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Saikosaponin D Ameliorates Mechanical Hypersensitivity in
Animal Models of Neuropathic Pain

OPEN

SJOICIC,

Authors

ACCESS

Gyeongbeen Lee’, Yeon-Ju Nam', Woo Jung Kim', Bo Hye Shin2, Jong Suk Lee', Hwan Tae Park? 3, Pansoo Kim',

Ji Hyun Lee?, Yongmun Choi’

Affiliations

1 Biocenter, Gyeonggido Business and Science Accelerator,
Suwon, Korea

2 Peripheral Neuropathy Research Center, Dong-A
University College of Medicine, Busan, Korea

3 Department of Molecular Neuroscience, Dong-A
University College of Medicine, Busan, Korea

4 Division of Hemato-oncology, Department of Internal
Medicine, Dong-A University College of Medicine, Busan,
Korea

Key words
Saikosaponin D neuropathic pain diabetes chemotherapy

received 09.06.2020
revised 21.10.2020
accepted 29.10.2020

Bibliography

Planta Med Int Open 2020; 7: e145-e149
DOI 10.1055/a-1302-4570

ISSN  2509-9264

© 2020. The Author(s).

This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.
org/licenses/by-nc-nd[4.0/)

Georg Thieme Verlag KG, Riidigerstral3e 14,
70469 Stuttgart, Germany

Correspondence

Dr. Yongmun Choi

Biocenter

Gyeonggido Business and Science Accelerator
107 Gwanggyro

Yeongtong-gu

Suwon 16229

Korea

Tel.:+82 31 888 6972, Fax:+82 31 888 6979
ychoi@gbsa.or.kr

Ji Hyun Lee, MD, PhD

Division of Hemato-oncology

Department of Internal Medicine

Dong-A University College of Medicine

26 Daeshingongwonro

Seo-gu

Busan 49201

Korea

Tel.:+82 51 240 2915, Fax: +82 51 240 2088
hidrleejh@dau.ac.kr

ABSTRACT

We have previously identified saikosaponins as transient recep-
tor potential ankyrin 1 antagonists and showed that saiko-
saponin D improves neuropathic pain induced by the antican-
cer drug vincristine in mice. In order to gain more insight into
the therapeutic effects of saikosaponin D, we tested saiko-
saponin D in animal models of neuropathic pain induced by
either streptozotocin, which mimics diabetes, or paclitaxel, a
commonly used chemotherapy treatment. Our findings indi-
cate that although saikosaponin D improved pain outcomes in
neuropathic pain models, the mechanisms underlying the
therapeutic effects of saikosaponin D appear to differ between
streptozotocin- and paclitaxel-induced pain. Streptozotocin-
induced neuropathic pain was significantly alleviated 30 min-
utes after oral administration of saikosaponin D, while 1-day
oral administration of saikosaponin D had little effect on pacli-
taxel-induced mechanical hypersensitivity. Attenuation of
paclitaxel-induced mechanical hypersensitivity was evident
only after repeated administration of saikosaponin D. Although
the mechanisms underlying the therapeutic effects of saiko-
saponin D remain to be elucidated, our results shed new light
on the therapeutic potential of saikosaponin D in the manage-
ment of neuropathic pain caused by diabetes or chemotherapy.
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Introduction

The clinical manifestation of neuropathic pain is characterized by
either spontaneous pain that comes without stimulation, an in-
creased sensitivity to noxious stimuli, or abnormal sensitivity to
otherwise innocuous stimuli (allodynia) [1, 2]. The mechanism for
neuropathic pain involves maladaptive changes in neural circuits
after injury to the peripheral nervous system and central nervous
system [3, 4]. Although the exact etiology of neuropathic pain re-
mains unclear, nerve damage is caused by many conditions, includ-
ing diabetes, chemotherapy, nerve compression, viral infection,
and tumor invasion [5].

In animal models of neuropathic pain induced by diabetes, an-
ticancer drugs, and chronic constriction injury (CCl), the transient
receptor potential ankyrin 1 (TRPA1) channel, which is expressed
in nociceptors and responsible for the transport of positively
charged ions, has been implicated in mediating nociceptive re-
sponses and pain perception [6, 7]. Accordingly, antagonists of
TRPAT1 attracted attention as potential therapeutics for neuropath-
ic pain. However, selective TRPA1 antagonists such as A-967079
and AMG0902 were not effective in attenuating mechanical allo-
dynia induced by complete Freund’s adjuvant or spinal nerve liga-
tion [8]. These results indicate that the therapeutic effects of TRPA1
antagonists differ depending on the etiology of the insult causing
the damage.

