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Abstract

Background Chemotherapy, as one of the main approaches of cancer treatment, is accompanied with several adverse effects, including
chemotherapy-induced peripheral neuropathy (CIPN). Since current methods to control the condition are not completely effective, new
treatment options should be introduced. Medicinal plants can be suitable candidates to be assessed regarding their effects in CIPN.
Current paper reviews the available preclinical and clinical studies on the efficacy of herbal medicines in CIPN.

Methods Electronic databases including PubMed, Scopus, and Cochrane library were searched with the keywords “neuropathy”
in the title/abstract and “plant”, “extract”, or “herb” in the whole text. Data were collected from inception until April 2018.
Results Plants such as chamomile (Matricaria chamomilla L.), sage (Salvia officinalis L.), cinnamon (Cinnamomum cassia (L.)
D. Don), and sweet flag (Acorus calamus L.) as well as phytochemicals like matrine, curcumin, and thioctic acid have demon-
strated beneficial effects in animal models of CIPN via prevention of axonal degeneration, decrease in total calcium level,
improvement of endogenous antioxidant defense mechanisms such as superoxide dismutase and reduced glutathione, and
regulation of neural cell apoptosis, nuclear factor-kB, cyclooxygenase-2, and nitric oxide signaling. Also, five clinical trials have
evaluated the effect of herbal products in patients with CIPN.

Conclusions There are currently limited clinical evidence on medicinal plants for CIPN which shows the necessity of future mech-
anistic studies, as well as well-designed clinical trial for further confirmation of the safety and efficacy of herbal medicines in CIPN.
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Introduction

Peripheral neuropathy is a series of different medical
conditions with various etiology, pathology and severity.
Based on etiological, genetic, or pathological character-
istics, peripheral neuropathy can be classified into he-
reditary or acquired neuropathy, acute and chronic neu-
ropathy, single and multiple mono-neuropathy, symmet-
ric poly-neuropathy and radiculopathy [1, 2].

Direct trauma, prolonged pressure on a nerve, chronic dis-
cases like diabetes, as well as drugs with neurological side
effects are amongst the most popular causes of peripheral
neuropathy [3]. In severe cases, the disease can be fatal or
have permanent symptoms which can have negative impacts
on patients’ quality of life [1, 2, 4].

One of the predisposing factors which can lead to
peripheral neuropathy is chemotherapy. Chemotherapy
is a popular treatment modality in many types of cancer
[5]; however, due to neurotoxicity of some chemothera-
peutic agents, peripheral neuropathy is one of the major
side effects [6]. Statistics have shown that from 10% to
20% (in 2002) and up to 48% (in 2014) of all cancer
patients have experienced chemotherapy-induced periph-
eral neuropathy (CIPN) [7, 8]. CIPN can be recognized
by short-term sensory symptoms and long-term motor
weaknesses [S]. Type of chemotherapy and its cumula-
tive dose are the key factors in the occurrence of CIPN
[9]. Platinum agents, vinca alkaloids, and taxanes have
more potential to cause CIPN [6, 7, 10].

Various treatments such as tricyclic antidepressants,
gabapentin and its newer analogue pregabalin, lamotrigine,
topical baclofen, ketamine and acetyl-L-carnitine are cur-
rently used to manage this type of neuropathy; though, there
is no proven evidence from these medical treatments to
prevent or cure CIPN. Despite some undeniable positive
effects of the above mentioned agents, in several cases they
were not better than placebo in attenuating pain and im-
proving neuropathic symptoms which shows the need for
further investigations regarding an effective agent to control
the condition [4, 6, 11].

Since ancient times, medicinal plants were used due to
their positive effects on various neurological and psychi-
atric diseases such as Parkinson’s disease, Alzheimer’s
disease, epilepsy, insomnia and depression. New scientif-
ic evidences also support the effectiveness of plant-
derived natural agents for the management of neurologi-
cal disorders in preclinical and clinical studies [12—14].
Thus, medicinal plant can be introduced as new options
for the management of CIPN in the future.

The aim of this study is to review preclinical and clinical
evidences regarding the effectiveness of medicinal plants and
their isolated phytochemicals in CIPN.

@ Springer

Search strategy

Electronic databases including PubMed, Scopus, and
Cochrane library were searched with the keywords
“neuropathy” in the title/abstract and “plant”, “extract”,
or “herb” in the whole text. Data were collected from
inception until April 2018. Only papers with English
full-text were included in our study. Studies on the neu-
ropathies due to causes other than chemotherapy were
excluded. Studies on the other side effects of chemother-
apy were also excluded. From total of 3379 studies, final
number of 32 papers, including 27 animal studies and 5
clinical trials, were retrieved (Fig. 1). Results of the final
included article are summarized in Tables 1, 2, and 3.

