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Abstract 

Objective: This study aimed to determine the effects of traditional Japanese (Kampo) medicines used to 

treat oral mucositis on nerve conduction. 

Methods: The effects of Kampo medicines, crude drugs, and chemical compounds on compound action 

potentials (CAPs) were analyzed using extracellular recordings in frog sciatic nerves. 

Results: Among the Kampo medicines, inchinkoto demonstrated the most significant reduction in CAP 

amplitude, with a half-maximal inhibitory concentration (IC50) of 5.4 mg/mL. Hangeshashinto, 

shosaikoto, hochuekkito, and juzentaihoto also showed a significant reduction. Regarding inchinkoto, 

Artemisiae Capillari Spica (artemisia) was the most effective crude drug, with an IC50 of 4.2 mg/mL for 

CAP amplitude reduction, whereas Gardeniae Fructus (gardenia) exerted no significant effect. However, 

the combined use of artemisia and gardenia reduced the CAP amplitude more effectively than artemisia 

alone, indicating a synergistic interaction. The chemical ingredient eugenol from artemisia administered 

at 1 and 3 mmol/L reduced CAP amplitude, whereas other chemical ingredients administered at 0.1 and 

1 mmol/L had no significant effects. 

Conclusions: Inchinkoto exhibited the most effective reduction in CAP amplitude in the sciatic nerve 

of frogs, primarily through the action of artemisia, with potential synergistic interaction between 

artemisia and gardenia. 
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1. Introduction 

Oral mucositis arises from diverse factors, including infections, inflammation, allergies, and 

nutritional issues, and it is prevalent among denture and orthodontic appliance users [1–3]. Patients 

undergoing chemotherapy and radiation therapy for head and neck cancer are also prone to oral 

mucositis [4]. The condition induces severe pain, leading to diminished quality of life for affected 

individuals [5,6]. Traditional Japanese (Kampo) medicines have shown effectiveness in treating oral 

diseases [7,8]. Notably, byakkokaninjinto, hangeshashinto, hochuekkito, inchinkoto, juzentaihoto, 

orengedokuto, orento, and shosaikoto are used to treat oral mucositis in Japan [9,10]. Among these 

medicines, hangeshashinto has been reported to exhibit analgesic effects in an oral ulcer rat model [11]. 

Processed ginger (steamed rhizome of Zingiber officinale Roscoe, Zingiberaceae) and glycyrrhiza (root 

or stolon of Glycyrrhiza uralensis Fisher, Leguminosae) are the crude drugs incorporated into 

hangeshashinto [11]. Chemical components of processed ginger ([6]-gingerol and [6]-shogaol) and 

glycyrrhiza (isoliquiritigenin) have been reported to inhibit voltage-gated Na+ channels that play a 

pivotal role in the analgesic effects of hangeshashinto [12,13]. Although hangeshashinto’s analgesic 

effects have been explored, the analgesic potential and mechanisms of other Kampo medicines used for 

oral mucositis remain insufficiently investigated. 

Numerous plant-derived chemicals have been identified for their ability to inhibit fast-conducting 

and voltage-gated Na+ channel blocker tetrodotoxin (TTX)-sensitive compound action potentials 

(CAPs) in the frog sciatic nerve, exemplified by capsaicin in hot peppers [14] and menthol in peppermint 

[15]. Given that Kampo medicines consist of various plant-derived crude drugs, they likely possess the 

capability to inhibit nerve action potential conduction. Matsushita et al. [16] reported that daikenchuto, 

rikkosan, kikyoto, rikkunshito, shakuyakukanzoto, and kakkonto, used to alleviate various pain types, 
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inhibited CAP amplitudes. Considering the analogous action of local anesthetics in pain alleviation 

through conduction inhibition [17–19], the present study aimed to determine the effects of Kampo 

medicines used for oral mucositis on CAP peak amplitudes recorded from the frog sciatic nerve using 

extracellular recording. 

 

2. Materials and methods 

2.1. Animals 

Black-spotted pond frogs (Pelophylax nigromaculatus) were provided by the Amphibian Research 

Center, Hiroshima University (Hiroshima, Japan) and Hamamatsu Seibutsu Kyozai (Shizuoka, Japan). 

The Animal Care Committee of Fukuoka Dental College approved this study (certification No. 20009), 

which was conducted according to the Guiding Principles for the Care and Use of Animals in the Field 

of Physiological Science of the Physiological Society of Japan. All efforts were made to minimize 

animal suffering and the number of animals used. 

 

2.2. Preparation of frog sciatic nerves 

A previously established method was used to obtain frog sciatic nerve preparations [16,20,21]. 

