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ABSTRACT
Pain and inflammation typically manifest in patients with arthritis. It is now widely known that
Agrimonia pilosa Ledeb (AP) and Salvia miltiorrhiza Bunge (SM) exert anti-inflammatory and
antinociceptive effects. We have previously reported that the mixture extract (ME) from AP and SM
produces antinociceptive and anti-inflammatory effects in gout arthritis and monoiodoacetate
(MIA)-induced arthritis models. In the present study, we assessed the antinociceptive and anti-
inflammatory effects on the collagen-induced arthritis (CIA) model. The antinociceptive effects in
mice were measured using the von Frey test. ME administered once or for one week (once per
day) once, and one-week reduced the pain in a dose-dependent manner (from 50 to 100 mg/kg)
in the CIA-induced osteoarthritis (OA) model. ME treatment also reduced tumor necrosis factor
(TNF)-α and C-reactive protein (CRP) levels in plasma and ankle tissues. Furthermore, COX-1, COX-2,
NF-κB, TNF-α, and IL-6 expressions were attenuated after ME treatment. In most experiments, the
antinociceptive and anti-inflammatory effects induced by ME treatment were almost equal to or
slightly better than those induced by Perna canaliculus (PC) treatment, which was used as a
positive control. Our results suggest that ME possesses antinociceptive and anti-inflammatory
effects, indicating its potential as a therapeutic agent for arthritis treatment.
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Introduction

Arthritis is a painful disease of the joints that affects the
lifestyles of millions of patients (Wieland et al. 2005).
Arthritis is generally caused by mechanical damage to
joints, cartilage matrix composition, and structural
changes caused by aging (Goldring and Goldring
2007). Nonsteroidal anti-inflammatory drugs (NSAIDs)
or opioids are usually prescribed to patients with arthri-
tis. However, NSAIDs and opioids have side effects such
as peptic ulcers, constipation, and dizziness (Bijlsma
et al. 2011). Therefore, a new and effective therapeutic
strategy for arthritic patients is needed.

Several lines of evidence have demonstrated that
Agrimonia pilosa Ledeb (AP), a traditional herb, exhibits
anti-inflammatory effects (Jang et al. 2017; Kim et al.
2020). Salvia miltiorrhiza Bunge (SM) also exhibits anti-

inflammatory effects (Jeon et al. 2008; Gao et al. 2016;
Luo et al. 2019). We have previously reported that the
crude extract of AP induces antinociceptive effects in
several pain models, such as the tail-flick test and
acetic acid-, formalin-, and monosodium urate (MSU)-
induced pain models (Feng et al., 2021; Park et al.
2012). Furthermore, tanshinones, a component of SM,
exhibited antinociceptive effects in a rat neuropathic
pain model (Mannelli et al. 2018; Zhang et al. 2019).
These findings led us to speculate that the mixture
extracts (ME) from AP and SM would produce antinoci-
ceptive and anti-inflammatory effects in a collagen-
induced arthritis (CIA) model.

Several studies have reported that C-reactive protein
(CRP), leukotriene B4 (LTB4), prostaglandin E2 (PGE2),
interleukin 6 (IL-6), and tumor necrosis factor-alpha
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(TNF-α) play crucial roles in inflammatory processes and
the pathophysiology of arthritis (Choy and Panayi 2001;
McInnes and Schett 2007; Abramson 2008; Goldring and
Otero 2011; Ahn et al. 2021). It has been suggested that
the reduction of such inflammatory cytokine levels can
be an effective method of curing arthritis (Libby 2008).
Both AP and SM have been found to inhibit the
release of inflammatory cytokines in vitro (Chen et al.
2016; Choi et al. 2018; Ngo et al. 2021; Kim et al. 2020).
Thus, in the present study, we characterized the mech-
anism of ME in inflammation and arthritis pain in vivo
and in vitro.

