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Introduction
Depression is a prevalent, debilitating, and hazardous 
condition that significantly impacts individuals’ lives 
and behaviors, affecting millions globally. Currently, it 
is estimated that approximately 5% of adults worldwide 
experience depression, making it a leading cause of 
disability (1). Depression ranks as the fourth most 
significant health issue today and is anticipated to become 
the second leading cause of global disability by 2030. 
Research conducted in Iran indicates that nearly 7 million 

individuals struggle with depression, with 15%-25% of 
the population experiencing mild to severe forms of the 
condition (2-4).

The implications of depression extend beyond 
personal suffering; it adversely affects performance in 
various domains, including education, employment, and 
interpersonal relationships, and is associated with elevated 
rates of crime and substance misuse. Furthermore, 
individuals with depression face a heightened risk of 
suicide compared to those with other mood disorders.
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Abstract
Background and aims: Depression is a complex, persistent, and debilitating condition that 
affects individuals worldwide. This study aimed to investigate the antidepressant properties of 
essential oil derived from Tanacetum polycephalum.
Methods: Fifty-six mice were randomly assigned to seven groups: (1) the control group, which 
received normal saline (10 mL/kg); (2) the depressed model group, which received reserpine (5 
mg/kg); (3 to 6) groups that received reserpine in combination with T. polycephalum essential 
oil at doses of 25, 50, 75, and 100 mg/kg, respectively; and (7) the positive control group, which 
was administered Fluoxetine (20 mg/kg) alongside reserpine. All injections were administered 
via the intraperitoneal route. Depression was assessed using the forced swimming test (FST), 
Splash test, and open field test (OFT). Levels of malondialdehyde (MDA) and total antioxidant 
capacity (TAC) were measured in hippocampal and serum samples.
Results: The administration of reserpine significantly prolonged the duration of immobility in the 
FST (P < 0.001), whereas T. polycephalum essential oil significantly reduced this duration across 
all four doses tested (P < 0.05, P < 0.001). In the Splash test, both the duration and frequency 
of licking were significantly reduced in the reserpine group (P < 0.001), while all doses of T. 
polycephalum essential oil significantly increased both the duration and frequency of licking 
(P < 0.001). The reserpine group exhibited a significant reduction in the number of line crossings, 
rearing, and grooming behaviors (P < 0.01). Notably, T. polycephalum essential oil at doses of 50, 
75, and 100 mg/kg significantly enhanced these behaviors (P < 0.001). Furthermore, reserpine 
treatment resulted in a significant decrease in TAC and an increase in MDA levels in both the 
hippocampus and serum. In contrast, T. polycephalum essential oil at various doses significantly 
increased TAC and decreased MDA levels (P < 0.001).
Conclusion: Tanacetum polycephalum essential oil exhibited significant efficacy in alleviating 
depression-like behaviors induced by reserpine. This effect is likely associated with its capacity 
to reduce oxidative stress parameters. The findings underscore its potential as a natural 
antidepressant agent. Further research is warranted to validate its therapeutic applications.
Keywords: Depression, Essential oil, Malondialdehyde, Grooming, Rearing, Total antioxidant 
capacity
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Pharmacological treatments for depression often 
entail numerous side effects and potential interactions 
with other medications and foods. Approximately 30% 
of patients exhibit an inadequate response to existing 
treatments, while the remaining 70% do not achieve full 
recovery. Therefore, it is essential to identify effective 
therapies that present fewer adverse effects. Recent 
studies have increasingly emphasized the exploration of 
herbal remedies as complementary or alternative options 
for managing depression, owing to their affordability and 
potential for safe interaction with prescribed medications 
(5). The species Tanacetum polycephalum is an aromatic, 
perennial plant. Laboratory studies have demonstrated 
the antioxidant, antibacterial, and anticancer properties 
of the plant’s essential oil (6,7). Phytochemical analysis 
conducted via gas chromatography-mass spectrometry 
(GC-MS) has identified the presence of various terpene 
compounds in the essential oil, including camphor, 
1,8-cineole, cys-togen, trans-togen, cis-chrysanthenol, 
and borneol.

