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Abstract

Objective: The aim of this study is to systematically characterize the non-volatile metabolite profiles of
three representative resin-containing drugs—namely, the resin-secreting aggregated sample LZ, the
whole body resin-containing sample MZ, and the hollow cork cambium sample P—in Dracaena. By
analyzing the patterns of defensive metabolic reprogramming induced by different levels of damage, and
elucidating the mechanisms connecting defensive signal transduction with Dracaena Draconis
synthesis, we seek to identify theoretical targets for the strategic induction of resin accumulation.

Methods: Three distinct types of morphological samples were systematically analyzed utilizing UPLC-Q-
TOF-MS/MS within a non-targeted metabolomics framework. This approach was further enhanced
through the construction of FBMN and the application of multivariate statistical analyses, including PCA,
PLS-DA, OPLS-DA. Molecular network analysis was conducted using the GNPS platform. Additionally,
statistical modeling and differential metabolite screening were executed via MetaboAnalyst and SIMCA,
employing criteria of VIP > 1, |FC| > 2, and P < 0.05. Furthermore, KEGG metabolic pathway enrichment
analysis was performed to elucidate the biological implications of the identified metabolites.

Results: This study identified 314 non-volatile compounds, primarily flavonoids, lipids, and phenolic
derivatives. The OPLS-DA model highlighted significant differences in metabolites among LZ vs. MZ, MZ
vs. P and LZ vs. P groups, with 81, 80, and 30 metabolites, respectively. These were mainly linked to
flavonoid biosynthesis, galactose, linoleic acid, and phenylalanine metabolism. The LZ form
overexpresses defensive flavonoids, terpenoids, and phenylamines for acute stress response. The MZ
form is rich in steroids and fatty acids to maintain lipid balance during chronic drought. The P form
enhances lignin monomers for physical barrier repair. These resin-containing medicinal materials from
Dracaena cochinchinensis represent a metabolic continuum: P (basic repair), MZ (resin adaptation), and
LZ (defensive burst).

1. Introduction

Dracaena Draconis is the main substitute for the traditional Chinese medicine 'Draconis Sanguis, which
comes from the red resin of Dracaena cochinchinensis. Used for over 1,500 years in traditional Chinese
medicine, it aids blood circulation, stops bleeding, and promotes tissue regeneration’?, Modern research
indicates that its components, including flavonoids and phenolic acids, have various pharmacological
benefits, such as anti-inflammatory, anti-atherosclerotic, anti-tumor, and wound healing properties3’6.
Dracaena cochinchinensis faces scarcity due to its slow growth and limited habitat, worsened by rising
demand and overexploitation. Global warming and environmental damage have further reduced its
suitable rainforest areas and wild populations, threatening its future. To address this crisis, researchers
are focusing on understanding its resin formation and exploring alternative production methods.Current
research suggests that the production of Dracaena draconis is intricately linked to the plant's defense
mechanisms. Upon experiencing external mechanical damage or insect predation, Dracaena
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cochinchinensis becomes susceptible to infection by pathogenic microorganisms, including Fusarium
graminearum and Fusarium moniliforme’. These pathogens invade the thin-walled cells of the xylem,
thereby activating the plant's secondary metabolic defense system.Flavonoids, terpenoids, phenolic
compounds, and other phytochemicals accumulate to form red polymers, which subsequently deposit in
stratified layers at the wound site, leading to the formation of Dracaena Draconis. However, Dracaena
draco demonstrates distinct defensive mechanisms in response to varying levels of damage, resulting in
variations in the resin content of resin-containing pharmacological products derived from different forms
of Dracaena. Preliminary investigations have been undertaken to analyze the volatile constituents of
resin-containing wood across various forms of resin-based medicinal products in Dracaena. The findings
indicate that the metabolites derived from fiber-rich and hollow cork cambium samples (P) exhibit
similarities, while those from whole body resin-containing samples (MZ) and resin-secreting aggregated
samples (LZ) demonstrate significant differences®. Furthermore, the volatile metabolites of resin-
containing wood from various forms of Dracaena cochinchinensis also show variability. Consequently, it
can be reasonably inferred that there are distinctions in the non-volatile metabolites of resin-containing
substances derived from different forms of Dracaena cochinchinensis.Given that the non-volatile
constituents of Dracaena draconis play a crucial role in the defense mechanisms and pharmacological
properties of Dracaena cochinchinensis, it is proposed that Dracaena draconis employs unique resin
synthesis pathways when subjected to diverse stressors. Nevertheless, limited research has established
a link between the defense transition response of Dracaena cochinchinensis and its resin synthesis
mechanisms. Moreover, the development of artificial lipid synthesis strategies remains constrained due
to an insufficient understanding of the interplay between defense mechanisms and lipid synthesis.

Secondary metabolites synthesized by plants are integral to their defense mechanisms and serve as
crucial sources of natural pharmaceuticals. Investigating the diversity of these metabolites constitutes a
fundamental objective within contemporary life sciences. Metabolomics technology facilitates the
systematic examination of the composition and dynamic fluctuations of metabolite pools within
organisms, thereby uncovering substantial variations in metabolite structure and abundance across
different species, tissues, developmental stages, and environmental conditions. This approach yields
valuable insights into the adaptive strategies and health-promoting properties of plants. Currently,
researchers predominantly employ a range of separation and detection methodologies, including gas
chromatography-mass spectrometry (GC-MS), liquid chromatography-mass spectrometry (LC-MS), ion
mobility mass spectrometry (IMMS), and nuclear magnetic resonance (NMR)%'9, to identify plant
constituents. Among these techniques, ultra-performance liquid chromatography-quadrupole-time-of-
flight tandem mass spectrometry (UPLC-Q-TOF-MS/MS) is distinguished by its high throughput, ultra-
high sensitivity, and robust separation capabilities. Consequently, it is the preferred technology for
detecting non-volatile small molecule metabolites in complex biological matrices and for preliminary
component identification’'.Nevertheless, a significant challenge in plant metabolite analysis lies in the
accurate identification of components. Traditional identification methods are heavily reliant on the
manual comparison of experimental mass spectrometry data, such as relative molecular mass and
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secondary mass spectrometry fragments, with established databases (e.g., NIST, MassBank, and
PubChem) and compounds documented in the relevant literature.

