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Background: Cimifugin is one of the components of the root of Saposhnikovia divaricata. The
extract derived from S. divaricata is traditionally used as an analgesic. This study was con-
ducted to evaluate the analgesic effect of intrathecal cimifugin in the formalin test.

Methods: Male Sprague-Dawley rats (n = 20) were randomized into four groups for intra-
thecal administration of 70% dimethylsulfoxide and various doses of cimifugin (100 pg, 300
pg, and 1,000 pg). The typical flinch response after the injection of 5% formalin into the
hind paw was assessed in two distinct phases: phase 1 until 10 min, and phase 2 from 10
min to 60 min. EDg, values were calculated via linear regression.

Results: Intrathecal cimifugin significantly reduced the flinch response in both phases of
the formalin test. Significant antinociceptive effects of cimifugin were found with the dose of
300 pg in phase 1 and the dose of 100 pg in phase 2. The EDg, value (95% confidence in-
tervals) of intrathecal cimifugin was 696.1 (360.8-1,342.8) ug during phase 1 and 1,242.8
(42.0-48,292.5) ug during phase 2.

Conclusions: Intrathecal cimifugin has an antinociceptive effect against formalin-induced
pain. Cimifugin has an anti-inflammatory effect at low concentrations, and non-inflammatory
analgesic effect at higher concentrations.
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INTRODUCTION

Inflammation is one of the mechanisms of pain. Cyto-
kines and other pro-inflammatory mediators, such as pros-
taglandins, nitric oxide, serotonin, and histamine, are re-
leased from cells after the tissue damage, resulting in pain
and hyperalgesia [1]. The inflammatory cascade involves

major targets, including cyclooxygenase (COX), interleuk-
ins (IL), and tumor necrosis factor-a [2]. Recent interest in
chromones as potential candidates for drug development
is attributed to their anti-inflammatory effects [2,3].
Saposhnikovia divaricata and Peucedanum japonicum
belonging to family Umbelliferae, known as ‘Bangpung’ in
Korea, have been used as traditional herbal medicine to
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treat fever, rheumatism, neuralgia, and headache [4]. Bio-
active substances derived from ‘Bangpung’ showed anti-
oxidant [5] and anti-inflammatory effects [6,7]. These
properties of ‘Bangpung’ suggested potential pharmaceu-
tical candidates [2]. Compounds isolated from S. divarica-
ta, including sec-O-glucosylhamaudol (SOG), hamaudol,
ledabouriellol, divaricatol, isofraxidin,and cimifugin
showed an analgesic effect [8]. We previously demonstrat-
ed the strong antinociceptive effect of intrathecal SOG,
which is one of the constituents of P. japonicum Thunb.
via opioid receptors [9]. Recent studies showed anti-in-
flammatory effects of cimifugin, a chromone (1,4-benzo-
pyran, Fig. 1), which is one of the bioactive substances de-
rived from S. divaricata [10,11]. Thus, we hypothesized
that the anti-inflammatory effect of cimifugin may result
in an analgesic effect. Thus, we conducted a preliminary
study to determine the antinociceptive effect of intrathecal
cimifugin using a formalin test to confirm the analgesic ef-
fect of cimifugin mediated via anti-inflammatory effect.
The primary outcome of the study was to the concentra-
tion-dependent analgesic effect of cimifugin based on a
formalin test. The secondary outcome was calculating the
effective dose (ED) of cimifugin required for the analgesia.

MATERIALS AND METHODS
Animal preparation

The animal study was approved by the Institutional Animal
Care and Use Committee (no. CIACUC 2018-S0042). We fol-
lowed the guidelines and ethical standards stipulated by the
International Association for the Study of Pain [12] and AR-
RIVE (Animal Research: Reporting of In Vivo Experiments)
guidelines (https://www.nc3rs.org.uk/arrive-guidelines) for
the investigation of experimental pain in animals. Specific
pathogen-free male Sprague-Dawley rats were purchased
from Damul Science (Korea), and those weighing 225-250 g
each were used in the study (n = 20). The rats were housed in

|I: \|<
O O \\

O O
Fig. 1. Chemical structure of cimifugin.
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the cage located in a room maintained at a constant tempera-
ture (20 to 23°C), with free access to water and food under a
light/dark cycle of 12:12.

