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Abstract

Objectives: Daikenchuto (DKT) enhances the contraction of the internal anal sphincter (IAS) in patients
with constipation and fecal incontinence; however, the mechanism of its action is unknown. We investigated
the effects of the active ingredients of DKT (hydroxy-o-sanshool (HAS) and hydroxy-f-sanshool (HBS))
on the contractile activity of the canine rectum and IAS.

Methods: Three male beagle dogs were prepared for each of the HAS, HBS, and control groups. Force
transducers were attached to the rectal and IAS surfaces of the dogs, and the contractile responses were
measured by telemetry under conscious conditions. HAS (10 mg/body) and HBS (2.5 mg/body) were ad-
ministered intrarectally at doses previously identified from an effective dose of DKT extract (1.5 g/body),
and contractile responses were recorded up to 6 h after administration. Contractile activity of the rectum
and IAS was evaluated by observing the area under the curve (AUC) of the recorded contraction waveform.
Plasma concentrations of HAS and HBS were measured before and after administration to confirm IAS ex-
posure to both ingredients.

Results: The mean AUC values of the IAS for the control, HAS, and HBS groups at 10 min after admini-
stration were 115, 87, and 220 (g-min), respectively, indicating a higher contraction in the HBS group,
which was maintained for approximately 3 h. As for the rectum, no contractile response was observed in
either the HAS or HBS groups. Plasma concentrations of both ingredients peaked at 20 min after admini-
stration.

Conclusions: HBS could be involved in the contractile action of DKT on the IAS.
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Introduction

Fecal incontinence (FI) is a condition defined as involun-
tary or uncontrollable loss of feces[1]. FI is problematic ow-
ing to its high prevalence (affecting approximately 2% of

the adult population)[2] and the marked disruption it im-
poses on daily life, even in less severely affected patients.
Etiologies vary, and dysfunction of the anal sphincter, in
particular, represents a crucial background factor in the de-
velopment of FI. The internal anal sphincter (IAS) is an in-
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voluntary smooth muscle that plays a major role in main-
taining resting anal pressure. Further, its sustained contrac-
tion prevents unintentional defecation. Resting anal pressure
is measured using anal manometry and is used in clinical
practice to indicate IAS function. IAS dysfunction due to
age-related decline or sphincter defects is one of the leading
causes of FI, and strengthening IAS contractility is key to FI
treatment[2,3].

Although surgical[4] and pharmacotherapeutic strate-
gies[5-7] are available to treat FI, a treatment for strengthen-
ing of IAS to be established.
Daikenchuto (DKT) is a traditional Japanese herbal medi-
cine (Kampo) made from ginseng, processed ginger, and
Japanese pepper. Retrospective and prospective clinical stud-
ies have been recently conducted on the effects of DKT in
patients with FI[8,9]. These studies have shown that the
Cleveland Clinic Florida Fecal Incontinence Score, a sever-
ity index for patients with FI, decreased with a tendency to-
ward improved symptoms and increased resting anal pres-
sure after DKT administration.

In a previous study, based on the hypothesis that the
above-mentioned increase in resting anal pressure after DKT
administration is due to IAS contraction, we examined in-
trarectal administration of DKT to conscious dogs (1.5 g/5.0
mlL/body) and found that IAS contraction was induced[10].
We reported that the ingredients of DKT, hydroxy-o-
sanshool (HAS), and hydroxy-B-sanshool (HBS), were de-
tected in plasma and peaked at 2 h after DKT administra-
tion[10]. Further, these sanshools have shown high plasma
concentrations in human pharmacokinetic studies of
DKTJ[11]. Furthermore, HAS and HBS induced contractile
effects on the isolated intestine of rats and guinea pigs[12]
and enhanced intestinal transit[13], indicating their direct
role in contractile effects on intestinal smooth muscle. How-
ever, the active ingredients of DKT that affect IAS contrac-
tion remain unknown.

