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Abstract: Refractory peripheral neuropathy can occur as a side effect in 60–70% of patients receiv-
ing Paclitaxel (PTX). Yokukansan (YKS) is a Japanese herbal medicine reported to have analgesic
properties for entrapment nerve injuries. Therefore, we investigated the anti-allodynic effect of
Yokukansan on Paclitaxel-induced neuropathic pain. All experiments used 6-week-old male Sprague
Dawley rats. Mechanical allodynia was evaluated using a dynamic plantar aesthesiometer. A mobile
touch-stimulator unit applied progressively increasing force to the mid-plantar region of the hind paw
in a vertical direction until the animal withdrew its paw. This was carried out before the Paclitaxel ad-
ministration and during the first, second, third, and fourth weeks. Using a rat model of PTX-induced
neuropathic pain (PTX rat), we injected PTX (intraperitoneally, 2 mg/kg) five times every 2 days.
Using the dynamic plantar test, we evaluated the anti-allodynic effect of YKS (orally administered,
1 g/kg). YKS administration on a daily basis significantly enhanced the withdrawal threshold in PTX
rats and reduced the expression level of activated microglia immunostaining with Iba1, a specific
marker for microglia. The intrathecal administration of WAY-100635 (5-hydroxytryptamine [5-HT]1A

receptor antagonist) and Ketanserin (5-HT2A/2C receptor antagonist) inhibited the protective effects
of YKS. YKS exhibited an anti-allodynic effect in a rodent model of PTX-induced neuropathic pain by
reducing the sensitivity to pain stimuli. These results suggest that Yokukansan may activate 5-HT
receptors in the spinal cord, mediating Paclitaxel-induced neuropathic pain.

Keywords: Yokukansan; Paclitaxel; 5-HT receptor; neuropathic pain

1. Introduction

Chemotherapy with anticancer medications is essential to current cancer treatment
protocols, but peripheral neuropathy, including pain and numbness, is a major problem for
patients. Chemotherapy-induced peripheral neuropathy can occur with a relatively high
frequency and can significantly impair a patient’s quality of life [1]. Furthermore, peripheral
neuropathy may result in suboptimal treatment doses, as well as the discontinuation of
chemotherapy. The peripheral neuropathy caused by chemotherapy often persists even
after administration and is difficult to improve with conventional treatments. Therefore,
there is a strong demand for new preventive methods and therapeutic methods.

Paclitaxel (PTX) is one of the most widely used anticancer drugs and is approved for
use in solid tumor cancers, such as non-small cell lung cancer and ovarian cancer [2,3].
Refractory peripheral neuropathy can occur as a side effect in 60–70% of patients receiving
PTX [4]. It has a high affinity for tubulin and promotes microtubule polymerization in
peripheral nerve axons to form abnormal microtubule bundles. PTX-induced neuropathy
is thought to occur because PTX interferes with normal axonal transport [5].

Yokukansan (YKS) is a traditional Japanese herbal medicine (Kampo) with centuries
of history. It consists of a blend of seven herbs and is known for its calming and sedative
effects, making it particularly useful in managing various neuropsychiatric symptoms [6].
These herbs are combined in specific proportions to create Yokukansan, used in traditional
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Japanese medicine for various purposes, including treating behavioral and psychological
symptoms of dementia [7]. YKS is primarily known for its calming and sedative effects
on the central nervous system. It is used to alleviate symptoms associated with neuropsy-
chiatric conditions, such as anxiety, insomnia, irritability, agitation, and behavioral and
psychological symptoms of dementia. Studies have suggested that YKS may exert its effects
through various mechanisms, including the modulation of neurotransmitter systems and
neuroinflammation [8]. YKS has been reported to show an analgesic effect on the entrap-
ment nerve injury pain model [7]. A mechanism of YKS’s analgesic effect is its activating
the descending pain inhibitory system in the spinal cord through the partial agonist action
of serotonin [9].

However, the effect of YKS on PTX-induced neuropathic pain is unclear. Therefore,
we investigated the anti-allodynic effect of YKS on PTX-induced neuropathic pain. We also
examined the involvement of serotonin in the spinal cord, which is one of the analgesic
sites of YKS, by administering serotonin receptor antagonists into the medullary cavity.

