Gastrointestinal Surgery

Baishideng Publishing Group Inc



World Journal of
(]- ¢ Gastrointestinal Surgery

Contents Monthly Volume 15 Number 5 May 27, 2023
REVIEW
745 Impact of anastomotic leakage on long-term prognosis after colorectal cancer surgery

Tonini V, Zanni M

757 Application of indocyanine green in surgery: A review of current evidence and implementation in trauma
patients

Abdelrahman H, El-Menyar A, Peralta R, Al-Thani H

MINIREVIEWS
776 Global dissemination of minimally invasive living donor hepatectomy: What are the barriers?

Kakos CD, Papanikolaou A, Ziogas IA, Tsoulfas G

788 Post-COVID-19 cholangiopathy: Current understanding and management options

Veerankutty FH, Sengupta K, Vij M, Rammohan A, Jothimani D, Murali A, Rela M

799 Changing trends in the minimally invasive surgery for corrosive esophagogastric stricture

Kalayarasan R, Durgesh S

ORIGINAL ARTICLE

Basic Study
812 Distribution of splenic artery lymph nodes and splenic hilar lymph nodes

Umebayashi Y, Muro S, Tokunaga M, Saito T, Sato Y, Tanioka T, Kinugasa Y, Akita K

Case Control Study
825 Preservation of left colic artery in laparoscopic colorectal operation: The benefit challenge

Liu FC, Song JN, Yang YC, Zhang ZT

Retrospective Cohort Study

834 Surgical management of high-grade pancreatic injuries: Insights from a high-volume pancreaticobiliary
specialty unit

Chui JN, Kotecha K, Gall TM, Mittal A, Samra JS

847 Surgical management of hydatid cyst disease of the liver: An improvement from our previous experience?

Zaharie F, Valean D, Zaharie R, Popa C, Mois E, Schlanger D, Fetti A, Zdrehus C, Ciocan A, Al-Hajjar N

Retrospective Study
859 Influence of liver function after laparoscopy-assisted vs totally laparoscopic gastrectomy

Xiao F, Qiu XF, You CW, Xie FP, Cai YY

WJGS | https://www.wjgnet.com I May 27,2023 | Volumel15 | Issue5 |

Jaishideng®



World Journal of Gastrointestinal Surgery

Contents

Monthly Volume 15 Number 5 May 27, 2023

871

882

892

906

917

931

Rikkunshito increases appetite by enhancing gastrointestinal and incretin hormone levels in patients who
underwent pylorus-preserving pancreaticoduodenectomy: A retrospective study

Kono H, Hosomura N, Amemiya H, Shoda K, Furuya S, Akaike H, Kawaguchi Y, Kawaida H, Ichikawa D

Diagnostic performance of texture analysis in the differential diagnosis of perianal fistulising Crohn’s
disease and glandular anal fistula

Zhu X, Ye DD, Wang JH, Li J, Liu SW

Elderly patients over 80 years undergoing colorectal cancer resection: Development and validation of a
predictive nomogram for survival

Chok AY, Zhao Y, Chen HLR, Tan IEH, Chew DHW, Zhao Y, Au MKH, Tan EJKW

Retrospective efficacy analysis of olaparib combined with bevacizumab in the treatment of advanced
colorectal cancer

Jiang YL, Fu XY, Yin ZH

Observational Study

CD4*CD25* regulatory T cells decreased future liver remnant after associating liver partition and portal
vein ligation for staged hepatectomy

Wang W, Ye CH, Deng ZF, Wang JL, Zhang L, Bao L, Xu BH, Zhu H, Guo Y, Wen Z

Diagnostic value of matrix metalloproteinases 2, 7 and 9 in urine for early detection of colorectal cancer

Peng L, Zhang X, Zhang ML, Jiang T, Zhang PJ

940

SYSTEMATIC REVIEWS

How far is the endoscopist to blame for a percutaneous endoscopic gastrostomy complication?

