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Abstract. Chloranthus serratus is a traditional Chinese 
medicine for treating arthritis and bruises. The aim of the 
present study was to investigate the anti‑arthritic activities 
and possible associated mechanisms of different isolated 
sites of Chloranthus serratus (DISC) in adjuvant‑induced 
arthritis (AA) rats. The therapeutic effects of the extracts 
were assessed through changes in body weights, swelling 
rates, arthritis indexes (AI) and organ indexes. The levels 
of nitric oxide (NO), malondialdehyde and superoxide 
dismutase were determined using one‑step method, TBA 
method and hydroxylamine method, respectively; the levels 
of TNF‑α, IL‑1β, IL‑6, prostaglandin E2, macrophage 
inhibitor factor‑1, VEGF, immunoglobulin (Ig) G, IgM and 
IFN‑γ in serum were determined using ELISA. Pathological 
changes and positive expression of VEGF in the ankle 
joints were investigated using hematoxylin‑eosin staining 
and immunohistochemical staining, respectively. DISC 
treatment increased the weight gains and thymus indexes, 
and decreased the swelling rates, spleen indexes and AI 
in AA rats. The water isolated site (WA) and ethyl acetate 
isolated site (EA) significantly reversed complete Freund's 
adjuvant (CFA)‑induced changes in the levels of NO, IL‑6, 

TNF‑α, IgG and IFN‑γ, while the n‑butanol isolated site 
(NB) only reversed the changes in IL‑6 and IgG contents. 
Some changes in the chloroform isolated site group showed 
the same trend as those in the model group. The extracts 
relieved synovial hyperplasia, inflammatory cell infiltra‑
tion and articular surface defects, and reduced the positive 
expression rate of VEGF in the synovial tissues of the AA 
rats to varying degrees. The WA exhibited the most marked 
effects, followed by the EA and NB, indicating that WA had 
optimal therapeutic effects on CFA‑induced arthritic rats, 
which may be mediated by the oxidative stress and inhibition 
of inflammatory factors. C. serratus may serve as a potential 
candidate for the treatment of rheumatoid arthritis.

Introduction

Rheumatoid arthritis (RA), a multi‑system autoimmune 
inflammatory disease, is accompanied by persistent synovitis 
and cartilage destruction, and is characterized by high 
incidence, high disability, persistence and recurrence (1). The 
main clinical manifestations include redness, swelling, fever, 
knee pain and severe joint deformities (2). Currently, the exact 
etiology of this disease is still unknown. It has been reported 
that the occurrence of RA is associated with the excessive 
production of proinflammatory cytokines, such as IL‑6, 
prostaglandin E2 (PGE2), TNF‑α and nitric oxide (NO), which 
play crucial roles in the pathogenesis of RA (3).

Therapy for RA is mainly based on three types of 
drugs: Non‑steroidal anti‑inflammatory drugs, steroidal 
anti‑inflammatory drugs and immunosuppressive drugs, 
which are represented by salicylic acid, glucocorticoid and 
methotrexate, respectively (4). However, due to gastrointestinal 
ulcers and hemorrhage, hypertension exacerbation, 
myelosuppression, neutropenia and other adverse reactions, 
their clinical applications are limited (5). Traditional 
Chinese medicines (TCMs) have been reported to exhibit 
anti‑inflammatory, immunosuppressive and other biological 
activities, and may be used to treat RA in multi‑component, 
multi‑link and multi‑target regulatory manners (6,7). 
Therefore, there has been increasing focus on exploring safer, 
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more effective and more widely used alternative TCMs to 
achieve optimal therapeutic benefits in RA.

Chloranthus serratus (C. serratus) Roem. & Schult., a 
Chloranthus plant in the Chloranthaceae family, is mainly 
produced in Anhui, Zhejiang, Yunnan and other provinces 
in China. The Dictionary of Traditional Chinese Medicine 
records that C. serratus has the ability to relieve pain and 
promote blood circulation, and is used in treating injuries 
from falls, rheumatic pain and other conditions (8). In 
addition, Chloranthaceae is characterized by terpenoids with 
good anti‑inflammatory effects (9). C. serratus is rich in 
terpenoids (such as chlorophenyl lactone C, acetaminone and 
shizukanolide C, E and F) and it has good anti‑inflammatory 
effects in the clinic (10). Our previous study demonstrated that 
the water‑separated site of C. serratus exerts anti‑inflammatory 
activity in a dose‑dependent manner in LPS‑induced 
RAW264.7 cells (11). Studies on C. serratus worldwide have 
mainly been limited to species identification and chemical 
composition analysis (12). Preliminary investigations were 
made via visits to the provinces or major medicine markets 
where C. serratus is sold that revealed that it induces anti‑RA 
effects and is widely used as a folk remedy for RA treatment. 
Among the root, stem and leaf extracts of C. serratus, the root 
extract exerts the most promising effects on adjuvant‑induced 
arthritis (AA) in rats (13). However, the anti‑RA activity of 
different isolated sites of the root extract has not been reported 
yet.

The complete Freund's adjuvant (CFA)‑induced rat arthritis 
model has been widely employed in rodents for preclinical 
testing due to its pathological similarities to human RA (14). 
In the present study, the anti‑RA effects on CFA‑induced rats 
were investigated after oral administration of isolated site 
extracts. The aim of the present study was to identify isolated 
sites with improved anti‑RA activity to lay a foundation for 
further isolation and screening of active anti‑inflammatory 
monomer components of C. serratus.

