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A B S T R A C T   

We conducted a prospective randomized study to investigate the effect of daikenchuto (DKT) on abdominal 
symptoms following laparoscopic colectomy in patients with left-sided colon cancer. Patients who suffered from 
abdominal pain or distention on postoperative day 1 were randomized to either the DKT group or non-DKT 
group. The primary endpoints were the evaluation of abdominal pain, abdominal distention, and quality of 
life. The metabolome and gut microbiome analyses were conducted as secondary endpoints. A total of 17 patients 
were enrolled: 8 patients in the DKT group and 9 patients in the non-DKT group. There were no significant 
differences in the primary endpoints and postoperative adverse events between the two groups. The metabolome 
and gut microbiome analyses showed that the levels of plasma lipid mediators associated with the arachidonic 
acid cascade were lower in the DKT group than in the non-DKT group, and that the relative abundance of genera 
Serratia and Bilophila were lower in the DKT group than in the non-DKT group. DKT administration did not 
improve the abdominal symptoms following laparoscopic colectomy. The effects of DKT on metabolites and gut 
microbiome have to be further investigated.   

1. Introduction 

Postoperative ileus is a common complication. The exact pathogen-
esis of ileus has been debated for years, but it remains unresolved [1]. 
Additional treatments (e.g., fasting, decompression tube use, antibiotic 
use, and surgical intervention) are needed for alleviating postoperative 
ileus, which can increase hospital stay and medical costs [1,2]. In recent 

years, laparoscopic surgery has become a popular alternative to lapa-
rotomy. Although the incidence of postoperative ileus following lapa-
roscopic surgery is lower compared with that following laparotomy, it is 
still reported to occur in approximately 10% of patients [3]. To date, 
alvimopan, cisapride, erythromycin, and daikenchuto (DKT), a Japanese 
traditional herbal medicine (Kampo), have been used to treat post-
operative ileus in clinical practice [4–7]. 
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DKT is a crude drug extract composed of processed ginger, ginseng, 
Japanese zanthoxylum peel and maltose powder. Regarding the phar-
macological mechanisms, DKT has been reported to suppress inflam-
mation, increase intestinal blood flow, and promote bowel movements 
[8–14]. Hydroxy-α-sanshool, a major component of DKT, has been re-
ported to promote serotonin secretion and intestinal peristalsis via the 
TRPA1 channels [15–19]. Intestinal blood flow is increased via endog-
enous calcitonin family peptides, calcitonin gene-related peptide 
(CGRP), and adrenomedullin (ADM) [10,20]. DKT also exerts the 
anti-inflammatory effects via the release and production of endogenous 
ADM [21]. Recently, we reported that DKT administration could 
modulate the mRNA levels of several inflammation-related cytokines 
including TNF-α, TGF-β1, and VEGF-α in the intestinal tissues of a rat 
anastomotic healing model [13]. 

Several clinical trials have shown the usefulness of DKT [22–28]. In 
most of previous randomized controlled trials, the primary endpoints 
were objective outcomes such as the time to first flatus and incidence of 
postoperative ileus [22–28]. There are few reports to investigate the 
subjective outcomes (e.g., patient symptoms and quality of life (QOL)) as 
primary endpoints. Although the assessment of postoperative QOL has 
been performed as a secondary outcome in some studies, no significant 
difference was found between the DKT group and non-DKT control 
group [24–27]. The present study was a randomized controlled trial that 
examined the postoperative effects of DKT on subjective outcomes (i.e., 
grades of abdominal symptoms and QOL) as primary endpoints. In 
addition, we exploratively analyzed the plasma and fecal metabolites as 
well as the gut microbiome. DKT has been reported to affect fecal me-
tabolites via gut microbiome metabolism in animal studies [29,30]. 
However, no study has investigated the effects of DKT on the gut 
microbiome and metabolites in humans. The clinical symptoms related 
to colonic movement (e.g., defecation) is mainly associated with the 
left-sided colon. In addition, the gut microbiota of patients with 
right-sided colon cancer have been reported to be quite different from 
those with left-sided colon cancer [31,32]. Considering these points, we 
focused on the patients with left-sided colon cancer in this study. 
Therefore, we investigated the postoperative effects of DKT on abdom-
inal symptoms, metabolome, and gut microbiome following laparo-
scopic colectomy in patients with left-sided colon cancer. 

