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Abstract
Objective The present study aimed to evaluate the anti-inflammatory and analgesic activities of the ginsenoside metabolite 
compound K (CK) and its mechanisms.
Methods Mice model of xylene-induced ear swelling and rat model of carrageenan-induced paw swelling were used to 
evaluate the effect of CK on acute inflammation. The analgesic effect of CK was evaluated on heat-, acetic acid-, and 
carrageenan-induced hyperalgesia. The levels of prostaglandin E2 (PGE2), cyclooxygenase-1 (COX-1), and COX-2 in 
carrageenan-induced rat paw swelling and gastric mucosa were detected by enzyme-linked immunosorbent assay (ELISA). 
COX-1 and COX-2 expressions in carrageenan-induced rat paw swelling and gastric mucosa were detected by western blot-
ting. In vitro effect of CK  (10−9,  10−8,  10−7,  10−6,  10−5 M) on COX-1 and COX-2 activities was evaluated by measuring the 
production of 6-keto-PGF1α and PGE2 in rat peritoneal macrophages.
Results CK at doses of 7, 14, 28, 56, 112, and 224 mg/kg alleviated xylene-induced ear oedema, whereas CK at 40, 80, 
and 160 mg/kg alleviated carrageenan-induced paw oedema. CK at 224 mg/kg showed an analgesic effect against acetic 
acid-induced pain. CK at 40, 80, and 160 mg/kg significantly increased rat inflammatory pain threshold, but had no effect 
on heat-induced pain threshold. CK at 10, 20, 40, 80, and 160 mg/kg reduced PGE2 level in the paw tissue, but showed no 
effect on that in the gastric mucosa. CK at 20, 40, 80, and 160 mg/kg decreased COX-2 expression in the paw tissue and 
gastric mucosa, but exhibited no effect on COX-1 expression or on COX-1 and COX-2 activities.
Conclusion CK exerted anti-inflammatory and analgesic effects, possibly by reducing the catalytic synthesis of PGE2 via 
downregulation of COX-2 expression.
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Introduction

The ginsenoside metabolite compound K [20-O-β-d-
glucopyranosyl-20 (S)-ginophenol, CK] belongs to the pro-
topanaxadiol group of saponins. It was isolated by Japanese 
researchers in 1972 from ginsenosides, such as Rb1, Rb2 

and Rc, though various transformation methods (Christensen 
2009). Studies have shown that the pharmacological activity 
of ginsenosides was mainly mediated through its metabolic 
component CK, which possesses a variety of pharmacologi-
cal activities such as anti-inflammatory, antitumor, antidia-
betes, hepatoprotective, neuroprotective, and cardiovascular 
protective effects.

Our previous study found that CK exerted immunomodu-
latory and anti-arthritic activities in animal models of adju-
vant-induced arthritis (AA) (Wu et al. 2014; Chen et al. 
2014; Chen et al. 2016) and collagen-induced arthritis (CIA) 
(Chen et al. 2015; Liu et al. 2014). We found that CK sig-
nificantly reduced the global assessment and arthritis index 
in CIA mice and AA rats, reduced swelling in the joint, 
improved joint histopathology, inhibited synovial cell pro-
liferation and angiogenesis, reduced inflammatory cell infil-
tration in the synovium and prevented bone destruction. In 

Inflammopharmacology

Jingyu Chen and Min Si contributed equally to this work.

 * Wei Wei 
 wwei@ahmu.edu.cn

 Jingyu Chen 
 cjyanyi@126.com

1 Key Laboratory of Anti-inflammatory and Immune 
Medicine, Ministry of Education, Anhui Collaborative 
Innovation Center of Anti-inflammatory and Immune 
Medicine, Institute of Clinical Pharmacology, Anhui 
Medical University, Meishan Road 81, Hefei 230032, China

http://orcid.org/0000-0002-9421-9577
http://crossmark.crossref.org/dialog/?doi=10.1007/s10787-018-0504-y&domain=pdf


158 J. Chen et al.

1 3

addition, CK exerted immunomodulatory effects in AA rats 
and CIA mice by reducing abnormal activation of immune 
cells (dendritic cells, T cells, and B cells) and restoring 
cytokine balance (Chen et al. 2014; Chen et al. 2016; Chen 
et al. 2015; Liu et al. 2014). These findings suggest that 
the immunomodulatory activity of CK may be an impor-
tant mechanism of its anti-inflammatory effect. However, 
whether CK exhibited direct anti-inflammatory and analge-
sic activities remains unclear.

