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Abstract

Chemotherapy-induced peripheral neuropathy (CIPN) frequently occurs in cancer pa-
tients. This side effect lowers the quality of life of patients and may cause the patients
to abandon chemotherapy. Several medications (e.g., duloxetine and gabapentin) are
recommended as remedies to treat CIPN; however, usage of these drugs is limited
because of low efficacy or side effects such as dizziness, nausea, somnolence, and
vomiting. From ancient East Asia, the decoction of medicinal herbal formulas or single
herbs have been used to treat pain and could serve as alternative therapeutic option.
Recently, the analgesic potency of medicinal plants and their phytochemicals on CIPN
has been reported, and a majority of their effects have been shown to be mediated
by glial modulation. In this review, we summarize the analgesic efficacy of medicinal
plants and their phytochemicals, and discuss their possible mechanisms focusing on

glial modulation in animal studies.

Research Foundation of Korea (NRF) grant
funded by the Korean government (NRF-

2017M3A9E4057926) KEYWORDS

1 | INTRODUCTION

Chemotherapy is a standard first-line therapy for various types of
cancer.’® However, chemotherapeutic agents, such as oxaliplatin,
paclitaxel and vincristine, are neurotoxic.*”® Due to this, more than
60% of chemotherapy-treated patients suffer from peripheral sen-
sory symptoms approximately 24-48 h after chemotherapy infu-
sion.”® Abnormal sensory symptoms after chemotherapy manifest
as cold and mechanical allodynia in a glove-and-stocking distribu-
tion.? Such neuropathic pain that occurs after chemotherapy lowers

the quality of life (QoL) of patients and is one of the primary reasons

analgesia, chemotherapy-induced peripheral neuropathy, glia, medicinal plant, phytochemical

why patients abandon chemotherapy.!®™*® To treat these side ef-
fects, antidepressant or anticonvulsant drugs, such as duloxetine or
gabapentin, are referred for patients as a first-line treatment; how-
ever, these drugs have been reported to be accompanied by dizzi-
ness, nausea, somnolence and vomiting.*4"’

Plants have long been used not just as food, but also as drugs,
since ancient times (e.g., using the willow tree for pain killers).
Salicylic acid, the major phytochemical of willow bark, was syn-
thesized by science in modern times. This development opened
up the possibility that natural compounds could have benefits that

can be applied to mankind faster and more precisely. Therefore, a

Abbreviations: CIPN, Chemotherapy-induced peripheral neuropathy; CNS, central nervous system; DPK, Divya-peedantak-Kwath; GBT, Gyejigachulbu-tang; GJG, Goshajinkigan; KSOT,
Kei-kyoh-zoh-soh-oh-shin-bu-toh; NYT, Ninjin'yoeito; PEA, N-Palmitoylethanolamine; QoL, quality of life; WLT, Wen-luo-tong.
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quarter of the currently-consumed drugs originate from plants.*®
Traditional medicine in East Asia including China, Japan and Korea
contains various types of natural products for health. Thousands of
years ago, “Breaking the code of damage from cold” (Korean name:
Sang Han Lon) summarized and organized the prescriptions of nat-
ural products for drugs. Whole plants or disassembled plants (e.g.,
bark, berry, leaf, flower and root) were treated as a paste or de-
coction (water or hydroalcoholic). These medicinal herbs were ad-
ministered either alone or as a composite formula. Medicinal herbs
have been prescribed for the treatment of colds or various types of
pain. Recent research has revealed that medicinal herbs have var-
ious pharmacological activities, such as antimicrobial, antioxidant,
anti-inflammatory, and anti-nociceptive activities.!’ The potency
of medicinal herbs is mediated by their bioactive compounds and
phytochemicals.m’22

Glial activation is commonly observed in various animal models
of pain, such as inflammatory pain and neuropathic pain models.?2*
Astrocytes and microglia in the central nervous system (CNS) re-
spond to noxious stimulation or are activated in pathological pain
conditions.?*"2® Upon the induction of pain, they change their mor-
phologies: astrocytes show hypertrophy with thick branches; ame-
boid shape of soma and short and thick processes with hypertrophy
appear in microglia.?’"?? Similarly, chemotherapeutic agents elicit
microglial activation, followed by activation of astrocytes.®® With
their conformational changes, gliotransmitters, which act on nearby
neurons and glia themselves, are released from activated glia.3!
Cytokines, well-known gliotransmitters, are also released as signal-
ing molecules®? and sensitize neurons, resulting in pain.® For exam-
ple, IL-1p facilitates phosphorylation of ERK and NMDA receptors,
and TNF-o strengthens excitatory postsynaptic currents.3#%°

In the past few years, our group has elucidated the potency of
medicinal herbs and their phytochemicals on chemotherapy-induced
peripheral neuropathy (CIPN) using animal models.®*%? We have
shown the hypertrophy of glial cells in CIPN models and the analge-
sic effect of medicinal herbs and their phytochemicals through inhi-
bition of glial activation.3¢=*® According to the data reported by us
and others, medicinal herbs and their phytochemicals are applicable
to suppress CIPN, and these studies suggest that glia could be an
efficient therapeutic target. Thus, in this review, we summarize and
discuss the recent findings regarding the analgesic effects of me-
dicinal herbs and phytochemicals and their glial modulation in CIPN
animals (Table 1).

2 | DECOCTION OF FORMULAS OF
MEDICINAL HERBS OR SINGLE HERBS
2.1 | Divya-peedantak-Kwath

Divya-peedantak-Kwath (DPK), which contains 28 medicinal herbs,
is a water-based decoction. Multiple treatments with paclitaxel (total

12 mg/kg, i.p., 6 times) induced heat and mechanical hypersensitiv-
ity (hyperalgesia and allodynia) in mice, which were measured by

using hot plate (55 + 0.5°C), tail flick, von Frey and Randall-Selitto
test. Daily oral administration of DPK (69, 205 and 615 mg/kg, 14
times) attenuated paclitaxel-induced neuropathic pain behaviors in
mice. The DPK treatment lowered oxidative stress and inflammation
in the peripheral nerves.*°

2.2 |
hwan)

Goshajinkigan (Korean name Jesengsingi-

Goshajinkigan (GJG) comprised 10 medicinal herbs, including
Cinnamomum cassia and Aconiti Tuber. Orally treated GJG (1 g/kg,
20 times) inhibited oxaliplatin (total 32 mg/kg, i.p., 8 times)-induced
cold hyperalgesia (cold plate: 4°C) and allodynia (acetone test) from
days 3 to 24, and mechanical allodynia (von Frey) from days 11 to
25 in mice. A lower dose of GJG (0.3 g/kg) also had potency on sup-
pressing cold allodynia. The GJG treatment inhibited hyperactiva-
tion of Ap- and Ad-fibers induced by oxaliplatin.*!

2.3 | Gyejigachulbu-tang

Gyejigachulbu-tang (GBT) is a decoction of herbal formula, which
comprises seven medicinal herbs, including Aconiti Tuber, Evodiae
Fructus, and Zingiber officinale. In our previous study, multiple oral
treatments with GBT (400 and 600 mg/kg, 5 times) in rats sup-
pressed cold (4°C water) and mechanical (von Frey test) allodynia on
the tail induced by a single injection of oxaliplatin (6 mg/kg, i.p.).%¢
Additionally, the GBT treatment suppressed activation of astrocytes
and microglia in the spinal dorsal horn and downregulated pro-
inflammatory cytokine (IL-1p and TNF-a) levels in the spinal cord

after oxaliplatin injection.3¢#2

2.4 | Kei-kyoh-zoh-soh-oh-shin-bu-toh
Kei-kyoh-zoh-soh-oh-shin-bu-toh (KSOT) is a formula of seven me-
dicinal herbs. Repeated oral treatments with KSOT (0.3 and 1 g/kg)
showed a relieving effect on oxaliplatin (total 36 mg/kg, 9 times)-
induced mechanical allodynia (von Frey test), but not cold allodynia
(acetone test), in mice. Additionally, the KSOT treatment inhib-
ited oxaliplatin-induced increase in the number of activated spinal
astrocytes.43

