
����������
�������

Citation: Zhang, Y.; Huang, J.; Xiong,

Y.; Zhang, X.; Lin, Y.; Liu, Z. Jasmine

Tea Attenuates Chronic

Unpredictable Mild Stress-Induced

Depressive-like Behavior in Rats via

the Gut-Brain Axis. Nutrients 2022,

14, 99. https://doi.org/10.3390/

nu14010099

Academic Editor:

Panteleimon Giannakopoulos

Received: 29 November 2021

Accepted: 23 December 2021

Published: 27 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Jasmine Tea Attenuates Chronic Unpredictable Mild
Stress-Induced Depressive-like Behavior in Rats via the
Gut-Brain Axis
Yangbo Zhang 1 , Jianan Huang 1,2,3, Yifan Xiong 1, Xiangna Zhang 1 , Yong Lin 1,2 and Zhonghua Liu 1,2,3,*

1 Key Laboratory of Tea Science of Ministry of Education, Hunan Agricultural University, Changsha 410128,
China; zhangyblucky@163.com (Y.Z.); jianan-huang@hotmail.com (J.H.); xyf951118@163.com (Y.X.);
xynzzxn529@163.com (X.Z.); Yong-lin@hunau.edu.cn (Y.L.)

2 National Research Center of Engineering and Technology for Utilization of Botanical Functional Ingredients,
Hunan Agricultural University, Changsha 410128, China

3 Co-Innovation Center of Education Ministry for Utilization of Botanical Functional Ingredients,
Hunan Agricultural University, Changsha 410128, China

* Correspondence: zhonghua-liu@hunau.edu.cn; Tel.: +86-0731-84635304

Abstract: The number of depressed people has increased worldwide. Dysfunction of the gut mi-
crobiota has been closely related to depression. The mechanism by which jasmine tea ameliorates
depression via the brain-gut-microbiome (BGM) axis remains unclear. Here, the effects of jasmine tea
on rats with depressive-like symptoms via the gut microbiome were investigated. We first established
a chronic unpredictable mild stress (CUMS) rat model to induce depressive symptoms and measured
the changes in depression-related indicators. Simultaneously, the changes in gut microbiota were
investigated by 16S rRNA sequencing. Jasmine tea treatment improved depressive-like behaviors and
neurotransmitters in CUMS rats. Jasmine tea increased the gut microbiota diversity and richness of
depressed rats induced by CUMS. Spearman’s analysis showed correlations between the differential
microbiota (Patescibacteria, Firmicutes, Bacteroidetes, Spirochaetes, Elusimicrobia, and Proteobacteria) and
depressive-related indicators (BDNF, GLP-1, and 5-HT in the hippocampus and cerebral cortex).
Combined with the correlation analysis of gut microbiota, the result indicated that jasmine tea could
attenuate depression in rats via the brain- gut-microbiome axis.

Keywords: jasmine tea; CUMS; depression-like behaviors; neurotransmitters; gut microbiota

1. Introduction

Depression is a chronic disease threatening human health that is characterized by
persistent low mood, slow thinking, cognitive impairment, dysphoria, loss of interest,
and several other symptoms, ranging from psychomotor to cognitive impairments [1].
Depression is a highly prevalent mental illness worldwide, and people suffer from mild or
severe depression [2]. The occurrence of depression is closely associated with neurotrans-
mitter modulation. The dysfunction or damage of the neurotransmission system in the
brain, especially involving 5-HT and BDNF, is intensively related to the neurobiological
mechanisms of depression [3,4]. GLP-1 has an antioxidant and anti-inflammatory neuronal
effect, which can increase striatal dopamine and catalepsy scores in a dose-dependent
manner [5]. The increase in 5-HT, BDNF, and GLP-1 in depressive-like patients may help
ameliorate depression.

The microbiome plays an important role in depression [6,7]. Fecal microbiota trans-
plantation from depressed patients to a rat whose microbiota is depleted could induce
depression symptoms in the recipient animal, including anhedonia and anxiety-like behav-
ior [8–10]. There is a bidirectional interaction between the microbiota and the brain [11,12].
It has been indicated that the onset of depressive disorder involves many aspects, mainly
including the immune system, neurotransmitter, and hormonal system, and the activation
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of the brain-gut-microbiota mechanism [13,14]. Brain ischemia rapidly causes intestinal is-
chemia and increases excessive nitrate via free radical reactions, resulting in an imbalance of
intestinal flora with the increase of Enterobacteriaceae, and the expansion of Enterobacteriaceae
could enhance the systemic inflammation and exacerbate brain infarction [15].

The gut microbiota contains trillions of microorganisms, with more than 100 bacte-
rial species, which can be mainly divided into six phyla: Firmicutes (such as Clostridium,
Enterococcus, Lactobacillus, and Ruminococcus, which take up 60%), Bacteroidetes (such as
Bacteroides and Prevotella, 15%), Proteobacteria, Actinobacteria, Verrucomicrobia, and Fusobacte-
ria [16]. Depression is correlated with a decrease in the richness and diversity of the gut
microbiota. It can be found that the compositions of gut microbiota in healthy people were
significantly different from those of MDD patients according to the changes in the relative
abundance of Firmicutes, Actinobacteria, and Bacteroidetes [12]. Traditional Chinese medicine
(TCM) treatment could relieve psychiatric disorders by reducing the relative abundance of
Firmicutes and Ruminococcus; increasing the abundance of Bacteroidetes and Roseburia [17].

The floral scent of jasmine tea was enhanced owing to tea adsorption of the volatiles
released from Jasminum sambac flowers [18]. Jasmine tea is widely loved because of its aroma
and physiological activity. The odor in jasmine tea could activate the parasympathetic
nerve [19]. The root extract of Jasminum sambac has anti-inflammatory, analgesic, and
antipyretic activities [20]. Addae et al. [21] found that the extract of jasmine leaf has a
beneficial effect on an animal model of acute partial complex epilepsy, and has a positive
anxiolytic effect at a dose that does not influent motor coordination.

It has been reported that jasmine tea could ameliorate the symptoms of depression.
However, this mechanism is not yet clear. The brain-gut-microbiome axis plays a crucial
role in the occurrence and treatment of depression. Therefore, we evaluated the effect
of jasmine tea on CUMS-induced depression using behavioral tests and investigated the
mechanism by analyzing the neurotransmitters and gut microorganisms in the present
study. Compared with the published studies, two aspects of novel ideas were presented in
the present study: (1) we evaluated the effect of jasmine tea on CUMS-induced depressive-
like rats, not only focusing on the changes in behavioral tests but also aiming to explore the
mechanism of attenuating-depression via the brain-gut-microbiome axis; (2) the present
study reported the function of jasmine tea on the gut microbiota diversity and richness of
depressed rats induced by CUMS.

2. Materials and Methods
2.1. Animals

Studies were performed on male Sprague Dawley rats purchased from Silaikejingda Exper-
imental Animal Co., Ltd. (Changsha, China) (No. 43004700063334, (SCXK) 2016-002) at 4 weeks
of age and housed in a specific pathogen-free unit under standard conditions (25 ± 1 ◦C;
55 ± 10% humidity; 12 h light/dark cycle) at Hunan Agricultural University. Rats were
allowed to acclimatize for a minimum of 1 week before any experiments commenced. All
experiments were conducted based on the Institutional Review Board and the Animal Care
Committee ethical guidelines at Hunan Agricultural University (Changsha, China).

2.2. Induction of Depressive Rat Model

The procedure of CUMS was carried out according to Jing et al. [22] with slight
modification. In short, a variety of mild stressors was contained in the CUMS processes:
fasting and water deprivation for 20 h; water deprivation for 24 h; tilting squirrel cage 45◦

for 24 h; continuous light for 24 h; wet cage: 100 glitter + 200 mL water for 24 h; swimming
at 4 °C for 5 min; horizontal shaking 5 min; behavior restriction for 2 h; tightness of a
tail for 1 min. There were 9 stimuli in total, and one randomly or orderly was selected
every day within 4 weeks. The procedural sequence was presented as follows (Figure 1):
(1) stress procedure was performed during day 1 to day 28, (2) sugar preference test (SPT)
was performed on day 29, (3) open-field test (OFT) was performed on day 30, and (3) forced
swimming test (FST) was performed on day 31. In the behavioral tests, we transferred the
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rats to the laboratory room for adaptation at least 1 h for before the test. After the test, rats
were sent back to their home cage. The rats in the control group were placed in a separate
room to avoid contact with the stressed rats.

Figure 1. The schematic diagram of the experiment. CUMS Rats were treated with jasmine tea/green
tea/water/fluoxetine during the 4 weeks. After 4 weeks of treatment, fresh feces were collected, and
then a battery of behavioral tests relevant to depression was undergone. The rats were sacrificed on
day 32. Tissues were collected to analysis in further. CUMS, chronic unpredictable mild stress; SPT,
sugar preference test; OFT, open field test; FST, forced swim test.