Stavrou G, Gionga P, Chatziantoniou G, Tzikos G, Menni A, Panidis S, Shrewsbury A, Kotzampassi K

953

META-ANALYSIS

Nutritional status efficacy of early nutritional support in gastrointestinal care: A systematic review and
meta-analysis

He LB, Liu MY, He Y, Guo AL

965

972

978

984

CASE REPORT
Precise mapping of hilar cholangiocarcinoma with a skip lesion by SpyGlass cholangioscopy: A case report

Chiang CH, Chen KC, Devereaux B, Chung CS, Kuo KC, Lin CC, Lin CK, Wang HP, Chen KH

Mallory-Weiss syndrome from giant gastric trichobezoar: A case report

Lieto E, Auricchio A, Belfiore MP, Del Sorbo G, De Sena G, Napolitano V, Ruggiero A, Galizia G, Cardella F

Giant teratoma with isolated intestinal duplication in adult: A case report and review of literature

Xiong PF, Yang L, Mou ZQ, Jiang Y, Li J, Ye MX

Computer-assisted rescue of the inferior mesenteric artery in a child with a giant ganglioneuroblastoma: A
case report

Xiu WL, Liu J, Zhang JL, Su N, Wang FJ, Hao XW, Wang FF, Dong Q

JBaishideng®

WJGS | https://www.wjgnet.com I May 27,2023 | Volume15 | Issue5



World Journal of Gastrointestinal Surgery

Contents
Monthly Volume 15 Number 5 May 27, 2023
992 Curative resection of leiomyosarcoma of the descending colon with metachronous liver metastasis: A case
report

Lee SH, Bae SH, Lee SC, Ahn TS, Kim Z, Jung HI

1000  Modified endoscopic submucosal tunnel dissection for large esophageal submucosal gland duct adenoma:
A case report

Chen SY, Xie ZF, Jiang Y, Lin J, Shi H

Boishidengs WIGS | https://www.wjgnet.com I May 27,2023 | Volume15 | Issue5 |



World Journal of Gastrointestinal Surgery

Contents

Monthly Volume 15 Number 5 May 27, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Ashok Kumar, BSc, FACS, FASCRS, FICS,
FRCS, FRCS (Ed), MBBS, MCh, Professor, Department of Surgical Gastroenterology, Sanjay Gandhi Post Graduate
Institute of Medical Sciences, Lucknow 226014, Uttar Pradesh, India. doc.ashokgupta@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (W]JGS, World | Gastrointest Surg) is to provide scholars
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and
clinical research articles and communicate their research findings online.

WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion,
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, efc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal
Database, and Superstar Journals Database. The 2022 Edition of Journal Citation Reports® cites the 2021 impact
factor (IF) for WJGS as 2.505; IF without journal self cites: 2.473; 5-year IF: 3.099; Journal Citation Indicator: 0.49;
Ranking: 104 among 211 journals in surgery; Quartile category: Q2; Ranking: 81 among 93 journals in
gastroenterology and hepatology; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang 1i; Editorial Office Director: Jia-Ru Fan.

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

NAME OF JOURNAL
World Journal of Gastrointestinal Surgery

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9366 (online)

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF

Peter Schemmer

EDITORIAL BOARD MEMBERS

https:/ /www.wignet.com/1948-9366/ editorialboard.htm

PUBLICATION DATE
May 27, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WIJGS | https://www.wjgnet.com IX May 27,2023 | Volume15 | Issue5


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9366/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4240/wijgs.v15.i5.871

World Journal of
Gastrointestinal Surgery

World | Gastrointest Surg 2023 May 27; 15(5): 871-881

ISSN 1948-9366 (online)

Retrospective Study

ORIGINAL ARTICLE

Rikkunshito increases appetite by enhancing gastrointestinal and
incretin hormone levels in patients who underwent pylorus-
preserving pancreaticoduodenectomy: A retrospective study

Hiroshi Kono, Naohiro Hosomura, Hidetake Amemiya, Katsutoshi Shoda, Shinji Furuya, Hidenori Akaike,
Yoshihiko Kawaguchi, Hiromichi Kawaida, Daisuke Ichikawa

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Lomperta K, Poland

Received: November 15, 2022

Peer-review started: November 15,
2022

First decision: February 15, 2023
Revised: February 22, 2023
Accepted: April 7, 2023

Article in press: April 7, 2023
Published online: May 27, 2023

Jaishideng®

WIJGS | https://www.wjgnet.com 871

Hiroshi Kono, Naohiro Hosomura, Hidetake Amemiya, Katsutoshi Shoda, Shinji Furuya, Hidenori
Akaike, Yoshihiko Kawaguchi, Hiromichi Kawaida, Daisuke Ichikawa, First Department of
Surgery, University of Yamanashi, Chuo, Yamanashi 409-3898, Japan

Corresponding author: Hiroshi Kono, MD, PhD, Associate Professor, First Department of
Surgery, University of Yamanashi, 1110 Shimokato, Chuo, Yamanashi 409-3898, Japan.

hkouno@yamanashi.ac.jp

Abstract

BACKGROUND

Rikkunshito (T]-43) relieves gastrointestinal disturbance by increases in the levels
of acylated ghrelin.