2. Materials and methods 

2.1. Randomized controlled trial 

2.1.1. Study design and setting 
This randomized controlled trial was conducted at Kyoto University 

Hospital in Japan. The study protocol was published previously [33]. 
This study protocol was conducted according to the Declaration of 
Helsinki, and was approved by the institutional review board of Kyoto 
University, Kyoto, Japan, and by the institutional review board of Tsu-
mura & Co, Tokyo, Japan. This trial was registered in the University 
Hospital Medical Information Network (UMIN) Clinical Trial Registry as 
UMIN000023318. Written informed consent was obtained from all 
participants before enrollment and randomization by the investigator. 
All patients received mechanical bowel preparation (75 mg sodium 
picosulfate and 12 mg pursennid) and oral antibiotics (oral doses of 1 g 
kanamycin and 750 mg metronidazole), and surgical procedures were 
performed by board-certified laparoscopic colorectal surgeons at our 
institution. 

2.1.2. Patient selection 
The inclusion criteria of this trial were as follows: i) patients with 

left-sided colon cancer scheduled to undergo laparoscopic colectomy, ii) 
clinical stage I-III, iii) patients who suffered from abdominal pain or 
distention on postoperative day (POD) 1, iv) the European Cooperative 
Oncology Group (ECOG) performance status of 2 or less, v) aged 20 
years or older at registration, vi) ability to take medications orally, and 

vii) provided written informed consent. 
The exclusion criteria of this trial were as follows: i) a history of 

abdominal surgery or bowel obstruction, ii) concomitant inflammatory 
bowel disease, iii) concomitant endometriosis, iv) emergency surgery, v) 
patients who have been or will be treated by chemotherapy or radio-
therapy, vi) severe comorbidities such as cardiac disease, liver disease, 
pulmonary disease, and renal disease, vii) patients who took Japanese 
herbal medicine (Kampo) up to 4 weeks before registration, viii) patients 
who took gastrointestinal prokinetic drugs, antipsychotic drugs or an-
tidepressant drugs up to 4 weeks before registration, ix) patients with a 
history of allergy to a component in other Kampo formulations, x) 
hepatitis B or C, xi) inability to take medications orally on POD 1, and 
xii) patients unsuitable for study inclusion as determined by the inves-
tigator (e.g., patients with severe dementia). 

2.1.3. Registration 
Patients were enrolled on POD 1. The eligibility report form was sent 

to the registration center (APOPLUS STATION Co., Ltd, Tokyo, Japan). 
Eligible patients were centrally randomized to either the DKT group or 
non-DKT group at the registration center using an automatic random 
number generator with the minimization method for TNM stage, tumor 
location, and age. A flow diagram of this study is shown in Fig. 1A. 

2.1.4. Endpoints 
The following primary endpoints were evaluated: i) grade of 

abdominal pain determined using the numeric rating scale (NRS) [34], 
ii) grade of abdominal distention determined using the NRS, and (iii) 
QOL determined using the gastrointestinal quality life index (GIQLI) 
[35]. NRS measurements of abdominal pain and distention were per-
formed before surgery (Pre) and on PODs 1, 4, 7, 14, and 28. The GIQLI 
was taken before surgery (Pre) and on PODs 14 and 28. 

The following secondary endpoints were evaluated: i) postoperative 
nutritional status (Onodera’s prognostic nutritional index (PNI) [36] 
and Controlling Nutritional Status (CONUT) score [37]), ii) time to 
initial flatus, iii) time to initial defecation, iv) bowel gas volume 
measured using analysis software, v) defecation frequency per day, vi) 
postoperative adverse events, vii) duration of postoperative hospital 
stay, viii) plasma and fecal metabolome analyses using gas 
chromatography-tandem mass spectrometry (GC-MS/MS) and liquid 
chromatography-tandem mass spectrometry (LC-MS/MS), and ix) gut 
microbiome analysis (Fig. 1B). 

2.1.5. Treatment methods 
In the DKT group, DKT (5 g) was administered orally three times per 

day between PODs 2 and 28. DKT manufactured by Tsumura & Co. was 
used. In the non-DKT group, no additional medicine was administered as 
a comparator. Except for the administration of DKT, treatment protocols 
including perioperative management and surgical procedures were 
congruent between the DKT group and non-DKT group. 