Materials and methods

Reagents. Tripterygium polyglycosides tablets (cat. 
no. 20171224) were obtained from Shanghai Fudan Fuhua 
Pharmaceutical Co., Ltd. CFA (cat. no. SLBC5083) was 
purchased from MilliporeSigma. The ELISA kits for IL‑6 
(cat. no. YC‑A‑m0258), IFN‑γ (cat. no. YC‑A‑m0056), 
immunoglobulin M (IgM; cat. no. YC‑A‑m0023), IgG (cat. 
no. YC‑A‑m0461), macrophage inhibitor factor‑1 (MIF‑1; 
cat. no. YC‑A‑m0225), VEGF (YC‑A‑m0763), TNF‑α 
(cat. no. YC‑A‑m0164), IL‑1β (cat. no. YC‑A‑m0157) and 
PGE2 (cat. no. YC‑A‑m0062) were acquired from Shanghai 
Youchu Trading Co., Ltd. Superoxide dismutase (SOD; cat. 
no. A001‑3‑2), NO (cat. no. A012‑1‑2) and malondialdehyde 
(MDA; cat. no. A003‑1‑2) one‑step kits were provided by 
Nanjing Jiancheng Bioengineering Institute. Rabbit‑anti‑VEGF 
antibody (cat. no. 13H26D) and immediate streptavidin‑biotin 
complex (SABC)‑POD (rabbit IgG) kit (cat. no. 12H25C) were 
purchased from Wuhan Boster Biological Technology Co., 
Ltd.

Preparation of plant material. C. serratus was harvested in 
Yunnan, China. By referring to the Dictionary of Traditional 

Chinese Medicine, C. serratus was positively identified to 
be genuine by Professor Jianhua Zhu (Wannan Medical 
College) (8). A voucher specimen of C. serratus (Anhui 
Normal University no. 14096; Xiaoping Zhang) was deposited 
in the Herbarium Center, Anhui Normal University (Anhui, 
China).

After washing with tap water and drying, the roots of 
C. serratus were separated and crushed into coarse powder. 
The coarse powder was soaked in 12X 75% ethanol for 
0.5 h, extracted for 1.5 h in a slightly boiling state (78˚C) and 
then refluxed with 10X 75% ethanol for 1.5 h; finally, it was 
extracted with 8X 75% ethanol for 1 h. The tertiary filtrate 
was combined and concentrated under reduced pressure and 
then successively extracted with an equal ratio of chloroform, 
ethyl acetate and n‑butanol to the concentrate. The remaining 
phase was the water phase. The solvent was recovered under 
reduced pressure, and the extracts were vacuum‑dried at 60˚C 
for 7 days and then filtered through an 80‑mesh sieve to obtain 
four different isolated site extracts, which were stored at room 
temperature in a desiccator. Extraction rate (%)=extract weight 
(g)/coarse powder weight (g) x100%. The extraction rates of 
chloroform, ethyl acetate, n‑butanol and water were 1.28, 1.16, 
2.47 and 1.94%, respectively.

Ultraviolet (UV) fingerprint analysis. The sample solution was 
obtained by dissolving 0.05 g of chloroform separation site 
(CF), ethyl acetate separation site (EA), n‑butanol separation 
site (NB) and water separation site (WA) with 75% ethanol 
to a concentration of 1 mg/ml. After blank correction of a 
Ultrospec 7000 spectrophotometer (Biochrom, Ltd.) with 
75% ethanol, the solutions were scanned under the following 
spectral conditions: Data mode, absorbance; scanning 
range, 190‑500 nm; scanning speed, medium; step, 1.0 nm; 
bandwidth, 2.0 nm; lamp mode, pulse (11).

Experimental animals. Male Sprague‑Dawley (SD) rats (total, 54; 
weight, 190‑210 g; 6 weeks old) were purchased from Shandong 
Experimental Animal Center (cat. no. 2018‑0010). Before 
the experiment, all the rats were housed in a well‑ventilated 
environment with a relative humidity of 50‑60%, a temperature 
of 20‑25˚C and a 12‑h light/dark cycle, and fed with a standard 
pellet diet with water available ad libitum for 1 week. Experiments 
were conducted with the approval of The Wannan Medical 
College Ethics Committee (approval no. 20180316).

Acute oral toxicity study. An acute oral toxicity study for 
the CF, EA, NB and WA was conducted. The test doses (CF, 
3.57 mg/kg; EA, 3.36 mg/kg; NB, 6.93 mg/kg; WA, 5.46 mg/kg) 
were administered orally to each rat. If mortality was unclear, 
two additional animals in each group were dosed with the CF, 
EA, NB and WA, respectively. They were observed for gross 
morphological changes and mortality up to 48 h.

Animal groups and determination of administration doses. 
A total of 42 male SD rats were randomly divided into the 
following seven groups (6 rats/group): Control (Con), model 
(MD), positive drug (PD), CF, EA, NB and WA groups. 
According to the preliminary results and inter‑species equiva‑
lent dose conversion table available in the Pharmacological 
Experimental Methodology (15), the daily dose of the rats was 
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determined to be 50X the clinical dose. The daily dose of the 
rats (mass of extract, g/kg)=3 g x 0.018 x extraction rate of 
isolated site (CF, 1.28%; EA, 1.16%; NB, 2.47%; WA, 1.94%) 
x multiple (50) x 5. In the formula, 3 g represents the mass of 
C. serratus roots, which is the daily dose for humans based 
on the Chinese Medicine Dictionary (8); 0.018 represents 
the conversion factor; and the number ‘5’ converts a dose of 
200 g/rat to kilogram of body weight. The calculated doses 
were 0.17, 0.16, 0.33 and 0.26 g/kg body weight in the CF, EA, 
NB and WA groups, respectively.