2.5 | Ninjin'yoeito (Korean name In-sam-young-
yang-tang)

Ninjin'yoeito (NYT) comprises 12 medicinal herbs and contains
ginseng as a key ingredient. Daily oral administration of NYT (1 g/
kg, 7 times) suppressed oxaliplatin-induced cold allodynia (ac-
etone test) and mechanical hyperalgesia (von Frey test) in mice.
In addition, NYT dose-dependently reversed oxaliplatin-induced
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TABLE 1 Efficacy of medicinal herbs and phytochemicals on CIPN animal model via glial modulation

Types of treatment

Gyejigachulbu-tang (p.o.,
200, 400, 600 mg/
kg, 5 times)

Kei-kyoh-zoh-soh-oh-
shin-bu-toh (p.o., 0.3,
1.0 g/kg, daily)

Wen-luo-tong (not
mentioned in the
original article)

Aconiti Tuber (p.o.,
300 mg/kg, 5 times)

Aqueous extract of
Lithospermi Radix
(p.o., 250 mg/kg, 24
times)

Astragali Radix (p.o.,
300 mg/kg, 21 times
or 28 times)

Cinnamomum cassia (p.o.,
100, 200, 400 mg/kg,
5 times)

Evodiae Fructus (p.o.,
200 mg/kg, 5 times)

Vitis vinifera 60% ethanol
extract (p.o., 300 mg/
kg, 15 times) in
vitro (50 pg/ml, 4 h
incubation)

Icariin (p.o., 25, 50,
100 mg/kg, 8 times)

Melatonin (i.p., 20 mg/
kg, single)

Chemotherapy (dosing/
strain)

Oxaliplatin (i.p., 6 mg/
kg, single, SD rat)

Oxaliplatin (i.p.,
36 mg/kg, 9 times,
C57BL/6)

Oxaliplatin (i.p., 36 mg/
kg, 9 times, Wistar
rats)

Oxaliplatin (i.p., 6 mg/
kg, single, SD Rat)

Oxaliplatin (i.p.,
10 mg/kg, 2 times,
C57BL/6)

Oxaliplatin (i.p., 36 mg/
kg, 15 times, SD rat;
12 mg/kg, 8 times,
Pirc rat)

Oxaliplatin (i.p., 6 mg/
kg, single, SD rat)

Oxaliplatin (i.p., 6 mg/
kg, single, SD rat)

Oxaliplatin (i.p. 36 mg/
kg, 15 times, SD rat)
in vitro (100 pM,

4 h)

Paclitaxel (i.p., 24 mg/
kg, 3 times, SD rat)

Oxaliplatin (i.p., 20 mg/
kg, 4 times, SD Rat)

Types of glial cell

Astrocyte, Microglia
(Spinal Cord)

Astrocyte (Spinal
Cord)

Astrocyte (Spinal
Cord)

Astrocyte, Microglia
(Spinal Cord)

Astrocyte, Microglia
(Spinal Cord)

Astrocyte, Microglia
(Spinal Cord,
Brain)

Astrocyte, Microglia
(Spinal Cord)

Astrocyte, Microglia
(Spinal Cord)

Primary Cultured
Astrocyte,
Astrocyte (Spinal
Cord)

Astrocyte, Microglia
(Spinal Cord)

Astrocyte (Spinal
Cord)

Findings: behavioral changes

Findings: changes of glia and its
action

Cold hyperalgesia |
Mechanical hyperalgesia |

# of GFAP positive cell |
# of OX-42 positive cell |,

Mechanical allodynia |
# of GFAP positive cell |

Mechanical allodynia |
Mechanical hyperalgesia |

# of GFAP positive cell, IOD |
Substance P and TNF-a mRNA |,

Cold allodynia |
Mechanical allodynia |

# of GFAP positive cell |
TNF-a, IL-1B8 |

Mechanical hyperalgesia |

# of GFAP positive cell |
# of Iba-1 positive cell |
# of TNF-a positive cell |

Cold hyperalgesia |
Mechanical allodynia |
Mechanical hyperalgesia |

# of GFAP positive cell |

# of GFAP positive cell | @ Cg, S1,
M1, PAG, mfb

# of Iba-1 positive cell | @ S1, M1,
PAG, mfb

Cold allodynia |
Mechanical allodynia |,

# of GFAP positive cell |
# of Iba-1 positive cell |

Cold allodynia |

# of GFAP positive cell, GFAP density
J

# of OX-42 positive cell, OX-42
density |

Mechanical allodynia |,
Mechanical hyperalgesia |
Cold hyperalgesia |

# of GFAP positive cell |,
(in vitro) TBARS basal level |,

Mechanical allodynia |

# of GFAP positive cell |
NF-xB (p65) phosphorylation |
TNF-a, IL-1, IL-6 ]

SIRT1 1

H4-K16Ac |

Mechanical allodynia |,
Heat hyperalgesia |,

GFAP expression |,
TNF-q, IL-18, MCP-1 MIP-1a mRNA |
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TABLE 1 (Continued)

Chemotherapy (dosing/

Types of treatment strain)

Oxaliplatin (i.p., 36 mg/
kg, 15 times, SD
Rat)

N-Palmitoylethanolamine
(i.p., 30 mg/kg, 20
times)

(Spinal Cord,
Brain)

Oxaliplatin (i.p., 36 mg/
kg, 9 times, SD rat)

Rosmarinic Acid (p.o., 25,
50 mg/kg, 28 times)

Astrocyte (Spinal
Cord)

Types of glial cell

Astrocyte, Microglia

Findings: behavioral changes

Findings: changes of glia and its

action References

Cold allodynia |, Mannelli et al. (2015)%*

# of GFAP positive cell | @ SCDH, S1

# of Iba-1 positive cell | @ S1

NS neuron response change (Onset T,
Duration of excitation & Evoked
frequencyl)

Cold allodynia |

Cold hyperalgesia |
Mechanical allodynia |
Mechanical hyperalgesia |

# of GFAP positive cell |
TNF-aand IL-6 |,

Areti et al. (2018)%”

Abbreviations: Cg, cingulate cortex; DRG, dorsal root ganglia; GFAP, Glial fibrillary acidic protein; i.p., intraperitoneal; Iba-1, ionized calcium-
binding adapter molecule 1; IL-1p, interleukin-1p; IL-6, interleukin-6; IOD, integral optical density; M1, primary motor cortex; MCP-1, monocyte
chemoattractant protein-1; mfb, medial forebrain bundle; MIP-1a, macrophage inflammatory protein 1a; NF-kB, nuclear factor kappa B; NS neuron,
nociceptive-specific neuron; p.o., per os; PAG, periaqueductal grey; Pirc rat, F344/NTa<:—Apcamil37 rat; S1, primary somatosensory cortex; SCDH,
Spinal Dorsal Horn; SD, Sprague-Dawley; SIRT1, Sirtuin 1, histone deacetylase; TBARS, thiobarbituric acid reactive substances; TNF-a, tumor

necrosis factor-a; WLR, Lithospermi radix extract in hot water.

suppression of neurite outgrowth in primary dorsal root ganglion
cells.**

2.6 | Wen-luo-tong

Wen-luo-tong (WLT) is a formula of four medicinal herbs including
Cinnamomum cassia. Topical application of WLT to the paws showed
efficacy against oxaliplatin (total 36 mg/kg, 9 times)-induced me-
chanical allodynia and hyperalgesia (4 and 15 g of von Frey filaments,
respectively) in rats.** Moreover, the treatment with WLT had po-
tency against paclitaxel (total 24 mg/kg, 3 times)-induced mechani-
cal allodynia (von Frey test) from day 6 onward.*® On day 31, the
WLT treatment inhibited the increase of GFAP and TNF-a protein
and mRNA levels in the rat spinal cord induced by oxaliplatin. The
protein level of substance P in the spinal cord was also downregu-
lated in the WLT-treated group‘45

2.7 | Aconiti Tuber (Korean name Buja)

