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A B S T R A C T   

In this study, metabolite maps were conducted on leaf samples accessions of Dracaena sp. in Guangxi (C6, C13, 
CZ4, JX2, RM1, and BM3) and six related species including D. angustifolia (CH), D. elliptica (XZ), 
D. cochinchinensis (CB), D. cambodiana (HN), D. marginata (HB), and Yucca schidigera (SL). We identified 2,971 
compounds including carboxylic acids and their derivatives, organooxygen compounds, prenol lipids, benzenes 
and their substituted derivatives, and flavonoids. Of those, 73 characteristic secondary metabolites were 
screened out by weighted correlation network analysis (WGCNA). Pterostilbene, 9-cis-retinal, and dracorubin 
were unique to the Dracaena sp. in Guangxi, and 3-hydroxytridecanoic acid and chrysin were highly abundant in 
them. An in vitro antioxidant activity assay disclosed that all 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) 
scavenging rates and all fluorescence recovery after photobleaching (FRAP) rates were in the ranges of 75–87 % 
and 3.10–3.25 μmol/mL, respectively, for the Dracaena sp. in Guangxi. Hence, the latter have relatively high and 
stable foliar antioxidant activity. A network pharmacological analysis of the top 20 metabolites in Dracaena leaf 
and their 446 antioxidant-related disease targets revealed ten core action targets, including GAPDH, AKT1, 
MAPK3, VEGFA, CASP3, TNF, MAPK1, SRC, EGFR, and MAPK8. An antioxidant-related compound-target- 
pathway network was constructed and verified by molecular docking. The results of this study provide a theo-
retical basis for mining and exploiting the foliar secondary metabolites of Dracaena.   

1. Introduction 

Dracaena spp. (Class Liliopsida, Order Asparagales, Family Aspar-
agaceae) are rare plant species in tropical and sub-tropical regions. At 
least seven wild species including D. cochinchinensis, D. cambodiana, 
D. angustifolia (Synonym: D. menglaensis), D. elliptica, D. terniflora, 
D. impressivenia, and D. houkouensis, occur in Yunnan, Hainan, Guang-
dong, Guangxi, and Taiwan Provinces of China (Zheng et al., 2009; 
Zhang et al., 2019). 

Since ancient times, the red resin (dragon’s blood) secreted by the 
stems of certain Dracaena spp. has been prized as a traditional Chinese 
medicine (TCM) (Parson and Prendergast, 2001). However, only 
D. cambodiana and D. cochinchinensis have been reported as sources of 
dragon’s blood sources in China. The Compendium of Materia Medica 
and the Shennong Materia Medica state that the red resin of Dracaena 

spp. activates the removes stasis, converges and stops bleeding, causes 
detumescence, alleviates pain, recuperates the blood, removes putre-
faction, and alters muscle tone. The stems of Dracaena spp. contain 
flavonoids, phenols, terpenoids, steroids, esters, glycosides, and other 
secondary metabolites and its leaves contain flavonoids, feruloamides, 
resinols, steroids, and other medicinal compounds (Thu et al., 2020; 
Zhang et al., 2019). These aforementioned substances have antioxidant, 
antitumor, anti-inflammatory, antithrombotic, analgesic, hemostatic, 
and antidiabetic efficacy (Gupta et al., 2007; Mensor et al., 2001; Sun 
et al., 2019). 

Most earlier studies focused on the secondary metabolites in the 
stems but paid little attention to the natural plant products in the leaves 
of Dracaena spp. The latter constitute the bulk of the shoot and form 
clusters on the stem apices (Fan et al., 2014). The leaves of Dracaena spp. 
have been administered for medicinal purposes (Knight and Joseph, 
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2000) and have been processed into beverages, powders, and other 
preparations. The Dai “Palm-Leaf Sutra” writes that Dracaena leaf and 
dragon’s blood have similar curative effects and are highly efficacious 
against diabetes. Local people often use the leaves of D. cochinchinensis 
to prepare a tea that alleviates stomachache and abdominal pain. The 
Food and Drug Administration of Yunnan Province has published stan-
dards for Dracaena cambodiana leaves (Dai Medicine Name: BaiMaiGa-
Shai) (Yun YNZYC‑0114‑2007) (Yunnan Food and Drug Administration, 
2005). The leaves are processed into a powder that is prescribed to clears 
away fire, detoxify, eliminate wind and soreness, promote blood circu-
lation and remove stasis, reduce swelling, alleviate pain, and renew 
muscles and joints. 

Dracaena has important medicinal value and effectively treats 
several chronic diseases. However, few studies have been conducted on 

the secondary metabolites in the leaves of different Dracaena spp.. 
Hence, there is a lack of information on new varieties with useful me-
dicinal properties. Liquid chromatography-mass spectrometry (LC-MS) 
is now the principal technique by which metabolic changes occurring in 
living organisms are detected. LC-MS can identify most metabolites, 
analyze a wide variety of complex biological samples, and generate 
comprehensive metabolome data (Rinschen et al., 2019; Plumb et al., 
2023). Thus, it can effectively perform qualitative and quantitative an-
alyses of the metabolic components of Dracaena spp. 