While this approach is effective for identifying known compounds, it is labor-intensive and time-
consuming, posing challenges for the identification of novel or rare metabolites not present in spectral
databases. Consequently, traditional methods are constrained in their applicability due to the high
structural diversity of plant secondary metabolites and the substantial proportion of unknown
compounds. To address this limitation, computation-driven annotation strategies are emerging as
increasingly vital solutions. The Global Natural Product Social Molecular Networking (GNPS) represents
an open mass spectrometry ecosystem that aggregates extensive data from researchers globally. The
GNPS cloud computing platform employs a strategy known as Feature-Based Molecular Networking
(FBMN)'2, which utilizes a cosine similarity algorithm to cluster compounds with analogous mass
spectrometry behavior into molecular families. This is achieved by integrating three-dimensional data
encompassing accurate mass-to-charge ratio, retention time, and MS2 fragment spectrum. Even in
instances where the target metabolite lacks a corresponding entry in the database, it is possible to
manually deduce the skeleton or functional group of the unidentified compound by examining its
proximity within the network and applying the established rules of the cluster. Subsequently, a visual
network can be constructed to substantially enhance the identification of unknown metabolites. The
integration of metabolomics with Feature-Based Molecular Networking (FBMN) analysis has been
extensively employed to investigate variations in metabolites within traditional Chinese medicine and
food sources'314.

In this study, the focus was on non-volatile secondary metabolites in Dracaena draconis, specifically
selecting three types of resin-containing drugs from Dracaena (P, MZ, and LZ) that exhibit markedly
different metabolic profiles. The innovative methodology involved the application of UPLC-Q-TOF-MS/MS
technology for the analysis of medicinal materials. Additionally, the study employed non-targeted
metabolomics in combination with FBMN to facilitate a more comprehensive identification of the
constituents present in resin-containing drugs derived from Dracaena cochinchinensis specimens with
diverse morphologies. By integrating spatial metabolism patterns with an analysis of defensive
phenotype correlations, we have elucidated the mechanisms of metabolic reprogramming involved in the
production of Dracaena Draconis resin under varying stress gradients. This study offers theoretical

targets for the sustainable production of this resource®. The research workflow is illustrated in Fig. 1.

2. Materials and Methods
2.1 Instrument, Medicines and reagents

X500B ultra high efficiency liquid chromatography-quadrupole time-of-flight high resolution mass
spectrometry (UPLC-Q-TOF-MS/MS) (ABSCIEX, USA), SB-1200 ultrasonic cleaner (Ningbo Scientz
Biotechnology Co., Ltd.), DV215CD 1/100,000 electronic analytical balance (American OHAUS Company),
FW80 high speed universal crusher (Tianjin Taiste Instrument Co., Ltd.), ULTRAPURE type pure water
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instrument (ELGA LabWater, UK), Sigmal-14 benchtop low-speed centrifuge (Branch Xingyu Technology
Development Co., Ltd.). MethylalcohollAcetonitrile(Thermo Scientific); Other reagents are of analytical
reagent. Resin-Containing drugs in Dracaena cochinchinensis are divided into three types according to
their morphology: hollow cork cambium sample (P), whole body resin-containing sample (MZ), and resin-
secreting aggregated sample (LZ). All samples were provided by Xishuangbanna Jianlong
Pharmaceutical Co., Ltd. The samples were consistent with the research conducted by the research
team in the early stage, and the loureirin B content in the samples met the pharmacopoeia

standards'?.The list is shown in Table 1.
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Table 1

Sample information of Resin-Containing drugs in Dracaena from different appearance

NO. Batch Source Morphotype NO. Batch Source Morphotype

1 200513  Northern P 18 230128  Central MZ
Myanmar Myanmar

2 200513  Northern P 19 230128 Central MZ
Myanmar Myanmar

3 200513  Northern P 20 230128 Central MZ
Myanmar Myanmar

4 200513  Northern P 21 230128 Central MZ
Myanmar Myanmar

5 200513  Northern P 22 200513 Laos LZ
Myanmar

6 200513  Northern P 23 200513 Laos LZ
Myanmar

7 200513  Northern P 24 200513 Laos LZ
Myanmar

8 200513  Northern P 25 200513 Laos LZ
Myanmar

9 200513  Northern P 26 200513 Laos LZ
Myanmar

10 200513  Northern P 27 230128 Laos LZ
Myanmar

11 200513  Northern P 28 230128 Laos LZ
Myanmar

12 200513  Central MZ 29 230128 Laos LZ
Myanmar

13 200513  Central MZ 30 230128 Laos LZ
Myanmar

14 200513  Central MZ 31 230128 Laos LZ
Myanmar

15 230128 Central MZ 32 230128 Laos LZ
Myanmar

16 230128 Central MZ 33 230128 Laos LZ
Myanmar

17 230128 Central MZ
Myanmar

2.2 Methods
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2.2.1 Solution preparation

The procedure for the synthesis of Resin-Containing drugs in Dracaena cochinchinensis involves the
crushing of the drugs, followed by sieving through a No. 3 sieve. The resulting powder is then precisely
weighed, with a precise measurement of 2 g being recorded. This powder is subsequently placed into a
100 mL conical flask, to which 50 mL of 95% ethanol is added. The flask is then subjected to ultrasonic
cleaning for a duration of 30 minutes. Following this, the flask is subjected to centrifugation at a speed
of 10,000 rpm for a duration of 10 minutes. The resultant liquid is then filtered through a 0.22 pm
membrane, and the filtrate is added to the sample bottle for subsequent testing. The bottle is then set
aside for future use.

2.2.2 HPLC conditions

Using an Acquity UPLC BEHC18 column (150 mm x 2.1 mm, 1.7 pm), the mobile phase was a 0.1%
formic acid aqueous solution (A) - acetonitrile (B) gradient elution: 0—2 min, 95% A; 2—3 min, 95-60% A;
3-7 min, 60-40% A; 7-10 min, 40-20% A; 10—-13 min, 20%—0 A; 13=15 min, 0-95% A; 16—20 min, 95%
A. Column temperature: 40°C; injection volume: 2 uL; flow rate: 0.3 mL/min.

2.2.3 MS conditions

An electrospray ion source (ESI) with positive and negative ion detection modes was used. The scanning
ranges of the primary and secondary mass spectra were 100—1,200 m/z and 50—-1,200 m/z, respectively.
The ionisation voltage (ISVF) was + 5500/-5500 V; the ion source temperature (TEM) was 550°C; and the
spray gas (GS1) and auxiliary heated gas (GS2) pressures were 60 psi. The cone hole voltage (DP) was
100 V; the collision energy (CE) was 40 V; the collision energy superposition (CES) was 20 V; and the air
curtain gas pressure (CUR) was 35 psi. The data acquisition time was 20 minutes. Nitrogen was used in
each gas path.

