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Abstract: Gugongguo (GGG) (Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils.) is a perennial evergreen 
climbing shrub of Rosaceae. Its roots have long been utilized in Yi ethnic traditional medicine to treat gastrointestinal disorders 
like dysentery and diarrhea with remarkable efficacy. However, roots account for a small proportion of the whole plant, and root 
harvesting causes massive waste of stem and branch resources. To explore stems as potential alternative medicinal parts, this 
study analyzed the chemical components of GGG roots, stems and fruits via UPLC-Q-TOF-MS combined with GNPS molecular 
networking, determined total triterpenes and tannins contents by ultraviolet spectrophotometry, evaluated antidiarrheal activities 
using a castor oil-induced mouse model, and identified core bioactive components via Spearman correlation analysis. Results 
showed high chemical similarity between roots and stems (28 common components, complete triterpenoid overlap), with no 
significant differences in total triterpenes and tannins contents. Their small intestinal propulsion rates were comparable and 
significantly superior to that of fruits. Triterpenoids and tannins were identified as key bioactive components, with a high degree 
of overlap between roots and stems. This study confirms GGG stems as potential alternatives to roots, providing a scientific basis 
for improving resource utilization and promoting sustainable development of traditional medicinal resources. 

Keywords: Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils.; UPLC-Q-TOF-MS; Chemical Components; 
Structural Identification; The Genus Rosaceae; Mass Spectrometry Fragmentation Pathways. 

 

1. Introduction 
Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. 

et Wils. is a perennial evergreen climbing shrub belonging to 
the genus Rosa of the family Rosaceae, commonly known as 
“Gugongguo” (GGG) in Yi ethnomedicine, predominantly 
distributed in Yunnan Province, China (e.g., Kunming, Dali, 
and Lijiang) [1]. GGG is medicinally utilized for its roots, 
which have long been employed in traditional Yi 
ethnomedicine to treat diarrhea, dysentery, and 
gastrointestinal disorders, attributed to their astringent, anti-
inflammatory, and antidiarrheal properties. With the 
advancement of modern pharmacological research, the 
therapeutic potential of GGG roots has been fully validated—
they not only eradicate pathogenic bacteria and protect the 
gastrointestinal mucosa but also accelerate mucosal healing. 
This efficacy has enabled their clinical application in 
commercial pharmaceutical preparations such as "Changshu 
Tablets" and "Changshu Capsules,". Yang[2] further 
establishing the core medicinal value of the roots. 

Notably, the genus Rosa—to which GGG belongs—is 
renowned for its diverse array of bioactive constituents, 
including triterpenoids[3], tannins[4], and flavonoids. These 
components collectively endow plants of this genus with 
antioxidant, anti-inflammatory[5], and immunomodulatory 

activities [6]—a genus-level trait that aligns well with GGG’s 
therapeutic effects on digestive diseases. Specifically, 
triterpenoids (e.g., oleanolic acid derivatives) and 
hydrolyzable tannins have been identified as the dominant 
compounds in GGG roots, serving as the key material basis 
for its gastrointestinal protective effects [7]. Beyond the roots, 
the ripe fruits of GGG also hold significant development 
value: they are rich in nutrients such as minerals, amino acids, 
and proteins, and possess dual medicinal-edible potential. 
Currently, they are widely processed into functional foods 
(e.g., fruit wines), forming a resource utilization pattern of 
"roots for medicinal use and fruits for dietary use"[6]. 

However, as a perennial shrub, the roots of GGG account 
for a relatively small proportion of the entire plant, and 
harvesting the roots inevitably results in substantial waste of 
aboveground resources such as stems and branches. Currently, 
there is a lack of systematic research addressing whether these 
stem and branch resources possess medicinal value or can 
serve as potential alternative medicinal parts to the roots. 
Based on this, the present study aims to evaluate the 
feasibility of GGG aerial part as an alternative medicinal part 
to the roots through systematic experiments, thereby 
providing a scientific basis for balancing resource 
conservation and clinical needs, as well as improving the 
utilization efficiency of the whole-plant resources. 
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To investigate whether the stems of GGG can act as a 
potential medicinal part, this study provides the first 
systematic characterization of GGG stems, uncovering their 
previously unrecognized therapeutic potential. UPLC-Q-
TOF-MS combined with GNPS molecular networking was 
used to systematically profile the chemical constituents of 
GGG roots, stems, and fruits, aiming to clarify the 
compositional characteristics of chemical components across 
different tissues [8]. Meanwhile, ultraviolet 
spectrophotometry was applied for the quantitative 
determination of total triterpenes and total tannins in these 
plant parts. Finally, in vivo pharmacodynamic experiments 
combined with Spearman correlation analysis were 
conducted to elucidate the correlations between chemical 
composition, constituent content, and pharmacological 
efficacy among different GGG tissues. Especially, this study 
integrated a comprehensive research system including 
constituent characterization, content quantification, 
pharmacodynamic validation, and key bioactive component 
analysis, constructing a targeted research framework to assess 
the feasibility of GGG stems as medicinal substitutes for 
GGG roots. This framework not only facilitates the 
systematic exploration of medicinal potential in underutilized 
plant tissues but also enriches ethnopharmacological research 
paradigms, offering a robust method for the systematic 
excavation of medicinal value from underexplored tissues in 
ethnic medicinal resources. 

