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ABSTRACT
Background: Rheumatoid arthritis is a chronic, common autoimmune 
disorder identified by progressive dysfunction of joints and cartilage 
damage. Oxypaeoniflorin  (OPA), a Traditional Chinese Medicine monomer, 
has been reported for potential against inflammation and oxidative stress. 
Objectives: The objective of the study is to evaluate the potential of OPA 
against Freund complete adjuvant  (FCA)‑induced inflammatory pain in 
experimental arthritic rats. Materials and Methods: FCA was administered 
in female rats (Wistar strain) to induce polyarthritis, followed by 28 days of 
oral treatment with either vehicle, leflunomide (10 mg/Kg), or OPA (10, 20, 
and 40 mg/kg). Various parameters were assessed to determine the effect 
of OPA on pain and inflammatory pathway. Results: Adjuvant‑induced 
arthritis  (AIA)‑induced elevated paw withdrawal latency and threshold 
suggested induction of arthritic pain. However, OPA  (20 and 40  mg/kg) 
treatment diminished arthritic pain reflected by amelioration of hyperalgesia 
and allodynia. In addition, OPA showed an effective inhibition (P < 0.05) in 
FCA‑induced alterations in alkaline phosphatase, alanine transaminase, 
aspartate aminotransferase, serum albumin, and C‑reactive protein levels. The 
AIA‑induced elevated oxido‑nitrosative stress, protein levels of tumor necrosis 
factor‑α, and interleukins in synovial tissue were effectively reduced (P < 0.05) 
by OPA. Moreover, OPA effectively downregulated  (P  <  0.05) enhanced 
nuclear factor‑kappa beta (NF‑κB), Ikβα, iNOs, and COX‑2 mRNA expressions 
in synovial tissue. OPA also reduced histopathology alteration induced in the 
tibiotarsal joint by FCA. Conclusion: OPA exerts its antiarthritic property 
through inhibition of NF‑κB/IκBα pathway to downregulate the activation of 
pro‑inflammatory cytokines and inflammatory mediator thus, ameliorated 
arthritic inflammation and pain.
Key words: Freund complete adjuvant, nuclear factor‑kappa beta, 
oxypaeoniflorin, pro‑inflammatory cytokines, rheumatoid arthritis, 
traditional Chinese medicine monomer

SUMMARY
•  Freund’s complete adjuvant (FCA) administration in the subplantar paw region 

induces arthritis
•  Oxypaeoniflorin  (OPA)  (20 and 40  mg/kg) showed a marked inhibition in 

FCA‑induced decrease in thermal and mechanical hyperalgesia

•  OPA also noticeably down‑regulated oxido‑nitrosative stress, tumor necrosis 
factor‑α, and interleukins levels

•  FCA‑induced upregulated synovial mRNA expressions of Nuclear 
factor‑kappa beta, Ikβα, iNOs, and COX‑2 were significantly inhibited by 
OPA

•  OPA can be measured as one of the essential moieties from plant origin for 
the management of arthritis.

Abbreviations used: AIA: Adjuvant induced arthritis; ALT: Alanine 
transaminase; ALP: Alkaline phosphatase; AST: Aspartate Aminotransferase; 
CRP: C‑reactive protein; COX‑2: Cyclooxygenase‑2; ESR: Erythrocyte 
Sedimentation Rate; FCA: Freund’s Complete Adjuvant; GSH: Reduced 
Glutathione; Ikβα: Nuclear factor of kappa light polypeptide gene enhancer 
in B cells inhibitor‑α; ILs: Interleukins; iNOs: inducible nitric oxide synthase; 
LF: Leflunomide; MDA: Malondialdehyde; NO: Nitric Oxide; NF‑kB: Nuclear 
factor‑kappa beta; OPA: Oxypaeoniflorin; ROS: 
Reactive Oxygen Species; SOD: Superoxide 
dismutase; TNF‑α: Tumor necrosis factor‑alpha.
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INTRODUCTION
Rheumatoid arthritis  (RA) is a common, chronic and complex 
autoimmune disorder characterized by advanced dysfunction of 
joints and cartilage impacted due to various inflammatory releases. 
A documented study suggested that women (ages: 40–50 years) are at 
higher risk of RA development than males.[1] According to the report of 
Global RA Network, the leading cause of disability is arthritis that affects 
more than 350 million persons across the globe, and almost 14 million 
people suffer from RA.[2] The study reported that Chinese RA patients 
associated with a 43% disability rate considering the disease duration 
of 5–10 years.[3] This disability is related to a heavy economic burden on 
the patient and the healthcare system. The cost for the management of 