2.2.4 FBMN construction

The raw mass spectrometry data was converted to the .mzML format using MSConvert software
(ProteoWizard toolkit) and imported into MZmine 4.4.3 software for chromatographic peak detection,
deconvolution, alignment, and compound feature extraction. The feature list processed by MZmine
(including retention time, m/z, and intensity information) and the corresponding MS/MS spectra were
exported and uploaded to the GNPS platform for FBMN analysis.The precursor ion mass tolerance and
MS/MS fragment ion mass tolerance are both set to 0.02 Da. In order for a comparison to be considered
valid, it is a prerequisite that there is evidence of at least six mass-similar fragments, with a similarity
score that exceeds 0.7. Spectra should be searched for within the network in public spectral databases
(including MassBank, ReSpect, NIST, and other databases).The positive ion mode dataset generated by
FBMN can be accessed via the following link: https://gnps.ucsd.edu/ProteoSAFe/status.jsp?
task=7e7c68584bdc4f9bab4786aab65d9a2b4; The negative ion mode dataset can be accessed via the
following link: https://gnps.ucsd.edu/ProteoSAFe/status.jsp?
task=71a7007093c74a58972b82d45ed1761e. Visualise the created network using Cytoscape 3.10.1.
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2.2.5 Multivariate statistical analysis

MetaboAnalyst 6.0 was used to perform PCA and PLS-DA on the data matrix obtained from FBMN
analysis (all metabolite features and their intensities in all samples) to observe the overall distribution of
the samples. OPLS-DA was performed using SIMCA 14.0. Important metabolites were identified based
on variables that met the criteria of VIP > 1, P < 0.05, and |[FC| >2. KEGG pathway enrichment analysis
was performed on the differentially expressed metabolites in each group, and the threshold value for the
metabolic pathway influence value was set to 0. Values above this threshold were selected as potential
target pathways.

3. Results

3.1 UPLC-Q-TOF-MS/MS analysis of three forms of
Dracaena Draconis

To investigate the compositional variations among different morphological types of Resin-Containing
drugs in Dracaena, a non-targeted UPLC-Q-TOF-MS/MS analysis was conducted on three distinct
morphological samples: the hollow cork cambium sample (P), the whole body resin-containing sample
(MZ), and the resin-secreting aggregated sample (LZ). A comprehensive analysis was performed on all
samples in both positive and negative ion modes, resulting in the generation of total ion current spectra
for LZ, MZ, and P, as depicted in Figure S1. As illustrated in Figure S1, there are observable differences in
the number and intensity of the peak groups across the samples, indicating significant variations in the
types and concentrations of metabolites present in the resin-containing drugs of Dracaena
cochinchinensis across these three morphological types.

3.2 Exploring the chemical space characteristics of three
morphological groups of Dracaena Draconis through FBMN

This study utilized Feature-Based Molecular Networking (FBMN) technology to analyze the chemical
compositions of various Dracaena draconis samples. In the positive ion mode, 44,008 metabolite
features were detected, resulting in the formation of 12,757 molecular families (defined as having > 2
nodes) through FBMN analysis, as depicted in Figure S1. In the negative ion mode, 23,040 metabolite
features were identified, leading to the recognition of 5,774 molecular families (each with =2 nodes). The
nodes are visually represented by color-coded pie charts, indicating the relative abundance of
metabolites across three groups: red for MZ, green for LZ, and blue for P, as shown in Figure S2. Notably,
larger nodes correspond to compounds identified within the GNPS database. In total, 238 compounds
were identified within the positive ion mode network, and 102 compounds were identified within the
negative ion mode network. After deduplication, a cumulative total of 314 unique compounds were
identified. The NPClassifier is an advanced tool based on deep neural networks, specifically designed for
the automatic classification of natural products according to their structural characteristics. This
classification is achieved through the application of Morgan Fingerprints'®. The NPClassifier was
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employed to categorize three types of Dracaena draconis metabolites into 16 distinct groups, including
flavonoids and their derivatives (81), lipids (65), phenolic derivatives (50), steroids (18), and
carbohydrates and glycosides (17). As depicted in Fig. 1, the spectrum of chemical compounds analyzed
includes alkaloids and their derivatives (17), terpenoids (17), lignans and novel lignans (16), coumarins
(10), peptides (8), polyketides (3), naphthalenes (4), heterocyclic compounds (4), macrolides (2),
alcohols and polyols (1), and nucleosides (1). It is evident that among the metabolites of Dracaena
draconis, flavonoids, lipids, and phenolic compounds hold primary significance. The numbers in
parentheses indicate the quantity of compounds within each category, as shown in Figure S4.

3.3 Structure analysis and pharmacological action of
metabolites

The FBMN algorithm has been shown to aid in the clustering of compounds with similar MS2
fragmentation patterns into molecular families. An in-depth manual analysis of compound structures
was performed to investigate the structural interconnections among components within the flavonoid,
lipid, phenolic acid, and terpenoid molecular families. Subsequently, the chemical structural relationships
within these molecular groups were visually depicted.

3.3.1 Annotations of flavonoid molecular families

Flavonoids represent the primary chemical constituents of Dracaena draconis and exhibit significant
pharmacological activity. The structural diversity of these compounds has been shown to directly
influence the quality of medicinal materials. This study focused on the flavonoid molecule family (Fig. 2)
in alignment with the FBMN molecular network clustering results. High-resolution mass spectrometry
fragmentation analysis was utilized, alongside characteristic fragment ions and neutral loss patterns, to
systematically elucidate the fragmentation pathways and structural characteristics of five key flavonoid
compounds. This methodology provides a foundational basis for interpreting the functional implications
of metabolic differences.This methodology establishes a foundational framework for the functional
interpretation of metabolic variations. Flavonoid compounds possess a core C15 benzopyranone
structure, which is further categorized into various subclasses based on the substituents present on the
A and B rings, the saturation level of the C ring, and the sites of glycosylation. The predominant cleavage
mechanism is Retro-Diels-Alder (RDA) cleavage, which generates characteristic fragments from the A/B
rings (e.g., m/z 137, 129). In the positive ion mode, protonation sites are preferentially situated at the
carbonyl or hydroxyl groups of the C ring, resulting in major fragments such as decarboxylation (-44 Da),
decarbonylation (-28 Da), and dehydration (-18 Da) products'®~ "8,

The MS1 analysis of compound A reveals a precursor ion at m/z 255.1 [M + H]*, suggesting a molecular
formula of C;5H,,0,". The fragmentation pathway, depicted in Fig. 3A, demonstrates that in positive ion

mode, C5H,,0, undergoes RDA fragmentation, yielding C;H;05" (m/z 137), which subsequently

undergoes secondary carbon monoxide (CO) loss to form C¢Hs0," (m/z 109). Additionally, the CO loss
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from C45H,70," results in the formation of C,,H;,05" (m/z 227). Based on these fragmentation patterns

and corroborated by databases such as HMDB, ChEBI, DrugBank, and PubChem, compound A is
identified as 4,7-dihydroxyflavone.