Experimental induction of AA rats and different isolated sites 
of Chloranthus serratus (DISC) treatment. On the first day, 
the right hind paw of each rat was injected subcutaneously 
with 0.75 ml/kg CFA, with the exception of the Con group. On 
day 12, booster immunization was performed with 0.40 ml/kg 
CFA. The rats in the Con group were injected with the same 
volume of physiological saline in the same manner.

On day 15 after modeling, each extract group was 
intragastrically administered a suspension of a specified 
amount of DISC, according to the aforementioned doses, 
and 0.5% carboxymethylcellulose sodium (CMC‑Na) 
solution. Similarly, the positive control drug tripterygium 
polyglycoside (16) was dispersed in 0.5% CMC‑Na solution 
and administered intragastrically at a dosage of 35 mg/kg/day. 
The rats in the Con and MD groups were intragastrically 
administered an equal volume of 0.5% CMC‑Na solution, 
respectively. All rats received treatment once a day for 28 days.

General observation of the rats. The rats were weighed on 
the initial day (day 0) before CFA injection and at different 
time points thereafter (day 7, 15, 23, 28 and 29). The body 
weight on day 0 was called the initial weight (IW), and the 
body weights on any other days were called the final weight 
(FWx; x=7, 15, 23 and 28). The changes in the body weights of 
the rats (g)=FWx‑IW. The states of the rats (fur color, mental 
state, activity status, diet and ankle swelling) were observed 
and recorded daily according to previous references (13,17).

Calculation of the swelling rate. The circumference of the 
right hind foot at 0.5 cm below the ankle joint was measured 
on day 0 and on days 4, 11, 15, 19 and 28 after CFA injection to 
assess the degree of paw swelling. Moreover, the circumference 
of the left hind foot at 0.5 cm below the ankle joint was 
measured by the same method on days 11, 15, 23 and 28 after 
modeling. Swelling rate (%)=(circumference measured at each 
time‑circumference before modeling)/circumference before 
modeling x100% (18).

Calculation of arthritis index (AI). On days 7, 14, 21 and 28 
after modeling, the severity of arthritis in the rats was 
evaluated and scored according to previous criteria in terms 
of swelling (19) and nodules (20). The scoring criteria were 
shown in Table I (21). Scores were calculated and expressed as 
the sum of scores to obtain a maximum score of eight points.

Collection of animal samples and calculation of organ 
indexes. At the end of the experimental period, blood samples 
were collected from the medial retroorbital venous plexus 
of the rats with capillary tubes after anesthetization by ether 
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inhalation (19,22) and the samples were centrifuged at 4˚C 
and 1006.2 g for 10 min to obtain serum, which was stored at 
‑80˚C. Ether inhalation was approved for use as an anesthetic 
in the present study by The Wannan Medical College Ethics 
Committee. After blood collection, the rats still under anesthesia 
were euthanized via cervical dislocation. The thymuses, adrenal 
glands and spleens of the rats were collected and weighed to 
calculate organ indexes. Organ index (%)=organ mass (g)/rat 
mass (g) x100%. The ankle joints of the rats were collected and 
stored at ‑80˚C for pathological examination.

Determinations of serum indicators. The serum was defrosted 
at room temperature. The levels of NO, MDA and SOD were 
detected by one‑step method, TBA method and hydroxylamine 
method, respectively. TNF‑α, IL‑1β, IL‑6, PE2, MIF‑1, VEGF, 
IgG, IgM and IFN‑γ in serum were determined using ELISA 
according to the manufacturer's protocols.

Histopathological detection. After defrosting the anatomical 
joints at 25˚C for 1 h, they were fixed with 10% formalin for 
2 days at room temperature. Decalcification was performed 
with 3% nitric acid solution at room temperature, and the 
decalcification solution was replaced every 48 h for a total 
of 12 times. Subsequently, the joint samples were dehydrated 
(50, 75, 85, 95 and 100% ethanol), embedded in paraffin, 
sectioned (thickness, 5 µm) and stained with hematoxylin 
(8 min) and eosin (1 min) at room temperature for pathological 
examination. Specific pathological changes (synovial 
hyperplasia, inflammatory cell infiltration and bone or cartilage 
destruction) were observed and images were captured using 
a CKX3 Olympus light microscope (magnification, x200; 
six fields; Olympus Corporation) by two pathologists who 
were unaware of the animal treatment groups. The severity 
of polyarthritis was scored on a scale of 0‑4 (0, normal; 
1, minimal; 2, mild; 3, moderate; and 4, severe) (14).

