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Purpose: The aim of this study was to verify the effectiveness and explore the mechanism of Chaihu-Guizhi-Ganjiang decoction 
(CGGD) in the treatment of chronic non-atrophic gastritis (CNAG) with gallbladder heat and spleen cold syndrome (GHSC) by 
metabolomics based on UHPLC-Q-TOF/MS.
Patients and Methods: An observational controlled before-after study was conducted to verify the effectiveness of CGGD in the 
treatment of CNAG with GHSC from January to June 2023, enrolling 27 patients, who took CGGD for 28 days. 30 healthy volunteers 
were enrolled as the controls. The efficacy was evaluated by comparing the traditional Chinese medicine (TCM) syndrome and CNAG 
scores, and clinical parameters before and after treatment. The plasma levels of hormones related to gastrointestinal function were 
collected by ELISA. The mechanisms of CGGD in the treatment of CNAG with GHSC were explored using a metabolomic approach 
based on UHPLC-Q-TOF/MS.
Results: Patients treated with CGGD experienced a statistically significant improvement in TCM syndrome and CNAG scores (p < 0.01). 
CGGD treatment evoked the concentration alteration of 15 biomarkers, which were enriched in the glycerophospholipid metabolism, and 
branched-chain amino acids biosynthesis pathways. Moreover, CGGD treatment attenuated the abnormalities of the gastrointestinal 
hormone levels and significantly increased the pepsinogen level.
Conclusion: It was the first time that this clinical trial presented detailed data on the clinical parameters that demonstrated the 
effectiveness of CGGD in the treatment of CNAG with GHSC patients. This study also provided supportive evidence that CNAG with 
GHSC patients were associated with disturbed branched-chain amino acid metabolism and glycerophospholipid levels, suggesting that 
CNAG treatment based on TCM syndrome scores was reasonable and also provided a potential pharmacological mechanism of action 
of CGGD.
Keywords: traditional Chinese medicine, chronic gastritis, metabolomics, branched-chain amino acid, glycerophospholipid

Introduction
Chronic gastritis is a common disorder with a prevalence of approximately 50% worldwide.1 Chronic non-atrophic gastritis 
(CNAG), a subtype of chronic gastritis, is associated with nonspecific and atypical clinical symptoms such as discomfort, early 
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satiation, epigastric pain, abdominal bloating, and postprandial fullness. It could develop into chronic atrophic gastritis and 
even gastric cancer, if without any drug invention.2 With the acceleration of the pace of modern life, people’s mental stress, 
such as anxiety and depression, caused an increase in CNAG incidence. Therefore, early treatment should be considered for 
CNAG patients.

Nonpharmacological treatment of CNAG includes diet and lifestyle changes, such as avoiding alcohol, coffee, and 
spicy food, which can alleviate the symptoms of CNAG, especially when it is not serious. Current pharmacological 
treatment primarily relies on proton pump inhibitors, which are indicated, especially when the symptoms are severe.2,3 

Interestingly, traditional Chinese medicine (TCM), which provides personalized medical treatment based on the theory of 
TCM characterized by the holistic concept and differentiation treatment, has played an important role in CNAG 
treatment.4,5 According to TCM theory, among the series of symptoms presented in CNAG, epigastric distension and 
belching is the main manifestation as “gallbladder-heat syndrome”, and anorexia is the main manifestation as “spleen- 
cold syndrome”. “Gallbladder-heat syndrome and spleen-cold syndrome” are typical and predominant syndrome patterns 
of CNAG and can coexist and synergistically increase symptom intensity.2,6

Chaihu Guizhi Ganjiang Decoction (CGGD) was first officially recorded in Article 147 of Treatise on Febrile Diseases: 
Differentiation and Treatment of Pulse Syndrome of Taiyang Disease in 200–210 AD. It consists of Bupleuri Radix, Cinnamomi 
Ramulus, Zingiberis Rhizoma, Trichosanthis Radix, Scutellariae Radix, Ostreae Concha, and Glycyrrhizae Radix Et Rhizoma 
Praeparata Cum Melle. Since then, CGGD has been used to treat CNAG patients with gallbladder-heat syndrome and spleen-cold 
syndrome, showing effectiveness in alleviating the typical common symptoms.7 Therefore, physicians seem to only focus on its 
clinical practice. However, it is important to gain a better understanding of the basic clinical data for its efficacy, as well as its 
mechanism of action. Moreover, information regarding gastrointestinal hormone levels, which have been demonstrated to be 
pharmacological indices related to digestive function and gastrointestinal motility, is also limited.8–10

