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ARTICLE INFO ABSTRACT

Keywords: Introduction: Chemotherapy-induced peripheral neuropathy (CIPN) is a progressive, prolonged, and often irre-
Cancer versible side effect of many chemotherapeutic agents. The development of neuropathic pain is still poorly
Chemotherapy managed by clinically available drugs at present.

Peripheral neuropathy

Methods: In this mini-review, we summarized the current knowledge of pathobiology for CIPN, and selected
Complementary medicine

evidence on the application of complementary therapies in experimental studies.

Results: Medicinal plants are considered to be the most common complementary therapy modalities for CIPN.
Therefore, we identified ten medicinal herbal extracts as well as their phytochemicals, and three herbal for-
mulas. Multiple complementary therapies have been used and studied for decades, and their effects against CIPN
are focus on anti-oxidative activity. However, there is still controversial due to the diverse manifestations of
different antineoplastic agents and complex drug interactions.

Conclusions: Novel therapies or drugs that have proven to be effective in animals require further investigation, so
confirmation of their efficacy and safety will require time.

1. Introduction

Cancer is the second most common cause of death worldwide, be-
hind only cardiovascular disease. The treatment of cancer has pro-
gressed rapidly in the past decades, and survival rates are improving.'**
Chemotherapy plays an indispensable role in the current cancer treat-
ment guidelines to prolong survival. However, it is widely recognized
that the use of chemotherapy results in side effects such as hair loss,
vomiting, leukopenia, or neuralgia, which adversely affect patients’
quality of life. A report by the Oncology Nursing Society found that
chemotherapy-induced peripheral neuropathy (CIPN) has been an im-
portant issue in cancer care since 2009.° CIPN is a dose-limiting neu-
rotoxicity of chemotherapeutic drugs that afflicts between 30% and
40% of patients undergoing treatment.® It has been pathologically de-
scribed as functional impairment of neurons characterized by a delay

event of oxidative stress, inflammation, apoptosis, and electro-
physiological disturbances.”

CIPN is a major oncological problem caused by the treatment of a
malignant disease with chemotherapeutic agents. It affects the periph-
eral sensory and/or motor systems and causes numbness, pain, burning,
tingling, heat and cold hyperalgesia, and mechanical allodynia, as well
as reduced motor function.® After completing treatment with che-
motherapy, approximately 68% of patients in the first month and 30%
of patients over 6 months still have CIPN.® Moreover, after completion
of treatment, CIPN may continue to develop and worsen, in a phe-
nomenon known as “coasting”.” CIPN and its associated complications
lead to a dose reduction of chemotherapy, thereby limiting therapeutic
efficacy. CIPN adds a substantial burden on the medical care required
for patients, increases healthcare costs, and affects patients’ quality
of life.” Current treatment options for CIPN are suboptimal and
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controversial. It is necessary to develop more effective treatment stra-
tegies for chemotherapy-induced peripheral neuropathy. Emerging
evidence suggests that complementary- and alternative medicine-
(CAM-) based therapeutic modalities have the potential to modulate the
immune system, alleviate the inflammatory cascade, and restore nerve
damage while improving the patient's quality of life. In this context, we
review the complementary medicine-based therapies for treatment of
CIPN. However, before going into these items, it is necessary to un-
derstand the architecture of the peripheral nervous system (PNS) and
current understanding of the molecular mechanisms of the patho-
biology of CIPN.