Several studies have reported that the extracts from
Perna canaliculus (PC) show a strong anti-inflammatory
effect, suggesting that PC can be used as an herbal
therapeutic for the treatment of arthritis (Eason et al.
2019; Siriarchavatana et al. 2019). Thus, in the present
study, we compared the antinociceptive and anti-inflam-
matory effects of ME and PC in a CIA model.

Methods and materials

Material preparation

Dried AP (Leaf) and SM (Root) were purchased from a
local market in Yeongcheon, Gyeongsangbuk-do Pro-
vince, Korea (June 2019), and were ground to granule
size before extraction. A mixture of powdered AP
(80 kg) and SM (20 kg) was extracted in 50% EtOH
(1,200 L × 2 times) at 70°C for 7 h and filtered with a 60-
mesh filter. The extract lyophilized and yielded brown
powders (25.16 kg, 25.16%). The mixture extract con-
tained 1.24 mg/g of rutin and 28.39 mg/g of salvianolic
acid as a specific ingredient, as identified using high-per-
formance liquid chromatography. Stabilized PC powder
(PernatecTM, 931200) was purchased from Waitaki Bio-
sciences (Christchurch, New Zealand). The reagents and
solvents were purchased from Sigma-Aldrich Co.

Experimental animals

Male Institute of Cancer Research (ICR) mice (4–6 weeks
old, 20–25 g) were purchased from MJ Co., Ltd. (Seoul,
Korea). Five mice were housed per cage with food and
water ad libitum in a room maintained at 22 ± 0.5°C with
an alternating 12 h light–dark cycle. The mice were used
only once. All animal care and experimental procedures
were conducted in accordancewith theNational Institutes
of Health and the ethical guidelines of the International
Association for the Study of Pain. The Care and Use of Lab-
oratory Animals protocol was approved by the Animal
Care and Use Committee of Hallym University (Regis-
tration Number: Hallym 2016-53).

Production of mouse collagen-induced arthritis
(CIA) model

Bovine type II collagen (Chondrex, USA) (2 mg/mL) was
prepared in 0.05 M acetic acid buffer, vortexed for
10 min, and mixed with complete Freund’s adjuvant
(CFA, Chondrex, USA) in the same ratio (1:1). The solution
was dissolved slowly at 4°C for 6 h. Mixed collagen
(100 µL) was injected into the tail vein (intradermal injec-
tion, i.d.) using a 1 mL gas-tight syringe (Hamilton, 26
gauge). On day 21, after the primary immunization,
bovine type II collagen (2 mg/mL) wasmixedwith incom-
plete Freund’s adjuvant (IFA; Chondrex, USA) in the same
ratio (1:1). The solutionwas dissolved slowly at 4°C for 6 h.
Mixed collagen (100 µL) was injected into the tail vein.
Four days after CIAmodel production, the pain threshold
was significantly decreased, and this decreased pain
threshold was maintained for up to 28 days. Oral admin-
istration of ME or PC (50 or 100 mg/kg, respectively) was
initiated 4 days after CIA model production. The von Frey
test was used to assess the pain thresholds of the mice.
According to our previous procedures (Hong et al.
2020), themicewere allowed to adapt to the test environ-
ment for 30 min by placing them in a transparent glass
cell with a metal mesh floor. The von Frey filament
(North Coast Medical, Inc., Gilroy, CA, USA) was then
applied to the plantar surface using the up and down
paradigm (Bonin et al. 2014). The hind paw withdrawal
thresholds of mice were then compared.

