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Abstract: Objective: To investigate the effects of Jiannao pills on mice with chronic restraint stress-induced anxiety
and its mechanisms. Methods: Anxiety-like behaviors were induced in mice by exposing them to chronic restraint
stress (8 h/day for 21 days). Subsequently, Jiannao pills were given to these mice for the treatment of the induced
anxiety. Following treatment, the intestinal microflora of the mice were analyzed using the 16S rRNA sequencing
method. Results: Under positive electrospray ionization mode, a total of 68 chemical compositions were found in
Jiannao pills, and under negative electrospray ionization mode, the number was 18. With these chemical composi-
tions in effect, it was observed that Jiannao pills alleviated chronic restraint induced anxiety-like behaviors in mice
by extending their dwelling time, standing time, and grooming time in the central area, as well as the percentage
of entries and time spent in the open arms. This effect was similar to that of alprazolam. In addition, Jiannao
pills significantly improved neural functions in mice with chronic restraint-induced anxiety, diminished the levels
of 5-hydroxytryptamine and glutamate, and increased the levels of y-aminobutyric acid. Furthermore, Jiannao pills
decreased the expressions of the corticotropin-releasing factor and cholecystokinin protein, while elevating neuro-
peptide Y protein levels. The results of 16S rRNA sequencing analysis revealed both Jiannao pills and alprazolam
altered the composition of intestinal microflora in mice, with Jiannao pills exhibiting a more pronounced effect.
Specifically, there was a significant increase in the abundance of S24-7 in mice following treatment. Besides, signifi-
cant differences were observed in a total of 632 operational taxonomic units in mice after Jiannao pill treatment.
The functions of the intestinal microflora of mice were primarily associated with their betalain biosynthesis and clas-
sification levels. Conclusion: Jiannao pills effectively ameliorated chronic restraint anxiety-like behaviors in mice and
enhanced their neural functions potentially through the regulation of their intestinal microflora.

Keywords: Chronic restraint-induced anxiety, Jiannao pills, intestinal microflora

Introduction ety has become an urgent issue to be
addressed.

Anxiety is one of the most common mental

health disorders worldwide, characterized by
strong unsettling feelings and fear [1]. Clinically,
anxiety manifests as various symptoms, includ-
ing palpitation, sweating, limb tremor, a sense
of impending death, and dyspnea [2, 3]. The
increasing incidence of anxiety disorders has
become a global issue, seriously affecting
human health and attracting widespread con-
cern [4]. Hence, the development of effective
and safe health strategies for preventing anxi-

The pathogenesis of anxiety is closely related to
changes in neurotransmitters, neuroendocrine
dysfunction, and immune dysfunction, particu-
larly the change in neurotransmitter levels,
which is an essential neurobiochemical mecha-
nism that explains the occurrence of anxiety.
These neurotransmitters encompass 5-hydroxy-
tryptamine (5-HT), y-aminobutyric acid (GABA),
neuropeptide Y (NPY), glutamate (Glu), chole-
cystokinin (CCK), and corticotropin-releasing
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factor (CRF) [5-8]. The intestinal microflora is a
complex ecosystem that takes part in various
physiological and metabolic activities crucial
to human health. If the intestinal microflora
becomes imbalanced, psychological and men-
tal disorders may occur [9]. It was found that
unhealthy intestinal microflora can induce anxi-
ety and emotional behaviors in animal hosts
[10]. Hence, it is speculated that regulation and
restoration of the intestinal microflora is condu-
cive to the treatment of anxiety. The regulation
of intestinal microflora for the management of
anxiety is primarily done through the gut-brain
axis, an information exchange system between
the gut and brain encompassing immune,
vagal, and endocrine pathways. The regulations
mediated by the gut-brain axis function bidirec-
tionally, allowing intestinal microflora to exert
influence on brain activities to alleviate symp-
toms of anxiety, while shifts in brain activities
can result in disruption and changes in the
composition of intestinal microflora [11].

Although there are many chemical anti-anxiety
drugs, these medications often come with
adverse side effects [12, 13]. In contrast,
Traditional Chinese Medicine (TCM) offers alter-
native approaches to managing anxiety with
fewer side effects in comparison to the western
medicine, showing promising efficacy in the
treatment of anxiety disorders. Several studies
have demonstrated positive feedback from
TCM for anxiety treatment [14-17]. Jiannao
pills, as a TCM therapy, comprises 19 TCM
herbs, including Angelica sinensis, Geranium,
Cistanche deserticola, Chinese yam, Schi-
sandra chinensis, Gastrodia elata, and Salvia
miltiorrhiza etc., allowing Jiannao pills to play a
critical role in the treatment of various mental
disorders, anxiety being one of them [18].
Furthermore, TCM as an important part in life
science has garnered increasing interest from
around the globe, particularly due to its em-
phasis on targeting intestinal microflora for
treating various illnesses [19]. However, stud-
ies on Jiannao pills, a TCM drug, for the treat-
ment of anxiety via regulating intestinal micro-
flora remains limited.

Therefore, this study focused on Jiannao pills
and found that the application of the drug
diminished chronic restraint stress induced
anxiety-like behaviors in mice through regulat-
ing intestinal microflora to exert impacts on
their nervous systems, suggesting that Jiannao

4550

pills are an effective therapeutic strategy for
mitigating chronic restraint stress-induced anx-
iety, providing a preclinical basis for using the
drug in the clinical management of anxiety.