2. Structural architecture of peripheral nerves

The PNS is composed of neuronal cells, glial cells, and stromal cells,
which convey neural signals between the central nerve system (CNS)
and the rest of the body. Efferent divisions (motor and autonomic) re-
ceive signals through their dendrites from CNS neurons, primarily using
the neurotransmitter acetylcholine, among others. The afferent (sen-
sory) division receives signals through specialized receptors, such as
Meissner’s corpuscles for fine sensation, and others.® Unlike the CNS,
the PNS has an intrinsic ability for repair and regeneration. Injury to the
PNS immediately elicits the migration of phagocytes and Schwann cells
to the lesion site to clear away debris such as damaged tissue.® After
that, Schwann cells release neurotrophic factors that govern the steps of
neuro-regeneration. Human axon growth rates can reach 1-2 mm/day
in distal segments and 2-3 mm/day in proximal segments. However,
the degree of peripheral neuropathy still depends on the reversibility
and range after nerve damage. Several etiologies, such as genetics,
chronic disease, environmental toxins, alcoholism, or the side effects of
certain medications, are also important in the differentiation of actual
neuropathy from other disorders.’ Despite the different causes, sensory
abnormalities develop more often than do motor symptoms because
motor neurons have greater myelination.® The distal parts of the axons
are the first affected, so sensory symptoms typically start symmetrically
and bilaterally from the distal parts, with a proximal progression in a
“stocking-glove” distribution.'’

Numerous chemotherapeutic drugs are associated with neurotoxi-
city and PN. CIPN has been attributed to the easier penetrability of the
peripheral nerves, which are accumulated and bound by chemotherapy
drugs, and also to direct destruction of dorsal root ganglia (DRG) and
peripheral axons.>'® In contrast to the CNS, which is well-protected,
the PNS lacks an efficient blood brain barrier and has less abundant
lymphatic drainage, so it is more vulnerable to chemical toxins.'’-'?
Certain risk factors, including genetics, existing neuropathy, diabetes,
smoking history, and decreased creatinine clearance, may aggravate the
development of CIPN.’ Despite the many attempts to reduce such risk
factors, dose reduction or discontinuation of chemotherapy is a wise
approach to preventing peripheral neuropathy.*

3. Pathobiology of CIPN

The underlying mechanisms in different classes of chemother-
apeutic agents can cause peripheral neuropathy. It is generally accepted
that at the cellular level, neurotoxic chemotherapeutic agents damage
microtubules and interfere with microtubule-based axonal transport,
interrupt mitochondrial function, alter ionic homeostasis, or directly
target DNA, ' subsequently leading to peripheral nerve degeneration
or small fiber neuropathy. For example, taxane agents exert their an-
timitotic effect by disrupting the axonal microtubule structure and
blocking the axonal energy supply on mitochondria in primary afferent
neurons.'* Vinca alkaloids, another anti-microtubule drug, alter the
neuronal cytoskeleton, thereby disrupting mitotic spindles and causing
cell cycle arrest.'? Platinum agents are thought to cause CIPN by ex-
erting damage in the DRG through mitochondrial dysfunction and
neuronal apoptosis, either by DNA crosslinking or oxidative stress.'”
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Newer targeted drugs, such as bortezomib, eribulin, and ixabepilone,
are also associated with significant incidence of peripheral neuropathy
due to their effects on tubulin polymerization.'®'> Non-neuronal cells,
also called glia, seem to be an important component of CIPN. Changes
to Schwann cells in the periphery, satellite cells in the DRG, and as-
trocytes in the spinal cord after treatment with neurotoxic agents ac-
tivate the apoptotic pathways.'® Loss of these glial cells leads to a loss
of protection and nourishment of nerve fibers and impairment of action
potential propagation.®

Besides the morphological changes caused by chemotherapy agents
in CIPN, current evidence suggests involvement in the inflammatory
and immune responses. The chemotherapeutic agents can cause mi-
tochondrial DNA to adduct and defects in electron transport chain
proteins, leading to mitochondrial dysfunction.'”-'® This phenomenon
is accompanied by an imbalance in the intracellular redox potential and
elevation of reactive oxygen species (ROS), especially superoxides.'”
These major reactive species can elicit various alterations in peripheral
neurons, such as redundant mitochondrial damage leading to apoptosis,
inflammation, and sequential nerve degeneration.'”>'® These reactive
species are also reported to cause damage to biomolecules such as
phospholipids, which results in demyelination, oxidation of proteins,
and the release of carbonyl by-products, which can sensitize transient
receptor potential vanilloid (TRPV) channels, inactivate antioxidant
enzymes, and destroy microtubules."” Nuclear DNA adduction and
peroxynitrite create strand breaks, activating Poly (ADP-ribose) poly-
merase (PARP), bax, and p53, which force the neuron towards apop-
tosis.'® Intracellular oxidative stress can also cause peripheral noci-
ceptor over-excitation by elevating the levels of pro-inflammatory
mediators (IL-1B, TNF-a, bradykinin, and nerve growth factors).'® All
these metabolic, bioenergetic, and functional deficits in neurons lead to
the development and maintenance of peripheral neuropathic damage.'”