2.3. Experimental Design

After the acclimatization period, rats were randomly divided into 7 groups (n = 9).
The doses of each group were presented as follows: Cons were given water (10 mL/kg)
and served as the control group. Mods received the CUMS intervention for 4 weeks and
were treated with water (10 mL/kg). Fluo received the CUMS intervention for 4 weeks and
was treated with fluoxetine (1.82 mg/kg) (10 mL/kg). GM received the CUMS intervention
for 4 weeks and was treated with green tea (64.8 mg/kg) (10 mL/kg). OL, OM, and OH
received the CUMS intervention for 4 weeks and were treated combined with jasmine tea
(10 mL/kg) at 21.6 mg/kg, 64.8 mg/kg, and 194.4 mg/kg, respectively. The soup was
prepared each day with drinking water. Our jasmine tea was made with jasmine oil and
green tea. The gavage dose of rats was determined according to the body weight of each rat.

Feces of rats in each group at day 29 were collected and put into the liquid nitrogen
immediately after collection, then stored at −80 ◦C until further analysis.

2.4. Behavioral Test

The SPT, OFT, and FST were used to evaluate depressive-related behaviors. All
behavioral experiments were tested by trained observers who are blinded to the treatments.

2.4.1. SPT (Sugar Preference Test)

The consumption of sugar water reflects the degree of the animal’s response to the
reward, and the consumption of sucrose water by the rats was used to simulate the human
sense of interest. The SPT was performed as described by Mou et al. [23]. The sugar
preferences were measured before grouping. First, rats were given 1% sucrose solution for
48 h. Then, rats were deprived of water for 24 h and then faced with two identical bottles
(one bottle falling with 1% sucrose solution and the other with water) for 1 h. Then, the
amount of liquid was recorded, and the consumption of sugar water was calculated. The
sugar water consumption experiment was carried out again after 24 h of water shortages
during the modeling process (day 7, day 14, day 21, and day 29).

Preference for sugar water (%) = consumption of sucrose water/(total amount of
sucrose water + distilled water) × 100%.

2.4.2. OFT (Open Field Test)

The OFT has been used to identify the mobility of animals. The OFT was per-
formed as described by Mou et al. [23]. Rats were placed individually in a cardboard box
(120 × 120 × 80 cm3), consisting of 16 squares (30 × 30 cm2) at the bottom. Briefly, the rat
was separately put into the cardboard box. Placed the rat in the center of the box, and
recorded the numbers of crossings (across the sector with all four paws) and standings (rais-
ing the forepaws) of each rat within 5 min after a 1 min habituation period. The cardboard
box was cleaned between trials with a 95% ethanol solution.
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2.4.3. FST (Forced Swimming Test)

The FST has been used to identify depressive-like behavior in animals. The FST
was performed as described by Jing et al. [22]. Briefly, the rat was separately put into
a cylindrical glass container (80 cm height, 40 cm diameter) containing 60 cm of water
(24 ± 0.5 ◦C). Care was taken not to put the nose of the rat below the water level. The rat
was forced to swim for 5 min after a 1 min habituation period, and the immobility time
(which was defined as no escape behavior, i.e., when they ceased struggling and remained
floating motionless, only making those movements necessary to keep the head or nose
above water.) was recorded during these 5 mins. After the test, the rat was removed from
the water, immediately dried with towels, and returned to the cage.

2.5. Tissue Collection

After the end of all behavioral tests, rats were anesthetized with pentobarbital sodium
and sacrificed after 12 h of fasting. The brain, colon, and serum samples were collected.
A 4% paraformaldehyde solution was used to fix the colon for HE analysis. The hip-
pocampus and cerebral cortex stripped out of the brain were put into the liquid nitrogen
immediately after collection, then stored at −80 ◦C until further analysis.

2.6. Biochemical Analysis

The contents of BDNF, 5-HT, GLP-1 in the hippocampus and cerebral cortex were
measured using rat BDNF, 5-HT, GLP-1 ELISA kits (Cusabio, Wuhan, China).

2.7. Histological Analysis and Morphometry

Histology analysis was carried out based on Liu’s method [24]. In brief, 4%
paraformaldehyde-fixed colons were paraffin-embedded, sectioned at 3–6 µm, and stained
with hematoxylin for histological analysis. Images were taken using a camera-equipped
light microscope.

2.8. Intestinal Microbial Diversity Analysis

Analysis of gut microbiota was carried out according to Qian and Zhang et al. [25,26].
After stress stimulation, fresh feces of the rats were collected and frozen quickly in liquid
nitrogen, and stored in a refrigerator at −80 ◦C for DNA extraction. In brief, microbial com-
munity genomic DNA was extracted from feces using the E.Z.N.A.® soil DNA Kit (Omega
Bio-Tek, Norcross, GA, USA). The concentration and purity of DNA were determined with a
NanoDrop 2000 UV–vis spectrophotometer (Thermo Scientific, Wilmington, USA). The V3-
V4 hypervariable region of the bacterial 16S rRNA gene was amplified with primers 338F
(5′-ACTCCTACGGGAGGCAGCAG-3′) and 806R (5′-GGACTACHVGGGTWTCTAAT-3′)
by an ABI GeneAmp® 9700 PCR thermocycler (ABI, CA, USA). The PCR amplification
was performed as follows: 3 min of denaturation at 95 ◦C, 27 cycles of 30 s at 95 ◦C, 30 s
for annealing at 55 ◦C, and 45 s for elongation at 72 ◦C, and a final extension at 72 ◦C
for 10 min, and a final extension at 4 ◦C. The PCR reactions were performed in triplicate
20 µL containing 4 µL 5 × TransStart FastPfu buffer, 2 µL 2.5 mM dNTPs, 0.8 µL forward
primer (5 µM), 0.8 µL reverse primer (5 µM), 0.4 µL TransStart FastPfu DNA Polymerase,
template DNA 10 ng, and ddH2O. The PCR product was extracted from a 2% agarose gel
and purified using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City,
CA, USA) and quantified using a Quantus™ Fluorometer (Promega, Madison, WI, USA).

2.8.1. Illumina MiSeq Sequencing

Purified amplicons were pooled in equimolar amounts and paired-end sequenced
(2 × 300) on an Illumina MiSeq platform (Illumina, San Diego, CA, USA) according to the
standard protocols by Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China). The
raw reads were deposited into the NCBI Sequence Read Archive (SRA) database.
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2.8.2. Processing of Sequencing Data

The raw FASTQ files were demultiplexed using the Trimmomatic and FLASH based on
their unique barcodes. Truncate the 300 bp reads at more than three sequential sites, the aver-
age quality score < 20 was accepted. Reads shorter than 50 bp containing barcode/primer er-
rors or ambiguous base calls were discarded. Operational taxonomic units (OTUs) with 97%
similarity cutoff were clustered using UPARSE (version 7.1, http://drive5.com/uparse/,
5 May 2020). In addition, the diversity and richness index, including Sobs, Ace, Shannon,
and coverage indexes, were calculated to estimate the microbial diversity within an individ-
ual sample. Next, partial least squares discrimination analysis (PLS-DA) and hierarchical
cluster analysis were performed by the Bray−Curtis distance matrix and average method
by QIIME (version 1.7.0) and R software (version 2.15.3). The key bacterial taxa responsible
for discrimination among the seven groups were identified with linear discriminant anal-
ysis effect size (LEfSe) analysis by calculating the effect of the abundance of each genus
(LDA > 2.0 and p-value < 0.05).

2.9. Data Analysis

All data are shown as the mean ± standard error of the mean (SEM). Analyzed the
data by ANOVA followed by Bonferroni’s test, and presented the graphics using GraphPad
Prism software (8.0.2) to determine the significant difference between each group. A value
of p < 0.05 was indicated significant.

3. Results
3.1. Jasmine Tea Reduced CUMS-Induced Depression and Ameliorated Depression-Like Behavior

Less body-gain and food-intake were observed in rats induced by CUMS than in
rats without any treatment. Those depressive-like rats gained weight and food intake
after jasmine tea intervention when compared with Mod (Figure 2A,B). The sugar water
preference of rats in Mod was significantly decreased when compared with Con, which
was significantly increased after treatment with jasmine tea (Figure 2C). The immobility
time is a signal that rats had depressive-like symptoms in the FST. The results showed that
rats in the Mod group had a significantly longer immobility time than those in the Con
group (Figure 2D). Rats in CUMS could shorten the immobility time in the FST after being
given different doses of jasmine tea soup (Figure 2D). The immobility time of CUMS rats in
the FST was shortened after gavage with low doses of jasmine tea soups compared with
middle and high doses. The behavioral activities and the ability to explore unknown things
of depressive-like rats declined in the OFT after treatment with CUMS (Figure 2E). Jasmine
tea consumption could decrease depressive symptoms in the OFT.

