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ABSTRACT

Dendrobium officinale from Guangnan was screened nontargeted using UHPLC-Orbitrap-MS for different growth years. OPLS-

DA effectively differentiated D. officinale based on growth years, identifying 70 different compounds. Eight indole diketopi-

perazine alkaloids did not differ considerably among the growth years. The differential compounds of D. officinale with 4 years

of growth were more distinct from other years, with 10 compounds showing greater variability. Pathways in cancer, cancer

metabolic pathways, metabolic pathways, chemical carcinogenesis—receptor activation were more enriched. This suggests that
D. officinale functional compounds have pharmacological activities in these areas and can regulate the metabolic processes of

lipids and atherosclerosis.

1 | Introduction

Guangnan Dendrobium officinale, grown in Guangnan County,
Yunnan Province, China, is a national geographic indication
product of China. Guangnan D. officinale possesses good anti-
tumor, antioxidant, and other bio-health functional activities
because it grows in the low-latitude, high-altitude plateau area
of Yunnan Province, China. In November 2023, Guangnan
D. officinale was included in China’s list of substances that are
traditionally used as food and Chinese medicine, which means
that Guangnan D. officinale can be used as a food ingredient to
fully utilize its better health benefits.

Flavonoids are one of the main active ingredients in Dendrobium,
with functions including antitumor (Liu et al. 2023; Zhao

et al. 2004, 2021), hypoglycemic (Lv et al. 2023; Peng et al. 2023),
anti-inflammatory (Wang 2021), antioxidant (Luo et al. 2023), and
immune regulation properties (Liang et al. 2019). Flavonoids have
gradually become significant small-molecule compounds in Den-
drobium research, second only to polysaccharides. Guangnan
D. officinale, a characteristic Dendrobium species from Yunnan
Province, China, contains rutin, vicenin ll, vicenin |, schaftoside,
isoschaftoside, violanthin, and isoviolanthin (Luo et al. 2023;
Zhang et al. 2019; Zhou et al. 2018). However, the accumulation,
metabolism, and change patterns of other related components,
such as secondary metabolites like alkaloids and other character-
istic compounds, have hardly been reported.

Dendrobium, as a type of traditional Chinese medicine, has
efficacy components closely related to the region and
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environment where it grows (Li et al. 2020; Liu et al. 2017; Pant
et al. 2021). The same species in different areas can have
varying types and contents of efficacy components (LingShang
et al. 2009; Zhou et al. 2021), and even the same area can
produce different efficacy components in different years (Hu
et al. 2021; Li et al. 2023). The content change and accumula-
tion patterns of related active compounds in different growth
stages of Guangnan D. officinale are not clear. Therefore, to
deeply investigate the characteristic compounds in Guangnan
D. officinale and to study their accumulation and change pat-
terns over different growth years, this study was conducted
using UHPLC-Orbitrap-MS and stoichiometry (Cui et al. 2015;
Ju et al. 2025; Zeng et al. 2017). The results suggested that the
characteristic compounds in Guangnan D. officinale varied with
the growing year, providing a reference for quality control and
scientific cultivation.

2 | Materials and Methods

2.1 | Sample Collection and Preparation

Guangnan D. officinale grown for 1, 2, 3, 4, and 5 years were
collected from Guangnan County, Wenshan City, China, and 20

samples of D. officinale from each growth year were collected.
The samples were collected in December 2023 and all samples
were collected at a local wholesale market, with a representa-
tive five stems of approximately 15cm in length selected for
each sample, dried at 60°C, pulverized, passed through a sample
sieve of 0.28 um, and stored at 4°C away from light.

2.2 | Chemicals and Reagents

HPLC-grade acetonitrile and methanol were purchased from
Merck (Darmstadt, Germany). HPLC-grade ammonium acetate
and formic acid were purchased from DiKMA Technologies
(Beijing, China). Ultrapure water was prepared from Elga's
water system (Wycombe, UK).

2.3 | Sample Preparation and Analysis

23.1 | Sample Preparation Method

Sample pretreatment steps: Briefly, 1.0 g of D. officinale powder
was precisely weighed. Subsequently, 5.0 mL of 60% methanol
solution was added, extracted using 80 kHz ultrasonic waves at
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FIGURE 1 | PCA score plot in positive and negative modes.
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25°C (ice bath) for 30min, and passed through a 0.22-um
membrane (0.22 um) for determination.

