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A B S T R A C T   

Ethnopharmacological relevance: The root of Dendropanax dentiger (Harms) Merr. is a pivotal folk Chinese medicine 
against rheumatoid arthritis (RA) with no scientific validation. 
Aim of the study: This study was conducted to explore the anti-RA effect of the D. dentiger extract on complete 
Freund’s adjuvant-induced arthritis (AIA) in rats and identified its major bio-constituents. 
Materials and methods: Dendropanax dentiger roots extracts (127.5, 255.0 and 510.0 mg/kg, once daily) were 
orally at day 7 post-administration adjuvant and lasting for 22 days. The therapeutic effects of D. dentiger roots 
extract on AIA rats were investigated by body weight growth, arthritis score, thymus and spleen indices, and 
histopathological analysis. Moreover, the levels of rheumatoid factor (RF), C-reactive protein (CRP), tumor 
necrosis factor alpha (TNF-α), interleukin-1β (IL-1β), IL-4, IL-6, IL-10, IL-17, cyclooxygenase-2 (COX-2), 5-lipox-
ygenase (5-LOX) and matrix metalloproteinase-2 (MMP-2) were also evaluated. Finally, the major constituents 
were isolated and identified from D. dentiger roots extract with COX-2 inhibitory and antioxidant activities. 
Results: Dendropanax dentiger roots extract remarkably alleviated the histological lesions of knee joint, increased 
body weight growth, decreased arthritis score, and reduced thymus and spleen indices in model rats. In parallel, 
the levels of RF, CRP, TNF-α, IL-1β, IL-6, IL-17, COX-2, 5-LOX and MMP-2 were observably downregulated, while 
the levels of IL-4 and IL-10 were prominently upregulated in D. dentiger roots extract-treated rats. Meanwhile, 14 
compounds were isolated and identified from D. dentiger roots extract, and four phenol derivatives (1, 4, 6 and 7) 
exhibited remarkable COX-2 inhibitory and antioxidant activities. 
Conclusions: Dendropanax dentiger roots extract possessed persuasive anti-RA effect may be partly responsible for 
phenol derivatives via modulation of inflammatory biomarkers, and supports the traditional folk use of 
D. dentiger in China.   

1. Introduction 

Rheumatoid arthritis (RA) is a chronic autoimmune disorder with 
joints inflammation, which causes bone and cartilage destruction, 
reduced life quality, and even aggrandized disability and mortality (Bao 
et al., 2018; Li et al., 2019; Uttra et al., 2019). Even though the 

pathogenesis of RA is not yet clear, the inflammatory response plays a 
decisive role in the occurrence and development of this disease (Jing 
et al., 2019; Li et al., 2019; Uttra et al., 2019). Numerous researches 
have indicated that inflammation is a primary mechanism and crucial 
role in RA rats (Jing et al., 2019; Li et al., 2019; Lin et al., 2013; Pan 
et al., 2017; Saleem et al., 2020; Uttra et al., 2019). Although there are 
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numerous anti-RA chemical drugs and biological agents in clinical 
practice, most of them reveal long-term adverse effects, the toxicity of 
reproduction and hepatocyte, comorbidities and others (Li et al., 2019; 
Lin et al., 2013; Yang et al., 2020a). Because of this, exploring effective 
and safe anti-RA new drugs from natural products, especially traditional 
medicines, could be a momentous breakthrough. 

Traditional Chinese medicines (TCMs) as conclusive complementary 
and alternative medicines, which have been verified to be effective to 
treat RA for centuries with more safety and little side-effects in China 
and other southeast Asian countries (Bao et al., 2018; Jing et al., 2019; Li 
et al., 2019; Lin et al., 2013; Yang et al., 2020b; Yang and He, 2020). 
Dendropanax dentiger (Harms) Merr. (Araliaceae), also known as 
Shushen (树参) in Chinese, its root has been as a vital TCM and widely 
used for centuries to treat RA with no scientific validation (Yang et al., 
2016). The crude extract and chemical constituents from D. dentiger 
exhibited potential anti-inflammatory, cytotoxic, antibacterial, anti-
viral, and antioxidant activities (Wang et al., 2015; Yang et al., 2016, 
2020c). However, the anti-RA efficacy of D. dentiger have not yet been 
reported so far. 