3.2. Jasmine Tea Increased Neurotransmitters in CUMS-Induced Depression

BDNF plays an important role in maintaining cell survival, synaptic plasticity, and
neurotransmitter transmission, and an increase in BDNF improves brain cell viability
and neurogenesis [27]. The levels of BDNF in the hippocampus in the Mod group were
significantly decreased compared with those in the Con group and were significantly
increased after jasmine tea intervention. The contents of BDNF in the OL group were the
highest compared with those in the OM and OH groups (Figure 3A). GLP-1 effects extend
beyond hypoglycemia because of its antioxidant and anti-inflammatory properties [5].
The dysfunction or impairment of 5-HT neurotransmission is intensively implicated in
the neurobiological mechanisms of depression [3]. The levels of GLP-1 and 5-HT in the
hippocampus and cerebral cortex of CUMS rats were significantly decreased compared
with those without any external stimulus (Figure 3C–F). However, the levels of GLP-1 and
5-HT in depressed rats induced by CUMS were significantly increased after administration
of jasmine tea soup compared with Mod, especially with the low dose of jasmine tea soup
(Figure 3C–F). Together, these results suggested that jasmine tea soup, especially at low
doses, could effectively ameliorate the symptoms of depression induced by CUMS via an
increase in BDNF, GLP-1, and 5-HT.

http://drive5.com/uparse/
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Figure 2. Jasmine tea ameliorated the depressive behavior induced by CUMS. (A). Body weight; (B).
food intake; (C). sugar water preference; (D). immobility time in FST; (E). number in the OFT. Con,
control group; Mod, CUMS group; Fluo, CUMS rats treated with fluoxetine; GM, CUMS rats treated
with green tea dhool at a middle dose; OL, CUMS rats treated with jasmine tea at a low dose; OM,
CUMS rats treated with jasmine tea at a middle dose; OH, CUMS rats treated at a jasmine tea with
high dose. (* p < 0.05 vs. Mod, ** p < 0.01 vs. Mod, *** p < 0.001 vs. Mod).

Figure 3. Jasmine tea ameliorated neurotransmitters in the hippocampus and cerebral cortex in
depressive rats. (A). Concentration of BDNF in the hippocampus; (B). concentration of BDNF in
the cerebral cortex; (C). concentration of GLP-1 in the hippocampus; (D). concentration of GLP-1 in
the cerebral cortex; (E). concentration of 5-HT in the hippocampus; (F). concentration of 5-HT in the
cerebral cortex. Con, control group; Mod, CUMS group; Fluo, CUMS rats treated with fluoxetine;
GM, CUMS rats treated with green tea dhool at a middle dose; OL, CUMS rats treated with jasmine
tea at a low dose; OM, CUMS rats treated with jasmine tea at a middle dose; OH, CUMS rats treated
with jasmine tea at a high dose. (* p < 0.05 vs. Mod, ** p < 0.01 vs. Mod).
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3.3. Jasmine Tea Restored the Structure of Colon in CUMS-Induced Depression

The results of H&E staining examination in colon tissues are shown in Figure 4A–G.
Compared with Con, Mod had a small amount of inflammatory cell infiltration in the colon
tissues, and fewer goblet cells with scattered distribution, and shallow crypts. However,
there were no obvious pathological changes in the structure of the colon among the Fluo,
OL, and OM groups. The serosal, muscular, submucosa, mucosa layers, crypts, goblet cells,
and large intestine glands were clearly visible in Fluo, OL, and OM groups. These results
indicated that jasmine tea soup could ameliorate the dysfunction of colon tissue caused by
CUMS and maintain the health of intestinal tissue.

Figure 4. The result of colon HE staining. (A). Con, control group; (B). Mod, CUMS group; (C). Fluo,
CUMS rats treated with fluoxetine; (D). GM, CUMS rats treated with green tea dhool at a middle
dose; (E). OL, CUMS rats treated with jasmine tea at a low dose; (F). OM, CUMS rats treated with
jasmine tea at a middle dose; (G). OH, CUMS rats treated with jasmine tea at a high dose.

3.4. Jasmine Tea Ameliorated the Gut Microbiota Communities in Rats with CUMS-Induced Depression

The gut microbiota plays an important role in the occurrence of depression and
depression-associated diseases, which has been determined by using GF animals and
microbiota transplants [28]. Recent evidence suggests that ameliorating the symptoms
of depression by jasmine tea is associated with neurotransmitters. However, few studies
have explored the mechanism by which jasmine tea ameliorates depression based on gut
microbiota. To determine the function of the gut microbiota in mediating the beneficial
effects of jasmine tea on CUMS-induced depression, rats were received CUMS for four
consecutive weeks, resulting in symptoms of depression. At the same time, CUMS-induced
rats were treated with different doses of jasmine tea soup. Subsequently, the effects of
different doses of jasmine tea soup in CUMS and those rats without any external stimulus
were compared.

The communities of gut microbiota showed that the diversity and richness of the
microbial community were significantly reduced after external stimulus compared with
the control group. The Shannon index results suggested that the diversity of microbial
communities induced by CUMS was decreased, and the Sobs and Ace indexes showed
that the richness of communities induced by CUMS was significantly lower than those of
healthy rats (Figure 5). The diversity and richness of microbial communities changed by
CUMS were significantly restored after the administration of jasmine tea.

To further explore the regulatory effect of the composition of the gut microbiota in
jasmine tea alleviating CUMS-induced depression, different doses of jasmine tea on the
microbial community in CUMS rats were evaluated. There is a clear separation between
Con and Mod according to PLS-DA analysis (Figure 6A). The CUMS-induced depression
rats were significantly changed after administration of jasmine tea, in which OL and
OM were basically the same as Con (Figure 6A). The hierarchical cluster analysis at the
genus level also demonstrated a significant separation induced by CUMS (Figure 7), which
was divided into two groups: OM, OL, and Con; and GM, Mod, Fluo, and OH. Moreover,
the taxonomic analysis showed that Firmicutes had a higher abundance in the gut microbiota
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of rats after CUMS-induced depression Figures 6B and 7). These findings showed that the
composition of gut microbiota was significantly reduced in CUMS-induced depressive rats
and that these changes could be avoided after the administration of jasmine tea.

Figure 5. Comparison analysis of the difference in the α diversity index of gut microbiota among
different groups. (A). Difference in Sobs index. (B). Difference in Ace index. (C). Difference in
Shannon index. (D). Difference in Coverage index. (* p < 0.05, ** p < 0.01, *** p < 0.001).

3.5. The Gut Microbiota Orchestrates CUMS-Induced Depression through Jasmine Tea

Treatment with jasmine tea significantly attenuated depression and improved mi-
crobiota community diversity and richness in CUMS-induced rats, which indicated that
jasmine tea could ameliorate CUMS-induced depression via the gut microbiota.

PLS-DA and hierarchical cluster analysis outlined the composition and structure of
gut microbiota in rats (Figures 6A and 7).

Similar to other studies, Firmicutes and Bacteroidetes were the major components in Con
(Figure 6B). After treatment with an external stimulus, there was an increase in Firmicutes
(76.18%), and a decrease in Bacteroidetes (13.03%), resulting in a significant increase in
the F/B ratio (584.65%) compared with Con (416.22%). The F/B ratio in CUMS rats was
restored by jasmine tea intervention to 562.47%, 582.46%, and 471.13%, in OL, OM, and
OH, respectively.

24 genera were identified as significantly different in the relative abundance of fe-
cal microbiota in rats with versus without CUMS-induced depression (Con vs. Mod),
including 10 genera increased and 14 genera decreased when compared with Con. CUMS-
induced depression resulted in significant increases in the genera of Ruminococcus_1, Lac-
tobacillus, Blautia, Alloprevotella, Phascolarctobacterium, Clostridium_sensu_stricto_1, Rombout-
sia, Lachnoclostridium, Bacteroides, Coprococcus_2; decreases in norank_f__Muribaculaceae,
unclassified_f__Lachnospiraceae, Akkermansia, Helicobacter, norank_f__Desulfovibrionaceae, no-
rank_f__Ruminococcaceae, Desulfovibrio, Lachnospiraceae_NK4A136_group, Lachnospiraceae_U-
CG-010, Ruminiclostridium_9, Ruminococcaceae_UCG-014, norank_o__Mollicutes_RF39,
Eubacterium]_coprostanoligenes_group, Ruminiclostridium_6 (Figure 7). However, the
distribution of the abovementioned flora improved at a certain level after the intervention
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of jasmine tea, and the overall trend of the distribution was basically the same as that of
Con (Figure 7).

Figure 6. Jasmine tea modulated gut microbiota compositions of depressive-like rats. (A). PLS-
DA analysis of gut microbiota based on OTU relative abundance among the control group and
CUMS-induced depression or jasmine tea administration. (B). Taxonomic profiling of bacteria at the
phylum level of gut microbiota in different treatments. (C). Cladogram analysis among different
groups. The central point represents the root of the tree (bacteria), and each ring represents the next
lower taxonomic level (phylum through OTUs). The diameter of each circle represents the relative
abundance of the taxon. When full identification was not possible, g_ or s_ alone was used for the
genus or species, respectively. (D). Column chart of linear discriminant analysis (LDA). PLS-DA,
Partial least squares discrimination analysis.