Immunohistochemical analysis. The slices were dewaxed 
and rehydrated, and endogenous enzymes were inactivated 
with 3% H2O2 solution at room temperature for 10 min. After 
digestion at room temperature for 10 min, the slices were 
blocked with 5% BSA solution (cat. no. 201804; Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C for 30 min and then incubated 
with the aforementioned primary antibody rabbit‑anti‑VEGF 
(1:100) for 2 h at 4˚C and goat anti‑rabbit IgG (1:5,000) at 
37˚C for 30 min. Afterward, the slices were incubated with 
SABC reagent at 37˚C for 30 min, then treated with DAB for 
10 min and counterstained with hematoxylin for 30 sec, both 
at room temperature. Finally, the slices were observed and 
images were captured using a CKX3 Olympus microscope 
(magnification, x200; six fields). Images of the cross section 
of the ankle joint were captured (six rats in each group) 
and the expression of the target protein was quantitatively 
analyzed using ImageJ 1.8.0 software (National Institutes of 
Health).

Statistical analysis. All results were reported as the mean ± SD 
and were statistically evaluated with SPSS 22.0 software 
(IBM Corp.). The differences among multiple samples were 
evaluated using one‑way ANOVA, and then Tukey's post hoc 
was performed. Kruskal‑Wallis H test and Dunn's post hoc 

test were used when appropriate. P<0.05 was considered to 
indicate a statistically significant difference.

Results

UV fingerprint analysis. As seen from the full‑wavelength 
scanning spectrum of the samples (Fig. 1), the main absorption 
range was 192‑256 nm. The CF had absorption peaks at 256, 
208, 204, 202 and 192 nm (Fig. 1A); the EA had absorption 
peaks at 220, 214, 211, 199 and 196 nm (Fig. 1B); the NB had 
absorption peaks at 214, 207, 200 and 192 nm (Fig. 1C); and 
the WA had absorption peaks at 205, 202, 201 and 196 nm 
(Fig. 1D). These findings indicated that they had absorption 
at characteristic wavelengths, and there was no interference in 
the range of visible light.

Acute oral toxicity analysis. In order to investigate the safety 
of the C. serratus plant, an acute toxicity test was conducted 
followed by an anti‑inflammatory experiment. Doses were not 
deliberately used to cause animal death, but higher doses of the 
C. serratus plant were used in the acute toxicity test compared 
with the doses used in the anti‑inflammatory experiment. If 
the acute toxicity test doses of the C. serratus plant had no 
effects on the rats, it indicated that the anti‑inflammatory test 
doses were safe. There were no deaths at oral doses of 3.57, 
3.36, 6.93 and 5.46 mg/kg in the CF, EA, NB and WA groups, 
respectively. The half‑maximal lethal dose values in the CF, 
EA, NB and WA groups were found to be >3.57, 3.36, 6.93 
and 5.46 mg/kg, respectively. In addition, the calculated daily 
doses, 0.17, 0.16, 0.33 and 0.26 mg/kg, of the CF, EA, NB and 
WA were <3.57, 3.36, 6.93 and 5.46 mg/kg, respectively, which 
indicated that the anti‑inflammatory test doses were safe. 
Therefore, 0.17, 0.16, 0.33 and 0.26 mg/kg were selected as 
the doses of the CF, EA, NB and WA extracts for evaluating 
anti‑arthritic activity in CFA‑induced arthritic rats.

Effects on general condition of the rats. CFA‑induced arthritis 
rats had dull and severely lost fur, accompanied by reduced 
food intake and activities, bleeding nostrils and swollen feet 
(Fig. 2). Some rats exhibited stiff joints and tails, impeding 
their ability to walk. After the DISC or PD treatment, the 
rats showed different degrees of decreases in food intake and 
activity times in the CF, EA and NB groups, and the fur color, 
fur shedding, diet and activities and swollen feet in the WA 
and PD groups were improved and similar to those of the Con 
group (Table II). It was preliminarily judged that the WA had 
obvious anti‑inflammatory activity.

Ef fects on body weight changes. The weights of 
CFA‑induced arthritic rats are associated with the severity of 
inflammation (23). In the present study, compared with the 
Con group, the rats injected with CFA exhibited significantly 
decreased body weights on days 7‑28 (P<0.01). After treatment 
with the DISC or PD, the body weight of the rats gradually 
recovered, particularly in the WA and PD groups, which 
approached the level of the Con group (Table III), whereas there 
were no significant changes in the CF group on days 23 and 28 
after modeling compared with the MD group. It could be judged 
that the anti‑inflammatory effect of the WA was the best, while 
the anti‑inflammatory effect of the CF was not obvious.
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Figure 1. Ultraviolet fingerprints of each extract of Chloranthus serratus. (A) Chloroform, (B) ethyl acetate, (C) n‑butanol and (D) water separation sites of 
Chloranthus serratus. Absorption was present at characteristic wavelengths. Abs, absorbance.
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Effects on the primary and secondary swelling rates. Primary 
lesions are the proinflammatory edema caused by the injection 
of CFA, which can be investigated by calculating swelling 
rate (20). Secondary lesions are immune‑mediated changes 
characterized by inflammation in the non‑injected parts (hind 
legs, forepaws, ears and nose) (18). As shown in Fig. 3, the 
swelling of the left hind foot (Fig. 3B) was lower compared 
with that of the right hind foot (Fig. 3A), and the secondary 
swelling rate peaked on day 23.

The primary and secondary swelling rates in CFA‑induced 
arthritis rats were significantly increased (P<0.01) compared 
with those of the Con group. From day 19 to day 28 after 
modeling, the inflammatory swelling was inhibited by the 
different extracts of C. serratus or PD (P<0.01; Fig. 3). Among 
them, the inhibitory effects of the EA, WA and PD were more 
notable compared with that of the NB. It could be seen that 
the anti‑inflammatory effect of the WA was better than other 
extracts.