Measurement of TNF-α and CRP levels in the
plasma and ankle tissue in the CIA model

The levels of cytokines, such as TNF-α, CRP, and IL-6, in
the plasma or ankle tissues were measured 1 h after
oral treatment with ME or PC. Blood (1 mL) was collected
by puncturing the retro-orbital venous plexus and cen-
trifuged at 4°C to separate plasma, which was stored
at −80°C. The ankle tissues were dissected and hom-
ogenized, followed by centrifugation at 4°C. The super-
natant was stored at −80°C till further analysis. The
level of CRP was evaluated using a mouse CRP ELISA
kit (E-EL-M0053, Elabscience Biotechnology Inc.). TNF-α
levels were measured using the Mouse TNF-α ELISA kit
(MTA00B, R&D Systems). IL-6 levels were measured
using a Mouse IL-6 ELISA kit (MTA00B, R&D Systems).

Western blotting

Proteins were extracted using lysis buffer and quantified
using the Bradford method (Bio-Rad Laboratories, Her-
cules, CA, USA), as described previously (Hong et al.
2020). The samples were separated using sodium
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dodecyl sulfate-polyacrylamide gel electrophoresis and
transferred to polyvinylidene fluoride membranes (Milli-
pore, Bedford, MA, USA). After blocking, the membranes
were immunoblotted with primary antibodies COX-1
(Abcam, 1:1000), COX-2 (LSBio, 1:1000), NF-κB (Cell

Signaling Technology, 1:1000), TNF-α (Abcam, 0.2 μg/
ml), or IL-6 (Thermo Fisher, 1:1000), and β-actin (Cell Sig-
naling Technology, 1:1000) at 4°C overnight. After
washing, the membranes were incubated at 37°C for
1 h with the horseradish peroxidase (HRP)-conjugated

Figure 1. The effect of mixture extract (ME) and Perna canaliculus (PC) administration on pain threshold in the collagen-induced arthri-
tis (CIA) model. Mice were orally administered with the vehicle, ME (50 or 100 mg/kg), or PC (50 or 100 mg/kg), and the pain threshold
was measured 30, 60, 120, and 240 min after treatment using the von-Frey test. (A) Mice were treated with the vehicle, ME, or PC once.
(B) Mice were repeatedly administered (once per day for 1 week) orally with the vehicle, ME, or PC treatments. The values denote the
mean ± SD. The number of animals used for each group was 5 (*p < 0.05, **p < 0.01, ***p < 0.001, compared to the vehicle-treated
normal group; +p < 0.05, ++p < 0.01, compared to the CIA control group).
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secondary antibodies (Enzo Life Sciences, 1:4000). An
enhanced chemiluminescence reagent (Millipore, Biller-
ica, MA, USA) was added, and the light emission was
detected using a luminescent image analyzer (LAS-
4000, Fuji Film Co., Japan). The intensity of bands was

measured using Multi-Gauge Version 3.1 (Fuji Film Co.,
Japan). The value of each sample was expressed as the
percentage of the control tested protein relative to the
internal reference, β-actin.

Statistical analysis

All values are expressed as mean ± standard deviation
(SD). GraphPad Prism (Version 8.4.2, GraphPad Software,
USA) was used for statistical analysis. As shown in Figure
1, multiple groups were compared at several time points
using repeated measures ANOVA followed by Tukey’s
post-hoc test. As shown in Figure 3, data were compared
and analyzed using two-way ANOVA with Tukey’s post-
hoc test. The unpaired t-test was used to assess the
differences between the two groups. Statistical signifi-
cance was set at P < 0.05.

Results

Effect of ME and PC on pain threshold in CIA
model

Four days after CIA model development, 50 or 100 mg/
kg of ME and PC were orally administered once or
repeatedly (once per day for 1 week). As shown in
Figure 1, both the single and repeated treatments with
ME caused the reversal of the decreased pain threshold,
as revealed in the CIA model. The antinociceptive effects
of ME were observed at both 50 and 100 mg/kg. The
antinociceptive effect was observed 30 min after the
single ME administration; the pawwithdrawal thresholds
remained higher than those of the control treatment 2 h
after ME administration, and the antinociceptive effect
of ME returned to that of the control treatment 4 h
after ME administration (Figure 1(A)). Additionally, ME
treatment showed antinociception from 1 to 2 h, even
after repeated administration (Figure 1(B)). Furthermore,
ME-induced antinociceptive effects were more pro-
nounced than PC-induced effects in the CIA model.
The onset time of antinociception in the group where
ME was administered once or for one week was faster
than that in the group where PC was administered
once or for one week (Figure 1(A,B)).