Metabolomics, as a part of systems biology, is an approach that involves the comprehensive analysis of all metabolites 
during a specific physiological period. It emphasizes studying the function of organisms from a holistic perspective, aligning 
with the concept of a “holistic view” of TCM which is characterized by multiple components, multiple pathways, and multiple 
targets. By investigating the overall changes in the systemic metabolic network, metabolomics provides a novel method and 
theoretical perspective for deciphering the complex mechanisms and scientific connotations of TCM. Therefore, many 
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scholars have applied metabolomics to study the pharmacodynamic material basis, identify biomarkers of diseases, and 
explore the mechanisms of action of TCM.11,12 In the past decade, the technical platform of LC-MS-based metabolomics has 
enjoyed growing popularity due to its high throughput, versatility, and sensitivity in metabolite analysis.13

Therefore, an LC-MS-based metabolomics study was adopted for the investigations of the therapeutic efficacy of 
CGGD, by using plasma samples from CNAG with GHSC patients. Besides, a potential link was also elucidated between 
the therapeutic markers by metabolomics analysis with both the traditional TCM syndrome score and the plasma 
pharmacological index. Additionally, the gastrointestinal hormone levels were also analyzed, providing a supplement 
for the efficacy evaluation of the CGGD treatment. To our knowledge, this is the first report to evaluate the therapeutic 
mechanism of CGGD in the treatment of CNAG with GHSC, and to explain its therapeutic efficacy in scientific language 
on the basis of TCM syndromes. Our study offers a new research strategy for TCM efficacy and provides a scientific 
reference for the etiology and pathogenesis of gallbladder-heat syndrome and spleen-cold syndrome.

Materials and Methods
Study Design and Human Subjects
Approved by the Biomedical Research Ethics Committee of Shanghai Changzheng Hospital (Ethical Approval 
No. 2019SL033), the protocol of this study was registered at the Chinese Clinical Trial Registry (ChiCTR2200066224) and 
conducted in compliance with the Declaration of Helsinki. The period of patient recruitment was from January to June 2023. 
Written informed consent was signed by all the study participants. The subjects were required to meet the diagnosis of CNAG, 
which was based on the consensus on chronic gastritis in China by the Chinese Society of Gastroenterology in 2022.14 The 
representative TCM “gallbladder-heat syndrome and spleen-cold syndrome” was determined according to the consensus on 
diagnosis and treatment of CNAG by integrated traditional Chinese and Western medicines.15

The inclusion criteria were as follows: 1) between 18 and 75 years old; 2) meeting the diagnostic clinical symptoms; 
and 3) signing the informed consent. The following are the criteria for exclusion: 1) combined with Helicobacter pylori 
(Hp) infection; 2) combined with other gastrointestinal diseases; 3) accompanied by other chronic diseases or serious 
structural diseases (heart diseases, renal failure, etc.); 4) having a mental illness that makes normal doctor-patient 
communication impossible; and 5) taking other drugs that may affect this study. The withdrawal criteria were as 
follows: 1) not treated as planned; 2) taking medications other than those designed; and 3) refusing to continue to 
participate. As a result, a total of 27 CNAG with GHSC patients were eligible and enrolled for participation in this trial.

The flow chart of this clinical study is shown in Figure 1. In addition, the healthy controls were made up of age- and 
gender-matched healthy volunteers recruited from the Health Examination Center of the Shanghai Changzheng Hospital. 
Every subject with CNAG took a CGGD prescription twice a day, 102 g at a time, for 28 consecutive days.

The clinical efficacy of CGGD before and after administration was based on clinicians’ evaluations. The primary index 
was the improvement rate of TCM syndrome scores after 28 days of administration, while the secondary index was that of the 
CNAG scores in Western medicine. Scores for patients’ TCM syndrome and CNAG scores are listed in Tables S1 and S2 
(see Additional File).15 The Nimodipine method,16 the currently clinically accepted scoring method, was used to calculate the 
TCM therapeutic effect index (TEI) according to the following formula.

Preparation of Study Medication
The CGGD used in this study, a light brown granule, was prepared by Guangzhou Yifang Pharmaceutical Co. Ltd. 
(Foshan, Guangdong, China) (batch number: 1051843). The CGGD (102 g) consisted of Bupleuri Radix (24.00 g), 
Scutellariae Radix (9.00 g), Cinnamomi Ramulus (9.00 g), Pinelliae Rhizoma Praeparatum Cum Alumine (6.00 g), 
Zingiberis Rhizoma (6.00 g), Trichosanthis Radix (12.00 g), Ostreae Concha (30.00 g), and Glycyrrhizae Radix Et 
Rhizoma Praeparata Cum Melle (6.00 g). A total of 107 compounds were identified from the CGGD by the UHPLC- 
Q-TOF/MS method (Additional File: Figure S1 and Table S3). According to previous reports, the quality of CGGD was 
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assessed using UHPLC-Q-TOF/MS, and four chemical compounds including baicalin, wogonoside, glycyrrhizinic acid, 
and saikosaponin A were identified as chemical markers for quality monitoring (Figure 2).17

Plasma Sample Collection
Preprandial venous blood (2 mL) was taken from healthy controls and patients in the morning at baseline and after 28 
days of CGGD treatment, respectively. Then it was placed in ethylenediaminetetraacetic acid (EDTA) test tubes and 
centrifuged at 3000 rpm for 15 min at 4°C. Plasma samples were stored at −80°C in the biological sample bank of 
Shanghai Changzheng Hospital prior to analysis.

