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Gegen Qinlian decoction alleviates
depression-like behavior by modulating the
gut microenvironment in CUMS rats
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Abstract

Background Gegen Qinlian Decoction (GQD) is a classical traditional Chinese medicine (TCM) formula primarily
utilized for treating gut disorders. GQD showed therapeutic effects on several diseases in clinical and animal

studies by targeting gut microbes. Our recent studies also found that GQD efficiently alleviated anxiety in
methamphetamine-withdrawn mice via regulating gut microbiome and metabolism. Given that various studies have
indicated the link between the gut microbiome and the development of depression, here we endeavor to explore
whether GOD can manage depression disorders by targeting the gut microbiome.

Methods and materials The depression-like model was induced in rats through chronic unpredictable mild
stress (CUMS) and the depression levels were determined using the sucrose preference test (SPT). To address the
depression-like behavior in rats, oral administration of GQD was employed. The colon microbiome and metabolite
patterns were determined by 16s rRNA sequencing and untargeted metabolomics, respectively.

Results We found 6 weeks of CUMS can induce depression-like behavior in rats and 4 weeks of GOD treatment
can significantly alleviate the depression-like behavior. GQD treatment can also ameliorate the histological lesions
in the colon of CUMS rats. Then, CUMS increased the abundance of gut microbes, while GQD treatment can restore
it to a lower level. We further discovered that the abundances of 19 bacteria at the genus level were changed with
CUMS treatment, among which the abundances of Ruminococcus, Lachnoclostridium, Pygmaiobacter, Bacteroides,
Pseudomonas, and Pseudomonas Family_Xill_AD3011_group were stored by GQD treatment. Besides, we identified
the levels of 36 colon metabolites were changed with CUMS treatment, among which the levels of Fasciculic

acid B, Spermine, Fludrocortisone acetate, alpha-Ketoglutaric acid, 2-Oxoglutaric acid, N'-(benzoyloxy)-2-(2,2-
dichlorocyclopropyl) ethanimidamide, N6-Succinyl Adenosine Oleanolic acid, KQH, Ergosta-5,7,9(11),22-Tetraen-3-
beta-Ol, Gentisic acid, 4-Hydroxyretinoic Acid, FAHFA (3:0/16:0), Leucine-enkephalin and N-lactoyl-phenylalanine can
be restored by GQD treatment.
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Conclusion Our findings provide evidence supporting the therapeutic efficacy of GQD in alleviating depression-like
behavior in CUMS rats, potentially being targeted on colon bacteria (especially the abundance of Ruminococcus and
Bacteroides) and metabolites (especially the level of Oleanolic acid).

Keywords Depression, Gegen Qinlian decoction, Gut bacteria, Colon metabolites

Introduction

Depressive Disorders have been regarded as one serious
mental health condition [1]. Despite the rapid develop-
ment of antidepressants such as selective serotonin reup-
take inhibitors (SSRIs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs), therapeutic strategies for
depression remain limited. Currently, the major chal-
lenge for the applications of antidepressants that target
the central neuro system is the significant side effects
such as insomnia, nausea, resistance, and even suicidal
ideation [2, 3]. Accordingly, there is an urgent need to
develop alternative targets to treat depression.

In the last decade, increased emphasis has been given
to the role of gut microbiota in regulating depressive
disorder [4, 5]. Recent findings provide strong evidence
that depression disrupts the balance of gut microbiota
homeostasis [6, 7]. Conversely, gut microbiota imbalance
exacerbates depressive symptoms through disturbing gut
metabolite microenvironments. Further, major depres-
sive disorder (MDD) patients had distinct gut microbe
patterns from healthy people [8]. Additionally, fecal
microbiota transplantation (FMT) assays demonstrated
that the transfer of microbes from depressed animals
or patients to healthy animals resulted in the induc-
tion of depression-like behaviors [9-11]. Notably, pro-
biotics have already been used in treating patients with
refractory depression [12]. This compelling evidence has
proven the gut microbiota as a novel avenue for develop-
ing antidepressants or complementary adjuncts to con-
ventional treatments.

Traditional Chinese Medicine (TCM) for the treatment
of psychiatric disorders is widely recognized in clini-
cal practice due to its efficacy and minimal side effects
and has emerged as a promising alternative strategy for
depression [13—17]. Gegen Qinlian Decoction (GQD) is a
classical TCM formula composed of four herbs: Pueraria
lobata (Willd.) Ohwi (Gegen), Scutellaria baicalensis
Georgi (Huangqin), Coptis chinensis French (Huanglian),
and Glycyrrhiza uralensis Fisch (Gancao). GQD is tradi-
tionally used in treating enteritis, diarrhea, and ulcerative
colitis [18]. Besides, GQD primarily exerts its therapeu-
tic effects on several non-gastrointestinal disorders by
targeting the intestinal microenvironment, such as dia-
betes, steatohepatitis, colorectal cancer, and influenza,
in clinical and animal studies [19-25]. Additionally, our
previous study found that GQD treatment efficiently
alleviated anxiety-like behavior in methamphetamine
(METH)-exposed mice by regulating colon bacteria and

metabolites [11]. Further, previous studies have revealed
the anti-depression effects of active components from
GQD [26-31]. As such, we hypothesize that GQD can
also alleviate depressive symptoms by regulating the
homeostasis of gut microbiota and gut metabolism.

In the present study, a depression-like model was
established in rats through the application of CUMS.
Subsequently, intragastric gavage of GQD was employed
as an intervention to treat depression-like behaviors in
the CUMS rats. The study aimed to assess the effective-
ness of GQD in alleviating depression-like behaviors and
to target potential gut microbiota and metabolites associ-
ated with GQD treatment.

Materials and methods

Rats breeding

The experimental procedures involving rats, including
animal breeding and behavioral tests, were conducted
under the approval and supervision of the Institutional
Animal Care and Use Committee (IACUC) at Nanjing
University of Chinese Medicine (The animal experi-
mental ethics number is 202103A097). Sprague DawLey
(SD) rats, aged 8 weeks, were obtained from Cavens Bio-
technology Co., Itd. (Nanjing, China) and utilized in our
model. Rats were allowed to acclimate for at least 3 days
before the start of the experiment procedure. Through-
out the study, the rats were housed under controlled
environmental conditions, maintaining a constant tem-
perature of 23+2°C and humidity of 50+5%. They were
subjected to a 12-hour light/dark cycle with lights on at
8:00 AM and had continuous access to water and food.
Where necessary, rats were euthanized under anesthesia
by exposure to 2% Isoflurane gas for 5 min to collect tis-
sue samples while they were unconscious.

