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Abstract  Dendrobium officinale (D. officinale) is a valuable Chinese herbal medicine and rich in
chemical components. The current research on the pharmacological active ingredients of D. offici-
nale mainly focus on polysaccharides, however, there are very few studies on the activity of its sec-
ondary metabolites. Our study aimed to investigate the potential pharmacological activity of
secondary metabolites of D. officinale. Firstly, we determined the polysaccharide content of D. offic-
inale from four different origins and analyzed their secondary metabolites using UPLC Q-TOF/MS.
We found that the average polysaccharide content of D. officinale from Anlong, Guizhou was the
lowest, and the secondary metabolites were also significantly different from those of Dendrobium
from the other three origins. Then, ten differential compounds with high content in D. officinale
from Anlong, Guizhou were identified using Orthogonal Projection to Latent analysis (OPLS-
DA), and the potential targets of these secondary metabolites associated with acute alcoholic liver
injury through network pharmacology. Finally, pharmacodynamic experiments verified that only
D. officinale from Anlong significantly improved liver damage in mice with acute alcoholic liver
injury, confirming the pharmacodynamic activity of D. officinale secondary metabolites in the pre-
vention of acute alcoholic liver injury. The present study found that the preventive effect of D. offic-
inale on acute alcoholic liver injury in mice was not directly correlated with the polysaccharide
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content, indicating that the polysaccharide content alone cannot be used as a quality indicator to
evaluate the medicinal activity of D. officinale. Our study provides more references for the study
of the substance basis of the pharmacological effect of D. officinale, and also provides a research
idea and method for the discovery of the pharmacological active ingredients of Chinese medicine.
© 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Dendrobium officinale Kimura et Migo is a perennial epiphytic herb,
whose main medicinal part is the stem. According to the records of
“Shennong’s Herbal Classic” (Dong Han Dynasty, A.D.25-220) and
“Compendium of Herbology” (Ming Dynasty, A.D. 1,552-1,578), D.
officinale is mainly used as traditional medicine in China with the effect
of “removing paralysis and lowering qi, and tonify five viscera, relieve
fatigue” And modern research has found that D. officinale has phar-
macological effects such as enhancing immunity, anti-fatigue, antioxi-
dant, hypoglycemia and hypotension (Chang et al., 2019; Committee
et al., 2020; Zeng et al., 2020). D. officinale can reduce renal patholog-
ical damage and improve renal function in diabetic patients (Chang
et al., 2019). Moreover, D. officinale has a protective effect on the liver,
which can prevent carbon tetrachloride-induced liver injury in mice (Li
et al., 2014), and also reduce hepatic fat storage ameliorating high-fat
diet (HFD)-induced non-alcoholic fatty liver injury in mice (Yin et al.,
2021).

However, the place of cultivation and cultivation techniques of D.
officinale can affect its quality (Zuo et al., 2020). This has led to the
uneven quality of D. officinale in the market, which hinders the drug
development and clinical application of D. officinale. Moreover, the
chemical composition of D. officinale is complex, containing a wide
range of compounds such as polysaccharides, bibenzyls, phenanthre-
nes, alkaloids, amino acids and trace element (Chen et al., (2021);Li
et al., 2009; Wang et al., 2021), and the pharmacological activity of
these chemical components is still unclear. Although D. officinale
polysaccharides have been shown to regulate intestinal homeostasis
and protect against carbon tetrachloride-induced liver injury in mice
(Wang et al., 2020). The Chinese Pharmacopoeia (Ch.P., 2020 edition),
uses polysaccharide content as a criterion for evaluating the quality of
D. officinale, however, D. officinale is rich in secondary metabolites in
addition to polysaccharides.

Secondary metabolites (SMs) are an important component of the
plant’s defence systems against pathogenic attacks and environmental
stresses. Secondary metabolites of plants have been shown to have sig-
nificant biological activity and can be used as pharmaceutical ingredi-
ents, among which secondary metabolites such as perillylamine and
paclitaxel have been found to have anticancer activity and have been
successfully developed as clinical anticancer drugs (Newman et al.,
2016; Weaver et al., 2014). At the same time, the biosynthesis and
accumulation of secondary metabolites are also susceptible to external
environmental factors such as light and temperature (Yang et al.,
2018). However, it is still unclear whether secondary metabolites in
D. officinale have medicinal effects and play a role in the prevention
and treatment of diseases. This research aims to explore the association
between secondary metabolites of D. officinale and its protection activ-
ities against acute alcoholic liver injury. In this study, the polysaccha-
ride contents of different D. officinale samples were detected.
Meanwhile, the secondary metabolites were detected and analyzed
through profile analysis. Further, potential mechanism of significant
secondary metabolites of D. officinale were predicted and screened
based on network pharmacology. Further, the prevention activities
of D. officinale samples were conducted and validated though mouse
model of acute alcoholic liver injury. The study can be a useful supple-
ment to the current quality standard of D. officinale, which is only
based on polysaccharides, and provide a new reference for more com-

prehensive evaluation of D. officinale quality, which is important for
guiding the cultivation, quality evaluation and clinical use of D.
officinale.

