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Abstract
Background: Oxidative stress has been implicated as a contributing factor in the pathophysiology of depression and anxiety,
potentially mitigated through the application of antioxidant-rich medicinal herbs. Among these, Echinophora platyloba DC., an
endemic plant, was identified as a promising candidate for investigation. This study aimed to characterize the phytochemical profile
of the essential oil of E. platyloba and evaluate its efficacy in alleviating depressive-like behaviors and oxidative stress in mice.
Methods: The essential oil extracted from the aerial parts of E. platyloba was subjected to gas chromatography-mass spectrometry
(GC/MS) analysis to identify its chemical composition. A total of 60 adult male NMRI mice were randomly assigned to six groups:
a negative control group, a reserpine-treated group, a positive control group, and three treatment groups receiving reserpine
combined with E. platyloba essential oil at doses of 50, 75, or 100 mg/kg. Behavioral assessments, including the tail suspension
test (TST) and forced swim test (FST), were conducted to evaluate depressive-like behaviors. Additionally, biochemical assays were
performed to quantify antioxidant capacity and oxidative stress markers.
Results: Administration of the essential oil significantly reduced locomotor activity in the open field test and substantially decreased
immobility times in both the FST and TST, suggesting robust antidepressant-like effects. At a dose of 50 mg/kg, the essential oil
significantly enhanced antioxidant capacity in brain and serum samples while reducing malondialdehyde (MDA) levels, a key
indicator of oxidative stress, in these tissues. The GC/MS analysis revealed that myristicin, a-phellandrene, and neocnidilide were
the predominant constituents of the essential oil.
Conclusion: The essential oil of E. platyloba demonstrated significant antidepressant-like activity and effectively attenuated oxidative
stress associated with depressive states, underscoring its potential as a therapeutic agent for depression management.
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Introduction

Depression, affecting over 264 million individuals
globally, according to the World Health Organization
(WHO, 2020), is a prevalent psychological disorder and
a major contributor to disability, diminished quality of
life, and reduced occupational performance. It is classified
based on severity—mild, moderate, or severe—or the
presence of manic episodes, distinguishing recurrent
depressive disorder from bipolar disorder. Core symptoms
include social withdrawal, reduced motivation, sexual
dysfunction, sleep disturbances, persistent sadness,
and anhedonia, the inability to experience pleasure
(1, 2). The biochemical basis of depression involves the
dysregulation of neurotransmitters within the central
nervous system (CNS), including serotonin, glutamate,

y-aminobutyric acid (GABA), and other critical mood
and cognitive function regulators. Contributing factors
to such neurochemical imbalances encompass a range of
environmental, psychological, and biological influences,
including adverse life events, occupational stress, poor
health, and certain medications (3, 4).

Emerging evidence underscores the pivotal role
of oxidative stress in the pathogenesis of depression
and anxiety-related disorders (5, 6). Elevated levels of
malondialdehyde (MDA), a well-established marker
of lipid peroxidation resulting from oxidative stress,
have been consistently associated with these conditions
(7, 8). Consequently, synthetic and natural compounds
exhibiting antioxidant properties alongside targeted anti-
depressant effects in the CNS hold significant therapeutic
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promise for managing psychiatric disorders.

Natural antioxidants, particularly medicinal plants
and their essential oils, have been utilized historically
for their accessibility and perceived efficacy in treating
psychological conditions (9). The present study focused
on Echinophora platyloba DC. Umbelliferae, an endemic
plant native to Iran, is locally known as “khosharizeh”
Infusions prepared from the aerial parts of this plant
have traditionally been employed to alleviate digestive
complaints, such as gastric discomfort (10, 11).
Additionally, extracts of E. platyloba have demonstrated
antimicrobial, antifungal, and antibacterial properties (10,
12). Given its reported antioxidant capabilities (13, 14),
the primary objective of this study was to characterize the
phytochemical composition of the essential oil extracted
from the aerial parts of E. platyloba and to evaluate its
antidepressant-like effects in an in vivo murine model of
depression.

Methods

Plant Preparation and Essential Oil Extraction

In the spring of 2018, the aerial parts of E. platyloba,
including leaves and stems, were collected from their
natural habitat in the Ghale Sefid region, located in
Shimard village, Chaharmahal and Bakhtiari province,
Iran (latitude: 51°27°38” E, longitude: 31°25°09” N,
altitude: 3101 m). Dr. Shimardi Hamzeh-Ali, a botanist at
the Research Center of Agriculture and Natural Resources,
Shahrekord, Iran, authenticated the plant. For reference,
a voucher specimen (Herbarium No. 249) was deposited
at the Medical Plants Research Center, Shahrekord
University of Medical Sciences. The plant material was
air-dried, pulverized, and subjected to hydrodistillation
for four hours using a Clevenger-type apparatus following
British Pharmacopoeia guidelines. The resulting essential
oil was dehydrated using anhydrous sodium sulfate and
stored at -20°C until further analysis.