RA in Chinese patients is reported as US$12 million per year, with an 
average economic cost of US$2245 per patient each year considering the 
Disability Adjusted Life Years in these patients.[4]
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Documented reports evidence that releasing pro-nociceptive agents, 
immune-inflammatory cells, and cytokines into joints induces 
inflammation into the synovial fluid.[5,6] The influx of prostaglandins 
and leukotrienes also stimulated primary nociceptive fibers that 
result in hyperalgesia and nociception at joints.[6,7] In addition, 
cyclooxygenases (COX) activates immune cells and induces inflammatory 
cytokines.[8,9] Furthermore, elevated free radical generation, including 
hydroxyl radicals and reactive nitrogen species, causes a structural 
perturbation in lipids membrane structure.[6,10,11] Thus, activation of free 
radicals is thought to be one of the crucial pathways for RA pathogenesis.[6] 
Therefore, during the last few decades, researchers have done a deep dive 
to evaluate the potential of new molecules for managing RA.
Disease-modifying antirheumatic drugs and nonsteroidal 
anti-inflammatory drugs are currently used to treat RA; however, 
their well-known side effects and high cost limit their routine clinical 
implications.[6] Thus, several researchers have extensively studied 
molecules of herbal origin for their effectiveness and safety in the 
management of RA.[12] Such products from herbal origin specifically 
targeted defined pain and inflammation mediators.[13] Recently, 
researchers have shifted their imperative preference to Traditional 
Chinese medicine  (TCM) as a new, safe, and more cost-effective 
therapeutic option for the management of RA. Several studies reported 
the potential anti-inflammatory activity of TCM monomers, including 
sinomenine, paeoniflorin baicalin, artesunate, licochalcone, calycosin, 
dihydromyricetin, and curcumin.[14] In China, patients with RA are 
offered TCM monomers for their safety and efficacy over other western 
medications.[14,15] Oxypaeoniflorin (OPA) is one such TCM monomer, a 
monoterpene glycoside isolated from Paeonia lactiflora. OPA has been 
reported to inhibit the elevated oxidative stress and inflammation in 
mesangial cells HBZY-1 through inhibiting monocyte chemoattractant 
protein-1 and interleukin (IL)-6.[16] In addition, Yoo et al.(2018) reported 
the anti-inflammatory property of OPA through down-regulation 
of the extracellular signal-related kinase, toll-like receptor, and 
MAP  (p38 mitogen-activated protein) kinases activities in  vitro.[17] In 
the experimental model of myocardial ischemia/reperfusion injury, 
OPA induces cardioprotective efficacy via activation of Sirt1  (silent 
information regulator factor 2 related enzyme 1)/Foxo1  (forkhead 
transcription factor FKHR) signaling pathway.[18] Treatment of OPA 
exerts a protective efficacy in lipopolysaccharide-induced acute lung 
injury model through regulating PTEN  (phosphatase and tensin 
homolog deleted on chromosome 10)/AKT pathway.[19] However, the 
potential of OPA in adjuvant-induced arthritis  (AIA) remains unclear. 
Thus, the current study was designed to evaluate the efficacy of OPA 
against arthritis induced by Freund complete adjuvant  (FCA) in 
experimental rats.

MATERIALS AND METHODS
Study animals
Female Wistar rats weighing from 150 to 180  g were maintained at 
standard laboratory conditions  (temperature: 24°C  ±  1°C, relative 
humidity: 45%–55%, feed: standard pellet and filtered water) in the 
animal house Affiliated Hospital of the Shaanxi University of Chinese 
Medicine. The animal ethics committee of Affiliated Hospital of the 
Shaanxi University of Chinese Medicine approved  (Approval no. 
SUCMDL2021079001) all the protocols related to experimental research.

Induction of adjuvant-induced 
polyarthritis (adjuvant-induced arthritis)
Previously reported method was used to induce AIA using an 
intradermal injection of FCA (0.1 mL, Sigma Aldrich, St. Louis, USA) 