Processed Aconiti Tuber, orally administered (300 mg/kg) for 5 days,
had potency on cold (4°C water) and mechanical (von Frey test) al-
lodynia induced by oxaliplatin (6 mg/kg) on days 3 and 5 in rats.®’
The treatment with processed Aconiti Tuber (0.27 g/kg for cold, 1 g/
kg for mechanical, 8 times) had potency in reducing cold (acetone
test) and mechanical (von Frey test) hypersensitivity in mice induced
by oxaliplatin (10 mg/kg).*’” Moreover, the processed Aconiti Tuber
(0.3 g/kg) treatment suppressed oxaliplatin (total 32 mg/kg, 8 times)-
induced cold hypersensitivity (acetone test), but not mechanical

allodynia (von Frey test) in mice. However, co-administration of GJG
and Aconiti Tuber significantly inhibited mechanical allodynia.*!
Daily administered Aconiti Tuber (1 g/kg) also effectively lowered
paclitaxel (12 mg/kg)-induced mechanical allodynia (von Frey test)
on day 9 in mice.*8 In our previous study, daily oral administration
of processed Aconiti Tuber (300 mg/kg, 5 times) suppressed the
activation of astrocytes and downregulated the increase of pro-
inflammatory cytokine (IL-1B, TNF-a) levels in the rat spinal cord by

oxaliplatin on day 5.5

2.8 | Acorus calamus (Korean name Chang-po)

Two different doses of vincristine (total 0.5 and 0.75 mg/kg, 10
times) elicited heat allodynia (hot plate: 45 + 0.5°C) and hyperalge-
sia (hot plate: 52.5 + 0.5°C) and mechanical allodynia (von Frey test)
and hyperalgesia (pin prick test or Randall-Selitto test) in rats. Daily
oral treatment with hydroalcoholic (50% ethanol) Acorus calamus (100
and 200 mg/kg, 14 times) attenuated vincristine-induced pain behav-
jors.*°° The Acorus calamus treatment also suppressed TNF-« levels

in peripheral neurons.>°

2.9 | Astragali Radix (Korean name Hwang-gi)

Multiple oxaliplatin injections (total 36 mg/kg, 15 times) induced cold
hyperalgesia and mechanical allodynia in rats. Three types of ex-
tracts (water, and 20% and 50% ethanol extracts) of Astragali Radix
(300 mg/kg, p.o., 21 times) all suppressed mechanical allodynia (von

Frey test) and hyperalgesia (paw pressure test). The most effective
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was the 50% ethanol extract of Astragali Radix, which also suppressed
cold allodynia (cold plate: 4 + 1°C). Furthermore, the 50% ethanol ex-
tract inhibited the activation of brain astrocytes and microglia as well

as spinal astrocytes.>!

2.10 | Boswellia dalzielii (Korean name Molyak)

The vincristine rat model (total 1 mg/kg, 10 times) presented heat
(hot plate: 51 + 0.5°C) and mechanical hyperalgesia (Randall-Selitto
test) and cold hyperalgesia (4°C cold water on the tail). The methanol
extract of Boswellia dalzielii (500 mg/kg, p.o.) attenuated vincristine-

induced neuropathic pain.>?

2.11 | Butea monosperma

Daily treatment with ethanolic extract of Butea monosperma leaves
(300 and 400 mg/kg, p.o., 14 times) suppressed vincristine (total
0.5 mg/kg, 10 times)-induced cold (acetone test) and mechani-
cal (von Frey test) allodynia, heat (hot plate test) and mechanical
(Randall-Selitto test) hyperalgesia, and heat hyperalgesia (tail immer-
sion test) in rats, starting on day 3. Butea monosperma also showed

antioxidant potency in the vincristine model.>

212 | Cinnamomum cassia (Korean name Yuk-gye)
Daily oral administration of the water extract of Cinnamomum cas-
sia (200 and 400 mg/kg) showed analgesic effects against oxaliplatin
(6 mg/kg)-induced cold allodynia (4°C water on tail) in rats on days 3 to
5. The oral administration of the water extract of Cinnamomum cassia
(200 mg/kg, five times) reversed oxaliplatin-induced spinal glial acti-
vations (astrocytes and microglia) and prevented the upregulation of
pro-inflammatory cytokine (IL-18 and TNF-«) levels in the spinal cord
onday 5.%8

2.13 | Evodiae Fructus (Korean name Osuyu)

The water extract of Evodiae Fructus (200 mg/kg), orally admin-
istered five times daily, prevented oxaliplatin (6 mg/kg)-induced
cold allodynia (4°C water on the tail) in rats on days 3 and 5.°* The
Evodiae Fructus (200 mg/kg, five times) prevented oxaliplatin-
induced activation of spinal astrocytes and microglia, observed

on day 5.%4

2.14 | Forsythia viridissima (Korean name Gae-na-ri)
In an intravenously injected oxaliplatin rat model (total 30 mg/kg, 6
times), Forsythia vidrdissima (100 mg/kg, p.o., 30 times) administra-
tion suppressed mechanical allodynia (von Frey) from day 28. Such
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treatment with Forsythia viridissima recovered the loss of intraepider-
mal nerve fibers at the footpad by oxaliplatin. In addition, daily treat-
ment with Forsythia viridissima (50 mg/kg, p.o.) also showed efficacy
in an intraperitoneally injected oxaliplatin mouse model (total 30 mg/
kg, 3 times) from day 21 by lowering mechanical hypersensitivity (von
Frey).>

2.15 | Gelsemium sempervirens

Gelsemium sempervirens (1076, 107%, 1078 dilutions, 11 and 18 times)
were intraperitoneally administered in rats. It showed analgesic ef-
fects against paclitaxel (total 4 mg/kg, 4 times)-induced cold (ace-
tone test) and mechanical allodynia (4 g of von Frey), and mechanical
hyperalgesia (15 and 26 g of von Frey). Paclitaxel-induced neuronal
loss at the sciatic nerve and plantar skin was restored by treatment
with Gelsemium sempervirens.>®

2.16 | Ginko biloba (Korean name Eun-haeng)

In a vincristine rat model (total 1.2 ml/kg, i.p., 10 times), cold (acetone
test) and mechanical (von Frey test) hyperalgesia was attenuated from
15 to 90 min after a single administration of Ginko biloba (150 mg/kg,

p.o.).57

2.17 | Ginseng (Korean name Insam)

Ginseng is a key component herb of Ninjin'yoeito, which is com-
posed of 12 medicinal herbs. Daily oral administration of ginseng
(0.2 g/kg, 7 times) suppressed oxaliplatin (10 mg/kg)-induced cold
allodynia (acetone test) and mechanical hyperalgesia (von Frey test)
on day 4.44

2.18 | Hypericum perforatum L. (St. John's wort)

A single dose of Hypericum perforatum L. (5 mg/kg, i.p.) attenuated
oxaliplatin (total 36 mg/kg, 15 times)-induced cold allodynia (cold
plate: 4°C). In addition, Hypericum perforatum L. showed efficacy
against zalcitabine-induced neuropathic pain model.>®

2.19 | Lepidium meyenii (Maca)

Single oral administration of Lepidium meyenii (0.5, 1.5, 3, and 10 g/
kg) reversed oxaliplatin (total 24 mg/kg, 10 times)-induced cold hy-
persensitivity, and at doses of 1.5, 3, and 10 g/kg, showed efficacy
against paclitaxel (total 8 mg/kg, 4 times)-induced cold hypersensitiv-
ity (cold plate: 4 + 1°C) on day 14 in mice. Lepidium meyenii treatment
also attenuated pain behaviors in an osteoarthritis and nerve damage
models.>’
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2.20 | Lithospermi Radix (Korean name Jacho)

The water extract of Lithospermi Radix (250 mg/kg, p.o., 24 times)
reversed oxaliplatin (total 10 mg/kg, 2 times)-induced mechanical al-
lodynia (4 g of von Frey) in mice from days 14 to 28.%° On day 28, the
Lithospermi Radix extract suppressed the activation of spinal astro-
cytes and microglia in the oxaliplatin group. The number of TNF-a
positive cells in the spinal dorsal horn was also decreased by treat-

ment with the Lithospermi Radix extract.®®

2.21 | Salvia miltiorrhiza (Korean name Dansam)
Multiple administrations of oxaliplatin (total 24 mg/kg, 10 times) in-
duced cold allodynia (cold plate: 4 + 1°C). It was attenuated by Salvia
miltiorrhiza (300 and 600 mg/kg, p.o.) on day 14. Interestingly, Salvia
miltiorrhiza had inhibitory effects in glioblastoma cells, LN-229.5?