Therefore, we aimed to determine whether HAS or HBS
had a greater impact on the contraction of IAS. We synthe-
sized and selectively administered HAS and HBS to the ca-
nine rectum to compare the differences in the contractile ac-
tivity of IAS.

contraction remains

Methods

Materials

The chemical structures of HAS and HBS used in this
study are shown in Figure 1. Both ingredients were synthe-
sized for experimental use by TSUMURA & CO. (Tokyo,
Japan). The doses for HAS and HBS were set at 10 mg/5.0
mL/body and 2.5 mg/5.0 mL/body, respectively. These doses
were determined based on the amounts of ingredients pre-
sent in 1.5 g of DKT, which has previously been reported to
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Figure 1. Chemical structures of (A) hydroxy-o-sanshool and

(B) hydroxy-f3-sanshool.

have contractile effects on IAS[10]. Each ingredient was
suspended in a solution of 1.0% sodium carboxymethyl cel-
lulose (CMC-Na) and administered intrarectally. The control
group was administered 5.0 mL of 1.0% CMC-Na solution
alone. Three dogs in each group of HAS, HBS, and control
were tested for contractile response and plasma levels.

Experimental animals

Male TOYO beagle dogs (Kitayama Labes Co Ltd,
Iwakuni, Japan) aged 8-11 months were used in the experi-
ments. To select the beagle dogs, all dogs were administered
phenylephrine hydrochloride intrarectally, and the resulting
IAS contractions were confirmed. Breeding environments
were similar to those used in a previous study[10]. The dogs
were provided with standard laboratory food (300 g/d, DS-
A; Oriental Yeast, Tokyo, Japan) and water (1,800 g/d) from
their arrival at the facility until the end of the study. These
dogs were housed in an animal room with a temperature
maintained between 21.6 and 25.4°C, a relative humidity of
43.3% and 100.0%, and the lighting was switched on and
off every 12 h. All experimental procedures were performed
at the Kumamoto laboratory of LSIM Safety Institute Cor-
poration in accordance with the “Guidelines for the Care
and Use of Laboratory Animals” approved by the Labora-
tory Animal Committee of LSIM Safety Institute Corpora-
tion (approval no. 2021-0002, protocol no. P200477).

Preparation of animals

We followed a previously reported animal preparation
procedure[10]. After inducing anesthesia, we performed la-
parotomy on beagle dogs and force transducers (F-12IS;
Star Medical, Tokyo, Japan) were implanted in both rectum
and IAS to measure their contractile response. Beagle dogs
were fasted for at least 18 h prior to administration of dos-
ing solution, and a glycerin enema was administered at least
1 h prior to administration to wash the intestine.
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Measurement of contractile activity of the rectum and IAS

We followed the same procedure to record the contractile
activity of the rectum and IAS as described in a previous
study[10]. The contractile activities were measured and ana-
lyzed using a telemetry system consisting of an 8-channel
transmitter/receiver and amplifier (GTS-850; Star Medical,
Tokyo, Japan). One hour after intestinal wash with the glyc-
erin enema, the transducer electrode fixed on the canine
back was connected to the transmitter to initiate measure-
ments.

Dogs were placed in a hammock, and a 5.0-mL dosing
solution was injected into their rectum by inserting a dosing
catheter through the anus. After 1 h, the dogs were removed
from the hammock, allowing free movement. Rectal and
IAS contractile responses were recorded continuously via an
amplifier (DAT-85A; Star Medical, Tokyo, Japan) connected
to the transducer and were stored on a computer system for
subsequent analysis. Waveforms for rectal and IAS contrac-
tion were recorded up to 6 h after administration.

Evaluation of contractile response

We evaluated the contractile responses of the rectum and
IAS using the areas under the curve (AUCs) of the recorded
contraction waveforms. We calculated AUCs using a spe-
cially designed program (Analyze II with DAT-85A; Star
Medical, Tokyo, Japan). The sampling rate for the contrac-
tile response was 100 ms, and the AUC was calculated from
the output values at each sampling rate as an integral value
based on the contractile response (g) and time (min), ex-
pressed in g-min. AUCs were calculated over a 6-h period,
with AUCs being examined at a 10-min interval for the first
hour and at a 1-h interval for the next 5 h.

Measurement of plasma concentrations of HAS and HBS

A blood sample (2 mL) was collected from the cephalic
vein of each dog using a heparinized syringe before and 20
min, 2 h, and 4 h after administration of the test ingredients
(HAS 10 mg/body or HBS 2.5 mg/body). Plasma was sepa-
rated via centrifugation (1,830 X g, 10 min, 4°C) and
stored at -80°C. Plasma concentrations of HAS and HBS
were determined using liquid chromatography-tandem mass
spectrometry (LC-MS/MS) (LC: Shimadzu Nexera X2 Sys-
tem; Shimadzu, Kyoto, Japan; MS/MS: QTRAP 5500; AB
SCIEX, Tokyo, Japan).