Materials and methods
Experimental animals and groups

The six to eight-week-old, male, specific patho-
gen-free (SPF) grade C57 mice, weighing
between 18 and 22 g, were purchased from
Suzhou SPF Biotechnology Co., Ltd. (Suzhou,
China; production license number: SCXK [Su]
2022-0006; license number: SYXK [Chuan]
2018-100). Prior to the experiment, the mice
were housed individually at room temperature
ranging from 18°C to 22°C and humidity
between 50% and 70%, with a controlled
10-hour light and 14-hour dark cycle (light
period: 8:00-18:00; dark period: 18:00-8:00
until the following day). These mice had free
access to water, and were fed with a standard
and sterilized diet for one week to adapt to the
new surroundings. All animal procedures were
approved by the Animal Ethics Committee of
our hospital.

A total of 12 mice were randomized into the
Jiannao pill treatment group (G), the positive
control group (P), the anxiety model group (A)
and the control group (C), with 3 mice in each
group. Mice in the Jiannao pill treatment group
were exposed to restraint stress in order to
induce anxiety-like behaviors, and were given
Jiannao pills (Shanghai Pharma, Shanghai,
China; GYZZ Z37020791; Batch number:
1721012) afterwards by gavage. For this pur-
pose, one Jiannao pill was dissolved in 0.5%
sodium carboxymethyl cellulose solution to get
a final volume of 16 mL, which was then admin-
istered at a dose of with 0.2 mL per day, start-
ing one week before the end of the modelling
period. Mice in the positive control group expe-
rienced restraint stress to build an anxiety
model, which were then subsequently treated
with alprazolam (dtpharm, China, Hunan; GYZZ
H43020578) by gavage. To fulfill this purpose,
one tablet of alprazolam was dissolved in 2 mL
water, which was given at a dose of 0.2 mL
daily, starting one week before the end of the
modeling period. Mice in the anxiety model
group underwent the same treatment but
received 0.2 mL normal saline per day instead.
Mice in the control group were free of restraint
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stress experience, and solely received 0.2 mL
normal saline. This experiment was reviewed
and approved by the Experimental Animal
Ethical Committee of the Chengdu University of
Traditional Chinese Medicine (approval num-
ber: R20221130-1).

Restraint stress-induced anxiety modeling

Prior to the modeling process, the spontaneous
activities of the mice were assessed. After
adaptive feeding, the mice were confined in a
closed room measuring 3.4 m x 2.3 m x 5 m,
which was enclosed by a transparent glass
panel measuring approximately 80 x 82 cm, for
a duration of 30 min. Before the test, the mice
were acclimated in a box (50 cm x 40 cm x 50
cm) for the observation of their independent
behaviors, during which their time of being
upright, the number of getting upright, and the
time spent in the central area within the box
were measured for 5 min. Mice with normal
spontaneous activities were selected for re-
straint stress testing. Each morning, the mice
were placed head-first into a centrifuge tube
fixed horizontally on the table, with the restraint
time set to 8 h daily for 21 consecutive days.
After 21 days, mice in the model and control
groups were employed for behavioral ex-
periments.

Behavioral evaluation of mice

Open field test (OFT): The OFT serves as a com-
prehensive assessment tool, evaluating the
congruence between anxiety-related behaviors
and spontaneous activities in mice [20]. The
experimental mice were allowed to move freely
in a box measuring 40 cm x 40 cm x 40 cm.
During this period, the dwelling time in the cen-
tral area, standing time, and grooming time of
the mice were recorded. The OFT box was
cleaned with 75% ethanol after each mouse
completed the test.

Elevated plus-maze (EPM) test: The EPM experi-
mental device consisted of two open and two
enclosed arms. Before the EPM test, the mice
were placed in a dark and quiet behavioral
room for 30 min. They were then put into an
elevated cross maze with their noses facing an
open arm. Their dwelling time in the open arm
and the time they spent to enter the open arm
were recorded over a 10-min test period. A
lower frequency of entering the open arm and a
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shorter duration of dwelling time in the open
arm indicate a higher degree of anxiety [21].

Light dark box (LDB) test: The test mice were
placed in an LDB device measuring 40 cm x 30
cm x 35 cm, which contains two equal-sized
chambers, one bright and one dark. The mice
were allowed to move freely between the light
and dark chambers for 10 min [22].

Hole board test (HBT): The test mice were
placed in a HBT apparatus, which measured 40
cm x 40 cm x 35 cm, with 16 circular holes,
each with a diameter of 3 cm and a thickness
of 1 cm, strategically positioned on the bottom
board. The time of the mice spent on burrowing
behaviors was recorded over a 10-min period.

Intracardial perfusion

After 4 weeks, the mice were weighed and
anesthetized by intraperitoneal injection of
500 mg/kg pentobarbital sodium (Sigma-
Aldrich, St. Louis, Missouri, USA) using a 1 mL
syringe. Each mouse was positioned on a
foam autopsy plate with their limbs secured
and the ventral side facing upward. Before dis-
section, the intended skin area was disinfected
by gentle spraying with 75% ethanol. The disin-
fected area was incised using surgical scissors
to expose the thoracic cavity. After which, a
scalp needle connected to a perfusion pump
was inserted into the cavity, with the chestnut
valve adjusted to aspirate 0.9% saline. After
the effluent was clarified and the liver turned
white, the perfusion pump valve was switched
to 4% paraformaldehyde (PFA) solution. The
administration of 5 mL of 4% PFA was accom-
panied by observable limb stiffness and tail
reflexes, confirming the successful completion
of perfusion completion. The brain tissue was
swiftly collected and immersed in 4% PFA at
4°C overnight. Subsequently, dehydration was
achieved using 15% (w/v) and 30% (w/v)
sucrose solutions until sinking. Coronal sec-
tions, each 30 pym in thickness, were obtained
by cutting the collected tissue with a cryostat
frozen microtome (Thermo Fisher Scientific,
NX50, USA).

