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Abstract

We measured anti-nociceptive activity of prim-o-glucosylcimifugin (POG), a molecule from Saposhnikovia divaricate (Turcz)
Schischk. Anti-nociceptive or anti-inflammatory effects of POG on a formalin-induced tonic nociceptive response and a complete
Freund's adjuvant (CFA) inoculation-induced rat arthritis pain model were studied. Single subcutaneous injections of POG pro-
duced potent anti-nociception in both models that was comparable to indomethacin analgesia. Anti-nociceptive activity of POG
was dose-dependent, maximally reducing pain 56.6% with an EDs, of 1.6 mg. Rats given POG over time did not develop tolerance.
POG also time-dependently reduced serum TNFa, IL-18 and IL-6 in arthritic rats and both POG and indomethacin reduced spinal
prostaglandin E2 (PGE.). Like indomethacin which inhibits cyclooxygenase-2 (COX-2) activity, POG dose-dependently decreased
spinal COX-2 content in arthritic rats. Additionally, POG, and its metabolite cimifugin, downregulated COX-2 expression in vitro.
Thus, POG produced potent anti-nociception by downregulating spinal COX-2 expression.

Key Words: Prim-o-glucosylcimifugin, Nociception, Inflammation, Cytokine, Prostaglandin E2, Cyclooxygenase-2

INTRODUCTION convulsion and anti-tumor effects (Wang et al., 1999; Deng
et al., 2005; Jiang et al., 2006) but anti-nociception of prim-
Rheumatoid arthritis (RA) is a chronic inflammatory disease o-glucosylcimifugin (POG) is unclear. POG, a chromone ex-
affecting about 1% of the global population (Hua et al., 2005). tracted from Schischk root (Fig. 1) comprises 0.24% (g/g) of
Osteoarthritis and rheumatoid arthritis are the most common the entire root (Xue et al., 2000; Dai et al., 2008) and is the
forms and RA is characterized by excessive synovial hyper- active ingredient standardized in the Chinese Pharmacopoeia
plasia, vasculogenesis and cartilage destruction (Agarwal et (Dai et al., 2008; He et al., 2009). Therefore, we measured
al., 2013). Pain, bone destruction and joint malformation are the anti-nociception effects of POG in a formalin or arthritis-
common manifestations and non-steroid anti-inflammatory induced nociception rat model and measured prostaglandin
drugs (NSAIDs) are routinely used to treat RA to alleviate E2 (PGE;) which mediates pro-inflammatory cytokine produc-
and edema, although they have gastric and renal side effects tion and cyclooxygenase 2 (COX-2).

(Beaugerie et al., 2001). Monoclonal antibodies that target

pro-inflammatory cytokines can ameliorate RA suffering for

patients (Klimiuk et al., 2006; Kageyama et al., 2012; Keiser-

man et al., 2014; Kim et al., 2015) but they are expensive and

depending on administration route, endogenous antibodies Gle

and infection may occur. Thus, a potent and safe molecule for o © 0 OH

treating RA is still needed.
Saposhnikovia divaricate (Turcz) Schischk (Fangfeng) is a CH,

traditional Chinese medicine purportedly used to treat RA and (e} OCH,

spasms (Deng et al., 2005). Pharmacological studies suggest

that Schischk extracts have anti-inflammatory, analgesic, anti- Fig. 1. Chemical structure of POG.
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MATERIALS AND METHODS

Drugs and reagents

POG was provided by Best Reagent (Chengdu, China)
and was 298% pure. Cimifugin was from Shanghai PureOne
Biotechnology (Shanghai, China), and was =298% pure. Indo-
methacin was from Sigma-Aldrich (St. Louis, MO, USA).

