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Abstract

Background: Yokukansan (YKS), which is a Japanese traditional
herbal (Kampo) medicine, is composed of seven crude drugs:
Uncariae cum uncis ramulus, Cnidii rhizoma, Bupleuri radix, Atractylodis
lanceae rhizoma, Poria, Angelicae radix and Glycyrrhizae radix.
Although YKS is typically administered to patients with symptoms
such as emotional irritability and neurosis, it has also recently been
reported to be effective against pain disorders. Kamishoyosan (KSS),
which contains similar component galenicals to YKS, is used to treat
neuropsychiatric symptoms. The present study investigated the effects
of these medicines on neuropathic pain and the stress caused by pain.

Methods: The present study used arat model of chronic constriction
injury (CCI). At week 2 post-CCl, decreases in the mechanical and
thermal withdrawal thresholds were confirmed in the CCl rats and the
drugs were administered for a two-week period. At week 4 post-CCl,
the levels of plasma corticosterone and chromogranin A, which are
markers of mental stress, were measured to evaluate the anfi-stress
effects. Furthermore, we investigated the changes in pain threshold
and spinal astrocytes, which are involved in the expression of chronic
pain, to evaluate the analgesic effects.

Results: The levels of plasma corticosterone and chromogranin A
significantly increased in the CCI rats. Moreover, the pain threshold
significantly decreased and the activation of the spinal astrocytes
was observed. The increases in the levels of corticosterone and
chromogranin A were significantly suppressed by the administration of
either YKS or KSS. However, the control of astrocytic activation and the
decrease in the pain threshold only occurred after the administration
of YKS.

Conclusion: The results indicate that YKS effectively reduces both
the stress caused by pain and neuropathic pain.

Abbreviations

CCI: Chronic Constriction Injury; GFAP: Glial Fibrillary Acidic
Protein; HPA: Hypothalamic-Pituitary-Adrenal; KSS: Kamishoyosan;
YKS: Yokukansan

Introduction

Chronic pain causes stress and psychiatric symptoms, such as
anxiety and depression. It is therefore necessary to provide mental
health care in association with pain management. Yokukansan
(YKS), which is a Japanese traditional herbal (Kampo) medicine
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(Table 1), has been administered to patients who show symptoms
such as emotional irritability, neurosis and insomnia [1]. YKS has
recently been reported to be effective against pain disorders, such
as headache and chronic pain [2,3]. Several studies have recently
been performed to clarify the pharmacological actions of YKS. In
the glutamatergic neuronal system, YKS was demonstrated to have
an ameliorative effect on glutamate clearance in astrocytes [4] and
to have an antagonistic action at the NMDA receptor [5]. In the
serotonin-responsive nervous system, YKS has a partial agonistic
effect on the serotonin 1A receptor, which is associated with analgesia
[6] and a downregulatory effect on the serotonin 2A receptor, which
is associated with pain [7].

We have previously reported that YKS had analgesic and anti-
stress effects in a rat model of chronic inflammatory chronic pain [8].
In this study, we investigated the efficacy of YKS against neuropathic
pain. Neuropathic pain is defined as pain which is directly caused
by somatosensory injury or disease, and which is associated with
symptoms such as spontaneous pain, allodynia and hyperalgesia [9].
The drug therapy used for neuropathic pain primarily includes tricyclic
antidepressants, calcium channel a2§ ligands, anti-arrhythmic drugs,
serotonin noradrenaline reuptake inhibitors, anti-epileptic drugs and
narcotic analgesics [10]. However, in many cases, these drugs do not
sufficiently treat the symptoms, and some patients are not able to take
the drugs continuously because of their side effects.

In the present study, we used a rat model of chronic constriction
injury (CCI), which was prepared according to the model described
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Table 1: The components of Yokukansan (YKS; TJ-54) and Kamishoyosan
(KSS; TJ-24). The weights show the mixing ratio.