Identification of Essential Oils Components

The composition of the essential oil was assessed via gas
chromatography-mass spectrometry (GC-MS) using
a ThermoQuest-Finnigan system (TRACE MS) fitted
with a DB-5 capillary column measuring 30 meters
by 0.25 millimeters. Helium (99.999% purity) served
as the carrier gas, with a split ratio of 1:100 and a flow
rate of 1.1 milliliters per minute. The injection port was
maintained at 250°C, and 0.2 microliters of the sample
were introduced under split conditions with an ionization

energy of 70 electron volts. The temperature program
began at 60°C and was increased by 5°C per minute until
it reached 250°C. Operational parameters and the column
setup mirrored standard GC conditions, and the transfer
line temperature was maintained at 250°C. Retention
indices of the detected compounds were calculated using
a series of n-alkanes. Determining constituents was based
on comparing retention times and mass spectra with those
available in the Wiley 275 and Adams libraries (15).

Laboratory Animals

All procedures were conducted to minimize the number
of animals used and ensure their welfare, per national
animal care regulations. The experimental protocols
were approved by the Ethics Committee of Shahrekord
University of Medical Sciences (Approval ID: IR.SKUMS.
REC.1395.328). Sixty adult male NMRI mice weighing 20—
30 g were utilized in the study. The animals were housed
in a controlled environment maintained at 21 +2°C with a
12-hour light/dark cycle and provided ad libitum access to
food and water. The mice were randomly allocated into six
groups (n=10 per group) and administered treatments via
intraperitoneal (i.p.) injection as follows: Group 1 received
normal saline (vehicle control); Group 2 was administered
reserpine (5 mg/kg); Groups 3-5 received reserpine (5
mg/kg) combined with E. platyloba essential oil at doses
of 50, 75, or 100 mg/kg, respectively; and Group 6, also
treated with reserpine (5 mg/kg), received fluoxetine (10
mg/kg) as the reference drug (Figure 1).

Tail Suspension Test (TST)
TheTSTservestoevaluatebehaviorsresemblingdepression.
A strap was attached to the mouse’s tail, suspending the
animal about 1 centimeter from the tip. The duration of
complete stillness, unresponsiveness, and lack of activity
was measured as immobility time, consistent with prior
descriptions (16). The test was conducted in a noise-free
environment, and the total suspension time was 7 min, the
first 2 min of which were specified as the adaptation of the
mouse to the environment, and the immobility duration
within the remaining 5 min was calculated in seconds by
the stopwatch. Increased immobility time is interpreted as
a measure of depression-like behavior.

Open Field Test (OFT)

The OFT examined the mouse’s movement patterns and
anxiety-related behaviors. The test utilized a 60 x 60 cm box
with a height of 40 centimeters. The floor was segmented
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Figure 1. Overview of the experimental protocol
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into 16 equal squares arranged perpendicularly, and a
camera captured the animal’s movements. The animal’s
crossing of the lines mentioned with all four hands and feet
was considered a unit of motion. This test measured the
motor activity over 5 min using video tracking software
(17). The arena is thoroughly cleaned between tests to
eliminate olfactory cues. Parameters measured include the
number of entries into the center zone. Reduced center
entries are indicative of anxiety-like behavior.

Forced Swim Test (FST)

The FST is a widely recognized and reliable method for
assessing depressive-like behaviors in mice. The time
the animal remained still was documented to determine
immobility duration. Extended immobility was interpreted
as an indicator of depression, while a decrease suggested
an antidepressant effect (18). The FST lasts 6 min, and
the first 2 minutes were set for the mouse’s adaptation to
the environment when the immobility duration was not
recorded. The duration of immobility in the following 4
min was measured (19). Prolonged immobility time is
interpreted as a measure of behavioral despair.

Estimation of Total Antioxidant Potential in Brain and
Serum Samples

To evaluate the total antioxidant capacity in brain and
serum samples, three reagent solutions were prepared:
Solution I, a 0.02 M iron chloride solution in distilled
water; Solution II, a 0.0365 M sodium acetate buffer; and
Solution III, 2 0.01 M triazine solution. A working solution
was formulated by combining 10 mL of Solution I, 1 mL
of Solution II, and 1 mL of Solution III. Serum samples
(25 uL) or homogenized brain tissue samples (25 pL) were
mixed with 1.5 mL of the working solution and incubated
at 37°C for 10 minutes. The absorbance was measured at
593 nm using a spectrophotometer (Figure 2A) (20).

Determination of Brain and Serum Malondialdehyde
(MDA) Levels

Serum MDA Levels

A reagent solution was prepared by dissolving 0.5 g of
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thiobarbituric acid (TBA) in 80 mL of 20% acetic acid.
A 100 uL serum sample was mixed with 100 pL sodium
dodecyl sulfate (SDS) solution and 2.5 mL of the TBA
reagent mixture. The resulting mixture was incubated
in a boiling water bath for 1 hour. After cooling, the
samples were centrifuged at 4000 rpm for 10 minutes. The
absorbance of the supernatant was measured at 532 nm
using a spectrophotometer (21).

