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Abstract
BACKGROUND

It was reported that rikkunshito (T]-43) improved the cisplatin-induced decreases in the
active form of ghrelin in plasma; however, other effects on gastrointestinal hormones

have not been investigated.

M
This study aimed to investigate the effects of rikkunshito (T]-43) on peripheral levels of
incretin hormones, including gastric inhibitory polypeptide (GIP) and glucagon-like
polypeptide-1 (GLP-1), in humans and rats.

METHODS
Patients were divided into two groups, namely patients who received T]-43 immediately

following surgery [T]J-43(+) group] and those who received TJ-43 on postoperative day




(POD) 21 [TJ-43(-) group], and the plasma levels of active GIP and active GLP-1 were
assessed. In animal experiments, rats were treated with TJ-43 [rat (r)T]-43(+) group] or
without [rT]-43(-) group] by gavage for 4 wk, and the plasma active GIP and active GLP-
1 Levels were measured. The expression of incretin hormones in the gastrointestinal tract
and insulin in the pancreas were investigated by immunohistochemistry. Furthermore,
the cyclic adenosine monophosphate (cAMP) activities were assessed in pancreatic
tissues from rats treated with or without TJ-43 in vivo, and the blood glucose levels and
plasma insulin levels were measured in rats treated with or without TJ-43 in oral glucose

tolerance tests.

RESULTS

In humans, the active incretin hormone levels increased, and alues were significantly
greater in the T]-43(+) group compared those in the TJ-43(-) group. In rats, the plasma
active incretinévels significantly increased in the rTJ-43(+) group compared with those
in the rT]-43(-) group. GIP and GLP-1 expressions were enhanced by TJ-43 treatment.
Moreover, plasma insulin levels increased and blood glucose levels were blunted in the

r'T]-43(+) group.

CONCLUSION @
17
The results show that TJ-43 may be beneficial for patients who undergo pancreatic

surgery.

INTRODUCTION

The Japanese traditional herbal medicine named “rikkunshito” (TJ-43) is generally
obtained in the form of a powdered extract consisting of eight crude medicines ['l and is
used to treat various gastrointestinal (GI) disturbances [2, 3,4]. T]-43 was also shown to
promote gastric emptying in rats . Furthermore, using TJ-43 in combination with an
anti-emetic drug prevented anorexia and vomiting in advanced breast cancer patients

undergoing chemotherapy [¢l. The preventive effects of TJ-43 on chemotherapy-induced




nausea, vomiting, and anorexia were also reported in patients treated with cisplatin-
based chemotherapy [7l. Moreover, TJ-43 is administered to patients undergoing GI
surgery, including pancreatico-duodenectomy [1, and significant effects of TJ-43 have
been reported. TJ-43 increased peripheral acylated-ghrelin levels, improved delayed
gastric emptying (DGE), and ameliorated postoperative GI symptoms in patients
undergoing gastrectomy Bl In patients undergoing pylorus-preserving pancreatico-
duodenectomy (PpPD), postoperative oral food intake does not increase easily because
of DGE. Considering that TJ-43 increases active ghrelin levels, which increases food
intake, TJ-43 is often administered in patients undergoing PpPD. In addition, it is
necessary to control blood glucose levels in patients undergoing PpPD.

The GI hormones constitute a group of hormones that control functions of the

digestive organs and are secreted by enteroendocrine cells in the GI tract and pancreas

1’1, They exert autocrine and paracrine actions that help integrate the GI functions. Most

gut peptides, including secretin, cholecystokinin, or substance P, play the roles of

neurotransmitters and neuromodulators in the central and peripheral nervous systems

[10], Enteroendocrine cells do not form glands but are spread throughout the GI tract. It
well known that TJ-43 increases the secretion of the GI hormone “ghrelin,” an
endogenous ligand of the growth hormone secretagogue receptor. It consists of 28 amino
acids and is secreted mainly from the stomach (11,