Yokukansan Kamishoyosan

(YKS) (KSS)
Uncariae cum uncis ramulus 3.09
Cnidii rhizoma 3.0¢9
Bupleuri radix 209 3.09
Atratylodis lanceae rhizoma 409 3.09
Poria 409 3.09
Angelicae radix 3.0g 3.09
Glycyrrhizae radix 159 1549
Paeoniae radix 3.0g
Gardeniae fructus 20g
Moutan cortex 20g
Zingiberis rhizoma 109
Menthae herba 109

by Bennett, to investigate the effects of YKS against pain and the
stress that accompanied the pain in comparison to Kamishoyosan
(KSS) (Table 1), another Kampo medicine which contains
component galenicals which are similar to YKS, and which is used
to treat neuropsychiatric symptoms such as anxiety, insomnia and
irritability [11,12]. We also investigated the effects of these treatments
on astrocytes in the spinal cord to study the mechanism of action
underlying the analgesic effect. It has been reported that astrocytes,
one of the glial cells in the central nervous system, may play an
important role in the expression of neuropathic pain. Increases
in astrocytes and astrogliosis (hypertrophy and proliferation of
astrocytes) are observed in the spinal cords of rats with peripheral
nerve injury, suggesting that pain is a systemic reaction [13,14].

Materials and Methods
Animals

Thirty-two male Wistar rats (eight weeks old, weighing 250 - 300
g), which were purchased from Nippon Bio-Supp. Center (Tokyo,
Japan), were randomly divided into four groups (eight per group):
sham control rats (Control), CCI model rats (CCI), YKS-treated CCI
model rats (YKS) and KSS-treated CCI model rats (KSS). During
the experiment period, the animals were housed in standard plastic
cages, and were kept in our animal facilities at 252 °C in 55+5%
humidity in a 12/h light/dark cycle. Food and water were provided ad
libitum. All experiments were carried out according to the guidelines
of the Committee of Animal Care and Welfare of Showa University
(certificate number: 03061). The model of CCI of the sciatic nerve was
created according to the methods described by Bennett and Xie [11].
This model is commonly used for the study of neuropathic pain and
its treatment and shows many of the pathophysiological properties
of chronic neuropathic pain, such as allodynia and hyperalgesia.
These manifestations appear 48 hours after CCI and last for more
than two months [11]. Rats were intraperitoneally anesthetized with
pentobarbital sodium (50 mg/kg) (Somnopentyl®, Kyoritsu Seiyaku
Co., Tokyo, Japan), and a 10-mm segment of the left common sciatic
nerve was exposed at the mid-thigh level. Four ligatures (4-0 silk
thread), with about 1-mm spacing, were loosely tied around the
nerve. The operation was completed by closing the muscles and skin.

The sham operation was performed without nerve ligation.
Administration of Kampo medicines

YKS (Lot No. 2110054010) or KSS (Lot No. 2100024010)
(manufactured by Tsumura & Co., Tokyo, Japan) (Table 1) was
mixed with powdered rodent chow (CE-2: CLEA Japan, Inc., Tokyo,
Japan) at a concentration of 3%. The rats were fed with this chow
from two weeks after the CCI. The rats in the Control and CCI groups
were fed powdered chow without YKS or KSS. The concentration was
chosen by referring to the effective doses of YKS [8] or other Kampo
medicines [15] in previous reports. Body weight was measured
weekly to examine the influence of YKS and KSS on appetite, nutrient
absorption and metabolism.

Pain threshold

Mechanical hyperalgesia was assessed by measuring the
withdrawal threshold of the left hind paw in response to a mechanical
stimulus using an electronic von Frey anesthesiometer (model 2390;
IITC Life Science, CA, USA) [16]. Each animal was placed in a metal
mesh cage raised 25 cm above the floor. The animals were allowed
to acclimate to the environment for 10 min. A rigid tip attached
to the meter was applied to the left plantar surface from under the
floor. Thermal hyperalgesia was assessed by measuring the hind paw
withdrawal latency in response to radiant heat using a plantar test
apparatus (model 37370; Ugo Basile, Comerio, Italy) according to
the method described by Hargreaves et al. [17]. Each rat was placed
into a compartment enclosure on a glass surface. A beam of infrared
radiation was directed upward through a glass plate on which the rat
was placed, heating the skin of the hind paw.