Antioxidants inhibit the biosynthesis of reactive oxygen species 
(ROS). The leaves of Dracaena spp. have strong antioxidant activity and 
could effectively treat various diseases (Morrogh-Bernard et al., 2017). 
The antioxidant efficacy of Dracaena leaves is closely linked to their 
flavonoid, phenolic compound, and other secondary metabolites content 

Fig. 1. Plant characteristics, experimental materials, and phylogenetic relationships among Dracaena sp. in Guangxi and its related species.  
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(Ong et al., 2016). Network pharmacology systematically integrates 
drug, target, and disease interactions (Zhao et al., 2023). Molecular 
docking validates the interactions among active compounds and their 
disease targets (Asiamah et al., 2023). Researchers widely apply 
metabonomics, network pharmacology, and molecular docking to 
elucidate the molecular mechanisms by which antioxidant plant extracts 
treat various human diseases. 

The ambient environment has a significant impact on plant second-
ary metabolite biosynthesis and accumulation. Altitude, temperature, 
and other physical factors affect metabolite yield, quality, composition, 
and efficacy (Li et al., 2020). Dracaena sp. (previously named 
D. cochinchinensis) is widely distributed in Guangxi, China, and is 
recognized there as an important source of dragon’s blood. Neverthe-
less, we discovered that Dracaena sp. in Guangxi is cryptic species, which 
had unique shapes and characteristics intermediate between those of 
D. cambodiana and D. cochinchinensis (Wang, 2023). Here, we used 
UPLC-MS/MS to identify and compare the secondary metabolites of six 
wild Dracaena sp. in Guangxi and six related species, clarify the mo-
lecular mechanisms of these substances, and evaluate the characteristics 
of all foliar antioxidants. We integrated metabolomics, network phar-
macology, and molecular docking, and provided a theoretical basis for 
elucidating the phytochemical characteristics of the leaves of Dracaena 
sp. in Guangxi and selecting and breeding these plants. 

2. Materials and methods 

2.1. Plant materials and phylogenetic trees 

Six accessions of Dracaena sp. were collected at various sites in 
Nanning City (voucher No. RM1), Daxin County (C6, C13), Chongzuo 
City (CZ4), Jingxi City (JX2), and Bama County (BM3) of Guangxi 
Province, China. Six related species including D. angustifolia (CH), 
D. elliptica (XZ), D. cochinchinensis (CB), D. marginata (HB), 
D. cambodiana (HN), and Yucca schidigera (SL) (Fig. 1) were acquired 
from the Dracaena Germplasm Resource Bank of Guangxi University 
(Nanning City, Guangxi Province, China; Dr. Luodong Huang, 
ynhuangld@gxu.edu.cn). More detailed information about the sample 
collection area is shown in Table S1. All leaf samples were stored at 
− 80 ◦C until the subsequent DNA extraction and metabolome analyses. 

The chloroplast clpP gene primers and PCR amplification conditions 
used here were those previously described by Zhang et al. (2019). The 
DNA was isolated with a MiniBEST Plant Genomic DNA Extraction Kit 
(TaKaRa, China) and the amplified products were sequenced at Sangon 
Biotech Co. Ltd., Shanghai, China. The sequencing data were artificially 
corrected with the SeqMan package in LaserGene (DNASTAR Inc., 
Madison, WI, USA) according to the method of Li et al. (2022). Mega v. 
11 (https://www.megasoftware.net/) was then used for multiple com-
parison rounds and to construct a phylogenetic tree for various Dracaena 
spp. and their relatives. 

2.2. Component extraction and metabolome analysis 

For the metabolome analysis, 5 g of each sample was placed in a 
lyophilizer (LICHEN, China), vacuum freeze-dried for 72 h, and pul-
verized. Then 400 mg powder was accurately weighed out, dissolved in 
10 mL of 70 % (v/v) ethanol solution, extracted overnight with a 
magnetic stirrer (LICHEN, China), subjected to ultrasonic extraction for 
2 h, and centrifuged at 10,000 × g for 10 min. The total metabolite 
extraction rate reached 25–40 %. The supernatants were then passed 
through a 0.22 μm filter membrane and stored in sample injection bot-
tles until they were subjected to UPLC-MS/MS. 