Sample preparation process for nontargeted screening experi-
ments: (a) Blank sample preparation: Briefly, 5mL of 60%
methanol solution was measured into a 50 mL centrifuge tube
according to the sample pretreatment protocol. (b) QC sample
preparation: Here, 0.25g of each sample was weighed and
mixed well to obtain QC sample powder. Subsequently, 1.0 g of
QC sample powder was weighed and prepared according to the
sample pretreatment protocol (repeat to make five QC samples).
(c) Actual sample preparation: Briefly, 1.0 g of sample powder
was weighed and extracted according to the sample
pretreatment.

2.3.2 | Instrumental Analysis Method

The Ultra High Performance Liquid Chromatography-Q
Exactive High Resolution Mass Spectrometry (Thermo
Fisher Scientific, Rockford, IL, USA) system (Framingham,
MA, USA) equipped with HPG-3400RS ultrahigh perform-
ance liquid chromatography (Thermo Fisher Scientific) and

ACQUITY UPLC HSS T3 (100X 2.1 mm, 1.8 um; Waters,
Milford, MA, USA) was used. Liquid chromatography was
performed in a gradient elution mode, with mobile phase A
as 0.1% formic acid in water and mobile phase B as aceto-
nitrile. The elution program was as follows: 0-5.5min,
2%-8% A, 98%-92% B; 18-20 min, 60%-90% A, 40%-10% B;
and 20.5-25min, 2% A, 98% B. The injection volume was
1 uL, the flow rate was 0.2 mL/min, and the temperature was
35°C. Mass spectrometry data were acquired in positive and
negative ESI modes (spray voltage: 3.5kV, capillary tem-
perature: 325°C, probe heater temperature: 350°C, and
SLens: 50 V). The full MS/dd-MS2 mode was used. In full MS,
the scan range was m/z 80-1200; mass resolution at 35,000
FWHM; and AGC target and maximum IT at 3.0 e6 and
100 ms, respectively. For dd-MS2, the relevant parameters
were set as follows: mass resolution: 17,500 FWHM; AGC
target: 1 e5; maximum IT: 50 ms; loop count: 5; MSX count:
1; isolation window: 4.0 m/z; and stepped normalized colli-
sion energy: 20%, 40%, and 60%. The spray voltage in positive
and negative modes was set as 3.5 and 3.0 kV, respectively.
The flow rate of sheath gas and aux gas was 45 and 10 (in
arbitrary units), respectively. TraceFinder 4.1 EFS and
Compound Discoverer 3.3 were used.
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FIGURE 2 |

OPLS-DA score chart and model diagram in positive and negative modes.

3 of 18



2.3.3 | Data Processing and Compound Structure
Identification

The raw data files were imported into Compound Discoverer 3.3
software for peak alignment, retention time correction, and
peak area extraction. The data extracted by CD3.3 were first
subjected to metabolite structure identification and data pre-
processing, then to experimental data quality evaluation, and
finally to data analysis.

Data preprocessing included the following steps: (1) prelim-
inary screening of the identified structures (retaining
metabolites with a relative standard deviation of < 30% of the
peak area of the QC samples) and (2) obtaining retained
metabolites in the database and de-emphasizing them,
including positive and negative ionic modes, in the priority
order: MzVault > MzCloud > MassLists > ChemSpider. When
metabolite levels are the same, the one with the higher score
is selected as the identification result. For the deduplication
process between positive and negative ions, the higher pri-
ority results were preferentially retained, and if the results
were the same, the pattern result with the highest expression
was selected.

The data analysis included heatmaps, volcano maps, orthogonal
partial least squares discrimination analysis (OPLS-DA), and
differential metabolite screening. The data were normalized and
grouped for heatmap analysis after column clustering and row
clustering. Volcano plots were analyzed by using Fold Change
and p value as horizontal and vertical coordinates, respectively.
The predictor variable matrix and response variables were
confirmed, and the number of principal components or latent
variables to be used was determined and after orthogonal signal
correction, OPLS-DA analysis was performed. The variable
importance in projection (VIP) obtained from the OPLS-DA
model can be used to measure the intensity of the influence of
the expression pattern of each metabolite on the classification of
each group of samples and to identify biologically significant
differential metabolite molecules. In the current study, the
screening criteria for differential metabolites were set as fol-
lows: VIP > 1 and p < 0.05 by the OPLS-DA model.