Intrathecal catheterization

The intrathecal catheter was implanted after the anes-
thesia with isoflurane. After a sterile dressing of the surgical
field, the head of the rat at the level of the atlanto-occipital
membrane was incised and the cisterna magna was
opened. A polyethylene-5 catheter was inserted into the
intrathecal space for drug administration [13]. The inserted
catheter was placed at the end of the intrathecal catheter at
the lumbar enlargement by carefully advancing it into the
caudal region about 8.5 cm from the incision site. The cath-
eter location was confirmed by the leakage of cerebrospi-
nal fluid (CSF) through the tip of the catheter. The catheter
tip was pulled out through the skin in the frontal area of the
head and fixed with a 3-O silk. The tip of the catheter was
plugged with a 30-gauge stainless steel wire to inhibit CSF
leakage. After the intrathecal catheterization procedure,
the rats were allowed to recover from the anesthesia in the
individual cages. Ambulatory function was observed after
full recovery from anesthesia. Only the rats without motor
or sensory deficits were used in the study. The rats with
motor or sensory deficits were euthanized immediately

with an overdose of volatile anesthetics.

Drug preparation and grouping

Cimifugin (purity = 98%) was purchased from ChemFac-
es (China). Cimifugin powder was dissolved in 70% di-
methylsulfoxide (DMSO). The dissolved solutions were di-
luted to 100, 300, and 1,000 pg levels. Cimifugin powder
was fully dissolved by DMSO at a concentration greater
than 70%. The maximal concentration of cimifugin powder
required to dissolve in 70% DMSO was 1,000 pg/10 pl. The
concentration of cimifugin was determined by a pilot study
(data not shown).

The rats were randomized into four groups (each n = 5)
using a computerized random number according to the
study protocol (Fig. 2). The rats in the vehicle-treated group
were administered 70% DMSO intrathecally as a control
during the formalin test. The rats in the different test
groups were treated with intrathecal cimifugin at concen-
trations of 100, 300, and 1,000 pg, respectively, during the
formalin test.

479

SdSH


www.nc3rs.org.uk/arrive-guidelines

Anesth Pain Med Vol. 15 No. 4

Intrathecal catheterization (n=20)

Randomization
after a week

Vehicle-treated group
(DMSO 70%)
(n=5)

Cimifugin 100 pg group
(n=9)

Cimifugin 300 ug group
(n=5)

Cimifugin 1,000 pg group
(n=5)

e

Intrathecal administration of prepared drugs 10 minutes
prior to the formalin injection

!

Formalin test
Dose response calculation

Fig. 2. Flow diagram of the study design. DMSO: dimethylsulfoxide.

Flinch response

The formalin test was conducted from 9:00 a.m. to 12:00
p.m. by two researchers. One investigator administered
formalin injection and intrathecal drug treatment, and an-
other investigator carried out the behavioral test. After ad-
aptation in a restrained cylinder for 20 min, different doses
of cimifugin or vehicle (DMSO 70%) were administered in
a volume of 10 pl solution intrathecally using a gear-oper-
ated Hamilton syringe pump, and 10 pl of saline was
flushed additionally. After 10 min, 5% formalin (50 pl) was
subcutaneously injected into the center of the hind paw
with a 30 gauge needle. The flinch responses were assessed
by counting the number of flinches per minute. Phase 1 re-
sponse (initial acute phase, 0-9 min) was measured at 1
and 5 min after the formalin injection, while phase 2 re-
sponse (10-60 min) was measured every 5 min until an
hour after the formalin injection [14].

Statistical analysis

The sample size was calculated using G*Power 3.1 soft-
ware. The calculated effect size was 1.12 based on the re-
sults of a previous study, which showed significant antino-
ciceptive effect when the total flinch count was decreased
to 60.2% compared with the control [9]. The total sample
size in the three groups was calculated as 16 with a = 0.05

and 95% power for 13 consecutive flinches based on re-
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peated measures analysis of variance. We decided the total

sample size as 20 given the drop-out rate of 20%.
Dose-responsiveness of cimifugin was calculated as the

percentage of control in the two phases as follows.

sum of phase 1 or 2 flinch count with cimifugin
sum of control phase 1 or 2 flinch count

% of control =

x 100

The ED,, was defined as a dose of cimifugin that resulted
in a 50% inhibition of flinch count compared with the con-
trol. The ED,, was calculated via standard linear regression
analysis according to the method of Tallarida [15]. ED,, val-
ues and confidence intervals (CIs) in each phase were cal-
culated.

The time-response or the dose-response data of flinch re-
sponses are expressed as the number of flinches or the per-
centage of control. All data are expressed as mean * SEM.
The flinch responses in phases 1 and 2 were analyzed sepa-
rately because of the distinct biphasic response of the for-
malin test. One-way analysis of variance followed by post-
hoc test with Turkey’s test for multiple comparisons was
used for the statistical analysis of the flinch responses. P val-
ues less than 0.05 were considered statistically significant.

RESULTS

Typical biphasic flinch responses to the formalin test

were observed in all rats following intrathecal administra-
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tion of vehicle (DMSO 70%) (Fig. 3).

