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Abstract

Background: Radix Aconiti Lateralis Preparata (Fu-zi) is a traditional Chinese medicinal
herb, which has been widely used in the clinic and has potent anti-inflammatory activities.
we aimed to explore the mechanisms of extract containing alkaloids from different Fu-zi
Processed Products (FPP) in treating inflammation, especially rheumatoid arthritis (RA).
Methods: Firstly, using network pharmacology technology, the ingredients, and targets of
Fu-zi were obtained by searching and screening, the targets involving RA were acquired, the
intersection targets were constructed a ‘"component-target-pathway' network. A
comprehensive investigation was conducted on the anti-rheumatoid arthritis mechanisms of
5 FPPs in lipopolysaccharide (LPS) induced RAW264.7 cells, which serve as a model for RA.
The production of NO and inflammatory cytokines were measured by ELISA Kkit.
Quantitative Real-time PCR (qRT-PCR) was utilized to measure the mRNA levels.
COX-2/PGE2 signaling pathway-associated proteins were determined by western blot.
Results: According to a network pharmacological study, 16 chemical components and 43
common targets were found in Fu-zi and 6 key targets including PTGS2 were closely related
to the mechanism of Fu-zi in treating RA. The in vitro study revealed that the levels of NO,
TNF-a, and IL-1p were substantially decreased by the 5 FPPs. The 5 FPPs significantly
suppressed the expression of proteins COX-2, iNOS, and NF-«B, with particularly notable
effects observed for PFZ and XFZ. Conclusion: Altogether, these results demonstrated that
the 5 PPS containing alkaloids have a good anti-RA-related inflammatory effect, and the
mechanism may be related to COX-2/PGE2 signaling pathway, particularly, Fu-zi prepared
utilizing a traditional Chinese technique.

Keywords: Radix Aconiti Lateralis Preparata (Fu-zi); rheumatoid arthritis; anti-inflammatory;
network pharmacology; COX-2/PGE2 signaling pathway
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Introduction

Inflammation represents the immune system's reaction to various
stimuli, including biological agents, physical irritants, chemical
substances, foreign materials, and necrotic tissue. Depending on the
inflammatory  process and cellular mechanisms involved,
inflammation can be classified as either acute or chronic [1]. Acute
inflammation, characterized by a short duration, local edema, and the
migration of leukocytes, is a defensive response initiated by the rapid
aggregation of immune cells at the site of injury. Chronic
inflammation, in contrast to acute inflammation, is a slow and
long-term form of inflammation that is primarily determined by the
cause of injury and the body's ability to repair it. Chronic
inflammation is also referred to as persistent low-grade inflammation.
Unlike acute inflammatory reactions, chronic inflammation can persist
for extended periods, ranging from weeks to months, or even be
lifelong in the context of certain chronic inflammatory conditions [2].
Therefore, acute inflammation can develop into chronic inflammation
due to persistent inflammation or poor repair [3-6]. Inflammatory
response represents the primary cause for several diseases.
Rheumatoid arthritis (RA) is a multifaceted and incapacitating
autoimmune disorder that predominantly affects the joints, resulting
in persistent inflammation, discomfort, and ongoing deterioration of
joint structures. It is a long-term condition characterized by persistent
inflammation, which can affect various systems in the body [7]. The
most common lesion sites in RA are the small joints in the hands and
feet, and are characterized by pain, swelling, and limited function. RA
can cause cartilage damage, joint deformity, and even disability in
severe cases [8]. Furthermore, individuals with RA tend to have a
reduced lifespan compared to the general population, because of
various comorbidities linked to the condition. The cause is attributed
to heightened risk of cardiovascular issues, lung complications,
infections, medical mishaps, or malignancies. Medications such as
non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and
disease-modifying anti-rheumatic drugs (DMARDSs) are the commonly
recommended drug to improve the clinical conditions of RA, although
these drugs can exert some side effects [9, 10].

