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Activation of spinal glial cells plays a crucial role in the pathogenesis of neuropathic pain. An administration of oxaliplatin, an
important anticancer drug, often induces acute neuropathic cold hypersensitivity and/or mechanical hypersensitivity in patients.
Gyejigachulbu-tang (GBT), a herbal formula comprising Cinnamomi Cortex, Paeoniae Radix, Atractylodis Lanceae Rhizoma,
Zizyphi Fructus, Glycyrrhizae Radix, Zingiberis Rhizoma, and Aconiti Tuber, has been used in East Asia to treat various pain
symptoms, especially in cold patients. This study investigated whether and how GBT alleviates oxaliplatin-induced cold and
mechanical hypersensitivity in rats.The behavioral signs of cold andmechanical hypersensitivity were evaluated by a tail immersion
test in cold water (4∘C) and a von Frey hair test, respectively. The significant cold and mechanical hypersensitivity were observed 3
days after an oxaliplatin injection (6mg/kg, i.p.). Daily oral administration of GBT (200, 400, and 600mg/kg) for 5 days markedly
attenuated cold and mechanical hypersensitivity. Immunoreactivities of glial fibrillary acidic protein (GFAP, astrocyte marker) and
OX-42 (microglia marker) in the spinal dorsal horn were significantly increased by an oxaliplatin injection, which were restored
by GBT administration. These results indicate that GBT relieves oxaliplatin-induced cold and mechanical hypersensitivity in rats
possibly through the suppression of spinal glial activation.

1. Introduction

Oxaliplatin is a third-generation platinum-based chemother-
apy drug that has gained importance in the treatment of
advanced colorectal cancer [1, 2]. Unlike the other platinum
compounds (e.g., cisplatin), oxaliplatin does not induce a
nephrotoxicity but often induces a very acute painful neuro-
pathy even from a single administration [3]. This acute
neurotoxic side effect, the only major dose-limiting toxicity
associated with oxaliplatin use [4], is characterized by the
rapid onset of spontaneous severe pain and cold hypersen-
sitivity in the hands, feet, perioral area, or throat [5–7].

Previous animal studies also have shown that a single injec-
tion of 6mg/kg oxaliplatin reproduces the specific sensory
neurotoxic profile, especially cold hypersensitivity, without
hyperalgesia or allodynia to heat stimuli [8, 9]. However, the
mechanism and treatment of these neuropathic symptoms
have not been established yet [10], suggesting that novel
therapeutic options are critically needed.

Two decades ago, glial cells in the spinal cord have been
shown to contribute to peripheral neuropathic pain [11, 12].
Many lines of evidence have revealed that spinal astrocytes
and microglia change their morphology and function fol-
lowing peripheral nerve damage. These activated glial cells
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release several cytokines and molecules that directly affect
synaptic transmission and excitability in neighboring neu-
rons, resulting in behavioral hypersensitivity (i.e., allodynia)
[11–14]. Although a recent study [15] showed satellite glial
cell activation in the dorsal root ganglia of oxaliplatin-treated
mice, it is still unknownwhether spinal glial activation plays a
role in this oxaliplatin-induced neuropathic hypersensitivity.

In traditional herbal medicine in East Asia including
China, Japan, and Korea, GBT that is composed of several
“hot” medicinal herbs has long been used to treat several
pain symptoms, especially in cold patients. Interestingly, Buja
(Bushi in Japanese, a processed Aconiti tuber), one of the
key components in this herbal formula, was recently known
to inhibit spinal glial activation and neuropathic allodynia
following peripheral nerve injury [16]. In the present study,
we investigated whether GBT relieves oxaliplatin-induced
cold and mechanical hypersensitivity and if so, whether such
antiallodynic effects of GBT are related to the modulation of
spinal glial activation.

2. Materials and Methods

2.1. Animals. Male Sprague-Dawley rats (160–210 g; Daehan
Biolink, Chungbuk, Korea) were housed in cages (4 rats
per cage) with water and food available ad libitum. The
room was maintained with a 12 h light/dark cycle (a light
cycle; 08:00–20:00, a dark cycle; 20:00–08:00) and kept at
23 ± 2

∘C. All animals were acclimated in their cages for 1
week prior to any experiments. The total number of rats
used in this study was 77. All procedures involving animals
were approved by the Institutional Animal Care and Use
Committee of Kyung Hee University [KHUASP(SE)-13-047]
and were conducted in accordance with the guidelines of the
International Association for the Study of Pain [17].

