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Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease without effective and beneficial drugs. Many traditional folk medicines have been proven to be effective in treating RA. Among these, the root of Pterospermum heterophyllum Hance has been widely used as a traditional remedy against RA in China, but there is no scientific basis yet. The aim of this study was to investigate for the first time the chemical compositions and therapeutic effect of P. heterophyllum on adjuvant-induced arthritis (AIA) model in rats. 73 compounds were identified from P. heterophyllum based on ultra-performance liquid chromatography-quadrupole time-of-flight tandem mass spectrometry (UPLC-qTOF-MS/MS), and flavonoids may be partly responsible for the major anti-arthritic effect. In parallel, the P. heterophyllum extract at 160, 320, and 640 mg/kg/day were orally administered to rats for 22 days after post-administration adjuvant. The results showed that P. heterophyllum remarkably ameliorated histological lesions of the knee joint, increased body weight growth, decreased arthritis score, reduced thymus and spleen indices in model rats. Moreover, P. heterophyllum treatment persuasively downregulated the levels of rheumatoid factor (RF), C-reactive protein (CRP), tumor necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), IL-6, IL-17, cyclooxygenase-2 (COX-2), 5-lipoxygenase (5-LOX) and matrix metalloproteinase-2 (MMP-2), and observably upregulated IL-4 and IL-10 levels in model rats. These findings suggest that P. heterophyllum has a prominent anti-RA effect on AIA rats by modulating the inflammatory responses, and supports the traditional folk use of this plant.
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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic, systematic and autoimmune inflammatory disease that results in progressive synovitis, joint swelling and damage, synovial hyperplasia, and bone and cartilage erosion (Yousefi et al., 2014; Saleem et al., 2020; Zhu et al., 2020). Although the etiology of RA is intricate and vague, inflammatory factors, including pro-inflammatory cytokines, anti-inflammatory cytokines and inflammatory mediators, are responsible for bone and cartilage erosions, and play a crucial role in this disease (Wang et al., 2017a; Rui et al., 2019; Saleem et al., 2020). Additionally, the serum levels of these inflammatory mediators were determined by enzyme-linked immunosorbent assay (ELISA) kits (Lin et al., 2013; Wang et al., 2017a). Currently, immunosuppressants, biological agents and disease-modifying anti-rheumatic drugs (DMARDs), and steroidal and non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used for the treatment of RA, but most of them display long-term adverse effects, toxicity and comorbidities (Dai et al., 2020; Li et al., 2019a, Li et al., 2019b; Rui et al., 2019). As a result of this, exploring effective and safe anti-RA drug candidates from natural products, especially traditional folk medicines, could be a momentous breakthrough.
Traditional Chinese medicines (TCMs) are decisive complementary and alternative medicines, which have been verified to be effective treating RA for centuries with more safety and little side-effects in China and other Southeast Asian countries (Bao et al., 2018; Li et al., 2019a, Li et al., 2019b; Lin et al., 2013; Jing et al., 2019; Yang et al., 2020). Pterospermum heterophyllum Hance is native only to China and widely distributed in Fujian, Guangdong, Guangxi and Hainan provinces, belonging to the Sterculiaceae family (Editorial Committee of Traditional Chinese Medicine 1999; Yang et al., 2016, 2019a). The root of P. heterophyllum is a vital TCM and has been used for centuries as an empiric treatment for RA and other inflammation-related diseases (Editorial Committee of Traditional Chinese Medicine 1999; Yang et al., 2016; Yang et al., 2019a). Despite good clinical practice and good clinical effects, the phytochemical profiling and anti-RA efficacy of P. heterophyllum are still unknown, leading to numerous obstacles in the clinical application and reasonable development of this plant.