In this study, for the first time, we aim to explore the therapeutic 
effects of the D. dentiger roots extract on AIA rats and identified its major 
bio-constituents. In addition, 14 chemical constituents were isolated and 
identified from the D. dentiger roots extract, and their anti-inflammatory 
and antioxidant activities in vitro were also reported herein. 

2. Materials and methods 

2.1. Chemicals and reagents 

Complete Freund’s adjuvant and histopaque 1083 (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 enzyme-linked immuno-
sorbent assay (ELISA) kits (Chuzhou shinuoda Biological Technology 
Co., China), COX-2 inhibitor screening assay kit (Beyotime Biotech-
nology, China), L-ascorbic acid (Vc, Aladdin Co., China), and 2,2-di- 
phenyl-1-picrylhydrazyl (DPPH, Sigma Co., USA) were used in this 
experiment. 

Silica gel (200–300 mesh, Qingdao Haiyang Chemical Group Co., 
China), octodecyl silica gel (ODS) (C18, 60–80 μm) and Sephadex LH-20 
(YMC, Japan), Bruker AV 600 spectrometer (Bruker Corporation, 
Switzerland), RP-18 columns (5 μm, 21.2 × 250 mm, Gemini, Phe-
nomenex Inc., USA; 5 μm, 10 × 250 mm, park ODS-A, YMC Co., Ltd., 
Japan) were used to separate and identify chemical constituents from 
D. dentiger roots extract in the work. 

2.2. Plant material and extraction 

The roots of D. dentiger were collected from the town of Baidu, Baise 
City, Guangxi, China, in October 2016, and was authenticated by pro-
fessor Ronghua Liu. A voucher specimen (No. DD20161022) for 
D. dentiger root was deposited at authors’ laboratory. 

Dried D. dentiger roots powder (10.0 kg) were extracted with 95% 
ethanol (60 L × 3) and subsequently 50% ethanol (60 L × 3) by 
maceration at room temperature for 7 days. All filtrates were combined 
and evaporated under reduced pressure to obtain a black residue (DD, 
1275 g), with a yield of 12.75%. In this experiment, the dosage of the 
ethanol crude extract of D. dentiger roots for rat were 1.0 g/kg (equiv-
alent to 127.5 mg/kg crude extract, low-dose), 2.0 g/kg (255.0 mg/kg, 
medium-dose) and 4.0 g/kg (510.0 mg/kg, high-dose) base on the TCM 
clinical practice (15–45 g/day) (Editorial Committee of Traditional 
Chinese Medicine, 1999). All these extracts were dissolved in 0.3% so-
dium carboxymethyl cellulose (CMC-Na) for oral administration. 

2.3. Isolation and identification of chemical components in D. dentiger 
roots 

The D. dentiger roots ethanol crude extract was suspended in water 
(2.5 L) and partitioned successively with three kinds of solvents to afford 
petroleum ether (A, 35.8 g), EtOAc (B, 92.0 g), n-BuOH (C, 226.6 g) and 
water (D, 814.3 g). 