2.22 | Synedrella nodiflora Gaertn

Eight days after the first paclitaxel (total 10 mg/kg, five times) injection,
a single treatment with hydroethanolic extract of Synedrella nodiflora
(100, 300 and 1000 mg/kg. p.o.) alleviated thermal hyperalgesia (hot
plate: 55°C) in rats.%? The same amounts of hydroethanolic extract of
Synedrella nodiflora were administered to rats 5 times daily, and sup-
pressed vincristine (total 0.6 mg/kg, 6 times)-induced cold allodynia
(4°C water on the tail), mechanical (Randall-Selitto test) and thermal
hyperalgesia (hot plate: 55°C). However, only 100 and 300 mg/kg of
Synedrella nodiflora had efficacy on tactile allodynia (4 g of von Frey).®®

2.23 | Tanacetum parthenium (Fiverfew)

Treatment with hydroalcoholic extract of Tanacetum parthenium flow-
ers (1000 mg/kg, p.o.) inhibited the reduction of mechanical thresh-
old by oxaliplatin (total 36 mg/kg, 15 times) in rats on day 21. The
Tanacetum parthenium extract also effectively suppressed pain behav-

iors in rat models of inflammatory, articular and neuropathic pain.64

2.24 | Tithonia tubaeformis

In the vincristine mouse model (total 1.4 mg/kg, 14 times), a single
treatment with hydromethanolic extract of Tithonia tubaeformis (100
and 200 mg/kg, p.o.) attenuated mechanical allodynia (von Frey test)
and thermal hyperalgesia (52 + 0.5°C water on the tail).®®

2.25 | Vernoniacinerea

Daily treatment with ethanolic extract of Vernonica cinerea leaves
(300 and 400 mg/kg, p.o., 14 times) suppressed vincristine (total

0.5 mg/kg, 10 times)-induced cold (acetone test) and mechanical
(von Frey test) allodynia, heat (hotplate: 52.5 + 0.5°C) and mechani-
cal (Randall-Selitto test) hyperalgesia in rats from day 3. In addition,
the Vernonica cinerea extract reverted oxidative tissue damage in-
duced by vincristine.®®

2.26 | Vitis vinifera (Korean name Podo)

Orally treated Vitis vinifera (300 mg/kg, 15 times) prevented me-
chanical (von Frey test) and cold (4°C cold plate) hypersensitivity in
an oxaliplatin (total 36 mg/kg, 15 times) injected rat model.” The
orally treated Vitis vinifera potently suppressed the activation of as-
trocytes and Nrf2 protein expression in the spinal cord on day 21.
Moreover, Vitis vinifera (50 pg/ml, 4 h incubation) showed antioxi-
dant effect (lowered O, production and lipid peroxidation level) in

primary cultures of astrocytes stimulated by oxaliplatin (100 pM).67

2.27 | Zingiber officinale (ginger, Korean name
Saeng gang)

Single oral treatment with Zingiber officinale (100, 300 and 500 mg/kg)
reduced oxaliplatin (6 mg/kg)-induced cold (acetone test) and mechanical
(von Frey test) allodynia in mice. The anti-allodynic effects of Zingiber of-

ficinale might be mediated by increasing spinal 5-HT, , receptors.>’

3 | PHYTOCHEMICALS

3.1 | Berberine

Berberine is an alkaloid found in Berberis vulgaris and Berberis cro-
atica (Korean name Hwang Baek). In a paclitaxel mouse model (total
8 mg/kg, 4 times), intraperitoneally injected Berberine (5, 10, and
20 mg/kg) increased the hot plate latency from 30 to 120 min.¢®

3.2 | Bergapten

Bergapten is a furanocoumarin found in grapefruit juice, figs, or
anise. Intraperitoneally administered bergapten (10 mg/kg, 14 times)
showed an analgesic effect on vincristine (total 1 mg/kg, 10 times)-
induced cold (4°C water on tail), heat (42°C water on tail) and me-
chanical allodynia (von Frey test), and mechanical hyperalgesia (paw
pressure test) from days 7 to 14. Spinal IL-1p, TNF-a, iNOS, COX-2,
and NF-kB were downregulated in the bergapten-treated group.®’

3.3 | Betulinic acid

Betulinic acid is a pentacyclic triterpenoid from Hyptis emoryi.
Intrathecally injected Betulinic acid (2 pg) suppressed mechanical
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allodynia (von Frey test) induced by paclitaxel (total 8 mg/kg, 4
times) on day 15. Butulininc acid treatment inhibited spontaneous

excitatory postsynaptic currents in the lumbar spinal cord.”®

3.4 | Borneol

Borneol is a bicyclic monoterpene from Artemisia (Korean name
Ssuk) and natural TRPA1 antagonist. Intrathecally treated bor-
neol (60 pg, 10 times) suppressed oxaliplatin (total 30 mg/kg, 10
times)-induced cold (cold plate: 2°C) and mechanical (von Frey
test) hyperalgesia in mice. In addition, a single intrathecal injec-
tion of borneol (15, 30 and 60 pg) was effective against mechani-

cal hyperalgesia.”*

3.5 | Cinnamic acid

Cinnamic acid is one of the key phytochemicals of Cinnamomum
cassia. Orally administered cinnamic acid (10, 20 and 40 mg/kg)
attenuated oxaliplatin (6 mg/kg)-induced cold (acetone test) and
mechanical (von Frey test) allodynia in rats. In contrast, cinna-
maldehyde, another key molecule of Cinnamomum cassia, had no
effect on oxaliplatin-induced allodynic behaviors. Cinnamic acid
also inhibited oxaliplatin-induced hyperexcitation of wide dy-
namic range neurons in the spinal cord responding to mechanical
(brush, press and pinch) and cold (acetone drop) stimuli on the

hind paw.”?

3.6 | Crytotanshinone

Crytotanshinone is a diterpene isolated from Salvia miltiorrhiza
(Korean name Dansam). In the oxaliplatin (total 24 mg/kg, 10
times) mouse model, single and multiple oral administrations
of crytotanshinone (30 mg/kg, single; 10 mg/kg, 14 times) in-
creased paw licking latency on cold plate (4 + 1°C). In addition,
crytotanshinone had inhibitory activities on glioblastoma cells,
LN-229.6

3.7 | lcariin

A flavonoid derived from Epimedium brevicornum Maxim (Korean
name Umyangkwak), icariin (100 mg/kg, p.o., 8 times) potently
suppressed paclitaxel (total 24 mg/kg, 3 times)-induced mechani-
cal allodynia in rats from days 11 to 22. On day 15, the icariin
treatment lowered the number of GFAP positive cells and the
production of pro-inflammatory cytokines (IL-1B, IL-6 and TNF-
a) in the spinal cord, which were up-regulated by paclitaxel.
Paclitaxel-induced phosphorylation of NF-kB and downregula-
tion of SIRT1 expression in the spinal cord were inhibited by the

icariin treatment.”®
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3.8 | Incarvillateine

Incarvillateine is a monoterpene alkaloid from Incarvillea sinensis.
Intraperitoneally injected Incarvillateine (10 and 20 mg/kg) re-
versed the decreased mechanical withdrawal threshold by pacli-
taxel (total 10 mg/kg, 5 times). The incarvillateine treatment also
lowered pain behaviors in inflammatory pain and nerve injury-
induced neuropathic pain models. Adenosine antagonists blocked
the analgesic effects of incarvillateine on nerve injury-induced

neuropathic pain.”*

3.9 | Levo-tetrahydropalmatine
Levo-tetrahydropalmatine is an alkaloid derived from Corydalis
yanhusuo (Korean name Hyun-ho-saek). A single administration of
levo-tetrahydropalmatine (1, 2 and 4 mg/kg, i.p.) dose-dependently
relieved oxaliplatin (total 30 mg/kg, 10 times)-induced me-
chanical hyperalgesia (von Frey test). Interestingly, dopamine D,
receptor antagonist SCH23390 (0.2 mg/kg, i.p.) blocked this anti-
hyperalgesic effect of levo-tetrahydropalmatine (4 mg/kg). In ad-
dition, repeated daily treatment with levo-tetrahydropalmatine
(4 mg/kg, 10 times) maintained the strong anti-hyperalgesic effect
without tolerance.””

