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Background: Ginseng saponin has long been used as a traditional Asian medicine and is known to be
effective in treating various kinds of pain. Ginsenoside Rf is one of the biologically active saponins found
in ginseng. We evaluated ginsenoside Rf's antinociceptive and anti-inflammatory effects, and its
mechanism of action on adrenergic and serotonergic receptors, in an incisional pain model.
Methods: Mechanical hyperalgesia was induced via plantar incision in rats followed by intraperitoneal
administration of increasing doses of ginsenoside Rf (vehicle, 0.5 mg/kg, 1 mg/kg, 1.5 mg/kg, and 2 mg/
kg). The antinociceptive effect was also compared in a Positive Control Group that received a ketorolac
(30 mg/kg) injection, and the Naive Group, which did not undergo incision. To evaluate the mechanism of
action, rats were treated with prazosin (1 mg/kg), yohimbine (2 mg/kg), or ketanserin (1 mg/kg) prior to
receiving ginsenoside Rf (1.5 mg/kg). The mechanical withdrawal threshold was measured using von Frey
filaments at various time points before and after ginsenoside Rf administration. To evaluate the anti-
inflammatory effect, serum interleukin (IL)-1B8, IL-6, and tumor necrotizing factor-o. levels were
measured.
Results: Ginsenoside Rf increased the mechanical withdrawal threshold significantly, with a curvilinear
dose—response curve peaking at 1.5 mg/kg. IL-1, IL-6, and tumor necrotizing factor-o levels significantly
decreased after ginsenoside Rf treatment. Ginsenoside Rf's antinociceptive effect was reduced by
yohimbine, but potentiated by prazosin and ketanserin.
Conclusion: Intraperitoneal ginsenoside Rf has an antinociceptive effect peaking at a dose of 1.5 mg/kg.
Anti-inflammatory effects were also detected.

© 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

explain this effect include antagonism of adrenergic, cholinergic,
gamma-aminobutyric acid, N-methyl-D-aspartate, and opioid re-

Ginseng, the root of Panax ginseng Meyer, is a traditional Asian
herbal medicine that has been used for more than thousands of
years to reduce neuralgia, toothache, abdominal pain, and chest
pain [1]. Ginseng saponins, also known as ginsenosides, have a
steroid-like chemical structure consisting of four rings with sugar
moieties attached. Ginsenosides have biological properties similar
to those of histamines, opioids, adrenaline, and acetylcholine [2].
Several experimental studies have demonstrated the anti-
nociceptive effects of ginseng extracts in various pain models
including those of abdominal, neuropathic, chronic, and incisional
pain [3—7]; the mechanisms of action that have been suggested to

ceptors [3,5,8—10].

More than 20 different ginsenosides have been found in ginseng,
making them major components of this herbal medicine [11].
Among those, ginsenoside Rf, a trace ginsenoside extract (3.48%),
has been shown to have an antinociceptive effect [4,5,12]. Although
the antinociceptive effect of ginseng extracts has been studied
previously in an incisional pain model [3,6,9], the antinociceptive
effects of isolated ginsenoside Rf have not been studied in a rat
incisional mode, which induces mechanical hyperalgesia through
surgical incision of the plantar surface of the hind paw and thus
simulates human postoperative pain [13]. In addition, ginsenoside
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Rf's antinociceptive mechanism of action is not known; it has been
hypothesized to act upon adrenergic receptors, similar to other
ginsenosides, or serotonin receptors, although this pathway has not
been previously identified in this type of pain model.

Surgical incision and intraoperative injury induce postoperative
pain by increasing central neuronal excitability leading to periph-
eral and central sensitization [ 14]. Proinflammatory cytokines such
as interleukin (IL)-1, IL-6, and tumor necrotizing factor (TNF)-a. are
known to exacerbate postoperative pain and mediate the pain
mechanism and hyperalgesia [15—18]. If sensitization is sustained,
postoperative pain may progress to chronic pain, which can lead to
physical, psychological, and social disability.

The aim of the present study was to evaluate the antinociceptive
effect of ginsenoside Rf and its mechanism of action, including its
effects on adrenergic and serotonergic receptors in a rat incisional
pain model. Proinflammatory cytokine levels, including IL-18, IL-6,
and TNF-a, were also assessed to determine the anti-inflammatory
effect of ginsenoside Rf.

2. Materials and methods

Experimental protocols were reviewed and approved by the
Institutional Animal Care and Use Committee at Chung-ang Uni-
versity (2016-00014). The present study was performed according
to the guidelines established by the National Institutes of Health,
the policies of the International Association for the Study of Pain for
the use of laboratory animals, and the recommended guideline in
the Animal Research Reporting In Vivo Experiments statement [19].