Research has reported sedative and anxiolytic effects 
associated with 1,8-cineole, as well as antidepressant 
effects linked to borneol. Additionally, borneol has 
been noted for its anti-ischemic and antioxidative stress 
properties, while camphor has also been recognized for 
its antioxidative stress effects. In this study, reserpine 
was utilized to induce a depressive state in mice (4,8,9). 
Fluoxetine, a widely prescribed initial treatment 
for depression and one of the most commonly used 
antidepressant medications, served as the positive control 
in the investigation of the antidepressant effects of 
Tanacetum polycephalum essential oil (10).

Materials and Methods
Plant preparation, essential oil extraction, and 
identification of phytochemical compounds of 
Tanacetum polycephalum
The T. polycephalum plant was collected during its 
flowering stage from the mountainous regions and natural 
habitats of Ab Nahr in the Kohgiluyeh and Boyer Ahmad 
provinces, located at an altitude of 3220 m (longitude 
51°39’, latitude 30°40’). The samples were authenticated 
at the Botanical Department of the Shahrekord Research 
Center and subsequently documented in the Herbarium 
of the Medicinal Plants Research Center at Shahrekord 
University of Medical Sciences. Essential oil extraction 
was performed using a Clevenger apparatus through 
water distillation. Specifically, 50 g of powdered plant 
material and 500 mL of water were placed in a distillation 
flask and heated to achieve a distillation rate of 2–3 mL 
per minute. After a duration of four hours, the essential 
oil was collected and dried with anhydrous sodium sulfate 
for 24 hours (11). The phytochemical components of the 
essential oil were analyzed using a Thermo Finnigan 
Trace GC-MS instrument at Shahid Beheshti University 
of Tehran.

Experimental animals
Fifty-six mice were maintained under standard laboratory 
conditions and randomly divided into seven groups for 
the study. The groups were as follows:
1.	 Control group: Administered normal saline at a 

dosage of 10 ml/kg.
2.	 Depression model group: Received reserpine at a 

dose of 5 mg/kg to induce a depressive state.
3.	 Treatment groups: Groups 3 through 6 were 

administered Tanacetum polycephalum essential oil 
at doses of 25, 50, 75, and 100 mg/kg, respectively, 18 
hours after the reserpine injection.

4.	 Positive control group: Received reserpine followed 
by Fluoxetine at a dose of 20 mg/kg, administered 18 
hours later.

All injections were conducted intraperitoneally (10).
Behavioral assessments were performed thirty minutes 

following the administration of normal saline and 
essential oil. The tests included open field test (OFT), 
Splash test, and forced swimming test (FST).

Subsequently, the mice were fully anesthetized using 
ketamine and xylazine at doses of 100 mg/kg and 10 mg/
kg, respectively. Blood samples were collected for further 
analysis (12). Under complete anesthesia, the heads of 
the mice were severed, and the brain tissue was stored at 
-80 °C until the necessary experiments were conducted 
(Figure 1).

Plant preparation, essential oil extraction, and 
identification of phytochemical compounds 
The leaves and stems of T. polycephalum were collected in 
June 2017 during the flowering stage from the mountainous 
regions and natural habitats of Ab Nahr in the Kohgiluyeh 
and Boyer Ahmad provinces. The collection site is located 
at an altitude of 3220 m, with coordinates of 51°39’ E 
longitude and 30°40’ N latitude. The identification of the 
samples was conducted in the Botany Department of the 
Research Center in Chaharmahal and Bakhtiari province. 
The essential oil was extracted using water distillation in a 
Clevenger apparatus. Fifty grams of plant powder and 500 
mL of water were placed in a distillation flask and heated 
until the distillation rate reached 2 to 3 mL/min. Using 
this method, the essential oil was collected after four hours 
and subsequently dried over anhydrous sodium sulfate 
for 24 hours. The phytochemical components of the 
essential oil were analyzed using a gas chromatography-
mass spectrometer (GC/MS), specifically the TRACE MS 
model manufactured by Thermo Quest-Finnigan, located 
at Shahid Beheshti University in Tehran. The column 
used was a DB5 type, with a length of 30 m and an internal 
diameter of 0.25 mL. The thermal programming of the 
column ranged from 60 °C to 250 °C, with a temperature 
increase rate of 5 °C per minute. Helium, with a purity 
level of 99.999%, served as the carrier gas. The injection 
method was split, with an injection volume of 0.2 μL 
and a gas flow rate of 1.1 mL/min. The identification 
of compounds was performed using relative inhibition 
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indices, based on comparisons of their retention times 
and mass spectra with those obtained from the original 
sample and the Wiley library.