Inflammation is usually associated with pain (Khan et al. 
2017). In fact, chemical mediators generated during inflam-
mation, such as serotonin, prostaglandins (PGs), TNF-α, 
histamine, bradykinin, and protons, stimulate the nocicep-
tive receptors responsible for peripheral pain (Woolf and 
Max 2001). PGs are lipid mediators synthesized from ara-
chidonic acid by cyclooxygenase (COX) enzymes (Funk 
2001). PGE2, the main PG produced during inflammatory 
response, is a proinflammatory lipid mediator of inflamma-
tion. PGE2 participates in the initiation of inflammation and 
emergence of inflammatory signs such as oedema, fever, and 
pain (Díaz-Muñoz et al. 2010; Alvarez-Soria et al. 2008; 
Liao and Milas 2004; Zheng et al. 2011). Previous studies 
suggest that the inhibition of PGE2 synthesis is necessary to 
relieve the inflammatory hyperalgesia (Chandrasekhar et al. 
2016).

In this study, based on previous studies, the direct 
anti-inflammatory activity of CK was evaluated in acute 
inflammatory animal models of xylene-induced ear swell-
ing and carrageenan-induced paw oedema. The hot plate 
test, acetate-induced writhing test, and carrageenan induc-
tion inflammatory pain model were established to evaluate 
the analgesic effect of CK. The possible mechanism was 
explored by detecting PGE2, COX-1, and COX-2.

Materials and methods

Animals and cells

Male Sprague–Dawley rats (130–170 g) and Kunming mice 
(16–20 g) were purchased from the Experimental Animal 
Center of Anhui Province [production license number: 
SCXK (Anhui) 2011-002]. All animals were maintained in 
a specific pathogen-free animal laboratory of Anhui Medical 
University (Hefei, China). All experiments were approved 
on 6 Mar 2015 by the Ethics Review Committee for Animal 
Experimentation of the Institute of Clinical Pharmacology, 
Anhui Medical University.

To collect 10-ml peritoneal macrophage cells, ice-cold 
DMEM was injected into the rat abdominal cavity. The cells 
were allowed to adhere for 3 h, washed three times with 
phosphate buffered saline (PBS) to remove non-adherent 
cells, and then used for analyses.

Reagents

CK (molecular weight: 622.18, lot NO. S090301) was pro-
vided by Hisun Pharmaceutical Co., Ltd (Taizhou, China), 
intragastrically administered in suspension with 0.5% 
sodium carboxymethyl cellulose (CMC-Na). Celecoxib (lot 
NO. BK13CCEK164) was obtained from Pfizer Pharmaceu-
ticals Ltd. Sufentanil was purchased from Yichang Renfu 
Medicine Co., Ltd. (Hubei, China). DMEM was obtained 
from Biological Industries. Fetal bovine serum (FBS) was 
purchased from Gemini. COX, 6-keto-PGF1α, and PGE2 
enzyme-linked immunosorbent assay (ELISA) kit were 
purchased from Cusabio Biotech Co., Ltd. (Wuhan, China). 
Acetic acid (SCXK [Su] xk13-011-00020) was obtained 
from China Sun Speciality Products Co., Ltd. (Jiangsu, 
China). Anti-COX-2 Ab was purchased from Abcam (Lot.
GR-38765-22), whereas anti-COX-1 Ab was purchased from 
Proteintech (Rocky Hill, USA). Lipopolysaccharide (LPS) 
and arachidonic acid were purchased from Sigma (St. Louis, 
MO, USA).

Xylene‑induced ear swelling

Xylene-induced ear swelling model was used to evaluate the 
anti-inflammatory effect of CK on acute inflammation. A 
total of 90 male Kunming mice were divided into the follow-
ing groups (n = 10): normal, vehicle-treated control, CK (7, 
14, 28, 56, 112, 224 mg/kg), and positive control (celecoxib 
28 mg/kg). The test substances were administered intragas-
trically every day for 5 days. 1 h after the last administration, 
xylene (20 μl) was coated on the mouse left ear. After 1.5 h, 
the mice were anesthetized and killed, and the ears were cut 
using a hole punch and weighed. The investigator evaluating 
the oedema was blinded to the experimental groups. Finally, 
the degree of swelling was measured by calculating the dif-
ference in weight between the left and right ears. The swell-
ing inhibition rate of each drug group was thus calculated.