into the tail of the female rat.[20] Post-AIA development, rats were 
divided into 5 groups (each group contain 18 rats) and received either 
dimethyl sulfoxide (DMSO, 0.5%, 10 mg/kg) or OPA (OPA, 10, 20 and 
40 mg/kg in 0.5% DMSO) or leflunomide (10 mg/kg in 0.5% DMSO) 
orally for the next 28  days.[21] A separate group of rats  (n  =  18) was 
maintained as normal  (without administration of FCA). The paw 
volume, paw withdrawal threshold, and latency were determined 
according to previously reported methods using plethysmometer, 
von Frey hair application, and Hargreaves apparatus, respectively.[22-24] 
At the end of the treatment period, a blood sample was utilized to 
determine
C-reactive protein  (CRP), erythrocyte sedimentation rate  (ESR), 
hemoglobin (Hb), platelets  (PLT), red blood cell  (RBC), and white 
blood cell  (WBC). In addition, serum was utilized to determine 
alanine transaminase (ALT), albumin, alkaline phosphatase (ALP), 
and aspartate transaminase  (AST).[22] Isolated synovial tissue was 
used to evaluate the levels of oxido-nitrosative stress  (n  =  5-6) 
markers, including lipid peroxidation  (MDA), nitric oxide  (NO), 
reduced glutathione  (GSH), and superoxide dismutase  (SOD) 
according to the method reported elsewhere.[25] Another portion 
of synovial tissue was used to assess the levels of pro-inflammatory 
cytokine  (Tumor necrosis factor-alpha  [TNF-α] and ILs) using 
a commercially available enzyme-linked immunosorbent assay 
kit (Bethyl Laboratories Inc., Montgomery, TX, USA). The levels of 
COX-2, Ikβα, iNOs, and Nuclear factor-kappa beta (NF-kβ) mRNA 
expressions (primer details provided in Table 1) in synovial tissues 
were determined using Reverse Transcriptase  (RT)-polymerase 
chain reaction approach as per the manufacturer’s instructions (MP 
Biomedicals India Private Limited, India).[25] The histological 
analysis of the tibiotarsal joint was evaluated using hematoxylin and 
eosin  (H and E) and graded according to the previously described 
method.[26] GraphPad Prism 5.0 software was used for statistical 
analysis to compare the difference between AIA control animals 
and drug-treated groups. Statistically significant was achieved at 
P < 0.05.

RESULTS
Alterations in weight of body, joint diameter, paw 
volume, paw withdrawal latency, and threshold
FCA-caused induction of arthritis reflected a higher degree of ankle 
inflammation in AIA control rats  [Figure  1b] in contrast to normal 
rats [Figure 1a]. This ankle inflammation was decreased by leflunomide 
and OPA treatment [Figure 1c-d].
A noteworthy decrease  (P  <  0.05) in weight of the body and 
increased  (P  <  0.05) in joint diameter, paw volume, paw withdrawal 
latency, and threshold were reported in the AIA control group 
confront to the normal group. However, the administration of 
leflunomide effectively  (P  <  0.05) lessened AIA-induced alterations 
in body weight, joint diameter, paw volume, paw withdrawal latency, 
and threshold than the AIA control group. Treatment with OPA  (10 
and 20  mg/kg) markedly  (P  <  0.05) increased body weight whereas 
diminished  (P  <  0.05) joint diameter, paw volume, paw withdrawal 
latency, and threshold significantly lessened (P < 0.05) confront to the 
AIA control group [Table 2].

Spleen weight, hematological parameters, and 
erythrocyte sedimentation rate levels
Spleen weight, WBC and platelet count, ESR were amplified 
effectively (P < 0.05), additional levels of RBCs and Hb were markedly 
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lessened  (P  <  0.05) in the AIA control group after administration of 
FCA confront to the normal group. Leflunomide administration 
meaningfully  (P  <  0.05) inhibited alteration induced by AIA in 
spleen weight, ESR, and hematological parameters in contrast to 
the AIA control group. Treatment with OPA  (10 and 20  mg/kg) 
effectively reduced (P < 0.05) splenic enlargement, WBC and platelet 
count, ESR levels, whereas RBCs and Hb levels were dramatically 
elevated  (P  <  0.05) confront to AIA control group. The alteration 
in spleen weight, hematological parameters, and ESR were more 
significantly  (P  <  0.05) restored by leflunomide treatment compared 
with OPA [Table 3].

Alanine transaminase, aspartate transaminase, 
albumin, alkaline phosphatase, C-reactive protein, 
and rheumatoid factor
The ALT, AST, albumin, ALP, and rheumatoid factor levels were 
increased  (P  <  0.05), conversely the level of albumin was effectively 
declined in the AIA control group in contrast to the normal group. 
Compared to the AIA control group, leflunomide effectively (P < 0.05) 
augmented albumin levels and diminished levels of AST, ALP, ALT, CRP, 
and rheumatoid factor. Administration of OPA (10 and 20 mg/kg) also 
conspicuously  (P  <  0.05) attenuated AIA-induced variations in ALT, 

Table 2: Effects of oxypaeoniflorin on freund complete adjuva-induced alterations in body weight, change in joint diameter, change in paw volume, paw 
withdrawal latency, and paw withdrawal threshold (von-frey hair)

Treatment AUC (body 
weight [g])

AUC (change in joint 
diameter [mm])

AUC (change in 
paw volume [mL])

AUC (paw withdrawal 
latency [s])