Hematoxylin and eosin (HE) staining
The mice were euthanized using intraperitoneal

injection of 500 mg/kg pentobarbital sodium
followed by intracardiac perfusion. Histopa-
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thologic changes in hippocampal tissue sam-
ples were assessed with HE reagents (CO105S;
Beyotime, Shanghai, China) in accordance with
the manufacturer’s instructions. From each
mouse, one hippocampal tissue sample was
obtained, and from this sample, two sections
were randomly selected and prepared for fur-
ther analysis. The sections were stained with
hematoxylin for 3-5 min, followed by differenti-
ation in hydrochloric acid alcohol for 1-3 sec.
After being rinsed with tap water for 15 min, the
sections were stained with eosin for 40 s-1
min. After being successively dehydrated in
80%, 95%, and 100% alcohol, followed by
xylene for 2 min, the samples were sealed with
neutral gum. The HE results were observed
under a light microscope, and photographs
were captured for documentation.

Nissl staining

Nessler staining was performed using a Nessler
staining solution (C0117, Beyotime) following
the manufacturer’s instructions. Nissl-posi-
tive cells were observed under a microscope
(Olympus, Tokyo, Japan).

Terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) staining

The hippocampal tissue sections were washed
with phosphate-buffered saline (PBS), treated
with 0.3% H,0, for 15 min, and washed again
with PBS. Subsequently, the sections were
incubated according to the instructions of the
TUNEL kit (Roche Corporation, USA). Freshly
prepared diaminobenzidine substrate was
applied to the hippocampal tissue, whose color
development was monitored under a micro-
scope. Finally, images were captured for
observation.

Enzyme linked immunosorbent assay (ELISA)

According to the manufacturer’s instructions,
the expression levels of 5-TH, GABA, and Glu
were determined using the ELISA kits (Esebio,
Shanghai, China).

Western blotting

Western blot analysis was conducted as fol-
lows: Proteins separated by electrophoresis
were transferred to a polyvinylidene fluoride
membrane. After incubation with primary anti-
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bodies (1:2000; Abcam, Cambridge, UK; CRF
[ab184238],NPY [ab133757], CCK [ab225874],
and B-Actin [ab7817]), the membranes were
incubated with the secondary antibodies
(@ab6728) at room temperature for 1 h. Protein
bands were visualized using electrochemilumi-
nescence reagents (Thermo Fisher Scientific,
Inc.), and ImageJ software (National Institutes
of Health) was used for analysis.

16s rRNA gene sequencing

The fecal samples of mice in each group were
collected, and microbial genomic DNA was
extracted using the E.Z.N.A ® Soil DNA Kit
(Omega Biotek Norcross, GA, USA). The V3 and
V4 regions of the 16S rRNA gene were ampli-
fied using an ABI GeneAmp © 9700 PCR thermal
cycler (ABI, CA, USA). A TruSeq Nano DNA LT
Library Prep Kit (lllumina) was used to prepare
the sequencing library, and double-ended
sequencing was performed using a MiSeq
sequencer. Overlapping reads were merged
using FLASH, and sequence analysis was con-
ducted with the UPARSE software package.
Chimeraschimeras were checked and removed
during clustering, resulting in high-quality se-
quences clustered into operational taxonomic
units (OTUs) at 97% similarity. The alpha diver-
sity of the gut microbiota was assessed using
seven parameters: Chao 1, Simpson, Shannon,
Pielou’s evenness, observed species, Faith’'s
phylogenetic diversity (PD), and Good’s cover-
age. Principal coordinate analysis (PCoA) and
non-metric multidimensional scaling were used
to evaluate differences in the complexity of
sample species. The relative abundance of
bacteria in each sample was classified into
distinct taxonomic levels, including phylum,
class, order, family, genus, based on compre-
hensive annotation of the taxa. Linear discrimi-
nant analysis coupled with effect size measure-
ments was employed to screen and identify dif-
ferent groups of microbial community markers.
Kyoto Encyclopedia of Genes and Genomes
(KEGG) was performed for enrichment analysis.
Bar plots and PCoA plots were generated in R
software (version 4.0.3).

Ultra-performance liquid chromatography-Q
exactive-mass spectrometry (UHPLC-QE-MS)
analysis

Metabolite extraction: A 100 mg sample was
mixed with 500 pL of an extraction solution
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(methanol: water = 1:1 ratio) containing 10 ug/
mL of an internal standard. Following vortex for
30 s, the mixture was homogenized at 45 Hz for
4 min and subsequently sonicated in an ice-
water bath for 1 h. The samples were then
incubated at -40°C for 1 h, and subsequently
centrifuged at 12000 rpm for 15 min under
the temperature of 4°C (Heraeus Frescol7;
Thermo Fisher Scientific). The clarified superna-
tants were then filtered through a 0.22 pym
microporous membrane and stored at -80°C
for further analysis.

Method conditions: Liquid chromatography tan-
dem mass spectrometry (LC-MS/MS) analysis
was performed using the Vanquish UHPLC
1290 system (Thermo Fisher Scientific), which
was outfitted with a Waters UPLC BEH C18 col-
umn featuring a 2.1 mm x 100 mm internal
diameter and particle size 1.7 ym (Waters,
USA). The injection volume for each sample
was set at 5 L. The mobile phase consisted of:
(A) water with 0.1% formic acid, and (B) acetoni-
trile with 0.1% formic acid. Detailed conditions
are listed in Supplementary Table 1. The pri-
mary and secondary MS/MS data were
acquired using a Q Exactive Focus mass
spectrometer controlled by Xcalibur software
(Thermo Fisher Scientific). The specifications
were set as follows: sheath gas flow rate: 30
Arb; auxiliary gas flow rate: 10 Arb; capillary
temperature: 350°C; MS resolution: 70000;
MS/MS resolution: 17500; collision energy:
15/30/45 NCE; spray voltage: 5.5 kV (positive)
or -4.0 kV (negative).