Animals

Male Wistar rats (180-220 g, AGE) were obtained from
Wenzhou Medical University Animal Facility. Rats were
housed in a standard animal environment with a 12-h light/
dark cycle and ad lib access to food and water. Prior to the ex-
periments, rats were acclimated to a laboratory environment
for 5 days and treatment groups were assigned randomly with
researchers blinded to behavioral testing. Research protocols
were approved by the Animal Care and Welfare Committee of
Wenzhou Medical University and were performed according to
the animal care guidelines of the National Institutes of Health.

Cell culture

Human SGC7901 GC cell lines were purchased from Cell
Resource Center of the Shanghai Institutes for Biological Sci-
ences, Chinese Academy of Science (Shanghai, China) and
cultured in RPMI1640 medium (containing 10% FBS, 100 U/
ml penicillin, and 100 ug/ml streptomycin sulfate) and main-
tained at 37°C with 5% CO..

Formalin-induced nociception in rat

As published (Esfahani et al., 2012; Han et al., 2012), a rat
formalin model was established. First, 6 groups of rats (n=10/
group were treated with saline (10 mi/kg), indomethacin (10
mg/kg) or POG (1, 3, 10, 30 mg/kg). After 30 min, 50 pl of
5% formalin was injected (sc) to left dorsal hind paws. Flinch
times in each epoch from 0-90 min were recorded at 10-min
intervals. For long-term nociception tests, two groups of rats
(n=10/group) were given saline (10 ml/kg) or POG (10 mg/kg)
consecutively for 7 days and a formalin challenge was per-
formed 30 min minutes after the last drug administration.

Rotarod test

Motor performance after POG treatment was measured us-
ing a ZH-PL accelerating rotarod (Zhenghua Bio-instruments,
Anhui, China). Rats were placed on a rotating drum with
speed increasing from 0 to 30 rpm within 1 min followed by
a consistent 30 rpm for 4 more min and they were forced to
move forward to avoid falling (Li et al., 2016). Fall latencies
every 5 min were measured. After 3 days’ training, rats were
given test agents and the rotarod test was given and recorded
at 0.5, 1, 2, and 4 h post-injection.

CFA-induced inflammatory nociceptive model

Rat arthritis models were established with Complete
Freund's Adjuvant (10 mg/ml of Mycobacterium butyricum)
(Costa et al., 1981; Nagakura et al., 2003). Each rat was treat-
ed in the left hind paw with 0.1 ml CFA (sc) (Life Technologies,
US) for 14 days and then divided into 5 groups (n=10/group):
normal (saline, 10 ml/kg), model (saline, 10 ml/kg), POG (10
mg/kg), POG (30 mg/kg) or indomethacin (10 mg/kg). Paws
then became swollen, and after two weeks of inoculation,
rats were considered to have sustained chronic pain and they
were randomized to subsequent experiments.
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Measurement of mechanical allodynia and thermal
hyperalgesia

The contralateral or ipsilateral hind limb withdrawal thresh-
old of mechanical allodynia was measured using a 2290 CE
electrical von Frey monofilament test (IITC Life Science, CA,
USA). Rats were placed on a metal grid, and hind paw with-
drawal was evoked by stimulation. Monofilaments were ap-
plied to the foot pad with increasing force until the rat withdrew
the hind limb and the lowest force producing a withdrawal
response was considered the threshold. Measurements were
performed in triplicate at 30-sec intervals and means were cal-
culated.

The contralateral or ipsilateral hind paw withdrawal thresh-
old of thermal hyperalgesia was measured using a heated
glass plantar test apparatus (IITC Life Science). Rats were
placed on a glass plate, and a hot illuminant was applied to the
foot pad and withdrawal time was considered the threshold.
Measurements were performed in triplicate at 30-sec intervals
and means were calculated.

The maximal possible effect (MPE) was calculated as
(postdrug threshold in ipsilateral hind limb-baseline threshold
in ipsilateral hind limb) * 100/(baseline threshold in contralat-
eral hind limb-baseline-threshold in ipsilateral hind limb).