3.10 | Melatonin

Melatonin, a hormone in vertebrates, has been found in several
plants.”® Chronic oxaliplatin injections (20 mg/kg, 4 times) induced
heat and mechanical allodynia in rats. Single treatment with melatonin
(20 mg/kg, i.p.) increased paw withdrawal latency and threshold against
radiant heat and von Frey hair, respectively. The melatonin treatment
suppressed oxaliplatin-induced increase in GFAP protein levels in the
spinal cord. The melatonin treatment also downregulated mRNA levels
of inflammatory mediators (IL-1p, TNF-a, MCP-1, and MIP-1 «).”’

3.11 | Mitragynine

Mitragynine is a major alkaloid contained in kratom. In an oxalipl-
atin (6 mg/kg) rat model, intraperitoneal administration of mitragy-
nine (5 and 10 mg/kg, 5 times) reversed the decreased mechanical
withdrawal latency. The anti-allodynic effects of mitragynine were
blocked by a;- and a,-adreneroceptor antagonists, and opioid

antagonist.”®

3.12 | Neoline

Neoline is an alkaloid found in Aconiti Tuber. In an oxaliplatin
(10 mg/kg) mouse model, multiple administrations of neoline
(10 mg/kg, s.c., 8 times) suppressed mechanical allodynia and
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hyperalgesia (von Frey test),***® whereas attenuation of cold hy-
peralgesia (acetone test) was only observed in eight time neoline-
treated experiments.47 Neoline was detected in the rat plasma

within 1 h following oral administration of Aconiti Tuber.*®

3.13 | N-Palmitoylethanolamine
N-Palmitoylethanolamine (PEA) is the endogenous amide be-
tween palmitic acid (from palm trees) and ethanolamine (from pea,
oat and wheat).”?8% Repeated daily treatment with PEA (30 mg/
kg, i.p., 20 times) showed very potent analgesic effects on cold
(cold plate: 4 + 1°C) and mechanical (von Frey test) allodynia, and
mechanical hyperalgesia (Randall-Selitto test) induced by chronic
injections of oxaliplatin (total 36 mg/kg, 15 times) in rats. On day
21, the PEA treatment downregulated the activation of spinal and
brain astrocytes, and brain microglia induced by oxaliplatin.®!

3.14 | Paeoniflorin

Paeoniflorin is a monoterpene glycoside derived from Paeoniae
Radix (Korean name Jak Yak). In a paclitaxel (5 mg/kg) mouse
model, topical application of paeoniflorin ethanol mixture (0.1 and
1%, twice daily for 14 days) to the hind paw suppressed mechani-
cal allodynia (0.69 mN of von Frey). The analgesic effects of pae-

oniflorin are inhibited by an adenosine A, receptor antagonist.82

3.15 | PhysalinF

Physalin F is a steroid from Physalis angulate L. (Korean name Ttang-
kkwa-ri). Intrathecally injected Physalin F (2 pg) suppressed paclitaxel
(total 8 mg/kg, 4 times)-induced mechanical allodynia (von Frey test)

Astrocytes

FIGURE 1 Graphical summary of this
review

Microglia

<Glial Activation>

Inflammatory Signals

<Neuronal Hyperactivity>

until 5 h after injection. The frequency of spontaneous excitatory

postsynaptic currents in the spinal cord is inhibited by Physalin F.83

3.16 | Puerarin

Puerarinis anisoflavonoid from the kudzu root (Korean name Galgeun).
Local application of puerarin (1 and 10 uM) onto the dorsal roog gan-
glia attenuated paclitaxel (total 24 mg/kg, 3 times)-induced mechani-
cal allodynia (von Frey test) and thermal hyperalgesia (Hargreaves
test) in rats.®* In another time schedule of paclitaxel treatments (total
8 mg/kg, 4 times), single administration of puerarin (20 and 40 mg/kg)
showed efficacy on pre-established mechanical allodynia and thermal
hyperalgesia in rats. Moreover, repeated daily treatment with puerarin
(20 mg/kg, i.p., 21 times) prevented the development of mechanical
(von Frey test) and thermal (hot plate test: 53 + 1°C) hypersensitivity.
Puerarin blocked the sodium (Na,1.8) channels and downregulated
TRPV1, CGRP and substance P in the dorsal root ganglia.®®

3.17 | Quercetin

Quercetin is a polyphenolic flavonoid found in various plants.
Intraperitoneal treatment of quercetin (20 and 60 mg/kg) in mice
(12 times) and rats (40 times) reduced mechanical allodynia (von Frey
test) and heat hyperalgesia (rat: 52°C, mice 49.5°C) induced by pacli-
taxel (total 8 mg/kg, 4 times). Quercetin treatment lowered the PKCe
and TRPV1 levels in the spinal cord.®¢

3.18 | Rosmarinic acid

Rosmarinic acid, a natural phenolic compound from Rosmarinus of-
ficinalis, was orally administered (25 and 50 mg/kg, 28 times) in
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rats. In both doses of rosmarinic acid, oxaliplatin (total 36 mg/kg,
15 times)-induced cold allodynia (acetone test) and hyperalgesia
(cold plate: 4 + 1°C), and mechanical hyperalgesia and allodynia
were reversed. In addition, oxaliplatin-induced activation of as-
trocytes and upregulation of proinflammatory cytokines (IL-6 and
TNF-a) in the spinal dorsal horn was inhibited by rosmarinic acid
(50 mg/kg).t”

3.19 | Saponin

Saponin is a triterpene from Tribulus terrestris (Korean name Nam-
ga-sae). Vincristine (total 1 mg/kg, 10 times)-induced mechani-
cal allodynia (von Frey test) and hyperalgesia (Randall-Sellitto test)
were attenuated by multiple administrations of saponin (25, 50 and
100 mg/kg, p.o., 21 times). Saponin also attenuated IL-1p, IL-6, and
TNF-« levels in the sciatic nerve and brain as well as glutamate and
aspartate levels in the brain.%®

3.20 | Tabernaemontana catharinensis ethyl
acetate fraction

Tabernaemontana catharinensis ethyl acetate fraction (100 mg/kg,
p.o.) suppressed mechanical allodynia (von Frey test) induced by a
single (1 mg/kg) and multiple (total 4 mg/kg, 4 times) injections of
paclitaxel in mice. The efficacy of Tabernaemontana catharinensis

ethyl acetate fraction was mediated by the spinal TRPA1 channels.®?

3.21 | Tanshinone llA

Salvia miltiorrhiza (Korean name Dansam) contains tanshinone IIA, a
diterpene. In an oxaliplatin mouse model (total 24 mg/kg, 10 times),
the decreased licking latency on cold plate was reversed in the tan-
shinone IIA (THIA, 10 mg/kg, 14 times) treated group. TIIA also in-
hibited the activities of glioblastoma cells, LN-229.5 TIIA (25 mg/
kg, 10 times) treatments in an oxaliplatin rat model (total 140 mg/
kg, 7 times) upregulated the decreased mechanical withdrawal
threshold.”®

4 | CONCLUSIONS AND PERSPECTIVES

In this review, the use of medicinal herbs and their phytochemi-
cals for the treatment of CIPN is summarized, focusing on glial
modulation in animal models. Analgesic effects on CIPN were ob-
served after treatment with six medicinal herb formulas, 21 single
medicinal herbs, and 21 phytochemicals. Medicinal herbs or their
phytochemicals are applied through various routes, such as orally,
intraperitoneally, topically, or intrathecally. Both single and multiple
administrations showed analgesic effects, and pretreatment also
had prophylactic efficacy. Among the reviewed articles, analgesic
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effects accompanying glial modulation were reported in three me-
dicinal herb formulas, six single medicinal herbs, and four phyto-
chemicals (Table 1). A schematic diagram of this review is presented
in Figure 1.