Briefly, under 2% isoflurane anesthesia (Viatris, Canonsburg, PA, USA), frogs (both sexes) were 

decapitated and pithed. The sciatic nerve, dissected from the lumbar plexus to the knee in modified 

Ringer solution, was carefully desheathed under a binocular microscope. Subsequently, the nerve was 

placed on five platinum wires affixed to a transparent acrylic plate, with both ends secured to the wires 

with threads. The sciatic nerve was immersed in a beaker containing modified Ringer solution (pH 7.0) 

comprising (mmol/L) NaCl (115.5), KCl (2.0), CaCl2 (1.8), Na2HPO4 (1.3), and NaH2PO4 (0.7). 
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2.3. Recordings of CAPs from sciatic nerve fibers 

As previously described [16,20,21], the acrylic plate with the sciatic nerve was transferred from 

modified Ringer solution to an empty beaker. CAPs were recorded in air using a preamplifier (Model 

LI-75A, NF Electronics Instruments, Yokohama, Japan). Two platinum wires stimulated the nerve at 1 

Hz through a stimulator, with rectangular pulses lasting 0.1 ms and varying in strength. Two other wires 

recorded CAPs. To prevent the sciatic nerve from drying out, this process was rapidly performed within 

30 s. As a control, CAP recordings were performed in Ringer solution over the first 10 min, with a 2 

min interval between recordings. For assessing the impact of drugs on CAPs, the nerve was exposed to 

drug-containing Ringer solution for the subsequent 20 min, with CAPs recorded every 2 min. Following 

drug treatment, the sciatic nerve was returned to drug-free Ringer solution, and CAPs were recorded 

every 2 min for 10 min in total, representing the washout period. CAPs were monitored on a storage 

oscilloscope and simultaneously recorded on a thermal array recorder. CAP waveform data were saved 

using a data logger (midi LOGGER GL900, GRAPHTEC, Yokohama, Japan). Electrical stimulation of 

the sciatic nerve generated a CAP following a stimulus artifact. 

CAP peak amplitudes were measured as the difference between baseline and peak CAP levels, as 

previously described [16,21]. The peak amplitude of the maximal CAP was analyzed, considering that 

peak amplitude increases with the strength of electrical stimulation. The average CAP peak amplitudes 

recorded for 10 min before drug treatment served as the control. The relative CAP amplitude (%) was 

calculated as the ratio of each CAP amplitude to the control. Conduction velocity values were 

determined using the fifth platinum wire on the acrylic plate as an additional electrical stimulation site, 

measuring the time change between the stimulus artifact and the CAP peak. All experiments were 
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conducted at room temperature. 

 

2.4. Drugs 

Byakkokaninjinto (Lot No. 2190034010), hangeshashinto (Lot No. 2180014010), hochuekkito (Lot 

No. 2190041010), inchinkoto (Lot No. 2190135010), juzentaihoto (Lot No. 2190048010), orengedokuto 

(Lot No. 2170015010), orento (Lot No. 2190120010), and shosaikoto (Lot No. 2200009010), all 

obtained from Tsumura & Co. (Tokyo, Japan), were prepared as a spray-dried powder from a hot-water 

extract without excipients. Inchinkoto composed three crude drugs: Artemisiae Capillari Spica 

(artemisia; the spike of Artemisia capillaris Thunberg: 50.0%), Gardeniae Fructus (gardenia; the fruit 

of Gardenia jasminoides Ellis: 37.5%), and Rhei Rhizoma (rhubarb; the rhizome of Rheum palmatum 

Linné: 12.5%). Spray-dried extract powders of artemisia (Lot No. 2191085010), gardenia (Lot No. 

2211044010), and rhubarb (Lot No. 2211028010), provided by Tsumura & Co., were also prepared. 

The powdered extracts of Kampo medicines and crude drugs were suspended in Ringer solution at 

concentrations of 0.3–10 mg/mL and stirred gently for 1 h in the dark. The suspension underwent 

filtration through qualitative filter paper (grade No. 1; nominal rating: 6 µm; ADVANTEC, Tokyo, 

Japan), with separation of insolubles was and use of the supernatant. Weighing the filter papers before 

and after filtration indicated the loss of powder on the filter paper in Ringer solution containing Kampo 

medicines and crude drugs (Tables 1 and 2). 