Radix Aconiti Lateralis Preparata, known as Fu-zi, is the processed
form of the lateral root derived from Aconitum carmichaelii Debx., a
plant belonging to the Ranunculaceae family. Its use was initially
documented in the " Shennong's Materia Medica Classic ", an ancient
text revered as one of the foundational works in traditional Chinese
medicine (TCM), where it is recognized as a frequently utilized
remedy [11]. Fu-zi is poisonous and is therefore processed by a variety
of specific techniques to reduce toxicity and maintain efficacy. Recent
pharmacological research demonstrates that aconitine alkaloids are
primarily responsible for the toxicity of fu-zi. In addition, previous
research has shown that Fu-zi contains several alkaloids, primarily
hypaconitine, aconitine, and benzoyl aconitine [12]. Fu-zi has been
extensively utilized in the treatment of various ailments for over 2
millennia [13]. Clinically, Fu-zi is often used to treat a variety of
diseases, such as RA, acute myocardial infarction, hypotension,
coronary heart disease, chronic heart failure, tumor, skin trauma,
depression, diarrhea, gastroenteritis and edema [14]. Research has
proven that Fu-zi exerts notable anti-inflammatory, cardiotonic,
analgesic and anti-aging effects. In prior research conducted by Luo et
al., a network pharmacology approach was employed to identify the
bioactive constituents and underlying mechanisms of Fu Zi Li Zhong
Decoction with regards to the modulation of various pathways, such
as those involved in cancer, the differentiation of Th17 cells, and the
IL-17 signaling pathway [15]. In another study, Chen et al. discovered
that Fu-zi possesses anti-inflammatory properties and can modulate
the immune system, consequently decreasing the prevalence of
allergic rhinitis and mitigating the nasal symptoms associated with
allergic reactions [16]. Sun et al. combined Fu-zi with Ban-xia and
found that this combination elicited concurrent protective effects on
heart failure induced by pressure overload [17]. This protective effect
was associated with suppression of the PKA/(2-AR-Gs signaling
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pathway. In another study, Feng identified that 25 bioactive
compounds in Fu-zi acted holistically on 61 targets and 27 pathways
in the treatment of RA and identified the regulation of inflammation
regulation as one of the main mechanisms of Fu-zi [18]. Recently,
Zhang et al. prepared gels containing epimedium polysaccharide
components for RA treatment, demonstrating significant therapeutic
efficacy and biosafety. It can also potentially reduce the systemic
toxicity and irritation of oral administration of methotrexate, the
first-line drug for RA, and can control the release of the drug for a long
time [19].

Song reported that the activation of inflammatory response could
occur via the regulation of cyclooxygenase 2 (COX-2)/prostaglandin
E2 (PGE2) signaling [20]. Prostaglandin E2 (PGE2) is synthesized
when arachidonic acid, liberated from the plasma membrane,
undergoes enzymatic conversion by two cyclooxygenase enzymes
(COX-1 and COX-2). Three different PGE2 synthase enzymes (PGEs)
have been found to exert specific effects on the synthesis of PGE2
synthesis. Membrane bound microsomal prostaglandin E synthase-2
(mPGES-2) and cytosolic prostaglandin E synthase-1 (cPGES-1) are
continuously expressed and are functionally associated with COX-1 to
sustain the baseline levels of PGE2. Conversely, mPGES-1 is typically
activated by diverse pro-inflammatory agents in conjunction with
COX-2, leading to temporary surges in PGE2 concentrations [21].

Network pharmacology can systematically interpret the therapeutic
effects of complex TCMs on diseases by analyzing the interaction
between TCM components, targets, diseases, and pathways [22].
Monocytes and macrophages represent core components of innate
immunity. Since macrophage-mediated inflammation is implicated in
the regulation of RA, it is possible to use LPS-induced RAW264.7
macrophages to generate a model of RA [23, 24]. For the current
investigation, we have utilized a network pharmacology strategy to
dissect the underlying mechanisms by which Fu-zi Processed Products
(FPPs) exert their therapeutic effects on RA. Furthermore, we carried
out a comprehensive examination of FPP groups' anti-inflammatory
effects in LPS-stimulated RAW264.7 cells, focusing on the
COX-2/PGE2 signaling pathway. We hope that our findings could
provide reference guidelines for the clinical application of Fu-zi to
treat RA (Figure 1).

Materials and methods

Network pharmacology and molecule docking

Chemical compounds retrieving and active compounds
screening. "Fu-zi" was searched and analyzed in TCMSP-Traditional
Chinese Medicine Systems Pharmacology
(https://tcmspw.com/tcmsp.php) and ETCM-The Encyclopedia of
Traditional Chinese Medicine
(http://www.tcmip.cn/ETCM/index.php/Home/) databases [25, 26].
In the TCMSP database, compounds were identified as active if they
exhibited oral bioavailability (OB) of at least 30% and a drug-likeness
(DL) score of no less than 0.18. The eligible active ingredients and
protein targets were collected from these two data bases. Each active
ingredient target was standardized using the Uniprot database
(https://www.uniprot.org/), with the species specified as "Homo
sapiens" [27].

Screening of disease-related genes. DisGeNet
(https://www.Disgenet.org) database was used to retrieve RA related
genes. Keywords "Rheumatoid Arthritis" were entered into the
database and species were set as "Homo sapiens" to obtain
disease-related gene targets. The potential targets associated with
Fu-zi and RA were incorporated into the Venny 2.1 software.
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) for common
targets.

Interaction analysis of protein-protein interaction (PPI). The
shared targets obtained common targets were imported into STRING
(https://cn.string-db.org/) database with parameters filtered by
“Homo sapiens”, and the confidence value was = 0.4 [28]. Irrelevant
nodes were hidden, and protein-protein interaction network graph
was constructed, and Cytoscape 3.10.2 software was used for
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visualization [29].