The research reviewed in this article offers high potential for the
development of new drugs based on medicinal herbs. As a promising
source of phytochemicals, medicinal herbs could be potent candi-
dates for new drugs. However, it is still unclear whether medicinal
herbs directly or indirectly modulate the glial activity in CIPN condi-
tions, although there have been several reports showing the down-
regulation of oxaliplatin-induced oxidation (O, production and lipid
peroxidation level) in primary culture of astrocytes by hydroalco-
holic extract of medicinal herbs.¢”?! Therefore, future studies are
required to provide more detailed therapeutic mechanisms sup-
porting new drug development based on medicinal herbs. How can
medicinal herbs or phytochemicals act on glia in CIPN conditions?
How does altered glial activity by medicinal herbs or phytochemicals
affect adjacent neurons? What happens in the CNS neurons pro-
cessing pain signals after treatment with medicinal herbs and phy-
tochemicals? Answering these questions can provide information to
improve their efficacies and modify their structures to better treat

these conditions and others.

ACKNOWLEDGMENTS
The authors thank Dr. Geehoon Chung for his valuable comments

on the manuscript.

DISCLOSURE
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS
J.H. L. and S. K. K. conceived and designed the review article; J. H.
L., N. K. and S. P. wrote the manuscript draft; K. S. K. revised the

manuscript.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this review paper, because there are
no new data in this article.

ORCID

Sun Kwang Kim "= https://orcid.org/0000-0002-2649-6652

REFERENCES

1. Tang W, Ren L, Liu T, et al. Bevacizumab plus mFOLFOXé versus
mFOLFOXé6 alone as first-line treatment for RAS mutant unresect-
able colorectal liver-limited metastases: the BECOME randomized
controlled trial. J Clin Oncol. 2020;38(27):3175-3184.

2. Morgan RD, McNeish IA, Cook AD, et al. Objective responses to
first-line neoadjuvant carboplatin-paclitaxel regimens for ovarian,
fallopian tube, or primary peritoneal carcinoma (ICONS): post-hoc
exploratory analysis of a randomised, phase 3 trial. Lancet Oncol.
2021;22(2):277-288.

3. Hittmann A, Rekowski J, Miiller SP, et al. Six versus eight doses
of rituximab in patients with aggressive B cell lymphoma re-
ceiving six cycles of CHOP: results from the "Positron Emission


https://orcid.org/0000-0002-2649-6652
https://orcid.org/0000-0002-2649-6652

10 Of 12 BRITISH
PHARMACOLOGICAL
SOCIETY

10.

11.

12.

13.

14.
15.

16.

17.

18.
19.

20.
21.
22.

23.

LEE ET AL.

Tomography-Guided Therapy of Aggressive Non-Hodgkin
Lymphomas" (PETAL) trial. Ann Hematol. 2019;98(4):897-907.
Takeshita E, Ishibashi K, Koda K, et al. The updated five-year overall
survival and long-term oxaliplatin-related neurotoxicity assessment
of the FACOS study. Surg Today. 2021. https://doi.org/10.1007/
s00595-021-02230-8.

Timmins HC, Li T, Trinh T, et al. Weekly paclitaxel-induced neuro-
toxicity in breast cancer: outcomes and dose response. Oncologist.
2021;26(5):366-374.

Diouf B, Wing C, Panetta JC, et al. Identification of small mole-
cules that mitigate vincristine-induced neurotoxicity while sensitiz-
ing leukemia cells to vincristine. Clin Transl Sci. 2021. https://doi.
org/10.1111/cts.13012.

Mizrahi D, Park SB, Li T, et al. Hemoglobin, body mass index, and
age as risk factors for paclitaxel- and oxaliplatin-induced peripheral
neuropathy. JAMA Netw Open. 2021;4(2):e2036695.

Colvin LA. Chemotherapy-induced peripheral neuropathy: where
are we now? Pain. 2019;160(1):S1-510.

Jordan B, Jahn F, Sauer S, Jordan K. Prevention and management
of chemotherapy-induced polyneuropathy. Breast care (Basel,
Switzerland). 2019;14(2):79-84.

Flatters SJL, Dougherty PM, Colvin LA. Clinical and preclinical
perspectives on Chemotherapy-Induced Peripheral Neuropathy
(CIPN): a narrative review. Br J Anaesth. 2017;119(4):737-749.
Hershman DL, Lacchetti C, Dworkin RH, et al. Prevention and
management of chemotherapy-induced peripheral neuropathy in
survivors of adult cancers: American Society of Clinical Oncology
clinical practice guideline. J Clin Oncol. 2014;32(18):1941-1967.
Khalefa HG, Shawki MA, Aboelhassan R, El Wakeel LM. Evaluation
of the effect of N-acetylcysteine on the prevention and ameliora-
tion of paclitaxel-induced peripheral neuropathy in breast cancer
patients: a randomized controlled study. Breast Cancer Res Treat.
2020;183(1):117-125.

Beijers A, Bonhof CS, Mols F, et al. Multicenter randomized con-
trolled trial to evaluate the efficacy and tolerability of frozen gloves
for the prevention of chemotherapy-induced peripheral neuropa-
thy. Ann Oncol. 2020;31(1):131-136.

Derogatis LR, Feldstein M, Melisaratos N, et al. A survey of psy-
chotropic drug prescriptions in an oncology population. Cancer.
1979;44(5):1919-1929.

Jordan K, Feyer P, Hoéller U, Link H, Woérmann B, Jahn F.
Supportive treatments for patients with cancer. Dtsch Arztebl Int.
2017;114(27-28):481-487.

Farshchian N, Alavi A, Heydarheydari S, et al. Comparative study
of the effects of venlafaxine and duloxetine on chemotherapy-
induced peripheral neuropathy. Cancer Chemother Pharmacol.
2018;82(5):787-793.

Altiparmak B, Cil H, Celebi N. Effect of melatonin on the daytime
sleepiness side-effect of gabapentin in adults patients with neuro-
pathic pain. Rev Bras Anestesiol. 2019;69(2):137-143.

Rates SM. Plants as source of drugs. Toxicon. 2001;39(5):603-613.
Hossain F, Mostofa MG, Alam AK. Traditional uses and pharmaco-
logical activities of the genus leea and its phytochemicals: a review.
Heliyon. 2021;7(2):e06222.

Askari SF, Avan R, Tayarani-Najaran Z, Sahebkar A, Eghbali S.
Iranian Salvia species: a phytochemical and pharmacological up-
date. Phytochemistry. 2021;183:112619.

Chang SW, Lee JS, Lee JH, et al. Aromatic and aliphatic api-
uronides from the bark of Cinnamomum cassia. J Nat Prod.
2021;84(3):553-561.

Grafakou ME, Barda C, Tomou EM, Skaltsa H. The genus
Genista L.: a rich source of bioactive flavonoids. Phytochemistry.
2021;181:112574.

Miller Y1, Navia-Pelaez JM, Corr M, et al. Lipid rafts in glial cells: role
in neuroinflammation and pain processing: thematic review series:
biology of lipid rafts. J Lipid Res. 2020;61(5):655-666.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Donnelly CR, Andriessen AS, Chen G, et al. Central nervous system
targets: glial cell mechanisms in chronic pain. Neurotherapeutics.
2020;17(3):846-860.

Yoshihara K, Matsuda T, Kohro Y, et al. Astrocytic Ca(2+) responses
in the spinal dorsal horn by noxious stimuli to the skin. J Pharmacol
Sci. 2018;137(1):101-104.

Yamamoto Y, Terayama R, Kishimoto N, et al. Activated microglia
contribute to convergent nociceptive inputs to spinal dorsal horn
neurons and the development of neuropathic pain. Neurochem Res.
2015;40(5):1000-1012.

Di Cesare Mannelli L, Pacini A, Micheli L, et al. Glial role in
oxaliplatin-induced neuropathic pain. Exp Neurol. 2014;261:22-33.
Ji RR, Donnelly CR, Nedergaard M. Astrocytes in chronic pain and
itch. Nat Rev Neurosci. 2019;20(11):667-685.