The molecular ion of compound B was observed at m/z 241.1 [M + H]*, suggesting a molecular formula
of C45H1,05". The fragmentation pathway of this ion is illustrated in Fig. 3B. The molecular ion
undergoes RDA fragmentation, leading to the cleavage of the 7-hydroxymethyl group (C;Hs05") at m/z
137.0. Subsequently, the ion at m/z 137.0 undergoes further fragmentation with the loss of carbon
dioxide (28 Da), resulting in the formation of a phenyl ketone ion (C¢Hs0,*, m/z 109.0). Based on these
fragmentation pathways, and corroborated by data from HMDB, KNApSAcK, ChEBI, DrugBank, and other

19,20

pertinent literature sources'><", it is hypothesized that the compound is 7-hydroxyflavanone.

The MS1 of compound C reveals its precursor ion at m/z 239.1 [M + H]*, with the proposed molecular
formula C;5H,,05". The fragmentation pathway is depicted in Fig. 3C: initially, the 7-hydroxy group
attacks the carbonyl group, leading to cleavage of the C ring and the formation of an indanone structure,
resulting in CqH;0™ (m/z 129). Subsequently, ring cleavage occurs, accompanied by decarboxylation or
hydrogen transfer, yielding C;Hs05" (m/z 137). The B ring is further cleaved to produce the benzyl ion
C¢Hs" (m/z 77). Based on these fragmentation pathways, along with corroborative data from databases

such as MassBank, HMDB, COCONUT, and existing literature?’, the compound is tentatively identified as
7-hydroxyflavone.

The MS1 analysis of compound D reveals its precursor ion at m/z 257.1 [M + H]*, corresponding to the
proposed molecular formula C;5H4,0,". The fragmentation pathway of this compound is depicted in

Fig. 3D. Key stages in this process include the retro-Diels-Alder (RDA) cleavage of the A ring, the
cleavage of the dihydrofuranone ring (C ring), and the formation of a stable benzofuranone ion (C;Hs05")
at m/z 137.02, as well as CgH;0 + at m/z 119.05, originating from the A ring with a 4'-hydroxy
substitution. Additionally, a benzyl ketone ion (CgH,0,%) at m/z 147.05 can be formed through the
rearrangement of the A ring hydroxyl group. Based on these fragmentation pathways, alongside

database references such as HMDB, ChEBI, and DrugBank, as well as literature reports?>23, it is
hypothesized that compound D is isoliquiritigenin.

The MS1 of compound E shows its precursor ion as m/z 287.1[M + H]+, with the proposed molecular
formula C;¢H,405". The mass spectrometry fragmentation pathway is illustrated in Fig. 3E: the B-ring
carbonyl rearranges to form CgH-0,* (m/z 167); the rearrangement of the A ring with the C2-C3 portion
yields a benzoate cation derivative (CqH,0,") (m/z 147). In view of the above fragmentation pathways, in

conjunction with the HMDB and PubChem databases, the compound in question is tentatively identified
as 4'-5-dihydroxy-7-methoxyflavanone.
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The integration of multi-level mass spectrometry fragment data with molecular network clustering has
facilitated the identification of key flavonoid metabolites, including 4,7-dihydroxyflavone (A), 7-
hydroxyflavanone (B), 7-hydroxyflavone (C), isoliquiritigenin (D), and 4',5-dihydroxy-7-methoxy
dihydroflavone (E). These compounds are crucial for Dracaena draconis's stress defense and their
distribution supports further metabolic function analysis. Additionally, they exhibit diverse
pharmacological effects. For instance, 4,7-dihydroxyflavone can form N-O hydrogen bonds with HIF-1a
via THR-327 residues, enhancing anemia®*. Moreover, 7-hydroxyflavone?®>shows potential in treating
protein diseases by binding to Hb near high-affinity amino acid sequences, protecting it from crowding-
induced denaturation. Moreover, it has been demonstrated to exhibit cardioprotective and antioxidant
properties, suggesting a potential therapeutic advantage in addressing cardiotoxicity induced by the first-
line chemotherapy agent doxorubicin?®. Additionally, 7-Hydroxyflavone has been identified as a
promising pharmaceutical candidate for the treatment of osteoporosis. This study hypothesizes that the
prevention of dexamethasone-induced osteoporosis is mediated through the modulation of the GATA-
3/Caspase-3/NF-KB pathway. Beyond these attributes, the compound displays a range of
pharmacological activities, including antioxidant, anti-inflammatory, and vascular protective effects?’~
30 As a bioactive compound, isoliquiritinide has demonstrated neuroprotective properties and potential
therapeutic benefits for neurodegenerative diseases such as Alzheimer's Disease (AD) and Parkinson's
Disease (PD). The principal mechanism underlying the effects of isoliquiritinide is its ability to act as a
neuroprotective agent and antioxidant, thereby reducing excessive reactive oxygen species (ROS)-
mediated neuronal damage in the brain3'. To date, 4'-5-dihydroxy-7-methoxyflavone (7-O-methylnaringin)
has been documented to exhibit a limited range of pharmacological effects. Nonetheless, research has
identified its anti-inflammatory32and anti-malarial properties®3, among other effects.

