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KAMPO MEDICINE FOR THE TREATMENT OF ADVERSE EFFECTS
CAUSED BY ANTICANCER DRUGS

Toru Kono', Hiroshi Takeda’® and Yasuhito Uezono®
Advanced Surgery Center, Sapporo Higashi Tolkushukai Hospital*
Faculty of Pharmaceutical Sciences, Hokkaido University®
Division of Cancer Pathophysiology, National Cancer Center Research Institute, Tokyo, Japan®

Tn contrast to conventional single-target drugs, multicomponent Kampo medicines are designed to
achieve therapeutic effects through multiple drug targets. This article discusses recent advances in mechanis-
tic studies and the clinical effects of eight representative Kampo formulations (Rikkunshito, Hangeshashinto,
Dailkenchuto, Goshajinkigan, Yokukansan, and the tonics Hochuekkito, Juzentaihoto, and Ninjinyoeito) for the
treatment of adverse effects caused by anticancer drugs such as anorexia, oral mucositis, diarrhea, neurotox-
icity, abnormal behavior, malaise, weakness, and thrombocytopenia, which Western pharmaceuticals fail to
address adequately. ’
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EFFECTIVENESS AND MOTION MECHANISM OF TAIKENCYUTO
IN THE PERIOPERATIVE PERIOD

Koutarou Maeda', Hidetoshi Katsuno® and Toru Kono?
Department of Surgery, Fujita Health Univeristy*
Advanced Surgery Center, Sapporo Higashi Tokusyuukai Hospital, Sapporo, Japan®

Tatkencyuto (T]-100) is a Japanese herbal (Kampo) medicine that contains Zanthouxylum and piperitum,
Zingiber officinale, Panax ginseng, and Saccharum granorum. TJ-100 enhances intestinal motility, is thought
to promote acetylcholine and motilin release, and is a vanilloid receptor. Furthermore, TJ-100 increases intes-
tinal blood flow and works as an antiinflammatory and anticytokine agent by producing calcitonin gene-
‘related peptide and adrenomedullin, TJ-100 is considered to be useful for promoting intestinal motility and
preventing ileus during the perioperative period. Further studies must be performed to confirm its usefulness

in perioperative care.

© Japan Surgical Society ~ Journal Web Site : http : //journaljssoc.or.jp

BAIBISRMT 51148 55 236

e



5 TELF REEDVANEEE

EALEERERED BIfER &

FEHFY F5F VI E D LON— RS

Kampo for the treatment of adverse effects caused by anticancer drugs. Oxaliplatin-induced neurotoxicity
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Abstract. The acute peripheral neuropathy induced by oxaliplatin treatment occurs very fre-
quently and is aggravated by exposure to cold. Goshajinkigan (GJG), a traditional Japanese (kampo)
medicine, was recently shown to be effective against oxaliplatin-induced acute neuropathy. How-
ever, because the effects of GJG and its mechanism in relation to those of its ingredients and its
mechanism are not well understood, we examined the effects of GJG on acute neuropathy. Further,
we investigated whether GJG affects the functions and gene expressions of transient receptor po-
tential (TRP) channels using a rat model of oxaliplatin-induced neuropathy. Administration of
oxaliplatin increased withdrawal responses from cold stimulation, and GIG or calcium gluconate/
magnesium sulfate significantly inhibited the oxaliplatin-induced cold hypersensitivity. Applica-
tion of menthol, a TRPA 1/TRPMS agonist, or allyl isothiocyanate (AITC), a selective TRPA | ago-
nist, to the hind paw of oxaliplatin-treated rats enhanced the nocifensive behaviors evoked by each
agonist, whereas oxaliplatin had no significant effect on nocifensive behaviors evoked by capsa-
icin, a TRPVI agonist. GJG treatment reduced menthol- or AITC-evoked withdrawal responses
potentiated by oxaliplatin. Furthermore, GJG suppressed the increase of TRPA1 and TRPMS
mRNA expression induced by oxaliplatin in dorsal root ganglia. These findings suggest that GIG
prevented oxaliplatin-induced acute peripheral neuropathy by suppressing functional alteration of
TRP channels, especially TRPA1 and TRPMS.