The chemical compounds known to be present in artemisia, namely caffeic acid, chlorogenic acid 

(CGA), esculetin, eugenol, 4'-hydroxyacetophenone (4'-HA), scopoletin (all obtained from Tokyo 

Chemical Industry Co., Tokyo, Japan), and scoparone (Sigma-Aldrich, St. Louis, MO, USA) [22], were 

initially dissolved in dimethyl sulfoxide (DMSO; FUJIFILM Wako Pure Chemical Corporation Osaka, 
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Japan), followed by dilution to the final concentration in Ringer solution prior to use, with the final 

DMSO concentration kept below 1%, as 1% DMSO does not affect CAPs [14,15]. The pH of the 

solution containing the drugs was adjusted to 7.0 using NaOH. 

 

2.5. Statistical analysis 

Data are presented as means ± standard errors of means (SEMs). All statistical analyses were 

conducted using JASP [23], employing paired Student's t-tests and one-way analysis of variance 

(ANOVA) with post-hoc Tukey–Kramer tests. Sigmoidal curves illustrating the concentration–response 

relationship between relative CAP amplitude and drug concentration were constructed according to the 

Hill equation (for inchinkoto and artemisia), and regression lines (for hangeshashinto and eugenol) were 

determined using DeltaGraph 6.0 (Red Rock Software, Salt Lake City, UT, USA). Statistical 

significance was set at p < 0.05. In all cases, n denotes the number of sciatic nerves examined. 

 

3. Results 

The effects of Kampo medicines, crude drugs, and chemical compounds contained in the Kampo 

medicine inchinkoto on CAPs were assessed in 192 sciatic nerves from 28 frogs, with an average CAP 

amplitude of 17.8 ± 0.7 mV. In some sciatic nerves, CAPs exhibited average conduction velocity values 

of 31.0 ± 2.5 m/s (n = 44). These values are comparable to those reported previously [14–16]. 

 

3.1. Effects of Kampo medicines used for oral mucositis on frog sciatic nerve CAPs 

Eight Kampo medicines (byakkokaninjinto, hangeshashinto, hochuekkito, inchinkoto, juzentaihoto, 

orengedokuto, orento, and shosaikoto) used for treating oral mucositis were examined for their impact 
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on frog sciatic nerve CAP amplitudes. Figure 1A illustrates CAP recordings before treatment, after 20 

min exposures to 5 mg/mL Kampo medicines, and in drug-free Ringer solution at 8–10 min post-

treatment. Figure 1B depicts the average time courses of changes in CAP peak amplitude following 

exposures to the eight Kampo medicines containing Ringer solutions relative to the control. The Kampo 

medicines inchinkoto, hangeshashinto, shosaikoto, hochuekkito, and juzentaihoto reduced CAP 

amplitudes almost maximally after 20 min of treatment. Figure 1C summarizes the effects on CAP 

amplitudes, with inchinkoto identified as the most effective medicine in reducing these amplitudes, 

although with no significant difference compared with hangeshashinto, shosaikoto, hochuekkito, and 

juzentaihoto. Orento, byakkokaninjinto, and orengedokuto did not significantly reduce CAP amplitudes. 

Given inchinkoto’s notable inhibitory effect on CAP amplitudes, its concentration dependency was 

examined. Exposure to 10 mg/mL inchinkoto for 20 min resulted in a larger reduction in CAP amplitude 

compared with 1 mg/mL inchinkoto (Fig. 2A). Figure 2B shows the average time courses of changes in 

CAP peak amplitudes across a 0.3–10 mg/mL inchinkoto concentration range. Inchinkoto-induced 

reduction was almost maximal following 20 min exposures and was concentration-dependent, with a 

concentration–response curve (Fig. 2C) revealing an estimated half-maximal inhibitory concentration 

(IC50) value of 5.4 mg/mL. Hangeshashinto (5 mg/mL) also reduced CAP amplitude, and its 

concentration dependency at 1, 5, and 10 mg/mL tended toward increased inhibition with higher 

concentrations, although there was no significant difference between 5 and 10 mg/mL hangeshashinto 

(Fig. 2D). Although shosaikoto reduced CAP amplitude in a comparable manner to that of 

hangeshashinto, its concentration dependency was not examined in this study. 

 

3.2. Effects of crude drugs in inchinkoto on CAP amplitudes 
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Inchinkoto comprises three crude drugs: artemisia, gardenia, and rhubarb [9,24]. Examination of 

artemisia revealed that 10 mg/mL artemisia caused a larger, almost reversible, reduction in CAP 

amplitude compared with 5 mg/mL artemisia, with only slight effects observed at 1 mg/mL (Fig. 3A). 