Statistical analysis

Data on AUCs and plasma concentrations of the ingredi-
ents for the three dogs in each group are expressed as the
mean = standard error of the mean (SEM). The AUCs of the
HAS and HBS groups were compared with those of the
control group using Dunnett’s multiple comparison method.
We used Excel 365 (Microsoft Corporation) to calculate the
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Figure 2. Examples of contractile response wave of the internal
anal sphincter in each group. Test substances were administered at
the open arrow and contractile waves were continuously recorded
up to 6 h after administration. A: control; B: hydroxy-o--sanshool
(HAS) 10 mg/5.0 mL/dog; C: hydroxy-B-sanshool (HBS) 2.5
mg/5.0 mL/dog.

mean and SEM. Further, R version 4.0.5 (The R Foundation
for Statistical Computing) was used for multiple compari-
sons.

Results

Effects on the contractile response of IAS

Example waveforms of contractile responses of the IAS
for the control, HAS, and HBS are shown in Figure 2. Fig-
ure 3 shows the AUCs measured every 10 min up to 1 h af-
ter administration (Figure 3A) and every hour up to 6 h af-
ter administration (Figure 3B). The mean AUCs were com-
pared between the control and HAS- or HBS-treated groups
(Table 1). The HBS-treated group showed a high tendency
to contract 10 min after administration and maintained it for
approximately 3 h (Figure 3A). The contractile effect in the
HBS group was also observed in the AUC for all 6 h (Fig-
ure 4). On the contrary, the AUC of the HAS group did not
differ from that of the control group, indicating no enhance-
ment in contraction (Figure 3, 4).

Effects on the contractile response of the rectum
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Figure 3. Effects of intrarectal administration of the control, hydroxy-o.-sanshool (HAS), and
hydroxy-B-sanshool (HBS) on the area under the curve (AUC) of the contractile response wave
of the internal anal sphincter. (A) Time course of the mean AUC in each treatment group up to
60 min after administration. (B) Time course of the mean AUC in each treatment group up to 6

h after administration.

Closed circle, control; open triangle, HAS; open circle, HBS. Data are expressed as mean +

standard error of the mean. n = 3 in each group.

Changes observed in AUC for rectal contraction response
after administration in control, HAS, and HBS groups are
shown in Figure 5. A significant difference between the con-
trol and HAS-treated groups was evident 30 min after ad-
ministration. However, the contraction amplitude was small,
and no notable contraction was observed in either the HAS
group or HBS group.

Plasma concentrations of HAS and HBS

Plasma concentrations of HAS and HBS before and after
administration of each ingredient showed that neither HAS
nor HBS was detectable in plasma before administration
(Figure 6), and each peaked at 20 min after administration.
Further, HAS and HBS were detected in the HAS and HBS
groups, respectively (Figure 6A, 6B, HAS: 39.6 ng/mL in

the HAS group; HBS: 38.1 ng/mL in the HBS group). Both
values decreased after 2 h and almost disappeared from
plasma after 4 h.

Discussion

In this study, HAS and HBS were synthesized and admin-
istered to the canine rectum to elucidate the mechanism of
action of DKT-induced IAS contraction. The results showed
that the IAS in the HBS group tended to contract more
strongly than in the control group, with the peak contraction
occurring at 10 min after the administration. However, no
contractions were observed with HAS. Neither HAS nor
HBS showed notable rectal contractions.

Both HAS and HBS are derived from Japanese pepper,
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Table 1. Area under the Curve (AUC) of the Contractile Response Wave of the Internal Anal Sphincter.

