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ABSTRACT: Isodon suzhouensis from Suzhou, China, is a traditional
Chinese herb with wide applications in medicine and food. The antioxidant
activity against oxidative stress of the leaves of Isodon suzhouensis is a myth
since long and is not explored earlier thoroughly. The present study is
focused to explore the active components in Isodon suzhouensis leaf extracts
responsible for antioxidant effects against oxidative stress and the potential
mechanism of this activity. We obtained the chromatograms of Isodon
suzhouensis leaf extracts by the high-performance liquid phase (HPLC) for
possible detection of antioxidant constituents. Some compounds in Isodon
suzhouensis leaf extracts were then further assessed through the luminol
luminescence mechanism combined with HPLC analysis as well as with
SwissTargetPrediction database that helped to screen out the other
constituents. The targets for effects against oxidative stress were then
further screened through the GeneCards database, and the PPI network was constructed. The targets were analyzed by GO and
KEGG using the David database. The obtained results were then further studied by employing in vitro experimentation and protein
expression analyses by Western blotting. It is found that Isodon suzhouensis leaf extracts contain rutin, isoquercetin, glaucocalyxin A,
glaucocalyxin B, and other compounds with antioxidant activity. The activity map of the free radical scavenging signals from Isodon
suzhouensis showed a strong ability to scavenge free radicals with the highest capacity of glaucocalyxin B followed by isoquercetin
succeeding the glaucocalyxin A supervening the rutin. Further network pharmacological analyses and in vitro experimentation
showed that Isodon suzhouensis leaf extracts interfere with TNF and the p38 MAPK signaling pathway for antioxidant effects against
oxidative stress. Conclusively, it is found that Isodon suzhouensis leaf extracts possess strong antioxidant potential via targeting TNF
and p38 MAPK signaling pathways against oxidative stress, providing scientific foundation for further studies on Isodon suzhouensis
for the further therapeutic approach.

1. INTRODUCTION
Oxidative stress is a manifestation of the imbalance between
oxidative and antioxidant metabolism. It is a serious metabolic
disorder caused by the increase of reactive oxygen species
(ROS), resulting in a certain degree of injury.1,2 In this state, a
large number of free radicals attack the body cells, causing
apoptosis, necrosis, and several other ailments.3 At the same
time, the increase of ROS in the body can activate the signal
pathway sensitive to oxidative stress and further cause cell
damage.4 Recent studies have shown that the abnormal
expression of free radicals often leads to diseases and cancer,
aging, and many other diseases.5,6 However, antioxidants can
effectively overcome the harm caused by too many free radicals.
Therefore, the antioxidant properties of substances have become
one of themainstream research and development directions, and
it is a need of time to find effective and safe natural
antioxidants.7,8

Isodon suzhouensis is a perennial herb of the genus Camellia
from the Labiatae family.9 It mainly grows in the natural
ecological environment areas of the mountain forests and
hillsides in Suzhou and other places of China.10 The local people
in Suzhou call it “Wangzaozi” or “Wangsaozi”. Isodon suzhouensis
contains a variety of effective medicinal ingredients, including
flavonoids, terpenes, and other substances.11 It is popular among
people because of its antibacterial, anti-inflammatory, anti-
tumor, antithrombotic, body-calming, and detoxicating func-
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tions.12,13 Natural plant extracts are rich in active ingredients
such as phenols and flavonoids, which are relatively safe and are
regarded as an important source of exogenous antioxidant
substances.14−16 Therefore, it is of great significance to study the
antioxidant activity of Isodon suzhouensis and its intervention on
oxidative stress.
Network pharmacology is the use of modern electronic

information technology and then establishing a “drug-disease-
target-pathway” network relationship. It is of great importance
to predict and enrich the potential targets and pathways of
traditional Chinese medicine in the treatment of diseases.17 It
can reflect the complex interaction between biological macro-
molecules and chemical components to a great extent. Themore
effective components of traditional Chinese medicine can be
screened out through network pharmacology, which can provide
a basis for more targeted traditional Chinese medicine
research.18 In addition, high-performance liquid phase
(HPLC) has the characteristics of efficient separation, which,
combined with the advantages of a wide linear range and high
sensitivity of CL, has become effective to trace or even ultratrace
analysis technology.19