3.3.2 Annotations of the phenolic compound family

The molecular family of phenolic compounds is shown in Fig. 3A.The MS1 of compound A indicates that
its quasi-molecule ion is m/z 212.7 [M + H]*, with a fitted molecular formula of C;;H;,0,". The
fragmentation pathway of the subject is illustrated in Fig. 3B.The B-cleavage of the propylene alcohol
side chain results in the loss of CH,OH, forming a stable phenylpropyl ion (C;qH1,05") (m/z 161.1).
Subsequent to this, the loss of CO results in the formation of a decarboxylation fragment (CgH,,0,")
(m/z 133).The initial step in this process is the loss of a carbon monoxide atom, which results in the
formation of a phenylpropyl fragment (CgH;,0%) or a benzyl ion (CgHg") (m/z 105.1). This process
occurs through the direct cleavage of the benzene ring.In consideration of the aforementioned cleavage
pathways, in conjunction with the HMDB, DrugBank, PubChem databases, and reference®?, it is
hypothesised that compound A is the lignin monomer sinapyl alcohol.

Sinapic alcohol is acknowledged as a precursor in lignin biosynthesis®°. The enzymatic conversion of

cellulose into lignin compounds within plant cell walls confers mechanical strength and durability to

woody tissues. This lignification of cell walls serves as a crucial barrier against pathogen invasion®®.

Beyond its pivotal role in plant physiological processes, sinapic acid exhibits significant potential in
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therapeutic applications. Extensive research has demonstrated that mustard oil and its derivatives not

only possess anti-inflammatory properties®’ but also mitigate the increase in vascular permeability
induced by acetic acid in murine models. Additionally, they inhibit the production of NO, PGE2, and TNF-a
triggered by LPS. Moreover, these compounds exhibit notable biological activities, including antioxidant
effects, myocardial protection, and the enhancement of skin wound he-aling®®.

3.3.3 Annotation of the molecular family of terpenoids

Terpenoids have been identified as active constituents in Dracaena draco. In the MS2 analysis of
terpenoids, several processes are observed, including RDA cleavage, the loss of neutral molecules such
as water (H,0, 18 Da) or carbon monoxide (CO, 28 Da), and the cleavage of saturated rings. The
terpenoid molecular family is depicted in Fig. 3C.

The MS1 of compound A reveals a quasi-molecular ion at m/z 205.2 [M + H]*, with a proposed molecular
formula of C;5H,¢0™. The fragmentation pathway of this compound, as elucidated through mass
spectrometry, is illustrated in Fig. 3D. The cyclohexane ring undergoes RDA cleavage, resulting in the
formation of a stable allylic ion (CgH;5") at m/z 121.1 and a neutral fragment C6H130 following ring
cleavage. The allylic ion subsequently undergoes the loss of a vinyl group (-C,H,), leading to the
formation of C;Hq" (m/z 93.07) and a neutral fragment C2H4. Based on these cleavage pathways and

corroborated by literature reports38, compound A is hypothesized to be a-bisabolol.

In recent years, a-bisabolol has garnered significant interest within the scientific community. Numerous
studies have demonstrated that a-bisabolol possesses the ability to modulate various signaling
molecules, including IL-6, IL-1B, IL-17A, IL-23, and TNF-a, thereby exerting anti-inflammatory effects3°41.
The potential therapeutic applications of a-bisabolol encompass the treatment of conditions such as
psoriasis, osteoarthritis, and other related diseases. Furthermore, a-bisabolol has been identified to
exhibit anticancer properties*?through multiple mechanisms, including the downregulation of the AKT
signaling pathway, inhibition of vascular endothelial cell proliferation, and induction of apoptosis in
tumor cells.

3.4 Multivariate statistical analysis

3.4.1 PCA analysis of Resin-Containing drugs in Dracaena
cochinchinensis with different morphologies

A series of multivariate pattern recognition analyses were conducted on the collected and organized
data, employing the Principal Component Analysis (PCA) model to investigate the differences in non-
volatile metabolites among resin-containing drugs derived from Dracaena cochinchinensis with varying
morphologies. As illustrated in Fig. 4A, the coordinate axes PC1 and PC2 denote the two principal
components with the highest contribution rates in the PCA. The individual points in the figure represent
resin-containing drugs from Dracaena cochinchinensis with distinct morphologies. The PCA model
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effectively segregates the samples into three distinct clusters, with the metabolite profiles of the 33
samples in each group exhibiting variations along the PC1 and PC2 axes. The contribution values for
PC1 and PC2 are 17.4% and 8.1%, respectively, culminating in a total contribution rate of 25.5%. The
overall distribution pattern of the samples indicates that the PCA of the three sample groups shows
significant overlap, suggesting that the composition of non-volatile metabolites in resin-containing drugs
from Dracaena cochinchinensis with different morphologies exhibits considerable similarity.PCA was
insufficient in fully capturing the specific differences between the groups. To enhance the analysis,
supervised models such as PLS-DA and OPLS-DA should be utilized in conjunction with the screening of
key differential metabolites.

3.4.2 PLS-DA analysis of Resin-Containing drugs in
Dracaena cochinchinensis with different morphologies

In order to further distinguish among the various groups, supervised PLS-DA was employed for data
analysis. As illustrated in Fig. 4B, the internal aggregation of Resin-Containing drugs in Dracaena
cochinchinensis samples of different forms is more pronounced than that observed with the PCA
method, exhibiting smaller intra-group and inter-group differences, and each group shows distinct
separation along the X-axis. The observed inter-group differences are primarily attributed to the first
principal component (PC1), which has a contribution value of 9.7%. However, the overall explanatory
power of the PLS-DA model is limited, accounting for only 23.1% of the total variation. This limitation
suggests the presence of additional factors influencing inter-group differences. Therefore, further
permutation tests should be conducted to analyze these differences comprehensively. In the score plot,
the position of MZ between P and LZ indicates its transitional metabolic profile.