Raw MS data were processed using MS-DIAL
for peak alignment, retention time correction
and peak area extraction. lon peaks with miss-
ing values exceeding 50% in a group were
excluded from the extracted data.

Statistical analysis

All data were analyzed using GraphPad Prism 8
software (San Diego, CA, USA), with each exper-
iment repeated three times. The results were
expressed as mean * standard deviation (SD).
Student’s t-test was used for comparison
between the two groups. Comparisons among
multiple groups were performed using a one-
way analysis of variance, followed by Tukey’s
multiple comparison test. P < 0.05 was consid-
ered statistically significant.
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Results

Analysis of chemical composition of Jiannao
pills

The chemical composition of Jiannao pills was
determined through UHPLC-QE-MS assay. A
total of 68 chemical components were identi-
fied in the positive electrospray ionization
modes (Supplementary Table 2), including vari-
ous compounds such as 16 terpenoids, 13
alkaloids, 8 phenylpropanoids, 7 flavonoids
(Figure 1A). In the negative electrospray ioniza-
tion modes, 18 chemical components were
detected (Supplementary Table 3), including 3
terpenoids, 4 alkaloids, 7 flavonoids, 3 phenols
(Figure 1B). The active compounds of Jiannao
pills were compared between the two ionization
modes (Figure 1C). The results suggested that
Jiannao Pills might possess multiple pharmaco-
logical activities.

Jiannao pills improved anxiety-like behaviors in
mice

To explore the effect of Jiannao pills on anxiety-
like behaviors in mice, anxiety mouse models
were constructed. Mice in group A exhibited
distinct anxiety-like behaviors in comparison to
those in group C, suggesting the success of
modeling. The dwelling time in the central area,
standing time and grooming time of mice in
groups G and P significantly increased when
compared to mice in group A (Figure 2A, P <
0.05 or P < 0.01). Additionally, the number of
mice entering the open arm and their lingering
time in the open arm in groups P and G were
significantly elevated in comparison to mice in
group A (Figure 2B, P < 0.01). Similarly, mice in
groups P and G showed a marked reduction in
their lingering time in dark chambers, while
their time spent entering the light chambers
and exploring the holes significantly increased
when compared to mice in group A (Figure 2C,
2D, P < 0.05 or P < 0.01). As a result, the anxi-
ety-like behaviors in groups P and G were mark-
edly mitigated when compared to mice in group
A, indicating that Jiannao pills and apuleram
could ameliorate anxiety symptoms in mice.

Jiannao pills improved the nervous system in
mice with restraint stress induced anxiety

The effects of Jiannao pills on the nervous sys-
tems in mice with restraint stress-induced anxi-
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Figure 1. Analysis of the chemical composition of Jiannao pills. A. The total ion chromatography of Jiannao Pills under the positive electrospray ionization mode. B.
The total ion chromatography of Jiannao Pills under the negative electrospray ionization mode. C. Comparison between the active compounds in Jiannao Pills under
the two ionization modes (a: terpenoids, b: alkaloids, c: phenylpropanoids, d: flavonoids, e: organic acid and its derivatives, f: aromatic compounds, g: others, h:
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Figure 2. Jiannao pills improved anxiety-like behaviors in mice. A. The results of dwelling time in the central area,
standing time and grooming time of mice by the open field test. B. The number of mice entering the open arm and
the lingering time of mice in the open arm by the elevated plus-maze test. C. The time of mice staying in the cassette
and the times of entering the cassette by the cassette test. D. The burrowing times of mice by burrowing experiment.
C, Control group; A, Anxiety model group; G, Jiannao pills treatment group; P, Positive control group. These data are
presented as the mean + standard (SD). ""P < 0.01 when compared to groups C, as measured by Student’s t-test;
#P < 0.05, #P < 0.01 when compared to group A, as detected by one-way analysis of variance, followed by Tukey’s

multiple comparison test.

ety were investigated in the study. The number
of inflammatory cells in mice in group A was
elevated and the cell spacing in their hippocam-
pus was reduced compared to mice in group
C. However, these changes were significantly
reversed with the applications of Jiannao pills
and alprazolam (Figure 3A). Additionally, the
cellular organization in the dentate gyrus of the
hippocampus in group A was markedly disrupt-
ed compared to group C, showing numerous
Nissl bodies that were pyknotic, hyperchromat-
ic, and irregularly arranged. In contrast, the
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cells in the dentate gyrus of the hippocampus
in groups G and P were relatively regular, with
fewer Nissl pyknosis, lighter staining, and a
more organized arrangement (Figure 3B, 3C, P
< 0.05 or P< 0.01). Furthermore, the cell apop-
tosis rate of mice was higher in group A than
that in group C; however, Jiannao pills and
alprazolam significantly reduced cell apoptosis
(Figure 3D, 3E, P < 0.05 or P < 0.01). The levels
of 5-HT and Glu of mice in group A significantly
increased while GABA expression markedly
decreased compared to those in group C.
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However, Jiannao pills and alprazolam signifi- the family classification level, the relative abun-
cantly decreased the levels of 5-HT and Glu dance of S24-7 was notably lower in group A
and notably increased the GABA expressions of compared to group C. Conversely, groups G and
mice in groups G and P (Figure 3F, P < 0.05 or P demonstrated an increase in the relative
P < 0.01). Moreover, the levels of CRF and CCK abundance of S24-7 when compared to group
of mice in group A were significantly higher A. Additionally, the relative abundance of
while NPY was notably lower compared to those Lactobacillaceae was significantly elevated in
of mice in group C. With the employment of group A when compared to group C. Notably,
Jiannao pills and alprazolam, the CRF and CCK Jiannao pills and alprazolam resulted in a
levels distinctively reduced and NPY levels decrease in Lactobacillaceae abundance com-
increased compared to those of mice in group A pared to group A (Figure 4B). Similarly, at the
(Figure 3G, P < 0.01). These results indicated genus level, the relative abundance of La-
that Jiannao pills effectively improved the ner- ctobacillus was significantly higher in group A
vous system of mice with restraint stress than that in group C. Jiannao pills and alpra-
induced anxiety. zolam reduced the relative abundance of
Lactobacillus compared to group A (Figure 4C).
Analysis of intestinal microflora species of mice These results indicated that the abundance of
in each group intestinal microflora altered in mice with

restraint stress induced anxiety, and that these
alterations could be regulated by Jiannao pills
and alprazolam.