In light of these facts, we designed our present study in which
we first used the HPLC-CL technique to analyze the active
antioxidant components in the leaves of Isodon suzhouensis and
further analyzed the related effects on disease targets through
network pharmacology and then used in vitro cell experiments
to verify the protective effect of Isodon suzhouensis leaf extracts
on cells under oxidative stress. The objective of the study was to
explore the components from Isodon suzhouensis leaf extracts
against oxidate stress and its potential mechanism for its
potential therapeutic utility.

2. MATERIALS AND METHODS
2.1. Materials and Reagents. Isodon suzhouensis leaves

were supplied by Suzhou Lvyuan traditional Chinese Medicine
Technology Co., Ltd. (Suzhou, China). Acetonitrile, 95%
ethanol, luminol, H2O2, and methanol were purchased from
Aladdin. Penicillin−streptomycin solution and fetal bovine
serum were obtained from Biological Industries (Beit-Haemek,
Israel). The Dulbecco’s modified Eagle medium (DMEM)
medium was purchased from Gibco (Grand Island, NY, USA).
The BCA protein quantification kit, SOD assay kit, MDA assay
kit, and RIPI lysate were purchased from Beyotime (Shanghai,
China). Antibodies against p-p38, β-actin, and HRP-labeled
goat anti-rabbit were purchased from Bioworld. Antibodies for
p38 and TNF-α were obtained from Proteintech (Wuhan,
China). Cigarettes are purchased locally, and the oil content of
each cigarette was 10 mg, the nicotine content in the smoke was
0.9 mg, and the carbon monoxide in the smoke was 12 mg. For
comparison, standard compounds of more than 98% purity
including glaucocalyxin A, glaucocalyxin B, isoquercetin, and
rutin were obtained from Shanghai Chen Gong Biotechnology
Co., Ltd.
2.2. HPLC-CL Analysis. 2.2.1. Sample and Solution

Preparation. Preparation of sample solution: dried Isodon
suzhouensis leaves were crushed into powder in a traditional
Chinese medicine grinder and the powder was sifted through 80
mesh, as well as 2.0 g of Isodon suzhouensis leaf powder was
precisely weighed and placed in a conical bottle with a stopper. It
was then further treated ultrasonically with 95% ethanol 20 mL
at 40 °C for 50 min and then filtered. After each end, the filter
residue was filtered and 20 mL of 95% ethanol was added to
continue to extract twice with the same method. Finally, the

filtrates were combined and fixed to 100 mL using 95% ethanol.
The collected samples were processed by filtration through a
0.45 μm microporous membrane; then, a part of them was
injected into HPLC-CL for analysis and the other part was
subjected to rotary evaporation, and the obtained concrete was
weighed and stored away from light for cellular experiments.
Preparation of standard solutions of glaucocalyxin B: The

standard 4.235 mg standard of glaucocalyxin B was precisely
weighed, dissolved in ethanol, and then, a fixed volume was put
into a 10 mL volumetric flask, and the concentration of 0.4235
mg/mL standard solution was obtained. It was labeled and
stored in a refrigerator at 4 °C, avoiding light exposure.
Preparation of standard solutions of rutin: The standard

solution of rutin was prepared by precisely weighing it to 3.424
mg, dissolved in ethanol, and then put into a 10 mL volumetric
flask to prepare the rutin standard solution of 0.3424 mg/mL
concentration. It was labeled and stored in a refrigerator at 4 °C,
avoiding light exposure.
Preparation of standard solutions of glaucocalyxin A: The

