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The disturbance of brain biochemical substances serves as a primary cause and aggravating factor of
depression. This study aimed to investigate the principal components of Picea mariana and its effect
on reserpine-induced depression mice,w ith its relationship with brain central transmitters and
related proteins. The main constituents of P. mariana essential oil (PMEO) were analyzed by GC-MS
spectrometry. The quiescent time in the tail suspension test (TST) and forced swim test (FST), along
with the weight change of the mice was detected. The number of normal neurons was quantified
through Nissl staining. Inmunohistochemistry was employed to determine the levels of 5HT-,, and
5HT-,, in the brain. Western blotting was utilized to detect 5HT-,,, CRF and TrkB protein levels. RT-
gqPCR was used to detect the mRNA levels of 5HT-,,, 5HT-,,, TrkB, CRF, and BDNF. The main active
ingredients of PMEOs were (-) -bornyl acetate (44.95%), y-Terpinene (14.17%), and B-Pinene
(10.12%). PMEOs effectively improved the retardation and weight loss due to anorexia in
depression-like mice. This improvement was associated with an increase in the number of normal
neurons. After administering different doses of PMEOs, the levels of 5HT-,,, 5HT-,,, CRF, and TrkB
were found to be increased in brain tissue. RT-qPCR revealed that the mRNA levels of CRF, 5HT-,,, and
5HT-,, were generally upregulated, whereas TrkB and BDNF were downregulated. PMEO can
effectively alleviate depression induced by reserpine, which may be attributed to its regulation of
5HT-,,, 5HT-,,, CRF and TrkB protein expression, thus reducing brain nerve injury.
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Introduction

Major depressive disorder (MDD) is a prevalent psychological disorder that is expected to overtake most of the
other causes of disability globally. The presents are negative mood, diminished interest or pleasure, low energy or
self-worth, trouble sleeping or eating, and difficulty concentrating [1]. Today, 350 million individuals are thought
to be affected by depression (WHO, 2012). Nevertheless, the mechanism that explains the incidence of depression
and the effects of antidepressants remains unclear. Research about depression has mainly examined how
monoamine neurotransmitters interact with receptor proteins and their reuptake [2]. The majority of current
chemosynthetic antidepressants are ineffective for many patients and have a high risk of complicated adverse
effects [3]. Researching and developing antidepressants that are effective while having fewer side effects is
therefore extremely important. It is essential to take into consideration additional mechanisms of depression
development as they may offer prospective therapeutic targets for depression that are more successful and may
have fewer side effects [4].

Picea mariana (Mill.) Britton, Sterns & Poggenb. and its derivatives have been widely used in the biomedical
field with various health benefits. P mariana can isolate various bioactive compounds in the steam distillation
process, which has better effects than other products for some diseases or conditions. Numerous biological
properties of P mariana have been documented, including immunomodulatory, anti-inflammatory, and
antioxidant activities [5, 6]. On the other hand, absolutely nothing has been discovered about how P. mariana
essential oils (PMEOs) affect neuroinflammatory indicators and immune-triggered behavioral abnormalities.
Interestingly, while anti-inflammatory or antidepressant effects of PMEOs have recently been demonstrated in
mice, these observations were made in chronic stress models, and there is not any clear pharmacological proof
linking PMEOs to immune-triggered depression [7]. In this study, a reserpine-induced depressive-like mice
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model was used to examine the potential mechanism and effect of PMEOs on depressive behavior caused by
neurotransmitter disorders.

5HT in the brain has been linked to the pathophysiology and treatment of psychiatric disorders, and serotonin
acts by interacting with a protein-coupled receptor family of multiple membrane-binding receptor families [8].
The 5HT-,, and 5HT-,, receptors are the most widely distributed SHT receptor subtype expressed in neuronal
regions, including the hippocampus, cerebral cortex, and hypothalamus, and are involved in the pathogenesis of
anxiety, depression, and mood regulation [9, 10]. It has been found that downregulation of 5HT-,, and 5HT-,,
receptor expression in postsynaptic increases depressive behavior [11], while activation of these receptors by
antidepressants could decrease it. Depression is mainly associated with loss of 5SHT-,, in the synaptic cleft and
abnormal activity of corticotrophin-releasing factor (CRF) [12, 13]. Brain-derived neurotrophic factor (BDNF), is
a crucial neurotrophic factor affecting the survival, differentiation, and growth of normal neurons. Tyrosine
kinase receptor B (TrkB) is a receptor for BDNF, and TrkB signaling may be activated under conventional
antidepressant therapy [14]. In this study, immunofluorescence, Western blotting and RT-qPCR were used to
investigate the regulatory effects of these neurotransmitter indicators after PMEOs treatment.