GQD preparation

GQD was prepared as the identical batch and the qual-
ity control was done with high-performance liquid chro-
matography (HPLC) as we previously illustrated [32].
Briefly, 24 g Pueraria lobata (Willd.) Ohwi, 9 g Coptis
chinensis French, 9 g Scutellaria baicalensis Georgi, and
6 g Glycyrrhiza uralensis Fisch were provided from The
First Affiliated Hospital of Nanjing University of Chinese
Medicine. These herbs were soaked in 500 ml of water at
10 C for 30 min and subsequently heated until boiling,
then followed by gentle heat for an additional 30 min.
The resulting solution was filtered to obtain the first
decoction. The remaining residue was mixed with 500 ml
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of water at 10 ‘C, boiled, and gently heated for 30 min
before being filtered to obtain the second decoction. The
first and second decoctions were combined, thoroughly
filtered to remove herb residues, and then subjected to
rotary evaporation. The concentrated solution was subse-
quently lyophilized and stored at 4 C for future use. Prior
to administration, the lyophilized GQD was re-dissolved
in 20 ml of water and administered intragastrically to rats
at a dosage of 18 g/kg, where the 18 g is calculated based
on the total crude weight of the four herbs. The chosen
dosage of 18 g/kg is approximately 1.5 times to the clini-
cal dosage in human beings [18]. The reagents and qual-
ity assessment of GQD are conducted and supervised by
the Jiangsu Key Laboratory for TCM Formulae Research,
Nanjing University of Chinese Medicine, China.

Sucrose preference test

The test was performed as previously reported with
minor modifications [33]. Briefly, before the test, rats
were individually housed in new cages, each containing
two visually identical water bottles. The experiment was
divided into three stages: the training stage, the fasting
and water deprivation stage, and the testing stage. The
training stage lasted for two days. On the first day, both
bottles contained a 1% sucrose solution, and after 12 h,
the positions of the two bottles were switched. On the
second day, one bottle contained a 1% sucrose solution,
and the other bottle contained sterile water. Again, after
12 h, the positions of the two bottles were switched. The
fasting and water deprivation stage lasted for a total of
24 h. During this period, the rats had no access to food or
water. The testing stage also lasted for 24 h. In each cage,
one bottle contained a 1% sucrose solution, and the other
bottle contained sterile water. After 12 h, the positions of
the two bottles were switched. Before the testing phase,
all water bottles were carefully labeled and weighed. Dur-
ing the testing period, a quiet environment was main-
tained. After the testing concluded, all water bottles were
weighed again, and the sucrose preference index was
recorded. The sucrose preference rate (SPR) was calcu-
lated as follows: (weight of sucrose water) / (weight of
sucrose water +weight of sterile water) x 100%.

Chronic unpredictable mild stress modeling and GQD
treatment

The CUMS (Chronic Unpredictable Mild Stress) was
conducted based on the previous literature with slight
modifications [34]. The experimental cohort of SD rats
were first subjected to 7 days of adaptation to the hous-
ing environment, then underwent baseline testing for
sucrose preference using the SPT for 4 days and ran-
domly separated into the control group (CON, n=16)
and CUMS group (CUMS, n=25) based on the baseline
SPT score. During the 6 weeks of CUMS modeling, The
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CUMS group was subjected to a daily administration of
diverse mild stressors. These stressors were chosen ran-
domly, ensuring that consecutive exposures did not entail
repetition. Following each stressor exposure, a subse-
quent set of stressors was administered. The stressors
applied in this study encompassed the following proto-
cols: a 24-hour fasting period, a 24-hour deprivation of
water access, continuous illumination for a duration of
24 h, a 24-hour provision of wet bedding with the addi-
tion of 250 mL of water per cage, a 45° tilt of the cage
sustained for a 24-hour interval, a 90-second tail clamp,
a 6-minute session of forced swimming in cold water
maintained at 4 °C, and a 6-minute session of forced
swimming in hot water at 42 °C. The weight of each rat
was measured at 6:00 PM on the first day of every week,
and the SPT score was measured on the first day of every
week. After 6 weeks, the CON rats were randomly intra-
gastric gavaged with either vehicle (V, saline) or GQD
for the next 5 weeks, dividing into CON+V group (n=8)
and CON+GQD group (n=8). The CUMS rats were also
randomly intragastric gavaged with either V, GQD, or
FLX for the next 5 weeks, dividing into CUMS+V (n=8),
CUMS+GQD (1n=8), and CUMS+FLX group (n=9).
FLX (fluoxetine) here was used as a positive control drug
for treating depression-like behaviors in CUMS rats
(Fig. 1A). Likewise, the SPT score was measured on the
first day of every week.

Histology

The colon tissues were obtained from 4% PFA-prefixed
rats and further fixed with 4% PFA for 4 h. After seri-
ous dehydration, the tissues were cleared in xylene and
embedded in paraffin. Sections of 5 um thickness were
prepared for H&E staining following the manufacturer’s
instructions (SOLARBIO, G1120). Briefly, the paraffin-
embedded tissue sections were dewaxed in xylene and
rehydrated through graded alcohol solutions. They were
then immersed in hematoxylin solution for 5 min to stain
cell nuclei. Following this, sections were briefly dipped in
acid alcohol solution (1% hydrochloric acid in 70% etha-
nol) until the desired blue staining intensity was achieved
and then rinsed in tap water. Subsequently, the sections
were immersed in eosin solution for 2 min to stain cyto-
plasm, followed by rinsing in tap water. Finally, sections
were dehydrated through graded alcohol solutions and
cleared in xylene.

16s rRNA sequencing and analysis
Upon sacrificing the rats, fecal samples were collected
from the colon and immediately snap-frozen in liquid
nitrogen. These samples were stored at -80°C for subse-
quent analysis.

For the absolute quantification of gut microbial 16s
RNA, Shanghai Genesky Biotechnologies (China)
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Fig. 1 GQD alleviates the depression-like behavior in CUMS rat. (A) The experimental timeline settings with male rats. (B) The sucrose preference rates
(SPR) were measured every week for 6 weeks with rats exposed to chronic unpredictable mild stress (CUMS) and controls (CON). (t-test, day 0: P=0.3761,
n=41;Week 5: P=0.0565, n=41; Week 6: P=0.0010, n=41). (C) The values of SPR for each corresponding CUMS or CON rat at day 0 (baseline) and day 42
(6 weeks) were compared. (Two-way ANOVA, Week 6: CON, P=0.2214; CUMS, P=0.0037) (D) The delta values of SPR for each corresponding CUMS or CON
rat at day 42 (6 weeks) and day 0 were calculated and compared. (t-test, P=0.0019, n=41). (E) After 6 weeks, CUMS rats were randomly divided into three
groups, including vehicle treatment (CUMS+V), GQD treatment (CUMS+GQD), and Fluoxetine treatment (CUMS+FLX) groups, while CON rats were
randomly divided into two groups, including vehicle treatment (CON+V), GQD treatment (CON +GQD) groups. SPR of rats in each group was measured
every week for the next 5 weeks. (One-way ANOVA, Week 0: P=0.8858; Week 10: P<0.0001; Week 11: P<0.0001). (F) The values of SPR for each corre-
sponding rat in the three groups at week 6 and week 11 were compared. (Two-way ANOVA, CUMS +GQD: P=0.0065; CUMS+FLX: P=0.0012; CUMS+V:
P=0.0009). (G) The delta values of SPR for each corresponding rat in the three groups at week 11 and week 6 were calculated and compared. (One-way
ANOVA, CUMS +GQD: P<0.0001; CUMS +FLX: P<0.0001). (H) The typical H&E staining photos of the colons of rats in the indicated group. CON +V, control
rats with vehicle treatment. CON +GQD, control rats with GQD administration. CUMS +V, rats with CUMS followed by vehicle treatment. CUMS +GQD, rats
with CUMS followed by GQD treatment. N.S,, P>0.05; *, P<0.05; **, P<0.01 versus the indicated controls
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conducted the analysis based on the reported relevant DNA was assessed using agarose gel electrophoresis,
literature [35, 36]. Genomic DNA from bacteria was  while its concentration and purity were determined using
extracted using the FastDNA® SPIN Kit (MP Biomedicals, Nanodrop 2000 and Qubit3.0 spectrophotometer. To
Santa Ana, CA, United States). The quality of genomic  enable quantification, polymorphic spike-ins containing