The n-BuOH soluble fraction (216.0 g) was chromatographed over 
silica gel (200–300 mesh) eluting with a gradient elution (dichloro-
methane/MeOH = 100:0 → 0:100, v/v) to yield nine fractions (C1–C9). 
The C7 fraction (70.0 g) was chromatographed over silica gel (200–300 
mesh) eluting with a gradient elution (dichloromethane/MeOH = 20:1 
→ 1:1, v/v) to give five sub-fractions (C71–C75). The C74 fraction (23.2 
g) was chromatographed over Sephadex LH-20 eluting with 90% MeOH 
to give three sub-fractions (C741–C743). The separation of C742 (4.92 
g) was separated by chromatographed over silica gel (200–300 mesh, 
dichloromethane/MeOH = 20:1 → 10:1, v/v) and preparative HPLC, 
yielded 8 (137.5 mg), 9 (229.1 mg), 10 (26.7 mg), 11 (117.8 mg) and 13 
(25.4 mg). The C4 fraction (4.2 g) was chromatographed over silica gel 
(200–300 mesh) eluting with a gradient elution (dichloromethane/ 
MeOH = 100:0 → 5:1, v/v) to give eight sub-fractions (C41–C48). C44 
(256 mg) was separated by preparative HPLC to afford 12 (56.8 mg). 
The separation of C45 (1.42 g) was separated by MPLC (10–30% MeOH) 
and preparative HPLC, yielded 1 (31.0 mg) and 7 (46.8 mg). 

The EtOAc soluble fraction (85.0 g) was chromatographed over silica 
gel (200–300 mesh) eluting with a gradient elution (dichloromethane/ 
MeOH = 100:0 → 1:10, v/v) to yield six fractions (B1–B6). The sepa-
ration of B2 (1.42 g) was separated by MPLC (20–50% MeOH) and 
preparative HPLC, yielded 2 (126.4 mg). The B4 fraction (51.0 g) was 
chromatographed over MPLC (20–50% MeOH) to yield seven fractions 
(B41–B47). The separation of B41 (3.54 g) was separated by chroma-
tographed over silica gel (dichloromethane/MeOH = 100:0 → 1:1, v/v) 
and preparative HPLC, yielded 2 (30.2 mg), 3 (25.9 mg), 4 (312.4 mg), 6 
(26.2 mg) and 14 (26.2 mg). Compounds 5 (51.5 mg) and 7 (238.8 mg) 
were obtained from B42 (4.00 g) by chromatographed over silica gel 
(dichloromethane/MeOH = 30:1 → 5:1, v/v) and preparative HPLC. 

2.4. Anti-rheumatoid arthritis effect 

2.4.1. Animals 
Sprague-Dawley rats (weighting 160–180 g) were purchased from 

Beijing Vital River Laboratory Animal Technology Co., Ltd (Beijing, 
China) and housed in cages under room temperature 21–25 ◦C with 12 
light/dark reverse cycles. All animal experiments were carried out in 
accordance with the Animal Ethics Committee of Jiangxi University of 
Traditional Chinese Medicine. 

2.4.2. Induction of CFA-induced RA and drug administration 
After adaptive feeding, 48 rats were randomly divided into 6 groups 

(n = 8): normal control (Control), AIA model (Model), AIA model +
MTX (MTX, 0.35 mg/kg), AIA model + DD low-dose (DD-L, 127.5 mg/ 
kg), AIA model + DD medium-dose (DD-M, 255.0 mg/kg), and AIA 
model + DD high-dose (DD-H, 510.0 mg/kg). The AIA model was 
established by subcutaneous injection complete Freund’s adjuvant (100 
μL) at day 1, according to the previous method (Jia et al., 2016; Pan 
et al., 2017). Treatments were administered orally from day 7 to day 28 
after complete Freund’s adjuvant administration. The experimental 
protocol of D. dentiger roots extract effect on AIA rats was depicted in 
Fig. 1. 

2.4.3. Determination of body weight and arthritis score 
The body weight and arthritis score of rats were measured every 4 

days from day 0 to day 28, and arthritis scores of rat paws were evalu-
ated from 0 to 4 (Jia et al., 2016; Jing et al., 2019). 

L. Yang et al.                                                                                                                                                                                                                                    



Journal of Ethnopharmacology 267 (2021) 113631

3

2.4.4. Thymus index and spleen index assay 
On the 29th day after immunization, anesthetized rats were sacri-

ficed, and the thymus and spleen were harvested. The indices of thymus 
and spleen were calculated by the following equations: thymus index =
thymus wet weight/body weight × 1000, and spleen index = spleen wet 
weight/body weight × 1000 (Jing et al., 2019; Lin et al., 2013). 