Materials and Methods

Essential Oils and Chemicals

The dried bark of P. mariana (Mill.) Britton, Sterns & Poggenb. was purchased from the Traditional Chinese
Medicine Tong Ren Tang Group Co., Ltd. and was identified by Professor Nian Liu (Zhongkai University of
Agriculture and Engineering). P. mariana essential oil was extracted from the dried bark by steam distillation. The
specimen of the PMEOs (No. 2021-101P) was stored in the Institute of Nature Medicine and Green Chemistry
(Guangdong University of Technology).

First, the dried bark was pulverized into powder with a 0.45 mm diameter. The powder was then put in a
Clevenger-type device, and the extraction time was 4 h. Above the water layer, the essential oil was gathered and
dried with a small amount of anhydrous sodium sulfate. At last, the essential oil was kept at 4°C for later research.
The following formula was used to determine the essential oil yield:

Essential oil yield (%) = Mass of essential oil (g)/ Mass of extracted plant material powder (g)

Gas Chromatography-Mass Spectrometry Analyses (GC-MS)

The chemical composition of P. mariana was analyzed under the following conditions (Thermo Electron Corp.,
USA): The chromatographic column was DB-WAX capillary column (60 m x 0.25 mm x 0.25 um). Heating
procedure: The initial temperature was kept at 70°C for 2 min, then gradually raised to 120°C at a rate of 3°C/min,
then to 230°C at a rate of 4°C/min, and maintained at the temperature for 5 min. The linear velocity of the helium
carrier gas was 1.0 ml/min, and the temperature of the gasification chamber was 260°C. Besides the electron
bombardment ion source, the electron energy was 70 eV; The transmission line temperature was 280°C; The ion
source temperature was 230°C; The quadrupole temperature was 150°C. Besides, the retention indices (RIs) of
each compound were calculated with a homologous series of n-alkanes (Cy-C,,) standards (Fattahi et al., 2016).
The component identification of essential oils was performed by comparing mass spectra to published data with
NIST Chemistry libraries.

Animal Models

Fifty-four 5-week-old male KM mice weighing 20 (+2) g were acquired from the Guangdong Experimental
Animal Center, which was performed on a 12-h light/dark cycling in a temperature-controlled (25 + 1°C) colony
and had free access to water and food ad libitum. Before the beginning of the experiment, mice were allowed to
adapt to laboratory conditions for one week. The experimental protocols for animal ethics were approved by the
Laboratory Animal Centre of Sun Yat-Sen University (Approval Document: SCXK/20130002). To investigate the
antidepressant effects of PMEOs, depression symptoms were induced by reserpine in mice. The mice were
assigned to six groups (n = 60): (1) Control group: Not administered with reserpine, PMEOs, or fluoxetine. (2)
Negative control (Reserpine) group: Administered with reserpine for 5mg/kg of body weight to induce depression
and then did not administer with PMEOs or fluoxetine. (3) Positive control (Fluoxetine) group: Administered
with reserpine for 5 mg/kg of body weight to induce depression and then administered with fluoxetine for 20 mg/kg
ofbody weight. (4) Treatment (PMEOs) group: Administered with reserpine for 5 mg/kg of body weight to induce
depression and then administered with P. mariana extract dissolved in injected sterile normal saline for 50, 100,
and 200 mg/kg of body weight [15, 16]. The reserpine was dissolved with 0.8% glacial acetic acid. The corresponding
concentrations of PMEOs-L, PMEOs-M, and PMEOs-H groups were 50, 100, and 200 mg/kg, respectively. The
drugs were administered intraperitoneally (i.p.). The weight data of the mice were recorded before injection, and
the volume of each injection was 0.1 ml per 10 g of mice weight [15]. The groups with reserpine treatment were
administered for two weeks, followed by PMEOs or fluoxetine for five days.

Body Weight and Behavioral Tests

Reserpine Fluoxetine and P. mariana at different concentrations were administered 24 h before the test session.
Each experimental group consisted of 10 animals.

To measure the effects on the body weight among mice treated with reserpine, fluoxetine, and PMEOs, each
group of mice was weighed daily on an electronic scale before administration.