Animal model of depression
A depression model in animals was induced using 
reserpine, which was administered intraperitoneally 
at a dose of 5 mg/kg. This method is widely utilized in 
preclinical studies to mimic depression-like symptoms. 
Reserpine induces a depletion of monoamines, resulting 
in oxidative stress and subsequent behavioral changes. 
This approach is considered a reliable means of evaluating 
antidepressant therapies (13).

Behavioral tests
Three behavioral tests were conducted: OFT, Splash test, 
and FST.

OFT
The OFT is primarily employed to assess anxiety, 
depression, and exploratory behavior in rodents. The 
testing apparatus consists of a Plexiglas box measuring 
40 × 50 × 60 cm, divided into 16 equal squares, and is 
located in a quiet room. To ensure accurate results, each 
animal was placed in the testing room at least one hour 
prior to the test. Additionally, on the day before the test, 
each mouse was acclimatized to the box for a duration of 
10 minutes.

On the test day, the animal was placed in the box, and 
its behavior was recorded for 5 minutes. The number 
of times the animal crossed the lines, stood on its hind 
legs (rearing), and engaged in self-grooming (licking 
and cleaning) were recorded as indicators of depressive 
behavior. Mice exhibiting depressive symptoms 
demonstrated significantly less rearing and grooming 
behavior compared to normal controls (14).

Splash test
The Splash test is a validated method for assessing 
depression in rodents, specifically evaluating aversive 
behavior induced by depression. In this test, depressed 
mice typically exhibit a reduced preference for sucrose 
and spend less time licking the sweet liquid. To conduct 
the test, a 10% sucrose solution is sprayed onto the 
animal’s back, and the duration and frequency of licking 
the sweet liquid (referred to as grooming activity time) are 
recorded over a 5-minute period (15).

In behavioral tests such as the Splash test and the OFT, 
specific behaviors are measured to assess the animals’ 
emotional states:
	• Rearing: This behavior refers to the mouse standing 

on its hind legs, often indicative of exploratory 
behavior. In the OFT, frequent rearing signals 
curiosity and reduced anxiety. While it may be less 
prominent in the Splash test, it can still reflect overall 
activity levels.

Figure 1. Schematic diagram of the study design. NS: Normal saline, RES: Reserpine, TPEO: Tanacetum polycephalum essential oil, FLUO: Fluoxetine, ip: 
Intraperitoneal, TAC: Total antioxidant capacity, MDA: Malondialdehyde
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	• Grooming: This behavior encompasses self-cleaning 
actions, such as licking or scratching. In the Splash 
test, grooming (particularly licking) is a crucial 
measure of self-care and motivation, commonly used 
to assess depression-like states. In the OFT, grooming 
can indicate stress or adaptation to the environment.

FST
FST is a validated method for assessing depression in 
rodents. In this test, a glass container measuring 25 cm in 
length, 12 cm in width, and 8 cm in height is filled with 
water maintained at a temperature of 25 °C. The animal 
is gently lowered into the water from a height of 20 cm. 
Typically, the cessation of limb movements is interpreted 
as immobility.

The total duration of the test is 6 minutes, with the 
first 2 minutes designated for the animal to acclimate to 
the environment. During the subsequent 4 minutes, the 
time during which the animal exhibits no movement or 
reaction is recorded as immobility time. Depressed mice 
generally demonstrate a longer immobility time compared 
to normal mice, indicating a lack of escape behavior and 
reflecting depressive-like symptoms (16).