2.2. Oxaliplatin Administration. To induce neuropathic cold
allodynia in rats [18, 19], oxaliplatin (Sigma, USA), dissolved
in a 5% glucose (Sigma, USA) solution at a concentration of
2mg/mL, was intraperitoneally administered at 6mg/kg.The
same volume of 5% glucose solution was intraperitoneally
injected in a vehicle control group.

2.3. Behavioral Tests. As previously described [20, 21], the
behavioral signs of cold allodynia were determined by a tail
immersion test in cold water. Briefly, each animal was lightly
immobilized in a plastic holder and its tail was drooped for
a proper application of cold water stimuli. The rats were
adapted to the holder for 2 days before initiating behavioral
tests. The tail was immersed in 4∘C water, and then the
tail withdrawal latency was measured with a cut-off time
of 15 sec. The tail immersion test was repeated five times
at 5min intervals. When calculating the average latency,
the cut-off time was assigned to the normal responses. The
average latency was taken as ameasure for the severity of cold
allodynia; shorter tail withdrawal latency was interpreted as
more severe allodynia. All behavioral tests were performed in
blinded fashion.

For mechanical allodynia, we measured the withdrawal
threshold of the tail in response to a series of von Frey

hairs (log units: 3.61, 3.84, 4.08, 4.31, 4.56, 4.74, 4.93, and
5.18; equivalent in bending force to 0.4, 0.6, 1.0, 2.0, 4.0,
6.0, 8.0, and 15.0 g; Stoelting, USA). The 50% withdrawal
threshold was determined using the up-down method [22].
Briefly, animals were placed into a plastic holder with the tail
protruding on the table. Testing was initiated with a hair of
which bending force was 2.0 g. The most sensitive spot of
the tail was first determined by probing various areas with
bending the hair for 1-2 s. If an abrupt tail withdrawal was
observed (i.e., positive response), the filament with the next
lower bending force was applied. When no response was
observed, the next higher filament was applied. This testing
procedure continueduntil a response to the fifth vonFrey hair
stimulation from the first change of response was measured.
The responses were converted into a 50% threshold value
using the following equation: 50% threshold (g) = 𝑋

𝑓
+ 𝜅𝛿,

where𝑋
𝑓
is the value of the final vonFrey filament (log units),

𝜅 is the correction factor (from calibration table), and 𝛿 is the
mean difference of log units between stimuli [23]. A 15.0 g
pressure was set as a cut-off value.

2.4. GBT Treatment and Experimental Groups. GBT (Keishi-
kajutsubuto in Japanese), manufactured by Tsumura & Co.,
Japan (TJ-18, Lot: GBO 301), is a dried decoction of a
mixture of seven medicinal herbs (Table 1). The qual-
ity of this herbal formula is strictly controlled by the
manufacturer. In addition, a test sample was analyzed by
three-dimensional high-performance liquid chromatography
(HPLC) and the ingredients were checked (see Supple-
mentary Figure 1 in the Supplementary Material available
online at http://dx.doi.org/10.1155/2014/436482). This GBT
was suspended and diluted in normal saline and the rats were
orally injected by an oral gavage at the concentration of 200,
400, or 600mg/kg/day for 5 days after an oxaliplatin injection.
The concentration of GBT in this study is similar to that of the
other herbal formula used in our previous study [24] and that
of Buja in others’ study [16].