2. Materials and methods

2.1. Chemicals and reagents

D. officinale samples were collected from the cultivation bases
of Anlong, Guizhou, Xingyi, Guizhou, Dushan, Guizhou, and
Yueqing, Zhejiang, and the collected samples were identified as
Dendrobium officinale Kimura et Migo. Concentrated sul-
phuric acid (AR grade) purchased from Sinopharm Chemical
Reagent Co. Phenol (AR grade) and anhydrous ethanol (AR
grade) was purchased from Chengdu Kellen Chemical Reagent
Factory. Glucose (purity > 99%) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). Acetonitrile (LC-MS grade)
and methanol (LC-MS grade) were purchased from TEDIA
Reagents Co, USA. Formic acid (LC-MS grade) was pur-
chased from Shanghai Ampoule Experimental Technology
Co. Silymarin (purity > 98%) was purchased from Shanghai
Yuanye Biotechnology Co. Glutathione aminotransferase
(ALT/GPT) and glutathione aminotransferase (AST/GOT)
kits were purchased from Nanjing Jiancheng Institute of Bio-
logical Engineering.

2.2. Extraction and content determination of polysaccharides in
D. officinale samples

D. officinale samples were divided into four groups according
to the origin of their production (n AL = 171, n DS = 71,
n XY = 53, nYQ = 27). Approximately 0.6 g of D. officinale
powder (sieved by No.3) was weighed precisely, then 400 mL
of distilled water was added for 2 h reflux extraction, let the
extract cool down and fix the volume with distilled water to
500 mL, shake it and filter it through, take 2 mL of the
renewed filtrate and add 10 mL of anhydrous ethanol, shake
it and refrigerate it for 1 h, centrifuge and discard the super-
natant, wash the precipitate with 80% ethanol twice, 8 mL
each time, centrifuge and discard the supernatant. The precip-
itate was dissolved by heating water to obtain the aqueous
solution of D. officinale polysaccharide, and then the polysac-
charide content was determined by phenol-sulfuric acid
method using D-glucose as the control (Masuko et al., 2005).

2.3. UPLC-Q/TOF-MS analysis of secondary metabolites of D.
officinale

D. officinale samples were divided into four groups according
to the origin of their production (n AL = 171, n DS = 71,
n XY = 53,nYQ = 27). Approximately 75 mg of D. officinale
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Table 2 The top 10 significant GO terms in “‘compound-
target-GO term” network.

GO num GO term Degree

GO:1901700 response to oxygen-containing compound 67
GO:0042493  response to drug 58
GO:0044281 small molecule metabolic process 57
GO0:0008283  cell proliferation 55
GO:0051049 regulation of transport 54
GO:0046903 secretion 53
GO0:0023056 positive regulation of signaling 52
GO:0010647 positive regulation of cell communication 52
GO:0042592 homeostatic process 51
GO0:0042127 regulation of cell proliferation 50

deoxy-3-O-B-D-galactopyranosyl-6-
O-methyl-a-D-galactopyranoside

6-O-L-isoleucyl-sucrose

2-Propen-1-yl2-(acetylamino)-2-
Raffinose

Identification

Sucrose

Coumarin
Apigenin-7-rutinoside
Mycosporine
L-tert-Leucine

Pinellic acid
Hydroxy-o-linolenic acid

powder (sieved by No.3) was weighed precisely, then 1.0 mL of
70% methanol was added for 30 min of ultrasonic extraction
(power 400 W, frequency 50 kHz), the extracts were then cen-
trifuged at 12,000 rpm for 5 min and the supernatant was aspi-
rated for determination.