The data acquisition instruments included a Q-ExactiveTM quadru-
pole electrostatic field orbital trap high-resolution mass spectrometry 
system (Thermo Fisher Scientific, Waltham, MA, USA) and an UltiMa-
teTM 3000 ultrahigh performance liquid chromatography system 
(Thermo Fisher Scientific). The chromatographic column was an 

ACQUITY UPLCBEH C18 (50 mm × 2.1 mm, 1.7 μm) (Thermo Fisher 
Scientific). The column and automatic sampler temperatures were 30 ◦C 
and 10 ◦C, respectively. Mobile phases A and B were 0.1 % (v/v) formic 
acid and methanol, respectively, and negative ion (ESI-) mode was used. 
The sample elution gradient was as follows: 0–2 min, 95 % A-95 % A; 
2–13 min, 95 % A-0 % A; 13–16 min, 0 % A-0 % A; 16–16.1 min, 0 % A- 
95 % A; and 16.1–19 min, 95 % A-95 % A. The injection volume and 
velocity were 2 μL and 0.3 mL/min, respectively. The MS conditions 
were as follows: ion source, heating electrospray ionization (HESI); 
temperature, 350 ◦C; spray voltage in negative ion mode, 3.0 kV; 
capillary temperature, 320 ◦C; sheath gas pressure, 35 psi; auxiliary 
airflow rate, 10 psi; scan mode, full MS/dd-MS2; mass range, 70–1,000 
m/z; primary and secondary scan resolutions, 70,000 and 17,500, 
respectively; and collision gas, high-purity nitrogen. The foregoing 
optimized operating parameters were derived from Llorach et al. (2019). 

2.3. Computational analysis of metabonomics data 

Raw data files generated by UPLC-MS/MS using Compound 
Discoverer v.3.2 (Thermo Fisher Scientific) and Xcalibur v. 2.2.0 
(Thermo Fisher Scientific) and processed for the peak comparison and 
selection and the quantification of each metabolite. The peak intensities 
were normalized to the total spectral intensity, the molecular formulae 
were predicted based on the addition ions, the molecular ion peaks, and 
the fragment ions, and the results were then compared with the mzCloud 
(https://www.Mzcloud.org/), mzVault (https://thermo-mzvault.update 
star.com/en), and ChemSpider (https://www.chemspider.com) data-
bases. Background ions were removed with blank samples, the original 
quantitative results were normalized, and the metabolites were identi-
fied and comparatively quantified. 

The leaf secondary metabolites were quantified using the multiple 
reaction monitoring (MRM) model in a triple quadrupole mass spec-
trometer. The precursor (parent) ions of the target substances were 
screened by the quadrupole, and ions corresponding to substances with 
different molecular weights (MWs) were eliminated. The precursor ions 
were generated and ion fragments were formed in the collision chamber, 
and ions with the required characteristics were screened by the triple 
quadrupole. Mass spectral (MS) data were obtained for the various 
metabolites, the MS peaks were integrated, and those corresponding to 
the same metabolite were corrected. The relative metabolite content of 
each sample was determined by integrating the peak areas (Fraga et al., 
2010). 

Using public databases such as HMDB (https://hmdb.ca/), METALIN 
(https://metlin.scripps.edu/index.php), LIPIDMAPS (https://lipidmaps. 
org/), PubChem (https://pub.ncbi.nlm.nih.gov.cn/), and Mas-
schemBank (https://massbank.jp/) were consulted for metabolite 
comments. A weighted correlation network analysis (WGCNA) package 
(https://horvath.genetics.ucla.edu/html/CoexpressionNetwork/Rpa 
ckages/WGCNA) was applied to build common expression modules ac-
cording to the method of Ning et al. (2022). TBtools-II v.2.083 (Chen 
et al., 2023) was used to plot Venn diagrams,visualize the relative 
metabolite content, and compare metabolites among groups. The me-
tabolites were annotated and subjected to a Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis. 

2.4. Antioxidant capacity determination and network pharmacology 

The 2,2‘-azinobis-(3- ethylbenzthiazoline- 6-sulphonate) (ABTS), 
FRAP, and DPPH scavenging rates of the leaf extracts were determined 
per the method of Rumpf et al. (2023). The targets of the top 20 me-
tabolites were predicted based on the Swiss Target Prediction database 
(https://www.swisstargetprediction.ch). The target protein data were 
collected from the Traditional Chinese Medicine Systems Pharmacology 
Database and Analysis Platform (TCMSP, https://www.tcmsp-e.com/tc 
msp.php). DisGeNET (https://disgenet.org/), GeneCards (htt 
ps://genecards.org/), Online Mendelian Inheritance in Man (OMIM, 
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https://omim.org/), PharmGKB (https://pharmgkb.org/), and the 
Therapeutic Target Database (TTD, https://db.idrblab.net/ttd/) were 
used to screen disease targets. Antioxidant target proteins were searched 
using the keyword “antioxidant”. Targets with scores ≥ 1 were selected 
and merged from the preceding databases, and duplicate disease targets 
were deleted. 