Chemotherapeutic agents with high risk
of neuropathy

Chemotherapy agents inducing CIPN can be divided into sub-
groups based on their category and mechanisms of action.
Platinum agents like cisplatin, oxaliplatin and carboplatin, vinca
alkaloids like vincristine and vinblastine, taxanes like paclitaxel
and docetaxel, epothilones like ixabepalone and newer agents
such as bortezomib, thalidomide and lenalidamide are more
prone to cause peripheral neuropathy (Fig. 2) [6, 7, 10].
Platinum agents specifically produce sensory ganglionopathy
through interstrand and intrastrand crosslinking of DNA or be-
tween DNA and proteins. This effect may occur for months after
treatment. Amongst platinum agents, neuropathy caused by cis-
platin is generally the most severe form, followed by oxaliplatin
and carboplatin [48-51]. Vinca alkaloids cause neuropathy via
disorientation of microtubules of mitotic spindle and disrupting
the axonal transport [S1, 52]. Neurotoxicity induced by taxanes is
mostly sensory and the exact mechanism is still unknown. Based
on a clinical study, disturbance of cell body and axonal transport
as a result of formation of dysfunctional microtubules is sug-
gested to be the main mechanism of neurotoxicity induced by
taxanes [53]. Epothilones, including epothilone A, epothilone B,
and epothilone D, seem to induce neurotoxicity with similar
mechanism as taxanes by stabilizing the microtubules [51].
Bortezomib is classified as a proteasome inhibitor and has a
multifactorial role in the pathogenesis of neuropathy.
Mitochondrial injury, dysregulation of mitochondrial calcium
homoeostasis, autoimmune factors, and blockade of neuronal
survival are proposed to be the possible mechanisms of
bortezomib-induced neuropathy [54]. Other causative chemo-
therapeutic agents such as thalidomide and lenalidamide are also
considered to induce neuropathy. The induction of neuropathy in
patients receiving chemotherapy also depends on genetic suscep-
tibility; however, it is not yet completely demonstrated [55].
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Fig. 1 Flow diagram of study
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Underlying mechanisms in the pathogenesis
of CIPN

Various possible mechanisms of action for plant extracts and/
or phytochemicals have been proposed as primary and/or sec-
ondary prevention of CIPN.

Inflammation is an immune response that occurs due to
cell/tissue injury and initiate the secretion of proinflammatory
cytokines such as interleukins (ILs) and prostaglandins to the
injured site [56]. Inflammation and muscle cramps are
amongst the common complications of CIPN which can be
relieved with decrease in the level of prostaglandins, cytokines
and antispasmodic agents [57].

Activation of p-opioid receptors by some phytochemicals,
such as salvinorin A, leads to antinociceptive effects in both
peripheral and central nervous systems [58, 59].

Another important mechanism involved in the
antihyperalgesic activity of phytochemicals in CIPN is the regu-
lation of nitric oxide (NO) pathway [60, 61]. In the early stage of
neurotoxicity, an increase in inducible nitric oxide synthase
(iNOS), neuronal nitric oxide synthase (nNOS) and intracellular
calcium ion, as well as a decrease in reduced glutathione (GSH)
is observed. Hence, inhibition of iNOS gene expression helps to
prevent neuronal death and neuropathic pain [38].

One of the common pathways in the pathogenesis of nearly
all types of inflammatory disorders, including CIPN, is the

activation of nuclear factor- kB (NF-kB), p38 mitogen-
activated protein kinase (MAPK), or extracellular signal-related
kinase (ERK) 1 and ERK2 pathways. Moreover, the phosphor-
ylation of ERK results in development of neuropathic pain
through the activation of proinflammatory cytokines such as tu-
mor necrosis factor-o (TNF-o¢) [62]. Additionally, TNF-x en-
hances activation of x-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptor and IL-13 phosphor-
ylates the N-methyl-D-aspartate (NMDA) receptor. This results
in NO production and NMDA receptor activation which in-
creases the influx of calcium ion which consequently develops
neuropathic pain [25].