AUC (paw withdrawal 
threshold [g])

Normal 6403.00±21.28 0.00±0.00 0.00±0.00 230.90±4.78 1735.00±42.26
AIA 
control

5684.00±20.35# 90.61±1.23# 98.15±1.80# 117.40±3.90# 797.30±39.64#

LF (10) 6187.00±27.89*,$ 66.77±1.11*,$ 84.55±1.99*,$ 140.90±4.06*,$ 1034.00±38.92*,$

OPA (10) 5917.00±23.79* 86.61±1.41* 96.44±2.14 125.90±4.28 824.20±46.18
OPA (20) 6011.00±26.58*,$ 78.73±1.28*,$ 93.23±1.90*,$ 132.40±3.75*,$ 906.40±41.92*,$

OPA (40) 6092.00±30.65*,$ 72.64±1.11*,$ 88.14±1.98*,$ 136.50±3.98*,$ 987.70±44.17*,$

Values in parentheses indicate a dose in mg/kg (n=6). Data were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test. For comparison with 
AIA-control group: *P<0.05, comparison with normal group: #P<0.05 and comparison with one another: $P<0.05. AIA: Adjuvant-induced arthritis; LF: Leflunomide; 
OPA: Oxypaeoniflorin; AUC: Area under curve
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Figure  1: Effects of Oxypaeoniflorin on the severity of ankle inflammation in rats. Representative images of the paw from  (a) normal rats,  (b) 
adjuvant-induced arthritis control rats with a higher degree of inflammation, (c) Leflunomide (10 mg/kg) treated rats with reduced ankle inflammation, (d) 
Oxypaeoniflorin  (10 mg/kg) treated rats with severe inflammation,  (e) Oxypaeoniflorin  (20 mg/kg) and (f ) Oxypaeoniflorin  (40 mg/kg) treated rats with 
reduced ankle inflammation

Table 1: Primer sequence for nuclear factor kappa beta, nuclear factor of kappa light polypeptide gene enhancer in B cells inhibitor-α, inducible nitric oxide 
synthase, cyclooxygenase-2, and β-actin

Gene Sequence Size (bp)

Forward primer Reverse primer
NF-κB CCGTTATGTATGTGAAGG AGAGTCCAGGATTATAGC 338
IκBα AAGTCGTCGGTGGGAAAC CCTGAGTGGCTGGAAAGT 405
iNOs ATCCCGAAACGCTACACTT TCTGGCGAAGAACAAATCC 314
COX-II ACAACATTCCTTCCTTC CCTTATTTCCTTTCACACC 253
β-actin GTCACCCACACTGTGCCCATCT ACAGAGTACTTGCGCTCAGGAG 764

NF-kβ: Nuclear factor kappa beta; Ikβα: Nuclear factor of kappa light polypeptide gene enhancer in B cells inhibitor-α; iNOs: Inducible nitric oxide synthase; COX-2: 
Cyclooxygenase-2
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AST, albumin, ALP, CRP, and rheumatoid factor as confront to the AIA 
control group. Leflunomide administration exhibited more efficient 
attenuation (P < 0.05) of ALT, AST, albumin, ALP, CRP, and rheumatoid 
factor compared to OPA treatment [Table 4].

Oxido-nitrosative stress in synovial fluid
In contrast to the normal group, synovial levels of GSH and SOD were 
markedly lessened (P < 0.05), inversely levels of NO and MDA in synovial 
fluid were increased effectively  (P  <  0.05) in the AIA control group. 
Leflunomide treatment distinctly (P < 0.05) inhibited oxido-nitrosative 
stress induced by AIA than the AIA control rats. OPA (10 and 20 mg/
kg) administration also noticeably enlarged  (P  <  0.05) synovial levels 
of GSH and SOD, whereas levels of NO and MDA were effectively 
reduced  (P  <  0.05) in contrast to the control group. Leflunomide has 

a more pronounced  (P  <  0.05) potential in inhibiting AIA-induced 
increased oxidative stress compared to OPA treatment [Figure 2a-d].

Protein levels of tumor necrosis factor-alpha and 
interleukins in synovial fluid
The protein levels of TNF-α and ILs in synovial fluid were amplified 
effectively (P < 0.05) in the AIA control group after FCA administration 
compared to the normal rats. Leflunomide effectively  (P  <  0.05) 
condensed synovial levels of TNF-α and ILs protein contrast to the 
AIA control group. In addition, treatment with OPA (10 and 20 mg/kg) 
markedly diminished  (P  <  0.05) levels of TNF-α and ILs in synovial 
confront to the AIA control group. Increased level of TNF-α and ILs in 
synovial was more blatantly (P < 0.05) condensed after treatment with 
leflunomide compared to OPA [Figure 2e-h].

