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Abstract: Natural plant extracts and compounds (NPECs), which originate from herbs or plants, have
been used in the clinical treatment of rheumatoid arthritis (RA) for many years. Over the years, many
scientists have carried out a series of studies on the treatment of RA by NPEC. They found a high
quantity of active NPECs with broad application prospects. In view of various complex functions
of these NPECs, exploring their potential as medicines for RA treatment will be beneficial for RA
patients. Thus, to help advance the development of high-quality NPECs for RA, we herein aimed to
review the research progress of NPECs in the treatment of RA in recent years. Our findings showed
that, from the pharmacological perspective, natural plant extracts or mixed herbal compounds
effectively regulate the immune system to alleviate RA by inhibiting pro-inflammatory cytokines.
Further, individualized medication can be applied according to each patient’s physical condition.
However, the pathogenesis of RA and its immune mechanism has not been fully understood and
requires further studies.

Keywords: natural plant; rheumatoid arthritis; therapy

1. Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory autoimmune disease
of the joint [1]. Systemic autoimmune disease affects many non-joint organs, such as
the skin, eyes, lungs, heart, kidneys, salivary glands, nerve tissue, bone marrow, and
blood vessels [2]. However, RA mainly attacks the joints. This common immunological
disease hinders the activity and function of the joints, affecting the health and quality
of life of afflicted patients. According to epidemiological statistics, the incidence of RA
is approximately 1% of the worldwide population; that is, nearly 700 million people
worldwide have RA, and more than 80% of the patients are women [3].

Inflammatory cytokines play an essential role in the occurrence and development
of RA. For example, TNF-α is a pro-inflammatory factor that causes the activation and
aggregation of the cell inflammasome. This induces the release of other inflammatory
mediators and aggravates the inflammatory response [4]. IL-2 is secreted by activated Th1
cells, which helps lymphocyte and T cell proliferation as well as inducing local inflamma-
tory response [5]. IL-13 is produced by Th2 cells and promotes eosinophil production [6].
Recent studies have shown that antigen-activated CD4+ T cells, monocytes, macrophages,
and synovial fibroblasts can produce many inflammatory factors, including TNF-α, IL-1,
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and IL-6, leading to the secretion of metalloproteinases by chondrocytes, fibroblasts, and os-
teoclasts [4]. Subsequently, the erosion of bone and cartilage causes the gradual destruction
and functional loss of the joints [7].

RA patients are required to change their lifestyle [8]. Medication for RA mainly in-
volves non-steroidal anti-inflammatory drugs, anti-rheumatism drugs, and glucocorticoid
drugs [9]. In recent years, preclinical trials have proved that natural plant extracts and
compounds (NPECs) can significantly alleviate RA [10]. Considering that NPEC medicines
for the treatment of RA present various complex functions, exploring the potential of
NPECs as medicines for RA treatment will be beneficial for RA patients. Therefore, we
herein review the recent research progress of NPECs as a treatment of RA. This article will
help advance the development of high-quality NPECs for RA.

2. Natural Plant Extract (NPE)
2.1. Cinnamomum cassia Presl

Cinnamomum cassia Presl, also known as cassia or cinnamon, is a tropical aromatic
evergreen tree of the Lauraceae family, commonly used in traditional Oriental medicine.
More than 160 chemicals have been identified from C. cassia. The main constituents are
terpenoids, phenylpropanoids, and glycosides [11]. The main components of C. cassia
have a wide range of pharmacological effects, including anti-platelet aggregation, an-
tithrombotic, pro-angiogenesis, vasodilating, and microcirculation-improving effects [12].
In addition, C. cassia has antitumor, anti-inflammatory, analgesic, antibacterial, antivi-
ral, cardiovascular-protective, cytoprotective, neuroprotective, immunomodulatory, and
anti-tyrosinase activities [11,12].

Terpenoids, phenylpropanoids, and glycosides in C. cassia have immunomodulatory
ability and can reduce the levels of inflammatory mediators, such as interleukin (IL)-
1β, transforming growth factor-α (TGF-α), and prostaglandin E2 (PGE2) in the synovial
fluid [13]. Western blotting analysis revealed that the expression of cyclooxygenase (COX)-2
and inducible nitric oxide synthase (iNOS) was significantly reduced by C. cassia, indicating
the suppression of immune responses and alleviation of joint inflammation [13].

In a recent study, cinnamaldehyde (CA) in C. cassia extract was shown to exert anti-
inflammatory effects against RA. The therapeutic effects of CA were revealed in in vitro
experiments using activated macrophages (Raw246.7 cells) and in a rat model of adjuvant
arthritis (AA) in vivo [14]. CA is an α,β-unsaturated aromatic aldehyde that can be used
as a flavoring agent (Figure 1). It is the principal flavor component of cinnamon oil. The
researchers concluded that CA is a potential therapeutic compound that can inhibit RA
progression by suppressing IL-1β by modulating the succinate/HIF-1α axis and inhibiting
NLRP3 [14]. Moreover, CA significantly reduced synovial inflammation in AA rats and
in the peripheral blood mononuclear cells of RA patients by inhibiting the expression of
pro-inflammatory cytokines (IL-1β, TNF-α, and IL-6) [15,16]. The binding of CA on the
residues of TNF-α and IL-6 was described using a molecular docking experiment [16].
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Further studies have found that CA inhibited the activity of HIF-1α by inhibiting the
accumulation of succinate in the cytoplasm [15]. To the best of our knowledge, the reduction
of HIF-1α nuclear location slows down the production of IL-1β through inhibition of the
NLRP3 assembly of inflammasome [14]. In addition, CA inhibited the expression of the
succinate receptor GPR91, thereby inhibiting the activation of HIF-1α [14,15].
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2.2. Ligusticum chuanxiong Hort

Ligusticum chuanxiong Hort (Umbelliferae), also called Chuanxiong Rhizoma, is a
medicinal herb that has been extensively applied to treat various diseases. The main
components of L. chuanxiong are ligustilide, 3-butyrolactone, and cypressene [17]. It also
contains ferulic acid, tetra-methylpyrazine (ligustrazine or chuanxiongzine), palmitic acid,
carotene, and β-sitosterol. Many biomedical and clinical studies have shown the antioxi-
dant, neuroprotective, anti-fibrosis, antinociceptive, anti-inflammatory, and antineoplastic
activities of L. chuanxiong [18–20].