2.1.6. Prohibited or limited drugs 
Drugs known to regulate intestinal movement were prohibited dur-

ing the protocol treatment. Prohibited drugs were erythromycin, 
mosapride citrate, pantethine, panthenol, prostaglandin F2α, diastase, 
pancreatin, atropine sulfate, scopolamine butylbromide, sodium pico-
sulfate, albumin tannate, aluminum silicate, dimethicone, diazepam, 
flunitrazepam, lactomin, lactic acid bacteriae, clostridium butyriam, 
anti-Parkinsonian drugs, and gastrografin. Limited drugs were anti-
emetic drugs including metoclopramide and domperidone. Rescue drugs 
were antidiarrheal drugs (magnesium oxides, sennoside), cathartic 
drugs (loperamide), and analgesic drugs (loxoprofen). 

2.1.7. Data collection 
Prospective data including physical examination, laboratory data, 

perioperative clinical information and complications were collected. 
Data collection, management, analysis, and interpretation of data were 
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performed by the registration center. 

2.1.8. Sample size determination 
The sample size was calculated based on a primary outcome, the 

GIQLI. The responses to questions are summed to assign a numerical 
score (0–128 points). A previous report indicated that the mean-
± standard deviation (SD) change in the GIQLI score between two 
measurements before and 2 weeks after laparoscopic cholecystectomy in 
194 patients was 17 ± 20.7 points [35]. Therefore, the clinically sig-
nificant mean difference in the GIQLI score was set at 20 with a SD of 20. 
Using a power level of 80% and a two-sided significance level of 5%, 40 

patients (20 patients in each group) were considered adequate. How-
ever, the trial was stopped on December 31, 2018, because of slow 
recruitment. Finally, 17 patients were enrolled and randomly assigned 
to the two groups: 8 patients in the DKT group and 9 patients in the 
non-DKT group. 

2.2. Plasma and fecal metabolome analysis 

Plasma metabolome analysis was performed as previously reported 
[38,39]. Hydrophilic metabolites and lipid mediators were measured 
using GC-MS/MS and LC-MS/MS. The GC-MS/MS system consisted of a 

Fig. 1. Details of the study. A. Study 
profile. Investigators obtained informed 
consent from eligible patients before 
surgery. Patients were enrolled in the 
study on postoperative day (POD) 1, if 
they can take medicine orally and had 
an abdominal pain and/or distention. 
Enrolled patients were randomly 
assigned to either the daikenchuto 
(DKT) or non-DKT group. B. Schedule of 
enrollment, intervention, and assess-
ments. NRS, numeric rating scale; QOL, 
quality of life; GIQLI, gastrointestinal 
quality life index.   

K. Hanada et al.                                                                                                                                                                                                                                



Biomedicine & Pharmacotherapy 141 (2021) 111887

4

GCMS-TQ8040 (Shimadzu, Kyoto, Japan) device with the automated 
derivatization system SGI-M100 (AiSTI SCIENCE, Wakayama, Japan). 
The LC-MS/MS system consisted of two LC-30 AD pumps, a SIL-30AC 
auto-sampler, a CTO-20A column oven, a CBM-20A system controller, 
and a triple quadrupole mass spectrometer LCMS-8050 (Shimadzu). The 
detailed protocol is described in the Supplementary material. 

Fecal metabolome analysis was performed using the SGI-M100 
derivatization system and GC-MS/MS. The lyophilized feces samples 
were weighed about 10–20 mg and added 1.2 mL of 80% acetonitrile 
containing crotonic acid and 2-isopropylmalic acid as internal stan-
dards. Then, the samples were homogenized using zirconia beads in an 
automill (Tokken, Chiba, Japan). After centrifugation, the supernatant 
was transferred to a vial and subjected to metabolome analysis. The 
detailed protocol is described in the Supplementary material. 

The peak intensity of each quantified ion was calculated and 
normalized to internal standards, and feces weight. Metabolites with 
normalized area variation in pooled samples > 30% were removed from 
the detected metabolites because they were unstable. Regarding the 
redundant targets between LC-MS/MS and GC-MS/MS, the targets with 
smaller CV value in the pooled samples were adopted. 