AIM
To investigate the effects of TJ-43 in patients undergoing pancreatic surgery.

METHODS

Forty-one patients undergoing pylorus-preserving pancreaticoduodenectomy
(PpPD) were divided into two groups; patients took daily doses of T]J-43 after
surgery or after postoperative day (POD) 21. The plasma levels of acylated and
desacylated ghrelin, cholecystokinin (CCK), peptide YY (PYY), gastric inhibitory
peptide (GIP), and active glucagon-like peptide (GLP)-1 were evaluated. Oral
calorie intake was assessed at POD 21 in both groups. The primary endpoint of
this study was the total food intake after PpPD.

RESULTS

The levels of acylated ghrelin were significantly greater in patients treated with
TJ-43 than those in patients without TJ-43 administration at POD 21, and oral
intake was significantly increased in patients treated with TJ-43. The CCK and
PYY levels were significantly greater in patients treated with TJ-43 than those in
patients without TJ-43 treatment. Furthermore, the GIP and active GLP-1 levels
increased and values at POD 21 were significantly greater in patients treated with
TJ-43 than those in patients without TJ-43 administration. Insulin secretion tended
to increase in patients treated with TJ-43.
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CONCLUSION
TJ-43 may have advantages for oral food intake in patients in the early phase after pancreatic
surgery. Further investigation is needed to clarify the effects of TJ-43 on incretin hormones.

Key Words: Gastrointestinal hormone; Japanese traditional herbal medicine; Ghrelin; Incretin; Pancreatic
surgery

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the effects of a Japanese herbal medicine, namely rikkunshito (TJ-43), on
patients who underwent pancreatic surgery. TJ-43 may promote oral food intake in patients in the early
phase after pancreatic surgery because TJ-43 increases appetite by enhancing gastrointestinal and incretin
hormone levels.

Citation: Kono H, Hosomura N, Amemiya H, Shoda K, Furuya S, Akaike H, Kawaguchi Y, Kawaida H, Ichikawa
D. Rikkunshito increases appetite by enhancing gastrointestinal and incretin hormone levels in patients who
underwent pylorus-preserving pancreaticoduodenectomy: A retrospective study. World J Gastrointest Surg 2023;
15(5): 871-881

URL: https://www.wjgnet.com/1948-9366/full/v15/i5/871.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.i5.871

INTRODUCTION

The Japanese traditional herbal medicine known as rikkunshito (T]J-43) is an extract of eight crude
herbal medicines. 10-dehydrogingerdin, glycycoumarin, 10-gingerdion, 8-gingerol, hesperidin,
hesperetin, heptamethoxyflavone, isoliquiritigenin, liquiritigenin, naringenin, nobiletin, tangeretin, 8-
shogaol, and 10-shogaol, are typical components of TJ-43.

TJ-43 increases peripheral acylated-ghrelin levels secreted from the stomach[1]. It is well known that
acylated ghrelin has an appetite-enhancing effect, in addition to a growth hormone secretion-promoting
effect[2,3]. Furthermore, acylated ghrelin is the only hormone that exhibits an appetite-promoting effect
following intravenous administration[4]. Moreover, it has various actions, including gastric acid
secretion[5], growth hormone secretion, and a positive energy balance induction[6]. The blood levels of
acylated ghrelin correlated with gastrointestinal disturbances. Hence, ghrelin is used to treat
gastrointestinal disturbance due to anorexia[7-9]; however, the repeated intravenous treatment of
ghrelin has shown a considerable burden.

TJ-43 is often used to treat upper gastrointestinal disturbance[10-12]. Rats treated with TJ-43 exhibited
enhanced gastric emptying[13]. In addition, the combined administration of TJ-43 and an anti-emetic
drug for breast cancer patients alleviated emesis and anorexia that occur as an adverse complication to
chemotherapy[14]. Thus, TJ-43 promotes mobility and motility of the stomach. It was previously
reported that decreases in plasma acylated-ghrelin levels induced by cisplatin administration and oral
food intake is mediated by 5-HT2B/2C receptors and suppressed by flavonoids in TJ-43 in animal
models[15,16]. Hence, an important effect of T]-43 is an increase in acylated ghrelin.