On the one hand, ten kinds of gut microbiota at the genus level, including
norank_f__Muribaculaceae, unclassified_f__Lachnospiraceae, Candidatus_Stoquefichus,
norank_f__Erysipelotrichaceae, Lachnospiraceae_UCG-010, Ruminococcaceae_NK4A214_group,
Ruminiclostridium_9, Ruminococcaceae_UCG-014, norank_o__Mollicutes_RF39, and Eubac-
terium]_coprostanoligenes_group, were significantly upregulated after jasmine tea treatment
in rats with CUMS-induced depression (Figure 7). On the other hand, ten kinds of gut micro-
biota at the genus level, Ruminococcus_1, Lactobacillus, Alloprevotella, Phascolarctobacterium,
Clostridium_sensu_stricto_1, Romboutsia, Ruminococcus]_torques_group, Lachnoclostridium, Bac-
teroides, and Coprococcus_2, were significantly downregulated after jasmine tea treatments
in rats with CUMS-induced depression, especially at low and medium doses (Figure 7).
Integratively, the analysis showed that jasmine tea could regulate depressive symptoms
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by downregulating Lactobacillus, Clostridium_sensu_stricto_1, etc. These microbes were
regarded as differential microorganisms in jasmine tea-treated groups (Figure 7).

Figure 7. The compositions of gut microbiota were altered after jasmine tea administration. The
relative abundance of the top 50 genera among different groups is shown in the heatmap. The
relative abundances are presented by the color of the squares. The similarities of abundance among
genera or samples are indicated by hierarchical clustering. The arrows (↑) and (↓) represent that the
relative abundance of different genera was significantly up-regulated and down-regulated after the
intervention of different doses of jasmine tea compared with the model group. The down-triangle
(5) and up-triangle (∆) represent that the relative abundance of different genera was significantly
down-regulated and up-regulated after the CUMS intervention compared with the control group.

To estimate the specific bacterial taxa associated with CUMS-induced depression or
jasmine tea intervention, a LEfSe evolutionary branch diagram was presented among different
treatments. The cladogram revealed that Firmicutes, Proteobacteria, Actinobacteria, Bacteroidetes,
and Tenericutes at the phylum level were enriched significantly among each group. There were
19 genera with different taxonomic levels in the Con, including g__unclassified_f__lachnospiraceae,
g__ruminiclostridium_9, g__norank_f__ruminococcaceae, g__butyrivibrio, etc., which belong to
Lachnospiracea, Ruminococcaeceae, Veillonellaceae, Corynebacteriaceae. The model group had
only one genus, g__flavonifractor. The enrichment and abundance of the bacteria were sig-
nificantly increased after intervention with green tea dhool and jasmine tea, with 11 genera
in GM, mainly including c __Deltaproteobacteria, o__Desulfovibrionales, f__Desulfovibrionaceae,
g__Desulfovibrio, etc. The second group was OL, with nine genera, which mainly in-
cluded g__lachnospiraceae_UCG_010, g__Hydrogenoanaerobacterium, g__Anaerofilum, and
g__Ruminiclostridium. There were four genera in OH, including o__Erysipelotrichales,
f__Erysipelotrichaceae, c__Erysipelotrichia, and g__Candidatus_Stoquefichus. There was only
two enrichment flora in the OM group, f__ruminococcus_, and g__ruminococcus_1, and their
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LDA thresholds were relatively high, both of which were approximately 5 (Figure 6C,D).
LEfSe Bar analysis further showed that the enrichment of intestinal microflora in rats was
decreased after external stimulation, and depression symptoms could be alleviated by
changing the enrichment of intestinal microflora after intervention with different doses of
jasmine tea.

Spearman’s rank correlations between the relative abundances of excellent gut mi-
crobiota and neurotransmitters were used to evaluate bacteria that might contribute to
attenuating CUMS-induced depression. When considering the top 14 phyla or 50 genera in
all seven groups, there were 6 phyla or 22 genera that had a Spearman’s correlation that
was stronger than −0.5 or 0.5.

Figure 8. Correlations between the abundances of phyla and neurotransmitters in CUMS rats. The
heatmap shows Spearman’s rank correlation between neurotransmitters and the relative abundances
of the selected phyla. The most abundant phyla found in rats with at least one more extreme corre-
lation than −0.5 or 0.5 are indicated. The asterisk (*) illustrates the significance of the correlations
between neurotransmitters and the relative abundances of the phyla. Hierarchical clustering was pre-
sented for both phylum and neurotransmitters based on the Euclidean distances between Spearman’s
rank correlations. (* p < 0.05, ** p < 0.01, *** p < 0.001).

At the phylum level, 5-HT in the cerebral cortex was significantly correlated with
Patescibacteria, Firmicutes, Bacteroidetes, Spirochaetes, and Elusimicrobia. Patescibacteria and
Bacteroidetes were related to 5-HT in the hippocampus and BDNF in both the hippocampus
and cerebral cortex. Patescibacteria and Proteobacteria were related to the levels of GLP-1 in
the hippocampus and cerebral cortex (Figure 8).
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Figure 9. Correlations between the abundances of genera and neurotransmitters in CUMS rats. The
heatmap shows Spearman’s rank correlation between neurotransmitters and the relative abundances
of the selected genus. The most abundant rat genera with at least one more extreme correlation
than −0.5 or 0.5 are indicated. The asterisk (*) illustrates the statistical significance of the correla-
tions between neurotransmitters and the relative abundances of the genera. Hierarchical clustering
was presented for both genera and neurotransmitters, based on the Euclidean distances between
Spearman’s rank correlations. (* p < 0.05, ** p < 0.01, *** p < 0.001).

Those genera, including Ruminiclostridium_6, Lachnospiraceae_UCG-010, Ruminiclostrid-
ium_5, Ruminococcaceae_UCG-013, norank_f__Muribaculaceae, Ruminococcaceae_UCG-014,
Oscillibacter, Eubacterium]_coprostanoligenes_group, unclassified_f__Lachnospiraceae, Rumini-
clostridium_9, norank_f__Ruminococcaceae, Streptococcus, norank_f__Desulfovibrionaceae, Ru-
minococcaceae_NK4A214_group, Lachnospiraceae_NK4A136_group, Aerococcus, Candidatus_Sto-
quefichus, Ruminococcus_2, etc., showed a significant positive correlation with 5-HT, GLP-1,
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and BDNF in the hippocampus and cerebral cortex (Figure 9). Interestingly, these gen-
era that had a positive correlation with neurotransmitter parameters were significantly
increased by jasmine tea treatments.

In summary, these findings revealed that the gut microbiota played a key role in
regulating CUMS-induced depression after jasmine tea intervention. There may be a causal
relationship between the relative abundances of gut microbiota and neurotransmitters
(5-HT, GLP-1, and BDNF in the hippocampus and cerebral cortex).

We predicted functional composition profiles by performing phylogenetic reconstruc-
tion of unobserved states (PICRUSt) analysis and analyzed Kyoto Encyclopedia of Genes
and Genomes (KEGG) level three categories of all samples among different groups based
on 16S rRNA sequencing data. The results indicated that the abundance of metabolic
pathways and biosynthesis of secondary metabolites were the most relevant among all
KEGG pathways (Figure 10).

Figure 10. KEGG metabolic pathways enriched in the gut microbiota of CUMS rats.

4. Discussion

Depression is a major public health concern worldwide affecting numerous people [29].
The brain-gut-microbiome axis is an important biochemical link between the central ner-
vous system (CNS) and enteric nervous system (ENS) [30]. The evidence has demonstrated
that depression may be related to the gut microbiome [11,31,32]. The balance of the human
intestinal microbiota will be disturbed by stress, and a series of subsequent mental health
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problems such as anxiety and depression will be caused [33]. The gut microbiome is an
important and direct environmental contributor to the development of the central nervous
system. It is composed of a larger number of bacterial and viral communities, which can
significantly affect the health and disease of the host [34].

CUMS is an effective and reliable model that can simulate a variety of human depres-
sive symptoms and major biochemical signs of depression, so it has been widely used to
develop depression in animal models [22,23]. Jasmine tea could ameliorate depressive
symptoms induced by CUMS [35]. However, few studies have shown whether jasmine
tea attenuates the symptoms of depression via gut microbiota, and the mechanism of this
process remains unclear. Therefore, in this study, the ameliorative depression effects with
different doses of jasmine tea on CUMS-induced depressive rats were compared, and the
orchestrated influences of gut microbiota and jasmine tea on CUMS-induced depression
were investigated. The results indicated that jasmine tea relieved depression symptoms
and that the diversity and richness of microbial communities changed by CUMS were
significantly restored after being administered jasmine tea.

The core symptom of depression is Anhedonia, which can be reflected by SPT and
food consumption [25]. Jasmine tea-treated rats displayed significantly higher body weight,
food intake, and sugar water preference than the model group, improving the anhedonia
of depressive rats induced by CUMS. Jasmine tea treatment at low and medium doses also
significantly shortened the immobility time in the FST and increased sugar preference in the
SPT in the CUMS rats, suggesting that jasmine tea could ameliorate depressive behaviors.
At the same time, jasmine tea intervention increased locomotor activity in the OFT.