Enrichment analysis of GO and KEGG pathways. Metascape
(https://metascape.org/gp/index.) data platforms were used to
conduct GO and KEGG pathway enrichment analysis [30]. The human
species, Homo sapiens, was selected for the study, and the results were
analyzed by means of visual analysis. The Gene Ontology (GO)
enrichment analysis encompassed the examination of molecular
functions (MF), biological processes (BP), and cellular components
(CC). Additionally, the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis facilitated the identification of
potential signaling pathways that Fu-zi may influence in the
management of rheumatoid arthritis (RA).

Network construction. According to the above screened active
ingredients, common targets, and main pathways, Cytoscape 3.10.2
software was used to construct a 'component-target-pathway"
network.

Molecule docking. Three-dimensional structural files for the
ingredients, which were highly ranked in the predictive outcomes,
were sourced from the PubChem database, available at
https://pubchem.ncbi.nlm.nih.gov/. These ligand files were archived
in the *Mol2 format. Concurrently, the crystallographic structures of
the macromolecules were retrieved from the RCSB PDB, accessible at
https://www.rcsb.org/, and stored in the *PDB format [31].
Subsequently, the ligand from the active site was dehydrated and
eliminated using the PyMOL molecular visualization tool. The protein
data file was loaded into AutoDock Vina for preparatory steps, which
included the elimination of water molecules, the addition of hydrogen
atoms, and the exportation in *pdbqt format. The drug molecule's
rotatable bonds were configured and also saved in *pdbqt format. The
position of the active site was constructed based on the coordinates of
the original ligand. A grid box with specific spacing between grid
points was defined to encompass the potential protein-binding region.
The coordinates for the X, Y, and Z axes were aligned with the original
ligand for various receptors. Ultimately, AutoDock Vina was utilized
to perform the docking process and to identify the most favorable
molecular conformation. The docking outcomes were subsequently
imported into the PyMOL software for the purpose of visualization
[32, 33].

Experimental verification

Aconitum carmichaelii Debx.

Preparation of sample. Fu-zi was collected from Butuo, Sichuan, and
identified as the seed root of Aconitum carmichaelii Debx., a plant of
the Ranunculaceae family, by Associate Researcher Zhou Xianjian of
Sichuan Academy of Chinese Medicine Sciences. And all Fu-zi samples
are stored in Sichuan Academy of Chinese Medicine Sciences. 5
methods were used for Fu-zi Processed Products (FPP): Fresh Fu-zi
was obtained by washing the fresh Fu-zi and drying the surface
moisture (SFZ); The ancient method of processing fresh Fu-zi was
using grass and wood ash, which is fired until soft, peeled, sliced and
dried at 60 °C to get processed Fu-zi (PFZ); Fresh Fu-zi was steamed at
atmospheric pressure for 3 h, peeled, sliced, dried at 60 °C to get
steam Fu-zi (ZFZ); Dried Fu-zi need to use fresh Fu-zi at 60 °C after
baking at 150 °C for 3-6 h until soft (HFZ); Refer to the “Qianjinyao
fang (Thousand golden essential prescriptions)”, famous ancient
Chinese medical book, the preparation method of Fu-zi was to bury
the fresh Fu-zi in the ash fire with embers and slowly cook it until it
cracks, then remove the skin. Finally dried at 60 °C to get Fu-zi
powder product (XFZ). 100 g of each Fu-zi Products was added with
10 times of water, extracted for 2 h and filtered. The extracts were
combined twice, and the filtrate was concentrated to an appropriate
amount to extract containing alkaloids.

Reagents and antibodies. The followings reagents were used:
lipopolysaccharide (LPS) from Escherichia coli 055:B5 (L2880,
Sigma-Aldrich, USA); dexamethasone (D137736, Shanghai
Aladdin Biochemical Technology Co., Ltd, Shanghai, China).
Antibodies against the following proteins were used: anti-NF-kB p65
(D14E12, Cell Signaling Technology, USA); anti-B-Actin (13E5, Cell
Signaling Technology, USA); goat anti-rabbit IgG HRP (Cell Signaling
Technology, USA); anti-COX2 (EPR12012, Abcam, USA);
anti-iNOS(EPR16635, Abcam, USA); Animal Total RNA Isolation Kit
(NO.RE-03014, Foregene, China); 5 x All-In-One Master Mix (with
AccuRT Genomic DNA Removal kit) (G492, Applied Biological
Materials Inc, Canada); EvaGreen Express 2 X qPCR Master Mix-No
Dye (G891, Applied Biological Materials Inc, Canada); NO assay kit
(S0021, Beyotime Institute of Biotechnology, China); Mouse IL-1(3
ELISA Kit (E-EL-M0044c, Elabscience Biotechnology Co., Ltd, China);
Mouse IL-6 ELISA Kit (E-EL-M0044c, Elabscience Biotechnology Co.,
Ltd, China); Mouse TNF-a ELISA Kit (E-EL-M3063, Elabscience
Biotechnology Co., Ltd, China); PGE2 ELISA Kit (ml037542 , Shanghai
Enzyme-linked Biotechnology Co., Ltd, China).