The 16S rRNA sequences from 12 fecal sam-
ples collected from mice in each group were
analyzed. A total of 707,867 high-quality se-

quences with an average length of 380.61 Analysis of the diversity of intestinal microflora
base pairs were obtained. The results showed species of mice in each group

no significant differences in the six taxonomic

levels of phylum, class, order, family, genus, The alpha diversity of intestinal microflora spe-
and species among the samples (Figure 4A). At cies of mice in each group was analyzed. The
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results showed that based on the Simpson
and Shannon indices, the microbial community
diversity significantly decreased in group A
compared to group C (P < 0.05). Although the
microbial community diversity in groups G and
P increased compared to group A, the differ-
ence was not significant. In terms of the remain-
ingindices (Chaol, Pielou’s evenness, observed
species, Faith’'s PD, and Good’s coverage), no
significant differences were observed among
the four groups (Supplementary Figure 1A). The
species accumulation curve exhibited a pla-
teauing trend with the inclusion of additional
samples, indicating that the sample size was
sufficient to reflect all species in the community
(Supplementary Figure 1B). The rank-abun-
dance curve results showed that the curve of
mice in group A was narrower, with a reduced
range along the horizontal axis and a steeper
slope, in comparison to that of group C. The
rank-abundance curve of mice in groups G and
P displayed no discernible changes when com-
pared to those of group A (Supplementary
Figure 1C). To determine the differences in the
composition of fecal microorganisms among
the samples, we conducted a beta diversity
analysis as well. The results showed that the
plane distribution areas of the samples in group
C were distinct from those in groups A, G, and P,
featuring relatively clear and well-separated
boundaries. The distribution range of the
samples from groups G and P surpassed that
of group A, yet notably, the separation bet-
ween groups G and A was substantially wi-
der than the one between groups P and A
(Supplementary Figure 1D, 1E). These findings
indicated that the composition of the intestinal
microflora of mice in groups A, G, and P was dif-
ferent from that of mice in group C. Jiannao pills
and alprazolam influenced the intestinal micro-
flora composition to a certain degree, with
Jiannao pills having a stronger effect.

Analysis of differences in intestinal microflora
species of mice between groups

The results of the Venn diagram showed that
145 out of the 5354 OTUs were shared among
all groups, with 1759, 526, 632, and 457 OTUs
unique to groups C, A, G, and P, respectively
(Figure 5A). At the phylum level, the relative
abundance of Firmicutes and TM7 in groups
A-P was elevated while the levels of Bacteroides
and Actinobacteria were significantly reduced
when compared to groups A and P. The relative
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abundance of Firmicutes was found to be
increased in groups A-C, P-C, and A-P-C when
compared to groups C. Conversely, in compari-
son with group G, a significant decrease in the
relative abundance of Firmicutes was observed
in groups A-G, P-G, and A-P-G, with the most
pronounced decrease noted in the A-P-G group.
Inaddition, the relative abundance of Firmicutes
in group A-C-G were elevated compared to C-G,
whereas it decreased significantly in groups
P-C-G and A-P-C-G. This trend was reversed for
Bacteroides, which showed a decrease in group
A-C-G and an increase in groups P-C-G and A-P-
C-G compared to groups C-G. At the genus
level, the differences between the Lactobacillus
and Oscillospira groups were more evident
(Figure 5B). Furthermore, the heatmap illustrat-
ing the intestinal microflora in mice at the
genus level highlighted significant differences
among the four groups (Figure 5C). The abun-
dance of Lactobacillus, Bacilli, Lactobacillales,
and Lactobacillaceae was significantly elevat-
ed in group A. In group G, the abundances of
CC-115 and Clostridium were significantly ele-
vated, and in group P the abundances of
Helicobacter and Coprobacillus were elevated
(Figure 5D, 5E). These results indicated signifi-
cant differences in the intestinal microbial spe-
cies of mice among the four groups.

Analysis of intestinal microflora function in
mice of each group

We analyzed the abundance of secondary func-
tional pathways using the KEGG database and
identified intergroup differences in KEGG meta-
bolic pathways using the metanomeSeq meth-
od. Functional abundance analysis revealed
that microbial functions were predominantly
associated with metabolism, with metabolic
processes showing significantly higher abun-
dance compared to other pathways. Key bio-
logical pathways identified in the intestine
included carbohydrate metabolism, metabo-
lism of cofactors and vitamins, amino acid
metabolism, and metabolism of terpenoids
and polyketides (Supplementary Figure 2A).
Furthermore, the differences in the KEGG met-
abolic pathways between groups C and A indi-
cated significant variations in penicillin and
cephalosporin biosynthase, Parkinson’s dis-
ease, atrazine degradation, hypertrophic car-
diomyopathy, and Staphylococcus aureus

infection (Supplementary Figure 2B, P < 0.05, P
<0.010r P<0.001). Contrasts between groups

Am J Transl Res 2024;16(9):4549-4563
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Figure 5. Analysis of differences in intestinal microflora species of mice in each group. A. Venn diagram of opera-
tional taxonomic units (OTUs) for each group; B. Venn Chart OTU abundance histogram at the Phylum and genus
levels in different regions; C. The double cluster heatmap of compositions at the genus level; D. The histogram of
effect values of marker species by linear discriminant analysis (LDA); E. The chart of classification credit branch.
C, Control group; A, Anxiety model group; G, Jiannao pills treatment group; P, Positive control group; The last letter

represents the group under comparison.