Given the literature summarized above, it is clear that some kind of
preventative therapy is required for CIPN in patients receiving che-
motherapy. Although many hypotheses have been proposed, no definite
intervention has been fully recommended for the prevention or man-
agement of CIPN.?° In many cases, the chemotherapy needs to be dis-
continued due to incidence of CIPN, which places the lives of the pa-
tients at risk. Complementary therapies are widely used, particularly for
chronic medical conditions that are difficult to resolve. Because only a
limited number of treatments are available for CIPN, many patients can
opt for complementary therapies such as herbal medicine, acupuncture,
nutrients, sensorimotor training, or mind-body therapy such as imagery
and relaxation, yoga, meditation and gigong. One of the most important
complementary therapy modalities for chemotherapy-induced PN is
based on medicinal plants. Therefore, the main objective of this review
is to highlight and investigate the application of medicinal plants in-
cludes three herbal formulas in underlying mechanisms and to provide
some insight for its future therapeutic potential.

4. Medicinal plant based complementary therapies for CIPN
(Table 1)

4.1. Acorus calamus L

Acorus calamus (family: Araceae) has a very long history of medic-
inal use in the Chinese and Indian herbal traditions. It is commonly
used to relieve muscle, joint, vascular, and nerve injury-associated se-
vere inflammatory and neuropathic pain in Ayurvedic medicine. Acorus
calamus is reported to have anti-oxidative, anti-inflammatory, neuro-
protective, and calcium inhibitory effects in rat models of vincristine-
induced painful neuropathy.?' Hydroalcoholic extract of Acorus calamus
attenuates vincristine-induced neuropathy, including hyperalgesia and
allodynia, along with decreasing the levels of superoxide anion, TNF-a,
total calcium, and myeloperoxidase activity.”' Fiber derangement,
swelling of nerve fibers, and activation of neuroglial cells (satellite cells
and Schwann cells) are also attenuated signiﬁo:antly.21 Moreover,
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Table 1
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Summary of medicinal plants for the treatment of chemotherapy-induced peripheral neuropathy.

Herb (plant organs)

Compound or extract

Effects

Acorus calamus L. (rhizome)

Cannabis species

Matricaria chamomilla L. (flower)

Ginkgo biloba L. (leaf)

Salvia officinalis L. (flower/leaf/
stem)

Hydroalcoholic extract *'; benzene
extract **

Cannabinoid receptor agonist (AM1710,
WINS55,212-2)
Water extract
apigenin °°;

quercetin '~
A standardized extract (EGb 761) **°

28 29,
P

Rosmarinic acid “°,*%;

Antioxidation (decrease free radicals, superoxide anion and myeloperoxidase activity; decrease
damage of DNA and mitochondria) % decrease calcium level *'; anti-inflammation (decrease
TNF-a) *'; neuroprotection (decrease nerve derangement and swelling; decrease activation of
neuroglial cells) *'

Analgesic effect via activating cannabinoid receptors (CB; and CB, receptors) **,%°
Antioxidation (decrease iNOS, NO, peroxynitrite) >*,% anti-inflammation (decrease PGE,, COX-
2, NF-kB, and TRPV1; stabilize mast cells) >°,%',%*,**; neuroprotection (protect dorsal horn
neurons) °?; synergistic effects (apigenin and paclitaxel) *°

Antioxidation (decrease NO) °°,°% anti-inflammation (decrease TNF-a and NF-kB) *°~%;
neuroprotection (decrease axonal degradation; increase axonal transportation) °; activate mu
opioid receptor *®

Antioxidation (decrease ROS; activate AMPK; decrease mitochondrial dysfunction) *°,*%,*%;