Qiao LY, Tiwari N. Spinal neuron-glia-immune interaction in
cross-organ sensitization. Am J Physiol Gastrointest Liver Physiol.
2020;319(6):G748-G760.

Lee JH, Kim W. The role of satellite glial cells, astrocytes, and
microglia in oxaliplatin-induced neuropathic pain. Biomedicines.
2020;8(9):324.

Malcangio M. Role of the immune system in neuropathic pain.
Scand J Pain. 2019;20(1):33-37.

Old EA, Clark AK, Malcangio M. The role of glia in the spinal cord
in neuropathic and inflammatory pain. Handb Exp Pharmacol.
2015;227:145-170.

Tennant F. Glial cell activation and neuroinflammation: how they
cause centralized pain. Pract Pain Manag. 2014;14(5):1-10.

Sung CS, Wong CS. Cellular mechanisms of neuroinflamma-
tory pain: the role of interleukin-1beta. Acta Anaesthesiol Taiwan.
2007;45(2):103-109.

Leung L, Cahill CM. TNF-alpha and neuropathic pain-a review. J
Neuroinflammation. 2010;7:27.

Ahn B-S, Kim S-K, Kim HN, et al. Gyejigachulbu-tang relieves
oxaliplatin-induced neuropathic cold and mechanical hypersensi-
tivity in rats via the suppression of spinal glial activation. Evid-Based
Complementary Altern Med. 2014;2014:1-7.

Jung Y, Lee JH, Kim W, Yoon SH, Kim SK. Anti-allodynic effect of
Buja in a rat model of oxaliplatin-induced peripheral neuropathy
via spinal astrocytes and pro-inflammatory cytokines suppression.
BMC Complement Altern Med. 2017;17(1):1-8.

Kim C, Lee JI, Kim W, et al. The suppressive effects of Cinnamomi
Cortex and its phytocompound coumarin on oxaliplatin-induced
neuropathic cold allodynia in rats. Molecules. 2016;21(9):1253.

Lee JH, Min D, Lee D, Kim W. Zingiber officinale roscoe rhizomes
attenuate oxaliplatin-induced neuropathic pain in mice. Molecules
(Basel, Switzerland). 2021;26(3):548.

Balkrishna A, Sakat SS, Karumuri S, et al. Herbal decoction Divya-
Peedantak-Kwath alleviates allodynia and hyperalgesia in mice
model of chemotherapy-induced peripheral neuropathy via modu-
lation in cytokine response. Front Pharmacol. 2020;11:1664.
Mizuno K, Shibata K, Komatsu R, Omiya Y, Kase Y, Koizumi S. An
effective therapeutic approach for oxaliplatin-induced peripheral
neuropathy using a combination therapy with goshajinkigan and
bushi. Cancer Biol Ther. 2016;17(11):1206-1212.

Kim HN. Gyejigachulbu-tang suppresses oxaliplatin-induced neuro-
pathic mechanical allodynia in rats via modulating spinal TNF- o in
Department of East-West Medicine. 2015, Kyung Hee University:
Graduate school, Kyung Hee University.

Andoh T, Fukutomi D, Uta D, Kuraishi Y. Prophylactic repetitive
treatment with the herbal medicine Kei-kyoh-zoh-soh-oh-shin-
bu-toh attenuates oxaliplatin-induced mechanical allodynia by de-
creasing spinal astrocytes. Evid-Based Complementary Alternat Med.
2019;2019:1-11.

Suzuki T, Yamamoto A, Ohsawa M, Motoo Y, Mizukami H, Makino T.
Effect of ninjin'yoeito and ginseng extracts on oxaliplatin-induced
neuropathies in mice. J Nat Med. 2017;71(4):757-764.


https://doi.org/10.1007/s00595-021-02230-8
https://doi.org/10.1007/s00595-021-02230-8
https://doi.org/10.1111/cts.13012
https://doi.org/10.1111/cts.13012

LEE ET AL.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Deng BO, Jia L, Pan L, et al. Wen-Luo-Tong prevents glial activa-
tion and nociceptive sensitization in a rat model of oxaliplatin-
induced neuropathic pain. Evid-Based Complementary Alternat Med.
2016;2016:1-7.

Wu F-Z, Xu W-J, Deng BO, et al. Wen-Luo-Tong decoction atten-
uates paclitaxel-induced peripheral neuropathy by regulating lin-
oleic acid and glycerophospholipid metabolism pathways. Front
Pharmacol. 2018;9:956.

Suzuki T, Miyamoto K, Yokoyama N, et al. Processed aconite root
and its active ingredient neoline may alleviate oxaliplatin-induced
peripheral neuropathic pain. J Ethnopharmacol. 2016;186:44-52.
Tanimura Y, Yoshida M, Ishiuchi Kl, et al. Neoline is the active
ingredient of processed aconite root against murine periph-
eral neuropathic pain model, and its pharmacokinetics in rats. J
Ethnopharmacol. 2019;241:111859.

Muthuraman A, Singh N. Attenuating effect of hydroalcoholic ex-
tract of Acorus calamus in vincristine-induced painful neuropathy in
rats. J Nat Med. 2011;65(3):480-487.

Muthuraman A, Singh N, Jaggi AS. Protective effect of Acorus cala-
mus L. in rat model of vincristine induced painful neuropathy: an ev-
idence of anti-inflammatory and anti-oxidative activity. Food Chem
Toxicol. 2011;49(10):2557-2563.

Mannelli LD, Pacini A, Micheli L, et al. Astragali radix: could
it be an adjuvant for oxaliplatin-induced neuropathy? Sci Rep.
2017;7(1):1-13.

Mbiantcha M, Ngouonpe Wembe A, Dawe A, Yousseu Nana W,
Ateufack G. Antinociceptive activities of the methanolic extract of
the stem bark of Boswellia dalzielii Hutch. (Burseraceae) in rats are
NO/cGMP/ATP-Sensitive-K+ channel activation dependent. Evid-
Based Complementary Altern Med. 2017;2017:6374907.

Thiagarajan VR, Shanmugam P, Krishnan UM, Muthuraman A, Singh
N. Antinociceptive effect of Butea monosperma on vincristine-
induced neuropathic pain model in rats. Toxicol Ind Health.
2013;29(1):3-13.

Kim S-K. The effect of Evodiae Fructus on acute cold hyperalge-
sia characteristically induced by oxaliplatin in rats, in Department
of East-West Medicine. 2013, Kyung Hee University: Graduate
school, Kyung Hee University.

Yi J-M, Shin S, Kim NO, et al. Neuroprotective effects of an aqueous
extract of Forsythia viridissima and its major constituents on oxaliplatin-
induced peripheral neuropathy. Molecules. 2019;24(6):1177.

Vitet L, Patte-Mensah C, Boujedaini N, Mensah-Nyagan A-
G, Meyer L. Beneficial effects of Gelsemium-based treat-
ment against paclitaxel-induced painful symptoms. Neurol Sci.
2018;39(12):2183-2196.

Park HJ, Lee HG, Kim YS, et al. Ginkgo biloba extract attenuates
hyperalgesia in a rat model of vincristine-induced peripheral neu-
ropathy. Anest Analg. 2012;115(5):1228-1233.

Sanna MD, Ghelardini C, Galeotti N. St. John’s wort potentiates
anti-nociceptive effects of morphine in mice models of neuropathic
pain. Pain Med. 2017;18(7):1334-1343.

Tenci B, Di Cesare MannelliL, Maresca M, et al. Effects of a water ex-
tract of Lepidium meyenii root in different models of persistent pain
in rats. Zeitschrift fiir Naturforschung C. 2017;72(11-12):449-457.
Cho E-S, Yi J-M, Park J-S, et al. Aqueous extract of Lithospermi
radix attenuates oxaliplatin-induced neurotoxicity in both in
vitro and in vivo models. BMC Complement Altern Med. 2016;
16(1):1-13.

Di Cesare Mannelli L, Piccolo M, Maione F, et al. Tanshinones
from Salvia miltiorrhiza Bunge revert chemotherapy-induced neu-
ropathic pain and reduce glioblastoma cells malignancy. Biomed
Pharmacother. 2018;105:1042-1049.