A and G showed a significant difference in
betalain biosynthesis (Supplementary Figure
2C, P < 0.01). These findings underscored the
impacts of Jiannao pills on metabolic pathways
within the gut microbiota.

Discussion

This study investigated the chemical composi-
tion of Jiannao pills and explored their effects
and underlying mechanisms in alleviating anxi-
ety. Previous studies have indicated the poten-
tial benefits of TCM herbs in treating general-
ized anxiety disorders [23]. Common mecha-
nisms observed in many plant-based remedies,
such as Gastrodia elata, wild jujube, and gin-
seng, involve the modulation of the GABA sys-
tem. This modulation can occur through direct
receptor binding, ion channels, or cell mem-
brane interactions, as well as through inhibition
of GABA transaminase or glutamate decarbox-
ylase [24]. Alprazolam, a well-known anxiolys-
tic, served as a positive control in our study due
to its established efficacy in anxiety treatment.
Our findings demonstrated that both Jiannao
pills and alprazolam effectively improved anxi-
ety-like behaviors in mice. These effects were
associated with modulation of the GABA path-
way and alterations in intestinal microflora.
Specifically, our results suggested that Jiannao
pills and alprazolam exerted similar anxiolytic
effects, potentially through their influence on
intestinal microflora.

Intestinal microflora play crucial roles in various
physiological activities, and disruptions in their
composition have been linked to psychological
and mental disorders [25]. Imbalances in in-
testinal microflora, characterized by reduced
levels of anti-inflammatory bacteria producing
butyrate and increased levels of pro-inflamma-
tory bacteria, have been associated with anxi-
ety-related disorders [26]. Additionally, our
experimental findings align with previous stud-
ies showing anxiety correlates with decreased
richness and diversity of intestinal microflora
[27]. Therefore, the regulation of intestinal
microflora is an important target for anxiety
treatment.
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Research has underscored significant role of
probiotics in alleviating anxiety by regulating
intestinal microbiota. For instance, probiotics
offer promising therapeutic strategies to coun-
teract the effects of microbiota imbalances in
anxiety and eating disorders [28]. Consumption
of probiotics has been shown to enhance the
diversity of neurotransmitter synthesis path-
ways and increase levels of microbial neuroac-
tive metabolites, potentially mitigating stress
and anxiety in humans [29]. In animal studies,
treatment with Bifidobacterium infantis re-
duced depressive behaviors in rats and
restored norepinephrine levels in the brain
stem [30]. Clinical research has also supported
these findings, demonstrating that treatment
with Bifidobacterium strain A-1 improved anxi-
ety and depression scores in patients with
schizophrenia [31]. Our study observed that
treatment with Jiannao pills and alprazolam
significantly increased the relative abundance
of S24-7 in anxious mice. S24-7, a dominant
family within the Bacteroides group responsible
for fermenting carbohydrates in the mouse gut,
has been implicated in previous research.
Studies have shown that sesquiterpenes atten-
uates depressive-like behaviors induced by
chronic stress by reshaping the gut microbiome
and increasing the abundance of S24-7 [32].
Similarly, treatment with Zanthoxylum bungea-
num restored gut microbiota dysbiosis induced
by chronic unpredictable stress, accompanied
by enhanced levels of Bacteroidales_S24-7_
group [33]. Based on these findings, we hypoth-
esized that S24-7 played a crucial role in regu-
lating intestinal microflora in anxiety.

Previous studies have highlighted the efficacy
of TCM in regulating intestinal microflora and
managing anxiety [34, 35]. For instance,
Fructus gardeniae was reported to have allevi-
ated anxiety and suppressed neuroinflamma-
tion in sleep-deprived rats by modulating hip-
pocampal metabolites and intestinal microflora
composition [36]. Similarly, Xiaoyao San miti-
gated anxiety and depression induced by a
high-fat diet through modulation of gut micro-
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biota in mice [37]. These findings align with our
research, where we observed that treatment
with Jiannao pills reversed the trend of S24-7
abundance seen in mice with anxiety, and
also increased microbial community diversity.
Furthermore, our study identified significant
reductions in the abundance of CC-115 and
Clostridium in mice treated with Jiannao pills.
Additionally, the shuman intestinal bacteria can
biotransform active metabolites or alter metab-
olism following TCM treatment, thereby enhanc-
ing their activities and promoting intestinal
absorption [38]. In our study, biosynthesis,
Parkinson’s disease, and atrazine degradation
were significantly altered by penicillin and ceph-
alosporin biosynthesis, and the betalain bio-
synthase pathway was notably affected follow-
ing Jiannao pills treatment. Collectively, these
studies have underscored the therapeutic po-
tential of TCM in anxiety management throu-
gh modulation of intestinal microflora. Jiannao
pills are a promising therapeutic approach for
anxiety disorders as well.

There are some limitations to this study. First,
the experimental results were based on the
chronic restraint stress-induced anxiety-like
mice model, and therefore, require further clini-
cal validation. Second, the molecular mecha-
nism by which Jiannao Pills improve anxiety by
regulating intestinal microflora remains unclear
and needs further exploration. Additionally, our
future research will focus on identifying the
specific chemical composition of Jiannao Pills
that alleviate anxiety.