The gradient elution was carried out on octadecylsilane
bonded phase silica gel (Waters CORTECS UPLC CI18,
100 mm x 2.1 mm, 1.6 pm) as stationary phase and 0.1 % for-
mic acid water (A) — 0.1 % formic acid acetonitrile (B) as
mobile phase for the sample solution to be tested, with the fol-
lowing elution gradients: 0-0.5 min, 5% B; 0.5-4 min, 40% B;
4—5 min, 75% B; 5-5.1 min, 95% B; 5.1-6.5 min, 95% B; 6.5~
6.6 min, 5% B; 6.6-10 min, 5% B. The flow rate was 0.4 mL/
min, the injection volume was 1 pL, the column temperature
was 40 °C and the UV detection wavelengths were set at
280 nm, 254 nm and 210 nm. The TOF/MS system used elec-
trospray ionisation (ESI) mode to acquire the primary mass
spectrometry information separately, with a capillary voltage
(CV) of 4000 V, an atomisation gas pressure of 45 psi, a cone
hole voltage (NV) of 1000 V, a dry gas flow rate of 10 L/min, a
sheath gas temperature and ion source temperature of 350 °C,
a sheath gas flow rate of 11 L/min and a collision energy (CE)
of 10 V. The secondary mass spectral information was
acquired using an automated mass spectrometry/mass spec-
trometry mode scan with an ion scan range of m/z 50 to 1200.
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4.3448
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6.5286 —1.49
6.0715

3.1025 —0.29
5.3095

4.9094 —2.17
4.6199

6.1807 —0.46
3.1509 —0.5

2.4. Predicting the potential disease targets of the differential
chemical composition of D. officinale

381.0785
438.1972
456.2074
503.1613
147.0451
577.1553
262.1291
130.0875
563.1398
329.2329
295.2274

The PubChem database (https://www.ncbi.nlm.nih.gov/pc-
compound/), Scifinder database were searched to obtain the
2D structures of the differential chemical components of D.
officinale and the molecular descriptors SMILES of the com-
pounds were recorded, the compound structure files were
downloaded and saved as “*.mol2” format. The SEA database
(https://sea.bkslab.org/) and Swiss Target Prediction database
(https://www.swisstargetprediction.ch/) were then used to sim-
ulate the potential targets of action of the differential sec-
ondary metabolites: (1) Input the molecular descriptor
SMILES of the retrieved compounds into the SEA database,
retrieve the disease targets, and set the parameters P < 0.05
and species as Human to filter the retrieved results; (2) the
structure files of the compounds were imported into Swiss Tar-
get Prediction database and the targets of secondary metabo-
lites of D. officinale were searched, and the parameter

503.1618
147.0452
130.0874
563.14063
329.23335
M + H]+ 295.2274

]-

H
M—H]-
H

Adduct ions m/z(Theoretical) m/zMeasured VIP  Error (ppm) Molecular

M + H]+ 456.20755

M + K]+ 381.0816
413p 0936 [M + H]+ 438.1970
M + H]+ 262.1285
M—H]-
M—H]-
M—H]-

Identification results of differential secondary metabolites of D. officinale.

tr
77-p 057
414-p 0.936
376-n 1.310
731-n 3.1
283-p 0.755
307-n  0.884
660-n 2.951
1188-n 5.052
1816-p 5.61

Table 1
No ID

10
11

1
2
3
4
5
6
7
8
9
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probability (probability) > 0 was set to screen the targets of
the different chemical components. Finally, the search results
of the two databases were combined to obtain the disease tar-
gets of the secondary metabolites.

Using ““‘Acute alcoholic liver injury” as the keyword, we
searched the Gene Cards database (https://www.genecards.
org/) and the DisGeNET database (https://www. disgenet.
org/) to search for disease genes related to Acute Alcoholic
Liver Injury (AALI), and the data obtained from the two data-
bases were combined and duplicate values were removed to
construct a database of disease targets for AALI

2.5. GO function annotated analysis

The bioinformatics platform WebGestalt (https://www.we-
bgestalt.org/option.php) was used for GO functional annota-
tion of potential targets of acute alcoholic liver injury acting
on differential compounds, with the source set as “Homo sapi-
ens” and the statistical method as “ORA”, the confidence
interval for the BH statistic was FDR < 0.01, and the mini-
mum number of proteins per GO enrichment was 5 (n > 5).

2.6. Preparation of D. officinale extract

Weigh 63 g of the dried D. officinale, add 30 times the volume
of distilled water (m/v) and soak overnight, then boil and
reflux the extract for 1 h. Repeat the extraction twice, filter
the extracted liquid through gauze and concentrate the filtrate
to 70 mL under reduced pressure using a rotary evaporator to
obtain D. officinale extract at a concentration of 0.9 g/mL, dis-
pense and store at —80°C in a refrigerator.

D. officinale extract of 0.9 g/mL was measured and diluted
to 50 mL with distilled water, and then shaken well to obtain a
solution of D. officinale extract with a concentration of
0.18 g/mL.