To improve delayed gastric emptying (DGE) after pylorus-preserving pancreaticoduodenectomy
(PpPD), we previously treated patients with TJ-43 from the 21 postoperative day (POD) after beginning
meal consumption as a conventional method in our hospital; however, this treatment did not allow for
adequate food intake in the early postoperative phase, which is important for recovery from surgical
stress. Therefore, to resolve the previous results of TJ-43 treatment for oral intake, the treatment protocol
was changed to the new method. In this study, the TJ-43 treatment was started in the early post-
operative phase, and oral intake was compared with the conventional treatment. Moreover, there are
several appetite-suppression gastrointestinal hormones other than ghrelin, and TJ-43 may influence
these gastrointestinal hormones, which can also affect gastrointestinal motility and mobility; however,
the effects of TJ-43 on other gastrointestinal hormones remain unclear. The levels of incretin hormones,
which are related to the blood insulin levels, were also investigated in this study because insulin
secretion is particularly important in patients who undergo PpPD.

This study aimed to investigate a new clinical treatment protocol for T]-43 and evaluate its effects on
acylated-ghrelin levels and appetite in patients after pancreatic surgery. In addition to acylated-ghrelin
levels, we investigated the effects of TJ-43 on other gastrointestinal hormones that affect gastrointestinal
physiology and incretin hormones, including gastric inhibitory peptide (GIP, also known as a glucose-
dependent insulinotropic polypeptide) and active glucagon-like peptide (GLP)-1.
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MATERIALS AND METHODS

Patients and sample collection

This was a retrospective observational study. Blood samples were obtained from 41 patients who
underwent PpPD at the University Hospital between 2015 and 2018 because of pancreato-biliary
malignant tumors (Table 1). The Ethics Committee (Chief, Prof. Zentaro Yamagata; No. 820) approved
this study. The study was conducted following the ethical standards outlined in the Declaration of
Helsinki. On admission, informed consent was obtained from all patients. Furthermore, the tumor stage
was evaluated according to the Union for International Cancer Control classification[17]. Moreover, the
histological and pathological diagnoses of the specimens were confirmed using the World Health
Organization classification criteria.

TJ-43 is a mixture of eight herbal ingredients[18] and is often used in the treatment of patients
undergoing gastrointestinal surgery, including pancreatic surgery[18]. The patients were preoperatively
enrolled into the two groups based on treatments of TJ-43; the TJ-43(-) group (n = 20) was treated from
POD 21 with TJ-43 (7.5 g/d) using an enteral feeding catheter or by oral administration, which was a
conventional treatment, and the TJ-43(+) group (n = 21) was treated daily with TJ-43 (7.5 g/d) from the
1# POD, which was the modified new treatment (Figure 1). Enteral feeding of 900 kilocalories per day
was started from the 1% POD and continued throughout this study period. The postoperative diet was
started at POD 7 in all cases. Furthermore, the total oral calorie intake was evaluated in both groups at 3
wk after surgery. The primary endpoint of this study was the total calorie intake.

For the definition of complications, DGE was defined based on international criteria[19].
Postoperative pancreatic fistula (POPF) was classified into grades based on the guidelines established by
the International Study Group on Pancreatic Fistula in 2005[20] and revised in 2016[21]. Grade A POPF
is called a biochemical fistula and has no clinical impact on the normal postoperative pathway.
Clinically significant POPFs are classified as grades B and C. Grade B POPF requires one of the
following conditions: An endoscopic or radiological intervention, a drain in situ for > 3 wk, clinical
symptoms without organ failure, or a clinically relevant change in POPF management. Whenever a
major change in clinical management or deviation from the normal clinical pathway is required or organ
failure occurs, the fistula shifts to grade C POPF[21].

Blood samples
Blood samples were obtained before surgery (as the control samples before TJ-43 treatment in each case)
and on POD 7, 14, and 21 at the time of the standard postoperative clinical blood examination, in the
hospital. All samples were collected before breakfast (from 6 to 7 a.m.) and kept on ice. Immediately
after blood collection, centrifugation was performed. Furthermore, EDTA-2Na and aprotinin were
added to centrifuge blood samples at final concentrations of 1 mg/mL and 500 KIU, respectively. Then,
DPP-1IV inhibitor was added at 20 pl/mL to 1 mL of plasma, and the samples were stored at =80 °C until
further analysis.