Carrageenan induction of paw oedema

In the carrageenan-induced paw oedema model, rats were 
subjected to intraplantar carrageenan injection and the foot 
volume was measured. Ninety male Sprague–Dawley rats 
were randomly divided into nine groups (n = 10), namely, 
normal, vehicle-treated control, CK (5, 10, 20, 40, 80, and 
160 mg/kg), and positive control celecoxib (20 mg/kg) 
groups. CK was orally administrated every day for 5 days. 
1 h after the last administration, 50 μl of carrageenan (1%) 
was injected intraplantar into the right hind paw. oedema 
was measured using a plethysmometer (YLS-7B, Shandong, 
China) at various times points (0, 1, 2, 3, 4, 5, and 6 h) after 



159Ginsenoside metabolite compound K exerts anti‑inflammatory and analgesic effects via…

1 3

the injection of the phlogistic agent. The investigator evalu-
ating the oedema was blinded to the experimental groups. 
Finally, the degree of swelling was measured by calculating 
the difference in volume between the anterior and posterior 
paws. The oedema inhibitory rate of each drug group was 
calculated.

oedema inhibition (%) = 1 − (Vt/Vc) × 100%, in which Vt 
is the mean value of paw volume in rats treated with CK or 
celecoxib and Vc is the mean value of paw volume in the 
model control group.

Hot plate test in mice

Since the scrotal skin of male mice is sensitive to heat, male 
mice will frequently jump during the hot plate test, hinder-
ing the observation for hind paw licking. Thus, female mice 
are more suitable for hot plate test. Female mice weighing 
18 ± 2 g were placed on a hot plate with temperature detec-
tor (YLS-6B, Shandong, China). The metal plate was pre-
heated to 50–55 °C and maintained at a constant temperature 
within ± 0.5 °C. The reaction time between the foot contact 
with the hot plate and the moment of licking, which was the 
latent period of hot plate reaction, was recorded and used 
for calculation of the pain threshold index. First, the basal 
pain threshold of each group was determined with normal 
values of 5–30 s. Mice with pain threshold lower than 5 s or 
higher than 30 s were removed from the study. Ninety mice 
were randomly divided into nine groups (n = 10): normal, 
vehicle-treated control, CK (7, 14, 28, 56, 112, and 224 mg/
kg), and positive control sufentanil (40 µg/kg) groups. The 
test substances were orally administrated daily for 5 days. 
1 h after the last administration, the pain threshold of each 
mouse was determined by investigator who was blinded to 
the experimental groups. In mice whose latent period was 
up to 60 s, the test was terminated and the latent period 
was recorded as 60 s to avoid tissue damage. Experimental 
results were indicated by pain threshold value.

Introduction of acetic acid‑induced writhing model

Ninety male Kunming mice (18 ± 2  g) were randomly 
divided into nine groups (n = 10): normal, vehicle-treated 
control, CK (7, 14, 28, 56, 112, and 224 mg/kg), and positive 
control celecoxib (28 mg/kg) groups. The test substances 
were orally administrated daily for 5 days. 1 h after the last 
administration, each mouse was intraperitoneally injected 
with 0.4 ml 0.6% acetic acid solution. The number of mouse 
body writhing was recorded within 5 min post-injection by 
investigator who was blinded to the experimental groups. 
Inhibition rate of acetic acid-induced writhing in the mice 
was calculated to evaluate the analgesic effect of CK.

Analgesic capacity (%) = (1 − Wt/Wc) × 100%, in which Wt 
is the average number of writhing in mice treated with CK 

or celecoxib, whereas Wc is the average number of writhing 
in the model group.