Chuan-Xian Mu et al. (2014) showed that ligustrazine can significantly inhibit
swelling in a rat model of collagen-induced arthritis (CIA) [21]. Serum IL-1 and IL-6
levels were decreased, whereas serum IL-2 levels were increased by treatment with ligus-
trazine [21]. The results suggested that ligustrazine inhibited RA by elevating the levels of
anti-inflammatory cytokines and maintaining the balance of the inflammatory cytokine
network [21]. More importantly, treatment using a combination of leflunomide, a disease-
modifying antirheumatic drug (DMARD) for RA, and ligustrazine attenuated bone erosion
in RA patients [22].

2.3. Aconitum kusnezoffii Reichb.

The dry root of Aconitum kusnezoffii Reichb. (caowu) has been used to treat RA and joint
pain for many years owing to its anti-inflammatory properties. Pharmacological studies
have shown that diterpenoid alkaloids, including aconitine, mesaconitine, hypaconitine,
neoline, talatizamine beiwutine, and deoxy-aconitine, are responsible for the main bioactive
effects of A. kusnezoffii [23].

Recent research showed that benzoylaconitine (BAC) from the root of A. kusnezoffii
has potent anti-inflammatory effects (it inhibits the production of IL-6 and IL-8 in hu-
man synovial cells) [24,25]. Encapsulated mPEG-PLGA NPs (NP/BAC) with improved
bioavailability provide a promising RA therapy strategy, exhibiting high cytocompati-
bility for activated macrophages. NP/BAC significantly inhibited the secretion of the
pro-inflammatory cytokines TNF-α and IL-1β (60–70%) by inhibiting the NF-κB signaling
pathway [25,26]. NP/BAC also attenuated ear (69.8%) and paw (87.1%) swelling in an
in vivo CIA model [25,26].

Pharmacological researchers believe that Aconiti Kusnezoffii Radix (caowu) exerts
an inhibitory effect on the immune response and an antioxidant effect. Caowu reduces
painful obstruction syndrome, relieves pain and is widely used in RA treatment to alleviate
arthralgia and pain [27].

2.4. Tripterygium wilfordii Hook F

Tripterygium wilfordii Hook F (TWHF) has a long history of use for ameliorating
RA symptoms. TWHF has various pharmacological activities, such as antitumor, anti-
inflammatory, and immune system-regulatory activities [28].

The chemical composition of TWHF is complex, and many biologically active sub-
stances have been isolated. The identified compounds include sesquiterpenes, diterpenes
(triptolide, tripdiolide, and triptonide), triterpenes (celastrol, pristimerin, and wilforlide
A), lignans, glycosides, and alkaloids [28–30]. Triptolide and celastrol are considered the
representative active components of TWHF, with higher percentages of content and clinical
application prospects.

In a recent clinical follow-up study by Zhou et al., patients with RA were treated
with TWHF for two consecutive years [31]. Clinical indexes and radiographic data were
collected for 2 years and compared using intent-to-treat and per-protocol analyses. A
total of 109 patients completed the test during the two-year therapy period. The research
concluded that TWHF monotherapy was not inferior to methotrexate monotherapy in
patients with RA [31].

Triptolide treatment inhibited serum inflammatory cytokine levels in rats with CIA-
induced RA [32]. TWHF significantly inhibited increases in IL-1β and TNF-α levels
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and significantly decreased the levels of the pro-inflammatory cytokines IL-17 and IL-
8 [33]. Moreover, the expression of vascular endothelial growth factor (VEGF) and toll-
like receptor 2 (Tie2) in rat synovial cells was downregulated by triptolide [34]. The
expression of angiogenin-1 (Ang-1) and Ang-2 was also markedly decreased by triptolide
in CIA-induced RA rats [34]. The results showed that triptolide improved the severity of
CIA-induced RA by inhibiting the RANKL-mediated ERK/AKT signaling pathway in rat
synovial cells [34]. Triptolide regulates the proportion of CD4+ and CD8+ populations and
suppresses T and B lymphocytes [35]. Furthermore, triptolide attenuates the expression
of TCR receptors in rats with CIA [36]. In addition, celastrol treatment decreased Th17
population, but increased Treg population in arthritic joints [37]. These results suggested
that triptolide and celastrol can suppress the immunological function of RA rat models.

2.5. Curcumae Longae Rhizoma

Curcumae Longae Rhizoma (CLR) is a traditional herbal medicine that has been used
for many years, and mainly contains volatile oil and phenolic substances [38]. Several
components have been identified in the volatile oils of CLR, mostly terpenoids, curcu-
mone, and gingerene. The main phenolic component of CLR is curcumin [38,39]. CLR
also contains a new turmeric ketone, 3-sitosterol, 3-sitosterol-3-O-carotene, and turmeric
polysaccharides [39,40]. Pharmacological studies have shown that CLR protects the liver
and exerts choleretic, antibacterial, anti-inflammatory, antitumor, blood lipid-lowering, and
anti-pathogenic microorganism effects [41]. It also protects the digestive system, enhances
immune function, and improves coronary blood flow in the heart [40–45].