Ginsenoside Rf was obtained from Ambo institute (Daejon, Ko-
rea). The HPLC purity of Rf used in the present study was 99.01%.
Prazosin, yohimbine, and ketanserin were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Ketorolac was purchased from
Hanmi Pharmaceutical Corporation (Seoul, Korea).

2.1. Animal preparation and incisional pain model

Adult male Sprague—Dawley rats weighing 250—300 g (Coretec
Laboratories, Seoul, Korea) were used. They were habituated in the
colony room for 1 wk before experimentation. Each cage housed
with two rats at 22 +0.5°C with a 12:12 h light—dark cycle. Food
and water were available ad libitum.

All the experiments were performed between 8:00 AM and
1:00 PM to avoid diurnal variation. One investigator prepared the
incisional pain model as previously described [13]. Briefly, the
animals were anesthetized with isoflurane (Aerane Solution;
[Isung-medicine, Seoul, Korea) using a chamber for induction and a
nonrebreathing circuit system with mask delivery for mainte-
nance. After subcutaneous injection of cefazolin (Cefazoline,
20 mg/kg; Chong Kun Dang Pharmaceutical Corporation, Seoul,
Korea) and aseptic draping, a 1-cm skin incision was made in the
area between 0.5 cm distal to the tibiotarsus and digits on the
plantar area of the left hind paw. The plantaris muscle was then
elevated, and an incision was made longitudinally, keeping the
muscle origin and insertion site intact. The skin was sutured with
5-0 nylon, and prophylactic antibiotic salve (Mupirocin; Hanal
Biopharma, Seoul, Korea) was applied (Fig. 1). Lesions were
checked daily, and rats with suspected wound dehiscence or
infection were excluded.

2.2. Drug administration

Dose response test Fifty rats were randomly divided into five
groups to evaluate the antinociceptive effect of different doses of
ginsenoside Rf. Two h after the incision, each rat in the four gin-
senoside Rf dosing groups (Rf 0.5, Rf 1, Rf 1.5, and Rf 2) as well as

Group C (the control) were injected with ginsenoside Rf (0.5 mg/kg,
1.0 mg/kg, 1.5 mg/kg, or 2.0 mg/kg) or 0.9% saline vehicle, respec-
tively (Fig. 2). Ginsenoside Rf was dissolved in distilled water with
an intraperitoneal (IP) injection volume of 10 mL/kg. Each solution
was prepared in opaque syringes with sequential number accord-
ing to a randomization list generated by an investigator who was
not involved in any other stages of the study. Random sequence
generation was performed using PASS 11 software (NCSS, Kaysville,
UT, USA).

Positive control and naive group To assess the validity of the
present study, the antinociceptive effect in the dosage (1.5 mg/kg)
of ginsenoside Rf was compared with that in a positive control
group receiving an analgesic and in the Naive Group. The Positive
Control Group (Group Keto 30, n=10) was administered the
nonsteroidal anti-inflammatory analgesic ketorolac (30 mg/kg IP)
[20]. The Naive group (n = 10) were not incised and were admin-
istered 0.9 % saline IP.

Mechanism test for the antinociceptive effect To examine whether
the observed effects of ginsenoside Rf on mechanical hyperalgesia
induced by plantar incision were mediated by either adrenergic (a4,
dy) or serotonergic (5-HT,4) receptors, studies with specific re-
ceptor antagonists were utilized. Prazosin (1 mg/kg, 1 adrenergic
receptor antagonist, n=10), yohimbine (2 mg/kg, o, adrenergic
receptor antagonist, n = 10), ketanserin (1 mg/kg 5-HT,4 receptor
antagonist, n=10), or saline was administered by IP injection
110 min after a skin incision was made in the hind paw. After
10 min, ginsenoside Rf (1.5 mg/kg) was injected into the peritoneal
cavity at a volume of 10 mL/kg (Fig. 2). The drug dosage levels were
based on previous studies on antinociceptive mechanisms of action
[21-24].

2.3. Pain behavioral test

The nociceptive threshold was measured using von Frey fila-
ments. The rats were placed individually in a clear Plexiglas cage
(21 x 27 x 15 cm) with a plastic grid floor (8 x 8 mm). Mechanical
hyperalgesia was assessed via bending force in ascending order
(4mN, 9mN, 20mN, 59mN, 78mN, 98mN, 147mN, and 254mN). The
von Frey filaments were applied vertically to the midplantar surface
of the incisional hind paw for 5 s or until there was a positive
response. A positive response was noted when the rats showed a
rapid withdrawal or flexion of the stimulated hind paw. The me-
chanical withdrawal threshold (MWT) was determined via the
lowest bending force, and confirmed by additionally applying
higher and lower bending forces than the MWT. If a positive
response was not observed at 254mN, the bending force was
considered the MWT. The MWT measurement was conducted at
the following time points after ginsenoside Rf administration: 1
d before the incision (BI); 2 h after plantar incision (AP); 15 min,
30 min, 45 min, 60 min, 80 min, and 120 min; 24 h and 48 h after
ginsenoside Rf administration (Fig. 2). All behavioral assessments
and animal experiments were carried out by an expert investigator
blinded to the groups.