2. Materials and Methods
2.1. Animals

Male Sprague Dawley rats, aged 6 weeks and weighing 250–300 g, were obtained
from Charles River Laboratories Japan, Inc. (Yokohama-shi, Japan). All animals were
housed under clean conditions with a controlled temperature (23 ± 2 degrees) and a
12 h light–dark cycle (lights were on from 08:00 to 20:00 h) and were provided food and
water ad libitum. All experiments were performed in the same time window to avoid
changes in physiological rhythms. The total number of animals used was 90. All animal
experimental procedures (approval number: A21-10) were approved by the Committee of
Animal Experimentation, Hiroshima University. The Guide for the Care and Use of Laboratory
Animals was utilized to properly handle and care for the animals.

2.2. Drugs

The dosing formulations were freshly prepared on the day of use. The PTX and YKS
were purchased from Nippon Kayaku Co. (Tokyo, Japan) and Tsumura & Co. (Tokyo,
Japan). YKS consists of seven herbs: Atractylodes lancea rhizome, Poria sclerotium, Cni-
dium rhizome, Uncaria hook, Angelica root, Bupleurum root, and Glycyrrhiza (Table 1).
4-Chloro-DL-phenylalanine methyl ester hydrochloride (Sigma, St. Louis, MO, USA) was
used as a serotonin synthesis inhibitor. Each of the 5-hydroxytryptamine (5-HT) receptor
antagonists, WAY-100635 (5-HT1A receptor antagonist; Abcam, Tokyo, Japan), Ketanserin
(5-HT2A/2C receptor antagonist; Wako, Tokyo, Japan), and ondansetron (5-HT3 receptor
antagonist; Abcam, Tokyo, Japan), were dissolved in 10 µL of 100% dimethyl sulfoxide
(DMSO; Sigma) [10,11].

Table 1. The component herbs of Yokukansan.

Atractylodes lancea rhizome 4.0 g
Poria sclerotium 4.0 g
Cnidium rhizome 3.0 g
Uncaria hook 3.0 g
Angelica root 3.0 g
Bupleurum root 2.0 g
Glycyrrhiza 1.5 g

The weights indicate the relative amounts mixed. Contains magnesium, stearate, and lactose hydrate as additives.

2.3. Animal Model and Behavioral Test

In the first experiment, the animals were randomized into the following four groups:
the control group, PTX group, PTX/vehicle group, and PTX/YKS group (n = 10 in each
group) (Figure 1).
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Figure 1. Schematic illustration of the experimental protocol. Male Sprague Dawley rats were 
treated with Paclitaxel (PTX) and/or Yokukansan (YKS). PTX was injected intraperitoneally with 2 
mg/kg five times every 2 days. YKS was administered at 1 g/kg via an oral gastric tube daily for 3 
weeks. Behavioral tests were performed on Day 1, before drug administration, Day 8, Day 15, Day 
22, and Day 29. The immunological assessment was demonstrated on Day 22. Additionally, using 
PTX/YKS group rats, a study on 5-hydroxytryptamine receptor antagonists was performed on 
Day 22 after the tubing surgery on Day 15. PTX = Paclitaxel; YKS = Yokukansan. LL. ★: The 
immunological assessment was demonstrated on Day 22. 

2.4. Immunological Assessment of Glial Cell Changes via the Immunostaining of the Spinal Cord 

Figure 1. Schematic illustration of the experimental protocol. Male Sprague Dawley rats were treated
with Paclitaxel (PTX) and/or Yokukansan (YKS). PTX was injected intraperitoneally with 2 mg/kg
five times every 2 days. YKS was administered at 1 g/kg via an oral gastric tube daily for 3 weeks.
Behavioral tests were performed on Day 1, before drug administration, Day 8, Day 15, Day 22, and
Day 29. The immunological assessment was demonstrated on Day 22. Additionally, using PTX/YKS
group rats, a study on 5-hydroxytryptamine receptor antagonists was performed on Day 22 after
the tubing surgery on Day 15. PTX = Paclitaxel; YKS = Yokukansan. LL. ⋆: The immunological
assessment was demonstrated on Day 22.