We have previously identified saikosaponins as TRPA1 antago-
nists and showed that saikosaponin D attenuated agonist-induced
nociceptive responses and vincristine-induced mechanical hyper-
sensitivity in mice [9]. Saikosaponins are phytochemicals consist-
ing of glycan moieties and triterpenoid (aglycon or saikogenin)
groups, and are mainly found in the genus Bupleurum, especially in
Bupleurum falcatum[10]. Saikosaponins are integral to the pharma-
cological properties of B. falcatum in vitro and in vivo, including anti-
inflammation, immunomodulation, antitumor, and hepatoprotec-
tion [11]. In addition, saikosaponin A has been shown to alleviate
mechanical hypersensitivity in an animal model of CCl-induced neu-
ropathic pain [12]. Given these encouraging observations, the fol-
lowing studies were conducted to test the efficacy of saikosaponin
D in other neuropathic pain models, namely, diabetic neuropathic
pain (DPN) and paclitaxel-induced mechanical hypersensitivity.

Results

While the mechanism remains unclear, accumulating evidence sug-
gests the involvement of the TRPA1 channel in diabetes-induced
neuropathic pain [7, 13]. In order to test the effects of a TRPA1 an-
tagonist, saikosaponin D (> Fig. 1), on neuropathic pain, we estab-
lished a streptozotocin (STZ)-induced diabetic mouse model. Two
intraperitoneal (i.p.) injections of STZ, given at 1-week intervals,
led to significant increases in fasting blood glucose levels. At 4
weeks after the firsti.p. injection of STZ, the fasting blood glucose
levels in mice were as high as 400 mg/dL. Mice with fasting blood
glucose levels over 400 mg/dL were subject to the von Frey test to
select the mice that showed mechanical hypersensitivity (paw with-
drawal threshold<0.2 g). The paw withdrawal threshold for von Frey
filament application in normal control mice at the same age was
1.12£0.21 g. The selected mice were subjected to the von Frey test
1 h after oral administration of saikosaponin D (10 or 20 mg/kg, n=7
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> Fig. 1 Chemical structure of saikosaponin D.

for each group) or a reference compound, pregabalin (30 mg/kg).
The results showed that saikosaponin D significantly reversed STZ-
induced mechanical hypersensitivity. Saikosaponin D at a dose of
20 mg/kg improved the paw withdrawal threshold from 0.15+0.03
t0 0.54£0.13 g (p<0.05) (> Fig. 2a). Pregabalin also improved the
paw withdrawal threshold from 0.11+0.03t00.84+0.21 g (p<0.01)
(» Fig. 2a).

Five weeks after the firsti.p. injection of STZ, the mice began to
lose weight compared to the control mice (control 35.80+0.36 vs.
STZ33.82+0.73 g; p<0.05) and showed further increases in fast-
ing blood glucose levels (control 129.1+4.4 vs. STZ 448.2+24.8
mg/dL) (> Fig. 2b). To further confirm the effects of saikosaponin
D, we repeated the von Frey test. Mice with fasting blood glucose
levels over 400 mg/dL were subject to the von Frey test to select
the mice that showed mechanical hypersensitivity. Then, separate
groups of mice (n=7 in each group) were orally administered sai-
kosaponin D (20 mg/kg) or pregabalin (30 mg/kg) 0.5 or 2 h before
the von Frey test. As shown in » Fig. 2c, oral administration of sai-
kosaponin D 0.5 h before the von Frey test resulted in a significant
improvement of the paw withdrawal threshold when compared to
STZ-treated mice (STZ only 0.110.03 vs. STZ +saikosaponin D
0.93+0.18; p<0.001). Similarly, STZ-induced mechanical hyper-
sensitivity was significantly attenuated by oral administration of
saikosaponin D 2 h before the von Frey test (STZ only 0.11+0.03
vs. STZ +saikosaponin D 0.67 £0.15; p<0.01) (> Fig. 2c). Oral ad-
ministration of pregabalin 2 h before the von Frey test also im-
proved the paw withdrawal threshold from 0.14+0.03 to
1.25+0.27 g (p<0.01) (> Fig. 2c).