2.3.4 | Pathway Enrichment Analysis

The targets of the compounds were predicted using Swis-
sTargetPrediction software, and the target functions were analyzed
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FIGURE 3 | OPLS-DA cross-validation details in positive and negative modes.
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FIGURE 4 | VIP scores of Guangnan Dendrobium officinale.

by Gene Ontology (GO) functional enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) signaling pathway
enrichment analysis using clusterProfiler. The results obtained
were screened and analyzed using p < 0.05 as an indicator.

2.3.5 | Molecular Docking

The SDF format of the core target corresponding to the active
ingredient obtained from the PubChem database was imported
into ChemDraw 3D. Energy minimization was performed using
the MM2 module to obtain the dominant conformation with the
lowest energy, saved as mol2. This conformation was then
hydrogenated by AutoDockTools 1.5.7, charged, the root of the
ligand was detected, rotatable bonds were searched for and
defined, and saved as a pdbqt file. The 3D structure of the
core target protein was obtained from the PDB database. The
protein was dewatered, and small molecules were removed
using PyMOL software. Hydrogen atoms were then added, and
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Gasteiger charges were calculated by AutoDockTools 1.5.7
software. Finally, the 3D structure was defined as a receptor and
saved as a pdbqt file. The ligand was docked to the receptor
using AutoDockTools 1.5.7 software, and the binding pattern
was analyzed and visualized using PYMOL software.

3 | Results

3.1 | Identification of D. officinale Grown in
Different Years

In positive and negative ion modes, 2372 and 1087 compound
signals were detected, respectively, of which 2214 and 933
compounds were recognized as validly detected after initial
screening and de-emphasis by QC samples, respectively. For the
2214 and 933 compounds detected, OPLS-DA and PCA were
conducted, and the results are shown in Figure 1. When PCA
was used, samples with different growth years could be
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FIGURE 5 | Volcano plot of Guangnan Dendrobium officinale with different growth years.
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FIGURE 6 |

effectively distinguished in the positive ion mode. However, for
the compounds obtained in the negative ion mode, samples of 2,
3, and 5 years showed a more aggregated phenomenon, and
some of the samples in the fifth year showed a serious offset
phenomenon. Since PCA is an unsupervised dimensionality
reduction method and is insensitive to variables with small
correlations, it may not effectively differentiate the samples in
this experiment, as they are all from the same origin and spe-
cies, differing only in growth years. Some variables are not
significantly different from each other. However, OPLS-DA
combines orthogonal signals and PLS-DA to screen the differing
variables, effectively addressing the issue of small correlations
and difficulty in distinguishing.

In this experiment, the use of OPLS-DA can effectively differ-
entiate D. officinale with different growth years, as shown in
Figure 2. In positive and negative ion modes, D. officinale
samples with different growth years can be better distinguished.
D. officinale with 4 years of growth shows greater differences
compared with other years. The permutation test was used to
verify the reliability of the model, using R2Y and Q2Y as the
basis for judgment. If the intercept of R2Y was < 0.3-0.4, the
intercept of Q2Y was < 0.05, and the closer the Q2Y was to 1,
then the better the model was. In this experiment, the results of
the permutation test based on 200 randomized tests of this
OPLS-DA are shown in Figure 3, where the intercept of R2Y
was < 0.3, the intercept of Q2Y was < 0.05, and Q2Y was 1, thus
suggesting that the model was not overfitted and that the model
was highly predictable and reliable.

3.2 | Screening of Different Marker Compounds

In the current study, after a database search and comparison
and following the requirement of mass accuracy <5ppm in
SANTE/11312/2021 (Diallo et al. 2023; Maldonado-Reina
et al. 2022), a total of 2040 compounds were retrieved in the
positive ion mode and 826 in the negative ion mode using

Group

Cladoniamide C -
Ac-Glu(OtBu)-OH 2
Ethyl N-[(1-acetamidocyclopentyl)carbonyl[serinate 0
N-(3-Hydroxyhexanoyl)homoserine lactone -2
Rhoifolin
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B four years
[ two years

Dihydroneochinulin B Il one year
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Talathermophilin D

Variecolorin O
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Allopurinol
2-(2-Ox0-2H-chromen-3-yl)-5H-chromeno[4,3-b/pyridin-5-one
Asperglaucide

Heatmap of Guangnan Dendrobium officinale with different growth years.