Therefore, in this study, the AIA rat model was adopted to evaluate the therapeutic efficacy and underlying mechanisms of P. heterophyllum. Following this step, ultra-performance liquid chromatography-quadrupole time-of-flight tandem mass spectrometry (UPLC-qTOF-MS/MS) analysis was performed to explore the phytochemicals present in this plant. Our findings will provide adequate scientific evidence for the development and clinical application of P. heterophyllum.
MATERIALS AND METHODS
Chemicals and Reagents
Pentobarbital sodium (Shanghai Rongbai Biological Technology Co., Ltd., Shanghai, China), Complete Freund’s adjuvant (CFA) and Histopaque 1,083 (Sigma Co., USA), MTX (Shanghai Xingyi Pharmaceutical Co., China), TNF-α, IL-1β, IL-4, IL-6, IL-10, IL-17, COX-2, 5-LOX and MMP-2 ELISA kits (Chuzhou Shinuoda Biological Technology Co., China) were used in this experiment.
Plant Material and Extracts Preparation
Plant materials of P. heterophyllum roots were collected from the town of Pulu, Lipu Country, Guilin City, Guangxi, China (GPS location: 110.51682262,911,989, 24.576018798,987,043), in October 2017, and was authenticated by professor Ronghua Liu. A voucher specimen (No. PH20171024) for P. heterophyllum root was deposited in the author’s laboratory.
The dried and powdered roots of P. heterophyllum (1.0 kg) were extracted with 95% EtOH (5 L × 3) and subsequently with 50% EtOH (5 L × 3) by maceration at room temperature for 7 days. The ethanol crude extract of P. heterophyllum roots was filtrated and evaporated to obtain a black residue (PH, 160 g), with a yield of 16.0%.
According to the TCM clinical practice (9–30 g/day) (Editorial Committee of Traditional Chinese Medicine 1999), the dosage of P. heterophyllum roots for rat was 0.8–2.7 g/kg/day (body weight). Thus, the dosages of PH for rat were 1.0 g/kg (equivalent to 160 mg/kg crude extract, low-dose), 2.0 g/kg (320 mg/kg, medium-dose) and 4.0 g/kg (640 mg/kg, high-dose) in this experiment. All these extracts were dissolved in 0.3% sodium carboxymethyl cellulose (CMC-Na) for oral administration.
Ultra-Performance Liquid Chromatography-Quadrupole Time-of-Flight Tandem Mass Spectrometry Analysis for Chemical Profiling
The identification of phytochemicals in the ethanol crude extract of PH was carried out using UPLC-qTOF-MS/MS in a Shimadzu UHPLC System (Kyoto, Japan) coupled with an AB SCIEX Triple TOF™ 5600 + system (Foster City, CA, USA) (Yang et al., 2019b). The chromatographic separation was conducted in an ACQUITY UPLC®BEH C18 (100 × 2.1 mm, 1.7 μm) maintained at 35°C. 0.1% aqueous formic acid (v/v, A) and acetonitrile (B) were used as mobile phases. The gradient elution with the flow rate of 0.3 ml/min was performed as follows: 0–8 min 5–8% B; 8–12 min 8–8% B; 12–17 min 8–12% B; 17–28 min 12–35% B; 28–35 min 55–55% B; 35–45 min 55–95% B; 45–47 min 95–95% B; 47–47.1 min 95–5% B; 47.1–50.0 min 5–5% B. The sample inject volume was 3 μL.
Experimental Animals
Sprague-Dawley rats (weighing 160–180 g) were obtained from Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China) and housed in cages at a room temperature of 21–25°C with 12 light/dark reverse cycles.