A protein–protein interaction (PPI) network diagram of the target 
proteins was plotted by importing the composition-disease intersection 
target data into the STRING database (https://string-db.org). The PPI 
results were visualized with Cytoscape (https://cytoscape.org). Gene 
ontology (GO) category and KEGG pathway enrichment analyses of the 
core targets were conducted on the Metascape platform (https://m 
etascape.org/gp/index.html#/main/step1) to determine their poten-
tial functions. False discovery rate (FDR) < 0.05 was the threshold sig-
nificance level for screening relevant GO categories and KEGG 
pathways. Cytoscape was then used to construct a compound-target- 
pathway network. 

2.5. Molecular docking analysis of metabolites 

The 3D structures of the selected compounds were acquired from 
PubChem (https://pubchem.ncbi.nlm.nih.gov) and optimized with 
SYBYL Molecular Modeling Software (https://labs.chem.ucsb.edu/geri 
g/thomas/chem142a/sybyl_intro.html), and 3D minimum free energy 
conformations were obtained for each compound. The crystal structures 
of the core target proteins glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH), protein kinase B (AKT1), mitogen-activated protein kinase-3 
(MAPK3), vascular endothelial growth factor-A (VEGFA), caspase-3 
(CASP3), tumor necrosis factor (TNF), MAPK1, SRC, epidermal growth 
factor receptor (EGFR), and mitogen-activated protein kinase-8 
(MAPK8) were downloaded from the Protein Data Bank (PDB, 
https://www.rcsb.org) using the PDB IDs 6ynf, 7apj, 6ges, 6zbr, 7rn7, 
7khd, 7e73, 7nxe, 6lud, and 4ux9. The crystal structures were then 
optimized for dehydration, hydrogenation, and docking grid boxes using 
AutoDock Tools (https://autodocksuite.scripps.edu/adt/). Autodock 
Vina (https://vina.scripps.edu/) was used to study molecular docking. 
Each molecular docking yielded 20 conformations, and the one with the 
highest affinity was used in the final docking. 

3. Results and discussion 

3.1. Phylogenetic analysis 

The clpP genes were amplified and sequenced to understand the 
phylogenetic relationships among six accessions of wild Dracaena sp. in 
Guangxi (C6, C13, CZ4, JX2, RM1, and BM3) as well as those among 
other accessions from six related species (HN, CB, CH, XZ, HB, and SL). 
The clpP sequence length was in the range of 1,513–1,584 bp. The 
Sansevieria conspicua and Beaucarnea recurvata were used as outgroups. 
The optimal maximum likelihood (ML) model was generated by the 
MaGe v. 10 algorithm for the clpP sequences of 33 accessions. The 
default values were applied for all parameters except the site coverage 
limit which was set to 85 %. The Bayesian information criterion (BIC) 
score indicated that the ideal ML model was “T92 + G (Tamura3- 
Parameter)”. The ML phylogenetic tree was constructed with Mega v. 11 
according to the model prediction results, revealed two distinct clades, 
and showed that D. angustifolia (CH), D. elliptica (XZ), and D. marginata 
(HB) are genetically distant from D. cochinchinensis (CB), D. cambodiana 
(HN) and Dracaena sp. in Guangxi. Then, the Dracaena sp. in Guangxi 
(C6, C13, CZ4, JX2, RM1, and BM3) were isolated and most of the nodes 
had relatively high support values. Hence, they might differ from other 
existing Dracaena. They formed a large branch with D. cochinchinensis 
(CB) and D. cambodiana (HN) (Fig. 1). These three Dracaena species are 
sources of dragon’s blood. Moreover, the six wild Dracaena accessions 
collected from various regions in Guangxi all belonged to the same 
species and significantly differ from other Dracaena spp. 

3.2. Metabolomics analysis of 12 accessions 

Metabonomics is the study of small endogenous molecules with 
relative MW < 1,000. Here, we detected 2,971 metabolites including 
410 carboxylic acids and their derivatives, 271 fatty acyl compounds, 
206 prenol lipids, 155 steroids and their derivatives, 154 flavonoids, 58 
glycerophospholipids, 46 cinnamic acids and their derivatives, 45 phe-
nols, 44 coumarins and their derivatives, and other compounds in C6, 
C13, CZ4, JX2, RM1, BM3, HN, CB, CH, XZ, and HB. Sample composi-
tions are illustrated in Fig. 2. 