3.4.3 OPLS-DA analysis of Resin-Containing drugs in
Dracaena cochinchinensis with different morphologies

To further explore the variations in non-volatile metabolites in resin-containing drugs derived from
Dracaena cochinchinensis of distinct morphologies, Orthogonal Partial Least Squares Discriminant
Analysis (OPLS-DA) models were developed to facilitate comparative analysis between two sample
groups, thereby identifying metabolite differences. OPLS-DA, a supervised discriminant analysis
statistical technique, was employed in this study using the MetaboAnalyst 6.0 platform and SIMCA 14.0
software to construct OPLS-DA models and conduct permutation test analyses for the LZvsMZ, MZvsP,
and LZvsP groups. As illustrated in the score plots (Figs. 4C, E, and G), the sample data for the LZvsMZ,
MZvsP, and LZvsP groups are distinctly positioned on opposite sides of the score plots, indicating
significant intergroup differences. This suggests that the model is proficient in distinguishing samples
from different groups, achieving complete separation, which is conducive to the identification of distinct
metabolites. In conclusion, there are discernible differences in the types of non-volatile metabolites
present in resin-containing drugs from Dracaena cochinchinensis with varying morphologies.The
robustness of the model was further evaluated through additional testing employing a technique known
as OPLS-DA replacement testing. As illustrated in the score plots (Figs. 4C, E, and G) and Table S2, the P-
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values obtained from the OPLS-DA model replacement testing were all below 0.05, signifying that the
differences observed between the groups in the pairwise comparisons were statistically significant. The
R2Y and Q2 values of the model indicate that the original model effectively accounts for the differences
among the sample groups, with both R2Y and Q2 values approaching 1. Furthermore, the Q2 point
regression line intersects the x-axis at a value less than 0, with a negative intercept, suggesting that the
statistical model is robust and not subject to overfitting.

3.4.4 Screening of metabolites with significant differences
in Resin-Containing drugs in Dracaena cochinchinensis of
different morphologies

In this study, VIP values exceeding 1 were employed as the criteria for preliminarily identifying
differentially expressed metabolites between groups. Subsequent single-variable statistical analyses
were conducted to confirm the significance of these differentially expressed metabolites. Metabolites
with VIP values greater than 1, |FC| values exceeding 2, and P-values less than 0.05 were identified as
significantly differentially expressed metabolites.

As a total of 81 metabolites exhibited significant differences between the LZ and MZ groups, with 51
metabolites upregulated in the LZ group and 30 in the MZ group. Similarly, 80 significantly different
metabolites were identified between the MZ and P groups, with 38 upregulated in the MZ group and 42 in
the P group. In the comparison between the LZ and P groups, 30 metabolites showed significant
differences, with 11 upregulated in the LZ group and 19 in the P group. The volcano plot analysis for the
LZ vs. MZ, MZ vs. P, and LZ vs. P groups is depicted in Fig. 6 (A, B, C). The number of compounds
exhibiting differences follows the pattern: LZ vs. MZ=MZ vs. P>LZ vs. P.

Metabolites differing between comparison groups (VIP > 1, |FC| >2, and P < 0.05) were subjected to
clustering analysis (Figures S5, S6, and S7). The compounds with the highest content in each group (LZ,
MZ, and P) were identified based on peak area (Tables S3, S4, and S5).

Among the 50 differentially expressed metabolites exhibiting elevated expression levels in the LZ
sample, 34 were identified using the positive ion mode, while 16 were identified using the negative ion
mode. The metabolites identified in this study predominantly comprised phenylamines, flavonoids, and
lipid signaling molecules, such as ferulic acid, apigenin, and linoleic acid. Collectively, these metabolites
constitute an acute chemical defense network. In the MZ sample, a total of 47 differentially expressed
metabolites were identified, with 44 detected in the positive ion mode and 3 in the negative ion mode.
The analysis indicated elevated levels of steroids, structural lipids, and long-acting defense compounds,
including cholesterol, y-linolenic acid, and ruscogenin. These findings suggest that the MZ sample
sustains active metabolism aimed at maintaining lipid homeostasis. In the P sample, 50 differentially
expressed metabolites were detected, with 47 identified in the positive ion mode and 3 in the negative
ion mode. The metabolites under investigation were primarily lignin monomers, suberin constituents,
and renewable energy compounds, such as pinene, palmitamide, and cotton sugar, which have been
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shown to aid in the restoration of physical barriers. Box plots were generated for nine principal
differential metabolites, as depicted in Fig. 6(D-L), encompassing a-bisabolol (D), ferulic acid (E), 7-
hydroxyflavone (F), linoleic acid (G), y-linolenic acid (H), cholesterol (1), ruscogenin (J), pinene (K), and
cinnamaldehyde (L).

The analysis of the screening results for various metabolites in resin-containing drugs derived from
Dracaena cochinchinensis indicates significant spatial heterogeneity in the distribution of metabolites
across different forms of Dracaena Draconis.

Resin-secreting aggregated samples (LZ) form sealed storage units within the resin duct chambers,
which are more conducive to the storage and secretion of fat-soluble metabolites. Consequently,
defensive flavonoids, phenolic acids, and terpenoid compounds predominate.The flavonoid compounds
isoliquiritin, apigenin, and 7-hydroxyflavanone have been demonstrated to play a pivotal role in the body's
defense against inflammation by inhibiting the NF-kB pathway, while simultaneously enhancing
antioxidant activity through the activation of the Nrf2 pathway*344. As a component of essential oils, a-
bisabolol, a naturally occurring sesquiterpene, exhibits notable biological activities, including strong anti-
inflammatory and antibacterial properties*2. Phenolic derivatives, functioning as plant antitoxins, are
rapidly synthesized at sites of plant injury. They inhibit microbial growth by disrupting cell membranes,
thereby eradicating microorganisms such as fungi and bacteria. Additionally, these compounds have the
ability to neutralize reactive oxygen species, reduce oxidative damage, and maintain cellular
integrity*>4®. This study investigates the hypothesis that the accumulation of sugar metabolites, such as
sucrose and stachyose, can enhance the energy supply in plants, thereby enabling them to better
withstand external environmental stress.

Whole body resin-containing samples (MZ) exhibit uniform lipid infiltration within the thin-walled cells of
the xylem, devoid of specialized chambers. The substances present are predominantly steroidal
saponins and lipid compounds. Cholesterol has been shown to enhance membrane lipid stability and
decrease ion leakage. Furthermore, y-linolenic acid has been demonstrated to regulate genes associated
with chronic stress. Additionally, ruscogenin has been identified as being integrated into the plasma
membrane, where it forms a hydrophobic barrier. This lipid infiltration phenomenon provides
comprehensive protection to entire cells by enhancing membrane stability and reducing transpiration,
thereby facilitating adaptation to prolonged drought conditions.