β-Elemene is a natural compound extracted from CLR. Elemenes, which include α-, β-,
γ-, and δ-elemene, are structural isomers of each other and are classified as sesquiterpenes
(Figure 2). β-Elemene significantly inhibited the viability and promoted the apoptosis
of human RA fibroblast-like synoviocytes in a concentration-dependent manner [46]. β-
Elemene significantly decreased mitochondrial membrane potential and cytochrome c
accumulation in the cytosol, as well as increased caspase-9 and caspase-3 activities [47]. All
of these activities are related to apoptosis signaling, and this phenomenon was reversed
by pretreatment with the p38 inhibitor SB203580 or the reactive oxygen species (ROS)
inhibitor N-acetyl-l-cysteine [47]. β-Elemene effectively induces mitochondrial apoptosis
in fibroblast-like synoviocytes, and this effect is mediated via induction of ROS formation
and p38 mitogen-activated protein kinase (MAPK) activation [48]. This result suggested
that β-elemene has therapeutic potential against RA [48].
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Curcumin incorporates a seven-carbon linker and three major functional groups: an
α,β-unsaturated β-diketone moiety and an aromatic O-methoxy-phenolic group (Figure 3).
Curcumin from CLR can reduce Complete Freund’s Adjuvant (CFA)-induced glial cell
activation and inflammatory mediator levels IL-1β, monocyte chemotactic protein-1 (MCP-
1), and monocyte inflammatory protein in the spinal cord-1 (MIP-1α)] [49,50]. Curcumin
also reduces the production of IL-1β, TNF-α, MCP-1, and MIP-1α in lipopolysaccharide
(LPS)-stimulated astrocytes and microglia cells [49,51]. Curcumin alleviates arthritis pain
by inhibiting the activation of glia and the production of inflammatory mediators in the
spinal cord in a rat model of mono-arthritis and thus has a potential for treating arthritis
pain [51]. RA patients who received either a low (250 mg) or high (500 mg) dose of
curcumin (twice daily for 90 days) showed significantly improved clinical symptoms via
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the American College of Rheumatology response, visual analog scale, C-reactive protein,
Disease Activity Score 28, erythrocyte sedimentation rate, and rheumatoid factor values,
compared with those who received placebo, without any side effects [52]. The weight
of the immune organ of rat RA models indicated the immunological inhibition effects
of curcumin [53]. These findings suggest that curcumin treatment attenuates the clinical
symptoms of RA patients and therefore has a therapeutic potential against RA [52,54].
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2.6. Paeonia lactiflora Pallas

Paeonia lactiflora Pallas is a traditional Oriental natural plant medicine that has been
used for thousands of years in China for its analgesic, anti-inflammatory, and immune
system-improving efficacies. The therapeutic effects of P. lactiflora have been recognized by
the Chinese Experience Medicine book, “Treatise on Cold Pathogenic” and “Synopsis of
Golden Chamber” [55,56]. Total glycoside of paeony (TGP) is extracted from the root of P.
lactiflora. TGP contains beneficial components, such as paeoniflorin, hydroxy-paeoniflorin,
paeonin, albiflorin, and benzoyl-paeoniflorin (Figure 4) [57]. The first clinical trial of TGP
was conducted in 1993 with 450 RA patients [58]. Therapeutic response was achieved in
71.7% of TGP-treated patients. Following the clinical trial of TGP for RA patients, a phase
III trial was conducted with 1016 patients [59]. Based on these clinical trials, TGP was
approved by the State Food and Drug Administration of China to enter the market as a
disease-modifying drug for RA in 1998 [58]. Furthermore, a combined treatment with TGP
and methotrexate showed a favorable effect on RA, with less side-effect [57]. TGP-treated
RA patients showed decreased erythrocyte sedimentation rate and C-reactive protein level,
along with a decrease in the population of IFN-γ- and IL-17-producing cells [60,61].
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Paeoniflorin, a monoterpene glucoside, is a major active component of TGP, constitut-
ing over or equal to 40% of the total components. Paeoniflorin has been reported to possess
extensive anti-inflammatory and immunoregulatory effects [57,62]. Paeoniflorin can di-
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minish pain, joint swelling, synovial hypertrophy, bone erosion, and cartilage degradation
in experimental arthritis [63,64]. It has been reported that paeoniflorin alleviated AA in
rats by inhibiting DC maturation and activation [65]. Paeoniflorin also regulates immune
function by affecting splenic T cells in rats with AA [66]. Clinical trials of paeoniflorin
in the treatment of RA have been conducted in many hospitals in China. For example,
paeoniflorin was shown to be a safer option to substitute DMARDs for long-term RA
treatment [67]. As a result, paeoniflorin was approved for RA treatment and marketing in
1998 by the China Food and Drug Administration [68,69]. Clinical data have shown that
paeoniflorin effectively relieves the symptoms and signs of RA without causing significant
adverse effects [58].

In one study, 92 children with juvenile idiopathic arthritis hospitalized at Zhengzhou
Children’s Hospital from March 2017 to March 2019 were treated with paeoniflorin. They
were randomly divided into treatment and control groups (n = 46). The levels of IL-6, IL-1,
and TNF-α in both groups were significantly lower after treatment than before treatment.
The levels of IL-6, IL-1, and TNF-α in the treatment group were significantly lower than
those in the control group [70]. Paeoniflorin is also recommended for the treatment of other
autoimmune diseases, such as systemic lupus erythematosus, psoriasis, diabetes mellitus,
diabetic nephropathy, ankylosing spondylitis, and immune liver injury [71–74].