Assessment of mechanical allodynia

To assess mechanical allodynia, the number of paw with-
drawal responses to a mechanical nociceptive stimulation 
was measured in carrageenan-induced paw oedema rat 
model. Ninety male Sprague–Dawley rats were randomly 
divided into nine groups (n = 10), including normal, vehi-
cle-treated control, CK (5, 10, 20, 40, 80, and 160 mg/kg), 
and positive control celecoxib (20 mg/kg) groups. The test 
substances were orally administrated every day for 5 days. 
1 h after the last administration, 50 μl of carrageenan (1%) 
was administered via intraplantar injection to the right hind 
paw. The pain threshold was measured at 1, 2, 3, 4, 5, and 
6 h after the intraplantar carrageenan injection using a von 
Frey filament with a force of 4.0 g (Electronic von Frey anes-
thesiometer, IITC Inc., Life Science Instruments, Woodland 
Hills, CA, USA). The investigator evaluating the mechanical 
allodynia was blinded to the experimental groups. Rats were 
placed in acrylic cages with a wire grid floor 15–30 min 
before the beginning of the tests in a quiet room. During this 
adaptation period, the paws were poked 2–3 times. Before 
paw stimulation, the animals were quiet, without exploratory 
defecation or urination movements and not resting over the 
paws. The tests consisted of poking the hind paw to provoke 
a flexion reflex followed by a clear flinch response after paw 
withdrawal. The stimulation of the paw was repeated until 
the animal presented three similar measurements (the dif-
ference between the highest and the lowest measurement 
should be less than 10 g). The animals were tested before 
and after the treatments and the results are reported as with-
drawal threshold (g).

PGE2 and COX detection by ELISA

The swollen right foot was peeled, cut, soaked in 5-ml nor-
mal saline for 1 h, and centrifuged to obtain the supernatant 
for detection of PGE2, COX-1, and COX-2 levels using com-
mercial kits. The assays were performed according to the 
manufacturers’ instructions. The absorbance of the produced 
color was measured spectrophotometrically at 450 nm using 
a microplate reader (infinite M1000 PRO, TECAN).

Analysis of COX‑1 and COX‑2 expressions

Western blot analysis was performed to evaluate the COX-1 
and COX-2 protein levels in the paw tissue of rats submitted 
to carrageenan-induced paw oedema. For protein extraction, 
50 mg of paw or gastric mucosal tissues was added to 0.6-
ml tissue lysate solution and centrifuged at 12,000×g for 
10 min at 4 °C. The supernatant was then used for western 
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blotting. Protein samples were separated using 10% SDS-
polyacrylamide gel electrophoresis and transferred onto 
polyvinylidene fluoride (PVDF) microporous membranes 
(Bio-Rad, Shanghai, China). The membrane was blocked by 
incubation for 1 h at room temperature in 5% skimmed milk. 
The membrane was further incubated with primary antibod-
ies overnight at 4 °C, and with horseradish peroxidase con-
jugated secondary antibodies for 2 h at room temperature. 
The protein bands were visualized using ECL.

Assay of COX‑1 and COX‑2 activity

Cells were washed in PBS and were then incubated at 37 °C 
with DMEM alone or with CK  (10−9,  10−8,  10−7,  10−6,  10−5 
M) dissolved in DMEM. After incubation for 30 min, 3 μM 
arachidonic acid was added to each well and COX-1 enzyme 
activity was assessed by measuring 6-keto-PGF1α produc-
tion over 15 min. After the specified time period, the culture 
medium was centrifuged at 1500×g for 3 min at 4 °C and 
the concentration of 6-keto-PGF1α in the supernatant was 
measured using an assay kit.

For the COX-2 assay, cells were seeded in DMEM con-
taining 0.5% FBS and 300-μM aspirin was added to the cells 
to irreversibly block the constitutive expression of COX-1. 
After 30 min of incubation, plates were washed three times 
to remove non-adherent cells and any residual aspirin. The 
adherent cells were incubated for 20 h at 37 °C with 1 μg/
ml LPS in DMEM containing 5% FBS. Subsequently, the 
cells were washed with DMEM three times and the inhibi-
tion assay of induced COX-2 was performed by incubating 
the cells at 37 °C with CK  (10−9,  10−8,  10−7,  10−6,  10−5 M), 
dissolved in DMEM or with DMEM alone. After 30 min, 
3 μM arachidonic acid was added to each well and COX-2 
enzyme activity was assessed by measuring PGE2 produc-
tion over 15 min. After this period, the culture medium was 
centrifuged at 1500 g for 3 min at 4 °C and the concentration 
of PGE2 in the supernatant was measured using an assay kit.

Statistical analysis

Statistical analyses were performed using SPSS. Data were 
expressed as mean ± standard deviation (SD). The analysis 
of variance (ANOVA) was used to determine significant dif-
ferences between groups. Values of P less than 0.05 were 
considered to be significant.