Brain MDA Levels

1.0 g of brain tissue was homogenized in Tris buffer
and incubated at 37°C for 1 hour in a metabolic shaker.
Subsequently, 1 mg of TBA and 1 mg of 5% trichloroacetic
acid (TCA) were added sequentially, thoroughly mixing
after each addition. The samples were centrifuged at 2000
rpm for 10 minutes, and the supernatant was collected
and transferred to separate containers. The supernatant
was then heated in a boiling water bath for 10 minutes.
After cooling, the absorbance was measured at 532 nm
using a spectrophotometer (Figure 2B) (21).

Statistical Analysis

Data were analyzed using the GraphPad Prism 5 software
using Tukey’s test and one-way ANOVA. In all calculations,
data were considered significant when P <0.05.

Results

Chemical Profile of E. Platyloba Essential Oil

The essential oil of E. platyloba aerial parts was obtained
in a yield of 0.34%. To characterize the main components
of the oil, GC/MS analysis was performed. The principal
components of the essential oil consisted of myristicin
(76.6%), a-phellandrene (5.9%), and neocnidilide (4.4%).
According to Table 1, 21 substances were identified,
representing a remarkable 99.6% of the essential oil
content (Figure 3).

Effect of E. Platyloba Essential Oil on the Immobility
Time in the TST

The antidepressant-like effect of the essential oil tested
at three doses (50, 75, and 100 mg/kg) and the positive
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Figure 2. A. The standard curve at 593 nm for the FRAP assay. B. The standard curve at 535 nm for the MDA assay
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control, fluoxetine (10 mg/kg), is shown in Figure 4A.
In the TST experiment, reserpine injection increased
immobility duration by three to four times. The essential
oil at all tested doses and fluoxetine notably counteracted

Table 1. List of volatile components identified in the essential oil of E.
platyloba

No. Compound Area % RIP

1 a-Pinene 2.3 938
2 Sabinene 0.1 977
3 B-Pinene 0.1 982

4 B-Myrcene 0.1 994
5 a-Phellandrene 5.9 1011
6 p-Cymene 1.5 1028
7 B-phellandrene 1.6 1033
8 (Z)-p-Ocimene 0.1 1039
9 y-Terpinene 0.1 1061
10 Fenchone 0.1 1092
11 linalool 1.8 1104
12 4-Terpinenol 0.1 1183
13 a-Terpieol 0.3 1197
14 a-phellandrene epoxide 1.5 1210
15 B-Citronellol 0.8 1233
16 Carvacrol 0.2 1313
17 a-Terpinyl acetate 1.1 1352
18 Unknown 0.7 1403
19 Mpyristicin 76.6 1542
20 Neocnidilide 4.4 1740
21 (2)-Ligustilide 0.9 1747

RI*: Retention indices calculated against n-alkanes.
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the reserpine-induced effect. The effect of E. platyloba
essential oil, although significant, was lower than that of
fluoxetine (P<0.001) and did not show a dose-dependent
response for the tested concentrations (Figure 4A).

Impact of E. Platyloba Essential Oil on the Immobility
Duration in the FST

The FST (Figure 4B) also showed that injection of
reserpine caused a significant (P<0.001, Tukey’s test)
increase in immobility time, which was reversed by the
antidepressant drug fluoxetine (P<0.001). Similarly, the
essential oil at 50 and 75 mg/kg doses could reduce the
reserpine response (P<0.05), but strangely, a 100 mg/kg
dose did not show statistically significant activity. The
differences between the various groups (ANOVA analysis)
are shown in Figure 4B.

Impact of E. Platyloba Essential Oil on the Motor Activity
Rate in the OFT

The effect of the test compounds in this assay (Figure 4C)
system is marginally seen since the motion units increased
by reserpine was not as great as those of the FST and TST
tests, though statistically significant (P <0.05). Fluoxetine
was the most active (P<0.01) in suppressing motion unit
enhancement by reserpine, while the essential oil at the
dose of 50 mg/kg (P<0.05) but not higher doses (75 or
100 mg/kg) were effective (Figure 4C).