; anti-

hydroalcoholic extract *';
water extract 42
Verticinone **,%%;

Fritillaria species (bulbs) peimine *”

45 46,
>

48-53

Curcuma longa L. (rhizome) Curcumin

40 41 43
>

inflammation. ™,

Antioxidation (decrease iNOS) “°; anti-inflammation (decrease COX-2, TNF-a, IL-1B and NF-kB)
inhibit sodium and potassium ion channe
Antioxidation *®; anti-inflammation (decrease COX-2 and BDNF) °; neuroprotection (reduce

147

9 51,

Schwann cells apoptosis and promote myelinization) *°,°'; synergistic effects (combine curcumin
with cisplatin, paclitaxel, or 5-fluorouracil) °2,>*

Angelica dahurica Fisch.ex Hoffm. Ethyl acetate extract °*; Auraptenol >°

(Radix)
Camellia sinensis L. (leaf) Water extract %
epigallocatechin-3-gallate
Ethyl acetate extract **°%
apigenin % rosmarinic acid °*; Eugenol

65

57 58
>

Ocimum sanctum L. (leaf/stem)

Antioxidation (decrease iNOS and NO) °*; anti-inflammation (decrease TNF-a, PGE2, COX-2, and
NF-kB) °*; activate serotonin 5-HT1A receptors 55

Antioxidation (decrease nNOS/NO) °°,°’; anti-inflammation (decrease TNF-a, JNKs, and NF-kB)
57, synergistic effects °®

Antioxidation (decrease thiobarbituric acid reactive substances and superoxide anion
inflammation (decrease COX2, PGE-2, IL-1f3, TNF-a, MMP2) °°,°*%; decrease total calcium
levels

) 5972 anti-

60 61

benzene extract of Acorus calamus is a source of a potent antioxidant
compound, as it inhibits the generation of free radicals and protects
DNA and mitochondria from oxidative damage, as revealed by in vitro
assays and its efficacy in vivo®” .

4.2. Cannabis species

Cannabis species have been used as medicine for thousands of years.
For the cancer patient, cannabis has a number of potential benefits,
especially in the management of symptoms. Cannabis is used to reduce
nausea and vomiting during chemotherapy, to combat anorexia, and to
treat chronic pain, insomnia, and depression.23 The cannabinoid (CB)
receptors are not activated only by phytocannabinoids from cannabis;
they also react with endocannabinoids from humans, probably to assist
in modulation of the response to pain.?* Preclinical evidence suggests
that cannabinoids are effective not only in the treatment but also in the
prevention of chemotherapy-induced peripheral neuropathy.”* Canna-
binoids are reported to suppress the maintenance of cisplatin-, pacli-
taxel-, and vincristine-induced neuropathic nociception through acti-
vation of both CB; and CB, receptors or selective CB, receptors.>**
Prophylactic cannabinoid administration blocks the development of
paclitaxel-induced neuropathic nociception during analgesic treatment
and following cessation of drug delivery.>® Moreover, prolonged use of
CB, agonists for managing chemotherapy-induced neuropathy has a
favorable therapeutic ratio, marked by sustained efficacy and absence
of tolerance, physical withdrawal, or CB;-mediated side effects.”
Cannabinoids could be synergistic with opioids in the relief of pain. The
safety profile of cannabis is acceptable, with side effects that are gen-
erally tolerable and short-lived.?”

4.3. Matricaria chamomilla L

Matricaria chamomilla L. (family: Asteraceae), commonly known as
chamomile, is one of the most popular single-ingredient herbal teas, or
tisanes. The extract of chamomile has antioxidant, antispasmodic, an-
xiolytic, anti-inflammatory, and some antimutagenic and cholesterol-
lowering properties.”® Aqueous chamomile extract has the ability to
inhibit the release of PGE2 from LPS activated RAW 264.7 macrophages