standard solution of glaucocalyxin A was prepared by precisely
weighing 3.660 mg of glaucocalyxin A and dissolving it in
ethanol, and then, a fixed volume was put into a 10 mL
volumetric flask to make the standard solution of glaucocalyxin
A with 0.366 mg/mL. It was labeled and stored in a refrigerator
at 4 °C, avoiding light exposure.
Preparation of standard solutions of isoquercitrin: The

isoquercitrin 2.176 mg standard solution was prepared by
precisely weighing and dissolving in ethanol; then a fixed volume
was put into the 10 mL volumetric flask, and the concentration
of 0.2176 mg/mL of isoquercitrin standard solution was
prepared. It was labeled and stored in a refrigerator at 4 °C,
avoiding light exposure.
Preparation of mixed standard solution: The four single

standard solutions prepared above were taken, 1 mL of each
solution was taken and put into a 10 mL volumetric flask, and
then the volume was fixed. A mixed standard solution of rutin
with a concentration of 0.03424 mg/mL, glaucocalyxin B with a
concentration of 0.04235 mg/mL, glaucocalyxin A with a
concentration of 0.0366 mg/mL, and isoquercitrin with a
concentration of 0.02176 mg/mL was prepared.
Preparation of Luminol−H2O2 solution: preparation of 0.5%

hydrogen peroxide: 0.5 mL of H2O2 was diluted to 100 mL;
preparation of luminol test solution: 0.2320 g of luminol was
precisely weighed and dissolved in 0.1 mol/L NaOH with
carbonic acid buffer solution to a fixed volume to 1 L;
preparation of 0.5% hydrogen peroxide: 0.5 mL of H2O2 was
diluted to 100 mL.
2.3. HPLC Conditions. The model of HPLC equipment is

LC-20 AD (Shimadzu, Japan). The separation was performed
on a ShimPackODSC18 (250 mm × 4.6 mm, 5 μm) column,
with acetonitrile (A) and 0.5% acetic acid solution (B) as the
mobile phase for binary gradient elution. The total flow rate was
0.8 mL/min, the column temperature was 30 °C, and the
detection wavelength was 250 nm. For the detection solution
and standard mixed solution, the binary gradient elution time
procedure of WZZE is shown in Table 1.
2.4. Establishment of the HPLC-CL System. The system

is composed of an HPLC device, and a chemiluminescence
detection system device connected by a tee joint and a
polytetrafluoroethylene tube. It includes the composition of
the relevant parts of the liquid phase device: high-pressure
transfer pump, chromatographic column, automatic sampler,
and chemiluminescence device (BPCL-1-ZD, Institute of
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Biophysics, Chinese Academy of Sciences): peristaltic pump,
detection cell, photomultiplier tube, and so on; refer to Figure 1
for details. The main principle is that after the sample is
separated by a chromatographic column, each active component
is mixed with the working liquid of the light-emitting device
behind the column, the detector can synchronously record the
chromatographic signal and the luminous signal, and the active
substance that can scavenge free radicals is converted into an
electrical signal, which appears in the map in the form of an
inverted peak.
2.5. Network Pharmacology Analysis. The secondary

structures of rutin, isoquercitrin, glaucocalyxin A, and
glaucocalyxin B were predicted by Pubchem database
(https://pubchem.ncbi.nlm.nih.gov/), and the targets of these
compounds were predicted by SwissTargetPrediction database
(http://www.swisstargetprediction.ch/). Using the Genecards
database (http://genecards.org/) to search with “antioxidant”
as the keyword, the relevant targets of antioxidation were
obtained, and the targets corresponding to the active
components of the four compounds in Isodon suzhouensis were
intersected, and the potential targets of the four compounds
interfering with antioxidation were obtained. The target data
were imported into David database (https://david.ncifcrf.gov/
list.jsp) for GO (Gene Ontology) analysis and KEGG (Kyoto
Encyclopedia of Genes and Genomes) analysis. Taking P < 0.05
as the screening condition, the top 10 items in GO analysis and
the top 20 items in KEGG analysis were drawn for visual
analyses.20