Neuropathic pain was simulated in the PTX group with intraperitoneal injections of
PTX (2 mg/kg) diluted with saline to 1 mL five times every 2 days on days 1, 3, 5, 7, and
9 (total 10 mg/kg) [12,13]. Rats in the control group were injected intraperitoneally with
1 mL of saline. PTX-induced neuropathic pain was assessed with the dynamic plantar
aesthesiometer (Ugo Basile SRL, Gemonio, Italy) for automated mechanical stimulation
and allodynia [12,14].

PTX rats were administered YKS (1 g/kg) or distilled water through an oral gastric
tube every day for 3 weeks from the beginning of the experiment (PTX/YKS group or
PTX/vehicle group) [15]. We compared paw withdrawal between the PTX/vehicle and
PTX/YKS groups on Day 1, before YKS injection, Day 8 (1st week), Day 15 (2nd week), Day
22 (3rd week), and Day 29 (4th week).

Rats were acclimated in a restricted plastic cage with a dynamic plantar aesthesiometer
on perforated wire platforms for a minimum of 15 min before starting the procedures. A
movable touch-stimulator unit with a von Frey-type, 0.5 mm filament exerted increasing
force vertically under the mid-plantar region of the hind paw until the animal withdrew
its paw. We measured a paw withdrawal threshold six times, three times for each leg at
intervals of a few minutes, and adopted four values of the paw withdrawal threshold,
excluding the maximum and minimum values. The value was expressed in grams. A
cut-off value of 50 g in 20 s was determined. Behavioral tests were performed on Day 1,
before drug administration, Day 8 (1st week), Day 15 (2nd week), Day 22 (3rd week), and
Day 29 (4th week).

2.4. Immunological Assessment of Glial Cell Changes via the Immunostaining of the Spinal Cord

Additionally, the immune response to changes in glial cells was evaluated in the
PTX/vehicle group and the PTX/YKS group of rats on Day 22 (3rd week). Animals were
anesthetized with an intravenous injection of thiamylal (20–30 mg) and 1% sevoflurane,
and we performed a midline abdominal incision. Their diaphragms were perforated,
and their pericardium was opened. A catheter was inserted in their left ventricular from
their left apex. They were perfused using 300 mL of sterile 0.9% normal saline, and the
right atrial appendage was cut simultaneously. After the effluent liquid became clear,
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500 mL of 4% paraformaldehyde was used for perfusion until the tissues of the rats became
hard. The L4/L5 segments of their spinal cords were exposed from the lumbar vertebral
column via laminectomy. Samples of their lumbar enlargements were post-fixed in 4%
paraformaldehyde [16,17].

To investigate glial reactivity, we used antibodies against ionized calcium-binding
adaptor protein 1 (Iba1) to label microglia and the anti-Glial Fibrillary Acidic Protein (GFAP)
to label astrocytes. The overexpression of Iba1 or GFAP is interpreted as a sign of microglial
or astrocytic reactivity, as shown in different pain models [18,19].

The rats’ lumbar enlargements were washed twice in TBS. Primary antibodies were
applied for 1 h at 4 ◦C with the following being the primary antibodies: the rabbit mon-
oclonal antibody to GFAP was used to label astrocytes (1:500 dilution; Abcam (Waltham,
MA, USA)); the goat polyclonal antibody to Iba1 was used to label microglia (1:200 dilution;
Abcam, USA). Tissue sections were washed in TBS and then visualized with the appro-
priate secondary fluorescent antibody, chicken anti-rabbit IgG Alexa Fluor-488 or donkey
anti-goat IgG Alexa Fluor-594.

The sections were examined using an electron microscope (ECLIPSE 90i, Nikon,
Tokyo, Japan), and ImageJ (https://imagej.nih.gov/ij/ (accessed on 1 May 2019), National
Institutes of Health, Bethesda, MD, USA) was used to quantify the GFAP-positive cells
and the Iba-1-positive cells. The number of GFAP or Iba-1 positive cells from each animal
was averaged to quantify GFAP or Iba-1-positive cells from five lumbar spinal cord section
images. Five animals were allocated to each group. We examined the expression level of
activated microglia between the PTX/vehicle group and the PTX/YKS group, counting the
number of activated microglia with Iba1, a specific marker for microglia.