Results

CK inhibited xylene‑induced ear oedema

In comparison with that of the normal group, xylene induced 
redness in the left ear of mice in the model group. Compared 

with that in the model group, CK (7, 14, 28, 56, 112, and 
224 mg/kg) and celecoxib (28 mg/kg) significantly reduced 
xylene-induced swelling in the mouse ear. The inhibitory 
effect of CK was dose-dependent, with CK at the highest 
dose of 224 mg/kg exhibiting a maximum inhibition effi-
ciency of 93.9% (Table 1, Fig. 1). 

CK alleviated carrageenan‑induced oedema in rat 
paws

Compared with that of the normal group, oedema appeared 
in the paw 1 h after intradermal injection of carrageenan 
reached the peak 4 h, and then remitted. The paw oedema in 
the drug-treated groups showed no statistical difference with 
that in the normal group at 1 h post-injection. However, CK 
at 80 and 160 mg/kg and celecoxib 20 mg/kg reduced paw 
oedema after 2, 3, 4, 5, and 6 h post-injection, whereas CK 
at 40 mg/kg reduced paw oedema after 4, 5, and 6 h post-
carrageenan injection (Tables 2, 3, Fig. 2).

Table 1  Effect of CK on mice ear oedema induced by xylene

Data are expressed as the mean ± SD for 10 animals
## P < 0.01 vs normal, **P < 0.01 vs model

Groups Dose (mg/kg) oedema (∆mg) Inhibi-
tion rate 
(%)

Normal – 0.27 ± 1.27 –
Model – 10.45 ± 4.68## –
CK 7 3.7 ± 2.71** 64.6

14 3.6 ± 2.46** 65.6
28 3.45 ± 3.17** 70.0
56 2.73 ± 2.76** 73.9
112 2.5 ± 3.44** 76.1
224 0.64 ± 2.11** 93.9

Celecoxib 28 2.36 ± 2.69** 77.4
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Fig. 1  Curve of the dose–effect relationship of CK inhibitory effect 
on ear swelling. Data are expressed as the mean ± SD of 10 animals
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Analgesic effect of CK on heat‑induced pain in mice

Hot plate was used to inflict heat-induced pain in mice for 
measurement of pain threshold. Compared with the control 
group, CK (7, 14, 28, 56, 112, and 224 mg/kg) exhib-
ited no effect on the pain threshold of the mice, whereas 
sufentanil (40 μg/kg) showed a significant increase in pain 

threshold, indicating that CK exerted no analgesic effect 
on heat-induced pain in mice (Table 4).

Analgesic effect of CK on writhing response in mice

In this study, acetic acid-induced writhing response 
was used to evaluate the peripheral analgesic effect of 
CK. 5 min after intraperitoneal injection of 0.6% acetic 
acid, the mice showed a significant number of writhing 

Table 2  Effect of CK on paw oedema from rats induced by carrageenan

Data are expressed as the mean ± SD for 10 animals
*P < 0.05, **P < 0.01 vs model

Groups Dose (mg/kg) 1 h 2 h 3 h 4 h 5 h 6 h

Model – 0.133 ± 0.061 0.240 ± 0.072 0.276 ± 0.077 0.288 ± 0.083 0.242 ± 0.093 0.201 ± 0.056
CK 5 0.134 ± 0.142 0.225 ± 0.073 0.250 ± 0.112 0.262 ± 0.119 0.234 ± 0.073 0.183 ± 0.119

10 0.146 ± 0.126 0.188 ± 0.163 0.254 ± 0.159 0.257 ± 0.121 0.215 ± 0.118 0.165 ± 0.108
20 0.129 ± 0.087 0.174 ± 0.096 0.216 ± 0.087 0.205 ± 0.065 0.180 ± 0.079 0.148 ± 0.074
40 0.128 ± 0.103 0.166 ± 0.076 0.186 ± 0.099 0.153 ± 0.109* 0.142 ± 0.089* 0.141 ± 0.052*
80 0.127 ± 0.067 0.130 ± 0.059* 0.165 ± 0.075* 0.177 ± 0.050* 0.147 ± 0.088* 0.116 ± 0.079*
160 0.124 ± 0.077 0.128 ± 0.084* 0.147 ± 0.075* 0.142 ± 0.095** 0.126 ± 0.103* 0.107 ± 0.091*