Serum MDA levels
To initiate the procedure, 0.5 g of thiobarbituric acid 
(TBA) was mixed with 80 mL of 20% acetic acid, and 
the pH of the solution was adjusted to 3.5 using sodium 
hydroxide (NaOH). The final volume was then brought 
up to 100 mL with additional acetic acid. A 100 μL serum 
sample was combined with 2.5 mL of the prepared TBA 
solution and 100 μL of a 1% sodium dodecyl sulfate (SDS) 
solution, which was prepared by dissolving 1 g of SDS in 
100 mL of distilled water. The mixture was subsequently 
heated in a boiling water bath for one hour. After heating, 
the mixture was allowed to cool and then centrifuged at 
4000 rpm for 10 minutes. The optical absorbance of the 
resulting supernatant was measured at a wavelength of 
523 nm, and the concentration of MDA was determined 
using a standard curve (17).

Hippocampus MDA
Lipid peroxidation levels in hippocampus homogenates 
were evaluated using a colorimetric technique that relies 
on the production of TBA-reactive substances. The 
procedure began by dissolving 0.8 g of TBA in 19 mL of 
20% acetic acid. A 100 μL sample of the hippocampus 
homogenate (prepared at a concentration of 10% w/v in 
50 mM phosphate buffer, pH 7.4) was mixed with 1.5 mL 
of the prepared TBA solution, 200 μL of an SDS solution 
(prepared by dissolving 8.05 g of SDS in 50 mL of distilled 
water), and 10 μL of butylated hydroxytoluene (BHT) 
solution (prepared by dissolving 2.2 g of BHT powder in 20 
mL of ethanol). The samples were then heated in a boiling 
water bath for one hour, allowed to cool, and subsequently 
treated with 3 mL of butanol. Afterward, the samples 
were centrifuged at 2000 rpm for 10 minutes. The optical 
absorbance of the resulting supernatant was measured at 

a wavelength of 523 nm, and the concentration of MDA 
was calculated using a standard curve (18).

Serum and hippocampus antioxidant capacity
To assess serum and tissue antioxidant capacity via the 
ferric reducing antioxidant power (FRAP) method, three 
solutions were prepared: Buffer: 1.55 mL of sodium 
acetate and 8 mL of concentrated acetic acid, diluted 
with distilled water to a total volume of 500 mL. Ferric 
chloride solution: 270 mg of (6H₂O) FeCl₃, diluted to 
50 mL with distilled water. Triazine solution: 47 mg of 
triazine dissolved in 40 mL of 40 mM HCl. The working 
solution was created by combining 10 mL of solution 
1, 1 mL of solution 2, and 1 mL of solution 3. A 25 μL 
sample of serum or liver and kidney tissue homogenate 
was added to 1.5 mL of the working solution, which was 
incubated at 37°C for 10 minutes. The optical absorbance 
was measured at a wavelength of 593 nm (19).

Data analysis method
In this research, statistical analysis was carried out 
using Prism (Version 8) software. The Kolmogorov–
Smirnov test was applied to evaluate normality, and the 
Brown-Forsythe test was used to verify homogeneity of 
variance. One-way ANOVA was conducted, followed by 
Tukey’s post hoc test for group comparisons. Statistical 
significance was set at a P value below 0.05, with the 
findings presented as mean ± standard deviation.

Results
Composition of the essential oil of Tanacetum 
polycephalum
Table 1 shows the phytochemical compounds identified 
for the essential oil of Tanacetum polycephalum by GC/
MS. According to the table’s results, the major compound 
identified for the plant’s essential oil was beta-thujone, 
which constituted 84.4% of the essential oil. Other major 
compounds included borneol (3%), 1.8-cineole (2.5%), 
and camphor (1.3%).

The effect of Tanacetum polycephalum essential oil on 
immobility time in the FST test
In the FST, reserpine-treated mice exhibited significantly 
prolonged immobility compared to the control group 
(P < 0.001). However, administering Tanacetum 
polycephalum essential oil at doses of 25, 50, 75, and 
100 mg/kg significantly shortened immobility duration 
compared to the reserpine group (P < 0.05, P < 0.001). 
Likewise, treatment with Fluoxetine notably reduced 
immobility time in reserpine-treated mice (P < 0.001) 
(Figure 2).