There were 1,520 metabolites in all 12 accessions, 565 endemic 
metabolites in the Dracaena sp. in Guangxi (C6, C13, CZ4, JX2, RM1, and 
BM3), and 886 endemic metabolites (Fig. 3A) in the six related species 
(HN, CB, CH, XZ, HB, and SL). Of the 565 metabolites unique to 
Dracaena sp. in Guangxi, the first five were carboxylic acids and their 
derivatives followed by organooxygen compounds, prenol lipids, ben-
zenes and their substituted derivatives, and flavonoids. There were 25 
stable and abundant metabolites in the six wild accessions of Dracaena 
sp. in Guangxi, and their structures and spectral data are listed in Sup-
plementary Table S2. Pterostilbene, an active component of dragon’s 
blood, has anti-inflammatory and antitumor efficacy, and inhibits 
platelet aggregation (McCormack and McFadden, 2013; Qu et al., 2023). 
Vitamin A and its derivative 9-cis-retinal were abundant in the Dracaena 
sp. in Guangxi. They regulate the cell cycle and have anticancer, anti- 
inflammatory, and neuroprotective efficacy. Moreover, 9-cis-retinal is 
used to treat visual impairment (Manzano et al., 2000; Yang et al., 
2019). 

The present study focused on flavonoids as they are the main active 
components in dragon’s blood. We detected 97 flavonoids which 
accounted for 4.65 % of the total secondary metabolite profile in 
Dracaena sp. in Guangxi (C6, C13, CZ4, JX2, RM1, and BM3). We also 
found 34 unique flavonoids in them (Supplementary Table S3). The 
flavonoid profile was the most abundant and complex of all, and 
numerous dihydrochalcones, chalcones, flavonoids, isoflavones, and 
other compounds were isolated from the aforementioned Dracaena sp. in 
Guangxi. Proanthocyanidin-dracorubin (Gong et al., 2008) was extrac-
ted exclusively from the resin of CZ4. These results suggest secondary 
metabolism is both species- and individual-specific in Dracaena. Dio-
smetin is anti-inflammatory, antioxidant, antibacterial, and analgesic 
(Choi et al., 2019; Li et al., 2022). Chrysin (Li et al., 2022; Naz et al., 
2019) and daidzein (Das et al., 2018; Laddha and Kulkarni, 2023) are 
administered for the treatment of cancers, neurodegenerative, and heart 
diseases, diabetes and its complications, and osteoporosis. 

The abovementioned findings suggest that each Dracaena sp. in 
Guangxi and other regions produces specific secondary metabolites. We 
can speculate that preponderance of flavonoids in Dracaena is more 
effectively protect and defend the host plants against predation, path-
ogenesis, ROS, etc. than other natural plant products. Hence, there are 
regional differences among Dracaena spp. in terms of the profiles, 
combinations, interactions, and biological characteristics of their 
metabolites. 

3.3. Metabolic pathway analysis 

The composition and content of the accumulated metabolites in the 
Dracaena sp. in Guangxi differ from those of other related species. A 
KEGG pathway enrichment analysis was conducted on the 1,520 me-
tabolites in the 12 accessions and the 565 metabolites in the Dracaena sp. 
in Guangxi (C6, C13, CZ4, JX2, RM1, and BM3). It has discovered that 
the 25 most important pathways included Phenylpropanoid biosyn-
thesis, C5-branched diacid basic metabolism, 2-Oxocarboxylic acid 
metabolism, Lysine biosynthesis, Phenalylanine, tyrosine and trypto-
phan synthesis, and Sesquiterpinoid and monoterpenoid synthesis 
(Fig. 3B). Some of the 25 most important pathways in the six accessions 
of Dracaena sp. in Guangxi included Histidine metabolism, β-alanine 
metabolism, Amino sugar and nucleotide sugar metabolism, Riboflavin 
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metabolism, Sesquiterpinoid synthesis, Monoterpenoid synthesis, Iso-
flavonoid synthesis, and Flavonoid biosynthesis (Fig. 3C). The Dracaena 
sp. in Guangxi were significantly enriched in the downstream metabolic 
pathways of certain antioxidant and anti-inflammatory pharmacologi-
cally active substances. These discoveries provides insights into the 
biosynthesis and accumulation of the active metabolites in the Dracaena 
sp. in Guangxi. 

3.4. Identification of closely related metabolite modules 

Different plant species produce their specific secondary metabolites 
and thousands of intermediate metabolites with unique characteristics. 
WGCNA uses data for numerous metabolites to identify those that are 
synergistic (Langfelder and Horvath, 2008), and those that form clusters 
of interest. WGCNA also reveals metabolites that are significantly 
correlated with particular plant phenotypes (Yang et al., 2023). Here, 
WGCNA analyzed 2,971 metabolites and explored their associations 
with the Dracaena sp. in Guangxi and its related species. Fig. 4 shows the 
compositions of the 20 modules in which the metabolites were aggre-
gated. Unaggregated metabolites are shown in gray. Details of the me-
tabolites in each module are listed in Supplementary Table S4. 

The Dracaena sp. in Guangxi (C6, C13, CZ4, JX2, RM1, and BM3) 
were strongly positively correlated with the magenta module which 
contained 73 metabolites. SL had the weakest correlation with the 
magenta module (cor = -0.53, p = 0.07), the strongest correlation with 
green module (cor = 0.95, p = 3e-06), and the highest abundance of 
prenol lipids. Thus, SL was a Yucca genus rather than a Dracaena. 