Fu-21 Processed Products (FPP)

%7 STRING
GaNEg Lspizzr

@ Etcm Uanrot.3

l 74 AutoDockTools

Pub@hem D

Molecule Docking

i Raw264.7

Figure 1 The experimental schematic of this research
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Cell culture. The RAW264.7 murine macrophage cell line was
procured from the Cell Source Center at the Chinese Academy of
Sciences. The cells were cultivated in DMEM supplemented with 10%
Fetal Bovine Serum (FBS), 100 U/mL penicillin, and 100 pg/ml
streptomycin. They were kept at a temperature of 37°C in a humidified
atmosphere containing 5% carbon dioxide.

Cell viability assay. A total of 5 X 103 RAW264.7 cells per well,
suspended in 100 microliters of medium per well, were seeded into a
96-well plate. The plate was then incubated at 37 °C in a humidified
chamber with an atmosphere of 5% CO,. After 24 hours, the medium
was discarded and FPPs (100 uL) and dexamethasone were added with
different concentrations to each well, respectively. After incubation
for 24 hours, cell viability was measured using a CCK-8 assay [34].
Subsequently, 10 pL of CCK-8 solution was added to each well,
followed by incubation at 37 °C in an environment with 5% CO, for a
duration of 1 to 4 hours. Ultimately, the absorbance in each well was
measured at a wavelength of 450 nm employing a microplate reader.
For each concentration, triplicate wells were prepared, and the entire
experiment was conducted three times to ensure reproducibility. The
concentration of FPPs and dexamethasone with cell viability over 90%
were selected for subsequent experiments.

Nitric oxide (NO) production assay. Following overnight incubation
in a 12-well plate with a density of 2 x 10°5 cells per well and a
volume of 1000 pL of medium per well, the cells underwent a
pre-treatment with lipopolysaccharide (LPS) for a duration of 1 hour.
Then FPPs and dexamethasone were added for an additional 24 hours.
The cells were observed under optical microscopy and the culture
supernatant from each well was collected after centrifuge (2500 rpm,
20 minutes) and used to measure NO production. The NO levels were
measured utilizing a commercially available NO detection Kkit,
following the protocol provided by the manufacturer [35].

Cytokines production assays. Following overnight incubation in a
6-well plate with 1 x 1076 cells per well and 2000 pL of medium per
well, the cells were subjected to a one-hour pre-treatment with LPS.
Then FPPs and dexamethasone were added for an additional 24 hours.
The supernatant from the cell culture was harvested, and the
concentrations of IL-1B, TNF-a and PGE2 secreted by the RAW264.7
cells were determined wusing a commercial enzyme-linked
immunosorbent assay (ELISA) kit for mice, in accordance with the
instructions provided by the manufacturer [36].

Total RNA extraction and qRT-PCR analysis. Following overnight
incubation in a 6-well plate at a density of 1 X 1076 cells per well
with 2000 pL of medium per well, the cells underwent a 1-hour
pre-treatment with LPS. The Trizol reagent was used to collect total
RNA from the cells and stored in the refrigerator at —80 °C for later
use. The process of reverse transcription was carried out following the
guidelines provided with the reverse transcription kit, and the
resulting complementary DNA (cDNA) was subsequently stored at a
temperature of —20 °C in a refrigeration unit. The sequences of the
primers used are shown in Table 1. According to the kit instructions,
the housekeeping GAPDH served as an endogenous control, with each
experimental sample being conducted in triplicate. The relative
quantification of gene expression was identified using the comparative
Ct (27**%) method [34].