Table 3: Effects of oxypaeoniflorin on freund complete adjuva-induced alterations in spleen weight, hematological parameters, and erythrocyte sedimentation 
rate level

Treatment Spleen weight (g) RBC (×106/µL) WBC (×103/µL) Hb (g/dL)  (×109/L) ESR (mm)
Normal 0.96±0.04 4.17±0.17 5.67±0.33 14.50±0.34 897.00±48.97 3.15±0.40
AIA control 2.27±0.05# 0.50±0.22# 12.00±0.37# 9.67±0.33# 1515.00±53.29# 14.88±0.39#

LF (10) 1.30±0.03*,$ 3.17±0.17*,$ 6.50±0.34*,$ 12.50±0.56*,$ 1029.00±40.39*,$ 5.50±0.31*,$

OPA (10) 2.06±0.05 1.33±0.33 10.67±0.33 10.83±0.75 1461.00±46.52 12.85±0.28
OPA (20) 1.68±0.05*,$ 2.67±0.33*,$ 9.33±0.33*,$ 12.83±0.54*,$ 1234.00±49.20*,$ 10.07±0.33*,$

OPA (40) 1.48±0.04*,$ 3.67±0.33*,$ 8.67±0.21*,$ 13.33±0.56*,$ 1088.00±60.91*,$ 7.90±0.24*,$

Values in parentheses indicate a dose in mg/kg (n=6). Data were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test. For comparison with 
AIA-control group: *P<0.05, comparison with normal group: #P<0.05 and comparison with one another: $P<0.05. AIA: Adjuvant-induced arthritis; LF: Leflunomide; 
OPA: Oxypaeoniflorin; RBC: Red blood cells; WBC: White blood cells; ESR: Erythrocyte sedimentation rate; HB: Hemoglobin; PLTs: Platelets

Table 4: Effects of oxypaeoniflorin on freund complete adjuva-induced alterations in serum aspartate aminotransferase, alanine transaminase, alkaline 
phosphatase, albumin, C-reactive protein, and rheumatoid factor levels

Treatment AST (U/mL) ALT (U/mL) ALP (U/L) Albumin (g/dl) CRP (mg/L) Rheumatoid factor (IU/mL)
Normal 34.19±3.26 34.41±3.41 63.69±9.94 6.19±0.65 1.98±0.18 0.00±0.00
AIA control 120.60±3.64# 165.60±2.95# 419.80±8.25# 1.96±0.30# 7.24±0.21# 64.02±2.16#
LF (10) 58.56±3.47*,$ 69.29±2.52*,$ 122.20±11.75*,$ 5.85±0.42*,$ 2.83±0.18*,$ 42.66±2.44*,$

OPA (10) 114.00±4.14 152.40±3.70 380.80±8.84 2.34±0.50 6.75±0.21 61.66±2.42
OPA (20) 79.27±3.70*,$ 117.70±3.27*,$ 301.00±7.02*,$ 3.63±0.33*,$ 4.85±0.23*,$ 51.99±2.32*,$

OPA (40) 62.53±4.93*,$ 74.71±4.43*,$ 140.90±9.41*,$ 4.51±0.61*,$ 3.89±0.25*,$ 42.04±3.04*,$

Values in parentheses indicate a dose in mg/kg (n=6). Data were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test. For comparison with 
AIA-control group: *P<0.05, comparison with normal group: #P<0.05 and comparison with one another: $P<0.05. AIA: Adjuvant-induced arthritis; LF: Leflunomide; 
OPA: Oxypaeoniflorin; AST: Aspartate Aminotransferase; ALT: Alanine transaminase; CRP: C-reactive protein; ALP: Alkaline phosphatase
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Figure  2: Effects of OPA on FCA-induced alterations in antioxidant parameters, i.e., SOD  (a), GSH  (b), MDA  (c) and NO  (d) as well as pro-inflammatory 
cytokines levels, i.e., TNF-α (e), IL-1 β (f ), IL-6 (g), and IL-17 (h) in synovial tissues. Values in parentheses indicate a dose in mg/kg (n = 6). Data were analyzed 
by one-way ANOVA followed by Tukey’s multiple comparisons test. For comparison with AIA-control group: *P  <  0.05, comparison with normal group: 
#P < 0.05 and comparison with one another: $p < 0.05. AIA: Adjuvant-induced arthritis, LF: Leflunomide; OPA: Oxypaeoniflorin; SOD: Superoxide dismutase; 
GSH: Glutathione Peroxidase; MDA: Malondialdehyde; NO: Nitric Oxide; TNF-α: Tumor necrosis factor-alpha; ILs: Interleukins
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mRNA expressions nuclear factor-kappa beta, Ikβα, 
cyclooxygenases-2 and iNOs in Synovial Fluid
The NF-kβ, Ikβα, COX-2, and iNOs mRNA expressions in synovial 
tissue were strikingly upregulated (P < 0.05) in the AIA control group 
confront to normal rats. Compared to the AIA control group, treatment 
with leflunomide efficiently  (P  <  0.05) down-regulated AIA-induced 
raised NF-kβ, Ikβα, COX-2, and iNOs mRNA expressions. OPA (10 and 
20 mg/kg) administration prominently attenuated (P < 0.05) upregulated 
synovial Ikβα, NF-kβ, COX-2, and iNOs mRNA expressions contrast to 
the AIA rats. Inhibition of AIA-induced elevated Ikβα, NF-kβ, COX-2, 
and iNOs mRNA expression in synovial were more prominent (P < 0.05) 
in leflunomide than OPA treatment [Figure 3].