2.5. 5-HT Synthesis Inhibitors and 5-HT Receptor Antagonists

Next, using PTX/YKS group rats, we conducted experiments to clarify the involve-
ment of serotonin. Four-Chloro-DL-phenylalanine methyl ester hydrochloride (PCPA),
which depletes central serotonin (5-hydroxytryptamine, 5-HT), was injected intraperi-
toneally into the PTX/YKS group rats (PCPA group). PCPA (100 mg/kg) diluted with
saline to 1 mL was administered for three days just before the behavior test [20,21]. Saline
was injected as a vehicle in the control group. We compared the paw withdrawal threshold
between the control group (n = 10) and the PCPA group (n = 5) with a dynamic plantar
aesthesiometer.

On Day 22 (3rd week), we also conducted experiments to see how 5-HT receptor
antagonists affected the PTX/YKS rats. We used WAY-100635 (5-HT1A receptor antagonist),
Ketanserin (5-HT2A/2C receptor antagonist), and ondansetron (5-HT3 receptor antago-
nist) as the 5-HT receptor antagonists [10,11]. A polyethylene catheter (Intramedic PE-10,
Becton Dickinson and CO., Franklin Lakes, NJ, USA) was implanted surgically in the
PTX/YKS group rats under general anesthesia with an intravenous injection of thiamylal
(20–30; mg/kg, ) on Day 15 (2nd week). The tip of the polyethylene catheter was positioned
at the lumbar enlargement [10], and the opposite side of the catheter was withdrawn from
the back of the neck via a subcutaneous tunnel. The catheter was attached to a stainless-steel
wire, and the musculature and skin were sutured with a 3-0 silk suture thread. A one week
recovery period was provided, and then the experiments resumed on Day 22 (3rd week).

PTX/YKS rats were injected intrathecally with 100% DMSO (vehicle) or 5-HT receptor
antagonists: 60 µg of WAY-100635, 30 µg of Ketanserin, and 30 µg of ondansetron [10,11].
Each of the 5-HT receptor antagonists was dissolved in 10 µL of 100% DMSO. After the
injection of each of the 5-HT receptor antagonists, 10 µL of saline was flushed. We evaluated
the effect of the 5-HT receptor antagonists by measuring the paw withdrawal threshold with
a dynamic plantar aesthesiometer 3 h after the injection of the 5-HT receptor antagonists.

2.6. Statistical Analysis

The experimental results are expressed as the mean and standard error of the mean
(SEM). The statistical analysis was performed in GraphPad Prism 5.02 (GraphPad Software

https://imagej.nih.gov/ij/
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Inc., San Diego, CA, USA). The two groups were compared using the Mann–Whitney U
test. A two-way analysis of variance (ANOVA) for multiple comparisons was used to
analyze differences between groups. A p-value < 0.05 was considered to indicate statistical
significance.

3. Results
3.1. Experimental Animals

Experiments were performed on 90 male Sprague Dawley rats. The animal model
success rate of PTX rats was 95%. Animals that experienced nerve damage or deterioration
in their overall condition were not included in the following experiment. Specifically, one
animal from the PTX group, two from the PTX/YKS group, one from the PCPA group, and
two from the antagonist study (from tubing to antagonist injection) were excluded.

3.2. Paclitaxel Effectively Decreases the Withdrawal Threshold

Within our experimental framework, we utilize an animal model to study the neuro-
pathic pain induced by PTX. PTX significantly reduced the withdrawal threshold during
the initial two weeks and subsequently stabilizesd (Figure 2). This effect was not observed
in the control group.
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Figure 2. The time course of the withdrawal thresholds of the hind paw using a dynamic plantar
aesthesiometer in Paclitaxel (PTX) or saline-administered (control) animals. Withdrawal thresholds
were determined before administration and 1, 2, 3, and 4 weeks after the administration of the drug.
Data are presented as mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001, compared with the respective
baseline of the control group at the corresponding time points. n = 10 in each group.