Western blot

According to published methods (Schafers et al., 2003), spi-
nal lumbar enlargements of each rat (50 mg) were harvested
and homogenized in 1 ml RIPA lysis buffer (Beyotime Institute
of Biotechnology, Suzhou, China). Homogenate was centri-
fuged at 12,000xg at 4°C for 10 min. Supernatant was col-
lected and protein concentration was measured using a BCA
kit (Beyotime Institute of Biotechnology). Total sample protein
(30 ng/10 pl) were separated by SDS-PAGE (10%) and then
transferred to a PVDF membrane (Millipore, USA) using an
electrophoretic method. PVDF membranes were then blocked
in TBST with 5% non-fat milk powder at room temperature for
60 min and incubated with the goat monoclonal primary anti-
body raised against COX-2 (Abcam, Cambridge, England) at
1:500 and rabbit monoclonal antibody against -actin (Abcam)
at 1:1,000 at 4°C overnight. After washing with TBST, mem-
branes were incubated with rabbit anti-goat HRP secondary
antibody (Santa Cruz, Dallas, TX, USA) at 1:10,000 and goat
anti-rabbit HRP (Santa Cruz) secondary antibody at 1:2,000 at
37°C for 60 min. Protein bands were visualized using an ECL
chromogenic reaction detection system (BioRad, Hercules,
CA, USA) and band density was quantified using Image- Pro
Plus software (Media Cybernetics, Rockville, MD, USA).

Serum TNFo, IL-1p and IL-6

TNFa and IL-1B and IL-6 in serum were measured using
ELISA. On day 14, 21 and 28 post-CFA-inoculation, blood
was collected from the tail vein and stored at 37°C for 30 min.
Then, blood was centrifuged at 3,000 rpm for 10 min then sera
was removed and stored -20°C for later measurement. Serum
TNFa, IL-1p and IL-6 were assessed according to kit instruc-
tions.

CSF PGE,

Rats were anesthetized with pentobarbital (50 mg/kg) and
fixed in a stereotaxic apparatus. The head was wiped with a
cotton swab to facilitate exposure of the foramen magnum and
a 25-gauge needle connected to a 1 ml syringe was inserted
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Fig. 2. Effects of POG on formalin-induced acute or tonic nociception. Flinch times in each 1-min epoch were quantified as nociceptive
behavior. (A) Treatment with 1, 3, 10, or 30 mg/kg of POG (sc) once for formalin-induced nociception. (B) Dose-response analysis of anti-
nociception of POG on formalin-induced tonic pain (AUC .4 min)- (C) Effects of POG after 7 days of administration. (D) Rotarod test of in-
domethacin (10 mg/kg) and POG (100 mg/kg). Falling latencies were normalized by latency at 0 min in each group. Data are presented as
Means + SEM, n=10 in each group.

A

Paw volume (ml)

Contralateral
- Normal
© Model
#+ POG (10 mg/kg)

7 8 POG (30 mg/kg)

-+ Indometacin (10 mg/kg)
2.5+ I l
2.0
1.5+
1.0+

T T T

0 5 10

Day

15

Paw volume (ml)

Ipsilateral
o Normal
© Model
#+ POG (10 mg/kg)
67 8 POG (30 mglkg)
-« Indometacin (10 mg/kg)
a a a a a
p.N S
X p 4
4_
b
—3F %3 :
O_
T T T 1
0 5 10 15
Day