2.7. Astragalus membranaceus Bunge

Radix Astragali (Astragalus membranaceus Bunge) is one of the most famous Oriental
traditional medicines that has been used for many years [75]. It is sold worldwide as
dietary supplements in the form of tea, beverages, soup, trail mix, and capsule [75,76].
Radix Astragali has been reported to exert hepatoprotective, antioxidative, antiviral, anti-
hypertensive, and immunostimulatory properties [77,78]. It has also been reported to
strengthen superficial resistance, drainage action, and new tissue growth [79,80]. Total
flavonoids of astragalus (TFA) are the main active components isolated from A. mem-
branaceus [77]. Jinxia et al. (2018) showed the immunomodulatory and anti-inflammatory
mechanisms of TFA [81]. The mRNA expression levels of TNF-α, IL-6, IL-1β, IL-10, iNOS,
and COX-2 were examined by RT-PCR in LPS-stimulated RAW 264.7 macrophages after
treatment with TFA. The protein expression levels of iNOS, COX-2, MAPK, and nuclear
factor (NF-kB) in LPS-stimulated RAW 264.7 macrophages were measured by western blot-
ting. The results showed that TFA significantly decreased TNF-α, IL-1β, IL-6, iNOS, and
COX-2 mRNA levels and increased IL-10 mRNA levels in LPS-stimulated RAW 264.7 cells
in a dose-dependent manner [81]. Further studies revealed that TFA significantly inhibited
the protein expression of iNOS and COX-2 as well as the phosphorylation of MAPKs (p38
and JNK) and NF-κB (IKKα/β, IκBα, NF-κB p65) in LPS-stimulated RAW 264.7 cells [81].
These results suggest that TFA exerts immunomodulatory and anti-inflammatory effects
by regulating the MAPK and NF-κB signaling pathways in RAW 264.7 macrophages.

TFA significantly inhibited serum TNF-α, IL-1β, PGE2, and the receptor activator
of nuclear factor-κB ligand (RANKL) production [82]. Serum osteo-protegerin (OPG)
production and OPG/RANKL ratio in rats were induced by Freund’s complete adjuvant
(FCA) [82]. Histopathological examination indicated that TFA significantly attenuated
inflammatory cell infiltration, synovial hyperplasia, pannus formation, and bone/cartilage
damage [82]. In addition, the immunohistochemical assay showed that TFA inhibited
NF-κB p65 expression in the synovial tissues of rats induced by FCA [82].

2.8. Achyranthes bidentata Blume

Achyranthes bidentata Blume (ABB) is a species of flowering plant in the amaranth fam-
ily. Amaranthaceae plants are traditional Oriental medicines that contain polysaccharides,
triterpene saponins, sterones, and other active ingredients. The main pharmacological
effects of ABB are antitumor, antiviral, anti-inflammatory, and analgesic [83]. ABB also
exerts protective effect on rabbit knee joint cartilage and can inhibit cytokine IL-1β expres-
sion, increase TGF-β1 expression, and alleviate cartilage degeneration [84]. ABB treatment
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significantly reduced paw swelling, inflammatory cell proliferation, and bone degradation
in CIA model rats [85]. The levels of fibrinogen, procollagen, protein disulfide isomerase A3,
and apolipoprotein A-I were elevated in inflamed synovial tissue; however, the RA pheno-
types were significantly reduced by ABB treatment [85]. In addition, α-1-antiprotease and
manganese superoxide dismutase levels were increased in ABB-treated synovial tissues [85].

3. Treatment of RA with Mixed Herbal Compound

In recent years, researchers have confirmed that mixed herbal compound decoction
can control RA by strengthening or inhibiting the production of anti-inflammatory factors,
and regulating the immune and endocrine systems.

3.1. Wutou Decoction

Wutou decoction originates from “The Synopsis of the Golden Chamber” and is
composed of ephedra, peony, astragalus, licorice, and Sichuan aconite. It has the func-
tions of dispelling cold and dampness, removing numbness, and relieving pain in knee
osteoarthritis [86]. A study found that Wutou decoction can inhibit synovial inflammation
in knee osteoarthritis by regulating the TLR4/NF-κB signaling pathway [86]. In the study,
using the random number table method, Wutou decoction was shown to effectively inhibit
the expression of iNOS, TNF-α, and IL-6 [86]. Moreover, real-time PCR results showed
that Wutou decoction inhibited TLR4, MyD88, TRAF6, and NF-κB p65 mRNA expres-
sion [86]. Western blotting results were consistent with real-time PCR results, in which
Wutou decoction inhibited TLR4, MyD88, TRAF6, and NF-κB p65 protein expression [86].

3.2. GuiZhi ShaoYao ZhiMu Decoction

Tian et al. confirmed that GuiZhi ShaoYao ZhiMu Decoction (GSZD) regulates synovial
cells [87]. GSZD, which also originates from “The Synopsis of the Golden Chamber,” is
composed of Ramulus Cinnamomi, P. lactiflora root, Radix Glycyrrhizae Preparata, Ephedra
sp., Anemarrhena asphodeloides Bunge root, Atractylodes macrocephala, and Zingiber officinale.
In CIA model rats (AA models induced by acetic acid-soluble type II collagen and Freund’s
complete adjuvant), GSZD increased Fas antigen expression and decreased Bcl-2 and p53
protein expression [87]. GSZD accelerated the clearance of synovial cells and significantly
reduced synovial proliferation pathology in the CIA model [87]. GSZD attenuates RA
by reversing the inflammation–immune system imbalance [88]. Combination treatment
with GSZD and methotrexate was more efficacious and safer than methotrexate alone
for treating RA [89]. This conclusion was based on 14 randomized controlled trials with
1224 RA patients [89]. Moreover, it has been reported that the effectiveness and safety of
GSZD in treating RA are equal or superior to those of Western RA drugs [90].