228

via the suppression of COX-2 gene expression and direct inhibition of
COX-2 enzyme activity.>® In mice, the analgesic and anti-inflammation
effects of hydroalcoholic extract of Matricaria chamomilla are better
than those of morphine on the vincristine- and cisplatin-induced per-
ipheral neuropathy model.>° Apigenin and quercetin, the major flavo-
noids presented in the chamomile flower, are abundant in vegetables,
fruits and red wine.®' Chamomile is one of the richest natural sources of
apigenin. Apigenin not only has low toxicity but also shows antitumor
activities by modulating multiple signaling pathways. Apigenin can
sensitize cancer cells to paclitaxel-induced apoptosis through suppres-
sing superoxide dismutase activity, which then leads to accumulation of
ROS and cleavage of caspase-2.°° It has been suggested that the com-
bined use of apigenin and paclitaxel is an effective way to decrease the
dose of paclitaxel taken.>® Quercetin is beneficial in the treatment of
sciatic ischemia-reperfusion injury because of its anti-apoptotic and
anti-inflammatory effects and its ability to decrease the expression of
NF-kB.>? The oxaliplatin-related neurotoxic effect appears to occur at
least partially through oxidative stress-induced damage in dorsal horn
neurons, reflected by lipid peroxidation and protein nitrosylation.*
Lipid peroxidation and tyrosine nitrosylation are prevented by quer-
cetin treatment by inhibiting iNOS expression in the dorsal horn re-
gion.>> Quercetin is also reported to ameliorate paclitaxel-induced
neuropathic pain by stabilizing mast cells and subsequently blocking
PKCe-dependent activation of TRPV1.>*

4.4. Ginkgo biloba L

Ginkgo biloba extract is among the most widely-sold herbal dietary
supplements in the United States. Its biological effects include scaven-
ging free radicals, lowering oxidative stress, reducing neural damage,
reducing platelet aggregation, anti-inflammation, anti-tumor activities,
and anti-aging.>® Ginkgo biloba extract has been shown to attenuate
hyperalgesia and to prevent neural deterioration in rat models of che-
motherapy-induced peripheral neuropathy.>®>” EGb-761 is extracted
from the leaves of Ginkgo biloba and has analgesic and anti-in-
flammatory properties.®® EGb-761 can attenuate thermal hyperalgesia
and mechanical allodynia dose-dependently on neuropathic pain in
mice.>® EGb-761 treatment significantly decreases pro-inflammatory
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cytokines and enhances mu opioid receptor (MOR) expression in the
sciatic nerve with chronic constriction injury.®® Oxidative stress after
cisplatin administration significantly increases nitric oxide (NO) and
glutathione (GSH) levels, but decreases malondialdehyde (MDA) levels
in brain tissue in rats.>* EGb-761 can reverse the effects of cisplatin on
NO and GSH levels without affecting the decreased MDA levels. EGb-
761, having antioxidant properties, may improve the oxidative stress-
related neurological side effects of cisplatin.*®

4.5. Salvia officinalis L

Salvia officinalis (Sage) is a plant in the family of Lamiaceae. In the
folk medicines of Asia and Latin America, it has been used for the
treatment of different kinds of disorders, including seizures, ulcers,
gout, rheumatism, inflammation, dizziness, tremor, paralysis, diarrhea,
and hyperglycemia. A previous review reported that Salvia officinalis
has anticancer, anti-inflammatory, antinociceptive, and antioxidant
effects, which can protect cells against ROS over-production and
therefore can counteract oxidative stress-mediated tissue damage.*’
Salvia officinalis has been shown to have analgesic and anti-in-
flammatory effects in a rat model of vincristine-induced peripheral
neuropathy, suggesting that it could be useful in the treatment of
chemotherapy-induced peripheral neuropathic pain.*' Moreover, salvia
officinalis extracts have been shown to protect against oxidative and
alkylation damage to DNA in human HCT15 and CO115 cells (in two
colon cell lines).** The main flavonoids isolated from Salvia officinalis
include apigenin, quercetin, and rosmarinic acid.”” Rosmarinic acid,
one of the most abundant flavonoids in Salvia officinalis extracts, has
been extensively studied for its anticancer, antioxidant, anti-in-
flammatory, antinociceptive, cognitive, and memory-enhancing ef-
fects.*® A recent study found that Rosmarinic acid had potential for the
management of oxaliplatin-induced peripheral neuropathy due to the
therapeutic activity against oxaliplatin-induced mitochondrial dys-
function and neuroinflammation.**