Clinical Index Detection
Plasma levels of secretin, cholecystokinin, pepsinogen, motilin, ghrelin, and gastrin were measured by human enzyme- 
linked immunosorbent assay (ELISA) kits (Hengyuan Biological Technology, Shanghai, China). All operations were 
carried out in accordance with the protocols of the kits.

Plasma Sample Preparation
Frozen plasma samples stored at −80°C were thawed at 4°C before analysis. All operations were carried out on ice. 100 
μL of plasma sample was transferred to a 1.5 mL Eppendorf (EP) tube, and then 400 μL of cold methanol was added. The 
mixture was vortexed for 2 minutes and centrifuged at 14,000 rpm for 15 minutes at 4°C. Then, 200 μL of each 
supernatant was transferred into a new EP tube and lyophilized under vacuum. Dried samples were redissolved with 

Figure 1 Flow chart of the clinical study.
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a mixture of methanol/water (20:80 v/v, 100 μL), vortexed for 2 minutes, and centrifuged at 14,000 rpm for 15 minutes at 
4°C, and finally each supernatant was prepared for MS analysis.

Plasma Metabolomics Analysis
LC-MS-based metabolomics analysis data were acquired on an ultra-high performance liquid chromatography coupled 
with quadrupole time-of-flight mass spectrometer (UHPLC-Q-TOF/MS, purchased from Agilent, USA, including 1290 
Infinity UHPLC and 6530 Q-TOF/MS system). An ACQUITY Premier Peptide HSS T3 Column (1.8 μm, 2.1×100 mm; 
Waters, USA) was used with the temperature maintained at 50°C. The injection volume for each sample was 5 µL and 
the flow rate was 0.35 mL/min. Mobile phase A was 0.1% formic acid in water, while mobile phase B was acetonitrile 
with 0.1% formic acid. The gradient elution program was set as follows: 0–1 min, 1% B; 1–5 min, 5% B; 5–15 min, 95% 
B; 15–17 min, 95% B. Mass spectrometry data were collected in positive and negative ion mode with an electrospray ion 
source (ESI). The data acquisition ranged from m/z 100 to 1700. The ion source temperature was set at 350°C, capillary 
voltage at 3.5 kV (ESI +) and 4.0 kV (ESI-), nebulizer gas pressure 45 Psi, dry gas flow rate at 11 L/min, sheath gas flow 
rate at 11 L/min, sheath gas temperature at 350°C, and fragment voltage 140 V.

Figure 2 Chemical analysis of CGGD. (a) a total ion chromatogram of CGGD. (b) the extracted ion chromatogram of mixed standards: baicalin, wogonoside, glycyrrhizinic 
acid and saikosaponin A. (c) a mirror plot of CGGD’s chemical components. In the mirror plots, measured peaks in CGGD and reference peaks of authentic standard 
compounds were compared using MS/MS spectroscopy.
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5 μL from each sample in this study was pooled to make a quality control sample (QC), with one QC sample added 
repeatedly after every 10 runs. QC samples were used to assess instrument stability and data quality throughout the study.

Data Processing and Statistical Analysis
The raw data of UHPLC-Q-TOF/MS were converted into an abf format file by Analysis Base File Converter software, 
and then the converted data were processed by MS-DIAL version 4.70 (Yokohama City, Kanagawa, Japan) software. 
This software looks for components with repeatable differences in multiple sample groups and then tabulates the 
resulting data matrix, including retention time (RT), mass-to-charge ratio (m/z), normalized peak intensity, etc. The 
variables with a relative standard deviation (RSD) greater than 20% in QC samples and not meeting the 80% rule were 
filtered out. Subsequently, the remaining normalized data were imported into Metaboanalyst 5.0 (https://www.metaboa 
nalyst.ca/) for multivariate statistical analysis, including T-test, fold change (FC), principal component analysis (PCA), 
and orthogonal partial least squares discriminant analysis (OPLS-DA), which facilitated the identification of differential 
metabolites.