Experimental Design
After adaptive feeding, the rats were randomly assigned to six groups (n = 8): normal control (Control), AIA model (AIA), AIA model + MTX (AIA + MTX, 0.35 mg/kg), AIA model + PH low-dose (AIA + PH-L, 160 mg/kg), AIA model + PH medium-dose (AIA + PH-M, 320 mg/kg), and AIA model + PH high-dose (AIA + PH-H, 640 mg/kg). In accordance with the previous method, the AIA rat model was induced by a single intradermal injection of 100 μL CFA into the rat’s left hind footpad (day 1) (Yang et al., 2016; Pan et al., 2017). After the establishment of the AIA model, all PH crude extracts were administered orally once a day from day 7 to day 28. MTX was used as a positive drug and administered intragastrically (i.g.) twice a week. Meanwhile, the rats in the normal control group and the AIA model group were treated with an equal volume of 0.3% CMC-Na. The experimental protocol of PH effect on CFA-induced RA in rats was shown in Figure 1.
[image: Figure 1]FIGURE 1 | The experimental schedule of P. heterophyllum in the AIA rats.
Evaluation of Rheumatoid Arthritis
The body weight and arthritis score of rats were measured every 4 days. The arthritis scores of rat paws were evaluated using a 5-point scale (Yang et al., 2016; Jing et al., 2019): 0 = no erythema or swelling; 1 = erythema or toe joints swelling; 2 = toes and joints swelling; 3 = toes swelling and ankle joints swelling; 4 = the entire paw swelling and ankle joints swelling. The maximum arthritis score of each rat was set at 16 (4 points ×4 paws).
On day 29th day after immunization, all rats were killed after anesthesia (1% pentobarbital sodium, 40 mg/kg), and the immune organs including thymus and spleen were harvested and weighed. The index of thymus or spleen (mg/g) = thymus or spleen wet weight/body weight (Lin et al., 2013; Jing et al., 2019).
Biochemical and Hematological Analysis
Blood was collected from the carotid artery of rats after being anesthetized. The peripheral blood mononuclear cells (PBMC) isolation process was performed according to the previous method (Lin et al., 2013). The serum levels of RF, CRP, TNF-α, IL-1β, IL-4, IL-6, IL-10, and IL-17, and the PBMC levels of COX-2, 5-LOX and MMP-2, were quantified by commercially available ELISA kits based on the manufacturer’s instructions (Chuzhou Shinuoda Biological Technology Co., China).
Histopathological Examination
The ankle joints of the rats were removed and fixed in 4% (w/v) paraformaldehyde, decalcified in 10% ethylene-diamine-tetraacetic acid (EDTA) at 4°C for 30 days. Tissues were embedded in paraffin and 4 µm joint sections were obtained. Subsequently, the sections were deparaffinized, dehydrated and stained with hematoxylin and eosin (HE). These sections were examined with a DS-F12 microscope (magnification, ×100, Nikon Corporation, Japan) for histopathological analysis.
Statistical Analysis
Graphpad Prism6 was used for statistical analysis, and the data were presented as the means ± standard deviation (SD). One-way analysis of variance (ANOVA) and Tukey’s test were used for comparison differences groups. Differences with p < 0.05 indicated statistical significance.
Ethics Statement
All the experiments were carried out in adherence with the guidelines of the Institutional Animal Care and Use Committee of China and were approved by the Animal Care and Research Committee of Jiangxi University of Traditional Chinese Medicine. All surgical procedures were performed under sodium pentobarbital anesthesia to minimize suffering.
RESULTS
Phytochemicals Identification of P. heterophyllum Using Ultra-Performance Liquid Chromatography-Quadrupole Time-of-Flight Tandem Mass Spectrometry
The chemical constituents corresponding to the chromatographic peaks were determined by MS/MS analysis using negative- and positive-ion modes based on literature and databases (Yang et al., 2019b) (Figure 2).
[image: Figure 2]FIGURE 2 | The base peak chromatogram of P. heterophyllum by UPLC-Q-TOF-MS/MS in negative and positive-ion modes.