2.6. Cell Experiment. 2.6.1. Cell Culture and Treatment.
RAW264.7 was placed in DMEMmedium containing 10% fetal
bovine serum and 1% double antibody and was routinely
cultured in a cell incubator at 37 °C and 5% CO2. The cigarette
smoke was sucked by a syringe and injected into the flask of 20
mL 10% FBS DMEM. The flask was shaken to make it dissolve
completely. The pH was adjusted to about 7.4 by NaOH. The
obtained solution was sterilized by a 0.22 μm filter membrane
and used as the raw solution of 100% CSE. In addition, the
extract from the leaves of Isodon suzhouensis used in the HPLC

experiment was rotated and evaporated to the shape of concrete
and dried in a water bath to get the extract powder of Isodon
suzhouensis and dissolve to get WZZE. When the RAW264.7
cells grew to more than 80% of the Petri dish area, the cells were
digested and centrifuged, and 1× 106 cells per dish were inserted
into the cell Petri dish. The control group, model group (CSE
group), and administration group (CSE + WZZE 10, 50, 100
μg/mL) were set up and cultured again at 37 °C and 5%CO2 for
24 h in the cell culture box. (The final concentration of CSE was
10%, and this concentration of CSE was verified by us to be able
to produce some oxidative damage to the cells while maintaining
their relative viability.)
2.7. ROS Detection. The cells were treated according to the

above groups; after 24 h, the cells were washed with PBS 3 times.
The DCFH-DA DMEM medium containing 10 μmol/L was
added to each group. The level of ROS was observed under a
fluorescencemicroscope after being cultured in the incubator for
30 min.
2.8. SOD andMDA Detection. The cells treated with CSE,

WZZE, or rutin were collected and centrifuged at a rotational
speed of 12,000 g. The supernatant was taken and the activities
of SOD and content of MDA were detected strictly according to
the operation steps of the kit.
2.9. Western Blot. RAW246.7 cells in the logarithmic

growth phase were cultured in a 6 cm Petri dish. Twenty-four
hours after administration, an appropriate amount of lytic
solution was added. After 10 min, it was placed at −80 °C, and
the cells were collected in a curette dish and placed in a
refrigerator at 4 °C for 30 min. The supernatant was collected by
centrifugation at 12,000 rpm for 10 min, and the protein was
quantified by the BCA method. The protein was separated by
12% SDS-PAGE electrophoresis, transferred to a membrane,
sealed with 5% BSA at room temperature for 3 h, incubated with
the first antibody at 4 °C overnight, washed with TBST 3 times,
(for 8 min every time), and incubated with the second antibody
at room temperature for 1 h 8 min 3 times, added enhanced
chemiluminescence (ECL) solution, and the target protein was
detected by an e-BLOT Touch Imager (e-BLOT, Shanghai,
China).
2.10. Statistical Analysis. Prism Graphpad 8 is used for

statistical analysis, which is expressed by mean ± SEM. Student
T test was used for comparison between the two groups, and
univariate ANOVA analysis of variance was used for comparison
betweenmultiple groups. The P value of less than 0.05 was taken
as a significant statistical difference.

Table 1. Gradient Elution Conditions

T (min) acetonitrile (A) 0.5% acetic acid (B)

0 10 90
10 12 88
20 16 84
25 25 75
35 40 60
45 22 78

Figure 1. HPLC-CL system device diagram.
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3. RESULTS
3.1. Method Validation. We took the stock solutions of

different standards that have been configured, diluted them with
gradient concentration to obtain 5 standard solutions for each
component, injected the samples for detection, and performed
linear regression on the content of standard (mg/mL) (X) with
the chromatographic peak area (Y).
The sample solution was injected into the sample solution

three times at 0, 4, 8, 12, and 24 h respectively. The contents of
rutin, isoquercitrin, glaucocalyxin A, and glaucocalyxin B in the
samples were determined according to the chromatographic
conditions described earlier. The results showed that the relative
standard deviation (RSD) of the relative peak area of
glaucocalyxin A, glaucocalyxin B, rutin, and isoquercitrin was