Control Hydroxy-o-sanshool Hydroxy-3-sanshool
Time after (10 mg/body) (2.5 mg/body)
Administration AUC AUC AUC

(g-min) (g-min) p-value (g-min) p-value

10-min segment of the first 1 h Pre 17+6 10+5 0.669 14+9 0.913

10 min 115+32 8715 0.702 220+33 0.064

20 min 91+58 63x12 0.838 185+32 0.230

30 min 100+29 72+28 0.786 104+42 0.995

40 min 47+6 507 0.993 85+37 0.418

50 min 55+13 348 0.723 67+34 0.904

60 min 84+19 30+15 0.255 76+33 0.959

1 h segment Pre 144£17 97+33 0.552 157+45 0.950
1h 493+123  336+32 0.615 736+179 0.356

2h 462+147  295+4 0.550 577149 0.738

3h 249+52 240+31 0.997 509+185 0.251

4h 210+14 233+4 0.484 220+20 0.862

5h 193+69 198+34 0.998 334+74 0.258

6h 188+62 175+61 0.987 250+78 0.752

Data are expressed as the mean + standard error of the mean. n = 3 in each group.

P-values of each treatment group (hydroxy-c-sanshool or hydroxy-B-sanshool) vs control were calculated from Dunnett’s multi-

ple comparison test.
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Figure 4. Effect of intrarectal administration of the control,
hydroxy-o.-sanshool (HAS), and hydroxy-B-sanshool (HBS) on the
area under the curve (AUC) of the contractile response wave of the
internal anal sphincter for all 6 h. Open column, control; hatched
column, HAS; closed column, HBS. Data in the bar graph are ex-
pressed as mean =+ standard error of the mean. Open circles repre-
sent data from each animal. n=3 in each group.

one of the constituent botanical raw materials of DKT, and
they are known to contract the intestinal smooth muscle in
animals. These ingredients have been reported to contract
small intestinal smooth muscle cells isolated from mice[14]
and enhance the motility of the colon isolated from rats[13],
suggesting that inhibition of two-pore domain potassium
channels (KCNK) is involved in contraction[13]. Further-
more, HBS induces the contraction of the rat-isolated ileum,
and this contraction involves the release of acetylcholine
from intrinsic cholinergic nerves and tachykinin from sen-
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sory nerves[12]. The intestinal tract periodically contracts
and relaxes to move its contents, whereas IAS constantly
contracts to prevent FI. The anal tone generated by this sus-
tained IAS contraction is mainly controlled by the sympa-
thetic nervous system[15]. Based on this sympathetic in-
volvement, clinical studies of o-adrenergic agonists for the
treatment of FI were investigated[16]. However, if HAS or
HBS causes contraction of the IAS remains to be confirmed,
and the present study is the first attempt in exploring and
examining the effects of HAS and HBS on IAS. The find-
ings of IAS contractility and the increasing effects of HBS
in the present study suggest that HBS increases anal resting
pressure observed in DKT.

While the anal tone is mainly controlled by the sympa-
thetic nervous system, the effects of DKT on the sympa-
thetic nervous system have not been clarified. Ca*-activated
CI channels (ANO1) expressed in the interstitial cells of Ca-
jal (ICC) in the IAS are reportedly involved in maintaining
the tone. The slow waves generated in ICCs propagate to
neighboring IAS cells, triggering contractions. The sum of
these muscle contractions is thought to be involved in tone
maintenance[17]. The relationship between the contractile
responses exhibited by DKT and HBS and functional pro-
teins, such as these receptors and channels, should be inves-
tigated in the future.

In this study, IAS contraction was not observed with HAS
administration; however, both HAS and HBS are known to
exert contractile effects on intestinal smooth muscles[13,14],
although their mechanisms of action are not entirely consis-
tent. Bautista et al. reported KCNK3/9/18 inhibition by HAS
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Figure 5. Effect of intrarectal administration of control, hydroxy-o-sanshool (HAS), and
hydroxy-B-sanshool (HBS) on the area under the curve (AUC) of the contractile response wave
of the rectum. (A) Time course of the mean AUC in each treatment group up to 60 min after ad-
ministration. (B) Time course of the mean AUC in each treatment group up to 6 h after adminis-
tration. Closed circle, control; open triangle, HAS; open circle, HBS. Data are expressed as
mean =+ standard error of the mean. n = 3 in each group.

* indicates p < 0.01 i.e., a significant difference compared to the control group (Dunnett’s mul-

tiple comparison test)

in mouse neurons[18]. Kubota et al. reported that HAS in-
creases colonic transit by inhibiting KCKN3/9, whereas
HBS increases colonic transit by specifically blocking
KCNK3, based on experiments for transit in the isolated co-
lon[13]. Therefore, differences in IAS contraction induced
by the administration of HAS and HBS is possibly attrib-
uted to the diversity of the distributions and subtypes of
KCNK in IAS tissue.