2.7. Animal experiments

Male C57BL/6J mice weighing 22 g to 25 g at 8 weeks of age
were purchased from Hunan Slaughter Jingda Laboratory
Animal Co Ltd (license: SCXK (Xiang) 2019-0004). The mice
were fed in an SPF (specific pathogen free) class environment
(room temperature 22 £ 1 “C, humidity 55% =+ 5%) with a 12-
hour photoperiod, and the mice were free to drink and eat dur-
ing the feeding period. Mice were randomly divided into 11
groups after one week of acclimatization feeding, with 10 mice
in each group as follows: blank control group (BG), alcohol
model group (AQG), silymarin group (SFJB), Guizhou Anlong
D. officinale high and low dose group (AL-H, AL-L), Guizhou
Dushan D. officinale high and low dose group (DS-H, DS-L),
Guizhou Xinyi D. officinale high and low dose group (XY-H,
XY-L), Zhejiang Yueqing D. officinale high and low dose
group (YQ-H, YQ-L). The BG and AG groups were fed with
distilled water once a day, the SFJB group was fed with sily-
marin once a day (0.005 g/mL), and each D. officinale group
was fed once a day with Dendrobium extract of the corre-
sponding origin at a dose of 10 mL/kg, with the concentration
of Dendrobium extract in the high dose group being 0.9 g/mL

and that in the low dose group being 0.18 g/mL. The feeding
was continuously for 14 days. After 14 days, each group,
except the BG group, was given 53% ethanol (10 mL/kg) once,
and the mice were fasted without water for 12 h. 1 ~ 2 mL of
blood was removed from the eyes, and the serum was collected
for the determination of serum transaminases. About 100 mg
of the middle part of the liver lobules of mice were taken
and fixed in 10% formaldehyde solution for histopathological
examination.

2.8. Histopathological evaluation

HE staining was used to observe the pathological changes in
the liver. Liver lobule samples were fixed in 10% formalde-
hyde, dehydrated in alcohol and xylene in turn. The dehy-
drated liver lobule samples were embedded in paraffin and
cut into 6——S8 um slices using a microtome, then stained with
hematoxylin solution and eosin solution, respectively. After
staining, the samples were dehydrated with 80%, 90% and
100% ethanol in that order and finally sealed with coverslips
for microscopic observation.

2.9. Serum transaminase assay

The mouse serum alanine aminotransferase (ALT/GPT) and
aspartate aminotransferase (AST/GOT) kits purchased from
Nanjing Jiancheng Institute of Biological Engineering were
used for the determination of mouse serum aminotransferase
(Enzymatic assay method) according to the manufacturing
instructions of the kits.

2.10. Statistical analysis

Peak matching and alignment of the raw data was performed
using Agilent Mass Hunter Profinder software (version 10.0).
Principal component analysis (PCA) and Orthogonal partial
least squares discriminant analysis (OPLS-DA) were per-
formed in SIMCA-P software (version 14.0). Box line plots,
heat maps were plotted in the R program (version 4.1.0) and
data were expressed as mean = SEM and compared between
two groups using an independent samples z-test with SPSS
Statistics 18.0 (IBM, Chicago, USA) and a one-way ANOVA
comparing differences between multiple groups, p < 0.05 was
considered statistically significant.

3. Results

3.1. The average polysaccharide content of D. officinale from
AL was the lowest.

The average polysaccharide content of D. officinale from the
four origins was in the following order:
YQ > XY > DS > AL, among which the average polysac-
charide content of D. officinale from the YQ group was the
highest, 41.62% +0.24% and the average polysaccharide con-
tent from the AL group was the lowest, 15.32% +0.05%.
There was a significant difference in the polysaccharide content
of D. officinale from the four origins (P < 0.05) (Fig. 1).
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Fig. 1  Significant differences in the polysaccharide content of D.

officinale from different origins. AL represents D. officinale
samples from Anlong, Guizhou, XY represents D. officinale
samples from Xingyi, Guizhou, DS represents D. officinale
samples from Dushan, Guizhou and YQ represents D. officinale
samples from Yueqing, Zhejiang. a P < 0.05, compared with the
AL group; b P < 0.05, compared with the DS group; ¢ P < 0.05,
compared with the XY group. n AL = 171, n DS = 71, n
XY = 53,nYQ = 27.

3.2. Differences in secondary metabolites of D. officinale from
different origins

The secondary metabolites of D. officinale from four different
origins were analysed separately using UPLC-Q/TOF-MS
technique. The chromatograms in positive and negative mode
(BPC) showed that the retention times of the peaks were
mainly concentrated in the range of 1 ~ 8 min (Fig. 2A, C),
and the chromatogram profiles of the D. officinale in the AL
group differed from those of the other three origins (Fig. 2B,
D). Then PCA analysis was performed on the the D. officinale
from the four origins with the peak area of each ion indicating
the content of the corresponding component (Fig. 2E). In the
PCA plots, there was a large overlap between the D. officinale
samples from the four different origins, but the D. officinale
samples from the AL group were the most discrete and could
be distinguished from the D. officinale samples from the other
three regions (YQ, XY, DS) in terms of their overall chemical
profile. It indicates that the secondary metabolites of D. offic-
inale from the AL group as a whole differed from the samples
from the other three regions.