Protein kinase A, also known as cyclic adenosine
monophosphate (cAMP)-dependent protein kinase, is a family
of enzymes which have several cellular functions including lipid
metabolism, modulating voltage-gated sodium currents, and reg-
ulating cAMP second messenger related cascades. Activation of
protein kinase A mediates the hyperalgesia and downregulates -
opioid receptors, which are related to pain regulation [17, 63].
Additionally, activation of protein kinase C (PKC), especially
PKCe which is involved in controlling the other proteins func-
tion, is related to induce neuropathic pain through triggering pro-
inflammatory pathways, sensitization of nociceptive neurons, ex-
posing the hidden calcium channels, or change in the conduc-
tance of ion channels. PKCe also mediates the activation of a
cellular transcription factor called cAMP response element-
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Q =N A
E ; @ binding protein (CREB) and cyclooxygenase-2 (COX-2) upreg-
5| = £ 2 ulation in primary afferent neurons which are related to inflam-
< N
== = %% matory processes [37, 64].
3 E Some conventional antidepressant drugs including tricyclic
g g antidepressants are beneficial for neuropathic pain; thus, consid-
Q . . . . . .
E & ering their mechanism of action can be helpful in understanding
2 ; § the pathogenesis of neuropathy [65-67]. Decrease in monoamine
2 é § & contents especially noradrenaline and serotonin in spine causes
-z § e é nociceptive effects; therefore, inhibition of monoamine reuptake
% & z’ < ] 3 may have analgesic effects [41, 68, 69]. Adrenergic receptors (o
E|¢E = = % = and 3) especially «, subtype which are located on post-
o | £ 8 ; 8 = L. . . . . .
= |2z © g 53 ganglionic sympathetic terminals are also involved in the induc-
@ é o =] X a e . .
g | oa £ S &= tion of hyperalgesia [17, 70, 71].
=== - 2 %8 ) o .
£ = Some studies proposed that the activation of the immune
S % E 2 system is contributed to the induction of inflammation in the
= 9 . .
g - ’g -8 2 satellite cells of the dorsal root ganglion and can cause neuro-
) E £ ‘§ gz pathic pain [22, 72], so plant-derived natural agents with mod-
o Q 31 7] :
2 o & §° 2 :; 5 ulatory effects on immune system may prevent the patholog-
g g g 2 n . . . .
o % g 5= £S5 ical stimulation of immune system.
S E 5 E Zj 255 Mitochondrial dysfunction caused by chemotherapy agents
<= < 5 9 . . .
f: £ g% ff § g E%‘ as the trigger of neuronal apoptosis leads to hyperalgesia and
o | £ =8 'é g% f £ = phytochemicals with anti-apoptotic effect can be helpful to
= =2 < > .
£ | 2 ESsaS53 S E = prevent this process [36, 73].
S| 88E%838= = . . .
3123325258 CEE The same as several neurological disorders, reactive oxy-
_ o — S, . .
@ 3 'g gen species (ROS) contribute to the development of neuropa-
= =g thy and neuropathic pain. Thus, plants with antioxidant activ-
g =Rl : : S o .
g o 8 % é ity, especially those preventing the lipid peroxidation, can im-
o | & E g % z prove the overall condition in CIPN [74]. The reaction be-
o&n — B @ . o . .
3| g 3% 5 tween NO and superoxide forms peroxynitrite, a potent oxi-
— Qo »n . . . .
Al s = % = 8 dant which leads to formation of reactive radicals that are
(=] . .
S5 5 responsible for neuronal death. Moreover, free radicals react
< N . . .. . . . .
2 3 2 mainly with lipids and tyrosine which is evident from the
52 g increase in nitrotyrosine and malondialdehyde (MDA)
g =
R ducti
- = 2 production.
‘s =1
8 3=y g < Some chemotherapy agents can promote demyelination of
S § 3 § neurons [10]. Myelin sheaths are formed by Schwann cells
= £ o é § and are impaired through endoplasmic reticulum (ER) stress.
—_ Q < . . . .
3 Jﬁ; 252 ER is an essential cellular organelle for synthesis and folding
% . é 2 E E N of secretory proteins and storage of calcium ion. The pertur-
g g 2 5 % g g bation of ER homeostasis such as increase in intracellular
3 g ‘cz“) .é B 3 g = calcium ions leads to ER stress and the organelle provokes
2 £8 = o
2|55 Z2 = 3 apoptotic signals.
— [ = = o . .
g | & § = § 23 g CHOP gene expression as a marker of ER stress is upreg-
ERE “ g EdE ulated during the ER stress-mediated apoptosis pathway.
= g % Inhibition of ER stress by the upregulation of CHOP can pre-
Q . .. .
g SEZ vent neuropathic pain induced by this pathway [42, 75].
g S =i
T| = S |
£ _ .
£l 5 87 g Medicinal plants used in the treatment
S| 8 £ == 2 of CIPN
MEAE: = S22
R £y |32 . .
2 2| % £ g == g Matricaria chamomilla L. (chamomile) hydroalcoholic ex-
< E Sé g S 8) & o . . . . .
=lala O < E = tract mainly contains apigenin, bisabolol and chamazulene
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(43]

600 mg 24w No significant difference in any of the

Randomized, double-blind, placebo-controlled

«-lipoic acid

clinical outcomes

trial in 70 subjects with chemotherapy-induced

peripheral neuropathy
Prospective study in 25 subjects with chemotherapy-induced

(44]

|Pain (VAS), sensor and motor neuropathic

«-lipoic acid (240 mg) + B. serrata 12 w

o-lipoic acid+ Boswellia

impairment (NCI-CTC score), TNSc, mISS

(40 mg) + MSM

peripheral neuropathy

serrata + MSM + bromelain

(200 mg) + bromelain
(20 mg)

75¢g

[45]

|Frequency of abnormal CPT,

6w

Randomized controlled trial in 29 patients with ovarian

Goshajinkigan

No significant change in VAS, NCI-CTCAE

or endometrial cancer underwent TC therapy and

developed peripheral neuropathy

neuropathy grade, FACT-Taxane & CPT

ranges
|Pain (NRS-PI)

[46]

24w

Maximum 12 puff per day

Double-blind, placebo-controlled, crossover pilot trial

Nabiximols (oromucosal spray)

in 16 patients with chemotherapy-induced

neuropathic pain
Retrospective study in 73 colorectal cancer patients with oxaliplatin-induced

| Deleterious effects in comparison to non-treated [47]