Effects on AI. The AI value is used to reflect the extent of 
inflammation. A Kruskal‑Wallis test showed that there were 
statistically significant differences in AI between the groups 
on days 23 and 28 (χ2=15.51, P=0.02 and χ2=19.57, both 
P<0.001; Table IV). On day 23, the mean rank AI was 18.00, 
9.67, 14.83 and 7.33 for the CF, EA, NB and WA groups, 
respectively; on day 28, the corresponding values were 20.00, 
11.00, 16.50 and 7.83. This showed that the WA had obvious 
anti‑inflammatory activity, followed by the EA.

Effects on organ indexes. The organ indexes can directly 
reflect the immune function of the body. As presented in 
Table Ⅴ, there was no significant difference in the adrenal 
index between the MD and Con groups. However, after the 
establishment of the model, the spleen index increased signifi‑
cantly and the thymus index decreased significantly (P<0.01). 
After treatment with the different extracts or PD, EA, WA and 
PD significantly reversed these changes (P<0.01), especially 
the WA and PD groups. The NB reversed the spleen index 
(P<0.05); however, it had no significant effect on the thymus 
index. In summary, the DISC only affected part of the organ 
indexes.

Effects on the serum levels of NO, MDA and SOD. The 
application of CFA induced an increase in the levels of NO 
and MDA, and a decrease in the level of SOD in the MD 
group (P<0.01). It is noteworthy that the WA and PD not 
only significantly reduced the NO and MDA levels (P<0.05 
or P<0.01), but also raised the SOD level close to that of the 
Con group. By contrast, the CF group showed a significant 
increase in NO and MDA contents compared with the MD 
group (P<0.01), whereas the changes in the EA and NB groups 
were not significant (Fig. 4). These results indicated that WA 
alleviated arthritis damage by mediating oxidative stress.

Effects on the serum levels of IL‑1β, IL‑6 and TNF‑α. A signifi‑
cant elevation in the serum levels of IL‑1β, TNF‑α and IL‑6 was 
observed in CFA‑induced rats compared with the rats in the Con 
group (all P<0.01). After exposure to the DISC or PD, compared 
with the MD group, the levels of IL‑1β, IL‑6 and TNF‑α 
in the PD and WA groups decreased significantly (P<0.01), 
the contents of IL‑6 and TNF‑α in the EA and NB groups 
decreased significantly (P<0.01) and IL‑6 showed an significant 
decrease in the NB group (P<0.01). However, the level of IL‑6 
was significantly increased in the CF group (P<0.01), although 
the levels of IL‑1β and TNF‑α were not significantly impacted, 
as presented in Fig. 5. The results showed that the DISC had 
a certain anti‑inflammatory effect, and the anti‑inflammatory 
activity of the WA group was more obvious.

Effects on the levels of MIF‑1, PGE2 and VEGF. Injection 
with CFA resulted in significant increases in MIF‑1, PGE2 
and VEGF levels (P<0.05 or P<0.01). Treatment with the CF 
had no significant impact on the three indicators. The three 
indicators were decreased in the EA and NB groups but this 
was not a significant change (P>0.05; Fig. 6). The three indi‑
cators were significantly decreased in the WA and PD groups 
compared with those in the arthritic group (P<0.05 or P<0.01). 
This showed that the WA had the best anti‑inflammatory 
activity, followed by the EA and NB, and the CF was the least 
obvious.

Effects on serum levels of IgG, IgM and IFN‑γ. The levels 
of IgG and IgM were significantly increased, and the levels 

Figure 2. Comparisons between the Con group and the MD group after modeling. The image captured of the Con group represented the condition of the 
normal rats, and the images of the MD group showed the effects of subcutaneous injection of complete Freund's adjuvant into the right hind paw of the rats. 
Con, control; MD, model.
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of IFN‑γ were decreased after intradermal injection of CFA 
compared with the Con (all P<0.01). When treated with the 
DISC or PD, there were no significant changes in the three 
indicators in the CF group (P>0.05). Compared with the MD 
group, there were significant changes in the three indicators 
in the PD and WA groups (P<0.05 or P<0.01) and the levels 
of IgG and IFN‑γ decreased significantly in the EA group 
(P<0.01). The content of IgG decreased significantly in the 
NB group compared with the MD group, while there were no 
significant changes in IFN‑γ in the NB group (P>0.05); these 
changes were significant in the WA and PD groups (P<0.01; 

Fig. 7). These results indicated that the alleviation of arthritis 
damage of the DISC was related to participating in the immune 
response.

Effects on joint histopathology. The anti‑inflammatory 
effects of the DISC were confirmed via histopathological 
examination. As shown in Fig. 8, there was no notable synovial 
hyperplasia or inflammatory cell infiltration in the Con group. 
In contrast, the articular endometrium of the AA rats was 
thickened with a large amount of inflammatory cell infiltration, 
tissue granulation, damaged articular cartilage tissues and 

Figure 3. Effects on the primary and secondary swelling rates in the arthritis rats. (A) Primary swelling rates in the right hind feet of rats injected subcutaneously 
with complete Freund's adjuvant. (B) Secondary swelling rates in the left hind feet of the rats. **P<0.01 vs. Con; ##P<0.01 vs. MD; $P<0.05, $$P<0.01 vs. NB. Con, 
control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.