4. Conclusions

Specific research and clinical data are available on the use of natural plant extracts or
mixed herbal compounds (NPEMHCs) as a treatment of RA. From the pharmacological
point of view, NPEMHCs effectively regulate the immune system to alleviate RA by
inhibiting mainly pro-inflammatory cytokines. In addition, NPEMHCs attenuate the
potential side effects of currently available drugs. Further, individualized medication can
be applied according to the physical condition of each individual patients. However, thus
far, the pathogenesis of RA and its immune mechanism has not been fully understood.
Therefore, the treatment of RA by NPEMHC needs more basic research support, and a
clinical study involving a large group of patients will help advance the development of
NPEMHCs as drugs for RA treatment.
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41. Kocaadam, B.; Şanlier, N. Curcumin, an active component of turmeric (Curcuma longa), and its effects on health. Crit. Rev. Food

Sci. Nutr. 2017, 57, 2889–2895. [CrossRef] [PubMed]
42. Mau, J.-L.; Lai, E.Y.C.; Wang, N.-P.; Chen, C.-C.; Chang, C.-H.; Chyau, C.-C. Composition and antioxidant activity of the essential

oil from Curcuma zedoaria. Food Chem. 2003, 82, 583–591. [CrossRef]
43. Wilson, B.; Abraham, G.; Manju, V.S.; Mathew, M.; Vimala, B.; Sundaresan, S.; Nambisan, B. Antimicrobial activity of Curcuma

zedoaria and Curcuma malabarica tubers. J. Ethnopharmacol. 2005, 99, 147–151. [CrossRef]
44. Angel, G.R.; Menon, N.; Vimala, B.; Nambisan, B. Essential oil composition of eight starchy Curcuma species. Ind. Crops Prod.

2014, 60, 233–238. [CrossRef]
45. Sundar Dhilip Kumar, S.; Houreld, N.N.; Abrahamse, H. Therapeutic Potential and Recent Advances of Curcumin in the

Treatment of Aging-Associated Diseases. Molecules 2018, 23, 835. [CrossRef] [PubMed]
46. Chen, C.; Long, L.; Zhang, F.; Chen, Q.; Chen, C.; Yu, X.; Liu, Q.; Bao, J.; Long, Z. Antifungal activity, main active components and

mechanism of Curcuma longa extract against Fusarium graminearum. PLoS ONE 2018, 13, e0194284. [CrossRef] [PubMed]
47. An, S.; Jang, E.; Lee, J.H. Preclinical Evidence of Curcuma longa and Its Noncurcuminoid Constituents against Hepatobiliary

Diseases: A Review. Evid. Based Complement. Altern. Med. 2020, 2020, 8761435. [CrossRef]
48. Zou, S.; Wang, C.; Cui, Z.; Guo, P.; Meng, Q.; Shi, X.; Gao, Y.; Yang, G.; Han, Z. β-Elemene induces apoptosis of human rheumatoid

arthritis fibroblast-like synoviocytes via reactive oxygen species-dependent activation of p38 mitogen-activated protein kinase.
Pharmacol. Rep. 2016, 68, 7–11. [CrossRef]

49. Aggarwal, B.B.; Gupta, S.C.; Sung, B. Curcumin: An orally bioavailable blocker of TNF and other pro-inflammatory biomarkers.
Br. J. Pharmacol. 2013, 169, 1672–1692. [CrossRef] [PubMed]

50. Nelson, K.M.; Dahlin, J.L.; Bisson, J.; Graham, J.; Pauli, G.F.; Walters, M.A. The Essential Medicinal Chemistry of Curcumin. J.
Med. Chem. 2017, 60, 1620–1637. [CrossRef]

http://doi.org/10.3390/molecules23051108
http://www.ncbi.nlm.nih.gov/pubmed/29738430
http://doi.org/10.1248/bpb.b19-00719
http://www.ncbi.nlm.nih.gov/pubmed/31735734
http://doi.org/10.1016/j.colsurfb.2020.110980
http://www.ncbi.nlm.nih.gov/pubmed/32252000
http://www.ncbi.nlm.nih.gov/pubmed/29552834
http://doi.org/10.1007/s00296-011-1841-y
http://www.ncbi.nlm.nih.gov/pubmed/21365177
http://doi.org/10.1080/10286020.2012.729049
http://doi.org/10.1021/np300759u
http://www.ncbi.nlm.nih.gov/pubmed/23268606
http://doi.org/10.1186/s13075-018-1563-6
http://doi.org/10.3390/ijms19020376
http://doi.org/10.1016/j.clim.2014.09.014
http://doi.org/10.1002/ar.22479
http://www.ncbi.nlm.nih.gov/pubmed/22539421
http://doi.org/10.1016/j.clim.2015.01.011
http://doi.org/10.1016/j.biopha.2018.01.072
http://doi.org/10.3390/nu10091196
http://doi.org/10.1080/10408398.2015.1077195
http://www.ncbi.nlm.nih.gov/pubmed/26528921
http://doi.org/10.1016/S0308-8146(03)00014-1
http://doi.org/10.1016/j.jep.2005.02.004
http://doi.org/10.1016/j.indcrop.2014.06.028
http://doi.org/10.3390/molecules23040835
http://www.ncbi.nlm.nih.gov/pubmed/29621160
http://doi.org/10.1371/journal.pone.0194284
http://www.ncbi.nlm.nih.gov/pubmed/29543859
http://doi.org/10.1155/2020/8761435
http://doi.org/10.1016/j.pharep.2015.06.004
http://doi.org/10.1111/bph.12131
http://www.ncbi.nlm.nih.gov/pubmed/23425071
http://doi.org/10.1021/acs.jmedchem.6b00975


Medicina 2021, 57, 266 10 of 11

51. Chen, J.J.; Dai, L.; Zhao, L.X.; Zhu, X.; Cao, S.; Gao, Y.J. Intrathecal curcumin attenuates pain hypersensitivity and decreases
spinal neuroinflammation in rat model of monoarthritis. Sci. Rep. 2015, 5, 10278. [CrossRef] [PubMed]

52. Amalraj, A.; Varma, K.; Jacob, J.; Divya, C.; Kunnumakkara, A.B.; Stohs, S.J.; Gopi, S. A Novel Highly Bioavailable Curcumin
Formulation Improves Symptoms and Diagnostic Indicators in Rheumatoid Arthritis Patients: A Randomized, Double-Blind,
Placebo-Controlled, Two-Dose, Three-Arm, and Parallel-Group Study. J. Med. Food 2017, 20, 1022–1030. [CrossRef] [PubMed]

53. Ru-bing, Y. The Effect of Curcumin on the Immune Organ’s Weight and Expression of TNF-± IL-12 in Blood Serum of Adjuvant
Arthritis Rats. Chin. Arch. Tradit. Chin. Med. 2009, 27, 1803–1805.

