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An exploration into the therapeutic effects and molecular mechanisms
of paeoniflorin in the treatment of adjuvant-induced arthritis rats by
a network pharmacology-based research strategy

MAO Xia, CHEN Wen-jia, LI Ying-fei, LI Wei-jie, LI Tai-xian, WANG Xiao-yue, GUO Min-qun,
ZHANG Yan-giong", LIN Na"

(Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China)

Abstract: Paeoniflorin (PAE), the major active compounds of Chinese herbs Radix Paeoniae Alba and Chinese
patent drug "Total Glucosides of Paeony Capsules”, which is effective in the treatment of rheumatoid arthritis
(RA), exerted multi-pharmacological activities, such as anti-inflammatory, immune-regulatory, etc. However, its
potential action mechanisms remain unclear. Herein, we predicted the putative targets of Radix Paeoniae Alba and
constructed an interaction network of putative targets of Radix Paeoniae Alba and known RA-related genes. A list
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of key putative targets was identified by calculating their topological features (degree, node betweenness and
closeness) in the above pharmacological network. Importantly, pathway enrichment analysis revealed that these
key putative targets were significantly enriched in several RA-related pathways, including cartilage damage-related
IL1B-TNF-TLR2-JUN-MMP1-MMP3 signaling pathway. Further molecular docking simulation showed that PAE,
the major active compounds of Radix Paeoniae Alba, has strong binding affinity with MMP1 and MMP3 proteins.
Next, in vivo experiments based on the adjuvant-induced arthritis (AIA) animal models showed that PAE signifi-
cantly alleviated the disease severity and the syndromes of severe redness or swelling in hind limbs of AIA rats,
including decreasing the arthritis score, the diameter of the limbs, and elevating body weight and pain thresholds
(all P<0.05). ELISAassay indicated that PAE obviously suppressed the abnormal up-regulation of serum inflammatory
factors including IL-14, TNF-a, IL-6, IL-17 and IFN-y in AlA rats (all P<0.001). Western blot analysis found that
PAE simultaneously modulated the abnormal up-regulation of MMP1 and MMP3 proteins in the ankle tissues of
AlArats (all P<0.001) (all procedures in the current study were performed in accordance with the ethical standards
of the Center for Laboratory Animal Care, China Academy of Chinese Medical Sciences). In conclusion, PAE
alleviated the cartilage damage and disease severity in the progressive process of RA via regulating the IL1B-TNF-
TLR2-JUN-MMP1-MMP3 pathway. This study provided the theoretical basis of the PAE for its immune-regulatory
effects, and as well provided references for the action mechanism study of extract compounds of Chinese herbs.
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Table 1 Detailed information of the known putative targets of paeoniflorin (PAE) and corresponding FDA approved drugs in the treatment

of rheumatoid arthritis (RA)

Target name Target gene symbol

FDA approved drug name Drug indication

Aryl hydrocarbon receptor AHR Leflunomide Rheumatoid arthritis
Complement C1r subcomponent Ci1R Etanerdcept Rheumatoid arthritis
Inhibitor of nuclear factor kappa-B kinase CHUK Sulfasalazine Rheumatoid arthritis
subunit alpha
Low affinity immunoglobulin gamma Fc FCGR2A Etanercept; immune globulin human; sarilumab Rheumatoid arthritis
region receptor Il-a
Low affinity immunoglobulin gamma Fc FCGR2B Etanercept; immune globulin human; sarilumab Rheumatoid arthritis
region receptor 11-b
Histidine ammonia-lyase HAL Histidine Rheumatoid arthritis
Inhibitor of nuclear factor kappa-B kinase IKBKB Auranofin; sulfasalazine; fostamatinib; acetylsalicylic Rheumatoid arthritis;
subunit beta acid pain
Interleukin-1 beta IL1B Talmapimod; VX-702; dilmapimod Rheumatoid arthritis;
pain

Lymphotoxin-alpha LTA Etanercept Rheumatoid arthritis
3-Phosphoinositide-dependent protein PDPK1 Celecoxib Rheumatoid arthritis;
kinase 1 pain
Phospholipase A2 PLA2G1B Sulfasalazine Rheumatoid arthritis
Phospholipase A2, membrane associated PLA2G2A Indometacin; diclofenac Rheumatoid arthritis
Peroxisome proliferator-activated receptor PPARG Sulfasalazine; ibuprofen; fenoprofen; indometacin; Rheumatoid arthritis;
gamma dexibuprofen pain
Peroxiredoxin-5, mitochondrial PRDX5 Auranofin Rheumatoid arthritis
Prostaglandin G/H synthase 1 PTGS1 Acetaminophen; nabumetone; ketorolac; tenoxicam; Rheumatoid arthritis;

fenoprofen; ibuprofen; mefenamic acid; salsalate; pain

oxaprozin; tiaprofenic acid; sulfasalazine; antrafenine;

trolamine salicylate; phenyl salicylate; glycol salicylate;

menthyl salicylate; indometacin; piroxicam; diflunisal;

flurbiprofen; sulindac; lornoxicam; dexibuprofenl;

aceclofenac; acemetacin; etodolac; rofecoxib; diclofenac;

meclofenamic acid; acetylsalicylic acid; ketoprofen;

meloxicam; diclofenac; carprofen
Protein-tyrosine kinase 2-beta PTK2B Leflunomide; baricitinib Rheumatoid arthritis
Retinoic acid receptor RXR-alpha RXRA Etodolac Rheumatoid arthritis;

pain

Sodium channel protein type 4 subunit alpha SCN4A Diclofenac Rheumatoid arthritis
Tumor necrosis factor TNF Etanercept; adalimumab; infliximab; chloroquine; Rheumatoid arthritis;

certolizumab pegol; golimumab pain
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Figure 1 Interaction network of key putative targets of Radix Paeoniae Alba and RA-related genes, and its involved pathways. The nodes

in red circles refer to the key putative targets of Radix Paeoniae Alba interfering with RA
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Table 2
Paeoniae Alba in the treatment of RA via molecular docking. N/A:

Binding affinity of PAE and putative targets of Radix

No binding affinity between chemical compound and correspond-
ing putative targets

Chemical Putative PDB Systems Auto

compound target 1D Dock score  Dock score
PAE MMP1 1HFC 6.197 -7.6
PAE MMP3 1D5J 6.234 -8.9
PAE HLA-DQA2 P01906 N/A N/A
PAE IL1B 2NVH 5.549 -7.1
PAE ITGB2 5E6W 5.630 -5.6
PAE JUN 1IJNM N/A -3.6
PAE TGFB1 3KFD N/A -2.3
PAE TLR2 1IFYW 6.764 -5.7
PAE TNF 2E7A N/A -5.0
PAE TNFSF11 UTZ N/A -5.6
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Figure 2 Pathway enrichment analysis of key putative targets in the interaction network of Radix Paeoniae Alba and RA-related genes,
and their relations with RA signaling pathway. A: Pathway enrichment analysis of key putative targets in the interaction network of Radix
Paeoniae Alba and RA-related genes; B: Mapping chart of key putative targets of Radix Paeoniae Alba in the drug-disease interaction
network into the RA signaling pathway
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Figure 4 Improvement effects of PAE on the severity of arthritis in adjuvant-induced arthritis (AlIA) rats in terms of macroscopic evidence
of arthritis (A), arthritis score (B), the diameter of the limbs (C), body weight (D), thymus index (E) and spleen index (F). n = 5, X  s.
#P<0.05, #P<0.01, #*P<0.001 vs the normal control group (Con); ""P<0.001 vs the AIA model group. MTX: Methotrexate
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