2.3. Gut microbiome analysis; 16S rRNA gene metagenome sequencing in 
fecal samples 

The bacterial genomic DNA was isolated using standard method with 
some modifications [40]. In brief, the fecal samples were freeze dried 
and weighed 10–30 mg in Lysing matrix E tube (MP Biomedicals, LLC., 
Santa Ana, USA). The fecal samples were homogenized with elution 
buffer using the FastPrep-24 automated cell disruptor (MP Biomedicals) 
at a speed setting of 6 m/s for 40 s which process was repeated twice. 
Fecal DNA was extracted by a phenol/chloroform/isoamyl alcohol 
method. The concentration of fecal DNA was measured by Quant-iT 
PicoGreen dsDNA assay kit (Thermo Fisher Scientific, Inc., Waltham, 
USA). The preparation of 16S rRNA gene metagenome library for MiSeq 
(illumina, Inc., San Diego, USA) was prepared following manufacturer’s 
protocol. The library was applied to MiSeq Reagent Kit v3 (illumina, 
Inc.) and sequenced following manufacturer’s standard protocol. The 
sequence data was processed as follows using 16S rRNA sequence 
analysis pipeline, QIIME 1.8.0 [41]. At first, the both side of sequences 
were joined and the sequences whose phred quality score was below 20 
were removed as poor-quality data. Chimella elimination by U-search 
was performed and the contaminated sequences were removed from the 
dataset. The open reference operational taxonomic unit (OTU) picking 
was performed against green gene 97 13_8 as reference dataset. The 
summary of taxonomy in each sample was obtained using the script 
‘summarize_taxonomy_through_plots.py’ in QIIME 1.8.0. 

2.4. Statistical analysis 

All analyses were performed under the intention-to treat principle. 
Both primary and secondary endpoints were compared between the DKT 
group and non-DKT group. A two-tailed P value less than 0.05 was 
considered statistically significant. Primary endpoints were analyzed 
using Mixed-Effects Model for Repeated Measures (MMRM). As sec-
ondary endpoints, t-test was used when continuous variables followed a 
normal distribution, whereas the Mann-Whitney U test was used when 
continuous variables followed a non-normal distribution. Kaplan-Meier 
plots were analyzed using log-rank test. Statistical analysis was per-
formed using SAS version 9.4 (SAS Institute, Cary, NC, USA). 

Metabolome and gut microbiome analyses were conducted as fol-
lows. The plots, charts, and heatmap were prepared using the R software 
(version 4.0 or newer, http://r-project.org) and Microsoft Excel 
(Microsoft Corporation, Redmond, WA, USA). Univariate analysis be-
tween two groups were performed with the Mann-Whitney U test using 
the R. Since the microbiome and metabolome analysis are exploratory 
outcomes, we did not adjust P-values for multiple comparisons. PLS-DA 

was performed using the SIMCA 16 software (Umetrics, Umeå, Sweden). 

3. Results 

3.1. Patient characteristics 

Fig. 1 A shows the study profile. The originally-planned sample size 
of 20 patients per group was not achieved during the study period. From 
March 2017 to December 2018, 17 patients were randomly assigned to 
the two groups on POD 1: 8 patients in the DKT group and 9 patients in 
the non-DKT group. All patients with left-sided colon cancer underwent 
laparoscopic colectomy. Fig. 1B shows the schedule of the study. Table 1 
shows the clinicopathological characteristics of the study participants. 
There were no significant differences in the baseline characteristics of 
the patients between the groups, suggesting that the two groups were 
balanced at baseline. 

3.2. Primary endpoints 

As primary endpoints, the following subjective outcomes were 
evaluated: i) abdominal pain using the NRS [34], ii) abdominal disten-
sion using the NRS, and iii) QOL using the GIQLI [35]. At all assessment 
time points, the grade of abdominal pain in the DKT group was not 
significantly different from that in the non-DKT group (Fig. 2A). 
Regarding the grade of abdominal distension, no significant differences 
were observed between the two groups (Fig. 2B). In addition, the grade 
of QOL was similar on PODs 14 and 28 between the two groups (Fig. 2C). 
Taken together, administration of DKT did not improve the post-
operative gastrointestinal symptoms following laparoscopic colectomy 
in patients with left-sided colon cancer. 

3.3. Secondary endpoints 

There were no significant differences between the two groups in the 
secondary endpoints, that is, postoperative nutritional status (PNI [36] 
and CONUT score [37]), time to initial flatus, time to initial defecation, 
bowel gas volume, and defecation frequency (Fig. S1A–S1F). Regarding 
the incidence of postoperative adverse events and duration of hospital 
stay, there were no significant differences between the two groups 

Table 1 
Baseline characteristics of the patients.   