Previous work done in our lab used the anticancer drug vincris-
tine to establish a neuropathic pain animal model. Using this
model, we observed that saikosaponin D significantly attenuated
mechanical hypersensitivity in mice. Herein, we explored the util-
ity of paclitaxel for use as an animal model of chemotherapy-in-
duced peripheral neuropathy (CIPN). While i.p. injection of pacli-
taxel had little effect on weight gain compared to the control mice
(» Fig. 3a), paclitaxel-induced mechanical hypersensitivity was ev-
ident on day 8, and hypersensitivity persisted even after discontin-
uation of paclitaxel (days 15 and 22) as evidenced by the signifi-
cantly reduced paw withdrawal thresholds to von Frey filaments
when compared to the control group (> Fig. 3b). On day 8, the pa-
clitaxel-induced mechanical hypersensitivity was not attenuated
by administration of saikosaponin D or a reference compound,
gabapentin (data not shown). However, the repeated oral admin-
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Fig. 2 Effects of saikosaponin D on neuropathic pain in a mouse
model of diabetes. a At 4 weeks after the first i.p. injection of STZ,
the mice with fasting blood glucose levels over 400 mg/dL were
subjected to the von Frey test before (-) and 1 h after (+) oral admin-
istration of either saikosaponin D or pregabalin. The paw withdrawal
thresholds are expressed as the mean+ SEM (n=7 for each
group). ~ "P<0.01, "p<0.05, before (-) vs. 1 h after (+) saikosaponin
D or pregabalin administration. SSD =saikosaponin D. b Body weight
(left) and blood glucose level (right) were measured 5 weeks after
the first i.p. injection of STZ. "P<0.05, control vs. streptozotocin.

c At 5 weeks after the first i.p. injection of STZ, the animals with
fasting blood glucose levels over 400 mg/dL were subject to the von
Frey test before (-) and 0.5 or 2 h after oral administration of saiko-
saponin D (20 mg/kg) or pregabalin (30 mg/kg). The paw withdrawal
thresholds are expressed as the mean+ SEM (n=7 for each

group). =~ "P<0.001, * "p<0.01, before (-) vs. indicated time after
saikosaponin D (20 mg/kg) or pregabalin (30 mg/kg) administration.
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Fig. 3 Effects of saikosaponin D on mechanical hypersensitivity
induced by paclitaxel. Separate groups of mice were left untreated or
injected intraperitoneally with paclitaxel (16 mg/kg) three times per
week for 2 weeks. Body weight a and paw withdrawal thresholds
b were measured on days 8, 15, and 22.+P<0.05, + *p<0.01, control
vs. paclitaxel administration. ¢ Following induction of mechanical
hypersensitivity, separate groups of mice were administered either
a vehicle control, gabapentin (10 mg/kg, p.o.), or saikosaponin D
(10 mg/kg, p.o.). Paw withdrawal thresholds were analyzed on
days 15 and 22, and data are presented as the fold difference com-
pared with the data for non-treated control mice (mean+SEM,
n=7).+*P<0.01, control vs. paclitaxel; “p<0.05, paclitaxel vs. paclitaxel
+gabapentin or saikosaponin D.
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istration of drugs and a von Frey evaluation on days 15 and 22 re-
vealed that saikosaponin D and gabapentin indeed reversed pacli-
taxel-induced mechanical hypersensitivity. On day 22, both saiko-
saponin D and gabapentin improved the paw withdrawal thresholds
to those seen in the control mice (control 100.0+16.2 %, saikosapo-
ninD 115.5+14.7 %, gabapentin 91.6+16.4%; p<0.01) (> Fig. 3c).

Discussion

Saikosaponins have been reported to exhibit a range of pharmaco-
logical activities both in vitro and in vivo[10]. Our group has previ-
ously reported the ability of saikosaponin D to attenuate vincris-
tine-induced mechanical hypersensitivity, and suggested that the
activity of saikosaponin D is mediated, at least in part, through in-
hibition of the TRPA1 channel in nociceptors [9]. In the present
study, other types of neuropathic pain animal models were used to
gain more insight into the therapeutic effects of saikosaponin D.

Hiyama et al. [14] previously reported that the involvement of
TRPA1 in STZ-induced mechanical hypersensitivity was not evident,
because no difference was observed in paw withdrawal thresholds
in the von Frey test between wild-type and Trpal-- mice. In our
study, it is not clear whether TRPA1 mediates mechanical hyper-
sensitivity in STZ-induced diabetic animals and whether the activ-
ity of saikosaponin D is mediated through the inhibition of TRPAT.
Nonetheless, we observed that saikosaponin D, when administered
as early as 0.5 h before the von Frey test, significantly improved the
paw withdrawal threshold in a STZ-induced neuropathic pain model
(» Fig. 2c). These results strongly implicate the direct involvement
of the molecular targets of saikosaponin D in STZ-induced mechan-
ical hypersensitivity. Although the exact mechanism by which sai-
kosaponin D exerts its activity in STZ-induced diabetic animals re-
mains to be elucidated, we speculate that TRPA1 antagonism by
saikosaponin D contributes, at least in part, to improving paw with-
drawal thresholds in STZ-induced diabetic animals.