2. Materials and Methods 

2.1. Plant Material 
The roots, stems and fruits of GGG were collected from 

Qujing City, Yunnan Province, and were identified as the 
roots, stems and fruits of Rosa odorata Sweet var. gigantea 
(Coll. et Hemsl.) Rehd. et Wils., a medicinal herb of the 
Rosaceae family, identificated by Chen Yu of the Kunming 
Institute of Botany, Chinese Academy of Sciences. The 
sample specimens were stored at Tianjin Modern Innovation 
Chinese Medicine Technology Co., Ltd. (Tianjin, China). 

2.2. Sample Preparation Methods 
Three different parts (roots, fruits, stems) of Rosa odorata 

Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils. were 
used. Dried powdered materials (500 g per part) were each 
reflux-extracted twice with 10 L (20:1 solvent-to-material 
ratio) of 60% ethanol solution for two hours per extraction. 
The resulting filtrates were combined and concentrated under 
reduced pressure. Subsequently, the concentrated extracts 
were spray-dried to obtain ROE (root extract, yield: 11.2% 
w/w), FOE (fruit extract, yield: 8.9% w/w), and SOE (stem 
extract, yield: 8.7% w/w). 

2.3. UPLC-Q-TOF-MS Analysis 
ROE, SOE, FOE were analyzed by UPLC-Q-TOF-MS. A 

high-performance liquid chromatography system (Waters, 
USA) was employed to analyze the compounds, and a 
CORTECS T3 column (2.1 mm×150 mm, 1.6μm) was used. 
The mobile phase used 0.1% formic acid in water as phase A 
and acetonitrile as phase B. The flow rate was set to 0.3 
mL/min. The column temperature was set to 35 °C. The 
sample injection volume was set to 2 μL. 

The proportion of the mobile phase was distributed over 
110 min as follows: 0-12 min, 100%-97% A; 12-50 min, 97%-
83% A; 50-60 min, 83%-66% A; 67-87 min, 55%-30% A; 87-

106 min, 30%-20% A; 106-107 min, 20%-100% A; and 107-
110 min, 100% A. UPLC-Q-TOF-MS was used to determine 
the charge-to-mass ratio of the compound, and the following 
positive and negative ion scanning modes were used to scan 
the range of m/z 100–1500: cone gas flow, 60 L/h; desolvation 
flow, 600 L/h; source temperature, 100 °C (positive)/100 °C 
(negative); desolvation temperature, 350 °C (positive)/350 °C 
(negative); cone voltage, 30 V (positive)/40 V (negative); and 
ion source voltage, 2.0 kV (positive)/3.0 kV (negative). 

2.4. Multivariate Analysis 
The raw spectra (raw data) were converted to mzML format 

using ProteoWizard software. The converted data were 
imported into the website (https://xcmsonline.scripps.edu), 
specific parameters were set, normalization was performed, 
etc., to obtain the data in different ion modes. The resulting 
data were collated in the MetaboAnalyst database (website 
http://www.metaboanalyst.ca) and used for principal 
component analysis (PCA). 

2.5. GNPS Molecular Network Creation 
Mass spectrometry analysis was performed according to 

the "2.2" detection conditions to obtain the raw files of UPLC-
Q-TOF-MS secondary mass spectrometry of roots, stems and 
fruits under positive and negative ion modes. The original 
files were converted to 64-bit mzXML format files by MS 
Convert software, and then the mzXML files were imported 
after preprocessing by WinSCP software into GNPS 
(http://gnps.ucsd.edu) for data analysis. The specific 
parameter settings were set as follows: precursor ion mass 
tolerance (0.02 Da), fragment ion mass tolerance (0.05 Da), 
min pair cos (0.65), minimum number of matched fragment 
ions (6), and minimum cluster size (2). Visual analysis was 
performed with Cytoscape 3.9.1 (https://cytoscape.org/). 

2.6. Methodology for Total Component 
Content Determination 

2.6.1. Standard Solution Preparation 
The reference substances of ursolic acid (ursolic acid 

(≥98.5%) was obtained from Macklin Inc. (China). U820325), 
gallic acid (gallic acid (≥99.0%) was obtained from Macklin 
Inc. (China). G823163) were accurately weighed, and the 
stock solution was prepared by dissolving and constant 
volume with methanol. Ursolic acid stock solution was 
diluted to 0.05, 0.10, 0.25, 0.50, 1.00, 1.50 mg/mL series 
concentration. The gallic acid stock solution was diluted to 
0.175, 0.350, 0.700, 1.400, 2.800 mg/mL series 
concentrations. 

2.6.2. Preparation of Test Solutions 
The powders of root, stem and fruit (0.5 g ± 0.001 g, spray 

drying) was extracted with 20 mL 70% ethanol at 40 °C for 
30 min, and the extraction was repeated once. The supernatant 
was combined and diluted to 50 mL. The sample solution was 
obtained by filtering through 0.45 μm filter membrane. 