Effect of E. Platyloba Essential Oil on Serum Antioxidant
Capacity

One-way ANOVA (Figure 5A) shows a significant
difference in serum antioxidant capacity in the examined
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Figure 3. Representative chromatogram from GC/MS analysis of the volatile oil extracted from Echinophora platyloba
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Figure 4. A. Effect of Echinophora platyloba Essential Oil on the Duration of Immobility in the TST, B. Effect of Echinophora platyloba Essential Oil on the
Duration of Immobility in the Forced Swim Test, C. Effect of Echinophora platyloba Essential Oil on the Number of Motion Units in the OFT; (REZ: Reserpine;
(REZ: Reserpine; ES50: Essential Oil at 50 mg/kg; ES75: Essential Oil at 75 mg/kg; ES100: Essential Oil at 100 mg/kg; NS: Normal Saline; FLU: Fluoxetine). ***
and * Comparison of reserpine and normal saline (P<0.001), (P<0.05), respectively; &&& Comparison of reserpine and essential oil at 50, 75, and 100 mg/kg
(P<0.001); & Comparison of reserpine and essential oil at 50 and 75 mg/kg (P<0.05); $$$ Comparison of reserpine and fluoxetine (P<0.001)
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Figure 5. A,B. Effect of Echinophora platyloba Essential Oil on Serum (A) and Brain (B) Antioxidant Capacity; C,D. Effect of Echinophora platyloba Essential Oil
on Serum (C) and Brain (D) Malondialdehyde Level; (REZ: Reserpine; ES50: Essential Oil at 50 mg/kg; ES75: Essential Oil at 75 mg/kg; ES100: Essential Oil at 100
mg/kg; NS: Normal Saline; FLU: Fluoxetine). *** Comparison of reserpine and normal saline (P<0.001); &&&, && Comparison of reserpine and essential oil at
50, 75, and 100 mg/kg (P<0.001), (P<0.01), respectively; $$$ Comparison of reserpine and fluoxetine (P<0.001)
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groups (P<0.001). Tukey’s post-test confirmed that the
antioxidant capacity of serum was lower in the reserpine
group than in the normal saline group (P<0.001). Serum
antioxidant capacity in the essential oil (50, 75, and 100
mg/kg) group and those receiving fluoxetine was higher
than the reserpine group (P<0.001). No significant
difference was observed in the serum antioxidant capacity
between the fluoxetine and essential oil at 50, 75, and
100 mg/kg groups (P>0.05). No significant difference
was also seen in serum antioxidant capacity between the
essential oil groups at different concentrations (P> 0.05)
(Figure 5A).

Impact of E. Platyloba Essential Oil on Brain Antioxidant
Capacity

Figure 5B shows that the brain antioxidant capacity was
lower in mice receiving reserpine than in the normal
saline group (P<0.001, Tukey’s test). Also, slightly lower
than fluoxetine, all doses of the essential oil effectively
increased the brains antioxidant capacity (P<0.01)
in reserpine-treated mice. The activity profile and the
difference between the various groups (One-way ANOVA)
are shown in Figure 5B no significant difference was seen
in brain antioxidant capacity between the groups treated
with essential oil at 75 and 100 mg/kg and the reserpine
group (P>0.05), and also between the essential oil group
(50 mg/kg) and the fluoxetine group (P>0.05).

Impact of E. Platyloba Essential Oil on Serum MDA
Level

One-way ANOVA showed a significant difference in the
serum MDA level between the studied groups (P<0.001).
Administration of reserpine could induce a significant
increase (P <0.001) in the serum level of MDA (Figure 5C).
The essential oil could reverse this at all doses (P<0.01).
Still, the lowest dose (50 mg/kg) was the most active
(P<0.05) (Figure 5C). The positive control, fluoxetine,
showed significantly better activity (P<0.001) than the
essential oil groups (Figure 5C).

Impact of E. Platyloba Essential Oil on Brain MDA Level
The one-way ANOVA results confirmed that the brain
MDA levels were significantly different between the
studied groups (P<0.001). Tukey’s test showed that the
MDA level in mice receiving reserpine was significantly
higher than in the normal saline group (P<0.001).
Fluoxetine was the most effective treatment (P<0.001)
in reducing the brain MDA level, while the most effective
dose of the essential oil was 50 mg/kg, followed by 100 and
75 mg/kg (Figure 5D).

Discussion

This investigation revealed that administering reserpine
to mice can provoke depressive-like behaviors. As a
result, mice exposed to reserpine demonstrated extended

immobility periods in the FST and TST depression
assessments. These findings align with the results of earlier
research that utilized reserpine as an established rodent
model for evaluating antidepressant effects (22, 23). At
the biochemical level, reserpine induces a depressive
state by discharging monoamine transmitters such as
serotonin and norepinephrine at post-nodal terminals
(24, 25). However, other mechanisms, such as increased
inflammatory signaling and the induction of nitrosative
and oxidative stress, also contribute to the effects of
reserpine (26). In the FST assay, no significant difference
was seen in immobility time between the essential oil (100
mg/kg) and the reserpine groups.

This study showed that intraperitoneal injection of E.
platyloba essential oil at different doses in the TST reduced
the prolonged immobility time induced by reserpine.
Furthermore, intraperitoneal injection of E. platyloba
essential oil (50 and 75 mg/kg) in the FST decreased
immobility time induced by reserpine, attributed to
reserpine. Similarly, the locomotor activity decreased in
the OFT in the groups receiving essential oil at the dose
of 50 mg/kg. The overall trend is that the dose of 50 mg/
kg appears to be optimum, and there may not be a benefit
in increasing the dose further, as 100 mg/kg had a lower
activity profile in some experiments. Although the positive
control, fluoxetine, tested at a lower dose (10 mg/kg), was
more effective than the essential oil, it is important to note
that the essential oil is a crude mixture and cannot be
directly compared with the purified antidepressant drug.