3.3. 67 secondary metabolites differed between D. officinale AL
origin and the other three regions

Supervised partial least squares discriminant analysis (OPLS-
DA) was used to compare the overall profile of secondary
metabolites of the AL D. officinale samples (n = 171) with
other three regions D. officinale samples (n = 151) (Fig. 3A).
In the OPLS-DA plots, the points representing the AL group
of D. officinale samples clustered together and the points rep-
resenting all other non-AL group of D. officinale. In addition,
with R2X = 0.453, Q2 = 0.814 and Q2 > 0.4 at the 95% con-
fidence interval, the OPLS-DA has good confidence, indicating

that the AL D. officinale samples differ from the other origins
in the overall profile of secondary metabolites.

Further screening of the differential secondary metabolites
of D. officinale origin using VIP plots (Fig. 3B) revealed 67 dif-
ferential secondary metabolites with VIP scores > 3, and most
of which were detected in positive ion mode. Moreover, the
thermogram (Fig. 3C) analysis revealed that the abundance
of these 67 secondary metabolites differed between D. offici-
nale AL origin and other non-AL regions, and most of them
were in higher abundance in D. officinale AL origin and may
be important marker components of D. officinale AL.

3.4. These 10 high content of secondary metabolites may be
specific chemical components of D. officinale from AL group

The structural identification of 67 differential secondary
metabolites in D. officinale AL were performed, and a total
of 37 differential secondary metabolites were identified by
removing false positive results as well as fragment ions. Due
to the lack of corresponding reference compounds, the chemi-
cal structures of the 11 differential secondary metabolites were
finally determined and the other components could only be
identified as isomers of their corresponding predicted struc-
tures (See Table 1, Fig. 4), with five secondary metabolites
detected in the cationic mode and six in the anionic mode.
The chemical types of the differential secondary metabolites
were mainly fatty acids (Pinellic acid, Hydroxy-a-linolenic
acid), sugars (Sucrose, Raffinose), flavonoids (Vicenin 3,
Apigenin-7-rutinoside), alkaloids (2-Propen-1-yl2-(acetyla
mino)-2-deoxy-3-O-B-D-galactopy-ranosyl-6-O-methyl-a-D-g
alactopyranoside, Mycosporine, 60O-L-isoleucyl-sucrose),
amino acids (L-zert-Leucine).

The 11 differential secondary metabolites with identified
structures were analyzed for their contents differences in D.
officinale samples from four different origins (Fig. 5). The con-
tent of Raffinose was lowest in D. officinale AL and signifi-
cantly lower than in D. officinale samples from YQ and XY
(P < 0.05). Except for Raffinose, the content of the other 10
secondary metabolites was the highest in D. officinale AL,
which were all significantly higher than those from the other
three regional sources (P < 0.05), indicating that these 10 high
levels of secondary metabolites may be the main components
that distinguish it from other regions and may be specific
chemical components of D. officinale AL.

3.5. Potential targets for the action of differential chemical
components of D. officinale mainly act on acute alcoholic liver
injury

After literature research and database search, the 10 differen-
tial chemical components in D. officinale AL could potentially
act on 373 targets, and most of these targets were associated
with acute alcoholic liver injury. A total of 1248 targets related
to acute alcoholic liver injury were obtained from the gene
database search, and these targets were further compared with
the potential targets of the differential chemical components of
D. officinale and found that 123 targets out of 373 targets of
the potential effects of the 10 differential chemical components
were associated with acute alcoholic liver injury.

A “compound-target (C - T)” network was constructed to
reveal the relationship between the differential metabolites
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Fig. 2 The overall profile of the secondary metabolites of D. officinale in the Anlongu differs markedly from that of the other three
regions. (A) Positive ion BPC model total ion flow diagram of D. officinale. (B) Positive ion BPC model total ion flow map of four origins
of D. officinale. (C) Total ion flow diagram of D. officinale in negative ion BPC mode. (D) Plot of total ion flow in D. officinale from four
origins in the negative ion BPC model. (E) Principal component analysis of the differences in the overall profiles of secondary metabolites
of D. officinale from different origins. AL represents D. officinale samples from Anlong, Guizhou, XY represents D. officinale samples
from Xingyi, Guizhou, DS represents D. officinale samples from Dushan, Guizhou and YQ represents D. officinale samples from Yueqing,
Zhejiang. n AL = 171, n DS = 71, n XY = 53, n YQ =

may be related to the synergistic mechanism of “multi-
component, multi-target”.