2.4. Measurement of IL-1, IL-6, and TNF-« levels

Blood samples from the tails of the rats were collected 1 d BI,
120 min, and 24 h and 48 h after administration of ginsenoside Rf or
vehicle control (Fig. 2). Blood samples were centrifuged at 1,000 g
for 20 min, and the supernatants were stored at —80°C until
analysis. IL-1f, IL-6, and TNF-o levels were measured using a
commercially available enzyme-linked immunosorbent assay kit
according to the manufacturer’s instructions (R&D systems, Min-
neapolis, MN, USA). Briefly, the 96-well plate was coated with each
anticytokine capture antibody (Ab). If the related cytokine was
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Fig. 1. Incisional pain model preparation and mechanical withdrawal threshold measurement. (A) Skin incision was made on the plantar area of the hind paw. (B) The plantaris
muscle was elevated, and an incision was made longitudinally, keeping the muscle origin and insertion site intact. (C) The incision was closed with two interrupted horizontal
mattress sutures. (D) To measure the nociceptive threshold, von Frey filaments were applied vertically to the midplantar surface of the incisional hind paw.
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Fig. 2. Experimental protocol. (A) Dose—response test. (B) Positive control and naive groups. (C) Mechanism test. (D) Blood sampling. Vehicle (0.9% saline) or ginsenoside Rf was
intraperitoneally injected 2 h after plantar incision (open arrow, g). The mechanical withdrawal threshold (MWT) with the von Frey filaments was measured at each time point
(vertical lines). The black circle (@) represents the time point when incision was made in the positive control group but not in Naive group. At the time point indicated by the white
circle (O), 30 mg/kg ketorolac was injected in the positive control group, whereas 0.9% saline was administered to the Naive group. Black arrow (1): time that prazosin (P),
yohimbine (Y), or ketanserin (K) were intraperitoneally injected. Black triangle (A ): blood sampling time point.

present in the supernatant, it bound to the coated capture Ab to
form a complex that was detected by the addition of a second
detection Ab. Between each step, the plate was washed, and after
the final washing, a tetramethylbenzidine substrate solution was

added. Generation of a blue color indicated that the targeted
cytokine was present in the sample. The optical density was
measured at 450 nm using an enzyme-linked immunosorbent
assay microplate reader (Molecular Devices, Sunnyvale, CA, USA).
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After generating a standard curve, the concentration of each cyto-
kine in the sample was calculated in pg/mL.

2.5. Rotarod test

As the pain—behavioral test could be sensitively affected by
drug-induced motor dysfunction, the rotarod test was used to
exclude motor dysfunction or sedative effects. The rat rotarod
treadmill test (Yusunglab, Seoul, Korea) was conducted 1 d BI, and
2 h and 24 h after ginsenoside Rf or saline administration. The rats
were individually placed on a cylindrical platform rotating at 12
rev/min, and were allowed to adjust to this environment for 60 s for
an accurate assessment. Each trial lasted for 120 s or until the rats
fell, and then the rotarod test time was scored.

2.6. Statistical analysis

The primary outcome measure of present study was the MWT
stimuli using von Frey filaments. To estimate the group size for the
study assessing the antinociceptive activity of ginsenoside Rf
(dose—response test), a pilot study was conducted for measuring
MWT in six incisional pain model rats (Group C). As the MWT of the
pilot study did not pass the Shapiro—Wilk test, the data were
analyzed after natural log transformation. The averages of the
natural log transformed MWT at BI, AP, postdrug administration
time points 15 min, 30 min, 45 min, 60 min, 80 min, 100 min, and
120 min, and 24 h and 48 h were 4.41 In(mN), 0.96 In(mN), 0.08
In(mN), 0.02 In(mN), 0.02 In(mN), 0.04 In(mN), 0.06 In(mN), 0.12
In(mN), 0.34 In(mN), 1.11 In(mN), and 1.80 In(mN), respectively. The
standard deviations of the natural log transformed MWT ranged
from 0.04 to 0.10, and the autocorrelation between adjacent mea-
surements in the same individual was 0.8. For our power calcula-
tions, we assumed that a first-order autocorrelation adequately
represented the autocorrelation pattern. Furthermore, we wished
to detect a 10%, 20%, 30%, and 40% increase in the MWT in groups Rf
0.5, Rf 1.0, Rf 1.5, and Rf 2 compared with Group C. With an ¢ of 0.05
and a power of 80%, it was determined that nine rats per group was
required. Considering a 10% follow-up loss, 50 rats were used for
the present study.