Gas  chromatography-mass  spectrometry  (GC/
MS) analysis revealed that the primary constituents
of E. platyloba essential oil were myristicin (76.6%),
a-phellandrene (5.9%), and neocnidilide (4.4%). In
contrast, Hassanpouraghdam et al reported myristicin
(52.7%), a-phellandrene (44.2%), B-ocimene (38.9%), and
p-cymene (7.4%) as the main components (12). Similarly,
Rahimi Nasrabadi et al identified p-ocimene (26.71%),
limonene (6.59%), spathulenol (4.57%), and myristicin
(4.48%) (27), while Mazloomifar et al reported f-ocimene
(26.7%), limonene (6.6%), myristicin (4.5%), and a-pinene
(4.1%) (28). Variations in the chemical composition of E.
platyloba essential oil may be attributed to differences
in harvesting season, climatic conditions, geographical
location, plant developmental stage, plant parts used, and
extraction methods (29, 30). Given that myristicin, the
predominant component is a known serotonin receptor
agonist and a weak monoamine oxidase inhibitor, the
antidepressant-like effects of the essential oil may be
mediated by increased serotonin availability, akin to the
mechanisms of selective serotonin reuptake inhibitors
(SSRIs) and monoamine oxidase inhibitors (MAOISs)
commonly used in depression treatment (27, 31).

Oxidative stress, characterized by an imbalance between
reactive oxygen species (ROS) and antioxidant defenses,
is increasingly recognized as a key contributor to major
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depressive disorder (32, 33). Antioxidants, therefore,
hold significant therapeutic potential for depression
management (34, 35). Essential oils from medicinal
plants, including E. platyloba, can mitigate oxidative
stress due to their diverse antioxidant compounds (36,
37). Previous studies have confirmed the antioxidant
properties of E. platyloba (12), with Saei-Dehkordi et al
reporting both antioxidant and antimicrobial activities,
suggesting its potential as a natural antioxidant agent for
pharmacological and food applications (36). In the present
study, 50 mg/kg of E. platyloba essential oil exhibited the
most consistent anti-depressant and antioxidant effects.
In contrast, higher doses showed reduced efficacy in
some parameters, potentially indicative of a bell-shaped
dose-response curve. The diminished efficacy at higher
doses may be linked to a pro-oxidant effect, as certain
antioxidants can exhibit pro-oxidant activity at elevated
concentrations (38). Further research is needed to
elucidate this dose-response relationship and determine
the optimal therapeutic dose.

MDA is a final peroxidation product of unsaturated
fatty acids in the cell, and its higher level is a typical
marker of oxidative stress (39). The results of the present
study confirmed that the MDA levels of serum and brain
in the essential oil groups were significantly decreased at
all three doses. Hence, the reserpine-induced oxidative
stress in the brain and serum could be ameliorated by
E. platyloba essential oil. It should be noted, however,
that antioxidants may also act as pro-oxidants in certain
conditions and may exacerbate oxidative stress (39). The
reduced efficacy of the essential oil as the dose increased
in some experiments may be linked to such an effect,
though further studies are required to establish the exact
mechanism.

Overall, the antidepressant-like effects of E. platyloba
essential oil are likely attributable to its antioxidant capacity
in mitigating oxidative stress, potentially combined with
myristicin’s serotonin receptor agonist and monoamine
oxidase inhibitory properties. Given that numerous plants
exhibit antioxidant activity (40-43), the hypothesis that
antioxidant properties contribute to the antidepressant
effects of E. platyloba suggests that other antioxidant-rich
plants may also hold therapeutic potential for depression.
Further studies are warranted to explore this hypothesis
and validate the efficacy of such plants in preclinical and
clinical settings.

Conclusion

The essential oil extracted from the aerial parts of E.
platyloba exhibited significant antidepressant-like effects
in a reserpine-induced murine model of depression.
Additionally, it effectively mitigated depression-associated
oxidative stress in both brain and serum samples. Although
the pharmacological efficacy of E. platyloba essential
oil was less pronounced compared to fluoxetine, a well-

established antidepressant, these findings underscore
its therapeutic potential. Further preclinical and clinical
studies are warranted to validate the efficacy and safety of
E. platyloba essential oil in human populations. Moreover,
investigations on the potential synergistic effects with
conventional antidepressants could yield valuable
insights. Additionally, exploring the broader therapeutic
applications of this essential oil for other oxidative stress-
related disorders is recommended.

Acknowledgments

This work was funded by Shahrekord University of Medical Sciences
(Grant No. 2575). The authors acknowledge the Research Council
of Shahrekord University and Shahrekord University of Medical
Sciences, Iran.

Authors’ Contribution

Conceptualization: Mehrdad Shahrani, Zahra Lorigooini.

Data curation: Elham Bijad, Zahra Ghasemi.

Formal analysis: Hossein Amini-Khoei.

Funding acquisition: Mehrdad Shahrani.

Investigation: Elham Bijad, Zahra Ghasemi, Mohammad Rahimi-
Madiseh.

Methodology: Mehrdad Shahrani, Zahra Lorigooini, Hossein
Amini-Khoei.

Project administration: Mehrdad Shahrani, Zahra Lorigooini.
Resources: Mehrdad Shahrani.

Software: Hossein Amini-Khoei.

Supervision: Solomon Habtemariam.

Validation: Hossein Amini-Khoei.

Visualization: Solomon Habtemariam.

Writing—original draft: Mehrdad Shahrani, Shirin Asgharian,
Hossein Amini-Khoei, Elham Bijad, Zahra Ghasemi, Solomon
Habtemariam, Mohammad Rahimi-Madiseh, Zahra Lorigooini.