The forced swimming test (FST) was carried out utilizing the Porsolt method (1977) [17]. The mice were placed
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Fig. 1. Experimental design representation of tail suspension test (TST) (A) and forced swimming test (FST) (B).

separately in a rectangular water tank (50 x 30 cm) containing water at a depth of 40 cm for 15 min; the water
temperature remained around 23~25°C (pre-test session). Then, the animals were placed in the same
experimental conditions after 24 h for 5 min during the test phase. The total immobility time of each mouse was
measured during the test session. All of the tests were videotaped and analyzed during the experiment to record
the immobility time (in seconds) of each mouse. Mice were considered motionless when they had stopped trying
to escape and had only moved enough to maintain their heads above water.

The tail suspension test (TST) was conducted according to the approach Steru et al. mentioned (1985) [17]. The
distal end of the mouse tail was fixed about 1.5 cm in a cuboid box measuring 25 cm in length and breadth and 60
cm in height for the TST. The head of the mouse was suspended downward without allowing it to touch the
surrounding wall. A total of 360 s was recorded, and the measurement index was the immobility time (s) within
240 s after suspension, which reflected the helplessness of mice.

Acclimatize from the mouse living environment to the laboratory environment for at least one hour. The
experimental environment was kept quiet to prevent sudden loud noises from panicking the mice to demonstrate
that the depression model was effectively induced. The experimental design representation of TST and FST
models is shown in Fig. 1.

Nissl Staining

The brain slices were successively put into xylene I 20 min-xylene II 20 min-anhydrous ethanol I 5 min-
anhydrous ethanol IT 5 min with 75% alcohol and washed with tap water. After that, all the samples were immersed
in paraffin and cut into 5 um sections with a rotary microtome. They were then dried for one hour at 60°C.
Following the deparaffinization of the slices, antigen unmasking was carried out by heating the slices for 10 min in
amicrowave oven using a sodium citrate buffer (0.01 mol/l; pH 6.0). Following a 10-min immersion in 3% H,0, to
inhibit endogenous peroxidase activity, tissue slices were blocked for 30 min at room temperature using 10%
normal donkey serum. Slices were treated with antibodies for an entire night at 4°C. A fluorescent microscope was
used to examine the slides. Images were obtained with the 200x magnification.

Immunohistochemistry (IHC)

After completing the behavioral tests, mice were sedated with 10% nembutal and immediately sacrificed by
decapitation (10 per group). After being dissected, the hippocampal, cortex, and hypothalamus were preserved for
48 hina 10% neutral formalin fixative. The 5 um brain slices were fixed in paraffin after being dried in preparation
for standard THC processing. Conventionally, paraffin sections were dewaxed with water and then incubated at
room temperature for 10 min with 3% H,O,. After that, they were rinsed three times for three minutes each with
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Table 1. Primer sequence for RT-qPCR.

Sequence of primer (5’>3’)

Gene Sense Antisense
5HT-, CCAACTATCTCATCGGCTCCTT CTGACCCAGAGTCCACTTGTTG
5HT-,, TATGCTGCTGGGTTTCCTTGT GTTGAAGCGGCTATGGTGAAT
TrkB AACGGAGACTACACCCTGATGG GCAATCACCACCACGGCATA
BDNF TATTAGCGAGTGGGTCACAGCG TATTAGCGAGTGGGTCACAGCG
CRF AGCCCTTGAATTTCTTGCAGC GCAGCGGGACTTCTGTTGAG

phosphate-buffered solution (PBS). After that, sections were heated to high temperatures utilizing thermal
remediation and immersed in citrate buffer salt. Sections were blocked for 20 min at room temperature using 5%
normal serum after being cleaned again with PBS. Sections were treated for 15 min at 37°C with horseradish
peroxidase enzyme labeled Streptomyces albumen working fluid (1: 100) following an initial 15 min at 37°C
incubation with biotinylated anti-rabbit IgG antibody. The DAB (3, 3'-diaminobenzidine) peroxidase substrate
kit was used to create the immunostaining reaction, and hematoxylin was used to restain the sample. Sections
were dehydrated and then put on glass slides. Software for image analysis, a computer, and a microscope are used
for picture processing and acquisition. The hippocampus, cortical, and hypothalamus-positive cells of mice were
examined 40 x10 times under the microscope, respectively. Every mouse was subjected to two discontinuous
slices, and from each specimen, three nonoverlapping images were selected at random for statistical analysis and
counting.