As a result, a total of 73 compounds, including 34 flavonoids, eight fatty acids, seven triterpenoids, six steroids, six alkaloids, five phenylpropanoids, and seven others were identified from P. heterophyllum based on UPLC-qTOF-MS/MS (Table 1). Therefore, this study has greatly enriched the chemical constituents and diversity. Among them, 15 flavonoids, including procyanidin B2 (peak 9) (Wang et al., 2017b), dihydromyricetin (peak 10) (Chu et al., 2018), (-)-epicatechin (peak 11) (Osman et al., 2019), puerarin (peak 12) (Wang et al., 2016), rutin (peak 24) (Sun et al., 2017), naringin (peak 28) (Ahmad et al., 2014), hesperidin (peak 32) (Li et al., 2019a), myricetin (peak 35) (Yuan et al., 2015), eriodictyol (peak 40) (Lei et al., 2020), quercetin (peak 41) (Saccol et al., 2019), naringenin (peak 43) (Zhu et al., 2015), kaempferol (peak 44) (Pan et al., 2018), diosmetin (peak 46) (Chen et al., 2019), nobiletin (peak 51) (Li et al., 2019a), and tangeretin (peak 53) (Li et al., 2019c), have been reported to have arthritis inhibitory effect in rats. Additionally, cinnamaldehyde (peak 8, phenylpropanoid) (Mateen et al., 2019), ursolic acid (peak 65, triterpenoid) (Kim et al., 2018), linoleic acid (peak 67, fatty acid) (Wang et al., 2011) and emodin (peak 54, other) (Zhu et al., 2013) were also exhibited anti-arthritis activities in vivo. Consequently, flavonoids may be responsible for the major active constituents in the roots of P. heterophyllum against RA.
TABLE 1 | Chemical constituents of P. heterophyllum identified by UPLC-qTOF-MS/MS in negative- and positive-ion modes.
[image: Table 1]Amelioration of Body Weight Loss and Arthritis Score in Adjuvant-Induced Arthritis Rats by P. heterophyllum
The body weight and arthritis score of the rats in this experiment were evaluated at 4-day intervals from day 0 to day 28. As shown in Figure 3A, the body weight of the normal control rats increased steadily throughout the process, whereas the body weight slowly increased in AIA model rats. Importantly, P. heterophyllum treatment in three doses (160, 320, and 640 mg/kg) ameliorated the body weight loss of the model rats to some extent.
[image: Figure 3]FIGURE 3 | Effect of P. heterophyllum on the body weight (A) and arthritis score (B) in the AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. &p < 0.05 and &&p < 0.01 compared with the model group.
As presented in Figure 3B, the rats in the model group had markedly higher arthritis scores compared to the normal control group (arthritis scores = 0, p < 0.01). After drug treatment, the positive drug methotrexate (MTX) showed prominently decreased arthritis scores compared to the model group from day 8 (p < 0.01). Similar to the MTX treatment, after administration of PH-M (320 mg/kg) and PH-H (640 mg/kg), the arthritis scores values decreased significantly from day 24 (p < 0.01 or p < 0.05). These results indicate that P. heterophyllum possesses a potent anti-RA effect in AIA model rats.
Improving the Histopathology Lesions in Adjuvant-Induced Arthritis Rats by P. heterophyllum
Histopathological examination is the most informative and intuitive technique for exploring the manifestations of RA disease. Compared to the normal control rats, histopathological changes of the ankle joint in AIA model rats were characterized by massive inflammatory cell infiltration into synovial tissue, pannus formation, synovial hyperplasia, and bone and cartilage erosions (Figure 4). These abnormal histopathological changes were prominently alleviated in AIA model rats after treatment with MTX and P. heterophyllum, especially P. heterophyllum at a dosage of 640 mg/kg.
[image: Figure 4]FIGURE 4 | Effect of P. heterophyllum on histopathological changes of ankle joints in the AIA rats (×100, HE staining).