DKT group (n = 8) Non-DKT group (n = 9) 

Age, years 63.0 (55.0–73.8) 64.0 (58.0–67.0) 
Gender   
Male 4 (50.0%) 6 (66.7%) 
Female 4 (50.0%) 3 (33.3%) 
Height, cm 162.0 (157.0–163.6) 159.0 (157.1–176.7) 
Body weight, kg 60.0 (51.6–68.5) 69.0 (56.1–81.0) 
Performance status (ECOG)   
0 7 (87.5%) 9 (100%) 
1 1 (12.5%) 0 (0%) 
Past medical historya   

Yes 5 (62.5%) 5 (55.6%) 
No 3 (37.5%) 4 (44.4%) 
Surgery type   
Sigmoid colectomy 4 (50%) 8 (88.9%) 
Left hemicolectomy 2 (25%) 1 (11.1%) 
High anterior resection 2 (25%) 0 (0%) 
Operation time, min 208 (146–238) 155 (140–171) 
Blood loss, mL 0 (0–20) 0 (0–0) 
Pathological stage   
I 6 (75%) 3 (33.3%) 
II 1 (12.5%) 0 (0.0%) 
III 1 (12.5%) 2 (22.2%) 
IV 0 (0.0%) 4 (44.4%) 

Data are n (%) or median (interquartile range). 
DKT, Daikenchuto; ECOG, Eastern Cooperative Oncology Group. 

a hypertension, hyperlipidemia, diabetes mellitus, and ureteric stone. 
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(Fig. S2A and S2B). The details of the adverse events are shown in  
Table 2. 

In the plasma, 216 metabolites were evaluated. Fig. 3A shows the 
distribution of all detected metabolites using partial least-squares 
discriminant analysis (PLS-DA). We found that the plasma metabolites 
substantially changed before and after surgery, and that the distribution 

of samples on POD 14 returned close to the preoperative state. As shown 
in the heat map of each metabolite, the levels of lipid mediators asso-
ciated with the arachidonic acid cascade were overall lower in the DKT 
group than in the non-DKT group (Fig. 3B). In particular, 18-HETE level 
was significantly lower in the DKT group on POD 7 than in the non-DKT 
group (Fig. 3C). 

In the feces, 132 metabolites were evaluated. Fig. 4A shows the 
distribution of all fecal samples using PLS-DA score plot. Similar to the 
plasma metabolome analysis, the distribution of fecal metabolites sub-
stantially changed before and after surgery. On PODs 14 and 28, the 
distribution returned close to the preoperative state. The evaluation of 
each metabolites using the volcano plot revealed that several short- 
chain fatty acids were significantly lower in the DKT group than in the 
non-DKT group on POD 28 (Fig. 4B). For example, the levels of succinic 
acid, propanoic acid, and acetic acid were significantly lower in the DKT 
group than in the non-DKT group on POD 28 (Fig. 4C). 

Finally, we performed the gut microbiome analysis. The concentra-
tion of fecal DNA decreased before and after surgery (Fig. 5A), which 
can be attributed to the preoperative bowel preparation (mechanical 
preparation and antibiotic prophylaxis) received in all participants. The 
concentration of fecal DNA on POD 4 was significantly lower than that 
before surgery in the non-DKT group, and such a difference was not 
observed in the DKT group. Of note, the postoperative recovery of the 
concentration of fecal DNA tended to be faster in the DKT group than in 
the non-DKT group. Fig. 5B shows the alteration of gut microbiome 
using the non-metric multidimensional scaling method at each assess-
ment time point. Similar to the fecal metabolome analysis results, the 
gut microbiome substantially changed before and after surgery, and the 
gut microbiome on POD 28 recovered close to the preoperative state. 
Fig. 5C shows the time-dependent changes in the gut microbiome clas-
sified by genus; similar to the results presented in Fig. 5B, the compo-
sition of gut microbiota substantially changed before and after surgery, 
and then gradually returned to the preoperative state on POD 28. On 
POD 4, the abundance of obligate anaerobes, the major constituents of 
gut microbiota, decreased compared with the preoperative state, while 
that of facultative anaerobes increased (Table S1). This alteration is 
considered to be due to preoperative bowel preparation (mechanical 
preparation and antibiotic prophylaxis) and the opening of the bowel 
during surgery. As shown in Fig. 5B and C, there was no clear difference 
in the postoperative gut microbiota between the DKT group and non- 
DKT group. By focusing on each genus, we found that the abundance 
of genera Serratia and Bilophila (belonging to the phylum Proteobac-
teria) decreased postoperatively in the DKT group (Fig. 6A). In the DKT 
group, the relative abundance of genus Serratia was significantly lower 
than in the non-DKT group on POD 7, whereas that of genus Bilophila 
was significantly lower on POD 28 (Fig. 6B). 