For the determination of peripheral acylated and desacylated ghrelin levels, the plasma samples were
promptly centrifuged at 4 °C, and the supernatant was acidified with 1 mol/L HCI (1/10 volume)[22].

Immunoreactive insulin levels

Immunoreactive insulin (IRI) was assessed by clinical laboratory analysis. IRI levels were measured
using the Lumipulse G1200 immunoassay instrument (FUJIREBIO Inc., Tokyo, Japan). Lumipulse® G
Insulin-N Immunoreaction cartridges for in vitro diagnostic were used in the Lumipulse G system for
the quantitative measurement of insulin in serum or plasma. The assay results were available in less
than 35 min.

Evaluation of ghrelin and gastrointestinal hormones
Plasma levels of acylated and desacylated ghrelin were evaluated by enzyme-linked immunosorbent
assay (ELISA) kits (Iwai Chemicals Co., Tokyo, Japan).

Plasma levels of cholecystokinin (CCK) (LifeSpan BioSciences), peptide YY (PYY) (LifeSpan
BioSciences), GIP (RayBiotech Life Inc., Peachtree Corners, GA), and active GLP-1 (Invitrogen, Waltham,
MA) were evaluated by ELISA.

Statistical analysis

Statistical analyses were performed using EZR software (Saitama Medical Center, Saitama, Japan),
which is using the R programming language (The R Foundation for Statistical Computing, Vienna,
Austria)[23].

The power calculation was performed as follows: The number of samples required for statistical
analysis was 20 in each group. Data are expressed as the mean + standard error of the mean. The paired
t-test or ANOVA with Bonferroni’s post-hoc test was used for comparisons between the two groups. P <
0.05 was considered significantly different.
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Table 1 Clinicopathological characteristics

Variable TJ-43(-),n=20 TJ-43(+),n=21 P value
Age in yr 67+7.0 66+7.7 0.962
Sex, 1 (%) Male 10 (50) 14 (67) 0.199

Female 10 (50) 7 (33)
Disease, 1 (%) Pancreas Ca. (Ph) 7 (35) 8 (38)

IPMC 2 (10) 2 (10)

IPMA 2 (10) 1(5

CBD Ca. 5(25) 5(24)

Vater Ca. 3 (15) 4(19)

Panaceas-NET 1(5) 0 (0)

GB Ca. 0(0) 1(5
UICC Tumor stage: Pancreas Ca. Pancreas Ca. (Ph) 0/0/1/6) (0/0/3/5)
(0/1/11A/1IB); Other Ca. (0/1/11/11I)

IPMC (1/0/1/0) 0/0/1/1)

IPMA N/A N/A

CBD Ca. 0/1/4/0) (0/3/2/0)

Vater Ca. 0/1/2/0) ©0/2/2/0)

P-NET 0/1/0/0) N/A

GB Ca. N/A (0/0/1/0)
Tumor differentiation (well/mod/ poor) Pancreas Ca. (Ph) (3/2/2) 1/6/1)

IPMC (0/2/0) (1/0/1)

IPMA N/A N/A

CBD Ca. (0/5/0) (2/2/1)

Vater Ca. (2/1/0) (1/3/0)

P-NET N/A N/A

GB Ca. N/A 0/1/0)
Time of operation in min 500 + 56 509 +£0.72 0.299
Blood loss in mL 692 +0.54 959 + 0.66 0.182
HbAlc, % 56+22 57+23 0.892
Tumor markers CEA in ng/mL 31+13 37+1.1 0.872

CA19-9 in U/mL 455 +23 451+ 29
DGE, % 25 19 0.773
POPF, 1 (%) Grade A 15 (75) 16 (76)

Grades Band C 5(25) 5(24) 0.886
Post-operative pneumonia, 1 (%) 15 1(4.8) 0.889

UICC: Union for International Cancer Control; Ph: Pancreas head; IPMC: Intraductal papillary mucinous carcinoma; IPMA: Intraductal papillary mucinous
adenoma; CBD: Common bile duct; Ca: carcinoma; NET: Neuroendocrine tumor; GB: Gall bladder; Hb: Hemoglobin; DGE: Delayed gastric empty; POPF:
Post-operative pancreatic fistula; TJ-43: Rikkunshito; TJ-43(-): Patients without TJ-43 treatment; TJ-43(+): Patients with TJ-43 treatment; N/A: No
application.