Conclusion

Jiannao pills have demonstrated significant
efficacy in improving anxiety-like behaviors in
mice. This effect appears to be mediated
through the regulation of neurotransmitters
and the modulation of intestinal microflora.
These findings highlight the therapeutic poten-
tial of Jiannao pills and suggest that they could
represent a novel treatment option for anxiety
disorders.
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Supplementary Table 1. The mobile phase parameters in ultra-high performance liquid chromatogra-
phy (UHPLC) experiments

Time (min) Flow rate (mL/min) Phase A: water (%) Phase B: acetonitrile (%)
0 400 95 5
3.5 400 85 15
6 400 70 30
6.5 400 70 30
12 400 30 70
12.5 400 30 70
18 400 0 100
22 400 0 100
25 400 0 100
26 400 95 5
30 400 95 5

Supplementary Table 2. Analysis of the chemical compositions of Jiannao pills under the positive
electrospray ionization mode

ID NameEN Formula Mzmed Rtmed

1 (1R,2E,7R,10E,12S,13S,15R)-12,15 C.H20, 319.1304 755.149
-dihydroxy-7-methyl-8-oxabicyclo
[11.3.0]hexadeca-2,10-dien-9-one

2 (1R,2R,5S,8R,14R,15R,16S)-16 C,oH,605 504.3676 903.9535
-hydroxy-1,2,14,17,17-pentamethyl-8-
(prop-1-en-2-yl)pentacyclo[11.7.0.02,°.05,°.0,'8]
icosane-5,15-dicarboxylic acid

3 (1r,3R,4s,5S)-4-{[(2E)-3-(3,4-Dihydroxyphenyl) C,sH:504 377.0848 186.528
-2-propenoyl]oxy}-1,3,5-
trihydroxycyclohexanecarboxylic acid

4 (2S,3R,4R,5R,6S)-2-[(2R,3R,4S,5R,6R) C,oH3,04, 485.162 144.59
-2-[2-(3,4-dihydroxyphenyl)ethoxy]
-3,5-dihydroxy-6-(hydroxymethyl)oxan-4-yl]
oxy-6-methyloxane-3,4,5-triol

5 (22)-6-hydroxy-2-[(4-hydroxy-3-methoxyphenyl) C,sH.,04 285.0753 1791.16
methylidene]-1-benzofuran-3-one
(S)-[10]-Gingerol C,,H,,0, 351.2523 619.37

7 1-Hydroxyepiacorone C,sH,,0, 253.1797 373.999
2-(2-0x0-8,9-dihydrofuro[2,3-h]chromen-8-yl) C6H1604 306.1327 397.468
propan-2-yl acetate

9 2-(Methoxycarbonyl)-5-methyl-2,4-bis C,oH,0, 459.3472 630.22

(3-methyl-2-butenyl)-6-(2-methyl-1-oxopropyl)
-5-(4-methyl-3-pentenyl)cyclohexanone

10 2-Acetyl-5-methylpyridine CgH,NO 136.0757 274.106
11 2-Aminoacetophenone CgH,NO 136.0754 52.5511
12 2-Furoic acid C.H,0, 113.0233 57.8203
13 2-Oxovaleric acid C,H0, 117.0544 44.4966
14 2,8-Dihydroxy-5,5,8-trimethyl-11-oxatetracyclo C,:H,,0, 289.1392 44.182
[7.3.1.0~1,9~.0~3,7~]tridecan-10-one
15 3-Feruloyl-1,5-quinolactone C,;H,s0¢ 351.108 493.505
16 3-Hydroxyurs-12-en-23-oic acid C,oH.:0, 479.3507 1019.905
17 4[4-(3,4-dihydroxyphenyl)-2,3-dimethylbutyl] C,.H,,0, 325.1415 601.041

benzene-1,2-diol
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4-Methylumbelliferone
4,4,8,10,14-pentamethyl-17-
(4,5,6-trinydroxy-6-methylheptan-2-yl)-
2,5,6,7,9,15-hexahydro-1H-cyclopenta
[a]phenanthrene-3,16-dione
5-0-Methylvisammioside
7-methoxy-4-methylcoumarin
Acetophenone

Adenine
Alpha-Methoxy-1H-indole-3-propanoic acid
Apigenin

Arecaidine

Armillarilin

Benzaldehyde

CHOLIC ACID

Colubrinic acid

Curcumenol

dehydrocostus lactone
Deoxyvasicinone

Dulciol C

Emodin
Ent-16a-Hydroxy-17-acetoxy-19-kauranal
Eudesmin

Furocoumarinic acid glucoside
Gamma-L-Glutamyl-L-pipecolic acid
Ganoderic acid Y

Ganoderol A

Ginkgolic acid (C13:0)
INDOLE-3-ETHANOL

Indoleacetic acid

Kaempferol

Kaempferol-3-O-beta-glucopyranosyl-7
-O-alpha-rhamnopyranoside

KOBUSONE

L-Gulose

L-Tyrosine

Laurelliptine

Lycorine

Mannitol

monolinolein
N-(p-Hydroxyphenyl)ethyl p-hydroxycinnamide
N-Feruloylglycyl-L-phenylalanine
Neobavaisoflavone