1.28, 1.72, 0.98, and 1.15%, respectively, indicating that the
sample solution was stable within 24 h.
Twenty μL of rutin (0.3424 mg/mL), isoquercitrin (0.2176

mg/mL), glaucocalyxin B (0.0042mg/mL), and glaucocalyxin A
(0.0366 mg/mL) were measured. According to the previous
chromatographic conditions, the total elution time was 60 min,
and the peak area was determined by continuous injection 5
times. After calculation, the RSD values obtained were 0.19,
1.24, 0.56, and 1.12%, respectively, and the corresponding
characteristics and number of chromatographic peaks were
found with no significant change, indicating that the precision of
the instrument is good.
Two grams of the same batch of samples with known content

were precisely weighed, and three different doses of rutin,

Figure 2. HPLC diagram of mixed standard and leaves of Isodon suzhouensis. (A) HPLC chromatograms of standard substances, 1−4 were rutin,
isoquercitrin, glaucocalyxin A, and glaucocalyxin B, respectively. (B) HPLC chromatogram of Isodon suzhouensis leaves, 1−4 were rutin, isoquercitrin,
glaucocalyxin A, and glaucocalyxin B, respectively.
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isoquercitrin, glaucocalyxin A, and glaucocalyxin B were
precisely added, and a total of 4 samples, using the chromato-
graphic conditions mentioned above, were evaluated. The
recoveries of isoquercitrin, rutin, glaucocalyxin A, and
glaucocalyxin B were 101.1% (RSD 2.5%), 99.5% (RSD
2.1%), 100.8% (RSD 1.8%), and 102.2% (RSD 2.3%),
respectively.
3.2. HPLC-CL Analysis. As the first step, the Suzhouensis leaf

extracts were studied to obtain the peaks on graph (Figure 2B)
as raw samples which were then further compared with the
determined standards (rutin, isoquercitrin, glaucocalyxin A, and
glaucocalyxin B mixed standard HPLC graph), and they were
compared and thoroughly identified, as shown in Figure 2A. It
was found that signal peaks of 1, 2, and 4 were stronger and peak
3 was relatively weak in the HPLC graph plot of WZZE. The
substances corresponding to peaks 1, 2, 3, and 4 were rutin,
isoquercitrin, glaucocalyxin A, and glaucocalyxin B. After the
sample was separated by the chromatographic column, the
activity spectrum 3 corresponding to the free radical scavenging
signal of WZZE was synchronously recorded by HPLC-CL. It
was found that the corresponding CL spectra of peaks 3 and 4
had a strong ability of scavenging free radicals, while peaks 1 and
2 were weak and concentrated within 30−45 min (Figure 3),
indicating that glaucocalyxin A in WZZE has a strong ability of
scavenging free radicals. At the same concentration, according to
the above chromatographic conditions, the peak area of

isoquercitrin was the largest, followed by those of glaucocalyxin
B, rutin, and glaucocalyxin A being smaller. Combined with the
free radical scavenging ability shown in Figure 3, it was deduced
that the antioxidant activity pattern among these four
compounds was glaucocalyxin B > isoquercitrin > glaucocalyxin
A > rutin.
3.3. Content Determination. For content determination,

we obtained four linear regression equations about chromato-
graphic peak areas and standard content curves, as shown in
Table 2. It was found that there was a good linear relationship
between the rutin concentration and the peak area at 35−340
μg/mL, isoquercitrin at 25−200 μg/mL, the glaucocalyxin A
concentration and the peak area at 40−350 μg/mL, and
glaucocalyxin B at 45−420 μg/mL. The content of each
substance in the sample was obtained by calculation. According
to the linear relationship equation and the peak area of the
sample, the content of each substance in the standard was
calculated. The results are shown in Table 3.
3.4. Target Prediction of WZZE. The four identified

compounds were added for prediction by the SwissTargetPre-
diction database, and a total of 185 targets were selected; these
were then further cross-matched with 4285 targets related to
antioxidation by the GeneCards database. The four compounds
in the leaves of Isodon suzhouensis were intersected with the
targets related to antioxidation by Venn drawing software. The
131 targets were then further shortlisted, as shown in Figure 4.