Competing Interests
The authors declared no competing interests.

Ethical Approval
The study protocol was performed according to the relevant
guidelines by the SKUMS Bioethics Committee (IR.SKUMS.
REC.1395.328).

Funding
This work was funded by Shahrekord University of Medical Sciences
(Grant No. 2575).

References

1. Akhondzadeh SH, Mohammadi MR, Khani M, Jamshidi AH,
Daliri A, Bastani SH. Comparison of dried ethanolic extract of
Crocus sativus L. and imipramine in the treatment of mild to
moderate depression: a double-blind, randomised trial. ] Med
Plants. 2003;2(8):55-62. [Persian].

2. Montazeri A, Mousavi SJ, Omidvari S, Tavousi M, Hashemi
A, Rostami T. Depression in Iran: a systematic review of the
literature (2000-2010). Payesh. 2013;12(6):567-94. [Persian].

3. Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of
major depression: review and meta-analysis. Am ] Psychiatry.
2000;157(10):1552-62. doi: 10.1176/appi.ajp.157.10.1552.

4. Kendler KS, Prescott CA, Myers ], Neale MC. The structure
of genetic and environmental risk factors for common
psychiatric and substance use disorders in men and women.
Arch Gen Psychiatry. 2003;60(9):929-37. doi: 10.1001/
archpsyc.60.9.929.

Journal of Kerman University of Medical Sciences. 2025;32:3074 | 7


https://doi.org/10.1176/appi.ajp.157.10.1552
https://doi.org/10.1001/archpsyc.60.9.929
https://doi.org/10.1001/archpsyc.60.9.929

Shahrani et al

20.

21.

Eren 1, Naziroglu M, Demirdas A. Protective effects of
lamotrigine, aripiprazole and escitalopram on depression-
induced oxidative stress in rat brain. Neurochem Res.
2007;32(7):1188-95. doi: 10.1007/s11064-007-9289-x.

Day BJ. Antioxidants as potential therapeutics for lung fibrosis.
Antioxid Redox Signal. 2008;10(2):355-70. doi: 10.1089/
ars.2007.1916.

Odukoya O, Sofidiya M, llori O, Gbededo M, Ajadotuigwe J,
Olaleye O, et al. Malondialdehyde determination as index of
lipid peroxidation. Int J Biol Chem. 1994;3(3):281-5.
Sarandol A, Sarandol E, Eker SS, Erdinc S, Vatansever E, Kirli
S. Major depressive disorder is accompanied with oxidative
stress: short-term antidepressant treatment does not alter
oxidative-antioxidative systems. Hum Psychopharmacol.
2007;22(2):67-73. doi: 10.1002/hup.829.

Richelson E. Pharmacology of antidepressants—characteristics
of the ideal drug. Mayo Clin Proc. 1994;69(11):1069-81. doi:
10.1016/50025-6196(12)61375-5.

Avizhgan M, Hafizi M, Saadat M, Nilforoushzadeh MA.
Antifungal effect of Echinophora platyloba’s extract against
Candida albicans. Iran J Pharm Res. 2006;5(4):285-9.
Hashemi P, Abolghasemi MM, Ghiasvand AR, Ahmadi
S, Hassanvand H, Yarahmadi A. A comparative study of
hydrodistillation and hydrodistillation—solvent microextraction
methods for identification of volatile components of
Echinophora cinerea. Chromatographia. 2009;69(1):179-82.
doi: 10.1365/s10337-008-0817-x.

Hassanpouraghdam MB, Shalamzari MS, Sepehri N. GC/
MS analysis of Echinophora platyloba DC. essential oil from
Northwest Iran: a potential source of (Z)-B-ocimene and
a-phellandrene. Chemija. 2009;20(2):120-3.

Asghari GR, Sajjadi SE, Sadraei H, Yaghobi K. Essential oil
constituents of Echinophora platyloba DC. Iran J Pharm Res.
2010;2(3):e127636. doi: 10.22037/ijpr.2010.49.

Hosseini Z, Lorigooini Z, Rafieian-Kopaei M, Shirmardi HA,
Solati K. A review of botany and pharmacological effect and
chemical composition of Echinophora species growing in
Iran. Pharmacognosy Res. 2017;9(4):305-12. doi: 10.4103/
pr.pr_22_17.

Adams RP. Identification of Essential Oil Components by Gas
Chromatography/Mass Spectrometry. Carol Steam, IL: Allured
Publishing Corporation; 2017.

da Silva GD, Matteussi AS, dos Santos AR, Calixto B,
Rodrigues AL. Evidence for dual effects of nitric oxide in the
forced swimming test and in the tail suspension test in mice.
Neuroreport. 2000;11(17):3699-702. doi: 10.1097/00001756-
200011270-00022.

Marks W, Fournier NM, Kalynchuk LE. Repeated exposure
to corticosterone increases depression-like behavior in
two different versions of the forced swim test without
altering nonspecific locomotor activity or muscle strength.
Physiol ~ Behav. 2009;98(1-2):67-72.  doi:  10.1016/j.
physbeh.2009.04.014.