Amoateng P, Adjei S, Osei-Safo D, et al. Analgesic effects of a
hydro-ethanolic whole plant extract of Synedrella nodiflora (L.)
Gaertn in paclitaxel-induced neuropathic pain in rats. BMC Res
Notes. 2017;10(1):1-7.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

BRITISH 1 1 Of 12
P PHARMACOLOGICAL-
SOCIETY

Amoateng P, Adjei S, Osei-Safo D, et al. A hydro-ethanolic extract
of Synedrella nodiflora (L.) Gaertn ameliorates hyperalgesia and al-
lodynia in vincristine-induced neuropathic pain in rats. J Basic Clin
Physiol Pharmacol. 2015;26(4):383-394.

Mannelli L-C, Tenci B, Zanardelli M, et al. Widespread pain reliever
profile of a flower extract of Tanacetum parthenium. Phytomedicine.
2015;22(7-8):752-758.

Nawaz NUA, Saeed M, Rauf K, et al. Antinociceptive effectiveness
of Tithonia tubaeformis in a vincristine model of chemotherapy-
induced painful neuropathy in mice. Biomed Pharmacother.
2018;103:1043-1051.

Thiagarajan VR, Shanmugam P, Krishnan UM, Muthuraman A.
Ameliorative effect of Vernonia cinerea in vincristine-induced pain-
ful neuropathy in rats. Toxicol Ind Health. 2014;30(9):794-805.
Micheli L, Mattoli L, Maidecchi A, Pacini A, Ghelardini C, Di Cesare
Mannelli L. Effect of Vitis vinifera hydroalcoholic extract against
oxaliplatin neurotoxicity: in vitro and in vivo evidence. Sci Rep.
2018;8(1):1-14.

Rezaee R, Monemi A, SadeghiBonjar MA, Hashemzaei M. Berberine
alleviates paclitaxel-induced neuropathy. J Pharmacopunct.
2019;22(2):90.

Singh G, Singh A, Singh P, Bhatti R. Bergapten ameliorates vincristine-
induced peripheral neuropathy by inhibition of inflammatory cyto-
kines and NF«xB signaling. ACS Chem Neurosci. 2019;10(6):3008-3017.
Bellampalli SS, Ji Y, Moutal A, et al. Betulinic acid, derived from
the desert lavender Hyptis emoryi, attenuates paclitaxel-, HIV-, and
nerve injury-associated peripheral sensory neuropathy via block of
N-and T-type calcium channels. Pain. 2019;160(1):117.

Zhou H-H, Zhang LI, Zhou Q-G, Fang Y, Ge W-H. (+)-Borneol at-
tenuates oxaliplatin-induced neuropathic hyperalgesia in mice.
NeuroReport. 2016;27(3):160-165.

Chae HK, Kim W, Kim SK. Phytochemicals of cinnamomi cortex:
cinnamic acid, but not cinnamaldehyde, attenuates oxaliplatin-
induced cold and mechanical hypersensitivity in rats. Nutrients.
2019;11(2):432.

Gui Y, Zhang J, Chen L, et al. Icariin, a flavonoid with anti-cancer
effects, alleviated paclitaxel-induced neuropathic pain in a SIRT1-
dependent manner. Mol Pain. 2018;14:1744806918768970.

Wang M-L, Yu G, Yi S-P, et al. Antinociceptive effects of in-
carvillateine, a monoterpene alkaloid from Incarvillea sinen-
sis and possible involvement of the adenosine system. Sci Rep.
2015;5(1):1-11.

Guo Z, Man Y, Wang X, et al. Levo-tetrahydropalmatine attenu-
ates oxaliplatin-induced mechanical hyperalgesia in mice. Sci Rep.
2014;4(1):1-4.

Hardeland R. Melatonin in plants - diversity of levels and multiplic-
ity of functions. frontiers. Plant Sci. 2016;7:198.

Wang Y-S, Li Y-Y, Cui W, et al. Melatonin attenuates pain hyper-
sensitivity and decreases astrocyte-mediated spinal neuroinflam-
mation in a rat model of oxaliplatin-induced pain. Inflammation.
2017;40(6):2052-2061.

Foss JD, Nayak SU, Tallarida CS, Farkas DJ, Ward SJ, Rawls SM.
Mitragynine, bioactive alkaloid of kratom, reduces chemotherapy-
induced neuropathic pain in rats through a-adrenoceptor mecha-
nism. Drug Alcohol Depend. 2020;209:107946.

Miedema E, Richardson KE. Ethanolamine metabolism in plant tis-
sues. Plant Physiol. 1966;41(6):1026-1030.

Mancini A, Imperlini E, Nigro E, et al. Biological and nutritional prop-
erties of palm oil and palmitic acid: effects on health. Molecules.
2015;20(9):17339-17361.

Di Cesare Mannelli L, Pacini A, Corti F, et al. Antineuropathic profile
of N-palmitoylethanolamine in a rat model of oxaliplatin-induced
neurotoxicity. PLoS One. 2015;10(6):e0128080.

Andoh T, Kobayashi N, Uta D, Kuraishi Y. Prophylactic topical pae-
oniflorin prevents mechanical allodynia caused by paclitaxel in mice
through adenosine A1 receptors. Phytomedicine. 2017;25:1-7.



12 of 12 m @
PHARMACOLCIEIC"'

84.
85.

86.
87.

88.

LEE ET AL.

Shan Z, Cai S, Yu J, et al. Reversal of peripheral neuropathic pain by
the small-molecule natural product Physalin F via block of CaV2. 3
(R-type) and CaV2. 2 (N-type) voltage-gated calcium channels. ACS
Chem Neurosci. 2019;10(6):2939-2955.

Zhang XL, Cao XY, Lai RC, Xie MX, Zeng WA. Puerarin relieves
paclitaxel-induced neuropathic pain: the role of Nav1. 8 p1 subunit
of sensory neurons. Front Pharmacol. 2019;9:1510.

Wu'Y, Chen J, Wang R. Puerarin suppresses TRPV1, calcitonin gene-
related peptide and substance P to prevent paclitaxel-induced pe-
ripheral neuropathic pain in rats. NeuroReport. 2019;30(4):288-294.
Gao W, Zan Y, Wang Z-J, Hu X-Y, Huang F. Quercetin ameliorates
paclitaxel-induced neuropathic pain by stabilizing mast cells, and
subsequently blocking PKCe-dependent activation of TRPV1. Acta
Pharmacol Sin. 2016;37(9):1166-1177.

Areti A, Komirishetty P, Kalvala AK, Nellaiappan K, Kumar A.
Rosmarinic acid mitigates mitochondrial dysfunction and spinal
glial activation in oxaliplatin-induced peripheral neuropathy. Mol
Neurobiol. 2018;55(9):7463-7475.

Gautam M, Ramanathan M. Saponins of Tribulus terrestris attenu-
ated neuropathic pain induced with vincristine through central and
peripheral mechanism. Inflammopharmacology. 2019;27(4):761-772.

89.

90.

91.

Brum EDS, Becker G, Fialho MFP, Casoti R, Trevisan G, Oliveira
SM. TRPA1 involvement in analgesia induced by Tabernaemontana
catharinensis ethyl acetate fraction in mice. Phytomedicine.
2019;54:248-258.

Cheng W, Xiang W, Wang S, Xu K. Tanshinone IIA ameliorates
oxaliplatin-induced neurotoxicity via mitochondrial protection and
autophagy promotion. Am J Transl Res. 2019;11(5):3140.

Di Cesare Mannelli L, Zanardelli M, Bartolucci G, et al. In vitro ev-
idence for the use of astragali radix extracts as adjuvant against
oxaliplatin-induced neurotoxicity. Planta Med. 2015;81(12-13):
1045-1055.

How to cite this article: Lee JH, Kim N, Park S, Kim SK.

Analgesic effects of medicinal plants and phytochemicals on

chemotherapy-induced neuropathic pain through glial
modulation. Pharmacol Res Perspect. 2021;9:e00819. https://
doi.org/10.1002/prp2.819



https://doi.org/10.1002/prp2.819
https://doi.org/10.1002/prp2.819