The rats were randomly divided into the following six
groups (𝑛 = 9 per group for cold and n = 3–5 per group for
mechanical test): (1) NS/Vehicle (i.p. injection of 5% glucose
solution + daily oral administration of normal saline), (2)
GBT400/Vehicle (i.p. injection of 5% glucose solution + daily
oral administration of 400mg/kg GBT), (3) NS/Oxali (i.p.
injection of oxaliplatin + daily oral administration of normal
saline), (4) GBT200/Oxali (i.p. injection of oxaliplatin + daily
oral administration of 200mg/kg GBT), (5) GBT400/Oxali
(i.p. injection of oxaliplatin + daily oral administration of
400mg/kg GBT), and (6) GBT600/Oxali (oxaliplatin injec-
tion + daily oral administration of 600mg/kg GBT). On
day 0, a tail immersion test or von Frey hair test was
performed and then oxaliplatin (6mg/kg) or vehicle (5%
glucose solution) was intraperitoneally injected, followed by
an oral administration of GBT or saline. From day 1 to day 5,
the behavioral test was daily performed 30min after a GBT
or saline administration.

2.5. Immunohistochemistry. The animals anesthetized with
isoflurane were transcardially perfused with 50mM pho-
sphate-buffered saline (PBS) and fixedwith a freshly prepared
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Table 1: The components of GBT.

Medicinal herbs Ratio
Cinnamomi Cortex 8
Paeoniae Radix 8
Atractylodis Lanceae Rhizoma 8
Zizyphi Fructus 8
Glycyrrhizae Radix 4
Zingiberis Rhizoma 2
Aconiti Tuber 1

solution consisting of 4% paraformaldehyde in 100mM
phosphate buffer (pH 7.4). The sacral spinal cord segment at
the S1 level was extracted and postfixed in the same fixative
overnight and transferred into a 30% sucrose solution for
cryoprotection. The tissues were sectioned at 30 𝜇m on a
freezing microtome (Leica, Germany). The sections were
incubated in PBS for 10min, washed three times with PBS,
and then incubated in 1% hydrogen peroxide (H

2
O
2
) for

30min. Next, the sections were incubated overnight with
mouse monoclonal anti-GFAP antibody (Chemicon, USA)
at a dilution of 1 : 500 for visualization of astrocytes or
with mouse anti-OX-42 antibody (Chemicon) at a dilution
of 1 : 500 for visualization of microglia. The sections were
then incubated for 1 h with anti-mouse secondary antibody
(1 : 200; Vector Laboratories, USA) and the bound secondary
antibody was amplified with a Vector Elite ABC Kit (Vector
Laboratories).The sectionswere subsequently incubatedwith
avidin-biotin-peroxidase complex (1 : 100; Vector Laborato-
ries) for 1 h at room temperature. Immunoreactivity was
visualized by incubating the sections in a solution consisting
of 0.05% 3,3-diaminobenzidine (DAB) and 0.01% H

2
O
2
in

50mM Tris buffer (pH 7.6) for approximately 3min. The
sections were then mounted on gelatin-coated glass slides
which were air-dried overnight at room temperature. Cover-
slips were mounted using Permount. To determine the mean
number of reactive microglia and astrocytes, four to five
sections per animal were randomly chosen for evaluation.
Before beginning the image analysis, the light source was
adjusted to the brightness that generates the best possible
contrast between positive and negative stained microglia
and astrocytes.The number of OX-42-positive microglia and
GFAP-positive astrocytes was quantified in the spinal dorsal
horn including laminae I–IV by a blinded observer [25].

2.6. Statistical Analysis. All the data are presented as mean ±
S.E.M (standard error of the mean). Statistical analysis and
graphicworkswere donewith Prism5.0 (GraphPad Software,
USA). One-way or two-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test was used for statistical
analysis. In all cases, 𝑃 < 0.05 was considered significant.

3. Results

3.1. Effects of GBT on Oxaliplatin-Induced Cold and Mechani-
cal Hypersensitivity. For all groups of rats, no abnormal clin-
ical signs and no deterioration in general status and weight

gain during the course of the experiment were observed.
Similar to our previous results [19], the withdrawal latency
in response to cold stimuli was nearly cut-off value (15 sec)
prior to an oxaliplatin (6mg/kg, i.p.) injection (Figure 1(a),
day 0) and was significantly decreased from 3 days to at
least 5 days following the injection (Figure 1(a), NS/Vehicle
versus NS/Oxali, 𝑃 < 0.001). The time course of mechanical
threshold following an oxaliplatin injection also showed a
similar change (Figure 1(b)).