Keywords: Goshajinkigan, calcium and magnesium infusion, oxaliplatin,
acute peripheral neuropathy, TRP channel

Introduction

(4 = 6). Peripheral neuropathy observed with oxaliplatin
treatment can be classified as two distinct symptoms:

Oxaliplatin, a third-generation platinum drug, is widely
used with 5-fluorouracil/leucovorin (5-FU/LV) for treat-
ment of advanced/recurrent colorectal cancer (1 —3).
Peripheral neuropathy occurs as an adverse effect of
oxaliplatin with extraordinary frequency and is the most
common dose-limiting factor for oxaliplatin treatment

*Corresponding author.  kono@toru-kono.com
Published online in J-STAGE on April 29, 2014
doi: 10.1254/jphs.13244FP
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1) acute peripheral neuropathy, which occurs during or
immediately after infusion of oxaliplatin and remains for
a few days, and 2) dose-limiting, cumulative sensory
neuropathy. Acute neuropathy is observed in approxi-
mately 90% of patients after administration of oxaliplatin,
and it presents as paresthesia and dysesthesia in the
extremities and perioral region, with jaw tightness. These
characteristic responses to oxaliplatin may be triggered
or potentiated by exposure to cold (7, 8). In most cases,
the acute neuropathy attributed to oxaliplatin occurs at
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every treatment, although it is ameliorated after cessation
of the drug. Prevention and improvement of the peripheral
neuropathy related to oxaliplatin therapy is very impor-
tant to ameliorate the patient’s quality of life and to
encourage continuation of the treatment. However, at
present, there are no effective treatments or preventive
measures for oxaliplatin-associated neuropathy. As treat-
ment for oxaliplatin-induced peripheral neuropathy,
Gamelin et al. (11) reported that infusion of calcium
gluconate and magnesium sulfate (Ca/Mg), which
chelates oxalate, a metabolite of oxaliplatin, before and
‘after oxaliplatin treatment might reduce the incidence
and intensity of acute neuropathy and delay cumulative
neuropathy in clinical trials. This medication is currently
expected to treat oxaliplatin-induced neuropathy, but
the effectiveness of Ca/Mg infusions against oxaliplatin-
induced acute neuropathy remains controversial in clinical
practice (12, 13).

Goshajinkigan (GJG), a traditional Japanese (kampo)
medicine, is composed of 10 herbal medicines in fixed
proportions. GJIG is widely used to treat rhigosis or
numbness in the extremities, low back pain, melosalgia,
dysuria, and diabetic neuropathy (14 — 16). Recently,
Kono et al. reported that GJG prevented oxaliplatin-
induced neurotoxicity in a placebo-controlled double-
blind randomized phase II study (the GONE Study) (17).
The effect of GJG against cumulative oxaliplatin-induced
neuropathy was indicated, but the efficacy of GIG
against acute neuropathy remains unproved. On the other
hand, a basic study of a rodent model of oxaliplatin-
induced neuropathy also demonstrated that GJG amelio-
rated oxaliplatin-induced neuropathy and notably relieved
the cold hypersensitivity caused by oxaliplatin (18).
However, the mechanism of how GJG prevents oxaliplatin-
induced acute neuropathy remains uncertain.

Transient receptor potential (TRP) channels, Ca™'-
permeable nonselective cation channels, are suggested
to serve as thermal, chemical, and mechanical sensors
(19, 20). Among the TRP channels, TRPV1 responds to
noxious heat (21 —23), whereas TRPA1 and TRPMS
respond to noxious cold (21, 24, 25) and innocuous
cooling (26, 27), respectively. These TRP channels are
expressed in sensory neurons of dorsal root ganglia
(DRG@) and trigeminal ganglia (TG), and they are primary
detectors of various environmental insults (28, 29).
Recently, accumulating evidence indicates that these
TRP channels are responsible for chemotherapy-induced
neuropathy. In particular, TRPA1 and TRPMS have been
reported to be involved in acute oxaliplatin-induced
neuropathy (29 — 36).