4.6. Fritillaria species

Fritillaria is a genus of bulbous plants in the family Liliaeeae. It is
known as Bei-Mu in traditional Chinese medicine (TCM). In TCM
theory, fritillaria is claimed to promote the lung's dispersing function,
resolving phlegm, relieving cough, and detoxicating and dissolving
lumps and masses. Over 130 identified compounds have been isolated
from Fritillaria, and about 86% of these have an isosteroidal alkaloid
skeleton, including Peimine (verticine) and Peiminine (verticinone).**
The alkaloid verticinone exerts a good antinociceptive effect on in-
flammatory pain and paclitaxel-induced neuropathic pain, probably
through both peripheral and central mechanisms, and it might be partly
involved in some sedation effects.*® Verticinone can dose-dependently
inhibit nitric oxide production and also suppress inducible nitric oxide
synthase and COX-2 expression in lipopolysaccharide-stimulated RAW
264.7 macrophages.“® Verticinone can also suppress the production of
pro-inflammatory cytokines such as tumor necrosis factor-a and inter-
leukin-18 in a dose-dependent manner, along with inhibiting the NF-xB
signaling pathway.*® Moreover, peimine exhibits anti-inflammatory
and pain suppression properties by blocking the sodium ion channel
(Nav1.7) and inhibiting the potassium ion channel (Kv1.3).*”

4.7. Curcuma longa L

Curcuma longa (also known as Turmeric) is a rhizomatous perennial
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herb in the family Zingiberaceae. Curcumin is the principal curcumi-
noid of Curcuma longa. Curcumin has been found recently to have
antioxidant, anti-inflammatory, and anticancer effects and has been
extensively used as a neuroprotective agent to reduce oxidative damage
in neurodegenerative disorders.*® Curcumin is reported to accelerate
the repair of sciatic nerve injury in rats through reducing Schwann cell
apoptosis and promoting myelinization.*® Peripheral nerve injury in-
duces long-lasting changes in pain related molecules in the spinal cord
and thus mainly accounts for the central mechanisms underlying neu-
ropathic pain. BDNF and COX-2 are well-documented pro-nociceptive
molecules that are expressed in the spinal dorsal horn after peripheral
nerve injury.>® Curcumin exerts a therapeutic role in neuropathic pain
by down-regulating p300/CREB-binding protein histone acetyl-
transferase activity mediated gene expression of BDNF and COX-2.%°
Curcumin also reduces the histological changes induced by oxaliplatin
and cisplatin in the sciatic nerve with reduction in nerve fiber caliber
and areas of demyelization.>" The combination of curcumin with anti-
neoplastic agents such as cisplatin, paclitaxel, and 5-fluorouracil may
result in synergistic antitumor activity in various cancers and reduce
the toxicity associated with the use of drugs.>*>*

4.8. Angelica dahurica (Fisch.ex Hoffm)

Angelicae Dahuricae (also known as Bai Zhi) has long been used for
the treatment of headache, rhinitis, and colds in traditional Chinese
medicine. Angelicae dahuricae is known to have anti-inflammatory,
analgesic, and antipyretic actions. It inhibits lipopolysaccharide-in-
duced NO, TNF-a and PGE2 production, as well as iNOS and COX-2
expression in macrophages through blockade of the phosphorylation of
MAPKs, following I-kBa degradation and NF-xB activation.® Aur-
aptenol is a phytochemical isolated from Angelicae dahurica. In a rat
model of vincristine-induced neuropathic pain, auraptenol demon-
strated excellent analgesic activity through serotonin 5-HT1A receptors,
with no apparent adverse effects.””