Decrease in Thymus and Spleen Indices in Adjuvant-Induced Arthritis Rats by P. heterophyllum
The results summarized in Figure 5 indicate that the weights of the thymus (Figure 5A) and spleen (Figure 5B) increased remarkably in the rats of the AIA model group in contrast to the rats of the normal control group (p < 0.01). After treatment with three crude extracts of P. heterophyllum and MTX, the weight of the thymus and spleen persuasively decreased (p < 0.01 or p < 0.05) compared to the model group. The results showed that rats in the AIA model group had hyperimmune response after intradermal injection of CFA, while P. heterophyllum could suppress abnormal immune function.
[image: Figure 5]FIGURE 5 | Effect of P. heterophyllum on the indexes of thymus (A) and spleen (B) of AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. ##p < 0.01 compared with the control group, &p < 0.05 and &&p < 0.01 compared with the model group.
Decreasing Serum Levels of Rheumatoid Factor and C-Reactive Protein in Adjuvant-Induced Arthritis Rats by P. heterophyllum
As summarized in Figure 6, the serum levels of RF and CRP in AIA model rats were significantly higher than those of rats in normal control group (p < 0.01). The three crude extracts from treatment with P. heterophyllum and MTX observably downregulated the levels of RF and CRP in serum (p < 0.01).
[image: Figure 6]FIGURE 6 | Effect of P. heterophyllum on the serum levels of RF (A) and CRP (B) in AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. ##p < 0.01 compared with the control group, &&p < 0.01 compared with the model group.
Decreasing Serum Levels of Pro-inflammatory Cytokines in Adjuvant-Induced Arthritis Rats by P. heterophyllum
The results showed that serum concentrations of TNF-α, IL-1β, IL-6 and IL-17 increased prominently (p < 0.01) in the AIA model group compared to the normal control group. Treatment with P. heterophyllum markedly decreased (p < 0.01) the serum levels of all the above-mentioned anti-inflammatory cytokines (Figure 7).
[image: Figure 7]FIGURE 7 | Effect of P. heterophyllum on the serum levels of TNF-α (A), IL-1β (B), IL-6 (C) and IL-17 (D) in AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. ##p < 0.01 compared with the control group, &p < 0.05 and &&p < 0.01 compared with the model group.
Increasing Serum Levels of Anti-inflammatory Cytokines in Adjuvant-Induced Arthritis Rats by P. heterophyllum
Compared to rats in the normal control group, the levels of anti-inflammatory cytokines including IL-4 and IL-10 in the serum of AIA model group rats were significantly up-regulated (p < 0.01, Figure 8). Treatment with 640 mg/kg of P. heterophyllum remarkably down-regulated the levels of IL-4 and IL-10 in the serum of AIA model rats.
[image: Figure 8]FIGURE 8 | Effect of P. heterophyllum on the serum levels of IL-4 (A) and IL-10 (B) in AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. ##p < 0.01 compared with the control group, &p < 0.05 and &&p < 0.01 compared with the model group.
Decreasing Peripheral Blood Mononuclear Cells Levels of Cyclooxygenase-2, 5-Lipoxygenase and Matrix Metalloproteinase-2 in Adjuvant-Induced Arthritis Rats by P. heterophyllum
The levels of inflammatory mediators (COX-2 and 5-LOX) and MMP-2 in the rat PBMC were also evaluated by ELISA kits (Figure 9). The results showed that the levels of COX-2, 5-LOX and MMP-2 in PBMC of model rats were remarkably reduced than those of normal control rats (p < 0.01). After treatment with P. heterophyllum and MTX, the levels of COX-2, 5-LOX and MMP-2 were significantly elevated (p < 0.01 or p < 0.05) compared to those of the model group.
[image: Figure 9]FIGURE 9 | Effect of P. heterophyllum on the PBMC levels of COX-2 (A), 5-LOX (B) and MMP-2 (C) in AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed using ANOVA by Tukey’s test. ##p < 0.01 compared with the control group, &p < 0.05 and &&p < 0.01 compared with the model group.