>4 w

2.5 ¢ TDS

Goshajinkigan

patients

peripheral neuropathy

VAS visual analogue scale, MSM Methylsulfonylmethane, TNSC Total Neuropathy Score clinical version, mISS group sensory sum score, NCI-CTCAE National Cancer Institute—Common Toxicity Criteria

for Adverse Event, NRSPI numeric rating scale for pain intensity, CPT current perception threshold, FACT-Taxane functional assessment of cancer therapy-Taxane

which have sedative, anti-inflammatory, anti-spasmodic and
antioxidant effects. In an animal model of cisplatin-induced
neuropathic pain, M. chamomilla extract demonstrated anal-
gesic effects. The extract could also represent antinociceptive
properties in both early and delayed phase of formalin test. It
is worthy to mention that activation of C fiber and peripheral
stimulation induces pain in the early phase of formalin test;
while the inflammatory reactions are the main cause of de-
layed phase [15]. Chamomile extract has also exhibited neu-
roprotective properties via reduction of oxidative stress in
several animal models [76, 77]. This effect can be partially
mediated by apigenin, a flavonoid with an affinity to benzo-
diazepine receptors [15]. Also, neuroprotective effects of
apigenin via antioxidant properties is demonstrated in several
studies. This effect is evident from the reduction of biomarkers
of oxidative damage such as ROS and lipid peroxidation
(LPO), as well as proinflammatory cytokines [18].

Salvia officinalis L. (sage) extract has shown anti-
inflammatory properties in the second phase of formalin test
in a dose-dependent manner [16]. Sage hydroethanolic extract
could also relieve vincristine-induced pain in a mice model of
neuropathy [16]. As different species of the genus Salvia con-
tain a diterpene called salvinorin A, an agonist of p opioid
receptors, these receptors may be involved in the
antinociceptive effects of S. officinalis [78]. Rosmarinic acid
of sage extract is also effective in the protection of neural cells
against apoptosis via inhibition of caspase-3 overactivation
and DNA damage [79].

Xylopia aethiopica (Dunal) A. Rich., commonly called as
African pepper, was traditionally used for headache, neuralgia
and colic pain. The ethanolic fruit extract was significantly
effective for pain management in the animal model of
vincristine-induced neuropathy. The plant contains diterpenes
such as kaurenoic acid and xylopic acid which are responsible
for antihyperalgesic and anti-inflammatory effects in neuro-
pathic pain, possibly via inhibition of p38 and/ or ERK1 and
ERK2 pathways that leads to deactivation of NF-kB, inhibi-
tion of NMDA, adrenergic and protein kinase A/C pathways
[17]. The fruit extract has also demonstrated antioxidant ac-
tivity via improvement of endogenous antioxidant defense
mechanisms such as superoxide dismutase (SOD) and cata-
lase (CAT) in an animal model of brain oxidative damage
[80]. Xylopic acid from X. aethiopica ethanolic fruit extract
has shown antihyperalgesic and anti-inflammatory effects in
neuropathic pain with low toxicity [17].

Synedrella nodiflora (L.) Gaertn. (nodeweed)
hydroethanolic extract has demonstrated to have
antinociceptive, sedative, anticonvulsant and antioxidant ef-
fects in animal models. The extract has a low toxicity and
contains several bioactive compounds such as glycosides, sa-
ponins, alkaloids and tannins which are involved in various
biological activities. The extract could significantly improve
neuropathic pain in vincristine- and paclitaxel-induced
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Fig. 2 Structures of some chemotherapeutic agents causing neurotoxicity

neuropathy in rats [19, 81]. The inhibition of painful stimuli in
the degenerated unmyelinated and myelinated C-, Ad-, and
A B-fibers and antioxidant effects might be the probable mech-
anism of action against CIPN [81]. Also, since paclitaxel-
induced neuropathy is involved with the activation of
NMDA receptors and glutamatergic system, these pathways
may be the topic of future studies to clarify the antinociceptive
mechanisms of nodeweed [19].

Plantaginis Semen (seeds from Plantago sp.) is one of the
ingredients of a traditional Japanese herbal formulation,
goshajinkigan, that has been demonstrated to reduce the pe-
ripheral neuropathy. The plant extract could significantly im-
prove neuropathy induced by paclitaxel in mice [20].
Aucubin, the main component of the aqueous extract, is an

0
0 HaN 0
1 et
~
0™ o HaN @
o)

carboplatin

epothilone A: R=H
epothilone B: R = CHj;

iridoid glycoside with strong antioxidant activity and neuro-
protective effects via prevention of nuclear damage [82]
which is demonstrated in several in vitro and in vivo models
[83, 84]. Aucubin could attenuate the allodynia induced by
paclitaxel; however, geniposide acid as its precursor and
catalpol as its metabolite showed no preventive effect on neu-
ropathic pain [20].