In samples of hollow cork cambium (P), cork cells encapsulate vascular bundles with multiple layers of
suberised cells. This configuration facilitates the release and storage of volatile compounds, such as
phenylpropanoids, and the deposition of lignin, while also enhancing the long-distance transport of water
and nutrients. Consequently, this structural arrangement contributes to both structural defense and
mechanical support*’. Lignin monomers, including pinene and mustard alcohol, are incorporated into the
cell walls and subsequently catalyzed by plant-derived peroxidase (POD) to form G/S-type lignin. The
synthesis of this lignin type enhances the compressive strength and hydrophobicity of the wood.
Additionally, the antioxidant trans-pterostilbene is sequestered within the cork gaps, where it functions
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by inhibiting NADPH oxidase, thereby mitigating ROS bursts. This process prioritizes tissue repair and
the reconstruction of the physical barrier. Pinene aldehyde, a key aldehyde component in plant lignin,
further augments the mechanical strength of plant cell walls by modulating the composition, structure,
and chemical properties of lignin polymers, thereby enhancing the efficiency of biomass for sustainable
utilization*®4°. The lignin-suberin complex serves as a mechanical barrier, promoting wound closure,
moisture retention, and the regeneration of vascular tissue.

3.4.5 Differential metabolite pathway enrichment analysis

Metabolites exhibiting significant differences between the groups were identified through a series of
pairwise comparisons, with the top 25 compounds in each of the three forms (LZ, MZ, and P) being
selected based on peak area rankings. Subsequent KEGG pathway enrichment analysis of these
compounds yielded three distinct enrichment pathway diagrams (Figs. 7A, 7B, and 7C), which visually
represent the biological pathways enriched by the characteristic metabolites of each form.

In the LZ phenotype, differentially expressed compounds exhibited significant enrichment in pathways
including linoleic acid metabolism, flavonoid biosynthesis, galactose metabolism, starch and sucrose
metabolism, sphingolipid metabolism, and phenylpropanoid biosynthesis. Conversely, in the MZ form,
these compounds were enriched predominantly in steroid biosynthesis and phenylpropanoid
biosynthesis pathways. The P pattern demonstrated enrichment in starch and sucrose metabolism, a-
linolenic acid metabolism, phenylpropanoid biosynthesis, galactose metabolism, and flavonoid
biosynthesis. Notably, phenylpropanoid biosynthesis emerged as a common pathway across all three
forms. In contrast, sphingolipid metabolism and linoleic acid metabolism were pathways uniquely
associated with the LZ phenotype, while steroid biosynthesis was exclusive to the MZ form.
Furthermore, a-linolenic acid metabolism was identified as a pathway specific to the P pattern.

Pathway analysis suggests that the synthesis of various lipid forms in Dracaena draconis constitutes a
metabolic strategy for plant differentiation in response to environmental stress. This strategy is
facilitated by the synergistic effects of JA signal dynamic regulation, competition among branching
metabolic pathways, and the remodeling of tissue functions. The central regulatory network of this
system is anchored in the phenylpropanoid pathway, with downstream metabolic fluxes diverging based
on the intensity and duration of stress, leading to the emergence of three distinct adaptive phenotypes.

The resin-secreting aggregated sample (LZ) functions as an emergency defense mechanism. Linoleic

acid serves as a direct precursor in the biosynthesis of JA*%and is a crucial component of plant cell
membranes, energy reserves (such as triacylglycerols), and external barriers (including cutin and
suberin). Pathway enrichment analyses indicate that the morphology of LZ is influenced by high-intensity
stress. In instances of severe mechanical damage or pathogen infection, linoleic acid is swiftly
converted into jasmonic acid, which subsequently promotes the biosynthesis of jasmonic acid-mediated
defense responses and orchestrates the plant's stress response®'. This process rapidly activates key
enzymes, including those involved in the phenylpropanoid-flavonoid pathway (such as CHS®2 and FLS),
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the phenylpropanoid-phenolic acid pathway (such as HCT®3), and the isoprenoid pathways (such as
TPS>* and CYP450°). In response to stress, plants exhibit short-term adaptive strategies by reallocating
resources towards the production of defensive compounds with antibacterial and antioxidant properties,
such as flavonoids, phenolic acids, and terpenoids, which consequently inhibit structural growth.
Notably, the flavonoid biosynthesis pathway is significantly enriched in LZ, with the core components of
the resin accumulating at the site of injury. Flavonoid monomers are effectively polymerized to form
Dracaena draco, which acts to seal wounds. This process establishes a chemical barrier that impedes
pathogen invasion and exhibits both antioxidant and antibacterial properties®®. Galactose metabolism
facilitates the provision of sugar donors, such as UDP-galactoside, which modify flavonoids to enhance
their solubility and transport efficiency. This modification promotes their diffusion within vascular
bundles and their subsequent oxidative polymerization into a deep red resin. Consequently, the LZ
pattern emerges as a result of the synergistic effects of a surge in jasmonic acid signaling, a burst in
flavonoid synthesis, and glycosylation modification under conditions of high-intensity stress, thereby
forming a localized lipid-rich structure.

Whole-body resin-containing samples (MZ) are indicative of chronic adaptation in plants. Under
conditions of sustained chronic stress, such as prolonged drought, JA signaling initially increases to
enhance basal metabolic processes. Once the plants have acclimated to the stress, JA signaling reverts
to baseline levels. Chronic stress signals inhibit acute defense pathways, including the rapid synthesis of
flavonoids, thereby redirecting carbon flux predominantly towards phenylpropanoid and steroid
biosynthesis. Phenylpropanoid biosynthesis generates precursors, such as coumestan coenzyme A,
which are essential for flavonoid synthesis and contribute to the extensive distribution of resin within the
xylem, culminating in the formation of whole-body resin-containing samples. Concurrently, chronic stress
signals activate HMG-CoA reductase within the MVA pathway, channeling acetyl-CoA metabolic flux
preferentially towards the synthesis of unsaturated fatty acids. This process leads to the accumulation
of y-linolenic acid, which is crucial for maintaining membrane fluidity and ensuring uniform lipid
saturation in xylem cell walls. Saturated fatty acids play a role in the remodeling of cell membrane lipids,
thereby preserving the integrity of damaged tissues. They additionally facilitate resin deposition,
enhance membrane stability, reduce transpiration, and establish lipid energy reserves, thereby enabling
long-term adaptation to drought conditions®’. Consequently, the morphology of MZ represents a
defensive response that involves the repair of membrane systems under moderate, persistent stress and
promotes uniform resin deposition within vascular bundles.