RESULTS

TJ-43 administration after pancreatico-duodenectomy
Adverse events were not observed in patients treated with TJ-43. Furthermore, no significant differences
in the clinical features were observed in both groups (Table 1).
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Figure 1 Study protocol. TJ-43: Rikkunshito; TJ-43(-): Patients without TJ-43 treatment; TJ-43(+): Patients with TJ-43 treatment; POD: Postoperative day.
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Effect of TJ-43 on plasma acylated-ghrelin levels
Acylated ghrelin was detected in plasma collected from patients before the operation (Figure 2A). The
levels of acylated ghrelin did not significantly change after the operation in patients without TJ-43
treatment; however, the levels gradually increased after the operation in patients treated with TJ-43,
compared with their levels before the operation. There were significant differences in levels of acylated
ghrelin at POD 21 between the TJ-43(-) and TJ-43(+) groups (P < 0.05).

The plasma desacylated-ghrelin levels were not markedly changed in either group after the
operation, compared with their levels before the operation (Figure 2B).

Effects of TJ-43 on meal intake

Consistent with the analysis of acylated ghrelin, total food consumption was more significant in patients
treated with TJ-43 compared with patients without TJ-43 administration (patients treated with TJ-43,
491.5 + 59.2 Kcal; and patients without TJ-43 treatment, 317.5 + 52.3 Kcal, respectively). In addition,
dietary intake from staple food was significantly greater in patients treated with TJ-43 compared with
patients without TJ-43 treatment (patients treated with TJ-43, 375.3 + 62.3 Kcal; and patients without TJ-
43 treatment, 236.9 + 49.7 Kcal, respectively) (P < 0.05) (Figure 3).

Effects of TJ-43 on plasma gastrointestinal hormone levels

CCK and PYY were detected in plasma harvested before the operation (Figure 4). The levels of
gastrointestinal hormones did not markedly change after the operation in patients without TJ-43
treatment; however, these levels were significantly increased at POD 21 in patients treated with TJ-43,
compared with their levels before surgery (P < 0.05).

Effects of TJ-43 on plasma incretin hormones

The plasma GIP and active GLP-1 Levels were not significantly changed after the operation in the TJ-
43(-) group, compared with those before the operation. In contrast, these levels were significantly
greater at POD 21 in the T]-43(+) group, compared with those before the operation (P < 0.05) (Figure 5).
These increases were significantly greater for the values of GIP than those of active GLP-1 (P < 0.05).

Effects of TJ-43 on IRl levels
IRI levels were assessed at POD 21. Although no significant differences were observed in the IRI levels
between the groups, levels in patients treated with T]-43 were greater than those in patients without TJ-
43 administration (Figure 6).

Blood glucose levels were 116.3 £ 18.5 in the T]-43(-) group and 107.2 + 15.3 in the TJ-43(+) group, 1 h
after the meal. There were no significant differences between the two groups.

DISCUSSION

TJ-43 improves oral food intake by increasing the peripheral level of acylated ghrelin after PpPD. This
study found that oral food intake in the TJ-43(+) group was significantly higher than that in the TJ-43(-)
group after PpPD. Furthermore, the acyl ghrelin level in the TJ-43(+) group was significantly higher
than that in the TJ-43(-) group at the same time points.
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Figure 2 Plasma acylated and desacylated ghrelin levels. A: Plasma levels of acylated ghrelin; B: Plasma levels of desacylated ghrelin. Plasma levels of
acylated and desacylated ghrelin were measured by ELISA. 2P < 0.05 compared with the Tj-43(-) group by ANOVA with Bonferroni’s post-hoc test. TJ-43:
Rikkunshito; TJ-43(-): Patients without TJ-43 treatment; TJ-43(+): Patients with TJ-43 treatment; POD: Postoperative day.
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Figure 3 Oral dietary intake after pancreatic surgery. After starting meals, the amount of oral dietary intake of each meal was scored from 0 to 100%
(staple food and side dishes), and the average oral intake for 7 d (postoperative day 21) was calculated and analyzed in the two groups. 2P < 0.05 compared with
carbohydrate intake in the TJ-43(-) group by ANOVA with Bonferroni's post-hoc test. TJ-43: Rikkunshito; TJ-43(-): Patients without TJ-43 treatment; TJ-43(+):
Patients with TJ-43 treatment.