Potential biomarkers were screened according to variable importance projection (VIP) ≥1.5, p values <0.05, and FC > 1.5. 
Based on the accurate mass and MS/MS spectrum information of the features, the identification of the compounds was assisted 
by combining a self-built library of standards, MS-FINDER version 3.52 (Yokohama City, Kanagawa, Japan), Human 
Metabolome Database (HMDB, www.hmdb.ca), Kyoto Encyclopedia of Genes and Genomes (KEGG, https://www.kegg.jp), 
PubChem (https://pubchem.ncbi.nlm.nih.gov/), Massbank (http://www.massbank.jp/) and Competitive Fragmentation Modeling 
for Metabolite Identification (CFM-ID, https://cfmid.wishartlab.com/). Then, Metaboanalyst 5.0 was utilized for pathway 
enrichment analysis and visualization of the biomarkers.

SPSS 26.0 (Chicago, IL, USA) was used for statistical analysis. All data were tested for normality before analysis. 
Data with a normal distribution were statistically analyzed by t-test and described as the mean ± standard deviation. 
Otherwise, the Wilcoxon nonparametric test was used for statistical analysis and data were described as the median (third 
quartile - first quartile). All statistical tests were two-sided, and p value less than 0.05 was considered statistically 
significant. JASP 0.16.3 (Amsterdam, The Netherlands) was used for correlation analysis.

Results
Clinical Characteristics of Patients
The clinical characteristics of the CNAG with GHSC patients before and after CGGD treatment and healthy controls are 
described in Table 1. A total of 27 patients had a mean age of 51.2 (ranging from 24 to 72) years and a BMI of 22.1 
(ranging from 17.6 to 28.1), which were not significantly different from those of the healthy control group.

CGGD Ameliorated the Primary and Secondary Indexes of Patients
The average scores of the TCM syndrome (primary index) and CNAG scores (secondary index) at baseline were 14.1 ± 3.3 
and 20.8 ± 3.8, respectively, which represented a moderate severity of CNAG. After 28 days of CGGD treatment, a significant 
decrease in both index scores of patients was shown compared with pretreatment (all p < 0.01) (Additional File: Table S4 and 
Figure 3). The mean CNAG score of these patients decreased (positive change) by 8.7 points (TEI: 65.5% ± 18.1%) and the 
mean TCM syndrome scores decreased by 15.0 points (TEI: 70.9% ± 15.8%). In particular, some clinical symptoms nearly 
disappeared, such as dry throat and bitter taste in the mouth (TEI: 78.2% ± 28.2%), anorexia (TEI: 70.1% ± 41.6%), 
hypodynamia (TEI: 79.9% ± 30.0%) and belching (TEI: 77.1% ± 27.6%). The gastroscopy results showed that there was 
an improvement in the condition of the stomach after treatment with CGGD. An example is shown in Figure S2 and 
Additional File). All results proved that CGGD has an obvious therapeutic effect on CNAG with GHSC.

CGGD Ameliorated the Pharmacological Index of Patients
Six hormones related to gastrointestinal function (pharmacological index) were measured in healthy controls and patients before 
and after CGGD treatment (Table 1). For the patients, the pepsinogen level at baseline (127.07 ± 27.15 μg/L) was significantly 
elevated by 15.49% (p = 0.009) compared to the level at the 28-day point (146.75 ± 26.21 μg/L), close to that of the healthy 
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controls (148.95 ± 32.01 μg/L). In addition, cholecystokinin and gastrin showed an increasing trend. In contrast, ghrelin, motilin, 
and secretin decreased after CGGD intervention, but without any significance. Specifically, after 28 days of CGGD treatment, 
secretin showed a significant decrease (199.44 ± 32.70 ng/L) (p = 0.005) compared to the healthy control (231.57 ± 47.36 ng/L).

Table 1 Demographic Details and Clinical Index of Participants

CNAG Patients Healthy Controls

Before Treatment After Treatment

Sample size 27 27 30

Sex (M/F) 10/17 10/17 10/20
Age (year) 51.2 ± 15.1 51.2 ± 15.1 52.2 ± 8.5

Height (cm) 167.2 ± 7.5 167.2 ± 7.5 166.6 ± 5.4

Weight (kg) 62.4 ± 12.3 62.4 ± 12.3 60.6 ± 11.0
BMI 22.1 ± 3.2 22.1 ± 3.2 21.7 ± 2.9

H. pylori infection – – –

Ghrelin (ng/L) 1606.80 ± 223.88 1542.15 ± 225.71 1558.95 ± 243.48
Cholecystokinin (ng/L) 226.61 ± 47.58 228.89 ± 46.63 249.44 ± 38.53

Pepsinogen (μg/L) 127.07 ± 27.15**,## 146.75 ± 26.21 148.95 ± 32.01

Motilin (pg/mL) 577.74 ± 87.99 563.44 ± 84.79 586.90 ± 97.42
Secretin (ng/L) 208.12 ± 43.58 199.44 ± 32.70ΔΔ 231.57 ± 47.36

Gastrin (pg/mL) 310.62 ± 54.89 316.57 ± 64.60 325.14 ± 62.48

Notes: **P < 0.01 significant differences between CNAG patients after CGGD treatment and CNAG patients 
before CGGD treatment. ##p < 0.01 versus healthy controls; ΔΔp < 0.01 versus healthy controls. All data were 
expressed as the mean ± SD. 
Abbreviations: CNAG, chronic non-atrophic gastritis; M, male; F, female.