Figure 3. Chemiluminescence map of Isodon suzhouensis leaves, 1−4 were rutin, isoquercitrin, glaucocalyxin A, and glaucocalyxin B, respectively.

Table 2. Linear Relationship

compound linear relationship r2 linear range (μg/mL) LOD (μg/mL) LOQ (μg/mL)

rutin Y = 12791289.523X + 198999.733 0.999 35−340 0.121 0.360
isoquercitrin Y = 46495647.521X + 176085.449 0.999 25−200 0.501 1.511
glaucocalyxin A Y = 12782983.607X + 480015.667 0.996 40−350 0.131 0.402
glaucocalyxin B Y = 16993892.388X + 11168.291 0.999 45−420 0.114 0.330

Table 3. Contents of Various Substances in Leaves of Isodon suzhouensis

batch number rutin (mg/g) isoquercitrin (mg/g) glaucocalyxin A (mg/g) glaucocalyxin B (mg/g)

20210603 1.43909 0.99037 1.28695 2.04525
20210604 1.47087 0.98927 1.32558 2.06985
20210605 1.46943 0.99135 1.29615 2.07233
average content 1.459797 0.99033 1.302893 2.062477
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3.5. Go Analysis and KEGG Analysis of Antioxidation
of Four Compounds in WZZE. Shortlist potential targets
(131) of WZZE interfering with antioxidation were imported
into David database for GO analysis and KEGG metabolic
pathway enrichment analysis. The results of GO analyses
(Figure 5A) showed that the biological process mainly include
protein phosphorylation, response to foreign stimuli, drug
response, and others. From the cellular composition, it can be
inferred that these targets were mainly concentrated in the
components of the plasma membrane, membrane raft, neuronal
cell body, presynaptic membrane, and cell surface. Molecular

functions were mainly concentrated at protein serine, threonine,
tyrosine kinase activity, transmembrane, and receptor protein
tyrosine kinase activity. KEGG pathway analyses showed that
the main pathways focused on cancer pathways, ligand-receptor
interactions that stimulate nerve tissue, calcium signaling
pathways, lipid and atherosclerosis, as well as tumor necrosis
factor signaling pathways (Figure 5B). These results collectively
converged to appeal that WZZE may play an antioxidant role by
regulating a variety of biological pathways to participate against
oxidative stress pathways.
3.6. ROS Assay. The DCFH-DA probe method was used to

detect the ROS content in cells, as shown in Figure 6. It was
found that as compared to the blank group, the level of ROS in
the model group was increased, and the difference was obvious.
While comparing with the model group, the level of ROS in the
cells treated with the WZZE medium-dose group (50 μg/mL)
and high-dose group (100 μg/mL) decreased. The results
showed that WZZE may effectively reduce the level of ROS in
cells induced by CSE, thereby inhibiting oxidative stress and
protecting cells.
3.7. SOD and MDA Assay. To verify the effect of WZZE

and its active ingredient rutin on the indexes related to the
oxidative stress of RAW264.7 induced by CSE, we tested the

Figure 4. Venn diagram of antioxidant targets of four compounds in
leaves of Isodon suzhouensis.

Figure 5. GO and KEGG function enrichment analysis. (A) GO function enrichment analysis (cell component (CC), molecular function (MF), and
biological process (BP)). (B) KEGG function enrichment analysis.
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SOD activity and MDA content in RAW264.7 cells exposed to
CSE. As described in Figure 6A,C, the activity of SOD in
RAW264.7 cells was significantly decreased under the induction
of CSE; however, the expression of MDA was significantly
increased. AfterWZZE intervention, this abnormal expression of
SOD activity and MDA content were significantly reversed, and
this reversal phenomenon increased with the increase of the
drug concentration. In addition, rutin has the same effect as
WEEZ (Figure 7B,D).
3.8. Effects of WZZE on the Expression of Signaling