Table II. Effects on general condition of the rats.

Group Fur color Bleeding Feet condition Food intake Activity

Con Normal None No swelling Normal Normal
MD Dull and severely lost Nose Swollen and stiff Greatly reduced Greatly reduced
PD Normal None No swelling Normal Normal
CF Dull and severely lost Slight Swollen Greatly reduced Greatly reduced
EA Slightly dull None Slightly swollen Slightly reduced Reduced
NB Slightly dull None Slightly swollen Normal Slightly reduced
WA Normal None No swelling Normal Normal

Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; 
WA, water separation site.

Table III. Changes in body weight of the rats in each group.

Group Weight on day 7, g Weight on day 15, g Weight on day 23, g Weight on day 38, g

Con 34.66±3.51 71.70±1.68 89.67±2.52 100.00±5.29
MD 26.50±0.96a 59.23±2.77a 72.90±4.06a 76.27±1.94a

PD 26.97±0.74 60.93±5.47 86.47±2.91c 92.10±7.48c

CF 26.23±0.60 57.43±0.85 74.97±1.89 81.03±1.50
EA 27.80±2.63 59.57±1.65 82.10±1.49c 89.23±1.60b

NB 26.30±1.65 59.20±1.41 79.53±1.07b 83.73±2.65
WA 27.26±0.60 59.53±1.17 86.70±1.21c,d 93.27±2.46c

aP<0.01 vs. Con; bP<0.05, cP<0.01 vs. MD; dP<0.05 vs. NB. Data are presented as mean ± SD. Con, control; MD, model; PD, positive drug; 
CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.
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Table V. Effects on organ indexes of the rats.

Group Spleen, % Thymus, % Adrenal gland, %

Con 0.18±0.04 0.18±0.02 0.02±0.01
MD 0.28±0.02a 0.11±0.01a 0.02±0.02
PD 0.22±0.04c 0.17±0.02c 0.02±0.01
CF 0.24±0.01 0.13±0.05 0.01±0.03
EA 0.21±0.02c 0.17±0.02c 0.02±0.02
NB 0.23±0.03b 0.14±0.01 0.02±0.04
WA 0.20±0.05c 0.17±0.03c 0.02±0.05

aP<0.01 vs. Con; bP<0.05, cP<0.01 vs. MD. Data are presented as the mean ± SD. Con, control; MD, model; PD, positive drug; CF, chloroform 
separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.

Figure 4. Effects on the serum inflammatory factors and oxidative stress indicators. (A) NO, (B) MDA and (C) SOD. n=6. **P<0.01 vs. Con; #P<0.05, ##P<0.01 
vs. MD; $$P<0.01 vs. NB. Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol 
separation site; WA, water separation site; NO, nitric oxide; MDA, malondialdehyde; SOD, superoxide dismutase.

Table IV. Rat AI of each group.

 Day 23 Day 28
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group AI χ2 P‑valuea AI χ2 P‑valuea

Con 2.00 15.51 0.02 3.50 19.57 <0.001
MD 16.17   14.50  
PD 9.00   5.17  
CF 18.00   20.00  
EA 9.67   11.00  
NB 14.83   16.50  
WA 7.33   7.83  

aAnalyzed using Kruskal‑Wallis H test. AI, arthritis index; Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, 
ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.
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pannus formation in the synovium. However, the DISC or 
PD treatment reduced the symptoms of synovial hyperplasia, 
inflammatory cell infiltration and cartilage destruction. The 
recovered histopathological characteristics in the WA and 
PD groups appeared to be similar to those of the Con group. 

A Kruskal‑Wallis test showed that there were statistically 
significant differences in histopathology scores across the 
groups (χ2=24.25, P<0.001), with a mean rank histopathology 
score of 24.00, 15.75, 17.25 and 4.38 for the CF, EA, NB and 
WA groups, respectively (Table VI). There was a significant 

Figure 5. Effects on the serum inflammatory factors. (A) IL‑1β, (B) IL‑6 and (C) TNF‑α. n=6. **P<0.01 vs. Con; ##P<0.01 vs. MD; $P<0.05, $$P<0.01 vs. NB. 
Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water 
separation site.

Figure 6. Effects on the serum inflammatory indicators. (A) MIF‑1, (B) PGE2 and (C) VEGF. n=6. *P<0.05, **P<0.01 vs. Con; #P<0.05, ##P<0.01 vs. MD; 
$$P<0.01 vs. NB. Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; 
WA, water separation site; MIF‑1, macrophage inhibitor factor‑1; PGE2, prostaglandin E2.
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difference between the Con and MD groups (P<0.05). There 
was significant difference between the WA and MD groups 

(P<0.01). The pathological scores of other DISC groups were 
lower compared with that of the MD group, but there were no 

Figure 7. Effects on the serum immune indicators. (A) IgG, (B) IgM and (C) IFN‑γ. **P<0.01 vs. Con; #P<0.05, ##P<0.01 vs. MD; $P<0.05, $$P<0.01 vs. NB. 
Con, control; MD, model; PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water 
separation site; Ig, immunoglobulin.