In this study, we examined the effect of GJG on acute
neuropathy using an oxaliplatin-induced neuropathy rat
model. Then, to elucidate the mechanism of the amelio-

rating effect of GJG, we focused on functional alterations
of TRP channels induced by oxaliplatin and investigated
whether GJG affects the functions of TRP channels.

Materials and Methods

Animals

Male Sprague-Dawley rats weighing 200-300 g
(Japan SLC, Shizuoka) were used. They were housed in
groups of 3 —4 per cage under a controlled temperature
of 23°C £ 3°C, relative humidity of 50% % 20%, and
12-h light/dark cycles. Animals were allowed free access
to solid food and water. All experimental procedures
were performed according to the “Guidelines for the
Care and Use of Laboratory Animals™ approved by the
Laboratory Animal Committee of Tsumura & Co.

Drugs

Oxaliplatin, ally! isothiocyanate, capsaicin, calcium
gluconate, magnesium sulfate, and (1)-menthol were
purchased from Wako Pure Chemical Industries, Ltd.
(Osaka). GJG (No. 2120107010) is composed of 10 herbal
medicines: Rehmanniae radix (5.0 g), Achyranthis radix
(3.0 g), Corni fructus (3.0 g), Moutan cortex (3.0 g),
Alismatics thizome (3.0 g), Dioscoreae thizome (3.0 g),
Plantaginis semen (3.0 g), Hoelen (3.0 g), processed
Aconiti taber (1.0 g), and Cinnamomi cortex (1.0 g).
This drug was prepared as.a spray-dried powder from
a hot-water extract (yield 16%) and obtained from
Tsumura & Co. (Tokyo). Oxaliplatin was dissolved
in 5% glucose solution. GJG, calcium gluconate and
magnesium sulfate were dissolved in distilled water.

Experimental schedule

To investigate the effects of GIG on oxaliplatin-
induced acute neuropathy, we first established an oxali-
platin-induced acute neuropathy rat model according
to the previous report of Sakurai et al. (37). Oxaliplatin
(4 mg/kg) or its vehicle (5% glucose solution) was
injected intraperitoneally (i.p.) in a volume of 1 mlkg
of body weight once a day on days 1 and 2. To clarify
the effects of GJG on oxaliplatin-induced acute neuro-
pathy, rats were orally administered GJG (0.3 or 1 g/kg)
on days 1 and 2 at a volume of 10 ml/kg of body weight.
A mixture of calcium gluconate and magnesium sulfate
(Ca/Mg, 0.5 mmol/kg) was administered once a day on
days 1 and 2 by i.p. injection 30 min before administra-
tion of oxaliplatin to examine its effect on oxaliplatin-
induced acute neuropathy. A mixture of Ca/Mg (0.08
mmol Ca -+ 0.16 mmol Mg/kg), whose concentration
corresponds to that of GJG (1 g/kg) solution, was admin-
istered orally once daily for two days. Behavioral tests
were performed on day 3.
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Cold stimulation

Oxaliplatin-induced cold hyperalgesia was assessed
using a cold plate according to the method described by
Sakurai et al (37). Briefly, rats were placed on a hot/cold
plate analgesia meter (MK-~350HC; Muromachi Kikai
Co., Ltd., Tokyo) with the temperature of the plate at
4°C. The latency and the number of withdrawal responses
such as elevating and licking of a hind paw during 150 s
were recorded.

Cold allodynia induced by oxaliplatin was assessed
by measuring acute nocifensive responses to acetone
evaporation—evoked cooling (acetone test). The animals
were habituated to a cage with a wire mesh floor for
more than 30 min prior to testing. Acetone (250 1l; Wako
Pure Chemical Ltd., Osaka) was sprayed onto the plantar
skin of the right hind paw with a micro-syringe, and
the time spent in elevating and licking the stimulated
hind paw was measured for 60 s. The acetone test was
performed twice at a 15-min interval, and the average of
withdrawal response time was calculated.