Incretin hormones are also GI hormones and have received significant attention
because of their important roles in glucose homeostasis, type 2 diabetes, and potentially
other metabolic disorders [12I. Glucose intake leads to a stimulation oéinsulin secretion
than an intravenous administration of glucose [3l. This is known as the incretin effect,
which is attributed to the fact that oral glucose intake leads to the release of incretin
hormones, including gastric inhibitory polypeptide (GIP) and glucagon-like peptide-1
(GLP-1), from entero-endocrine cells in the gastrointestinal tract. In contrast, intravenous
glucose administration does not induce the release of incretin hormones [13l. The GI
hormones released in response to nutrient absorption act as endocrine signals to the

pancreatic islet cells, augmenting insulin secretion. In this study, TJ-43 increased




peripheral incretin-hormone levels in patients undergoing PpPD; however, the effects
and significance of TJ-43 on GI hormones, including incretin hormones, which are related
to insulin secretion, have not been elucidated in previous reports. Therefore, the effects

of T]-43 on incretin hormones were also investigated in rats herein.

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 (Table 1). The study was
conducted following the ethical standards outlined in the Declaration of Helsinki and
approved by the University Ethics Committee (Chief, Prof. Zentaro Yamagata; No. 820).
Upon admission, informed consent was obtained from all patients. The tumor stage was
evaluated according to the Union for International Cancer Control classification [141.
Moreover, the histological and pathological diagnoses of the specimens were confirmed
using the World Health Organization classification criteria.

The patients were preoperatively enrolled into the two groups based on treatments
of TJ-43; the T]-43(-) group (n =20) was treated from the postoperative day (POD) 21 with
T]-43 (7.5 g/ day) using an enteral feeding catheter or by oral administration, representing
the conventional treatment, and the TJ-43(+) group (n = 21) was treated daily with TJ-43
(7.5 g/day) from POD 1, representing the modified treatment (Figure 1). Enteral feeding
of 900 kcal/ day was started from POD 1 and continued throughout the study period. The
postoperative meals were started at POD 7 in all cases. Three weeks after surgery, the
total oral calorie intake was evaluated in both groups, which represented the primary
endpoint of this study.

For the definition of complications, DGE was defined based on international
criteria [1°. Postoperative pancreatic fistula (POPF) was classified into grades based on
the guidelines established by the International Study Group on Pancreatic Fistula ['617],
Grade A POPF, known as a biochemical fistula, 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 longer than 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 classification shifts to grade C POPF [171.

Blood samples
Blood samples were collected before and after the operation designated time

points. Plasma samples were stored at ~80°C until further analysis.

Measurements of gastrointestinal hormones
The plasma levels of active GIP (RayBiotech Life Inc., Peachtree Corners, GA), and
GLP-1 (Invitrogen, Waltham, MA) levels were evaluated [!8].

Immunoreactive insulin levels and blood glucose levels
Immunoreactive insulin (IRI) was assessed by clinical laboratory analysis. The
amount of glucose in the serum was measured using the Glucose B Test (Wako Pure

Chemicals Co., Ltd., Tokyo, Japan).

Animals

The experiments were perfoumed according to protocols approved by the
university review board (#3-38). The protocols followed our institutional criteria and the
National Research Council criteria for the care and use of laboratory animals in research.
Male Sprague-Dawley rats (180-200_g body weight, Japan SLC Inc., Shizuoka, Japan)
were used. Animals were housed in sterilized cages in cility with a 12-h night/day
cycle. The staff and veterinarians in the animal laboratory maintained the animal facilities
and were always available to ensure animal health. All animals were provided humane

care in compliance with governmental regulations and institutional guidelines.