Western Blot

After being taken from the animals, the depression-like samples were stored at -80°C and treated for 30 min in
RIPA buffer on an ice bath. Ten minutes at 4°C and 12,000 rpm were used to centrifuge the extracted materials. A
BCA kit was used to determine the protein level of the supernatant for protein quantification. Each sample's
equivalent protein (40 ug) was loaded onto an SDS-PAGE and then moved to a PVDF membrane. After blocking
the PVDF membranes with 5% (w/v) BSA in TBST, they were incubated for the entire night at 4°C with anti-5HT-,,,,
anti-CRE, and anti-TrkB (Beyotime Biotechnology Co., China). They were then washed with TBST and probed
with certain secondary antibodies conjugated to HRP. A fluorescence scanner detected the band signal, which the
electro-chemiluminescence (ECL) kit viewed. Software (FluorChem E, Protein Simple, USA) was used to
quantify particular bands, and data was collected, calibrated, and examined.

Real-Time PCR (RT-qPCR) Analysis

The total RNA of hippocampus samples was extracted using the Trizol reagent (n = 3 for each group). Using a
Takara PrimeScript First Strand cDNA Synthesis Kit and RNA was reverse transcribed to cDNA. Using SYBR
Green (Fermentas), real-time PCR was used to amplify the cDNA. The primer sequences utilized are listed in
Table 1, and 60°C was the annealing temperature. The SYBR Green I PCR mix kit was employed to measure the
expression of each gene. 20 pl of total volume was used for LightCycler reactions. For every quantitative PCR
experiment, three duplicates were carried out. Using the delta—delta Ct technique, the mRNA concentrations of all
target genes were adjusted to that of B-actin in each sample. The target result was a two-fold increase in mRNA in
the hippocampus compared to control mice. All test kits are used according to the manufacturer's instructions.
The primer sequence for RT-qPCR was shown in Table 1.

Statistical Analysis

One-way analysis of variance (ANOVA) was performed for all data using GraphPad Prism software 8.0.2
(GraphPad Software, USA). Tukey-Kramer multiple comparison test was performed to determine potential
significant differences between the control and experimental groups (p < 0.05 or p < 0.01). R software 4.2.3 (R
Foundation for Statistical Computing, Austria) was used for statistical power analysis and to determine sample
size with the 'pwr' package. All data are expressed as mean + SEM and the confidence interval is 95%. The data
were obtained in at least three independent experiments.

Results

GC-MS Analysis

Herein, the main volatile aromatic compounds and their main components of PMEOs were detected by GC-MS
(Table 2). Of the essential oil, 27 effective compounds made up 94.8%, comprising 35.14% monoterpenes, 0.17%
oxygenated monoterpenes, and 7.83% sesquiterpenes. The major compounds in PMEOs were (-)-Bornyl acetate
(44.95%), y-Terpinene (14.17%), B-Pinene (10.12%), D-Limonene (9.8%), and a-farnesene (7.87%).

Effect of PMEOs on Weight Recovery in Depressive-Like Mice

One of the most common signs of depression is a loss of appetite and weight [18]. Loss of appetite and
indigestion caused by the disease can lead to malnutrition and weight loss, which further worsens depression [19].
By summarizing and analyzing the data of weight obtained from the experiment, it was found that the weight of
the essential oil group of PMEOs could recover quickly after the weightloss in the modeling group (Fig. 2). Among
them, the PMEOs group had a better resistance action to the weight loss caused by reserpine, which means that
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Table 2. Retention index (RI) and relative content (%) of each chemical isolated from PMEOQs.