Allyl isothiocyanate (A1TC)-induced nocifensive behav-
ioral test

AITC, a TRPAI agonist, was used to activate peri-
pheral TRPA1 and elicit nocifensive behaviors in rats
(38). The AITC-induced nocifensive behavioral test was
performed on day 3. Following habituation to the testing
apparatus, 100 ul AITC (1% in saline) was injected into
the plantar surface of the right hind paw, and the total
number of nocifensive behaviors (lifting, licking, and
flinching of the injected paw) was recorded for 5 min. In
the control group, the hind paw was injected with an
equal volume of saline.

Menthol-induced nocifensive behavioral test

Menthol, a TRPM8/TRPAT agonist, evokes a cooling
sensation when applied to the skin (36, 39). To assess
the effect of menthol on nocifensive behaviors in an
oxaliplatin-induced acute neuropathy model, a menthol
test was carried out on day 3. Following habituation to
the testing apparatus, 250 ul of (I)-menthol (100 mM in
90% DMSO and 10% PBS) or its vehicle was applied to
the plantar surface of the right hind paw, and the duration
of menthol-induced nocifensive behaviors (licking and
flinching of the stimulated hind paw) was measured for
5 min. This test was performed twice with a 15-min
interval, and the average of response time was calculated.

Capsaicin-induced eye wiping test

Capsaicin is known to be a TRPV 1 agonist. Especially
when applied to the eyes, capsaicin evokes eye wiping
movements through TRPV1 activation (40). On day 3,
rats were placed in a plastic cage to habituate themselves

for more than 15 min and 50 ul of capsaicin (0.1%,
dissolved in 10% ethanol, 10% Tween80, and §0%
saline) or vehicle alone was dropped into the right eye
of the rats. The number of eye wiping movements was
recorded for 2 min.

Real-time polymerase chain reaction (PCR)

Lumbar L4-1.6 DRG were isolated from each group on
day 3 of oxaliplatin treatment. Total RNA was isolated
from tissues using a tissue homogenizer (Micro Smash
TM MS-100R; Tomy Seiko, Litd., Tokyo), QIAzol lysis
reagent, and an RNeasy mini kit (Qiagen, Germany),
according to the manufacturer’s instructions. The amounts
of total RNA in each sample were quantified on a Nano-
drop ND-1000 spectrophotometer (V3.0.1; LMS Co.,
Ltd., Tokyo). Reverse transcription of 1 ug total RNA
was carried out using a High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Carlsbad, CA,
USA) according to the manufacturer’s directions. Two
sets of primer-probe were designed by the Primer
Express Software (Applied Biosystems). The primers
and TagMan MGB probes for rat transient receptor
potential cation channel, subfamily V, member 1 (TRPV1,
Rn00583117_m1, FAM), transient receptor potential
cation channel, subfamily A, member 1 (TRPAIL,
Rn01473803 ml, FAM), transient receptor potential
cation channel, subfamily M, member 8 (TRPMS,
Rn00592665 m1, FAM), and glyceraldehyde-3-phosphate .
dehydrogenase (GAPDH, Rn01775763_g1, FAM) were
purchased from Applied Biosystems. Quantitative real-
time PCR was performed using a 7900HT Fast Real
Time PCR system (Applied Biosystems). Experiments
were performed in triplicate. The fold change of each
target was calculated relative to the internal control
GAPDH mRNA levels. ‘ ‘

Statistical analyses

All results are expressed as the means+ S.EM. All
statistical analyses were performed with StatLight2000
(Yukms Co., Ltd., Tokyo). The statistical significance of
the difference between control and oxaliplatin-treated
groups was calculated using Student’s #test. The behav-
ioral data for GJG and calcium gluconate/magnesium
sulfate tests and real time-PCR data were analyzed by a
one-way analysis of variance and post hoc multiple
comparison using Dunnett’s test. A difference was con-
sidered significant at P < 0.05.