CD 3.3 screening. However, their structural information needs
further corroboration. The OPLS-DA model identified com-
pounds with VIP>1 and p<0.05, screening 29 different
marker compounds in the positive ion mode and 41 in the
negative ion mode, as shown in Table 1.

To further investigate the variation of difference marker
compounds in D. officinale with different growth years, the
top 20 compounds with VIP > 1 and p < 0.05 were selected for
the analysis of VIP scores (Figure 4), volcano plots (Figure 5),
and heatmaps (Figure 6). The volcano plots presented the up-
and downregulation of the related compounds between dif-
ferent growth years. Arestrictin A, neoechinulin B, neoechi-
nulin D, variecolorin O, variecolorin C, dehydrovariecolorin
L, dehydroechinulin, talathermophilin D, and eight other
indole diketopiperazine alkaloid compounds showed no sig-
nificant difference between different growth years. All
of these compounds belong to the secondary metabolites of
D. officinale, primarily synthesized via the amino acid path-
way. Normally, once biosynthesized, secondary metabolites
in plants generally do not change drastically with the change
of growth years (Verma and Shukla 2015). The D. officinale
samples selected in this experiment were all of the
same species and growth environment, differing only in
growth years. Therefore, the contents of these compounds in
D. officinale did not differ significantly with the change of
growth years. The interconversions between indole diketo-
piperazine alkaloids were postulated, as shown in Figure 7.
Preechinulin is the key secondary metabolite for the bio-
synthesis of indole diketopiperazine alkaloids. These alka-
loids are subsequently synthesized through isopentenylation,
dehydration, oxygenation, and cyclization reactions and are
catalyzed by EchPT2 and EchP450 enzymes, respectively, to
generate different series of indole diketopiperazine alkaloids
(Nies and Li 2020).

From the heatmap, the difference marker compounds of D. offi-
cinale with 4 years of growth were more distinct compared with
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other years. This was consistent with the results of the OPLS-DA
analysis, where 10 compounds of D. officinale with 4 years of
growth, such as neoechinulin D, variecolorin C, and dehydrovar-
iecolorin L, showed greater differences. The peak areas of these
10 compounds across different years are shown in line graphs in
Figure 8. The content of these compounds increases with growth,
reaching a maximum in the fourth year, then decreases afterward.
This suggests that during the early growth stages, D. officinale
primarily accumulates secondary metabolites, peaking at the
4th year (Jin et al. 2016; Yuan et al. 2022). Therefore, based on
the differences in compounds from different years in the heat-
map, the differentially characterized compounds in D. officinale
from other growth years can be further inferred. A 1-year growth
includes the following: Ac-Glu(OtBu)-OH, ethyl N-[(1-
acetamidocyclopentyl)carbonyl]serinate, N-(3-hydroxyhexanoyl)
homoserine lactone, and allopurinol. Additionally, a 2-year
growth includes the following: rhoifolin and swertisin

Variecolorin O

Talathermophilin D

Biotransformation relationship of indole diketopiperazine alkaloids in Guangnan Dendrobium officinale.

6"”-O-feruloyl 2”-O-glucoside. A 3-year growth includes the
following:  cladoniamide =~ C, 4-hydroxyphenethyl  2-(4-
hydroxyphenyl)acetate. Finally, a 5-year growth includes the fol-
lowing: 2-(2-oxo-2H-chromen-3-yl)-5H-chromeno[4,3-b]pyridin-
5-one, asperglaucide, but these conclusions still need to be further
verified by expanding the number of samples further.

3.3 | Screening of Potential Targets for
Difference Marker Compounds

Using SwissTargetPrediction, STITCH, and PharmMapper da-
tabases with parameters set to probability > 0.9, score > 0.7, and
norm fit score > 0.9, respectively, a total of 48 potent com-
pounds (Table 2) were searched to obtain 6, 36, and 96 potential
targets, and after removing duplicate entries, 133 potential
targets of action were finally obtained (Figure 9).
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3.4 | GO Function and KEGG Signaling Pathway
Enrichment Analysis of Key Action Targets of
D. officinale Functional Compounds

Using the 24 key action targets of the functional components of
D. officinale screened in Section 3.3, which were obtained by
searching the GeneCards database for relevant efficacy
(relevance score: > 10), 60 GO functional pathways were en-
riched, as shown in Figure 10 (p < 0.05). The functional com-
pounds in D. officinale may mainly exert pharmacological
activities by participating in these pathways. Among these
pathways, 40 are biological processes (BPs) including signal
transduction, positive regulation of DNA-templated transcrip-
tion, glutathione metabolic process, cellular response to cad-
mium ion, and cellular response to estradiol stimulus. There are
15 molecular functions (MFs), covering identical protein bind-
ing, enzyme binding, electron transfer activity, DNA binding,
and glutathione transferase activity. Additionally, five cellular
components (CCs) are included: cytosol, nucleus, cytoplasm,
extracellular exosome, mitochondrial exosome, and cellular
response to estradiol stimulus.