BDNF mainly exists in the brain, and plays a major role in maintaining neuron sur-
vival, plasticity, neurogenesis, and synaptogenesis. Stress and depression reduced the
expression and function of BDNF, and the antidepressants increased BDNF expression
and blocked the growth factor expression deficits caused by stress and depression [4,27].
The quick improvement of BDNF contents in the hippocampus was responsible for the
fast antidepressant-like effect [36,37]. In the present study, low and medium-dose jasmine
tea improved the levels of BDNF in the hippocampus compared with the Mod group,
indicating that the attenuation depression consequence of jasmine tea may be related to
upregulation of the expression of BDNF.

GLP-1 is a kind of intestinal endocrine peptide, synthesized and secreted by intestinal
endocrine L cells, and can enter brain tissue via the blood-brain barrier, and exert neuro-
protection via the gut-brain axis [5,22]. In this study, the levels of GLP-1 in the cerebral
cortex and hippocampus in CUMS rats were significantly reduced compared with those in
the Con. Jasmine tea intervention raised the contents of GLP-1 in the cerebral cortex and
hippocampus of depressive rats. We believe that GLP-1 in the brain might have a positive
function in attenuating the depression caused by CUMS.

5-HT plays an important role in the feeling of well-being and happiness and can
regulate mood, emotion, and behavior when stress occurs [38,39]. It has been indicated
that there is a lower level of 5-HT in depressed patients compared with healthy people [3].
In this study, there was a significant reduction of 5-HT in the hippocampus and cerebral
cortex of CUMS rats, while the levels in 5-HT CUMS rats were significantly increased after
jasmine tea intervention, especially at the low and medium doses, which suggested that the
attenuation of depression by jasmine tea might be mediated via the central monoaminergic
neurotransmitter system. Above all, these results demonstrated that jasmine tea interven-
tion effectively increased depressive-related neurotransmitters, including 5-HT, BDNF, and
GLP-1 in the hippocampus and cerebral cortex.

Dietary supplements with tea had an energetic influence on preserving intestinal
microecology [24]. Green tea polyphenols (GPTs) can boost mammalian energy conversion
by regulating the structure of the gut microbial community, gene orthologs, and metabolic
pathways [40]. In this study, Compared with Con, Mod had a small amount of inflammatory
cell infiltration in the colon tissues, and fewer goblet cells with scattered distribution, and
shallow crypts. However, there were no obvious pathological changes in the structure of



Nutrients 2022, 14, 99 15 of 19

the colon among the Fluo, OL, and OM groups. The serosal, muscular, submucosa, mucosa
layers, crypts, goblet cells, and large intestine glands were clearly visible in Fluo, OL, and
OM groups. These results showed that jasmine tea soup could ameliorate the symptoms of
the colon induced by CUMS to tissue and maintain a healthy status of intestinal tissue.

The relationship between the imbalance of intestinal microbiota and depression can be
mainly divided into three types. (1) Depression is related to tryptophan metabolism [8,41].
Tryptophan metabolism may be affected through microbiota by activating the enzyme
indoleamine 2, 3-two plus oxygen (IDO) and the canine urine amino acid tryptophan
to deplete tryptophan and serotonin [9]. (2) The intestinal flora can influence nutrient
absorption and digestion, such as carbohydrates [42]. (3) Stresses, including psychosocial
and psychophysical stress, can alter the gut flora, resulting in a decrease in Lactobacillus
and Bifidobacterium populations, which is an important factor leading to depression [32,43].

However, it is still unclear whether the amelioration of depression affects the gut mi-
crobiota when treated with jasmine tea. To explore whether the richness and diversity of gut
microbiota compositions would be affected after different doses of jasmine tea intervention,
different doses of jasmine tea were administered to CUMS-induced depressive rats.

Similar to these studies [44], in this study, the results showed that the diversity and
richness of gut microbiota in depressive rats induced by CUMS were significantly decreased
compared with the Con, in which the relative abundance of Firmicutes in depressive rats
increased and the relative abundance of Bacteroidetes decreased. The relative abundance of
Firmicutes and Bacteroidetes changed after jasmine tea intervention. The results indicated that
jasmine tea played a positive role in attenuating depression by changing the compositions
of gut microbiota. The gut microbiota played an important role in amelioration CUMS-
induced depression with jasmine tea.

Undoubtedly, CUMS-induced depression was closely related to the disturbance of
the gut microbiota. Gut microbiome diversity has a strong association with mood-relating
behaviors, including MDD, which has been characterized as a bidirectional community
system between the brain and gut [45].

The richness and diversity of gut microbiota were decreased because of the mental
induction of stress and depressive behavior in rodents [45]. To determine key bacteria
and the underlying mechanisms of jasmine tea to reduce depression symptoms in a way
that depends on the gut microbiota, the community diversity and structure of gut micro-
biota in CUMS-induced depressive rats with or without jasmine tea intervention were
investigated. The results revealed that the diversity and richness of the gut microbiota
community were decreased after CUMS stimulation. These results were consistent with
previous findings, which indicated that decreased gut microbiota diversity was a character-
istic of “depressive microbiota” [46]. Moreover, there was a higher community richness in
low and medium dosages of jasmine tea. To reduce individual differentiation in the gut
microecology of rats, we chose feces of rats induced by CUMS with or without jasmine
tea administration as a research target in this study. Intriguingly, there were clear alter-
ations in gut microbiota caused by CUMS based on the PLS-DA and hierarchical cluster
analysis, which were reversed by low- and medium-dose jasmine tea treatment at a certain
level, thereby indicating that intervention with low- and medium-dose jasmine tea had
a positive influence on the gut microbiota of CUMS rats. The increase in the F/B ratio
caused by CUMS was reduced by jasmine tea. An increase in the F/B ratio was thought
to enhance energy harvesting and cause depression [44], and it was hypothesized that the
positive effects of jasmine tea on CUMS-induced rats might be related to the active modu-
lation of the F/B ratio. Grape extract (GE) could restore the dysbiosis of gut microbiota
by increasing the observed species, changing the F/B ratio, and increasing the relative
abundance of Bifidobacteria, Akkermansia, and Clostridia genera [47]. The abundances of Lach-
nospiraceae and Ruminococcaceae were also significantly decreased in depressed patients [45].
The increase in Bacteroidetes corresponded to a higher abundance of Bacteroides and Parabac-
teroides, and the lower abundance of other bacterial components after antidepressant
treatment, while the decrease in Firmicutes was mainly due to the relatively low abundance
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of Ruminococcaceae_UCG-014 [26]. Anatomizing the microorganisms, we found that mi-
croorganisms were significantly restored by jasmine tea and were significantly related to
neurotransmitters, including Patescibacteria, Firmicutes, Bacteroidetes, Spirochaetes, Elusimicro-
bia, and Proteobacteria. The genera, Ruminiclostridium_6, Lachnospiraceae_UCG-010, Rumini-
clostridium_5, Ruminococcaceae_UCG-013, norank_f__Muribaculaceae, Ruminococcaceae_UCG-
014, Oscillibacter, Eubacterium]_coprostanoligenes_group, unclassified_f__Lachnospiraceae, Ru-
miniclostridium_9, norank_f__Ruminococcaceae, Streptococcus, norank_f__Desulfovibrionaceae,
Ruminococcaceae_NK4A214_group, Lachnospiraceae_NK4A136_group, Aerococcus, Candida-
tus_Stoquefichus, Ruminococcus_2, etc., had a positive relationship with 5-HT, GLP-1, and
BDNF in the hippocampus and cerebral cortex. These results indicated that attenuation
of the symptoms of depression by jasmine tea was related to the gut microbiota and
neurotransmitters in the hippocampus and cerebral cortex.

The brain-gut axis is a bidirectional nodal axis that interacts with the brain and the
gastrointestinal tract, which consists of the CNS, autonomic nervous system (ANS), ENS,
HPA axis, etc., and the functions of each part are coordinated with each other [16,30].
Intestinal flora changes will cause the host inflammatory response, influence the absorp-
tion of nutrients, and change neurotransmitter metabolism and activity in the HPA axis
and BDNF levels (lower BDNF levels in the hippocampus are related to depression and
anxiety behavior), which will lead to nervous system disorders, such as depression [48].
C. butyricum significantly reduced cognitive dysfunction and histopathological changes in
VaD mice, which is mainly reflected in the increase in BDNF and Bcl-2, the decrease in Bax,
and induce Akt phosphorylation (p-Akt) and reduce neuronal apoptosis [49]. There is an
interaction between the gut microbiota and CNS and ENS to regulate nutrient metabolism
via enteroendocrine cells (EECs), such as cholecystokinin (CCK), GLP-1, 5-HT, and sero-
tonin [16]. 5-HT can be produced by Bacillus, Escherichia, and Saccharomyces, while DA can
be secreted by Bacillus and Serratia [16]. The relative fecal abundance of the Bifidobacterium,
Lactococcus, and Lactobacillus genera in HFD (high-fat diet)-fed rats was increased by pro-
biotics [50]. Probiotics can also ameliorate a range of behaviors related to depression in
mice and rats [51]. Low levels of Lactobacillus and Turicibacter resulted in various disorders,
including depression, and the intervention of certain species of Lactobacillus ameliorated
depressive behaviors in animal models [52]. Fecal microbiota transplantation improved
depressive-like behaviors, altered the imbalance in gut microbiota, and alleviated intestinal
inflammation, intestinal mucosal destruction, and neuroinflammation in CUMS rats [28].