Tibiotarsal joint histopathology
FCA induces apparent obliteration in the tibiotarsal joint reflected 
by increased synovial proliferation, cellular infiltration, pannus 
formation, and cartilage erosion which were prominent in the 
histology of synovial tissue from the AIA control group [Figure 4b]. 
Histological analysis of the tibiotarsal joint from the normal group 
portrayed normal architecture with evidence of mild inflammatory 
infiltration  [Figure  4a]. Conversely, leflunomide treatment 
markedly (P < 0.05) attenuated AIA-induced destruction of tibiotarsal 
joint imitated by reduced synovial proliferation, cellular infiltration, 
pannus formation, and cartilage erosion in the tibiotarsal joint 
contrast to the AIA control group [Figure 4c]. OPA (10 and 20 mg/
kg) treatment also noticeably lessened  (P  <  0.05) histological 
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Figure 3: Effects of OPA on FCA-induced alterations in mRNA expression of NF-kβ, Ikβα, iNOs, and COX-2  (a). Quantitative representation of the mRNA 
expression of NF-kβ (b), Ikβα (c), iNOs (d), and COX-2 (e) in synovial tissues. Data are expressed as mean ± standard error of mean (n = 6) and analyzed by 
one-way ANOVA followed by Tukey’s multiple range test. For comparison with AIA-control group: *P < 0.05, comparison with normal group: #P < 0.05 and 
comparison with one another: $p < 0.05. 1000 base pair (bp) ladder (lane 1), Normal group mRNA expression (lane 2); AIA control group mRNA expression (lane 
3); Leflunomide group mRNA expression (lane 4) and OPA (10, 20, and 40 mg/kg) group mRNA expression (lane 5-7). AIA: Adjuvant-induced arthritis, LF: 
Leflunomide; OPA: Oxypaeoniflorin; NF-kβ: Nuclear factor kappa beta; Ikβα: nuclear factor of kappa light polypeptide gene enhancer in B cells inhibitor-α; 
iNOs: inducible nitric oxide synthase; and COX-2: Cyclooxygenase-2
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Figure  4: Effects of Oxypaeoniflorin on the histopathology of tibiotarsal joints. Representative histological images from  (a) normal,  (b) AIA control,  (c) 
Leflunomide (10 mg/kg), (d) Oxypaeoniflorin (10 mg/kg), (e) Oxypaeoniflorin (20 mg/kg) and (d) Oxypaeoniflorin (40 mg/kg) treated rats. Images stained 
with H and E (×40). The quantitative representation of histological score (g). Data were expressed as mean ± standard error of mean (n = 3), and one-way 
analysis of variance followed by the Kruskal-Wallis test was applied for post hoc analysis. For comparison with adjuvant-induced arthritis-control group: 
*P < 0.05, comparison with normal group: #P < 0.05 and comparison with one another: $P < 0.05
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aberrations induced by AIA in the tibiotarsal joint confront AIA 
control group [Figure 4d-g].