Peng et al. BMC Complementary Medicine and Therapies

conserved regions identical to 16s rRNA and variable
regions with randomized sequences (GC%~40%) were
utilized as labels. These spike-ins, mixed with genomic
DNA in varying copy numbers, were used for amplifying
the V3-V4 regions of the 16 S rRNA and spike-ins using
primers 341 F (5'-CCTACGGGNGGCWGCAG-3’) and
805R  (5'-GACTACHVGGGTATCTAATCC-3'). 'The
resulting amplified products were sequenced using the
[llumina NovaSeq 6000 sequencer following the manu-
facturer’s guidelines. For the relative 16 S rRNA sequenc-
ing of fecal bacterial genomic DNA, the same process
was employed, excluding the spike-ins in the amplifica-
tion mixtures.

Data analysis was carried out using QIIME2, DADA2,
and Greengenes (v.13.8). The raw data underwent Oper-
ational Taxonomic Units (OTU) cluster analysis, fol-
lowed by community composition analysis, diversity
analysis, taxonomy analysis, and nonparametric multi-
dimensional scaling using Mothur, UPARSE, and R,
respectively.

Untargeted metabolomics analysis
The feces samples were freshly collected from the rats’
colon, 40 min after the behavioral tests. The samples
were denounced with liquid nitrogen and resuspended
in prechilled 80% methanol. After incubating the mixture
on ice for 5 min, the clear supernatant was obtained by
centrifugation twice at 15,000 g at 4 ‘C for 20 min. Sub-
sequently, the supernatant was injected into the LC-MS/
MS system for analysis, as described in reference [37].
UHPLC-MS/MS analyses were conducted using a Van-
quish UHPLC system (ThermoFisher, Germany) coupled
with an Orbitrap Q ExactiveTMHF-X mass spectrom-
eter (Thermo Fisher, Germany) at Novogene (Beijing,
China), following the manufacturer’s instructions. The
raw data files generated by UHPLC-MS/MS were pro-
cessed using Compound Discoverer 3.1 (CD3.1, Thermo-
Fisher) based on the optimized protocols by Novogene.
The resulting accurate qualitative and relative quantita-
tive results were obtained by normalizing peak intensities
to the total spectral intensities using mzCloud (https://
www.mzcloud.org/). For the processed data, statistical
analyses were performed using Software R (R version
R-3.4.3), Python (Python 2.7.6 version), and CentOS
(CentOS release 6.6). Metabolite classification annota-
tion utilized the KEGG database (https://www.genome.
jp/kegg/pathway.html), HMDB database (https://hmdb.
ca/metabolites), and LIPIDMaps database (http://www.
lipidmaps.org/). Principal components analysis (PCA)
and Partial least squares discriminant analysis (PLS-DA)
were conducted at metaX. Volcano plots were generated
using ggplot2 in R language to filter metabolites of inter-
est. Additionally, clustering heat maps and differential
metabolites correlation analysis were performed using

(2024) 24:339

Page 5 of 13

the pheatmap package in R language. The correlation
analysis used Pearson analysis to get the correlation coef-
ficient r and P value, and the heatmap was drawn by the
‘corrplot’ package in the R language.

Data and statistical analyses

Statistical analyses were performed by GraphPad Prism
8. All data were presented as the mean+SEM. The SPT
behavioral data were analyzed by ANOVA with Sidak’s
multiple comparisons, and other data was analyzed by
t-test. The data of omics were analyzed as indicated. Sta-
tistical significance was set as P<0.05.

Results

GQD alleviated the depression-like behavior and
ameliorated the colon pathological changes in CUMS rat
As shown in Fig. 1A, the CUMS group was subjected
to unpredictable mild stress described in Materials and
Methods for 42 days (6 weeks), during which SPT was
performed for each rat every week. As a result, the body
weights of CUMS rats were significantly decreased from
week 3 compared to control (CON) rats, while no dif-
ference observed between the two groups at baseline on
day O (Fig. S1A). In the SPT assay, compared to CON,
CUMS group exhibited a decreasing trend at Week 5 and
a significant decrease at Week 6 in sucrose preference
rates (SPR) while no difference between the two groups
was observed at day O (Fig. 1B). Compared to the cor-
responding baseline (week 0), CUMS rats but not CON
rats exhibited a significant decrease in SPR at Week 6
(Fig. 1C), and the delta-SPR showed less in CUMS than
that in CON rats (Fig. 1D). These results indicated that
the CUMS-treated rats were developing depression-like
behaviors during 6 weeks.

After 6 weeks, the rats in CON and CUMS groups
were then divided into two and three groups respec-
tively, as indicated in Methods and Material (Fig. 1A).
As shown in Fig. S1B, there was no difference in the
body weights among these groups, and no difference
in SPR was observed at baseline (week 0) among three
CUMS groups. Both CUMS+GQD and CUMS+FLX
rats exhibited higher SPR than CUMS+V rats at week
10 and week 11 (Fig. 1E). Further, Either GQD treat-
ment or FLX treatment increased SPRs in CUMS rats
at week 11, and CUMS+V rats even had a further drop
in SPR when compared to their corresponding SPRs
at week 6 (Fig. 1F), while no difference was observed in
CON+V group and CON+GQD group (Fig. S1C). The
delta-SPR of week 6 and week 11 was significantly lower
in CUMS+YV rats than CUMS+GQD and CUMS+FLX
rats (Fig. 1G), while no difference between CON+V
group and CON+GQD group (Fig. S1D). Collec-
tively, these results indicated that GQD could alleviate
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depression-like behaviors in CUMS rats without affecting
these behaviors in normal rats.

To evaluate the effect of GQD on the histological
alternations in colons of CUMS rats, the H&E staining
was conducted in CON+V, CON+GQD, CUMS+YV,
and CUMS+GQD groups. As illustrated in Fig. 1H,
compared to CON+V rats, the colon of CUMS+V was
characterized by a decline in the density of the muco-
sal lamina propria, an uneven distribution of intestinal
glands with increased inter-glandular spacing, and a
concomitant decrease in the abundance of goblet cells,
while CUMS+GQD rescued these pathological changes
in colon histology. Additionally, we observed that GQD
treatment did not affect the histological patterns of the
colons in control rats (CON+GQD group). These colons
displayed an intact mucosal layer structure, evenly dis-
tributed villi, a thick muscular layer, a dense mucosa’s
lamina propria containing long and dense crypts, and a
reasonable number of goblet cells (Fig. 1H). These results
indicated a potentially protective effect of GQD on
CUMS-induced pathological changes in the colon.