The effect of Tanacetum polycephalum essential oil on 
the duration of self-licking and the number of grooming 
behaviors in the Splash test
In the Splash test, reserpine-treated mice exhibited 
significantly reduced licking duration and frequency 
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compared to the control group (P < 0.001). However, 
administration of Tanacetum polycephalum essential oil 
at doses of 25, 50, 75, and 100 mg/kg, as well as Fluoxetine, 
significantly increased the licking frequency compared to 
the reserpine group (P < 0.001) (Figure 3a) The number 
of grooming actions was markedly lower in reserpine-
treated mice compared to the control group (P < 0.01). 
Nonetheless, Tanacetum polycephalum essential oil 
treatment at doses of 75 and 100 mg/kg significantly 
enhanced grooming frequency relative to the reserpine 
group (P < 0.05, P < 0.01). Similarly, Fluoxetine treatment 
significantly elevated grooming activity compared to the 
reserpine group (P < 0.01) (Figure 3b).

The effect of Tanacetum polycephalum essential oil on 
the number of rearing and line crossings in the OFT
The frequency of rearing observed in the open-field 
test was significantly lower in reserpine-treated mice 

compared to the control group (P < 0.001). Administration 
of T. polycephalum essential oil at 25, 50, 75, and 100 mg/
kg significantly enhanced rearing activity compared to the 
reserpine group (P < 0.01, P < 0.001). Similarly, treatment 
with Fluoxetine notably increased rearing behavior 
compared to the reserpine group (P < 0.001) (Figure 4a). 
The findings showed that the number of line crossings 

Table 1. Phytochemical compositions of the essential oil of the Tanacetum 
polycephalum by GC/MS

Compound name Inhibition index GC/MS Percentage

α-Pinene 933 0.3

Camphene 948 0.36

Sabinene 973 0.18

β-Pinene 978 0.22

α-Phellandrene 977 0.4

p-Cymene 1025 0.6

1,8-Cineole 1031 2.5

cis-Sabinene hydrate 1069 0.2

linalool 1105 0.6

α-Thujone 1108 1.1

β-Thujone 1125 84.4

Chrysanthenone 1129 0.76

trans-Pinocarveol 1144 0.14

Camphor 1148 1.3

cis-Chrysanthenol 1167 0.6

Borneol 1171 3

Terpinen-4-ol 1181 0.3

α-Terpineol 1196 0.13

Myrtenal 1200 0.16

Myrtenol 1203 0.07

cis-Crysanthenyl acetate 1262 0.3

Bornyl acetate 1286 1.12

p-Cymen-7-ol 1300 0.07

Germacrene D 1483 0.1

Spathulenol 1582 0.07

Caryophyllene oxide 1586 0.2

γ-Eudesmol 1636 0.12

Methyl jasmonate 1642 0.07

β-Eudesmol 1654 0.07

Selin-11-en-4-α-ol 1660 0.56

Total: 100

Figure 2. Comparison of immobility time in the FST. Values are shown 
as mean ± standard error. ### P < 0.001 compared to the control group, * 
P < 0.05, *** P < 0.001 compared to the RES group. RES = Reserpine, 
TPEO = Tanacetum polycephalum essential oil, FLUOX = Fluoxetine

Figure 3. Comparison of body licking time (a) and grooming number (b) in 
the Splash test. Values are shown as mean ± standard error. ### P < 0.001, 
## P < 0.01 compared to the control group, * P < 0.05, ** P < 0.01, *** 
P < 0.001 compared to the RES group RES = Reserpine, TPEO = Tanacetum 
polycephalum essential oil, FLUOX = Fluoxetine