To explore the antinociceptive mechanism of ginsenoside Rf, a
sample size estimation was performed using the results from the
ginsenoside Rf antinociceptive effect experiments. The data from
Group Rf 1.5 were used because maximum antinociceptive activity
was found in this group. The averages of the natural log trans-
formed MWT in Group Rf 1.5 at BI, AP, postdrug administration
time points 15 min, 30 min, 45 min, 60 min, 80 min, 100 min,
120 min, and 24 h and 48 h were 4.48 In(mN), 0.42 In(mN), 1.91
In(mN), 2.76 In(mN), 2.79 In(mN), 2.73 In(mN), 2.44 In(mN), 2.11
In(mN), 1.53 In(mN), 1.67 In(mN), and 1.82 In(mN) , respectively.
The standard deviations of the natural log transformed MWT
ranged from 0.02 to 0.07, and an autocorrelation between adjacent
measurements in the same individual was 0.7. We wished to detect
a 25% and 50% increase in the MWT when ketanserin and prazosin
were coadministered, respectively, as well as a 25% decrease in the
MWT when yohimbine was coadministered compared with Group
Rf 1.5. With an o of 0.05 and a power of 80%, it was determined that
nine rats per group were required. Considering a 10% follow-up
loss, a total 10 rats per group were utilized. PASS 11 software
(NCSS, Kaysville, UT, USA) was used to calculate the sample size.

The Shapiro—Wilk test was used to test for the normality of
variables. As the MWT did not pass the Shapiro—Wilk test, a natural
log-transformation of the MWT was performed, and the natural log
transformed MWT passed the Shapiro—Wilk test. As the IL-1§, IL-6,
and TNF-o. did not pass the Shapiro—Wilk test, we additionally
checked the q—q plot, which did not show marked deviation from

linearity. Therefore, the normal assumptions were applied for the
repeated measured analysis of variance (ANOVA).

As Mauchly’s sphericity test indicated that the assumption of
sphericity had been violated in the dose—response test [¢%(54) =
271.95, p < 0.001, Mauchly’s W = 0.001], the positive control-naive
test [x%(54) = 299.15, p < 0.001, Mauchly’s W = 0.000], the mech-
anism test [y%(54) = 169.44, p < 0.001, Mauchly’s W = 0.005], IL-1 B
[%3(5) = 54.68, p < 0.001, Mauchly’s W =0.310], and IL-6 [x%(5)=
176.80, p <0.001, Mauchly’s W =0.018], the Wilk’s Lambda’s
multivariate ANOVA (MANOVA) followed by univariate ANOVA
with Bonferroni correction was used. Because TNF-a passed the
sphericity test [¢%(5)=2.631, p=0.757, Mauchly’s W =0.942],
repeated measures ANOVA followed by the Tukey test was used.

Individual measurements were expressed as the mean-
+ standard error and analyzed with SPSS 23.0 (IBM Corp., Armonk,
NY, USA). A p value < 0.05 was considered statistically significant.

3. Results

3.1. Evaluation of the dose—response of the antinociceptive effect of
ginsenoside Rf

The changes in the MWT measured at BI, AP, and postdrug
administration time points 15 min, 30 min, 45 min, 60 min, 80 min,
100 min, and 120 min, and 24 h and 48 h after the IP administration
of ginsenoside Rf are shown in Fig. 3. The MANOVA results showed
a statistically significant difference between the groups [F(55,
96.162) = 2.263, p < 0.001: Wilk’s lambda = 0.021].

The MWT at Bl and AP were not significantly different between
groups. The MWT at 15 min, 30 min, 45 min, 60 min, and 80 min in
Groups Rf 0.5 and Rf 1 significantly increased compared with thatin
Group C. In Groups Rf 1.5 and Rf 2, there were significant increases
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Fig. 3. Effects of intraperitoneal administration of ginsenoside Rf. Vehicle or ginse-
noside Rf was intraperitoneally injected 2 h after plantar incision (AP). Graphs are
presented as means (+ standard error of the mean) of the mechanical withdrawal
threshold with von Frey filaments. Bl: 1 d before the plantar incision. AP: 2 h after
plantar incision. Control group: 0.9% saline injection. Rf 0.5 group: 0.5 mg/kg injection
of ginsenoside Rf. Rf 1 group: 1 mg/kg injection of ginsenoside Rf. Rf 1.5 group: 1.5 mg/
kg injection of ginsenoside Rf. Rf 2 group: 2 mg/kg injection of ginsenoside Rf. *
p <0.05 when compared with the Control group.” p < 0.05 when the groups were
compared with Rf 0.5 group. *** p < 0.05 when the groups were compared with Rf 1
group. 15-120 min; 15—120 min after injection of ginsenoside Rf. 24—48 h; 24—48 h
after injection of ginsenoside Rf. B, before incision; PI, plantar incision.
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in the MWT at 15 min, 30 min, 45 min, 60 min, 80, and 120 min
compared with Group C.