GQD improved the composition of gut bacteria in CUMS
rat

To investigate colon bacteria, the feces of CON+YV,
CON+GQD, CUMS+YV, and CUMS+GQD rats were
collected at the end of week 11 (Fig. 1A) and subjected
to 16s rRNA sequencing. As shown in Fig. 2A, Principal
Component Analysis (PCA) showed that the divergence
of gut microbes in CUMS+V group was significantly
greater than in other groups. Further, the composition of
gut microbes in CUMS+GQD rats was separated from
CUMS+YV rats. In parallel, the chaol index showed that
CUMS increased the abundance of gut microbes, while
GQD treatment significantly restore it to a lower level
(P=0.0335, Fig. 2B). Figure 2C shows the top 10 gut
microbes at the genus level that had significant changes
in their relative abundances among the four groups.

As to absolute abundances in colon bacteria at the
genus level, 11 floras were upregulated in CUMS+V
group compared to CON+V group, including Acetati-
factor  (P=0.0103),  Eubacterium_ventriosum_group
(P=0.0022), Eubacterium_xylanophilum_group
(P=0.0450), Lachnoclostridium (P=0.0283), Lachnospira-
ceae_FCS020_group (P=0.0063), Roseburia (P=0.0410),
Colidextribacter (P=0.0160), UCG-007 (P=0.0315), Pyg-
maiobacter (P=0.0259), Ruminococcus (P=0.0396) and
Family XIII_AD3011_group (P=0.0199, Fig. S2A), while
8 floras were downregulated including Bifidobacterium
(P=0.0071), Bacteroides (P=0.0373), Prevotellaceae_
NK3B31_group (P=0.0136), Parabacteroides (P=0.0214),
Allobaculum (P=0.0467), Christensenellaceae_R-7_group
(P=0.0458), Parasutterella (P=0.0013) and Pseudomonas
(P=0.0291, Fig. S2B) with Metastats analysis. Besides,
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compared to CUMS+V rats, 5 floras were upregulated
in CUMS+GQD rats, including Bacteroides (P=0.0375),
Prevotella (P=0.0061), Helicobacter (P=0.0439), Phas-
colarctobacterium  (P=0.0179), and Pseudomonas
(P=0.0158), while 11 flora were downregulated includ-
ing Eubacterium_ruminantium_group (P=0.0016), Lach-
noclostridium (P=0.0206), Marvinbryantia (P=0.0424),
UCG-009 (P=0.0151), NK4A214 group (P=0.0305),
Fournierella (P=0.0368), Pygmaiobacter (P=0.0271),
Ruminococcus (P=0.0009), Family XIII AD3011_group
(P=0.0213), Christensenellaceae (P=0.0172) and Clos-
tridia_vadinBB60_group (P=0.0122, Fig. S2C). Among
these changed bacteria, we found that the Bacteroi-
des and Pseudomonas were decreased by CUMS but
restored by GQD treatment (Fig. 2D), and the Rumino-
coccus, Lachnoclostridium, Pygmaiobacter, Family XIII_
AD3011_group were increased with CUMS but restored
by GQD treatment (Fig. 2E), indicating that these colon
bacteria might be GQD targets in CUMS rats.

The linear discriminant analysis effect size (LEfSe)
algorithm was used to identify significant changes in bac-
terial communities with potential biological relevance to
CUMS and GQD. As shown in Fig. 2F between CON+V
and CUMS+V rats, at the genus level, Dubosiella. A
kkermansia. Allobaculum were enriched in CON+YV,
while Ruminococcus was enriched in CUMS+V group.
Between CUMS+V and CUMS+GQD rats, Desulfo-
vibrio and Ruminococcus were enriched in CUMS+YV,
while Bacteroides were enriched in CUMS+GQD group
(Fig. 2G). At the genus level, Ruminococcus and Bacteroi-
des were identified as significantly related to CUMS and
GQD by both the Metastats abundance and the LEfSe
algorithm analysis. Taken together, these results indi-
cated that GQD might alleviate depression-like behaviors
through modulating gut bacteria in CUMS rats.

GQD treatment restored changes in colon metabolism of
CUMS rat

Here, untargeted metabolomics was employed to identify
potential colon metabolites that may be involved in the
therapeutic effects of GQD on depression-like behaviors
in CUMS rats. The Pearson correlation analysis indi-
cated the desired reliability and robustness of samples
and the obtained data (Fig. S3A). Overall, we identified
14 (6 positives+8 negatives) upregulated and 22 (14
positives+8 negatives) downregulated colon metabo-
lites in CUMS+V rats when compared to the CON+V
rats (Fig. 3A, Fig. S3B), as well as 71 (41 positives and 30
negatives) upregulated and 39 (25 positives and 14 nega-
tives) downregulated colon metabolites in CUMS+GQD
group when compared to CUMS+YV group (Fig. 3B, Fig.
S3C). Comparing the analysis of Fig. 3A with Fig. 3B,
the levels of Fasciculic acid B, Spermine, Fludrocorti-
sone acetate, alpha-Ketoglutaric acid, 2-Oxoglutaric
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acid, N’-(benzoyloxy)-2-(2,2-dichlorocyclopropyl) etha-
nimidamide, N6-Succinyl Adenosine was elevated but
restored by GQD treatment in CUMS rats. In parallel,
the levels of Oleanolic acid, KQH, Ergosta-5,7,9(11),22-
Tetraen-3-beta-Ol, Gentisic acid, 4-Hydroxyretinoic
Acid, FAHFA (3:0/16:0), Leucine-enkephalin, N-lactoyl-
phenylalanine were reduced but restored by GQD treat-
ment in CUMS rats (Fig. 3C). As shown in Fig. 3D and E,
with KEGG analysis, we found 2 positive and 4 negative
common changed metabolites pathways in CUMS+V vs.
CON+V group and CUMS+GQD vs. CUMS+V group.
These changed metabolites and related pathways may be
the potential metabolic targets for the treatment of GQD
on depression-like behaviors in CUMS rats.