DISCUSSION
RA is the most prevalent chronic and long-term autoimmune inflammatory disease (Wang et al., 2017a; Li et al., 2019a; Saleem et al., 2020; Zhu et al., 2020). Although there are many anti-RA drugs in clinic, such as immunosuppressants, biological agents, DMARDs, steroidal drugs, and NSAIDs, most of them are associated with long-term adverse effects and costs (Li et al., 2019b; Dai et al., 2020; Zhu et al., 2020). In addition, the CFA-induced arthritis (AIA) model and the collagen-induced arthritis model are two typical preclinical experimental animal models of RA, and the former is a classic, easy-to-measure, short duration, reliable and reproducible test animal model, which is extensively used for the preclinical evaluation of anti-RA drugs since its pathological and morphological characteristics were similar to those of human RA (Yang et al., 2016; Pan et al., 2017; Voon et al., 2017; Zhang et al., 2019; Saleem et al., 2020).
The roots of P. heterophyllum have been widely used to treat RA as a vital TCM for centuries (Editorial Committee of Traditional Chinese Medicine 1999; Yang et al., 2016), but their anti-RA effect and chemical profiling have not been reported so far. Previous phytochemical studies have found that only 42 secondary metabolites, including six phenylpropanoids, eight triterpenoids, four flavonoids, 14 phenols and 10 others, were reported. In parallel, only 5-hydroxy-2-methoxy-1,4-naphtoquinone and taraxer-14-ene-1α,3β-diol exhibited antitumor effects in vitro (Yang et al., 2019a). In this work, we reported for the first time the anti-RA effect and chemical profiling of P. heterophyllum, thereby identifying 34 flavonoids and 39 others, while 15 flavonoids, including procyanidin B2, dihydromyricetin (-)-epicatechin, puerarin, rutin, naringin, hesperidin, myricetin, eriodictyol, quercetin, naringenin, kaempferol, diosmetin, nobiletin, and tangeretin, have been reported to have anti-RA effects in rats. Consequently, flavonoids may be responsible for the major active constituents in the roots of P. heterophyllum against RA as traditional folk medicine in China for centuries; however, further studies are needed to isolate and identify the bio-constituents directly related to anti-RA activity and its probable mechanism in vivo and in vitro of this plant.
In the animal model of AIA, histopathological lesions were aggravated due to massive inflammatory cell infiltration into synovial tissue, synovial hyperplasia, pannus formation, and bone and cartilage erosion (Lin et al., 2013; Voon et al., 2017; Rui et al., 2019; Yang et al., 2020). In the present research, P. heterophyllum exhibited the possible anti-RA effect, which prominently alleviates the above-mentioned abnormal histopathological changes in AIA model rats, accompanied by the reduction of inflammatory cytokines. Moreover, there is a straightforward relationship between weight loss/slow gain in rats and the massive inflammatory cell infiltration into synovial tissue (Lin et al., 2013; Pan et al., 2017; Jing et al., 2019). In this study, with P. heterophyllum treatment, body weight rose continuously in AIA model rats compared to rats in the model group. In addition, the arthritis score is a vital index to measure the anti-RA effect of drugs (Lin et al., 2013; Pan et al., 2017; Saleem et al., 2020) and is employed here to evaluate the possible therapeutic effect of P. heterophyllum, which was significantly decreased from day 24 compared to the model group. Finally, the spleen and thymus are two important immune organs, and their hyperfunction is closely related to the stimulation of the immune system in the AIA model rat (Lin et al., 2013; Zuo et al., 2018; Xiong et al., 2019), and the simultaneous decrease of the thymus and spleen indices by P. heterophyllum indicate the conceivable immunosuppressive effect.
In RA, serum RF and CRP are considered to be two important biomarkers of systemic inflammation in RA, indicating an active inflammatory response and are used to assess arthritic activity in rats with RA (Arjumand et al., 2019). This study shows that the expression of RF and CRP in serum of AIA model rat is remarkably increased, and the significant deduction after treatment with P. heterophyllum also suggests the feasible immunosuppressive activity.