Many shreds of evidence have indicated that gut microbiota compositions have a
closer association with host metabolism [53]. The gut microbiota plays a major role in
regulating intestinal health via the metabolism of carbohydrates, lipids, and amino acids.
The metabolism of depressive rats firstly showed disturbances of microbial genes and host
metabolites, including carbohydrates (depressive mice need higher energy) and amino
acid metabolism [12]. GTPs decreased colorific carbohydrates, such as glucose, fructose,
and trehalose, in the experimental rats, and improved glycolysis and the metabolism of
amino acids in the gut, in addition to promoting mitochondrial TCA cycle and urea cycle
dependent on the gut microbiota [40].

Above all, these results illustrated that the diversity and richness of gut microbiota in
depressed rats was significantly reduced with the interference of external chronic stress,
and the diversity and richness of gut microbiota were improved when treated with the
different doses of jasmine tea, which could alleviate the depressive symptoms of rats
caused by CUMS. Taken together, these findings indicated that jasmine tea significantly
ameliorated the symptoms in a CUMS model. However, the beneficial influences of green
tea dhool at a medium dose had little effect on ameliorating the symptoms of depression
when compared with the same dose of jasmine tea. Furthermore, jasmine tea intervention
restored the diversity and richness of the gut microbial components in CUMS rats mainly
through metabolic pathways and biosynthesis of secondary metabolites. We analyzed the
effect of jasmine tea on the intestinal microorganisms of CUMS at the levels of BDNF, 5-HT,
and GLP-1 in the hippocampus and cerebral cortex, and explored the possible mechanism
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by which jasmine tea ameliorates CUMS-induced depression in this study. However,
the patronization mechanism of depression involves many aspects. In future research, we
will combine a variety of research methods and perspectives to further investigate the
mechanism by which jasmine tea attenuates depression caused by CUMS.

5. Conclusions

The purpose of this study was to explore whether jasmine tea could ameliorate
depression-like symptoms induced by CUMS and its possible mechanism via the brain-
gut-microbiome axis. Male rats were subjected to CUMS and treated with jasmine tea soup.
Depressive-like behaviors were measured by a series of behavior tests. The contents of
5-HT, brain- BDNF, GLP-1, and gut microbiota were evaluated. Jasmine tea intervention sig-
nificantly attenuated CUMS-induced depressive-like behavior in rats. Meanwhile, jasmine
tea treatment exhibited significant effects, upregulating the expression of BDNF, 5-HT, and
GLP-1 in the hippocampus and cerebral cortex. These neurotransmitters were correlated
with Patescibacteria, Firmicutes, Bacteroidetes, Spirochaetes, Elusimicrobia, and Proteobacteria.
Taken together, our results demonstrated that jasmine tea had a positive preventive effect
on CUMS rats partially attributed to stimulation of cerebral BDNF, 5-HT, and GLP-1 and ac-
tivation of the composition of gut microbiota through the metabolic pathway, biosynthesis
of secondary metabolites, and biosynthesis of amino acids.

Author Contributions: Y.Z., J.H. and Z.L. conceived and designed the research; Y.Z. and Y.X. con-
ducted the experiments, Y.Z., X.Z. and Y.L. analyzed the data; Y.Z. wrote the manuscript. J.H. and
Z.L. revised and perfected the manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the National Tea Industry Technology System Project [grant
number CARS-23]; and the Innovation and Demonstration of Key Technologies for Jasmine Tea
Scenting Processing [grant number 2020NK2026].

Institutional Review Board Statement: Studies were performed on male Sprague Dawley rats
purchased from Silaikejingda Experimental Animal Co., Ltd. (Changsha, China) (No. 43004700063334,
(SCXK) Hu-nan 2016-002) at Hunan Agricultural University. All experiments were conducted in
accordance with the guidelines of the Institutional Review Board and were performed according to
the ethical guidelines suggested by the Animal Care Committee at Hunan Agricultural University
(Changsha, China).

Acknowledgments: The authors wish to thank the Key Laboratory of Tea Science of Ministry of
Education, China, the National Research Center of Engineering Technology for Utilization of Func-
tional Ingredients from Botanicals in China, and the Co-Innovation Center of Education Ministry for
Utilization of Botanical Functional Ingredients in China for their support.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CUMS, chronic unpredictable mild stress; Con, control group; Mod, CUMS group; Fluo, CUMS rats
treated with fluoxetine; GM, CUMS rats treated with green tea dhool with middle dose; OL, OM, and
OH, CUMS rats treated with jasmine tea at a low dose, middle dose, and high dose, respectively; SPT,
sugar preference test; FST, force swimming test; OFT, open field test; 5-HT, 5-hydroxytryptamine;
BDNF, brain-derived neurotrophic factor; GLP-1, glucagon-like peptide-1

References
1. Kandola, A.; Ashdown-Franks, G.; Hendrikse, J.; Sabiston, C.M.; Stubbs, B. Physical activity and depression: Towards under-

standing the antidepressant mechanisms of physical activity. Neurosci. Biobehav. Rev. 2019, 107, 525–539. [CrossRef]
2. Gilliard, L.; Harriet, S.; Dinan, T.G.; John, F.C. Anxiety, Depression, and the Microbiome: A Role for Gut Peptides. Neurotherapeutics

2018, 15, 36–59.
3. Hu, P.; Ma, L.; Wang, Y.G.; Ye, F.; Wang, C.; Zhou, W.H.; Zhao, X. Genistein, a dietary soy isoflavone, exerts antidepressant-like

effects in mice: Involvement of ser-otonergic system. Neurochem. Int. 2017, 108, 426–435. [CrossRef]

http://doi.org/10.1016/j.neubiorev.2019.09.040
http://doi.org/10.1016/j.neuint.2017.06.002


Nutrients 2022, 14, 99 18 of 19

4. Sun, B.; Lv, Y.; Xu, H.; Qi, C.H.; Li, C.P.; Liu, P.F. Effects of Vortioxetine on depression model rats and expression of BDNF and Trk
B in hippocampus. Exp. Ther. Med. 2020, 20, 2895–2902. [CrossRef]

5. Elbassuoni, E.A.; Ahmed, R.F. Mechanism of the neuroprotective effect of GLP-1 in a rat model of Parkinson’s with pre-existing
diabetes. Neurochem. Int. 2019, 131, 104583. [CrossRef]

6. Glover, M.E.; Cohen, J.L.; Singer, J.R.; Sabbagh, M.N.; Rainville, J.R.; Hyland, M.T.; Morrow, C.D.; Weaver, C.T.; Hodes, G.E.;
Kerman, I.A.; et al. Examining the Role of Microbiota in Emotional Behavior: Antibiotic Treatment Exacerbates Anxiety in High
Anxiety-Prone Male Rats. Neuroscience 2021, 459, 179–197. [CrossRef] [PubMed]

7. Lucidi, L.; Pettorruso, M.; Vellante, F.; Di Carlo, F.; Ceci, F.; Santovito, M.C.; Di Muzio, I.; Fornaro, M.; Ventriglio, A.; Tomasetti, C.;
et al. Gut Microbiota and Bipolar Disorder: An Overview on a Novel Biomarker for Diagnosis and Treatment. Int. J. Mol. Sci.
2021, 22, 3723. [CrossRef] [PubMed]

8. Rotroff, D.M.; Corum, D.G.; Motsinger-Reif, A.; Motsinger-Reif, A.; Fiehn, O.; Bottrel, N.; Drevets, W.C.; Singh, J.; Salvadore, G.;
Kaddurah-Daouk, R. Metabolomic signatures of drug response phenotypes for ketamine and keta-mine in subjects with refractory
major depressive disorder: New mechanistic insights for rapid acting antidepressants. Transl. Psychiatry 2016, 6, e894. [CrossRef]

9. Platten, M.; Nollen, E.A.A.; Röhrig, U.F.; Fallarino, F.; Opitz, C.A. Tryptophan metabolism as a common therapeutic target in
cancer, neurodegeneration and beyond. Nat. Rev. Drug Discov. 2019, 18, 379–401. [CrossRef] [PubMed]

10. Bear, T.; Dalziel, J.E.; Jane, C.; Roy, N.C.; Butts, C.A.; Gopal, P.K. The Role of the Gut Microbiota in Dietary Interventions for
Depression and Anxiety. Adv. Nutr. 2020, 11, 890–907. [CrossRef]

11. Park, A.J.; Collins, J.; Blennerhassett, P.A.; Ghia, J.E.; Verdu, E.F.; Bercik, P.; Collins, S.M. Altered colonic function and microbiota
profile in a mouse model of chronic de-pression. Neurogastroenterol. Motil. 2013, 25, 733-e575. [CrossRef]

12. Zheng, P.; Zeng, B.; Zhou, C.; Liu, M.; Fang, Z.; Xu, X.; Zeng, L.; Chen, J.; Fan, S.; Du, X.; et al. Gut microbiome remodeling
induces depressive-like behaviors through a pathway mediated by the host’s metabolism. Mol. Psychiatry 2016, 21, 786–796.
[CrossRef] [PubMed]