Compared with Group Rf 0.5, a significant increase in the MWT
was observed at 15 min for Group Rf 1, from 30 min to 120 min for
Group Rf 1.5, and from 60 min to 120 min for Group Rf 2. Only the
MWT at 30 min for Group Rf 1.5 was significantly different from
that of Group Rf 1.

As shown in Fig. 4, the ginsenoside Rf-MWT dose—response
curve is curvilinear, peaking at a ginsenoside Rf dosage of 1.5 mg/
kg.

3.2. Comparison of the antinociceptive effect of ginsenoside Rf in
positive control and naive groups

A comparison between the Rf 1.5, Positive Control, and Naive
Groups is shown in Fig. 5. The MWT at Bl was not significantly
different among the three groups. The MWT in the Positive Control
Group, namely group Keto 30, showed a similar pattern to group Rf
1.5. The MWT in the Naive group was relatively constant and
similar to the BI value over the course of experimentation.
Compared with the Naive group, the Rf 1.5 and Keto 30 groups
showed significantly different MWTs at all time points after inci-
sion. However, a statistically significant difference in the MWT was
only observed at 15 min between the Keto 30 and Rf 1.5 groups.

3.3. Effects of ginsenoside Rf on the rotarod test

Rotarod performance between the groups was not significantly
affected by the IP administration of ginsenoside Rf at BI, 120 min,
and 24 h (p =0.791, 0.893, and 0.994, respectively; Fig. 6).

3.4. Effects of ginsenoside Rf on inflammatory responses

Effect on IL-18 The results of the MANOVA showed a statistically
significant difference in the IL-1p levels between the groups [F(4,
45) =14.051, p < 0.001: Wilk’s lambda = 0.445] (Fig. 7). In the Rf 1,
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Fig. 4. Dose—response curves in the incisional pain model for the effect of intraperi-
toneal injection of ginsenoside Rf on mechanical withdrawal threshold. Horizontal and
vertical axes are dosage and the natural log transformation of maximum mechanical
withdrawal threshold, respectively.
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Fig. 5. Comparison of positive Control group (Group Keto 30) and Naive group. Vehicle
(0.9% saline), ketorolac, and ginsenoside Rf were intraperitoneally injected 2 h after
plantar incision (AP) in the Naive , Keto 30, and Rf 1.5 groups respectively. Graphs are
presented as means (+ standard error of the mean) of the MWT with von Frey fila-
ments. BI: 1 d before the plantar incision. AP: 2 h after plantar incision. Naive group:
0.9% saline injection. Keto group 30: 30 mg/kg injection of ketorolac. Rf 1.5 group:
1.5 mg/kg injection of ginsenoside Rf.* p < 0.05 when compared with Naive group. **
p < 0.05 when the groups were compared with Rf 1.5 group. 15—-120 min, 15-120 min
after injection of ginsenoside Rf; 24—48 h, 24—48 h after injection; BI, before incision;
MWT, mechanical withdrawal threshold; PI, plantar incision.
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Fig. 6. Effects of intraperitoneal administration of ginsenoside Rf on rotarod test.
Vehicle (0.9% saline) or ginsenoside Rf was intraperitoneally injected 2 h after plantar
incision (AP). The graphs are presented as means (+ standard error of the mean) of
latency to fall. BI: 1 d before plantar incision. 120 min: 120 min after injection of
ginsenoside Rf. 24 h: 24 h after injection of ginsenoside Rf. 48 h: 48 h after injection of
ginsenoside Rf. Control group: 0.9% saline injection. Rf 0.5 group: 0.5 mg/kg injection
of ginsenoside Rf. Rf 1 group: 1 mg/kg injection of ginsenoside Rf. Rf 1.5 group: 1.5 mg/
kg injection of ginsenoside Rf. Rf 2 group: 2 mg/kg injection of ginsenoside Rf. BI,
before incision.

Rf 1.5, and Rf 2 groups, significant decreases were observed at
120 min compared with that in Group C.