54. Mohammadian Haftcheshmeh, S.; Khosrojerdi, A.; Aliabadi, A.; Lotfi, S.; Mohammadi, A.; Momtazi-Borojeni, A.A. Im-
munomodulatory Effects of Curcumin in Rheumatoid Arthritis: Evidence from Molecular Mechanisms to Clinical Outcomes; Springer:
Berlin/Heidelberg, Germany, 2020; pp. 1–29. [CrossRef]

55. Zhao, Q.L.; Bian, X.K.; Qian, D.W.; Zhang, T.; Zhu, Z.H.; Guo, S.; Yan, H.; Wang, T.J.; Chen, Z.P.; Duan, J.A. Comparative study on
differences of Paeonia lactiflora from different habitats based on fingerprint and chemometrics. Zhongguo Zhong Yao Za Zhi 2019,
44, 3316–3322. [PubMed]

56. Ma, X.; Chi, Y.H.; Niu, M.; Zhu, Y.; Zhao, Y.L.; Chen, Z.; Wang, J.B.; Zhang, C.E.; Li, J.Y.; Wang, L.F.; et al. Metabolomics Coupled
with Multivariate Data and Pathway Analysis on Potential Biomarkers in Cholestasis and Intervention Effect of Paeonia lactiflora
Pall. Front. Pharmacol. 2016, 7, 14. [CrossRef] [PubMed]

57. Zhang, L.; Wei, W. Anti-inflammatory and immunoregulatory effects of paeoniflorin and total glucosides of paeony. Pharmacol.
Ther. 2020, 207, 107452. [CrossRef] [PubMed]

58. Zhang, W.; Dai, S.M. Mechanisms involved in the therapeutic effects of Paeonia lactiflora Pallas in rheumatoid arthritis. Int.
Immunopharmacol. 2012, 14, 27–31. [CrossRef] [PubMed]

59. Jiang, H.; Li, J.; Wang, L.; Wang, S.; Nie, X.; Chen, Y.; Fu, Q.; Jiang, M.; Fu, C.; He, Y. Total glucosides of paeony: A review of its
phytochemistry, role in autoimmune diseases, and mechanisms of action. J. Ethnopharmacol. 2020, 258, 112913. [CrossRef]

60. Du, J.H.; Dong, B.D. Comparative study on clinical efficacy of using methotrexate singly or combined with total glucosides of
Paeony in treating rheumatoid arthritis. Zhongguo Zhong xi yi jie he za zhi = Chin. J. Integr. Tradit. Western Med. 2005, 25, 540–542.

61. Lin, J.; Xiao, L.; Ouyang, G.; Shen, Y.; Huo, R.; Zhou, Z.; Sun, Y.; Zhu, X.; Zhang, J.; Shen, B.; et al. Total glucosides of paeony
inhibits Th1/Th17 cells via decreasing dendritic cells activation in rheumatoid arthritis. Cell. Immunol. 2012, 280, 156–163.
[CrossRef]

62. Xu, X.-x.; Qi, X.-M.; Zhang, W.; Zhang, C.-Q.; Wu, X.-X.; Wu, Y.-G.; Wang, K.; Shen, J.-J. Effects of total glucosides of paeony on
immune regulatory toll-like receptors TLR2 and 4 in the kidney from diabetic rats. Phytomedicine 2014, 21, 815–823. [CrossRef]

63. Zhang, L.L.; Wei, W.; Wang, N.P.; Wang, Q.T.; Chen, J.Y.; Chen, Y.; Wu, H.; Hu, X.Y. Paeoniflorin suppresses inflammatory
mediator production and regulates G protein-coupled signaling in fibroblast-like synoviocytes of collagen induced arthritic rats.
Inflamm. Res. 2008, 57, 388–395. [CrossRef]

64. Zhang, L.L.; Wei, W.; Wang, Q.T.; Chen, J.Y.; Chen, Y. Cross-talk between MEK1/2-ERK1/2 signaling and G protein-couple
signaling in synoviocytes of collagen-induced arthritis rats. Chin. Med. J. 2008, 121, 2278–2283. [CrossRef]

65. Jia, X.Y.; Chang, Y.; Sun, X.J.; Wei, F.; Wu, Y.J.; Dai, X.; Xu, S.; Wu, H.X.; Wang, C.; Yang, X.Z.; et al. Regulatory effects of
paeoniflorin-6′-O-benzene sulfonate (CP-25) on dendritic cells maturation and activation via PGE2-EP4 signaling in adjuvant-
induced arthritic rats. Inflammopharmacology 2019, 27, 997–1010. [CrossRef] [PubMed]

66. Wang, Y.; Han, C.C.; Cui, D.; Luo, T.T.; Li, Y.; Zhang, Y.; Ma, Y.; Wei, W. Immunomodulatory Effects of CP-25 on Splenic T Cells of
Rats with Adjuvant Arthritis. Inflammation 2018, 41, 1049–1063. [CrossRef] [PubMed]

67. Chen, L.; Qi, H.; Jiang, D.; Wang, R.; Chen, A.; Yan, Z.; Xiao, J. The new use of an ancient remedy: A double-blinded randomized
study on the treatment of rheumatoid arthritis. Am. J. Chin. Med. 2013, 41, 263–280. [CrossRef] [PubMed]