Celecoxib 20 0.128 ± 0.058 0.131 ± 0.039** 0.124 ± 0.097** 0.144 ± 0.084** 0.151 ± 0.056* 0.129 ± 0.074*

Table 3  Inhibition rate of 
CK on paw oedema from rats 
induced by carrageenan

Data are expressed as the mean ± SD for 10 animals

Groups Dose (mg/kg) Inhibition rate (%)

2 h 3 h 4 h 5 h 6 h

Model – – – – – –
CK 5 6.25 9.42 9.03 3.31 8.96

10 21.67 7.97 10.76 11.16 17.91
20 27.50 14.96 28.82 25.62 26.37
40 30.83 32.61 46.88 41.32 29.85
80 45.83 40.22 38.54 39.26 42.29
160 46.67 46.74 50.69 47.93 46.77

Celecoxib 20 45.42 55.07 50.00 37.60 35.82
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Fig. 2  The dose–effect curve of CK inhibitory effect on paw oedema 
(4 h). Data are expressed as the mean ± SD of 10 animals

Table 4  Analgesic effect of CK on hot plate in mice

Data are expressed as the mean ± SD for 10 animals
**P < 0.01 vs control

Groups Dose (mg/kg) Time (s)

Control – 16.11 ± 5.05
CK 7 17.02 ± 7.09

14 14.43 ± 4.52
28 15.59 ± 4.36
56 14.66 ± 5.26
112 14.64 ± 5.99
224 16.72 ± 4.88

Sufentanil 0.04 28.05 ± 1.07**
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responses. Compared with those of the model group, CK 
224 mg/kg and celecoxib 28 mg/kg significantly reduced 
acetic acid-induced writhing responses in mice (Table 5, 
Fig. 3).

Analgesic effect of CK on carrageenan‑induced 
mechanical hyperalgesia

Carrageenan-induced inflammatory pain was used to 
evaluate the analgesic effect of CK on pain induced by 
mechanical stimulus. Compared with that of the normal 
group, rat pain threshold decreased 2 h after intradermal 
injection of carrageenan, reached peak after 4 h, and then 
increased. Compared with that of the model group, CK 40, 
80, 160 and mg/kg and celecoxib 20 mg/kg significantly 
increased the pain threshold of rats at 3 h, 4 h, 5 h and 6 h 
after carrageenan injection (Fig. 4).

CK reduced the level of PGE2 and downregulated 
COX‑2 expression

PGE2 level in the swollen paw of the carrageenan-induced 
paw oedema model rats was higher than that of the normal 
group, and was lowered by CK treatments at 10, 20, 40, 
80, and 160 mg/kg. In contrast, PGE2 level in the gastric 
mucosa of the model group was not significantly different 
than that of the normal and CK groups. Compared with 
the normal group, the expression of COX-2 expressions in 
the swollen paw and gastric mucosa the model group were 
higher than those of the normal group, which was lowered 
by treatment with CK at 20, 40, 80, and 160 mg/kg. How-
ever, COX-1 expressions in the swollen paw and gastric 
mucosa of the model group were not significantly different 
than those of the normal and CK groups (Figs. 5, 6). 

The effect of CK on COX‑1 and COX‑2 activity

Normal rat peritoneal macrophages were treated with CK 
at concentrations of  10−9,  10−8,  10−7,  10−6,  10−5 M, but 
showed no change in 6-keto-PGF1α production, suggest-
ing that CK had no effect on COX-1 activity. After block-
ing COX-1 expression, PGE2 expression in rat peritoneal 
macrophages was increased by LPS (1 μg/ml) treatment for 
20 h. However, CK at concentrations of  10−9,  10−8,  10−7, 
 10−6,  10−5 M showed no effect on PGE2 production in rat 
peritoneal macrophages, suggesting that CK had no effect 
on COX-2 activity (Fig. 7).