Figure 4. Comparison of rearing (a) and crossing lines (b) in the OFT. 
RES = Reserpine, TPEO = Tanacetum polycephalum essential oil, 
FLUOX = Fluoxetine, ### P < 0.001 compared to the control group, * 
P < 0.05, ** P < 0.01, *** P < 0.001 compared to the RES group
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in the open-field test was substantially reduced in mice 
treated with reserpine compared to the control group 
(P < 0.001). However, administration of T. polycephalum 
essential oil at doses of 50, 75, and 100 mg/kg, as well as 
Fluoxetine, significantly elevated the frequency of line 
crossings in comparison to the reserpine group (P < 0.05, 
P < 0.01, P < 0.001) (Figure 4b).
The effect of Tanacetum polycephalum essential oil on 
TAC and MDA in hippocampus tissue 
The TAC of the hippocampus was significantly diminished 
in reserpine-treated mice compared to the control group 
(P < 0.001). However, administration of T. polycephalum 
essential oil at doses of 25, 50, 75, and 100 mg/kg, as well 
as Fluoxetine, significantly enhanced hippocampus TAC 
compared to the reserpine group (P < 0.05, P < 0.001) 
(Figure 5a). MDA levels in the hippocampus were 
considerably higher in mice treated with reserpine than in 
the control group (P < 0.001). Nonetheless, treatment with 
T. polycephalum essential oil at doses of 25, 50, 75, and 
100 mg/kg, along with Fluoxetine, significantly decreased 
hippocampus MDA levels relative to the reserpine group 
(P < 0.05, P < 0.001) (Figure 5b).

The effect of Tanacetum polycephalum essential oil on 
TAC and MDA in serum
The TAC of serum was significantly reduced in mice 
treated with reserpine compared to the control group 
(P < 0.001). However, administration of T. polycephalum 
essential oil at doses of 25, 50, 75, and 100 mg/kg, as well 
as Fluoxetine, substantially increased serum TAC relative 
to the reserpine group (P < 0.05, P < 0.01, P < 0.001) 
(Figure 6a). Serum MDA levels were notably elevated in 
reserpine-treated mice compared to the control group 
(P < 0.001). Treatment with T. polycephalum essential oil at 
doses of 25, 50, 75, and 100 mg/kg, along with Fluoxetine, 
significantly lowered serum MDA levels compared to the 
reserpine group (P < 0.05, P < 0.01, P < 0.001) (Figure 6b).

Discussion
Depression is a widespread mental health disorder 

affecting approximately 5% of adults globally, with 
women being more commonly affected than men. It is 
a leading cause of disability, impacting over 280 million 
people worldwide. Medicinal plants like St. John’s Wort, 
saffron, and turmeric have shown promise in alleviating 
depressive symptoms by modulating neurotransmitters 
and reducing oxidative stress. These natural remedies 
offer potential as complementary treatments, though 
further research is needed to standardize their use (20-
22). Over the years, various animal models have been 
created to investigate the underlying pathophysiology of 
depression and evaluate new antidepressant treatments. 
These models include chronic mild stress and early-life 
maternal separation stress, among many others (23). An 
alternative method for inducing depression involves the 
use of specific pharmaceutical compounds that alter brain 
neurotransmitter levels. reserpine, a drug used to lower 
blood pressure and treat psychosis, has been primarily 
employed to induce depression in animal models (24,25). 
Reserpine irreversibly obstructs vesicular monoamine 
transporters, namely vesicular monoamine transporter-1 
and vesicular monoamine transporter-2. By inhibiting 
vesicular monoamine transporter-2, reserpine hinders 
the uptake. It reduces the storage of monoamines—
including norepinephrine, dopamine, serotonin, and 
histamine—within the synaptic vesicles of neurons (26-
28). In this research, the injection of reserpine in mice 
induced depression-like behaviors, as demonstrated by 
a rise in immobility during the FST. The FST is broadly 
acknowledged as one of the most reliable approaches for 
assessing rodent depression.

According to Martin Seligman’s learned helplessness 
theory, continuous exposure to inescapable stress causes 
an animal to lose hope and cease mobility and activity 
gradually. This experiment models a stage of hopelessness 
in depression, with depressed mice exhibiting more 
immobility due to diminished hope. In this research, the 
open-field test was employed to assess exploratory activity, 
depression, and anxiety in mice. Reserpine administration 
resulted in a notable reduction in line crossings, rearing, 

Figure 5. Comparison of brain TAC (a) Brain MDA (b) in the 
study groups. RES = Reserpine, TPEO = Tanacetum polycephalum 
essential oil, FLUOX = Fluoxetine, TAC = total antioxidant capacity, 
MDA = malondialdehyde, μmol/g tissue = micromoles per gram of tissue, 
### P < 0.001 compared to the control group, * P < 0.05, *** P < 0.001 
compared to the RES group