2.4.5. Histological analysis 
At day 29, all rats were sacrificed, and the ankle joints of rats were 

removed and fixed in 4% (w/v) paraformaldehyde, decalcified in 10% 
ethylene-diamine-tetraacetic acid (EDTA) at 4 ◦C for one month. 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), which under a DS-F12 microscope 
(magnification, 100 × , Nikon Corporation, Japan) for observation of 
histopathological changes (Jing et al., 2019; Lin et al., 2013). 

2.4.6. Isolation of peripheral blood mononuclear cells (PBMC) 
The process of isolation of PBMC was performed according to the 

previous protocol (Lin et al., 2013). In brief, take Histopaque 1083 so-
lution (3 mL) and blood (3 mL) in to a 15 mL tube, two fractions were 
obtained after centrifuge at 1500 rpm for 30 min at room temperature. 
Subsequently, discard the top layer of liquid to the buffy coat containing 
monocytes. Aspirate the mononuclear cell layer into a new centrifuge 
tube, washed with PBS twice. The pellet was suspended in PBS-Tween 
solution and freeze-thaw repeatedly for 3 times, then to obtain the 
enzyme source. 

2.4.7. ELISA assays 
The rat serum was obtained after centrifuge at 3000 rpm for 10 min 

at room temperature. Then the serum levels of RF, CRP, TNF-α, IL-1β, IL- 
4, IL-6, IL-10 and IL-17 were quantified by utilizing ELISA kits according 
to the manufacturer’s instructions. Furthermore, the COX-2, 5-LOX and 
MMP-2 levels in enzyme source solution from PBMC were also measured 
by commercially available ELISA kits based on the manufacturer’s 
instructions. 

2.5. Anti-inflammatory effect 

The anti-inflammatory effect against COX-2 inhibitory activity was 
reported in our previous articles, using clinical COX-2 selective inhibitor 
of celecoxib as the positive control (He et al., 2018, 2019; Yang et al., 
2020c). Briefly, 75 μL of assay buffer, 5 μL of cofactor working solution 

and 5 μL of working solution were mixed with 5 μL of the sample at 
different concentrations, then incubated at 37 ◦C. After 10 min, 5 μL of 
probe and 5 μL of substrate were added in all wells, then incubated at 
37 ◦C for 5 min and the absorbance was determined (Asample). The 
absorbance of a blank (Ablank) and control (Acontrol) composed of only the 
sample and COX-2 enzyme solutions were also determined, respectively. 
The COX-2 inhibitory activity (%) = [(Acontrol – Asample)/(Acontrol – 
Ablank)] × 100%. 

2.6. Antioxidant effect 

The antioxidant effect against DPPH radical scavenging activity was 
provided in our works, using Vc as the positive control (Yang et al., 
2017, 2020b, 2020c). In a 96-well plate, 200 μM DPPH solution (150 μL) 
and test compound solution (50 μL) were added and mixed, then incu-
bated in the dark at 30 ◦C. After 30 min, the absorbance of the reaction 
solution was determined at 517 nm. The DPPH radical scavenging ac-
tivity = [1 - (Asample – Ablank)/Acontrol] × 100%. Where Asample, Ablank, 
and Acontrol were the absorbance of the sample + DPPH solution, sample 
solution, and DPPH solution, respectively. 

2.7. Data processing 

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 was used for comparison differences 
groups. Differences with P < 0.05 indicated statistical significance. 

3. Results 

3.1. Effect of D. dentiger roots extract on body weight and arthritis score 
in AIA rats 

As summarized in Fig. 2A, which depict a constant body weight loss 
in AIA model rats compared to the normal control from day 4 to day 24. 
Administration of D. dentiger roots extract (255.0 mg/kg and 510.0 mg/ 
kg) increased body weight from day 4 to day 24 compared to that of the 
model group. 

As presented in Fig. 2B, with the treatment of D. dentiger roots extract 
(255.0 or 510.0 mg/kg), the values of arthritis scores were significantly 
decreased from day 16–28 and day 12 to day 28, respectively, compared 
to the model group (p < 0.01 or p < 0.05). 