Patients undergoing PpPD with the reconstruction of the gastrointestinal tract have lower food intake
in the early postoperative period. Reasons for this include vagal denervation and shrinkage of the
residual stomach. Regarding the relationship between postoperative complications and oral food intake,
DGE, POPF, and postoperative pneumonia are critical factors[24]. These complications may lead to loss
of appetite. In this study, these complications were observed in both groups, without significant
differences (Table 1).

Furthermore, levels of acylated ghrelin increased in patients treated with TJ-43 group compared with
patients without TJ-43 administration after the operation (Figure 3). Since the only difference between
the two groups was the start time of TJ-43 treatment, the reason for the increased acylated-ghrelin levels
was most likely the early treatment with TJ-43, as reported previously[25]. Notably, oral meal
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Figure 4 Plasma cholecystokinin and peptide YY levels. A: Plasma levels of cholecystokinin (CCK); B: Plasma levels of peptide YY (PYY). Plasma levels
of CCK and PYY were measured by ELISA. P < 0.05 compared with the TJ-43(-) group by ANOVA with Bonferroni’s post-hoc test. TJ-43: Rikkunshito; TJ-43(-):
Patients without TJ-43 treatment; TJ-43(+): Patients with TJ-43 treatment; CCK: Cholecystokinin; PYY: Peptide YY; POD: Postoperative day.
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Figure 5 Plasma incretin levels. A: Plasma levels of gastric inhibitory peptide; B: Plasma levels of glucagon-like polypeptide-1. Plasma levels of gastric
inhibitory peptide and glucagon-like peptide-1 were measured by ELISA. 2P < 0.05 compared with the TJ-43(-) group by ANOVA with Bonferroni's post-hoc test. TJ-
43: Rikkunshito; TJ-43(-): Patients without TJ-43 treatment; TJ-43(+): Patients with TJ-43 treatment; GIP: Gastric inhibitory peptide; active GLP-1: Glucagon-like
polypeptide-1; POD: Postoperative day.

consumption significantly increased in patients treated with TJ-43 than those in patients without TJ-43
treatment after the operation (Figure 2). Hence, T]-43 increases acylated-ghrelin levels and improves
food intake, mainly by promoting motility and mobility of the remnant stomach[7,18,26,27].

In addition to the enhancement of acylated-ghrelin levels by TJ-43[25], several other mechanisms
contribute to the effects of TJ-43 on gastrointestinal function such as enhancement of gastric emptying,
motility, and adaptive relaxation[28,29] The improvement in food consumption that was observed in
this study may be mediated by these pathways, as well as ghrelin signaling, and thus, multiple actions
of TJ-43 may improve oral food intake after PpPD. Moreover, in addition to acylated-ghrelin, TJ-43
increases plasma CCK, PYY, GIP, and GLP-1 after PpPD (Figures 2, 4 and 5). It has been reported that
PYY and CCK cause DGE[30], which is opposite to the effects of acylated ghrelin. These results suggest
that the body's response involves constant feedback mechanisms. Regarding appetite, acylated ghrelin
contradicts CCK, PYY, and GLP-1. Furthermore, regarding gastric emptying, acylated ghrelin
contradicts CCK and GLP-1. In this study, the ratio (POD 21/POD 0) for the change in the levels of
acylated ghrelin, CCK, PYY, GIP, and GLP-1 was 2.14, 1.45, 1.61, and 1.37, respectively. Thus, the
increase in acylated ghrelin was greater than that of CCK, PYY, GIP, and GLP-1. This result may
support the effect of T]-43 on an increase in food intake. Additionally, the effects of TJ-43 on acylated
ghrelin may be more significant in the early period of TJ-43 treatment.

Moreover, gastrointestinal polypeptide hormone incretins secreted after meal intake[31] induce
insulin secretion from the pancreas in a blood sugar-dependent manner, suggesting that hypoglycemia
is unlikely to induce in the absence of food intake. Furthermore, it inhibits gastric acid secretion but
does not affect gastric emptying[31]. The GIP is secreted from the K cells in the upper intestine and
activates the islet B-cells. Furthermore, GLP-1 is secreted from the L cells in the lower intestine. Thus,
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Figure 6 Effect of rikkunshito on insulin secretion. Immunoreactive insulin levels are shown. TJ-43: Rikkunshito; TJ-43(-): Patients without TJ-43 treatment;
TJ-43(+): Patients with TJ-43 treatment; IRI: Immunoreactive insulin.
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incretin hormones are attracting interest for their application in clinical diabetes treatments. One new
drug that has become recently available is a DPP-4 inhibitor. Collectively, these new drugs are called
incretin-related drugs. By suppressing the action of this enzyme, incretin is less likely to be destroyed
and blood glucose levels after eating are reduced. It was reported that herbal medicines can stimulate
incretin secretion and regulate blood glucose in mice[32]. Furthermore, T]-43 enhances insulin secretion
after meals in humans[33]. In the present study, TJ-43 increased GIP and active GLP-1 Levels in patients
who underwent PpPD. GIP and GLP-1 hormones can improve glucose tolerance and their effects are
additive. GIP appears to quantitatively be the most important, particularly regarding insulin secretion,
whereas the action of GLP-1 is mainly related to the inhibition of glucagon secretion[34]. The ratio of the
change in GIP was greater than that of active GLP-1. These results may indicate that the effect of T]-43
on the increase in GIP is more predominant than that in GLP-1.