Western blot. After culture in a 6-well plate (1 x 10°6 cells/well,

2000 pL medium/well) overnight, the cells were pre-treated with LPS
for 1 hour. Subsequently, FPPs and dexamethasone were introduced
for a further 24-hour period. The cells were collected and subjected to
lysis using a buffer solution that contained 250 mM sucrose, 50 mM
NaCl, 20 mM Tris-HCl at a pH of 7.4, 1 mM EDTA, 1% Triton X-100, 1
mM DTT, and 1 mM PMSF, followed by incubation for 30 minutes in a
cold environment. Following the incubation period, the cell lysates
were subjected to centrifugation at 13,200 revolutions per minute
(rpm) for a duration of 10 minutes. And then, the supernatants from
each sample were carefully collected. The protein content was
determined using the BCA assay reagents. The samples were then
resolved by SDS-PAGE and subsequently electrophoretically
transferred onto a PVDF membrane within a submerged transfer cell.
Membranes were incubated with 5% non-fat dry milk powder
dissolved in TBST for 3 times, 15 minutes each time. The membranes
were immersed in primary antibody solutions and allowed to incubate
for an extended period (overnight) at a temperature of 4 °C within a
shaking incubator to ensure uniform exposure. Post incubation, the
membranes underwent three rounds of washing with TBST to remove
unbound antibodies. Following the washes, the membranes were
incubated for a period of one hour at ambient temperature with
secondary antibodies conjugated to peroxidase, which had been
appropriately diluted in a blocking solution. Once the incubation with
the secondary antibodies was complete and another series of washes
performed, the detection of proteins was achieved using an ECL
detection kit [34].

Statistical analysis. The data are displayed as the mean value
accompanied by the standard error of the mean (SEM) derived from
separate experiments. The statistical analysis of the outcomes was
executed using one-way analysis of variance (ANOVA). The P-value of
0.05 or lower was deemed to indicate statistical significance.

Results

Screening of chemical constituents and targets and the
identification of disease-related genes

By screening TCMSP and ETCM databases, we identified 16 chemical
components of Fu-zi after removing non-target components. Matching
protein targets were identified by the Uniprot database and 107
targets of the chemical components of Fu-zi were formally identified
following the removal of duplicates. Data were subsequently loaded
into the Cytoscape software, where an active ingredient-target
interaction network was created. The DisGeNET database identified
2721 RA-related genes after removing duplicates. The targets of Fu-zi
were then intersected with the RA-related genes, and 43 important
targets for the treatment of RA were identified (Figure 2).

Identification of key targets of Fu-zi for RA and disassembly of
PPI network modules

The PPI network was constructed utilizing the STRING database, and
the Cytoscape software was employed to visualize the network. The
network comprised 41 nodes and 122 connections. The degree of each
node was calculated, and the target point size was scaled based on the
degree values, with the top 6 nodes being PTGS2, NR3C1, CAVI1,
ESR1, JUN, and CNR1 (Figure 3).

Table 1 The primers utilized in the qRT-PCR research

Gene Sequence (5’ to 3')
F:GGTTGTCTCCTGCGACTTCA
GAPDH
R:TGGTCCAGGGTTTCTTACTCC
F:CTGGTGCCTGGTCTGATGATGTATG
COX-2

R:GGATGCTCCTGCTTGAGTATGTCG
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Figure 2 Venn diagram showing Fu-zi targets, RA targets, and the active ingredient-target network
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Figure 3 A PPI network was created to depict the connections among the Fu-zi targets. Any nodes that did not have connections to other
nodes were removed from the network.
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Enrichment analysis of the nodes of Fu-zi acting on RA and the
generation of an ingredient-target-pathway network

Metascape was employed to conduct GO functional enrichment
analysis and KEGG pathway enrichment analysis for the 41 target
genes linked to the therapeutic effects of Fu-zi on RA. The GO analysis
yielded a total of 477 biological processes (BPs), 55 cellular
component (CCs) and 44 molecular functions (MFs). The first 10
components of each functional item are presented as a bar chart in
Figure 4. A total of 46 pathways were identified by KEGG pathway
enrichment analysis. The top 20 pathways with P values are shown as
a bubblemap in Figure 5A. Of these, three pathways were related to
PTGS2: pathways in cancer, the oxytocin signaling pathway, and the

17.5 1

15.0

12.5 1

10.0

LogP

7.5 1

5.0 1

2.5 1

regulation of lipolysis in adipocytes. In addition, we screened KEGG
pathways related to PTGS2 and RA, and identified eight key pathways,
as shown as a bubble-map in Figure 5B. According to these findings,
relevant data were imported into Cytoscape 3.10.2 to construct a
tripartite network featuring the key ingredients and targets (Figure 6).
This analysis predicted that target PTGS2 (also known as COX-2)
served as a crucial factor in the effects of Fu-zi on RA. and the
chemical components of Fu-zi with the values of degree No.2 to No.7
were all related to target PTGS2. Thus, the COX-2/PGE2 pathway was
used as the basis for the next part of our study. The network
characteristic parameters of the top 10 components and targets of
Fu-zi in the treatment of RA are given in Table 2 and 3.
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Figure 5 Results of KEGG pathway enrichment analysis
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Figure 6 The ingredient-target-pathway network was visualized. The node size was directly proportional to their connectivity, signifying that
larger nodes hold greater significance within the network.