2.6.3. Colorimetric Method 
Total triterpenoid chromogenic reaction: 1.0 mL of sample 

solution or ursolic acid standard solution was taken and dried 
in 70 °C water bath. 0.2 mL of 5% vanillin-glacial acetic acid 
solution and 0.8 mL of perchloric acid were added in turn. The 
reaction was carried out in 60 °C water bath for 20 min. After 
cooling in ice bath, 5 mL of glacial acetic acid was added and 
placed in the dark for 10min. The absorbance was measured 
at the wavelength of 553 nm, and the content of total 
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triterpenes (calculated as ursolic acid) was expressed 
according to the standard curve. 

Chromogenic reaction for total tannins: A total of 1.0 mL 
test solution or gallic acid standard solution was added with 
0.5 mL Folin-Ciocalteu reagent and 1.5 mL 10% Na2CO3 
solution. The solution was diluted to 10 mL with distilled 
water and reacted in a water bath at 75 °C for 10 min. After 
cooling, the absorbance was measured at 760 nm. The total 
tannin content was calculated according to the standard curve 
(calculated as gallic acid). 

A series of standard solutions of ursolic acid and gallic acid 
were treated by the above chromogenic method. The standard 
curve equation (R2>0.99) was obtained by linear regression 
of concentration (X) to absorbance (Y), which was used to 
calculate the content of the test sample. 

2.6.4. Spiking Recovery Test 
Take an appropriate amount of a sample with a known 

content, like root extract. Accurately add a specific quantity 
of ursolic acid and gallic acid reference substances. Conduct 
the content determination according to the prescribed method. 
Calculate the spiking recovery rate. Perform three parallel 
determinations at each spiking level to validate the accuracy 
of the method. 

2.7. Evaluation of Antidiarrheal Activity 
2.7.1. Experimental Animal Husbandry 

Male Kunming strain mice (24 ± 2 g) of specific pathogen-
free (SPF) status were acclimated for 5 days under controlled 
environmental conditions (23 ± 3 °C, 60 ± 5% relative 
humidity) prior to experimental procedures. All animal 
protocols conformed to the Guidelines for the Care and Use 
of Laboratory Animals and were approved by the Institutional 
Animal Care and Use Committee of the Institute of Radiation 
Medicine, Tianjin Jinke Bona Biotechnology Co., LTD 
(GENINK-20250071). 

Forty-two murine subjects were randomized into 6 
experimental groups (n=7): control, model, berberine (100 
mg/kg), ROE (500 mg/kg), SOE (500 mg/kg), FOE (500 
mg/kg). Prior to experimentation, animals underwent 3-5 
days acclimatization followed by 12-16 h fasting with ad 
libitum water access. On day 8, a castor oil-induced diarrhea 
model was established by intragastric administration of 0.2 
mL ricinoleic acid-containing vehicle (0.1-0.2 mL/10 g 
optimized dose) to all groups except the blank control group. 
After a 24 h fasting period (water accessible), 5% activated 
charcoal suspension (0.1 mL/10 g, 0.2-0.3 mL/10 g optimized 
volume) was administered intragastrically. Cervical 
dislocation was performed 20 minutes post-charcoal 
administration (15-30 minutes observation window) to 
harvest intestinal segments from pylorus to ileum. The 
propulsive distance was measured and the propulsive rate of 
small intestine was calculated. The intestinal propulsion rate 
was calculated using the following formula: 

 
Intestinal propulsive rate 

% =
Carbon powder propulsion distance

Total intestinal length
×100% 

 
All parameters were optimized through preliminary trials 

to ensure experimental consistency. 

2.7.2. Statistical Analysis 
Data were analyzed using SPSS 22.0 software, expressed 

as mean ± standard deviation (x̄±s), and evaluated by one-way 

analysis of variance (ANOVA). Statistical significance was 
defined as *P < 0.05 and **P < 0.01. 

3. Results  

3.1. UPLC-Q-TOF-MS Analysis of Different 
Parts of GGG 

In this research, a UPLC-Q-TOF-MS approach was 
employed to perform qualitative analysis of the chemical 
compositions in the extracts from three distinct parts of GGG. 
By directly observing the base peak intensity (BPI) diagrams 
in positive and negative ion modes, it can be found that the 
chemical components of plant roots, stems and fruits are 
mainly manifested in the negative ion mode. After comparing 
the BPI diagrams, it was found that the roots and stems of 
GGG were similar to each other but different from the fruits. 

Potential compounds in each extract were identified by 
integrating precise molecular weights, primary and secondary 
fragment ion peaks, and chemical composition data reported 
for congeneric plants. 

Peak 6 is gallic acid (Fig.3A), showing a typical cleavage 
pathway in negative ion mode. Decarboxylation of (-CO2) 
produces fragment ions at m/z 125.0239, and dehydration of 
(-H2O) produces fragment ions at m/z 151.0031[9]. These 
characteristic cleavages allow rapid identification of gallic 
acid-derived parts in complex matrices [10]. Peaks 7, 8, 12, 
21, 16, 13, etc. are analyzed according to this method. 