3.3. Yokukansan Improves Allodynia

There was no difference in weight gain between the PTX/YKS group and the PTX/
vehicle group. YKS effectively improved allodynia by 30% (Figure 3). The PTX/YKS
group had a significantly increased withdrawal threshold compared to the PTX/vehicle
group during the second week [21.2 ± 1.0 g vs. 14.8 ± 0.8 g: p < 0.01] and the third week
[21.7 ± 1.1 g vs. 15.1 ± 0.9 g: p < 0.01]. Interestingly, there was no significant difference
between the PTX/YKS group and the PTX/vehicle group during the fourth week.
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Figure 3. The time course of the effects of daily oral administration of water or Yokukansan on
the withdrawal thresholds of the hind paw using a dynamic plantar aesthesiometer in Paclitaxel
(PTX)-administered animals. Using PTX animals, withdrawal thresholds were determined before
administration and 1, 2, 3, and 4 weeks after the administration of Yokukansan (PTX/YKS) or
distilled water (PTX/vehicle). Data are presented as mean ± SEM. ** p < 0.01, compared with the
respective baseline of the PTX/vehicle group at the corresponding time points. n = 10 in each group.
PTX = Paclitaxel; YKS = Yokukansan.

3.4. Yokukansan Prevents Microglia Growth

In a comparison between the group of PTX rats that were administered YKS (PTX/YKS)
and the PTX group that was administered distilled water (PTX/vehicle), the expression
level of microglia was significantly suppressed by approximately 40% in the rats that were
administered YKS ([0.8 × 104 vs. 1.3 × 104 µm2: p < 0.001], Figure 4).

Medicina 2024, 60, x FOR PEER REVIEW 6 of 12 
 

 

[21.7 ± 1.1 g vs. 15.1 ± 0.9 g: p < 0.01]. Interestingly, there was no significant difference 
between the PTX/YKS group and the PTX/vehicle group during the fourth week. 

 
Figure 3. The time course of the effects of daily oral administration of water or Yokukansan on the 
withdrawal thresholds of the hind paw using a dynamic plantar aesthesiometer in Paclitaxel (PTX)-
administered animals. Using PTX animals, withdrawal thresholds were determined before 
administration and 1, 2, 3, and 4 weeks after the administration of Yokukansan (PTX/YKS) or 
distilled water (PTX/vehicle). Data are presented as mean ± SEM. ** p < 0.01, compared with the 
respective baseline of the PTX/vehicle group at the corresponding time points. n = 10 in each group. 
PTX = Paclitaxel; YKS = Yokukansan. 

3.4. Yokukansan Prevents Microglia Growth 
In a comparison between the group of PTX rats that were administered YKS 

(PTX/YKS) and the PTX group that was administered distilled water (PTX/vehicle), the 
expression level of microglia was significantly suppressed by approximately 40% in the 
rats that were administered YKS ([0.8 × 104 vs. 1.3 × 104 µm2: p < 0.001], Figure 4). 

  

Figure 4. A comparison of the microglia expression levels between Paclitaxel/vehicle (PTX/vehicle) 
and Paclitaxel/Yokukansan (PTX/YKS). Fluorescent immunostaining of the spinal cord with Iba1, a 
specific marker of microglia (pink). Astrocytes were labeled with Anti-Glial Fibrillary Acidic Protein 
(green), and the nuclei were stained with DAPI (blue, 4′,6-diamidino-2-phenylindole). Panel (A) is 
a low-power view of the spinal cord of the PTX/vehicle group. Panel (B) is a low-power view of the 
PTX/YKS group. Panel (C,D) are high-power views of the PTX/vehicle and PTX/YKS groups, 

Figure 4. A comparison of the microglia expression levels between Paclitaxel/vehicle (PTX/vehicle)
and Paclitaxel/Yokukansan (PTX/YKS). Fluorescent immunostaining of the spinal cord with Iba1, a
specific marker of microglia (pink). Astrocytes were labeled with Anti-Glial Fibrillary Acidic Protein
(green), and the nuclei were stained with DAPI (blue, 4′,6-diamidino-2-phenylindole). Panel (A) is
a low-power view of the spinal cord of the PTX/vehicle group. Panel (B) is a low-power view of
the PTX/YKS group. Panel (C,D) are high-power views of the PTX/vehicle and PTX/YKS groups,
respectively. (E) The expression level of microglia was significantly suppressed. YKS = Yokukansan.
* p < 0.05; n = 5 in each group.
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3.5. Yokukansan Appears to Be Mediated by Serotonin in the Spinal Cord