The magenta module had the highest abundance of organooxygen 
compounds including chlorogenic and neochlorogenic acids. The latter 
also occur in other medicinal plants such as honeysuckle, eucommia 
leaves and chrysanthemum. These substances are antioxidant, hep-
atoprotective, renoprotective, antibacterial, antitumor, glucoregulatory, 
liporegulatory, anti-inflammatory, and neuroprotective (Wang et al., 
2022; Mei et al., 2019). They also have significant antioxidant, anti-
bacterial, antiviral, and antipyretic efficacy (Metwally, 2020; Yan et al., 
2020; Yu et al., 2021). Other constituents included 2,4-diacetylphloro-
glucinol (2,4-DAPG) which is a broad-spectrum antibiotic (Biessy and 
Filion, 2021; Zhang et al., 2022) and vanillin acetone (Hart et al., 2014; 

Graton et al., 2019) which is anti-inflammatory and antihypertensive. 
The JX2 sample was strongly positively correlated with the yellow 
module which included flavonoids such as rutin, nictoflorin, xantho-
rhamnin, and afzelin. The CZ4 sample was strongly positively correlated 
with the blue module which had the highest abundance of nearly all 
metabolites including fatty acyls and glycerophospholipids. Hence, the 
sample of Dracaena sp. in Guangxi (C6, C13, CZ4, JX2, RM1, and BM3) 
have a unique metabolite profiles. It were significantly correlated in the 
metabolite clusters and differed from other species of Dracaena in terms 
of their compounds with unique pharmacological effects. These dis-
coveries lay a theoretical foundation for breeding Dracaena germplasm 
resources and studying their pharmacological properties. 

The XZ sample was strongly positively correlated with the red (cor =
0.79, p = 0.002) and salmon (cor = 0.65, p = 0.02) modules. The CB 
sample was strongly positively correlated with the midnight blue (cor =
0.87, p = 2e-04), tan (cor = 0.65, p = 0.02) and gray 60 (cor = 0.67, p =
0.02) modules. The CH sample was strongly positively correlated with 
the turquoise (cor = 0.6, p = 0.04) and light yellow (cor = 0.65, p =
0.02) modules. The HB sample was, in general, more weakly correlated 
with the modules than all other samples. The HN sample was strongly 
positively correlated with the cyan (cor = 0.61, p = 0.04), light cyan- 
gray 60 (cor = 0.9, p = 7e-05), and gray 60 (cor = 0.61, p = 0.03) 
modules. The preceding results indicate that each Dracaena spp. had a 
unique metabolite composition and these differences explain the various 
medicinal characteristics of Dracaena. 

3.5. Identification metabolites of Dracaena sp. in Guangxi 

We analyzed the differences in the chemical constituents of the 
various accessions of Dracaena sp. in Guangxi had a unique metabolite 
composition and pharmacological characteristics. We identified the 
common and the unique metabolites of C6, C13, CZ4, JX2, RM1, and 
BM3 via a Venn diagram (Fig. 5A). We discovered that 514 metabolites 
were common to all six accessions while 111, 75, 131, 160, 108, and 118 
metabolites were unique to C6, C13, CZ4, JX2, RM1, and BM3, respec-
tively. The top 12 classes of common metabolites were fatty acyls, 
benzenes and their substituted derivatives, carboxylic acids and their 
derivatives, prenol lipids, organooxygen compounds, steroids and their 

Fig. 2. Untargeted metabolomics analysis identifying secondary metabolites in leaves of 12 accessions. Differentially accumulating metabolites were 
assigned to various secondary metabolite categories. 
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derivatives, organonitrogen compounds, flavonoids, piperidines, phe-
nols, coumarins and their derivatives, phenols, and others (Fig. 5B) such 
as the flavone hispidulin which has significant anticancer and anti-
mutagenic efficacy (Liu et al., 2020; Patel and Patel, 2017; Wang et al., 
2020). Hyperoside prevents certain cancers and protects the brain, 
neurons, heart, kidneys, lungs, blood vessels, bones, joints, and liver 
(Fan et al., 2021; Sun et al., 2021). Kaempferol is antibacterial, anti- 
inflammatory, antioxidant, antitumor, cardioprotective, neuro-
protective, and antidiabetic (Devi et al., 2015; Nejabati and Roar, 2022). 
Quercetin has strong antioxidant activity (Alizadeh and Ebrahimzadeh, 
2022; Di Petrillo et al., 2022). Certain unstudied compounds have po-
tential medicinal activity and will be further explored in future research 
(Mollica et al., 2014). 