Palisota hirsuta (Thunb.) K.Schum. is an African herb
with various traditional indications such as kidney pains,
toothache and arthritis pain. Ethanolic extract of the leaves
has shown significant anti-inflammatory, antioxidant and
antinociceptive effects. It could attenuate the mechanical and
thermal hyperalgesia and tactile allodynia in animal model of
vincristine-induced neuropathic pain; while it has less effect
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on cold allodynia [21]. The extract has demonstrated
antinociceptive activity which is partially mediated by opioid
receptors via NO-cGMP-ATP-sensitive K+ channel [34].
Furthermore, it has anxiolytic and antidepressant effects in
central nervous system which would be demanded for neuro-
pathic pain [21].

Aqueous extract of Lithospermi Radix (roots of
Lithospermum sp.) has a significant effect on relieving the
oxaliplatin-induced neuropathy in vitro by suppressing the
spinal activation of astrocytes and microglia cells and decreas-
ing the mechanical hypersensitivity in oxaliplatin-induced
neuropathy. Considerable loss of intraepidermal nerve fibers
(IENFs) was observed in skin of foot pads of animals treated
with oxaliplatin, a phenomenon causing numbness in clinical
setting, which was also significantly improved by the plant
extract. Additionally co-administration of the extract with che-
motherapeutic agents did not diminish their antitumor activity
in human colorectal (HCT116) and non-small cell lung carci-
noma (A549) cells [22]; however, the possibility of pharma-
cokinetic interaction can not be ruled out unless with an
in vivo study.

Astragalus is a plant genus with a wide variety of
species all over the world. The hydroalcoholic and aque-
ous root extract of Astragalus sp. both could relieve neu-
ropathic pain via central nervous system in oxaliplatin-
induced neurotoxicity. The plant has several bioactive
components such as isoflavonoids that are mostly found
in hydroalcoholic extract, triterpenoid saponins, polysac-
charides, and amino butyric acids. It could prevent axonal
damage by downregulating the phosphorylated heavy neu-
rofilament. Furthermore, 50% hydroalcoholic extract de-
creased the number of microglia and astrocytes in the
dorsal horn of the spinal cord and brain and lead to
decrease of pain hypersensitivity. It is found that 50%
hydroalcoholic extract is the most effective preparation,
possibly due to the presence of higher amount of bioactive
components responsible to decrease pain hypersensitivity
[23]. Maerua angolensis DC. is a medicinal plant from the
family Capparaceae which is well studied regarding its phar-
macological activities in nervous system such as anticonvulsant
effects via GABAergic and NO-cGMP signaling [85], antide-
pressant and anxiolytic activities [86], as well as analgesic ef-
fects [87]. The plant showed antihyperalgesic effect in the sec-
ond phase of formalin test using the petroleum ether/ethyl ac-
etate stem bark extract. Moreover, it could effectively reduce
vincristine-induced neuropathic pain via its antioxidant effects
and blockade of calcium channels in sensory nerves [24].

Aconiti Tuber, commonly called Buja, is the corms of
Aconitum sp. which is a component of Gyejigachulbu-tang
(GBT) used as an herbal medicine in East Asia. Buja atten-
uates activation of astrocytes in the dorsal horn of spinal
cord and downregulates the production of pro-inflammatory
cytokines including TNF-« and IL-1f which results in

@ Springer

decreased cold and mechanical allodynia in the animal
model of oxaliplatin-induced neuropathy [25].

Ocimum sanctum L. (holy basil) is a plant mostly found in
India and is used for several purposes in Ayurveda. The plant
has demonstrated anti-tumorigenesis and nerve tonic effects in
the experimental studies and has shown ameliorative effect on
vincristine-induced neuropathy [26]. Also, animal studies in
cerebral ischemia and in vitro evaluations on H202-induced
neuronal cell damage suggest O. sanctum as an important
neuroprotective medicinal plant which mostly acts via protec-
tion of cells from oxidative damage [88, 89]. Saponins such as
ursolic acid and oleanolic acid are the main constituents of the
hydroalcoholic extract of the plant proved to be responsible
for attenuating vincristine-induced neuropathy via antioxidant
effects and decrease in the calcium level [26].

Cinnamomum cassia (L.) D. Don (cinnamon) is a well-
known medicinal plant to manage neurological problems
due to the growing body of evidence supporting its neuropro-
tective effects. It is a well-discussed plant to improve memory
[90, 91] and is recently attracted the attention of scientists in
Parkinson’s disease [92]. The plant contains several com-
pounds such as coumarins, cinnamic acid, as well as
cinnamaldehyde, a major component in the essential oil which
has demonstrated to regulate iNOS, COX-2 and NF-«B sig-
naling during neuroinflammation [93]. Aqueous extract of
cinnamon bark (Cinnamomi Cortex) and twig (Cinnamomi
Ramulus) were both found to have analgesic effects. The oral
administration of Cinnamomi Cortex extract to rats with CIPN
reduced the spinal TNF level and deactivated the spinal astro-
cytes and microglia in a dose-dependent manner; whereas no
significant effect was observed with Cinnamomi Ramulus
[27]. Moreover, coumarin extracted from C. cassia is reported
to have analgesic effects which can alleviate cold allodynia
induced by chemotherapy agents [27].