Table 2 Parameters of main components

Molecule ID Ingredient Degree Betweenness centrality Closeness centrality
MOL002421 Ignavine 16 0.41525019 0.30366492
MOL002401 Neokadsuranic Acid B 9 0.22698497 0.33142857
MOL002395 Deoxyandrographolide 7 0.09974108 0.32402235
MOL002392 Deltoin 7 0.10824436 0.31693989
MOL002424 Aconitine 5 0.24320265 0.37908497
MOL002388 Delphin_qt 4 0.04321747 0.30687831
MOL002398 Karanjin 4 0.01735656 0.30687831
MOL002416 Deoxyaconitine 3 0.01535592 0.25777778
MOL000538 Hypaconitine 2 2.0165E-4 0.22222222
MOL002434 Carnosifloside I 2 0.03448276 0.204947

Table 3 Parameters of main targets

Target Degree Betweenness centrality Closeness centrality
PTGS2 13 0.41339915 0.42028986
PTGS1 7 0.15340418 0.35365854
JUN 6 0.6076305 0.31182796
CALM1 5 0.01429188 0.27102804
ESR1 4 0.02088517 0.28431373
PIK3GC 4 0.00455187 0.2815534
ESR2 3 0.02427945 0.3333333
SLC6A2 3 0.17269302 0.2900000
ITGB2 3 0.01808496 0.27884615
AR 3 0.01461805 0.27619048
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Verification with molecular docking
Molecule docking was performed to further identify the potential
effects of 6 ingredients which were related to target PTGS2 of Fu-zi on
RA, including Neokadsuranic Acid B, Deoxyandrographolide, Deltoin,
Aconitine, Delphin_qt and Karanjin. As known that the binding energy
< =5.1 kcal/mol, an increased likelihood of their integration,
coupled with enhanced stability of the ligand-macromolecule
complex. Docking analysis successfully predicted binding energy,
which the binding energy were all < —5.1 kcal/mol, between PTGS2
and the 6 ingredients. At the same time, all RSMD values are less than
0.5 (nm) indicating stability.

The results are listed in Table 4. Overall, molecular docking results
indicated that the 6 ingredients had good binding activities to PTGS2,

as shown in Figure 7.

Effects of different FPPs and dexamethasone on the viability of
RAW264.7 cells

CCK-8 assays indicated that dexamethasone did not exert any
significant cytotoxic impact under the experimental conditions
utilized in our research (Figure 8A). However, the FPPs exerted
significant cytotoxic effects on RAW264.7 macrophages at a
concentration of 40 mg/mL (P < 0.001) (Figure 8B-8F). Based on the
experimental requirements and results, the selected concentrations of
dexamethasone and Fu-zi were 0.8 mg/mL and 20 mg/mlL,
respectively.

Table 4 Docking simulation for active molecular and targets of RA

Molecular name Targets PBD ID amino acid residue involved in H bonding Binding energy (kcal/mol) RSMD (nm)
Neokadsuranic acid B PTGS2 5F19 TRP-323, ER-49 —8.5 0.001
Deoxyandrographolide PTGS2 5F19 TYR-373 -8.2 0.057
Deltoin PTGS2 5F19 GLN-461 -9.0 0.128
Aconitine PTGS2 5F19 ALA-543, LN-370 -8.0 0.093
Delphin _qt PTGS2 5F19 CYS-41, ARG-44, CLY-45 -9.3 0.090
Karanjin PTGS2 5F19 TYR-130 -9.8 0.000

Figure 7 Molecule docking results of the main active components and the key target PTGS2. (A) Neokadsuranic Acid B binds to protein
PTGS2. (B) Deoxyandrographolide binds to protein PTGS2. (C) Deltoin binds to protein PTGS2. (D) Aconitine binds to protein PTGS2. (E)

Delphin_qt binds to protein PTGS2. (F) Karanjin binds to protein PTGS2.
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Effects of different FPPs on LPS-induced NO, IL-1f3, IL-6, TNF-a
and PGE2 production by RAW264.7 cells

Next, we observed the morphology of cells in each group by optical
microscopy and found that the RAW264.7 cells in the untreated
control group exhibited a rounded shape with smooth edges and
lacked pseudopodia. In contrast, cells stimulated with LPS underwent
significant differentiation (Figure 9A-9B). After exposure to FPPs and
dexamethasone, the alterations in cellular morphology were mitigated
in a dose-dependent fashion (Figure 9C-9H). To explore the
anti-inflammatory effects of the FPPs, LPS was employed to induce the
secretion of NO, IL-6, and TNF-a in RAW264.7 cells, thereby creating
a setting that mimics chronic inflammation. The LPS stimulation of
RAW264.7 cells for 24 hours induced inflammation and a significant
increase in the significant secretion of NO, IL-6, and TNF-a in the
supernatant. However, the five FPPs notably attenuated the release of
these cytokines. Notably, there were differences in terms of
anti-inflammatory effects when compared between the 5 FPP
processing methods. For example, in the LPS group, there was an
increased production of NO compared to the control group. It was also
determined that HFZ was more potent in terms of its inhibitory effect
on NO generation provoked by LPS (Figure 10A). LPS significantly
increased levels of the pro-inflammatory cytokines IL-1, TNF-, and
PGE2. In contrast, treatment with PFZ and ZFZ at a dose of 20 mg/mL
significantly inhibited the levels of IL-13, TNF-a and PGE2. In contrast
to the LPS group, the concentrations of inflammatory cytokines (IL-1f3
and TNF-a) within LPS-induced FPP groups were notably diminished
(Figure 10B-10C). Compared with the LPS group, the levels of PGE2
were significantly reduced, although there was no difference between
HFZ and XFZ (Figure 10D). Our results indicate that FPPs possess
anti-inflammatory capabilities by suppressing the generation of NO
and various pro-inflammatory cytokines, including IL-1f3, TNF-a, and
PGE2, in RAW264.7 cells treated with LPS. There were differences in
anti-inflammatory effects and further studies are now needed to
determine which FPP is better.