Peak 44, identified as ellagic acid (Fig. 3C), followed 
dehydration (-H₂O) and decarboxylation (-CO₂) routes. 
Dehydration of ellagic acid (m/z 300.9995) gave a fragment 
at m/z 283.2965, and decarboxylation produced an ion at m/z 
257.3327, serving as signature fragments for ellagic acid 
identification[11]. Peaks 14, 17, 30, 53 and other ellagic acid-
derived compounds were also analyzed following this method. 

Peak 59, identified as quercetin (Fig. 3B), exhibited diverse 
fragmentation pathways. It produced multiple diagnostic ions 
via retro-Diels-Alder (RDA) cleavages (e.g., ¹,³A⁻, ⁰,⁴A⁻, ¹,²A⁻, 
¹,²B⁻) and decarbonylation (-CO). For instance, ¹,³A⁻ cleavage 
yielded an ion at m/z 151.0117, while ¹,²A⁻ generated a 
fragment ion at m/z 178.9981, enabling differentiation of 
quercetin-type flavonoids from other polyphenols[12]. Peaks 
37, 47, 48, 63 and other quercetin compounds were also 
analyzed in this way. 

Peak 84, identified as oleanolic acid (Fig. 3D), showed 
stepwise cleavages involving formaldehyde (-HCHO), water 
(-H₂O), ethane (-C₂H₆), methane (-CH₄), and ethylene (-C₂H₄) 
losses. Initial loss of -HCHO/-H₂O from the parent ion (m/z 
455.3506) formed m/z 407.1236, followed by sequential 
hydrocarbon losses to generate ions like m/z 377.2356, m/z 
391.8736, and m/z 363.5669, which were pivotal for 
distinguishing oleanane-type triterpenoids[13]. Peaks 27, 28, 
68, 71, 75 and other oleanolic acid-derived compounds were 
also analyzed following this method. 

These fragmentation patterns, consistent with the 
fragmentation rules of natural products in the Rosaceae 
family, validated the reliability of our compound 
identification and reinforced the accuracy of GGG 
phytochemical profiling. 

By analyzing the mass spectrometry peak. A total of 88 
non-volatile chemical compounds were identified in the ROE, 
SOE, and FOE under negative ion mode, while 11 non-
volatile compounds were potentially detected under positive 
ion mode. Detailed information on these compounds is 
provided in Figures 1,2,3 and Tables 1,2. 
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Subsequent analysis of the identified compounds showed 
that there was a high degree of chemical overlap between 
roots and stems, with 28 shared compounds. Among these 
shared compounds, there were 14 triterpenoids, accounting 
for 50%, and tannins and phenolic acids accounted for 32%. 
By identifying and counting all the identified compounds, it 

was found that the roots and stems had high similarity in the 
composition of compound types (Fig.4). It is worth noting 
that the triterpenoids identified in the stems were completely 
matched with the triterpenoids in the roots. From the 
perspective of chemical composition, stems can be used as 
potential medicinal substitutes for roots. 

 
Table 1. Analysis of chemical constituents in extract of GGG in negative ion mode 
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Table 1 (continued) 

 
 

 
Figure 1. Ion flow diagram of Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils. roots, stems and fruits in negative ion 

mode. A: BPI of SOE in negative ion mode. B: BPI of ROE in negative ion mode. C: BPI of FOE in negative ion mode. 
 

 
Figure 2. Ion flow diagram of Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils. roots, stems and fruits in positive ion 

mode. Ion flow diagram of Rosa odorata Sweet var. gigantea (Coll. et Hemsl.) Rehd. et Wils. roots, stems and fruits in positive ion mode. A: 
BPI of SOEs in positive ion mode. B: BPI of ROE in positive ion mode. C: BPI of FOE in positive ion mode. 
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Table 2. Analysis of chemical constituents in extract of GGG in positive ion mode 

 
 

 
Figure 3. Cracking mode of some compounds 

 

 
Figure 4. Distribution proportion map of UPLC-Q-TOF-MS identified components in different parts of GGG 
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3.2. Identification of the Chemical 
Composition and Creation of a Molecular 
Network Using GNPS 

In order to further verify the structural annotation of the 
identified compounds and intuitively characterize the 
clustering relationship of chemical components among 
different tissues, the Global Natural Products Social 
Molecular Networking (GNPS) technology was used to 
construct a visual network. The GNPS serves as a global 
open- access platform for processing mass spectrometry data, 
facilitating the visualization and structural annotation of 

molecular structures [14]. Molecular network technology 
constructs molecular networks by conducting similarity 
analyses on secondary mass spectra[15]. During this 
procedure, natural products with similar structures, when 
subjected to identical mass spectrometry cleavage conditions, 
will generate comparable characteristic fragment ions[15]. 
Subsequently, the computer matches the similarity of these 
fragment ions and generates a visual network diagram based 
on the magnitude of their similarity (cosine value)[16]. Each 
node in the diagram represents the mass spectrometry-related 
information of a compound, and compounds with similar and 
dissimilar structures are clustered into different molecular 
networks [17]. 