Figure 3 The scores and efficacy of different symptoms in CNAG patients after CGGD treatment. Scores with a yellow background are expressed as the median, and 
others are expressed as the mean. The p-value was lower than 0.01 for all comparisons of symptom scores.
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Plasma Metabolic Patterns Differed Among Healthy Controls and Patients Before and 
After Treatment of CGGD
The typical total ion chromatograms (TIC) of UHPLC-Q-TOF/MS from plasma samples in positive and negative ion modes are 
shown in Figure S3. After data filtering, 6574 and 1672 feature ions were extracted from positive and negative ion modes, 
respectively. A PCA model was obtained to clearly visualize the overall differences in metabolite profiles among the three groups 
(Figure 4a). The QC samples were tightly clustered, indicating the stability of this method. A clear distinction among the three 
groups was also observed in the score plot, suggesting that there were different metabolic patterns among them. Specifically, 
a clear distinction between the patient and healthy control groups on the PCA score confirmed the perturbation of plasma 
metabolic profiles caused by CNAG with GHSC. After the intervention of CGGD, the patient group tended to shift towards the 
healthy control group, indicating that CGGD treatment could reverse the levels of the perturbation induced by the disease.

Metabolite Changes in CNAG Patients with Gallbladder-Heat Syndrome and 
Spleen-Cold Syndrome After CGGD Invention
OPLS-DA was conducted to further find the differential metabolites (Figure 4b and c). A 100-repeated permutation 
was completed to verify the reliability of the model. The OPLS-DA model presented with R2Y = 0.983, Q2 = 0.924 
between patients and healthy controls, while it showed R2Y = 0.725, Q2 = 0.403 between patients before and after 
CGGD treatment. All p values of the permutations were lower than 0.01 (Figure 4d and e), indicating the model was 
statistically validated.

Subsequently, 81 metabolites were identified for patients before and after treatment with CGGD, including lipids, 
amino acids, steroids, and so on (Table S5). Among them, 15 metabolites were significantly altered in patients 
compared to healthy controls (Table 2), such as L-valine, L-leucine, indole, 5-hydroxyindole acetic acid, and 
phosphatidylcholine 18:1. After 28 consecutive days of CGGD treatment, the decrease in those metabolites was 
reversed (Figure 5).

Figure 4 Scores plot of PCA and OPLS-DA analysis from metabolic profiles of different plasma samples. (a) scores plot of PCA from different plasma samples. (b) scores 
plot of OPLS-DA from BL and HC. (c) scores plot of OPLS-DA from BL and TCM. (d) permutations in BL and HC. (e) permutations in BL and TCM. BL: CNAG patients 
before CGGD treatment; TCM: CNAG patients after CGGD treatment; HC: healthy controls.
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Table 2 Key Differential Metabolites Detected by UHPLC-Q-TOF/MS of Plasma Samples from CNAG Patients and Healthy Controls

No. RT (min) m/z Adduction Compound CNAG vs Healthy control CNAG vs CGGD treatment Related pathway

p VIP Log2FC p VIP Log2FC

1 1.214 118.0863 [M+H]+ L-valine 7.29E-12 1.72 −2.00 1.80E-06 3.19 −0.75 BCAA biosynthesis

2 1.833 132.1009 [M+H]+ L-leucine 8.27E-14 1.82 −2.03 5.54E-06 3.11 −0.76 BCAA biosynthesis

3 6.632 117.0508 [M+H]+ Alpha-ketoisovaleric acid 3.30E-05 1.20 −3.20 1.25E-06 3.31 −0.83 BCAA biosynthesis
4 6.632 118.0664 [M+H]+ Indole 8.99E-07 1.38 −2.85 1.13E-06 3.30 −0.83 Tryptophan metabolism

5 6.654 192.0590 [M+H]+ 5-hydroxyindole acetic acid 9.61E-09 1.54 −2.57 2.22E-07 3.47 −0.80 Tryptophan metabolism

6 12.741 562.3119 [M-H]− lysoPC (18:3(6Z,9Z,12Z)) 0.000144 1.11 −3.51 4.87E-07 3.48 −0.86 Glycerophospholipid metabolism
7 12.915 494.3189 [M+H]+ lysoPC (16:1(9Z)/0:0) 1.09E-09 1.60 −2.87 0.000336 2.63 −0.74 Glycerophospholipid metabolism

8 13.248 542.3182 [M+Na]+ lysoPC (18:2(9Z,12Z)) 3.23E-06 1.31 −2.94 1.67E-07 3.55 −0.98 Glycerophospholipid metabolism