The intraperitoneal administration of 4-Chloro-DL-phenylalanine methyl ester hy-
drochloride (PCPA), which depletes central serotonin, decreased the paw withdrawal
threshold compared with the control group [15.4 ± 2.3 vs. 21.7 ± 1.1 g: p < 0.05] (Figure 5).
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The group that received the intrathecal administration of WAY-100635 and 
Ketanserin experienced a significant decrease in the withdrawal threshold (15.4 ± 1.2 g vs. 
14.1 ± 1.2 g, respectively). The observed difference is statistically significant (p < 0.05) 
compared to the control group. However, the ondansetron did not observe these effects 
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HT2A/2C receptors and less likely via 5-HT3 (Figure 6). 

 
Figure 6. Yokukansan is mediated via 5-hydroxytryptamine (5-HT) receptors. This figure shows the 
effect of intrathecal injection with 5-HT receptor antagonists on the anti-allodynic effect of 
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Figure 5. Serotonin depletion inhibits the effect of Yokukansan; this figure shows the effect of the
intraperitoneal injection with 4-Chloro-DL-phenylalanine methyl ester hydrochloride (PCPA) on the
anti-allodynic effect of Yokukansan. The animals were tested for sensory perception using a dynamic
plantar aesthesiometer 3 weeks after being given Paclitaxel and Yokukansan (PTX/YKS). Animals
received intraperitoneal injections of 300 mg/kg of PCPA (PCPA group) or a saline vehicle (control
group). PCPA was administered daily for 3 days prior to the dynamic plantar test. Values are shown
as the mean ± SEM. Control: n = 10, PCPA: n = 5. * p < 0.05, compared with the control group.

3.6. Yokukansan Appears to Be Mediated via 5-HT1A and 5-HT2A/2C Receptors and Less Likely
via 5-HT3

The group that received the intrathecal administration of WAY-100635 and Ketanserin
experienced a significant decrease in the withdrawal threshold (15.4 ± 1.2 g vs. 14.1 ± 1.2 g,
respectively). The observed difference is statistically significant (p < 0.05) compared to the
control group. However, the ondansetron did not observe these effects (17.9 ± 1.8 g). These
data suggest that YKS appears to be mediated via the 5-HT1A and 5-HT2A/2C receptors and
less likely via 5-HT3 (Figure 6).
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Figure 6. Yokukansan is mediated via 5-hydroxytryptamine (5-HT) receptors. This figure shows
the effect of intrathecal injection with 5-HT receptor antagonists on the anti-allodynic effect of
Yokukansan. The threshold was determined 3 weeks after Paclitaxel and Yokukansan (PTX/YKS)
administration using a dynamic plantar aesthesiometer. The animals were administered an intrathecal
injection of 60 µg of WAY100635 (a 5-HT1A receptor antagonist), 30 µg of Ketanserin (a 5-TH2A/2C

receptor antagonist), 30 µg of ondansetron (a 5-HT3 receptor antagonist), or the control group received
DMSO. The threshold was then assessed 60 min later. Values are shown as the mean ± SEM. Control,
WAY-100635, and ondansetron: n = 6, Ketanserin: n = 7. * p < 0.05, compared with the control group.
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4. Discussion

In this study, PTX effectively reduced the withdrawal threshold in our animal model of
PTX-induced neuropathic pain (Figure 2). YKS improved allodynia by 30% and significantly
increased the withdrawal threshold in PTX-administered animals during the second and
third weeks (Figure 3). The efficacy of YKS may be mediated by serotonin in the spinal
cord, especially through 5-HT1A and 5-HT2A/2C receptors, with less involvement of 5-HT3
receptors. However, in the fourth week, an increase in the paw withdrawal threshold of rats
injected with PTX was observed, suggesting that neuropathic pain with a total of 10 mg/kg
of PTX may be reversible (Figure 2).