Nicotinic acid

Norharman

Norisoboldine

Phytolaccinic acid

C,H.O

10° 873

C,H,.0

30 4675

C,H,0

22° 28710

C,H,0

11'10%3
C,H,0
C.H.N

5 5 5

C,,H,NO,

12" 13

C,H 0O

15" 1075

C,H,,NO,

711

C,H,0

24" 3077
C,H.O0
CouHue0

24" 4075

C,H,0

30 4674

C.H,0

15 2272

C.H,0

15 1872

C,,H,NO

11710 2

CH.0

28 3477

C,H,0

15" 1075

C,H.0

227 3474

C,H,0

22 2676

C,H,.0

17° 1879

C,,H,NO

11 18 275

C,H,0

30 4673

C,H,0

30 4672

C,H.0

20 3273

C, H,,NO

100 11

C,,H,NO,

10" 9

C,H O

15 1076

CH,O

27 30715

c,,H,.0

14" 2272

CH..0

6 1276
C,H,,NO,
C,.H,NO,

18" 19

C,.H,,NO,

16" 17

CH,,O

6 1476

C,H.0

21 3874

C,H,,NO,

17 17

C,,H,N,O

2122276

C,H,0

20 11874
C,H,NO,
C, HNN

11 '8 2

C,.H,NO,

18 19

C_H,.0

31 4876

194.0808
469.3321

453.1754
191.0704
121.0648
136.0616
220.0965
271.0601
142.0861
431.2068
107.049
447.2518
453.3361
2571515
248.1646
187.0864
483.238
271.0601
363.2511
409.1627
367.1018
259.1302
455.3524
439.3568
321.24
162.0913
176.0703
287.0554
595.1657

245.1509
203.0523
182.0808
314.138
288.1224
205.0684
393.2397
284.1286
399.1527
323.1257
124.0393
169.0758
314.1363
517.3511

58.8171
894.073

618.911
280.182
275.703
43.8439
219.866
863.069
86.5438
694.335
58.8171
914.806
583.902
584.6185
402.903
289.183
710.8175
497.016
783.445
783.2875
420.923
512.518
949.123
890.32
865.137
172.112
302.03
447.863
363.62

648.209
39.79025
51.9955
222.094
148.599
34.5347
889.803
207.267
409.486
618.605
101.329
256.746
500.748
1026.33
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61 Pyrrole-2-carboxylic acid; LC-tDDA; CE10 C,H,NO, 112.0393 189.265
62  Rhaponticin C,,H,,0, 421.1467 514.613
63 Seneciphylline C,gH,;NO, 334.1652 147.91
64  Tazettine C,gH,,NO, 332.1489  135.102
65  Tulipinolide C,H,,0, 291.157 380.942
66 Venoterpine C,H N, 150.0912 60.4652
67 Wogonin C,H,,0, 285.0753 1661.37
68 Zoapatanol C,H.0 339.2514 737.5955

20 3474

Supplementary Table 3. Analysis of the chemical compositions of Jiannao pills under the negative
electrospray ionization mode

ID NameEN Formula Mzmed Rtmed

1 2-Acetylpyrrole C,H,NO 108.0455 108.136
2 3,4-di-O-caffeoylquinic acid C,H,0,, 515.1196 370.547
3 3,4,5-trimethoxycinnamic acid C12H14O5 237.0763 432.601
4 Asiatic acid C,H,O0, 4873415 1024.52
5 Baicalein CH,05 269.0448 496.536
6 Dehydrotumulosic acid C,H,0, 483.3465 990.458
7 Genistein CH, 05 269.0448 539.794
8 Isokobusone C,H,,0, 2211546 768.113
9 Oleanoic Acid C,H,0, 4553536  1356.22
10 Oleic acid CeH,,0, 2812482  1025.49
11 p-Aminobenzoic acid C,H,NO, 136.0402 166.205
12 p-coumaric acid methyl ester geometric isomer (tentative, MSe) C,HgO, 163.0402 279.681
13 p-Hydroxybenzaldehyde C,H0, 121.0295 221.131
14 Parishin E CH,,0,, 459.1145  170.166
15 Pelargonidin-3-O-glucoside C,H,0,, 431.0984 384.642
16 Podocarpusflavone A C,H,,0,, 551.0969  649.425
17 Pyrocatechol C,H:0, 109.0295 94.5063
18 Sibiricose A5 C,_H.O 5171567  206.918

22" 30714




Jiannao pills for chronic restraint stress-induced anxiety

A Chao1 Simpson Shannon Pielou_e B
1250 11
p=0.099 p=0.041 . p=0053 p=0082
10 074 [
< 8
1000 L M ]
2
\ g
09 ? °
) 3
‘ 6 06 €
2
750 ‘ 08
o
5 .
05
07 o
50 T T T T T T
4 2 4 6 8 10 12
[ number of samples
04
C A P G C A P G C A P G C A P G C Rank Abundance Curve
Observed_species Faith_pd Goods_coverage *
p=0.099 p=0.099 p=084
5 Groups
-
1000 7‘7 0999 ‘:‘j Y
A o
s | g c
| . | i ! :
T G H
%0 ‘ 0998 ‘ $ 3 ’
. 3 —a
3
2 ° :
500 ‘
0.997
] 3 L]
C A P G C A P G C AP G ’
1] E] orora® E]
an
D E Stress = 9.93e-05
1e-03
0.4
*
5e-04 s
0.2
g Group Group
o (¢} o . C
= A Q 0e+00 A
o
o P = P
00 . * G . G
N -5e-04
-0.2
-1e-03 ¢
04 02 00 02 15 1.0 05 00 05
Axis 1 [19.5%] MDS1

Supplementary Figure 1. Analysis of the diversity of intestinal microflora species of mice in each group. A. Group
box diagram of alpha diversity index; B. Specaccum species accumulation curve; C. The curve of the abundance
grade; D. The two-dimensional diagram of the principal coordinate analysis (PCoA); E. The two-dimensional diagram
of the nonmetric multidimensional scaling (NMDS) analysis. C, Control group; A, Anxiety model group; G, Jiannao
pills treatment group; P, Positive control group. "P < 0.05 when compared to group C.
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Supplementary Figure 2. Intestinal microflora function analysis of mice in each group. A. The diagram of the abundance of the secondary functional pathways by
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis; B. The difference of KEGG metabolic pathway between group C and group A; C. The difference in KEGG
metabolic pathway between group A and group G. C, Control group; A, Anxiety model group; G, Jiannao pills treatment group; P, Positive control group.