9 13.266 544.3343 [M+H]+ lysoPC (20:4(5Z,8Z,11Z,14Z)) 1.57E-05 1.23 −3.16 2.48E-05 2.76 −0.81 Glycerophospholipid metabolism
10 13.598 496.3380 [M+H]+ lysoPC (16:0) 2.82E-08 1.49 −2.97 5.06E-07 3.43 −0.85 Glycerophospholipid metabolism

11 13.824 502.2904 [M+H]+ lysoPE (20:4(8Z,11Z,14Z,17Z)/0:0) 8.16E-08 1.44 −1.60 9.51E-06 3.05 −0.92 Glycerophospholipid metabolism

12 13.884 104.1061 [M+H]+ Choline 4.75E-13 1.78 −1.92 6.13E-09 4.01 −0.85 Glycerophospholipid metabolism
13 13.884 522.3516 [M+H]+ lysoPC (18:1(9Z)/0:0) 7.24E-08 1.45 −2.96 2.43E-06 3.25 −0.86 Glycerophospholipid metabolism

14 14.180 508.3731 [M+H]+ PC 18:1 6.57E-05 1.15 −4.10 4.87E-06 3.09 −0.92 Glycerophospholipid metabolism
15 14.655 546.3489 [M+H]+ lysoPC (20:3(5Z,8Z,11Z)) 1.49E-08 1.51 −2.56 5.72E-06 3.32 −0.83 Glycerophospholipid metabolism

Note: P: t-test p value. 
Abbreviations: VIP, variable importance in the projection in OPLS-DA model; FC, fold change.
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Effects of CGGD on CNAG with GHSC-Induced Metabolic Dysfunction and the 
Association Analysis of Metabolites and Clinical Parameters
Pathway analysis by Metaboanalyst 5.0 identified two top pathways (all p < 0.05) related to CGGD treatment: 
glycerophospholipid metabolism and branched-chain amino acids (BCAA) biosynthesis (Figure 6).

Figure 5 Changes in the relative contents of 15 important plasma differential metabolites. BL: CNAG patients before CGGD treatment; TCM: CNAG patients after CGGD 
treatment; HC: healthy controls (****p<0.0001; ***p≤0.005; **p<0.01; *p<0.05).
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Spearman correlation analysis was performed to explore the correlation between those metabolites and clinical 
parameters (Figure 7a). Specifically, ghrelin showed a positive correlation with indole. At the same time, valine, choline, 
and lysophosphatidylcholine showed a significant correlation with other metabolites (all p < 0.05, R2 > 0.7) (Figure 7b). 
This could be one of the underlying mechanisms of the therapeutic effects of CGGD.

Figure 6 Pathway enrichment analysis. (a) overview of pathways based on the KEGG pathway network (b) valine, leucine, and isoleucine biosynthesis (c) glyceropho-
spholipid metabolism.
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Discussion
With the development of modern research in TCM, metabolomics is increasingly being applied to the study of syndrome 
differentiation in TCM, such as spleen-deficiency and qi-stagnation.10,18 However, there have been no reports on the 
mechanism research or related metabolomics studies regarding the pathogenesis of gallbladder heat and spleen cold 
syndrome, which is one of the most common clinical syndromes. Furthermore, Chaihu Guizhi Ganjiang Decoction, as 
a classic formula for treating digestive system disorders, also lacks any relevant metabolomics reports regarding its 
therapeutic effects on gastric diseases. Here, for the first time, we utilized metabolomics to study the mechanism of 
CGGD in treating CNAG with GHSC syndrome. Due to the varied properties of compounds, certain substances such as 
lipids and bile acids are more readily detected in positive mode, while others such as organic acids and phenylpropanoids 
are more easily detected in negative mode. To ensure comprehensive results, we conducted detections in both positive 
and negative modes.

TCM treatment evaluation is often based on a 28-day treatment cycle or a 56-day treatment cycle.19,20 Therefore, in this 
study, a 28-day treatment cycle was applied for CNAG with GHSC treatment, according to the clinical experience in our 
hospital. The quantitative rating scale (TEI) was utilized for the efficacy evaluation, which was commonly accepted in clinical 
studies.21 To our satisfaction, statistically significant differences were observed between the medication groups for the main 
outcome measures (both TCM syndrome and CNAG scores) at the 28-day point, suggesting real benefits from the CGGD 
treatment. Additionally, pharmacological parameters such as gastrointestinal hormones were first evaluated before and after 
CGGD treatment, with pepsinogen and secretin showing significant changes. As a promising biomarker for predicting gastric 
mucosal status, pepsinogen could decrease when the area of gastric fundic gland mucosa decreases.22 This was consistent with 
our results, confirming the protective effect of CGGD on the gastric mucosa.

