
1.

Fekadu N, Shibeshi W, Engidawork E. Major depressive disorder:
Pathophysiology and clinical management. J Depress Anxiety
2017;6:255.
2. World Health Organization. Depression and Other Common
Mental Disorders: Global Health Estimates. Geneva: World Health
Organization; 2017. p. 1-24.
3. WHO 2018. “Depression.” Fact sheet; 2018. Available from: https://
www.who.int/news-room/fact-sheets/detail/depression.
4. Gold PW, Goodwin FK, Chrousus G. Clinical and biochemical
manifestations of depression in relation to the neurobiology of stress:
Part 1. N Engl J Med 1988;319:348-53.
5. Herraiz T, Guillén H. Monoamine oxidase-A inhibition and associated
antioxidant activity in plant extracts with potential antidepressant
actions. Biomed Res Int 2018;2018:4810394.
6. Youdim MB, Edmondson D, Tipton KF. The therapeutic potential of
monoamine oxidase inhibitors. Nat Rev Neurosci 2006;7:295-309.
7. Maes M, Galecki P, Chang YS, Berk M. A review on the oxidative
and nitrosative stress (O and NS) pathways in major depression and
their possible contribution to the (neuro)degenerative processes in that
illness. Prog Neuropsychopharmacol Biol Psychiatry 2011;35:676-92.
8. Dhir A, Kulkarni SK. Nitric oxide and major depression. Nitric Oxide
2011;24:125-31.
9. Kumar B, Kuhad A, Chopra K. Neuropsychopharmacological effect
of sesamol in unpredictable chronic mild stress model of depression:
Behavioral and biochemical evidences. Psychopharmacology (Berl)
2011;214:819-28.
10. Pariante CM, Lightman SL. The HPA axis in major depression: Classical
theories and new developments. Trends Neurosci 2008;31:464-8.
11. Cowen PJ. Not fade away: The HPA axis and depression. Psychol Med
2010;40:1-4.
12. Oldehinkel AJ, Bouma EM. Sensitivity to the depressogenic effect
126

Dhingra and Sudha

13.
14.
15.
16.

17.

18.
19.
20.
21.
22.
23.

24.

25.
26.
27.

28.
29.
30.
31.

32.

33.
34.
35.
36.