Mague SD, Pliakas AM, Todtenkopf MS, Tomasiewicz HC,
Zhang Y, Stevens WC Jr, et al. Antidepressant-like effects of
kappa-opioid receptor antagonists in the forced swim test in
rats. ] Pharmacol Exp Ther. 2003;305(1):323-30. doi: 10.1124/
jpet.102.046433.

Zarrindast MR, Minaian A. Different effects of direct and
indirect dopamine receptor agonists on immobility time in
reserpine-treated mice. Gen Pharmacol. 1991;22(6):1017-21.
doi: 10.1016/0306-3623(91)90571-m.

McDonald S, Prenzler PD, Antolovich M, Robards K. Phenolic
content and antioxidant activity of olive extracts. Food Chem.
2001;73(1):73-84. doi: 10.1016/50308-8146(00)00288-0.
Karatas F, Karatepe M, Baysar A. Determination of free

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

malondialdehyde in human serum by high-performance
liquid chromatography. Anal Biochem. 2002;311(1):76-9. doi:
10.1016/50003-2697(02)00387-1.

Minor TR, Hanff TC. Adenosine signaling in reserpine-induced
depression in rats. Behav Brain Res. 2015;286:184-91. doi:
10.1016/j.bbr.2015.02.032.

Ruiz P, Calliari A, Pautassi RM. Reserpine-induced depression
is associated in female, but not in male, adolescent rats with
heightened, fluoxetine-sensitive, ethanol consumption. Behav
Brain Res. 2018;348:160-70. doi: 10.1016/j.bbr.2018.04.011.
Baumeister AA, Hawkins MF, Uzelac SM.The myth of reserpine-
induced depression: role in the historical development of the
monoamine hypothesis. ] Hist Neurosci. 2003;12(2):207-20.
doi: 10.1076/jhin.12.2.207.15535.

de Freitas CM, Busanello A, Schaffer LF, Peroza LR, Krum
BN, Leal CQ, et al. Behavioral and neurochemical effects
induced by reserpine in mice. Psychopharmacology (Berl).
2016;233(3):457-67. doi: 10.1007/s00213-015-4118-4.
Bilska A, Dubiel M, Sokotowska-Jezewicz M, Lorenc-Koci E,
Wiodek L. Alpha-lipoic acid differently affects the reserpine-
induced oxidative stress in the striatum and prefrontal cortex
of rat brain. Neuroscience. 2007;146(4):1758-71. doi:
10.1016/j.neuroscience.2007.04.002.

Rahimi Nasrabadi M, Gholivand MB, Niasari M, Vatanara
A. Chemical composition of the essential oil from aerial
parts of Echinophora platyloba DC. from Iran. ] Med Plants.
2010;9(Suppl 6):53-6.

Mazloomifar H, Saber-Tehrani M, Rustaiyan A, Masoudi S.
Constituents of the essential oil of Echinophora platyloba DC.
growing wild in Iran. J Essent Oil Res. 2004;16(4):284-5. doi:
10.1080/10412905.2004.9698722.

Figueiredo AC, Barroso ]G, Pedro LG, Scheffer JJ. Factors
affecting secondary metabolite production in plants: volatile
components and essential oils. Flavour Fragr ). 2008;23(4):213-
26. doi: 10.1002/ffj.1875.

Aminzadeh M, Amiri F, Ashor Abadi E, Mahdavi KH, Fadai S.
Factors affecting on essential chemical composition of Thymus
kotschyanus in Iran. World Appl Sci J. 2010;8(7):847-56.
Truitt EB Jr, Duritz G, Ebersberger EM. Evidence of monoamine
oxidase inhibition by myristicin and nutmeg. Proc Soc Exp Biol
Med. 1963;112:647-50. doi: 10.3181/00379727-112-28128.
Chen HL, Lan XZ, Wu YY, Ou YW, Chen TC, Wu WT.
The antioxidant activity and nitric oxide production of
extracts obtained from the leaves of Chenopodium quinoa
Willd. Biomedicine (Taipei). 2017;7(4):24. doi: 10.1051/
bmdcn/2017070424.

Poprac P, Jomova K, Simunkova M, KollarV, Rhodes CJ, Valko
M. Targeting free radicals in oxidative stress-related human
diseases. Trends Pharmacol Sci. 2017;38(7):592-607. doi:
10.1016/j.tips.2017.04.005.

Cordero MD, Sanchez-Alcazar JA, Bautista-Ferrufino MR,
Carmona-Lépez M, lllanes M, Rios MJ, et al. Acute oxidant
damage promoted on cancer cells by amitriptyline in
comparison with some common chemotherapeutic drugs.
Anticancer Drugs. 2010;21(10):932-44. doi: 10.1097/
CAD.0b013e32833ed5f7.