Fig. 3. Effects of POG on paw swelling in arthritic rats. Rats were assessed 14 days after CFA inoculation. Effect of POG on ipsilateral (A) and
contralateral (B) paw volumes at 0, 3, 5, 7, or 14 days after dosing. Data are means + SEM (n=10/group). **Denote statistical significance
compared with normal or model groups, respectively (p<0.05, two-way repeated-measures ANOVA followed by SNK post hoc SNK test).
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gently into the cisterna magna and CSF was removed via sy-
ringe aspiration (50 to 100 ul CSF). CSF samples were mixed
with indomethacin (10 mM) to prevent prostaglandin produc-
tion (Samad et al., 2001). Samples were kept in the dark and
on ice until centrifugation at 1,300%g for 15 min at 4°C, and
stored at -20°C until measurement. PGE, was measured with
ELISA according to the kit instructions (Cayman Chemical,
Ann Arbor, MI, USA).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
Project (Version 5.0, GraphPad Software Inc., La Jolla, CA,
USA) (Ocvirk et al., 2008), and data are means + SEM. Statis-
tical significance was assessed using a one-way or two-way
ANOVA followed by post hoc Student Newman Keuls (SNK)
test. Dose-response was confirmed by fitting nonlinear least-
squares analysis. The maximal effect (Em.x) and half-effective
dose (EDso) were determined by fitting nonlinear least-squares
curves to Y=a+bx, where x=[D]n/(EDson+[D]n). EDs, and b
(Emax) wWere determined by yielding a minimum residual sum
of squares of deviations from theoretical curves (Gong et al.,
2014) and p<0.05 was considered statistically significant.

RESULTS

After establishing pain models, POG and indomethacin
were used to treat animals and POG dose-dependently inhib-
ited tonic formalin-induced nociception (Fig. 2A) and the acute
phase as well (Emax and EDs in the tonic phase were 56.6%
and 1.6 mg, respectively; Fig. 2B). Long-term anti-nociception
of POG was also measured in the formalin pain model and
(Fig. 2C) POG inhibited pain and no tolerance was observed A
rotarod test to test drug effects on motor coordination revealed
that saline, indomethacin, and POG at 0.5, 1, 2 and 4 h after
injection (Fig. 2D) did not alter motor coordination.

A chronic pain model was established and indomethacin
and POG were compared by measuring paw volume, thermal
hyperalgesia and mechanical allodynia of both paws pre- and
post-drug administration. Serum cytokines were also mea-
sured. Swelling in ipsilateral hind paws was approximately 4
ml (Fig. 3A) and contralateral hind paws were swollen slightly
(Fig. 3B). POG (10 mg/kg) suppressed swelling in a time- and
dose-dependent manner (Fig. 3) and this was comparable to
indomethacin (10 mg/kg) at each time point, and lower than
that of high-dose POG (30 mg/kg). Thus, CFA-induced inflam-
mation can be prevented by POG.

Compared with normal controls model rats had 2.4-, 1.6- or
1.7-fold more TNFa, IL-1p or IL-6, respectively (Fig. 4). POG
(10 or 30 mg/kg) elevated TNFa, IL-13 or IL-6 in a dose-de-
pendent manner (Fig. 4B, 4C) and this was comparable with
or more potent than indomethacin (10 mg/kg). Thus, POG
ameliorated inflammation in CFA-treated rats.

Thermal hyperalgesia data appear in Fig. 5A, and paw
withdrawal latency in ipsilateral paw was approximately 8 sec,
compared to contralateral (17.5 s) or normal control (15.8 s)
limbs. POG dose-dependently elevated bilateral paw with-
drawal latencies and the maximal effect (%) of indomethacin
(10 mg/kg), POG (10 mg/kg) and POG (30 mg/kg) at 14 days
post-administration were 69.4%, 70.2%, and 78.2%, respec-
tively. Elevated paw withdrawal latencies were also observed
in contralateral paws after treatment (Fig. 5B).
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Fig. 4. Effects of POG on the TNFq, IL-1B and IL-6 concentrations
in arthritic rats at 0 (A), 7 (B) or 14 (C) days after dosing. Serum
pro-inflammation cytokines. Data are means + SEM (n=10/group).
**Denote statistical significance compared with normal or model
groups, respectively (p<0.05, one-way ANOVA followed by a post
hoc SNK test).