Discussion

Both clinical and animal studies are increasingly focus-
ing on treating depression by influencing the gut system
through the “gut-brain axis” [38—40]. Here, we found that
GQD efficiently alleviated the depression-like behavior
and rescued the colon histological lesions in CUMS rats.
Evidence have shown the active components of GQD
have therapeutic effects on neurobiological diseases.
For example, baicalin has potential therapeutic effects
on lipopolysaccharide-induced, chronic unpredictable
stress-induced, and repeated restraint stress-induced
depressive-like behavior [28, 29, 41]. Berberine improves
depressive-like behavior in mice by activating trypto-
phan hydroxylase 1, inhibiting NLRP3 inflammasome,
and suppressing synaptic plasticity [30, 31]. Puerarin,
an isoflavone compound isolated from Pueraria lobata,
was reported to have multiple roles against several neu-
rological disorders, such as cognitive disorders, Parkin-
son’s disease, Alzheimer’s disease, and depression [42,
43]. Network pharmacology analysis also revealed the
phytoconstituents of Licorice can protect against long-
term depression, aging-associated diseases, and addic-
tion related disorders [44]. Early in 2015, Xu et al. [20]
reported that GQD performed its anti-diabetic effects by
enriching the amounts of gut-beneficial bacteria. From
then on, more and more evidence demonstrated that
GQD played a therapeutic role in diabetes [19, 22], ulcer-
ative colitis [45], and even tumors [21] largely through
modulating gut microbiome. Here, our data showed that
GQD decreased the diversity of gut microbes in control
rats, consistent with the findings of our previous study
[11], and restored the aberrantly elevated diversity in
CUMS rats. Additionally, GQD treatment ameliorated
the histological lesions in the colon, restored colon bacte-
ria and metabolites in CUMS rats. Given the lack of con-
clusive evidence indicating a direct influence of GQD on
the neurophysiology of the brain, we posit that the anti-
depressant effects of GQD are likely mediated through
the modulation of the gut microenvironment.
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Traditional Chinese Medicine (TCM) formulas are
meticulously crafted to harness the synergistic interac-
tions among their constituent components, with the
overarching goal of achieving a comprehensive and holis-
tic therapeutic effect [46—48]. The synergy among these
components is believed to enhance their therapeutic effi-
cacy, providing a nuanced and well-rounded approach to
healing. This holistic perspective aligns with the TCM
principle that views the body as an integrated whole,
where different organs and systems are interconnected
and influence one another. It’s essential to note that this
holistic approach may also contribute to the minimiza-
tion of potential side effects. The multifaceted nature of
TCM formulas allows for a nuanced modulation of physi-
ological processes, often mitigating the risk of adverse
reactions associated with more targeted interventions
[49-52]. As discussed above, many active components of
GQD have already been proven to have anti-depression
effects, here we sought to explore the synergetic effects of
GQD in depression disorder. As a result, we found GQD
alleviated depression-like behavior in CUMS rats in a
four-week treatment period, comparable to the effect of
fluoxetine, a classical selective serotonin reuptake inhibi-
tor (SSRI) for treating depression. So far, no significant
side effects have been observed with the use of GQD
in the treatment of conditions such as colitis, diabetes,
cancer, and other diseases in animal or clinical stud-
ies. Therefore, we anticipate that GQD could serve as an
effective alternative therapy for treating depression with
minimum side effects.

In the current research, we have identified a multi-
tude of altered bacteria in rats subjected to CUMS or
GQD. Among the 19 bacteria that changed by CUMS
treatment in this study, 10 of these taxa, at the genus
level, have been previously documented as exhibiting
alterations in depressive states in humans or animals,
including Eubacterium_ventriosum, Lachnoclostridium,
Lachnospiraceae, Colidextribacter, Ruminococcus, Bifi-
dobacterium, Bacteroides, Parabacteroides, Parasutter-
ella, and Allobaculum [6, 9, 53-58]. Besides, in our assay,
GQD treatment altered the abundance of 16 gut bacte-
ria at the genus level of CUMS rat, 6 of which have been
previously reported changed by GQD administration,
including Bacteroides, Prevotella, Phascolarctobacterium,
Clostridia, Ruminococcus, and Christensenellaceae [18,
19, 24, 45, 59]. Among these bacteria, the abundances
of 6 genus bacteria were subsequently reversed with the
addition of GQD in CUMS rats. With further analysis
with the LEfSe algorithm, Ruminococcus was shown as
the most likely candidate for the key regulator for GQD
therapy. Ruminococcus or Ruminococcus gnavus (R. gna-
vus), was initially isolated in 1974 as an anaerobic bacte-
rium residing in the human gastrointestinal tract [60]. It
is considered a normal bacterium present in the healthy
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gut microbiota from infancy and plays a vital role in food
digestion and the production of essential nutrients. Over
the years, mounting evidence has associated changes in
the abundance of Ruminococcus with various gastrointes-
tinal disorders, including Crohn’s disease, inflammatory
bowel disease, and colorectal cancer, as well as non-gas-
trointestinal conditions such as obesity, coronary heart/
artery disease, and even Covid-19 [54]. Recent studies
have shown a significantly altered level of Ruminococ-
cus in several psychological disorders, including anxiety,
epilepsy, and depression [54]. Chahwan et al. demon-
strate a positive correlation between Ruminococcus level
and the Depression, Anxiety, and Stress Scale (DASS)
depression score in patients [61]. Additionally, two other
studies reported that the administration of TCM or anti-
depressants resulted in decreased abundances of Ruwmii-
nococcus, which aligns well with our findings of increased
Ruminococcus levels in rats with CUMS-induced depres-
sion, followed by downregulation upon GQD treatment
accompanied by alleviation of depression-like behaviors
in rats.

To explore the potential targets of GQD on colon
metabolism, the untargeted metabolism analysis was per-
formed in CUMS rat. The 16 gut metabolites were iden-
tified with altered levels by CUMS treatment but then
restored by GQD addition. Among these metabolites,
Fasciculic acid B and Spermine have anti-inflammation
activities in the gut microenvironment, and gut inflam-
mation is believed closely related to depression disorders
[62]. Alpha-ketoglutaric acid and 2-oxoglutaric acid, both
key components in the TCA cycle, play pivotal roles in
regulating energy metabolism, and it was recognized
that abnormal energy metabolism was one of the impor-
tant mechanisms for the development of depression [63].
Gentisic acid, known for its potent antioxidant and anti-
carcinogenic effects, may hold promise as an adjunct
therapeutic agent in the treatment of neurodegenerative
diseases, such as Parkinson’s disease [64]. Among them,
Oleanolic acid and its derivatives have significant direct
antidepressant effects, and the mechanism of action
may be related to the 5-HT1A receptor and BDNF-ERK-
CREB signaling pathway [65—-67]. Furthermore, accumu-
lating evidence underscores the robust anti-inflammatory
properties of Oleanolic acid and its derivatives [68—71],
further emphasizing their pivotal role in regulating the
gut microenvironment. Combining our observation that
CUMS treatment can significantly decrease Oleanolic
acid level that was then stored by GQD administration,
it is strongly postulated that Oleanolic acid serves as the
key gut metabolite responsible for the antidepressant
effects of GQD in the process of depression-like behavior
in CUMS rat.

Next, the correlation analysis was performed between
the gut bacteria and metabolites that changed with
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CUMS but then restored by GQD administration. The
results showed that Lachnoclostridium exhibits a strong
correlation with 2-Oxoglutaric acid, Fasciculicacid B,
Leucine-enkephalin,  N’-(benzoyloxy)-2-(2,2-dichloro-
cyclopropyl)ethanimidamide, N6-Succinyl Adenosine,
Spermine, alpha-Ketoglutaric acid; Pseudomonas exhibits
a strong correlation with Ergosta-5,7,9(11) 22-Tetraen-
3-beta-Ol, FAHFA (3:0/16:0); Pygmaiobacter exhibits a
strong correlation with N’-(benzoyloxy)-2-(2,2-dichlo-
rocyclopropyl)ethanimidamide, Leucine-enkephalin;
Ruminococcus has strong correlation with 4-Hydroxyreti-
noic Acid, not only in CUMS+V vs. CON+V group but
also in CUMS+GQD vs. CUMS+V group with the same
trends (Fig. 4). The lack of in-depth exploration of the
correlation between gut microbiota and gut metabolism
in the treatment of depression with GQD is a limitation
of the current study, which will be further addressed in
the future.