Talarowska M, Szemraj ], Berk M, Maes M, Gatecki P. Oxidant/
antioxidantimbalanceis aninherentfeature of depression. BMC
Psychiatry. 2015;15:71. doi: 10.1186/s12888-015-0454-5.
Saei-Dehkordi SS, Tajik H, Moradi M, Khalighi-Sigaroodi
F. Chemical composition of essential oils in Zataria
multiflora Boiss. from different parts of Iran and their radical
scavenging and antimicrobial activity. Food Chem Toxicol.
2010;48(6):1562-7. doi: 10.1016/j.fct.2010.03.025.
Asadi-Samani M, Rafieian-Kopaei M, Lorigooini Z, Shirzad H.
A screening of growth inhibitory activity of Iranian medicinal

| Journal of Kerman University of Medical Sciences. 2025;32:3074


https://doi.org/10.1007/s11064-007-9289-x
https://doi.org/10.1089/ars.2007.1916
https://doi.org/10.1089/ars.2007.1916
https://doi.org/10.1002/hup.829
https://doi.org/10.1016/s0025-6196(12)61375-5
https://doi.org/10.1365/s10337-008-0817-x
https://doi.org/10.22037/ijpr.2010.49
https://doi.org/10.4103/pr.pr_22_17
https://doi.org/10.4103/pr.pr_22_17
https://doi.org/10.1097/00001756-200011270-00022
https://doi.org/10.1097/00001756-200011270-00022
https://doi.org/10.1016/j.physbeh.2009.04.014
https://doi.org/10.1016/j.physbeh.2009.04.014
https://doi.org/10.1124/jpet.102.046433
https://doi.org/10.1124/jpet.102.046433
https://doi.org/10.1016/0306-3623(91)90571-m
https://doi.org/10.1016/s0308-8146(00)00288-0
https://doi.org/10.1016/s0003-2697(02)00387-1
https://doi.org/10.1016/j.bbr.2015.02.032
https://doi.org/10.1016/j.bbr.2018.04.011
https://doi.org/10.1076/jhin.12.2.207.15535
https://doi.org/10.1007/s00213-015-4118-4
https://doi.org/10.1016/j.neuroscience.2007.04.002
https://doi.org/10.1080/10412905.2004.9698722
https://doi.org/10.1002/ffj.1875
https://doi.org/10.3181/00379727-112-28128
https://doi.org/10.1051/bmdcn/2017070424
https://doi.org/10.1051/bmdcn/2017070424
https://doi.org/10.1016/j.tips.2017.04.005
https://doi.org/10.1097/CAD.0b013e32833ed5f7
https://doi.org/10.1097/CAD.0b013e32833ed5f7
https://doi.org/10.1186/s12888-015-0454-5
https://doi.org/10.1016/j.fct.2010.03.025

Antidepressant-like effects of Echinophora platyloba

38.

39.

40.

41.

plants on prostate cancer cell lines. Biomedicine (Taipei).
2018;8(2):8. doi: 10.1051/bmdcn/2018080208.

Jamshidi-Kia F, Wibowo JP, Elachouri M, Masumi R, Salehifard-
Jouneghani A, Abolhassanzadeh Z, et al. Battle between plants
as antioxidants with free radicals in human body. ] Herbmed
Pharmacol. 2020;9(3):191-9. doi: 10.34172/jhp.2020.25.
Ghalamkari G, Landy N, Toghiani M, Modaresi M, Ghalamkari
Z. tfficiency of Echinacea purpurea on total antioxidant
activity in serum of broiler chicks. ] Herb Med. 2011;1(4):7-14.
Ayeni EA, Abubakar A, lbrahim G, Atinga V, Muhammad
Z. Phytochemical, nutraceutical and antioxidant studies of
the aerial parts of Daucus carota L. (Apiaceae). ] Herbmed
Pharmacol. 2018;7(2):68-73. doi: 10.15171/jhp.2018.12.
Feghhi-Najafabadi S, Safaeian L, Zolfaghari B. In vitro

42.

43.

antioxidant effects of different extracts obtained from the
leaves and seeds of Allium ampeloprasum Subsp. persicum.
] Herbmed Pharmacol. 2019;8(3):256-60. doi: 10.15171/
jhp.2019.37.

Saffari-Chaleshtori J, Shafiee SM, Ghatreh-Samani K, Jalilian
N. The study of drug resistance properties of ABCG2 (ATP-
binding cassette G2) in contact with thymoquinone, gallic
acid, and hesperetin antioxidants. ] Herbmed Pharmacol.
2019;8(2):108-13. doi: 10.15171/jhp.2019.17.

Utami S, Sachrowardi QR, Damayanti NA, Wardhana A, Syarif
I, Nafik S, et al. Antioxidants, anticollagenase and antielastase
potentials of ethanolic extract of ripe sesoot (Garcinia
picrorrhiza Miq.) fruit as antiaging. ] Herbmed Pharmacol.
2018;7(2):88-93. doi: 10.15171/jhp.2018.15.

Journal of Kerman University of Medical Sciences. 2025;32:3074 | 9


https://doi.org/10.1051/bmdcn/2018080208
https://doi.org/10.34172/jhp.2020.25
https://doi.org/10.15171/jhp.2018.12
https://doi.org/10.15171/jhp.2019.37
https://doi.org/10.15171/jhp.2019.37
https://doi.org/10.15171/jhp.2019.17
https://doi.org/10.15171/jhp.2018.15