Mechanical allodynia data appear in Fig. 5C, 5D and the
paw withdrawal threshold in the ipsilateral paw was approxi-
mately 7.3 g, which was lower than for contralateral (42.1 g)
or normal control (44.9 g) paws. POG enhanced in a dose-
dependent manner paw withdrawal thresholds. The maximal
effect (%) of indomethacin (10 mg/kg), POG (10 mg/kg) and
POG (30 mg/kg) at 14 days post-administration were 46.3%,
46.5%, and 65.1%, respectively. Elevated paw withdrawal
thresholds were also observed for contralateral paws after
treatment (Fig. 5B). Thus, POG had potent anti-nociceptive
effects against arthritis-induced pain.

Spinal PGE, was consistent with CFA-induced nocicep-
tion (Samad et al., 2001; Zeilhofer, 2007) and was greater
in model animals. POG dose-dependently decreased spinal
PGE: (p<0.05 one-way ANOVA), as did indomethacin (p<0.05
one-way ANOVA) (Fig. 6A). Spinal COX-2 expression data
show that (Fig. 6B) COX-2 protein expression in model rats
was greater than in controls (p<0.05 one-way ANOVA). POG
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Fig. 5. Effects of POG on nociception in arthritic rats. Paw thermal hyperalgesia and mechanical allodynia were measured at 0, 3, 5, 7, or
14 days after dosing. Bilateral nociception response are represented as paw withdrawal latencies (A, B) and paw withdrawal thresholds (C,
D). Data are means + SEM (n=10/group). *’Denote statistical significance compare with normal group or model group, respectively (p<0.05,

two-way repeated-measures ANOVA followed by an SNK post hoc test).

decreased spinal COX-2 protein dose-dependently compared
with indomethacin (p<0.05 one-way ANOVA). Thus, POG de-
creased spinal PGE, concentrations by decreasing COX-2
expression.

POG is metabolized to cimifugin in vivo and this has been
measured in rat brains (Li et al., 2014). The inhibitory effects
of POG or cimifugin on COX-1/2 activity were not observed at
100 uM (data not shown), so COX-1 or COX-2 expression in
a human GC cell line SGC7901 were assessed. Fig. 7 show
that expression of COX-2 was downregulated by POG and
cimifugin.

DISCUSSION

Schischk is said to be widely used in traditional Chinese
medicine for thousands of years and may have pharmacologi-
cal properties (Xue et al., 2000) and its extract is said to have
anti-bacterial, antipyretic, anti-inflammatory and analgesic
properties (Xue et al., 2000; Deng et al., 2005). We assessed
analgesic effects of POG which we hypothesized had specific

http://dx.doi.org/10.4062/biomolther.2015.168

anti-nociceptive effects on inflammatory pain as tested in rat
tonic and chronic pain models. However, POG mildly inhibited
formalin-induced nociception in the acute phase (13.6%). In-
terestingly, POG has an E.x of 56.6% and an EDs, of 1.6 mg,
which is comparable with indomethacin. Seven-day treatment
with POG also produces anti-nociception without tolerance.

The rodent formalin pain model is first described by Du-
buisson and Dennis and has been used to study analgesic
compounds with respect to acute and tonic responses to a
noxious chemical stimulus (Dubuisson and Dennis, 1977). In-
jection of 5% formalin into a dorsal rodent paw provokes a
bi-phasic response with an immediate or acute outcome due
to nociceptors and a tonic inter-phase that arises from afferent
input and central sensitization in the dorsal horn (Vissers et
al., 2003). These attributes are common to chronic pain syn-
dromes such as chronic neuropathic pain (Granados-Soto et
al., 1997). Prostaglandin is key to the tonic phase and can be
blocked by NSAIDs (Hunskaar and Hole, 1987).