The mean withdrawal latency of each measurement was
determined from the average of three trials separated by a 5-min
interval. Tests were performed before the CCI procedure and weeks
2, 3 and 4 post-CCIL.

Immunohistochemistry

At week 4 post-CClI, the rats were intraperitoneally anesthetized
with pentobarbital sodium (50 mg/kg) and intracardially perfused
with phosphate buffered saline at pH 7.4 (PBS) until all of the
blood had been removed from the system. After perfusion with 4%
paraformaldehyde in 0.1 M PBS, the fourth lumbar spinal cords (L4)
were harvested. Increasing evidence has shown that astrocytes play
important roles in the development of chronic pain [13,14]. The
appearance of activated astrocytes in the L4 extracted from sixteen
rats (four per group) was investigated by an immunohistochemical
analysis. Glial fibrillary acidic protein (GFAP) staining was performed
to label the activated astrocytes, because the protein is expressed
exclusively in astrocytes and because astroglial activation causes
the increased expression of GFAP and astrogliosis [13,14]. Tissue
specimens were embedded in OTC compound, frozen and then cut
into 10 pum sections with a cryostat. All of the sections were incubated
overnight at 4 °C with mouse anti-GFAP-Cy3 antibody (C9205;
1:500, Sigma-Aldrich, St. Louis, MO, USA). Samples were observed
by a confocal laser scanning fluorescence microscope (FV1000D,
Olympus Corp., Tokyo, Japan) and the expression of GFAP was
analyzed and quantified using the Image J-software program (http://
rsb.info.nih.gov). The values were expressed as the area fraction,
which is the ratio of the area with expression of GFAP within a
demarcated region (300 pm x 300 pum) in the spinal dorsal horn. All
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Figure 1: The body weight increases in the different groups. The weight gain
at week 4 showed no significant differences in comparison to baseline among
the four groups. The data are expressed as the meanstSEM (Con, sham
control rats; CCl, CCl model rats; YKS, Yokukansan-treated CC| model rats;
KSS, Kamishoyosan-treated CCl model rats).

values were reported as an average of at least ten micrographs per rat.
Estimation of stress

At week 4 post-CCI, the rats were intraperitoneally anesthetized
with pentobarbital sodium (50 mg/kg) and blood samples were taken
from the inferior vena cava. The levels of plasma corticosterone and
chromogranin A (CgA) in the thirty-two rats (eight per group) were
measured using ELISA kits (corticosterone: ADI-900-097; Enzo Life
Sciences, Farmingdale, NY) (CgA: YK070; Yanaihara Institute Inc.,
Shizuoka, Japan) to evaluate their physiological stress [18].

Statistical analysis

The experimental data are shown as the means+standard errors.
The post-hoc Tukey test was used for the statistical analysis. P values
of <0.05 were considered to be statistically significant.

Results
Changes in body weight

Body weight was measured every week during the experimental
period. At week 4, none of the groups showed a significant increase in
body weight from baseline (Con: 156.67+4.73%, CCI: 151.46+6.42%,
YKS: 157.19+7.82%, KSS: 155.86+5.72%) (eight per group) (Figure 1).
YKS and KSS may have no influence on appetite, nutrient absorption
or metabolism.

Analgesic effect

Mechanical and thermal hyperalgesia was assessed by measuring
the withdrawal threshold (eight per group) (Figure 2). At week 2, the
withdrawal thresholds of the hind paw in response to mechanical and
thermal stimuli were decreased in the rats that underwent CCI surgery.
From week 2 post-CClI, the herbal medicines were administered for
two weeks. At week 4 post-CCI, the mechanical withdrawal latency
in the CCI group was significantly reduced (18.77£3.97 g), but this
decrease was significantly inhibited in the YKS group (28.82+4.50
g) (P<0.05 compared with the CCI group) (Figure 2A). Similarly,
the thermal withdrawal latency in the CCI group was significantly
reduced (2.96+0.60 sec), but this decrease was significantly inhibited
in the YKS group (5.15+1.05 sec) (P<0.05 compared with the CCI
group) (Figure 2B). The administration of YKS therefore inhibited

the CCI-induced mechanical and thermal hyperalgesia.
The inhibition of astrocytic activation

The GFAP immunoreactivity was assessed in the spinal cord (L4)
at week 4 post-CCI (four per group) (Figure 3). In the CCI group, the
number of GFAP (+) cells in the ipsilateral lumbar dorsal horn was
increased (Figure 3B) and the cells were hypertrophied (Figure 3F).
Although these changes were not suppressed by the administration of
KSS (Figure 3D and H), they were inhibited by the administration of
YKS (Figure 3C and G).