4.9. Camellia sinensis L

Green tea is a type of tea that is made from Camellia sinensis leaves
that have not undergone the same withering and oxidation process used
to make oolong teas and black teas. Green tea extracts are known to be
a useful adjuvant to alleviate sensory symptoms in a rat model of ox-
aliplatin-induced peripheral neuropathy.>® The most abundant active
component of green tea is epigallocatechin-3-gallate (EGCG), which has
antioxidant, anti-inflammatory, and antitumor-progression properties.
EGCG is able to modulate different types of neuropathic pain by
downregulating the expression levels of NF-kB, JNKs, nNOS/NO,
CX3CL1, and TNF-a protein.”” EGCG has also been associated with
cancer prevention and treatment. The additive and synergistic effects of
EGCG when combined with conventional cancer therapies have been
proposed, and its anti-inflammatory and antioxidant activities have
been related to amelioration of cancer therapy side effects.>®

4.10. Ocimum sanctum L

Ocimum sanctum L. or Ocimum tenuiflorum L., also known as Holy
Basil or Tulsi, is an important medicinal plant in the various traditional
and folk systems of medicine in Southeast Asia. Ocimum sanctum, in-
cluding the leaves, stem, root, flowers, and seeds, have numerous bio-
logical and pharmacological activities, including antioxidant, anti-in-
flammatory, antiallergic, immunomodulatory, antimicrobial, antistress,
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Table 2
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Chinese herbal formulas for treatment of chemotherapy-induced peripheral neuropathy.

Formula (ingredient) Action

Chemotherapy drug (study Effects

type)

Shao Yao Gan Cao Tang (Rx. Paeoniae Alba, Rx. Glycyrrhizae
Preparata)

Fluids

Gui Zhi Jia Shu Fu Tang (Ram. Cinnamomi, Rx. Paeoniae
Alba, Fr. Jujube, Rz. Zingiberis Recens, Rx. Glycyrrhizae,
Rz. Atractylodis, Rx. Aconiti Lateralis Preparata)

Ji Sheng Shen Qi Wan (Rx. Rehmanniae Preparata, Fr. Corni,
Rx. Dioscoreae, Rz. Alismatis, Poria, Cx. Moutan, Cx.
Cinnamomi, Rx. Aconiti Lateralis Preparata, Rx.
Cyathulae, Sm. Plantaginis)

edema

Softens the Liver, nourishes the Yin-Blood,
moderates painful spasms, relieves pain,
harmonizes the Middle Jiao, replenishes Body

Expels Wind and Dampness, invigorates the

Blood, promotes urination

Warms Yang, tonifies the Kidneys, aids water
transformation, promotes urination, reduces

Paclitaxel (rat study) Attenuate hyperalgesia and
allodynia®®
Reduce and prevent arthralgia

and myalgia, °7%°

paclitaxel and carboplatin
combinations (clinical
study)

Oxaliplatin (rat study) Decrease spinal glial activation,
IL-1B, and TNF-a in the spinal
cord *°

Reduction in neuropathy
evaluated with neurotoxicity
criteria (Debiopharm) 7°
Decrease ROS, TNF-a, TRPV4,
TRPA1 and TRPMS expression '
Decrease allodynia 7>
Controversial results 7>

FOLFOX regimen (clinical
study)

Oxaliplatin and paclitaxel
(rat study)

Bortezomib (rat study)
Various agents in clinical
studies

analgesic, antipyretic, antihypertensive, antidiabetic, cardioprotective,
gastroprotective, hepatoprotective, renoprotective, radioprotective,
chemopreventive, and anticancer properties.®” It can attenuate chronic
constriction injury- and vincristine-induced neuropathic pain as well as
decrease the oxidative stress and calcium levels in rats.®>®" Apigenin,
rosmarinic acid, and eugenol, some of the phenolic compounds present
in Ocimum sanctum,®®> have been shown to have antinociceptive and
anti-inflammatory activities that may either improve neuropathic pain
or prevent nerve damage.®®>®°