The CFA-induced arthritic rat model is well-characterized in
the literature and peripheral tissue injury followed by inocula-
tion of CFA usually increases sensitivity to noxious heat as
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Fig. 6. Effects of POG on spinal PGE, (A) and COX-2 (B) in ar-
thritic rats. PGE, was measured in rat CSF (ELISA) and spinal
COX-2 expression was measured with Western blot. Data are
means + SEM (n=10/group). **Denote statistical significance com-
pared with normal or model groups, respectively (p<0.05, one-way
ANOVA followed by a post hoc SNK test.

well as heightens sensitivity to mechanical tactile stimulation.
Primary inoculation of CFA provokes an acute partial inflam-
matory response and subsequent chronic injury occurs after
10-20 days and persists for 28 days, which mimics a chronic
inflammatory condition (van Eden et al., 2001). CFA-induced
arthritis is a well-characterized model for studying arthritic pain
and has typical features manifested by paw swelling, thermal
hyperalgesia and mechanical allodynia. Activation of T cells
by adjuvant also stimulates macrophage and monocytes to
produce pro-inflammatory cytokines such as TNFa, IL-1p and
IL-6. Serum TNFa, IL-18 and IL-6 aggravate bone and joint
injury in arthritic patients (Kong et al., 1999) and blockage with
monoclonal antibodies of pro-inflammatory cytokines, such as
adalimumab for TNFa, tocilizumab for IL-6 can reduce swell-
ing and pain in clinical osteoarthritis patients (Weinblatt et al.,
2003; Hammoudeh et al., 2015). POG also has specific anti-
inflammation and similar to indomethacin can reduce serum
TNFa, IL-1B and IL-6 in arthritic rats, which may explain POGs
analgesic effects.

PGE; is produced by COX-2 during inflammation (Ebers-
berger et al., 1999) and this prostanoid production requires
the conversion of arachidonic acid to PGH2 by COX. Two
isoforms of COX have been identified, and COX-1 is widely
expressed in many cell types, whereas COX-2 is mainly ex-
pressed in the kidney and parts of the central nervous system
and induced at inflammation sites (Crofford, 1997; McAdam
et al., 1999). COX-2 is critical to the inflammatory state, and
PGE; is an important marker of inflammation (Anderson et al.,
1996). Prostanoids contribute to the development of peripher-
al sensitization in nociceptor terminals, increasing excitability
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Fig. 7. Inhibitory effect of cimifugin or POG on expression of
COXs in SGC-7901. (A) SGC-7901 cells were treated as depicted
in Methods and Western blot was used to assess results with
B-actin as a loading control. (B) Blots were denistometrically quan-
tified after normalization with B-actin and all data are means + SEM
of three experiments. “Denotes statistical significance compared
with controls (p<0.05, one-way ANOVA followed by a post hoc SNK
test.

and reducing pain thresholds (Anderson et al., 1996; McCoy et
al., 2002). Moreover, hyperalgesia was confirmed in the spinal
cord (Samad et al., 2001). Targeting COX-2, NSAIDs produce
specific analgesia for inflammatory pain both in central and
peripheral sites (Anderson et al., 1996). Spinal elevation of
COX-2 in arthritic pain rat models shows that downregulation
of spinal COX-2 expression occurs after POG treatment but
not after indomethacin (Samad et al., 2001; Lee et al., 2004).
Although spinal COX-2 expression was downregulated in sur-
gical pain rat models (Yamashita et al., 2006), previous data
indicate that NSAIDs do not alter spinal COX-2 expression in
arthritic rats (Beiche et al., 1998; Ebersberger et al., 1999).
POG and cimifugin inhibited little COX-1 or COX-2 activity
even at 100 uM (data not shown) but data show that POG and
its metabolite cimifugin downregulated COX-2 expression in
vitro. Distinct from inhibiting COX-2 activity by NSAIDs, anti-
nociception from POG was due to reduction of spinal COX-2.
However, POG’s effect on COX-2 activity is unclear and re-
quires study. Thus, POG offers anti-nociceptive effects against
inflammatory pain without tolerance by downregulating spinal
COX-2 expression.
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