ME and PC suppress the levels of CRP and TNF-α
levels in the plasma and ankle tissue in the CIA
model

Four days after the CIAmodel was established, 100 mg/kg
of ME or PC was orally administered repeatedly (once per
day for 1 week). The concentrations of CRP and TNF-α in
plasma and ankle tissues were measured using ELISA

Figure 3. Effect of mixture extract (ME) and Perna canaliculus
(PC) on COX-1, COX-2, and NF-κB expression in ankle tissue of
the collagen-induced arthritis (CIA) model. COX-1, COX-2, and
NF-κB levels in the ankle tissue were measured using western
blotting after repeated oral administration of 100 mg/kg ME
or PC once per day for 1 week. β-Actin was used as an internal
control. Values are mean ± SD. These values are expressed as the
percentage of COX-1, COX-2, and NF-κB protein/β-actin for each
sample (***p < 0.01, compared to the vehicle-treated group; ++
+p < 0.01, compared to the CIA control group).
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kits. The levels of both TNF-α and CRP in the plasma and
ankle tissue were higher in the CIA model group than in
the control group, as shown in Figure 2. Both ME and PC
attenuated CRP and TNF-α levels in plasma and ankle
tissues in the CIA model. The ME-induced effect was
more pronounced than the PC-induced effect (Figure 2).

Effect of ME and PC on COX-1, COX-2, and NF-κB
expression levels in ankle tissue of CIA model

To examine whether ME or PC could cause any change in
the expression levels of COX-1, COX-2, and NF-κB,
100 mg/kg of ME or PC was orally administered repeat-
edly (once per day for 1 week) 4 days after the

Figure 2. Effect of mixture extract (ME) and Perna canaliculus (PC) on C-reactive protein (CRP) and tumor necrosis factor (TNF)-α levels
in the plasma and the ankle tissue in the collagen-induced arthritis (CIA) model. Mice were orally administered ME (100 mg/kg) or PC
(100 mg/kg) once daily for 1 week. The plasma CRP (A), ankle tissue CRP (B), plasma TNF-α (C), and ankle tissue TNF-α (D) levels were
measured 1 h after the last treatment. Blood samples were collected from the tail vein. The ankle tissue was homogenized and the
supernatant was separated from the pellet after centrifugation at 4°C. Both CRP and TNF-α levels in the plasma and supernatant were
measured using an ELISA kit. Error bars represent SD. Five animals were used in each group (***p < 0.01, compared to the vehicle-
treated group; +p < 0.05, ++p < 0.01, compared to the CIA control group).
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production of the CIA model, and ankle tissues were dis-
sected for western blotting. As shown in Figure 3, COX-1,
COX-2, and NF-κB levels increased in the ankle tissue of
CIA mice. Both ME and PC attenuated COX-1, COX-2, and
NF-κB expression to almost to the control levels.

ME and PC down-regulated the expression levels
of proinflammatory cytokines levels in ankle
tissue of CIA-induced arthritis model

We further examined whether ME or PC could cause any
change in the expression levels of proinflammatory

cytokines. Four days after the CIA model was estab-
lished, 100 mg/kg of ME or PC was orally administered
repeatedly (once per day for 1 week), and ankle tissues
were dissected for western blotting. As shown in
Figure 4, TNF-α and IL-6 levels were upregulated in the
ankle tissues of CIA mice. Oral pretreatment with ME
or PC attenuated the levels of TNF-α and IL-6 expression
to almost those of control levels (Figure 4).