DISCUSSION
Rheumatoid arthritis is a complex, chronic disorder of systemic 
autoimmunity that causes severe inflammation, pain, and damages to 
the tissue leading to the restriction of limbs movements. The existing 
pharmacological treatment such as ibuprofen, methotrexate, cyclosporin 
A, adalimumab, infliximab is effective; however, their unwanted side 
effect, including gastrointestinal irritation, hepatotoxicity, nephrotoxicity, 
hematologic toxicity as well as the high cost of treatment, limits their 
long-term clinical implications.[6] TCM and its monomer in managing 
various disorders, including RA, have effectively increased in the last 
several decades.[14,27] In the present investigation, we have also determined 
the effectiveness of OPA, a TCM monomer, against AIA in FCA-induced 
arthritic rats. The findings suggested that OPA inhibited the NF-κB/IκBα 
pathway to downregulate the pro-inflammatory cytokines  (TNF-α and 
ILs) release and inflammatory mediator  (COX-II and iNOs) activation 
thus, ameliorated arthritis-associated inflammation and pain  (Graphical 
abstract).
It has been reported that cachexia, i.e., marked reduction in body weight, 
is a hallmark of various chronic diseases, including heart or renal failure, 
arthritis, cancer, diabetes, and Crohn’s disease.[28-36] Clinically, it has 
been shown that RA exhibits hypermetabolism and accelerated protein 
breakdown, which is a significant reason for increased morbidity and 
premature mortality in patients.[37,38] In the present investigation, there 
was a marked reduction in the body weight recorded in AIA control 
rats even before the manifestation of external signs of the illness, such 
as destruction of joint integrity and function disability. This result of 
the current investigation is in accordance with the previous findings.[39] 
It has been well documented that decreased body weight is affected 
by immune inflammation and elevated pro-inflammatory cytokines, 
which play an essential role in leptin regulation.[40,41] In the present 
investigation, rats administered with FCA showed a marked decrease in 
body weight, which might be via a reduction of leptin levels. In contrast, 
administration of OPN showed a significant attenuation in FCA-induced 
decreased bodyweight, which could be attributed to the inhibition of the 
release of inflammatory markers.
During inflammatory insult, the pro-inflammatory release  (including 
prostaglandin E2) and pro-inflammatory cytokines are responsible 
for initiating pain via nociceptor sensitization resulting in threshold 
decrease.[42,43] Most anti-inflammatory agents possess analgesic, i.e., 
reduction of allodynia and hyperalgesia, as an essential ancillary property, 
widely utilized to increase pain threshold in various animal models.[44-46] 
It has been well established that AIA-induced arthritis is associated 
with altered allodynia and hyperalgesia,[6,47,48] and in the present study 
also FCA administration resulted in a marked reduction of allodynia 
and hyperalgesia evaluated by an array of behavioral assessment using 
Randall-Selitto, von Frey hair, and Hargreaves test. However, OPN 
showed effective attenuation of allodynia and hyperalgesia by virtue of 
its anti-inflammatory property.
AIA is associated with decreased RBC and Hb levels representing an 
anemic situation in arthritic rats. It is also a common diagnostic marker 
in chronic arthritis patients.[22,49] This decreased RBC and Hb levels in 
AIA rats may be due to iron deficiency in the reticuloendothelial system 
and synovial fluid or failure of bone marrow response in erythropoietin 
along with the destruction of premature RBCs.[49-51] Studies have shown 
that the release of inflammatory cytokine plays a vital role in this vicious 
cycle to bring about decreased Hb and RBC levels during acute phase 

response.[28,52-55] Furthermore, a moderate rise in WBC count occurred 
during arthritic conditions due to the release of IL-1 β and mediated 
increase in the colony-stimulating factors. The spleen plays a major role 
in RBCs half-life and subsequently anemia in AIA rats, which might 
cause splenic atrophy.[6,48] ESR serves as a suspension stability index for 
RBCs in plasma, and it’s a measurement of disease activity index during 
RA.[48,49] In the present investigation, AIA rats exhibited decreased Hb 
and RBC levels and increased ESR, according to earlier studies.[48,49] Thus, 
reducing the ESR and improving RBC and Hb count brought about by 
OPN treatment indicate significant recovery from the anemic condition 
and further support its anti-arthritic effect.
In the present investigation, a battery of serum chemistry tests was run to 
assess the functionality of vital organs like the liver after administration 
of FCA. There were significant alterations in liver functions after chronic 
oral administration of FCA, reflected by an increase in albumin, ALT, 
AST, and ALP levels. It has been reported that albumin corresponds to 
50% of the total protein.[56] Elevated serum albumin subsequent to FCA 
administration correlates with elevated synovial protein levels. AST and 
ALT are abundant enzymes in the synovial tissue,[57] representing liver 
function, and modulation in their activity suggests liver dysfunction.[58] 
Administration of FCA caused a marked increase in ALT and AST 
levels, thus producing hepatotoxicity. A recent study has documented 
that arthritis patients are associated with primary liver disease.[59] The 
current study also depicted that FCA-induced arthritis is associated 
with hepatotoxicity, reflected by elevated AST and ALT levels. However, 
OPN markedly attenuated these elevated hepatotoxicity markers 
suggesting its hepatoprotective role, contributing to its anti-arthritic 
potential.
Considerable evidence suggests that NF-κB  (Nuclear factor-kappa 
B), a critical transcription factor that promotes the accumulation of 
neutrophils and the adhesion of macrophages that further regulates 
the release of inflammatory responses.[60] IκBα (nuclear factor of kappa 
light polypeptide gene enhancer in B-cells inhibitor, alpha) is a member 
of the cellular proteins family responsible for inhibiting the NF-κB 
transcription factor. Under normal physiological conditions, IκBα masks 
the nuclear localization signaling of NF-κB via formation of its complex 
with p65/p50 NF-κB, a heterodimer of NF-κB.[61,62] However, AIA 
triggers the I𝜅Bα phosphorylation, which causes the ubiquitination and 
degradation of this complex that further subsequently result in NF-κB 
translocation to nucleus.[63] The activation of NF-κB modulates the 
expression of the number of inflammatory mediators, including COX-II 
and iNOs, and pro-inflammatory genes, including iNOs, TNF-α, and 
ILs.[47,64] In the current investigation, AIA rats showed the upregulated 
expression of NF-κB and IκBα, further responsible for upregulated 
levels of pro-inflammatory cytokines and inflammatory mediators. 
Conversely, administration of OPA inhibited the phosphorylation of 
I𝜅Bα, which could prevent the activation of NF-κB and thus suppress 
the inflammatory release. Zhang et  al.(2013) also reported the 
anti-inflammatory and antioxidative property of OPA via attenuation 
of NF-κB.[16] The outcomes of the current study were in line with the 
findings of the earlier investigator.[16]