13. Lee, Y.; Kim, Y.-K. Understanding the Connection Between the Gut-Brain Axis and Stress/Anxiety Disorders. Curr. Psychiatry Rep.
2021, 23, 22. [CrossRef]

14. Kelly, J.R.; Borre, Y.; O’Brien, C.; Patterson, E.; Aidy, S.E.; Deane, J.; Kennedy, P.J.; Beers, S.; Scott, K.; Moloney, G.; et al. Transferring
the blues: Depression-associated gut microbiota induces neurobehavioural changes in the rat. J. Psychiatr. Res. 2016, 82, 109–118.
[CrossRef] [PubMed]

15. Xu, K.; Gao, X.; Xia, G.; Chen, M.; Yin, J. Rapid gut dysbiosis induced by stroke exacerbates brain infarction in turn. Gut 2021, 70,
1486–1494. [CrossRef] [PubMed]

16. Wang, S.-Z.; Yu, Y.-J.; Adeli, K. Role of Gut Microbiota in Neuroendocrine Regulation of Carbohydrate and Lipid Metabolism via
the Microbiota-Gut-Brain-Liver Axis. Microorg. 2020, 8, 527. [CrossRef]

17. Qu, W.; Liu, S.; Zhang, W.; Zhu, W.; Tao, Q.; Wang, H.; Yan, H. Impact of traditional Chinese medicine treatment on chronic
unpredictable mild stress-induced depression-like behaviors: Intestinal microbiota and gut microbiome function. Food Funct.
2019, 10, 5886–5897. [CrossRef]

18. Shen, J.-X.; Rana, M.M.; Liu, G.F.; Ling, T.J.; Gruber, M.Y.; Wei, S. Differential Contribution of Jasmine Floral Volatiles to the
Aroma of Scented Green Tea. J. Food Qual. 2017, 2017, 5849501. [CrossRef]

19. Inoue, N.; Kuroda, K.; Sugimoto, A.; Kakuda, T.; Fushiki, T. Autonomic nervous responses according to preference for the odor of
jasmine tea. Biosci. Biotechnol. Biochem. 2003, 67, 1206–1214. [CrossRef]

20. Sengar, N.; Joshi, A.; Prasad, S.K.; Hemalatha, S. Anti-inflammatory, analgesic and anti-pyretic activities of standardized root
extract of Jasminum sambac. J. Ethnopharmacol. 2015, 160, 140–148. [CrossRef]

21. Addae, J.I.; Pingal, R.; Walkins, K.; Cruickshank, R.; Youssef, F.F.; Nayak, S.B. Effects of Jasminum multiflorum leaf extract on
rodent models of epilepsy, motor coordination and anxiety. Epilepsy Res. 2017, 131, 58–63. [CrossRef]

22. Sun, J.; Wang, Y.; Hu, X.Z.; Yang, C.W.; Xu, H.L.; Yao, Y.; Liu, J.M. Clostridium butyricum Attenuates Chronic Unpredictable Mild
Stress-Induced Depres-sive-Like Behavior in Mice via the Gut-Brain Axis. J. Agric. Food Chem. 2018, 66, 8415–8421. [CrossRef]

23. Mou, Z.; Huang, Q.; Chu, S.F.; Zhang, M.J.; Hu, J.F.; Chen, N.H.; Zhang, J.T. Antidepressive effects of ginsenoside Rg1 via
regulation of HPA and HPG axis. Biomed. Pharmacother. 2017, 92, 962–971. [CrossRef]

24. Liu, D.; Huang, J.; Luo, Y.; Wen, B.; Wu, W.; Zeng, H.; Liu, Z.H. Fuzhuan Brick Tea Attenuates High-Fat Diet-Induced Obesity and
Associated Metabolic Disorders by Shaping Gut Microbiota. J. Agric. Food Chem. 2019, 67, 13589–13604. [CrossRef]

25. Qiao, Y.; Zhao, J.; Li, C.; Zhang, M.; Wei, L.; Zhang, X.; Kurskaya, O.; Bi, H.; Gao, T. Effect of combined chronic predictable and
unpredictable stress on depression-like symptoms in mice. Ann. Transl. Med. 2020, 8, 942. [CrossRef]

26. Zhang, W.; Qu, W.; Wang, H.; Yan, H. Antidepressants fluoxetine and amitriptyline induce alterations in intestinal microbiota
and gut microbiome function in rats exposed to chronic unpredictable mild stress. Transl. Psychiatry 2021, 11, 131. [CrossRef]
[PubMed]

27. Rothenberg, D.O.; Zhang, L. Mechanisms Underlying the Anti-Depressive Effects of Regular Tea Consumption. Nutrients 2019,
11, 1361. [CrossRef] [PubMed]

28. Rao, J.; Xie, R.; Lin, L.; Jiang, J.; Du, L.; Zeng, X.; Li, G.; Wang, C.; Qian, Y. Fecal microbiota transplantation ameliorates gut
microbiota imbalance and intestinal barrier damage in rats with stress-induced depressive-like behavior. Eur. J. Neurosci. 2021, 53,
3598–3611. [CrossRef]

http://doi.org/10.3892/etm.2020.9026
http://doi.org/10.1016/j.neuint.2019.104583
http://doi.org/10.1016/j.neuroscience.2021.01.030
http://www.ncbi.nlm.nih.gov/pubmed/33540050
http://doi.org/10.3390/ijms22073723
http://www.ncbi.nlm.nih.gov/pubmed/33918462
http://doi.org/10.1038/tp.2016.145
http://doi.org/10.1038/s41573-019-0016-5
http://www.ncbi.nlm.nih.gov/pubmed/30760888
http://doi.org/10.1093/advances/nmaa016
http://doi.org/10.1111/nmo.12153
http://doi.org/10.1038/mp.2016.44
http://www.ncbi.nlm.nih.gov/pubmed/27067014
http://doi.org/10.1007/s11920-021-01235-x
http://doi.org/10.1016/j.jpsychires.2016.07.019
http://www.ncbi.nlm.nih.gov/pubmed/27491067
http://doi.org/10.1136/gutjnl-2020-323263
http://www.ncbi.nlm.nih.gov/pubmed/33558272
http://doi.org/10.3390/microorganisms8040527
http://doi.org/10.1039/C9FO00399A
http://doi.org/10.1155/2017/5849501
http://doi.org/10.1271/bbb.67.1206
http://doi.org/10.1016/j.jep.2014.11.039
http://doi.org/10.1016/j.eplepsyres.2017.02.012
http://doi.org/10.1021/acs.jafc.8b02462
http://doi.org/10.1016/j.biopha.2017.05.119
http://doi.org/10.1021/acs.jafc.9b05833
http://doi.org/10.21037/atm-20-5168
http://doi.org/10.1038/s41398-021-01254-5
http://www.ncbi.nlm.nih.gov/pubmed/33602895
http://doi.org/10.3390/nu11061361
http://www.ncbi.nlm.nih.gov/pubmed/31212946
http://doi.org/10.1111/ejn.15192


Nutrients 2022, 14, 99 19 of 19

29. Wang, Q.; Dwivedi, Y. Advances in novel molecular targets for antidepressants. Prog. Neuro-Psychopharmacol. Biol. Psychiatry
2021, 104, 110041. [CrossRef]

30. Kaur, H.; Singh, Y.; Singh, S.; Singh, R.B. Gut microbiome-mediated epigenetic regulation of brain disorder and application of
machine learning for multi-omics data analysis. Genome 2021, 64, 355–371. [CrossRef] [PubMed]

31. Chen, J.J.; Xie, J.; Zeng, B.H.; Li, W.W.; Bai, S.J.; Zhou, C.; Chen, W.; Wei, H.; Xie, P. Absence of gut microbiota affects lipid
metabolism in the prefrontal cortex of mice. Neurol. Res. 2019, 41, 1104–1112. [CrossRef]

32. Zhang, M.; Li, A.; Yang, Q.; Li, J.; Wang, L.; Liu, X.; Huang, Y.; Liu, L. Beneficial Effect of Alkaloids from Sophora alopecuroides
L. on CUMS-Induced Depression Model Mice via Modulating Gut Microbiota. Front. Cell. Infect. Microbiol. 2021, 11, 665159.
[CrossRef]

33. Ma, T.; Jin, H.; Kwok, L.Y.; Sun, Z.; Liong, M.; Zhang, H. Probiotic consumption relieved human stress and anxiety symptoms
possibly via modulating the neuroactive potential of the gut microbiota. Neurobiol. Stress 2021, 14, 100294. [CrossRef] [PubMed]

34. Yang, J.; Zheng, P.; Li, Y.; Wu, J.; Zhou, J.; Sun, Z.; Chen, X.; Zhang, G.; Zhang, H.; Hung, Y.; et al. Landscapes of bacterial and
metabolic signatures and their interaction in major depressive disorders. Sci. Adv. 2020, 6, eaba8555. [CrossRef]