Effect on IL-6 The results of the MANOVA showed a statistically
significant difference in the IL-6 levels between the groups [F(4,
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Fig. 7. Effects of intraperitoneally injected ginsenoside Rf on IL-1B. Each bar is pre-
sented as the mean =+ standard error of the mean. Graphs are presented as means (+
standard error of the mean) of IL-1p. BI: 1 d before plantar incision. 120 min: 120 min
after injection of ginsenoside Rf. 24 h: 24 h after injection of ginsenoside Rf. 48 h: 48 h
after injection of ginsenoside Rf. Control group: 0.9% saline injection. Rf 0.5 group:
0.5 mg/kg injection of ginsenoside Rf. Rf 1 group: 1 mg/kg injection of ginsenoside Rf.
Rf 1.5 group: 1.5 mg/kg injection of ginsenoside Rf. Rf 2 group: 2 mg/kg injection of
ginsenoside Rf. * p < 0.05 when compared with Control group. BI, before incision; IL-
1B, interleukin-1p.

45)=6.615, p < 0.001: Wilk’s lambda = 0.630] (Fig. 8). In the Rf 1.5
and Rf 2 groups, significant decreases were observed at 48 h
compared with that in group C.

Effect on TNF-« In the Rf 1.5 and Rf 2 groups, significant decreases
were observed in the TNF-a levels at 120 min compared with that
in Group C (Fig. 9).

Effect of prazosin, yohimbine, and ketanserin on the anti-
nociceptive effect of ginsenoside Rf The results of the MANOVA
showed a statistically significant difference in the antagonism of
the adrenergic and serotonergic receptors between the groups
[F(66, 107.12) = 1.792, p < 0.001: Wilk’s lambda = 0.019] (Fig. 10).
The MWT in the group Prazosin was significantly greater than the
MWT in the group Rf 1.5, except at 15 min and 30 min post-
administration of 1.5 mg/kg ginsenoside Rf IP. However, in the
Yohimbine group, the MWT at 45 min postginsenoside Rf admin-
istration was significantly less than the MWT at the same time
point in the group Rf 1.5. In the Ketanserin group, the MWTs at all
time points after ginsenoside Rf administration were significantly
higher than the MWT in the group Rf 1.5.

4. Discussion

In the present study, the antinociceptive effect of ginsenoside Rf
increased in a dose-dependent manner in the rat incisional pain
model up to a dosage of 1.5 mg/kg, though the effect was not linear
with dosage. With the exception of the 15-min time point, the
ginsenoside Rf antinociceptive effect at 1.5 mg/kg was comparable
to that of ketorolac, and its effect persisted 2 h after ginsenoside Rf
administration, highlighting its antinociceptive properties.

Complications such as sedative effect or mortality were not
observed during the behavioral test, the rotarod performance test,
or during any other observational period.

Ginsenosides are a varied group of four-ring steroidal saponins
concentrated mainly in the roots of ginseng plants. They are mainly
divided into the panaxadiol (e.g., Rb1, Rb2, Rb3, Rc, Rd, Rg3, Rh2,
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Fig. 8. Effects of intraperitoneally injected ginsenoside Rf on IL-6. Graphs are pre-
sented as means (+ standard error of the mean) of IL-6. BI: 1 d before plantar incision.
120 m: 120 min after injection of ginsenoside Rf. 24 h: 24 h after injection of ginse-
noside Rf. 48 h: 48 h after injection of ginsenoside Rf. Control group: 0.9% saline in-
jection. Rf 0.5 group: 0.5 mg/kg injection of ginsenoside Rf. Rf 1 group: 1 mg/kg
injection of ginsenoside Rf. Rf 1.5 group: 1.5 mg/kg injection of ginsenoside Rf. Rf 2
group: 2 mg/kg injection of ginsenoside Rf. * p < 0.05 when compared with Control
group. BI, before incision; IL-6 = interleukin-6.
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Fig. 9. Effects of intraperitoneally injected ginsenoside Rf on TNF-a. Graphs are pre-
sented as means (+ standard error of the mean) of TNF-a. Bl: 1 d before plantar
incision. 120 m: 120 min after injection of ginsenoside Rf. 24 h: 24 h after injection of
ginsenoside Rf. 48 h: 48 h after injection of ginsenoside Rf. Control group: 0.9% saline
injection. Rf 0.5 group: 0.5 mg/kg injection of ginsenoside Rf. Rf 1 group: 1 mg/kg
injection of ginsenoside Rf. Rf 1.5 group: 1.5 mg/kg injection of ginsenoside Rf. Rf 2
group: 2 mg/kg injection of ginsenoside Rf. * p < 0.05 when compared with Control
group. BI, before incision; TNF-a, tumor necrotizing factor-a.