Figure 3B shows average time courses of CAP amplitudes following exposure to artemisia (0.3–10 

mg/mL) relative to the control, with these amplitudes being reduced in a concentration-dependent 

manner by artemisia and attaining almost maximal levels following 20 min of exposure. Figure 3C 

shows the concentration–response curve of artemisia (0.3–10 mg/mL) with reduced CAP amplitude, 

where the estimated IC50 of artemisia was 4.2 mg/mL. Rhubarb and gardenia (each 5 mg/mL), 

ingredients of inchinkoto, were also investigated, with rhubarb partially reducing CAP amplitude and 

gardenia causing only a slight reduction (Fig. 4A). Figure 4B displays the reduction in CAP amplitude 

due to these three crude drugs relative to the control, with almost maximal reduction reached after 20 

min of treatment. Comparing CAP amplitudes following 5 mg/mL crude drug exposures for 20 min with 

control values, rhubarb significantly reduced CAP amplitude, whereas gardenia did not (Fig. 4C). 

Among the crude drugs, artemisia exhibited the most potent CAP amplitude reduction effect. 

Crude drugs contain multiple bioactive chemical compounds, which potentially synergize to exert 

a more pronounced facilitatory effect compared with each component alone [25]. To explore potential 

interactions among crude drugs in inchinkoto, mixture pairs of artemisia, gardenia, and rhubarb were 

examined. Given the estimated quantities of artemisia (5 mg/mL), rhubarb (1 mg/mL), and gardenia (4 

mg/mL) in a 10 mg/mL inchinkoto solution, we prepared three mixtures of crude drugs: 5 mg/mL 

artemisia + 4 mg/mL gardenia, 5 mg/mL artemisia + 1 mg/mL rhubarb, and 4 mg/mL gardenia + 1 

mg/mL rhubarb. Artemisia-containing mixtures reduced CAP amplitude almost reversibly, whereas a 

mixture without artemisia produced only slight reductions (Fig. 5A). Figure 5B illustrates the average 
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time course of CAP amplitudes following 20 min mixture exposures relative to the control, with CAP 

amplitude reduction being almost maximal at 20 min for all treatments. Figure 5C summarizes the 

average CAP amplitudes following 20 min exposures relative to the control. Among the artemisia-

containing solutions, all of which had the same artemisia concentration, the artemisia + gardenia mixture 

reduced CAP amplitudes more than artemisia alone, with the reduction being comparable to that caused 

by inchinkoto. However, no significant difference was observed between CAP amplitude reductions 

exerted by artemisia + gardenia and artemisia + rhubarb. 

 

3.3. Effects of chemical compounds in artemisia on CAP amplitudes 

Artemisia contains over 70 chemical compounds, including coumarins, flavonoids, chromones, 

organic acids, and alkaloids [22,26,27]. Notably, the coumarin compounds scoparone and scopoletin, 

with relatively high contents in artemisia (0.035–14.800 and 0.031–0.054 mg/g, respectively) [22], were 

reported to contribute to the hepato-protective and anti-inflammatory effects of inchinkoto [28]. In this 

study, we examined their impact on CAP amplitude. Additionally, the coumarin compound esculetin, 

which is structurally related to scoparone and scopoletin (Fig. 6A), was also examined, despite its low 

content (trace amount to 0.013–0.021 mg/g) [22]. Furthermore, the organic acids CGA and caffeic acid 

as well as 4'-HA were examined for their reducing effects on CAP amplitude, given their relatively high 

content in artemisia (0.520–27.972, 0.101–6.495, and 0.300–8.795 mg/g, respectively). Moreover, the 

vanilloid component eugenol (0.068 mg/g in artemisia [22]), known for inhibiting CAP amplitude [14], 

was assessed. The chemical structures of the examined compounds are depicted in Fig. 6A. 

Upon exposure of the sciatic nerve to seven chemical compound types (each at 1 mmol/L) for 20 

min, CAP amplitudes were either unaltered or slightly reduced, except for eugenol, which caused a 
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reversible reduction (Fig. 6B). Figure 6C summarizes the average CAP peak amplitudes following 

exposure to chemical compounds at 0.1 and 1 mmol/L (eugenol was tested at 0.1–3 mmol/L) for 20 min 

relative to the control. Except for eugenol, no chemical compound significantly reduced CAP amplitudes, 

whereas eugenol treatment at 1 and 3 mmol/L resulted in a significant reduction. The IC50 value, 

estimated via linear regression, was 1.2 mmol/L (R2 = 0.953), consistent with previous report [14]. 