Results
Goshajinkigan or Ca/Mg injections prevented oxaliplatin-

induced cold hypersensitivity in rats
Administration of oxaliplatin (4 mg/kg, i.p., once
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Fig. 1. Effects of goshajinkigan and Ca/Mg on

cold allodynia induced by oxaliplatin. Oxaliplatin
-I— (I-OHP, 4 mg/kg) or its vehicle (5% glucose solu-

tion as a control) was administered intraperitoneally
on days 1 and 2. The acetone test was performed
on day 3. A) Goshajinkigan (GIG, 0.3 or | g/kg)
was injected orally immediately after administra-
tion of oxaliplatin. The mixture of calcium gluco-
nate and magnesium sulfate (Ca/Mg, 0.5 mmol/kg)
was injected intraperitoneally 30 min before
administration of oxaliplatin. Distilled water (D.W.)
was used as the vehicle of GJG or Ca/Mg. B) The
mixture of Ca/Mg (0.08 mmol Ca+ 0.16 mmol
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Fig. 2. Effect of goshajinkigan on cold hyperal-
gesia induced by oxaliplatin. Oxaliplatin (I-OHP,
4 mg/kg) or its vehicle (5% glucose solution as a
control) was injected intraperitoneally on days 1
and 2. The latency (A) and number (B) of with-
drawal responses in the cold plate test were re-
corded on day 3. Goshajinkigan [GJG, 0.3 or 1 g/kg
in distilled water (D.W.)] was administered orally
immediately after injection of oxaliplatin. **P < 0.01,
compared with the control group, P <0.01,
compared with the D.W -treated group. Data are

[-OHP

daily for 2 days) significantly increased the duration of
withdrawal responses to cold stimulation by acetone
(Fig. 1) and the cold plate (Fig. 2). In the acetone test,
GJG (0.3 or 1 g/kg, p.o., once daily for 2 days) prevented
cold allodynia induced by oxaliplatin in a dose-dependent
manner (Fig. 1A). Furthermore, GJG also inhibited the
oxaliplatin-induced reduction of latency for cold simula-
tion in the cold plate test (Fig. 2). Similarly, i.p. injec-
tions of Ca/Mg (0.5 mmol/kg), 30 min before administra-
tion of oxaliplatin suppressed the oxaliplatin-induced
cold allodynia in the acetone test (Fig. 1A). On the other
hand, there were no significant differences in the latency
of withdrawal response to cold stimulation between
Ca/Mg [0.08 mmol Ca -+ 0.16 mmol Mg/ kg, a concen-
tration that corresponds to that of GJG (1 g/kg) solution,
p.0., once daily for 2 days] on the acetone test in oxaliplatin-
treated groups (Fig. 1B). Combination treatment with

-OHP expressed as the mean = S.E.M., n = 8 per group.

both Ca/Mg and GJG potentiated the effects of 0.3 g/kg
GJG treatment without counteracting the effect of each
on cold hypersensitivity induced by oxaliplatin (Fig. 1A).

Oxaliplatin potentiated AITC and menthol-evoked noci-

' fensive response in rat

In oxaliplatin-treated rats, intraplantar injection of
1% AITC, a selective TRPA1 agonist, potentiated the
nocifensive behaviors (duration of licking and flinching
of the injected hind paw) compared to that of vehicle-
treated rats (Fig. 3A). Moreover, application of 100 mM
(D)-menthol, a TRPA1 and TRPMS agonist, to the plantar
surface of the hind paw also enhanced nocifensive
behaviors in the oxaliplatin-treated group (Fig. 3B),
whereas no significant difference in the number of
eye-wiping movements evoked by capsaicin, a TRPV1
agonist, was seen between groups (Fig. 3C). As shown in
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Fig. 3. Goshajinkigan prevented AITC- or menthol-evoked nocifensive response in oxaliplatin-treated rats. Oxaliplatin (I-OHP,
4 mg/kg) or its vehicle (5% glucose solution as a control) was injected intraperitoneally on days 1 and 2. Goshajinkigan [GJG,
0.3 or 1 g/kg in distilled water (D.W.)] was administered orally immediately after injection of oxaliplatin. Each behavioral test
was performed on day 3. A: Allyl isothiocyanate (AITC)-evoked nocifensive responses. AITC or its vehicle was injected into the
right hind paw of a rat, and the total duration of nocifensive behaviors was recorded. B: Menthol test. (I)-Menthol (100 mM in 90%
DMSO and 10% PBS) or its vehicle was applied to the plantar surface of the right hind paw, and the duration of menthol-evoked
nocifensive behaviors was measured. C: Capsaicin-evoked eye-wiping test. Capsaicin (50 ul of 0.1% capsaicin dissolved in 10%
ethanol, 10% Tween80, and 80% saline) or its vehicle was dropped into the right eye of rats. The number of capsaicin-evoked
eye-wiping movements was recorded. D —F: Lumbar L4-6 DRG were isolated from each group on day 3 after oxaliplatin -
treatment. Relative mRNA levels of TRPAI (D), TRPMS (E), and TRPV1 (F) were measured by quantitative real-time PCR,
and the results are expressed as fold change of each target after normalizing to GAPDH mRNA levels. *P < 0.05, **P < 0.01,
compared with the control group. Results are presented as the mean = S.E.M., n = § per group.