Experimental protocols

Rats were treated with TJ-43 once a day (1g/kg body weight) [rat (r)T]J-43(+)
group] by gavage for 4 wk (Figure 1B). On the sacrifice date, the rats fasted for 8 h before
T]-43 treatment. The rats were fed regular chow diets 1 h after T]-43 treatment. Blood
samples were collected from the aorta 3 h after TJ-43 treatment. Immediately after blood
collection, the blood samples were centrifuged. A DPP-4 inhibitor (Sigma-Aldrich,
Milwaukee, WI) was added to the plasma at a concentration of 50 nM to 1 mL for
measurement of incrﬂl hormones. These samples were stored at —80°C.

Some tissue sections were stained with hematoxylin and eosin to assess
inflammation and necrosis. Pathology was evaluated in a blinded fashion by an expert in

rodent pathology.

Immunohistochemistry for GIP, GLP-1, and insulin

Tissue specimens were cut into 4-um serial sections. Each section was treated in
antigen retrieval solution for 15 z in at 120°C using Dako REAL Target Retrieval Solution
(Dako, Carpinteria, CA). Then, sections were blocked using 5% normal blocking serum
for 20 min and incubated with rabbit polyclonal antibody. The following antibodies were
used: anti-GIP diluted 1:300 (bs-0098R_Bioss, Woburn, MA), anti-insulin diluted 1:2000
(ab181547, Abcam, Cambridge, UK), and anti-GLP diluted 1:200 (ab218532, Abcam).
Sections in which the primary antibody had been substituted by non-immune serum
served as negative controls. Following incubation, immune-peroxidase staining was
completed using a Vectastain ABC Elite kit (Vector Laboratories, Burlingame, CA) and
3,3’-digminobenzidine-tetrachloride as a chromogen [191.

The density of stained cells in three different areas per section was quantified and

standardized (per 250000 mm?) using the BZ-H3C measurement module (Hybrid Cell
Count Ver.1.1, Keyence) [201.

Cyclic adenosine monophosphate activity in the pancreas




Cyclic adenosine monophosphate (cAMP) determination was performed using a
cAMP ELISA kit (#581001, Cayman Chemical Company, Ann Arber, MI) following the
manufacturer’s instructions. In another set of experiments, pancreatic tissues were
harvested fromrats treated with TJ-43. The frozen tissues were weighed and dropped
into volumes (5-10 mL of solution/gram of tissue) of 5% trichloroacetic acid (TCA) in
water. The samples were homogenized on ice using a Polytroraype homogenizer. The
precipitate was removed by centrifugation at 1,500 g for 10 min, and the supernatant was
carefully transferred to a clean test tube. The TCA was extracted from the samples using
water-saturated ether. Five volumes of ether were added to one volume of supernatant
and mixed for 10 s, and then the organic and aqueous phases were allowed to separate.
The top of the ether layer was carefully removed and discarded. The extraction was
repeated two more times. The residual ether was removed from the aqueous layer by
heating the sample to 70°C for 5 min. All ether must be removed because even trace
amounts can interfere with the assay. All the samples had a protein concentration greater
than 1 mg/mL. Finally, 100 mL of each sample was assayed for cAMP levels according

to the measurement method described in the handling instructions.

Oral glucose tolerance test and plasma insulin levels

In the rTJ-43(+) group, animals received intragastric T]-43 treatment for 3 wk. All
rats fasted for 12 h before experiments, in both groups. Then, glucose dissolved in
distilled water (1 g/mL) was administered (2 g/ kg body weight) by gavage 3 h after TJ-
43 administration in the rTJ-43(+) and rTJ-43(-) groups.

Blood samples were taken from the tail vein before and 30, 60, and 120 min after

the administration of glucose. The amount of glucose in the serum was measured using

the Glucose B Test (Wako Pure Chemicals Co., Ltd., Tokyo, Japan).

Statistical analysis




Statistical an s were performed using EZR software (Saitama Medical Center,
Saitama, Japan) [2l. Data were presented as the mean + standard error of the mean. P <

0.05 was considered a significant difference.