68. Jia, X.Y.; Chang, Y.; Sun, X.J.; Wu, H.X.; Wang, C.; Xu, H.M.; Zhang, L.; Zhang, L.L.; Zheng, Y.Q.; Song, L.H.; et al. Total
glucosides of paeony inhibit the proliferation of fibroblast-like synoviocytes through the regulation of G proteins in rats with
collagen-induced arthritis. Int. Immunopharmacol. 2014, 18, 1–6. [CrossRef]

69. Zhu, L.; Wei, W.; Zheng, Y.Q.; Jia, X.Y. Effects and mechanisms of total glucosides of paeony on joint damage in rat collagen-
induced arthritis. Inflamm. Res. 2005, 54, 211–220. [CrossRef]

70. Liu, P.W.L.; Tian, M.; Zhang, S.-F.; Cao, G.-H.; Jin, Y.-F.; Liu, J.-F.; Liu, C.-H. Effects of TGP on the Expressions of IL-6,IL-1 and
TNF-α in Children with Juvenile Idiopathic Arthritis. Rheum. Arthritis 2020, 009, 10–13.

71. Chen, Z.; Li, X.P.; Li, Z.J.; Xu, L.; Li, X.M. Reduced hepatotoxicity by total glucosides of paeony in combination treatment with
leflunomide and methotrexate for patients with active rheumatoid arthritis. Int. Immunopharmacol. 2013, 15, 474–477. [CrossRef]

72. Ding, Z.X.; Yang, S.F.; Wu, Q.F.; Lu, Y.; Chen, Y.Y.; Nie, X.L.; Jie, H.Y.; Qi, J.M.; Wang, F.S. [Therapeutic effect of total glucosides of
paeony on lupus nephritis in MRL/lpr mice]. Nan Fang Yi Ke Da Xue Xue Bao 2011, 31, 656–660.

73. Yu, C.; Fan, X.; Li, Z.; Liu, X.; Wang, G. Efficacy and safety of total glucosides of paeony combined with acitretin in the treatment
of moderate-to-severe plaque psoriasis: A double-blind, randomised, placebo-controlled trial. Eur. J. Dermatol. 2017, 27, 150–154.
[CrossRef] [PubMed]

74. Zhang, H.F.; Hou, P.; Xiao, W.G. Clinical observation on effect of total glucosides of paeony in treating patients with non-systemic
involved Sjögren syndrome. Zhongguo Zhong Xi Yi Jie He Za Zhi 2007, 27, 596–598. [PubMed]

http://doi.org/10.1038/srep10278
http://www.ncbi.nlm.nih.gov/pubmed/25988362
http://doi.org/10.1089/jmf.2017.3930
http://www.ncbi.nlm.nih.gov/pubmed/28850308
http://doi.org/10.1007/112_2020_54
http://www.ncbi.nlm.nih.gov/pubmed/31602889
http://doi.org/10.3389/fphar.2016.00014
http://www.ncbi.nlm.nih.gov/pubmed/26869930
http://doi.org/10.1016/j.pharmthera.2019.107452
http://www.ncbi.nlm.nih.gov/pubmed/31836457
http://doi.org/10.1016/j.intimp.2012.06.001
http://www.ncbi.nlm.nih.gov/pubmed/22705050
http://doi.org/10.1016/j.jep.2020.112913
http://doi.org/10.1016/j.cellimm.2012.12.005
http://doi.org/10.1016/j.phymed.2013.12.003
http://doi.org/10.1007/s00011-007-7240-x
http://doi.org/10.1097/00029330-200811020-00013
http://doi.org/10.1007/s10787-019-00575-8
http://www.ncbi.nlm.nih.gov/pubmed/30771056
http://doi.org/10.1007/s10753-018-0757-z
http://www.ncbi.nlm.nih.gov/pubmed/29473135
http://doi.org/10.1142/S0192415X13500195
http://www.ncbi.nlm.nih.gov/pubmed/23548118
http://doi.org/10.1016/j.intimp.2013.09.007
http://doi.org/10.1007/s00011-005-1345-x
http://doi.org/10.1016/j.intimp.2013.01.021
http://doi.org/10.1684/ejd.2016.2946
http://www.ncbi.nlm.nih.gov/pubmed/28400341
http://www.ncbi.nlm.nih.gov/pubmed/17717915


Medicina 2021, 57, 266 11 of 11

75. Zhang, L.J.; Liu, H.K.; Hsiao, P.C.; Kuo, L.M.; Lee, I.J.; Wu, T.S.; Chiou, W.F.; Kuo, Y.H. New isoflavonoid glycosides and related
constituents from astragali radix (Astragalus membranaceus ) and their inhibitory activity on nitric oxide production. J. Agric.
Food Chem. 2011, 59, 1131–1137. [CrossRef]

76. Song, J.Z.; Yiu, H.H.; Qiao, C.F.; Han, Q.B.; Xu, H.X. Chemical comparison and classification of Radix Astragali by determination
of isoflavonoids and astragalosides. J. Pharm. Biomed. Anal. 2008, 47, 399–406. [CrossRef]

77. Zhang, C.H.; Yang, X.; Wei, J.R.; Chen, N.M.; Xu, J.P.; Bi, Y.Q.; Yang, M.; Gong, X.; Li, Z.Y.; Ren, K.; et al. Ethnopharmacology,
Phytochemistry, Pharmacology, Toxicology and Clinical Applications of Radix Astragali. Chin. J. Integr. Med. 2019. [CrossRef]
[PubMed]

78. Shahzad, M.; Shabbir, A.; Wojcikowski, K.; Wohlmuth, H.; Gobe, G.C. The Antioxidant Effects of Radix Astragali (Astragalus
membranaceus and Related Species) in Protecting Tissues from Injury and Disease. Curr. Drug Targets 2016, 17, 1331–1340.
[CrossRef] [PubMed]