 

 
Figure 5. Molecular network diagram for GNPS visualization of roots, stems and fruits red: ROE; blue: SOE; green: FOE 

 
The mass spectrometry data of the roots, stems and fruits 

were processed via the GNPS website to generate a visual 
molecular network diagram that interconnected these 
components. As depicted in figure 5, GNPS discriminates the 
chemical compositions among the compounds based on the 
degree of similarity between them, links the compounds, and 
simultaneously matches the compound information stored in 
the GNPS database[18]. In this study, a total of 35 
compounds' information was retrieved through the GNPS 
database. These compounds encompass flavonoids (such as 
quercetin-3-O-rutinoside and kaempferol-3-O-
glucuronoside), phenolic acids (e.g., 3,4-di-O-galloylquinic 
acid), tannins (e.g.,1,3,6-tri-O-galloylglucose, ellagic acid), 
triterpenoids (specifically β-D-Glucopyranosyl 
(2α,3β,5α,9β,18α)-2,3,23-trihydroxy-28-oxoolean-12-en-28-
oate), steroids, organic acids (for instance, citric acid), and 
fatty acids, among others. 

Beyond compound identification via database matching, 
the molecular network visualization results further revealed 
the distribution patterns of these components across different 
tissues and their structural correlations[19]. Based on the 
visualization results of the molecular network, it can be 
observed that diverse chemical components are mainly 
distributed in molecular networks with more than 5 network 
nodes. In addition, the content of specific chemical 
components can be inferred from the change of node color. 
Taking a molecular network node as an example (Fig 6. A), it 
mainly shows the connection of tannin components in roots 
and fruits, representing that substances like gallic acid tannins 
are mainly distributed in roots and fruits. Several solid green 
nodes presented in the figure indicate that the corresponding 
chemical components only exist in fruits. For the interrelated 
chemical components in roots and stems, they are mainly a 
class of triterpenoid saponins with oleanolic acid as the 



 

12 

aglycone. As shown in Fig. 6B, this type of chemical components is mainly found in stems and roots[20].  
 

 

 
Figure 6. Partial molecular network node diagram red: ROE; blue: SOE; green: FOE 

 
Overall, the chemical components shown in the GNPS 

molecular network are mainly phenolic acids, tannins, 
triterpenoids, and flavonoid glycosides. The unique chemical 
component type in roots is acetylated triterpenoids, and the 
unique type in stems is malonyl flavonoid glycosides. The 
proportion of cross-tissue shared nodes between roots and 
stems accounts for 28% of all nodes, while that between roots 
and fruits accounts for 13%, indicating that stems have a 
greater chemical correlation with roots compared to fruits. 
Notably, the number of isolated nodes in roots is the highest 
among the three parts, suggesting that roots may contain 
various chemical components that have not yet been 
identified. In these unrecognized isolated nodes, both blue 
and red are contained, that is, the components shared by roots 
and stems account for about 65 %, which can also reflect that 
roots and stems are relatively similar in chemical composition. 

3.3. PCA Analysis of GGG Root, Stem and 
Fruit 

In order to further confirm the similarity of chemical 
constituents between roots and stems, PCA analysis was 
performed on the extracts of roots, stems and fruits. Principal 
component analysis (PCA) revealed distinct clustering 
patterns among the root (ROE), stem (SOE), and fruit (FOE) 
extracts. The scores plot demonstrated a high similarity 
between the chemical profiles of ROE and SOE, as evidenced 
by their adjacent and overlapping clusters. Conversely, the 
FOE profile was markedly separated from the root and stem 
clusters, indicating a significant chemical divergence of the 
fruit from the other plant parts (Figure 7). This result further 
confirms that the stem can be used as a potential medicinal 
part of the root. 

 

 
Figure 7. ROE, SOE, and FOE principal component analysis difference plots. 

A. Negative ion mode 2D; B. Negative ion mode 3D. 
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3.4. Quantitative Results of Total Components 
Total triterpenes and total tannins were quantified via 

ultraviolet (UV) spectrophotometry, with ursolic acid and 
gallic acid selected as reference standards, respectively, due 
to their structural representativeness in triterpenoids and 
tannins. Briefly, serial concentrations of ursolic acid (0.02-
0.10 mg/mL) and gallic acid (0.01-0.05 mg/mL) standard 
solutions were prepared to construct calibration curves. The 
absorbances were measured at 546 nm (for total triterpenes) 
and 760 nm (for total tannins), and the regression equations 
exhibited correlation coefficients R² > 0.999, confirming 
good linearity. For sample analysis, dried extracts of GGG 
roots, stems, and fruits were precisely weighed, dissolved in 
methanol, subjected to ultrasonic extraction (40 kHz, 30 min), 
and centrifuged (8000 rpm, 10 min) to obtain clear 
supernatants. After appropriate dilution to fit the linear range 
of the calibration curves, the absorbances of samples were 
determined under the same conditions as the standards. The 
quantitative results showed that the total triterpene contents 
of the roots, stems and fruits were 21.77%, 19.24% and 
23.86%, respectively, while the total tannin contents were 
55.84%, 56.77% and 53.57%, respectively. Comparative 
analysis revealed that the contents of these two main bioactive 
components in stems were close to those in roots, further 
supporting the potential of stems as an alternative medicinal 
part to roots. 