 

4. Discussion 

In this study, inchinkoto exposure resulted in the most substantial reduction in frog sciatic nerve 

CAP amplitude among the tested Kampo medicines, although no significant difference was observed 

compared to hangeshashinto, shosaikoto, hochuekkito, and juzentaihoto. Test solutions were prepared 

by suspending Kampo medicines in Ringer solution at 5 mg/mL, followed by filtration and use of the 

supernatant. Despite the final concentrations of these medicines being < 5 mg/mL, inchinkoto 

demonstrated superior effectiveness. Although topical application of hangeshashinto (100 mg/mL) 

reportedly alleviates oral ulcerative mucositis–induced pain [11], the reduction in CAP amplitude caused 

by hangeshashinto in the present study did not surpass that of inchinkoto, possibly due to differences in 

concentrations. Orento, byakkokaninjinto, and orengedokuto did not significantly reduce CAP 

amplitude; filtration during the preparation of drug-containing solutions may have contributed to the 

lack of reduction, especially for orento and byakkokaninjinto. 

Among the crude drugs in inchinkoto, artemisia and rhubarb effectively reduced CAP amplitude, 

whereas gardenia caused no such reduction. Given that artemisia constitutes approximately 50% of the 

total ingredients and resulted in the largest reduction in CAP amplitudes among the crude drugs, it may 

primarily contribute to the inchinkoto-induced reduction. Artemisia and gardenia are known for their 
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anti-inflammatory, antipyretic, and choleric effects, whereas rhubarb is associated with laxative and 

blood fluidity improvement effects [9], and gardenia shows antinociceptive effects [29,30]. Artemisia 

may contribute to analgesic effect production by inhibiting nerve conduction. Kampo medicines, 

composed of various crude drugs, can induce synergistic effects compared with single crude drugs. 

Examination of the interactions among artemisia, gardenia, and rhubarb revealed that the artemisia + 

gardenia mixture treatment led to a larger reduction in CAP amplitude than artemisia alone, with the 

effect comparable to that of inchinkoto. Although gardenia alone did not significantly reduce CAP 

amplitude, the artemisia + gardenia mixture was more effective than the other two mixtures. Genipin, a 

major bioactive component in gardenia [27,31], is recognized as a noncytotoxic crosslinking compound. 

It enhances the functional properties of proteins by altering their structures through noncovalent 

interactions, including hydrogen bonds, hydrophobic interactions, and van der Waals forces [32]. 

Consequently, this conformational stability induced in proteins (e.g., channels or receptors) in the sciatic 

nerve or chemical compounds contained in the crude drug may contribute to a synergistic effect between 

artemisia and gardenia in reducing CAP amplitude. Further investigation is necessary to understand this 

synergistic interaction. 

Artemisia contains various chemical compounds, including coumarins, flavonoids, chromones, 

organic acids, and alkaloids [22,26,27]. The coumarin components scoparone, scopoletin, and esculetin, 

which are structurally related via their number of methyl groups, did not reduce CAP amplitude 

following 0.1 and 1 mmol/L treatments. Given that coumarins are a major component of artemisia and 

are involved in inchinkoto’s principal efficacy, specifically its hepatoprotective effect, their effects have 

been well examined [22,26–28,33]. Coumarins in artemisia were expected to affect nerve conduction. 

However, coumarins may not play a major role in nerve conduction. CGA and its metabolite caffeic acid 
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exert antioxidant, antihypertensive, and antinociceptive effects [34,35]; however, they did not reduce 

CAP amplitudes at 0.1 and 1 mmol/L treatment levels. Although 4'-HA is known for anti-inflammatory 

and antinociceptive activities [36,37], it similarly did not reduce CAP amplitudes at these levels. We 

recorded voltage-gated TTX-sensitive and fast-conducting CAPs [14–16,18,38], but the tested chemical 

compounds may not affect voltage-gated TTX-sensitive Na+ channels involved in CAP production in 

frogs. Eugenol, known to reduce frog sciatic nerve CAP amplitude with an IC50 value of 0.81 mmol/L 

[14], also reduced CAP amplitude in the present study, suggesting its involvement, at least partially, in 

artemisia’s reduction of CAP amplitudes, despite its low artemisia content. Identifying the essential 

chemical component in artemisia for inchinkoto-induced reduction of CAP amplitudes remains a subject 

for further investigation. 

Among the nine distinct voltage-gated Na+ channels (Nav1.1–Nav1.9) cloned from mammals (e.g., 

humans, mice, and rats), Nav1.1, Nav1.3, Nav1.6, Nav1.7, Nav1.8, and Nav1.9 are expressed in DRG 

neurons and may play important roles in nociception [39,40]. In addition, Nav1.7, Nav1.8, and Nav1.9 

are implicated in inflammatory and potentially neuropathic pain [40,41]. Nav1.1–Nav1.4, Nav1.6, and 

Nav1.7 channels are TTX-sensitive, whereas Nav1.5, Nav1.8, and Nav1.9 are TTX-resistant [40,41]. 