Effects of different FPPs on LPS-induced expression of the COX-2
gene
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According to the above results, PTGS2 is an important target of Fu-zi
in the inflammatory response, especially in RA. PTGS2, also known as
cyclooxygenase 2 (COX-2), is an important rate-limiting enzyme in
prostate metabolism and leukotriene metabolism. It is well known that
prostaglandins and leukotrienes are important mediators of
inflammation. To investigate the anti-inflammatory effect of different
FPPs on LPS-treated RAW264.7 cells, gqRT-PCR was performed to
measure the mRNA expression of COX-2. As shown in Figure 11,
overproduction of COX-2 was typically observed in RAW264.7 cells
after stimulation with LPS for 24 h. As expected, COX-2 levels were
significantly and differentially reduced by different FPPs (Figure 11).
Compared with other groups, the expression of COX-2 mRNA in the
XFZ group was significantly decreased under the same concentration.

Effects of different FPPs on LPS-induced expression of NF-kB,
COX-2 and iNOS proteins

Figure 12 illustrates that the levels of COX-2, iNOS, and NF-«B protein
expression were notably elevated in the LPS group relative to the
control group (***P < 0.001 vs. control group). In contrast to the LPS
group, there was a significant decrease in the expression levels of
COX-2 and iNOS proteins within the FPP groups treated with LPS (‘P
< 0.05, "P < 0.01 and P < 0.001 vs. LPS group). In addition,
compared with the LPS group, the expression levels of NF-xB protein
were significantly reduced in the LPS-induced FPP groups except for
the ZFZ group (P<0.05, "P< 0.01 and ~ P < 0.001 vs. LPS group).
On the other hand, the expression levels of COX-2, iNOS, and NF-xB
proteins were significantly reduced in PFZ and XFZ groups when
compared with other FPP groups at the same concentration.

Discussion

Fu-zi, a widely utilized herb in traditional Chinese medicine, has a
history spanning more than 2,000 years, during which it has been
employed to alleviate joint discomfort and manage rheumatoid
conditions. Although fu-zi has toxicological risks, it still has a very
high utilization rate in the clinical application of TCM [37]. The fresh
fu-zi was processed by the Chinese traditional processing method to
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guarantee clinical safety and minimal toxicity. The efficacy of old
classical prescriptions has been impacted by changes in the Fu-zi
processing system since antiquity [38]. Alkaloids of aconite are the
main potent substances of the herb; of these, the diester type alkaloids
(aconitine, mesaconitine, and hypacaonitine) are highly toxic
components, while the monoester type alkaloids (benzoyl aconitine,
benzoyl neoaconitine and benzoyl hypaconitine) are active
components [39]. To verify the reliability of the processing methods
of Fu-zi in ancient Chinese classical recipes, this study incorporated
network pharmacology and compared the anti-inflammatory effects of
five FPPs, including the ancient processing method. In this study, we
found that 6 ingredients , including Neokadsuranic Acid B,
Deoxyandrographolide, Deltoin, Aconitine, Delphin_qt and Karanjin,

are the main potent substances related to RA. The 6 active ingredients
involved in molecular docking were searched for inflammation-related

content through sites such as PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The anti-inflammatory effects
% AR ‘L RS

of the other five active components were reported except for
Neokadsuranic Acid B. Deoxyandrographolide can exert
anti-inflammatory effects through the COX-2 (PTGS2)-related
pathway is the active component there, which is in agreement with
our molecular docking results [40]. It has been shown that Deltoin are
potential NO production inhibitor, which may explain the reduction of
NO expression in LPS-induced macrophage RAW264.7 by appendicitis
in this paper [41]. Aconitine also showed its anti-inflammatory effect
and analgesic effect in animal experiments [42]. In addition, Delphin
reduced the expression of pro-inflammatory factors such as IL-1f and
TNF-a in LPS-induced macrophages RAW264.7 to alleviate
inflammatory symptoms [43]. Similarly, Karanjin is involved in the
secretion of the major pro-inflammatory cytokine TNF-a by
macrophages involved in joint inflammation and destruction, and
these are also indirectly demonstrated in the cellular experimental
results and molecular docking results herein [44].