3.5. Comparison of Antidiarrheal Activity 
To evaluate the antidiarrheal activity of GGG stems, this 

study employed a castor oil-induced murine diarrhea model, 
with berberine serving as the positive control. The intestinal 
propulsion distance was measured following intervention 
with total extracts from the ROE, SOE, and FOE.  

As summarized in Figure 8, all extract groups exhibited 
significantly lower intestinal propulsion rates compared to the 
model control group (P< 0.01). Crucially, intestinal motility 
inversely correlated with antidiarrheal efficacy: a reduced 
propulsion rate indicated enhanced suppression of intestinal 
peristalsis, thereby demonstrating superior antidiarrheal 
effects. 

Compared to the blank control group, the intestinal 
propulsion rate was significantly elevated in the model group 
(64.8±5.6%, P< 0.01), confirming the successful 
establishment of the diarrhea model. Treatment with both root 
extract (ROE) and stem extract (SOE) markedly inhibited this 
hypermotility, yielding propulsion rates of 42.3±7.5% and 
41.1±3.4%, respectively. These values were significantly 
lower than that of the model group (64.8±2.8%, P< 0.01 for 
both comparisons) and were comparable to the efficacy 
observed in the positive control drug group. In contrast, the 
FOE demonstrated a moderate effect, with a propulsion rate 
of 47.4±5.5%, which was higher than that of both ROE and 
SOE yet still significantly lower than the model group (P< 
0.05).  The results showed that GGG root, stem and fruit had 
antidiarrheal effect, and the effect of root and stem was 
similar and better than that of fruit. 

To further elucidate the intrinsic correlations among 
chemical constituents, contents, and pharmacological effects 
in GGG roots, stems, and fruits, and clarify the differential 
characteristics across these tissues, a Spearman's correlation 
heatmap (Fig. 9) was constructed[21]. This analysis focused 
on the associations between 82 identified compounds 

(designated as X1-X82) and intestinal propulsion rate (TJL), 
a key indicator reflecting antidiarrheal activity. Correlation 
strength was characterized by color intensity and Spearman's 
correlation coefficient (r, range: -1.0 to 1.0). "Spearman's 
rank correlation coefficient"[22]: a negative correlation (blue 
color) indicated that higher compound content correlated with 
lower TJL (stronger antidiarrheal activity), while a positive 
correlation (red color) indicated higher compound content 
correlated with higher TJL (weaker antidiarrheal activity). 
Correlation strength was defined as: weak (|r| < 0.25), 
moderate (0.25 ≤ |r| < 0.5), and strong (|r|≥ 0.5)[23]. Statistical 
significance was marked with asterisks following standard 
academic conventions: ***P < 0.001, **P < 0.01, *P < 0.05, 
and no asterisk indicated P ≥ 0.05[24]. Key findings are 
summarized as follows: Triterpenoids and partial tannins 
exhibited strong and significant negative correlations with 
TJL (r<−0.5), indicating they are core antidiarrheal active 
constituents. Representative compounds included 
procyanidin B3 (X19), isocorilagin (X17), corilagin (X14), 
acuminatic acid (X64), methyl glycyrrhetinate (X71), 16α-
hydroxygypsogenic acid (X65), and soyasapogenol A (X80). 
Notably, typical triterpenoids such as hederagenin (X72) and 
oleanolic acid (X35) maintained stable negative correlations, 
consistent with their reported anti-inflammatory and 
gastrointestinal mucosal protective effects. 

Tannins and phenolic acids showed differential 
correlations: isocitric acid (X2) and gallic acid (X6) exhibited 
significant negative correlations with TJL, further confirming 
the contribution of tannins/phenolic acids to antidiarrheal 
activity. In contrast, protocatechuic acid (X10) displayed a 
moderate positive correlation (r≈0.3-0.4*), suggesting a 
secondary regulatory role in intestinal motility. 

Most flavonoids (e.g., dihydromyricetin, X43) showed 
weak correlations (|r| < 0.25) or no significant correlations 
with TJL, indicating their limited direct effect on regulating 
intestinal propulsion rate. Additionally, multiple compounds 
including organic acids (e.g., isocitrate, X2) showed no 
significant correlations with TJL, implying they are not the 
key contributors to antidiarrheal activity. 