35. Jun, L.; Shuilian, G.; Jiangfan, Y. Antidepressant effect of jasmine tea. J. Fujian Agric. For. Univ. 2014, 43, 139–145.
36. Wang, X.; Zou, Z.; Shen, Q.; Huang, Z.; Chen, J.; Tang, J.; Xue, W.; Tao, W.; Wu, H.; Wang, D.; et al. Involvement of NMDA-

AKT-mTOR Signaling in Rapid Antidepressant-Like Activity of Chaihu-jia-Longgu-Muli-tang on Olfactory Bulbectomized Mice.
Front. Pharmacol. 2018, 9, 1537. [CrossRef]

37. Abd El-Fattah, A.A.; Fahim, A.T.; Sadik, N.A.H.; Ali, B.M. Resveratrol and dimethyl fumarate ameliorate depression-like behavior
in a rat model of chronic unpredictable mild stress. Brain Res. 2018, 1701, 227–236. [CrossRef] [PubMed]

38. Liu, W.; Sheng, H.; Xu, Y.; Liu, Y.; Lu, J.; Ni, X. Swimming exercise ameliorates depression-like behavior in chronically stressed
rats: Relevant to proinflammatory cytokines and IDO activation. Behav. Brain Res. 2013, 242, 110–116. [CrossRef] [PubMed]

39. Shen, M.; Yang, Y.; Wu, Y.; Zhang, B.; Wu, H.; Wang, L.; Tang, H.; Chen, J. L-theanine ameliorate depressive-like behavior in a
chronic unpredictable mild stress rat model via modulating the monoamine levels in limbic-cortical-striatal-pallidal-thalamic-
circuit related brain regions. Phytother. Res. 2019, 33, 412–421. [CrossRef]

40. Zhou, J.; Tang, L.; Shen, C.L.; Wang, J.S. Green tea polyphenols boost gut-microbiota-dependent mitochondrial TCA and urea
cycles in Sprague–Dawley rats. J. Nutr. Biochem. 2020, 81, 108395. [CrossRef] [PubMed]

41. Roth, W.; Zadeh, K.; Vekariya, R.; Ge, Y.; Mohamadzadeh, M. Tryptophan Metabolism and Gut-Brain Homeostasis. Int. J. Mol. Sci.
2021, 22, 2973. [CrossRef]

42. Hao, W.Z.; Li, X.J.; Zhang, P.W.; Chen, J.X. A review of antibiotics, depression, and the gut microbiome. Psychiatry Res. 2019, 284,
112691. [CrossRef] [PubMed]

43. Gulbins, A.; Schumacher, F.; Becker, K.A.; Wilker, B.; Soddemann, M.; Boldrin, F.; Muller, C.P.; Edwards, M.J.; Goodman, M.;
Caldwell, C.C. Antidepressants act by inducing autophagy controlled by sphingomyelin-ceramide. Mol. Psychiatry 2018, 23,
2324–2346. [CrossRef]

44. Alauzet, C.; Cunat, L.; Wack, M.; Lanfumey, L.; Legrand-Frossi, C.; Lozniewski, A.; Agrinier, N.; Cailliez-Grimal, C.; Frippiat, J.P.
Impact of a Model Used to Simulate Chronic Socio-Environmental Stressors Encountered during Spaceflight on Murine Intestinal
Microbiota. Int. J. Mol. Sci. 2020, 21, 7863. [CrossRef]

45. Winter, G.; Hart, R.A.; Charlesworth, R.P.G.; Sharpley, C.F. Gut microbiome and depression: What we know and what we need to
know. Rev. Neurosci. 2018, 29, 629–643. [CrossRef] [PubMed]

46. Lv, M.; Wang, Y.; Qu, P.; Li, S.; Yu, Z.; Qin, X.; Liu, X. A combination of cecum microbiome and metabolome in CUMS depressed
rats reveals the antide-pressant mechanism of traditional Chinese medicines: A case study of Xiaoyaosan. J. Ethnopharmacol. 2021,
276, 114167. [CrossRef] [PubMed]

47. Han, X.; Guo, J.; Yin, M.; Liu, Y.; You, Y.; Zhan, J.; Huang, W. Grape Extract Activates Brown Adipose Tissue Through Pathway
Involving the Regulation of Gut Microbiota and Bile Acid. Mol. Nutr. Food Res. 2020, 64, 2000149. [CrossRef]

48. Wang, J.; Lai, S.; Li, G.; Zhou, T.; Wang, B.; Cao, F.; Chen, T.; Zhang, X.; Chen, Y. Microglial activation contributes to depressive-like
behavior in dopamine D3 receptor knockout mice. Brain Behav. Immun. 2020, 83, 226–238. [CrossRef]

49. Liu, J.; Sun, J.; Wang, F.; Yu, X.; Ling, Z.; Li, H.; Zhang, H.; Jin, J.; Chen, W.; Pang, M.; et al. Neuroprotective Effects of Clostridium
butyricum against Vascular Dementia in Mice via Metabolic Butyrate. Biomed Res. Int. 2015, 2015, 412946. [CrossRef]

50. Abildgaard, A.; Kern, T.; Pedersen, O.; Hansen, T.; Lund, S.; Wegener, G. A diet-induced gut microbiota component and related
plasma metabolites are associated with depressive-like behaviour in rats. Eur. Neuropsychopharmacol. 2020, 43, 10–21. [CrossRef]

51. Yang, Z.; Li, J.; Gui, X.; Shi, X.; Bao, Z.; Han, H.; Li, M.D. Updated review of research on the gut microbiota and their relation to
depression in animals and human beings. Mol. Psychiatry 2020, 25, 2759–2772. [CrossRef] [PubMed]

52. Getachew, B.; Aubee, J.I.; Schottenfeld, R.S.; Csoka, A.B.; Thompson, K.M.; Tizabi, Y. Ketamine interactions with gut-microbiota
in rats: Relevance to its antidepressant and anti-inflammatory properties. BMC Microbiol. 2018, 18, 222. [CrossRef] [PubMed]

53. Koh, A.; Bäckhed, F. From Association to Causality: The Role of the Gut Microbiota and Its Functional Products on Host
Metabolism. Mol. Cell 2020, 78, 584–596. [CrossRef] [PubMed]

http://doi.org/10.1016/j.pnpbp.2020.110041
http://doi.org/10.1139/gen-2020-0136
http://www.ncbi.nlm.nih.gov/pubmed/33031715
http://doi.org/10.1080/01616412.2019.1675021
http://doi.org/10.3389/fcimb.2021.665159
http://doi.org/10.1016/j.ynstr.2021.100294
http://www.ncbi.nlm.nih.gov/pubmed/33511258
http://doi.org/10.1126/sciadv.aba8555
http://doi.org/10.3389/fphar.2018.01537
http://doi.org/10.1016/j.brainres.2018.09.027
http://www.ncbi.nlm.nih.gov/pubmed/30244113
http://doi.org/10.1016/j.bbr.2012.12.041
http://www.ncbi.nlm.nih.gov/pubmed/23291157
http://doi.org/10.1002/ptr.6237
http://doi.org/10.1016/j.jnutbio.2020.108395
http://www.ncbi.nlm.nih.gov/pubmed/32388254
http://doi.org/10.3390/ijms22062973
http://doi.org/10.1016/j.psychres.2019.112691
http://www.ncbi.nlm.nih.gov/pubmed/31791704
http://doi.org/10.1038/s41380-018-0090-9
http://doi.org/10.3390/ijms21217863
http://doi.org/10.1515/revneuro-2017-0072
http://www.ncbi.nlm.nih.gov/pubmed/29397391
http://doi.org/10.1016/j.jep.2021.114167
http://www.ncbi.nlm.nih.gov/pubmed/33984458
http://doi.org/10.1002/mnfr.202000149
http://doi.org/10.1016/j.bbi.2019.10.016
http://doi.org/10.1155/2015/412946
http://doi.org/10.1016/j.euroneuro.2020.09.001
http://doi.org/10.1038/s41380-020-0729-1
http://www.ncbi.nlm.nih.gov/pubmed/32332994
http://doi.org/10.1186/s12866-018-1373-7
http://www.ncbi.nlm.nih.gov/pubmed/30579332
http://doi.org/10.1016/j.molcel.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32234490

	Introduction 
	Materials and Methods 
	Animals 
	Induction of Depressive Rat Model 
	Experimental Design 
	Behavioral Test 
	SPT (Sugar Preference Test) 
	OFT (Open Field Test) 
	FST (Forced Swimming Test) 

	Tissue Collection 
	Biochemical Analysis 
	Histological Analysis and Morphometry 
	Intestinal Microbial Diversity Analysis 
	Illumina MiSeq Sequencing 
	Processing of Sequencing Data 

	Data Analysis 

	Results 
	Jasmine Tea Reduced CUMS-Induced Depression and Ameliorated Depression-Like Behavior 
	Jasmine Tea Increased Neurotransmitters in CUMS-Induced Depression 
	Jasmine Tea Restored the Structure of Colon in CUMS-Induced Depression 
	Jasmine Tea Ameliorated the Gut Microbiota Communities in Rats with CUMS-Induced Depression 
	The Gut Microbiota Orchestrates CUMS-Induced Depression through Jasmine Tea 

	Discussion 
	Conclusions 
	References