The hollow cork cambium sample (P) represents a structural repair mechanism. During the initial phase
of damage or in the later stages of acute stress, the reconstruction of physical barriers takes precedence
over chemical defense mechanisms. The secondary activation of JA, derived from a-linolenic acid,
induces a limited alteration in phenylpropanoid metabolism, promoting the deposition of lignin
monomers and suberin to form a cutin/suberin barrier that isolates the damaged area. Concurrently, the
flavonoid synthesis pathway is suppressed, resulting in the sacrifice of local tissue to preserve the

integrity of the whole organism, and resin synthesis is inhibited®’. Starch and sucrose metabolism are
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significantly activated, leading to their rapid degradation into UDP-glucose and other precursors
necessary for cell wall synthesis, thereby providing carbon sources essential for cork layer formation.
Consequently, the P form is indicative of mild or older damage, characterized by a reallocation of carbon
resources towards regeneration and repair, a reduction in defense signaling, and the substitution of
chemical defenses with physical barriers, exhibiting the lowest efficiency in lignification.

3.4.6 Metabolic pathway networks

The fundamental mechanism underlying fat accumulation in Dracaena draconis involves a cascade
reaction triggered by tissue damage. Upon damage, reactive ROS activate the LOX pathway, which
facilitates the synthesis of JA. Subsequently, JA induces the degradation of JAZ proteins, thereby
liberating MYB/bHLH transcription factors. This dual regulatory mechanism enhances phenylpropanoid
metabolism by increasing the activity of PAL and CHS, which in turn drives flavonoid biosynthesis.
Concurrently, it inhibits the activity of C4H and POD, thereby obstructing the lignin biosynthetic pathway.
Ultimately, the flavonoid compounds undergo oxidation and polymerization to form a deep red resin at
the wound site, providing a dual barrier of physical sealing and chemical antibacterial activity58'59.
According to the metabolic pathway network illustrated in Fig. 7D, the phenylpropane pathway emerges
as the sole common pathway among the three forms, serving as the central hub that interconnects
them. However, the downstream products of this pathway exhibit distinct differentiation. Specifically, LZ
is enriched in sinapyl alcohol, which contributes to defense mechanisms via sphingolipids. In contrast,
MZ is enriched in sinapate, functioning as an intermediate in the phenylpropanoid pathway. This serves a
dual role: as a reserve of flavonoid precursors for LZ defense and as a lignin monomer for P repair,
thereby maintaining bidirectional plasticity in downstream pathways. Meanwhile, P is enriched in
coniferyl aldehyde, which is utilized for lignin deposition. Although the flavonoid biosynthesis pathway is
shared by LZ and P, LZ uniquely accumulates terminal defensive flavonoids, such as pinocembrin and
apigenin, through acute JA signaling. This rapid accumulation forms a chemical antibacterial barrier to
seal wounds. Conversely, P retains only basic precursors, such as isoliquiritigenin. Carbon sources are
preferentially allocated to starch and sucrose metabolism and cell wall repair, with flavonoid synthesis
functioning primarily as a supplementary process. Both LZ and P exhibit enrichment in pathways related
to starch and sucrose metabolism, as well as galactose metabolism, which collectively supply energy for
the synthesis of defensive compounds. As a metabolic intermediate, MZ integrates the structural repair
attributes of P with certain defensive capabilities of LZ, while also generating distinctive lipid
adaptogens. This leads to a pronounced metabolic divergence, characterized by MZ's defensive
polarization, LZ's emphasis on structural repair, and P's repair orientation. Consequently, when directly
comparing LZ and P, the differences in these shared pathways become less pronounced, resulting in the
identification of fewer significant differences.

In summary, the three resin-containing compounds identified in Dracaena cochinchinensis (P, MZ, and
LZ) do not function independently; instead, they constitute a progressive metabolic continuum. This
continuum spans from basic repair (P), through lipid adaptation (MZ), to defense activation (LZ), and
ultimately cycles back to basic repair (P) in response to late acute stress. This model effectively
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illustrates the dynamic strategies of resource allocation and metabolic reprogramming that plants
employ in response to varying intensities and types of stress. These strategies range from the activation
of chemical defenses and lipid reserve management to basic maintenance. The elucidation of this
metabolic continuum provides novel insights into the artificial targeting and induction of Dracaena
draconis formation.

4. Conclusion

This study employed UPLC-Q-TOF-MS/MS non-targeted metabolomics in conjunction with FBMN
molecular network technology to conduct a comprehensive analysis of the differences in non-volatile
metabolites among three resin-containing drugs derived from Dracaena cochinchinensis. A total of 314
compounds were identified, with the majority being flavonoids (81), lipids (65), and phenolic derivatives
(50). Multivariate statistical analysis demonstrated a significant distinction between the metabolic
profiles of the three samples. The LZ morphology exhibited enrichment in pathways such as linoleic acid
metabolism and flavonoid biosynthesis, with high expression levels of defensive flavonoids (e.g., 7-
hydroxyflavone), terpenoids (e.g. a-bisabolol), and phenylamines. This morphology promotes the rapid
synthesis of flavonoids through heightened JA signaling, resulting in the formation of local resin-
secreting aggregated samples. This corresponds to a chemical defense strategy against high-intensity
acute stress. Conversely, the MZ morphology was enriched in pathways related to steroid biosynthesis
and was characterized by the presence of steroids (e.g. cholesterol), lipids (e.g. y-linolenic acid), and
saponins. This morphological adaptation facilitates chronic drought resilience by maintaining lipid
homeostasis and enabling membrane repair, which results in consistent resin deposition. The P form
enhances pathways such as starch and sucrose metabolism and a-linolenic acid metabolism, while
upregulating lignin monomers (e.g. pinene) and sugars. It prioritizes the allocation of carbon resources
towards the repair of physical barriers (e.g. corkification), suppresses resin synthesis, and adapts to mild
or chronic damage. This study introduces the progressive metabolic continuum model
“P—>MZ—LZ—P"for the first time, elucidating how D. cochinchinensis responds to stress gradients
through dynamic resource allocation and providing a theoretical foundation for targeted resin induction.
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Schematic representation of the workflow of the study
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PCA, PLS-DA and OPLS-DA analyses of resin-containing herbs of different forms of dragon blood trees

A:PCA analysis of Different forms of dragon blood trees resin-containing herbs; B:PLSDA analysis of

Different forms of dragon blood trees containing herbs; C, E, and G are two-by-two group comparisons of

OPLS-DA

D, F, and | are two-by-two group comparisons of OPLS-DA model replacement test plots
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Pathway enrichment diagram of the first 25 differential compounds of the three forms of Dracaena
Draconis and Metabolic pathway network diagram of the three forms of Dracaena Draconis
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