Fig. 1. The experimental schedule of D. dentiger roots extract on AIA rats.  
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3.2. Effect of D. dentiger roots extract on indexes of thymus and spleen in 
AIA rats 

As shown in Fig. 3, the indices of thymus (Fig. 3A) and spleen 
(Fig. 3B) were all significantly elevated in the AIA model group in 
comparison with those of the control group (p < 0.01), while remarkably 
reduced in D. dentiger roots extract groups (127.5, 255.0 or 510.0 mg/kg, 
p < 0.01 or p < 0.05) and MTX group (p < 0.01 or p < 0.05) compared to 
the model group. 

3.3. Effect of D. dentiger roots extract on RF and CRP in AIA rats 

Compared with control group rats, the levels of RF and CRP in serum 
of model group rats were markedly upper than that of the control group 
(p < 0.01) (Fig. 4). In contrast, after treatment with D. dentiger roots 
extract and MTX significantly decreased the levels of RF and CRP in 
comparison to that of the model group (p < 0.01). 

3.4. Effect of D. dentiger roots extract on inflammatory cytokines in AIA 
rats 

3.4.1. Effect of D. dentiger roots extract on pro-inflammatory cytokines in 
AIA rats 

As illustrated in Fig. 5, the levels of pro-inflammatory cytokines of 
TNF-α, IL-1β, IL-6 and IL-17 in the model group was significantly higher 
than those of in the control group (p < 0.01). Treatment with D. dentiger 
roots extract (127.5, 255.0 or 510.0 mg/kg) and MTX, these indices in 
serum of model rats were remarkably down-regulated (p < 0.01 or p <
0.05). 

3.4.2. Effect of D. dentiger roots extract on anti-inflammatory cytokines in 
AIA rats 

As shown in Fig. 6, the levels of anti-inflammatory cytokines of IL-4 
and IL-10 in serum were significantly decreased (p < 0.01) in the model 
group rats compared to control group rats. Following D. dentiger roots 

extract (255.0 or 510.0 mg/kg) treatment, these low serum levels of IL-4 
and IL-10 were increased remarkably (p < 0.01 or p < 0.05). 

Based on the above-mentioned, D. dentiger roots extract could alle-
viate symptoms of inflammatory via suppressed pro-inflammatory cy-
tokines and enhanced anti-inflammatory cytokines in AIA rats. 

3.5. Effect of D. dentiger roots extract on PBMC levels of COX-2, 5-LOX 
and MMP-2 in AIA rats 

Our results indicated that inflammatory mediators (COX-2 and 5- 
LOX) and MMP-2 levels in PBMC of model rats were remarkably up- 
regulated than those of in the control rats (p < 0.01). After treatment 
with D. dentiger roots extract and MTX, the levels of COX-2, 5-LOX and 
MMP-2 were significantly down-regulated (p < 0.01 or p < 0.05) 
compared with that of the model group (Fig. 7). 

3.6. Effect of D. dentiger roots extract on histopathological changes in 
AIA rats 

The anti-RA effect of D. dentiger roots extract was further performed 
by histopathological analysis (Fig. 8). In the control group, knee joints of 
rats exhibited a normal appearance and morphology by light micro-
scopy. However, the ankle joint of AIA model group rats exhibited 
massive inflammatory cell infiltration, synovial hyperplasia, bone and 
cartilage erosion. Treatment with MTX and D. dentiger roots extract, 
especially D. dentiger roots extract at doses of 255.0 mg/kg and 510.0 
mg/kg, remarkably improved these above-mentioned histopathological 
changed. 

3.7. Isolation and identification of chemical components from D. dentiger 
roots extract and their anti-inflammatory and antioxidant effects in vitro 

Fourteen chemical constituents (1–14, Fig. 9), including eleven 
phenol derivatives, 3,4-dihydroxybenzaldehyde (1) (Zhang and Kang, 
2010), vanillin (2) (Yuan et al., 2017), p-phydroxybenzoic acid (3) 

Fig. 2. Effect of D. dentiger roots extract on the body weight (A) and arthritis score (B) of AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed 
using two-way ANOVA by Tukey’s test. &p < 0.05 and &&p < 0.01 compared with model group. 