The antiallodynic effects of GBT in oxaliplatin-injected
rats are shown in Figure 1. GBT at different doses (200, 400,
and 600mg/kg) was orally administered every day after an
oxaliplatin injection. Behavioral tests were performed 30min
after an oral administration of GBT on each experimental
day. On the 3rd day after an oxaliplatin injection, there was
no significant difference in cold and mechanical sensitivity
between the normal saline-administered control group and
GBT-administered groups, although slight increases in tail
withdrawal latency and mechanical threshold were observed
after GBT treatments. Finally, on the 5th day, all doses of GBT
markedly attenuated the cold and mechanical hypersensitiv-
ity (𝑃 < 0.01, versus NS/Oxali), indicating a cumulative effect
of GBT on cold allodynia. When a small subset of animals
(𝑛 = 4 per groups) was tested before GBT administration, a
similar cumulative effect of GBT on oxaliplatin-induced cold
hypersensitivity was observed (Supplementary Figure 2). In
vehicle-injected normal rats (i.e., no oxaliplatin injection),
GBT treatment induced no change in cold and mechanical
sensitivity (NS/Vehicle versus GBT400/Vehicle, 𝑃 > 0.05).

3.2. Effects of GBT on Spinal Glial Activation. At the end of
the behavioral experiments on the 5th day from an oxaliplatin
injection, the spinal cord sections obtained from the animals
were processed for immunohistochemical analyses of astro-
cytes and microglia activation (Figure 2). GFAP immunos-
taining results showed that spinal astrocytes in the NS/Oxali
groupweremorphologically activated (i.e., hypertrophicwith
thick processes; Figure 2(b)), compared to those in the
NS/Vehicle control group showing the resting state morphol-
ogy with small soma and thin processes (Figure 2(a)). The
oxaliplatin injection also significantly increased the density
of GFAP-positive cells in the spinal cord dorsal horn laminae
I–IV (𝑃 < 0.001, 216.3 ± 2.8 cells in the NS/Oxali group
versus 135.0±13.5 cells in theNS/Vehicle group; Figure 2(d)).
Daily oral administration of GBT (400mg/kg) restored
the oxaliplatin-induced morphological activation of spinal
astrocytes to the NS/Vehicle control level (Figure 2(c)) and
significantly suppressed the increase in the number of spinal
GFAP-positive cells (𝑃 < 0.001 versusNS/Oxali; Figure 2(d)).
The GBT600/Oxali group showed similar suppressive effects
on spinal astrocyte activation (117.2 ± 3.8 cells; 𝑃 < 0.001
versus NS/Oxali), but GBT200/Oxali group did not (196.1 ±
14.6 cells; 𝑃 > 0.05 versus NS/Oxali).

OX-42 immunostaining data showed that spinal micro-
glia in the NS/Oxali group were morphologically activated
(i.e., hypertrophic amoeboid shape with short processes;
Figure 2(f)), compared to those in the NS/Vehicle control
group showing the ramified resting state morphology with
small soma and long processes (Figure 2(e)). The number
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Figure 1: Effects of GBT on oxaliplatin-induced cold and mechanical hypersensitivity. (a) The average tail withdrawal latency in response to
cold stimuli prior to (left) and 3 days (middle) and 5 days (right) after an oxaliplatin (6mg/kg, i.p.) injection. (b) The mechanical threshold
in response to von Frey hair stimuli prior to (left) and 3 days (middle) and 5 days (right) after an oxaliplatin (6mg/kg, i.p.) injection. Data
are presented as mean ± S.E.M.∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001 versus NS/Vehicle; ##𝑃 < 0.01, ###𝑃 < 0.001 versus NS/Oxali by one-way ANOVA
followed by Dunnett’s post hoc test.