Figure 8. Effects on pathological changes. (A) Representative images of hematoxylin and eosin staining (magnification, x200). Black arrow represents inflammatory 
cell infiltration; blue arrow represents synovial hyperplasia; green arrow represents cartilage destruction. (B) Quantified histopathology score. Treatment with 
different isolated sites of Chloranthus serratus reduced the symptoms of synovial hyperplasia, inflammatory cell infiltration and cartilage destruction. The 
recovered histopathological profile of the WA group appeared to be similar to that of the Con group. *P<0.05 vs. Con; ##P<0.01 vs. MD. Con, control; MD, model; 
PD, positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.
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significant differences. The above showed that the DISC could 
alleviate the pathological damage of joints, of which the WA 
was the most obvious. The EA and NB showed no obvious 
changes compared with the MD group.

Immunohistochemical analysis of VEGF. After immunohisto‑
chemical staining of the synovial tissues of the arthritis rats, 
the positive expression of VEGF was mainly manifested as 
clear brownish‑yellow particles in the cytoplasm of the cells 
(Fig. 9A) (24). As shown in Fig. 9B, increased VEGF expres‑
sion occurred in the arthritic rats compared with the Con group 
(P<0.01). The positive expression of VEGF in the extract and 
PD groups was significantly decreased compared with that of 
the MD group (P<0.01). By comparing each extract group, it 
was revealed that the positive expression rate of VEGF in the 
WA group was significantly lower compared with that in the 
NB group (P<0.01), while the EA group was not significantly 
different; by contrast, the positive expression rate of VEGF 
in the CF group was significantly increased compared with 
that in the NB group (P<0.05). It was indicated that among 
the extract groups, the WA group had the most significant 
decrease, followed by the EA and NB groups. In summary, 
it was shown that the DISC had a certain anti‑inflammatory 
effect, and the WA had the best anti‑inflammatory activity.

Discussion

In the pre‑experiment of the anti‑inflammatory experiment, 12.5, 
25 and 50‑fold values of the clinical dose were used for opti‑
mization. Some indicators such as general condition of the rats, 
body weight change, primary and secondary swelling rates, AI 
and organ indexes were examined. There were no clear inflam‑
matory effects at 12.5X of the dose; 25X dose showed that DISC 
had anti‑inflammatory effects (data not shown) and there were 
significant differences among the four DISCs at 50X dose.

Overall, 50X of the clinical dose after gradient extraction 
did not cause toxicity and the anti‑inflammatory effects were 
good. Therefore, 50X the clinical dose per extract (0.17, 0.16, 
0.33 and 0.26 mg/kg for the CF, EA, NB and WA, respectively) 

was used to investigate the anti‑inflammatory activity of the 
four different separation sites in CFA‑induced arthritic rats.

RA is a type of chronic inflammation mediated by 
cytokines and cross‑reactive antigens. As a result of various 
imbalances between proinflammatory and anti‑inflammatory 
cytokine activities, the clinical features of RA involve systemic 
inflammation, leading to a variety of systemic immune 
complications (25). Currently, the drugs used to treat RA 
only temporarily relieve joint pain and discomfort rather than 
providing fundamental treatment (26). The study of effective 
drugs for the treatment of RA has attracted increasing atten‑
tion of experts and scholars (27).

In the current study, the AA rat model was used to evaluate 
the anti‑arthritic effects of the DISC on various arthritic 
phenomena, including inflammatory cell infiltration. It is 
a convenient and ideal model for screening anti‑RA drugs 
and studying immune inflammatory diseases. Based on the 
principles of RA and the processes of immune diseases, 
CFA‑induced arthritis has numerous similarities to human 
RA in terms of histopathology and serum biochemical 
indicators (28). In RA, complicated cytokine networks regulate 
chronic inflammation and joint destruction (29). Changes in 
the levels of these proinflammatory mediators (IL‑6, PGE2, 
TNF‑α and NO) reflect the severity of inflammation and joint 
damage in AA rats (30).

Among these inflammatory factors, IL‑6 is highly 
expressed in the synovium and serum of patients with 
RA, leading to inflammatory cell infiltration and synovial 
hyperplasia (31). Excessive levels of the long‑lasting 
inflammatory cytokine IL‑1β contribute to the development 
of RA (32). PGE2 regulates hyperalgesia; its overexpression 
in RA promotes vasodilation in synovial tissues, and PGE2 
synergizes with other inflammatory cytokines, such as IL‑1β, 
to accelerate the process of inflammation and induce chronic 
inflammation (32,33). During the development of RA, MIF‑1 
induces the release of proinflammatory cytokines, including 
IL‑1β, IL‑6, PGE2 and TNF‑α (34). Decreasing the level of 
MIF‑1 can control inflammation and cartilage destruction (35). 
TNF‑α induces the production of other inflammatory 
cytokines, particularly in the occurrence and development of 
RA (36). In the present study, the WA had significant inhibitory 
effects on the levels of IL‑1β, IL‑6, TNF‑α, MIF‑1 and PGE2, 
whereas there were no inhibitory effects on the levels of IL‑1β 
and PGE2 in the CF, EA and NB groups, indicating that the 
WA induced the most potent anti‑RA effects.

In the AA environment, increases in the levels of TNF‑α, 
IL‑6 and PGE2 induce the production of VEGF; in turn, VEGF 
promotes the production and release of these inflammatory 
mediators (24). VEGF increases vascular permeability, 
provides adequate blood flow and nutrition for the proliferation 
and migration of synovial cells, and induces the development 
of synovitis, resulting in joint swelling and dysfunction (37). In 
the current study, the WA significantly inhibited the expression 
of VEGF in synovial tissues, which is consistent with the level 
of VEGF in serum.