Discussion

CK reportedly shows anti-inflammatory effect in vitro (Joh 
et al. 2011; Yang et al. 2008). The present study provided 
a direct evidence of an anti-inflammatory effect of CK in 
animal models. Xylene-induced mouse ear oedema and 

Table 5  Analgesic effect of CK on acetic acid-induced writhing in 
mice

Data are expressed as the mean ± SD for 10 animals
**P < 0.01 vs model

Groups Dose (mg/kg) Number of writhes (n) Inhibi-
tion rate 
(%)

Model – 21.93 ± 4.75 –
CK 7 19.66 ± 4.72 10.33

14 19.14 ± 5.19 12.75
28 19.31 ± 2.72 11.97
56 18.5 ± 3.60 15.65
112 17.85 ± 3.24 18.6
224 16.4 ± 4.35** 25.2

Celecoxib 28 16.93 ± 3.63** 22.79
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Fig. 3  The dose–effect curve of CK-induced writhing inhibition. Data 
are expressed as the mean ± SD for of animals
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Fig. 4  Effects of CK on carrageenan-induced inflammatory pain. 
Data are expressed as the mean ± SD of 10 animals. ##P < 0.01, 
###P < 0.001 vs normal group, *P < 0.05, **P < 0.01 vs model group
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carrageenan-induced rat paw oedema are classical acute 
inflammatory models widely used to evaluate anti-inflam-
matory drugs. The present study showed that CK reduced 
xylene-induced mouse ear oedema and carrageenan-induced 
rat paw swelling, suggesting that CK possess an anti-inflam-
matory effect against acute inflammation.

Inflammatory process is often accompanied by pain. In 
this study, the analgesic activity of CK was evaluated on 
pain threshold, acetic acid-induced writhing response, and 

carrageenan-induced mechanical hyperalgesia. Hot plate test 
is a classical method for pain threshold measurement, widely 
used to evaluate central analgesic activities of drugs (Shajib 
et al. 2018; Hishe et al. 2018). The acetic acid-induced 
writhing response test and carrageenan-induced mechani-
cal hyperalgesia test are classical methods widely used to 
evaluate peripheral analgesic activities of drugs, which are 
affected by the release of endogenous mediators, such as 
histamine, serotonin, bradykinin, and PGs, that are involved 
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Fig. 5  Effects of CK on paw levels of PGE2, COX-1, and COX-
2. a The level of PGE2 in paw tissue detected by ELISA. Data are 
expressed as the mean ± SD of 10 animals. b, c COX-1 and COX-2 
levels in paw tissue detected by ELISA. Data are expressed as the 

mean ± SD of 10 animals. d–f COX-1 and COX-2 expressions in paw 
tissue detected by western blot. Data are shown as the mean ± SD 
of three replicate experiments. #P < 0.05, ##P < 0.01 vs normal, 
*P < 0.05, **P < 0.01 vs model
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in both proinflammatory and peripheral pain mechanisms 
(Sandes et al. 2018; Mao et al. 2017). Thus, they are sensi-
tive to the action of non-steroidal anti-inflammatory drugs 
(NSAIDs) (Abdel-Salam 2005; Atta and Abo EL-Sooud 

2004). The current study showed that CK exerted analge-
sic effect against acetic acid-induced writhing response and 
carrageenan-induced mechanical hyperalgesia, but exhibited 
no effect on pain threshold. These findings indicated that 
CK exerted a peripheral analgesic activity, which may be 
attributed to endogenous mediators.

Analgesic and anti-inflammation activities of substances 
share many common chemical mediators and mechanisms, 
and their inhibitions are even concomitant in some cases 
(Woolf and Max 2001). Carrageenan-induced rat paw 
oedema is an extensively used model of inflammation and 
pain, and PGE2 plays a key role in its pathology (Cunha 
et al. 2005) The intraplantar carrageenan injection also 
induces mechanical hyperalgesia in mice by triggering a 
cytokine cascade initiated by TNF-α and CXCL-1 produc-
tions, which activates IL-1β-dependent PGE2 production. 
In turn, PGE2 sensitizes the nociceptor, generating the 
phenomenon called mechanical hyperalgesia (Cunha et al. 
2005; Valério et al. 2007). Furthermore, endothelin-1 (ET-
1) mediates carrageenan-induced mechanical hyperalgesia, 
which is dependent on PGE2 production (Baamonde et al. 
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Fig. 6  Effects of CK on the level of PGE2, COX-1 and COX-2 in 
gastric mucosa. a The level of PGE2 in gastric mucosa assayed by 
ELISA. Data are expressed as the mean ± SD of 10 animals. b–d 
COX-1 and COX-2 expressions in gastric mucosa assayed by west-
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2004). Recruited neutrophils also contribute to carrageenan-
induced mechanical hyperalgesia by producing PGE2. PGE2 
injection into the hind metatarsal foot pad of rats reportedly 
causes short-term and persistent noxious and mechanical 
pain (Eldahshan and Abdel-Daim 2015). In this study, CK 
significantly reduced carrageenan-induced inflammation, 
increased the pain threshold of rats, and decreased PGE2 
level in swollen paw. These findings suggested that the anti-
inflammatory and analgesic effects of CK may be attributed 
to a decrease in PGE2.