Figure 9 Images of RAW264.7 cells exposed to LPS for an additional 24 hours were captured using a light microscope at a magnification
of 40x. (A) Control. (B) LPS. (C) LPS and dexamethasone. (D-H) LPS and Fu-zi (SFZ, PFZ, ZFZ, HFZ and XFZ).
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Figure 10 The anti-inflammatory impact of Fu-zi on LPS-stimulated RAW264.7 macrophages was evaluated. (A) NO. (B) IL-1B. (C) TNF-a.
(D) PEG2. NO levels were quantified using the Griess reagent, while the production of IL-1f3, TNF-a, and PGE2 cytokines was measured via ELISA
kits and a microplate reader. The data are presented as means * SEM (n
0.05, *** P < 0.001 vs. control group).
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group).

Chronic inflammation is now recognized as an underlying
pathological condition that can lead to hypofunction, dementia,
osteoporosis, cancer, and other chronic diseases, thus exerting
negative effects in healthy life expectancy [45]. Due to the obvious
side effects of steroid and non-steroidal anti-inflammatory drugs,
natural products have gained significant attention in the development
of anti-inflammatory drugs [46]. Recent studies have shown that
network pharmacology is a comprehensive approach with which to
study the interactions between herbs, ingredients, diseases and their
targets in TCM [47]. In an earlier investigation, Yang and colleagues
employed network pharmacology and comprehensive metabolomic

Submit a manuscript: https://www.tmrjournals.com/pd

profiling to pinpoint PTGS2 as a likely pivotal therapeutic target for
RA [48]. PTGS2 (as known as COX-2) is also a regulator of arachidonic
acid metabolism and is involved in pro-inflammatory pathways. This
is consistent with the results of our study in that PTGS2 was identified
as one of the key targets of RA. Previous research has indicated that
PTGS2, also known as COX-2, is highly inducible and can be rapidly
upregulated in response to a variety of inflammatory stimuli [49].
PGE2 is one of the most abundant prostaglandins generated by COX-2
[50]. Other researchers have shown that the COX-2/PGE2 axis can
significantly induce the migration and invasion of PC-3 cells [51].
NO, TNF-q, IL-1, and IL-6 are produced by active macrophages and
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are considered to represent significant inflammatory cytokines in RA;
these factors are known to be involved in the development of
inflammation and joint destruction [52]. RAW264.7 macrophages can
be used as an excellent in vitro model of inflammation [53]. Numerous
cellular inflammatory cytokines, including NO, iNOS, PGE 2, COX-2,
ILs, and TNF-, were released by LPS-induced RAW264.7 macrophages
in the present study; these events lead to tissue damage and
inflammation [54, 55]. The findings of the current investigation
demonstrated that FPPs can significantly inhibit the release of NO,
IL-1B, TNF-a, and PGE2, and that their inhibitory effects varied in an
FFP-dependent manner. Western blotting results showed that FPPs

Activems.tate of
Macrophage

Internal Rheumatoid
Arthritis (RA)

could significantly down-regulate the protein levels of iNOS, COX-2
and NF-«kB. On the other hand, the mRNA expression of COX-2 was
significantly and differentially reduced by different FPPs, especially
XFZ (the aqueous extract of Fu-zi prepared in strict accordance with
the processing method of Fu-zi in ancient classical prescriptions).
Therefore, our findings suggested that the five FPPs exerted
anti-inflammatory activity by repressing the COX-2/PGE2 signaling
pathway (shown in Figure 13), and that the anti-inflammatory effect
of fu-zi prepared by the ancient processing method is better. This
provides experimental evidence for subsequent studies focusing on the
pharmacodynamical basis and quality control of fu-zi.

COX2/PGE2 Signaling Pathway

“(PGH2

/

inhibit

Figure 13 The anti-inflammatory mechanisms of Fu-zi through COX-2/PGE2 signaling pathways

Conclusions

In the current study, the underlying mechanism of five FPPs as
anti-inflammatory agents has been further elucidated. The
anti-inflammatory effects of the different FPPs in LPS-stimulated
RAW264.7 macrophage cells were achieved via suppression of the
COX-2/PGE2 signaling pathway, thus resulting in the reduced
production of pro-inflammatory mediators and cytokines. Moreover,
the anti-inflammatory effect of fu-zi prepared by the Chinese ancient
traditional processing method was clearly better. However, further
identification of the active ingredients of fu-zi is now required in order
for it to developed as a natural pharmaceutical agent.
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