and potential targets of D. officinale (Fig. 6), with the lines
between the nodes representing the potential relationships

between compounds and targets. The C-T network shows that
one target is linked to multiple chemical components, suggest-
ing that these chemical components may play a synergistic role
in the prevention of acute alcoholic liver injury; the same
chemical component is linked to multiple target genes, with
each compound acting on an average of 57 potential targets,
reflecting that the pharmacological activity of the differential
metabolites of D. officinale against acute alcoholic liver injury

The 123 acute alcoholic liver injury targets involved a total
of 966 BP entries (Biological Progress) (FDR < 0.01, n > 5)
and we show the top 40 GO entries (Fig. 7A). Meanwhile,
we constructed a “‘compound — target - GO function” network
to further reveal the interactions between compounds and tar-
gets of acute alcoholic liver injury and related biological mech-
anisms (Fig. 7B). Edges represent the association between the
target and GO function, while 179 black edges represent the
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interaction between the compound and the target. GO func-
tions were ranked according to the size of the Cp, and most
of the compound targets were found to be enriched in response
to oxidation (GO: 1901700), drug response (GO: 0042493),
small molecule metabolic processes (GO: 0044281), cell prolif-
eration (GO: 0008283), transport regulation (GO: 0051049),
secretion regulation (GO: 0046903) and other GO functions
(See Table 2). These biological pathways are closely related
to liver health, involving oxidative stress, immune regulation,
cellular metabolism and other biological processes related to
acute alcoholic liver injury, indicating that the potential targets
of D. officinale differential chemical composition acting on
acute alcoholic liver injury are related to the acute alcoholic

liver injury, and secondary metabolites may be important
chemical components of D. officinale to intervene in acute
alcoholic liver injury.

3.6. Validation of the pharmacological activity of secondary
metabolites of D. officinale in the prevention of acute alcoholic
liver injury in mice

HE staining of liver tissues to observe the effects of D. offici-
nale extracts of different origins on the liver of mice with acute
alcoholic liver injury (Fig. 8). The mouse liver cells in the BG
group were neatly arranged, with intact cell structure and well-
defined nuclei and cell pulp shapes. Compared with the BG
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Fig. 6 Potential targets of differential chemical action of D. officinale associated with acute alcoholic liver injury. The green diamond
nodes represent differential compounds in D. officinale, the blue circular nodes represent disease targets related to acute alcoholic liver
injury, the orange circular nodes represent other disease targets, and the lines between the nodes represent potential relationships of

compounds to the targets.

group, the liver cells in the AG group were blurred, with swol-
len cells, incomplete cell membranes, and obvious intracellular
vacuoles, and the nuclei were wrinkled or even disappeared,
indicating obvious pathological changes in the liver tissue of
the AG group. Compared with the AG group, the hepatocyte
injury of mice in the AL high-dose group was improved, with
gradually well-defined cell outlines, clear cell structures and
fewer intracellular vacuoles, while the liver cells of the remain-
ing D. officinale extract administration group were obviously
swollen, with incomplete cell membranes, intracellular vac-
uoles and crumpled or even disappeared nuclei. The results
showed that AL D. officinale extract had alleviating effects
on acute alcoholic liver injury in mice.

Serum ALT and AST were measured in each group of mice
(Fig. 9). Compared with the BG group, the serum ALT levels

and AST levels in the AG group were significantly higher
(P < 0.05), indicating that a single dose of 53% ethanol
(10 mL/kg) by gavage in mice can cause liver damage and
the method can be used to establish a mouse model of acute
alcoholic liver injury. Compared with the AG group, the serum
ALT and AST of mice in the AL high-dose group were signif-
icantly reduced (P < 0.05); the serum AST levels of mice in the
DS low-dose group and XY low-dose group were significantly
reduced (P < 0.05), but the changes in ALT were not signifi-
cant (P > 0.05). The results indicated that the high dose of AL
D. officinale extract could significantly reduce the serum
transaminase level in mice with acute alcoholic liver injury.
Taken together, the results suggest that AL D. officinale
extract has a preventive effect on acute alcoholic liver injury
in mice.
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Fig. 8 High dose of AL D. officinale extract ameliorates liver pathological damage in mice. HE stain, x400. BG represents the blank
group, AG represents the model group, SFJB represents the positive control group, AL represents the D. officinale extract group in
Anlong, Guizhou, YQ represents the D. officinale extract group in Yueqing, Zhejiang, DS represents the D. officinale extract group in
Dushan, Guizhou, and XY represents the D. officinale extract group in Xingyi, Guizhou, where -L indicates the D. officinale extract low

dose group and -H indicates the D. officinale extract high dose group.