A total of 107 compounds were characterized in CGGD, including flavonoids, triterpene saponins, phenols, and so on. 
Among these ingredients, many have been reported to have significant anti-inflammatory effects. Saikosaponin A (SSA), the 
main active component in Bupleuri Radix, effectively suppressed the expression of inducible nitric-oxide synthase (iNOS) and 
cyclooxygenase-2 (COX-2) in RAW264.7 cells stimulated with lipopolysaccharide (LPS), ultimately leading to the reduction 
of nitric oxide (NO) and prostaglandin E (PGE).23 In mice with LPS-induced acute lung injury, SSA also inhibited the 
expression of TNF-α and IL-1β.24 The inhibition of the NF-κB signaling pathway is believed to be the primary mechanism by 
which SSA exerts its anti-inflammatory effects.23,25 In addition to SSA, the entire class of saikosaponins is considered to 

Figure 7 Correlation analysis. (a) Correspondent map of the metabolites and clinical characteristics. Blue color represents a positive correlation, whereas red represents 
a negative correlation. The correlations with a p > 0.05 were hidden. PTTM: Pale tongue with teeth marks; CHAF: Chest and hypochondrium ache or flatulence; EDP: 
Epigastric distension or pain; LS: Loose stool; DTBT: Dry throat and bitter taste in mouth; AD: Abdominal distension; HAR: Heartburn and acid reflux. (b) Correlation 
network of 24 important plasma metabolites. Node size indicates the number of correlated metabolites, and the larger the size, the more metabolites are involved. The edge 
color represents the direction of correlations.
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possess pharmacological effects such as anti-inflammatory, immunomodulatory, and other activities.26 Baicalin, one of the 
active components of Scutellariae Radix, has been shown in previous studies to inhibit the activation of the TLR4/NF-κB p65 
pathway and inflammation induced by LPS through the suppression of CD14 expression.27 Cai pointed out that baicalin can 
regulate macrophage polarization and promote inflammation recovery via the RhoA/ROCK pathway.28 According to Ma, 
baicalin inhibits the proinflammatory cytokines IL-1β, IL-6, MCP-1, and TNF-α, and suppresses the MAPK signaling 
pathway to alleviate the inflammatory response in diabetic nephropathy.29 Similarly, 8-shogaol present in Zingiberis 
Rhizoma reduces the levels of TNF-α, IL-1β, IL-6, and IFN-γ, and downregulates the mRNA and protein expression of 
iNOS and COX-2 in a mouse model of dextran sodium sulfate-induced colitis.30 Furthermore, glycyrrhizinic acid exhibits the 
same anti-inflammatory effects.31

The LC-MS-based metabolomics study suggested a metabolic account: CGGD showed a specific effect on BCAA 
biosynthesis and glycerophospholipid metabolism pathways. In detail, the metabolic changes in BCAAs are related to 
many diseases such as diabetes, heart failure, and cancer,32 as well as the emotional state. In a cross-sectional study of 
3175 Iranian adults aged 18–55 years, Glareh found that the dietary intake of BCAAs was negatively correlated with the 
risk of depression and anxiety.33 In addition, valine was found at a lower level in patients with depression than in healthy 
people and could be reversed by Xiaoyaosan treatment.34 In addition, an increase in valine by supplementation improved 
the subhealth state.35 It was reported that the subhealth state mainly resulted in emotional problems such as depression 
and anxiety and often led to some symptoms of gastrointestinal disturbances and targeting emotion dysregulation might 
be a promising health promotion tactic among young adults with gastrointestinal symptoms and disorders.36,37 From this 
perspective, CGGD may improve the mental and emotional state of patients by changing the content of plasma branched- 
chain amino acids, thus playing an important role in the treatment.