Fig. 2. Primary endpoints. A. Grades of abdominal pain determined using the 
NRS in perioperative patients with or without DKT treatment. The data are 
expressed as mean ± standard deviation (SD). Red dotted line, non-DKT group 
(n = 8–9); blue line, DKT group (n = 7–8). B. Grades of Abdominal distention 
determined using the NRS in perioperative patients with or without DKT 
treatment. The data are expressed as mean ± SD. Red dotted line, non-DKT 
group (n = 8–9); blue line, DKT group (n = 7–8). C. QOL determined using 
the GIQLI in perioperative patients with or without DKT treatment. The data are 
expressed as mean ± SD. Red dotted line, non-DKT group (n = 8–9); blue line, 
DKT group (n = 6–7). 

Table 2 
Details of adverse events.   

DKT group 
(n = 8) 

Non-DKT group 
(n = 9) 

Any adverse events 6 (75.0%) 6 (66.7%) 
Elevated serum AST,ALT, ALP,γ-GTP 

and T-Bil 
3 (37.5%) 4 (44.4%) 

Infectious colitis 1 (12.5%) 0 (0.0%) 
Insomnia 1 (12.5%) 1 (11.1%) 
Hypertension 1 (12.5%) 0 (0.0%) 
Sore throat 1 (12.5%) 0 (0.0%) 
Pruritus 1 (12.5%) 1 (11.1%) 
Gastroesophageal reflux disease 1 (12.5%) 1 (11.1%) 
Intra abdominal hemorrhage 1 (12.5%) 0 (0.0%) 

Data are n (%). DKT, Daikenchuto; AST, Aspartate transaminase; 
ALT, alanine aminotransferase; ALP, Alkaline Phosphatase; 
γ-GTP, γ-glutamyl transpeptidase; T-Bil, Total Bilirubin. 
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4. Discussion 

In the present study, there was no significant difference between the 
DKT group and non-DKT group in the primary endpoints (i.e., 

abdominal pain, abdominal distension, and QOL). We also verified the 
safety of DKT in patients with left-sided colorectal cancer who under-
went laparoscopic colectomy. On the other hand, the metabolome and 
gut microbiome analyses showed substantial changes before and after 