No Compounds’ RT" RI™ Exp.RI Ref.V Relative content (%)
1 B-Pinene 3.143 796 980 A 10.12
2 y-Terpinene 3.603 819 1059 A 14.17
3 D-Limonene 3.886 833 1028 G 9.8
4 allo-Ocimene 6.208 925 1132 E 0.12
5 Terpinolen 5.089 893 1081 H 0.93
6 B-Elemen 17.621 1193 1389 ] 0.18
7 Longifolene 17.984 1203 1414 A 0.45
8 Caryophyllene 18.451 1219 1423 C 0.31
9 B-Selinene 20.452 1285 1487 B 0.1
10 Selinene 20.72 1294 1495 B 0.12
11 Muurolene 20.928 1301 1501 A 0.86
12 y-Cadinene 21.316 1316 1511 I 1.51
13 §-Cadinene 21.63 1328 1522 B 4.09
14 a-Cadinene 21.919 1339 1538 F 0.21
15 L-Pinocarveol 6.661 936 1144 G 0.17
16 Linalool 5.313 902 1095 H 0.45
17 Fenchol 5.801 915 1097 A 0.1
18 camphenehydrate 7.028 946 1148 F 0.22
19 Borneol 7.749 964 1150 H 1.4
20 Terpinen-4-ol 8.228 976 1183 A 0.46
21 a-terpineol 8.971 995 1199 A 1.55
22 Fenchylacetate 10.469 1026 1217 ] 0.41
23 (-)-Bornyl acetate 14.168 1099 1289 D 44.95
24 Geranylacetate 17.444 1188 1363 H 0.22
25 T-Muurolol 24.577 1444 1640 I 0.98
26 t-Cadinol 24.661 1448 1639 I 0.14
27 a-Cadinol 24.9 1458 1653 F 0.78
Total identified/% 94.8
Total monoterpenes/% 35.14
Total oxygen monoterpenes/% 0.17
Total sesquiterpenes/% 7.83
Others/% 51.66

"The compounds eluted from methyl silicone capillary columns (30 m x 0.25 mm, 0.25-um film thickness) are arranged

sequentially.

"Retention time (RT).

""Retention index (RIs) of normal alkanes (C4-C,,) on the same methyl silicone capillary column.

VLiterature index. *Nellie Francezon and Tatjana Stevanovic, 2017; "Bouddah Poaty et al., 2015; “Nellie Francezon, 2018; "Sen-
Sung Cheng et al., 2008; © Alessandra Bertol et al., 2011; "Robert P. Adams et al., 2005; “M. A. Ferhat et al., 2007; "Gianna Allegron
et al., 2006; 'Mohamed Hazzit et al., 2006;'T. Dob, D. Dahmane and C. Chelghoum, 2008.

this essential oil may reverse depression-related dyspepsia and appetite loss. The fluoxetine treatment group lost
weight rapidly after 4 days and showed lower weight than the control group. This may be related to the weight

fluctuations effect after fluoxetine administration.
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Fig. 2. Effect PMEOs on Reserpine-induced mice during 6 days. Data were expressed as the mean + SEM (n = 10).
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Fig. 3. Effect of PMEOs on the immobility time in the FST (A) and the TST (B). The values are shown as mean +
SEM (n = 10). The significance of differences from the Reserpine group is at *p < 0.05 and **p <0.01.

Effect of PMEOs on Reducing the Immobility Time of FST and TST

The models of FST and TST are frequently used to evaluate the efficacy of antidepressants. These tests were
designed to mimic the symptoms of depression in humans by inescapable stressors in mice, and depressive-like
mice had a low desire to run away and a long period of inactivity [20, 21]. Under the condition of excluding the
interference of external noise or environmental factors, the mice in the reserpine group showed the phenomenon
of delayed movement, indicating that the depression model was effectively induced by reserpine. In the FST
(Fig. 3A), PMEOs or fluoxetine significantly reduced immobility time relative to the reserpine-treated group (p <
0.01) based on the ANOVA. The FST immobility time of PMEOs-L was comparable to that of the control mice.
Comparable outcomes might be seen in the TST that PMEOs, especially the PMEOs-H group, significantly
decreased the immobility time compared to the reserpine-treated mice (p < 0.01) (Fig. 3B). All of these findings
pointed to the effectiveness of PMEOs in reducing depressive-like behavior.

Effects of PMEOs Increased the Normal Neurons

Normal neuronal numbers are essential indicators of depression. Depression can lead to the degeneration of
hippocampal neuronal dendrites and a loss of neuronal numbers due to the neurotoxic effects of glucocorticoids
[22, 23]. Nissl staining was used to identify surviving neurons and clarify whether PMEOs can reduce neuronal
cell death. The Reserpine-treated group presented a marked reduction in the number of neurons, disordered cell
arrangements, and shrunken cell bodies in the hypothalamus (Fig. 4A). Compared with the Reserpine group, the
PMEOs-treated groups exhibited well-formed, neatly arranged neurons. Neurons in the hippocampal region were
higher in the control group than in the reserpine group (p < 0.05), but there was no significant difference in
neurons in the other two regions. The fluoxetine group showed higher neuron counts in all three regions
compared to the reserpine group (p < 0.05). After PMEOs-L and PMEOs-M treatments, hypothalamic neuron
numbers were notably higher than in the control and reserpine groups (p < 0.05). The total of cortical neurons in
the PMEOs-M treatment group was significantly higher than that in the reserpine treatment group (p < 0.05),
while PMEOs-H showed significant therapeutic effects on hippocampus neurons (p < 0.05) (Fig. 4B). To sum up,
these results suggested that PMEOs could effectively improve neuronal damage.