Fig. 3. Effect of D. dentiger roots extract on the indexes of thymus (A) and spleen (B) of AIA rats. Data are shown as mean ± SD (n = 8). Differences were analyzed 
using one-way ANOVA by Tukey’s test. ##p < 0.01 compared with control group, &p < 0.05 and &&p < 0.01 compared with model group. 
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Fig. 4. Effect of D. dentiger roots extract on the levels of RF (A) and CRP (B) in AIA rats’ serum. Data are shown as mean ± SD (n = 8). Differences were analyzed 
using one-way ANOVA by Tukey’s test. ##p < 0.01 compared with control group, &&p < 0.01 compared with model group. 

Fig. 5. Effect of D. dentiger roots extract on the levels of TNF-α (A), IL-1β (B), IL-6 (C) and IL-17 (D) in AIA rats’ serum. Data are shown as mean ± SD (n = 8). 
Differences were analyzed using one-way ANOVA by Tukey’s test. ##p < 0.01 compared with control group, &p < 0.05 and &&p < 0.01 compared with model group. 

Fig. 6. Effect of D. dentiger roots extract on the levels of IL-4 (A) and IL-10 (B) in AIA rats’ serum. Data are shown as mean ± SD (n = 8). Differences were analyzed 
using one-way ANOVA by Tukey’s test. ##p < 0.01 compared with control group, &p < 0.05 and &&p < 0.01 compared with model group. 
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Fig. 7. Effect of D. dentiger roots extract on the levels of COX-2 (A), 5-LOX (B) and MMP-2 (C) in AIA rats’ PBMC. Data are shown as mean ± SD (n = 8). Differences 
were analyzed using one-way ANOVA by Tukey’s test. ##p < 0.01 compared with control group, &p < 0.05 and &&p < 0.01 compared with model group. 

Fig. 8. Effect of D. dentiger roots extract on histopathological changes of ankle joints in AIA rats ( × 100, HE staining).  
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(Yang et al., 2005), protocatechuic acid (4) (Ramadan et al., 2009), 
vanillic acid (5) (Wang et al., 2018), 3-O-methylgallic acid (6) (Yang 
et al., 2007), syringic acid (7) (Luo et al., 2009), 3,4-dimethox-
yphenyl-1-O-α-L-rhamnopyranosyl-(1 → 6)-O-β-D-glucopyranoside (8) 
(Qin et al., 2012), 1-α-L-rhamnosyl-(1 → 6)-O-β-D-glucopyranosyloxy)- 
3,4,5-trimethoxybenzene (9) (Shi et al., 2010), 3,4-dimethoxyphenol- 
β-D-apiofuranosyl (1 → 6)-β-D-glucopyranoside (10) (Ai et al., 2017) 
and khaephuoside A (11) (Wang et al., 2010), along with three others, 2, 
6-dimethoxy-1,4-benzoquinone (12) (Zhang and Kang, 2010), cinna-
moside (13) (Yuan et al., 2013) and succinic acid (14) (Lin et al., 2016) 
were identified based on the spectroscopic data with those reported in 
the references. Among them, compounds 1, 6 and 8–14 from the Aral-
iaceae family, while compounds 2–5 and 7 from this plant for the first 
time. 