COX is a key enzyme in the biosynthetic pathway that 
leads to the formation of PGs. This enzyme exists mainly in 
two isoforms, COX-1 and COX-2 (Rajakrishnan et al. 2008). 
COX-1 is constitutively expressed in many organs, includ-
ing the kidney, lung, stomach, ileum, colon, and cecum of 
both rats and humans. The activation of COX-1 is thought 
to be responsible for producing cytoprotective PGs, such 
as prostacyclin and PGE2, which are considered critical in 
maintaining the integrity of gastric mucosa (Williams et al. 
1999). COX-1-mediated production of PGs in the stomach 
serves to protect the mucosa against the ulcerogenic effects 
of acids and other injuries, whereas COX-1-mediated pro-
duction of thromboxane in the platelets promotes normal 
blood clotting. COX-2 is not only activated, but also consti-
tutively expressed, and responsible for the release of inflam-
matory mediator PGE2 during inflammation and in the 
early hyperalgesic response to tissue injury (Alhouayek and 
Muccioli 2014). Inhibitions of COX activity and PGE2 gen-
eration are the mechanisms of NSAIDs, but COX-induced 
endogenous PGE2 plays an important physiological role in 
inhibiting COX activity, resulting in the adverse reactions 
of NSAIDs, including gastrointestinal damage, adverse car-
diovascular reactions, and kidney damage.

CK reportedly reduced the expression levels of COX-2 
proteins and inhibited the activation of NF-κB without 
directly inhibiting COX-1 and COX-2 activities in LPS-
induced RAW264.7 cells in vitro (Park et al. 2005). In this 
study, we determined PGE2 level and COX-1 and COX-2 
expressions in swollen paw and gastric mucosa, as well as 
COX-1 and COX-2 activities in macrophages. Our current 
results showed that CK decreased PGE2 level and COX-2 
expression in swollen rat paw, suggesting that the anti-
inflammatory and analgesic effects of CK were related to the 
decrease in COX-2 expression and PGE2 level. CK exerted 
no effect on PGE2 level and COX-1 in expression the gastric 
mucosa, indicating that CK might possess no effect on the 
physiological function of PGE2 in the gastric mucosa, and 
exerted no adverse drug reaction, unlike NSAIDs.

CK also reportedly exerted suppressive effects on immune 
cells, endothelial cells, and fibroblast synovial cells. The 
mechanisms of these effects may be mediated by different 
signaling pathways, including glucocorticoid receptors, 
toll-like receptors, ion channels, NF-κB, and MAPKs. CK 

inhibited NF-κB activation, reduced nuclear translocation 
of p65, upregulated IκBα, downregulated p-IκBα (Li et al. 
2014), inhibited MAPK activation, and reduced p38, ERK, 
and JNK phosphorylations (Woolf and Max 2001). However, 
the main target of CK is still not clear.

Glucocorticoid exerts a broad immunosuppressive effect 
through various immune cells. The mechanism of these 
effects is mediated by the glucocorticoid receptors (GR). 
CK has a steroid ring structure similar to glucocorticoid, and 
a study has shown that CK combined with GR and induced 
GR activation (Yang et al. 2008). Our previous study found 
that CK inhibited T-cell proliferation and CD25 expression, 
and inhibited the proliferation, migration, and cytokine pro-
duction of AA fibroblast synoviocytes in adjuvant-induced 
arthritis rats (Wang et al. 2016); GR antagonists (RU486) 
could block these effects. These findings suggest that the 
role of CK in immune regulation and joint protection may 
be associated with a GR and its receptor-mediated signaling 
pathway. The target of the anti-inflammatory and analgesic 
effects of CK still needs to be elucidated in further research.

Conclusion

In summary, the present study showed a therapeutic poten-
tial of CK against inflammatory diseases and pain. However, 
further pharmacological studies are required to clarify the 
mechanisms responsible for the anti-inflammatory and anal-
gesic effects of CK.
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