Further analysis was conducted on the main components 
negatively correlated with the small intestinal propulsion rate 
in roots and stems. The top 10 compounds with the most 
negative correlation coefficients in each part were selected, 
and the results are presented in the Venn diagram (Fig. 10). It 
can be observed that the main compounds exerting effects in 
both roots and stems are primarily triterpenoids and tannins. 
Moreover, notably, most of the key active compounds are 
shared between roots and stems. Combined with the above 
Spearman correlation heat map results and previous 
component analysis data, it can be seen that the key medicinal 
components (mainly triterpenes and tannins) of GGG roots 
and stems are highly overlapped. This finding indicates that 
the stem has the potential to be used as a root alternative 
medicinal part, regardless of the chemical composition or the 
type and activity of the core bioactive components. 

4. Discussion 
As a traditional medicinal plant of the Yi nationality in 

China, GGG, with its significant astringent, anti-
inflammatory and anti-diarrheal properties. It has long been 
used in the traditional medical practice of the Yi nationality 
for intervening in diseases such as dysentery, diarrhea, and 
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gastrointestinal disorders[1]. Modern pharmacological 
studies have further validated the core medicinal value of its 
roots, and the efficacy of this plant part has been widely 
recognized in clinical research[25]. Its fruits are rich in 

bioactive nutritional components and exhibit both medicinal 
and edible properties, indicating promising prospects for 
resource development. 

 

 
Figure 8. Effects of different parts of GGG on intestinal advancement rate in castor oil-induced diarrheic mice (x̄ ± s) 

##P<0.01 compared with the control group; *P<0.05, **P<0.01 compared with the model group 
 

 
Figure 9. Correlational study on phytochemicals from organ-specific GGG and intestinal propulsion rate 

 
However, against the backdrop of the growing demand for 

the sustainable utilization of ethnic medicinal resources in 
China[26] and the deepening exploration of the medicinal 
value of multiple plant parts, two core questions urgently need 
clarification: first, whether the large quantities of discarded 
stem and branch resources generated during root harvesting 
possess reuse value; second, whether GGG stems can serve as 
a potential alternative medicinal part to roots, thereby 
overcoming the limitation of resource utilization that "relies 
solely on roots and fruits" and enabling the efficient 
development of whole-plant resources. To address these 
needs, this study systematically compared and analyzed the 
chemical constituents and pharmacological activities of GGG 
roots, stems, and fruits, providing key scientific support for 
the comprehensive development and utilization of this plant 
resource. 

To clarify the relationships among the chemical 
compositions of GGG roots, stems, and fruits, this study 
established a comprehensive analytical system integrating 
multiple technologies from a qualitative perspective. First, 
UPLC-Q-TOF-MS was employed to analyze the components 
of ROE, SOE, and FOE under positive and negative ion 
scanning modes (m/z 100–1500). The analysis integrated 
accurate molecular weights, primary and secondary fragment 

ion characteristics (e.g., m/z 125.0239: decarboxylation 
fragment of gallic acid; m/z 407.1236: dehydration-
formaldehyde fragment of oleanolic acid), and databases of 
known Rosaceae plant components, leading to the 
identification of 28 common non-volatile compounds. 
Furthermore, GNPS molecular networking analysis was 
performed to construct a clustering network based on 
fragment ion similarity (cos≥0.65). The results revealed that 
triterpenoids (e.g., oleanolic acid, hederagenin) and tannins 
(e.g., corilagin, isocorilagin) in roots and stems formed highly 
overlapping node clusters. Specifically, all 11 triterpenoids 
identified in stems completely overlapped with 15 
triterpenoids in roots, with a tannin overlap rate exceeding 
85 %. These findings indicate a high degree of consistency in 
the structure and category of key bioactive components 
between roots and stems. Concurrently, PCA results 
demonstrated that the chemical profile clusters of ROE and 
SOE in negative ion mode were closely aligned and partially 
overlapping—distinct from the discrete clustering of FOE. 
This further confirmed the similarity in chemical composition 
between roots and stems at the overall chemical characteristic 
level. 

In addition, regarding efficacy experiments, the anti-
diarrheal activity of extracts from different GGG parts (roots, 
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stems, fruits) was evaluated using a castor oil-induced mouse 
diarrhea model, and the pharmacodynamic material basis was 
analyzed via Spearman correlation analysis. The results 
demonstrated that the pharmacological effects of ROE and 
SOE were highly similar but distinct from those of FOE. 
Specifically, the intestinal propulsion rate of mice in the 
model group was 64.8 ± 5.6 %, while after intervention, ROE 

and SOE reduced this rate to 42.3 ± 7.5 % and 41.1 ± 3.4 % 
(both P<0.01), respectively. The inhibitory effects of ROE 
and SOE on excessive intestinal peristalsis were comparable 
and close to that of the positive control (berberine). In contrast, 
FOE intervention resulted in a propulsion rate of 47.4 ± 5.5 % 
(P<0.05), with significantly weaker anti-diarrheal activity 
than ROE and SOE. 