and Rh1) and panaxatriol groups (e.g., Re, Rf, Rg1, Rg2, and Rh1)
[25]. Previous studies have demonstrated the antinociceptive and
anti-inflammatory effects of ginsenosides in various animal
models. For example, ginsenosides Rc, Rd, and Re showed analgesic
effects against pain induced by acetic acid and formalin [26].
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Fig. 10. Effects of yohimbine, ketanserin, and prazosin on the antinociception of gin-
senoside Rf. Ginsenoside Rf (1.5 mg/kg) was intraperitoneally administered 2 h after
plantar incision (AP). Yohimbine, prazosin, and ketanserin were administered 10 min
before the injection of ginsenoside Rf. The mechanical withdrawal threshold was
measured at predetermined time points. The natural log transformation of the me-
chanical withdrawal threshold was plotted on the vertical axis. Bl: 1 d before plantar
incision. AP: 2 h after plantar incision. Rf 1.5 group : 1.5 mg/kg injection of ginsenoside
Rf. Yohimbine group: 2 mg/kg injection of yohimbine. Ketanserin group: 1 mg/kg in-
jection of ketanserin. Prazosin group: 1 mg/kg injection of prazosin. 15-120 m: 15—
120 min after injection of ginsenoside Rf. 24—48 h: 24—48 h after injection of ginse-
noside Rf. BI, before incision; PI, plantar incision.

Ginsenosides Rb1, Rb2, Rc, Rd, Re, and Rf supraspinally or spinally
injected were also found to exert an antinociceptive effect on
substance P-induced pain [27]. Additionally, anti-inflammatory
effects have been shown by ginsenosides Rb2, Rd, and Rg1 via in-
hibition of an increase in IL-6 [28], and by ginsenosides Re via
reduction of TNF-a and IL-1f release [29].

Ginsenoside Rf belongs to the panaxadiol group of ginseno-
sides, and is especially abundant in Panax ginseng Meyer among all
the Panax plants [25]. Although it is a trace extract component of
ginseng, it has been shown to possess an antinociceptive effect
[4,5] in the substance P-induced pain model [27], the abdominal
constriction test, and the tonic phase of the formalin test [4].
However, systemic administration of ginsenoside Rf failed to
demonstrate an antinociceptive effect in the acute phase of the
formalin test, the thermal tail-flick test, and the hot-plate test [4].
Furthermore, intracerebroventricular injection of ginsenoside Rf
did not attenuate the nociceptive behavior induced by an intra-
thecal injection of substance P [27]. There has been a great deal of
controversy surrounding the antinociceptive effect of ginsenoside
Rf based on the results of various pain models. To date, no study
has investigated its effect on the rat incisional pain model. Thus,
we aimed to investigate whether systemic ginsenoside Rf admin-
istration has an antinociceptive effect on postoperative pain by
using the rat incisional pain model.

In the present study, the peak antinociceptive effect of ginse-
noside Rf was observed between 30 min and 60 min after
administration, with the effect lasting for 2 h. These results are
consistent with a previous study that showed the peak concen-
tration of ginsenosides was achieved within 2 h [30]. Although the
duration of antinociceptive effect is not >2 h, systemic ginsenoside
Rf administration could play an important role in acute post-
operative pain management, because mechanical hyperalgesia
is usually most intense immediately after surgery [13], and

preemptive analgesia could reduce hyperalgesia and allodynia
after surgery [31].

We also found in this study that ginsenoside Rf's antinociceptive
effect was comparable to that of the positive control group (group
Keto 30) except at the 15-min time point after incision, although
ginsenoside Rf did not return the MWT to that of the Naive Group.
Therefore, we propose that ginsenoside Rf could be an alternative
to other currently used analgesic agents.

Ginseng total saponin showed dose-dependent, incremental
antihyperalgesic effects in the incisional pain model [3]. However,
in the present study, ginsenoside Rf-MWT had a curvilinear-shaped
dose—response relationship, similar to pregabalin, buprenorphine,
and haloperidol, the effects of which were more pronounced at
medium rather than high dosages [32—34]. The peak effective dose
of ginsenoside Rf in the present study was 1.5 mg/kg, and achieved
a significant antinociceptive effect.

There are several possible explanations as to why ginsenoside Rf
had antagonistic effects in dosages >1.5 mg/kg. A metabolite of
ginsenoside Rf may induce an antihyperalgesic effect at higher
dosages. Alternatively, ginsenoside Rf may have a negative inter-
action with its metabolite. To investigate these mechanisms, future
studies should examine ginsenoside Rf metabolites and investigate
the effects of these metabolites on ginsenoside Rf. Comparison of
the effects of different components and their interactions may also
be needed.

The peak antinociceptive dosage of ginsenoside Rf (1.5 mg/kg)
observed in the present study was much lower than the dosage
causing hemolysis (1,340 mg/kg IP) [2]. The therapeutic index for
antinociception in the abdominal constriction test was also shown
to be >20 [4]. Taken together, these results indicate that the use of
ginsenoside Rf at a dosage with an antinociceptive effect may be
well within the safety window of the compound.