The GFAP value was then expressed as an area fraction on images
(magnification; x200) (Figure 3I). In the CCI group, the GFAP level
(12.90+3.16%) was significantly increased in comparison to the
Control group (4.66+1.28%) (P<0.05). This increase was significantly
inhibited by the administration of YKS (4.98+2.54%) (P<0.05). The
administration of KSS (8.25+1.69%) had no significant effect on
astrocytic activation.

Anti-stress effect

The levels of plasma corticosterone and CgA were measured to
examine whether the administration of the medications affected the
level of stress caused by chronic pain (n=8/group) (Figure 4). The
corticosterone level is used as a marker of endocrine system activity,
and the CgA level is used as a marker of sympathetic activity [18].
At week 4 post-CCI, the levels of corticosterone (244.36+35.77 ng/
ml) and CgA (29.65+6.22 ng/ml) in the CCI group were significantly
increased in comparison to the Control group (corticosterone;
87.08+6.67 ng/ml, CgA; 15.02+1.00 ng/ml) (P<0.01). However, the
increases were significantly inhibited by the administration of YKS
(corticosterone; 110.67+17.41 ng/ml, CgA; 15.07+1.28 ng/ml) and
KSS (corticosterone; 115.42+20.19 ng/ml, CgA; 15.43£2.11 ng/ml).

Discussion

Several recent clinical reports have indicated that YKS is effective
against neuropathic pain, such as post-herpetic neuralgia, central
pain, complex regional pain syndrome (CRPS) and trigeminal
neuralgia [2,3]. In an animal study, Suzuki et al. reported that a single
administration of YKS inhibited mechanical and cold allodynia for

Thermal withdrawal threshold (sec)
&

Mechanical withdrawal threshold (g}

Weeks after CCI

Weeks after CCI

*P<0.05(vs Con)
t P < 0.05[YKS vs CCI)

*P<0.05(vs Con)
TP = 0,05 (YKS vs CC1)

Figure 2: The effects of Yokukansan and Kamishoyosan on CCl-induced
mechanical (A) and thermal (B) hyperalgesia. The values at week 2 in the
CCl, YKS and KSS groups were significantly decreased in comparison to
the control group. At week 4, the values in the YKS group were increased
in comparison to the CCI group (1 P<0.05). The data are expressed as the
means+SEM.
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Figure 3: The effects of Yokukansan on the CCl-induced increase in GFAP immunoreactivity in the spinal cord (L4). (A)-(D) Low magnification images (x200) of
the L4 spinal cord. Scale bar=100 um. The number of GFAP (+) cells in the CCI group was clearly increased in comparison to the control group. The increase was
obviously smaller in the YKS group, but there was no clear inhibition of the increase in the KSS group. (E)-(H) High magnification images (x600) of the L4 spinal
dorsal horn. Scale bar=50 pm. The GFAP (+) cells in the CCI group were clearly hypertrophied, while this change was prevented in the YKS group. The change
was not clearly inhibited in the KSS group. (I) The GFAP value is expressed as a fraction of the area on the images (magnification: x200). The CCI group showed
a significant increase in the GFAP level in comparison to the Control group. This increase was significantly inhibited in the YKS group, but not in the KSS group

(*P<0.05). The data are expressed as the means+SEM.

a few hours after the administration using the same CCI model as
the present study [19]. Our study suggests that the continuous
administration of YKS is effective for retaining an analgesic effect
(Figure 2).