As shown in Table 1, compounds 1, 4, 6 and 7 showed significant 
COX-2 inhibitory activities with IC50 values of 19.7 ± 1.5, 25.4 ± 2.4, 
23.4 ± 2.2 and 13.1 ± 1.2 μM, respectively, while 2, 3, 5 and 8–14 did 
not exert any activity (with IC50 values > 100 μM), comparing with 
celecoxib (IC50 = 34.7 ± 2.2 nM). In addition, 1, 4 and 6 exhibited 
strong or moderate antioxidant effect with IC50 values of 26.1 ± 1.5, 
37.6 ± 1.6 and 77.4 ± 3.4 μM, respectively, while others showed inac-
tive with IC50 values more than 200 μM, comparable to that of the 
positive control Vc with an IC50 value of 33.9 ± 1.1 μM (Table 2). On the 
basis of evidence, the active compounds (1, 4 and 6) possessed 6 
phenolic hydroxyl groups belonging to 1,2-diphenol derivatives, which 
are partly attributed to the anti-inflammatory and antioxidant activities 
of D. dentiger roots (He et al., 2018). 

Based on the above evidences, we demonstrated that D. dentiger roots 
extract exhibited remarkable anti-RA effect in AIA rats via modulation of 
inflammatory response, including suppress the production of pro- 
inflammatory cytokines, inflammatory mediators and MMPs, as well 
as elevate the expression of anti-inflammatory cytokines. In addition, 
the anti-RA property of D. dentiger roots extract was partly responsible 
for these phenol derivatives with COX-2 inhibitory and DPPH free 
radical-scavenging activities (Fig. 10). 

4. Discussion 

Rheumatoid arthritis is a chronic autoimmune disorder with no 
effective drugs so far (Bao et al., 2018; Li et al., 2019; Uttra et al., 2019; 
Yang et al., 2020a). Adjuvant-induced arthritis model and 
collagen-induced arthritis model are two typical rodent models for 
preclinical evaluation of anti-RA drugs, and the former is an extensively 
used animal model that recapitulates human RA pathological and 
morphological characteristics (Jia et al., 2016; Pan et al., 2017; Saleem 
et al., 2020; Voon et al., 2017; Wang et al., 2017; Zhang et al., 2019). In 
this work, we have demonstrated for the first time that D. dentiger roots 
extract possessed anti-RA effect on AIA rats, which supports the claim as 
crucial traditional Chinese folk medicine widely used to treat RA (Wang 
et al., 2015; Yang et al., 2016). 

After injection of adjuvant, the pathological manifestations of RA 
like synovial inflammatory cells infiltration, synovial hyperplasia, bone 
and cartilage erosions were observed, and gradually aggravated in 

Fig. 9. Chemical structures of compounds 1–14 isolated from D. dentiger roots extract.  

Table 1 
Anti-inflammatory effect of compounds 1–14 against COX-2 inhibition in vitro 
(means ± SD, n = 3).  

Compound IC50 (μM) Compound IC50 (μM) 

1 19.7 ± 1.5 8 >100 
2 >100 9 >100 
3 >100 10 >100 
4 25.4 ± 2.4 11 >100 
5 >100 12 >100 
6 23.4 ± 2.2 13 >100 
7 13.1 ± 1.2 14 >100 
Clecoxiba (34.7 ± 2.2) × 10− 3    

a Positive control. 

Table 2 
Antioxidant effect of compounds 1–14 against DPPH free radical-scavenging in 
vitro (means ± SD, n = 3).  

Compound IC50 (μM) Compound IC50 (μM) 

1 26.1 ± 1.5 8 >200 
2 >200 9 >200 
3 >200 10 >200 
4 37.6 ± 1.6 11 >200 
5 >200 12 >200 
6 77.4 ± 3.4 13 >200 
7 >200 14 >200 
Vca 33.9 ± 1.1    

a Positive control. 
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immunized model rats, while arthritic score and the indices of thymus 
and spleen elevated, along with body weight growth reduced in model 
rats (Lin et al., 2013; Saleem et al., 2020; Pan et al., 2017; Voon et al., 
2017; Wang et al., 2017; Zhang et al., 2019). These phenomena occurred 
were straightforward relationship with hyperimmune response after 
intradermal injection adjuvant. In the present study, treatment with 
D. dentiger roots extract significantly ameliorated these pathological 
characterizations, prominently decreased arthritic scores and the indices 
of thymus and spleen, and markedly increased body weight growth. This 
result suggested that D. dentiger roots extract exhibited anti-RA effect via 
inhibiting excessive immune response. 