of OX-42-positive cells in the spinal dorsal horn laminae I–
IV was also significantly increased by an oxaliplatin injection
(𝑃 < 0.001, 204.0 ± 2.2 cells in the NS/Oxali group versus
106.7 ± 11.9 cells in the NS/Vehicle group; Figure 2(h)). GBT
(400mg/kg) treatments restored the oxaliplatin-induced
morphological activation of spinal microglia to the control
level (Figure 2(g)) and significantly suppressed the increase
in the number of spinal OX-42-positive cells (𝑃 < 0.001
versus NS/Oxali; Figure 2(h)). Both of GBT200/Oxali and
GBT600/Oxali groups showed similar suppressive effects on
spinal microglia activation (133.8 ± 10.3 cells and 133.5±5.2
cells, resp.; 𝑃 < 0.001 versus NS/Oxali). In vehicle-injected
normal rats (i.e., no oxaliplatin injection), GBT treatment
induced no change in spinal glial cells (NS/Vehicle versus
GBT400/Vehicle: 135.0 ± 13.5 versus 142.0±10.6 cells (GFAP-
positive astrocytes); 106.7 ± 11.9 versus 84.7 ± 8.7 cells (OX-
42-positive microglia), 𝑃 > 0.05).

4. Discussion

Oxaliplatin has been used to treat patients with advanced and
metastatic colorectal cancer and also has the effects against
other cancers, including ovarian, breast, and lung cancers
[1, 2]. However, acute neurotoxicity, characterized by cold
hypersensitivity in the periphery, is developed even after a
single oxaliplatin administration [8, 9]. Hence if oxaliplatin-
induced peripheral neuropathy could be alleviated, the
patients might overcome cancer without the cessation of
chemotherapy.

Although the important role of spinal glial activation
is now widely accepted in the pathogenesis of peripheral
neuropathic pain, there have been contradictory results in the
chemotherapy-induced peripheral neuropathy (CIPN). For
example, Peters et al. [26] reported that paclitaxel induced
an activation of both spinal astrocytes and microglia, but

another group [27] showed that only spinal microglia, not
astrocytes, were activated. Zheng et al. [28] further reported
that the commonly used chemotherapy drugs including
paclitaxel, vincristine, and oxaliplatin could not induce spinal
microglia activation at all. A recent study [29] also demon-
strated that oxaliplatin induced a transient activation of spinal
microglia, butmore prolonged activation of spinal astrocytes.
Since those studies adopted different procedures (e.g., dose,
frequency, and duration) for chemotherapy drug infusion,
it might be reasonable to think that the contribution of
spinal glial activation to CIPN is depending on the animal
model. In this study, we found that both spinal astrocytes
and microglia were significantly activated by an oxaliplatin
injection (6mg/kg, i.p.), which was correlated with the
development of acute cold and mechanical hypersensitivity.
These results suggest that spinal glial activation might play a
role in oxaliplatin-induced acute neuropathic pain in rats.

Because interesting characteristic of the oxaliplatin-
induced peripheral neuropathy is a strong cold hypersensitiv-
ity, we considered GBT as a potential alternative therapeutic
option, based on the traditional medicine theory in East Asia
as well as recent clinical evidence. GBT has its basis from the
Sang Han Lun and was slightly modified in Japan during the
Edo period [30]. As mentioned earlier, it is mainly composed
of “hot-character” medicinal herbs, such as Cinnamomi
Cortex, Zingiberis Rhizoma, and Aconiti Tuber. Thus, it
has been traditionally used against “cold”-induced disorders
including common cold, influenza, arthritis, neuralgia, and
painful spasms. This traditional concept might be clinically
important. Recent clinical studies indeed have shown that
administration of GBT and Buja, a key component in GBT,
significantly improves cold stimuli-evoked peripheral neu-
ropathic pain in oxaliplatin-administered colorectal cancer
patients or postherpetic neuralgia patients [31, 32]. Our
previous study using the same rat model used in this study
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Figure 2: Continued.
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Figure 2: Suppressive effects of GBT on the activation of spinal glial cells. Immunohistochemical analysis of spinal dorsal horn laminae I–IV
revealed a morphological activation (b) and an increase in the density (d) of GFAP-positive cells (astrocytes) by an oxaliplatin (6mg/kg., i.p.)
injection, compared to those in a vehicle-injected group (a, d). Such oxaliplatin-induced activation of spinal astrocytes was restored by GBT
(400mg/kg/day) treatments (c, d). Immunohistochemical analysis of spinal dorsal horn also showed a morphological activation (f) and an
increase in the density (h) of OX42-positive cells (microglia) by an oxaliplatin injection, compared to those in a vehicle-injected group (e,
h). Such microglial activation was restored by GBT treatments (g, h). Data are presented as mean ± S.E.M.∗∗∗𝑃 < 0.001 by one-way ANOVA
followed by Dunnett’s post hoc test. Scale bar, 50 𝜇m.

also showed that sweet bee venom, traditionally thought
as having “hot-character,” potently relieves the oxaliplatin-
induced cold allodynia [18]. Furthermore, Koizumi and his
colleagues demonstrated that Buja strongly suppressed spinal
glial activation following peripheral nerve damage, resulting
in antiallodynia [16].