of stress and HPA-axis reactivity in adolescence: A review of gender
differences. Neurosci Biobehav Rev 2011;35:1757-70.
Nemeroff CB. The burden of severe depression: A review of diagnostic
challenges and treatment alternatives. J Psychiatr Res 2007;41:189‑206.
Penn E, Tracy DK. The drugs don’t work? Antidepressants and the
current and future pharmacological management of depression. Ther
Adv Psychopharmacol 2012;2:179-88.
Bschor T, Ising M, Erbe S, Winkelmann P, Ritter D, Uhr M, et al. Impact
of citalopram on the HPA system. A study of the combined DEX/CRH
test in 30 unipolar depressed patients. J Psychiatr Res 2012;46:111-7.
Rush AJ, Trivedi MH, Wisniewski SR, Nierenberg AA,
Stewart JW, Warden D, et al. Acute and longer-term outcomes in
depressed outpatients requiring one or several treatment steps: A STAR
D report. Am J Psychiatry 2006;163:1905-17.
Rahimi R, Nikfar S, Abdollahi M. Efficacy and tolerability of
Hypericum perforatum in major depressive disorder in comparison
with selective serotonin reuptake inhibitors: A meta-analysis. Prog
Neuropsychopharmacol Biol Psychiatry 2009;33:118-27.
Marinov V, Valcheva-Kuzmanova S. Review on the pharmacological
activities of anethole. Scr Sci Pharm 2015;2:14-9.
Freire RS, Morais SM, Catunda-Junior FE, Pinheiro DC. Synthesis
and antioxidant, anti-inflammatory and gastroprotector activities of
anethole and related compounds. Bioorg Med Chem 2005;13:4353-8.
Miyagawa M, Satou T, Yukimune C, Ishibashi A, Seimiya H, Yamada H,
et al. Anxiolytic-like effect of Illicium verum fruit oil, trans-anethole
and related compounds in mice. Phytother Res 2014;28:1710-2.
Ritter AM, Ames FQ, Otani F, de Oliveira RM, Cuman RK, BersaniAmado CA, et al. Effects of anethole in nociception experimental
models. Evid Based Complement Alternat Med 2014;2014:345829.
Kang P, Kim KY, Lee HS, Min SS, Seol GH. Anti-inflammatory effects
of anethole in lipopolysaccharide-induced acute lung injury in mice.
Life Sci 2013;93:955-61.
Sheikh BA, Pari L, Rathinam A, Chandramohan R. Trans-anethole,
a terpenoid ameliorates hyperglycemia by regulating key enzymes
of carbohydrate metabolism in streptozotocin induced diabetic rats.
Biochimie 2015;112:57-65.
Coelho-de-Souza AN, Lahlou S, Barreto JE, Yum ME, Oliveira AC,
Oliveira HD, et al. Essential oil of croton zehntneri and its major
constituent anethole display gastroprotective effect by increasing the
surface mucous layer. Fundam Clin Pharmacol 2013;27:288-98.
Abraham SK. Anti-genotoxicity of trans-anethole and eugenol in mice.
Food Chem Toxicol 2001;39:493-8.
Dhar SK. Anti-fertility activity and hormonal profile of trans-anethole
in rats. Indian J Physiol Pharmacol 1995;39:63-7.
Soares PM, Lima RF, de Freitas Pires A, Souza EP, Assreuy AM,
Criddle DN, et al. Effects of anethole and structural analogues on the
contractility of rat isolated aorta: Involvement of voltage-dependent
ca2+-channels. Life Sci 2007;81:1085-93.
Huang Y, Zhao J, Zhou L, Wang J, Gong Y, Chen X, et al. Antifungal
activity of the essential oil of Illicium verum fruit and its main
component trans-anethole. Molecules 2010;15:7558-69.
Astani A, Reichling J, Schnitzler P. Screening for antiviral activities
of isolated compounds from essential oils. Evid Based Complement
Altern Med 2009;2011:1-6.
Mohammed MJ. Isolation and identification of anethole from
Pimpinella anisum L. fruit oil. An antimicrobial study. J Pharm Res
2009;2:915-9.
Dhingra D, Soni K. Nootropic activity of trans-anethole in young and
middle-aged mice: Possibly through inhibition of brain acetyl and
butylcholinestrase activites and allevation of oxidative stress. Eur J
Biomed Pharm Sci 2018;5:520-36.
Mosaffa-Jahromi M, Tamaddon AM, Afsharypuor S, Salehi A,
Seradj SH, Pasalar M, et al. Effectiveness of anise oil for treatment of
mild to moderate depression in patients with irritable bowel syndrome:
A randomized active and placebo-controlled clinical trial. J Evid Based
Complementary Altern Med 2017;22:41-6.
Orav A, Raal A, Arak E. Essential oil composition of Pimpinella
anisum L. Fruits from various European countries. Nat Prod Res
2008;22:227‑32.
Wang P, Liu C, Liu L, Zhang X, Ren B, Li B, et al. The antidepressantlike effects of estrogen-mediated ghrelin. Curr Neuropharmacol
2015;13:524-35.
Dhingra D, Deepak. Antidepressant-like activity of flowers of
Tecomella undulata in mice subjected to chronic unpredictable mild
stress. Asian J Pharm Clin Res 2019;12:130-8.
Steru L, Chermat R, Thierry B, Simon P. The tail suspension test: A new
method for screening antidepressants in mice. Psychopharmacology