 

 
Figure 10. Integrated analysis of bioactivity, key compound distribution, and total content correlation in different plant parts 

A Top 10 compounds in ROE showing negative correlation with intestinal propulsive rate 
B Top 10 compounds in SOE showing negative correlation with intestinal propulsive rate 
C Top 10 compounds in FOE showing negative correlation with intestinal propulsive rate 

 
These data indicate that GGG roots and stems exhibit 

similar and stronger anti-diarrheal effects. Combined 
pharmacodynamic substance analysis further clarified that 
among the 88 compounds identified in negative ion mode, 23 
components were significantly negatively correlated with 
intestinal propulsion rate (r<-0.3, P<0.05), and these 
components are the main contributors to anti-diarrheal 
activity. The top 10 components with the strongest correlation 
to the anti-diarrheal efficacy of each plant part were selected 
for distribution analysis. This analysis revealed that these core 
bioactive components are predominantly concentrated in 
triterpenoids (e.g., 16α-hydroxyglycyrrhetinic acid, methyl 
glycyrrhetinate, soyasaponin A) and tannins (e.g., epicatechin, 
brevifolin), accounting for over 80% of the top 10 
components. Notably, 5 components were common to the top 
10 lists of roots and stems: epicatechin, brevifolin, 16α-
hydroxyglycyrrhetinic acid, methyl glycyrrhetinate, and 
soyasaponin A. This finding further confirms a high degree of 
overlap in the composition of bioactive substances between 
roots and stems. 

Literature evidence clearly supports the anti-inflammatory 
and anti-diarrheal activities of these 5 common components. 
For instance, epicatechin — a typical tannin component[27, 
28] — can alleviate inflammatory damage to the intestinal 
mucosa by enhancing the integrity of intestinal epithelial tight 
junctions and inhibiting the activation of the NF-κB 
inflammatory pathway[29, 30]. Brevifolin (previously 
referred to as "short-leaf xylenol") exerts anti-inflammatory 
and intestinal protective effects by scavenging intestinal 
reactive oxygen species (ROS) and regulating the M1/M2 
polarization balance of macrophages[31]. As an oleanolic 
acid-type triterpenoid, 16α-hydroxygypsogenic acid inhibits 

excessive contraction of intestinal smooth muscle, 
downregulates the expression of pro-inflammatory cytokines 
(e.g., IL-1β, TNF-α), and alleviates diarrhea symptoms[32]; 
methyl glycyrrhetinate activates glucocorticoid receptors, 
inhibits intestinal inflammation, and regulates gut microbiota 
composition, with its anti-diarrheal activity validated in 
multiple animal models[33]; soyasaponin A synergistically 
enhances anti-diarrheal efficacy by inhibiting the adhesion of 
intestinal pathogenic bacteria (e.g., Salmonella) and 
improving intestinal barrier function[34]. Collectively, these 
studies demonstrate that the five core components shared by 
GGG roots and stems possess distinct anti-inflammatory and 
anti-diarrheal mechanisms and are concurrently enriched in 
both tissues. This further confirms, from the perspective of 
the mechanism of pharmacodynamic substances, that roots 
and stems exert comparable pharmacological contributions—
providing a key pharmacodynamic basis for stems to serve as 
an alternative medicinal part to roots. 

Based on the aforementioned qualitative analysis, 
quantitative determination, and pharmacodynamic validation 
results, GGG stems and roots exhibit a high degree of 
consistency in chemical composition and pharmacological 
activity. Specifically, GGG stems closely align with roots in 
terms of chemical composition, bioactive component content, 
and pharmacological efficacy, highlighting their potential as 
an alternative medicinal part to roots. Concurrently, this study 
establishes a technical framework for the development of 
whole-plant resources of Rosaceae medicinal plants. It not 
only addresses the long-standing issue of GGG stem resource 
waste but also provides scientific support for the sustainable 
utilization and expansion of ethnic medicinal resources, while 
laying an important foundation for the further development of 
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GGG stems (e.g., bioactive component isolation and 
pharmaceutical formulation development). 

5. Conclusion 
For the first time, this study integrated UPLC-Q-TOF-MS, 

GNPS molecular networking analysis, ultraviolet (UV) 
spectrophotometry, and in vivo pharmacodynamic 
experiments to systematically investigate the chemical 
compositions and anti-diarrheal activities of GGG roots, 
stems, and fruits. The results showed that the chemical 
constituents of stems and roots were highly similar. A total of 
28 common compounds were identified, and the triterpenoids 
were completely overlapped. There was no significant 
difference in total triterpenoid content. In contrast, GGG 
fruits are predominantly composed of phenolic acids and 
flavonoids, showing significant chemical differences from 
roots and stems. In terms of efficacy, the inhibitory effect of 
SOE on castor oil-induced intestinal hypermotility in mice 
was comparable to that of ROE, while both were more 
effective than FOE. Joint analysis revealed that the five 
shared core bioactive components—including epicatechin 
and 16α-hydroxygypsogenic acid—possess distinct anti-
inflammatory and anti-diarrheal mechanisms. Notably, the 
key bioactive components of fruits differ significantly from 
those of roots and stems. This study thus provides sufficient 
experimental evidence to support the use of GGG stems as an 
alternative medicinal part to roots. Future research can focus 
on the clinical translation of GGG stem-based medicinal 
resources, with the aim of achieving the comprehensive 
utilization of GGG roots, stems, and fruits. 
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