Inspired by those studies, we demonstrated here that
GBT could suppress the spinal activation of astrocytes and
microglia following an oxaliplatin injection and alleviate
oxaliplatin-induced acute cold and mechanical hypersensi-
tivity. Since the vehicle-injected normal control rats exhibited
no change in tail withdrawal latency as well as in spinal
glial cells after GBT treatment, our results indicate that GBT
does not affect normal nociception but attenuates oxaliplatin-
induced pathological hypersensitivity. However, it is still
unknown which molecular mechanism is responsible for the
suppressive effect of GBT or Buja on the spinal glial activation
in oxaliplatin-injected or nerve-injured animals, respectively.
In addition to this question, whether GBT can modulate
peripheral transient receptor potential ankyrin 1 (TRPA1) or
transient receptor potential melastatin 8 (TRPM8) channels,
the well-known mediators for oxaliplatin-induced cold and
mechanical hypersensitivity [33, 34], is to be investigated in
our ongoing studies.

5. Conclusions

In conclusion, our findings in this study suggest that
GBT potently alleviates oxaliplatin-induced acute cold and
mechanical hypersensitivity via suppressing the activation of
spinal astrocytes and microglia. Thus, GBT treatment can

be an alternative therapeutic option in oxaliplatin-induced
peripheral neuropathic pain.

Conflict of Interests

The authors declare no competing financial interests.

Acknowledgments

This work was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korean government
[MEST] (no. 2012-0005755). The authors thank Giseog Lee,
Munsoo Gil, Dae-Il Lee, Bong-Soo Lim, Hak-Jin Moon, and
Min Sook Ye for excellent technical support and discussions
on the paper.

References

[1] D. E. Baker, “Oxaliplatin: a new drug for the treatment of
metastatic carcinoma of the colon or rectum,” Reviews in
Gastroenterological Disorders, vol. 3, no. 1, pp. 31–38, 2003.

[2] D. Screnci, M. J. McKeage, P. Galettis, T. W. Hambley, B. D.
Palmer, and B. C. Baguley, “Relationships between hydropho-
bicity, reactivity, accumulation and peripheral nerve toxicity of
a series of platinum drugs,” British Journal of Cancer, vol. 82, no.
4, pp. 966–972, 2000.

[3] B. Desoize and C. Madoulet, “Particular aspects of platinum
compounds used at present in cancer treatment,” Critical
Reviews in Oncology/Hematology, vol. 42, no. 3, pp. 317–325,
2002.



Evidence-Based Complementary and Alternative Medicine 7

[4] J. M. Extra, M. Espie, F. Calvo, C. Ferme, L. Mignot, and M.
Marty, “Phase I study of oxaliplatin in patients with advanced
cancer,” Cancer Chemotherapy and Pharmacology, vol. 25, no. 4,
pp. 299–303, 1990.

[5] E. Gamelin, L. Gamelin, L. Bossi, and S. Quasthoff, “Clinical
aspects andmolecular basis of oxaliplatin neurotoxicity: current
management and development of preventive measures,” Semi-
nars in Oncology, vol. 29, no. 5, supplement 15, pp. 21–33, 2002.

[6] T. J. Lehky, G. D. Leonard, R. H. Wilson, J. L. Grem, and M.
K. Floeter, “Oxaliplatin-induced neurotoxicity: acute hyperex-
citability and chronic neuropathy,” Muscle and Nerve, vol. 29,
no. 3, pp. 387–392, 2004.

[7] D. Screnci andM. J. McKeage, “Platinum neurotoxicity: clinical
profiles, experimentalmodels and neuroprotective approaches,”
Journal of Inorganic Biochemistry, vol. 77, no. 1-2, pp. 105–110,
1999.
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