In beagle dogs, no rectal contractions were observed with
intrarectal administration of DKT extract[10]. Similarly, we
did not observe any notable rectal contractions in beagle
dogs after HAS or HBS administration. This finding can be
attributed to the physiological differences between the rec-

tum and IAS; a high density of o-adrenergic receptors in the
IAS maintains sympathetic contraction, whereas a lower
density of o-adrenergic receptors has been reported in the
rectal region than in the IAS[15]. In addition, the distribu-
tion of ICCs, which are essential for intestinal contraction
and maintenance of anorectal tone, differs between the rec-
tum and IAS[19], and these differences in innervation and
anatomic region may contribute to regional differences in
HBS action.

High plasma concentrations of each ingredient were de-
tected in the HAS and HBS groups after intrarectal admini-
stration, and the time of peak HBS concentration in the
HBS group was 20 min. The peak IAS contractile response
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Figure 6. Plasma concentrations of HAS and HBS after intrar-
ectal administration of (A) hydroxy-o-sanshool (HAS) or (B)
hydroxy-B-sanshool (HBS). Open triangle, the mean concentration
of HAS; open circle, the mean concentration of HBS; closed trian-
gle, the individual value of HAS; closed circle, the individual value
of HBS. Data are expressed as mean =+ standard error of the mean.
n = 3 in each group.

was observed 10 min after HBS administration (Figure 3),
suggesting that the contraction was initially caused by the
direct effect of HBS administered to the rectum, followed by
the contractile effect of the ingredient absorbed from the
vessels. However, during the contractile response, HBS had
almost disappeared from the plasma within 2-3 h after ad-
ministration, suggesting that HBS may have sustained ef-
fects, and one possibility is that the ingredients administered
through the rectal route remain in the luminal tissue, thereby
exerting sustained effects.

The current study has a few limitations. First, since this
was an exploratory study, the number of animals in each
group was limited, and no significant difference was ob-
served in IAS contraction in the HBS group. The present
findings contradict the significant contraction observed in a
prior report following DKT administration, suggesting that
HBS alone may not exert a sufficient contractile effect. Sec-
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ond, we selected HAS and HBS as test substances owing to
the high plasma concentrations of these ingredients after ad-
ministration of DKT in human pharmacokinetic studies[11]
and the results of pharmacological effects on the intestinal
tract. However, in addition to these two ingredients derived
from Japanese pepper, DKT contains ingredients derived
from processed ginger and ginseng. In particular, [6]-
gingerol, an ingredient of processed ginger, inhibits the con-
traction of rat-excised small intestine[20]. Since the contrac-
tile response of HBS did not reach the level seen with DKT,
the contractile effects of DKT may be a result of the interre-
lated effects of several ingredients. However, the individual
effects of other DKT-derived ingredients and their interac-
tions on IAS contraction and various other related issues re-
main unresolved. Third, intra-anal pressure has not been
evaluated in this study; therefore, whether IAS contractions
cause an increase in intra-anal pressure remains unclear. One
of the objectives of this study was to examine the effects of
the DKT ingredients in conscious dogs, and measuring
intra-anal pressure in conscious dogs is difficult owing to
the lack of manometry with a telemetry system. In addition,
since the IAS of the dogs was fitted with a transducer, using
the same animal could have affected the internal pressure
measurement. Thus, the effect of DKT on intra-anal pressure
in conscious dogs should be further explored. Finally, the
route of administration used in this study was different from
that in the clinical practice of DKT. In a previous report,
DKT was administered intrarectally to determine its direct
effect on the rectoanal area; therefore, HAS and HBS were
also administered intrarectally to determine the direct effect
similarly in this study. The effects of oral administration of
DKT remain to be investigated in the future.

In conclusion, the results suggest that HBS contributes
more to the DKT-induced IAS contraction than HAS. How-
ever, rectal contractility was not enhanced by either HAS or
HBS. Thus, we believe that DKT may prevent FI by in-
creasing anal pressure without increasing rectal pressure and
hence, its effects warrant further exploration.
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