In arthritic rat serum, RF and CRP are two decisive systemic in-
flammatory biomarkers, which also partly attributed to hyperimmune 
response, and widely used to assess the anti-RA activity (Saleem et al., 
2020). In the present study, D. dentiger roots extract observably 
decreased the serum levels of RF and CRP compared to the model rats. 

Pro-inflammatory cytokines like TNF-α, IL-1β, IL-6 and IL-17, are 
overexpressed could aggravated the histopathological characteristics of 
RA, and play a decisive and synergistic role in synovial inflammation 
and cartilage damage (Jing et al., 2019; Li et al., 2019; Pan et al., 2017; 
Saleem et al., 2020; Uttra et al., 2019; Yu et al., 2019). On the one hand, 
increased levels of TNF-α and IL-6 promote to the CRP discharge, 
immunological overreaction and MMP overproduction in RA rat serum 
(Jing et al., 2019; Saleem et al., 2020; Uttra et al., 2019). Likewise, IL-1β 
and IL-17 promote osteoclast activation and MMP generation, eventu-
ally caused bone injury (Jing et al., 2019; Uttra et al., 2019). IL-4 and 
IL-10, in contrast, two pivotal anti-inflammatory cytokines, which also 
play a crucial role in RA (Jing et al., 2019; Saleem et al., 2020; Uttra 
et al., 2019). Therefore, impede the productions of TNF-α, IL-1β, IL-6 
and IL-17, along with promote to the levels of IL-4 and IL-10, distin-
guish a decisive target for RA treatment (Jing et al., 2019; Saleem et al., 
2020; Uttra et al., 2019; Yu et al., 2019). In the present work, D. dentiger 
roots extract obviously declined TNF-α, IL-1β, IL-6 and IL-17 levels, as 
well as markedly increased IL-4 and IL-10 expressions, implying the 
anti-RA effect of D. dentiger roots extract was direct responsible for via 
inhibiting the pro-inflammatory cytokines and promoting 
anti-inflammatory cytokines. 

Cyclooxygenase-2 is an overexpression in arthritis disease, and is a 
pivotal enzyme participated in the pro-inflammatory cytokine expres-
sions and cartilage destruction (Jing et al., 2019; Lin et al., 2013, 2014; 
Saleem et al., 2020). Moreover, 5-LOX and MMP-2 are also directly 
contributed to RA diseases and are primarily responsible for the bone 
and cartilage erosions (Jing et al., 2019; Lin et al., 2014; Yu et al., 2019). 
Our results demonstrated that COX-2, 5-LOX and MMP-2 were overex-
pressed in AIA rats, while obviously declined were observed in 
D. dentiger roots extract-treated rats. 

The above-mentioned results prompted us to in-depth identify the 
major bio-constituents from D. dentiger roots extract. Additionally, even 
though the etiology of RA are intricate and vague, inflammatory reac-
tion and oxidative stress are contributed to this disease (Bouta et al., 
2018; Li et al., 2019). For this end, 14 chemical constituents were iso-
lated from D. dentiger roots extract, and four phenol derivatives (1, 4, 6 
and 7) showed significant anti-inflammatory against COX-2 inhibitory 
and antioxidant activities in vitro. Therefore, the results indicated that 
D. dentiger roots extract possessed persuasive ant-RA effect may be partly 
attributed to these phenol derivatives. 

5. Conclusions 

In summary, D. dentiger roots extract possessed persuasive anti-RA 
effect may be partly responsible for phenol derivatives via modulation 
of inflammatory response, including inhibiting the production of pro- 
inflammatory cytokines (TNF-α, IL-1β, IL-6 and IL-17), inflammatory 
mediators (COX-2 and 5-LOX) and MMP-2, together with promoting the 
expression of anti-inflammatory cytokines (IL-4 and IL-10), and supports 
the claim that it is a vital traditional folk medicine in China for centuries 
to treat RA and inflammation-related diseases. 
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