Cytokines, including ILs and TNF-α, play a central role in RA’s 
pathogenesis.[6] The release of pro-inflammatory cytokines due to 
antigen-stimulated immune response cause recruitment, activation, 
and deposition of polymorphonuclear neutrophils  (PMNs) into the 
joint space.[65-67] Further, these PMNs caused the elevated response 
of ROS, which damages cartilage and joint.[68] It has been reported 
that differentiation and proliferation of T and B cells and their 
resorption into bone are inducted by TNF-α and IL-6, whereas IL-1 β 
causes modulation of immune response via production of NO and 
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prostaglandin.[9,69,70] Recent evidence demonstrated an elevated response 
of pro-inflammatory cytokines in RA patients.[71] Thus, measures have 
been oriented toward the administration of anti-TNF-α antibodies to 
manage RA.[6] In the current study, FCA caused an increased response 
of pro-inflammatory cytokines in the synovial fluid. In contrast, 
treatment with OPN ameliorated this influx of cytokines. The current 
study results are in line with earlier research findings where OPA 
efficiently inhibited the elevated response of ILs and TNF-α,[19] thus 
exerting its anti-inflammatory potential to modulate the pathogenesis 
of the disease.
CRP has been well documented as a vital marker during various 
inflammatory diseases.[5,6,49] Rheumatoid arthritis patients also exhibit 
increased serum CRP levels associated with inflammation and tissue 
destruction.[48] Moreover, a couple of inducible inflammatory enzymes, 
including NO and COX-2, play a vital role in activating an inflammatory 
network of mediators.[52] Numerous findings documented the linkage 
between elevated NO and pro-inflammatory cytokines in local synovial 
fluid.[8,52,72] Furthermore, COX-2, an isoenzyme, is abundantly present 
in activated macrophages responsible for synthesizing prostaglandins 
that mediate various inflammatory reactions.[73] Thus, dual inhibition 
of these inducible inflammatory enzymes (NO and COX-2) would be 
important in terms of symptomatic relief from pain and inflammation. 
In the present investigation, the activity of NO and COX-2 significantly 
decreased postadministration of OPN, which, in turn, might have 
reduced inflammation and modulated the paw withdrawal latency in 
FCA-induced rats indicating its anti-nociceptive potential.
Nowadays, TCM monomers gained significant attention in managing 
Chinese patients with RA combined with western medicine to enhance 
their efficacy. Recently, the National Medical Products Administration of 
the State Administration for Market Regulation of PRC (formerly China 
Food and Drug Administration) has approved sinomenine, a TCM 
monomer for RA treatment.[14,74,75] China’s National Health Insurance 
Directory has accepted sinomenine for managing RA due to its high 
clinical efficacy and low toxicity.[14] Thus, OPN can serve as an essential 
moiety for further clinical development during the treatment of RA.

CONCLUSION
The current study demonstrated the efficacy of OPA against AIA in 
experimental rats. OPA exerts its anti-arthritic property through 
inhibition of NF-κB/IκBα pathway to downregulate the release of 
pro-inflammatory cytokines  (TNF-α and ILs) and inflammatory 
mediator  (COX-II and iNOs) thus, ameliorated arthritis-associated 
inflammation and pain.
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