IHC Analysis of 5SHT-,, and 5HT-,,

With lower levels of these receptors in the mouse brain tissue in the reserpine group compared to the control
group, the results showed that reserpine-induced depression was linked to disruption in 5HT-,, and 5HT-,,
systems. In contrast to the reserpine group, the content of 5HT-,, and 5HT-,, receptors in PMEOs-treated brain
tissue was increased, and the cell morphology was excellent and complete (Fig. 5A and 5C).

The number of 5HT-,, receptors was higher in the control and fluoxetine groups compared to the reserpine
group, with the control group showing more receptors in the hippocampus and hypothalamus and the fluoxetine
group showing more in the cortex. (p < 0.01). In terms of the therapeutic effect of PMEOs, the cortical 5SHT-,
receptor expression was significantly increased following medium-high dose treatment (p < 0.05). Notably, the
medium dose of PMEOs restored the number of receptors in the hippocampus to a higher level than in the control
group and fluoxetine group, and the same effect was observed in the cortical layer of the high dose of PMEOs (p <
0.01) (Fig. 5B).

The number of 5HT-,, in the cortex and hypothalamus was higher in the control and fluoxetine groups
compared to the reserpine group, with fluoxetine exhibiting a more pronounced effect. (p < 0.01). Interestingly, a
similar effect was observed in the PMEOs treatment group. Low doses restored 5-HT,, receptors in the cortex,
while high doses targeted the hypothalamus. (p < 0.05). Moderate doses of PMEOs exerted notable impacts on
both the cortical and hypothalamic regions. (p < 0.05) (Fig. 5D).

In summary, PMEOs increase the content of 5SHT-,, and 5HT-,, in brain tissue, which can regulate the balance
of nerve receptors in the brain, reduce the overactivation state of the central nervous system, and alleviate
depressive symptoms.

J. Microbiol. Biotechnol.
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Fig. 4. (A) Nissl staining intact cell morphology and effect of PMEOs on Nissl body numbers in
hippocampus, cortex and hypothalamus. (B) Nissl-stained neuron cells in the hippocampus, cortex and
hypothalamus. Quantification of Nissl bodies in the hippocampus, cortex, and hypothalamus using an image analyzer. IOD
integrated optical density. The values are shown as mean + SEM (n = 10). The significance of differences from the Reserpine
group is at *p < 0.05 and **p <0.01. (Original magnification x 400, scale bar = 50 ym)

Western Blotting and Relative Densities of 5HT-,,, CRF and TrkB

To assess the antidepressant potential of PMEOs in a reserpine-induced depression model, western blotting was
performed to measure the levels of 5HT ,,, CRF, and TrkB protein expression in whole brain tissue homogenates.
Results As shown in Fig. 6A & 6B below, the expression of 5HT-,, and CRF in the reserpine treatment group
decreased, while the expression of TrkB increased. Compared with the reserpine treatment group, both the
PMEOs and fluoxetine treatment group upregulated the expression of 5HT-,,. The level of CRF was increased,
and the level of TrkB was down-regulated in all groups of PMEOs (p < 0.05). Moreover, the TrkB levels decreased
as the dose of PMEOs was reduced, while 5SHT-,, expression increased. This suggests a better antidepressant effect
with lower doses of PMEOs. The results imply that the antidepressant and immunomodulatory effect of PMEOs
may be achieved by affecting the 5HT-,,, CRF and TrkB protein pathways.