Camellia sinensis (L.) Kuntze, commonly known as tea,
is a rich source of polyphenolic compounds. According to
the degree of fermentation, different types of tea are pro-
duced amongst which the most popular ones are black tea
(produced under highest degree of fermentation), containing
theaflavins as the main flavonoids, and green tea containing
catechins such as gallocatechin, epigallocatechin, epicate-
chin, epigallocatechin-3-gallate (EGCG). The potent antiox-
idant properties of catechins prevent oxidative stress and
decrease chemotherapy-related dose-limiting side effects in
the early stage of therapy. Green tea could ameliorate
oxaliplatin-induced allodynia in a rat model of CIPN. It also
showed a synergistic anticancer effect via reducing the tu-
mor size when co-administered with oxaliplatin; however, it
could not prevent the morphometric or electrophysiological
changes [28]. EGCG as one of the main components of
green tea is widely studied in different models of neurolog-
ical disturbances due to the antioxidant and anti-
inflammatory properties [94, 95].
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Agrimonia genus include several species of perennial herbs
distributed in the North Temperate Zone. A. pilosa root extract
contains tannins and aerial part extract contains flavonoids
and triterpenoids with antioxidant effects which has demon-
strated neuroprotective activities in vitro [96]. A. eupatoria
could significantly alleviate cisplatin-induced neuropathic
pain in rats. A. eupatoria and A. pilosa are species with nearly
similar phytochemical composition like agrimony and agri-
mony lactone and both can alleviate CIPN [29].

Acorus calamus L. is a medicinal plant traditionally used
for pain management. The aqueous and hydroalcoholic ex-
tracts contain glycosides, flavonoids, saponins, tannins, muci-
lage and volatile oil. Studies revealed that A. calamus exerted
antioxidant, anti-inflammatory and neuroprotective effects in
both central and peripheral nervous systems. The ethanolic
extract showed antinociceptive properties through suppress-
ing the voltage-gated calcium channels and inhibiting the pro-
duction of the NO, IL-2 and TNF-« in animal model of CIPN
[30, 31]. Saponins and [(3-asarone are suggested to be the ma-
jor active ingredients of the plant which participate in neuro-
protective properties of the plant via modulation of autophagy
and anti-inflammatory properties [97, 98].

The leaf extract of Ginkgo biloba L., known as living fossil,
contains flavone glycosides including quercetin, kaempferol, and
isorhamnetin, as well as terpene lactones such as ginkgolides A,
B, and C and bilobalide. This plant is commonly used as a
supplement in different malfunctions of nervous system. It has
demonstrated anti-inflammatory, antioxidant and analgesic ef-
fects in formalin-induced inflammation in rat. Ginkgo showed
beneficial effects on the vincristine-induced neuropathy [32]. The
plant was also effective in animal model of diabetic neuropathy
which seems to be mediated via inhibition of oxidative- and
nitrosative-induced neural damage [99]. Furthermore, ginkgo
and its constituent, Ginkgolide B, could regulate the cellular
pro-apoptotic pathways in an in vitro multicellular model of neu-
ral damage [100].

Tithonia tubaeformis (Jacq.) Cass. is a Mexican medicinal
plant from Asteraceae family. Hydromethanolic extract of the
plant showed significant analgesic effects in vincristine-
induced animal model of neuropathy. Since the plant is not
yet well investigated, future studies are necessary to clarify the
main active ingredients, as well as the mechanisms of its
antinociceptive activity [33].

Phytochemicals used in the treatment of CIPN

Fig. 3 shows the chemical structure of phytochemicals
assessed in CIPN.

Curcumin, the main component of Curcuma longa L. (tur-
meric), is a polyphenol with antioxidant, antineoplastic and
anti-inflammatory effects. Curcumin can improve myelin loss
induced by chemotherapy agents through the reduction of

oxidative stress and can alleviate both functional and structur-
al defects observed in neuropathy. The co-administration of
curcumin with chemotherapeutic drugs also increases the anti-
proliferative activity of conventional anticancer agents in
in vitro and in vivo models. Curcumin has analgesic effect
only in the delayed phase of formalin test in animal model
which shows its peripheral activity. In addition, it exhibited
antinociceptive effects in a hot plate model, indicating its cen-
tral activity [41]. Neuroprotective mechanisms of curcumin
are studied in a growing body of literature which suggest this
compound to have beneficial modulatory effects on NF-xB,
COX-2, oxidative damage, and different types of neurotoxic-
ity [101]. Curcumin is a relatively safe agent and can be tol-
erated at even high doses in human [36, 102]; however, pre-
clinical studies showed pharmacokinetic interactions between
curcumin and conventional drugs and thus, its concomitant
administration with chemotherapeutic agents should be under
close observation [103].

Paconiflorin is a monoterpene glycoside extracted from
Paeonia lactiflora Pall. root (Paconiae Radix) and demon-
strated to ameliorate mechanical allodynia induced by pacli-
taxel which seems to be mediated via adenosine A1 receptors
[42]. In addition to its analgesic properties, it has neuroprotec-
tive activity via antioxidant and anti-apoptotic activity which
is demonstrated in several in vitro and in vivo models of
neurological disorders such as Alzheimer’s disease and
Parkinson’s disease [104—106].