4. Discussion

Secondary metabolites are a group of small organic com-
pounds produced by secondary metabolism that are not essen-
tial for the normal functioning of cellular life activities and
plant growth and development. They not only play an impor-
tant role in the life activities of plants, but some of these sec-
ondary metabolites also have pharmacological activities.
However, due to the many kinds of secondary metabolites,
complex composition and highly susceptible to the plant
growth environment, little research has been done on them
so far, so it is very important to find a suitable method to ana-
lyze secondary metabolites, and D. officinale contains rich
chemical components, including polysaccharides, dendrobine,
lignans, amino acids, flavonoids and many other chemical
components, but D. officinale polysaccharide has been used
as its quality evaluation standard, whether the amount of D.
officinale polysaccharide content can represent its quality,
our research answered this question. We analyzed the sec-
ondary metabolites and polysaccharide contents of D. offici-
nale with enough samples from four different producing
areas and found that the differences in production sources
affected the secondary metabolites and polysaccharide con-
tents. This is also consistent with the conclusion that the poor
cultivation conditions and cultivation environment of D. offic-
inale affect the planting and growth of D. officinale reported in
previous studies (Yuan et al., 2020). On the other hand, D.
officinale with low polysaccharide content is rich in secondary

metabolites, and the content trend of secondary metabolites in
D. officinale is not consistent with that of polysaccharide,
which once again proves that it is unreasonable to use polysac-
charide content as a single quality evaluation standard for D.
officinale.

At the same time, we screened and identified 11 chemical
components from D. officinale group, except Raffinose, the
contents of the other 10 components in D. officinale samples
were significantly higher than those in the other three groups
(P < 0.05), and among these different secondary metabolites,
some studies have shown that these secondary metabolites are
pharmacologically active. For example, a-linolenic acid has
cardiovascular protective, anti-inflammatory and antioxidant
effects (Kim et al., 2014). a-linolenic acid inhibits the genera-
tion of reactive oxygen species (ROS) and suppresses
cadmium-induced oxidative stress, neuroinflammation and
neurodegeneration in the mouse brain when administered
orally (Alam et al., 2021). Pinellic acid is an unsaturated fatty
acid with immunomodulatory, immune response enhancing
and anti-inflammatory properties, it can enhance the nasal
influenza HA vaccine IgA response and produce adjuvant
activity when administered via the GI tract (Nagai et al.,5
2002; Choi et al., 2013) Coumarin belongs to the phenyl-
propanoid compound with various pharmacological effects
such as anticoagulant, antibacterial, anti-inflammatory and
neuroprotective, and has significant immunomodulatory activ-
ity for the treatment of immunosuppressive diseases
(Annunziata et al., 2020). However, the pharmacological activ-
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ity of these chemical components in D. officinale has not been
reported, but this does not mean that the secondary metabo-
lites of D. officinale are not important. Such as Apigenin-7-
rutinoside is a flavonoid that has been identified and isolated
from Dendrobium and has biological activities of oxidative
stress inhibition, antioxidant, and hepatocyte protection
(Wang et al., 2003). Bibenzylates in D. officinale have been
demonstrated to have pharmacological effects as anti-
inflammatory, antioxidant, and improve intestinal homeostasis
(Li et al., 2020). However, studies on the medicinal active
ingredients of D. officinale have been focused on Dendrobium
polysaccharides, which are also considered to be the main
active ingredients of D. officinale (Chen et al., 2021). There-
fore, it is very important to find a suitable method to study
the pharmacodynamic activity of the secondary metabolites
of D. officinale. And in our study, the pharmacological effects
of 11 different chemical components of D. officinale were stud-
ied by network pharmacology, and it was found that the sec-
ondary metabolites of D. officinale had the effect of
preventing acute alcoholic liver injury in mice. In previous
studies, chemical components in plants were usually isolated
and then the pharmacological effects or pharmacodynamic
activities of chemical components were studied one by one.
However, the chemical components in traditional Chinese
medicine are complex, with the characteristics of multi-
component, multi-target and low side effects, and the pharma-