Asian J Pharm Clin Res, Vol 12, Issue 12, 2019, 121-127

(Berl) 1985;85:367-70.
37. Willner P, Towell A, Sampson D, Sophokleous S, Muscat R. Reduction
of sucrose preference by chronic unpredictable mild stress, and its
restoration by a tricyclic antidepressant. Psychopharmacology (Berl)
1987;93:358-64.
38. Dhingra D, Bansal Y. Antidepressant-like activity of beta-carotene in
unstressed and chronic unpredictable mild stressed mice. J Funct Foods
2014;7:425-34.
39. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS,
Tannenbaum SR, et al. Analysis of nitrate, nitrite, and [15N]nitrate in
biological fluids. Anal Biochem 1982;126:131-8.
40. Bartos J, Pesez M. Colorimetric and fluorimetric determination of
steroids. Pure Appl Chem 1979;151:2157-69.
41. Charles M, McEwan J. MAO activity in rabbit serum. In: Tabor H,
Tabor CW, editors. Methods in Enzymology. Vol. 17B. New York and
London: Academic Press; 1977. p. 692-8.
42. Schurr A, Livne A. Differential inhibition of mitochondrial monoamine
oxidase from brain by hashish components. Biochem Pharmacol
1976;25:1201-3.
43. Gornall AG, Bardawill CJ, David MM. Determination of serum proteins
by means of the biuret reaction. J Biol Chem 1949;177:751-66.
44. WILLS ED. Mechanisms of lipid peroxide formation in tissues. Role
of metals and haematin proteins in the catalysis of the oxidation
unsaturated fatty acids. Biochim Biophys Acta 1965;98:238-51.
45. Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR. Bromobenzeneinduced liver necrosis. Protective role of glutathione and evidence for
3,4-bromobenzene oxide as the hepatotoxic metabolite. Pharmacology
1974;11:151-69.
46. Claiborne A. Catalase activity. In: Greenwald RA, editors. Handbook
of Methods for Oxygen Radical Research. Boca Raton: CRC; 1985.
p. 283-4.
47. Zhao D, Zheng L, Qi L, Wang S, Guan L, Xia Y, et al. Structural
features and potent antidepressant effects of total sterols and β-sitosterol
extracted from Sargassum horneri. Mar Drugs 2016;14:E123.
48. Willner P. Chronic mild stress (CMS) revisited: Consistency and
behavioural-neurobiological concordance in the effects of CMS.
Neuropsychobiology 2005;52:90-110.
49. Deng XY, Li HY, Chen JJ, Li RP, Qu R, Fu Q, et al. Thymol produces
an antidepressant-like effect in a chronic unpredictable mild stress
model of depression in mice. Behav Brain Res 2015;291:12-9.
50. Erickson K, Drevets W, Schulkin J. Glucocorticoid regulation of
diverse cognitive functions in normal and pathological emotional
states. Neurosci Biobehav Rev 2003;27:233-46.
51. Gupta D, Radhakrishnan M, Kurhe Y 5HT3 receptor antagonist
(ondansetron) reverses depressive behavior evoked by chronic
unpredictable stress in mice: Modulation of hypothalamic-pituitaryadrenocortical and brain serotonergic system. Pharmacol Biochem
Behav 2014;124:129-36.
52. Sakr HF, Abbas AM, Elsamanoudy AZ, Ghoneim FM. Effect of
fluoxetine and resveratrol on testicular functions and oxidative stress
in a rat model of chronic mild stress-induced depression. J Physiol
Pharmacol 2015;66:515-27.
53. Durackova Z. Free radicals and antioxidants for non-experts. In:
Systems Biology of Free Radicals and Antioxidants. Berlin: Springer;
2014. p. 3-38.
54. Maes M, De Vos N, Pioli R, Demedts P, Wauters A, Neels H, et al.
Lower serum vitamin E concentrations in major depression. Another
marker of lowered antioxidant defenses in that illness. J Affect Disord
2000;58:241-6.
55. Lee CY, Cheng HM, Sim SM. Mulberry leaves protect rat tissues from
immobilization stress-induced inflammation. Biofactors 2007;31:25‑33.
56. Yazdanparast R, Bahramikia S, Ardestani A. Nasturtium officinale
reduces oxidative stress and enhances antioxidant capacity in
hypercholesterolaemic rats. Chem Biol Interact 2008;172:176-84.
57. Bhatt S, Radhakrishnan M, Jindal A, Devadoss T, Dhar AK.
Neuropharmacological evaluation of a novel 5-HT3 receptor
antagonist (6g) on chronic unpredictable mild stress-induced changes
in behavioural and brain oxidative stress parameters in mice. Indian J
Pharmacol 2014;46:191-6.
58. Liu J, Qiao W, Yang Y, Ren L, Sun Y, Wang S, et al. Antidepressant-like
effect of the ethanolic extract from suanzaorenhehuan formula in mice
models of depression. J Ethnopharmacol 2012;141:257-64.
59. Mukherjee J, Yang ZY. Monoamine oxidase A inhibition by fluoxetine:
An in vitro and in vivo study. Synapse 1999;31:285-9.
127