IgM, IgG and other immunoconjugates formed with 
antibodies accumulate in the joints and synovium of 
patients with RA, which induce the production of various 
inflammatory factors, such as TNF‑α, IL‑6 and VEGF, 
causing articular cartilage damage (38). IFN‑γ is an important 

Table VI. Histopathology score of representative images of 
hematoxylin and eosin staining.

 Histopathology score,
Group points χ2 P‑valuec

Con 7.25 24.25 <0.001
MD 25.00a

PD 7.88
CF 24.00
EA 15.75
NB 17.25
WA 4.38b

aP<0.05 vs. Con; bP<0.01 vs. MD; canalyzed using Kruskal‑Wallis 
H test. Con, control; MD, model; PD, positive drug; CF, chloroform 
separation site; EA, ethyl acetate separation site; NB, n‑butanol 
separation site; WA, water separation site.



SUN et al:  ANTI‑INFLAMMATORY ACTIVITY OF Chloranthus serratus IN CFA‑INDUCED ARTHRITIC RATS12

immune regulator and macrophage‑stimulating factor, and 
is synthesized during the cellular immune response (39). It 
has two‑way immunomodulatory ability, plays a notable role 
in the prevention and treatment of immune diseases, and 
has potential therapeutic effects on RA (40). In the present 
study, the WA significantly reversed CFA‑induced increases 
of IgG and IgM levels, and decreases in the IFN‑γ level, 
with similar but weaker effects observed in the EA and NB 
groups, which indicated that the WA exerted the most potent 
anti‑inflammatory effects, followed by the EA and NB.

A significant increase in the NO level in serum leads to 
increased oxidative stress, causing damage to cells and tissues, 
and accelerating the process of joint damage (41). SOD scavenges 
oxygen free radicals, regulates the balance of oxidants and 
antioxidants in vivo, and reduces lipid peroxidation to protect 
cells and tissues from oxidative stress‑induced damage (42). 
MDA, a free radical, reflects the degree of lipid peroxidation 
and has been widely used as a marker of lipid peroxidation 
products (43). In the present study, the WA significantly reversed 
the changes in the levels of NO, MDA and SOD induced by 
CFA, illustrating that the anti‑inflammatory activity of the WA 
was the strongest, with lesser effects induced by the EA and 
NB. These results suggested that oxidative stress was involved 
in the anti‑RA mechanisms of DISC.

Furthermore, after the DISC treatment, CFA‑induced 
proliferation of synovial cells and a large amount of 
inflammatory cell infiltration were alleviated to varying 
degrees. The recoveries in the WA group were the most 
increased, which is consistent with the results of the serum 

indicators; thus, these findings indicated that the WA exerted 
the strongest anti‑inflammatory activity.

The spleen and thymus are important lymphoid organs, 
and the adrenal gland is an important endocrine organ. The 
organ indexes can roughly estimate the strength of immune 
function (44). Inflammation stimulates the immune function 
of the body and damages the endocrine organs, so the more 
increased the anti‑inflammatory activity is, the more effectively 
it can reduce the immune responses and damage to the adrenal 
gland in inflammatory rats (45). In the present study, except 
for the CF, all the isolated sites could significantly reduce the 
spleen indexes; however, only the EA and WA increased the 
thymus indexes. Moreover, all the isolated sites could restore 
weight gain to varying degrees in AA rats on days 23 and 28 
after modeling, particularly the EA and WA. Although a variety 
of confounding factors affected organ indexes (46) and body 
weight changes (47), the four separated site groups were tested 
under identical conditions. Therefore, these two indicators are 
comparable among groups. All these indicated that the EA and 
WA exhibited anti‑inflammatory activity. Among them, the WA 
appeared to possess the most potent anti‑inflammatory activity.

In addition, changes in the primary and secondary swelling 
rates are associated with the accumulation of granulocytes 
and monocytes in the joint tissues (48). In the present study, 
the four isolated sites significantly inhibited the swelling rates 
in CFA‑induced arthritis rats, and the inhibition of the WA 
was the most significant. Except for the CF, all of the isolated 
sites could reduce AI, particularly the WA, indicating that the 
three isolated sites exhibited anti‑inflammatory activity.

Figure 9. Effects on the positive expression of VEGF. (A) Immunohistochemistry results of VEGF (magnification, x200). (B) Column chart representing the 
quantified positive expression rate of VEGF. Significant positive expression of VEGF was observed around the synovium in the MD group; the effects of DISC 
reduced the positive expression of VEGF to varying degrees. n=6. **P<0.01 vs. Con; ##P<0.01 vs. MD; $P<0.05, $$P<0.01 vs. NB. Con, control; MD, model; PD, 
positive drug; CF, chloroform separation site; EA, ethyl acetate separation site; NB, n‑butanol separation site; WA, water separation site.
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In conclusion, the WA of C. serratus exhibited the 
greatest effect on anti‑RA activity, followed by the EA 
and NB, which was associated with oxidative stress and 
decreased inf lammatory factor release. These results 
suggested that C. serratus may serve as a potential candidate 
for the treatment of RA, providing a scientific basis for the 
exploration and utilization of C. serratus, as well as providing 
a reference for further development of drugs against RA. 
The anti‑inflammatory mechanisms of C. serratus will be 
explored further in subsequent studies, and this study lays a 
foundation for further separation and purification of monomer 
anti‑inflammatory components.
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