The key targets of action of the 24 D. officinale functional com-
pounds obtained were enriched to a total of 67 KEGG signaling
pathways, as shown in Figure 10. Among these pathways, cancer
pathways, metabolic pathways, chemical carcinogenesis—receptor
activation, chemical carcinogenesis—reactive oxygen species,
platinum drug resistance, and lipid and atherosclerosis signaling
pathways were more enriched, suggesting that D. officinale

Cumulative changes of difference marker compounds in Guangnan Dendrobium officinale at different growth years.

differentially functional compounds have pharmacological activi-
ties in these areas.

The first 30 KEGG signaling pathways included lipid and
atherosclerosis, fluid shear stress, and atherosclerosis, suggest-
ing that D. officinale can regulate lipid and atherosclerosis
metabolic processes, consistent with literature reports (Lin
et al. 2023). Additionally, the finding suggests that D. officinale
may have active functions in regulating the endocrine system,
such as antiviral and anti-inflammatory effects.

4 | Conclusions

In the present study, UHPLC-Orbitrap-MS was used for non-
targeted screening of D. officinale from Guangnan growing 1, 2,
3, 4, and 5 years. In the positive and negative ion modes, 2214
and 933 compounds were effectively detected, respectively.
OPLS-DA was able to effectively differentiate D. officinale from
those grown in different years, and compounds with VIP >1
and p < 0.05 were obtained by using the OPLS-DA model, with
a total of 29 different compounds screened in the positive ion
mode and 41 in the negative ion mode.

The volcano map indicated that arestrictin A, neoechinulin B,
neoechinulin D, variecolorin O, variecolorin C, dehydrovar-
iecolorin L, dehydroechinulin, talathermophilin D, and eight
other indole diketopiperazine alkaloid compounds showed no
significant differences between different growth years. The
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TABLE 2 | Screening of the functional compounds of Guangnan Dendrobium officinale.

Number of
Number Component name Formula m/z targets
1 Hydantocidin C,H;(N,O¢ 217.0475 2
2 Allopurinol CsH4N,4,O 137.0458 10
3 Leptazoline D C16H,5N,0, 355.1496 2
4 Acetyl-L-carnitine CoH1,NO, 202.1077 10
5 Leucyl-4-hydroxyproline C11H5oN,0,4 245.1496 5
6 Vochysiamide B C1H17NO, 245.1495 1
7 3-(Dimethylamino)-4-hydroxybutyl CoH,oN,O5 205.1546 1
dimethylcarbamate

8 Ac-Glu(OtBu)-OH C11HoNOs 246.1336 3
9 N-(3-hydroxyhexanoyl)-homoserine lactone CoH17NO, 216.1229 3
10 L-Leucyl-L-prolinamide C11H,1N50, 228.1705 7
11 Phomolide D C1,H005 243.1236 1
12 1-O-sinapoyl-beta-p-glucose C17H2,019 385.1141 48
13 Quercetin 3-robinobioside C57H30046 611.1602 17
14 Geralcin D C15H2,N,0¢ 327.1547 11
15 Perennipin B C,1H,609 421.1507 8
16 Afalanine C11H3NO;3 206.0815 7
17 Lotaustralin C11H19NOg 260.1138 2
18 Swertisin 6”-O-feruloyl 2”-O-glucoside C,oH3,045 619.1646 2
19 1,7-Hydroxy-3-methylxanthone C14H1005 227.07 4
20 Isomucronulatol 7-O-glucoside C,3H,304 463.161 7
21 Flutimide C1,H15N,03 237.124 1
22 Endophenazine E C19H15N,0¢ 369.1091 16
23 Phomoxydiene C C14H1405 229.0864