The present study showed that YKS, but not KSS, had an analgesic
effect (Figures 2 and 3). The principal components of the two
herbal medicines are Bupleuri radix, Angelicae radix, Glycyrrhizae
radix, Atratylodis lanceae rhizoma and Poria, with YKS also
containing Uncariae cum Uncis ramulus and Cnidii rhizoma (Table
1). Uncariae cum Uncis ramulus has been demonstrated to have
several pharmacological actions, including serotonin 1A receptor
stimulation, serotonin 2A receptor antagonism and an inhibitory
action against the NMDA receptor-mediated ion current [5]. In
the descending inhibitory serotonergic system, serotonin exerts an
analgesic effect by inhibiting the release of glutamate, an excitatory
neurotransmitter, from primary afferent fibers in the surface of the
lumbar dorsal horn via the serotonin 1A receptors [20]. Furthermore,
the administration of serotonin 2A receptor antagonists reduced the
hyperalgesia induced in a rat model of acute inflammation [21].

On the other hand, tetramethylpyrazine, an alkaloid present in
Cnidii rhizomawas shown to have an analgesic effect through the
inhibition of neuronal apoptosis and the control of the P2X3 receptor,
which is involved in the development of neuropathic pain [22]. These
pharmacological effects of Uncariae cum Uncis ramulus and Cnidii
rhizoma may play an important role in the analgesic effects of YKS.

In recent years, it has been hypothesized that activated microglial
cells are involved in the appearance of chronic pain, while activated
astrocytes are involved in the maintenance of chronic pain. Microglial
activation was seen on day 3 after nerve injury and peaked on day 14.
On the other hand, the astroglial activation after nerve injury is more

persistent than the microglial reaction. It has been reported that the
reaction begins on day 7 and lasts for more than 150 days after nerve
injury [23]. In the present study, the quantitative and morphological
changes of astrocytes in the CCI group were investigated by
immunohistochemistry (Figure 3). Although the inhibitory effects
of YKS on the activation of microglial cells have previously been
reported [8,24], YKS may also has inhibitory effects on the activation
of astrocytes. The analgesic effect of YKS on neuropathic pain may
therefore be provided through the inhibition of both microglial and
astrocytic activation.

YKS has traditionally been administered to patients who show
symptoms such as emotional irritability, agitation and neurosis
[1]. Thus, in the present study, we also investigated whether YKS
exhibited any effects against the stress caused by chronic pain (Figure
4). The corticosterone level is commonly used as a marker of the
hypothalamic-pituitary-adrenal (HPA) axis activity, while the CgA
level is used as a marker of sympathetic activity [18]. The levels of
these markers were increased significantly in the CCI group. However,
these increases were significantly inhibited by the administration of
either YKS or KSS. This result suggests that both YKS and KSS have
inhibitory effects on HPA axis hyperactivity and the sympathetic
arousal caused by pain stress.

In a previous report using experimental animal models,
Glycyrrhizae radix and Bupleuri radix (which are contained in YKS
and KSS) were shown to exert anti-stress effects [25,26]. Regarding
the potential mechanism of action of YKS, the expression of the
serotonin 2A receptor in the prefrontal cortex, which is involved in
the induction of anxiety, was found to be decreased [7]. Furthermore,
it was previously shown that the geissoschizine methyl ether isolated
from Uncariae cum Uncis ramulus has anxiolytic effects through its
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Figure 4: The effects of Yokukansan and Kamishoyosan on the levels of
plasma corticosterone (A) and chromogranin A (B). At week 4 post-CCl,
the levels of plasma corticosterone and chromogranin A were significantly
increased in the CCI group in comparison to the control group. These
increases were significantly suppressed in the YKS and KSS groups
(**P<0.01). The data are expressed as the means+SEM.

action on the serotonin 1A receptor [27].

Taken together, the findings of the present study indicate that YKS
reduces both neuropathic pain and the stress caused by pain. Given
that YKS had similar effects in rat models of chronic inflammatory
pain [8]; it is possible that YKS may be widely applied to the treatment
of patients with various types of chronic pain.

Conclusions

YKS reduced the chronic neuropathic pain and the stress caused
by pain in a rat model of CCI, and was more effective than KSS, which
only reduced the stress associated with chronic pain.
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