Rutin and Quercetin are flavonoids commonly found in
numerous medical plants, as well as fruits and vegetables.
Rutin is a water-soluble flavonoid that converts to quercetin
in blood. Rutin and quercetin both have antioxidant, analgesic
and anti-inflammatory effects. Antioxidant activity of querce-
tin has been found to be four times greater than Trolox (vita-
min E analog) that leads to neural protection against oxidative
stress [38]. Both flavonoid could significantly reduce mechan-
ical and thermal hyperalgesia due to oxaliplatin-induced neu-
ropathy which was, at least in part, due to the inhibitory effect
on iNOS and oxidative stress [38]. Nrf2 and paraoxonase 2
(an endogenous antioxidant and anti-inflammatory enzyme)
are also suggested as two main pathways being affected as a
result of quercetin neuroprotective activity [107].

Matrine, a quinolizidine alkaloid, is a major bioactive
compound of Sophora flavescens Aiton extract which
showed anti-inflammatory, immunosuppressive and noci-
ceptive properties. Repeated co-administration of matrine
and anticancer drugs decreased mechanical allodynia in
the animal model of vincristine-induced neuropathy with
the lowest dose (15 mg/ kg) showing the best analgesic
effect [39]. The effect was mediated via modulation of
endogenous antioxidant defense mechanisms, as well as
pro-inflammatory cytokines [39, 40].

Euphol, as main bioactive compound of Euphorbia
tirucalli L., is a tetracyclic triterpene which has anticancer
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Fig. 3 Chemical structure of phytochemicals assessed in chemotherapy-induced peripheral neuropathy

and anti-inflammatory properties [37]. Acute repeated admin-
istration of euphol produced dose-dependent antinociception
and analgesic effects on peripheral neuropathy induced by
paclitaxel. Several mechanisms are suggested for the analge-
sic properties of euphol including the involvement of PKCe,
NF-xB, COX-2, and CREB [37], as well as a possible role for
cannabinoid receptors [108].

Thioctic acid (x-lipoic acid) as a biological antioxidant has
anti-inflammatory effect and reduces allodynia induced by
vincristine via increase in nerve blood flow and conduction

@ Springer

velocity as seen in in vivo test model [35]. There are also some
clinical studies on this agent which are discussed below.

Clinical studies on the herbal medicines
for CIPN

There are few number of clinical studies regarding the ef-
fect of herbal medicines in CIPN. Goshajinkigan is a
polyherbal Kampo medicine from Japan containing
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Plantaginis Semen, Cinnamomi Cortex and eight other me-
dicinal plants which is clinically assessed in several types of
neuropathies. In a clinical study in 29 cancer patients
underwent treatment with paclitaxel/carboplatin,
Goshajinkigan was evaluated as a supplement for the man-
agement of CIPN. Six-week administration of
Goshajinkigan, along with vitamin B12 showed analgesic
effects in regard to visual analogue scale (VAS); however,
determination of current perception thresholds (CPT) re-
vealed no significant difference with the control group
who only received vitamin B12 [45]. On the other hand,
Yoshida et al. (2013) assessed the effect of the supplement
in colorectal cancer patients treated with oxalipatin. This
retrospective study compared the results of Goshajinkigan
with those received no treatment for their CIPN. The anal-
yses showed that Goshajinkigan-treated patients experienced
fewer complications as the incidence of grade 3 CIPN was
significantly lower compared with the non-treated patients
[47]. This suggests that the negative results of the former
study might be due to the administration of vitamin B12, a
neuroprotective agent, in both test and control groups. Also,
the type of cancer, as well as the chemotherapy was differ-
ent between the two studies which may be involved in the
controversial results observed in these two trials.

In a pilot study in 16 patients suffering from CIPN, an
oromucosal spray containing cannabinoids (nabiximols)
was evaluated for 24 weeks. Although the overall differ-
ence in pain was not significant between the two groups,
a responder’s analysis showed lower incidence of pain in
the nabiximols group [46]. Due to the small sample size
of this study, future trials with larger sample sizes are
essential to determine the overall efficacy of nabiximols
in CIPN.

A multicomponent natural supplement containing
240 mg of «-lipoic acid, 40 mg of Boswellia serrata
(frankincense), 200 mg of methylsulfonylmethane
(MSM), and 20 mg of bromelain (a proteolytic enzyme
naturally obtained from pineapple (Ananas comosus (L.)
Merr.)) was clinically examined for its protective activity
against CIPN. After 12 weeks of administration in 25
patients, the supplement could significantly decrease both
sensory and motor impairments due to CIPN in compar-
ison to the baseline values. Also, the supplement had no
effect on the efficacy of the chemotherapeutic regimen;
thus, the pharmacodynamics and pharmacokinetics of the
anticancer agents seem to be unaltered [44]. It should be
mentioned that «-lipoic acid was individually adminis-
tered to patients with CIPN in another clinical trial with
a dose of 600 mg per day; however, no significant clin-
ical outcome was observed in comparison to placebo.
High drop out rate of the latter trial may be a reason
for this negative result which should be considered in
future studies [43].