Fig. 3: D—F, TRPA1 and TRPM8 mRNA expression
levels were significantly increased in DRG on day 3 after
oxaliplatin treatment. However, the expression level of
TRPV1 mRNA was not altered by oxaliplatin.

Goshajinkigan. suppressed AITC- and menthol-evoked
nocifensive response in oxaliplatin-treated rats

As shown in Fig. 3, A and B, co-administration of
GJG (0.3 or 1 g/kg, p.o., once daily for 2 days) sup-
pressed the duration of AITC-evoked withdrawal re-
sponses enhanced by oxaliplatin in a dose-dependent
manner. GJG also prevented menthol-evoked withdrawal
responses potentiated by oxaliplatin, whereas admin-
istration of GJG did not produce a significant increase

in the expression levels of TRPA1 or TRPM8 mRNA
compared with control groups (Fig. 3: D — F).

Discussion

In the present study, we demonstrated that GJG was
as efficacious as injections of Ca/Mg in ameliorating
oxaliplatin-induced acute neuropathy using a rat model.
Further, we found that GJG inhibited the menthol- and
AITC-evoked withdrawal responses enhanced by oxali-
platin treatment. These results suggest that TRPMS8
and/or TRPA1 are involved in the preventive effects of
GJG against cold hypersensitivity induced by oxaliplatin.

Oxaliplatin, a third-generation platinum drug, is widely
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used as a standard chemotherapy for advanced/recurrent
colorectal cancer (1 — 3). Peripheral neuropathy observed
with oxaliplatin can be classified as acute or chronic
neuropathy (the cumulative sensory neuropathy) accord-
ing to the different symptoms (4 — 6). The acute neuro-
pathy occurs frequently during or immediately after
infusion of oxaliplatin and presents as paresthesia and
dysesthesia in the extremities and perioral region with
jaw tightness that is aggravated by exposure to cold
(7, 8). On the other hand, the chronic neuropathy is
characterized by sensory ataxia, functional impairment,
jaw pain, eye pain, ptosis, leg cramps, and visual and
voice changes (4 —6); and it resembles that of other
platinum-based agents such as cisplatin (5, 9, 10). There-
fore, the chronic neuropathy can be dose-limiting and
may require discontinuation of treatment. Although the
acute neuropathy is not a reason to reduce the dose or
discontinue the medication, the use of drugs that prevent
the symptoms has an important clinical implication
because it improves the patient’s quality of life during
continued treatment. At present, there is no established
effective treatment or preventive measure for peripheral
neuropathy associated with oxaliplatin therapy. Basically,
the current approach for oxaliplatin-induced peripheral
neuropathy is the “stop and go” therapy of dose reduction
and a change to other drugs if symptoms worsen. As
medication for oxaliplatin-induced peripheral neuro-
pathy, Gamelin et al. (11) reported that infusion of
Ca/Mg, working as oxalate chelators, before and after
oxaliplatin treatment might reduce the incidence and
intensity of acute neuropathy and delay the cumulative
neuropathy in clinical trials. Indeed, as shown in Fig. 1A,
injection of Ca/Mg before administration of oxaliplatin
prevented the oxaliplatin-induced cold hypersensitivity
in our rodent model.