Conclusion

The present study presents evidence supporting the
therapeutic effects of GQD on depression-like behav-
ior in CUMS rats. With GQD administration, a notable
enhancement in the composition of gut microbiota and
rectification of the metabolism, which had been per-
turbed by CUMS, were observed. Among these, Rumi-
nococcus, Lachnoclostridium, and Bacteroides, along with
various metabolites, including Oleanolic acid, emerge
as potential mediators responsible for modulating the
antidepressant effects of GQD in the context of CUMS
rat models. Our discoveries provide valuable insights
into the mechanisms by which GQD may exert its ther-
apeutic influence on depressive manifestations. This
opens potential avenues for further research and clinical
applications.

Abbreviations

GQD Gegen Qinlian decoction
TCM Traditional Chinese Medicine

CUMS  Chronic Unpredictable Mild Stress
SPT Sucrose Preference Test

SPR Sucrose Preference Rate

CON Control group

FLX Fluoxetine

vV Vehicle-saline

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512906-024-04638-4.

[ Supplementary Material 1 J

Author contributions

Peng Y and Liu D: Investigation, Conceptualization; Hu T, Mai Y, Wang Z and Du
Y: Assisted Investigation; Peng Y, Song H, Pan W, and Cai Q: Formal analysis. Fan
Y:Visualization; Liu D and Guan X: Writing — original draft; DuY, Zhang Y, Ge F,
and Kim HY: Manuscript Revision. Zhang Y, Ge F and Kim HY: Data re-analysis


https://doi.org/10.1186/s12906-024-04638-4
https://doi.org/10.1186/s12906-024-04638-4

Peng et al. BMC Complementary Medicine and Therapies

and Verification. Guan X: Conceptualization, Writing - review & editing,
Funding acquisition, Supervision.

Funding

This work is supported by the National Natural Science Foundation of
China [82211540400 and 82271531] and the Traditional Chinese Medicine
Technology Development Project of Jiangsu Province, China [ZD202302 and
MS2022003].

Data availability

The datasets generated during the current study are available in the NCBI
sequence read archive, under the accession ID: PRINAT1100179 (https.//www.
ncbi.nim.nih.gov/bioproject).

Declarations

Ethics approval

All animal breeding, care, and experimental protocols had been approved

by Nanjing University of Chinese Medicine Institutional Animal Care and

Use Committee (the animal experimental ethics number is 202103A097).

All experiments were performed in accordance with Nanjing University of
Chinese Medicine Guide for the Care and Use of Laboratory Animals, China.
The study is reported in accordance with ARRIVE (Animal Research: Reporting
of In Vivo Experiments) guidelines.

Consent to participate
Not applicable.

Consent for publication
The authors all agree with the submission of the manuscript.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Author details

'Department of Human Anatomy and Histoembryology, Nanjing
University of Chinese Medicine, Nanjing 210023, China

’Department of Physiology, Yonsei University College of Medicine, Seoul,
South Korea

Received: 4 April 2024 / Accepted: 9 September 2024
Published online: 20 September 2024

References

1. Collaborators GBDMD. Global, regional, and national burden of 12 mental
disorders in 204 countries and territories, 1990-2019: a systematic analysis for
the global burden of Disease Study 2019. Lancet Psychiatry. 2022,9(2):137-50.

2. Berman RM, Narasimhan M, Charney DS. Treatment-refractory depression:
definitions and characteristics. Depress Anxiety. 1997,5(4):154-64.

3. Borbely E, Simon M, Fuchs E, Wiborg O, Czeh B, Helyes Z. Novel drug
developmental strategies for treatment-resistant depression. Br J Pharmacol.
2022;179(6):1146-86.

4. HaoWZ, LiXJ, Zhang PW, Chen JX. A review of antibiotics, depression, and
the gut microbiome. Psychiatry Res. 2020;284:112691.

5. Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, Cowan CSM.
The gut microbiota in anxiety and depression - A systematic review. Clin
Psychol Rev. 2021;83:101943.

6.  Radjabzadeh D, Bosch JA, Uitterlinden AG, Zwinderman AH, lkram MA,
van Meurs JBJ, Luik Al, Nieuwdorp M, Lok A, van Duijn CM, et al. Gut
microbiome-wide association study of depressive symptoms. Nat Commun.
2022;13(1):7128.

7. Molina-Torres G, Rodriguez-Arrastia M, Roman P, Sanchez-Labraca N, Cardona
D. Stress and the gut microbiota-brain axis. Behav Pharmacol. 2019;30(2):3.

8. YangJ, Zheng P, LiY, Wu J, Tan X, Zhou J, Sun Z, Chen X, Zhang G, Zhang H et
al. Landscapes of bacterial and metabolic signatures and their interaction in
major depressive disorders. Sci Adv 2020, 6(49).

(2024) 24:339

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 12 of 13

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(6):786-96.

Kelly JR, Borre Y, C OB, Patterson E, El Aidy S, Deane J, Kennedy PJ, 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;82:109-18.

Lu X, Fan'Y,Peng Y, Pan W, Du D, Xu X, Li N, He T, Nie J, Shi P, et al. Gegen-
Qinlian decoction alleviates anxiety-like behaviors in methamphetamine-
withdrawn mice by regulating Akkermansia and metabolism in the colon.
Chin Med. 2023;18(1):85.

Nikolova VL, Cleare AJ, Young AH, Stone JM. Acceptability, tolerability, and
estimates of Putative Treatment effects of Probiotics as Adjunctive treatment
in patients with Depression: a Randomized Clinical Trial. JAMA Psychiatry.
2023,80(8):842-7.

QuW, Liu'S, Zhang W, Zhu H, 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 func-
tion. Food Funct. 2019;10(9):5886-97.

Feng ST, Wang XL, Wang YT, Yuan YH, Li ZP, Chen NH, Wang ZZ, Zhang Y.
Efficacy of traditional Chinese medicine combined with selective serotonin
reuptake inhibitors on the treatment for Parkinson’s Disease with Depression:
a systematic review and Meta-analysis. Am J Chin Med. 2021;49(3):627-43.
Li C, Huang J, Cheng YC, Zhang YW. Traditional Chinese medicine in Depres-
sion Treatment: from molecules to systems. Front Pharmacol. 2020;11:586.
Zhang B, Liu K, Yang H, Jin Z, Ding Q, Zhao L. Gut microbiota: the potential
key target of TCM's therapeutic effect of treating different diseases using
the same Method-UC and T2DM as examples. Front Cell Infect Microbiol.
2022;12:855075.

Yuzhu Z, Jing Z, Jingwen Y, Xinrui Q, Yuehan W, Zitong Z, Jianqi L, Jitao L,
Yixuan C, Xiaoyi T et al. Application of fermented Chinese herbal medicines
in food and medicine field: from an antioxidant perspective. Trends Food Sci
Technol 2024:104410.

Lu JZ, Ye D, Ma BL. Constituents, pharmacokinetics, and Pharmacology of
Gegen-Qinlian Decoction. Front Pharmacol. 2021;12:668418.

Tian J, Bai B, Gao Z, Yang Y, Wu H, Wang X, Wang J, Li M, Tong X. Alleviation
effects of GQD, a traditional Chinese Medicine Formula, on diabetes rats
linked to modulation of the gut Microbiome. Front Cell Infect Microbiol.
2021;11:740236.

XuJ, Lian F, Zhao L, Zhao Y, Chen X, Zhang X, Guo Y, Zhang C, Zhou Q, Xue
Z, et al. Structural modulation of gut microbiota during alleviation of type 2
diabetes with a Chinese herbal formula. ISME J. 2015,9(3):552-62.