Several substances with a wide range of biological activity were 
detected in the leaves of the Dracaena sp. in Guangxi. We plotted the 

unique constituents of C6, C13, CZ4, JX2, RM1, and BM3 in a heat map 
(Fig. 5C). The JX2 sample had the greatest number of unique metabo-
lites (160) including fatty acyls, benzenes and their substituted de-
rivatives, prenol lipids, organooxygen compounds, and steroids. The C6 
sample had the most piperidines and phenol ethers while the CZ4 sample 
had the most flavonoids and coumarins and their derivatives. 

3.6. Analysis of the antioxidant activity in the leaves of 12 accessions (7 
species) 

We then envaluated the antioxidant activity of the Dracaena sp. in 
Guangxi and its related species. The DPPH and ABTS scavenging rates 
were in the ranges of 48–90 % and 75–90 %, respectively, and the FRAP 
was in the range of 2.15–3.25 μmol/mL (Fig. 6). For the leaf extracts 
from the 12 accessions, the order of the DPPH scavenging rates was SL >

Fig. 3. KEGG pathway analysis based on secondary metabolite biosynthesis in Dracaena sp. in Guangxi and their related species. (A) Venn diagram showing 
1,520 secondary metabolites common to all accessions, 565 unique to six wild accessions of Dracaena sp. in Guangxi, and 886 unique to the remaining accessions. (B) 
KEGG pathway enrichment analysis of secondary metabolites common to all 12 accessions. (C) KEGG pathway enrichment of secondary metabolites unique to six 
wild accessions of Dracaena sp. in Guangxi. 
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JX2 > CZ4 > C13 > CH > C6 > RM1 > BM3 > HN > HB > CB > XZ, the 
order of the ABTS scavenging rates was SL > CB > C13 > JX2 > RM1 >
CH > C6 > C4 > HB > HN > BM3 > XZ, and the order of the FRAP was 
CZ4 > RM1 > SL > JX2 > C6 > BM3 > C13 > HN > CB > XZ > HB. The 
DPPH scavenging rates of the Dracaena sp. in Guangxi (C6, C13, CZ4, 
JX2, RM1, and BM3) were in the range of 75–87 % and were substan-
tially higher than those for D. cambodiana (HN) and D. cochinchinensis 
(CB) (74 % and 62 %, respectively). The latter two are sources of 
dragon’s blood. The ABTS scavenging rates of the six Dracaena sp. in 
Guangxi were in the range of 77–89 % whereas those for HN and CB 
were 81 % and 89 %, respectively. The FRAP values were as follows: 
CZ4, 3.25 μmol/mL; JX2, 3.19 μmol/mL; RM1, 3.24 μmol/mL; C13, 
3.10 μmol/mL; BM3, 3.18 μmol/mL; C6, 3.19 μmol/mL; HN, 2.74 μmol/ 
mL; and CB, 2.67 μmol/mL. The FRAP value tends to increase with the 
DPPH and ABTS scavenging rates (Ghalloo et al., 2022). 

The preceding assays revealed the antioxidant activity of various 
Dracaena leaf extracts. It markedly differed among Dracaena accessions 

but was strong and stable in them all. The leaf extracts of SL had higher 
antioxidant activity than those of all other accessions possibly because 
SL was enriched in prenol lipids. Pterostilbene and vitamin A and its 
derivatives might have also contributed to the antioxidant activity of the 
Dracaena sp. in Guangxi. 

3.7. Network pharmacological analysis 

For all 12 accessions (7 species) selected the top 20 most abundant 
and stable compounds (Supplementary Table S5) and identified 446 of 
their targets. We also screened 1,056 disease targets from various anti-
oxidant gene databases and obtained 138 potential antioxidant targets 
(Fig. 7) by intersecting the aforementioned substances and their disease 
targets. 

We plotted a PPI network for the 138 target proteins and designated 
the first 10 with degree ≥ 10 (GAPDH, AKT1, MAPK3, VEGFA, CASP3, 
TNF, MAPK1, SRC, EGFR, and MAPK8) as core targets (Fig. 7). CASP3 is 

Fig. 4. WGCNA of secondary metabolites among 12 accessions and various categories of secondary metabolites in each module.  

Fig. 5. Analysis of secondary metabolite characteristics of six wild accessions of Dracaena sp. in Guangxi. (A) Venn diagram. (B) Classification of secondary 
metabolites common. (C) Heat map of secondary metabolite composition. 
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Fig. 6. DPPH (A), ABTS (B), and (FRAP) (C) assays of leaf extracts from 12 accessions.  