GIG, a traditional Japanese herbal medicine, is widely
used to treat rhigosis or numbness in the extremities,
low back pain, melosalgia, dysuria, and diabetic neuro-
pathy (14 — 16). Recently, Kono et al. reported that GIG
exhibited a preventive effect against oxaliplatin-induced
peripheral neurotoxicity in a placebo-controlled double-
blind randomized phase I1 study (17), and it has been
attracting attention as a therapeutic drug for chemotherapy-
induced peripheral neuropathy. Furthermore, in a rodent
model, administration of GJG improved the peripheral
neuropathy induced by oxaliplatin treatment, and it
notably relieved the cold hypersensitivity caused by
oxaliplatin (18). However, the mechanism by which GJG
ameliorates the oxaliplatin-induced acute peripheral
neuropathy remains to be defined. Our behavioral study
on the oxaliplatin-induced neuropathy rat model demon-
strated that administration of GJG significantly inhibited
cold hypersensitivity induced by oxaliplatin in a dose-

dependent manner (Figs. 1, 2). Especially, 1 g/lkg GIG
showed equivalent efficacy to infusions of Ca/Mg for
cold hypersensitivity. These results suggest that the
mechanism of action of GJG on oxaliplatin-induced
acute peripheral neuropathy is likely to have a mecha-
nism similar to that of Ca/Mg infusions. However,
according to the description of the ingredients of GIG
described in the information sheet, the amounts of
calcium and magnesium in the 1-g extract powder of
GJG used in our behavioral tests are about 10% of the
applicable dose of Ca/Mg (0.5 mmol/kg body weight).
Therefore, we examined the effect of Ca/Mg (0.08 mmol
Ca + 0.16 mmol Mg/ kg), a concentration corresponding
to that of GJG (1 g/kg) solution, on acute neuropathy. As
shown in Fig. 1B, the administration of Ca/Mg had no
effect on cold allodynia induced by oxaliplatin. Thus, the
mechanism of action of GJG on oxaliplatin-induced
acute neuropathy might not be the same as that of Ca/Mg
infusions.

A medication containing Ca/Mg is currently expected
to treat oxaliplatin-induced neuropathy, but the effective-
ness of infusions of Ca/Mg against oxaliplatin-induced
acute neuropathy in clinical practice remains contro-
versial (12, 13). Therefore, we investigated whether a
combination of Ca/Mg and GJG produces additional
effects on oxaliplatin-induced acute peripheral neuro-
pathy. As shown in Fig. 1A, treatment with a combina-
tion of Ca/Mg and GJG potentiated the effects of 0.3 g/kg
GJIG treatment without counteracting the beneficial
effect of each on the cold hypersensitivity induced by
oxaliplatin. Thus, combination therapy with Ca/Mg and
GJG may be expected to improve the symptoms of
patients who did not respond adequately to monotherapy.

TRP channels, Ca*-permeable nonselective cation
channels, have been proposed to serve as thermal,
chemical, and mechanical sensors (19, 20). These TRP
channels are expressed in nerve endings of sensory
neurons in the peripheral nervous system, and they are
the primary detector of various environmental insults
(28, 29). Recently, accumulating evidence indicated
that these thermosensitive TRP channels are responsible
for the chemotherapy-induced peripheral neuropathy
(29 —36). In particular, TRPA1 and TRPMS, which
respond to noxious cold stimulation (21, 24, 25), and
innocuous cooling (26, 27), respectively, have been
reported to be involved in oxaliplatin-induced cold
hypersensitivity (31 — 36). Several studies with TRPA1-
null mice and a TRPA | antagonist improved oxaliplatin-
induced cold allodynia (31, 34, 35). Likewise, deletion
of the TRPMS gene and treatment with capsazepine,
a TRPMS antagonist, attenuated cold hypersensitivity in
oxaliplatin-induced neuropathic pain models (32, 33,
36). According to our real-time PCR results, administra-