codynamic mechanism of traditional Chinese medicine is char-
acterized by multi-level, multi-target and overall regulation.
The pharmacodynamic study of a single chemical component
is not sufficient to discover the pharmacodynamic effect caused
by the interaction of multiple chemical components. While net-
work pharmacology can reveal the interactions between multi-
ple targets in D. officinale from the perspective of complex
biological networks, further helping us to discover their phar-
macological effects, our network pharmacology results help us
to discover the underlying biological activity mechanisms of
these differential secondary metabolites involved in several
biological processes closely related to acute alcoholic liver
injury, such as cellular immunity, inflammation and oxidative
stress. Moreover, acute alcoholic liver injury is a type of liver
damage associated with excessive alcohol consumption
(Torruellas et al., 2014). Excessive alcohol consumption leads
to the accumulation of ROS, which in turn leads to oxidative
stress, ER stress and steatosis, while excessive alcohol con-
sumption also leads to innate immune activation, which stim-
ulates the production of pro-inflammatory factors by Kupffer
cells and promotes the development of liver damage (Shao
et al., 2020). These small molecules may play an important role
in the prevention of acute alcoholic liver injury of D. officinale
by participating in the comprehensive regulation of biological
pathways such as oxidative stress, cellular immunity and
inflammation.
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On the other hand, our pharmacodynamic experiments
showed that the prediction results of our network pharmacol-
ogy were correct, and the AL group with low polysaccharide
content but significant differences in secondary metabolites
could significantly reduce the elevation of serum ALT and
AST induced by alcohol in mice. Alcohol is one of the
carcinogens released by the World Health Organization.
Excessive daily intake of alcohol is easy to cause damage to
the digestive system and nervous system, and induce acute
alcoholic gastritis, digestive tract ulcers, peripheral neuritis
and other diseases (Akiyama et al., 2008; Zhang et al., 2018).
As the largest metabolic organ of the body, liver is also the
main place of ethanol metabolism. During liver metabolism,
ethanol is metabolized to acetaldehyde mainly by ethanol
dehydrogenase and produces a large number of reactive oxy-
gen species (ROS). Liver damage caused by excessive alcohol
consumption is one of the important risk factors for liver fibro-
sis, cirrhosis, liver cancer and other diseases, as well as one of
the major preventable causes of high morbidity and mortality
in the world (Trimble et al., 2013; Blachier et al., 2013). More-
over, ALT mainly exists in the plasma of liver cells. When liver
cells are damaged, the intracellular aminotransferase can enter
the blood and cause the level of ALT in serum to increase.
AST also exists in the plasma of hepatocytes and is distributed
in mitochondria. When hepatocytes are severely damaged,
AST releases human blood from mitochondria and increases
the serum AST level. Therefore, our pharmacodynamic results
once again demonstrate the potential pharmacological activity
of D. officinale secondary metabolites in the prevention of
acute alcoholic liver injury.

Our study showed that the quality of D. officinale should
not be judged by polysaccharide content, but should also con-
sider the content of secondary metabolites. Our study provided
a new reference for the quality evaluation standard of Dendro-
bium officinale in the cultivation process, and also provided a
new idea for the pharmacodynamics study of secondary
metabolites of D. officinale. On the other hand, most of the
current drugs for the treatment of alcoholic liver injury are
only effective under certain conditions and have certain side
effects, making it difficult to achieve multi-target and multi-
level coverage. However, the treatment of most diseases is
related to multiple targets, and it is difficult to achieve appro-
priate therapeutic effects against a single target (Kendrick
et al., 2010; Louvet et al., 2015). Our study found that the sec-
ondary metabolites of D. officinale are important active com-
ponents in the prevention of acute alcoholic liver injury of
D. officinale. These active components can act on multiple tar-
gets, and our study also provides a new idea for the develop-
ment of therapeutic drugs for acute alcoholic liver injury.

5. Conclusion

In this study, it was found that the overall profile of secondary metabo-
lites in D. officinale with low polysaccharide content was significantly
different from that of other D. officinale. D. officinale had the effect
of preventing acute alcoholic liver injury in mice, and the polysaccha-
ride content of D. officinale with obvious pharmacological activity was
the lowest, but the difference in the content of secondary metabolites
was the most obvious. The contents of secondary metabolites of D.
officinale were significantly different, suggesting that the pharmacody-
namic activity of D. officinale in preventing acute alcoholic liver injury

was related to its secondary metabolites, and polysaccharide was not
the only active component of D. officinale in preventing acute alcoholic
liver injury. On the other hand, small molecules of differential sec-
ondary metabolites, such as hydroxyllinolenic acid, L-tertiary leucine,
coumarin, vincristine 3 and apigenin-7-o-rutinoside, which were
selected in this study, may be active markers of D. officinale for the pre-
vention of acute alcoholic liver injury, which may be a useful supple-
ment to the current quality standard of D. officinale based only on
polysaccharides. It provides a new reference for evaluating the quality
of D. officinale more comprehensively.
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