RESULTS
Treatment of TJ-43 after PpPD

Adverse events were not observed by TJ]-43 treatments (Table 1).

Effects of T]J-43 on incretin hormone levels
Plasma incretin hormone levels after T]-43 treatment were significantly greater

compared with those before TJ-43 treatment (Figure 2).

Effects of TJ-43 on immunoreactive insulin and blood glucose levels

The IRI levels in the T]-43(+) group were greater, but not significant, compared
with tl-ﬁse in the TJ-43(—) group (Figure 3A).

There were no significant differences in blood glucose levels between the two

group (Figure 3B).

Effects of TJ-43 on plasma levels of incretin hormones
Plasma incretin-hormone levels increased significantly after TJ-43 treatment

(Figure 4).

Effects of TJ-43 on the expression of incretin hormones in the gastrointestinal tracts
Immunohistochemical analysis revealed that GIP expression was mainly detected

in the glandular stomach in rats without TJ-43 treatment (Figure 5). After 4 wk of TJ-43

treatment, the expression markedly increased. Moreover, GLP-1 expression was mainly

detected in the ileum and enhanced after TJ-43 treatment.

Effects of TJ-43 on the cAMP activity in the pancreatic tissues




The cAMP activity was measured in the pancreatic tissues of normal rats (Figure
6). However, the activity in the tissues of rats treated with TJ-43 significantly increased

compared with those in the tissues of rats without T]-43 treatment in vivo.

Effects of TJ-43 on the expression of insulin in the pancreatic islet cells

As a result of the cAMP activity in the pancreatic tissues, the expression of insulin
in the pancreatic islet cells was markedly enhanced in the cells isolated from animals
treated with TJ-43 compared with those isolated from animals without T]-43 treatment

(Figure 5).

Effects of TJ-43 on blood glucose levels

The results of the simultaneous administration of glucose and TJ-43 to rats are
shown in Figure 6. In the rTJ-43(—) group, the blood glucose levels rose immediately after
administration, reaching a maximum value (232.5 £ 22.9 mg/dL) at 30 min and 211.2 +
3.20 mg/dL at 60 min, followed by a gradual decrease, almost reaching the pre-
administration level at 120 min.

In contrast, the blood glucose levels in the rTJ-43(+) group at 30 and 60 min after
administration were 194.5 +26.1 and 194.0 £ 16.1 mg/ dL, respectively. These values were
significantly blunted compared with those in the rTJ-43(-) group (P < 0.05).

Effects of T]-43 on blood insulin levels

The results of blood insulin levels in rats treated with the simultaneous
administration of glucose are shown in Figure 6. In the rT]-43(-) group, blood insulin
levels rose immediately after glucose administration, reaching a maximum value (3110 +
456 mg/dL) at 30 min and 2286 + 298 mg/dL at 60 min. Then the levels gradually
decreased to the pre-administration level at 120 min (data not shown).

Moreover, the blood insulin levels at 30 and 60 min after glucose loading in the

rTJ-43(+) group were significantly greater than those in the rTJ-43(-) group (P < 0.05).




DISCUSSION

Incretiﬁare GI polypeptide hormones secreted after nutrient intake [13231. One of
the incretins, GIP, is secreted from K cells in the upper intestine. Anaher incretin, GLP-
1, is secreted from L cells in the lower intestine. Insulin is secreted from the pancreatic
islet b-cells in a blood glucose-dependent manner, suggesting that hypoglycemia rarely
occurs without meal consumption. In addition, incretins inhibit gastric acid secretion but
do not affect gastric emptying [24l. Thus, incretin hormones are attracting attention for
their clinical application in diabetes treatment.