Pre-treatment with intrathecal cimifugin decreased the
flinch response triggered by formalin injection significantly
in both phases (Figs. 3, 4). During phase 1, a statistically
significant reduction in flinch response was found using
the dose of 300 pg, and the maximal reduction in flinch re-
sponse was observed at a dose of 1,000 pg (41.0% of con-
trol, P < 0.001, Figs. 4, 5, and Table 1). During phase 2, a

statistically significant reduction of flinch response was
found at a dose of 100 pg (65.5% of control, P = 0.011), and
the maximal reduction in flinch response occurred at a
dose of 1,000 pg (50.6% of control, P = 0.003, Figs. 4, 5, and
Table 1).

The ED,, (95% CIs) values of intrathecal cimifugin were
696.1 (360.8-1,342.8) pg during phase 1 and 1,242.8 (42.0-
48,292.5) pg during phase 2.
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Fig. 3. Time course data showing the antinociceptive effects of cimifugin after formalin injection. Intrathecal cimifugin significantly decreased
the formalin-induced flinch response during both phases. DMSO: dimethylsulfoxide. Each line represents the mean + SEM of 5 rats/group.
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Fig. 4. Antinociceptive effects of intrathecal cimifugin are presented as dose-response data. Intrathecal cimifugin decreased the formalin-
induced flinch response significantly during phase 1 (A) and phase 2 (B). In phase 1, a statistically significant reduction in flinch response
was found with the dose of 300 pg and the maximal reduction in flinch response occurred at a dose of 1,000 pg. In phase 2, a statistically
significant reduction in flinch response was found at the dose of 100 ug. The maximal reduction in flinch response occurred at a dose of 1,000

ug. Data are expressed as mean + SEM. *P < 0.001 vs. control.
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Fig. 5. Dose-response data indicate the antinociceptive effects of intrathecal cimifugin. *P < 0.001 vs. control.
Table 1. Antinociceptive Effects of Intrathecal Cimifugin: Dose-response Data
Dose response (% of control)
Drugs and dose Phase 1 Phase 2
% of control P value % of control P value
Control (DMSO 70%) 100.0 - 100.0 -
Cimifugin 100 pg 94.4 0.668 65.5 0.011
Cimifugin 300 pg 70.8 0.045 60.9 0.005
Cimifugin 1,000 ug 41.0 < 0.001 50.6 0.003

DMSO: dimethylsulfoxide. P value, compared to the control.

DISCUSSION

As mentioned above, ‘Bangpung’ was traditionally used
to treat fever and pain. The anti-inflammatory and antioxi-
dant activity of the bioactive substances derived from S. di-
varicata may correspond to those effects [5-7]. According
to the phytochemical studies, Prim-O-glucosylcimifugin is
the main chromone present in S. divaricata, with antipyret-
ic, anti- inflammatory, and analgesic properties [4]. Cimi-
fugin is an aglycone of prim-O-glucosylcimifugin, synthe-
sized during blood absorption [4]. According to Li et al. [16]
cimifugin showed the highest concentration in plasma of
rats treated with the extracts of S. divaricata orally. They
concluded that cimifugin is the potential pharmacody-
namic component of S. divaricata formed via biotransfor-
mation in vivo even though prim-O-glucosylcimifugin is
the major constituent [4,16].

As far as we know, only one study reported the analgesic
effect of cimifugin. Okuyama et al. [8] reported that oral
administration of 80 mg/kg of cimifugin showed significant
analgesia in mice during acetic acid-induced writhing test.
The results suggested that the analgesic potency of chro-
mones may be attributed to the non-glycosylated dihydro-
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pyran-type C-ring. Chromones are an important class of
natural products that exhibit antibacterial, anticoagulant,
anti-inflammatory, antioxidant, and anticancer activities
[3]. Several types of compounds in chromones targeting
multiple inflammatory pathways have been reported. The
anti-inflammatory effects of chromones are mediated not
only via inhibition of the COX pathway but also by neutro-
phil-dependent superoxide anion generation [3]. A recent
study involving RAW264.7 cells showed that cimifugin in-
hibits the activities of mitogen-activated protein kinase
and NF-xB (nuclear factor kappa-light-chain-enhancer of
activated B cells) signaling pathways and suppresses the
release of inflammatory factors [11]. Another study of re-
ported that cimifugin significantly attenuated allergic in-
flammation by reducing thymic stromal lymphopoietin
and IL-33 synthesis [10].

These studies suggest that cimifugin has an anti-inflam-
matory role resulting in an analgesic effect via inhibition of
the inflammatory process. Neuroinflammation plays an
important role in the generation and modulation of pain
[17], so the anti-inflammatory effect of cimifugin was
thought to decrease the induction of inflammatory pain.