CIPN is a painful adverse effect of anticancer drugs such as vin-
cristine, bortezomib, oxaliplatin, and paclitaxel [15]. The involve-
ment of TRPA1 in CIPN appears to differ depending on the type of
anticancer drug. While Trpa 7/ animals were less susceptible to vin-
cristine-induced mechanical allodynia compared to wild-type mice
[16], bortezomib-induced mechanical hypersensitivity was com-
pletely prevented by TRPA1 deficiency [17]. In addition, paclitaxel-
induced mechanical hypersensitivity was not affected by silencing
of TRPAT-expressing fibers [18], indicating that TRPA1-expressing
nociceptors have little effect on mediating paclitaxel-induced me-
chanical allodynia. In our study, 1-day oral administration of saiko-
saponin D had no effect on paclitaxel-induced mechanical allo-
dynia; however, repeated administration of saikosaponin D signif-
icantly reduced paw withdrawal thresholds to von Frey filaments
when compared to the control mice (> Fig. 3c). These results sug-
gest that the effect of saikosaponin D is not attributed to the direct
inhibition of the molecular targets that mediate paclitaxel-induced
mechanical allodynia. Instead, given that saikosaponin D has a mul-
titude of functions, it might be plausible to assume that the anti-
inflammatory activity of saikosaponin D mitigates oxidative stress
caused by nerve damage and could account for improving paw
withdrawal thresholds.
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In conclusion, saikosaponin D improved mechanical hypersen-
sitivity in animal models of DPN and CIPN. However, the mecha-
nisms underlying the therapeutic effects of saikosaponin D appear
to differ between STZ-induced and paclitaxel-induced pain mod-
els; STZ-induced mechanical hypersensitivity was alleviated 0.5 h
after oral administration of saikosaponin D, while 1-day oral admin-
istration of saikosaponin D had little effect on the mechanical hy-
persensitivity induced by paclitaxel. Although the exact mecha-
nism for the therapeutic effects of saikosaponin D remains to be
elucidated, our results shed new light on the therapeutic potential
of saikosaponin D in the management of neuropathic pain caused
by diabetes or chemotherapy.

Materials and Methods

Chemicals

Saikosaponin D (purity >90 % by HPLC), STZ (purity >98 % by HPLC),
gabapentin (purity>98 % by HPLC), and pregabalin (purity>95 %
by HPLC) were purchased from Merck. Paclitaxel (purity>99 % by
HPLC) was purchased from TOCRIS.

Mouse model for diabetic neuropathic pain

Eight-week-old male ICR mice were purchased from Daehan Biolink
and maintained in specific pathogen-free conditions for 1 week for
acclimation. All animal experiments were approved by the Institu-
tional Animal Care and Use Committee at Dankook University (No.
DKU-19-028, September 9, 2019) and performed in accordance
with the guidelines issued by the Korean Ministry of Food and Drug
Safety and the NIH. Mice were injected intraperitoneally (i.p.) with
STZ (100 mg/kg) twice at 1-week intervals. To monitor blood glu-
cose levels once a week, the mice were fasted for 6 h prior to ob-
taining blood samples via tail vein extraction. The concentration of
glucose was measured using the Accu-Chek Performa blood glu-
cose monitoring system. At weeks 4 or 5 after the firsti.p. injection
of STZ, the mice with fasting blood glucose levels over 400 mg/dL
were used for the von Frey test and evaluation of saikosaponin D.

Mouse model for paclitaxel-induced mechanical
hypersensitivity

Twelve-week-old female C57BL/6 mice were purchased from
Samtaco and maintained in specific pathogen-free conditions for
1 week for acclimation. All animal experiments were approved by
the Institutional Animal Care and Use Committee at Donga Univer-
sity (No. DIACUC-16-15, May 21, 2018) and performed in accord-
ance with the guidelines issued by the Korean Ministry of Food and
Drug Safety and the NIH. Mice were i.p. injected with paclitaxel (16
mg/kg) 3 times per week for 2 weeks and were orally administered
vehicle, saikosaponin D (10 mg/kg), or gabapentin (10 mg/kg) daily
from days 8 to 22. Paw withdrawal threshold to von Frey filaments
was measured by two independent experimenters 1 h after admin-
istration of vehicle, saikosaponin D, or gabapentin to assess the
mechanical hypersensitivity on days 8, 15, and 22.

von Frey test

The animals were placed on a mesh floor covered by a transparent
glass dome and acclimated to the testing apparatus for 1 h.
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von Frey filaments were applied to the plantar surface of the hind
paw, and the paw withdrawal threshold was estimated by using a
simplified up-down method as described previously [19].

Statistical analysis

Statistical significance was determined via one-way analysis of var-
iance followed by the two-tailed Student’s t-test performed in
GraphPad Prism. P values of <0.05 were considered statistically sig-
nificant.
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