4.11. Herbal formulas

Herbal formulas are typically combinations of several herbs used to
treat various diseases or symptoms according to the theory of tradi-
tional Chinese medicine. They are also commonly used in traditional
Japanese (Kampo) and Korean medicine. The herbal formulas have
different names in different countries, leading to confusion among
readers. Three Chinese herbal formulas commonly used for the treat-
ment of CIPN are Shao Yao Gan Cao Tang (X5 H &%), Gui Zhi Jia Shu
Fu Tang (Z#iN7HH), and Ji Sheng Shen Qi Wan (BHEBRA)
(Table 2). Shao Yao Gan Cao Tang, also called Shakuyakukanzoto (in
Japanese) and Jakyakgamcho-Tang (in Korean), is an herbal mixture of
Paeoniae radix and Glycyrrhizae radix. It remarkably attenuated hyper-
algesia and allodynia in a rat model of paclitaxel-induced neuropathic
pain.®® It was also effective in reducing arthralgia and myalgia occur-
ring in paclitaxel and carboplatin combinations of chemotherapy in a
small retrospective case analysis.®” In addition, prophylactic adminis-
tration of Shao Yao Gan Cao Tang is effective against paclitaxel- and
carboplatin-induced myalgia and arthralgia.®® Gui Zhi Jia Shu Fu Tang,
also called Keishikajutsubuto (in Japanese) and Gyejigachulbu-Tang (in
Korean), contains Aconiti tuber, Atractylodis lanceae rhizome, Cinnamomi
cortex, Glycyrrhizae radix, Paeoniae radix, Zingiberis rhizome, and Zizyphi
fructus. Tt alleviates oxaliplatin-induced neuropathic pain in rats by
suppressing spinal glial activation and pro-inflammatory cytokines, IL-
1B and TNF-q, in the spinal cord.®® In addition, it is effective against
FOLFOX regimen induced neuropathy in patients with metastatic col-
orectal cancer.”® Ji Sheng Shen Qi Wan, also called Niu Che Sen Qi Wan
(FEBHRA), Goshajinkigan (in Japanese), and Jesengsingi-Hwan (in
Korean), contains Achyranthis bidentatae radix, Alismatis rhizome, Aconiti
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tuber, Cinnamomi cortex, Corni fructus, Dioscorea opposita rhizoma,
Plantaginis semen, Poria alba, Moutan cortex, and Rehmannia viride radix.
It ameliorated oxaliplatin- and paclitaxel-induced neuropathic pain in a
rat model by suppressing ROSs, TNF-a, TRPV4, TRPA1, and TRPMS8
expression.”’ It also reduces bortezomib-induced mechanical allodynia
in rats.””> However, the results of clinical studies on the preventive ef-
fects of Ji Sheng Shen Qi Wan on CIPN are still controversial.””

5. Conclusion

Therapeutic choices for patients with CIPN are limited, and pre-
vention or management requires an understanding of the neuropathy
pathophysiology (Fig. 1). Despite the debilitating symptoms of che-
motherapy-induced PN, there exists no truly effective treatment
strategy capable of preventing or managing the associated nerve da-
mage. Therapies based on complementary therapies have been reported
to improve the symptoms of CIPN. Some novel attempts using acu-
puncture, reflexology,”* and sensorimotor training ’> have now re-
vealed promising results. CIPN, having varied pathobiology, presents
many molecular mechanisms that can be targeted with complementary
therapies. However, the absence of rigorous scientific design has im-
peded the use of complementary therapies in mainstream medicine. The
current study analyzed 10 commonly used medicinal herbs for their
antioxidant capacity in the rat models. The focus of this review is on
medicinal plants with respect to their anti-oxidative effects for com-
plementary treatment of CIPN. From the description of the suggested
effect mechanisms of the different medicinal plants, it should be clear
that these plants have many other effective mechanisms; it has not been
determined whether the anti-oxidative effect is the major mechanism
against CIPN. Some experimental evidence has indicated that either
monastrol or taxol could be active in post-mitotic neurons, possibly
through mediation of transcriptional regulation in axon growth and
regeneration.”®”” Further studies are required to optimize the use of
these novel agents to alleviate the distressing symptoms of neuropathy
and brought them to clinical practice. We still have much to learn about
complementary therapies in terms of their efficacy, safety, and cost-
effectiveness. To prevent or reduce chemotherapy-induced PN, a truly
collaborative effort between practitioners of complementary therapies,
conventional physicians, and research scientists is needed.
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