Figure 6. Comparison of serum TAC (a) and Serum MDA (b) in the 
study groups. RES = Reserpine, TPEO = Tanacetum polycephalum 
essential oil, FLUOX = Fluoxetine, TAC = total antioxidant capacity, 
MDA = malondialdehyde, μmol/g tissue = micromoles per gram of tissue, 
### P < 0.001 compared to the control group, * P < 0.05, ** P < 0.01, *** 
P < 0.001 compared to the RES group
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and grooming behaviors compared to the control group, 
indicating diminished exploratory behavior alongside 
heightened depression and anxiety. The open-field test 
evaluates motor activity, anxiety, depression, and the 
exploratory drive in animals (29,30). This test evaluates 
line crossings, rearing, grooming, time spent in center and 
edge squares, defecation, and urination. Line crossings are 
used to assess motor activity, while rearing and grooming 
behaviors indicate anxiety and depression. Researchers 
use these indicators to measure the animal’s behavior and 
psychological state (31). The Splash test in this study was 
used to assess animal depression, and reserpine injection 
led to a decrease in the duration and frequency of licking, 
indicating depressive behavior. The lack of pleasure 
behavior caused by depression was evaluated through 
sucrose preference, with depressed mice showing lower 
sucrose consumption. In this research, reserpine-treated 
mice displayed depression-like behaviors, increased 
MDA levels, and diminished antioxidant capacity in both 
serum and brain, signifying oxidative stress. It is widely 
accepted among researchers that oxidative stress plays 
a crucial role in the onset of depression in humans and 
animal models alike (32).

In this research, administering T. polycephalum 
essential oil at doses of 25, 50, 75, and 100 mg/kg 
significantly alleviated depressive symptoms in reserpine-
treated mice, as indicated by reduced immobility in the 
FST and enhanced licking behavior in the Splash test. 
T. polycephalum essential oil also increased rearing and 
grooming behaviors. This study is the first to demonstrate 
the antidepressant, sedative, and anti-anxiety effects of T. 
polycephalum essential oil. Major compounds identified 
in T. polycephalum essential oil included beta-pathogen 
(84.4%), borneol (3%), 1,8-cineole (2.5%), and camphor 
(1.3%). The relationship between beta-pathogen and 
depression is not well-documented in the latest scientific 
literature.

However, beta-adrenergic receptors, which may be 
related, play a significant role in the neurobiology of 
depression. Studies suggest that norepinephrine, acting 
on these receptors, influences stress resilience and 
antidepressant efficacy. Additionally, beta-blockers, 
which interact with these receptors, have been studied 
for their potential link to depression. However, findings 
indicate that the association may not be causal. Further 
research is needed to clarify these mechanisms and their 
implications for treatment (33).

According to the study results, the protective effects of 
T. polycephalum essential oil against reserpine-induced 
depression appear to be linked to the reduction of 
oxidative stress parameters in the brains of mice. Reducing 
oxidative stress helps prevent nerve cell damage, crucial 
in mitigating depression symptoms. Oxidative stress is 
known to play a significant role in the pathophysiology 
of depression, as it leads to the production of free radicals 
that can damage neurons. T. polycephalum essential oil, 
rich in antioxidant compounds, is pivotal in combating 

oxidative stress, a major contributor to neuronal damage 
and neurodegenerative diseases. Neutralizing free radicals 
helps preserve the structural and functional integrity of 
nerve cells. This protective mechanism not only supports 
cognitive functions but also mitigates inflammation, a key 
factor in the development of depression and anxiety.

Furthermore, studies have highlighted its ability to 
enhance neurotransmitter balance, promoting mental 
well-being. Regularly using this essential oil may also 
improve resilience against stress-induced neurological 
disorders. These findings underscore its potential as a 
natural therapeutic agent for maintaining brain health 
and preventing the progression of depression.

Conclusion
Reserpine injection induced depressive-like behaviors 
and oxidative stress in mice, as evidenced by reduced 
antioxidant capacity and increased lipid peroxidation. 
Treatment with T. polycephalum essential oil alleviated 
oxidative stress and prevented depression, potentially by 
modulating brain antioxidant levels. Upcoming research 
should investigate the influence of antioxidant capacity 
on the antidepressant properties of T. polycephalum 
essential oil.
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