79. Qi, L.W.; Yu, Q.T.; Li, P.; Li, S.L.; Wang, Y.X.; Sheng, L.H.; Yi, L. Quality evaluation of Radix Astragali through a simultaneous
determination of six major active isoflavonoids and four main saponins by high-performance liquid chromatography coupled
with diode array and evaporative light scattering detectors. J. Chromatogr. A 2006, 1134, 162–169. [CrossRef]

80. Xiao, H.B.; Krucker, M.; Albert, K.; Liang, X.M. Determination and identification of isoflavonoids in Radix astragali by matrix
solid-phase dispersion extraction and high-performance liquid chromatography with photodiode array and mass spectrometric
detection. J. Chromatogr. A 2004, 1032, 117–124. [CrossRef]

81. Li, J.; Xu, L.; Sang, R.; Yu, Y.; Ge, B.; Zhang, X. Immunomodulatory and anti-inflammatory effects of total flavonoids of Astragalus
by regulating NF-KB and MAPK signalling pathways in RAW 264.7 macrophages. Pharmazie 2018, 73, 589–593. [PubMed]

82. Liu, X.Y.; Xu, L.; Wang, Y.; Li, J.X.; Zhang, Y.; Zhang, C.; Wang, S.S.; Zhang, X.M. Protective effects of total flavonoids of Astragalus
against adjuvant-induced arthritis in rats by regulating OPG/RANKL/NF-κB pathway. Int. Immunopharmacol. 2017, 44, 105–114.
[CrossRef] [PubMed]

83. Shu, S.; Qiong, W.; You-bin, L. Studies on chemical constituents and pharmaceutics activity of Achyranthes bidentata BI. Strait
Pharm. J. 2011, 23, 1–6.

84. Xuelian, S.; Yuan, L.; Honghai, Z. Effect of Total Saponins of Achyranthes on Knee Osteoarthritis Rabbit Cartilage Histomorphol-
ogy and Contents of IL-1β and TGF-β1 in Synovial Fluid. Tradit. Chin. Drug Res. Clin. Pharmacol. 2016, 27, 14–19.

85. Zheng, W.; Lu, X.; Fu, Z.; Zhang, L.; Li, X.; Xu, X.; Ren, Y.; Lu, Y.; Fu, H.; Tian, J. Identification of candidate synovial membrane
biomarkers after Achyranthes aspera treatment for rheumatoid arthritis. Biochim. Biophys. Acta 2016, 1864, 308–316. [CrossRef]

86. Hilvo, M.; Baranauskiene, L.; Salzano, A.M.; Scaloni, A.; Matulis, D.; Innocenti, A.; Scozzafava, A.; Monti, S.M.; Di Fiore, A.; De
Simone, G.; et al. Biochemical characterization of CA IX, one of the most active carbonic anhydrase isozymes. J. Biol. Chem. 2008,
283, 27799–27809. [CrossRef] [PubMed]

87. Tian, Y.; Maosheng, Q.; Wei, X. Experimental Study of Guizhi Shaoyao Zhimu Decoction on Gene Regulation of Synovial Cell
Apoptosis in Rheumatoid Arthritis. Contemp. Med. 2010, 16, 18–20.

88. Guo, Q.; Mao, X.; Zhang, Y.; Meng, S.; Xi, Y.; Ding, Y.; Zhang, X.; Dai, Y.; Liu, X.; Wang, C.; et al. Guizhi-Shaoyao-Zhimu decoction
attenuates rheumatoid arthritis partially by reversing inflammation-immune system imbalance. J. Transl. Med. 2016, 14, 165.
[CrossRef]

89. Feng, C.; Chen, R.; Wang, K.; Wen, C.; Xu, Z. Chinese traditional medicine (GuiZhi-ShaoYao-ZhiMu decoction) as an add-on
medication to methotrexate for rheumatoid arthritis: A meta-analysis of randomized clinical trials. Ther. Adv. Chronic Dis. 2021,
12, 2040622321993438. [CrossRef]

90. Daily, J.W.; Zhang, T.; Cao, S.; Park, S. Efficacy and Safety of GuiZhi-ShaoYao-ZhiMu Decoction for Treating Rheumatoid Arthritis:
A Systematic Review and Meta-Analysis of Randomized Clinical Trials. J. Altern. Complement. Med. 2017, 23, 756–770. [CrossRef]

http://doi.org/10.1021/jf103610j
http://doi.org/10.1016/j.jpba.2007.12.036
http://doi.org/10.1007/s11655-019-3032-8
http://www.ncbi.nlm.nih.gov/pubmed/31502185
http://doi.org/10.2174/1389450116666150907104742
http://www.ncbi.nlm.nih.gov/pubmed/26343107
http://doi.org/10.1016/j.chroma.2006.08.085
http://doi.org/10.1016/j.chroma.2003.09.032
http://www.ncbi.nlm.nih.gov/pubmed/30223923
http://doi.org/10.1016/j.intimp.2017.01.010
http://www.ncbi.nlm.nih.gov/pubmed/28092862
http://doi.org/10.1016/j.bbapap.2015.12.010
http://doi.org/10.1074/jbc.M800938200
http://www.ncbi.nlm.nih.gov/pubmed/18703501
http://doi.org/10.1186/s12967-016-0921-x
http://doi.org/10.1177/2040622321993438
http://doi.org/10.1089/acm.2017.0098

	Introduction 
	Natural Plant Extract (NPE) 
	Cinnamomum cassia Presl 
	Ligusticum chuanxiong Hort 
	Aconitum kusnezoffii Reichb. 
	Tripterygium wilfordii Hook F 
	Curcumae Longae Rhizoma 
	Paeonia lactiflora Pallas 
	Astragalus membranaceus Bunge 
	Achyranthes bidentata Blume 

	Treatment of RA with Mixed Herbal Compound 
	Wutou Decoction 
	GuiZhi ShaoYao ZhiMu Decoction 

	Conclusions 
	References