Mechanical allodynia is characterized by pain perception responding to normally non-
painful mechanical stimuli, such as a light touch or pressure. Animal models of mechanical
allodynia are crucial for studying this condition’s underlying mechanisms and developing
potential treatments. One common model used to study mechanical allodynia involves
inducing nerve injury or inflammation in animals, such as rodents [12,17]. In this study,
we used PTX to induce mechanical allodynia. The mechanism of the mechanical allodynia
induced by PTX involves primarily neurotoxicity. PTX is a widely used chemotherapeutic
agent for cancer treatment known to directly induce toxicity in nerve tissues. Several
mechanisms of PTX-induced neurotoxicity have been reported. The main mechanisms are
microtubule stabilization, apoptosis induction, and inflammation induction [22,23]. These
mechanisms suggest that PTX-induced neurotoxicity contributes to the development of
mechanical allodynia, a common side effect observed in patients during and after PTX
treatment. Understanding its mechanism can aid in managing and treating this symptom.

YKS is a traditional Japanese medicine that can relieve neuropathic pain and other
symptoms by regulating liver function and balancing energy in the body. PTX is a
chemotherapy drug used to treat cancer, and its use is often associated with the develop-
ment or worsening of neuropathic pain. There has not been sufficient research on how YKS
affects the management of PTX-induced neuropathic pain. However, some preclinical stud-
ies suggest that YKS may modulate nervous system function and inflammatory responses,
contributing to pain relief [24–26].

There is no fixed opinion regarding the administration method and dosage of YKS.
Several experiments have demonstrated using YKS that was administered to rodents based
on precise calculations of their food intake. The exact dose cannot be determined with that
method, so we used a gastric tube to administer YKS. Regarding the dosage, Suzuki et al.
reported the anti-allodynic effects on peripheral neuropathy using rats in a previous study,
stating that the dosage of YKS was 0.3 g/kg and 1 g/kg [25]. This study’s 1 g/kg dosage
was also based on previous similar studies [27,28]. Therefore, this dose of YKS is quite
high in humans (it should be approximately 5–15 g/day for humans), but these animal
experiments suggest that this dose is within an acceptable range.

The mechanism of neuropathic pain caused by Paclitaxel involves multiple factors, one
of which is an inflammatory response in the nervous system. Paclitaxel causes inflammation
within nerve tissue, which may play a role in the development of neuropathic pain [4,29].
Microglia play an important role in the inflammatory response of the nervous system and
are thought to be activated when Paclitaxel triggers an inflammatory response in neural
tissue. Additionally, astrocytes play an important role in the inflammatory response within
neural tissue and may be activated when Paclitaxel causes inflammation in neural tissue [29].
Such inflammatory responses may contribute to the development and progression of
neuropathic pain. Astrocytes are responsible for transmitting information to and from
nerve cells and supplying nutrients, and the use of Paclitaxel may interfere with these
functions, causing neuropathic pain [29]. Therefore, it is thought that astrocytes may play
an important role in the relationship between neuropathic pain and Paclitaxel.

In animal models of schizophrenia, multiple sclerosis, and behavioral and psychologi-
cal symptoms of dementia, YKS suppresses glial cell activity [30]. The activation of these
glial cells is associated with the development and persistence of neuropathic pain, so glial
cells and their associated molecules have become the targets of YKS treatment. Kawakami
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et al. reported that the administration of YKS inhibited the expression of activated astrocytes
and astrogliosis [31]. Ebisawa et al. reported that YKS inhibited the increased expression of
interleukin-6 in the dorsal horn of the spinal cord in the mouse model, and this expression
was confirmed in astrocytes and/or microglia, not in neurons [24]. These studies suggest
that YKS is effective against neuropathic pain, as evidenced by the regulation of microglial
and astrocytic functions, which indicate the formula’s potential mechanisms.

This study revealed how YKS affects the peripheral neuropathy caused by PTX. The
daily oral administration of YKS suppressed the expression level of activated microglia.
Previous studies revealed that peripheral nerve injury leads to a series of microglia changes
within the spinal cord’s dorsal horn, and microglia in the spinal cord convert from a resting
state to an activated state and start proliferation [19,32]. Therefore, this study showed
that the suppression of the expression level of activated microglia indicates that YKS was
effective against Paclitaxel-induced neuropathic pain.