Pathway Proteins Related to Inflammation and Oxida-
tive Stress. Combined with network pharmacology analyses,
the effects of TNF-α, p-38, and p-p38 protein expressions in cells
were detected by Western blot, and the results are shown in
Figure 8. Compared with the control group, the ratio of p-p38/

p38 in the model group was significantly increased while the
expression level of TNF-α was significantly decreased (P <
0.01). Alternatively, upon comparison with the model group,
both the middle and high doses of WZZE significantly down-
regulated the ratio of p-p38/p38 and inhibition of the expression
of TNF-α protein was also found (P < 0.01).

4. DISCUSSION
With the advancement in the technology and analytical tools as
well as the progressive detection expertise, the utilization of
HPLC-CL is on rise. HPLC-CL has the characteristics
advantage of good separation effect, strong selectivity, and
swift analysis speed. It can quickly analyze the antioxidant
activity of the substance, which not only improves the problem
of poor selectivity of chemiluminescence detection but also
expands its application range.21 There are several related
literature reports that have employed HPLC-CL analysis
technology for the detection and identification of chemical
fingerprint peaks and antioxidant activity fingerprint peaks
corresponding to each component in the mixed sample.22 In
addition, the luminol−H2O2 system is the most widely used
reaction system at present that not only generates hydrogen
peroxide (H2O2) but also generate superoxide anion radicals
(O2

−•) and hydroxyl radicals (•OH). These radicals may
scavenge biological excessive O2

− in the body, and scavenging
free radicals is an important manifestation of the ability to resist
oxidative stress.23,24 Based on these facts, our present study was
established employing the HPLC-CL method for WZZE. Our
findings showed that terpenes and flavonoids had antioxidant
properties by HPLC-CL combined technology, and the ability
of scavenging free radicals of rutin, isoquercetin, glaucocalyxin
A, and glaucocalyxin B was determined by CL spectra. At the

Figure 6. Effects of WZZE on ROS in CSE-induced RAW264.7 cells,
photomicrographs were taken at 100×. Green fluorescence intensity
represents the ROS content.

Figure 7. Effects of WZZE and rutin on SOD and MDA in CSE-induced RAW264.7 cells. (A) Effect of WZZE on SOD activity in CSE-induced
RAW264.7 cells. (B) Effect of rutin on SOD activity in CSE-induced RAW264.7 cells. (C) Effect of WZZE on MDA content in CSE-induced
RAW264.7 cells. (D) Effect of rutin on theMDA content in CSE-induced RAW264.7 cells. Values are mean± SEM of three independent experiments.
##p < 0.01, different from the values in the control group and #p < 0.05, different from the values in the control group. **p < 0.01, significantly different
from the values in the CSE group and *p < 0.05, different from the values in the CSE group.
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same time, under this condition, the active substances contained
in WZZE were well separated, and the content of known
compounds was accurately figured out. The spectrum obtained
by the combination of HPLC-CL clearly showed the anti-
oxidative stress ability of active components in WZZE, which
was helpful for the rapid identification of active components in
WZZE.
Network pharmacology can reflect the complex interaction

between biological macromolecules and chemical components
to a large extent. Screening out the effective components from
traditional Chinese medicine through network pharmacology
can provide a basis for more targeted research on active
components from traditional Chinese medicine.25 Our pathway
enrichment studies showed that the main targets of the four
compounds in the leaves of Isodon suzhouensis were concen-
trated in the TNF signaling pathway and the cancer signaling
pathways. Therefore, when the body is under oxidative stress,
Isodon suzhouensis may relieve symptoms through regulating
these pathways.
CSE contains a variety of oxide components. When