Fig. 3. Plasma metabolome analysis in perioperative patients with or without DKT treatment. A. PLS-DA score plot of the first two components. Each component 
explains 16% and 13% of the variance. Samples were classified based on the sampling point. The treatments are represented as N (non-DKT group; n = 5–9) and D 
(DKT group; n = 5–8), respectively. The eclipse represents 95% confidence interval. B. Heat map of plasma lipid mediator levels. The fold change (FC) of each lipid 
mediator in the plasma at each sampling point was calculated as log2 FC (DKT group/non-DKT group). C. Plasma 18-HETE levels. The data are expressed as 
mean ± standard error of the mean (SEM). Open column, non-DKT group (n = 5–9); closed column, DKT group (n = 5–8). **; P < 0.01 by Mann-Whitney U test. AA, 
arachidonic acid; DHA, docosahexaenoic acid; DHET, dihydroxy-eicosatrienoic acid; DiHETE, dihydroxy-eicosatetraenoic acid; DiHOME, dihydroxy-octadecenoic 
acid; EPA, eicosapentaenoic acid; EpOME, epoxy-octadecenoic acid; HDoHE, hydroxy-docosahexaenoic acid; HEPE, hydroxy-eicosapentaenoic acid; HETE, 
hydroxy-eicosatetraenoic acid; HETrE, hydroxy-eicosatrienoic acid; HHT, hydroxyheptadecatrienoic acid; HODE, hydroxy-octadecadienoic acid; KODE, keto- 
octadecadienoic acid; LT, leukotriene; OEA, oleoylethanolamide; PG, prostaglandin; TX, thromboxane. 
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Fig. 4. Fecal metabolome analysis in perioperative patients with or without DKT treatment. A. PLS-DA score plot. Each component explains 16% and 13% of the 
variance. The other information is the same as that in Fig. 3A. B. Volcano plot of the fecal metabolome analysis on POD 28. The plots mapped by the log2 fold-change 
value for the DKT group (n = 8) /non-DKT group (n = 7) versus log10 P-value. Black points represent the metabolites whose p-value was less than 0.01 by Mann- 
Whitney U test. C. The representative fecal metabolites changed in the DKT group. The data are expressed as mean ± SEM. Open column, non-DKT group (n = 6–9); 
closed column, DKT group (n = 5–8). **; P < 0.01 by Mann-Whitney U test. 
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Fig. 5. Microbiome analysis in perioperative patients with or without DKT treatment. A. The relative fecal DNA concentration was calculated based on Pre (until the 
day before surgery). The data are expressed as mean ± SEM. Open column, non-DKT group (n = 6–9); closed column, DKT group (n = 7–8). *; P < 0.05 by Dunnett’s 
test. B. A longitudinal profile of microbiome in perioperative patients was analyzed by non-metric multi dimension scaling using R 4.0.2. The fecal samples were 
collected on Pre (1), POD 4 (3), POD 7 (4), POD 14 (5), and POD 28 (6). The limb of each group is shown with a dotted line and 95% confidence interval is expressed 
as a circle line. Left, non-DKT group (n = 6–9) (N); right, DKT group (n = 7–8) (D). C. Relative abundance of the gut microbiota at the genus level was determined 
using the 16S metagenome sequence analysis. Average relative abundance at each sampling point is shown as a bar chart. N, non-DKT group (n = 6–9); D, DKT 
group (n = 7–8). 
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Fig. 6. Comparison of microbes between patients with or 
without DKT. A. The microbes at the genus levels at each 
sampling point were compared by Mann-Whitney U test 
and significantly different microbes in at least one sampling 
point are listed. The FC at each sampling point was calcu-
lated as; DKT group (n = 7–8) / non-DKT group (n = 6–9), 
and log10 FC is expressed as a heat map. #; P < 0.05 by 
Mann-Whitney U test. B. The relative abundance of genera 
Serratia (top) and Bilophila (bottom). The data are expressed 
as mean ± SEM. Open column, non-DKT group (n = 6–9); 
closed column, DKT group (n = 7–8). *; P < 0.05 by Mann- 
Whitney U test.   
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surgery, and this may be due to the effects of preoperative bowel 
preparation and surgery. Of note, these changes gradually returned to 
the preoperative state on POD 28. The metabolome analysis indicated 
that the levels of lipid mediators associated with the arachidonic acid 
cascade were overall lower in the DKT group than in the non-DKT group. 
In addition, the gut microbiome analysis indicated that the abundance of 
genera Serratia and Bilophila decreased postoperatively in the DKT group 
compared with in the non-DKT group. This study is valuable because 
there has been no long-term study to investigate the effects of DKT on 
the metabolome and gut microbiome in patients undergoing surgery. 

Previous clinical studies on DKT have reported significant differ-
ences between the DKT group and control group in terms of some 
objective outcomes (e.g., time to first bowel movement and incidence of 
ileus), whereas some subjective outcomes (abdominal symptoms and 
QOL) were almost similar between the two groups [24–28]. Recently, 
Wakasugi et al. investigated the postoperative effect of DKT on subjec-
tive symptoms (i.e., abdominal pain and distention) in patients 
following laparoscopic colectomy, and found that abdominal pain and 
distention were similar between the two groups, while the number of 
bowel movement per day and the sensation of incomplete bowel evac-
uation were significantly lower in the DKT group than in the non-DKT 
group [28]. Katsuno et al. investigated the postoperative effect of DKT 
on gastrointestinal tract transit in patients following open colectomy, 
and found that DKT had a positive effect on delayed gastric emptying, 
while the time to first flatus was similar between the two groups [25]. 
Regarding the postoperative defecation control by DKT, no definite 
conclusion can be drawn from the findings of previous studies and the 
present study, and further research is needed in this regard. 