24 1-(2,4-Dihydroxyphenyl)-3-hydroxy-3-(4'- C15H1405 273.0768 9

hydroxyphenyl)-1-propanone

25 UCS1025B C0H,5NOg 374.1607 8
26 (E)-2-methoxy-1,4 naphthoquinone-1-oxime C1:HoNO3 202.0501 1
27 YF-0200R-B C15H,005 244.13 2
28 Variecolorin O C19H51N505 340.1649 16
29 Dichotosin C53H,500 447.1659 8
30 Diorcinol H CysH 40,4 257.0817

31 LMA-P1 C14H,,0, 255.1599 4
32 Trimethyl 1,2,8-octanetricarboxylate C4H,,0¢ 287.1499 16
33 Aspertetranone D C,,H,509 435.1661 4
34 Dihydroneochinulin B C19H,1N50, 324.17 22
35 Okanin 3,4,3'-trimethyl ether 4’-glucoside Cy4H,501; 491.1559 1
36 UCS1025A C0H,5NOs 358.1659 8
37 Citreoviripyrone B C14H1605 231.1021 12
38 Talathermophilin D C,4H59N505 408.2278 16
39 4-Hydroxyphenethyl 2-(4-hydroxyphenyl)acetate C16H1604 271.0975 24
40 Citreopyrone D CisH;604 259.0974 6
41 Asperglaucide C,7H,5N,0, 445.2118 22

(Continues)
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TABLE 2 | (Continued)

Number of
Number Component name Formula m/z targets
42 Cladoniamide C C5,H 17N505 404.1238 9
43 Neoechinulin D C,4H,0N50, 392.2328 12
44 Dehydrovariecolorin L C5oH37N50, 460.2956 12
45 (9E,112)-13-0x0-9,11-octadecadienoic acid C15H3005 293.2123 41
46 Arestrictin A C,9H39N303 478.3061 13
47 Radianspene J C,0H,7NO, 344.1865 9
48 Dehydroechinulin C,oH3,N50, 460.2953 15
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interconversion relationship between indole diketopiperazine
alkaloids was hypothesized, with preechinulin being the
key secondary metabolite in their biosynthesis. Different indole
diketopiperazine alkaloids are synthesized through iso-
pentenylation, dehydration, oxygenation, cyclization, and
catalysis by EchPT2 and EchP450 enzymes, respectively.

The heatmap showed that the compounds in D. officinale with
4 years of growth differed more significantly from those
of other years. Ten compounds, such as neoechinulin D, var-
iecolorin C, and dehydrovariecolorin L, showed greater differ-
ences in 4-year-old D. officinale. The content of these
compounds increased with years of growth, reaching a maxi-
mum in the fourth year, and then decreased. The differential
characteristic compounds in 1-year growth were Ac-Glu(OtBu)-
OH, ethyl N-[(1-acetamidocyclopentyl)carbonyl]|serinate, N-(3-
hydroxyhexanoyl) homoserine lactone, and allopurinol. For
2-year growth, the compounds were rhoifolin and swertisin
6"-O-feruloyl 2”-O-glucoside. Additionally, for 3-year growth,
the compounds were cladoniamide C and 4-hydroxyphenethyl
2-(4-hydroxyphenyl) acetate. For 5-year growth, the compounds
were  2-(2-oxo-2H-chromen-3-yl)-5H-chromenol[4,3-b]pyridin-
5-one and asperglaucide.

A total of 6, 36, and 96 potential targets of 48 efficacy com-
pounds were obtained using SwissTargetPrediction, STITCH,
and PharmMapper databases. After removing duplicates, 133
potential targets were identified. The 24 key action targets were
enriched to obtain 60 GO functional pathways, comprising 40
BPs, 15 MFs, and 5 CCs. Additionally, a total of 67 KEGG sig-
naling pathways were enriched, with cancer pathways, meta-
bolic pathways, chemical carcinogenesis—receptor activation,
chemical carcinogenesis—reactive oxygen species, platinum

KEGG enrichment dot bubble
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GO functional enrichment and KEGG signal pathway enrichment of key targets of bioactive components in Dendrobium officinale.

drug resistance, and lipid and atherosclerosis signaling path-
ways being more enriched. This suggests that D. officinale
differential efficacy compounds are pharmacologically active in
these areas. Furthermore, this finding demonstrates the efficacy
of D. officinale in regulating metabolic processes of lipids and
atherosclerosis, as well as having active functions in the
regulation of the endocrine system and antiviral and
anti-inflammatory activities.
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