The mechanism of serotonin’s analgesic effect involves the modulation of pain sig-
naling pathways in the central nervous system. Serotonin, acting through its various
receptor subtypes, can inhibit the transmission of pain signals by suppressing the activity
of pain-sensing neurons, enhancing the release of endogenous opioids, and modulating
the activity of descending pain inhibition pathways [9]. Additionally, serotonin can exert
anti-inflammatory effects, contributing to its analgesic properties [33]. The dysfunction of
the descending pain modulatory system reportedly involves the development of chronic
pain. YKS acts as an agonist of the 5-HT1A receptor; geissoschizine methyl ether, an alkaloid
synthesized by the YKS component Uncaria hook, is believed to play this role [27,34].

Recent studies of YKS for neuropathic pain confirm that YKS relieves mechanical
allodynia in partial sciatic nerve ligation mice by regulating the expression of interleukin-6
in astrocytes and/or microglia in the spinal cord [24] and that YKS has anti-allodynic
effects in rats with chronic contraction injuries, which are associated with the blockade of
glutamatergic neurotransmission via the activation of glutamate transporters in the spinal
cord [25]. Nakao et al. have shown that YKS alleviates cancer pain via suppressing matrix
metalloproteinase-9 expression in the bone metastasis model in mice [35]. The present
data show for the first time that YKS affects PTX-induced peripheral neuropathy instead
of physical peripheral neuropathy. PTX is one of the most widely used anticancer drugs,
and it has been reported that many patients receiving PTX may experience peripheral
neuropathy as a side effect [4]. Therefore, it would be very important to demonstrate the
effect of YKS on PTX-induced peripheral neuropathy.

Additionally, in this study, the anti-allodynic effect of YKS was inhibited following
serotonin depletion via the intraperitoneal administration of a serotonin synthesis inhibitor.
This highly suggests that serotonin is involved in the effects of YKS on PTX-induced pe-
ripheral neuropathy. YKS has also been reported to affect the 5-HT nervous system and
has been shown to act as a partial agonist on the 5-HT1A receptor [9] and to induce the
downregulation of the 5-HT2A receptor in the prefrontal cortex, which suggests the involve-
ment of the 5-HT system in the psychopharmacological effects of YKS [36]. Most previous
reports on the 5-HT effects of YKS have focused on its anxiolytic effects [37,38], reduction
of emotional abnormalities [39], and amelioration of aggressiveness and sociality [27,40],
but our results showed for the first time that 5-HT is involved in the effects of YKS on PTX-
induced peripheral neuropathy. In particular, the intrathecal administration of WAY-100635
and Ketanserin decreased the withdrawal threshold, suggesting that 5-HT1A receptors and
5-HT2A/2C receptors in the spinal cord act on the anti-allodynic effect of YKS. Although it
was unclear whether YKS ameliorated the dysfunction of the descending pain regulatory
system, this study suggests that YKS regulates the excitability of the 5-HT nervous system
and suppresses descending pain in the spinal cord.

There are some limitations to this study. YKS suppresses mechanical allodynia in the
neuropathic pain model, and its effect is reported to involve the activation of glutamate
transporters, which functionally uptake glutamate [25]. Further investigation is needed to
identify if the anti-allodynic effect of YKS on PTX-induced neuropathic pain may involve
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the activation of glutamate transporters. Additionally, transient receptor potential (TRP)
vanilloid 1, to which capsaicin binds, and TRP vanilloid 8 receptors, to which cold stimuli
are received, are involved in the neuropathic pain caused by PTX [41,42]. Whether YKS
has TRP channel activity requires future investigation, as other Japanese herbal medicines
like Kampo have been shown to have TRP activity. This study conducted experiments
during the third week when the anti-allodynic effect of YKS was most pronounced. PTX
and YKS were started at the same time, and it is unclear whether YKS treated or prevented
Paclitaxel-induced neuropathic pain. Further investigation is necessary to identify the
impact of the timing of the administration of YKS. Furthermore, YKS contains seven herbs,
each with its ingredients, and their effects have been studied. In this study, we used YKS
but did not mention the actions of each ingredient.

5. Conclusions

Our results suggest that the oral administration of Yokukansan resulted in an anti-
allodynic effect in an animal model of Paclitaxel-induced neuropathic pain. Furthermore,
Yokukansan may play an important role in alleviating the peripheral neuropathy associated
with cancer chemotherapy via a 5-HT-mediated mechanism.
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