RT-qPCR Detected the Relative mRNA Level of 5HT-,,, 5HT-,,, BDNF, CRF and TrkB

To comprehensively evaluate the regulatory mechanism of PMEOs on depression-related neurotransmitters,
RT-qPCR was performed to examine the mRNA levels of 5SHT-,,, 5HT-,,, TrkB, BDNF, and CRF in whole brain
tissue homogenates. Compared with the reserpine group, mRNA relative expression levels of CRF and 5HT-,, in
PMEOs-H and PMEOs-M brain tissues were increased (p < 0.01), while BDNF decreased (p < 0.05) (Fig. 7). The
relative mRNA expression levels of BDNF and TrkB in PMEOs-L were significantly decreased (p < 0.01). The
relative mRNA expression of 5HT-,, in PMEOs-M, PMEOs-H and fluoxetine groups showed a significant upward
trend compared with that of reserpine (p < 0.01).

Discussion

Current research believes that the nervous system regulates the immune system through neurotransmitters,
and depression is a common disease of nervous system immune disorder [24, 25]. Compared to synthetic or semi-
synthetic drugs, natural extracts treat depression with fewer side effects and are widely popular. The effective
components of P. mariana have been isolated and identified [26, 27]. However, the research on the relationship
between P. mariana and the central nervous system is still insufficient, especially the mechanism for treating
depressive behavior needs to be further explored. Reserpine-induced acute depression is one of the commonly
used methods to construct depression models. It can cause a series of depressive physiological changes in
bradykinesia and hypothermia through consuming monoamine neurotransmitters, such as serotonin (5-HT),
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Fig. 5. (A-B) Effects of PMEOs on the 5HT- , expression in the Cortex Hippocampus and Hypothalamus
region in Reserpine-induced mice. (C-D) Effects of PMEOs on the 5HT-,, expression in the Cortex
Hippocampus and Hypothalamus region in Reserpine-induced mice. The values are shown as mean + SEM (n =
10). The significance of differences from Reserpine group is at *p < 0.05 and **p <0.01.

dopamine (DA) and noradrenaline (NA) [28]. Fluoxetine is one of the most commonly used medications for
depression. In this study, reserpine was used to induce depression in mice, and fluoxetine was used as a positive
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Fig. 6. Effect of administration of PMEOs on the expression of 5HT-,,, CRF and TrkB in the brain of
Reserpine-induced mice. (A) Western blotting and (B) Relative densities of 5SHT-,,, CRF and TrkB. The values are shown
as mean = SEM (n = 10). The significance of differences from Reserpine group is at *p < 0.05 and **p <0.01.

drug. Different doses of PMEOs (50,100 and 200mg/kg) were set up to compare their antidepressant effects. The
primary aim of this study was to examine the mechanism of PMEOs' effects on depressive behavior in mice, along
with investigating the correlation between PMEOs and the expression of relevant neurotransmitters and proteins
in brain tissue.

The water extract of P mariana was found to be rich in polyphenol compounds. Resveratrol and
proanthocyanidins have been reported in water-extracted P. mariana [26, 29]. However, the main components of
PMEOs were identified by GC-MS, which included (-) -bornyl acetate (44.95%), y-Terpinene (14.17%), and f-
Pinene (10.12%). As the main component, 3-pinene may have a significant improvement in depressive symptoms.
The B-pinene and y-Terpinene are both monoterpene compounds, which can affect mood by directly acting on
the central nervous system and olfactory nerves [30]. Notably, pinene has a low molecular weight and high
lipophilicity, which can affect neurotransmitters across the blood-brain barrier. The -Pinene is used to treat
depression and anxiety by targeting 5-HT, , and beta-adrenergic receptor subtypes [31]. The bornyl acetate was
reported to have been found in valerian extract as a stimulant for 5-HT receptors [32]. Together, these primary
components promote the balance of neurotransmitters in the brain and maintain a normal emotional state.

Weight loss and slow movement are momentous symptoms of depression. Herein, weight change test, TST, and
FST tests were used to evaluate depressive behavior and the effectiveness of reserpine modeling in mice. The mice
treated with reserpine showed significant negative behavior, suggesting the effectiveness of the reserpine-induced
depression model. After fluoxetine treatment, mice weights remained below that of the control group, whereas
PMEOs treatment led to weight gains surpassing the control group. Low-dose PMEOs outperformed fluoxetine in
FST, and the therapeutic effect of PMEOs in TST intensified with higher concentrations. These indicated that
PMEO:s can effectively improve the low struggle desire and anorexia caused by depression in mice.