Unlike in mammals, examination of voltage-gated Na+ channels in amphibians remains limited. Frogs 

(Xenopus tropicalis) are reported to exhibit homologs of Nav1.6 (human SCN8A genes) and Nav1.4 

(human SCN4A) but not Nav1.8 (human SCN10A) and Nav1.9 (human SCN11A) [42–44]. In mammals, 

Nav1.6 is located in the nodes of Ranvier in myelinated neurons in both the peripheral and central 

nervous systems [40,45] and is also expressed in unmyelinated peripheral axons [46]. Given that Nav1.4 

is exclusively expressed in skeletal muscle in humans [41], Nav1.6 may be implicated in the inhibitory 

effects on CAP amplitudes. Considering the possibility that frogs possess other types of voltage-gated 
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Na+ channels distinct from those in mammals, in addition to Nav1.6 [42–44], further investigation is 

required to determine the specific channels involved in the observed inhibitory effects. 

Frog (Rana pipiens) sciatic nerves have TTX-sensitive Aα- and Aδ-fibers and TTX-resistant C-

fibers [47,48]. Nociceptive information transmission from the periphery to the central nervous system 

involves action potential conduction in nerve fibers, specifically Aδ- and C-fibers [18]. However, Aδ- 

and C-fiber CAPs were not able to be isolated from Aα-fiber ones in the frog sciatic nerve, because of 

markedly smaller CAP peak amplitudes and lower conduction velocity than those of Aα-fibers [47,48]. 

Therefore, the CAPs recorded in this study were suggested to be voltage-gated TTX-sensitive and fast-

conducting (potentially myelinated Aα-fiber–mediated) CAPs [14–16,18,38]. Consequently, we could 

not compare the effects of the drugs on CAP amplitude among Aα-, Aδ-, and C-fibers. Although this 

study focused on examining the impact of Kampo medicines used for oral mucositis on nerve conduction, 

it did not explore the analgesic effects on pain due to oral mucositis. Moreover, the study does not clarify 

whether Kampo medicines, which were capable of reducing CAP amplitude, alleviated pain associated 

with oral mucositis. Lidocaine, a commonly used local anesthetic for relieving oral mucosal pain 

[4,11,12,17], is reported to reduce CAP amplitude with an IC50 value of 0.74 mmol/L [49], which is 

comparable to that of eugenol. Considering these findings, inchinkoto may potentially offer relief from 

oral mucositis pain. 

 

5. Conclusions 

Among the tested Kampo medicines, inchinkoto demonstrated the most effective reduction in CAP 

amplitudes, with other Kampo medicines, such as hangeshashinto, shosaikoto, hochuekkito, and 

juzentaihoto, also significantly reducing these amplitudes. Inchinkoto is composed of artemisia, 
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gardenia, and rhubarb, with artemisia being the primary contributor to inchinkoto-induced CAP 

amplitude reduction. Moreover, a mixture of artemisia and gardenia was more effective than artemisia 

alone, whereas gardenia treatment alone did not lead to CAP amplitude reduction. This suggests a 

potential synergic interaction between artemisia and gardenia. Among the chemical compounds in 

artemisia, only eugenol treatment reduced CAP amplitudes. Future studies will aim to elucidate crude 

drug synergic interactions and identify the essential chemical components for CAP amplitude reduction. 

Such findings may contribute valuable insights for the use of Kampo medicines in alleviating oral 

mucositis–related pain. 
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Figure legends 

Fig. 1. Effects of eight Kampo medicines, used for treating oral mucositis, at 5 mg/mL on the peak 

amplitudes of compound action potentials (CAPs) recorded in frog sciatic nerves. 

(A) CAP recordings in Ringer solution before Kampo medicine treatment (control; left), at 20 min 

post-exposure to eight Kampo medicines (from upper to lower: inchinkoto, hangeshashinto, shosaikoto, 

hochuekkito, juzentaihoto, orento, byakkokaninjinto, and orengedokuto) containing Ringer solutions 

with the sciatic nerve (middle), and in drug-free Ringer solution at 8–10 min after Kampo medicine 

treatment (washout; right). (B) Average time courses of changes in CAP amplitude following exposure 

to eight Kampo medicines at 5 mg/mL. Average CAP amplitudes of the control, recorded over 10 min 

at 2 min intervals: inchinkoto, 19.5 ± 5.3 mV, n = 6; hangeshashinto, 19.5 ± 3.1 mV, n = 8; shosaikoto, 

18.4 ± 5.1 mV, n = 4; hochuekkito, 18.2 ± 3.1 mV, n = 5; juzentaihoto, 15.1 ± 4.6 mV, n = 5; orento, 

15.7 ± 3.3 mV, n = 6; byakkokaninjinto, 20.8 ± 6.6 mV, n = 4; orengedokuto, 14.0 ± 4.4 mV, n = 4. In 

this and subsequent figures, each point with vertical bars represents the mean and SEM. (C) Summary 

of average CAP amplitude, relative to the control, at 20 min post-exposure to Kampo medicines. *p < 

0.05 and **p < 0.01: paired Student's t-test compared with the control. ##p < 0.01: F(7, 34) = 5.44, one-

way ANOVA with the Tukey–Kramer test compared with inchinkoto. 