macrophages are stimulated by CSE, cell oxidation and
antioxidation are out of balance and ROS expression increases,
resulting in neutrophil inflammatory infiltration, leading to
severe oxidative stress and inflammatory damage.26 It was found
that the addition of ROS inhibitor N-acetylcysteine may
significantly inhibit ROS and scavenge free radicals, thus
inhibiting oxidative stress damage.27 Our results showed that
CSE significantly promoted the expression of ROS, which was
consistent with previous studies. However, the content of ROS
was significantly inhibited by the addition of WZZE, suggesting
thatWZZE was quite effective against ROS scavengers to inhibit
oxidative stress. SOD is the main antioxidant enzyme in cells,
and its activity is directly related to the level of oxygen free
radicals, and the abnormal increase of oxygen free radicals in
cells will lead to the oxidation of lipids in cells, resulting in
oxidative stress damage, so SOD and MDA are also used as
classical markers for the detection of abnormal oxidative
stress.28−31 In our study, we also detected the activity of SOD
and the content of MDA in RAW264.7 cells exposed to CSE. As
previously reported, CSE significantly inhibited the activity of
SOD in cells and increased the content of MDA in cells.
However, when WZZE was added to cells, the activity of SOD
and the content of MDA were significantly reversed.
Furthermore, in addition, we examined the effects of rutin
(one of the four compounds we studied) on oxidative stress-
related indicators in cells under oxidative stress. Interestingly,

similar to WZZE, rutin also improved the activity of SOD and
the content of MDA in CSE-induced RAW264.7 cells. In
addition, some studies have shown that TNF-α, a classical
inflammatory signal factor, not only participates in the
inflammatory response but also involves in the process of
oxidative stress, destroying the balance of the oxidation-
antioxidant system in the body and then causing oxidative
damage.32 It had been reported that oxidative stress can trigger
inflammatory response and this inflammatory response may
further enhance oxidative stress.33 In most diseases, oxidative
stress and inflammatory response promote each other, thus
promoting the development of the disease.34 Therefore, the
inhibition of the inflammatory reaction may inhibit the oxidative
stress reaction. Similarly, as an important process pathway of cell
growth, development, proliferation, differentiation, and apop-
tosis, the p38 MAPK pathway was not only a regulatory
inflammatory response mediator35 but also interferes with
oxidative stress36 and plays an important role in the occurrence
and development of disease. In view of this, we investigated the
effect of WZZE on the pathway of TNF-α and p38 MAPK. Our
western blot results showed that CSE significantly upregulated
the expression of TNF-α and increased the ratio of p-p38/p38.
After the intervention of WZZE, the expression of TNF-α
decreased and the ratio of p-p38/p38 decreased significantly. It
was suggested that WZZE can exert the effects of anti-
inflammatory and antioxidant stress by inhibiting TNF-α and
p38 MAPK signaling pathways, which was even consistent with
the analysis of network pharmacology. In this study, although we
evaluated the antioxidant activity of the extract and the main
active components of Isodon suzhouensis, our study was limited.
We only matched the strong antioxidant components of the
above four. However, some compounds that still have strong
antioxidation have not been explored by us, which need us to
continue to study. The components of the extract of Isodon
suzhouensis are complex. Obtaining more complete ingredients
and antioxidant systems of Isodon suzhouensis is the top priority
of our exploration.
To sum up, this study explored the antioxidant stress

components and mechanism of WZZE by HPLC-CL technol-
ogy, network pharmacology, and in vitro cellular studies, which
provided a strong material basis and foundation for the further
development of the valuable therapeutic product from Isodon
suzhouensis leaves and may also provide the scientific basis for
the study of the antioxidant activity of other parts of Isodon
suzhouensis.

Figure 8. Effects of WZZE on the protein expressions of TNF-α, p-38, and p-p38 in CSE-induced RAW264.7 cells. (A)Western blot analysis of TNF-
α, p-p38, and p38 proteins in cells. (B) Relative protein expression of TNF-α. (C) Relative protein expression of p-p38/p38. β-actin was used as the
internal reference. Values are mean ± SEM of three independent experiments. ##p < 0.01, different from the values in the control group and #p < 0.05,
different from the values in the control group. **p < 0.01, significantly different from the values in the CSE group and *p < 0.05, different from the
values in the CSE group.
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