Therefore, one possibility would be that the CGGD intervention changed the plasma BCAA level and then the brain BCAA 
level. It was reported that BCAAs are transported across the blood-brain barrier (BBB) by the large neutral amino acid transporter 
1 (LAT1), which is responsible for the transport of many large neutral amino acids (LNAAs), including BCAAs and aromatic 
amino acids such as tryptophan and kynurenine.38,39 Competition for LAT1 transporters may cause tryptophan and kynurenine to 
accumulate in the brain, leading to decreased BACC levels. Tryptophan can be metabolized to serotonin (5-HT) and kynurenine, 
and the latter pathway accounts for approximately 90% of tryptophan metabolism.40 Kynurenine can be catalyzed by 
kynurenine-3-monooxygenase (KMO) to generate 3-hydroxy-kynurenine (3-HK), which is further metabolized to quinolinic 
acid (QUIN). Both 3-HK and QUIN are considered neurotoxic substances, that drive depressive behaviors in patients.41,42 Thus, 
two metabolic hypotheses were predicted for CGGD treatment: (1) the level of kynurenine transported across the BBB was 
decreased, and(2) the level of tryptophan in the brain converted into kynurenine was decreased. These factors potentially led to 
a decrease in neurotoxic substances such as 3-HK and QUIN in the brain, thus improving the mental and emotional state of 
patients. The improvement of patients’ mental and emotional state could inhibit the overactivated hypothalamic-pituitary-adrenal 
(HPA) axis and reduce the expression of corticotropin-releasing factor (CRF) and adrenocorticotropic hormone (ACTH), which 
are considered to be related to the excessive secretion of gastric acid, reduced gastric motility, and decreased gastric mucosal 
blood flow.36,43,44 To confirm this, we conducted separate tests to measure the levels of CRF and ACTH in the plasma before and 
after medication by ELISA (Additional File: The plasma content of CRF and ACTH). Consistent with our hypothesis, both CRF 
and ACTH exhibited a significant decrease after medication (Additional File and Figure S4). At the same time, our results 
showed that the levels of indole and 5-hydroxyindole acetic acid (5-HIAA) increased after taking CGGD, indicating that 
tryptophan was more inclined to metabolize to the indole pathway and 5-HT pathway, not kynurenine, after taking CGGD. More 
specifically, ghrelin was positively correlated with indole in our results. As confirmed in previous studies, ghrelin played an 
important role in accelerating gastric mucosal healing, alleviating inflammatory pain, and resisting anxiety (Figure 8).45,46

Phosphatidylcholine (PC) is the most abundant phospholipid in eukaryotic membranes. Studies have shown that the main 
components of gastric mucosa are phosphatidylcholine and phosphatidylethanolamine, which form a hydrophobic phospho-
lipid layer on the surface of gastric mucosa to provide a barrier against the harmful environment inside the stomach.47 

A double-blind, randomized, placebo-controlled superiority study found that the use of a modified release phosphatidylcholine 
formula LT-02 in the treatment of ulcerative colitis was effective in reducing patients’ disease activity scores, promoting 
mucosal healing and improving clinical signs and symptoms, which was proven to be safe and effective for PC therapy.48 In 
our study, the PC level in the CGGD treatment group was significantly higher than that in the CNAG group, and the increased 
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PC further drove the formation of a hydrophobic phospholipid layer in the gastrointestinal tract to better protect the gastric 
mucosa. Meanwhile, phosphatidylcholine was also an intermediate product of the mammalian CDP-choline cycle, a precursor 
of acetylcholine, which would result in the disturbance of the HPA axis. Additionally, phosphatidylcholine and phosphatidy-
lethanolamine can further generate inositol triphosphate (IP3), diacylglycerol (DAG), and phosphatidic acid, the second 
messengers, thus playing an important role in cell proliferation.49,50 In our results, LPC 20:4 and LPE 20:4 also showed an 
increasing trend after CGGD invention. LPC 20:4 and LPE 20:4 exerted anti-inflammatory effects by regulating different 
inflammatory factors.51 The fitted parameters indicated that CGGD might enhance the protective effects of gastric mucosa, 
because it regulated the level of phospholipids, inhibited the release of pro-inflammatory mediators and upregulated the 
production of anti-inflammatory mediators (Figure 8).

There are several limitations in the current study. First, this was not a multicenter study. Moreover, a longer follow-up 
should be conducted to assess whether CGGD could sustain the benefits. Second, a metabolomics study was applied to explore 
the therapeutic mechanism of CGGD at the level of small molecules; experiments for verification are still missing for why 
BCAAs and glycerophospholipids accumulate after CGGD treatment, which calls for future investigations.

Conclusion
In this observational controlled before-after study, CGGD showed a significant therapeutic effect on CNAG with GHSC 
patients, and it could increase the pepsinogen level. The metabolomics study based on UHPLC-Q-TOF/MS found that 
the therapeutic effect was mainly achieved by increasing plasma BCAA and glycerophospholipid levels. Furthermore, 
these metabolites have an impact on the patients’ HPA axis, leading to decreased levels of CRF and ACTH. The potential 
link was also elucidated between the therapeutic markers and both the traditional TCM syndrome score and the serum 
pharmacological index. This study demonstrated that an LC-MS-based metabolomics study could be successfully applied 
for mechanism elucidation of TCM, also favoring the etiology and pathogenesis speculations of CNAG.

Abbreviations
ACTH, adrenocorticotropic hormone; BCAA, branched-chain amino acids; BBB, blood-brain barrier; CGGD, Chaihu Guizhi 
Ganjiang Decoction; CNAG, chronic non-atrophic gastritis; COX-2, cyclooxygenase-2; CRF, corticotropin-releasing factor; 

Figure 8 Possible therapeutic mechanism of CGGD in CNAG patients.
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OPLS-DA, orthogonal partial least squares discriminant analysis; PC, phosphatidylcholine; PCA, principal component 
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