 

Fig. 2. Concentration dependency for the effect of inchinkoto on frog sciatic nerve CAPs. 

(A) CAP recordings in Ringer solution before inchinkoto treatment (control; left), at 20 min post-

exposure to inchinkoto containing Ringer solution (1 and 10 mg/mL; middle), and at 8–10 min after 

being returned to inchinkoto-free Ringer solution (washout; right). (B) Average time courses of CAP 

amplitudes, relative to the control, following exposure to inchinkoto at 0.3–10 mg/mL for 20 min. 
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Control CAP amplitudes: 0.3 mg/mL, 32.7 ± 1.3 mV, n = 4; 1 mg/mL, 26.7 ± 5.2 mV, n = 6; 2 mg/mL, 

21.7 ± 5.2 mV, n = 4; 10 mg/mL, 19.9 ± 3.5 mV, n = 6. Data for inchinkoto at 5 mg/mL were taken from 

Fig. 1B. (C) Peak CAP amplitudes, relative to the control, following treatment with inchinkoto at 0.3–

10 mg/mL for 20 min, plotted against inchinkoto concentration. Concentration–response curve plotted 

in accordance with the Hill equation (IC50 = 5.4 mg/mL; Hill coefficient, nH = −1.9). Data for inchinkoto 

at 5 mg/mL were taken from Fig. 1C. (D) Peak CAP amplitudes, relative to the control, following 

hangeshashinto treatment for 20 min at 1, 5, and 10 mg/mL, plotted against hangeshashinto 

concentration. Linear regression line is shown (R2 = 0.468). No significant differences were observed 

between reductions induced by 5 and 10 mg/mL hangeshashinto (F(2, 19) = 6.89, p > 0.05; one-way 

ANOVA with the Tukey–Kramer test). Data for hangeshashinto at 5 mg/mL were taken from Fig. 1C. 

 

Fig. 3. Effects of the crude drug artemisia in inchinkoto on frog sciatic nerve CAPs. 

(A) CAP recordings before artemisia treatment (control; left), at 20 min post-exposure to artemisia 

(1, 5, and 10 mg/mL; middle), and at 8–10 min after being returned to artemisia-free Ringer solution 

(washout; right). (B) Average time courses of CAP amplitudes, relative to the control, following 

exposure to artemisia at 0.3–10 mg/mL for 20 min. Control CAP amplitudes: 0.3 mg/mL, 27.8 ± 1.8 mV, 

n = 4; 1 mg/mL, 25.7 ± 5.2 mV, n = 4; 2 mg/mL, 20.8 ± 6.1 mV, n = 3; 5 mg/mL, 15.8 ± 2.8 mV, n = 6; 

10 mg/mL, 23.2 ± 4.1 mV, n = 4. (C) CAP peak amplitudes, relative to the control, recorded from frog 

sciatic nerves treated with artemisia at 0.3–10 mg/mL for 20 min, plotted against artemisia concentration. 

Concentration–response curve generated in accordance with the Hill equation (IC50 = 4.2 mg/mL; nH = 

−2.3). 
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Fig. 4. Effects of the crude drugs rhubarb and gardenia in inchinkoto on frog sciatic nerve CAPs. 

(A) CAP recordings before crude drugs treatment (control; left), at 20 min post-exposure to crude 

drugs (rhubarb and gardenia; each 5 mg/mL; middle), and at 8–10 min after being returned to drug-free 

Ringer solution (washout; right). (B) Average time courses of CAP peak amplitudes, relative to the 

control, following exposure to crude drugs (artemisia, rhubarb, and gardenia) for 20 min. Control CAP 

amplitudes: rhubarb, 13.1 ± 3.2 mV, n = 6; gardenia, 14.2 ± 3.4 mV, n = 6. Artemisia data were taken 

from Fig. 3B. (C) Summary of average CAP amplitude at 20 min post-exposure to artemisia, rhubarb, 

and gardenia (5 mg/mL each) relative to the control. *p < 0.05 and **p < 0.01: paired Student's t-test 

compared with the control. #p < 0.05, F(2,15) = 9.81: one-way ANOVA with the Tukey–Kramer test 

compared with artemisia. Data for artemisia was taken from Fig. 3C. 