Plasma levels of incretin hormones were increased by TJ-43 administration (Figure 4). In this study,
insulin secretion tended to increase by TJ-43 administration (Figure 2), however, there were also no
significant differences in blood glucose levels after a meal between the two groups (data not shown).
Since undergoing PpPD involves reconstruction of the gastrointestinal tract, the effects also need to be
investigated under normal physiological conditions. Considering that the increases in incretin hormone
and IRI levels are most likely due to increases in oral food intake in the TJ-43(+) group, an animal study
is necessary to resolve the clinical questions. Therefore, studies using animal models are currently
underway. In one pilot study, the plasma and gastrointestinal expressions of incretin hormones
significantly increased, and the expression of insulin in the pancreas was significantly enhanced by
intragastric administration of TJ-43 for 28 d (unpublished data). Furthermore, activation of the islet cells
increased with TJ-43 treatment. Thus, TJ-43 increases the incretin hormone levels in the blood after
continuous intragastric administration and increases the expression of insulin in the pancreatic islet
cells. Moreover, the administration of TJ-43 inhibits increased blood glucose levels during oral glucose
tolerance tests in rats. These pilot studies in the animal model indicate that TJ-43 may increase insulin
secretion after pancreatic surgery. Therefore, T]-43 may benefit patients who undergo pancreatic
resection.

CONCLUSION

In this study, TJ-43 increased the peripheral levels of acylated ghrelin and postoperative oral food
intake. The findings indicate that T]-43 may improve oral food intake by increasing the plasma acylated-
ghrelin levels after PpPD. However, this study was small and non-randomized. A multicenter,
randomized, placebo-controlled study is required to validate these findings. Furthermore, the effects of
TJ-43 on incretin hormones need to be clarified in future studies.

WJGS | https://www.wjgnet.com 878 May 27,2023 | Volume15 | Issue5 |



Jaishideng®

Kono H et al. Effects of rikkunshito in pancreatic surgery

ARTICLE HIGHLIGHTS

Research background
Rikkunshito (TJ-43) improves gastrointestinal disturbances.

Research motivation
The effects of TJ-43 in patients undergoing pancreatic surgery have not been elucidated.

Research objectives
This study investigated the effects of TJ-43 in patients undergoing pylorus-preserving pancreatico-
duodenectomy (PpPD).

Research methods

Forty-one patients who underwent PpPD were divided into two groups; patients treated with daily
doses of TJ-43 after surgery [T]-43(+) group] or just on postoperative day (POD) 21 [T]-43(-) group].
Plasma levels of acylated and desacylated ghrelin, cholecystokinin (CCK), peptide YY (PYY), gastric
inhibitory peptide (GIP), and active glucagon-like peptide (GLP)-1 were evaluated. Oral calorie intake
was assessed at POD 21 in both groups. The primary endpoint of this study was the total food intake
after PpPD.

Research results

The acylated-ghrelin levels were significantly greater in patients treated with TJ-43 than those in
patients without TJ-43 treatment at POD 21. Similarly, oral intake significantly increased in the TJ-43(+)
group. The levels of CCK and PYY were significantly greater in patients treated with TJ-43 than those in
patients without TJ-43 administration. Furthermore, the GIP and active GLP-1 levels increased and the
values at POD 21 were significantly greater in patients treated with TJ-43 than those in patients without
TJ-43 treatment. Insulin secretion tended to increase in patients treated with TJ-43.

Research conclusions
TJ-43 may improve oral food intake in patients in the early phase after pancreatic surgery.

Research perspectives
Further investigation is needed to clarify the effects of TJ-43 on incretin hormones.
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