Discussion

Chemotherapy, as one of the main treatment modalities of cancer,
has several debilitating side effects amongst which one of the
most important ones is neuropathy. Due to the failure of conven-
tional therapies to totally control the condition, studies are seek-
ing new approaches such as complementary and alternative med-
icine (CAM) to manage CIPN. Figure 4 shows a schematic view
of the main mechanisms by which medicinal plants and their
active components can prevent CIPN.

Several medicinal plants have shown beneficial effects in
animal models of CIPN via different mechanisms such as anti-
inflammatory, antinociceptive, and antioxidant properties.
Such general mechanisms can help medicinal plants to be
effective in most diseases whose pathologies are involved
with inflammation and oxidative stress, such as CIPN. One
of the gaps of the included studies is lack of detailed assess-
ment of exact cellular and extracellular signaling pathways
involved in the pharmacological activity of the evaluated
plants. Only few number of studies straightly measured the
level of inflammatory signaling mediators like Nrf2 or bio-
markers of oxidative stress [23]. Moreover, most of the includ-
ed studies suggested the “possible” mechanism of action
based on the previously reported data on the pharmacological
activities of the medicinal plants and/or their phytochemicals
in pathological conditions other than CIPN. Thus, future stud-
ies are necessary to assess the detailed mechanisms of action
in the specific animal models to better understand the molec-
ular targets involved in CIPN treatment.

The most common categories of phytochemicals effective
in CIPN are polyphenols such as curcumin and quercetin, as
well as terpenoids like aucubin and xylopic acid which can
give directions for the future researches. There are several
polyphenol-rich and terpenoid-rich plants which can be the
next candidates for the preclinical studies of CIPN.

Current review supports the beneficial effects of some me-
dicinal plants in the animal models of CIPN; however, it
should be considered that there is a long path from lab to
clinic. There are only five clinical studies assessing natural
agents in patients suffering from CIPN which provides a rel-
atively low level of evidence. This can be due to the extremely
complicated condition of the patients under chemotherapy.
Chemotherapeutic agents are highly toxic and have narrow
therapeutic indices, i.e. a serum concentration lower than the
required level results in treatment failure and a higher level
leads to severe adverse effects. This makes the oncologists to
act cautious in accepting CAM suggestions in such patients.
There is a growing body of evidence demonstrating the high
risk of herb-drug interactions in concomitant use of medicinal
plants with conventional drugs which, in some cases, lead to
irreversible life-threatening events [103, 109]. In this regard,
one of the ways to solve the problem is to look for local
treatment options by which the risk of herb-drug interaction
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Fig. 4 Schematic mechanisms of medicinal plants to prevent
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is ruled out. Also, sublingual administration of medicinal
plants, such as in the form of nabiximoles oromucosal spray
[46], can exclude the first pass metabolism of the phytochem-
icals; thus, lower total administered dose is needed which
decreases the possibility of the drug interactions.

Plants such as chamomile, cinnamon, or tea are being used
for thousands of years and are generally considered as safe
agents with several clinical trials regarding their safety and
efficacy in other indications. So, they can be evaluated in
patients suffering from CIPN considering the previous dosing
and safety data. Also, there are several medicinal plants inves-
tigated in other types of neuropathies like carpal tunnel syn-
drome or diabetic neuropathy which have shown beneficial
effects in clinical trials; thus, may be considered as effective
candidates in CIPN, as well. Additionally, as one of the main
mechanisms of chemotherapeutic agents in the induction of
neuropathy is oxidative damage to neural cells, antioxidant
plants or phytochemicals with previously demonstrated
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antioxidant and neuroprotective activities can also be effective
to manage this type of neuropathy, and thus should be consid-
er for future CIPN studies.

Current review showed that there are several medicinal
plants and phytochemicals which are able to decrease the
symptoms of neuropathy in animal models of CIPN.
Curcumin, rutin, quercetin, matrine, euphol, thioctic acid,
rosmarinic acid and cannabinoids are the most relevant natural
products with therapeutic effects in CIPN. Also, results ob-
tained from present review revealed that medicinal plants in-
cluding dunal (Xylopia aethiopica), nodeweed (Synedrella
nodiflora), chamomile (Matricaria chamomilla L.), sage
(Salvia officinalis L.), cinnamon (Cinnamomum cassia L.),
and sweet flag (Acorus calamus L.) posssess protective or
therapeutic activities in CIPN. Medicinal plant and their
phytochmeicals perform their beneficial effects in CIPN
through different pharmacological mechanisms including reg-
ulation of neural cell apoptosis, nitrergic and NF-xB
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pathways, inflammatory cytokines transduction signaling
(TNF-«, ILs, COX-2), reduction of total calcium level, pre-
vention of inflammatory response and axonal degeneration, as
well as reinforcement of enzymatic antioxidant agents like
SOD and CAT.

Conclusion

Overall, medicinal plants and phytochemicals are valuable
sources of natural agents with beneficial effects in CIPN; how-
ever, current available evidences cannot fully support their
application in human. Future mechanistic studies as well as
well-designed clinical trials are essential to evaluate the safety
and efficacy of medicinal plants and their isolated phytochem-
icals in patients with CIPN.
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