 

Fig. 5. Effects of mixtures of crude drugs in inchinkoto on frog sciatic nerve CAPs. 

(A) CAP recordings before crude drug mixture treatment (control; left), at 20 min post-exposure to 

crude drug mixtures (5 mg/mL artemisia + 4 mg/mL gardenia, 5 mg/mL artemisia + 1 mg/mL rhubarb, 

and 4 mg/mL gardenia + 1 mg/mL rhubarb; middle), and at 8–10 min after being returned to drug-free 

Ringer solution (washout; right). (B) Average time courses of CAP peak amplitudes following exposure 

to crude drug mixtures (artemisia, rhubarb, and gardenia) for 20 min relative to control. Control CAP 

amplitudes: artemisia + gardenia mixture, 11.9 ± 4.2 mV, n = 5; artemisia + rhubarb mixture, 12.7 ± 3.0 

mV, n = 5; gardenia + rhubarb mixture, 8.9 ± 1.6 mV, n = 5. (C) Summary of average CAP amplitudes 

at 20 min post-exposure to three types of crude drug mixture, artemisia (5 mg/mL), and inchinkoto (10 

mg/mL) relative to control. *p < 0.05 and **p < 0.01: paired Student's t-test compared with the control. 

#p < 0.05 and ##p < 0.01, compared with inchinkoto, and †p < 0.05, compared with artemisia: F(4,22) = 
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12.08, one-way ANOVA with the Tukey–Kramer test. Data for inchinkoto and artemisia were taken 

from Figs. 2C and 3C, respectively. 

 

Fig. 6. Effects of chemical compounds in artemisia on frog sciatic nerve CAPs. 

(A) Chemical structures of the major bioactive ingredients of artemisia: scoparone, scopoletin, 

esculetin, chlorogenic acid (CGA), caffeic acid, 4'-hydroxyacetophenone (4'-HA), and eugenol. (B) CAP 

recordings before treatment with chemical compounds (control; left), at 20 min post-exposure with 

chemical compounds (each 1 mmol/L; middle), and at 8–10 min after being returned to drug-free Ringer 

solution (washout; right). (C) Summary of average CAP amplitude at 20 min after the beginning of 

exposure to seven chemical compounds (each 0.1–3 mmol/mL) relative to the control. Eugenol (1 and 

3 mmol/L) significantly reduced CAP amplitude [1 mmol/L: p < 0.05, 45% ± 7% of the control (10.9 ± 

4.2 mV), n = 5; 3 mmol/L: p < 0.05, 0% ± 0% (11.9 ± 4.0 mV), n = 5; paired Student's t-test]. *p < 0.05: 

paired Student's t-test compared with the control. 
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Table 1. List of Kampo medicines analyzed, their effects on frog sciatic nerve CAP amplitudes, and 

powder loss on filter paper following filtration of the Ringer solution containing the medicines (each at 

5 mg/mL). 

 

 Kampo medicines Loss of Kampo medicines (%) 

 Byakkokaninjinto 68.2 ± 7.6 (n = 3) 

 Hangeshashinto 40.3 ± 10.7 (n = 4) 

 Hochuekkito 60.9 ± 29.2 (n = 3) 

 Inchinkoto 9.8 ± 4.1 (n = 3) 

 Juzentaihoto 30.2 ± 8.0 (n = 3) 

 Orengedokuto 24.3 and 18.9 (n = 2) 

 Orento 54.0 and 42.2  (n = 2) 

 Shosaikoto 28.7 and 21.0 (n = 2) 

n: number of sciatic nerves examined. 
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Table 2. List of crude drug components in inchinkoto and their mixtures, their effects on CAP amplitudes, 

and powder loss on filter paper following filtration of the Ringer solution containing these drugs. 

 

 Crude drugs Loss of crude drugs (%) 

 Artemisia (5 mg/mL) 5.8% ± 0.4% (n = 3) 

 Gardenia (5 mg/mL) 22.9% and 21.3% (n = 2) 

 Rhubarb (5 mg/mL) 22.7% ± 4.5% (n = 3) 

 Artemisia (5 mg/mL) + Gardenia (4 mg/mL) 22.6% ± 2.0% (n = 4) 

 Artemisia (5 mg/mL) + Rhubarb (1 mg/mL) 18.4% ± 1.7% (n = 3) 

 Gardenia (4 mg/mL) + Rhubarb (1 mg/mL) 38.6% ± 4.9% (n = 3) 

n: number of sciatic nerves examined. 
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