Nissl body is a kind of basophilic substance in the cytoplasm of neurons, which exists widely in various neurons.
When neurons are affected by injury or disease, the number, distribution, and morphology of the nissl body
change. High doses of PMEOs exerted therapeutic effects on hippocampus neurons, medium doses on the cortex
and hypothalamus, and low doses primarily on the hypothalamus. PMEOs can reverse the decline in the number
of normal neurons in the brain of mice, reducing neuronal atrophy or death.

The hypothalamic-pituitary-adrenal axis (HPA) is an integral part of the neuroendocrine system, involved in
controlling the response to stress and regulating many physical activities, such as the immune system, mood, and
energy storage and expenditure. Serotonin (5-HT) is a monoamine neurotransmitter in the brain. When
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Fig. 7. The relative mRNA level of 5HT-, ,, TrkB, BDNF, CRF, and 5HT-,, by RT-qPCR. The values are shown as
mean + SEM (n = 10). The significance of differences from Reserpine group is at *p < 0.05 and **p < 0.01.
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serotonin levels in the brain dip below average, it can lead to depression. IHC tests showed that moderate and high
doses of PMEOs activated cortical 5SHT-,, receptors on par with fluoxetine, and medium doses even surpassed
fluoxetine in activating the receptors in the hippocampus. Fluoxetine upregulated 5HT-,, receptors significantly
in the cortex and hypothalamus, and PMEOs also mainly enhanced the receptor expression in these regions. The
protective mechanism of PMEOs on the nervous system may be related to the regulation of the levels of 5HT- |,
and 5HT-,, in different sites by different doses. It is speculated that PMEOSs can activate the 5-HT receptor in the
brain, thus producing an inhibitory effect on the secretion of ACTH. Maintaining HPA axis balance prevents
depressive symptoms stemming from its hyperfunction.

In the HPA axis, the hypothalamic paraventricular nucleus (PVN) releases CRF and stimulates the anterior
pituitary to release adrenocorticotropic hormone (ACTH). In turn, this stimulates the adrenal gland to release
glucocorticoids (e.g., cortisol), generating negative feedback that impacts the cortex, hippocampus, and
hypothalamus. Elevated cortisol levels lead to BDNF expression being suppressed, which results in neuronal
death and depression [33]. Upon binding to BDNE TrkB, its crucial receptor, triggers signaling pathways that
boost neuronal synaptic plasticity, supporting enhanced neuronal function. Elevating BDNF expression or
activating TrkB receptors can promote neuronal growth and survival, ultimately easing symptoms for depression
patients. In this study, western blotting was used to evaluate the effects of PMEOs on critical proteins such as 5HT,
CRE and TrkB. Western blotting results showed that the decreased expression of 5HT-,, and CRF in the reserpine
treatment group was associated with depletion of monoamine neurotransmitters or imbalance of their secretion.
The expression of 5HT-,, can be upregulated in the PMEOs treatment group, and PMEOs may play an
antidepressant role by increasing the 5-HT level or enhancing signal conduction from 5-HT. In addition, CRF
expression was elevated in the PMEOs treatment group, which may be related to the regulatory effect of PMEOs
on the HPA axis to enhance the adaptability of the body to stress response. The RT-qPCR revealed an overall
increase in CRE 5HT-,,, and 5HT-,, expression after PMEOs treatment, notably a significant rise in 5HT-,,
receptor levels with medium and high doses.

In the current study, it has been confirmed that increases in BDNF and TrkB have a positive effect on alleviating
neurotransmitter imbalances caused by excess acetylcholine [14]. However, it is important to note that an
abnormally active state of acetylcholinergic neurons in the brain may be also related to the pathogenesis of
depression [34]. In recent years, anti-muscarinic drugs such as atropine and scopolamine have also been included
in the research scope of depression treatment strategies [35-37]. In this paper, PMEOs treatment further reduced
the expression of BDNF and its receptor TrkB in reserpin-induced depressed animals compared to the control
group. In the physiological state, the expression of various enzymes and receptors in the body is maintained in a
dynamic equilibrium state. In view of this, excess acetylcholine may upset this equilibrium state, and PMEOs may
restore this equilibrium by reducing the expression of BDNF and TrkB.

In summary, as an effective natural antidepressant, P. mariana combats depression by regulating the balance of
central neurotransmitters and proteins in the brain that have specific neurological functions. However, this study
only discussed the therapeutic effects of different doses of PMEOs on depressive-like mice, and the degree of dose-
dependent effects and the interaction between various neurotransmitters still need to be further studied.
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