LvJ,JiaY, LiJ, Kuai W, LiY, Guo F, Xu X, Zhao Z, Lv J, Li Z. Gegen Qinlian
decoction enhances the effect of PD-1 blockade in colorectal cancer with
microsatellite stability by remodelling the gut microbiota and the tumour
microenvironment. Cell Death Dis. 2019;10(6):415.

Xu X, Gao Z,Yang F,Yang Y, Chen L, Han L, Zhao N, Xu J, Wang X, Ma Y, et

al. Antidiabetic effects of Gegen Qinlian Decoction via the gut microbiota
are attributable to its key ingredient Berberine. Genomics Proteom Bioinf.
2020;18(6):721-36.

Deng L, ShiY, Liu R Wu'S, Lv'Y, Xu H, Chen X. GeGen QinLian decoction allevi-
ate influenza virus infectious pneumonia through intestinal flora. Biomed
Pharmacother. 2021;141:111896.

LiY, Li ZX, Xie CY, Fan J, Lv J, Xu XJ, Lv J, Kuai WT, Jia YT. Gegen Qinlian
decoction enhances immunity and protects intestinal barrier function

in colorectal cancer patients via gut microbiota. World J Gastroenterol.
2020,26(48):7633-51.

Guo 'Y, Ding PH, Liu LJ, ShiL, MaoTY, Li JX, Wang YL. Gegen Qinlian Decoction
attenuates high-Fat Diet-Induced steatohepatitis in rats via gut microbiota.
Evid Based Complement Alternat Med. 2018;2018:7370891.

Zhao J, JiaY, Zhao W, Chen H, Zhang X, Ngo FY, Luo D, Song Y, Lao L, Rong
J. Botanical Drug Puerarin Ameliorates Liposaccharide-Induced Depressive
Behaviors in Mice via Inhibiting RagA/mTOR/p7056K Pathways. Oxid Med Cell
Longev 2021, 2021:7716201.

Wang G, Luo P, Zhang S, Huang Q, Zhang S, Zeng Q, Mao J. Screening

and Identification of Antidepressant Active Ingredients from Puerariae
Radix Extract and Study on Its Mechanism. Oxid Med Cell Longev 2021,
2021:2230195.

Liu HT, Lin YN, Tsai MC, Wu YC, Lee MC. Baicalein exerts therapeutic effects
against Endotoxin-Induced Depression-like Behavior in mice by decreasing



Peng et al. BMC Complementary Medicine and Therapies

29.

30.

32.

33.

34.

35.

36.

37.

38.
39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

inflammatory cytokines and increasing brain-derived neurotrophic factor
levels. Antioxid (Basel) 2022, 11(5).

Lee B, Sur B, Park J, Kim SH, Kwon S, Yeom M, Shim |, Lee H, Hahm DH.
Chronic administration of baicalein decreases depression-like behavior
induced by repeated restraint stress in rats. Korean J Physiol Pharmacol.
2013;17(5):393-403.

Ge PY, Qu SY, Ni SJ, Yao ZY, Qi YY, Zhao X, Guo R, Yang NY, Zhang QC, Zhu HX.
Berberine ameliorates depression-like behavior in CUMS mice by activating
TPH1 and inhibiting IDO1-associated with tryptophan metabolism. Phytother
Res. 2023,37(1):342-57.

Qin Z, Shi DD, LiW, Cheng D, Zhang YD, Zhang S, Tsoi B, Zhao J, Wang Z,
Zhang ZJ. Berberine ameliorates depression-like behaviors in mice via inhibit-
ing NLRP3 inflammasome-mediated neuroinflammation and preventing
neuroplasticity disruption. J Neuroinflammation. 2023;20(1):54.

Song H, Lu X, Du D, Peng Y, Pan W, Xu X, Fan Y, Yang X, Ge F, Guan X. Gegen-
Qinlian decoction-A traditional Chinese medicine formula-alleviates meth-
amphetamine withdrawal induced anxiety by targeting GABAergic interneu-
ron-pyramidal neuron pathway in mPFC. Addict Biol. 2023;28(9):13314.
CuiY,YangY,Ni Z, Dong, Cai G, Foncelle A, Ma S, Sang K, Tang S, Li Y, et al.
Astroglial Kir4.1 in the lateral habenula drives neuronal bursts in depression.
Nature. 2018;554(7692):323-7.

Willner P, Towell A, Sampson D, Sophokleous S, Muscat R. Reduction of
sucrose preference by chronic unpredictable mild stress, and its restoration
by a tricyclic antidepressant. Psychopharmacology. 1987;93(3):358-64.

Lau HC, ShenY, Huang H, Yuan X, Ji M, Gong H, Hsueh CY, Zhou L. Cross-
comparison of microbiota in the oropharynx, hypopharyngeal squamous
cell carcinoma and their adjacent tissues through quantitative microbiome
profiling. J Oral Microbiol. 2022;14(1):2073860.

Liu Z, Zhao J,Yang S, Zhang Y, Song L, Wu N, Liu Z. Network Pharmacology
and Absolute Bacterial quantification-combined Approach to explore the
mechanism of Tiangi Pingchan Granule against 6-OHDA-Induced Parkinson’s
disease in rats. Front Nutr. 2022;9:836500.

Want EJ, Masson P, Michopoulos F, Wilson ID, Theodoridis G, Plumb RS, Shock-
cor J, Loftus N, Holmes E, Nicholson JK. Global metabolic profiling of animal
and human tissues via UPLC-MS. Nat Protoc. 2013;8(1):17-32.

Eltokhi A, Sommer IE. A reciprocal link between gut microbiota, inflammation
and depression: a place for Probiotics? Front Neurosci. 2022;16:852506.
Chang L, WeiY, Hashimoto K. Brain-gut-microbiota axis in depression: a
historical overview and future directions. Brain Res Bull. 2022;182:44-56.
Madison A, Kiecolt-Glaser JK. Stress, depression, diet, and the gut microbiota:
human-bacteria interactions at the core of psychoneuroimmunology and
nutrition. Curr Opin Behav Sci. 2019;28:105-10.

Xiong Z, Jiang B, Wu PF, Tian J, Shi LL, Gu J, Hu ZL, Fu H, Wang F, Chen JG.
Antidepressant effects of a plant-derived flavonoid baicalein involving extra-
cellular signal-regulated kinases cascade. Biol Pharm Bull. 2011;34(2):253-9.
Liu X, Huang R, Wan J. Puerarin: a potential natural neuroprotective agent for
neurological disorders. Biomed Pharmacother. 2023;162:114581.

Song X, Wang W, Ding S, Liu X, Wang Y, Ma H. Puerarin ameliorates
depression-like behaviors of with chronic unpredictable mild stress mice by
remodeling their gut microbiota. J Affect Disord. 2021;290:353-63.

Sharma R, Singla RK, Banerjee S, Sharma R. Revisiting licorice as a functional
food in the management of neurological disorders: bench to trend. Neurosci
Biobehavioral Reviews. 2023;155:105452.

LiQ CuiY,XuB WangY,LvF Li Z LiH, Chen X, Peng X, Chen Y, et al. Main
active components of Jiawei Gegen Qinlian decoction protects against
ulcerative colitis under different dietary environments in a gut microbiota-
dependent manner. Pharmacol Res. 2021;170:105694.