Fig. 7. Top 20 most stable and abundant compounds in 12 accessions selected as research objects, network pharmacological analysis of their antioxidant activity, 
and cross-target PPI networks of antioxidant constituents of Dracaena sp. in Guangxi and their related species elsewhere. 
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widely used as an apoptosis biomarker (Lin et al., 2016; Zhang et al., 
2021). AKT1 is implicated in metabolism, proliferation, and angiogen-
esis (Thirumal Kumar et al., 2019; Wang et al., 2023). VEGFA induces 
endothelial cell formation in arteries, veins, and lymphatic vessels, 
promotes angiogenesis, and is anti-inflammatory (Claesson-Welsh and 
Welsh, 2013; Liu et al., 2023). EGFR activates the binding and receptor 
activity of epidermal growth factor, participates in the cellular response 
to amino acid stimulation, and positively regulates fibroblast prolifera-
tion (Jutten and Rouschop, 2014; Ma et al., 2015; Liu et al., 2017). 

We conducted GO category and KEGG pathway enrichment analyses 
on the 10 core targets. The first 20 enriched GO terms are shown in 

Fig. 8. Response to growth factor, Response to reactive oxygen species, 
Response to molecules of bacterial origin, and Response to oxidative 
stress were significantly enriched (Fig. 8B). The KEGG analysis showed 
that AGE-RAGE signaling pathway in diabetic complications, Fluid shear 
stress and atherosclerosis, Proteoglycans in cancer, and Human CMV 
infection pathways were significantly enriched pathways (Fig. 8C). We 
then plotted a composition-target-pathway interaction network based 
on the aforementioned 20 components, 10 core targets, and first 20 
KEGG pathways (Supplementary Figure S1). For all 12 accessions, 
numerous stable compounds were closely associated with antioxidant 
and antibacterial efficacy as well as growth factors. These results lay a 

Fig. 8. Molecular docking results. (A) Schematic diagram of partial molecular docking between active components META977 (bis(4-ethylbenzylidensil) and 
antioxidant-related core target proteins. (B)–(C) Top 20 GO terms and KEGG pathways of hub genes. 
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theoretical foundation for elucidating the antioxidant properties of leaf 
extracts of Dracaena sp. in Guangxi and its related species. 

3.8. Molecular docking study 

Molecular docking is commonly implemented in computer-aided 
drug design. It analyzes interactions between small and large mole-
cules, identifies active precursor compounds, and provides evidence for 
structural optimization (Huang and Zou, 2010). Here, we performed 
molecular docking on the 20 selected compounds and 10 antioxidant- 
related core target proteins. A binding energy heat map disclosed that 
most of the selected compounds could bind the 10 target proteins 
(Supplementary Figure S2), and META1391 (rutin) most tightly bound 
them followed by META977 (bis(4-ethylbenzylidensil)sorbitol), 
META1847 (N,N‘-dicyclohexylylurea), and META2847 (3-β,24R,24‘R- 
fucosterol epoxide) (Supplementary Fig. S2). 

We visualized 44 conformations with binding energy < -6 kcal/mol 
in PyMOL to detect interactions between the compounds and their target 
proteins. There were one, five, two, two, three, and three hydrogen 
bonds between META977 (bis(4-ethylbenzylidensil)) and the target 
proteins (SRC, AKT1, TNF, MAPK3, MAPK1, EGFR) (Fig. 8A). META977 
could potentially treat various stomach diseases (Yu et al., 2022), and its 
high abundance in Dracaena leaf might explain the strong antioxidant 
activity potential pharmacological activity of this plant material. 

Supplementary Figure S3 shows molecular docking between selected 
compounds and their antioxidant-related core target proteins. Thirty- 
seven form at least one hydrogen bond and have good binding affin-
ities for their core targets. These results indicate that the compounds 
extracted from the leaves of the 12 accessions can bind several antiox-
idant targets. Future experiments should aim to optimize the medical 
implementation of Dracaena leaf extracts via in silico techniques (Ste-
fanucci A et al., 2019) and derive novel antioxidant products from them. 

4. Conclusion 

Here, metabolomics identified 2,971 secondary metabolites in the 
leaves of 11 accessions of Dracaena (6 species) and one accessions of 
Yucca schidigera for the first time. We detected interspecies and inter-
varietal differences in the composition and content of these compounds. 
WGCNA was applied to identify the natural plant products characteristic 
of 12 accessions. The six accessions of Dracaena sp. in Guangxi were 
highly similar in terms of their secondary metabolite compositions. We 
identified certain metabolites that are unique to each of them and 
significantly differ from those of the other species. These findings form 
the basis for mapping the metabolites of various Dracaena spp. We used 
network pharmacology and molecular docking to investigate the anti-
oxidant properties of Dracaena, and target correlation analyses screened 
META1391, META977, META1847, and META2847 which have po-
tential pharmacological activity. The present work indicated that the 
Dracaena sp. in Guangxi are potential germplasm resources with strong 
pharmacological efficacy, identified certain metabolites with potential 
pharmacological activity, and provided a theoretical basis for selecting 
novel medicinally active Dracaena varieties and developing natural 
medicinal active ingredients. 
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