In this study, TJ-43 increased plasma incretin-hormone levels in the patients
undergoing PpPD (Figure 2). Incretin is quickly destroyed by the DPP-4 enzyme.
Therefore, incretin is less likely to be destroyed, and postprandial glucose levels after are
reduced. The clinically available drug that suppresses this enzyme is referred to as a DPP-
4 inhibitor. Although it is less effective than the direct injection of GLP-1, it can easily be
started as an oral medication. development of GLP-1 agonists gained more attention
after it was demonstrated that exogenous GLP-1 can lower both fasting-induced and
postprandial glycemia [#l. During fasting, the glucose-lowering effect of GLP-1 is
predominantly mediated by effects on islet cell function, increasing insulin [26l.
Accordingly, incretin hormones and their agonists are unlikely to cause hypoglycemia.
Collectively, these new drugs are called “incretin-related drugs.” In this study, TJ-43
treatment increased the plasma incretin levels (Figures 2 and 4), and thus, T]-43 treatment
may be useful in combination with other incretin-related drugs.

Herbal medicines stimulate incretin secretion in mice 271 [28]. In that study, TJ-43
did not affect postprandial glucose, active GLP-1, triglyceride, or remnant-like particle
cholesterol responses. In contrast, the plasma insulin levels 60 min after TJ-43
administration were significantly higher than those measured immediately after TJ-43
administration. Additionally, the free fatty acid levels were reduced 60 to 180 min after
the intake of T]-43. It was concluded that active GLP-1 doesaot contribute to enhanced
insulin secretion 60 min after ingestion of solid test meals. A prokinetic effect of TJ-43

may alter insulin secretion after ingestion of solid test meals. In this study, T]-43 increased




the incretin levels after the pancreatic operation (Figure 2), but the increase in GIP was
greater than that in active GLP-1 (Figure 2), suggesting that the effect of T]-43 on the

increase in GIP is stronger compared that in GLP-1.

Effects of TJ-43 on plasma levels of incretin hormones and insul'ﬁ expression

Both GIP and GLP-1 hormones improve glucose tolerance. GIP appears to be the
most effective, particularly regarding insulin secretion, whereas the actign of GLP-1 is
mainly associated with the inhibition of glucagon secretion BY. In the present study,
plasma active GIP and active GLP-1 Levels were increased by TJ-43 treatment in patients
undergoing PpPD (Figure 2). Furthermore, insulin secretion increased, and blood glucose
levels decreased in patients with TJ-43 treatment after PpPD (Figure 3), although there
were no significant differences among the clinical cases. Notably, the effects of TJ-43
treatment still need to be investigated in normal physiological conditions. Moreover, an
animal study is required to clarify whether the increases in incretin-hormone and IRI
levels are caused by T]-43 treatment. Therefore, a study using animal models is currently
underway.

The plasma levels and intestinal expression of incretin hormones significantly
increased in rats. Furthermore, the degree of increase in GIP was significantly higher than
that in GLP-1. Moreover, the activation of cAMP, insulin expression in the pancreas
tissues, and blood insulin levels were markedly enhanced by continuous TJ-43
administration by gavage (Figures 4, 5, and 6). Conversely, the blood glucose levels were
significantly lower in the rT]-43(+) group compared with those in the rTJ-43(-) group after
performing oral glucose tolerance tests (Figure 6). Thus, TJ-43 can increase plasma
incretin hormone levels, the expression of insulin, and inhibit elevation of blood glucose
levels. Hence, T]-43 may be beneficial for patients who undergo pancreatic resection.

Although TJ-43 may have useful effects on insulin secretion after pancreatic
surgery, only a small number of clinical cases were considered in this retrospective study.
Therefore, it is difficult to establish a definite conclusion, and a randomized control study

with a large number of clinical cases is needed, in addition to the animal study, to verify




the effects of TJ-43 and clarify the mechanisms. Overall, oral dietary intake of TJ-43 may
be advantageous for increasing blood levels of incretin hormones and acylated ghrelin

after pancreatic surgery, which reduces the total volume of pancreas tissue.

CONCLUSION

The results suggest that T]-43 is beneficial for patients who undergo pancreatic surgery.
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