Most of previous studies on the efficacy of DKT for postoperative 
ileus were based on the patients who underwent laparotomy and/or 
more invasive surgeries with more operation time and blood loss than 
colectomy (e.g., total gastrectomy, hepatectomy, and pan-
creatoduodenectomy [23–27]). We did not find any effect of DKT on 
abdominal symptoms probably because laparoscopic colectomy is 
minimally invasive and therefore has less effect on postoperative in-
testinal movement. In fact, the incidence of ileus following laparoscopic 
colectomy in our group was very low (6/579 patients: 1.03%) [42]. To 
investigate the postoperative effect of DKT on ileus, abdominal pain, and 
distention, patient selection based on surgical procedure and invasive-
ness may be important. 

Regarding the serum C-reactive protein (CRP) level, Yoshikawa et al. 
previously reported that DKT administration reduced the CRP level on 
POD 3 after laparoscopic colectomy [22]. In the present study, we found 
no significant difference in postoperative white blood cell count and 
CRP level between the two groups (data not shown). Compared with the 
findings of Yoshikawa et al., the operation time and blood loss in the 
present study were similar. However, the study of Yoshikawa et al. 
included rectal resection, which might have been slightly more invasive 
than the procedure in the present study. Furthermore, Shimada et al. 
reported that DKT administration reduced the CRP level in patients with 
liver damage following hepatectomy [23]. The lower invasiveness of 
laparoscopic colectomy may have obscured the CRP-suppressive effect 
of DKT. 

DKT exerts anti-inflammatory effect via the release of ADM [21]. It 
has been reported that ginger contained within DKT inhibits prosta-
glandin secretion in vitro, and that DKT administration inhibits the 
COX-2 activity in rats and mice [8]. Consistent with these previous study 
findings on the anti-inflammatory effects of DKT, the metabolome 
analysis in the present study showed that the levels of lipid mediators 
associated with the arachidonic acid cascade were overall lower in the 
DKT group than in the non-DKT group (Fig. 3B). Further validation is 
necessary because of the large variability and small sample size of this 
study. 

In the present study, we found that the abundance of genera Serratia 
and Bilophila decreased postoperatively in the DKT group compared 
with that in the non-DKT group (Fig. 6A). Genus Serratia has been 

reported to be associated with postoperative anastomotic leakage by 
producing collagenase in a mouse model [43]. We previously reported 
that DKT administration reduced anastomotic leakage by increasing 
intestinal blood flow and decreasing inflammation in a rat anastomotic 
healing model [13]. We also found an increase in collagen density in the 
DKT-treated rats, which may be due to the effect of DKT on 
collagenase-producing bacteria, such as genus Serratia. Therefore, we 
suppose that the effect of DKT on the gut microbiome may decrease 
postoperative anastomotic leakage in humans. However, in the present 
study, there was no significant difference in the abundance of genera 
Bifidobacterium, Pseudomonas, Enterococcus, and Escherichia between the 
two groups; these bacteria have been reported to be associated with 
anastomotic leakage [44,45]. Genus Bilophila, a hydrogen 
sulfide-producing bacterium, has been reported to induce intestinal 
inflammation [46]. The effects of DKT on genus Bilophila abundance 
may contribute to the anti-inflammatory effects of DKT as well as plasma 
lipid mediators. Although this study suggests that DKT may have an 
effect on some intestinal bacteria, further investigation is needed. 

This study had some limitations. The sample size was small. 
Recruiting patients was difficult due to the heavy patient burden: fecal 
collection, additional blood tests, and DKT medication for approxi-
mately 1 month. A study in a large number of patients is necessary to 
clarify the postoperative effects of DKT in patients following laparo-
scopic colectomy. Another limitation was a bias of open-label design, 
indicating a possibility that unblinding assessors may result in perfor-
mance bias. To the best of our knowledge, this is the first study to 
investigate the postoperative effects of DKT on metabolites and gut 
microbiome in humans. The results of the metabolome and gut micro-
biome analyses varied substantially among the individuals. We perceive 
that the results of this study will help to plan the study design for future 
clinical trials. 

5. Conclusions 

We conducted a prospective randomized study to investigate the 
effect of DKT on abdominal symptoms following laparoscopic colectomy 
in patients with left-sided colon cancer. Although DKT administration 
did not improve the abdominal symptoms following laparoscopic 
colectomy, this study revealed DKT administration could have some 
effects on metabolites and gut microbiome postoperatively. The effects 
of DKT on metabolites and gut microbiome have to be further 
investigated. 
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