Thus, we conducted the formalin test as a preliminary
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study to evaluate the analgesic effect of intrathecal cimi-
fugin and its relation to inflammation. In the current study,
we confirmed that intrathecal administration of cimifugin
decreased the flinch response to formalin injection in both
phases. The two phases in the formalin test indicate differ-
ent nociceptive mechanisms [18]. The flinch response in
phase 1 is due to a direct effect on the nociceptors, while
the phase 2 response represents both inflammatory pain in
the peripheral tissue and functional changes in the dorsal
horn mediated via inflammatory reaction in the spinal
cord. Thus, the inflammatory pathway mediated by prosta-
glandins does not play an important role during the early
phase but the latent phase. However, some nonsteroidal
anti-inflammatory drugs such as paracetamol show anal-
gesic effects in both phases, suggesting effects against
non-inflammatory pain. In the current study, cimifugin re-
duced the flinch response in both phases; however, signifi-
cant antinociceptive effects were observed upon treatment
with 300 pg in phase 1 (70.8% of control) and 100 pg in
phase 2 (65.5% of control). However, its maximal antinoci-
ceptive effect with the 1,000 pg dose was more effective in
phase 1 (phase 1: 41.0% of control vs. phase 2: 50.6% of
control) These results are consistent with a previous study
reporting the anti-inflammatory effects of isolated com-
pounds from P. japonicum Thunb., which showed a rela-
tively weak inhibitory activity of cimifugin against both
COX-1 and COX-2 [7]. Therefore, it is suggested that cimi-
fugin has an antinociceptive effect mediated via anti-in-
flammatory effect at low concentrations and via other
non-inflammatory analgesic effects at high concentration.
Other hypotheses have been proposed to explain the mech-
anisms of action. First, derivatives of natural products display
analgesic effect via multiple mechanisms. For example, euge-
nol, the bioactive compound derived from clove, carries not
only anti-inflammatory and antioxidant potential but also an-
algesic effects mediated via a,-adrenergic and opioid recep-
tors [19]. Our previous study investigating SOG, and other ex-
tracts derived from S. divaricata, showed that SOG exhibits
analgesic effect against incisional pain via the p-opioid recep-
tor [20]. Thus, other targets may modulate acute peripheral
nociception. Second, the antioxidant effect may mediate the
formalin-induced pain response. According to the study eval-
uating the analgesic effect of antioxidants in the formalin test,
the pro-oxidant may play an important role in the pain in-
duced by tissue injury and intrathecal administration of an
antioxidant (4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxy)
effectively reduced the response in both phases [21]. Hong et
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al. [22] suggested that antioxidants such as vitamin E induce
antinociceptive effects by not only decreasing the central sen-
sitization but also scavenging the reactive oxygen species in
the peripheral tissue.

Although the current study showed an analgesic effect of
cimifugin in both phases of the formalin test, there were sev-
eral limitations. First, we merely evaluated the pharmaco-
logical effect of different doses of cimifugin in the formalin
test in this preliminary study, without elucidating the mech-
anisms of action. Further studies using different routes of
administration using antagonists of specific receptors and
methods other than formalin test, as well as other molecular
studies are needed to determine the exact site of action of
cimifugin. Second, a higher dose of cimifugin (> 1,000 pg)
may yield a more potent analgesic effect, but the maximal
dose of the current study was 1,000 pg. Higher concentra-
tions of cimifugin could not be administered in this study
because of technical difficulties and inability to dissolve
higher concentrations of cimifugin (> 1,000 pg/10 pl of 70%
DMSO). Thus, we used 1,000 pg of cimifugin as the maximal
dose for the intrathecal administration. Moreover, cimifugin
powder was only dissolved in DMSO at a concentration
greater than 70%. Even though the control dose of DMSO
alone had no analgesic effect, DMSO showedsome reducing
effects in the formalin test [23]. The high concentration of
DMSO used for drug preparation may affect the study re-
sults. Third, the CI of the ED,, values in phase 2 was large ac-
cording to the linear regression (42.0 to 48,292.5 ug), which
was considered as computational limitation due to the in-
ability to use higher-concentrations of cimifugin. Such a
large CI limits further evaluation because of difficulty associ-
ated with the intrathecal administration. Further studies in-
vestigating the side effects of treatment with large doses are
needed. Fourth, further investigations using biological
markers are needed for objective results.

In conclusion, intrathecal cimifugin had antinociceptive
effects in both phases of the formalin test, suggesting that
cimifugin has an anti-inflammatory effect at low concen-
trations and non-inflammatory analgesic effects at higher
concentrations. Further studies are required to investigate
the actual mechanisms of cimifugin.
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