Discussion

In the present study, we found that both short-and long-
term treatments with ME produced an antinociceptive
effect in a mouse CIA model. The present findings are
partly in line with our previous results. First, we pre-
viously found that the extracts isolated from AP or SM
and the MEs of AP and SM in the MSU-induced gout
arthritis model (Hwang et al. 2018). Additionally, we
found that a mixture of AP and SM administered orally
once was effective for producing antinociception in a
mouse MIA model (Feng et al. 2021). Furthermore,
repeated administration of ME for 7 days (once daily)
made a profound antinociceptive effect, suggesting
that antinociceptive tolerance is not induced by ME in
the MIA model (Feng et al. 2021). We also discovered
in the present study that repeated administration of
ME for 7 days (once daily) produced a profound antino-
ciceptive effect in the CIA model.

Several lines of evidence have demonstrated that PC
effectively relieves inflammation and arthritis conditions
(Lee et al. 2008, 2009; Eason et al. 2019). In addition, PC
can reduce inflammation in arthritic patients (Coulson
et al. 2015; Eason et al. 2019). Previous studies have
shown that PC inhibits the release of some proinflamma-
tory mediators, such as IL-1, IL-2, IL-6, and TNF-α (Lawson
et al. 2007; Lee et al. 2008, 2009). In the present study, we
found that CRP and TNF-α levels in the plasma and ankle
tissues increased in the CIA model and reduced to the
control levels with a statistically certainty by ME and
PE pre-treatment (50 and 100 mg/kg). This finding is
partly similar to our previous study where we observed
reductions in CRP and TNF-α production in the plasma
of ME- or PC-treated groups in the CIA model. Further-
more, we found in the present study that COX-1, COX-
2, NF-κB, TNF-α and IL-6 expression was also reduced
in ME- or PC-treated groups (from 50 mg/kg) in the
CIA model, suggesting that ME or PC produces an anti-
nociceptive effect by inhibiting the levels of COX-1,
COX-2, NF-κB, TNF-α and IL-6 in the CIA model.

When we compared the effects of ME and PC, ME dis-
played a slightly better antinociceptive and anti-inflam-
matory effect than PC. Notably, at the same dose of ME
and PC, ME showed an earlier onset time for the

Figure 4. Effect of mixture extract (ME) and Perna canaliculus
(PC) on tumor necrosis factor (TNF)-α and interleukin (IL)-6
expression in ankle tissue of the collagen-induced arthritis
(CIA) model. Mice were orally administered with the vehicle,
ME (100 mg/kg), or PC (100 mg/kg) treatments once daily for
1 week. TNF-α and IL-6 protein levels in the ankle tissue were
measured using western blotting after repeated oral adminis-
tration of 100 mg/kg ME or PC once daily for 1 week. β-Actin
was used as an internal control. Values are mean ± SD. These
values are expressed as the percentage of TNF-α, IL-6 protein/
β-actin in each sample (***p < 0.01, compared to the vehicle-
treated group; +++p < 0.01, compared to the CIA control group).
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production of antinociception than PC in the CIA model.
The reason that ME appeared more effectively in antino-
ciceptive and anti-inflammatory action than PC in the
CIA model was that the decrease in the expression of
COX-1, COX-2, NF-Kb, TNF-a, and IL-6 was more
effective in ME than PC. Thus, we suggest that ME
could be considered a substitute for PC as it is con-
venient to obtain and is more efficient.

Our findings suggest that ME has the potential to
prevent CIA owing to its antinociceptive and anti-inflam-
matory properties. Additionally, the molecular mechan-
ism of the antinociceptive and anti-inflammatory
effects of ME may involve the inhibition of pro-inflam-
matory cytokine levels in the plasma, such as TNF-α
and the suppression of inflammatory mediators such
as COX-1, COX-2, NF-κB, TNF-α and IL-6 in the ankle
tissue. Taken together, ME could be considered a new
potential source for the treatment of arthritis.
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