Proinflammatory cytokines such as IL-1p, IL-6, and TNF-a. were
increased in the postoperative period [35], and by themselves
induced more intense pain and vice versa [36]. IL-1B is known to
induce upregulation of cyclo-oxygenase-2 [37] and increase sub-
stance P [38], which contributes to postoperative hyperalgesia. IL-
1B, and IL-6 are also associated with the development of allodynia
and hyperalgesia in the mono-neuropathic pain model [18]. TNF-a
can induce neuromodulation in the pain signal pathway and pro-
mote the development of neuropathic pain in the chronic
constriction pain injury model [16].

In the present study, IP injection of ginsenoside Rf significantly
suppressed the production of IL-6, IL-1f3, and TNF-o in a dose-
dependent manner. These results demonstrated that ginsenoside
Rf shows an anti-inflammatory effect by reducing the production of
proinflammatory cytokines. Furthermore, it has been recently re-
ported that ginsenoside Rf shows anti-inflammatory effect through
suppression of the nuclear factor-kappa B pathway, which has a
critical role in the induction of proinflammatory cytokines [39,40].
Of note, intracerebroventricular-injected ginsenosides attenuate
nociceptive behavior induced by IL-1p and TNF-a. [41]; thus, we can
deduce that the anti-inflammatory effect of ginsenoside Rf
contributed to its antinociceptive effect, and that ginsenoside Rf
could be used as an adjuvant analgesic.

A lower dosage of ginsenoside Rf was not found to significantly
decrease the inflammatory cytokines in the present study. These
results are consistent with those of a previous study in which IP
injection of ginsenoside Rf (0.1-1 mg/kg) was ineffective in an
immobilization stress model in reducing plasma IL-6 levels [28]. It
is possible that the lower dosage of ginsenoside Rf did not show an
anti-inflammatory effect because of its inability to achieve suffi-
cient plasma concentrations of ginsenoside Rf.

The adrenergic receptor is located on Ad- and C-fibers [42],
which are involved in inducing hyperalgesia after an incision [43—
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45]. Therefore, we investigated the antinociceptive mechanism of
ginsenoside Rf by using an o-1 adrenergic receptor antagonist
(prazosin) and an «-2 adrenergic receptor antagonist (yohimbine).
The results in the present study showed different outcomes for the
two adrenergic receptor antagonists. The antinociceptive effect of
ginsenoside Rf was significantly potentiated by prazosin, while
yohimbine seemed to inhibit its effect. By contrast, several other
studies did not show potentiation by prazosin, whereas some
studies were in agreement with our yohimbine results.

Intrathecal injection of a-1 and -2 adrenergic receptor antago-
nists reversed the antinociceptive effect of intrathecal administra-
tion of total ginsenosides in the formalin test [10] and in the
incisional pain model [9]. In the formalin test, the a-2 A, B, and C
adrenergic receptor antagonists attenuated the antinociception of
intrathecal total ginsenosides [46]. The type of ginsenosides,
administration route, dosage, and type of pain model might play a
role in this discrepancy.

5-HT is known to be involved in modulating nociceptive trans-
mission via both inhibitory and facilitatory signaling pathways. One
study revealed that 5-HT, receptors mediated membrane depo-
larization and pronociceptive effects [47]. However, in the present
study, ketanserin, a 5-HT, receptor antagonist, potentiated the
antinociceptive effect of ginsenoside Rf. Ketanserin may have an
antinociceptive effect itself or potentiate analgesia by inhibiting the
5-HT,4 receptor [48]. However, we did not evaluate ketanserin
treatment alone in the present study. Consequently, it remains an
open question whether the result was due to an additive or syn-
ergistic effect between ketanserin and ginsenoside Rf.

The present study has several limitations: (1) only mechanical
hyperalgesia was assessed in the investigation of the anti-
nociceptive effect of ginsenoside Rf; (2) the behavioral assessment
was measured frequently, such that full recovery from an earlier
test may not be achieved prior to a follow-up test. Although there
was at least a 15-min interval between each MWT assessment, an
earlier MWT measurement could still affect the outcome of a
subsequent MWT measurement. However, the time between von
Frey filament tests was > 10 min and was enough for rats to adapt
to the environment; and (3) specific comparative groups using
prazosin, yohimbine, and ketanserin alone were not included in
the present study. Therefore, the mechanism of action behind
ginsenoside Rf's antinociceptive effect cannot be conclusively
determined. Nevertheless, the present study indicates that the
use of ginsenoside Rf in combination with other drugs such as
prazosin and ketanserin may be more effective in achieving
antinociception.

Ginsenoside Rf showed an antinociceptive effect in a rat inci-
sional pain model. There was a curvilinear dose—response rela-
tionship for ginsenoside Rf and MWT, peaking at a dose of 1.5 mg/
kg. Ginsenoside Rf also showed an anti-inflammatory effect.
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