A large number of studies have demonstrated that inflammation is a primary mechanism and a crucial role in rats with RA (Jing et al., 2019; Li et al., 2019c; Lin et al., 2013; Pan et al., 2017). Moreover, infiltration of pro-inflammatory cytokines such as TNF-α, IL-1β, IL-6 and IL-17, inflammatory mediators augment like COX-2 and 5-LOX, reduction of anti-inflammatory factors such as IL-4 and IL-10, which have been positively related to RA, causes synovial inflammation and cartilage damage (Jing et al., 2019; Li et al., 2019c; Lin et al., 2013; Pan et al., 2017). In RA, TNF-α, IL-1β, IL-6 and IL-17 play a decisive and synergistic role in synovial inflammation and cartilage damage (Jing et al., 2019; Yu et al., 2019; Saleem et al., 2020). In addition, the overproduction of TNF-α elevates the levels of IL-1β and IL-6, and generates matrix degrading enzymes (Jing et al., 2019). Likewise, IL-1β promotes osteoclast activation and MMP generation, just like increasing the expression of MMP-1, which ultimately leads to bone injury (Jing et al., 2019). On the other hand, IL-6 incites immunological reaction, MMP overproduction, and osteoclast differentiation and formation (Jing et al., 2019). IL-17 also plays a pivotal role in RA, which promotes the overproduction of pro-inflammatory cytokines and MMPs, as well as the activation of the osteoclasts and angiogenesis (Jing et al., 2019). Based on the above, therapeutic substances that particularly impede the production of TNF-α, IL-1β, IL-6 and IL-17 distinguish a crucial target for RA treatment (Jing et al., 2019; Rui et al., 2019; Yu et al., 2019). IL-4 and IL-10 by contrast, are two pivotal anti-inflammatory cytokines, which also play an important role in regulating the levels of endogenous pro-inflammatory cytokines during RA (Jing et al., 2019; Saleem et al., 2020). Our results indicate that treatment of P. heterophyllum obviously reduces the levels of TNF-α, IL-1β, IL-6 and IL-17, and increases the expression of IL-4 and IL-10, implying that the anti-RA effect of P. heterophyllum is achieved to a certain extent via the inhibition of pro-inflammatory cytokines and the elevation of anti-inflammatory cytokines in AIA model rats.
COX-2 is an overexpression of inflammatory tissues such as rheumatoid disease, and is a pivotal enzyme involved in the production of pro-inflammatory cytokines and cartilage destruction (Lin et al., 2013, Lin et al., 2014; Jing et al., 2019; Rui et al., 2019). Moreover, 5-LOX is the decisive enzyme involved in the synthesis of leukotriene, which is directly responsible for RA diseases (Lin et al., 2013, Lin et al., 2014). In addition, MMPs belong to the family of proteolytic enzymes, which play a crucial role during RA and are primarily responsible for bone and cartilage erosion (Jing et al., 2019; Yu et al., 2019). Our results demonstrate that PBMC levels of COX-2, 5-LOX and MMP-2 are highly expressed in AIA model rats, while a significant decrease is observed in PH-treated rats.
CONCLUSION
In summary, the chemical profiling and anti-RA effects of P. heterophyllum on AIA in rats were studied for the first time. The results demonstrate that flavonoids may be partly responsible for the major anti-RA effect of P. heterophyllum, which can ameliorate joint damage and suppress the hyperimmune response via downregulation of pro-inflammatory cytokines (TNF-α, IL-1β, IL-6 and IL-17), inflammatory mediators (COX-2 and 5-LOX) and MMP-2, and upregulation of anti-inflammatory cytokines (IL-4 and IL-10). Our findings suggest that P. heterophyllum possesses the therapeutic effect of RA and supports the claim that it is a vital folk medicine in TCM for treating RA and inflammation-related diseases for centuries.
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