Chen H, Zhang X, Li J, Xu Z, LuoY, Chai R, Luo R, Bian Y, Liu Y. Discovering tra-
ditional Chinese medicine (TCM) formulas for Complex diseases based on a
combination of reverse systematic pharmacology and TCM Meridian Tropism
Theory: taking COVID-19 as an Example. ACS Omega. 2023;8(30):26871-81.
Gaur R. A brief history: traditional Chinese medicinal system. Pharmacol Res -
Mod Chin Med. 2024;10:100387.

Matos LC, Machado JP, Monteiro FJ, Greten HJ. Understanding traditional
Chinese medicine therapeutics: an overview of the basics and clinical appli-
cations. Healthc (Basel) 2021, 9(3).

Lam TP. Strengths and weaknesses of traditional Chinese medicine and
western medicine in the eyes of some Hong Kong Chinese. J Epidemiol Com-
munity Health. 2001;55(10):762-5.

(2024) 24:339

50.

5T

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Page 13 of 13

Chung VC, Hillier S, Lau CH, Wong SY, Yeoh EK, Griffiths SM. Referral to and
attitude towards traditional Chinese medicine amongst western medical
doctors in postcolonial Hong Kong. Soc Sci Med. 2011;72(2):247-55.

FuR, LiJ,YuH, Zhang Y, Xu Z, Martin C. The Yin and Yang of traditional Chi-
nese and western medicine. Med Res Rev. 2021;41(6):3182-200.

Xiang Y, Guo Z, Zhu P, Chen J, Huang Y. Traditional Chinese medicine as a
cancer treatment: modern perspectives of ancient but advanced science.
Cancer Med. 2019;8(5):1958-75.

Duan J, Huang Y, Tan X, Chai T, Wu J, Zhang H, Li Y, Hu X, Zheng P, Ji P, et al.
Characterization of gut microbiome in mice model of depression with diver-
gent response to escitalopram treatment. Trans| Psychiatry. 2021;11(1):303.
Crost EH, Coletto E, Bell A, Juge N. Ruminococcus gnavus: friend or foe for
human health. FEMS Microbiol Rev 2023, 47(2).

LiJ,Wang J,Wang M, Zheng L, Cen Q Wang F, Zhu L, Pang R, Zhang A. Bifido-
bacterium: a probiotic for the prevention and treatment of depression. Front
Microbiol. 2023;14:1174800.

Xing H, Zhang K. Parabacteroides distasonis in depression: triggers or out-
comes. Brain Behav Immun. 2022;102:86~7.

Cheung SG, Goldenthal AR, Uhlemann AC, Mann JJ, Miller JM, Sublette ME.
Systematic review of Gut Microbiota and Major Depression. Front Psychiatry.
2019;10:34.

Wu M, Tian T, Mao Q, Zou T, Zhou CJ, Xie J, Chen JJ. Associations between
disordered gut microbiota and changes of neurotransmitters and short-chain
fatty acids in depressed mice. Trans| Psychiatry. 2020;10(1):350.

Luo Z, Liu C, Hu Y, Xia T, Zhang B, Chen F, Tan X, Zheng Z. Gegen Qinlian
decoction restores the intestinal barrier in bacterial diarrhea piglets by
promoting Lactobacillus growth and inhibiting the TLR2/MyD88/NF-kappaB
pathway. Biomed Pharmacother. 2022;155:113719.

Moore WE, Holdeman LV. Human fecal flora: the normal flora of 20 japanese-
hawaiians. Appl Microbiol. 1974;27(5):961-79.

Chahwan B, Kwan S, Isik A, van Hemert S, Burke C, Roberts L. Gut feelings: a
randomised, triple-blind, placebo-controlled trial of probiotics for depressive
symptoms. J Affect Disord. 2019;253:317-26.

Peppas S, Pansieri C, Piovani D, Danese S, Peyrin-Biroulet L, Tsantes AG, Bru-
netta E, Tsantes AE, Bonovas S. The Brain-Gut Axis: psychological functioning
and inflammatory Bowel diseases. J Clin Med 2021, 10(3).

Gu X, Ke S,Wang Q, Zhuang T, Xia C, Xu Y, Yang L, Zhou M. Energy metabo-
lism in major depressive disorder: recent advances from omics technologies
and imaging. Biomed Pharmacother. 2021;141:111869.

Abedi F, Razavi BM, Hosseinzadeh H. A review on gentisic acid as a plant
derived phenolic acid and metabolite of aspirin: Comprehensive phar-
macology, toxicology, and some pharmaceutical aspects. Phytother Res.
2020;34(4):729-41.

Fajemiroye JO, Galdino PM, Florentino IF, Da Rocha FF, Ghedini PC, Polepally
PR, Zjawiony JK, Costa EA. Plurality of anxiety and depression alteration
mechanism by oleanolic acid. J Psychopharmacol. 2014,28(10):923-34.
Fajemiroye JO, Polepally PR, Chaurasiya ND, Tekwani BL, Zjawiony JK, Costa
EA. Oleanolic acid acrylate elicits antidepressant-like effect mediated by
5-HT1A receptor. Sci Rep. 2015;5:11582.

YiLT, LiJ, Liu BB, Luo L, Liu Q Geng D. BDNF-ERK-CREB signalling mediates
the role of miR-132 in the regulation of the effects of oleanolic acid in male
mice. J Psychiatry Neurosci. 2014;39(5):348-59.

Zhang X, Wang H, Xu Y, Luan M, Zhao F, Meng Q. Advances on the anti-
inflammatory activity of oleanolic acid and derivatives. Mini Rev Med Chem.
2021;21(15):2020-38.

Lee W, Yang EJ, Ku SK, Song KS, Bae JS. Anti-inflammatory effects of oleanolic
acid on LPS-induced inflammation in vitro and in vivo. Inflammation.
2013,;36(1):94-102.

LiW, Zeng H, Xu M, Huang C, Tao L, Li J, Zhang T, Chen H, Xia J, Li C, et al.
Oleanolic acid improves obesity-related inflammation and insulin resistance
by regulating macrophages activation. Front Pharmacol. 2021;12:697483.
Lim HJ, Jang HJ, Kim MH, Lee S, Lee SW, Lee SJ, Rho MC. Oleanolic acid
acetate exerts anti-inflammatory activity via IKKalpha/beta suppression in
TLR3-Mediated NF-kappaB activation. Molecules 2019, 24(21).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Gegen Qinlian decoction alleviates depression-like behavior by modulating the gut microenvironment in CUMS rats
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Rats breeding
	﻿GQD preparation
	﻿Sucrose preference test
	﻿Chronic unpredictable mild stress modeling and GQD treatment
	﻿Histology
	﻿16s rRNA sequencing and analysis
	﻿Untargeted metabolomics analysis
	﻿Data and statistical analyses

	﻿Results
	﻿GQD alleviated the depression-like behavior and ameliorated the colon pathological changes in CUMS rat
	﻿GQD improved the composition of gut bacteria in CUMS rat
	﻿GQD treatment restored changes in colon metabolism of CUMS rat

	﻿Discussion
	﻿Conclusion
	﻿References


